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[MMPEJIUCJIOBHE KO BTOPOMY HM3JAHHIO

Bropywo TnoaoBHHY 1BailiaToro CTOJNETHA YacTO HA3WBAKT 3MOXOR pa-
AWOSICKTPOHHKH, IleACTBHTENLNO, B HAWHN AHW HeT TAKOM OTDACAH HAaPOIHOrD Xo-
IAfAcTBA, HAYKH H KYAbTypol, rie Obl palHOIeKTPOoillble CPeACTBA He HAIAH ca-
MOTO IHPOKOrO {IPHMCHEHHA,

Hutencuslioe NPOHHKHOBEHHE DPalMO3JIEKTPOHHKH BO BCe COCPH YETOBEYECKOH
ACATENBHOCTH TMPHBENO K TOMY, 4TO C 3/ICKTPOHHBIMH  NPHOOpAMH CTaAKHBAOTCA
JI0QH Beex NpogeccHit Mo cneuHadsHOCTeR, @ TOAb30BATLCA PAIHONPHEMHHKOM, Te-
JeBHIOPOM MM MArHHTOGOHOM B HAlIM QB YMEKT 1axe 1eTH 1OWKOALHONO BO3-
pacta. Ho 0110 [1€10 HAYYHTLCA NPaBHILHO NOJb30BATBLCA TeM MJAH HHBIM DajiHO-
3ICKTPOHHBM NDHOOPOM, M COBCEM APYroe — YMEeThb TPH HeoGXOIHMOCTH OTPCMOH-
THPOBATL €ro, YCOBEPLWEHCTROBATE HAH OKOHCTPYHDOBATH PalHONDHEMHHMK, YCHIH-
Tedh HAH APYroe panHoycTpoicrao, 3aech YKe HaA0 31HaTh HasHaYeHHE PALHO-
3NEMEHTOB, H3 KOTOPLIX CTPOATCA TakHe YCTPOHCTBA, M CNOCOOH COCIHHEHHS HX
MeHKAY co00i ANH NOJYUEHHS HYKHBIX DEavALTaTOB, NPeACTanifTh NPOTEKawUHe
B uix npoueccu. O6 3TOM MOMKHO NPOYHTATL B COTHSX KHHC 110 PagHOTEXHHKe i
MeKTPOHKKE, H3taloulkxca o naied crpase, Oanako yroObl YHTATh 3TH KHHEH,
Ha/0 3HATh A3bLIK ITCKTPHUSCKHX CXeM,

DaeKTpHYCCKHE CXeMBI — 3TO UePTC/KH, Ha KOTOPHX cocTasible YacTH npubo-
POB (OTJE.'Ibele 3JCKTPO- H PalHOZICMEHTH HAH ueane rpyniue  3J¢MEHTOB, Bbi-
NOHAWOUHe CAMOCTORTEIbHEE (YHKUMH) H CBA3H (COGRMHEHHA) MEH1y HUMH f0-
Ka3aHun YCI0BHO. B 3aBHCHMOCTH OT Ha3lnavyeHHs 3JCKTPHYECKHE CXCMBl IeNATCA HA
CTPYKTYPHBE, QYHKINOHAILHBIC, NPHHILKNHAALHBIE H Ap.

Hau6osee noasoe npeaciaBicHHe O NpHHWHNE AGACTBHA PaAHOIIEKTPOHHOIO
npubopa Aaer 3JeKTPHYECKAA NpHHUKMNHAALHAs cxema. Ha Heli Bce 3aexktpo- n pa-
AHOSNEMEHTHI — 3TH <KHPNHYHKH®, H3 KOTOPWX CTPOAT BCe PalHO3TEKTPOHHBIE
npubops, — H3o0pameln B BHIe CNeUHa bHLIX YCAOBHHX 3HAKOB — CHMBOJOB.
Cucrema CHMBOJOB, HAadblBAaeMBLIX YCJOBHHMH rpaduueckuva ofo3naucnuaui, odpa-
3yer cBoe0bpa3nyi a3byKy 3NeKTPHYECKHX cxeM.

CucTeMLl CHMBOJIOB NIPHMEHAIOT BO MHOTHX OTPACAAX HAYKH, TEXHWKH H KVJb-
TYpH. Tax, B XHMHH CHMBOJAMH 0GO3HAYAIOT XHMHUYCCKHC 3JEMEHTH H CBH3M MemAy
HHMH B MOJeKyfTax, B reorpadii — HaceleHHble NYHKTH, 10POrH, rocylapcraei-
HBle TPaHHUL M MHOMOe 4Apyroe, B My3blKe — 3BYKH, HX Xapaktep H T. A

Ho B painotexnuxe M 3JeKTPOHHKe YCAOBHHE TrpadHueckue 0GO3HAUYCHHA HI-
paioT, nomanyi. HanGoabwyw poab. Hanpumep, uto6u pa3o6paThCs B YCTpOHCTBe
otoannapata #1H NOALEMHOro KpaHa, A0CTATOMHO HMeTh HX COOPOUNBIC 4epPTeRH
€ HEOGXDAMMBIM YHCIOM Pa3pesoB H 4epTekH Hexotopuix jaetaseh. Moio6xwe wep-
Tewn (umanpumep, cGOPOYHBIE M INEKTPOMOHTAMHBIE) NPHMEHAIOT H B PaIHOTEXHH-
Ke, 4T00h NOKa3aTh pacnonoKenue JETaneH Ha MOHTaXNOl NJare  HIH TaHenH
npuGopa, cnocoful HX KPelveHHs W cOCAHHEHHs (nposoaa, KaGeaw, krytm). Oa-
H3KO COCTaBHTL NpelcTaBienle O NpUHUHNe AeACTBEA NPHGOPOB MO 3THM 4Yepre-
Ham neapsa. [Jdas 3Tof UeTH NPeaHA3HAUYeHH 3INEKTPHUCCKHC CXeMBl, Ha KOTOpHX,
KaK y#e roBOpPHAOCH, PAJHOAETAJH, Uedbie TPYANW HX H BCe 3JeKTPHYECKHe coe-
AHHERHA 0003HAYEHRN VCAOBHO,

Tlosisuanch 31eKTPHUECKHe CXeMBl lie cpasy. Ha 3ape passuThi paiHOTeXHHKH
A28 #300pameHHs YCTPOACTBa TOr0 MJAM HHOTO PaJMOannapara pPHCOBAAH BCe €ro
AeTanH W COeAHHEHHA Moy HuMH ¢ HaTypel., C rogamu paamonpu6opsi CTaHo-
BUJNHCE caowuee, H H300paaTts MX YCTPOHCTBO TaxkHM CnocoGoM €Taao npecto He-



BO3MOXHO, PHCYHKH OTAeALHHIX Jetanefi CTanaH yOpolulaTh, ONYCKad BTOPOCTENSH-
Hule TOAPOGHOCTH, HO COXPaHAs ¥ NOIMEPKHBAR OCHOBHYKO HX HAel. Tak, KaTyuky
BHAYKTHBHOCTH, NpPeICTaBAfomyio co6oi H3ONHPOBAHHLIA TNPOBOA, HAMOTaHHBI Ha
KapKac H3 H30JALHOHHOO MaTepHa.da, cTaju H3o6pawmarb B BHIE CAHPAALHON JIH-
HHH, KOHIEHCATOp, B MpocTeiueM BHIAE COCTOAUIHA W3 [BYX TPYNN H30AHPOBAHHBLIX
00KA810K, B BHAE AKCOHOMETPHUECKOrO pPHCYHKA ABYX [apaijelbHbX [aCTHH, a
3ateM — [IpOCTO ABYMH NapaiJeibHbMH YTOAUEHHBIMH uyepToukaMu H 7. 1. [das
o6o3HaveHHs HEKOTOPBIX padnoieTajed MPelIaraioch HECKOBKO YCJAOBHBIX PHCyH-
KOB-CHMBO/IOB, HO <€BLUKHAH» M3 HHX HaHOo/jee NMPOCTHE B HAYEPTAHWH, KOTOpHe
XOpOLIO MNepeianaj OCHOBHYIO HIel DAAHOACTANM H JCTKO 33N0MHHAIHCH.

ITo Mepe pa3BHTHR pPaIMOTEXHHKH H 3JCKTPOHHKH CTaHoBHAGCH Bee Goaee oHe-
BHAHBIM, 4TO AAR NPABHJILHOIC H OIHO3HAYHOIO UYTEHHS 3JEKTPHYECKHX CXeM HYK-
Ha eaHHas CHCTeMa YCAoBHLX rpaduueckix oboidHauenui, OTCYTCTBHe Takoi cHe-
TeMH 3aTpyaHAn0 o0Mex undopMalukeR KAk B Tpelenax Crpatbl, TaKk H MeKAY
CeyHatHCTaMH pa3HLXx CTpaH. HHHHHRTOPHV[H CO31aHHA TAKHX CHCTEM YCIOBHBX
0603HAYGHHH BHCTYNHAM [IPOHIBOIACTBEHNbIE NPEANPHATHA,  TCXHHYECKHe KypHAW
H M31aTeJbCTBA, KOTOPHE CTaaH pa3palaThiBaTh M BHEIPHTE B MPAKTHKY HOpMa-
THBHHIE JOKYyMENTH Ha yClOBHBE 0603HaveHds B cxemax. B mawm 1sn paGoTa mo
cranAapTHaaudy rpadHyecknX OGOIHAUCHHI H NPaBHI BHIOJHEHHA CXeM BOLYTCHA
BO BCEX NPOMBILJIEHHO PA3BHTHIX CTPAHaX CNEUHAALHBIMH OPFaKHIALHAMH.

PassurHe MeXAyHapPOAHGR TOProBiaH H HAYYHO-TEXHHUECKOTD COTDY.1HH4YeCTBA
NoCTaBHA0 Ha n-(JBE.’(ITKy JAHA MOpOBCACHHe 3ITHX pﬂﬁOT H B MEMAYHapO1HOM Mac-
wrabe. YCJAOBHBIMH rpadHyecKuMi OOGO3HAYCHHAMH ¥ TpPanHIaMu BINOJIHEHHA
INEKTPHYECKHX CXEM 3aHHMAIOTCH TPeTHH  TeXHHUYECKHH womurer Mexaynapoidoi
3j4eKTpoTexnuueckoir KomuecHn (M3K) © nocrosuHas KOMHCCHH 1m0 CTaHlapTH3a-
uag Cosera 3koHomuueckoin Baanmonomouin (C3B) counaiueTHYeckux CTpas.

B CCCP paoTu No CTAHAAPTH3AUMH YCJHOBHHX rpadmHueckuy obozHaueHud H
TpPaBU1 BHNOAHEHHA cXeM Ha4aJuCh OKOJO copoka Jet Hazald. Ocuonnl cobpeMel-
HOA cHCTeMul O003HauyeHHH ObiIH 32J0XEHH B MEK1yBelOMCTBCHHBIX NHOPMaadx
«Cucrema weprestoro xosadcrsa» (MH CHUX), zefictsosanuiux B pajgHOAICKTPOH-
HOM mpoMbiWJeHHOCTH B NepHod ¢ 1952 no 1963 rr. Ha pax yciomuux rpaduuec-
KHX oGo3HauenHil (B OCHOBHOM M5 3J8MEHTOH IEKTPOTCXHHUeCKHX cxem) B 1955 r.
6umia paspaGotan [OCT 7624—55. Ha cuery emy nputuea Gonee o6HpHEA H CO-
Bepwenanii [OCT 7624 —62, sBejennuit s jeficteie B 1964 r. 37tor craniapr
HdeficteoBan yo 1 sueaps 1971 r., Korda Omaa psedena Eankas cuereMa Komnert-
pyktopckoit aokymentaiin (ECKJIL), coctasnoft uwacTeio KoTopoit seasioren locy-
AapCcTBeRiHe CTAHAapPTH HA YCl0oBHHe rpadHyeckHe 0003IHAYCHHA B CXEMax H cTan-
nap‘ru Ha npamma BHINTOJAHETHA CXCM, oG83aTeabibie A4 NPHMEHOHHA BO BCEX
OTPAC/SX NPOMBINLIEHHOCTH,

3a npouwiegmue co speMenn BBelennss ECKI] rois Muorke craniapTol o6Ho-
BHAHCH (B HOBBIX PpeAaKUHAX H3MeHeH PAL YCIOBHHX rpadHyeckix obo3naveHHi,
ynpoujeia rpadpuxa APYrHX, B 4aCTHOCTH, NPaKTHUECKH H3 BCex 0003HadYeHuil HCK-
JIOMEHH  YTOJLLEHNHE JHHMH o <«3a4¢pHeHie» HEKOTOPHIX 3J1eMeHTOB ¥ T. i.), mo-
HBHAKCH HOBHE CTAHAAPTH Ha YCAOBHBle 0003HaYerHs 371eMCHTOB UHGDPOBOR H aHa-
goropoft TexurkH. Boabwkunctso cramgapros ECKJL #a ycaosHbie rpadHueckie
o603nayeHits 8 cxemax cooTBercTHYWT craniapram C3B u pexomenjnaunsm MIK.

B stoit KuHre pedn MOALET O eIHHOH CHCTEME YCMOBHBX Tpaduuecknx o6ozHa-
YeHHA B CxeMax, o TPHHIHNAX HX TMOCTPOENHA, 0 BilaXx H H43HAYEHWH cxeM, 00
OCHOBHHX NPaBHJAX HX NOCTPOGHHA H UTEHHS.



BH/1bl CXEM

[pexie uweM paccMaTpHBaTb PasTHyHble BHAL CXeM, NPHMEHAeMHX @8
PagHO3NEKTPOHKKE, LENecO06Pa3n0 [OUIHAKOMHTLCA C HeKOTODHMH TePMHHAMH, YyC-
ranosaeunbimy [OCT 2.701-—84 aas oGo3HaueHHa COCTABHLIX HACTEH PaIHDINEKT-
DOHHHX YyeTpoficTs # npubGepos.  CornacHo 3TOMY CTanaapTy dacTh PafHOSHCKT-
poliioro npubopa, KOTOPas BHNOIHSET ‘onpeieneniyld QYBKUHIO H He MOXKeT OHThb
pa3zjenena Ha 4YaCTH, MMEKILHE CAMOCTOATE/LHOe (YHKILHOHAJAbHOE Ha3nauenue (pe-
3HCTOP, KOHAEHCATOP, TPAaH3HCTOP, HWNTErpaabHAs MHKPOCXeMa H T. 1.), HaswlBaloT
FNEeMEeHTOM, COBOKYRHKOCTL 3AEMEHTOB, NPEACTAaBAAOUNX  eAHHYI0 KOHCTPYK-
um  (nnata, 60K, WKad u T. i), — YCTPOHRCTBOM, COBOKYNHOCTb 3JCMEH-
TOB, He OOBEAHHCHHBIX B EAHHYI0 KOHCTPYKUHI, HO BHINOJHAIOUHX COBMECTHO
ONpeJeieHHYI0 QYHKUHI B H3AEAHH (YCHAHTE/L, MOJYAATOP, reHepatop W T. n.), —
byHkuHoHadbHO# rpynnof JliobGyio #3 na3BaHHuXx yYacreii Oynem Ha-
3pBaTh G YHKULHOHAJLHOH YacCThio, €CJIH 3IEMEHT, VCTPOACTBO HAH (yHK-
UHOHAMbHAR TPYIINA BHOOAHAIT B H3ILENHH ONpeicicHHbe QYHKIHH.

Cameie oflude CBELEHHH O PaHOIEKTPONHOM NDPHOOPE COMEPKHT CTPYKTY-
pHas CXeMa, Ha KOTOPOH NOKa3aHe OCHOBHLIC (YHKUAOHAAbHBIE HacTH NpHGO-
pa, Mx HasHauedHwe H p3aumocsasx. Jlo sseacHus ECKJ] rtakne cXeMmu Ha3bipaay
CKEMCTHEIMH Hast Grok-cxemamy, B coBpeMcHHON Texuuke GJOKQM NPHHATO HA3MW-
BaTh 4acTe nNpHOopa, BHNOAHEHHVIO B BHIe OTIACIBHOR 3aKOHYEHHON KOHCTPYRKUMHH.
Oamu Gaoku (ManpuMep, YCHJIHTeNb MOUIHOCTH, GJOK NHTaWHA) HMEOT CaMoCTOA-
TeAbHOE (YHKIHOHAALHOE Ha3wadeHHe, 1pyrHe (sanpumep, 6JA0KH, 06beAHHAIOULHE B
CBOEM COCTaBe 3JCMEHTH DPa3HWX QYHKIHOHAABHWX rpymin) ero He wumetor. Caepo-
RATEJIBHO, CXEMbLl, NOKa3WBalouiHe QYHKIUHOHANAbHBE YACTH, HX HA3lHaAYEHHe H B3aH-
MOCBA3H, OJOK-cXeMamy HaznisaTh Heav3n. Mmendo nostomy B ECKIL cxemw 3Toro
THN2 HA3BAHL CTPYKTYPHBIMH. ’

CTpyKTypHbe CXéMB COCTaBJRIOT Ha NepBHX 3Tanax NPOEKTHPOBAHHA pajgHO-
3MEKTPOHHKX NPHOOPOB, KOIJA YKPYNHCHHO ONpeAe/siOTCA (QYHKIHOHAJbHBIE Hac-
TH, HeoGxoQHMble 118 pellCHHS 3alay, [MOCTAaBICHHBIX B TCXHHUYCCKOM 321aHHH Ha
paspaBorky. ODTHMH CXeMaMH IIHPOKO MOJB3YIOTCA Aas o6Wlero o3HakoMaeHnus ¢
nprEunnoyM paGorsl NPpHGOPOE NpH 3KCHAYaTallH, a TAaKKe B TeXnuyeCkoR auTepa-
Type.

IMpencrasim cefs na iHEKoTOpoe BpeMA B POJH MPOCKTHPODILKKOB, NOAYYHB-
WHX 3ajause paspaboTaTh NPOCTOE DPAlHONPHEMHOE YCTPOHCTBO 148 YBEpPEeHHOTO
npHeMa Ha MHHHATIOPHHA Tron0BHOA TeaedOH nepelay MECTHHX pajHOCTaHUHA.
Ouesnano, Takoe YCTPOACTBO AGAMKHO COLEPKATb AHTEHHY, KOJeOaTeNbHHIH KOHTYP
AAfl BLACTEHHS CHMHAJ0B BHOPAHHLIX PA1KOCTAaHWWA, ABTEKTOD 148 npeobpa3osa-
HHA MOAYJIHPOBaHHBIX PaAHOHACTOTHHX KofeGanwHi B KoneGanud 3BYKOBOH uacrto-
Thi, YCHAMTEIh 3BYKOBOW 4HacTOTH C HCTOYHHKOM NHTAHHA H, KOHEYHO, TenedoH.
H306paauv Bce Ha3payHble 4acTH NPHEMHHKAa B BHIe KBaapaToB, BIMILEM B HHX
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HAHMEHOBAIHA vacTeld, KOTOphic OHM CHMBOMM3HPYIOT, H COCIHHHM HX NpAMBIMH
JAHIHAMH CO CTPE/IKAMH, MOKA3BIBAKUIHMH HanpasicHHe nepeiasd CHrHAJAa OT OA-
HOR yHKuHOH2ALHOR YacTH Kk Apyroil. B pesyastate noayuns cTpyKTYpHVIO cxeMy
NpHeMHHKA, noaaaamlym Ha PHC. I.

Mosxer Bo3HHMKIYTL BONpOC: noyeMy KRaapatul, 0603HAYAKOUIHE YACTH MpHEM-
WHKa, pacmojokensl He B KakoM-aHGO HioM nopsiake? OrTseT npocToil: pacnoaoxe-
HHe KBaAPaToOR Ha CXCME COOTRETCTBYET MOCACAORATENLHOCTH NPeoGpajoBaHus cHr-
Hana, a yrobe 3510 Owae wawboaee HArAsiHO, BCE CHMBOJB, 3@ HCKJIONEHHEM
0603}13“{830].118!',0 HCTOYHHK [THTAHHA, PacnofoOKeHH B O1HH pai1 caesa Hanpaso.
Hcrounuk nnTawusa wenocpelicTBeHHo B TPeoGPa3oBaHHR  CHTNAna He yuacTByer,
[103TOMY €r0 CHMBOJ NOMEUleH 104 CHMBOJOM YCHAHTENs 3BYKOBOM YacCTOTHI.

M3 cTpykTypHOi cXeMb NPHEMHHKAa BHANO, 4TO NPHHATHE AHTEHHON pano-
YacTOTHBE KoJeGahud NOCTYNAOT B KOAeGaTEALHBIA KOHTVD, riae HPOHCXOIHT OT-
Acierne konefauuii BubGpannoi paamocTanuMH ot Apyrux. Ha  KoseGaTenwroro
KOHTYpa PalHOYACTOTHBIA CHPHA/ NOJ3ETCH HAa JETEKTOP, B KOTUPOM OH mpeobpa-
3YeTCA B 3JEKTPHUCCKHE KOJeGaHHA 3BYKOROR wacTOTH. ITH KOACGAHHA YCHAMBa-
IOTCA YCHJIHTeAeM 3BYKOBOH YaCTOTH H NOCTYNalT B TeledoH, rie npeobpasynrcs
B 3ByKoBble KOaeOanHA. YCHIMTENh NHTAETCA OT HCTOMHHKA NHTAHHA,

Takum o6pa3oM, He 3Haf elle, M3 KaKAX HMEHHO 3/1eMEHTOB Gyer cobpan
NPHEMHHK H Kak onfl OyAyT coelnseHH MeX1y co6oil, 10 CTPYKTYPHON CXeMe MOX-
HO pacckasaTb, KOHEYHO B CaMbiX OOLIHX 4epTax, o NpHHuKNe PaBoTH ycTpoACTBA,
Ha3HAYEHHH er0 (QYHKUHOHAJBHBIX YacTell W HMX B3awMooBaafAx. CyiuTh e 06 oco-
GeHnocTsX (QYHKUAOHANBHHIX HacTedl M [eTalfX, H3 KOTOPHX OHH COCTOSAT, MpoLec-
Cax, MPOTEKAIONHX B OTACJILHHX WACTHX M NPHEMHHKE B 1eJOM, 110 CTPYKTYpHOR
cxeme Hepo3MOMHO. Jlas 3TOR UenH Npelua3Havesbl NPHHUKIHA/JbHLE 3JEKTPHYEC-
KHE CXeMbl, Ha KOTOPHIX {IOKa3aHbl BCE 3JEMEHTH PaAHO5JeKTDOHHBIX YCTPORCTE M
BCE CBA3H MEHULY HHMH.

Ha pnc. 2 nphpelena MPHRUHNH2JbHAA 370eKTpPHUECKAas CXeMa
NpHeMHHKa, CTPYKTYPHAA CXeMa KOTOpPOro nokasana Ha pHe. |. 3aech sce anemeti-
TH NPHEMHHKa H3006paenn yCJA0BHO B BHIE CTAHAAPTHHX TPapHIECKHX CHMBOJIOB,
HeGdabwoft npAMOyroaskHK 0603HauaeT Pe3HCTOP; NPAMOYTOJBHHK GOJBILENO pas-
Mepa (€ pa3je HTEAbHBIMH JMHHHAMH BHYTPH) — HHTErPajbHYI0 MHKPOCXEMY; IBe
napaindenbibie YePTOYKH, a Takke Y3KHH NPSMOYIOJbHHK C 4epTouxkofl, mapaaienb-
HOM ero /HHHHM CTOpPOHAM, — KOHWIGHCATOp, HeThipe COETHHCHHBE KOHUAMH 10-
AYOKPYMHOCTH — KaTYWKY WHAYKTHBHOCTH H T. 1. Xapaktepuee 0COGEHHOCTH. yc-
JOBHEIX rpaduyeckux  0Go3naueHufi — HX NpPOCTOTAa W HarasinocTts. [lpn 3ToM
CHMBOJH KOHIEHCATOpa, Pe3HcTopa, NOAYNPOBOIHHKOBOLO AMO1A H APYIHX 37€MeH-
TOB COBEPIIEHHO HENOXOXKH APYr Ha JApyra H, KpOMe TOro, CTJIHYAIOTCA pa3Mepam.
O6o3navennn Ke KOHIEHCATOPOB NOCTOAHHON K NEPEMEHNHON eMKOCTH OTJHYA0TCA
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TOJABLKO TeM, UTO TGCACAHHA MNCPEYEPKHYT  HAKAOuHof CTPCIKOH, CHMBOJHIUDYIO-
uieft peryidpoBaHHe eMKOCTH, Oco6HEKOM CTOHT CHMBO.,T TaK HaiuiBaeMoro QOKCHA-
HOTO KOHIEHCATOP2, B KOTOPOM ONHA H3 OOKJIaJ10K (apoy) OOO3Ha4eHa Y3xiM npa-
MOYFOJABHHEOM €O 3HaKoM «4» (3Ta HapOPMAaUHRA Hen6xoANMAE, YTOOL MP2BHALHO
BKIOUHTL TAKOH KOHIGHCATOP B 3JEKTPHYECKYH Lens).

Bee aacmenTul fIpMEMHHKA N0KasaHH Ha CXeMe ¢ Tem UHCJIOM BHIBO/JOB, KOTO-
poc lMeercsi Y peaanHelx JZetanelf, a BHBOAW Coeninenw MEeAAY cofoit onpeae-
JEHHLIM 00pasoM, 4TC NO3BOJASET NPOCAEAHTL N0 cxeme 3ACKTPHUCCKHE uemnH, no-
HETL TPOHCXONALULHE B YCTPOiicTBe Npoleccs. DaexTpuyeckie COETHHEHHS NOKa3a-
Hbl Ha CXeMe TOYKaMH B MecTax nepeceyeiifi MHuui, o603HAYAWIMHX MPOBOAHHKH.
PaioM ¢ yoI0BHBMH rpadHuecKiMH OO03HANEHHAMY feraned YKadaHw HX MNO3HUH-
OHHblE OBO3HAUEHHSN, COCTOSULME M3 OAHOH WAM Asyx Oyks JA4THHCKOrO aadasura,

NPHCBOEHHLIX lannoMy BHiy saeventos (R — peancrop, C — Kougexcarop. L —
KaTvilka MEaykTHsuocin, WA antenna, VD — posyNPOBOLHHKOBLIA  1HOI,
DA — wmmrerpansuas sukpocxewa, BF — Tenedon, Q -- SHKIIONATENs THTAHHA,
GB — Gatapes nHrauia), u ukdp, obosHayaollny povepd OIHOTHIHBX 3S/1EMeH-

TOB MG CXEME.

H3 npHHMuUHnHanbHOR CXeMLl [IPHEMHHKA BHIHo, yro KONE€O6ATedbdbifl KOHTYP
COCTOMT H3 COBIHHCHHBIX Napanieibio xaTywed L1 ¢ geppHTOBHM MarHUTOTPOBO-
Z0M  (HHHR, TapajicibHas CHMBOJY KaTYUIKH) & KouieHCATOpa nepeMeitoil eM-
koer C2. C auwrennoflt WAL Koutyp coelnued depes wougencarop Cl, ¢ aerexro-
pom — nenocpeacroemsio. [TpojeTekTHpOBaHHBA Ciruan wope3 kowicucatop C4 no-
cTynaer ma Bnxol MHKpocxemb DAL, nmnoausioutei GyHRUHE  YOHAHTCAS 3IBVKOBOR
HacToTH. C BHXOXa MHKPOCXEMH YOHICHHHHA CHTHaj noapoldHTCA K Tenedory BF1.
Kotaesicatop €5 Heo6X01wM 148 00Jy4eHHsi TpeGyemoro YCOMIeHwHs xoiefauuit
anykosoft uactoru. [TuTaeTcs Mukpocxema (Yepes mwmoam € MeTkawu +U u OV)
ot Garapen GB1 usepes suikaouateas QI, KOHTaKtn KOTOpPORO NOKa3aHb Ha cxeme
B PA3OMKHYTOM nodomennit. 310 OIHO H3 NPaBUT, KOTepuMH PYKOBOICTBYIOTCA IpH
COCTABJEHIEH CXECM: HX Bcerfa BHMYEPYHBAOT B BHie, CcoorBETCTBYIOWEM OTK.IWUYECH-
HOMY COCTORHUIO ApHOGPOB.

M3 npwHusnuanbiofi CXeMBl MOAHO  V3HATL o THnax MPHMEHEHHHX JdeTanelt
(aoz — 9B, muxkpocxema — KIIBYHIB, teaedon — TM-4), couporhBIeHHH
PUSHCTOPOB M eMKOCTH KOH1eicaTopos (YKasakul paiom ¢ NO3RUHOHHEMH 06o3Ha-
HEHISME), MOLLHOCTH PACCeAHHs peancTopa (/1Be Hakaomxwe 4epTouxkk — 0,125 Br),
nHanpsaeHdid Gataped nutauina (5 B), a Takke o wHekoTOPHIX JIPYTHX ocobeH-



HOCTAX 3JMEeMEHTOH, Tawl-\'. iBe NOJYOKPYAKHOCTH H napanjennHas HM JHHHSA BHYTPH
cuMBoia Teledola YKa3nBawT Ha To, YTO TededoH 3aekTpoMmaruuTHb. B 1O Me
BPEMA Ha CNeME HET CBEJEHHH O KOHCTPYKUHH # pasMepax 3aemeHToB. [leficTBHTENb-
10, qTO6B paccMaTpHBATL MNPOIECCH, MPOHCXOAAUIHC B MPHEMHHKE HAM APYroM
npuGope, HeT HeoOXOAMMOCTH 3HATh, Kak, HANPHMEDP, BHITOJHEHA KATYUIKA HHIAYK-
THBHOCTH (1HAaMETD Kapkaca, Mapka fpoB01d, OIHOCIONHAA HAH MHOTOCAOMHAR HA-
MOTKAa H T. M), KaKyW KOHCTPYKIUHIO HMEeT KOHIEHCATOP MNEpPeMeHHOR eMKOCTH,
K2aKOBH padMepw o (OpMa HCTOYHHKA NMTAHHA, PeIHCTOPOB, MHKPOCXEMB H T. I
Ecan Op ami cBelenHs yKasbiBaJiCh Ha CXeMax, OHM TOJLKO OTBIEKAAH OW BUH-
MatiHe Ha HelyaHule NOIpoGHOCTH, YTO B 3IHAYHTEALHON CTENEHH 3aTPYAHHAO Oul
NOJAb30BaHMe CXeMaMH.

Ilpu paspaGoTke KOWCTDYKUHHA DaLHO3IEKTPOHHEX NPHGOPOR PYKOBOACTBYIOTCH
TpeSoBanHAMH YI06CTEA [10JL3OBAHHA MM, YI0OCTBA MOHTAKa, OGECHeuCHHS CBO-
6olHOTO 10CTyNa K 3]eMenTaM NpH HacTpoiike u pemonte. M3 3tHX cooGpamennit
SMEMEHTH, OTHOCHULHECS K EakoMy-nHGo Kackaily npuBopa, paiMelnianT B nogdac
JaJeko OTCTOALNX OIHOD OT APYrOro MecTax WWACCH MIH TaHe d, 2 1eMeHTH pa3-
HBIX KactKkallos — B oanoM Mecre. B apyrHx cayyamx pasveulesHe 31eMEHTOB JIHK-
TYeTCA TpeGOBaHHEM CBECTH K MHHHMYMY MNapa3uTHhe CHAIH MeEKAY HHMH (Ha-
TPHMEDP, B MHOTOKACKAIHLIX YCHIAMTCARX PaIHO¥acToThl), HeobxogumocTeio ofbec-
MEeYeHHE MHHHMAILHEX raGapHTHBIX Pa3vepoB nNpubopa # T. 1.

Ha cxemax ycaosusle rpaduucckse OO603MAYCHHA DACIONATAIOT TAKHM afipa-
30M, 4TOGL OHM lamand HauboJee HATNALIOE TpeicTasieHde O nponeccax, npore-
Kalowix s npufope.  JIaa 3T0ro B3aWMOAeNCTBYIOULME 3IAEMEHTH, BHMOINIOLLNE
COBMECTIO ONpeleteHHYI0 (YHKUHIO (Hanpumep, 3JeMCHTH KOJe6aTeNLHOro KOHTY
Pa, YCHIHTeNR 3IBYKOBOW 4aCTOTH M T. A.), M306pamaioT Ha GIMIKOM PacCTOAHMH
OAHH OT ApYyroro, a $yHKUHOHAILHBE TPYNOB PacnojaralpT B MOPAILKE MNoCAGI0-
BaTebHOCTH npeoﬁpmomm.im CHrsaaa nPH 3TOM BXOIHble uenH (aHTeHHa, Koge-
Gateisiibil KOHTYP) H3nOpamawT B 1€BOfN, a BLIXOAHBE (VCHAHTEAb 3BYKOBOR yac-
TOTH, TenedOn) — B NPanoi 4acTAX CXeMbl

Bee saekTpiueckie C3R3M N0KAIHBAIOT Ha NPHHUMOHAILHOR CXEMe, KaK npa-
BHIO, B BHIE TOPHIOHTAILHBIX H BEPTHRAAbHBIX JHHEA, NPH ITOM YCJAoBHble rpadiu-
ueckHe OBOZHAYCHUA DACTOAATAKT TaK, YTOOB 3TH JHHHH OLIH 110 8O3IMOMKHOCTH
Gosee KOPOTKHMH M He mnepecckasich. Takuw oBpaiom, PaACNONOKEHHE YCIOBHBIX
rpaguueckiX 0Go3NHaveHHA 316MCHTOB HA TIPHHUHNHAALHON CXevme HH B KaKoil Mepe
HC MOMKET OTPaKaTh HX Pa3MCUICHHA B NpHGope H NOAYHHEHO ToAbKo TpeGoBaHHIO
¥A06CTBA UTEHHA CXEMB.

[Mpunuunuranuibie CXeMbl HCMOJALIYIOT TPH HITOTOBSINH, 11313 KHBAHHH, KOHT-
pone, 3xcnayatTaulH H o pemonte painoannapatypul, CXeMbl 3TH HBARIOTCH HHOME
CAHHCTBEHHBIMH JAOKVMCHTAMH, NO KOTOPBIM MOMHO H3IYUHTh TIPHHLHIT '.!E‘ﬁCFBI['ﬂ pa-
AHOTPHOOPA, HAWHTH H YCTPAHHTH BOMWMKIIYIO 8 HeM sedcnpasHocts, Ha ocuope
NPHHLUHMTHAILHLIX CXeM padpabartnBaloT KOHCIPYKUHIO npHGOPOB, M, HAKOHeU, #HX
NPHMEHAIOT B YUCOHBIX NOCOGHSX M APYrofi PalMoTeXHHYECKOR JuTepaType.

Oxlako npHHUAOHAJAbHBEIC CXeMbl He Brerda  yaoBHH A4 HIYYEHHA paboTsl
ciaomuoro npiGopa, cocrosulero u3 Goabworo udcaa 3aeventon. B ostoM cayuae,
0ab3YRACh TOJALKO NPHHUHIHAILHOR CXEMON, HAa KOTOPO/ NOKA3aHBl BCE INEMOHTH H
BCC COCIHHEHHHA MEMAKI1Y HHMH, OYeHbL TPYIHO pa3obpatbcs B OPOUECCaAX, NPUTeKal-
UIHX B OTACJBLHBIY YACTAX NpHOOpa, BHIACHHTL POJb (YHKUHOHAJIBHEX TPVNN H OT-
JlelbHHIX  3/1€eMEeHTOR B 3THX npoueccax. Huaue romops, NpHRIHNHAJLHAA cXema B
NOAOGHOM C.1y4ac OKa3LIBAETCH M3JMIWIHE NO1PO6HON, COZEPKNT HIOLITOYHYI M-



popuauko, BMegTe ¢ TeMm CTPYKTYpHas CXeMa, YKPYMHeHHO NOKaspiBaiouas ¢yHk-
n#oHa LHEIE HACTH NpHOOpa, ABARETCs  HEeA0CTAaTOUYHO NOAPOGHOR JNA H3IYYEHHSA
[pOIECCOB, NPOTEKAIOMHX 8 NPHGODE.

[TosToMy MOJAYYHAH pacnpocTpanenie G YHKLHOHAAbHBE CXEMB, 3a-
HEMAIOILHE MPOMEKYTOYHOE TOJOKENRHe MEAKAY MPHHUMMHAJBHEMHA W CTPYKTYDPHBIMH
d coBMecuialoulHe B cefe XapakrTepunie ocobeddHocTH ©obenx. Takme cxeMunl HCMOJb-
3YI0T [pH NPOH3BOJACTBE M IKCIAYATEUMNH PAANO3ACKTPOHHON annapaTyps; cOCTas-
JeHde HX YacTO HeoOXOAMMO NpH NpoeKTHpoBaHHH TprGOPOB nepel pacpabOTKOR
ﬂptHHu‘HIIHaﬂbHHX cXeM,

YacTi npu6OPOB;, Ha3HAYEHHE KOTOPHX He Tpebyer ocobuhX MOACHCHMA, obo3na-
4aloT Ha (QYHKUHOHAJBHBIX CX€MaX TaK e, KaK H Ha CTPYKTYyPHHX, B BHle KBajl-
pPaToOB MJIH TDAMOYTOJILHHKOB (KaK HCKNIOYeHHe, YCHIHTeNH HHOrla H306paiKaioT
HA CTPYKTYPHHIX H NPHHUMOHaNBHEIX CXeMax B BHle Tpeyroapnukos). [pymnm xe
MEMEHTOB H OTAeJbHHE SJeMEeHTH, Y4YacTBYIllHe B Tipoleccax, KoTopele Heo6xo-
OHMO DPAaIBACHHTL € TMOMOWBK TAKHX CXeM, M306pakaioT B Pa3BePHYTOM BHle C
HCMOJBb30BAHHEM VCJIOBHLIX Tpatduueckux o0603navewnfi, NPHHATHX (18 DPHHUHTH-
aabHbix cxem. Tax, ecad 6w [OTPe6OBa/JICCh TMOACHHTH TIPOUECC JAETEKTHPOBAHHA B
OpoCTOM PAAHONPHEMHUKE H POJb KAaMKIOTO H3 FIEMEHTOB 1eTEKTOPHOTO KaCkala B
3TOM npouecce, MoxHo Obllo Gbl OrPAHHYHTLCA PACKDBITHEM COACPKAHHA TOJALKO
3TOr0 KacKala, & OCTaabHHEe H30OPasHTh, KaK H Ha CTPYKTYPHOH cXxeme, KBajpa-
TaMH C COOTBETCTBYIOMHMH HAANHCAMM (pHt. 3).

PacomoTpentisie THOB CXeM NpeIHasHaYeHbl B OCHOBHOM JJIS H3YYEHHR NpHH-
UHMa paboTel TOro HIH MHAOrc npHbopa H B 3a8HCHMOCTH OT THNA JA0T Hariasil-
HCe TIpelcTaBjeHHe O ero (QYHKUMOWANALHOH HIH TO3JeMeHTHOH CTPYKTYpe.

Hpyroe aeno, ecay peis HIer 06 HATOTOBJeHHH MPHGOPA, €ro HANAKHBAHHH,
KOHTPOJIe M peMoHTe B Tpouecce 3xenayatauwd. Urobbl cMouTHpOBaTh mnpHGOD,
OLICTPO €rD OTPery.JJHpPOBaTh, HAHTH i 3aMEHHThL BHILICIWHA H3 CTPOA B TpoLecce
NPOH3BOJCTBA HAK 3IKCNAYaTaUMy SAEMEHT, OThICKaTh B TIPHOOpe TOT HAM HHOA
OPOBOJANAHK M TPOBEDHTH €0 [ENOCTHOCTH, WYMeH UYepTeX, Ha KOTOPOM [0KasaHhl
UPOBOAA, KTyThl, KabeTH, KOTOPBIMY BHINOJIHEHH COSIHNEHHA MEKAY 3JeMeHTaMH,
MecTa HX NOAKJ0HeHHs, Pa3BopHbie H PAIbEeMHBIC COCIHHHTENH, TPOXOAHLIE H3O0-
JAATOPB H T. 1. H KPOME TOro, NPHMepHOE PACNOOAEHHEe 3/EeMEHTOB B {pHbope.

TakuM ueprexoM ABAfeTcA CXeéMa QJAEKTPHYECKHX COeJHHEeHHR.
Ee sieMedTH, Kak # Ha NPHHIHIHAJLHEX CXeMaX, H306pakaioT B BHIe YCAOBHHIX
rpatHyecknx 0003HAYEHHH, 8 B HEKOTODHX CJAy4asX B BHIe YNPOLWEHHHX KOHTYD-
HBIX DHCYHKOB pea/ibHbIX 3aementon. Boane ycnosuwx oGo3sHadeHHA ykaswlBaloT mo-
3MUHOHHBe 0603HAYEHAR 3JICMCHTOB B COOTBETCTBHH € IPHAUMOHAILHOR CXeMoRl H
HX THNH (\HH‘DI‘,‘Ia H HOMHhaAJbHbBlE napa-\wrpu), MOKa3blBaloT MapKHPOBKY BbIBO-
OB, ©CaH OHa HaHeceHa Ha caMiX 3jeMentax (B HEKOTOPHX CAYYasix MapKHPOBKY
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NOKA3LBAIOT Ha CXeMe, Jlae ecl ee HeT Ha 3/eMenTe), LOKOJEBKY 3JeKTPOHHBIX
NaMN, MHTErPajbHEX MHKpOCxeM M T. . Bee npopona, KaGea M KryTel 10Kasbl-
BAlOT, KaK MNPaBHAO, OTAEIbHLIMH JHHHAMH, HO, YTOGH HE 3arpoMoMKiaTh cxemy
GOJIBIIHM 4HCIOM JMHHA, MAYIIMX B O1HOM HaNpasICHMM, HX HHOPAA CAHBAKT B
oaHy. B6an3n MecT NOAKAIOYEHHS HX CHOBa PazlensfioT H MapripylT KakuM an6o
06pa36M, 1TO6H MOXHO G0 NPOCAEAHTh Kaxkiaoe COeAHHEHHe B OT/1e/bHOCTH.

Cxema COeAHHEHHA [POCTOrO TPHEMHHKA, TpHBeleHHas Ha pHc. 4, HarAaAHO
HANOCTPHPYeT cKasaknoe. Kpome 3iemenToB, H3OOPAMEHHBIX Wa MNPHHUHNIHANLHOR
cXeMe, 3]ech [OKa3aHel  HEKOTOpHE [pyrHe .Jerand, He WPpapliMe Poad npx
H3YUEeHHH TPHHUANA paGoTH [PHEMHHKAE, HO HeoOXOLHMble NMA BHIIOJHEHHS €ro
MOHTaKa M aKonayaraum. Jro rHesro XS1 Aaf NOAKMOHEHHA AHTEHHM, Tenedon-
noe THearo XS? ans moAKAKuenws BHaky Tededona, coexnumtesn XT1, XT2 aas
NOAKAIOUEHHA AKKYMYaAsTOPOB GaTapes NuTauis, MouTamuas crofika X1, Boabuwuh-
CTBO meTanefi CMOHTHWpOBaHO Ma MoWTaxuoR naaTe. ‘Hekmouenswe — riesia XS1 H
XS2, ycranopnennpe ma GOKOBHX cTewkax kopnyca. [las yaofcTsa uTenHs cxemsl
CTEHKH KOpNyca BMecTe ¢ STHMH JCTANAMH YCIOBHO Pa3BepHYTH B [OCKOCTbL Mep-
Texka, © ueM TOBOPAT COOTEETCTBYMILHE HaAMHCH Ha cxeMe. TakuM npueMoM nodb-
3ylOTCH 3 NpH BHYEPUHBAHWH CXEM CORIHHeHHIT Gonee CAOHIILX NPHOOPOB.

Ecnn uMea0 0pOBOIOB, JKPyTOB H Kabeneli HeBeJHKO, HX Jauube YKa3uBaloT
OKOIO JHEMI, H30OPAMAOWHX COCANHEHHS, €CAH Ke HX MHOro, -— CBOART 8 1a6-
MUY, B KOTOPOH YXa3BlBAlOT HOMCDa NPOBOLOB, @lpeca HX MolkJioYerds (yCTpod-
CTBO, 3JEMEHT, KOHTAKT), MapKy, ceueHMe M uBeT. B nalmesm npuMepe HHCI0 COlH-
HeHUIl HEDEAHKO, TIOITOMY JaHdbie TMPOBOAOB YKA3aHL HENOCPEICTBEHHO Ha CXeMe
NpHeMHHKA (3HAUKOM B BHIE TPEYTO/bHHKA OGOIHAYCHBI COCLHHEHHR, BhIMOJIHCHHHE
MHOFOMUIBHBM TPOBOLOM B RONMBHHIAXJOPHINOR ® weakoeol #3oasmms MILUB
cevenvem 0,14 Mm%, a B BHIe KBa1paTa — COSIHHCHUSA, BHINTOTHEHHBE MEAHBIM Jy-
AKeHbiM NposoaoM AHaMerpoM 0.5 Mm).

[pu 7POH3BOICTBE DAAMOINEKTPOHHBIX NPHOOPOB  MPHMEHAKT  3.1€KTPO-
MOHTAaKHHE UepTexH, Ha KOTOPHX H300paxaiT He TOJIbKO 1eTamH, npo-
BOAA, KIYTH H Kabead, HO M NPHBOAAT BOE HCOOXOIWMBlE AaiiHbie 148 NPOH3BOA-
CTBA MOHTaMa. DJEKTPOMOHTAXNHBE HePTeKH BHNOIMAKWT B TOM e MmacwTabe,
9To W cGOpourHe. B OTHYHE OT cxeM COCARHEHHA 3aeMeHTh NpHOOPOB Ha TaKHX
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yepTexax H306paxKaloT B BHIE KOHTYPHHX OYePTawuil, COXpaHAA BHELIHee CXOICT-
BO H30ODAIKEHHA C CaMBMHM 3JeMeHTaMH, W, MTO CaMOe TJaBHOe, PacronaraloT HX,
Kak MpaBHI0, HA TeX e MecTax WAcCH HAH MaHenH, rie OHH Pa3MelieHH B CaMOoM
nprbope. TOJALKO B CAyuasX, KOria sjeMenTs 3aKpWBalOT Apyr Apyra, HX H3o6pa-
JKCHHA CMCULElOT, YTOOH NOKa3aThb CKPbITHi€ COGAWHEHHA, HO JIPH 3ITOM Had CMe-
HenisME  H300paKCHHAMH 00A3aTebHO TOMEUlAloT HAAMHCh <H3ZETHE CMEUIeHO».
s GoablueH BbPAa3IHTEILHOCTH YepTea KOHTYDBl jeTadefi, YCTaHABIHBAEMHX NpPH
chiopke, NpPelWecTBYOUed MOHTaKY, HI06PaKAKT TOHKUMH JHHHSMH, @ 3JEMEeHTHI,
ycTaHas HBAEMbie TIPH MOHTa)Ke, — JHHHAMH HopMaabHOR Toawmub. Kak ® Ha
cxemax COeAWHeHHA, AeTaNH, CMONTHPOBAHHBIE HA CTeHKAaX, HAXOIALIEXCA B Pasnbix
NJOCKOCTAX, PassopayHBaldT BMeCTe € HHMH B IL1OCKOCTh HepTeKa. S.TQKTPO.‘JOI{-
TaMULH Y4CPTCAK NPHEMHHKA TPHBEIEH Ha PHC, 3.

Jaa7 caosHbix PaIHOINEKTPOHHEX lpuGopoB  (yCTaHoBOK) pa3palaTuiBaloT
CXeMbl CO&'_IHHfHHﬁ, yTob6H NOKA3aTh COeJHHeHHA Mex1y 5.10}\'8.\&}{. Ily.'f_bTalMM H
APYTHMH BXOJAUIHMH B HHX ‘)-‘C'r.poﬁcma,\n‘:l. Ha stux CXeMax CoCTaBHble 4acTH Ye-
TaHOBKH M3006paXawT B BHAE MPAMOYTOJbHHKOB, HO B OTJH4HE OT CTPYKTYPHBIX
cxeM TNOKa3bIBAIOT BCe CRH3H MEW]1Y HHMM C YKa3aHHeM Mapok Nporojos H Kale-
..‘]eﬁ, a TarXe MeCTa HX NOAKJIOYCHHSHA (PBSLGMHHE‘ COSAHHHTETH, KOJOAKH ¢ KOH-
TAaKTaMyl Ppa3bopHLIX COCIHHEHHH, NPOXOAHBE H30JAATOPH, caJbHHKH # T. n.). Ha
OCHOBe 3ITHX CXeM Pﬁ?PﬂGﬂTHBa]ﬂT HepTeARH NPOKJAARKH H KpelieHHs npoBoloe,
AHrYTOB H KabGeaell, COCAHHNIOUIHX YCTPOHCTBA, BXOAfALIHE B YCTAaHOBKY. TakHMH
CXSMaMH T0Jb3YVIOTCA NPH MOHTAKE, HAJNALKe, KOHTPO/Je, 3KCNAyaTallHH H DPeMOHTe.
Hepeako noiofHas cxema sBJSETCA e1HHCTBEHHBIM JOKYMEHTOM, Ha KOTOpPOM TNo-
Ka3aibl 3JEKTPHYECKHC COSIMHENHA MeM1y O6JOKAMH YCTAHOBKH HAH CHCTeMBl, Tak
KaK MoJHble NPHHIHMHAALHLIC CXCMBI Ha TAaKHE CJAOKHHE NpHOOPH OOBYHO He pas-
pabaTHBalOT.

Ha NpakTHKe BCTPEUAOTCH ClyuyaH, Konia HeoGX0 MO 10KAa3aTh BHEIUHHe CO-
€1HHEHHS KaKoro-1ubo H3Ie/HMSA, YKa3aTb, KaKHMH MPOBOJAAMH HIH KalelsMH H Ky-
Aa o Joaxex GuTh moakaouen. Jas 3Tefi mean paspalaTHBAT CXeMH TOA-
kawuenusn [Tlpubop, ana koToporo Takad cXeMa BhiNyckaercs, H3olpaaior B
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BHIE YCJAOBHHX T'paduiecKHX ©0OO3HaueHui, NpHYeM TOCAEAHHE pa3MEllaloT BHYTPH
ofo3navenns npubopa MPHMEPHO TaK XKe, KaK 3TO HMEeT MECTo M ‘B camoM npHGO-
pe. PsioM ¢ cHMBOJZMH BXOAHBIX H BHIXOJAHLIX 3JEMCHTOB YKa3bBaiOT HX MOSHUH-
oHilble O6O3HAYenHs M0 NPHHUMIHAJALHON CXeMe, a TaK&e HAANHCH, HaHeceHHHe
BO3JE ITHX 3ieveilTos 8 H3leauu. [IpoBoia # kaGeny NOKA3WIBAOT HA 3THX CXe-
Max OTJAeJbHEMH JHHHAMH € YKAa3aliHeM «a1pecos» HX BHewkero noaxawodenns. Ilpx
HEOOXOAHMOCTH YKa3WBalOT TaKMKe MAPKH, CEYCHHRA M PACUBETKY TNPOBOLOB, Xapak-
TEPHCTHKH M HAHMEHOBAHHA BHEWIHHX ueneil (HanpskKeHHWe, 4acToTa, BHL CHrHaja
HoT.o0).

B paanonprGopocTpOeHHH NOJLIYVIOTCH CXeMaMH M JIPYrHX THNOB, Hanpumep
o6uHMH, pacnogomerdd, cObeannHesHuMy, Tak, A8 HArJAAHOro NpeacTaBseHHs O
COCTABHBLIX YACTAY CAOKHBIX KOMIEKCOB M CHCTEM M COELHHEHHAX MEKAY HHMH Ha
MecTe SKCMAyaTauuk caywar obuime cxeMmu. [loab3ylotes siMu TpH O3Ha-
KOMUIEHHH C KOMMNJEKCAaMH, a TaK:Ke IIPH KOHTPOJE H IKCTIyaTallHH,

CxeMH PacnoNoOMeHMA  MMEIOT OCHOBHOH 1eJbl0 NOKA3aTbh OTHOOH-
TeAbHOE PAacnOJOXKEHHe COCTABHHX uacTel H3jledus (Hanpumep, cToek W GAOKOR
3BM). B HeKkoTOphXx CAyuasX Ha HHX H300pamaloT TAKKe NOMElleHHe HJH MecT-
HOCTL, /1€ ITH COCTABHLIC YAaCTH JOJKNB ObTh PACHOJIOKCHH,

Hhoraa na OfHOM UepTexxe MOMEINAIOT CXeMbl [JBYX THIIOB, HanpuMep mpHH-
LHMHAALHYIO 3JEKTPHUECKYK) M KHueMaTHueckyw. B pajae cayyaes 370 npeacrasas-
eT onpejfeneHHbie yAoGCTBA A0F O3HAKOMJEHHS C YCTpoRCTROM fipuGopa, a Takxe
npH ero wacTpofike Hau pemonte. TakHe cxeMbl [NOAyuHaH #Hadpahie 06'helH-
neHHB x. Kamaywo cxemy B 3TOM cJydae BEIOIHAIT N0 0pashiaM, YCTaHOB-
JICHHBIM CTaHJaPTOM 1.5 CXeM COOTBETCTBYIOULHX THMOB.

YCJIOBHBIE TPAOMYECKHUE OBO3HAYEHHSA HA
CTPYKTYPHbBIX U ®YHKUHMOHAJIbHBIX CXEMAX

Ha cTpyKTypHBIX CXeMaX NOKa3blBalT  yKpymHesusie (yBKuHOHAABILIE
gacTH npubopa. TakHMH UacTAMH MOryT ObTh H GYHKUHOHAIbHHE rpynnu s.e-
MEHTOB (VCHAWTENb, JCTEKTOp M T. M), # ycrpofictsa (6NOK NUTAHWH, TNOJOCOBON
QHALTP M T. 1), W OTAeAbHnle 37MeMeHTH (31€KTPOHHO-1ydeBas TPYOxa, roaosKa
rpOMKOroBopHTeAs H T. 1.). OYHKUHOWAJLHHC rPYMIE H YCTPOACTBA H300pamalorT
Ha CTPYKTYPHHX CXeMax B BHAe NPAMOYrOJbHHKOR W/ KBAJAPaToB, 3JIeMEHTH —
B BHIE YCAOBHBIX rpadHy4ecKHX v6O3HAYeHHi,  NPUHATHX AR [PHSLUHNHALLHBIX
cxem. UYTo6b OTAHMHTL HA CXeMe OAHY (YHKIIHOHAJLHYI0 4acTbh OT APYrod, BHYTPH
KBaJpaTOB H TDPAMOYrOAbHHKOD MOMEWAKOT HAAMHCH, YKA3HBaWllHe HaiMeHoBanHe
wacredi. Tlpn GoabwoM YHCiae (YHKUHOHAJBHLIX HacTed HAANHCH 3aMeHfloT nopal-
KOBHIMH HOMepamy, a pacwsdPoBKY HX 1al0T B TabaHue, NOMEIaeMOl psioM €0
cxeMof.

Ho, ecan yeaosune rpapuueckue 0603uaueHys NPHHUMNHANLHBIX CXeM XOpowo
3aANOMIHAIOTCA H HAa WX y3HapaHue 3aTPauHBaeTCA OYeHb MeBOJbLIOE BpeMs, nps-
MOYTOJALHHKE H KBafpaTh, 0Go3nasaioue QYHKUHOHAAbLHBIC YaCTH, BHIAALAT O1-
Hoo6paso. C UeIbi0 NOBWIUCHHA HATAALHOCTH CTPYKTYPHBIX CXEM BHYTPH Nps-
MOYrOJbHHKOB M KBaJPaTOB CTajH fOMEWaTh pPa3iHyHble 3HAKH, NPHIAWIIHE 3THM
YCAOBHHM 0G03HAUEHHAM HHANBHIYAJLHOCTL H MHeMoHWuHocTb, Oanako ao 1971 r,
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#e¢ CYULECTBOBANO CTaHAapTa, YCTAHABIHBAWOUIEr0 €AMHYI0 CHCTeMY YCAOBHBIX Tpa-
tuuecknx 0bo3HaueHHA 3TOrO BRAA. !

B ECKI o6o3HaueHnsi AN CTPYKTYPHHX H QYHKIUHOHAJIbHBX CXEM YCTaHaB-
ausaer TOCT 2.737—68. BascBuM (ocHoBibM) 3JeMedToM 0603wadenus ’ 10600
¢y1munuﬂaﬂhﬂﬂﬁ yacTH npuboOpa ABJAETCH KBaapaT, NpAMOYIOJIbHHK MJAH Tpeyrojb-
k. Ha3unadewde TOH HAH MHOR yacTH Npu6OpPa YKA3WBAOT pPacloJOXKelHbHe BHYT-
PH STHX CHMBOJOB ClNEUHaJbHHE SHAKH, OYKBH, YNpoIleHHbe HIOOPaKeNHa OCuHA-
aorpamM, rpadwkos ® 1. A, Hanpumep, renepatop BeLIEARIOT Ha cXeMe MOMEILEH-
noft @ xBaiApaT jsamHuckoi Gykmoi G (puc. 6,4), ycHaHTEdh — PABHOCTOPOHHHM
TPeYroJibHHKOM, OLHA H3 BEPIUHH KOTOPOro ofipalleHa B CTOPOHY Nepejlau cHrHana
(puc. 6,0). B xsaapar, 0603HaYZJOUIMI MACTOTHHH (HABTP, NOMELLAIOT HAHCKOCH
nepeucprHyYTHIA 3uak cunycouas (puc. 6,8), a B obo3uauenye 3aNHCHBAIOLIEr0 H
BOCIPOUH3BOAALIENO YCTPOHCTBA (MarHHToOHA) -— CHMBOA aKYCTHYEOKOH TONOBKH
(puc. 6,2).

C noMmollbi0 CNEUHAIbHLIX 3HZKOB MOMHO 0XapakTepH30BaTh Ha3HayelHe yCT-
poiictea. Hanmpumep, ec/im HeoOGXOAHMO YKasaTh, YTO OHO MpelliasHaueHo 1as 3a-
MHCH, Ha MHAHEH CTOpOHe KBagpara H30GParKaloT TOUKY H CTPEIKY, OCTPHE KOTO-
poRt nanpaBsieHO OT HCTOYHHKa cHrHaaa (pue. 7,a). B ycnoBnoMm oboasausenun sac-
NPOM3BOAAILErO YCTPORCTBA CTPEIKY HanpabasioT B MNPOTHBONOJOKHYI CTOPOHY
(pue. 7,6), a B CHMBOJIe YCTPORCTBA, NPEAHA3HAYEHHONO A/ 3alHCH H BOCIPOH3-
Beleid, H306paxawT ABe pasHOHAanNpaBieHHble CTPeJKH, Ho Ge3 ToukM (puc. 7,8).

Ecan nyxso ykasaTs $opMy BHPabaTHBAaeMbX TeHEpPaTOPOM KoJeGaHHii, BHYT-
pu kBajipata kpome O6ykBm G NOMEINAOT 3HAKH, YNPOLLEHHO BOCNPOH3IBOAALLHE
OCUHAIOrpaMMbl HATIPAKEHKH CHHYCOHAAabHON (~), npamoyroaskoi (_|"|_), nuao-
o6pasuofi ( A\ ) M Apyroii cooTBeTcTBYMOWER (opMul (puc. 8). Oaun npubop
HHOTJA2 MOMeT CO/JepXaTb HECKOJAbKO Teyepamopos, pabOTalolHX Ha PasHbX Yac-
TOTax HJH B PasHbIX JHanasoHax dactoT. B sroM caydae B ycaoBnoM 06o3Haue-
HHH TexepaTopa HM300paaloT ABA WAM TPH 3HAKA OHHYCOHIH, UYTO MO3BOJIAET OT-
JAHYHTh TeHepaTophl 3BYKOBOA (A¥) M paanouactoThl (5 ) OT reHeparopa HH3KOA
(npombiunentofi) gactotsl (~). TIpi HEOGXOAMMOCTH BHYTPH CHMBOJA YKa3WBalOT
3HaYCHHe MacTOTH (B NOKOGHOM <CJyYae OrpaHHYHBAIOTCH OJLHHM 3HAKOM CHHYCOM-
Abl) uAH OCOGEHHOCTH reHepaTtopa (HAaNPHMEpP, ICHEpPaTOpP C KBaplleBoil CTaGHaH3a-
UHER YacTOTHl BHAEIAIOT 3HAKOM B BHl1e HeGOJBIIONO CBET/IONO MPAMOYrOJLHMKA C
ABYMA TNapanneibHuMH ero Goablwim cropoxam wrpuxamu). Ecanm uwacrory rewe-
PaTopa MOXHO H3MeHATb, BEDPXHHIT Je- '
Bl yron KpagpaTa MAH 3HAK CHHY-

COHALL ﬂEPE‘iEpI’(MBa!OT 3HAKOM  peryJiH- G C} o G L

POBaHHA — CTpPeNKOH, HaNpasJeHHOH NOX
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0603HaveHufi, Korga #HeoOXOAHMO MOKa3aTh pPeryJaHpoBaHHE NapaMeTpa 3JeMenTa
HJAH  YCTPOHCTBA,

ﬂpom‘u H HarJAsaHe CHMBOJIL pasaHYLIX }'CH.'I*HTD.'W}"'!, ROTOPHC MDAHO TaKkKe
o6o3HasaTh B BHIe TpeyrodbHHKa (pisc. 9,a). 3Haxi, XapaKTepH3YIOWHE BHA YCH-
JHITENS WM NPHHUHM ero paboTel, €TaHAapT 10NYCKAeT VKaiWBaTh TOJAbKO B, 3TOM
obGoanauerud. Hanpuvep, ecan HeOOXOIHMO YK33aTh UHCAO KacKaloB YCHJISHHSA,
BHYTPH TpPeyroJbiHKa RHIUIYT COOTBETCTBYWidywo  uudppy (puc. 9,6), MaruHTHUR
YCHAHTEAb Y3HAKT N0 yAPOUICHHOMY CHMBOJY TaKOrO YCHJHTEJNR — YETHPEM CaHT-
HO H300paAeHHHM TOAYOKPYxHOCTAM (puc. 9,8). das obosnauenns perysmpyeMuix
YCHJAHTC/EH MCNOML3YIOT 3HaK POrY/AHDOBaHHA, TCpeceKas HM CHMBOJ YCHAHTENS,
KaK ToKasano Ha pHC. 9.2 Ecam ke peryanpoBanie - OCYIECTBARCTCH 3J0€KTPOH-
HEIM CﬂOCOGOM, HanupuMmep IDOCTOAHHHIM TOKOM, YCIOBHOE obo3HaveHHe YCHIHTEA
AONMOJHAKT TPCThHM BLIBOLOM, pAAOM C KOTOPHM [(1OMellaldT CHMBOJ 3TOr0 TOKa
{puc. 9,0). IsyxTakThmii ycHAWTENh HIOG6PAMAT B BUIE KBAAPATa < 1ByM# Tpe-
YDOJIBIHKaMH BHYTPH (puc. 9.e).

Has ofo3nauenus 1Ha CTPYKTYPHBIX # (YHKUHOHAJALHBIX cXeMax GMILTPOB He-
KOTOpOE BpeMf HCNOJbL3IOBAJNM Mpeleablo YNpolleHHhe H306pamenHsi HX YaCTOTHHIX
xapaktepuctik. OaHako 3TH 06osznaueHns OblH HEL0CTaTOYHO HATAAIHB, NO3TOMY
crangapr ECKJL yetanwoBun and $HALTPOB HOBHE, JerKO 3aNOMHHAIOUIHECT CHMBO-
au. Kax M3BecTHO, QHABLTPH CAYKAT A48 Pa3fdeneHHs KonebGauuii pa3amanuiy vace
10T, Tak, GHABTP HHKHEX YacTOT XODOWO NPONYCKaeT Bee KOJEBaHHA, YacTOTH
KOTODHX HHXKE ONnpelctenHod, Tak Ha3blBaeMoli MacTOTH C€pe3a, H He nponyckaer
KoaeOanuil, 9acToTe KOTOPHX Bhite ee. Yrto6W noka3aTb 370 CBONCTBO GHALTPA
HHKHHX YacTOT Ha CXeMe, B €ro YcJaoBHOM 0GO3HAYeHHH H3006parkKalT ABe CHHY-
COHAB, MPHYEM BEPXHIOK H3 HHX nepeuepxaBaior (puc. '10,a). 310 o3Hayaer, uro
GuabTD He Nponyckaer BBCOKHE (BBIIIC YACTOTH cpe3a) 4acToTh M, naoGopor,
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nponyckaer uH3KHe (WHMKe YacTOTH Cpe3a) 4aCTOTH (HMIKHAS CHAYCOMLA He me-
peuepkuyta). B OEAbTpe BepxuHX WACTOT KapTHa  obpartaas. Ilepevepkmyras
mikuas cuayconna (puc. 10,6) roBOPHT O TOM, 9TO HM3KAM YacmOTaMm depes
¢GHuIBTD MyTH HET, 4 BHCOKHe HYAaCTOTH MDOXOAAT 4epe3s Hero C HEIHAYHTENbHHIMH
NoTepAMH.

C yyeroM CKa3aHWHOro HETPYAHO TMOHATL YCAOBHOE OOO3HaYeHHe I10JOCOBOro
GHALTPa, NpPeiHA3HAYEHHOTO NAA Bh/EJEHHS HEKOTOPOH MOJOCH 4acTOT, JeXallHx
no 06e CTOPOHH OT 4acToTh Hactpoiiku (puc, 10,8). PexexkTophbfi ¢uaAbTp (pHC.
10,2) sunoanser ofpaTHyw 3anavy: cBobOaHO mpomyckaer koJe6aHHA Bcex HacToT,
KpoMe Onpejie/eHiof TOJOCH, Jekalleli o o6e CTOpOHH OT 4aCcTOTH HACTPOAKH.
B ycaosHblX ©603HaueHHAX HHABTPOB Mbl BIEpBHE BCTPETHIHCH €O 3HAKOM
oTpHUAHHA (NTHHHA, TNepeYyepKHBAOUIaAd OHMBOJ CHHYCOHAH). Pausme mnoaoGuue
3HAKH TIPHMEHSIH TOJMBLKO 18 OGOGHAYeHHS CTHPAIOLIHX MArHHTHHX TOVIOBOK (Kpec-
THK) H HALTPOB CBEPXBBICOKHX 4YacTOT, TOAABJIAIUHX BOJHB ONpPEe/NeHHBX TH-
nos (AWHuA, nepecexawoulan OyksenHoe ofo3HadeHHe THNa BoAHW). B crannaprax
ECK]l anagk# OTPHuaHHA B YCJIOBHHIX rpadHyeckHx  obo3HaueHHAX BCTPEYAKOTCHA
game., Kpode HA3BaHHHX MAPHHTHHX  TONOBOK, 3HaK OTPHUAHHA HCNOJBIOBAH B
CHMBOJA2X BeHTHTEl H aTTeHIaTOPOB JHHHA CBEPXBLICOKOA MaCTOTH, 3/1eMCHTOB
uHppoBoi TeXHHKH (A48 oO6O3HaueHHH BHBOJAOB, He HeCYUWX Jordueckoft wHdop-
MailHH), B YCAOBHBIX OGosHaueHHsx Nojsasutesedl movex. B sasucuMocTH oT ama-
Ma3oHa 4acTOT B CHMBOJIAX [MOCJIeAHHX  H300PaKaloT LBe WJH TPH CHHYCOHIH,
nepeuepkuBas WX kpecrnkom (puc. 10,0, e).

Ouenp NpoOCTO NOCTPOEHH YC/IOBHHE rpadHyeckne  0603HAa4EHHR YCTPOHCTSB,
npeIHa3sHauYeHHBIX J08 ocrabiends cHMriana (aTreHloaTopos), H3Menen#s ero daiu
(hasospamaresefi), sajepKKH Ha onpelenenHoe BpeMs (MHHHA 3anepAckH). CuM-
Boabl 3THX Yyempofiems (pue. 1l,a—e) coxepxar OGywpeHHbe OGO3HAMEHHN COOTBET-
CTBYIOUIMX elHHHU #3MepenHs (1B — genuben — jorapHpMHYECKans elHHHLE,
npEMeHseMan A48 BopaixelHs OTHOWEHHA HATPAKEHHA H MOUHOCTER 3JIeKTpHYec-
KHX OHrHaJlOB) WM MaTeMaTHuyecKHX o©603HaueHHA BenwuHH (¢ — d¢asa cursana,
At — Bpemsa 3anepxkx cHrHana). [IpH HeoOXOAMMOCTH DALOM € CHMBOJOM Takoro
ycrpofierea (nai Jauumed, obo3ravawmoulefi ero Bbixoad) YKa3LBawT KOHKPRTHHE
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anavenns Beauwwuu (puc. 11.2) nwmi  mpeaeaw ux peryauposanna (puc. 11,0), a
BHYTPH KBalpaTa — 3HAKH, XaPaxTepHIYIOUIMe ODHHUHN JAeHCTBHA Hax cneuHdH-
yecKHe OCOGeHHOCTH YcerTpoficTsa (148 upruMepa ma puc. lle nokasawo oGosuadye-
HHE Y.bTPA3BYKOBON JHHMH  32ACPIKKH ¢ [IbC303JEKTPHYECKAMH NpeolpasosaTe-
JAMM). ;

Ycionibie of03nadendst orpaHitduTeNeR  coldepHart cHMBog  cuuycouas. Or-
PaHHYHTEIH — 3TO YCTPOHCTBa a8 BHACJCHHA HaCTH OHIrHaja, aeKameh 6o
HHME Kakoro-ro anf,lc.w'r!:.‘lﬂn“ﬂ yp(.\B‘.iﬁ {‘QECTb. Jexallan Buille e€ro, ‘-l{'pi‘.'! orpa-
HHYHTEIL He [POXOIHT — Cpesaercs), uB0 Buile ONPEIEICHHOTO YPOBHR (4acTs,
HaxofsWancs HiKe, cpesaercs), JHOO HACTH CHIHAMA, JEKEILEH MEXKAY BePXHHM
H HHEHNAM YPOBHAMH. YDOBHH orpaHideHsus (cpeda) H306paxaioT oTpeakaMu ro-
PH3OHTANLUBIX JHEAA, NEPECeKAIOUIHMH CHMBOJ CHiHYCOMAH. YcaoBHBE 00603HAYSHHA
orpaHNZHTe e GOMBIIOND H MAJAOrO CRIHAJOB, a TaKke ABYXCTOPOHNErO Orpami-
YHTes NOKA3aHHl Ha pHe. 12 (couTsercTsenno a, 6 # a8).

Huaue nocTpocin yeaosunie rpaduueckide o603HaYeHHA OrpanHYHTe el Max-
CHMAABHLX (MpelebHO JONYCTHMBIX) M MiUHHMAJALHLIX 3HAYGHHH AMIVIHTYIALl OHML-
Hana. B HHX Tak:Ke HCNONKR30BAH 3HAK OTPHIANHA, HO B BHAC BCPTHKAJLHOTO
wrpHxa, B cHMBoJe OrpaHHYHienss MAKCHMAJbHBIX 3HAUEHHA KM MNCPeYepKHUBAIOT JO-
MAHYI0 JAHHHIO, KOTODAd HATOMHHAST OCILHLIONPAMMY HACTH CHIHAJE, BKIOYAWECH
ero MAKCHMAJBLHOR . HOJOWHTENbIOE H OTDHIlaTe/bHOe 3HaudedHs (puc. 12,2), B cHM-

80/I8 OrpaHHYHTeNR MHHHMAJLHLIX 3HAYEHHH — J0MaHyl, oTeOpPaXaIlYK HacTb
CHPHaJa B 30HE MHHHMAJLHHX ypoBHedl (pic. 12,d), a B oOU3HaueHHH Orpanuuf-
TeAA MAKCHMAAbHBX H MHHHMAJAbHBIX 3HAYCHHA -— JAOMAHY O, COH)!V’.'LLI.&}OLLL}FIO B cebe

obe 3tH auuuH (puc. 12,e). CHMBOAM OrpanMunTe’ell MaKCHMANbHHX MONOMHTCAB-
HBIX H OTpHIATeNbHLIX aMIAMTY1 [OKasahh Ha pPHC. 12,6 W 3 COOTBETCTBEHHO.
YerpoiicTBa  Jf KOPPEKUHH YACTOTHLIX XaPAKTePHCTHE  (KOPPEKTOPH), AJd
CKATHA H pAcCIIHPCHHN JQHHAMHYECKOrD /HanaioHa CHrHala H306paXKalwT Ha cXe-
Max B BHJ€ KBalpata, [OMEIlas BHYTPH HEro YNpOWEH€HuH PPaGHK COOTBETCTBYIO-
et 3asponmocTd. Tak, YyToGB NOKA3aTh KOPPEXKTOP € NOALEMOM WM CNA/JLOM YCH-
JeHHS Ha BBICIIKX YacTOTaxX, B JeBOM BepxideM yray KBalparta H3obpamaor He-
GOMLIIYI0 AYAKKY, HANOMHHAOUIYI0 aMMJHTYIHO-HACTOTHYK) XaPaKTepHCTHKY B 3ITOR
obnactd wacror (puc. 13,a, ). O6A3aTe/bHLIM IIEMCHTOM VCIOBHBIX 0003HAYCHHHE
KOPPEKTOPOB sBaseTcA NOMellaeMmit B HX Mpasofl 4acTH 3HAX KODPEKUHH — Bep-
THKA/bHAA JOHHUA C HATPaBIeHHHMH B pa3Huie CTOPOHL WITPHXAMH Ha KOWNAX.
BymecTe ¢ CHMROJIOM HCKaMeHHA (HAKJIOHHAN AMHHE C TAaKHMM Ke WITPHXaMH) ITOT
3HAK HCMOAL3YT 449 NOCTpoeHHs 0603HaueHHi KOPPesTOpoB (BupaBHUBaTeNef)
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jaryxanus  (puc. 13,8), da3am  (puc. K
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B o6osHasenud ycTpoiicTBa A5 7 7 -

CARaTHA AHHAMHYECKOro AHana3soHa

(vMeHbIIEHHA Pa3HMUN MANHX # Goan- PHe 15

UIHX  AMIIHTY]1) -—— KOMMNpeccopa — He-

10Ib30RAH NPEALILHO YNPOUleHH il rpadik 3aBHCHMOCTH AMIJMTYIH BHXOIHOTO CHI-
H2J2 OT AMIVIHTYIW BXOAHOrO CHTHANA: BEDXHAR JHHMA, H1V1lad HAaKAOHHO BHH3 K OCH
abCLHCC Ha pHE. 13,0, CHMBONHIHDYET CYIXEHHE IHHAMHYECKOTO QManazoHa. B ske-
naniepax (paclMpHTENAX AWHAMHUECKOro [Manalona) pemaeTca ofpatHas 3aja-
4a, 103ITOMY rpagHK B ero yCAOBHOM 0003HAYEHHH HMeeT NMPOTHBONOJAOMHHA Xapak-
tep (puc. 13,e).

CHMBOIH  YCTPOHCTB, NpPeAHIIHAUCHHHX 177 NpeobpaioBanus TOKAa, Hampaxe-
HHA HIH HACTOTEl MOCTPOSHH Ha OCHOBE KBAaApaTa WIH NPAMOYIOIIbHAKA, paije-
JIGHHOrO Ha JABe WM TpH wactu. Hanpuwep, yenoswoe obosnauenme npeobpasopare-
A4 [IePEMEHHOI0 TOKa B MOCTOSUHWA (BBINPAMHTENR) npelctasaser coboii paiie-
JedHB AHaroHaabw kBazpat (puc. 14,a). B ero JcBOJ uaCTH MOMEICH 3HAK me-
peMeHsoro Toka ‘(CHHycoMaa), B MPaBofi — 3HAK TOCTOAHHOTO TOKA (kopoTkas
ropusoHTadbas Yepra). B ycnosnom obfosnauensn npeofpazoBaTens, BHIOAHSIO-
utero O6paTHYK0 3a7a4y, 3HAKH POJAa TOKa MeHAKTCA Mectamu (pue. 14,6). Crpen-
KH Ha WHXHEH CTOpone KBaapaTa, Kak M B PaCCMOTPEHHHX paHee 0603HAYEHHAX,
YK23HBAKT HANPaBieHHC Npeobpasonaiis.

C yueToM C€Ka3aHIOr0, B OCTANLHBIX CHMBOMAX, H3DO6DAMCHHBX Ha puc. 14,
HeTPYAHO Yy3HaTh npeoGpasopatenb NEPEMEHHOTD TOKZ » [epeMeHHBt — TpaHe-
opwarop (6), GopMHpoBaTeas HMIyabcos (2), HHBEPTUD TOAAPHOCTH HMMYALCOB
(@), npeofpa3obatens OIHONOMAPHLIX HMMYILCOB B ABYNOJSPHBE (€).

B ycaoBhmx oGo3savenmuax npeoGpa3zopatencii yactots (pue. 15) xapaxtep
npeoGpasorakus noscHaercs JauGo HilexcaMu y GyknedNuix CHMBOJOB (uactoTa i
npeobpasyerca B wactoty f3), aMG0 B Buae MaTevaTHueckoro aeficteus. Tak, B
0603HaNeHHH YMHOKHTEAN YacTOTH BLIXOAHONA CHrHAn BRIPAMAIOT Yepea BXOAHOM,
YMHOKAs NOCAENHHR Ha KOIQOUUHEHT N, a B CHMBOIC IEIHTENs — Jeds 4acToTy
BXONHOTO CHMHANA Ha n.

Has ofo3navends yCTPORCTB, B KOTOPHX  OCYWECTBARIOTCH G0/0€ CJOMKHbIE
npeolpasoBaHns CiHrHaaa (MOLYJRIHS, AETEKTHPOBAaHHE), HCTOALIYIOT NPAMOYTOb-
HilKH, pasneneHusie Ha TpH wactd (puc. 16,a). Ha wmecre 6yks A W B (uan mwino-
AaMH) ITHX CHMBOJIOB NOMELUAIOT 3HAKH, XaPaKTEPH3YIOUIHE COOTBETCTREHNO MOLy-
THDYIOUIME B MOIY HPOBANHEE CHIHAAB (115 MOI1YJISTOPOB) MM MOy AHDOBAHHBIH
W 1eMOAyaupoBanubIA (A14 ZeTexTopoB), Ha MecTe OykBu C — ofoanauenme He-
cywer gacrorsl. Honmoansre bHble 3HAKH, Harnpumep CHMBOAW 3BYKOBOA W palno-
UACTOTH (COOTRETCTBEHHO ABE W TPH CHHYCOMAM), YKa3WBAIOT BHYTPH 0603HAYEHHS
Ha MecTe eTpounnx GYKB a, b, c.

3a ochopy aHaKOB BHIA  MOIYJRUMH NPH HMOVILCHOM Nepefaye CHPHAJOB
NPHHATO ynpollestoe H3oOpamenke NPAMOYIOABHOrO HMOyanca. AMIJIHTYIHYIO MO-
AYARUAI0 B nojaobHoM cayvae o603navaoT AByHanpasienHoll BepTHKAJLHOA CTpe-
HOR (puc. 16,6), dasosylo — Ttakofi ke ropusoutasbuoir (puc. 16,8), wactoTHyio —
viMBonoM cniycouant (puc. 16,2). JlByHanpaBrennylo CTpPeJKY HCNOABLIVIOT TakXe
A48 oBosuavends  ppemewHOil (puc. 16,0) W WHPOTHO-WMIYJAbCHON  MOZYJSLMH
(pue. 16,e). TpusnaxoM HMNY.IbCHO-KOIO0BON  MOAYAAUHH CAVMKHT 3HaK B BHIe
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Puc. 16

AUEHKH NpaAMOyroabHoil ceTku (pHc. 16,0¢), pAloM ¢ KOTOPHM NpH HEOGXOLHMOCTH
YKasHBaoT #H ¢aM Koia (ana npwMepa na puc. 16,3 noxasawo obo3HaueHHe MHATH-
3HayHoro GuHapHOro Koia).

YVC.T!E)BHHE obosHaueHHs BHIO0B MOLYAALHE Y2ACTOTHHX NM0J0C B CHCTEeMAax CBA3H
C YacTOTHHIMHE KaHajaM# HAaTOMHHAIOT YNPOUIEHHBE  CNeKTPOrpaMMbl  MOIY.IMpO-
BAHHBIX CHrHa0B. Bl MOIyASUMH YK23biBaloT OGENpHHATHM OGykBeHHHIM 0603-
HauenweMm MoJyanpyemoro napamerpa (I — dgacrora, ¢ — daza, A — amnamuty-
na). TMomemwaioT ero ¢npasa OT CHMBOAA HeCylllel — CTPEKH, NepueHIHKy.J ApHON
oo yacror f. DokoBbie Nojocs vacToT H300pamaioT B BHLe OIHHAKOBHIX TIPAMO-
YrOVIBHHKOB Ha 'OCH 4aCTOT 10 Ofe CTOPOHBI OT CHMBOJA Hecylled. 3was 3To, He-
Tpyano B pHc. 16,4 y3uaTh CHMBOA HYacTOTHON MOAyasuud, 8 puc. 16,k — da3o-
Bofl, a B pHc. 16,1 — amnautyanod. TTocaenuuii CHMBOA MPHMEHRAIOT TOJALKO B Ka-
yecrse o0UICro 0GO3HAYEHHA AMNANTYIHOR Moayasuud. Ecim ke ncobxoammo yka-
3aTh OCOGEHHOCTH TAKOf MOJIYJALWH, HMCIOIL3VIOT CHMBOJM, NM0106HbBE H306pameH-
HeM ma puc. 16,n—o. Tlepawit #3 1ux 06GO3HAUAET CHTHAJ ¢ Hecylled u4acToTol H
ABYMA BGOKOBBIMH MOJOCAME, BTOPOR — TO e, HO ¢ GOKOBHMH nojocaMu Ge3 ne-
PelauH X HHANHX HacTOT, TPETHl — CHIHAM ¢ N01asJeHHOfl Hecylled H HHMKHe
GOKOBOHA NOJOCOH,

B Kauectse npuMepa NPHMCHCHHS PacCMOTPEeHHBIX 3HAKOB HA DHC. 16,n npuse-
JeH0 YCIOBHOE npadmueckoe 06o3HayeHHe MOIYJIATOPZ C© HeCywed M ABYMA OOKO-
BLIMH THOIOCAMH YacTOT Wa BHX0ile, a Ha pic. 16,p — derextopa (1emolyanTopa)
AMIUTHTYIHO-MOAYIHPOBAHHOr0 CHrHana ¢ [101aBJeHHOR Hecylel  oiHOR GOXOBOA
f10J10COH YacToT.

VenoBune 0603HAUEHHH, CXO1HBIE € PACCMOTPEOHHBLIMH, YCTaHOBAEHH Takwke 11A
cXeM ycTpPoORCTS TeneaBTOMATHKH, CHIHAILHON TCXHHKM # T. 1. B kauectse nprvepa
Ha pHc. 17 npuBelenn ©OGO3HAUEHHA CYMMHPYIOLEN0 YCHaHTeas (06 3TOM TOBOPHT
3HAK MaTeMaTHYecKoil CyMMn — rpeseckan Oyksa I), nepsuusoro npecGpasosame-
As mapamerpos (6yxswm X i Y 0003HA4alT COOTBETCTDEHHO BXOAHOR H BHXOLHOR
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papaMeTpsl) M NpHBOpa HMNYALCHOH CBETOBOH CHT- ]
jaausalue (Ha 3TO YKa3uBaloT CHMBOJGL JaMnu Ha- N
KAJHBAHHA B BHIe MEPEYEPKHYTOrO KpysKa H 3HaK _ ¢
p BlAe YNPOLIEHHOTO H306paKeHHs HMIyabca). & o Wi
Bce rpaguueckuz o6o03HaueHHs, © KOTOPHIX -
uaa peys B 3TOR IJase, H300pakalT TOMLKO R
noJo#eHHsN, B KOTOPbIX OHH NpHBEJleHH Ha pH-
CYHKax. HeraoueHnde COCTABAAKT CHMBOJIb npHem- N
HEIX, [lepejlalliix H [NpHEMHO-NEepelalldx YyoT- — N
policTB, KOTOpHIE [ONYyCKaercs nioOpamate NoBep- & Wie
HYTHMH Ha yroa 90° nporus 4acosoit CcTpeaxn
(puc. 18). Puc. 18

YCJOBHBIE OBO3HAUEHHS HA IMPUHIMITHAJb-
HbIX CXEMAX

IBOJIOLHA YCJIOBHBIX OBO3HAYEHHI 3JEMEHTOB.
BA3OBLIE CHMBOJIbI

C HCKOTOPHIMI  YCJAOBHBIMH - rpadHUecKHMH  OG03NAYESHHAME 31€KTPO- I
PANHO3IEMEHTOB MBl MO3HAKOMHIHCL NPH PaceMOTPENHE  NPHHUHMHAABHOH CXeMBl
pagHonpuemuuka (cu. puc. 2). Beecbma nokasareanlo, Uro 148 H306paARCHHA CXe-
M JaMC TAaKOTO OTHOCHTEALHO {IPOCTOrO YCTPOHCTBa ToTpelopatoch Oosee [1ecdr-
Ka ciMBogoB. O6wee ke KOJHYECTBO YCJIOBHBLIX rpaduuyeckux oGO3HAYEUHIT, HCMOMIb-
3YEMbIX TPH COCTABICHHH CXeM COBPeMEHHBIX PalHOINeKTPOHHBIX NpHOOPOB, HCUYHC-
JAAETCH MHOPHMH COTHAMH.

Bosunkan ycaosuse ofoanadcuus we cpasy. [lpowan JecATHIeTHR, npemie
ueM [MepBHie PHCYIIKH, TOUTH ¢ dororpadHueckofl  TOUHOCTBI  BOCIPOH3BOASALLHE
BHEWHHA BHA paluoicralci, NPeBpaTHAHCE B TNPOCTLIC H BHPAIHTEALHBIE COBpe-
MEHHBE CHMBOJM,

[Mpremtiyio T-06pasuylo auTenHy, COCTOALLYIO H3 HECKOAbKHX MNapa.lielbHbiX
FOPHIOHTAALHLIX 1IPUBOAOB, [IOHAuany H300pasanm Ha CcXemax, Kax MOoKa3aHo Ha
puc. 19,a. Crpemienne ynpocTHTh oGO3HaueHHe AHTEHHB NPHBLIO K TOMY, YTO €€
cTani u3ob6pamats B BHAe TPe3yblla, COXPaHHB NPH 3TOM BCe 3TEMEHTL NCPBOro
obosiiauenus (puc. 19,6). INotom 3TOT CHMBOJ ellle YNPOCTHIH, HCKJIOUHB Nposo]a
rOpH3OHTAALHOR vacTH (pue. 19,8), a 3aTeM W TpaBepcy, ¢ NOMOWILIO KOTOPOH B pe-
@/bHOH KOHCTPYKUHH CO31aBa/IHCh ONpelenedibe PacCTOAHHA MeX1y I[POBOAAMH
(puc. 19,2, 9).

B pgBajuarwx rofgax Ha CTPAHHLAX DAXHOTEXHHYCCKMX HYPHA0B MOKHO GHJIO
BCTPETHTL HECKOMBKO CHMBOJMOB 178 000s;HAYEHHA AHTEHHDB, HCT0JL30BABIUMXCH 01~
Hoepesmenno (puc. 19,6—e). Cospemenutii cuMBon anrtennsl (pue. 19,%x) yHacae-
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Prc. 22 Pue, 21

JlOBaJ HEeKOTOPLIE YepTH CHOHX  (PEIUCCTBeHHHKOR M WMCMOALIYETCH B Kauecrne
obimero 0603HAYCHAA, T. €. B TeX CJAyyasX, Korla HerT HeoOXOQMMOCTH yTOUHAThH THII
AHTEHHL.

Ilna ofo3naycHus TrONOBHLX TeTeOHOB B pasHoe BpeMd Taxkxe Oua0 Tped-
J0KeHo neckoanko cxMBodon (pue. 20,a—a). Oaun K3 THX, YNPOLICHHO BOCTIPOH3-
80A5ULKHE  H306paKerie Anyx  Tededonon,  coeamHenibX  OTOJ0BLeM (pHC. 20,d),
denoas3osaacs 4o 60-x roizos. FOCT 7624—62 ycrasosua i TeneoROB, nph-
MCHAEMBIX B NPOBOAHON I DAIHOCBA3M, elunce 0GO3HAUEHHE, HAMOMHHAOUlee BHIL
Teaedona ¢6OKY B TPAIRLHONTOM KOHCTPYKTHBHOM scmommesmst (puc. 20.e). [lpax-
THYGCKH B TakoMm ke BHAe cHMBpoa rteredona ocrasicd u B [OCT 2.741—68, sxo-
asuem 3 ECK/L. )

Ogenp [0Ar0 HCKAAH YCJOBHOE o603UaYeHHe MO8 3JeKTPOHNOH mamnb. Bua-
gaje ec M300parani Ha CXeMax B BHIe DHCYHKa ¢ HaType, nosxe Oua npeano-
MeH UCaAW pAL cxemartsueckux ofGo3naueniii. XapakTepro, 4TO Ha NpPOTAKEHHH
NOWTH BCEll HCTODHA PAsBilTHA DPalOTeXHix B 06O3HAYEHHN IICKTPOHNOH aamnsl
NpPHCYTCTBOBA1 CHMBOA e2 (aaiona, KOTOPbil M3obpasain To B BUAC Kpyrd, 10 B
BiAe BHTAHYTOro oBaina. MHOro BpeMesy Mpoiwao, npesi1e 4deM Obla ycTanoBJeH
eAHUBIA CHMBON MM YOPABAMIOULErO 3€KTPOla Jamnsl — cetki. Ee obosnavyanu H B



giie BOJHHCTOR WAH 3Wraaroo6pasHoii AHHHA, H B BHAe pa3pesa TOHKOH MJACTH-
pei c oTBepeTHAMH (puc. 21,a—d), noka, wakoHell, He 6hLI0 Haiileno o6o3HaueHHe,
[piMEeHAeMoe M CeroaHs — TpHXoBas Jaunua (puc. 21e).

Huth Hakana nonwavany H306paaiH BOJHHCTOH MAH NPAMOH JHHWEA, No3-
e — B DHIe AyrH okpyxuHocTH. C NOABJeHHEM JaMIl C KaToldaMH KOCBeWHOro
jakajsa, TAe HHTb BbIOAHACT (YHKUHH NOJOrpeBaTtens, B yClosHOe O0603HadeHHE
JAeKTPOHHOR JaMmnsl Ouwyl bbejed oWMBOA Katoga. Ero ksofpamani  yTOMILEHHOM
amier 3 BHae Il-o6pasHod ckoGwx ®aM AyrH (puc. 22,0, 6), npaBo e Ha <«Cy-
LECTBOBAHHES MONYYHI 1OCAGIHHH CHMBOJ, HO B BHIe AYFH M3 JHHHH HOPMaJbHOMN
ronuuds (puc. 22,8). TOCT 2731—81  ycranasausaer ® apyroe obo3nadesie
Karola — KHPHYI Touky (puc. 22.2). Takoe ofo3nauyenHe HCIOILIYIOT B TeX
cay4yasix, KOrjla Nno TeM HAH HHHM COOOPa)KeHMAM HWTH HaKaja J1aMm IpHXOIHTCH
#306paKaTh OTAeaLHO (Hanpumep, npH GecTpancopMATOPHOM NHTAIH HX OT CeTH
HEPEMEHHOTO TOK2) H B QYHKIHOHANLHHYX CXeMaX.

Apceiia 5MEMEHTOB COBPEMEHHON PajHOTEXHHKH W 3JCKTPOHHKH HeoObyaiHo
BCAHK, W ecaH Obl CTAWJapTH YCTaHABAMBAJAH YCIOBHHE 0603HAYCHHUS AJR Kax10#
PasHORMAHOCTH 3JEKTPO- H DPaJHO3/IEMEHTOB, 3aNOMHHTh KX Obio 6H NPOCTO He-
soaMokto  EflHas cnctema ofo3HaueHHi, 0 KOTOPHX PaccKa3inBaeTcs B ITOR KHM-
re, MoCTpoeiHa, B OCHOBHOM, TaK Ha3bBAeMBIM [103MeMelTHLM cnocoboM. CTaHaapTh
ECKJl ycranasinBaioT yciosHbe o003HAYCHHA TONbKO OCHOBHHIX (Gazosbix) sie-
MEHTOE CHMEBOJIO0B, [MCJAL3YACh KOTOPDhIMH, MOKHO [NOCTPOHTL obo3nauenus  a6LIX
pajHofeTased M ycTpoicTa.

VeaoBHbie o6o3HauycHHi GaljOHa, awofa, Karola, CETKH, HHTH Hakala H ApY-
PHX COCTABHHIX HaCTeH 3CKTDOBaKYYMHHX NPHGOPOB ABAAIOTCA 6a30BLIMH OHMBO-
JamH, 1@ OCHOBE KOTOPHIX MOMHO NOCTPOHTL YCAOBHEE OGO3HAYCHHA MOOLIX 3JEKT-
POHHBIX JaMl, B TOM YHCle koMmbGumMpomasuwx. Ha puc. 23 1as npumepa npuse-
JCHO YCJA0BHOE Tpafuyeckoe 0003HaHeHHE 3.€KTPOBaKyyMmMHOro npubopa, cojepxa-
uiero B ceGe TPHOA, ABa JHOAA H ITEHTOA.

AnanoriunpiM 06pasoM W3 Ga30BHX 3/eMEHTOB, 06O3HAYAIOUIMX WACTH 3JeKT-
poMarnuTHoro pene (ofiMoTka — oM. pHC. 24,4, KOHTaKTR — oM. pHe. 24,6—2)
MOXHO NOCTPONThL yC/a0BHOe o603nadenne pede JI0G0H CIOKHOCTH,

DasonbiMil cHMBOJZMH Da3/MYHLIX BHIOB KOHIEHCATOPOB # PE3HCTOPOB ABJA-
IOTCA  CHMBOJB  KOHAEHCATOPA MOCTOHHHON €MKOCTH H MOCTOSHHOrO DC3HCTOPa, a
o0003HauellHd HX PA3HOBHIHOCTCH CTPOATCA C HCNOJL30OBAITHEM 3HAKOB obllerc ipH-
MeHeHHs: peryiadponaHHe, caMoperyJHpOBaHHe, MeXaHH4yeckoe nepeMelleHde H T. M.,
0 YeM noApobHO PaccKa3uBacTCA galee.

Taroit cnocof nocTpoeHHs YCHoBHuX 0O6O3IHAUCHHA He TOVILKO HaMmHOro ob.er-
YaeT HMX Yy3HapamHe H 3aMOMHUAHHe, HO H JaeT BO3MOMHOCTE CTPOHTB Ha OCHOBC
6a30BLX OMMBONIOB  OBGO3HAUeRHA NIO6GBX HOBHIX pPaivoaeMeHTOB, ;’I, qro caMoe
raasioe, HoBoe OGo3HaueHHe Oy/JeT NMOHATHO BCEeM, KTO 3HAKOM C CHCTEMO YCJI0B-
HBEX rpadiyeckix 0603HaveHH, ycTaHoBAeHHBIX cTanaapramu ECKIL
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B nocneasue FOAH HAMETHAACH TeHleHuHs o603HAYaTh OIHHM CHMBOJOM Tpym-
MW OIWHAKOBLIX 3JEMEHTOB, COEIWHEHHBIX Mex1y cobofi onpedeneHHBM ofpa3soM.
Hanpusep, 6atapeio, COCTAaBJEHHYI0 M3 HECKOJBKHX FaJbBAHHHECKHX HAH aKKyMYJs-
TOPHBIX S/EMEHTOB, CTaH1apT JAONyckaeT 00603HAYATH CHMBOJOM OIHOTO 3IGMEHTA
¢ yKagahHeM ee HOMHHAILHOMO  HampsmenHs (pHc. 23), croalul, COCTOANLHE H3
HECKOJILKHX TNOCASA0BATCABHO, MAapPadieabHO HAH CMEWAHHo COSLMHeHHBIX N0aynpo-
BOANMKOBLX IHOJZOB — CHMBOJIOM OIHOPO AHOAA (pHC. 26). Jlauspo 3agepKKH
0603HAYAIOT CHMBOJOM, COCTORIIAM M3 VCJOBHOIO OGO3HAYEHHA KaTYyLIKs, JHHHH,
CHMHO."L}L’!H]JlelLleﬁ OAHY H3 00K1a10K KOHJ1eHCaTOpOoB, BXOJAMUIHX B JIHHHIO 3a-
JepHKH, H 3HaKa 3aJEpKKH CHPHANA — OTPe3Ka MPAMOMA JHHMH C 33CCHKAMH HA
konuax (puc. 27).

VeraHoBIeHH0 TAKHX 06001leHHblX CHMBOJAOB  NPEIIIECTBOBANO COKpalleHHOe
0603l@YeHHe COOTBETCTDYIOUMMY DPYMIN 3/eMEHTOB, KOr1a Ha CXeMaX MoKaswsaal
Kpajtiiie 5J1eMeNTh, Ha/Huie JKe OCTAILHLIX YKAa3WBAmH WTPHXOBEIMH JHHHAMHM (oM.
prc. 25 u 26). A BOT nOJOCOBHIC NLE3OKEPaMuUueCKie (HILTPH, WHPOKO NpHMENHAE:
Mple B Halll 1#H B GHTOBON PajiMONPHEMHON annaparype, ¢ Cavoro Hadaana cTaqi
o0603HAYaTL B BHJE NpPHMOYIOALHHKA C COOTBETCTBYIOUIHM HHCIOM BHBOLOB. H sto
BNOJHE ONPABLaiHo. VCMEHTH, BXOAAlUIHE B COCTaB TaKOTo dHawTpa, onpeccosa-
{{Bl MAACTMACCON, H AOCTYI K HHM NpakTHueckd Hesoamowmen. [la 310 H HE HYKHO.
[lpi Buxofe (GHJALTPA U3 CTPOR €r0 NPNCTO 3IAMOHAIOT JAPYMHM, KaK KOHAEHCAaTOp
#aw pesuctop. PackpuiBaTh ero «HauHHKY» Ha CXeMC TORE HeT HHKaKOH Heo0X0-
JIHMOCTH, BaAHO JAHUIL 3HATh, HTO Q)H.'lhfp HacTpoeH Ha onpejeneHHy HacTtoTry H
NpoNyCcKaeT ONPCACIeHHYIO NOJOCY HacToT.

OcoGenHo WIHPOKOe pacnpocTpakene  nojoblikie  rpaguyeckie o6ozHauCHIA
YHKUHOHAIBHBIX Y3J0B NOYYHTH B NPHHUHIHAJBHEX CXeMax yeTpoiiers  un(pposoi
TexHuk#. JIpHHUANHAAbLHEE CXCMBl 3JCKTPOHHBIX BHYHCJHTEIbLHBIX MallHH, BHIOA-
HeHHhe 3 0603HAUCHHA OTIe/bHHX 3JEKTPOPATHO3JEMCHTOB, OdYeHb TPOMOSIKH H
ne warasaws. Ho npu Beeft cBoeil CaOMHOCTH 3TH YCTPOACTBA ¢ caMoro Hauana
CTPOMAMCH M3 OrPAHHYCHHOTO WHCIA OAMHAKODBBIX (YHKUHOHZILHBIX Y370B: TPHITE-
POB, MYJAbTHBHOPATOPOB, YCHAHTEIEH TOKa H HaNpiKEHHA, wHdpaTopoB, AemHp-
paTopoB, NOBTOPHTEIeH H T. M. Orobpaxenne Ha cxeMme BHYTPeHHell CTPYKTYPH
3THX TWIIOBWX Yy3j0B cramo Ou CBoero pojia u3bmTouHoll HHdopmauned, 3aTpya-
HAIOWEH CcocTaBaeHHe H uTeHue cxeM. Pa3paGoT4HKy YCTPOACTB BBIYHCIHTEILHON
TeXHHKH BaxHiO 3HATHL, H3 KakKHX (QYHKUHOHAJBLHHX Y3/10B MOMKHO c03[aThb TO HJAH
HHOE YCTPOMCTBO, H COBepIIeHHO 6e3pasiHyio, H3 KakKHX 3JEKTPOPALHOS/IEMEHTOB
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cobpansl CaMH y3au, ITHM OOBLACHAETCA TOT (aKT, YTO NPH COCTABAESHHH NPHHIH-
nuadbHBIX €XeM YCTPOACTB HHGPOBOA  TEXHHKH YiKe NaBHO TOJb3YIOTCH TOJBLKO
600UIeHHBIMH  CHMBOJIaMH  (DYHKIIHOHAMLHEIX Y3J0B, MNOAOGHHMH 0GO3HAYEHHAM
¢y HKUHOHATBEEX TPYynn B CTPYKTYPHBIX H YHKUHOHAJbHHIX CXeMax JApyrHx pa-
1O ICKTPORHBIE npHGOpoB.

B kayecTBe npuMepa Ha pHC. 28 noxasaHbl YCl1oBHbe rpadiueckie ofoanaue-
nua Jorideckux saementos M (a), WJIIM (6) u unsepropa (s). Kax u y panee
pAcCMOTPEHHHX CHMBOJOB IR CTPYKTYPHWX W (YHKIHOHANbHLIX CXeM, BXOAH
57eMeHTOB ILHGPOBOI TEXHHKH PacnofioAKeHsl clesa, a BLIXUAB -— ClpaBa,

[lpr paccMOTpeHHH NOrHKH paGoThl 3JeMEHTOB LHGPOBOA TEXHHKH ONEpHpyIoT
¢ CHrHalaMH AByX JIOTHYECKHX prBHEﬁZ JOCHYECKOR ‘ f}lﬁ]‘lpﬂ}KEHHe, Kak npammﬂ,
fogee NOJOANHTeNbHOE) M Jornueckoro 0 (HampsxenHe MeHee MOJOXKUTeNbHOE).

B saemente M cHrman Joruweckofi | modBadeTcs Ha BHXOLe B TOM cayuae,
ec/i OANOBPEMEHHO TMOJaHBl CHPHAME TAKOTO YPOBHA Ha BCe ero BXodW. Ecam xe
xord Gbl HA OIHOM H3 BXOJOB CHPHAJ I HMeeT ypoBeHb JorHdeckoro 0, BHXoAHOH
CHPHAJ MMeeT TAKOH JKe ypOBeHb.

Jlomka paborw asnemedra WJIH — mHas, BuixonHoll owrHan mpHHMMaeT 3Ha-
yese JOTHYECKOR | npu mojfaye HanpsiKeHHs TaKoro xe YPOBHA Kak Ha Bce BXO-
IB, Tak W Ha JI000H M3 1HX, H Jordyeckoro 0, ecan Ha Bee BXO1bl NOJaHBl CHDHA-
anl ¢ yposiem 0.

B uaseprope (0T JaTHHCKOrO caoBa inverto — mnepeBopausnaio, HIMEHAW) Bbl-
,'((‘l,-l!{()ﬂ CHrHanN HMeeT YpOoBeHb aorudeckon 1 npH nojiaye Ha BXOZ CHrHana Jord-
ueckoro 0 u yponesr 0 npH nolade Ha BXOX CHrHala Joruveckoit 1. Husepcuio
(oTpHIlatie) ma Buxolde obosHayaer HeGOJLIIOA KPYAKOK B MeCTe NPHCOeIHHeHHS
JHHHHA-BHBOIA K (.'.HM.BOJ_\' 3/eMeHTa.

CTAHHAPTHHE MO3HILHOHHbIE OBO3HAYEHHA 3JIEMEHTOB

Jlia moab3oBamMs CXeMOR, 118 UTEHHS M M3YuEHHH ee OMHHX rpaduuec-
KHX ofo3naueniit Malo, MO3TOMY KamAOMY HIEMEHTY Ha CXeMe MDHCBaHBawT Yyc-
JOBHOE  OGVKBEHHO-IHGPOBOE MOSMUHOHHOE 0603HAYewde, COCTOALICe U3 OAHON MM
AByx Oyxks Jgamunckoro andasuTa W Uubp, 0603HAYAIOIWHX — NODHIKOBHE HOMED
3aemMenTa Rawworo BHia Ha cxeMe. [lo msenenns cranmapros ECKIL eannoi che-
TeMu OyKBeHHHX MNO3UUHOHHBX OBO3HAMCHHA He CYIUIeCTBOBAJO, NOSTOMY B JIHTe-
paType MOMmHO Obl0 BCTPETHTL pasHue OOO3HZHEHHR OJTHOTO H TONO e BJISMEHTa
(Hanpwvep, teaedonn - o6osnavasH 4 6yksoit T, u Gyksamn Tad). TOCT 2.702—68
BICPEEIC VCTAHOBHA CIMHYIO CHCTEMY GYKBEHHBIX TNO3HUHORAHNWX ofo3navenuit, obs-
sateaniyio gas Beefi crpans, Ha omeny emy npuwea FOCT 2.710—81 «O6osua-
HCHHA OVKBEHHO-UMODPCBbIE B 3JeKTPHUECKHX CXeMax», YCTaHOBHBUIHA HOBYIO cHCTe-
My Ofo3HascHnil, JelcTBYOULY0 B HacToswee BpevA. HanBoaee wacto BeTpevalo-
lHecs OyxsoHiubie o6o3HayenHn (KOIW) 37eMeHTOR npiBedeHsl B Taba. 1.
MNopsiikoBue nomepa acMeHTaM Ha CXeMax NPHCBAHBAT, Kak MPaBHno, B CO-
OTHUTCTEHI ¢ MOCACAOBATCABHOCTBIO PACToNOKeHHs OJIHOTHNHLX CHMBOIOB B Haf-
pasaenny CBCPXY BHH3 H caesa uanpaBU, Ha;:pumop:

RI R6 RI10 RI2
R2 R4 R8
R3 RS R7 R9 RI1



Ta6aunua |

O6cara-
Haumenosanue yenHe
YetpoficTsa: ycHaHTean, npuﬁopu TeJeynpapjieHHs W T. M. (oOllee
o6o3Hadenue) A
[TpeoGpasopaTenn He3JeKTPHUECKHX BeIHYHH B 3JeKTpPHYecKHe (Kpo-
Me TeHepaTopOB M HCTOYHHKOB !IMTAHHR) H 3JEKTPHYeCKHX BeJHYHH B
He3JeKTpHYeCKHe, NaTYHKH JJA YKa3aHHA HJH H3MepenHa (ofuee obo-
3HaYeHHe) B
I'pomkorosopuTens BA
Tenedon (kancw.b) / BF
Muxkpogon BM
Ike3osnement BQ
3ByKOCHHMATEb BS
Konrneucatop G
Muxpocxema ana/ioropas HHTerpaJbHas DA
Muxkpocxema nuTerpannHas UH(POBAA, JOCHYECKHA 3JEMEHT DD
YetpoiietBo 3azepxkn (obllee oGo3HayeHue) DT
DnemeHTH pa3Hbe (o6mee oGo3nayenHe) E
Jlamna oCBeTHTeAbHAH EL
Paapsanuuky, npefoxpaHuTenH, ycTpofictea 3auwute (cfuee 06o-
3HayeHHe) F
IlpenoxpaHHuTeb NJIaBKHI FU
TeHepaTopbl, HCTOMHHKH NHTAHHA, KBapucable resepatopsl  (06- ;
mee obo3HayeHHe) G
Batapes ranbBaHH4ecKHX 3.]1eMEHTOB, aKKYMYJATOpOB GB
YerpoficTBa HHIMKAUHOHHBIE H CHrHanabkue (obulee oGo3uavenue) H
IMpu6op 3BYKOBOMH CHrHAJH3ALHH HA
HHAHKATOp CHMBOJLHBIRA HG
ITpuGop cBeTOBOH CHrHAJIH3ALHH HL
Pene, Kontaktopn, nyckatean (obiee o6o3nadenie) K
Pene BpeMeHH KT
KaTymka HHIYKTHBHOCTH, Apoccens (o6uee o6o3HayeHHe) L
JBurateas (obuiee o6o3Hauenke) M
[TpuGop mamepHTeabHb (06uee oGo3nayeHHe) P
AMmnepmeTp (MHAIHAMIEPMETP, MHKPOaMOepMeTp) PA
CHeTUHK HMIY.JbCOB PC
Yactotomep PF
OmmeTp PR
H3meputenn BpeMeHH 1cHCTBHA, Yachl PT
BoabTMeTp PV
Batrmerp PW
Pe3ncTopu nocTosinkbie H nepeMedHble (ofulee o6o3HavueHHe) R
TepmopesucTop RK
IIyHT H3MepHTeNbHbIM RS
Bapuctop RU
BHKJ]}D‘IETCJTH’, Pa3belHHHTEH, KOPOTKO33aMbIKATE/IH B CHJOBBIX
uenax (B uensax nutanus obopyrosauusd) (obuiee obo3Hauenue) Q
Buik.iouaTenb HAH MepeKawyateb SA
BbikJo4aTteab KHOMOYHBIH SB
BrikouaTens aBTOMAaTHYECKHIT St
Tpaucdopmatop, aBToTpancdopmatop (obiiee oGo3Hauenne) 1
[MpeobpazoBateas 3.1eKTPHYECKHX BeAHYHH B 3JEKTpHYeCKHe
veTpoitcTBa cBA3H (o6ulee o6o3HaueHHe) U
Moayastop UB
Hemonyastop UR
IuckpumunaTop Ul
lNpeo6pazoratens yacTOTHHIA, HHBEPTOP, TreHEPATOP HACTOTH.
BBIIPAMHTENb Uz

&




(1;oHuaHHe Taba. 1

Hanwmenosanue D,?::::'

[MpuGopsl NOAYNPOBOLHHKOBHE W  3JMEKTPOBAKYYMHHe (ofuiee
obo3Hauenue) 1
JHox, cTaGHAHTPOH vD
TpaHsucTop VT
Tupuctop ')
IpiGop 371eKTPOBAKYYMHBIA VL
Jlupuu # snementw CBY (ofiiee ofo3uauenue) w
AnTeHHa WA
CoenHHeHHe KoHTakTHoe (ofulee ofo3HauenHe) X
tsipb (BHAKA) XpP
I'uesno (poserxa) XS
Coennuenne pa3bopHoe T
CoeHHHTE,Ib BHCOKOYAaCTOTHBI XwW
YerpoficTBa MeXaHHYeCKHe ¢ 3IEeKTPOMAarHHTHhIM NPHBOAOM (06-

nee o6o3HaveHHe) Y
JNEKTPOMArHHT YA
YerpoicTBa okoheduble, GHALTPH (ofllee 0Bo3HaYeHHE) Z
OrpannyHTe b ZL
DHILTD KBapUEBHH ZQ

JTOT MOPALOK MOKeT ObiTh HapylleH, ecaH MOCIeI0BATEALHOCTL HyMepauku HeoG-
XGAHMO YBAZATh C HAlpaBaeHHeM [POXOMKIEHHA OHrHa1a, QYHKIHOHAJLHON nocJe-
J10BaTEILHOCTLIO NpOLECcca, € Pa3MELleHHeM 3/1eMeHTOB B YCTpoficTse (Takoe HHor-
da TOoMe BCTPEHAETCH), @ TAKKC NPH HYMEDalHH 3/JeMelmoB Ha ¢YyHKUHOHANLHOR
cxese, TAe aaf YA0OCTBA 3aeMeHTaM lLenecoofpa3no NpHOBaHBATL Te e HOMepa,
9TO M Ha [PHHUHITHAJIBHOH cXeMme.

Kpowe OykpeHHO-UH(POBOro 0603HAMEHHS BO3Je CHMBOJOB 31eMeHTOB HacTo
VKA3LIBAIOT HX THNL (3JeKTPOBAKYYMHblE H MOMYNPOBOAHHKOBHE NPHOOPH, HHTEr-
PaJLHble MUKPOCXeMb, TOJOBKH TDOMKOrOBODHTEIeH M T. 1.), 3HAYCHHC OCHOBHOrO
napaMerpa (eMKOCTh KOHIEHCATOPA, CONPOTHB/EHHE  PE3HCTOPA, HHIYKTHBHOCTE
ApOccead MM KaTYIIKH HHAYKTHBHOCTH H T. 1.)° H HCKOTOPHIE APYrHe CBEIeHHH.

FPA®HYECKHE CHMMBOJIbl OBUIETO [MPUMEHEHHA

s nocTpoeHMs  VEAOBHBIX rpadiHueckHx O0003HAYCHHA  Pa3HOBMIHOCTEN
HIERTPOPATIHOINECMEHTOB HCNOAbL3VIOT 6asoBble CHMBOABL H pasaHyHble 3IHAKH.
Inpoko npumensior 3Hak pery.IHpoBaHHA — CTPEJIKY, MEpPecekaillyl) HCX0d-
Huft cuvpoa noa yraom 45° (pwe. 29.a). Tlpu Hameceitn Takoro 3iaka wa obilee
ofosnadenue KOHI1eHcaTopa, PE3HCTopa H KaTYWKH KHAYKTHBHOCTH NOJy4YaloT CHM-
DO KOHAEHCATOPAa MNCPEMEHHON €MKOCTH, nepeMenHoro PesHcTopa M KaTYWKH €
PErVIMpYeMOil MHAVKTHBHOCTLIO  (pHe. 29.4—0), Ha o0fo3naycHue YCHIMTENR B
CTDYKTYDHO/ CXeMe — CHMBOJ YCHIHTEAs C peryJHpyeMblM YCHJACHHeM H T. 1.
1MHor1a neo6xoaMMop ykasaTh XapakTep PeryaHPOBAHME M YCIOBHH, NPH KOTOPHIX
PHO IOVUKHO  OcyIMecTBAATHCH. B 3THX icayuasX BO3NE CTPETKH NOMelaloT cre-
Wiaablible 3HaykW, XapaKTepuiyoli#e 3TH ocofennoctH. Tak, WaKJIOWHWA ILTPHX,
fapatnensipit 3uaky peryaupomanns (puc. 29.6), yxa3niwaer ®a JHHeAHOCTB Ha-
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Puc. 29 Pre. 30 .
MOHEHHA [1apaMeTpg, CTYNeHbKAa — Ha CTYNen4aToe PeryaupoBauie (pHC. 29,8), a
MaremaTiyeokan damuch =0 — wa 1o, uTO peryanpoBamme caeaver NPOH3BOANTH

npH TokKe, paBioM Hymo (puc. 29,0). Ecan Heo6XoAMMO YK23aTh UMCAO cTynened
PETYAHPOBaliHi, Hal 3HAKOM MNHIWYT COOTBETCTSYlollee uncao (puc. 29,2). Jas
0603HAYEHHA XAPAKTEPa PEryAHPOBAHHA NDHMEHAIT TAKKE 3HAK HETHHENHOrO pery-
JupoBaymA. Ero HHXHAA 4acTb HMEET HINOM, PAIOM C KOTOpPHIM TNpH HeoGXOn4H-
MOCTH YKa3wBalT (B MaTemaTHueckofl ¢opMe) 3aKOH H3IMeHeHHS PeryaHpyemoro
napamerpa (pwc. 29,e—3). Tak, mainuch sinXx o3navaer, uto napaMeTp 3aeMeHTa
H3MEHAETCH NpH PEryaHpOBaHHM N0 CHHYCOHAANBHOMY 3aKOHy, Haimucs logx —
no MOrapRPMHYECKOMY H T. 1.

Hepeaxo wa cxeMe weoGxomnMo nokaszats cnocoG pery MpoBaHHA KaKoro-1u6o
napaMeTpa 3ASKTPHYSCKOro sjieMenta. CrauaaproMm NpeAyCMOTPeHM IAR 3THX ne-
nell Tpu ouwmBona. 3auepnenubli Kpyr (puc. 30,0) yRaswpaer na TO, 4TO pery.Jn-
poBaHKe OCYUIECTBARETCA DYYKOH, BLIBEACHHOH HapyXy, HafoTOBHHY 3ayepHeHAbifl
Kpyr (puc. 30,6) — peryaMpyeMuil 3JeMEHT Takke DhiBeleH HaPYKY, HO pery’u-
POBKA BO3MOMNHA TO/ILKO C MPUMEHEHHEM HHCTpYMeHTa (OTBEPTKH, KAwua M T. I.);
Kpyr, pasienennuiii auamerpoM (puc. 30,8), — peryanpoBaHie TaKKe C [NOMOILBIO
HHCTPYMCHTE, HO PeryaHpyeMmbifi 371eMeHT (Hanpuvep, nepeMeHHbli pe3wcTop) Ha-
XOOHTCA BHYTPH npuGopa MM ycTpoiicTBa.

Ckasannoe OTHOCHTCH K 37CMERTAM, KOTOPHC HEOBXOIHMO peryauposats 6o-
7ee waH Menee uyacto. Ho 8 npuGopax ecTh peryampoBOYHHE 3eMEHTH, napaMenpH
KOTOpHIX HBMEHSIOT OTHOCHTENBHO pelke (npH HacTpofike, NpoBepke, pemonTe). 3TO
MOACTPOEYHbIE KOHICHCATODB, PEIHCTOPH, NOACTPOCMHHKH KaTywex H T. A. Jas
HX -PeryIHPOBAHHA MOIBIYIOTCA OTBEPTKOM, KMOWOM H TOMY NOJOGHHMH HHCTDY-
meniTaMi.  TloacTpoewnoe peryanposanve Takie 0603HaYaI0T HAKAOHHON JHHHER,
HO BMECTO CTPEJKH Ha ee KOHUe H300pakaloT KOPOTKHA mTpHx (pue. 29u—a).
DTOT 3HAK HECKONLKO HAlOMMHAET PeryaHpPOBOYHHIL HHCTPYMEHT, 6Jarojaps uemy
OH Jrerko yauaeTci. CHMBOJI NOACTPOEYHOTO PEry.HPOBaiHA TAKKE MOMKeET conpo-
BOXKAATBCA 3HAKaMH XapakTepa, cnocoGa H YC/0BMA peryawposanus (puc. 31).
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PasHOBHAHOCTE PAaCCMOTPOHHHX CHMBOJIOB — 3HAKH CaMOpPEryaHpoBanua: Ha-
KAOHHaR JuiHuA (THHCAHOe caMopery.anpoBanse — puC. 32,a) HAH HAKJOHHAR JH-
HHA C H3JIOMOM B HHM¥HKeA vactH (HenwseilHoe caMmoperyanpomaume — pitc. 32,6).
ITapaMerpst  CaMOPEryAHPYIOUMXCA 3JEMOHTOB MOTYT H3MCHATLCH TOJBKO MA2BHO,
B COA3H € 4eM CHMEOT CTYMIEHYATOrO H3MEHEHHS napamerpa Bodjle 3HAaKa caMope-
ryanpoBaimis e HanocaT. Ecan weobxoanvo ykasaTs, noa JaeficTBHEM Kakoii azn-
YECKOH BENHYHEL [IPOHCXOAHT CaMOPCTYAHPOBAHHE 39/]CMEHTa, BO3JE 3HakKa HeAH-
HEANONO CaMOPeryJIHpoBaHis NOMCLIAIT  COOTBETCTByloliee oO6oanauenwe (U —

uanpsmenue, | — toxk, P — nasneime u 1. ). Ha pue. 33,0 nokasano ycnosoe
0GO3HAYEHHE TEPMOPE3HCTOPA (Ero COMPOTHBICHHE 3aBHCHT OT TEMIePATYPH OKPY-
Kawllell cpenn), a Ha puc. 33.6 — BapPHKOHAa (€ro eMKOCTb 3aBHCHT OT Hanps-

KeHHs Ha obKaallkax).

Hacto B paaxonpubope HCNOAB3YETCH HECKOALKO 3JEMEHTOB, VIPaBaAfeMWX od-
HOH pyu4kOft, nanpumep G6/OK KOHIGHCATOPOB NEPeMEHHON EMKOCTH, CABOEHHHI me-
pemeninfi pesncrop. O0OzHZuCHHA 3ICMEHTOB, BXOZAIUMX B TaKHe KOHCTPYKUHH,
AT YA0GCTBa MOCTPOHHR CXeMW HEPElKo H30GPakKaloT B DasMbX ec MecTax, a
HTOGH MOKa3aTh HX MeXAaHWYECKYI0 CBH3b, 3HAKH DEryIHDOBANHH COCAMHAIOT LITPH-
XoBOH auknedl (puc. 34,a). TIpn 6au3KOM DPACTIOONEHHH CHMBOJOB MEXaHHIECKYIO
CBASh MOKA3LBAIOT ABYMA NapajieIbHBIMH JHHHAMH (HanpHsep, B 0603HaueHiH
BHRIIOHATENR MAH MEPeKJIoYaTe]s Ha HECKOIbKO Hanpasiesit —oM. puc. 34,6).

Ocobyio rpynny cHMBOAOR O6MIEr0 NDHMEHeHHs COCTaBANIOT 3HAKH, yKa3uBalo-
lIiHe Hanpasiende NBHKeHHR B CaMOM IUHPOKOM cubicae 3Toro ciosa. Jlas yka-
3aHHA MEXaHHYECKOrO fIePeMElIenHs NOABHKHBIX AeTanefl (M TAKOC BCTpeYaeTCs Ha
MPHHUMIHANLHBIX CXeMaX) MOMBIYIOTCH MPAMBIMH  CTPEJKAMH, CHMBOJIH3HDYIOLIHMH
ABMKeHHE B OAHy Ha obe cropoun (puc. 35). Ecam neo6xoammo nokaszats, urto
ABHACHHE OrpaHHYeHo, y KOHUA CTPe]KH H306paKaloT KOPOTKMA IWTpHX. TaKmMMH
KC CTpeaKami, HO Gea WTPHXOB, B 0GO3HAYEHHAX AKYCTHUECKHX T[OJ0BOK (pexop-

> — <——>

L)
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Pue. 35 Puc. 36
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Aep, 3BYKOCHHMATeNb, MATHHTHHE TOJOBKH M T. ) YKaGWBaloT Hanpapienie mpe-
oGpazoBanua onrsana.  Hanpmwep, B ycaosioM 060aHaueHnH BOCMPOHIBO I ALEF
MAarHHTHON ronoskd (puc. 36,a) CTpesKa HanpaBjeHa K CHMBOJY MarHHTOnpoBoa,
B 06o3nauennH 3amMchiBalollefi ronosku (pue. 36,6) — B obpaTiyio cTopomy. Yuu-
BEPCANBLHYI NOAOBKY BHUISJNAIT ABYHATIPABIEHHON CTPEIKOH.

[pe napaijeibHble HAKJIOHHBIE CTPENKH, PacnoiOMeHHbe MO YrioM 45° K
ycaospoMy 0GO3HAHEHHIO MOJLyPOBOINMKOBOrO NpHOOpPa, PE3HCTOPE, raJisBaiuec
XOro SneMenta H T. [., CHMBOJH3HDYIOT CBETOBOH MOTOK H BMECTe ¢ HCXOIHEM
obo3HaAUGHEEM, BO3Je KOTOPOr0 OHH M300paenbl, 00pasylT CHMBOJB npubopos,
HeficTBHE KOTOPHX OCHOBano Ha (OTOdMexTpuuccKoM shdexte (pHe. 7).

[paMele cTpeskyd HCMOALAYIOT TakKiKe NPH NOCTPOCHHH YCAOBHLIX oBO3HAYCHHIT
H3AYYAIOWHEX TO.YNPOBOLHHKOBBMX MNPHOOPOB,  MarHHTOCTPHKUHOHHHIX 3JCMEHTOB,
AHTEHHBIX YCTPOCTS (AN YKa3aHHs THNA NOJSPHIAUMH) H T. X

Bpauiatensioe ABHKeHHe NOKa3WBAKT Ha CXeMax CTPRIKAMH, H3OTHYTHMH B
Bife Ayr OKpysmocTH (puc. 38). HawocsT MX Ha JMHWA MEXaNHUeCKOH CBN3H,
H3OGPAKACMLIC Ha CXEeMAX, KAaK YXe OTMEYanoCh, OAHON MITPHXOBOH HJH ABYMS
NapanieabHBMi CIAOHINLIMH jtusMi. Bpaulateanioe 1RiKeHue 10 4acoBofl cTped-
ke o6oanAvalT Crpeakofl, manpasneunofl Bum3 (pwc. 38,a), NMPOTHB yacoBoi cTpea-
ki — Bmepx (puc, 38,6), 8 0GOHX HampasaenHAX — 060IO10OCTPOR CTpeKOil (PHC,
38,8), a KauaTCabHOe ABHXKEHHE — TAKOH e CTPEAKOR € 3accukaMd Ha KOHUaX
(pue. 38,2). KouBunaumeii w3 1yrooGpashofi m upRMoii cTPeloK 0003uadaioT Bi-
roBoe jpHmende. [lna npuMepa Ha puc. 38,0 n3obpakena MeXaHHYecKas OBS3b,
nepenammas Takoe ABHueHHe  BIPaBo NPH BPAUleHHH B HanNpaBICHii 4acoBOR
‘cTpeskH, a na puc. 3B — CBf3b, Mepelalollas TaKoe ABHMKEHHe TIDH Bpalllenny b
006paTHOM HanpaBJeHHI.

Hyroofpastinie CTPEAKH HCMOJB3YIOT Takxe 118 YKa3anHa HANpaBaeHnus pe-
FYJHPOBaHMA, XapaxTepa ABHKEHHs [JaBHOMO JIelleCTKa [AHArpaMMul  HalpasJien-
HOCTH # HAanpaBJelss BPAMEHUs ANTEHI, XaPaKTepa OTKJONCHHS JAy4a B 3JEKTPOH-
HO-NYYeBRIX OpHOOpax H T. L.

CoctaBHofi ACTbI0 CHMBOJOB HEKOTODHIX 3JEMCHTOB (HanpuMep, BHKIOYaTe-
nefl, nepexsouarencii) MBAACTCH 3HaK, NEpelaloUlMii Cnocol ympasJenHs HX INOA-
BHIKIBIMH JeTansMy, Tak, 4tofW NoKasaTh PyuHOll TNPHBOI, OCYUIECTBASEMblT Ha-
KaTHeM Ha KHONKY, JHHHIO MeXaiM4eckod CBH3H C YNpaBAAeMbIM 5]CMEHTOM 3a-
KauuHBalOT NPAMOf CKOOKOH, o6paulennoil B cTopoy cumsona (pxc. 39.a, 0). Ee-
MK e yOPABASCMBIA 3JCMEHT TPHBOLHTCH B JleficTBHe BHTAPHBAWHEM KJIH NOBOPO-
TOM KHOIKH, HCMOJb3YIOT 3HAKH, H306paredHne COOTBETCTBeHHO Ha pue. 39,8 u ¢
(B 3™#X M Bo BceX MOCAGAYIOLIMX CHMBOIAX MEXaHHUECKYI0 CBA3p MOKHO oboaHa-
QHTL Kak IITPHXOBON, TAK M ABYMS CIVICWHBIMK JHHHAMH). CHMBOsoM B BiAie Ha-
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Puc. 39 Pre. 40
KTOHHOTO yroaka (puc. 39,0) 0Goakauzior HOKHON NpHBOI (mentanb), 3Haka
NOMHHAIOWGM 3Y6UHK (pHC. 39,¢), — (MKCAuMIO NPHBOLA B HAKATOM (BHTH

NOBEPHYTOM ) TIOJIOMKEHHM,

YroGk NMOACHHTL HA CXeMe HalHaueHHe HEKOTOPWX 3JEMEHTOB i YCTpO#ic:
HX YyonoBHeie 06O3HAYEHHS HAHOCAT CHMBOA HaNpaBAeHHA MOTOKA EKTPOM;
1O sHepriH. Dror amak (pHc. 40,a, 6) Takke npeicrasaser cobol cTpeaxy,
yraom packpeisa 60°. C mpuMepamu HCUOAL3GBAHKA ITONO CHMBOIA MH YK
KoMl (rpaduyeckHe OBO3HAuEiHS npeobpazoBaTeedl, 3AMICHBAIWMAX H BOCT
BOIAUMX YCTPOACTB B CTPYKTYPHEX cxemax). Ha pue. 40,8—d npusenens )
Hele ofosHaueHis NpHeMitofi, Mepelawolleli W NPHEMHO-NEPTANOWER  auTenH
TaKhe CTPEJKH YKA3bBalOT HX HazHayeHue,

PE3HCTOPHI

Peaucrop (aura. resistor or sat. resisto — conpoTtHaas0CK) — 0aHI
CaMbX pAcmpOCTPaHECHHHX PaiHO3MeMenToB. [laxe B NPOCTOM TPaH3HCTOPHOM
EMHHKE 9HC0 Pe3HCTOPOB JOCTHraCT HECKOABKHX JeCATKOB, a B COBPEMEHHOM
BH3OpE WX He MeHee IBYX-Tpex coTeH. PeaHCTOpW HCHOALIYIOT B KauecTse H
30MHLIX H TOKOOrPaHHYHTENLHBIX 3JEMEHTOR, AesHTeNefl - HaTpsKeHHs, 106asc
CONPOTHBJIEHHH H IIYHTOB B H3MEPHTEAbHHX UENAX H T. 1.

OcHOBHEIM TMapaMeTPOM PEIUCTOPA MBIAAETCS COMPOTHBACHHE, XAPAKTEPH3Y!
€ro CNOcOGHOCTL MPENATCTBOBATH MPOTEKAHHIO 3/MeKTPHuecKoro Toka. Compor
HHE H3MepseTcd B oMax, KWaooMax (Thesa Om) u wmeraomax (1000000 Om

Moctonunue pesucTopw. Bravane peancTopn n306paiaiH HA cXeMax B
JOMaHOA JHHHH — Meanapa (pe. 41,a, 6), xoTopaa 0603Hayalda BHCOKGOMHBA
BOA, HaMOTaHHHM Ha H3OAAUHOHHLIA Kapkac. ITo Mepe ycackweHus paaHony
POB YHCJO PE3HCTOPOB B HHX YBEJAHUHBAAOCH, H, YTOOH O6JETYHTH HAuePTaHH
cTaaH H306pa)aTth Ha cxeMax B BHae 3y6uatoft amumm (puc. 41,6). Ha cmeny
My CHMBOJY MpHWea CHMBOA B BHIe npaMmoyronbhuka (puc. 41,2), Kotopwit
JH TNPHMEHATH A 0603Havenus MoGOTO peaHcTopa, He3aBHCHMG OT ero KOHCI
THBHBIX OCOGEHHOCTEH.

Howmunaabiyo Molldocth paccesHus pesucropa (ot 0,05 a0 5 B'r) 0603k
0T crenHaibHLIMH 3HAKAMH, TOMEIIaeMBIMH BHYTPH cHMBOJa (pHe. 42). 3ame
YTO 3TH 3HAKH He JOMXHH KacaTbCA KOHTYpa YCJAOBHOTO O603HAaueHHS PeaHc
* Ha npunuunuanbHoli cxeme HOMHHAJIBHOE CONPOTHBJAEHHE PE3HCTOPA YKa3bil
psaoM ¢ ycroBHbM o6osxavennem (puc. 43). Coraacio TOCT 2.702—75 conpc
aerna o1 0 10 999 OM ykasuBawT uncaoM 6e3 elHHHUB H3Mepenus (2,2; 33,
750 u 1. 4.), ot 1 Ao 999 kOm — uncaom ¢ OykBoit K (47 k, 220k, 910K u T.
cBblue | Meraoma — 4icqaoM ¢ Gyksoit M (1M, 36 M u 1. 1).
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Puc. 41
Puc. 42

Ha peancropax oresecTBeHHOro NPOH3BOJACTBA HOMHHAALHOE  COMPOTHRAEHHL,
JONYCKaeMoe OTKJIOHCHHe OT Hero, a ecad M03BOJAKT pasMeph, H HOMHHAMBHYK
MOIHOCTbL PaccesiHHs YKa3uwBalOT B BHIE MNOJHOr0o HAH COKPalLeHHOTO (KD,’IHPOB&H-
Horo) o6Goakavenns. Coraacko I'OCT 11076—69 eauuHun CONPOTHBJGHHA B KOAH-
poBaHHO# cucTeme oboznauatoT Gyksamu E (om), K [KH.’!OGM5 u M (meraom). Tax,
pesHcTopH conpoTHBIeHHeM 47 Om mapknpyior 47E, 75 Om —75E, 12 xOm — 12K,
82 kKOm — 82K a 1. A. Conporupienus ot 100 o 1000 Om u or 100 g0 1000 kOwm
BHIPAXKAOT B AOIAX KHJI00OMAZ M MEraoMa COOTBETCTBEHHO, NMPHYEM Ha MecTe Hyas H
3aNATOA CTABAT COOTRETCTBYIOWYK0 eaHHuIly Hamepenusi: 180 Om=0,18 kOM=KI8;
910 OM=0,91 xOm=K39!; 150 xOm=0,15 MOM=MI5; 680 kOm=0,68 MOM=
=M68 u 1. A. EcaH xe HOMHHAJBHOE CONPOTHBJAEHHE BHPAXEHO UEALIM YHCAOM
¢ apobeio, TO €IHHHLY H3MepeHila CTaBAT Ha Mecte 3anatod: 2.2 Om — 2E2;
5,1 kOmM —5K1; 3,3 MOmM —3M3 u 1. 1.

K{J,QHPOBHHHH(! fJYKBEHHHL‘ 0003HaYCHHA YCTAHOBJECHH H 404 AONYCKACMBIX OT-
KJOHEHilft COMPOTHBAGHHA OT HOMHHAJLHOTO. [lOMyCKaeMOMy OTKJOHewH0 +1% co-
oTBetcTByer Oyxsa P, +2% —JI, £5% —H, +10% — C, =20% —B. Takuwm
06pasoM, Haankch Ha Kopnyce pesucropa K75H oGo3Hauaer HOMHHaIbHOE COMPOTHB-
nenne 750 OM c jonyckaembM oTkaonerueM =+5%; wnaamace M33B —330 xOum
+20% nT A

IMocTosHHLE PEIHCTOPH MOTYT HMeThb OIHH HAH HECKONbKO OTBOAOB OT pealc-
TeBHOro 31eMeHTa., Ha ycaoBHOM 0603HaueHHH Takoro PesHcTopa AOMOJHHTENbHLE
BHBOAH H306paxKaT B TOM XK€ NOpPAJKe, KAK 3TO HMEET MeCTO B CaMOM pesuc-

Z2 120 47%
s I e S o
R=2,20m R=1200m R=47 50M
820x o J,6M
s T
R=620x0M R=1MM R=3,EMom
Puc. 43 Puc. 44
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Tope (puc. 44). Ipn GonbuwoM YHc/Ie OTBOAOB AJHHY CHMBOJA NOMYCKAaeTcs ysen
uHBAT. :

ConpoTHB/eHHe NOCTOAHHOrO pPe3HCTOPa, Kak TOBOPHT €aMO Ha3BaHHe, Haw
HHTb Heso3MoxHo. [lostomy, ecan B uend TpefyeTcs YCTaHOBHTL ONpeJeNeHH]
TOK WAH HanpsXeHHe, TO AAf 3TOrO NPHXOAHTCA moabHpaTh OTAeAbHHE 3JeMeH
UeNH, KOTOPHMH YacTO ABARIOTCS Pe3HCTOpH. Boane CHMBOJOB 3THX 3/€MEHTOB
cxeMax CTaBAT 3Be3A0YKY * — 3HAK, TOBOPALIHA O Heo6XoAWMOCTH Mx noaGopa n
HACTPOfKe H/H PeTYJHPOBKe.

Peryaupyemsie pe3HCTOPMW, T. e. Pe3uCTOPH, COMPOTHBAEHHE KOTOPHX MOX
H3MERATh B ONpejlefeHHHX Npeaenax, NPHMEHAIOT B KayecTBe PEryiATOPOB YCH
HHA, rpoMkocTH, TeM6pa H T. 4. OGuee o6o3HayeHHe TaKOro PeIHCTOPA COCTOHT
6a30BOr0 CHMBOJA H 3HaKa pery/iHpoBaHus (pHC. 45), NpHYeM HE3aBHCHMO OT I
JIOKeHHsi CHMBOJIa Ha cxeMe cTpesiky, 0603Haualollyi0 pery.auposatHe, TNPOBOAAT
Hamnpas/IeHHH CHH3Y BBEpX noa yraom 45°.

[Tepementitie Pe3ucTOpH, KaK MPaBHNO, HMEOT MHHHMYM TPH BHBOJA: OT Ki
11OB TOKONpPOBOAALIETO 31€MEHTa H OT UIETOYHOTO KOHTAKTA, KOTOPHA MOXeT e
Mematbes no Hemy. C ueJbl0 yMeHbUIEHHS pa3MepOB H YMPOLUEHHA KOHCTPYKU
TOKOMPOBOAAIIHA 3MEMCHT OGWYHO BHIMIOJNHSAIOT B BHAE HE3AMKHYTOro KoOJbua, a L
TOYHLA KOHTAKT 3aKPENIAlT Ha BajHKe, OCb KOTOPOTO MPOXOAHMT 4epe3 erp LeH
Taxum o6pasoM, NpH BpalleHHH Ba/JHKa KOHTAKT [MepemelilaercA MO TNOBEPXHO
TOKONPOBOARILErO 3JeMEHTa, B pe3yabTaTe CONPOTHBJGHHe MeX1y HHM H KpaiHH
BHBOJAMH H3MEHsercs. _

B HenpoBoMoYHBIX NMepeMeHHHX pe3HcTopax o61al1aiollEfl cONpPOTHBIEHHEM
KOMPOBOASAIIHA C/IOH HaHeceH HAa NOAKOBOOGPA3HYKD MJIACTHHKY H3 TeTHHAKCa
tekctoauta (pesucropu CI1, CI13-4) mam snpeccoean B Ayroo6pasHyio KaHaBKY
paMHYECKOro OCHOBaHHA (peancropw CITO).

B npoBOJOYHHX Pe3HCTOPaX CONPOTHBJEHHe C031aeTcs BLICOKOOMHBIM NpO
[I0M, HAMOTZKHHM B OAHH CJ10A Ha Koableo6pa3noM kapkace. [lia najexuoro
e1HHEHHA MeXAy OOMOTKOA H MOIABHXXHHM KOHTAKTOM MPOBOA 3aUHILAKT HA T
GHHY A0 ueTBepPTH ero AHaMeTpa, a B HEKOTOPHX CJyyasX H MOJNHPYIOT.

CyllecTByIOT [Be CXeMBl BKJIIOWEHHS MePeMEeHHLX Pe3HCTOPOB B 3JEKTPHYECK
uenb. B 0aHOM cayuae MX HCNOJb3YKOT 1A PeryiHpOBaHus TOKAa B LENH, H TO
pery.mpyemblil pe3ucTOp Ha3nBaloT PeocTaToM, B APYroM — AR PEryaHpoBal
HANPAMECHHUA, TOrda =ro Ha3biBalT notexunomerpom. [loxasannoe Ha pue. 45
JoBHOE rpaduueckoe 0GO3HANENHE HCMOMB3IYIOT, KOraa Heo0X0aMMo w306pa3uTh [
crat 8 obllem BH1e. -

Ilas perynMpoBaHHs ToKa B UENH MNEPeMEHHBI Pe3HCTOP MOMHO  BKAOY
NBYMs BHBO1aMH: OT ILETOYHOTO KOHTAKTa H OJAHOrO H3 KOHUOB TOKOMPOBOAAL
snementa (puc. 46,a). Oanako Takoe BKAKMeHHe we Bceraa jonycriMo. Ecam,




NpHMeEp, B npouecce pei)y.1HPUBAHHA
bee CAYYAaAHO HapymuTca coelnlieiis Me-

) 7) 2 TOYHOrO KOHTaKTa ¢ TOKOI] '?‘:'-U"““’M
3/IEMEHTOM, 3JeKTpHueckas (187Th OKa-
Prc. 46 KETCA  DA3OMKHYTOH, a 310 MOKeT
ABHTLCH TIPHUMHOT nospesactiid MpH-
Gopa. Yrobw HCKAOYHTS TaKkyl BOIMOMKHOCTB, BTOPON BHWBOJ TOKONpPOR( 18LLETO

3MEMEHTAa COEMHHAKT ¢ BHBOJAOM IETOYHOrO KOHTaKTa (pHc. 46.6).'5 3TO0M cIytae
Aame NpH HApYUICHHH CORIHHEHHE 3/EKTPHUECKAR UeNb He Gyxer PasoMKiy1a

O6umee obosnaveHue noreHuroMerpa (puc. 46,8) oramuaercs or cumsona pe-
octarta Ges Pasphiba UENH TOJAbKCU OTCYTCTBHEM COEIHHEHHS BHBOZOB MeK1v coDOH,

K nmepevenHnM pe3HCTOpaM, HDHMEHAEGMHM B PAIHO3ACKTPOHKHOR annaparype,
HacTo NpeaBABAAIOTCA TPeGOBAHHA NO XapPaKTePy HIMEHCHHA COMPOTHBACHHA NPH
nosopote ux ocit. Tak, 248 peryanposanKs rpoMKocrs B 3BYKOBOCTIPOM3IBOZALLEN aH-
napatype Heo6X01HMO, 4TOGH CONMPOTHBJCHHE M1y BHBOIOM IMETOYHOIO KONTAK-
Ta H NpaB6IM (€CAH CMOTPETh CO CTOPOHB 3TOMO KOHTAKTA) BHBOIOM TOKONPOBOIN-
IEro 3JCMEHTA H3MEHANOCH 110 NOKA3ATEAbHOMY (06PATHOMY J0raprdMHyeCKOMY)
aakony. TofbkO B 3TOM Cayyae Hamle yXo BOCHPHHHMAeT PaBHOMEDHOE  YBEJHUBHHE
TPOMKOCTH NPH MasbiX H GOALWHX YPOBHAX CHrHATa, B HIMePHTEALHBMX Tenepatopax
CHFHA/I0B 3BYKOBOH 4aCTOTH, r1e B KAYecTBEe 4YACTOTO3aJAWOLIHX 3JCMCHTOB Y&CTO He-
NOALIYIOT NEPEMEHHB? PEIHCTOPH, TAKKE JKENATeAsHO, YTOOW HX CONPUTHBIEHHE H3-
MEHS.IOCE MO JANTapHPMHYECKOMY HAH [OKA3IaTeALHOMY 3axkony. Ecam 3o yeaoswue
He BHNOMHHTH, WIKa.la reHepaTopa NodyyaeTcsl HepaBHOMepHON, 4TO 3aTpPyldHAET TOY-
HYK) YCTAHOBKY HacroTH,

[IpoMbilIIeRHOCT  BHINYCKAET HENPOBOAOUHME MNepeMeHHHe pPe3HCTOPH, 8 OC-
HOBHOM, Tpex rpynm: A — c auuefinoi, B — ¢ norapupmuueckois # B — ¢ o6patHo-a0-
TapPH(PMHYUECKOR 3aBHCHMOCTLIO COMPOTHBACHHS MEKAY NPABHM H CPEJHUM BHIBO14-
MH OT yria nopopota ocH ¢ (puc. 47.a). PeaucTopnl rpynne A HCHOALIYIOT & pa
JIHOTEXHHKe HaHOOMee WIHPOKO, NMOITOMY XAPAKTEPHCTHKY H3MEHEHHs MX CONpOTHS-
JeHds Ha cxeMax ofbuHO Be ykasbimaloT, ECaH ke nepeMeHHBit pesucTOp HeHued-
HBIA  (HanpuMmep, A0rapHpMHYeCKHA) H 3T0 HeoOGXOJAHMO YKa3aTh Ha CXEME, CHMBO.I
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pesHcTopa MepevepKHBAOT 3HAKOM HeJHHeAHOTO Ppery/JHpoBaHHd, BO3Je KOTOPOro
(BHM3Y) NOMemaT COOTRETCTBYIONLYI0 MaTeMaTHUCCKYIO 3aNHCh 32KOHA H3MEeHeHHA.

Pesucrope rpynm B # B KOHCTPpYKTHBHO OTJMYAOTCA OT Pe3HCTOPOB TPyNNel
A TOAbKO TOKONPOBOAALLHM 3J€MEHTOM: Ha NMOMKOBKY TAKHAX PEe3HCTOPOB HaHOCAT
TOKONPOBOASILIAA CJAOR ¢ yAeNbHLIM CONPOTHBJAEHHEM, MEHAIOUIHMCS N0 ee JJHHE.
B npoeosoyHuHx pesuctopax ¢opMy Kapkaca BhGHPalOT TaKoA, 4To6H JJHHA BHTKA
BLICOKOOMHOI'O NpOBOJAa MEHAJNAach MO COOTBETCTBYIOLLEMY 3aKoHy (puc. 47.6).

Peryanpyembie Pe3uCTOPh HMEIOT OTHOCHTE]LHO HEBLICOKYX HAJeXHOCTh H Or--
paHHueHHWA CPOK cayXOu. KoMy H3 BrajennlieB pajHONPHEMHHKA WJAH MarHHTO-
Q)DHH HE IPHXOJIHJO0Ch niocae ABYX-TpeX JEeT 3KCIAyaTalHH <CJabllaTh i.L'OPOXI{ i}
TPEOKH H3 TPOMKOTOBODHTEJNA NpH pery/HpoBaHHH rpoMkocTH. [lpuunwa storo He-
NPHATHOrO SABJAEHHA —- B HAPyLIeHHH KOHTAKTA IIETKH C TOKONPOBOJALIHM CJAOEM
WIH H3HOC nocaennero. ITosTOMY, ecllH OCHOBHHM TpeGOBaHHEM K MepeMEeHHOMY
pe3sUCTOpy HBJASETCA MOBLINEHHAA HANeKHOCTb, TNPHMEHAIOT PeIHCTOPH €O CTY-
NeHYaTHM peryaHpoBaHHeM. Takoi pe3ucTop MoxeT ObiTh BHINOAHEH Ha Gase ne-
pekalouaTeNs Ha HECKOAbKO MOJ0xeHHH, K KOHTAKTaM KOTOPOTo MNOAKIYeHb pe-
3HCTOPH MOCTOAHHOrO CcOMpOTHBJeHHs. Ha cxemax sTH nonpo6HOCTH He NOKa3bBa-
10T, OrpaHHYHBAACh H300paKeHHeM CHMBOJA peryJHpyeMoro pesHcTopa cO 3HaKoM
CTYNMEHYaTOro PEry/JHPOBaHHsA, a ecAH HeoOXOAHMO, YKa3nBalOT H HHCIO CcTyneHed
(puc. 48).

Hexotopne nepeMeHHHe Ppe3HCTOPH H3rOTOBJAAOT C OAHHM, ABYMs H Jaxe
¢ Tpems orBojamd, TakHe pE3HCTOPH MPHMEHAIOT, HaNpHMeD, B TOHKOMIEHCHPO-
BAHHBX peTyAATOPAX TPOMKOCTH, HCTMOJB3YEMHX B BHICOKOKAYeCTBEHHON 3BYKOBOC-
npousBoasweii annapatype. OTBoan H306paxawT B BHAe JIHHHA, OTXOAALLHX OT
JUIMHHON CTOPOHB OCHOBHOrO cHMBoJa (pHc. 49).

Jna perynupoBaHHs rpoMkocTH, TemGpa, ypOBHA 3amucu B cTepeodonHyeckoll
annapatype, YacTOTH B H3MEPHTEJbHHIX TeHepaTOpPax CHrHalOB H T. JI. NPHMEHSIOT
CABOEHHLIE TNepeMeHHble Pe3HCTOPHl, CONMPOTHBJCHHS KOTOPHX H3MEHAIOTCH OJHO-
apeiienno npu nosopote o6uwefi ocH (kAH Nepememennd nBHxkka). Ha cxemax cuM-
BOJLl BXOASIIHX B HHX PE3HCTOPOB CTapaloTCA pacloJOXHTh BO3MOXHO OGaHke
APYr K APYry, a MeXaHHYEeCKYI0 CBA3b TOKA3uBaioT JAHG0 ABYMs CIVIOWIHBIMH JH-
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HuaMH, AH60 oamoi wTpuxoBoit (pHe. 50,a). Ecan xe cpesars sTOr0 HE YaaeTes,
T. € CHMBOJMN DEIHCTOPOB OKA3WBAWTCA Ha GONBIIOM yaaneHHw OAMH OT APYroro,
MeXaHHYeCKYl0 CBA3b H306pakaloT OTpeskaMH wrpuxosof amuux  (prc. 50,6).
[puuannekHOCTL pPe3UCTOPOB K OIHOMY CABOEHHOMY 610Ky noKasHBalT B 3TOM
Clyuae H B NO3HUHOHHOM 0603HaveHHH (RI.1 — nepeuifi —no cxeme — Pe3HCTOP
CABOEHHOro nepemexHoro pesucropa R1, R1.2 — BTOpO#).

BCTPEH&IOTCH H TakKHe COBOeHHbie MepeMeHHhe PE3HCTOPH, B KOTOPHX KaXAbM
PE3HCTOPOM MOXHO yNpaBaATh OTAEAbHO (OCh OLHOrO NpoXOAHT BHYTPH TpyOua-
TOR oOcH apyroro). Mexawnueckod cBs3H, obecneyusaroued O/HOBpEMeHHOE H3Me-
HeHHe COMPOTHB/IEHHA OBOHX Pe3HCTOPOB, B 3ITOM C/Iy4ae HeT, MoOSTOMY M Ha CXe-
Max ee He MOKa3WBAWT (NMPHHAAJIEKHOCTh K CABOGHHOMY De3HCTOpY YKa3HBAlOT
TOJMBKO B MO3HUHOHHOM 00O3HaYeHHH).

B 6uroBoit panuoannapaType uacTo NpPHMEHSIOT NepeMeHHHe  pe3HCTOPH,
OOBE/HHEHHBE C ONHHM HAH [BYyMs BHKAOUaTeAAMH. CHMBOJAM HX KOHTAKTOB
pasMewanT Ha cXeMax psaAoM ¢ OGO3HAYeHHEM MEepeMEHHOro pEe3HCTOpa W COEIH-
HAJOT WITPHXOBOM JIHHHERA ¢ XHDHOW TOYKOW, KOTOPYIO H306pa)aloT ¢ Tol CTOPOHH
NPAMOYroJbHHKA, IPH MepeMelleHHH K KOTOPOfi y3ea IeTOYHOrO KOHTaKTa (ABH-
HOK) Bo3jeftcTByeT Ha BHKMOuaTenb (puc. 51,a). TlpH 3TOM HMeercs B BHAY, 4TO
KOHTaKTbl 3aMHIKAIOTCA MPH ABHXKEHHH OT TOYKH, -4 Pa3MLIKAIOTCH MNPH ABHXKEHHH
kK Hefl. B caywae, ecqH CHMBOJH Pe3HCTOpa M BHK/IIONATENs yJAajJeHb OAHH OT
ApYroro, MexaHHYeckKyi0 CBs3b  TIOKA3bBalOT  OTPe3KaMH  LITPHXOBHX  JHHHA
(puc. 51,6).

[oacTpoeurble pe3nCTOpPH — Pa3HORHAHOCTL NEPEMEHHbLIX. Y3ea LIeTOYHOro
KOHTAKTa TaKHX Ppe3HCTOPOB MnpHcnocobied AJs YHpPaBJIeHHA OTBePTKOR. Y CAOB-
Hoe O0603HayeHHe MOICTPOEYHOro pe3HcTopa (pHe. 52) HarnAAHO OTpaxaer ero
Ha3HauyeHHe: 3TO, N0 C)’TH, NOCTOAHHBIA peaucrop C OTBOAOM, TNOJOXKEHHe KUTGpOl‘D
MOXHO H3MeHATh, OOGllee o603HayeHHe MOACTPOEYHOrO PEIHCTOPA OTJHYAGTCA TeM,
YTO BMECTO 3HaKa peryJHpOBaHHA HCNOAL30BAH 3HAaK NOJACTPOGUHOrO  peryaHpo-
BaHHA.

Hennnefinnie pe3ncTopul. B pagnoTexHHKe, 3JeKTPOHHKE H aABTOMATHKe Haxo-
JNAT NpHMeHeHHe HeJHHeHHbe CaMOPeryJHPYIOUIHeCH Pe3UCTOPL, H3MEeHAWILIHe CcBoe
conpo-rus.nem:e noa .!IEﬁCTBHeM BHEUIHHX 3JEKTPHYEOKHX HJAH HEe3JIEKTPHUYECKHX q’aK-
TOPOB: yroJblibie CT0A06bH, BAPHCTOPH, TEPMOPE3HCTOPH H T. 4. Yroaenuit cToab,
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Puc. 53

npeAcTARAALLIER cOBOff NakeT YroJbHulX Wanb, HIMEWseT cBoe CONPOTHBJAGHHE MOA
AeACTBHEM MEXAHHUECKOr0 YCHAMA. [lAs cxaThs wafib obuumo HCNOAL3YIOT 3JeKT-
pomardut. HsMenss wHanpseHie Ha ero 06MOTKe, MOXHO B GONLINHX TpeIenax
H3MEHATb CTeMeHb CHAaTHA WaAG M, CJe10BaTeNLHO, CONPOTHBJEHHE YrOALHOrO
cronba. HMcnonb3yioT TakHe pesHCTOpb B CTaGHAR3ATOPaX M PeryaaTOpPax Hampa-
MeHHA, YcaomHoe o6o3HaueHHe yroabHOro cToa6a COCTOMT W3 (a30BOTO CHMBOJA
Pe3UCTOpa H 3HAKA HeNHHeAHOro camopery/iHpoBaHHa ¢ 6ykBod P, Kotopas CHMBO-
JAH3HDYET MEXaHHYeCKOe YCH/IHe — JaBjeHHe (pHc. 53.a).

TepMopeancTopu, Kak roBOPHT caMO Ha3BaHHe, XapaKTEPH3YIOTCA TeM, HYTO HX
CONpPOTHBJEHHE HIMEHAEICs MOoA JAeACTBHEM TeMNepaTypul. TOKOMPOBOAAUIHE 3JI€-
MEHTBl 3THX PE3HCTOPOB M3rOTOBASIOT H3 NOJNYNPOBOAHHKCBHLIX MaTepHanoB. Compo-
THBJIEHHE TePMOpe3HCTOpa NMPHMOro NOACrpeBa H3MEHAETCHA 3a cueT Buaeasioulefics
B HCM MOIUIHOCTH HJH TNPH H3IMCHEHHWH TeMMepaTyphl OKPYXKaiollled Cpean, a TepMmo-
PE3HCTOPA KOCBEHHOTO MOJOTPeBa — NoJd [LefCTBHEM TenJa, BHISJSAEMOr0 chnelHanb-
HBIM nosorpeBateneM. 3aBHCHMOCTb COMPOTHBJAGHHA TePMOPE3HCTOPOB OT TeMme-
paTypbl HMeeT HEJIHHeHHHH XapakTep, MO3TOMY Ha cXeMax HX H3ao6pamxkawT B suje
HEJHHEHHOT0 pesHcTOpa CO 3HAKOM TeMmnepatypl —t° (puc. 53,6,8). 3uaxk TeM-
nepatyproro xos@QHuHeHTa CONPOTHBAEHHS (MONOKHTENLHHIL, €CTH C .yBelHyeHHeM
TEMNepPaTypbl CONPOTHBJEHHE TEPMOPE3HCTOPA BO3PACTAeT, M OTPHUATEALHLIE, ecsH
OHO YMEHbIAeTCs) YKAa3blBAlOT TOABKO B TOM CJAyyae, ecld OH OTpHRUATeNbHbBIA
(puc. 53,8). B ycaosxoe ofosnavenHe TePMOPEIHCTOPA KOCBeHHOIo noporpeBa Xpo-
Me 3HAKa HEJIHHEAHOTO Deryji¥pOBaHHA BXOAHT CHMBOJ NOJOTPEBATENR, HAMOMUHAK-
KA nepesepHyTYo naTHhcKylo 6ykBy U (puc. 53.2).

Heaunefinpie nonynpoBOAHHMKOBbIe Pe3HCTOPH, H3BECTHHE TOJ Ha3BaHHeM Ba-
PHCTOPOB, H3MEHAKT CBOE CONPOTHB/JEHHE INPH HIMEHCHHH MPHJOMKEHHOTD K HHM
Hanpsixenns. CylWecTBYIOT BapHCTOPH, y KOTOPHMX YBeNHYEHHe HANDRIKEHHS BCETO
B 2—3 pasa CONPOBOXA4ETCA YMEHbIUEHHEM COMPOTHBACHHA B HECKOJBKO MECATKOB
pa3. Ha cxemax MX 0603HauaioT B BHIe HeJHHeRHOro caMoperyaHpyloulerocs pe-

" 3HCTOpa ¢ JnaTHHCKOA OGykBoA U (Hampsikedde) y H3NOMa 3HAKa CaMOperyanposa-
HHf (pHc. 53,0).

B cucremax aBTOMAaTHKM WHPOKO MCNOABIYIOT  (HOTOPEIHCTOPH — NOJYNPOBOA-
HHKOBHIE De3HCTOPH, H3MCHAKLIHe CBOe CONMPOTHBJEHHE oA 1eACTBHEM - cBeTa. Y-
JIOBHOe rpaduyeckoe of03HaweHHe TAKOIO PE3HCTOPa COCTOMT H3 Ga30BOr0 CHMBOAA,
NMOMELIEHHOr0 B KPYr (CHMBOJ Kopnyca NOJYNPOBOAHHKOBOro mnpuGopa), M 3Haka
$OTO3NEKTPHYECKOTO  3(deKTa — ABYX HAKJOHHHX NApalfelsHhX — CTpequn  (CM.
pHe. 37).
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KOHIOEHCATOPbBI

Konaescatoput (0T aaT. condenso — ymaornsio, cryliagw) — 9TO paiHo-
JIEMEHTH C COCPEJOTONEHHON 3JeKTPHUECKOR eMKocTbio, obpa3yeMoii JABYMS HJH
GOJLIIHM YHCTOM 3JeKrpoios (06KIa10K), pasfenenunbix AMIJAEKTPHKOM  (CTelHadb-
HOH TOHKOH OyMarof, caoioif, kepaMHkoi M T. 1.). Emkocts KOHJeHcatopa 3aBH-
CHT 0T pa3MepoB (nioutafM) o06KJAa10K, PacCTOAHHSA MEX1Y HHMM M CBOHCTB XH-
3JMeKTPHKA.

BaxHbm CBOACTBOM KOH.’IEHCETOPB ABJAETCA TO, HYTO AAA nepeMeHHoOro TOKa
OW TpeicTaBaser coG0H CONpOTHBAEHHE, BENHYHHA KOTOPOrO ymeHnwaercs ¢ poc-
TOM YaCTOTH.

Kak H pPesHcTOpH, KOHAEHCATOPH. PailensioT Ha KOHAEHCATOPW MOCTORHHOM
eMKOCTH, KoHAencatopsl nepemennoil emkoctw (KITE), nomctpoeunme W camopery-
aAupytoutitecs, HauGoaee pacmpocTpaHeHsl KOHjJeHcaTOPh NocTosHHof eMmkocTH. Hx
NPHMEHHIOT B KoJeGaTeNbHBX KOHTypax, pasuHuX ¢HJILTPax, @ Takke AAi pas-
AeficHHA  ueneft MOCTOAHHOrO M IepeMeHHOro TOKOB M B KayecTBe G/J0KHDOBOYHBIX
3JIEMEHTOB.

Konaencaropel nocrosunofi eMkoCTH. YcaosHoe rpaduueckoe o603Hayesne KOH-
JACHCATOPA MOCTORHHOR EeMKOCTH — 1Be Mapa//eabHule JHHHH — CHMBOJH3HPYeT ero
OCHOBHble 4acTH: 1aBe 0O0KJaAKH H JAH3JeKTpHK Memaly HuMH  (puc. 54). Okoso
o6o3nayeHHs KOHZEHCATOPA Ha cxeMe OOWYHO YKA3WBAOT €ro HOMHHAJLHYIO eM-
ROCTbL, a HHOIla H HOMHHaabHoe Hanpamenye. OCHOBHasi e1HHHUA H3MepeHHs eM-
KOCTH — ¢apan (P) — eMKOCTB TaKOro- yeIHHENHOro NPOBOAHHKA, HOTCHIUHAA KO-
TOPOro BO3pacTaeT Ha OJIHH BOJALT MDH yBEJIH‘lEHiI]! 3dpsjla Ha OJHH Hy.’IOH. 310
oYyeHb Goawmias B&JHYHHA, KOTOpas Ha npaxmne He [PHMEHSETCH. B pPaaHOTEXHH-
K€ HCTIONb3YI0T KOHACHCATOPH eMKOCTbI0 oT joJeii nukodapaga (nd) 10 aecsTKoB
tHcay mukpodapan (Mk®). Hanomuum, uto | MK® pased oaHOi MHAIHOHHCA AoJe
dpapana, a | n® — ogHoi MHLIHOHHOH Joae MHKpodapaja HAH OAHOH TPHAAHOH-
HOH 1ode dapana.

Coraacio TOCT 2.702—75 Homuuansiyio emxocTs oT 0 go 9999 nd ykasu-
BaK)T Ha CxeMax B ﬂHK(}fpapaJa‘( Ges 0003HAUCHHA €JHHHLB H3MEDEeHHHA, oT
10000 n® 1o 9999 mMx® — B mHkpodapanax c 0003HAYCHHEM eNHHHILBI HaMepe-
HHA GykBaMH MK (pHC. D).

HoMHHanbHYO eMKOCTs U JOMYCKaeMoe OTKJIOHeHHe OT Hee, a B HEKOTOPHX

CAy4yasXx H HOMHHAJbHOE uanpﬂmeHHe y:(asuaalor Ha Kopnycax KOH.ICHCETOPOB.

J30 200 0,022mK

—~ £ =

£=330n® £=2200nP C=0,022mndr.

| b, 1mu TMX | 2,2mK

£=0,TMxP C=Imx@ £=2,2mrp
Prc. 54 Puc. 55
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B 3aBHCHMOCTH OT WX Pa3sMepoB HOMHHAJbHYI0 eMKOCTh H JAOTYCKAeMOe OTKJIOHEHHe
YKa3WBaOT B TMOJHOA WJIH COKpaliewHon (KoAwWpoBaHuoii) ¢opme. [loanoe o6o-
3HAYEHHE EMKOCTH COCIOHT H3 COOTBETCTBYIOULETO YHCId H eJHHHIL H3MEPEeHHA,
NpHYeM, KaK M Ha cxemax, emkocth ot 0 1o 9999 nd ykaswsaior B nuxkopapanax

(22 n®, 3300 n® u 1. 1), a ot 0,01 o0 9999 Mx® — B mukpodapanax (0,047 Mx®,
10 ux® u 1. 1.). B cokpaiuedsoit MapkupoBKe eAHHHLH H3MepeHHs eMkOCTH 0060-

anavalr Oyksamk [l (nukodapan), M (mukpodapas) # H (nanodpapaa; 1 navo-
¢apan=1000 n®=0,001 mk®). INpu s1om emkocts or 0 10 100 nd obosuaua-
10T B nukodapanax, nomemtan 6yksy I1 anGo nocne uucna (ecan oHo uenoe), AHGo
Ha Mecte 3ansaton (4,7 nd — 4117, 82 nd — 8I12; 22 nd — 22[1; 91 nd — 91I1
H 7. A.). EmMkocrs or 100 nd (0,1 u®) 10 0,1 mx® (100 nd) obosnayaior B Ha-
Hodapanax, a or 0,1 Mk® u Bwmwe — B mukpodapagax. B stom cayuyae, ecau em-
KOCTh BhIpa)<eHa B J0/1AX HaHodapala HWAH MHKpodapaaa, COOTBETCTBYIOILYIO €lH-
HHIYy H3MEDEHHA NOMellalT Ha MecTe Hyasa u 3ansatoi (180 nd®=0,18 nd —HIS,
470 n® =047 ud — H47; 0,33 mx® — M33; 0,5 Mk® — M50 u 1. 1), a ecan uuc-
JI0 COCTOHT H3 Ilelod 4acTH u jApob6H — na mecte 3anaTtod (1500 n®=15 ndp —
1H5; 6,8 mx® —6M8 u 7. 1.). EMKOCTH KOHIEHCATOPOB, BHIPAXKEHHHIE LEJHM YHC-
JOM COOTBETCTBYKOIUHX  €HHHIL H3MCPEHHA, yKaswBawT o6buHbIM  cnocoBoM
(0,01 mMx® — 10H, 20 mMx® — 20M, 100 mxd — 100M u 7. a.). Has yxkazauusa jo-
NyCKaeMOro OTKJ/JOHeHHA EMKOCTH OT HOMHHaJbHOTO 3HAYEHHA HCHOAL3YIT Te Ke
KOAHPOBAHHNE O603HAYEHHN, YTO H /s PE3HCTOPOB.

B 3aBHCHMOCTH OT TOro, B KaKoil UCNH HCNOAb3YIOT KOHQEHCATOPH, K HHM
NpeAbLABAAIT W pasuue TpeGoBanua. Tax, KowaeHcatop, paGoTawiudii B Koseba-
TeLHOM KOHTYpe, JOMKeH HMMETh MaJWe NOTepH Ha paboueli 4acToTe, BHICOKYIO
cTa0HABHOCTL €MKOCTH BO BPEMEHH H NpPH H3MeHeHHH TeMNCpaTypbl, BAaMHOCTH,
AaBACHHA H T. .

nOTEPH B KOH}J,EHCHTOPEX, UI‘IPEA&'}HEHHE B OCHOBHOM HOTEPHMH B JH3JIEK-
TPHKe, BO3PaCTalOT NpPH NOBHIUEHHH TeMNepaTypH, BJAAXXHOCTH H YacToThl. HaHMeHb-
IUHMH TOTepAMH 00/1a4al0T KOHIEHCATOPHM ¢ [AH3JEKTPHKOM M3 BbICOKOYacTOTHOI
KepaMHKH, €O .CTIOAAHBIMH H NJSHOYHBIMH JIHIJEKTPHKAMH, HaHO6OJbLIHMH — KOH-
NeHCATOPH € GyMaKHHM JAH3JEKTPHKOM H H3 CerHeTokepaMuki. 1o 06CTOATENLCTBO
HeOOXOQHMO YYHTHIBATHL NMPH 3aMeHe KOHJAeHCAaTOpoB B paanoannapatype. Hamenenne
eMKOCTH KOHJeHCaTopa 101 BO3JeACTBHeM OKpyxalollefi cpeiH (B OCHOBHOM, ee
TeMmepaTypu) MNpPOHCXOAHT H3-32 H3MeHeHHA pa3MepoB OOKJMANOK, 33a30pOB MeXIy
HHMH H CBOHCTB AM3JEKTPHKd, B 3aBHCHMOCTH OT KOHCTPYKUHH H NpPHMEeHeHHOro
JAHNEKTPHKA KOHAEHCATOPH XapaKTePH3YIOTCH pPasiHuHLIM TeMNepaTypHhiM Ko3d-
¢uurestom emkoctH (TKE), KoTOpbi#i MOKa3blBaeT OTHOCHTE/JbHOE H3MeHeHHe eM-
KOCTH NPH H3MeHeHHH TeMmepatypn Ha OaHH rpaayc; TKE moxer OblTh NOJOXKH-
TeNbHBIM H oOTpHuaTenukbiM. [lo 3HavyeHH:0 H 3HaKy 3TOro mnapaMeTpa KOHAeHca-
TOpH Pas3leqsioTcs Ha TIPYMNs, KOTOPhIM ancaoenu COOTBeTCTBYOLLHE OGyKBEHHbE
0603HAYEHHS M LBET OKPACKH KOpmyca.

Jas coxpaHeHHs HAcTPOAKH KonebaTelbHBLIX KOHTYPOB TpPH paﬁm'e B IIHPOKOM
HHTEpBAJe TEMNePaTyp HacTo HCHOABL3YIOT I0CJel0BaTelbHOe M MNapaJjesbHOe CO-
eHHEHHe KOHAeHCaTopoB, y Korophlx TKE uMewT pasHbie 3HakH. Baaroaaps atomy
NpH H3MEHEeHHH TeMMepaTyphl YacTOTa HACTPOHKH TaKOTO TEPMOKOMIEHCHPOBAHHOTO
KOHTYpa OCTaeTCAd MPAaKTHYECKH HEH3IMEHHOM.

Kak # a1w06ble NPOBOAHHKH, KOHAEHCAaTOpPH 006Jalal0T HEKOTOPOH HHAYKTHB-
HocTbio, OHa TeM GoJblue, yeM JJHHHeE H TOHbIWE BLBOAB KOHAEHCATOpa, YeM
Gosblie pazMmeph ero oO6KAaLOK H BHYTDEHHHX COEAHHHTeNbHbX NpoBoaHHkos, Hau-
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Gonbllelt HHAYKTHBHOCTBIO 06131210T OyMaKHBe KOWAEHCATOPH, Yy KOTOPHX 06
KA3AKH PBHNGIHEHB B BHIE AJHHHBIX JACHT W3 $OJALIH, CBEPHYTHX BMeCTe € IH-
SNERTPIKOM B DYJAOH KPYiack war wHoH dopMbi. Ecan e npuHsTo cneuHaabHeix
Mep, TaKHe KOHIeHRCATOPH na0x0  pafoTaldT Ha  4acToTax Bl  HeCKOAbKHX
merarepu, Ilostomy Ha npakthike as obectiedeHus paboTh 6J0KHPOBONMHODO KOH-
JeHCaTOpa B IWHPOKOM JHANA3GHE YACTOT NapalienbHo OYMaKHOMY NOIKJIOYa0T
KCPAMIYECKHA MMM CAARHON KOHAEHCATOP HeGOALIIGH €MKOCTH.

Ganako cywecrsywr GyuamHble KOHACHCATOPH H ¢ MajoH cOGCTBCHHOR HHAYK-
THBHOCTHIO. B HHX nosocs §oJbrH COEAHHEHB C BbBO1aMH He B OQHOM, 4 BO MHO-
rix wMectax, JocTraercs 310 Jaubo MOAOCKami $OALLH, BKJAAMBIBAEMBIMH B PYAOH
TipH HamoTke, JHGO cMeuwlenHeM Mnojdoc (06KAAA0K) K NPOTHBOMOJUKHEM  KOHLLAM
Py-10H& ¥ TIpOManKkon Hx (pHc. 54).

Has 3autiths 0T noMex, KOTOPwe MOTYT NPOHHKIYTh B HpHGOP 4Yepes Wenu MH-
TaHuA H Hao0opoT, a TaKKe JA% PasAHUHLX OJUKHPOBOK HCNOJL3YKT Tak HA3H-
BaeMbie TNPOXOiHble KOHACHCATOPH. TakKoR KOHACHCATOpP HMeeT TPH BBIBOAA, ABa
H3 KOTOpWX NPeACTaBAfinT co60# CMJOWHON TOKOHECYIHT cTepAKeHb, NPOXOAALLH
Yepes Kopnyc KovjeHcatopa. K 310My CTep/KHIO npHCOeAWHeHa ofHa H3 06KAaioK
KOHAeHcaTopa. TperbHM AWBOAOM SBJIRETCR  METAJHUYECKHA KOPMYC, ¢ KOTOPHM
coelHHeHa BTopas o6kaajnka. Kopnye npoxoimoro KoseHCaTopa 3akpenjsior He-
NOCPeACTBEHHO HA WACCH HJAW 3KPaHe, @ TOKONOABOARULMIT MPOBOA (uelh NHTaHH#)
NpHIAHBAKT K ero cpeineMy BuiBody. Baarogaps takofl KOHCTPYKUHH TOKH BLICO-
KOt 4acTOTH 3aMBIKAIOTCH HA WAcCH HAW  3Kpad ycTpoAcTma, B TO BPeMA Kak
NOCTOAHHBE TOKH npoxoist GecnpenateTsenio. Ha BHCOKHX 4aCTOTAX NPHMEHRAIOT
KepaMuueckHe nNpPOXO/JHWE KOHICHCATOPH, B KOTOPHX poJb 04HON H3  06KA3a10K
HPPAET CaM UeHTPAJIbHWHA NPOBOAHHK, a IAPYroft — cAcH MeradlH2alHH, HadHeCeHHbIH
Ha kepamiuueckylo TpyOry. 3TH 0COGEHHOCTH KOHCIPYKUHH OTPaaeT H YCJIOBHOE
rpapuyeckoe o6Go3HayeHne NPOXGIHOTC KoHAencatopa (puc. 56). Hapyskuyw o6-
KJaaky o6oanavalor qanbo B BHIe KOpOTKoOi ayrH (a), an6o B BHIe oAHOro (6)
HAK AByx (8) OTpe3koB NpaMulX JHHHA ¢ BHBOIaMH oT cepeaunnl, [locaeanee
0003HaYeHHe HCTIOALIYIOT npH H306pareHHH NPOXOAHOTO KOHIeHCaTOpa B CTeHKe
3KpaHa.

C 70 Xe ueablo, 4To W NPOXCAHBE, TPHMEHAIT OMOpHbEe KOHAEHCATOPH,
npescTasazoilie cof0 CBOEro pelda MOHT2MHHE CTOMKHM, yCTaHapiHBaeMble HA
Metaaanveckoy 1accH. OOk/JalKy, COCAHHAEMYKO © HHM, Buieasior B o6osHaue-
HHM TAKOI'D KONACHCATOPA TPeMA HaKJOHHBIMH JIHHHSMH, CHMBOJIM3HPYVIOLLHMH «3a-
3eMiedte» (puc. 56.2).

HOnas paGotht B AKANa30He 3BYKORLIX HACTOT, a Takke A QHUALTPAIHH
BHOPAMICHHEIX HanpgkeHHH TNHTaHHA HeOGXOJAHMH KOHJIEHCATOPH, E€MKOCTh KO-
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TOPHIX H3MepAeTcs HecATKaMH, COTHAMH H jaXe THcAuaMH wmHKpodapaa. Takywo
€MKOCTb TIPH JIOCTATOYHO MaNBiX Pa3Mepax HMEIOT OKCHAHHE KOHIeHcaTopuw (crapoe
Ha3paHue — sAexTposauTHUeckne), B Hux posan onHOR o6kAankh (aHoaa) Hrpaer
4JIOMHHHEBHA HJAH TaHTAJOBbIH 3JEKTPOIA, POab AH3JIEKTPHKA — TOHKHH OKCHAHBIH
C/IOH, HaHeCelHHA Ha Hero, a poas Apyroil cOKJAagkH (KaTona) — CrelnHaJbHHA
3JIeKTPOJIHT, BHBOIOM KOTOPOrO YAacTO CAYXKHT MeTalnuyecKHd KOpnyc KOHIeHca-
Topa. B otanune oT ApyrHx GOABIIHHCTBO THIOB OKCHAHBIX KOHAEHCATOPOB NOJAPHMI,
T. e. TpebyioT AjAf HOpMaJbHOH PaGoTh NOASPHIVIONIEro HANPSIKEHHH. ITO 3HAUMT,
YUTO BKMOYATH HX MOMHO TOJLKO B LeNnH MOCTOAHHONO HIM NVJALCHPYIOUlEro Hanps-
HKCHHA H TOJABKO B TOA MOASPHOCTH (KaTOA — K MHEYCY, aHOA — K MIIOCY), KOTOpas
YKa3aHa Ha xopnyce. HesuinonHenne 3toro YCJA0BHA ﬂpHBO_]HT K BHXOAY KOHOeH-
caTtopa H3 CTPOH, YTO HHOrAa CONPOBOMAAETCA B3PLIBOM.

IMoasipHOCTb BKAOYEHHS OKCHAHOTO KOHIEHCATOPA TOKA3LIBAKOT HA CXeMax 3Ha-
KOM «+3», H3o6paxkaeMHM y TOf OGKJAalKH, KOTOpash CHMBOJH3HPYeT aHOA (pHC.
57,a). 310 obutee obo3HaYeHHe NOJAAPHIOBAHHONO  KoHaeHcatopa. Hapsay ¢ HHM
CMEeLHaNbHO AR OKCHAHBX KouaeHcatopoB I'OCT 2.728—74 ycrauoBua cumBoJ, B
KOTOPOM MOJOXHTENbHaA OOKJAAa1Ka H300pamaerca Y3KAM TNPAMOYTOJBHHKOM (pHC.
57,0), NpHYeM 3HAK €-+>» B 3TOM CJIyyae MOKHO He YKa3blBaThb. '

B cxeMax panHO3JeKTPOHHBIX NPHOOPOB HHOrAAd MOMHO BCTPETHTH o6oanae-
HHe OKCHIHOTO KOHI€HCATOpa B BHIe ABYX Y3KHX TNpPAMOYroJbHHKOB = (pHC. 57.8).
3To CHMBOJ HENOJAPHOrO OKCHAHOTO KOHJEHCATOpa, KOTOPHHA MoxeT paloTaTh B
Uelax NepeMeHHOro Toka (T. e, 0e3 NOJAPHIYIOUEro HAaNpPRKEHHA).

OxkcHanbe KOHIEHCATOPH OYeHb YYBCTBHTEJNbHB K MEPeHanpsiKeHHAM, NO3TOMY
Ha CXeMax YacTo YKa3biBaloT He TOJNbKO HX HOMHHAJbHYI0 €MKOCTb, HO H HOMHHalb-
HOe HAMPAKCHHE. '

C uenblo YMEHbLIEHHA Pa3MepoOB B OJHH KOPMYyC HHOTAa 3aKAI04al0T ABa KOH-
JeHcaTopa, HO BHIBOJIOB [eJaloT TOJbKO TPH (0AHH — obulHii), YciaoBHoe o6oaHave-
HHe ‘C/IBOEHHOr0 KOHJeHCaTopa HarJsJHO mnepeiaer 3Ty Hiew (pHc. 57,2).

Koupencaropu nepemennoi emxocti (KIIE). Kouazencatop mnepemennofi em-
KOCTH COCTOMT M3 ABYX TpyNn MeTaJ.THYECKHX NJAACTHH, OIHA H3 KOTODHX MOXeT
NAaBHO MepeMellaThes NO OTHOWEHHK K Apyroi. IIpH 3TOM ABHMKeHHH NAACTHHB 1O-
ABHXKHOH uacTH (poropa) OObLIYHO BBOAATCA B 3230PH MeX1y NJaCTHHAMH HENo-
JABHXHOH vacTH (ctratopa), B pe3yibraTe uYero IOWAAbL NePeKPHTHA OAHHX Naac-
THH JAPYrHMM d CJ€J10BaTedbHO, H EMKOCTb H3MeHHITCH. [IHINeKTpHKOM B KIIE
yaie BCEro CaAyxHT Bo3ayx. B wmanoraGapuTHo#t anmapatype, HanpHMep B Tpan-
3HCTOPHHX KaPMaHHBIX MNpPHEMHHKAX, lHpokoe npuMenenne Hawaw KIIE ¢ TtBep-
ABIM AH3JAEKTPHKOM, B KauecTBe KOTOPOro HCMOAb3YIOT MJEHKH H3 H3HOCOCTOHKHX
BBICOKOUACTOTHHIX AHINMEKTPHKOB (droponaacrta, noaxstnaesa w 1. n.). [apamer-
pu KIIE ¢ TBepabiM [H3JeKTPHKOM HECKONbKO XyMKe, HO 3aT0 OHH 3HAYHTeJbHO
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AeuleB]e B NPOH3IROACTBE W pa3Mepbl X HamHoro Mexbuwe, yem KIIB ¢ BoamymHbiM
JH3JEKTPHKOM.

C ycaosubiv o6o3navenwem KITE wmul yxke Berpeuanucs (cm. pue, 2 u 29) —
3TO CHMBOJ KOHIEHCaTopa MNOCTOAHHOA EMKOCTH, NepeuepKHYTHI 3HAKOM peryJu-
posakua. OaMako H3 3Toro 0GO3HAYEHHA He BHAHO, Kakad M3 0OKAAJ0K CHMBOJH-
3HpyeT pOTOp, a Kakasw — cratop. UrtoOW mnokasate 3T0 Ha cxeme, potop u3oGpa-
KalT B BHae ayrH (puc. 58).

OcHosuwimu napamerpamu KIIE, M0O3BOASIOILHMH OIEHHTL €ro BO3MOMHOCTH
Npu pabote B KoneGaTeJbHOM KOHTYPe, SBARIOTCA MHHHMaAbHAR H MAaKCHMaJbHas
eMKOCTb, KOTOPHE, Kak NPaBHIO, yKa3nBalOT Ha cxeMe psioM ¢ cumBoaoM KIIE.

B GoaburkHcTBe pPajiHONPHEMHHKOB W paiHONEPENAaTUHKOB AJA OAHOBPEMEHHOH
HAaCTPORKH HeCKONbKHX KoaeGaTeNbHbIX KOHTYpoB npuMensior 6aoku KIIE, -cocton-
liHe H3 ABYX, Tpex W Goree cexudil. PoTOpH B TakHX GI0Kax 3aKpelsieHbl Ha Of-
HOM OOLLEM BaJy, Bpaulas KOTOPbA MOXHO ONHOBPEMCHHO H3IMEHATh €MKOCTh BCeX
cekunit, Kpafinue nnacTHHH POTOPOE wacTO AeNalOT pa3pesdsiMM (Mo pajnycy).
310 NO3ROJAET ellle Ha 3aBOAE OTPeryJAHpoBaTh 6JOK Tak, 4TOGH €MKOCTH Beex
CeKlHA Obi1H ONHHAKOBHMH B MOGOM TNOJOKEHHH POTOpA.

Konaencatopn, sxoasmue B 6ok KITE, na cxemax H306paKaiT Kamawi B
otaeasHocTd. YTo6bl MOKasaTh, YTO OHH O6BLEeIHHeHH B GJOK, T. €. ynpaBJsiOTCA
oanoft oblWed pywko#t, cTpeakH, ofo3HayaiollHe pPerylHpPOBaHHe, COEIHHAIT WITPH-
XOBOH JNHHHER MeXaHWUYeckKoH CBA3IH, XakK nNokasaHo na pue. 59. [lpn uzobpaxenuu
KIE 6noka B pa3ubix, Jajfeko OTCTOALLMX OAHA OT ApPYrod 4acTAX CXeMul Me-
XaHHYECKYI0 CBA3b He MNOKA3WBAIOT, OFPAHHYHBARCH TOJBKO COOTBETCTBYMOUlEA HY-
MepauHei ceKUWi B Nno3HUHOHHOM o6Go3Hauenuu (puc. 59, cekumn Cl.1, C1.2 u C1.3).

B mavepuTeabHOR annapaType, HalpHMep B ILIeY2X €MKOCTHHX MOCTOB, Haxo-
AAT NpHMeHeHHe TaK HaswBaeMuie QHQdepeHunanvHble (ot aat. differcntia — pas-
JHuYHe) KOHIeHcaTopw. Y HHX JABe TIpynnu CTaTOPHHX H OAHa — pPOTOPHBIX
N1aCTHH, PacnojoxeHHHe TaK, YTO KOrAa POTOPHble NJaCTHHW BHXOAAT H3 3a30-
POB MeXAy MMACTHHAMH OIHON IPYNOBl CTaTOpa, OHH B TO KE BPEMA BXOAAT MEXK-
Ay TNJACTHHAMH prl’ﬂﬂ_ an 3TOM eMKOCTb Mexxiy JacTHHaMH HNepBoro crtatopa
H NJacTHHaMH pOTOpa YMEHbUIACTCH, a MexAy JaCTHHaMH poTtopa H BTOpPOro cra-
Topa yBesuyHBaercs. CyMMapHas e eMKOCTb MeX1y poTopom H 0GOHMH craropa-
MH ocraeTcs HeuaMeHHoli. TakHe KOHIeHCAaTOpb H300pakaloT Ha cXeMax, Kak Mo-
KasaHo Ha puc. 60.

4 '!'nv;wu’tf."ol, 7...24C
Puc. 58
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a) J) 4)
Prc. 60 Puc. 61

Moncrpoeunsie koupencaropsl. [luis  yYCTAHOBKH HauabHOR eMKOCTH Koaeba-
TeJIbHOTO KOHTYpa, oOnpeflefifioliedi MaKCHMAJNbHYI0 YacTOTY €ro HacTPOHKH, INpH-
MEHSIOT NOJCTPOEUHBE KOHJEHCATOPH, eMKOCTh KOTOPHX MOKHO HIMEHATH OT eld-
HHL nHKodapal N0 HECKOJbKHX AecATKoB NHKodapas (wHonaa u Gonee). OcHosHoe
Tpe6oBaHHe K HHM — 1aBHOCTh H3MEHEHHA €MKOCTH H HAl1eXHOCTb (HKCAlLHH
poTopa B YCT2HOBJEHHOM TNpPH HacTpofike nonoxeHHH. OcH MOACTPOSYHBIX KOHIEH-
catopoB (0GHIYHO KOPOTKHE) HMEIOT ILIHL, [03TOMY perylHpoBaHHE HX EMKOCTH
BO3MOMKHO TOMbKO C NPHMEHEHHEM HHCTpyMeHTa (oTBepTKH). B paaHopewateb-
HOf annapatype HaHGOJec MIHPOKO MPHMEHAIOT KOHAEHCATOPH C TBePABM [H-
3/IEKTPHKOM.

Koncrpykuus kepamuueckoro nogctpoeusoro konpgencatopa (KITK) ogHoro us3
HauboJee pacmpOCTPAHEHHLIX THNOB MokasaHa Ha puc. 6l,a. OH COCTOHT H3 Kepa-
MHYeCKOr0 OCHOBaHHA (CTaTOpa) H MOJABHKHO 3aKPEIVIEHHOrO Ha HeM KepaMHuecKoro
nncka (poropa). OOkaaak# KOHIeHCAaTOpa — TOHKHE CJ0H cepe6pa — HaHeceHsl Me-
TOJOM BXHI2@HHA HAa CTaTOp H HapyXHYWw CTOpoHY poTopa. EMKOCTb H3MEHSIOT Bpa-
lieHHeM potopa. B npocrefimed annapaType NPHMeHAIOT HHOTAa NMPOBOJOYHHE TMOJ-
CTpOGUHBIE KOHHEHCATOPH. TaKoi 3/eMeHT COCTOHT H3 OTpe3Ka MeJHOH MPOBOJOKH
avametpoM ‘1 ..2 u aauxo#r 15..20 MM, HAa KOTOpWH M/AOTHO, BHTOK K BHTKY, Ha-
MOTaH H30/HpPOBaHHb{ nposoa adamerpoM 0.2 .03 mm (puc. 61,6). EMkocTh H3-
MeHSIOT OTMAaThHiBaHHEM MPOBOAA, 4 4TO6M OGMOTKA He CMOJ3Ja, ee NPONHTHIBAIOT
KaKHM-JTHO0 H30/ALHOHHLIM COCTaBOM (J1aKOM, KJeeM H T. I.).

[Toncrpoeursie KkoHjeHcaTOpn 0603HAYAOT HA CXeMaxX OCHOBHBLIM CHMBOJIOM,
MepeyYepKHYTHIM 3HAKOM MOACTPOEYHOro perynauposaHusi (puc, 61,8).

Camoperyanpyemble Konaecaropbl. Mcionb3ys B KauecTBe Au3JeKTpHKa Clie-
UHANbHYI0O KepaMHKY, [AH3JIEKTPHYECKAH NPOHHIAEMOCTb KOTOPOH CHALHO 3aBHCHT
0T HaNpSIKEHHOCTH 3JEKTPHYECKOrO NOJS, MOXKHO MOJYYHTb KOHJEHCATOP, €MKOCTh
KOTOPOrO 3@BHCHT OT HaNpamenus Ha ero ofkJankax. TakWe KoHAeHCATOPH NOMYYH-
JH  Ha3BaHHe RAPHKOHAOB (OT aHraMACKHX cJ0B vari(able) — nepemenubiit o
cond (enser) — xounencatop). [Ipu H3MeHEHHH HANPAKCHHA OT HCCKOABEHX BOJRT A0
HOMHHA/bHOTO €MKOCTb BapHKOHAA H3MeHmeTcA B 3--6 pa3. Bapukonam MoxHO He-
NoMb30BATH B PAMIHYHLIX YCTPOMCTBAX as-
TOMAaTHKH, B reHepaTopax Kaualwoulefic ya-

CTOTH, MOIYJIATOPax, AJA 3JeKTPHY2CKOH
HAaCTPOHKH KO1e6aTeIbHbIX KOHTYPOB H T. .
Yeaosioe 0603HAYEHHE BApPHKOHAA —
CHMBO/ KOHAEHCATOPa €O 3HAKOM HeJd-
HEeHHOro CcaMOpery/JHPOBAHHA W JATHHCKOI
Gyksoit U (puc. 62,a). Phe. 62
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t? g)



Ananor#uno NoCTpoeHo 0603HaYEHHe TEPMOKOHAEHCATOPOB, [pHMEHREeMBIX B
INEKTPOHHLIX HAapyuHBIX wacax. PakTop, H3IMeHAUHE eMKOCTb TAKOro KOHaeHca-
TOpa — TeMnepatypy cpein — 0603Hau4aloT cHMBoaoM t°(puc. 62,6).

KATYIIKH HHOYKTHBHOCTH U OPOCCEJIH

K uHcny snementoB, 6e3 KOTOPHX HCBO3MOXHO MOCTPOHTH paJgHONpH-
©MHHK, TeJeBH30P, MArHMTO(OH H MHOTHE ApyrHe paaHonpuGopb, OTHOCATCH KaTyul-
KH W apoccenn. MXx BaxHeiiwedi XapakTepHCTHKOR #BJAseTCs HHAYKTHBHOCTh. B
Lensx MepeMeHHOro TOKA KaTyIIKH H JApoccedH BelyT ceGsi Kak pe3HCTOPH, COMpO-
THBJIEHHE KOTOPWX PacTeT ¢ YBEeJAHYEHHEeM YacTOTH.

HuayktueHocTh HaMmepsior 8 renpu (Tu), muaaurespu (1 mMTu=10-2 Tn), MHK-
porenpu (1 MkTh=10-% T'n) u wanorenpu (} uln=10-* k).

OaHO H3 NepBHIX YCAOBHHIX 0603HAYeHHH KATYWKH HaNOMHHAJIO0 DHCYHOK CIH-
panH M3 npoBOIa, KOTOPHM HaMoTaHa kKaTywka. [loaxe BUTKM KaTyllek cTajiH
H306paxaTh B BHAe nepecexkawmowuxca ayr okpyxHocreii. TOCT 7624—62 ycranosun
HoBoe 0603HaYeHHe, MOCTPOEHHOE H3 HECKOJILKHX NOJYOKPY#HOCTEH, CONpHKacalw-
wuxcs koruamu (puc. 63). B TOCT 2.723—68, sxonawmem B ECKJI, sto o6oana-
YeHHe COXPaHEeHO, OAHAaKO AJsA obecrneyeHHs COOTBETCTEYIOUIHX NMPONOPUHA B pasMe-
pax cHMBoJa H OOJblIeH BHIPA3IHTEJNbHOCTH €ro B COYETAaHHH ¢ JAPYyrHMH obBo3Haye-
HHAAMH YCTAHOBJEHO ONpeJe/eHHOe YHCJIO MOJYOKPYMXHOCTeH, paBHOe HeThipeM.

HMHAYKTHBHOCTb KaTyleKk, HCNoAb3yeMbiX B KOJeOaTe/ibHBIX KOHTYpax pajHoBe-
uiaTe/bHEIX NPHEMHHKOB, B 3aBHCHMOCTH OT AHANa30oHa YacTOT COCTaBAfeT OT AaoJeh
u enuHnn MuxporenpH (YKB u KB) go neckonbkux muaaurenps (IAB).

B paanonpueMmHofi W pagHonepenaiollefi annapaType HepeiKo NDHMEHAIOT Ka-
TYWKH C peryJHpyeMOfi HHAYKTHBHOCTBIO, ABJAIILHECSs OCHOBHHM OpraHoM HacTpofi-
KH KoJe6aTelbHOrO KOHTYPa B LUHPOKOM JHana3oHe uyacToT. YacTh BHTKOB T2KOM Ka-
TYIIKH HAMaTHBAIOT HA4 KapKace 6O/bLIEr0 AHaMeTpa, a APYryi yactbh — Ha Kapkace
MeHblIero AnaMeTpa. Maayl KaTyuKy NOMEIMAlT BHYTPe 60JblOR H 3aKpenisior
Ha BaJHKe, OCb KOTOPOIO INeprneHAHKY/spHA OCH 60JbLIOR KaTylKH, a BblBOAH 06-
MOTOK COeJHHAIOT mocaejosaTenbHo, [lpu NoBopoTe BajlHKa B3aHMHOE BJAHAHHE Ka-
TYWEK H3IMEHACTCA, 4 B Pe3y/bTaTe HIMEHAETCH M HHAYKTHBHOCTb. TakWe ycTpofi-
CTBA NOJYYH/IH HassaHHwe sapiomeTpoB. Ha cxemax HX u300pamalor ABYMS CHM-
BOMAMH KATYIUEK, pPacNOA0KEeHHBIMH [1apanienbHo HJAH  MEpreHIHKYAADHO OdHH

Puc. 63

Prc. 64
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Apyromy. HaMeHneHHe WHIAYKTHBHOCTH NOKA3HBAIT 3IHAKOM peryiHpOBaHHMsa, nepe-
cekawuuM oba cumeona (puc. 64).

B asTeHHnX KOHTYPaX KOPOTKOBONHOBHX TeEPeJaTdHKOB M CHEUHAALHMX npa-
emiukos YKB npumensior BapHOMeTpH © TIePEMEHHHM 4HCaoM BHTXoB. Takof pa-
PHOMETD COCTOHT H3 UHAHHAPHYECKOO HAH KOHHYECKOTO KapKaca €0 CNHPajibHORA
KaHaBKCH, B KOTOPYIO YJOKEH NPOBOA KaTymwkH, K BwCTynaomei Haj KapKacoM
4aCTH MNPOBO1A NPHKHMAETCA KOHTAKTHBIA POJAHK HJAH NPYXHHAAS WETKa, KO-
TOpne NpH BPALLEHHH KATYWKH CKOJL3IAT IO BHTKAM H NEPeMEllaloTCs 8 [A0CKOCTH,
napaanenrHoil oOpasywuieli UMAHHAPA HAM Konyca. Takum ofpasoM, B KOHTYp
OKA3BBAETCA BOSMOMHBIM BBECTH HEOOXOAMMOE HUHCAO BHTKOB, T. €. NOAYYHTh
HYKHYIO HHJAYKTHBHOCTb,

B ycaroeHoM o6o3uauenHs BapHOMeTp2 MONOGHOA KOHCTpPYKUHE POMHK  HJN
IETKY H306paxaloT B BHAe CTPeJKH, OCTPHEe KOTOPOil KacaeTca BHMYK/AOH YacTH
NOJIYOKPYKHOCTH OCHOBHOTO CHMBOJA (puc. 65).

BapuomeTps XapaKkTepH3yloTCi NJaBHWM H3IMcHeHMeM HHAYKTHBHoCTH. [lam ee
CTYNEHYATOr0 H3MEHEHHH, @ TAKKe B HEKOTOPBIX [APYTHX CaydYasx Yy KaTywek Je-
71al0T OTBOAH. YcJ0BHHE 0GO3HAaYeHHA KATYIIeK ¢ OTBOAAMH NOKa3aHu Ha pHC. 66.

BaxueiM napameTpoM, XapaKTepH3YIOUIHM KauecTBO KaTylleK, sBJseTcd A0G-
POTHOCTb, YHCJEHHO pPaBHaA OTHOLIEHHIO €€ MHAYKTHBHOTQ CONPOTHBAEHHA Tlepe-
MEHHOMY TOKY JaHHOH 4acTOTH K COTPOTHB/EHHIO NOCTOSAHHOMY ToKy. YTo6u yme-
JAHYHTE AOGPOTHOCTB, MNOJB3YIOTCH Da3HLIMH KOHCTPYKTHBHHIMH NpPHEMaMi, HO HaH-
GonbuiHit 3¢dekT 1aeT BBeleHHe B KATYWKY MAarHHTONPOBOAA (CepaevyHHKA) M3
CMeUHaNbHOTO MarHHTHOTO MaTepHaa.

Ilpu BHeceHHM MArHHTONPOBOJA B KATYWIKY CHJOBHE JHHHH MATHHTHOTO MO-
/1A KOHUEHTPHPYIOTCH B MArHHTONPOBOAE, TaK KAK ero CONPOTHBJNEHHe MAaTHHTHOMY
NOTOKY 3HAYHTE/HHO MeHblle, 4yem Bo3nyxa. B pesynabTate marHHTHBIT noTox, a
CJEI0BATEIbHO, H HHAYKTHBHOCTh KATYIIKH YBEIHYHBAIOTCA B HECKOJBKO pa3, uTO
MO3BOJACT YMEHBUIHTL YHCJAO BHTKOB, A 3HAYHT, H CONPOTHBJAEGHHE KATYLWKH TMO-
CTOAHHOMY TOKY. KpoMe Toro, HCnmonb3ys MarHHTONPOBOAH, YA4€TCA 3HAUHTEJbHO
YMeHolIHTL pasMepbl KaTWIIEK H O4YeHb MPOCTHIM CNOCOGOM (MepeMellleHHeM MAarHH-
TOMPOBO4A) OCYUIECTBHTL PErYJHPOBKY HX HHAYKTHBHOCTH,

ITockoabky KaTyWKH € MarnHTONpOBOAaMH 0ObuHO paboTalOT B llensx Nepe-
MEHHOr0 TOKA (HCKJIOYEeHHEe — KaTYWKH SJACKTPOMAaTHHTHRIX peJe H HeKOTopue Apy-
rHe), NPHMEHATH CIAIOUIHbBIE MarHHTONPOBOAB H3 OOBMHBIX MarHHTHLX MaTepHa OB
Heab3si, IMoa seficTBHCM nepeMeHHOr0 MarHHTHOrO MOJA B CIVIOWIHOM MarHHTOMpO-
BOJle, KOTODHIi MOMXHO DacCMaTPHBATL KaK MHOMECTBO KODOTKO3aMKHYTHX BHTKOB,
BO3HHKAIOT TaK HA3bBAEMblE BHXPEBHE TOKH, KOTOPHE HarpeBailoT MarHHTONPOBO,
Gecriosieano notpe6aff 4acTb 3HEPrud MarHWTHOro mosas. Uro6w yMEHbIIHTL 3TH ToO-
TE€PH, MArHHTONPOBOAB KAaTYUIEK, paﬁoraloumx B J1Hana3oHe 3BYKOBBIX HacToT,
l{a6upa:q1' H3 OTAEJAbHBIX TOHKHX H30JHPOBaHHBIX [MJIACTHH, H3rOTOBJEHHBIX H3 CIie-
LUHAJIbHBIX 3JEKTPOMEXaHAUECKHX CTajlell HAH NepMasios.

Puc. 65 Puc. 66
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B 06nacTH pagHouacTOT CTabHHE MATHHTONPOBOAM, AaXe HabpaHHBE M3
OHEHb TOHKHX M/IACTHH, HeMPHMEHHMbl, T2K KaK MOTEDH Ha BHXpeBble TOKH B HHX
HeJONYCTAMO BedHKH. Maruutonposoin aas KaTyweK, npeiHa3sHayYeHHbLIX A48 pa-
6OTH HAa pAJHOYACTOTAX, HITOTOB/AIT H3  CHELHAJBHBIX MaTepHANOB:  Mar-
HHTOAH3AEKTPHKOB H  QeppHTOoB. B  MarHHTOAM3NEKTpHKax Mesbuadlude gac-
THYKH BEIleCTBA, COJAEPXKALLEr0 B CBOEM COCTABE OKele30, paBHOMepHO pac-
OpefesieHH B Macce Kakoro-a1#60 [HM3eKTPHKA (6akeauta, CTHpOAa, aMHHO-
naacta). Haubonee WIHPOKO NPHMEHAKT MATHHTONPOBOAW H3 aibcudepa (cnnas
aMOMHHHSA, KPEeMHHA H Kele3a) M KapOOHHJBHOTO JKeJe3a.

PeppuTH, NOMYUHBIUEE WIHPOKOE PACHPOCTPAHEHHE B TOCASNHHE TPH J€CATH-
JIeTH, MpeacTaBasloT co6oli TBepAble PACTBOPH OKHCAOB METANNOB HAM HX coJjiedl,
TNpoweauHe  CNCUHANbHYIO TepMHuecKylo o6paboTky (obxur). Tloayuawoweecs npnu
3TOM BEIIECTBO — NOJYNPOBOAHHKOBAA  KepaMHKa — oGJajiaer O4YeHb  XOPOLIHMH
MarHHTHBIMH CBOACTBAMH H MajHIMH TOTEPAMH Ja){e Ha OUeHb BBICOKHX YacTOTaXx.

Ho msenenus T'OCT 2.723—68 MarHMTONpOBOAW H3 MATHHTONMSNEKTDHKOB M
teppuToB 0603HATAIH HA CXEMaX OAHHAKOBO—YTOJLLEHHO WITPHXOBOA JHHHEH '(pHC.
67,a). Craupapt ECK/l ocrasua STOT CHMBOJ /18 MArHHTONPOBOAOB H3 MATHHTO-
JH3NEKTPHKE, a8 A1A deppuToBLX BBeJ 0003HayeHHe, npHMeHsslIeecs paHee TOJLKO
AAA MarHHTONPOBO/AOB HH3KOWACTOTHBIX Jpoccetefl H TPaHCGOPMATOPOB — CILIOWHYIO
KHPHYIO auHHI0 (puc, 67,6). OnacesHsi HeKOTOPHWX CHELHAIHCTOB, 4TO OAHHAKOBHIE
0603HaYeHHs KaTylleK € MArHHTONPOBOAAMH H3 CTand H (eppHTa 3aTPyAHAT uTe-
HHE CXeM He NOATBepAHJHCh. [leso B TOM, YTO NMpH H3YYeHHH cxeM o6pallaloT BHH-
MaHHe He TOJLKO Ha CHMBOJL OTAE/bHHX 3JEMEHTOB, HO H HAa TO, KaK OHH COCAHHCHbI
MeKay cobofi B TOH HAH HHOA (YHKUHOHAJABHOR rpYNNe, Kakoe MCCTO B uenu
npeo6pa3oBaHuA CHFHAZa 3TH TPYNNH 3aHHMalor. M ecau, nanpumep, kackaj pa-
AMOYACTOTHHIA, TO KATYIWIKY CO CIJOWHHM MarfHTONPOBOJAOM HeJb3fl CIYTatk €
HH3EOYACTOTHHM ApocceneM, Cornacio nocnennefi penakudn I'OCT 2.723—68 (mapt
1983 r.) MarHMTONPOBOAB KAaTylHeK H300paKawT JAHHAAMH HOPMAaALHOR TOJNUHHB
(puc. 67,8).

JKenas nokasaTh Ha CXeMe KaTyWKY, HHAYKTHBHOCTb KOTOPOH MOMHO H3Me-
HTb C NOMOLIBI0 MarHHTONPOBOJA, B ce YCJIOBHOe OO0O3HAYCHHe BBOAAT 3HaK NOJ-
CTPOEYHOrO peryanpoBahia. CAenath 3T0 MOXKHO J1ByMs crocobaMu: aubo mepece:
Kasg 3THM 3HakoM OOO3Ha4eHHA KaTyWKH H MariHTONpoBoja (ecan OH H3oGpameH

a) é) 8)

Prc. 67 Puc. 68
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C6OKy OT CHMBOJA KaTyWKH — cM. pHc. 68,a), aH60 TONBKO MarrHTONpoBOAa (ecan
OH H306pameH Haj CHMBOJOM KaTYLIKH — cM. puc. 68,6},

Ias nometpofiku Katymwek Ha wactorax seiwe 15..20 MIu vacto npume-
HAKT MarHHTONPOBOAW H3 TaK HA3BIBAEMBIX HEMArHHTHLIX MAaTEpHAJOB (MeMH,
allOMHHHA B T. n.). Bo3HHKaollHe B TAKOM MAarHHTONPoBOAe NoA AefiCTBHEM Mar-
HHTHOrO NOJMS KaTYWKH BHXPEBLE TOKH CO31al0T CBOe 10Me, NMPOTHBOAEACTBYIOLlee
OCHOBHOMY, B pe3yJbTaTe 4Yero HHAYKTHBHOCTbL KaTyWKH ymeHswaercd. Hemarnur-
Hbifl MArHHTONPOBOA-MOACTPOEYHHK OGO3HAYAOT TaK e, KAk H QeppUTOBHI, HO
PAIOM YKa3bBAOT XHMHUYECKHA CHMBON MeTanna, H3 KOTOPOTO OH H3rOTOBJIEH (B
0603HaUeHHH KATYIUKH, NMOKajaHHoM Ha puc, 68,8, H306pa)eH NOACTPOEYHHK, H3rO-
TOBJIEHHBIH H3 MeJaH).

.

TPAHC®OPMATOPBI

Tpancdopmatop — 370 yeTpoicTBO, npeofpasyiollee MepeMeHHHE HampA-
WeHHA H Tokd. [lpocrefwni tpancopmatop cOAePKHT ABE HHAYKTHBHO CBA3aH-
Hbie (T. €. pacnojloXexHbe A0OCTATOMHO GJH3KO OAHA K APYrof) KaTyWwKH (0GMOTKH).
DTy KOHCTPYKTHBHYIO OCOGEHHOCTB, KaK H B CJydYae ¢ BaPHOMETPOM, TNOKa3HBAIKT,
pacnoaaras CHMBOJW OGMOTOK pAAOM, NapajeNbHO OAHH apyromy (puc. 69). B
'PajHOYACTOTHOH TeXHHKe OOMOTKH TpaHCHOPMATOPOB HEPEIKO HABJAAIOTCA 3JEMEH-
TaMd KoJebaTeNbHEX XOHTYPOB H GHJIBTPOB, NOSTOMY Ha CXeMax WM MpHCBakBa-
10T OykBenHoe 0603HayeHHe KaTyluek - HHAYKTHBHocTH L. Heob6xoiumoe ans obec-
MeveHust paboOTOCNOCOGHOCTH HEKOTOPHX YCTPOACTB <asupomanHe oOMoOTOK (T. e.
NOPSMIOK MOIKAKNYEHHA BHBOJOB) NOKA3HBAIOT MXHPHBIMH TOYKAaMH, ofo3Hayalo-
IHMH HX Havasao (puc. 69,a).

Pagnouacrothnie TpaHedopMaTopm Moryt 6HTh KaK € MarHHTONPOBOAaMH, Tak
H Ges uux. Ecau marnutonposoa obumuft ans Bcex OGMOTOK, ero H306paxaioT Mex-
Ay ux ciumBonamu (puc.69,6), a ecaH Kawm/1as H3 HHX HMeeT CBOH MarHHTONpPOBOJ —
Haja HHMH (pHCc. 69,8). B03MOXHOCTL NOACTPORKH HHAYKTHBHOCTH H3MEHEHHEM ero
NOJIOAEHHA T[MOKa3biBAKOT 3HAKOM NOACTPOEYHOrQ PperyJHpOBaHHA, nepecekas HM
AH60 TONLKO OGo3HaueHHe MarHuTonposoja (pue. 69,8), AHGO H ero, H CHMBOJBI
06moToK (pHe. 69,2). EcH e HeoGXOAHMO NOKA3aTh PEryJAHPYEMYIO HHIYKTHBHYIO
CBSA3b MeXAY OOMOTKaMH, HX CHMBOJH MNEpeceKkaloT 3HAKOM peryaHpoBaHHs (pHC.
69,0).

B rtpancdopmaropax 3BYKOBOH H MNPOMBIIIEHHOH YacTOTH NPHMEHAIT CTEPX-
HeBble, ODOHeBbie H TOPOHJAANLHbe MArHHTANPOBOAW. KaXAblil H3 HHX MOXeT OHThb
BLINMOAHEH AHG0 H3 OTAeNbHBIX MAACTHH onpejeneHHOi (Gopmu, JHGO H3 JeHTH, cor-
"HyTOR B BH/Ie COHPalH, BHTKH KOTOpOA npouHo coefHHesn Mexay co6ofi. [Tockonb-

{3 M
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Ky oOMOTKH yaolHee HaMaThiBaTh Ge3 MarHUTONMPOBONA, MAACTHHL €ro COCTABAANOT
H3 AByX cToiKoB. JIA yMeHblEHHA MArHHTHOrO COMPOTHBJEHHA B MCCTaX CTHIKOB
NAacTHEH NpH cOopke TpaHCGOPMATOPa YKNAAWBAlOT TakHM obpa3oM, 4robu Mec-
Ta CTHiKA NJACTHH KaXJjo0ro npeisjlyllero cJ0f mNepeKpuBajHCch NAAacTHHAMH TMO-
caeayiouero, '

Ha cxemax TpaHchopMaTopnl NMPOMLILEHHOR H 3BYKOBO@ 4acToTm 0603HAYAIOT
TaK e, KaK H pPaJHouYacTOTHbie ¢ (ePPHTOBLM MarauTonposogom (puc. 70). CuM-
BOJIH OOMOTOK OGBIYHO HYMepyKT PHMCKHMH undpamH, a HHOrga NpHCBaHBalOT YC-
JIOBHbIe HOMEpa HX BHBOAAaM (HAH HYMepYWT B COOTBETCTBHH € MAapKHPOBKOH Ha
caMoMm TpaHohopmaTope).

Ecan npeanonaraercsa, yto uepes o6MOTKY TpaHchopMmatopa HAHM japoccens, IHo-
MHMO MNepeMenHoro, 6yJeT NpoTeKaTh H NOCTOAHHHA TOK (BHXOAHHE TpaHchopMa-
TOPH B OAHOTAKTHHX YCHJHTENAX MOWIHCCTH 3BYKOBOH 4acTOTH, MeXKacka/Hbie
coraacymoouiie tpaHchopmaTophl, Apoccead (HAbTPOB MHTaHHA), NAACTHHB MAarHH-
TQNPOBOAA COOHPAIOT BCTHIK, OCTABJAA HEMArHHTHbIA 3330p MEX/IY ero YacTAMH:
no ncefi Toauuue nakera. [lesawT 310 Aas  Toro, urtobbl  YBEJNHYHTH MArHHTHOE CO-
NPOTHBJACHHE MATHHTOINPOBO/JA H TeM CaMbiM TMPelOTBPATHTL €ro HacollUleHHe mnoJaeM
MOCTOSAHHOrO TOKAa. MArHHTONPOBOA € TAKHM 3a30poM 00603HAYAKT He CIIOUIHOA
JHHHeH, a ¢ pa3phBOM B cepeiHHe (pHc. 71).

Hekotopuie YyCTpORCTBa, MHTAIOUIHECA OT CETH NEepPeMeHHOro TOKa (KOMJIeKTOop-
HHeE 371eKTPO/BHraTeNH, CBAPO4HblE annapaThl), CO31dl0T HMHTEHCHBHbE NOMEXH, KO-
TOpHE MOTYT TIDOHHKHYTb uepe3 ceTh H CHJIOBOH TpaHcdopmatop B paaHonpuGop H
HApyWIKTh €ro HopMaabHylo pa6ory. [aa ocnaGieHHs STHX NOMeX Mexay nep-
BHuHOA (CeTeBOM) H OCTaJbHLIMH OGMOTKAMH  MOMeNalT  3JeKTPOCTATHUECKHH
3KpaH, MPeACTABNAMHA COG0R He3aMKHYTHA BHTOK H3 NOJOCKH MEIHOH WIH alio-
MUHHEBOA (OJbIH HAH OZHH CJOA H30AMPOBAHHOrO NpoBopa. BuiBoa skpama co-
CHHAIOT C WACCH MAH C oOWHM nposoioM (Kopnycom) npuGopa. Ha ycaosnoM
oGo3naueHHH TpaHCGOPMaTopa 3KpaH H300paxalT WTPHXOBOR auuuel, napaanieb-

Puc. 70 Puc. 71
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HOA CHMBOJY MAarHHTOMPOBOAd, CO  3HAKOM DI
kopriyca npuGopa Ha xomue (puc. 72,a). VYe-
AoBHOe o0603HauesHe TpaHopopmartopa  Jomy- a)
CKaeTcs H3o6pa)kaTh noBepHyTHM Ha yroa 90°
“(pHe. 72,6).
Jas npeoGpasoBaHHs HaNpsXeHHA H TO-
KOB TMPHMEHFIOT TaK:Ke AaBTOTPaHchOPMATOPH,
B oTaxde or TpaHCHOPMATOPOB OHH HMe-
0T Bcero oAy OOMOTKY € OIHHM HAH

d)
HECKOJILKHMH OTBOJaMH, Heo6XxoaHMble Hanpa- ‘
4)

M

'[['JI‘H JI"IL

KEeHHs CHHMAamT ¢ OAHOr0 H3 KOHUOB 06-

MOTKH H COOTBeTCTByloufero orsoaa. Ha cxe-

Max Hx o6o3HawalT, KaK H KATYWIKH C
oreonaMu (puc. 73,a). BoaMomxHocTh NAaBHOTO
Pery;HpOBaHHA CHHMaeMmMoro c aBTOTpaHcdopma-

TOpA HANPSKEHHS MOKA3LIBAIT 3HAKOM DPEryad- p,. 74
poBanus (puc. 73,6).

Cornacio T'OCT 2.723—68, wncio monyokpymHOCTeH B CHMBOJZAX — OBMOTOK
TpaHcdopmMaTopos Moxer OuTh JMOGHM, HO, KaK NpaBHao, He Menee asyXx. Hcewiio-
HeHHE COCTABAAKT TNPHMEeHSeMble B BHIYHCAHTENbHOR TeXHHKe (epPpPOMarHHTHHE
3/IEMEHTBI, 3aMOMHHAIOUWHE TPAaHCHOPMATOPH, 3NeMEeHTH MnamATH, Takof s.aeMeHT
06biuHO npeacTaBaserT co6ofl KOMbLEBOH eppHTOBHA MarHHTONPOBOA C HECKONbKH-
Mu ob6Motkamu. Ecan ux Beero ase, deppoMariuTHu 37eMeHT 0603HaUalOT, Kak
NOKa33aHO Ha PHC. 74,0, TAe NOAYOKPYXHOCTH C NPOAOIKAIOUIHMH HX JHHHAMH-BH-
BOJAMH CHMBOJIH3HPYIOT OOGMOTKH, a BePTHKAJbHAS JIHHHA MeX1Yy HHMH — MariHTO-
npoeoa. Ecan ke uHcno O6MOTOK H MariHHTOMPOBOAOB B YCTPOACTBE BENHKO, HX
Aonyckaercs H306pa)kaTh, KaK MOKa3aHo Ha pHc. 746 u 6. 31ecs BepTHKaJbHas
AuHHA 00603HAYaeT MArHHTONPOBOA, FOPH3OHTAJNBHAA — JHHHIO 3S/JEKTPHUCCKOA CBA3M
Mexay oOMOTKaMH, Hak/acHHAas ueprouka — o6moTky. Yeprouxa, HaknoHeHHAR nox
yraom 45° paeso (puc. 74,6), o3HagaeT, uTO C JHHHe 3JEKTPHUYECKOR CBA3H 3Ta
06MOTKa COC/IHHEHA CBOHM Ha4aJoOM, a NOJA TAKHM JKe YrJaoM Brnpaso (puc. 74,8) —
csouM Kounom. ITpw 3TOM yCAOBHO CYHTAOT, YTO NOJOXKHTE bHLI HMIyJAbe, INpo-
XOAAUWMHA B HaNpaBieHHH CJeBa HANpaBo, B MePBOM CJyyae NepeMarHHYHBAeT Mar-
HHTOMPOBOA B COCTOAHHE JIOTHYECKOH |, a BO BTOPOM — B COCTOAHHe Joriueckoro 0,
C yyeToM CKa3aHHOro HeTPyIHO B CHMBOJe, H306paXKeHHOM Ha pHC. 74,2, pacno-
3Hate obo3xayenHe 3anoMHHawllero TtpaHchopmatopa ¢ 10 oOMOTKAaMH, H3 KOTO-
puix 2, 4, 5 # 9-8 nepeMarHHYHBAlOT MArHHTOMNPOBOA B COCTOSHHE JorHyeckoit 1, a
1, 3, 6, 7, 8 n 10-a — B cocToanue noruveckoro 0.

KOMMYTALIHOHHBLIE YCTPOFICTBA

‘KommyTaunonHsle ycTpoicTBa — 3To 6oaluas rpyfna 3JeMEHTOB 3J€KT-
po- H panuoannapa‘rypu. a‘ipmnaauaqcnuux A8 BKJAKYEHHSA, BHKJJAKYEHHA H nepe-
KJOYEeHHA pPa3JHYHbBIX 3~1E‘KTPH\IE(.‘KHX uenen (BHKJI!O‘IETE.']H, nepexnm‘ta'renu, peae
H T. n.). JIio6oit H3 3THX 3A€MEHTOB COAEPMHT OAHY HAH HECKONbKO TPYNN KOHTaK-
TOB H MEXaHH3M, C MOMOUIbI0 KOTOPOro OHH MOTyT ObiTh 3aMKHYTH HJAH pa-
30MKHYTHI.

Ycaosuble rpaduyeckdHe 0603HAYEHHA MNOAABAAWUEr0 GOJBIUHHCTBA BHKJIO-
yaTesef, Nepekjaloyatesefi H pene NOCTPOEHH Ha OCHOBe 6a30BbHX CHMBOJOB 3a-
MHKalollero, pasMbiKaloWero H MepexaloyYalolero KOHTAaKTOB M HX Pa3HOBHAHOCTER.

¢
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BukaiouaTeaH HCNOABIYIOT AJA COSAHHEHHS M Pa3beIHHEHHA SJEKTPHYUECKHX
uenei. Y 3THX H3feaH# ABa PabOYHX TNOJQKEHHN: «BKAIOYEHO» H <«BHKAIOYeHos, Co-
e/HHeHHE H pa3belHHeHHe LenH (3aMbiKaH{e H DA3MLIKAHHE) OCYUeCTBJAETCA No-
ABHKHBIM KOHTBKTOM, KOTOPHA JH6O TOCTOAHHO COEAHHEH C OAHMM H3 HelOABHK-
HBHX KOHTAKTCB, a C JApYriM COCAHHAETCA NPH YCTAHOBKE PYYKH Nepekjiouateis B
NOMOMKEHHE ¢BKAKOYeHO», JAHGO BHINOJHEH B BHAe [ePeMHUKH, COeaWHAONIEA Heno-
ABHAHBIE KOHTaKThWl B 3TOM Xe NojoxenuH. OJHAKO He3aBHCHMO OT KOHCTPYKUHH
KOMMYTaUHOHHOTO Y312 3aMHKalOMHE KCHTaKT H300PamalnT Ha CXeMax OJHHaKo-
BO— B BHIE HAKJOHHOH JIHHHH B Pa3pHBe JAHHHK INCKTPHYeCKOA cBu3u |(pHc. 75).

B orauuie oT 3aMbiKalomlero KOHTaKTa, KOTOPHA BCeria MOKaswBaloT B pa-
3OMKHYTOM [MOJOXKEHHH, Pa3MbIKAalOWHA KOHTAKT H300PANKalT B 3aMKHYTOM MNOJO-
weuun. TOCT 2.755—74 ycramanauBaer TPH PaBHONPEBHWX CHMBOJIA TAKOro KOH-
TakTa (puc. 76), ONHAKO B npenesax ONHOA CXeMbl PEKOMEHAYETCH [10/1b30BATLCH
KakHM-IH60 O1HHM H3 HMX. HanpapieHHe ABHXKeHHS NOABHXHOTO KOHTAKTa (Kak
Pa3MHKaWILero, Tak H 3aMBLIKAI0UIero) H3 HaYaJbHOrO NOJOMNKEHHA B KOHEYHOe CTaH-
JapT He YCTaHaBJHBAeT (33 HCKAIYEHHeM Cay4aeB, O KOTOPHX OyAer cKa3aHo
Aajee).

CroxHple BHKMOYAaTENH, NpefiHA3HAYEHHLlE 4 OJHOBDEMEHHON KOMMYTAUHH
HECKOJIbKHX 3JEKTPHYeCKHX uenefi, MOryT COQepXKaTb HECKONbKO 3aMBIKAKOWHX HAH
Pa3MBIKAIOUIHX KOHTAKTOB HJAH HX KOMOHHauuHu. [IpH coBMelueHHOM H306paKeHHH
TAKOro BHIKJOYaTeas (T. e. B OJHOM MecTe CXeMH) JHHHH, 0603HavalollHe MOABHK-
HBIE KOHTAKTH, H300PaxXMOT napa/jeibHO OAHA APYroA H COGLHHAIOT CHMBOJIOM
MEXaHHYECKOH CBSA3H — ABYMA CHNOWHHMH JHHHAMH. CHMBOJMIN [IBYX TaKHX BHIKJKO-
yaTenei npuBeaeHn Ha pHc. 77. IlepBwft W3 muX (pHC. 77,@) COJEPXKHT ABA 3aMui-
KaoWHX KOHTaKTa, M MOXHO BKMIOWHTb (3aMKHYTb) [Be 3JEKTPHYECKHe LiellH, Ha-
npuMep ofa mpoBoja CeTeBOro NMHTaHHA NPHGOPA HAH NO OIHOMY NPOBOAY B le-
NSAX NMHTaHHA cpa3y AByX npuGopos. C nomolublo BTOPOro BHKAW4aTeas (pHe. 77,6)
MOXKHO, HANPHMEP, BKJIOYHTL IMTAHHE H3MEPHTEAbHOro npHGOpa H OAHOBpEMEHHO
Pa30MKHYTh YYBCTBHTeNbHHA CTPe/IOYHHIA H3MEDHTeNb TOKA, 38XXKHMH KOTOPOro BO

Puc. 76
- ' SALS
7
' M. d ——3\ SAL2 !
a) a) g) -

Pre. 77
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u3bexanue MOBPEKIEHHA OT JNefiCTBHA CHJbHBIX BHEIUHWHX MarHHTHHIX TOAeH MOMK-
HBE OBITh 3aMKHYTHI, KOrJa MPHOOP BBIKJIOUCH,

Ecau no kakum-1060 NpPHYHHAM KOHTAKTHHE TIPyNNB CAOKHOTO BHK/MOYATENR
NPHXOAHTCA H300pa)aTh B PasHBIX YaCTAX CXeMBbl, KaAbil H3 CHMBOJOB NOIBHXK-
HBIX KOHTAKTOB CHa6XaloT OTPe3KOM WTPHXOBOH JHHHH MeXaHHYECKOR CBs3H, a
NPHHAAJERHOCTh K OJHOMY H3NETHIO YKA3kBAKT B MNO3HUHOHHOM 0603HaYeHHH
(puc. 77,8, wontaktHnie rpynns SAlL.l, SA1.2 w SA13 npunaanexar BuKalouaTe-
mo SAl).

loBops 0 CHMBOJIAX 3aMBIKAIOLWETO H PA3MHKAKLIEr0 KOHTAKTOB, Mbl HMENH D
BHIYy, 4YTO HX MNOABHXXHHEE YacTH MOTyT ObiTh 3aHKCHPOBAHH KAK B 3aAMKHYTOM,
TaK H B pa3’oMKHyTOM nojoxenuax. OQHAKO ecTb BHKJKONATENH, Y KOTOPHX B OA-
HOM H3 3THX NOJIOXEeHHH KOHTaKTh He (WKCHPYIOTCH, T. €. Mocje YCTpPaHEeHHS Jeii-
CTBYIOLIEH HAa HHX CHJB OHH BO3BPALIAIOTCA B HCXOAHOE COCTOAHHe, TakHe KOH-
TaKTH H306paxaioT Ha cxemax Heave. EcAH XOTAT nOKa3aTh, 4TO KOHTAKT He (HK-
CHPYeTCS B 3aMKHYTOM MNOJOXEHHH, Ha KOHUC /HHHH 3JeKTPHYeCKOfi CBA3H, CHMBO-
JIH3HPYIOLIEM HENOABHMHBHA KOHTaKT, H306pamaioT HeGOJLIIOR TPeYroNbHHK, Bep-
LWIHHA KOTOPOro KakK OBl OTTaJKHBAeT CHMBOJ NOABHMXHOTO KOHTaKTa (puc. 78,a).
AHa/JOTHYHO TOCTYNAKT H ¢ CHMBOJOM pa3MBKAalOWeEro KOWTAKTa, HE (HKCHPYIO-
IErocs B Pa30MKHYTOM TNojaoxeHud (puc. 78,6).

Cpenn BhKAOYaTenefi eCThb H TaKHe, Y KOTOPHX OJHH TOJABHMXHBLIA KOHTAKT MO-
JKeT OJAHOBPEMEHHO 3aMBKaTh HJH pa3MbiKaTh JABe 3JeKTpHyeckHe uend. CHmso-
AW TAKOTO KOHTAKTa HarfifjHO NepefaloT 3Ty HAew (puc. 79,8 — KOHTakT c¢ JaBofi-
HbIM 3aMbiKaHHeM, puc. 79,6 — c ABOAHHM pa3MbiRaHHEM).

Cranpapr ECKJL npeaycMatpupaer of03HaueHHe H TaKHX OCOGEHHOCTER BHIKJIO-
yaTene, Kak HEOAHOBPEMEHHOCTh CpabaTHBaHHA KOHTAKTOB B Tpynne, HalHyde
(HKCauHH B 3aMKHYTOM HJH Pa3’OMKHYTOM TMO/OEeHHH KOHTaKTOB BHIKJlouaTesef,
ynpaBisieMbiX KHOMKAMHK (HMeeTcs B BHAY, 4T0 B OGLYHOM HCNOJHEHHH TaKHe KOM-
MYTalUHOHHBLIE H3/IeIHA He HMeloT (HKCAUHH), 4YYBCTBHTEJABHOCTbL K BO3JefCTBHIO
BHEIWHHX (aKTOpoB H T. A.

OTaHuHTeNbHBIM TIPH3HAKOM KOHTaKTa, cpabaTHiBAlOLIETO paHblle OCTaJbHbIX,
ABJAACTCA KOPOTKAs YepTOYKa HA KOHIE CHMBOJA TNOABHXHOIMO KOHTaKTa, Hanpas-
JleHHas B CTOPOHY ero ABHXKeHHs npn cpabatwbannn. OGosnauenne cpabatbibaiole-
ro ¢ onepexeHHeM 3aMBKalOLero KOHTaKTa MNoka3zaHo Ha pHc. 80,a, paaMubikalo-
wero — Ha pHc. 80,6, Ecin ke Heo6X0JIHMO yKasaTh, 4TO KOHTaKT, maoGopor, cpa-
6aTHBAaeT NO3Xe JAPYrHX B Tpynne, YepTOUKY HaNpasAsioT B  MPOTHBONOAOKHYIO
cropoHy (puc. 80,8, 2).

CumBOJAN KOHTaKTOB Ges caMoBO3BpaTa mnocje cpabaTeiBalHs HCNOAL3YIOT B
0603HaueHHAX KHOMOYHLIX BbIKJKOYaTesed, NMOITOMY, KPOMe 3HaKa OTCYTCTBHA Ca-
MOBO3BpaTa (HeGOJBINON KPYMKOK HAa CHMBOJE HEMNOIBHAKHOIO KOHTAKTa) B HHX

\A—/A—§—-|f— —

aj 2) a) g)

Puc. 78 Puc. 79
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) LLi 4
Puc. 80 Puc. 81

BBOAAIT H CHMBOJ DYYHOrO NPHBO1a — KHONKH (cM. puc. 39). [as npHMepa Ha
pHc. 8l.a npHeeneHo ycs0BHOe 0603HaueHHe KHOMOYHOrO BHIKJOYATE/s C BO3BPATOM
B HCXO/AHOe TOJIOMeHHe NyTeM BHTATHBAHHA KHONKH, Ha puc. 81,6 —c BO3BpaTOM
NOCPeACTBOM TOBTOPHOTO HAXATHA Ha KHOMKY, a Ha puc, 81,8 —c Bo3spaToM Mo-
CPeACTBOM OTAEALHOTO NPHBO1A, HANPHMED  HAMATHEM  CNeNHaNbHOR  KHOMKH
«C6poc».

IMpH3HAKOM KOHTAKTOB, 4BTOMATHYECKH BO3BDALLAIOUIHXCA B HCXOAHOE NOJOMKE-
HHe TIpH MeperpysKe LUENH HJAH NPeBHlIEHHH MONYCTHMBLIX MpeaesoB H3IMEHCHHA
sHelnnx (aKkTOpoB (HanpHMep, TeMnepaTyps), ABAAETCA 3HaK B BHIe HeGOMBIIONO
NpAMOYroJbHHKa Ha CHMBOJE MOABHXHOTO KOHTakTa. @PH3HUECKYIO BEJHYHHY, NOA
neficTBHEeM KOTOPO KOHTAKT BO3BPAllAaeTcs B HCXOLHOE NOJ0XKeHHe, 00603Ha4alT
o6lenpHHATHM OYKBEHHHM CHMBOJIOM H MaTeMaTHUeCKHM 3HakoM <>> (Goabie)
uan «<» (menbwe). Tax, ecad psaoM ¢ o603HaYeHHeM KOHTAKTa NOMelleHa Hau-
nace «U>» (cM. puc. 82,8), To 3TO 03HauaeT, YTO OH pearHpyeT Ha MpeBullUeHHE
HalpsXeHHd CBepX JAOMYCTHMOrO YPOBHA, @ 3TOT e OYyKBEHHBIi CHMBOA CO 3Ha-
KOM «<> yKa3blBaeT Ha WYYBCTBHTEJBHOCTb KOHTAKTa K YMEHbIIEHHIO HaNpiXKeHHd
HHJKE YCTAHOBAEHHOTO 3HaweHnA (puc. 82,6). Amnanorduno 0603nHavaiT H CBOACTBO
KOHTaKTa cpabaTwiBaTh MNpH TNpeBHIIEHHH MAKCHMAa/JbHO JOTYCTHMON TeMmnepaTtypH
(pnc. 82,8).

BykseHHBH KOML H3aeaudi 3TOA rpynnsl (Kak, BNpodyeM, H nepekawouareied) B
NO3HUHOHHOM 0603HayYeHHH OMpelesifAeTCs KOMMYTHPYeMOR enbio H KOHCTPYKTHBHBIM
HCMOMHeHHeM BuIKJaOyaTens (sepHee, cnocobGom ynpaeaexus). Ecax sbiKawoyaTedb
NpHMeHeH B lleNH yNpaBneHHA, CHTHAJH3aUWH, H3MepeHHA H T. A, ero 0603navaioT
naTHHckol GykBoit S, a ecad B UenH nHTanHA, — 6yksod Q. Cnoco6 ynpasieHHs
HAXOMHT OTpaKeHWe BO BTOPOA GyKBe KoAa: KHOMNOYHBIE BHIKAIGYATEJH H [EPeX.io-
gaTean oboswavalor Gyksofi B (SB), aBTomaTsueckne (cM. nanee) — Gykmoit F
(SF), Bce octaabhbie — Gyksoit A (SA). )

Mepexaogatean — 3T0 YCTPOHCTBA, KOMMYTHDYiOllHe OAHY HJAH HECKOJbKO Lle-
nefi Ha HECKOALKO ApyrHX. YcaosHoe rpaduyeckoe obosHauedHe NCPeKMIOvAIOUIEro
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KOHTaKTa, no CYyTH, COCTOHT H3 KOMGHHBHHH CHMBOJIOB 33aMblKawtlero H pa3MH-
Kalolero KOHTAkToB (pHC, 83), NpH 3TOM TaKKe HMeeTCsd B BHAY, 4TO NOABHMHBIA
KOHTAKT (PHKCHpPyeTCs B OBOHX KPAafHHX MMOJTOMEHHS:X.

Cumson NOABHAHOIO KOHTAaKTa MNepexJnuareas C ¢|HKC3LLHEFI Hé TOJbKO B
KpafHHX, HO H B cpelHeM (HeATPANbHOM) MONOXKeHHH H300paKawT Mexay 0003HA-
YeHHAMH HENOABHMKHbLIX KOHTAKTOB .(ua O/1HHaKOBOM paCCTOHHHH oT HHX) H BH-
JeAsioT KHpHOR Toukoi (pHc. 84.a). Ecau neobxoaumo MOKA3aTh  KOKTAKT €
(QHKcauned B HeATPAAbHOM H OJIHOM H3 KpaHHHX NOJOMEeHHA HAH Oe3 (uKcauHH
KPaiHHX TOJOXKEHHAX, OMAHH HAH 004 CHMBOJA HEMOJBHKHBIX KOHTAKTOB CHalXKaioT
TpeyronbHHKaMH (puc. 84,6).

B HekoTOphX CayyasX NPHMEHAIOT MepekJiouatedn ¢ 62306pbiBHEM Mepexai-
yenHem. [lpu nepesose Takoro MnepeksOMaTesNs H3 OAHOCC NOJNOKEHHA B JApyroe
NOABHAHLIE KOHTAKT HEe pAa3pbiBaeT WENH, COOTBETCTBYWIeH MNpeAn/yUleMy M0a0-
MeHHIO, 10 Tex Mop, MOKa He COeAHHHT HOBYK Ienb, Kontakt ¢ Ge300pbIBHBIM Tie-
pek/cyenHeM H306paxalT € KOPOTKOH 4YepTOYKOR Ha Kouue (puc. 84,8).

Ipyrie ocoBeHHOCTH NEPEKTIOYANLIHX KOHTAaKTOB (cpafarniBaHHe ¢ onepewe-
HHeM HAH 3ana3fiLBaHHeM, OTCYTCTBHe CAMOBO3Bpata M T. 1) YKa3WBAKOT TeMH e
3HAKAMH, 4TO H Yy 33aMBIK3WIHX H Pa3MBIK3OUWHX KOHTEKTOB. CHMBOJAH MHOTOKOH-
TAKTHBIX Tepekaiouatesefl cTposaT Ha 6ase COOTBETCTBYIOUIHX MePEKIIOYAIOUIHX KOH-
TAKTOB, CORLHHAN HX JHHHUAMH MeXanHueckoi cBazu (puc. 85).

CHOMHBEe NepekaouaTea XapPakTepHIYIOT YHCAOM TOJOMEHHH W HanpaBieHwi
(NoA NOCAEIHHM TOHMMAIOT HHCIO HE3ABHCHMBIX KOMMYTHDYEMBX leneil, o6bi4HO
paBHOe uHCAY NOABHKHBX KOHTakTos). KOHCTpYKUHA Takux mepekniodarened Mo-
WeT OuTb caMoit pasiHusofl. Hanpmmep, wHpoKo nprMenseMse B panuonprbopax
raseTHse MepekalouaTeH COCTOAT H3 OHOI HAM HECKOJbKHX rader H (HKCHpYIO-
mero MexanusMa. Kamkaas raieta, B CBOI0 Odepelb, COCTOMT H3 JAByX uacreil: He-
NOABHMKHOA (cratopa), 3akpemeniofil Ha OCHOBaHHH (QHKCHPYIOUIEro MexaHH3Ma, H
noasuxuoit (poropa). Ha cratope 3akpenesl 12 npyxuHAUHX HeNOABHKHHX
KOHTAKTOB, Y4acTb H3 KOTOPHX (OT OAHOTO [0 YeTbipex) jUIHHHee OCTa/lbHbIX, @ Ha
pOTOpE — B 3aBHCHMOCTH OT 4HC/A TOJOMKEHHA — OT ORHOrO [0 YeTHpex KOHTaK-
T0B B (OpMe KOJbLA HJH CEKTOPOB C BHCTYNaMu. YIHHEHHbE KOHTAaKTH CTATOpA
MOCTOAHHO COEAHHCHH € MOABHAHHMH KOHTAKTAMH POTOPA, OCTajbHHE COEIHHAIOTCA
¢ HMMH IPH Tlepesojie POTOPA H3 OQHOrO MOJOKEHHA B Apyroe. B 3aBHcHMOCTH OF

a) g) 4)
Puc. 84
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YHCA raner H MOABHIKHBIX KOHTAKTOB NepexfioyaTenk MONKeT HMeTh Pa3Hoe HHCAO
NOJOMKEeHHHA H HanpasjaeHu.

Ha cxemax nepekawouatenn Takoro Tuna H306paaloT, Kak NOKa3aHo H3
puc. 86,0, 31ech CHMBOJA B BHIe AHHHOM NAHHH c HatOMOM HA J1€BOM  KOHLE
00603HauaeT BHBOJ MOABHAHOIO KOHTAKTa, nepeyepkHpaolay ee KOpOTKas JHHHA —
€aM MOABH)XHBIN KOHTAKT, a pPAacnofnoxeHHHe HamnpOTHR Hee KOHUK JHHHHA 3/€KTPH-
4eCKOA CBSI3H — HENOABHXKHBIE KOHTAKTH, YHCJAO KOTOPBIX paBHO HHCAY NOJOXKEHRH
nepexaouatens. EciH mnepekaoyaTenb Ha HEOKOALKO HAampaeJeHHA, 4HCJI0 TaKHX
KOHTaKTHHIX TPYNM COOTBETCTBEHHO YBEAHUHBAIOT, W3obpawas HX OAHY N01 APYy-
roit (puc. 86,6) Hau pagom (puc. 86,8). Ilpu PacnoNOXKeHHH CHMBOJOB KOHT2KTHHX
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TPYnn B PasHbIX yuacTkax cXeMbl HX MPHHALNEKHOCTH K ONHOMY KOMMYTalHOHHOMY
YCTPOHCTBY, KaK H B paHee PacCMOTPEHHBIX CAYHanX, YKa3wBalT COOTBRTCTBYONLEH
HyMepaunel B NOSHUHOHHWX Ofo3nauenussX (wampumep, SAL.l, SAI2 u r. a).

B nonomenunx, B KOTOPHX NOABHKHLIL KOHTAKT He AoJIMen COEHHATLCA HH C
KAKOR LeMsI0, CHMBOJ CODTBETCTBYIOUIErO HENOABHAKHOrO KOHTAKTa YKOpauHBawT
(prc. 86,2). Touso Tak e nocTynawr W B ToM cayuae, ecJH HecKOJbKO Heno-
ABHMHBX KOHTAKTOB coOeiHHeHb BMecte (puc. 86,0). TMoiBHaKHMWA KOHTAKT ¢ Ges-
OOpLIBHBIM NEPeKNYEHHEM leneli BHAeNSIoT KOPOTKOR ueproukoi (puc. 86.e).

Berpenaiotea nepekaiouartens, y KoTOpWY NOABHKHME  KOHTAKT COEIHHSeTCA
€pasy ¢ HECKOAbKHMH HENOJBHKHBIMH KOHTaKTaMu. 3Ty 0coBeHHOCTh KOMMYTaUHH
NIOKA3HBAIOT JNHHKeH HA KOHLE CHMBOJA NMOABHKHOMO KOHTAKTa, «OXBATWBaOUeN» CO-
OTHETCTRYIOLIEE 4HCAO CHMBOJNIOB HEMOABMXHWX KOMTakTOB. JlAn npumepa ma pHe,
86,2 u3obpaxien Nepexaouarens, y KoToporo OAHOBPEMEHHO 3aMHLIKAIOTCH TPH COCefl-
HHe LenH B Kam1oM nonoxesit, Ecin ke nogobHuii Nepekaiyateih B KaKAi0M Noc-
JELYIOIEeM NOJOXKEeHHH MOJKMOHALT NapanjeibHyl0 Uelb K LemaM, JAMKHYTEIM B
MPEABAYLIEM MNOJOMKEHHH, CHMBO. NOABHXKHOINO KOHTAKTA BHAOHIMEHSIIOT, KAK N0-
Ka3aHo Ha puc. 86,3, '

Cpenn raneTHpx NMepekalouatesieil ecTh TakHe, Y KOTODBIX NOABHAKHHE KOHTAKTH
MPEACTABASIOT COGOR TOHKHE BaJHKH, COE/IHHSIIOLIHE KOHUAMH Maphl HENOABMAKHBIX
KOHTAKTOB KaX[Wii B CBOeH rpynne (nepexouaTeH He3aBHCHMEIX ueneit). 3ty oco-
GeHHOCTb KOHCTPYKUMH HATJfAHO OTPaXKaeT H yC/AOBHOe OBO3HAYEHHE TAKOrO nepe-
KUOUATENR, TAe CHMBOM MOABHMHOIO KOHTAKTA — KOPOTKas HepTOYKa — H3oGpaen
MEXIY CHMBOJAMH HENOABHAMMWX KOHTaKTOB (puc, 87).

‘B npakTiKe MOMKHO BCTPETHTL NEPEKIOUATENH (HANpHMep, KyJaauykosble), OAHH
H Te e KOHTAKTH KOTOPhIX MHOTOKDPATHO 3aMBIKAIOTCH # DPa3IMBIKAIOTCA B 3aBHCH-
MOCTH OT NOJOMEeHHA pPYYKH ynpasaewns. Hao6paiuTh TakoR KOMMYTAaUKOHHEI
y3ea, NoAb3yAch Ga3oBHMH CHMBOMAMH 3aMBKAIOLIEr0, PasMMKAIOMEro H Nepexio-
HaloWero KOHTAKTOB, O4YeHL TPYAHO, MO3TOMY B MOA0GHHX cayyasx F'OCT 2.755—74
PeKOMeHYeT HHble cNocofu MOCTPOeHHs 0603HAYEHHH nepexmouatenci. [lBa H3 HHX
HAMOCTPHPYIOT phe. 88 n 89. Ha nepsoM M3 HuX H306pasen nepekiouaTenb Ha MATh
noJoKeHHA (OHM oOosHaueHnl UHppamu |—5; GykBH a—0 EBBeieHH TOALKO LA
NOACHEHHA OnHcaHHs ero pa6ote). B stom nepexaioyatene coeauwnenwe ueneit a—a
Mexay co60H NOKa3HBAKT OTPE3KH NeprneHAHKYAAPHEX HM JHHHI ¢ JKHPHLIMH TOY-
KaMH Ha KOHUAX (CHMBOJBl 3JIeKTPHYECKOrD coenuxenus). B moackenun 1| (Auuuu-
COEAMHHTEJH HANDOTHB Uenedt a, 6 W 2, J) NepekAuATENb COEAHHAET LeNH a H 6,
2 H d, B NONOKEHHH 2 —UenH 6 K ¢, B NOJOKeHHH 3 —a W 8, 2 H d, B NOJOKEHHH
4—au 0, B nonoxewun 5—au 6, 8 u 9.

HMHoR npununn geficTsus y mepexsiouatens, 0603HAYEHHE KOTOPOro npHBeaeHo
Ha prc. 89. On Takwe HA NATH NOJOMKEHHH, HO COCIMHSET LeNmH a—a, 6—6 W T. I
(Mo cyTH, 3TO nepexkawuaTeNb HA OCHOBE 3aAMEIKAWHX KOHTAKTOB, KOTOpHE NnpH
GoJlee mpPOCTOR KOMMYTAUHH MOXHO Obii0 6H H306pa3iTs B pa3pwBax uenefi). B
€ro MepBOM NONOKEHHH 3aMbIKalTcs uend a—a W 6—06 (06 3TOM TOBOPAT W3o6pa-
HEHHBE MOX HHMH JKHPHLIC TOYKH, CHMBOJH3HPYKUIHE 3JeKTPHUECKOE COeJHHeHHe),
BO BTOPOM —lenH 8--8 u 6—06, B TpPeTbeM —a—a H ¢—2, B ueTBepTOM — 6—0,
B NATOM — BCE YETHIPe LelnH. )

Pene. Hapazy c suknwouatensmu u NepekTiouaTenaMI, NPHBOLHMBIME B Jefi-
CTBHE YCHAIHEM DYKH, B PajdO3JEKTPOHHOA TEXHMKE IIHPOKO NPHMENAIOT 3JeKTpo-
| MarHHTHHe peae (oT ¢pamuysckoro caopa relais) — ycTpoficTBa, ABTOMATHYECKH
KOMMYTHpYIOULHE 3JeKTPHYECKHe UENH 110 CHrHady uapHe, Kak roBopur caMo Ha-

53



-

3BaHHe, 3JEKTPOMATHHTHOE Pele COCTOMT H3 SNEKTPOMATHHTA M AHOM HJH HECKOJb-
KHX KOHTAKTHHIX Tpynm, YNpaBIACMpX CBA3AHHHM C sIKOpeM 3/ICKTPOMArHHTa NpH-
BOAHBIM MexaHu3moM. [0 OKOHYaHHH JCHCTBHA CHrHana TNPHBOAHOM MeX3HH3IM It
KOHTAKTH BO3BPALLAIOTCA B HCX0JHOe nojdoxenwe. Takuwm ofpazoM, Yy KUOHTaKTOB
pese Bcero asa paGouHx MOJMOMEHHS — 3AMKHYTOE H PAa3OMKHYTOE.

Konraktel pene {(oHH Moryt ObiTh 3aMBIKAIOLIHMH, PasMLIKawUIHMH H Tiepe-
KMIOYaloWAMK)  H306pakaloT TeMH e CHMBOJNAMHM, YTO H B YCAOBHHX 0603Hade-
HHAX BHKJIOUaTeNed W Nepek/louaTe/efi, 3JeKTPOMArHHT (BepHee, erc oOMOTKY) — B
BHAE NPAMOYFrOJbHHKA C JHHHAMH-BHBOAAMH OT AJHHHHX CTopoH. OG6o3Ha4YCHHA
KOHTAKTOBR pacnogaraioT HanpoTHR OAHOM H3 Y3KHX CTOPOH CHMBOAAZ OOMOTKH H
COEJIHHAIOT C HHM JIHHHCH MexaHHyeckoil cBa3u (puc. 90).

BuiBoan OGMOTKH [OMYCKA4eTCH {OMElaTh € OAHOA cTOpoHW (puc. 9l1.a), a
CHMBOJIH KOHT2KTOB -—— B Pa3HBIX YacTAX cXeMul (PRAOM € KOMMYTHpYeMHMH 37e-
MeHTaMH), B stom ciayyae npHHaaseXKHOCTL KOHTAKTOB K TOMY WJAH HHOMY peje
YKa3blBaloT, KaK H B panee PacCMOTPEHHHX C/yyasX, B TNO3HUHOHHOM 0GO3HAYEHHH
(puc. 91,6).

BHyTpH cHMBONa OGMOTKH MOXKHO YyKas3aTh ee CONPOTHBAEHHe MNOCTOSHHOMY
TOKY, 4HCAO Oo6MOTOK (ARe OGMOTKM — /B HAKJOHHBE JNHHHH), Ha3HaueHHe pene
(I> — peae wmakcumanbHoro ToKa, ,U< —pesme MHHHMAJZbLHOrO  HamnpskeHHR).
Ecan HeoOGXOAHMO yKasaTh PO TOKa (NepeMeHHbiit HJAH MOCTOAHHLI), BHA OOGMOTKM
(TOKOBaf, HaNpsUKeHHR) HJIH BBJIGPKKY BpeMeHH NpH cpabaThiBaHHH (KpecT) HJH
OTNyCKaHHH (HaK/AOHHAs JHHHA), JJNHHY NDPAMOYTOJbHHKA YyBeNHYHBAlOT H 0603Ha-
YeHHe 3THX JOTIONHHTEIbHLX XapaKTePHCTHK BINHCHBAKOT B €ro JIeBYK) YacTh, OT-
JeNHB ee 4epTo OT ocTajibHOl (pHC. 92).

Tak HaswBaeMbe MOJAPH3OBAHHHIE TCKTPOMAarHHTHHE pejse (OHH «UyBCTBHTE/b-
Hb» K HaNpaBJEHHIO ToKa B OBMOTKe) BbiIeslOT Ha cxemax Gyksoii P, BnachiBae-
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MOfi B JONOJHHTENbHOE NOMe CHMBOAA OGMOTKH (pHC. 93,a). Toykn BO3Je oAHOro
H3 BHBOJOB OOMOTKH H OJHOTO H3 KOHTAKTOB TaKoro pese pacuidpoBHBAlOT cie-
AYIOUIHM O0pasoM: KOHTAKT, NOMEeueHHbI TOYKOf, 3aMbKaertcs MpH_Tojauye Hanps-
MEHHSA, MOJMOKHTENbHHN MOJMIOC KOTOPOro NPHAOKEH K BHAENEHHOMY TaKHM e
06pasoM BuBOAy OOMOTKH. Ecan Heo6XoaHMo nokaiaTh, 4to KOHTaKThl MNOJAPH30-
BAHHOTO peJie OCTAlOTCA 3AMKHYTBIMH H NOC/IE CHATHA HalpsAiXeHHs, NOCTYMAlOT Tak
Xe, KaK H B cayyae ¢ KHOMOYHHIMH TNepekJiovaTensiMH: HAa CHMBOJE 3aMLKAIOULero
HAH PDAa3MBIKAIOLIEro KOHTaKTa H3006paxaior HeGoabwol kpysxok (pue. 93,6).

KpoMme paccMOTpeHHHIX, CYIUIECTBYIOT pefe, B KOTOPHX MATHHTHOe MOJe, CO3na-
BaeMoe yMpaBIsioWHM TOKOM OGMOTKH, BO3AHCTBYET HENOCPEACTBEHHO HA YYBCTBH-
TeAbHHe K HeMy (MarHHTOyNpaBiseMbie) KOHTAKTH, 3aK/JIOYeHHbE B repMeTHYHK
Kopnyc (HX eule Ha3nBaloT TIePKOHAMH — CNOXKHOCOKDAUIEHHOE CJOBO OT  CJI0B
[EPmetnunnifi KOHtakT). UT0o6W OTJHYHTL TaKOH KOMTAKT OT KOHTGKTOB NPYrHX
THIOB, B €ro YyCJAOBHOe 00GO3Ha4YeHHe BBOAAT CHMBOJ TepMEeTHYHOr0 XOpnyca — OK-
pysnocts, TTPHHANMENKHOCTE K KOHKPETHOMY peie YKa3WBAalT B NOIHIHOHHOM 0060-
3HavenHn (pHc. 94,a). Ecin ke MarHHTOynpaBAsieMmii  KOHTAaKT He  ABAAETCH .
4acTbi0 pesie, a YNpPAaBAAETCH NOCTOAHHHIM MarHHTOM, ero 00603HaualnT GyKBeHHLIM
KOJIOM aBTOMATHYECKOTO BHKJIOuaTens — Gyksamu SF (puc. 94,6). .

Coeanunrenn. Bodbmyio rpynny KOMMYTaUHOHHbIX H3zeanfi 06pasyioT Bcepo3-
MOXHbBE CoeAHHHTeNH. HauGonee IWIHPOKO HCNOAB3YIOT pasbeMHBE CORAHHHTEAN
(wrenceasHule pasvemu). LITwips (wrenceas) Takoro ysna 0603HAYaOT CTPENKOR
¢ yraoM packpusa 90° (puc. 95,a), ruesao — <poratkoit> (puc. 95.6).
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BricokouacToTHHe (KOaKCHAAbHEE) COEMHHTENH OGO3HAYAIOT, KAK MOKA3AHO HA
puc. 96.a. OTaAHUMTENbHWA NPH3HAK TAaKOro COeJHHHTENs H ero yacrelf — 3HaK Ko-
AKCHAJbHOR JIHHHH, NpeaAcTapasiomuit coboli KPYyKOK C OTPe3KoM KacaTeabHOR,
napannefbHORd JHHHH 3JIEKTPHYECKON CBA3H H HanpaBJeHHOH B CTOPOHY CTPENKH HJH
poratku. Ecin e ¢ apyruMmu sneMentamu YCTPORCTBA WITHIPb H/AH THE30 COeqHHe-
Hbl KOAKCHAa/JbHHM KalbesieM, KacaTelbHyl0 NpOANeBAlOT H B APYTYl CTOPOHY (pHC,
96,6). CoeanHenHe KOPUyCa COGQHHHTENS M OMIETKH KOAKCHAJAbHOIO Kabeas ¢
OGLWHM NPOBOAOM (KOPNycoM) yCTPOACTBA MOKa3WBalOT npHcoelHHEHHeM K Kaca-
TeAbHOA (63 TOYKH) JHHHH S/JEKTPHYECKON CBA3H CO 3HAKOM KOpNnyca Ha KOHile
(puc, 96,8). -

Pa36opHue coeiuHeHHs ¢ MOMOIWLLIO BHHTA, 3aKHMA H T. M. 0603HAYANT HA CXe-
Max HeGOMbLIIHM KPyxKoM (puc. 97). 3TOT Ke CHMBOJA HCMOAL3YIOT H B TOM CIy-
4ae, eC/iH HeOGXONHMO NMOKA3aTh KOHTPOJALHYIO TOUKY.

[lepenava cureanos Ha NOABHXHHE yaIbi MEXaHHIMOB 4acTO OCYLIECTBAAETCA C
NOMOLUBK) COEAHHEHHH, COCTOALIEr0 H3 MOABHXKHOTO KOHTaKTa (ero u3o6paxaioT B
BH/le CTPeJKH) H TOKONPOBOISIIEN NOBEPXHOCTH, N0 KOTOPOA OH Ckoab3HT. Ecnu 3ta
MOBEPXHOCTL JIHHEHHAH, €e TNOKa3bBAIOT OTPE3KOM NpAMOR JHHHH C BHBOJOM B
BHAE OTBETBJIEHHA Y OJHOMO H3 KOHUOB (pHc. 98,a), a ecan KOAbUEBAS WAH HH-
JIHHJDHYECKAs — OKpYxKHOCTbIO (pHe. 98,6).

Pasbemunie coenHHHTeNH OGHYHO CONEPXKAT HECKOABKO wreiped W rHesx. [pm-
HaJJIEXKHOCTD HX K MHOTOKOHTAKTHOMY COEAHHHTENI0 MOKa3uBaloT Ha cXxeMax JH-
HHEHl MEeXaHHYeCKON CBA3H W HyMepauHefi B COOTBETCTBHH ¢ HyMepallHeli KOHTAKTOB
Ha camux coenunuteasnx (puc. 99,a). Ilpw H3o6GpakenuH wTHpefd H rHe3sn B Pa3HbIX
MeCcTax CXeMbl HM NPHCBAHBAOT NO3HUHOHHbIE OGO3HAYCHHH, COCTOAILHE H3 TIO3HIH-
OHHOTO 0603HAUEHHS MHOTOKOHTAKTHOTO COGAHHHTENAR H HX NOPAAKOBOrO HOMepa
(pue. 99.6: wreipn XPL.1, XP1.2 u XP13 npmuannexar sunke XP1).

Ias ynpowenus rpaduueckux paboT CTaHAapT /ONMycKaer 3aMeHAThH 0B03Ha-
HeHHe KOHTAKTOB PO3€TOK H BHJIOK MHOrOKOHTAKTHBIX COeJHHHTeJeil HeBOJblIIHMH
TPOHYMEPOBAHHHIMH [PAMOYrOJAbHHKAMH € COOTBETCTBYIOLIHMH CHMBOJAMH (rHe3na
HAH WTHps) Hafl HHMH (pHc. 99.8). PacnonoxeHHe KOHTZKTOB B CHMBOJAX pa3b-
EMHHX COeAHHHTeNeldl MOXKeT OuTh MOOGHM — 3/eCh BCe OMpPefeaseTcd HauepTaHHeM
CXEMBI; HEHCNOAb3yeMble KOHTAKTH HA CxeMax JOMNycKaeTcs He MOKa3wBaTh (37O,
KCTAaTH, OTHOCHTCA H K KOHTaKTaM peJe).

Bce ckaszauHoe O MHOrOKOHTAKTHBIX BHJKaX H PO3eTKaX MOJHOCTBIO OTHOCHTCH
H K 0603HaYeHHAM paibeMHHX COeAHHHTEdeRt, H3O6PaMeHHWX B COCTHKOBAHHOM
Bige (puc. 100,a). B uenax ewe Goawuiero ynpoweHus rpaduyeckux pabor craH-
AapT aonyckaetT 0603Ha"aTh MHOrOKOHTAKTHBIA COBAHHHTEAL OAHHM NPSMOYTOABHHKOM
¢ COOTBETCTBYIOUIHM HHC/IOM JHHHH 3/M€KTPHYECKOH CBA3M H HyMepauHedr (pHc.
100,6).

las koMwyTauuH peaxo nepeksiouaeMuix ueneft (lenuTesed HanpsKeHHs ¢
noAGOpUbLIMH  3/eMeHTaMH Iley,” NePBHUHLIX O6MOTOK TpaHcdOpMaTopoB CceTeBoro
MHTaHHA H T. N.) B pajiHoannapatype NPHMEHAIOT NMepeMuukd W Betasku. [lepembiu-
Ky, MpeaHasHaueHHYI0 AJs 3aMBIKAHHA HJIH Da3MbiKaHus wend, o603HAYAOT OTpe3-
KOM JIHHHH € CHMBOJIaMH Pa3BeMHOro COeJHHeHHs Ha Kouuax (puc. 101,a), aas
nepekaiouenns — [1-o6pashoii cko6oii (puc. 101,6). Hanuuwe ua nepeMbiuKe KOHT
POJBLHOrO THE3/la MAH WTHPA MOKA3KBAOT COOTBETCTBYIOWHM cHMBoaoM (pHc. 101a).

Ipu wn306paxenHH BCTaBOK-NMepekJlodartesned, obecieqHpaoIUKX. 60aee CAOKHYIO
KOMMYTAUHIO, NOJL3YIOTCH crnoco6oM, ONHCaHHHIM paHee AAA nepekaiodarteneft. Tak,
BCTaBK4, NOKa3aHHafa Ha pHc. 101,2, B nonokeHwH | coeHHACT CBOHMH 3aMblKaTeNAMH
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rie3sa 1 W 2, 3 u 4, B nosoxendn 2 —rue3na 2 u 3, 1 u 4, B8 nofoKennn 3 — rHes-
Aa2wud 1u3

B renedonnoii ¥ GuTOBOR baaroannapatype NPHMEHSIOT COEAHHHTENH, BHIIOJ-
HAWIUHE OJHOBpeMeNHO (YHKUHH BHKAKYaTeNedl ® nepexaouatenefi. Buaky rakoro
COENIHHHTEAA O0603HAYAIOT COOTBETCTBYIOULMM YHCJAOM YTOJUICHHBIX NHHHA  pasHOf
aauHbt (pue. 102,@), THe3N0 — NPAMOYrOJbLHHKOM € 33ayepHEHHBIMA KPasiMH H pacho-
NOXEHHLIMH NapajfelbHO ero BWBOAY CHMBOJAMH KOHT2xkTOB (puc. 102,6). Ilpn cTh-
KOBKEe YacTeii TaKOro COEJHHHTENA-KOMMYTAaTOPa KOHTAKXT BHJKH, 0603HaueHHHHA KO-
POTKO# JIHHHEH, COeHHACTCH ¢ IHE3J0M, CAeAYIOWHA (10 AMHHE) — C NOABHKHHEIM
KOHTaKTOM B BHIE KOpOMBICAA, KPIOHOK KOTOpOro pacnoaoxeH GanKe K CHMBOJY
riesna M 7. 4. [loa AefAcTBHEM BHJKH NOJABHKHBE KOHTaKTH OTrH6AlOTCA B pasHHe
CTOPOHH H COGAHHAKTCA HAH Pa3LEAHHRIOTCA ¢ HEMoABIAHMMH (puc. 102,6). Has
Gosbluel HArAAAHCCTH NOJABHMHHE KOHTAKTH TAKHX THe31 H3006pa)alr yTOJALEHHH
MH JIHHHSIMH C MHDHBLIMH TOYKAMH B MecTax MpPHCOeJHHEHHS BLIBOOB.

SJIEKTPOBAKYYMHDBIE TTPHBOPHI

INeKTPORAKYYMHBIMH Ha3hBalOT MPHOOpPH, I1eACTBHE KOTOPHX OCHOBaHO
Ha HMCNONL3OBAWHM >MEKTPHYECKHX sABAeHHH B  Bakyyme. Ycrawosaewsan T'OCT
2.731—81 cucrema yea0BHHX rpaduyeckux 0603HaYeHHA 3JEKTPOBAaKYYMHBIX IIDH-
60poB NOCTPOEHAa MOXIEMEHTHHIM crnoco6oM. B Kadectse 6a3oBbiX 3/1EMEHTOB (1pPH-
HATH o603HayeHus Ga/JiOHA, HHTH Hakaaa (mozorpesaTens), KaTojld, CeTKH, aHO-
na H Apyr#x siekTpoaoB (eM. puc. 21 w 22). HMcnonsays 3TH Ga3oBHe CHMBOJH,
MOXHO H306pasdTbh Ha cxeme Ji06ofi sneKkTpoBakyyMuuf npu6op, xakum GObl CAOXK-
HbHIM OH HH Obla.

B ortasyne OT 3J4eKTPOHHHIX, B 06ajnoHaX HOHHBIX, HJ/IH, HHaye, ra3opas’pslHbiX
npHGOpPOB HMeeTcsl KaKof-1H6O ras, Haxo/AllHHACA T0A HeGONbIUHM 1aBJeHHEM. B
3THx npubopax NpPH TPOXOXKAEHHH TOKa uYeped ras B  3JIEKTPHUECKHX Mpoueccax
YY4CTBYIOT He TOMLKO 3J]EKTPOHBl, HO M HWOHB, MOJAY4YaiOLIHECH BCAEICTBHE HOHH-
3allMH ra3a. M3 cka3aHHOro sCHO, 4TO ANA COXPAHEHHA BaKyyMa HIH pa3pexeHHOoro
raza 6aJoH 3JMEKTPOBAKYYMHoro fpu6opa gomkeH OwTh repMeTHunbM. [loaas-
JASIOWEe YHCAO 3NeKTPOBAKYYMHHWX TNpHOOPOB HMeeT CTeKJAHHH 6an10H, HO OH
MOMeT OuTb H MeTaJJIHYECKHM, KepaMHYeCKHM, METa/lJIOKepaMHYeCKHM H T. J.

HesaBHcHMO OT KOHCTPYKuMH 6aifoHA B YCIOBHOM 0603HaueHHH OONbUIHHCT-
Pa 3NeKTPOBAKYYMHHX npHGopoB Gannod H3o6paxkaloT B BHAE Kpyra, oBajla HJH
(a7% cA0KHBIX KOMOGHHHPOBaHHHX NpPHOOPOB) KBAAPaTa CO CKDYMAEHHLIMH YraaMu
(puc. 103). Hannuse raza s Ganione ra3opaspaauniXx NpHGOpPOs MOKA3bBAKT TOUKOH
BHYTPH CHMBOJA.

B 0603HAYEHHSX 3JCKTPOHHO-AYYCBHX NPHOOPOB (oCUHATOrpaHuEcKHX Tpy6OK,
KHHECKOMOB, Nepeaaiollidx TPyGOK H T. N.) CHMBOAW Ga/sioHa YNPOWEHHO BOCMPOH3-
BOIAT HX BHellHHe odepTanua (puc. 104). Takue oGo3HadenHsa AOBOALHO CJAOXKHH
B HAYEPTAHHH M FPOMO3AKH, HO npw Apyroii ¢dopMe cuMBoJa 6alnOHA TPYAHO 6u10
6bl MpeiICcTaBHTL MPHHUHN PaGOTH 3JEKTPOHHO-/yueBOTO npubopa, 37eKTPOAH KO-
TOPOTO PacnooMeHsb B OMNPEAeNeHHON NOCAeLOBATCALHOCTH B y3Ko# wacTH GajaoHa.

B HeKOTOPLIX 3JCKTPOHHBIX /1aMNax BHYTPEHHSS MNoBepxHoCTh 6anicHa NOXpH-
Ta 3JEKTPONPOBOISIIHM CJ0eM, Ha3HayeHHe  KOTOPOrO - MPElOXPaHlTh JaMmy OT
BO3/eACTBHA BHELIHHX 3JEKTPHYECKHX MOoJAeR W, Hao6OopoT, KpanHpoOBaThL ee cob-
creenHue noas. Takofi skpaw 0603WauaoT IWTPHXOBOR AYrofi B NpaBOfl HHMXKHeR
yacTH cumsona Oannoma (puc. 105,a). HapykHuit skpan (06bubo cbheMHblH) #306-
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Puc. 103 Puc. 104

pakaT TakkuM e OGPasoM, HO 3a npelesaMH o0603Havenns Gaaaona (pre. 105,6),
a CCOM SKPAHOM CNYKHT CaM Merannwveckuii Ga/ioH HAH CIOf MeTalna, HaHecen-
HbIfl Ha NOBEDNHOCThL CTEKJAAHHOrO 6anioHa, TO 3TO MNOKA3bLBAT OPBOLOM OT ca-
Moro cuwBoaa (puc. 105,6). Buyrpennnit pasleinTe/bHBIA 3KpaH KOMGHHHPOBaH-
HBIX 3/IEKTPOHHBIX NPHEOPOB, COCTORUIHX H3 HECKOJBKHX CAMOCTOATE bHBLX MNpHGO-
poB, H306paKalOT WTPHXOBOH JHHHEH, padlensiollell VCIOBHME O603HAUEHHA COOT-
BETCTBYIOLIHX TPYNN saekTporos (puc. 105.2).

B npocrefimem snexktponHoM npuSope — amMode — BCero ABa 3JeKTPOJAA:
Katol H anod. OHH HMEITCA B J060M 3JEKTPOBAKYYMHOM NpHOOPC H CayXaT AR
HCIYCKaHHA (IMHTTHPOBaHHA)  3JEKTPOHOB (KaTod) H coGhpanus HX (aHoa). B
NEPBHIX paqKONaMilax KaToIOM CAYXHJIAa TOHKan BoabdpamoBas NPOBOJOKA, pac-
KajJeHHas TOKOM jJo6ena. Takod KaToj, Ha3niBaeMHA elle HHTbIO HaKana HJH KaTo-
LOM NPAMOro HaKana, HOMOJB3YETCA H B HEKOTOPHIX COBPEMEeHHBX JaMnax, HO €ro
pabodasi TeMnepaTypa 3HauHTENbHO HHXKe, YeM B NepBuiX pajnoaamnax. Kowerpyk-
THBHO K4ToAd NPAMOrO Hakajla — NPAMOJHHEHHAR HHTb, NpHBapeHsas K AepiKarte-
JAM, CAYKAWHM AJMA NOABEIeHHA TOoKa K Heh. On MoxeT ObiTh BBIIOMHEH TaKke
B BHIe NnepeBepHyTHX naTHHCkHX 6ykB V, W, npoctoil uaH ABOMHOH chMpaad H T. A
HesaBHCHMO OT 3TOr0 ero H300pa’aioT AYXKOA B HHXHeHd vacTH owMsona Gaano-
Ha (puc. 106).

Ka'ronu ﬂpﬂMD]‘O HaKaJaa Xopoluo pHGO’TBTOT TOJABKO npH MOHTAHHH HX N0OC-
TOAHHHM TOKOM. [le0 B TOM, YTO KOJHYECTBO HCTYCKAGMBIX KaTOAOM 3JEKTPOHOB
B OdYeHb OONBLUIOA CTENEHH 3aBHCHT OT ero TemnepaType. M ecow Takoit xatox
NHTaTh NepeMeHHBM TOKOM, Koropuii 100 pa3 B cexymiay AOCTHraeT MaKCHMajbHO-
TO 3HAYeHHHA H CTOJBKO K¢ Pa3 YMeHbIU3aeTcs AC HYJAS, TOK B aHOAHON LenH Takke

a) é) 8) e) : n
Puc. 105 Prc, 106
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6yler NepHOTHYECKH H3IMEHATLCH, B pe3yabTaTe 4Yero HopMaabias paboTa JaMniel
6yumer Hapywesa, [1osTOMy B 3JeKTPOHHHX JaMnax c NHTAHHEM OT NEPEMEHHOTO
TOKa NMPHMEHAIOT NOLOrpeBHbHe KaToiW. HHTL Hakana B 3TOM caydae CAYKHT TOJb-
KO AJd NOAOPpeBa KaToAda, KOTOPWH OOHYHO — TUIATCALHO OT HEE H3OTHPYIOT M
cHabKalT OTJaeNbHNM BuiBoloM, Maccy Takoro Karoja BuOHPalOT 10CTaTo4HO 60Jib-
wof, 4To6W OH He YCneBasJ 3aMeTHO OCTHBATL B Té MOMENTH, KOPAa TOK YMEHb-
1aeTca A0 Hyaf.

Ycnonhoe o6osiaucHue NoAorpeBHoro KaTofla  (KaTolda KOCBEHHOTO HaKaJa)
COCTOHT M3 JABYX CHMBOJOB: NOJOTpeBaTelis, H306paKaemMoro Tak e, Kak H KaTol
npAMORO0 Hakana, H co6CTBenHo Katolda, ofo3HauaeMoro AyKKoH ¢ munHeR-BHBO-
J0M, NapaljensHol BuBo1aM nojgorpesatens (puc. 107,a).

KoMOusnpoBankbie JaMIikl, COCTOAlHe H3 JABYX, Tpex H Gojee CaMOCTOATENb-
HHIX 3ACKTPOHHHX NPHGOPOB, MOrYT HMEThb Kak OOLLHA, TaK H pasfeibHble KaTOdH.
Oraenbibie YacTH TakoH JaMnbl HEPEAKO HCMOJB3YIOT B PASHHX YyacTKax TPakTa
paanoannapata. 3T0 NPHXOIHTCH YYHTHIBATH NPH COCTABJOHHH CxeMH H H3obpa-
KaTh MX B PasHhHX, HHOLA4 AaJeKo OTCTOSWMX OXAO OT Apyroro MectaX. Yrolus
fié CNyTaTh HacTH KOMGHHHDOBAHHOA JaMNH C ADYTHMH SJEKTPOHHHIMH npHGOpaMH,
ee GannoH BHMEPYHBAIOT HemoauocTbio. [lpH 3TOM, ecii B KOMGHHHPOBaHHON JaM-
ne OJHH mojonpeBaTeab, obulHiA And BceX Kartoaos, ero H306paaloT TOJAbKO Ha
OJHOM H3 YacTHuHHIX cumBojos (pue. 107,6), ecaH e JABe HacTH JaMNh HMeOT
OOLEHI KaTod, TO NOCTYNaloT, Kak noxasato #a puc. 107.8.

YcnosHoe o6Go3HauenHe XONOAHHX KATOAOB CTaGHAHTPOHOB, THPAaTPOHOB H TO-
MY NOLOGHHX MPHGOPOB (3MHCCHS 3JEKTPOHOB H3 TAKOTO XaTOAa NPOHCXOLHT MNOJ
AefiCTBHEM CBeTa, paJHalWHH HJH HOHOB  Ta3a) — He3auepHeHHHfi KPYyMok (pHC.
108,a).

B HeoHOBHX JaMmax (HX HCHOJB3YIOT B KayeCTBE CHFH2JbHHX) M HEKOTOPHX
JPYTHX HOHHWX NpHOOpax HMEIOTCA [ABa 3JMEKTpoda, KoTophwe npd pabote B IeNfx
NepeMeHHOro TOKa MOryT NONepeMeHHO BHNOJAHATE (YHKUWH aHOJa H  XOJOJHOTO
KaToaa (B 3aBHCHMOCTH OT HanpaBieHHA TOKa). TakHe KOMOHHUDOBAHHDIE 3J€KT-
pPoAN 0603Ha4aj0T CHMBOJOM, COBMELIAOMIHM B cebe 0603HAYEHHS XOJIOAHOTO Ka-
Toga H akoga (puc. 108,6).

Ho Bepuemcs k ABYXsJieKTpoaHOMy nphGopy — auoay. Ero ocwosHoe cpofi-
CTBO — OJHOCTOPOHHAA NPOBOAHMOCTE — OMpefe]seT H OCHOBHYK o6aacTb TNpH-
MEeHEeHHf: BHIPAMJIEHHe MNepPeMeHHOro TOKa, JAEeTeKTHPOBaHHe MOAYJHPOBAHHHIX KO-
ae6anui. Ho aas Toro 4rtobw, Hanpumep, caaGbifi NPOJETEKTHPOBAHHBIA CHrHan
MOXHO OBIO YCIHIIATL H3 NPOMKOrOBOPHTENA, €ro Heo6XOJHMO BO MHOTO pas YCH-
autb. Tlpocrefiumi 'ym.rimnbuuﬁ npubop — TpHOML, KpOMe KaTofa M aHoaa, cO-
JEPHHT 37eKTPOJ, YNpaBAsiOiHA AHOAHWM TOKOM — Yynpasisiomywo ceTky. B cos-
peMeHHHX PajHoJaMnmax ee ualle BCeno BHOOJHAKT B BHJE IHAHHADHUECKOH WJTH
SJMMMICOBHEAON CNHPAJH, BHTKH KOTOPOH /sl COXpaHeRHs (OpMbl MPHBApEHH K

)

Purc. 107
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depxareasim — TpaBepcaM. TpaBepcH HCMOMB3YIOT TAKKE B K4UeCTBe BHBOAOB
CETKH.

VYeaosuoe rpadudeckoe ofosHayeHHe CeTKH — TPH KOPOTKHX IITPHXA (cMm. pue.
22,8, 2). B cuMBOJax KOMGHHHDOBAHHHIX JaMI, TAe MeCTO .OrPaHH4eHO, 4HCIO0
WTPHXOB yMeHbluaT A0 ABYX (pmec. 109).

TpHOAW HAWJH O4eHL IUHPOKOe NpHMeHeHie B pamnoTexnuke. Hx Henosbsylor
ANA yOHJMEHHA KoJieOamui 3BYKOBOH 4acTOTh, TeHEPHPOBAHHA PaAHOHACTOTHHIX CHI-
HanoB. [IpHMeEHAIOT TPHOAH M AJS YOHVEHHS PaJHOuacTOTHHIX KoseGanui —(BNJIOTH ™
10 YKB), HO npH STOM NPHXOAMTCH HPHHHMATH CleUHaJbHble Mephl, HefiTpasuayio-
IlHe HEIO0CTATKH TPHOL0B, HawGolee  CylleCTBeHHHM H3 KOTODHX #ABAAETCA €M-
KOCTb MEXJY aHOA0M H YNpaBisiolledi ceTkoi. IT1a eMKOCTb, NOJYYHBIIAA Hassa-
HHE MpOXoAHOM, 0COGEHHO CKa3WBAETCH Ha paboTe TpPHO/Aa NPH YCHJEHHH pajMO-
4acTOTHBX CHrHaaoB. [Ns HHX MPOXOAHAs eMKOCTh mNpeacTaBiser coGoi Heboab-
IOE eMKOCTHOe CONMDOTHBJEHHE, Yepe3 KOTOpOe HacTh YCHJEHHOro JaMmo#d paiwo-
YaCTOTHOrO HaNpAKewHs CHOBAa MoNalaer HAa ynpasisiomywo cetky. B pesyavtare
NefiCTBHA TaKOM CBA3H YCHJAMTENbHbIA Kackaj Ha TpHOJAe MOXeT Jaxe CaMoOBO3-

GYJHTBCH. -
Ot storo HeAOCTaTKa CBOGOJHBI  HeTHLIPEX3]EKTPOLHHE JaMnel — TEeTPOAH
(Terpa — no-rpedeckH dYeTHpe), Y KOTOPHX MEXAy ynpasasolled CeTKOH M aHo-

10M moMelneHa eile oasa cerka (pue. 110,a). Ha nee, kak n Ha aHol, nojawT fio-
JNIOKHTENbHOE HaNnpsiXeHHe H, KpoMe TOro, COEIMHAIT ee 4Yepe3 6/10KHPOBOYHBIH
KOHIeHCAaTop ¢ OGLIHM MPOBOAOM YCTpoficTBa (MHHyCOM HCTOuHHKA nutaus). [Ipu
TAKOM BKJIOYEHHH [ONOJHHTEIbHAS CETKA CTAHOBHTCH 3/EKTPOCTATHYECKHM 3KPaHOM
MeX]y ynpaBisioulefi CeTKOR H aHOJOM, NO3TOMY EMKOCThb MEeWAy HHMH pe3ko
yMeHbluaeTcd. 3Ta ceTKa NOAY4HJIa Ha3BaHHe SKPaHHPYIOLLed. ’

OZHAKO HalHYHe SKPAHHPYWOLlEH CeTKH, ecid He NPHHATL INOMOJHHTE]bHHIX Mep,
pesko yxyallaer XapaKTEePHCTHKH JaMNbl H3-332 NPOABJEHHA Tak HA3LBaeMoro IH-
HaTpoHHoro 3s@dexra, npHuHHa KOTOPOro — BO BTODHUHHX 3/1EKTPOHAX, BLHGHTHIX
H3 aHO0J1a S9JeKTPOHAMH, JETHIIHMH C NOoBepXHocTH Karoja. ITocKouibKY 3SKpPaHHpYiO-
mas cerxa, kak H aHOA, HaAXOMWTCH NOJA TMOJOXKHTEJbHBM NOTEHUHAIOM, BTOpHY-
HHe S/eKTPOHH MNPHTACHBAIOTCA €0 M CO3AAI0T TOK, YMeHbLUAIOWHA TOK aHoAa.
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3TOT HENOCTATOK TeTPOAOB YCTPAHSIOT pasHHMH NyTamu, Oaun w3 HHX — BBee-
HHe MeXy 3Kpanupywouledi ceTkofl M aHoAOM elle oanofi ceTkw — 3amuTHoil. Ee
AeNajoT OUYeHb PEAKOA M COSAMHAIOT C KaTtoaoMm, DBnarosaps sToMy BTOpHuHBIE
3/IEKTPOHH OTTAJAKHBAIOTCA €10 H BO3BPAWANTCH HA aHOA. SICKTPOHHYI JaMny ¢

TPeMA CETKAMH Ha3HBAlOT MeNTOAOM (NeHTa — NO-rPeuecKH NATh), a o6o3HavawT,
KaK nokasauo Ha puc. 110,6.
Bropoii cnocof yerpaHenus AHHATPOHHOTO 3(deKTa — 3TO BBeJeHHE B JaMIy

SKPAHHPYIOILHX 3JCKTPOAOB, COCJAHHEHHBIX C KAaTOLOM, W INpiMeHeHHe ocoObIX KOH-
CTPYKUHIT H pacnonoxenWs CaMHX ceToK. B TakoM Terpoje 371eKTPOHH JETHAT OT
KaToaa K asoay nyukamyu (Ny9amH), NOITOMY H HAa3WBAKT ero JyuesmM, Jlyueob-
Pa3s’yOUIHe NAACTHHH 0003HAYalOT HAKNOHHHMH  YEPTOYKAMH, HATNpaBIeHHBIMH K
aHOay, W COCAHHAWOT ¢ CHMBONOM KaToja BuyTpx OGaanona (puc. 110,8).

“B’ paanoTexnuke NPHMEHAIOT H GoJiee CAOXMHble 3/EKTPOHHBIE JaMIBL, COJEpKa-
ulHe 4eThipe, NATL M jAame wWecTh cerok (puc. 110,e—e¢). [To obiulemy unAciay 3neKT-
POAOB HX HA3bLIBAKT reKCONAaMH (rekca — ecThb), reirrodaMH (renta — ceMb) H
okTOofaMH (OKTa — Bocemb), B MIlOroceTodyHHX Jamnax, Hanpumep npeoGpasosa-
TeNbHBIX, MOKeT OuThb He odHa, a [Be YNPABAAKLUIHE, ABe 3KPAHHDYIOUIHE CeTKH.

OGo3nauenHs 3/CKTPOHHLIX NaMI COCTONT M3 uudp u Oyks. [lepsmii saeMent
ofo3nauenys — uUHppa — OKPYIVIEHHO YKa3bBaeT HalpskKeHHe Hakana nojorpe-
BaTens HWAM KaTola NPAMOrO Hakala (Hanpumep, uHdpa 6 obosnavaer 63 B).
Bropoii snement — GykBa — XapakTepuayer T namns: A — renveq; C — Tpu-
oa; I1 — spuixoamoi nentos wam ayweson Terpoa; K w K — neutoaw aas yeu-
JIeHAd PaAHOYACTOTHHX CHPHaA0B K T. 1.  TpeTHii siemeHT — TOoXe uMbpa —
0603HaYaeT NOPAAKOBLIA HOMEP Da3paloTKH JaMIH JAaHHOro THNA, O3BOJReT pa3-
JAHYaTh oAHOTHAKbe Jaaune. Crosmas nocle 31oft UHGPH OyKBa XapakTepHayeT

KOHCTPYKTHBHOe wucnosHenwe Jjamnu: [ — naibuukoBas, T. €. UeJIbHOCTEK/IAHHAA
€O WTHPbKAMH, BLIXOAAUWKMH HEMOCPeICTBEHHO H3 CTEKJAHHHOro Axa Gaaaona; C —
CTeK/IAHHAA JlamMna C BOCBMHIUTHIPbKOBLIM (OKTaJbHBIM) uOKoadeMm; A, B — csepx-

MHHHATIOPHBE JlaMIbl C BHIBOTAMH H3 rHGKHX NPOBOLOB.
3nan 3Ty cHcTeMy oBOZHaueHHH, MOXHO, HAanpHMep, Cpa3y CKa3aTh, YTO JaM-
na 6)K52I1 — sro mentox ¢ wanpskeniem Hakana 6,3 B, noMmepoM paspaGortku

52, B naabunKkosoMm ucnonkesun; 6I145C — BHXOZHOA NEHTOA C TaKMM Ke Hamps-
HeHHeMm Hakajla, HOMepoM pa3paGoTkH 45, B CTEKNAHHOM GajiioHe HOPMAJbHHIX
ra6apHTHHX Pa3Mepos, -

OG6o3nauenne THNA 3/EKTPOHHONO OpHOOPa OOHUHO YKA3WBAlOT PALOM C NO3H-
UHOHHBIM  OykBenHO-UH(DPOBLM OOO3HaucHHeM (Hampumep, VL1 6I114I1, VL7
6KI3I1 u 1. a.).

Yeaopusie rpadmueckde 0003HAUEHHA — KOMGHHHDOBAMHHX 3NEKTPOHHHX J1aMM
(ABOAHKX AHONOB, TPHOZOB, TPHOR-TEHTOLOB, ABOAHHX JY4eBHX TETPOAOB # T. 1.)
CTPOAT C HCOONb3OBaHHEM CHMBOJIOB 0a/ioHa B BHAe Kpyra HAH OBana, BHITHAHY-
TOr0 B BEPTHKANbHOM HJId TrOPH3OHTAJbHOM Hanpasaewud (pwc. 111). B naspamuax
KOMGHHHDOBAHHBIX JIAMIl CJI0OBa «JABOHHOA® W <€TPOAHON®  OTHOCATCH K TEPMHHY,
caeayouleMy 3a HuMH. TaK, HaIBaHHe «IBOWHON AHOI-TPHOA» O3HAYAET, YTO JaM-
na COXepXHT 1ABa AHOAA W oakH TpuoA. [lnsm o6o3HayeHMs TakHX JaMN TakXke
MPHHATH onpelencHinie Oyksu: [ — TpHOI ¢ OAHMM HAM ABYMS AHO1aMH (LHOI-
TPHOI WM ABOAWOR awoA-Tpuod); H — nBodnoft Tpwon; @ — tpuop-neston; H —
TPHOA-TeKCOA HJH TPHOL-TenTol. ‘

BLiBOAM 37EKTPOLOB 37EKTPOBAKYYMHHX  NPHOOPOB BHIMOJHAIOT [O-PasSHOMY.
Y oam#tx oHM MOAMASHM K CNEUHAIBHOMY IOKOMIO, Yy APYTHX — K NPOBOJOYHEIM
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Puc. 112

Puc. 111

WITHPbKAM, BBIXOJALLKEM HENOCPEICTBEHHO H3 AHA CTeKAAHHoro G6annoHa, Yy TpeTh-
HX — K MwOKH#M NPoBOJIOYHHIM BuBOZaM. Ho B JwoboMm caydae mopafoK, B KOTOPOM
pacnofoxens BHBOAH, BNONHe onpefeieHHbifi. ECAH IITHPBKH pasMelleHbl N0 OK-
PYMKHOCTH (MaMNbl C OKTAJLHBIM LOKOJIEM, Majb¥HKOBHE # T. N.), TO CHET HM Ha-
YHHAETCA AHG0 OT CNelHaJBHONO K/ioua, JHOG0 OT YBEJIHYEHHOTO NPOMEMYTKA MEeX-
1y WTHPbKAMH B HANpPaBieHHH N0 YacoBOA cTpeake. Y CBEPXMHHHATIOPHBIX JaMIl
MpOBOMOYHBIE BHIBOJAM 4YacTO pacnojoXeHs B OAHOW Il1ockocTdH. B sToMm cayuyae
CYeT BHIBOAOB HawHHAIOT AWOO OT UBETHOH MeTKH, Aubp B HanpasaeHH} peabedHOR
CTpeJKH Ha NAOCKOH yacTH GaavioHa.

Has obneryenns OPHEHTHPOBKH B MOHTaXe paaHONpHGopa UH(PH, COOTBETCT-
BylolliHe HOMEPAaM WITHPLKOB HJH [POBONIOYHBIX BHBOLOB, YKa3HBAalOT BO3Je CHM-
BOJIOB 3/IEKTPOIOB HA TNPHHIHNHATBHHEIX CX€MaX H cxemax coelwuenHfi (pue. 112).

INeKTPOHHO-AyueBble DpHOOPH. Yc/oBHbe TpadHuyeckHe 0603HAYEHHA SJEKTPOH-
HO-/Ty4eBHX nPHOOPOB CYIICCTBEHHO OT/HYAWOTCH OT 00C3HAYeHHA 3/EeKTPOHHBIX H
HOHHBIX NPpHGopoB. OGWHMH y HHX RBAAIOTCA TOABKO CHMBOJH KaToda H TOAOrpe-
Batead. Bee ocranbnoe, HauwHas ¢ cuMmBosa 6aJsioHa, OTpaxKaeT creuwdHKy STOH
rpynns npu6opos.

HsoGpaxenne 6aanoHa 3aekTponHo-Aydesoit TpyGkn IJIT ynpoleswo Bocipo-
H3BOAHT ee dopmy (oM. puc. 104). I'paduueckoe o6oaHauenie NOIOTPEBHOTO KATO-
da MoMelaT B TOpue ero y3kod uacth (puc. 113,a), OCTanbHBIX 3J€KTPOAOB —
B Onpejenentofi (COOTBETCTBYIOLIEH peasbHOMY  pacnooxeHHio B npubGope) mno-
€Ae10BATENLHOCTH N0 06e CTOPOHBI OT OCH CHMMETPHH.

[Mepsuim nocae katoga H300pakaloT yYNpaB/AAIOUIHA 3JeKTPOL — MOAYAATOP,
C MOMOMLILI0 KOTOPOro (mogayed H3IMEHAIOWEroCcs OTPHIATENbHOr0 HanpsXKeHHs OTHO-
CHTEJbHO KaToZa) OCYUIeCTBAAeTCS YNpasjeHHe HHTeHOHBHOCTBIO 3JeKTPOHHOIO Jy-
ya, CHMBON MOAYJNATOpa HATIOMHHAEET Ero YCTPOACTBO B OCEBOM CEYEHHH — LH-
JHMHIDHYEOKHA CTaKaHUHK ¢ OTBepcTHeM B Ane (puc. 113,6).
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PHc. 113 .

3a MO1yJAATOPOM DPAacloJONEHH YCKOPAIOUIHA K DOKYCHPYIOUME  3]1eKTPOLH,
HAa3HBAaEMHE TakxKe awouamu (coorBercrsenno 1-f u 2-f). K uuM noaeogsar paa-
HElE M0 JHAYCHHIO MNOJOKHTebHbE HANDAKEHHA, B pe3yabTaTe 4ero npu onpete-
MICHHOM HX COOTHOLIEHWH MOTOK 3JEKTPOHOB GoKycHpyercs Ha skpane IJIT B ya-
KHA nydok (ayu). CHMBONM 3THX 3J€KTPOAOB HANOMHHAIOT OGOGHAYEHME CETOK
SMCKTPOHHLWX J1aMM, OAHAKO B OTJHYHE OT HHX COCTOST H3 ABYX WITPHXOB, K OIHO-
MY H3 KOTODWIX NpHCOeAHHeHa IuHHA-BuBOA (puc. 113,8). Hwmeoumfics 8 uekoro-
pux IJIT 3-fi awon H306pakKalOT ABYMA DACXONSILHMHCH AHHHAMH B «pacTpyGe»
caMBoNa Gannona (puc. 113.2).

DOKYCHPOBKY C NOMOMIBbI0 (POKYCHPYIOLIHX 3J€KTPOAOB HA3MBAIOT SMeKTpocTa-
THYECKOR B OT/IHUHE OT MarHHTHOM H 3)eKTPOMarHHTHOH, NPH KOTOPHIX TONO Xe
pesysbTaTta A0GHBAIOTCA NPHMEHEHHEM MOCTOAHHHX MAarHHTOB MAH 3JeKTPOMATHH-
ToB. CHMBOAW (OKYCHPYIOWEro NOCTOMMHOrO MariuTa  (cBeTnas NPAMOYTOIBHAA
CKOGa) HAH 3NEKTPOMATHHTA (KAaTylrka H3 TPeX NOJYOKPYKHOCTeH) MOMelaoT 3a
NpeliesaMi cHMBOAA 6anj0HA, HANPOTHB TOrO MecTa, Iie NPH 3JeKTPOCTATHUYECKORH
doxycHponke H306paxaloT (OKyCHpYIOlLHe anekTpolns (puc. 113,89, e).

Ilns OTKNOHEHHS 3JEKTPOHHONO /Nyda B TFOPHIOHTAMBHOM H BEPTHKANLHOM Ha-
nNpabienisx B ocunanorpapudecknx IJIT ofbIYHO HCMOAB3YIOT ABE NMapH NAACTHH
(HX Ha3LBAIT OTKAOHAIOWHMH), DACNOJOKeHHHE MEPNENAHKYIAPHO OaHA Apyrofi

- 32 POKYCHPYIOWHMH SNeKTPOLAMH. 316Ch HCIOJB3YeTCH CBOACTBO 31EKTPOHOB IIpH-
TATHBATLCH K MOJIOKHTENLHO 3aPSIKEHHBIM TeJaM H OTTAJKHBATBLCA OT 3apPSKEHHHX
orpHuareasHo. Ilps nogase Ha OAHY napy nAacTHH  KaKoro-aubo MOCTOAHHOID
HANPAMKEHHA 3MCKTPOHHHA Jyd OTKJIOHASTCA B CTOPOHY NJIaCTHHBL, 3apAMHKEHHOI
NMOJOKHTEALHO N0 OTHOWeHHIO K Apyrod. Ecaum e k naactwuam nofmeseno mepe-
MEHHOE HAnpsIKeHHe, JyY HOMPEPHBHO OTKJAOHAETCA OT OAHOM NAACTHHM K apyrof
W Ha 3kpauwe 3IJIT npouepumsaercs mnpamas auuua. To e camoe NPOHCXO-
AHT € Jy90M H NpH nolaye OTKIOHSAIOWETO HANPAXEHHS Ha BTOpylo na-
Py naacTHH. B pesyabtate aneKTPOHHBE Jyd MOXHO OTK/JOHHTH B Mobyr
TOYKY SKpaHa.
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CHMBOJIH OTKJAOHAIOIHX MJACTHH OYeHbL MOXOXKH Ha OOGO3HAYEHHA KOHj1eHca-
TOPOB MOCTOSHHOA EMKOCTH, TOJIKO OOKJAaAKH Y HHX KOpOd4e H OTCTOAT oaHa oOT
Jpyrofi HeckonbKo gansie (phc. 113,2¢).

B npHeMHBIX TENeBH3HOHHHX TPYOKaX — KHHECKONMaX — HCMOJL3YIOT 3JeKTpo-
MarHHTHOE OTKJONEHHE J/y4a € NOMOIILI0 ABYX Nap KaTylleK (CTPOYHBIX H Kall-
pOBHX), MOMEIAGMBIX Ha ropioBHHe TPYOKH. [Ipx nmpoxoacienuyu wepea 3TH Kartyul-
KH OTKJOHAKUIHX TOKOB nHJ0o06Gpa3zwoit dopunt B nopioshxe TPYOkH cosnaloTca
B3AHMHO NEPNeHIUKYJIADHHE MariHTHBE 108, KOTOPHe H OTKAOHAKT 3JIeKTPOoHHLHA
JV4 B FOPH3OHTAJILHOM H BEPTHKAAbHOM Hanpasiesusx. KanpoBwe W CTpogHHe kKa-
TVIIKH TaKOH OTKJAOHHIOWECH OCHCTEMB 0003HAYAIOT 0IWHAKOBO — B BHIE KaTywWwek
H3 ABYX NOJyOKpYKHOCTEH, pacmosaraeMblx HanpoTus Toro Mecta, rae 3 IJIT ¢
3/eKTPOCTATHYEOKHM OTKJOHEHHEM Jyya H300paxawT  OTKAOHAWLIHE IIaCTHHH
(puc. 113,3).

B kauecrTse npuMepa NOCTPOSHHA YCJOBHLIX Tpadudeckix O0603HaueHHR 3/€KT-
poHHO-TyYeBuX npubopoB Ha puc. 1140 nokasano o6o3HaueHHe THIHYHOrO YepHO-
6e10T0 KHHECKONa ¢ 3JeKTPOCTATHYECKOA (OKYCHPOBKOR M 3MSKTPOMATHHTHHIM OT-
kaoHeHHeM Jyua. OGo3nadedHe WLBETHOrO KHHECKONA, coaepKallero TPORHOA xoMn-
JeKT TMOLOTPEBHEIX KATOLOB, MOIYJATOPOB H YCKODSWWIEX 3/E€KTPOLOB, CTPOAT aHa-
JOTHYHO, YBenMums cHMBosn 06ajiioHa A0 HykHoro pasmepa (pue. 114,6).

Hontbie nprbopbl, Kak, BOpOYeM, H 3JCKTPOHHBE JaMMW, € KaXIuM TOIOM
NPHMEHSIOT BCe peke, IOSTOMY KOPOTKO OCTAHOBHMCH JHWIL HA HEKOTOPHIX M3 HHX.

Ilas BHayaaphoRt uHIAKauuH uxdpoBoil H OyKBeHHOR MWHGOPMAUHH HOMOABIY-
0T HHIHKATOPHHIE JAMNH TJelollero pa3psia. Hx KaTonw, Hmeolime BHI1 3HaKa
WIH CHMBOJA, pacrolOKeHH B HanoAHGHHOM HeoHOM O0asjoHe OIMH 33 APYrHM
(makeToMm), @ aHo] BHIOVIHEH B BHAe TOHKOH CeTKH, He Metllawollefi Habal0leRHI0
3HakoB. PopMa XaTojoB H HX pa3Mepn BHOpaHH Tak, uyToOH undpu H OYKBH,
(aclOOKeHHBIE C331H, NePeKPLBagHCh B  MHHHMAJAbHOH crenend, [lpu nosase
HanpaKeHHss MeAdly aHOAOM H aubpanﬂum c ﬂOMdlllblO' CNeuHaAbHOTO 3JIEKTPOHHO-
ro KOMMYTATOpPa KaTOAOM BOKPYI KaTola BO3HHKAeT TJEIOUIHA pa3psi, CBeueHuHe
KOTOPONO MOBTOpAET GOpMYy KaToxaa. *

Yenosuoe o6o3HaueHde uHGBPOBOrO HHAHKATOPA TJEWOLIEro paspsaia COCTOWT ¥3
cumBosa OGansoHa uOHHOrO npHGOpa OBaJbHOR (QOpMH, CHMBOJA aHola M Hec-
KOMBKHX CHMBOJIOB KaTOJOB, pPAZOM C KOTOPHIMH YKasdaHhl HHIHUHDYeMbie HMH
undpu (puc. 115). B uensx ynpoueHws aonyckaetcs H3obpamkaTh He BCe KaTOAM,
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Puc. 115 Puc. 116

a TOJbKO MepBHe /JBa H MOCACIHHA, 3aMEHAA OTCYTCTBYIOLUIHE WITPHXOBOR JHHHeR (OHa
B Mo1obuOM caydae 06O3Ha4aeT TO Ke, YTO H BHIPa)eHwe «H T. A.»).

B doroscnuiwkax, WHPOKD HCMOJIb3YEMBIX TNPH (OTOTPapHPOBAWHH B YCAOBHAX
HEJOCTATOYHON OCBEIIEHHOCTH, NPHMEHAOT  rasopa3pAXHbe HMINYJAbCHHE JaMIH,
YcnosHble 0603HaueHHA TakHX NpHGOPOB CTPOAT H3 cHMBOJOB OaijoHa, aHoda, Xo-
JOOHOrO KaTtona (HAH KOMOHHHDOBAHHOIO 3/€KTPOla, KaK B HeOHOBOR Jamne —
cMm. puc. 108,6) u nolxHrawilero 3aeKTpola (AMHHA C H3JTOMOM Ha Kowue). Kpo-
Meé TOro, B UEHTPe CHMBOJa 6annoHa NOMEWAOT 3HAK CNeKTpa H3nyYesus (BHIH-

MOe H3nyuenswe — DPAMOA KPecTHK), a CcnpaBa OT HEro — OOHY, ABe HAH TPH
TOYKH, OGO3HAYAIOUIHe B AAHHOM CJyyae He TOJbKO ra3oBoe  HamosHeHwe, HO H
aaBjeHHe (0aHa ToYKa — HH3Koe, 1Be — BHCOKoe, TPH — cBepxsbicokoe). Xa-

PakTep H3AYYEHHA MNOKa3bBAOT 3HAKOM, YIPOLWEHHO BOCTIPOHBBOIALLAM OCUHINOT-
pamMy wmnyneca. [as npumepa Ha puc. 116,a npHseneno ycnosHoe oGosHaueHHe
HMIYALCHOH ra3opa3psilHON JaMnbi HHIKOTO 1aBJEHHH C MPOCTHIMH 3JeKTPOAaMH H
BHEIIHHM MOXXKHroM, a Ha pHc. 16,6 — nonoGHoro npubopa BHICOKONO 1aBJEHHA
¢ KOMOHHHPOBAHHBIMH 3/IEKTPOIAMH H BHYTPEHHHM MOJKHIOM.

NMNOAYINMPOBOIHHUKOBLIE TNMPHUEOPBI

[TonynpoboanmkoBue npuGOPH  TPHMEHAAHCh B PaAHOTeXHHKe elle 10
H3obpeTenus 31eKTpPoHHbx Jamn, Haobperateas paano A. C. [Tonos Hcmoas3osan
ANA OBHAPYMKEHHA 3JEKTPOMaTHHTHHX BOJH BHauade Korepep (cTexkaanHyio TpyOGxy
C MeTAaNAMYCCKHMH OMHAKaMH), a 33TeM  KOHTAKT CTalbHOR HIZIl € YrOJbHHIM
SAeKTpoAOM. D10 GWa MepsHA  MOJAYNPOBOANMKOBHA A#oa — aetextop. [losxe
GuiH CO3JaHB 1ETEKTOPH C HOMOAb3OBAHHEM  eCTECTBEHHBIX W HCKYCCTBEHHBIX
KPHCTALIHYCCKHX MOYNPOBOAHMKOB (ra/icHa, UHHKHTA, XanbKOTMMPHTa H T. 1.). Ta-
KO 1eTeKTOP COCTOS H3 KPHCTAlla NOJYNPOBOAHNKA, BMASHHOIO B Yalleuky-aep-
HaTedb, # CTaALHOM HAH BOJAbDPAMOBOH MPYMuilkd € 320CTPEHHBHIM KouUOM (pHC.
117). TMoaoxense OCTPHA HA KPHCTAJAIe HAXOIMAH ONLTHHM TNyTewm, Ao6HBafich
HauBoabUIell TPOMKOCTH NMepelayd pafHOCTAHUHH. -

B 1922 r. cotpyannk Huxeropoxckoit painonaGopatopun O. B. Jloces obHa-
PYMKHA 3aMeyaTeabHOe HBAEHHe: KPHCTANIHYeCKHH 1eTeKTOp, OKa3bBAETCH, MOXKET
reHepHPOBATL M YOH.IHBATH 3JEKTDHUeCKHe KoaeGanus. 3710 ObLIO HACTOALLEH CeHca-
1HeR, HO HELOCTATOYHOCTbH HAYYHBLIX MO3HAWWH, OTCYTCTBHE HYMAHOrO IKCIEPHMEHTa/b-
HOTO DGOpyADB&HMﬂ He MO3BOJHAH B TO BpeMs rﬂ)‘f)Oi(O HCCce10BaTh CYTh npouec-
COB, MPOHCXOASILKX B NOJYNPOBOAHHKE, H CO31aTh 1I0J1YNPOBOAHHKOBLE NPROOPL, CMO-
COGHHE KOHKYPHPOBATL € 3aekTpontof Jawnoii. [lepsulil n0aAyNpOBOAHHKOBLIA TpeX-
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Puc. 117 Puc. 118

31EKTPOAHLII NPHOOP, NOJNYYHBILHI HA3BaHIE TPaH3HCTOP (OT AHTAHACKHX CJ0B
tran(sfer) — nepenocuth H (re)sistor — conporusaense), 6 cozzan B 1948 1.

Yro ke npencTaBAsioT coGOA NOJYNPOBOANHKH,  ABASIOUIHECH OCHOBOR BCEX
npiGopos storo kaacca? Hiasectno, 4To NpoBoAHMKaMH Ha3WBAKOT MaTepHaas, o06-
JajlaloniHe NpPH KOMHATHOM TeMnepatype yAejbHuIM conpoTuBiexdesm wenee 0,001
Om-cM. JlH3AeKTpHKH NpH 3TO e TemlepaType HMEIOT WIeILHOE CONpPOTHB/EHHE
or 10" o 10 Owm-cM, K noaynpoBoinHkaM OTHOCAT MaTepHaibl, obaajalolise
yAeJbHBM conpotuBienHeM ot 10-%..10-2 no 10%..10" Om-.-cm. Kak 310 HU
MOKAXKEeTCA YAHBHTENLHLIM, HO YHCAO NMoJYyNnpoOBOAHHKOB, H3BeCTHHIX B HaCcTOfLlee
BPEMS, HAMHOPO NPEBHILIAET YHCI0 NPOBOIHHKOB H IH3JEKTPHKOB,

Osmako me BCAKHA NONYNPOBOIHMK (PHLOJeH A4S H3rOTOBAEHHS MM0AYNPOBOL-
HHKOBHX np#GOPOB, a TO/IbKO O4eHb 4HCTHil. Beero oans arom npumecH Ha 10mapa
aTOMOB OCHOBHOTO BelIeCTBa MOXKHO JAONYCTHTL B HCXOLHOM MaTtepHanie, HHage
KayecTBO MOJYNPOBOAHHKOBOrO npuéopa Gyler HuskuM. [las HaroToBienua mnoay-
NPOBOAHHKOBOrO npubopa weoOXoAMMO Takke, 4To6W NONyNpoBOAHHK 06.a1an
onpefeneHtof npuMecHofi nposoarMocTbio. C 3TOR LeTb0 B YACTHI HCXOAHBIA Ma-
TEPHAN, HanpWMep TepManHi, BBOMAT CTPOLO ONpeleNeHHOe KOJHGecTBO TPHMECH.
Ecnlt XoTaT noJyuHTh 31€KTPOHHYIO RPOBOAHMOCTb, T. €. NOJAYNPOBOJHHK, B KOTO-
POM B KauecTBe [EPEHOCYHKOB 3apsioB OYAYT CJAYXHTb 3JEKTPOHH, B HEr0 BBOUAT
TaKk Ha3uWBaeMhe JOHOPHLE BellecTBa, HamlpHMep CYpbMY, MHIUbLAK, ¢ochop. [Has
NOJYY4EHHA TNOJYNPOBOAHHKA € IWPOYHOA 3JEKTPONPOBOAHOCThIO (B KauecTse ne-
PEHOCHHKOB 3apf10B BHICTYNAlOT aTOMbl C yTpayeHHbIMH 3JeKTpOHaMH) poGaBas-
10T TaKk Ha3bBaeMHE dKUENTOPHbEe BellecTBa (HWHAHH, Gop, amomunuit). [TpHMecu
BBOAAT B OYeHb HeGOVIBIIMX KOAHYECTBaX — M3 pacdera | atom npumeck Ha 10 ..
... 100 MaH aTOMOB OCHOBHOMO BeLleCTBa.

[MoaynpoBoasnkH c 3JEKTPOHHOHA 3JIEKTPONPOBOMHOCTHIO HA3HIBAKOT TNOJYNPO-
BOAHHKAMH THNa n (oT aar. negativus — OTpHIATE]bHHH), € AWPOYHOH — THNA
p (or aar. positivus — MoaOKHTEALHBIf).

KoHTaKT MNOJYNPOBOAHHKOB € Pa3HbIMH THNAMH 3.J€KTPOTNPOBOLHOCTH Ha3HBa-
10T p-n nepexoiom (pue. 118,a). OcHOBHEIM CBOHCTBOM p-n nepexofa SABIAETCA ero
OZIHOCTOPOHHHA MNPOBOAMMOCTH (B HamMpamAgHHH oT obaacTh p k obaactu n). [o-
STOMy NpocTefiune NOAYNPOBOAHHKOBLE NPHEOPH — AHOAH, COCTOALLHE W3 OAHOTO
p-n nepexofa, WHPOKO MPHMEHAIOT AJA BHIADAMJ/EHHA MNePEMEHHOrO TOKA H JeTex-
THPOBAHHA MOJY/HPOBAHHHX CHIHAJ0B.
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MoaynposoannKoBMe AHOAHW 060-
3HAYAKOT CHMBOJIOM, COXPAaHHBIIHMCH
B OOmMHX 4YepTax CO BpeMeH MNepBhX
paaHonpuemuukos (puc. 118,6). Bep-
WHHA TPeyroibHHKA B 3TOM CHMBOJE
yKasblBaeT HanpaBJenne HauGoAblued
NPOBOAHMOCTH (TPEYroJbHHK CHMBOJIK-
3HpyeT aHOJ JAHOA3, a KOPOTKas uep-
TOYKa, MNEpPNeHAHKYAAPHAA JHHHAM-BH-
Puc. 119 BOJAaM, — €ro KaTol). ITHM e CHM-

BOJIOM 0603Ha4a0T MNOJYNPOBOAHKKO-
BHe BHMPAMHTE]H, COCTOAIIHE, HaNpHMep, H3 HECKOJLKHX NOC/ACA0BATe]LHO, napal-
JeNbHO HAH CMEUIaHHO COeIHHEHHHX AHOAOB (BHNPAMHTEJbHHE cTOAGH H T. M),

JlAs TNHTaHWA PagHOANNapaTypsl YacTO HCMOJAB3YIOT MOCTOBBIE BHINPAMHTE/H.
Hauepransie TakOf CXeMB COCIWHEHHA AHOI0B (KBaApaT, CTOPOHH KOTOPOro 006-
pa3oBaHn CHMBOJAMH [AHOAOB) JaBHO YiKe CTajo OOWENpHHATHM, NOITOMY A/
o6o3HaveHHs TaKHX BHHIPAMHTE/NeRl cTadH HANOAE3OBATbL YMPOILEHHBIR CHMBOM —
KBaZlpaT. ¢ CHMBOJIOM OJHOTO AMOAA BHYTPH (psc. 119). B 3aBuonMOCTH oT 3nase-
HHS BHUIPAMASHHOrO HAMPIHKEHHA Kakloe NJEY0 MOCTA MOKET COCTOATH H3 OAHO-
ro, AByx H Gosiee auozos. TTONAPHOCTL BHINMPAMJSHHONO HANpAKEHHA Ha CXcMax
HE YKa3HBAIOT, TaK KaK ee OLHO3HAYHO ONpElenseT CHMBOA AWOAA BHYTPH KBaa-
pata. MocTh, KOHCTPYKTHBHO OfnbelnieHHble B OAHOM KOPIYOe, u3obpaxawrt OT-
AeAbHO, TIOKA3WBAH MPHAALNEKHOCTL K OAHOMY H3JEJHI0O B MO3HUHOHHOM 0GO3HA-
uenny (puc. 120, VDL1, VDI1.2). PagoM ¢ nOSHUHOWHWM OGOSHAuEHHEM 1HO/OB,
KaK ® Bcex APYrHX NOAYNPOBOJHHKOBHX  NPWOOPOB, KakK NpPaBHIO, YKa3nBaioT
H HX THI.

Ha ochoBe CHMBOMA AHOAA NOCTPOSHH YC/AOBHbie OO0OGHAYEHHS MONYNPOBOA-
HHKOBHX JHOLOB C OCOOmMH CBOMCTBAMH. [INs NOJyYeHHR HYHHOrO CHMBOJMA HC-
NOAB3YIOT CreuManbibie 3HAKH, H306pakaeMple A#G0 Ha caMmoM 0a30BOM CHMBOJE,
A#60 B HENOCPeACTBeHHOM G6AH30CTH OT HEro, a 4ToOH aKUeHTHPOBATh BHUMaHHe
Ha HEKOTOPHX H3 HHX, 6a30BHA CHMBOJ NOMEWAT B KPyr — YC/OBHOE obo3Ha-
4eHHe KOpnyca Mo.JyNpOBOAHHKOBOro mpubopa.

TyHHeJbHble JAHOAH, 3HAKOM, HAaMOMHHAWOUHM TNpAMYIO cKOOKYy, 00603Ha4aloT
KaTog TymHeassX Awoaos (puc. 121,a). Mx H3roTOBARAIOT H3 NOAYTPOBOAHHKOBHX
MaTepHasoB ¢ OYeHb GOJBIIHM COJePIKAHHEM NPHMECH, B Peay/bTaTe HEro noay-
NpoBOAHMK MpeBpalliaencd B noaymeraad. Baaropaps HeoGuuHO (opme ‘BONLT-
aMnepHOfi XapakTepHCTHKH (Ha Hefl HMeerci y4YacToK OTPHUATEALHOTO CONPOTHE-
NeHHs1) TyHHeAbHHe AHOAB HCMOJIB3YIOT A/l YCHA@HHS H TeHEPHPOBAHHA SJAEKTPH-
UECKHX CHTHA/JI0B H B NEPEKAOUAIOUIHX YCTPOACTBaX. BaHHIM JIOCTOHHCTBOM 3ITHX
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Puc. 121 i Puc. 122

AMOLOB ABASETCH TO, MTO OHH MOTYT paboTaTh Ha O4eHb BBICOKHX uacToTax (mo
10" Tu).

PaguosHanocTs Tymiensunx Moo — obpaluenibe AHOAM, Y KOTOPHIX NpH
MajdoM HANpRAEHHM Ha P-n Nepexole NPOBOAHMOCTL B OGPATHOM HanpaBieHHH
Gonbuwe, uem B npavom. McnonbayloT TakHe AWonn B 0GPaTHOM BKIKUeHHH. B ye--
A0BHOM 0003HayeHHd ob6palllenHoro aHoaa YEPTOYKY-KaTOA H306paXalT ¢ ABYMA
WTPHXAMH, KacalOUWKEMHCR ee cBoell cepeanwHoi (puc. 121,6).

CrabHAHTPOHM. [Mpousoe MecTo B HMCTOYHHKAX NHTaHHA, O0COGEHHO HH3KO-
BONLTHBIX, 32BOEBANH NOAYNPOBOIHHKOBHE CTAGHAHTPOHM, paGoTalolike Taxkke Ha
OGPaTHON BETBH BOABT-AMNEPHOR XAPAKTCPHCTHKH. 3TO IIOCKOCTHBE KPeMHHEBHE
AMOAH, H3rOTOBAEHHBIe no ocoGoit TexHoaoruu. [lpn BKJOYeHHH HX B o6paTHOM
HANPABJCHHH H ONPEJeNeHHOM HANPRKEHHH Ha MNepexoie NOCIeAHHA «npolHBaet-
Csi», W B JlaibHeliliem, HCCMOTPS Ha yBeJHYeHHe TOK2 Yepe3 nepexol Hanpsmexwue
Ha HeM OCTaeTcs MOMTH HeuaMeHHbiM. Daarosaps stomy cBoACTBY CcTaGHINTPOHH
WHPOKO NPHMEHSAIOT B KaYecTBe CAMOCTOATE/bHBX CTAOHAH3HPYIOWHX 3/JeMeHToB, a
TdK/Ke HCTOYHHKOB 0Gpa3sUOBLIX HANpsXewwii B crabHJH3aTOpax Ha TPaH3HCTOpPAX.
Dan noayuenus mannix O6PA3UOBHX HANPHKEHHA CTAGMAMTPORB BKAINAIOT B NPA-
MOM Hanpas/ieHHH, NDPH 5TOM HaNpAXehHe  CTaGWIM32UNMH OAHOrO CTaGHAHTPOHA
pasio 0,7..08 B. Takue Ke peay.nbTaThl NOJAYYAIOTCH NPH BKIOYEHHH B NPAMOM
#anpasaeHHy OOBYHBIX KPEMHHEBHX 1HOL0B. -

HOns craGuaMsauus HWHIKHX HAUPSUKEHHA pPa3paboTaHbl M WHPOKQ NPHMEHRIOT-
€A ChelHalbHble NOJYNPOBOAHHKOBBE AHOLAB — CTabuctophl. OTnnuMe HX oT cTa-
GHIHTPOHOR B TOM, YTO OHH PabOTAIOT Ha NPAMONl BETBH BOJBT-aMINepHON Xapakre-
PHCTHKH, T. €. NPH BKJAIOYEHHH B npAMOM (NPOBOLfLIEM) HaNPaBAEHHH.

HUrofm moKa3aTh Ha cXeMme CTaGHIHTPOH, YepPTOYKY-KaTOA Ga30BOr0 CHMBOAA
AONOJHAIOT KOPOTKHM IITPHXOM, HANpaBJEHHHM B CTOPOHY CHMBOJA aHoaa (puc.
122,0). Caeayer OTMETHTB, 4YTO pACNOJOXKEHHe  IWITPHXA OTHOCHTENBHO CHMBOJA
aHoAa J0M#KHO ObHTb HEH3MEHHHM HE3aBHCHMO OT NOJOMEHHA YCJoBHOro 060sHa-
YeHHA cTabHIMTPOHA Ha cxeMe. 3TO B MNOAHEA MEpe OTHOCHTCS H K CHMBOJY ABYX-
anoaHoro (asyctoponuero) craGumauTpoHa (puc. 122,6), KOTOpHA MOXHO BKJIO-
4aTh B 3JEKTPHYECKYI0 uenb B JWO6OM HanpabieH#d (Mo cyTH, 3TO ABa BCTPEUHO
BKJIIOYEHHBIX OZHHAKOBHX CTaGHIHTPOHA).

Bapukans., 3neKTPOHHO-AHPOUHBA Nepexol, K KOTOpoMy NpHAOXeHo o6paTHoe
Hanpsxenue, obirajaerT cBOWCTBaMH KoHzencaTtopa. [IpH sTom poab JAH3IEKTPHKA
HrpaeT caM p-n nepexoj, B KOTOPOM cBOGOAHHWX HOCHTenedl 32pAAOB Mano, a po.ab
06KNafAoK -— [MpHJexallHe CcAOH MOAYNPOBOAHHKE € 3JEKTPHYECKHMH = 3apaiamy
pasHOro amaka — 3AEKTPOHaMH H Abipkasi. HaMensia HafIpfiienne, NpHAOKeHHOe
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K P-N Mepexoay, MOMHO HIMEHAThH ero TOJIHHY, 3 CJe10BaTeNbHO, H EMKOCThb MEX-
Ay CJA0AMHA MOSYIPOBOAHHKA. STO ABJIGHHE HCMOJb30BAHO B OMAUHAJBHBIX TIONY-
NPOBOAHHKOBLX NpuGopax — BapHKanax [oT auranfickux caos vari(able) — ne-
pemeHunii # cap(acitor) — kowiencatop]. Hx lHpOKo NPHMEHAOT AAA HACTPORKH
KoJebaTeNbHBHX KOHTYPOB, B YCTPOACTRAX aBTOMATHYEOKOH MOACTPOAKH 4acToThl, a
TaKKe B KayecTBe YaCTOTHWX MOAYJATOPOB B Da3jHuHbX IeHepaTopax.

YcaoBHoe rpaduueckoe o6o3mauenne Bapukama (cMm. puc. 123,a), waramako or-
pa)iaer WX CyTb: /B¢ [apaijelblble YeDPTOYKH  BOCIPHHHMAKOTCH KaK OHMBOV
KoHencaTopa. Kax H KOHJIGHCATOPH NEPEMEHHOH €MKOCTH, BapHKanbl 4acTo H3aro-
TOBJASIOT B BHAe G6JOKOB (MX HA3bBaIOT MATpHIaMH) ¢ OOWMM KaToloM H pa3-
AeabHumy  anoaamu. Ias npuvepa na puc. 123,6 nokazano obo3HaueHHe MaTPHUB
H3 1BYyX BapWkanoB, a Ha pHC. 123,686 — W3 Tpex.

Tupucropw. Ha ochoBe 6asosoro cHMBOAZ — AHOAA MOCTPOEHW W YCNOBHBIE
ofo3HauyeHHs  THpHCTOpPOB  (oT  rpeuweckoro thyra — apeps M anrasiickoro
(resi)stor — pesuctop). 3710 AHOAM, NpalcTabisiowde cofof uepeaywluHecs CAOH
KPEMHHA C 31eKTPONPOBOLHOCTLIO THNOB D H Nn. TakHX CAOCR B THPHCTOPE YeTH-
pe, T. €. OH HMeeT TPH p-n nepexola (cTpyktypa p-n-p-n). THpueropsl nawm
UIHPOKOE I[IpHMEHeHHe B paS’J!MIIHJ{ peryistopax nNepeMenHoro HampsxKeHnws, s pe-
JNAKCAUMOHHBIX TEHepPaTOpaX, KOMMYTHDYIOUIMX YCTpO#cTBax H T. A.

THPHCTOPH ¢ BmBOAaMH TOALKO OT KPaiHHX ¢J10eB CTPYKTYPb HA3HBAIOT M-
HHCTOpaMH H 0003HAYAKWT CHMBOJIOM [HO]1a, NEPCYEPKHYTHIM OTPE3KOM JIHHHH, Na-
panieabHORl uepTouke-katoay (puc. 124,a). Taxkod e npHeM HCIOALIOBAH H NPH
nocTpoelnd 0603HAYEHHR CHMMETpPHYHOrO JHHWCTOpa (puc. 124,6), ' mpoBoasiuero
TOK (mocje BKJIOHYCHHA) B OGOHX HallpaBJIeHHAX.

TupdeTOpEl € AONOJHHTEAbHBM (TPETbHM) BHBOLOM (OT OAHOrO0 M3 BHYTpeH-
HHX c€J0eB CTPYKTYPH) Ha3blBAalOT TPHHHCTODaMH. YnpaBiewde 1o xatoay B 0603-
HAYeHHH 3THX TMPHOOPOB MNOKAILIBAKT JOMAHOH JHHHEH, NPHCOEAHHEHHOH K CHMBO-
Ay Katona (pue. 124,8), no aHoay — JmHueR, NPOLOJKAIULEA OLHY H3 CTOPOH
Tpeyro/ibHHKa, CHMBOJH3HDYIOUero akold (pHe. 124,2). YcaoBroe obOsHaueHHe CHM-
METPHUHOrO (ABYH4NpaBJEHHONO) TPHHHCTOPA MOVIYHAlOT H3 CHMBOJA OCHMMETDHM-
HOro AWHHCTOpa A0GaBieHHeM TpeThero BuBoxa (pue. 124,d).

®oropuoan, OcHoBhof uacTblo (oTOAHOAR ABAAeTCH mnepexod, paGoTaouwHnf
npu obfpaTHoM cmelllenHH, B ero Kopnyce HMeeTca OKOIIKO, 4epe3 KOTOpoe OCBe-
maercs KPHCTalJ NoaympoBoixHKa. B oTcyTcreMe cbeTa TOK 4Hepes p-n Mepexoq
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Puc. 123 Puc. 124
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OueH» Maja — He mnpesuinaer obpatioro TOKa ofwuHoro anoaa. llpu oceemensn
KpHCTaasa ofpaTHOe CONPOTHB/eHHe NMepexoia pe3Ko najaeT, TOK 4epe3 Hero pac-
Ter. YUtobw nNOKa3zaTh TAKOR MOJYMPOBOOHHKOBHIA AHOA Ha cxeme, 6a3oBuifl cHMBOA
HOJAa NOMELLAOT B KPYXKOK, @ DSIOM C HHM (CAeBa CBepxy, HE3aBHCHMO OT no-
J0oMeHHs CHMBOJA) H300paXalT 3HaK (OTO3NeKTpHYecKOro 3¢dexTa — aBe Hak-
NOHHBIE NapajieabHbie CTPeJKH, HanpaBJeHHBe B CTOpOHYy chmBoaa (puc. 125.a).
[Moxo6Huy 06pa3oM HETPYAHO NOCTPOHTH M YCAOBHOe OGO3HaveH#e JIOG0rO apy-
roro NONyNPOBOAHHKOBONO NpHOGOpa, H3IMEHAIOLLEr0 CBOH CBOMCTBA MOl JeficTBHEM
oNnTHYeCKoro H3nyuenus. B kauecrse npumepa Ha puc. 1256 noxasano oGo3Have-
HHe (GOoTOAHHHCTOPA.

CeeTOAMOAN M CBETOAHOAHBIE HHAHKATOPH. [loNYNpPOBONHHKOBHE IHOAH, H3JY-
YalOLIHE CBET MPH NPOXOKAGHHH TOKa 4Yepe3d pP-N nepexoji, HAa3LBAIOT CBETOAHO-
nami. Brmouaior Taxkme IHOAH B NPAMOM HanpaBlewwH. YcioBHoe rpadmyeckoe
0603HaYeHHe CBETOAHOAA MOXOMe Ha CHMBOJ (OTORHOMA H OT/IHYAETCA OT Hero
TEM, 4YTO CTpenkH, oO6O03HayalollHe ONTHYECKOE H3JNYyueHHe, NOMEUleHH Cnpasa oOT
KPYXKa H HanpaBieHbl B MPOTHBONOJOXKHYK cTopony (pue. 126).

Ian otoGpaxeHnna uudp, OyKB H APYrHX 3HAKOB B HH3KOBOALTHOM annapa-
Type 4acTo MPHMEHAIOT CBETOAHOAHHE  3HAKOBbe HHIAMKATOPH, NpeicTaBasiollxe
co6oft HaGOpPH CBETOH3NYHMAIOWMX KPHCTAJIOB, PAacTONOKERHHX ONpEleeHHHM of-
PasoM H 3aJHTHIX NPO3PAYHON MNAaCTMaCCOA. YcAOBHHX 06O3HaueHHR A48 Nno106-
HeX wWalenwit ctavuaptel ECKIL He npeayoMaTpHBaloT, HO HA MNPaKTHKe 4YacTo
HOMONB3YIOT CHMBOJM, MOAOGHBE MOKA3aHHOMY Ha pwc. 127 (cHMBOA ceMHCenMeHT-
HOro WHAHKAaTOpa AAA oToGpamenHs udpp © sansroil). Kak sHano, Takoe rpadu-
ueckoe 0603HaYelMe HATARAHO OTPaKaeT PeadbHOE  PacnoaoXkKeHHe CBETOH3NY-
YAKOULHX 3J1EMEeHTOB (CerMeHTOB) B HHAHKaTOpe, XOTA H He JHLIEHO HeAO0CTaTKa:
OHO He HeceT HH(bOpMaLlHH 0 MOJAAPHOCTH BKAKYEHHA BbLIBOAOB HHIHKATOPa B 3/IEKT-
pHdeckyio Lenb (WHAWKATOPH BbHINYCKAMT Kak ¢ OOWMM 11i BCEX CENMEeHTOB BHI-
BOJOM aHOAa, Tak H ¢ obWuM BwBogom Kartoaa). Ounako oco6bX 3aTpyAHeHHH
370 OOBYHO HE BHBLIBAET, MOCKOALKY MNOAKAIO4eHHe ofllero BuBOAa HHAWKaTOpa
(Kak, BNpoOYEM, H MHKPOCXEM) OroBapHBAlOT HA CXEME.

Ontponsl. CsetoHasyuawollie KPHCTAJAMH UIHPOKO HCAOJABL3YIOT B ONTPOHaX —
crelHaNbHEX NPHOOPAX, NPHUMEHAEMBX /A CBAIH OTAE]bHbLIX YacTed 37EKTPOHHBIX
ycTpoficTe B Tex caAyyasx, Koria HeoGXOAHMa HX raibsakHuyeckas passs3ka. Ha
cxemax ONTPOHM H306paaloT, Kak Moka3aHo Ha pHe. 128. Ontuueckyio cBa3b H3aAy-
yatenn ceeta (cReToaHOAa) ¢ (OTONPHEMHHKOM MOKa3biBAalOT ABYMA NapajjeibHbl-
MH CTPENKaMH, TepneHAWKY/AsPHEMH JHHHAM-BHBOAAM ONTpoHa, POTONPHEMHHKOM

R A7
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B ontpode Moryt OuTL He Toabko doToamoa (puc. 128,a), Ho u doTopesucTop
(puc. 128,6), doromuuncrop (puc. 128,8) u T. 1. B3aumuan OPHEHTAUHA CHMBOJIOB
H3aydaTeas H QOTONPHEMHHKA He PeraaMeHTHpYETCH.

[Mp  HeoGxoAHMOCTH  COCTaBHBle YacTH  ONTPOHA Aonyckaertcs  H3obpa-
AaTb pa3jeasLHo, HO B 3TOM CJyyae 3HaK ONTHYECKOH CBA3H caeayetr 3aMeHHTH
3HaKaMH ONTHYECKOro  Hinyuewds u ¢orospdexra, a npuﬁau.weixuocrh qyacTed K
ONTPOHY NOKa3aTh B NO3MULHONHOM 06o3Havenun (puc. 128.,2). X

TpaH3HCTOPW — MNOJAYNPOBOAHHKOBHWE NpHOOPH, NpeliHa3zHaueHHuwe AAA YyCHJe-
HHA, TeHepHpOoBaHHA H Npeolpa3loBaiHA NeKTPHYECKHX KoneGauuii. Hamubonee pac-
NpocTpaiensl Tak HajbiBaeMbie GMNOAApHblie TpauiucTop. HMx ocwoBa — naactunka
MOHOKPHCTaJLIHYECKOTO M0JYNPOBOAHKKE (Yalle BCero KPeMHHMA HJAH TepMaHHA), B
KOTODOH C TNOMOLIbIO O0COObIX TEXHOJOMHYECKHX TNPHEMOB OCOBJaHbl, KaK MHHHMYM,
TPH 06/aCTH € Pa3HOH 3JEKTPOMPOBOAHOCTBLIO: IMHTTEP, 6a3da M KOMICKTOP. IJEKT-
PONPOBOJAHOCTL - IMHTTEPA H KOMNEKTOPA BCENAA OAMHaxkoBad (p Hau n), 6aiw —
nporusonogoxras (n wau p). HubiMu caoBamu, OHnonspublii TpasucTop (nanee
NPOCTO TPAHIHCTOP) COLEPAHT 1Ba pP-N nepexeaa: OAHH M3 HHX coeadnser 6asy c
IMHTTEPOM (3MHTTepHBHA Mepexol), APYroi — € KOJAJIGKTOPOM (KOJIEKTOPHbIA
nepexoa).

Ha cxemax TtpaHsucTopn 0603Ha4aloT, kak NokaizaHo Ha puc. 129.a. 3neck Ko-
pPOTKas Yeprouka ¢ JHHHeH-BLIBOAOM OT CepejHHH CHMBOJAW3HpyeT 6a3y, ame Ha-
KJIOHIble JAHHHH, NpOBeleHHble K Hed nox yraom 60°, — 3wuTTep M Koaaektop. O6
3/JEKTPONPOBOLHOCTH 0asn CYIAT MO CHMBOJY SMHTTEpa: €CqH eno CTpeiKa Ha-
npasiaeHa K Oase (puc. 129,a), To 3TO o3HayaeT, 3MHTTEP HMEET 3J€KTPONPOBOI-
HOCThH THNA p, a 6a3a — THNA N; €CIH Ke CTPesKa HaNpaBieHa B NPOTHBONOVION -
Hylo cropony (puc. 129,6), sneKTpONpOBOAHOCTL 3IMHTTEpa M 6a3ml — obpaidas
(coomsercreensio n u p). [TockoabKy, kKak yme OTMeNaicCh, Y/1EKTPONPOBOAHOCTD
KOJUIeKTOpa Ta e, HTO H 3MHTTEpa, CTpesKy Ha CHMBOJAE KOAJeKTopa He H306pa-
AT,
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3HaTh 3MEKTPONPOBOAHOCTH 3IMHTTEPA, 6asl M KOJJISKTOPa HeOOXOIHMO I/
TOro, 4TO0H NPABHILHO MOAKJHOYHTL TPAaHIHCTOP K HCTOMHHWKY nHTanus. B cnpa-
BOYHHKAX 3Ty HH(OPMALHK) NPHBOAAT B BHAe CTPyKTypHOR dopmyau. Tpausucrop,
6a3a KOTOpOro HMeeT NMPOBOINMOCThL THMA N, o603HadaioT GOpMyao#t p-n-p, a TpaH-

sucrop c 6a3ofl, WMelledl 3JeKTPOTPOBONHOCTE THNa p, — QopMmyaok n-p-n. B
nepBoM Cayyae Ha 6a3y M KOJAJAEXTOD CaAelyeT N0J1aBaTk OTpHilaTelbHoe (mo or-
HOWIEHHIO K 3IMHTTEpY) HanpfxeHHe, BO BTOPOM — MNOVIOKHTENLHOE.

Jaa HarasaiHocTH ycaoBHOe OGO3HAueHMe  TPaH3UCTOpPa OOLMHO NOMEIAlT B
KPYHOK, CHMBOJHIHPYOWMIA ero koprnye. Kopnyc nepeiko H3rOTOBARKOT H3 MeTaj’a
H COEIHHSIOT C OAHHM H3 BEIBOJOB TpaHawctopa. Ha cxemax 3T0 NMOKasuBaKwT TO4-
Koft B MecTe mepecedeHHs NTHHMH-BHIBOAA C CHMBOJOM Kopnyca (y Tpamsnctopa,
n3o6paxenuoro wa pHe. 1298, ¢ KOpnycoM coelHHeH BhBoA Kovaextopa). Ecam
#e Kopnyc cHabmeH OTIe.1bHBIM BHBOJLOM, JMHHIO-BHIBOA AOMYOKAeTCA MPHCOEIH-
HATL K KPYKKy 6e3 Toukn (puc. 129.2). C ueabio nosuienus uuGOpMATHBHOCTH
cxeM PRIOM C NO3HUHOHHHM 00O03HAYeHHeM TpPAH3UCTOPa OOLYHO YKA3HBAKT €ro
THIL.

JIHHKH-BBIBOAK, HAYUIHE OT CHMBOJOB 3IMHTTepa H KO/JEKTOpa, NPoBOAAT B OA-
HOM H3 [BYX HanpaBmeHHA: OePIeHAHKYIAPHO HAH MAPAIENBHO JWHHH-BHBOAY Ga-
3l (puc. 129,d). H3a0M 3TOR JHHHH 10NYycKdeTcs MHIUL HA HEKOTOPOM DAaCCTOAHHH
0T cHMBOJIa Kopnyca (puc. 129.e).

TpaH3HCTOP MOXET HMeTb HOCKOJbKO 3MHTTEpHHX o06aacTei (3MHTTepoB). B
3T0M CJyYyae CHMBOJH 3MHTTCPOB OOLYHO H306paiKawT € OAHOH CTOPOHB CHMBOMA
6a3nl, a KPYKOK-KOPIyC 3aMeHAT osaioM (puc. 129,x).

B HekoTopuix cayuaax T'OCT 2.730—73 snonyckaer H306pamarh TPaHIHCTOPH
H Ge3 CHMBOJa Kopryca, HanpHMep npu H300paskeiud GECKOPNYCHBX TPaH3IHCTOPOB
HJIH KOornla Ha cxeMe HeOGXOLHMO NOKa3aTh TPAHIHCTOPH, BXOAAllHe B TaK Ha3bl-
BaeMble TPAH3HCTOPHLE COOPKH HAH MaTPHUBl (HX BHINYCKAKWT B TeX e Kopmycax,
4TO M WHTerpaibine Mixkpocxems). IMockosbky Oyxsenuulit koa VT mpenycMotpen
148 0603HaueHHsi TPAHIUCTOPOB, BHIMOJHCHEBIX B BHIe CaMOCTORTENBHBIX npiGopos,
TPAaH3UCTOPH COOPOK 0603HAYAIOT OAHHM H3 CJEAYIOWMX CcnocofoB: JHGO HOMOAb-
ayor koa VT M npHCBaMBAOT HM MOPHAKOBBE HOMEpa HapAly ¢ JPYrHMH TpaH-
3HCTOpPaMH (B 3TOM CJy4de Ha MoJe CXeMbl MOMEILaloT TAKYK, HAlPHMCDP, 3anHCh:
VT1—VT4 KIHT251), an6o Gepyt koa analoroBuix MHkpocxem DA x ykasuBa-
0T MPHHAAJEKHOCTb TPEHIHCTOPOB K MaTpHUE B NO3HUHOHHOM 0GO3HaueHHH (pHC.
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130,a). Y BHBOAOB TAKHX TPaH3HCTOPOB, KaK NPaBUJIO, NPHBOAAT YCJOBHble HOMe-
pa, NpHCBOEHHBE BLIBOAAM KOPNyca, B KOTOpOM BhInOaHeHa cOOPKa.

Bes cuMBoaa Kopnyca H306paikaloT Ha cXeMax H TPaH3HCTOPH alajloroBbiX H
uHpoBHX MHKpOCXeM (4ad npuMepa Ha puc. 130,60 nokasaHn TPaH3uCTOPH CTPYK-
TYPH N-p-NL ¢ TPEMA H YETHPbMA IMHTTEPAMM).

YecnoBre rpadHueckHe 0603HAUEHHS HEKOTOPHX PAa3HOBHIHOCTEH GHNONAPHBIX
TPAH3HCTOPOB NOJYYalOT BBEJEHHEM B OCHOBHON CHMBOJ CleuHansnbx 3nakos. Tax,
YTOoOH H306pa3HTb JAaBHHHBIA TPAH3IHCTOP, MEMAY CHMBONAMH 3MHTTEpPa H KOJI-
JekTopa noMewaior 3Hak 3ppekTa aapwsnoro mnpoGos (puc. 131,a). Tlpn nosopore
yoaoBHoro 0603HayeHHs MOJIOXEHHe 3TONO 3HAKa MOMAHO OCTABATHCA HEH3IMEHHBIM.

Huaye noctpoeno ofGosHayeHHe TaK HA3LIBAEMOro OIHONEPEXOAHONO TPAH3HC-
Topa. ¥ Hero oamu p-n nepexod, HO ABa BwBoAa 6asw., CuMBos 3MHTTEpa B 0603-
HAYEHHH 3TOrO TPaH3IHCTOPa NPOBOAAT K CepeliHe cumBoaa 6asu (puc. 131,6). O6
3/CKTPONPOBOAHOCTH 6a3W CYAAT MO CHMBOJY 3IMHTTEpa (BCe CKasaHwHoe panee o
TPAH3UCTOPAaXx C ABYMA DP-Tl NEPEXOAaMil NOIHOCTLIO NPHMEHNWMO H K OAHOTEPexoa-
HOMY TPaH3HCTOPY).

Ha o6oaiauenne OAOMEPEXOAHOIO TPAH3HCTOPA NOXOXKE YycaosHoe o603Haye-
RAHE [JOBOJbHO GOJBWION TIpynnbl TPaHIHCTOPOB ¢ p-N NEPEXOIOM, NOJAYYHBLIHX
Ha3BanHe nosesnX. OCHOBA TAKOrO TPaH3HCTOpPZ — CO3AAHHLIA B NOJYNPOBOAHHKE
¥ CHAOXKEHHLIA JBYMs BHBOAAMH (HCTOK W CTOK) KaHal C 3J€KTPOIPOBOAHOCTHIO N-
uan p-tuna. ConpoTHiieHHeM KaHajia ynpasiser TPeTHA 3JeKTpoi — 3aTBop, CO-
ejHHEHHHI ¢ ero cpelHell yacTbio p-n nepexojoM. Kaunan noneBoro TpausncTopa
u306paKaioT TaK e, KaK M 6asy OGHNONAPHOrO TPAH3IMCTOPA, HO MOMEUAT B CPel-
Helt yacTH KpysKa-kopnyca (pHc. 132,a), cHMBOIB HCTOKAa M CTOKa [PHCOEAHHAIOT
K HeMy ¢ OAHOft CTOPOHH, 3aTBopa — ¢ Apyrofi. YTo6w He BBOAMTB Kakux-an6o
3HaKOB AAA Pa3jHYEHHA CHMBOJIOB MCTOKA M CTOK3, 3aTBOp W306paxaloT Ha npo-
JOJKEHHH JAHHHH HCTOKa. JNeKTPOMPOBOAHOCTH Kalaa YKa3uBalT CTPeakOi Ha
cHMBOoJe 3aTBopa (Ha puc. 132,2 n3obpaxen TPauIWCTOp C KaiajaoM n-THIa, a Ha
pue. 132,6 — ¢ KaHaaoM p-THNa).
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B ycnoBHoM 0603HaUEHHH NO/JEBOrO TPAH3HCTOPA ¢ H30JHPOBAHHHIM 3aTBOPOM
(ero u3o6paxaloT B Bile 4EPTOMKH, Napanie’]bHOR CHMBOAY KaHana, C BbIBOAOM
Ha NPOIOJDKEHHH JHHHH HCTOKAa) 3JEKTPONPOBOAHOCTE KaHana NOKA3bBAalT CTped-
KON, MOMEUIEHHOR Mes1y CHMBOJAaMM HCTOKZ M CTOKa: ecad ORa HanpasiacHa K
CHMBOJY KaHaja, TO 3TO 3Ha4uT, 4To H300pakeH TPAHIHCTOpP C KaHa/JOM N-THIa,
a ecaH B NIPOTHBOMOJOMKHYIO CTOPOHY, — ¢ KaHaaoM p-tuna (puc. 133,a, 6). Ana-
JOTHYHO YKAa3blBAIOT THN 3JEKTPONMPOBOJHOCTH KaHana M NPH HATHYHH BbIBOla OT
KpHeTania-nodtoxkn (puc. 133,8), a TakkKe npH H306pakeHHH MOJIEBOro TpaH-
3HCTOpPa € TaK Ha3blBaeMBM HHIYUHPOBalHLIM KaHaloM, CHMBOI KOTOPOrQ — TPH
kopotkye wrpuxa (pue, 133,2, d). Ecan noanoxka coelnHeHa € OAHHM H3 3J4KTPO-
J10B (O6BIYHO € HCTOKOM), 3TO COCAHHEHHe M0Ka3biBalOT BHYTPH CHMBOJA 6e3 TOYKH
(puc. 133.e).

B nonesov Tpai3ncTope MOWeT GbTh HECKOABKO 3aTBopos. HsoGpaxkaior HX B
3TOM CAYYae KOPOTKHMH 4ePTOYKaMH, NpHUEM JHHHIO-BHIBOI NEpBoro 3aTBopa o6s-
3aTe b0 NOMELAOT Ha NPOAOJIKEHHH IWHHH HeToKa (pue. 133.x).

JInnuH-BHBOAB! TOAEBOTO TPAH3HCTOpA JAONYCKAeTCA H3IrH6aTh JHIIb Ha HEKO-
TOPOM pacCTORHHH OT cHMBOna kopnyca (puc. 133,3), xoropuit Moxer OHTb cO-
eIHHEH ¢ OAHHM M3 37EKTPOI0B HAH HMETh CAMOCTOATE]bHHIA BHBO1 (puc. 133,u).

M3 TpauaHcTOPOB, YNpaBAfeMbiX BHeWHHMH (aKTOPaMH, B HacTosllee BpeMs
HaxXOAAT npiVesende gororpan3ucropsl. B kauectse npumepa Ha pue. 134 noxasa-
i YCNOBHHE 0003HaycHHA (OTOTPAHIHCTOPOR ¢ BbIBoJOM (a3nl H Ge3 Hero.

' Hapsay ¢ apyrdMH NoaynpoBOIMHKOBHMH npubopaMu, JeiicTBHe KOTOpPHIX oC-
HoBaHO na ¢orosaexkTpHueckom 3pdexTe, (GoTOTpaH3IHCTOPH MOryT BXOAHTH B cOC-
1as ontponoB. OGoanauenne (OTOTPAHIHCTOPA B 3TOM cJAydae BMeCTe ¢ CHMBOJIOM
HaayyaTeas cpera (oOHINHO CBETO1HO1A) 3aKJl04a0T B 06BeIHHAWUHA HX CHMBOA
Kopnyca, a 3Hak GoTo3pheKTa 3AMEHAIT 3HAKOM ONTHYECKON CBA3H — AByMsA na-
paanespHmvu ctpeakamu. Jdan npumepa Ha puc. 1350 n3oGpaxkena oaHa W3 onTo-
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nap casoennoro ontpona K249KITl, o uem rosoput moswuHoHHOe oGO3HAueHNHE
UlLl. AHanor#dHOo CTPOAT YCAOBHOE rpaduueckoe 06O3HadeHHe ONTPOHA C COCTAB-
HHIM TpaH3WCTOpOoM (pHc. 135,6).

rd
AKYCTHYECKHE TMPHBOPHI

AKkycTHuecknMH (BepHee — 3JEKTPOAKYCTHUECKHMH) Ha3aWBawT npH6OPH,
npeoGpa3syiollHe 3HEPTHI0 3MEeKTPHYECKHX KoAe6aHWA B IHEPrui0 3BYKOBHIX HAH
MEXaHHYeCKHX KoseGaHWi, H HaoGopoT. YcaoBHwe rpaduyeckde 0603HaueHH:
STHX NPHOGOPOB NOCTPOEHH Ha OCHOBe OOIUHX CHMBO/MOB, YCTAHOBJCHHHIX CTawiap-
TOM JJR KaMJAoro HX BHAA.

Tenedouw W rpomxorosoputean, OOuwue cumBoan Tededona (pue. 136) n
rpoMKoroBoputess (pHc. 137) HaMOMHHAIOT CBOHMH OYEPTAHHAMH BHEIUHHA BHJ
(npoexkunio c60Ky) ITHX NpHGOpoB B TPAIHUHOHHOM KOHCTPYKTHBHOM HCNOTHEHHH.
B Takom suie obo3HauenHs npumeHsior HanGoace uacto. Ho, Kak mn3asectio, B Te-
nedonax M TPOMKOrOBOPHTENAX HCNOABL3YIOT pasibie  cnocoful npeobpa3oBatis
SNEKTPHUECKHX KOMeGaduii B IBYKOBBLIC: 3JEKTDOMATHHTHBIN, 3M1EKTPOXHHAMHNECKHI,
NbE303NEKTPHYECKHH, 31EKTPOCTATHYECKHA M Ap. ITH 0COGEHHOCTH YKa3bBalT Ha
cXeMax CreuHanbHbIMH 3HAKAMH.

OcHOBY SMEKTPOMATCHHTHHX aKYCTHMECKHX MPHOOPOB  COCTABASCT NOCTORHHbBIA
MarMHT, Ha TNOMOCHHX HAaKOHEYHHKaX KOTOPOro pa3MellleHbl OAHa HAH ABe He-
MOABHXKHbE KaTylkH, # cTaabHas MemOpaHa WM axops. [lpi npoxomjenwn uepes
KaTylKky TNepeMeHHoro TOKa 3BYKOBOM YacTOTel 0O0pasyercs J0NOJHHTEIbHOE Mar-
HHTHOE MOJe, KOTOPOEe B 3aBHCHMOCTH OT HaNpaBieRHA TOKAa YCHIHBAaeT WM ocaab-
AfieT noJle NOCTORHHOrO MarhuTa. PesyibTHpylollee MarHHTHOe MnoJe BO3LeACTBYET
Ha Mem6paHy HJM SKOPb, B Pe3yJbTaTe Yero OHH K0aeG1loTCA ¢ 4acTOTOH ToKa de-
pe3 kaTywkH. Hcrounnkom 3syxosnix Konebaniit B Teaedoie CAYXRHT cama memGpa-
Ha, B TPOMKOroBopHTe.1e — AK(PPHY30p, KECTKO CBA3AHHBIA C AKOpeM.

DVIeKTPOMATHHTHBIA MPHHIKT ACACTBHA TesedoHa HIH TPOMKOTOBOPHTENH oTes-
Pa’aloT 3HAKOM 3NEKTPOMArHHTAa — YMPOILeHHbM CHMBOJOM KaTyWlkH c deppo-
MaPHHTHHM MAPHHTOMPOBOAOM, MOMellaeMbpM BHYTpH oOllero cHMBO/A (puc. 138).

B 3/eKTpOAHHAMHYECKOM NDHOOPE TaK/Ke HMEOTCA MOCTOAHHBIA MAarHuT H Ka-
TylIKa, HO 3eCh OHa cleéJaHa NOABHAKHOA (MO OTHOWCHHIO K MAarHHTy) H KecTko
coeautiena ¢ AHGdysopom. KoseGanna auddysopa BH3HBAWTCA SIEKTPOAHHAMHYE-
CKOMl CHJIOH, BOBHHKAMOWEH NPH NPOXOKACHHH Yepe3 KaTyWKy nepeMeHHoro Toxa
3BYKOBOW 9ACTOTH. JCKTPOAHHAMHYECKHA NpuHUMI Peobpa3oBanus CHIHAna yKa-
3MBAKT CHMBOJOM KaTyliku Ges marhuronposoaa (puc. 139).

1
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Pue. 138 Puc. 139
TaaBHoR vacTbio NLE3O3ASKTPHHUECKHX  TenedOHOB H TPOMKOrOBOPHTENeR #B-
AfeTcs  Nhe3inaTeMeHT — [JIaCTHHKA M3 cheudajsHoro Beulectsa, o6Jalalollero

nbe303aekTpuueckuMi  cBoiictBaMi. O6bIYHO Nbe3os3NeMenT COCTOMT H3 ABYX CKJe-
CHHBLIX BMECTE TJACTHHOK, MEXKAYy KOTOPHIMI  MOMelleH TOHKHI MeTalnyeckuil
3aekTpod. Ha napysiHbie NOBEPXHOCTH NJAACTHHOK TAK/MKE HAKACCHb 3J€KTPOAH,
KOHUB KOTOpPHIX CO€I1HHEHB! BMecTe. O,IHH H3 KOHUOB nNbE303JeMEHTa MeCTKO 3a-
Kpeiiien Ha Kopnyce akycTHueckoro npubopa, Apyroi cBA3aH C H3JdyHaTeaeM
(MemGpanoi win Anpdysopom). Ilpn nogave Ha 37eKTPOAB HANPHKCHHA 3BYKO-
DO HACTOTH CBOGOIHKI KOHEW TIbe3031CMEHTa M COSAHHEHNLI © HUM H3dyyaTendb
KOJeBJ10TCH ¢ 4acTOTOH NPHIOKEHHOro HaNpsKeHHs, B Pe3YJbLTATE 4ero Mul Cabl-
wuM  38yK. [lbe3osnexkTpHucckuil cnoco6  npeobpa3oBauis cHriaiza oBo3HavanT
Y3KHM MPAMOYrOJbHHKOM, COOTBETCTBYIOWMHM  MNJACTHHKE, H JABYMA wHepTo4Kamh,
cHMBOAMIHPYOULMH 00KAaakn (prc. 140).

B axkycTHuecknx NpPHOOPAX, HCNOJL3YIOUWIHX 3JEKTPOCTATHYECKHH MPHHLHT npe-
06pa3oBanHA 3MEKTPHYECKOro CHriaja B 3ByK, npeofpasoBatedb BHMOJHCH B BHle
KOHLEHCATOP2, COCTOSLIETO H3 HEeNOABHMAKION M MOABHAKHON NAACTHH, NOMCIENHHIX
Ha He6O.JLIWOM paccTOAHHH OaHa or apyrod. [lemoasuihas naacTHHa npeicTasas-
eT coboft 1OCTATOMNO MACCHBHHE 3.1eKTPO], NOABHAHAR — TOHKylo MeMmGpany.
Has cosnanHs NOCTORHHOA CHAW 3JEKTPOCTATHYECKOro NPHTAMEHHA K OOKJadKaM
3aToro CBDE(}GpasiIOrO KoHaeHcaTopa anK.‘]BJHB&IOT NOCTORHHOE HANPHMEHHE, Han-
pAMeHHe 3BYKOBOA 4acTOTHl NOJAIOT HA pPe3HCTOP, BKAKUEHHBIH B UeNb NOCTORH-
Horo uanpamenna. Masmenmouteecss Ha OOK13AKaX HANDAKEHHE DBHI3LIBACT H3MEHC-
WHE CHABM 3JEKTPOCTATHUECKOTO NPHTHMKEHHH, W MeMOpana koaeGi1eTcs ¢ 4acTOTOR
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NEpeMenHoro HampAXeHHA.  DJeKTPOCTATHUECKHe NPHOGOPH 0603HAYAOT CHMBOAOM
KOH1eHcaTopa NOCTOAHHOA eMKocTH (pHuc. 141.a).

AkycTHyeckHe NpPHGOPH, AefCTBHE KOTOPLIX OCHOBAHO HA HCMNOALIOBAHHH Mar-
HHTOCTPHKIHH ~— CBOACTBA HEKOTOPHIX (PEPPOMATHHTHBIX MaTEpPHalOB COKPALLAThCH
HAH PacCIIHPATLCA NPH HAMarHHYHBAHHH (JHGO H3IMEHATH CBOK MAarHHTHYI0 HHAYK-
LHI0 MpH MeXaHHueckHX JedOpManHAX), BbIAEIHIOT 3HAKOM, COCTOALLMM H3 CHM-
BOJIa KaTYWKH H3 ABYX NOJYOKDPYXKHOCTeHl M 1ayHanpasiaeHHoH crperxky (puc. 141.6).

Cranzapr npeayeMmaTpHBaer 0GO3HaYCHHE H JIPYTHX OCOGEHHOCTER KOMCTPYKILHH
npuGopoB sToA rpynnh., Tak, ecan HeoGXOAHMO NOAYEPKHYThb, YTO TeJjetoHul cHal-
HEHH OroJoBbEM, K OCHOBHOMY CHMBOJY 100aBJAIOT  HeGOULIIYID AYKKY (pHC.
142,a), a ecan Hajgo H306pasuTL CTepecoHHUeCKHe TenedOHb, B HEro BBOAAT
CHMBOJ TaKHX NPHOOPOB — 3HAK B BHAE ABYX B3aHVHO NeplHeHIHKYJIApuBX cTpe-
nok (pue. 142,6). B nmocaeanem cayyae aKycTHYeCcKMH NpHGOp H306paKaloT ¢ He-
06XOIHMBM (COOTBETCTBYIOILAM peajibHOMY) UHCJAOM BbIBOJOB, YBeJHUHRAR, eCAH
HYKHO, Pa3MEP OCHOBHOTO CHMBOJA.

O6wufi cHMBOA TPOMKOrOBOPHTEAS HCMOJBL3YIOT HE TOALKO A48 0603HaueHHs
AMHAMHYECKHX TOJOBOK, HO H Aas 0603HauyeHHs aGOHEHTCKHX TPOMKOTOBOpHTeJed,
a TaKiKe LeJblX aKYCTHYECKHX CHCTeM, COJEpKAUIHX MHECKOAbKo roaosok. Boswmox-
HOCTh DPeryJHpOBaHHs TPOMKOCTH 3By4yaHHs (Hanpamep, B aGOHEHTCKHX TPOMKOro-
BOPHTeNIAX) NOKa3nBalT 3HAKOM peryaupoBauus (pue. 143,a). Tonosky, Bunoa-
HALWYK NooyepeaAHo (YHKIHH TPOMKOrOBOPHTENs H MHKpPodoHa (Tak ee nepeiko
KCNOJABL3YIOT B MaJjoraGapHTHOH aNnnapaTtype CHMMJNCKCHOH OBA3H), H306paxaloT na
cXeMax co 3Hakom o6paTHMocTH npeobpa3oBaHHs — O0GOKAOCOCTPOR CTPETKOH Ha
ocH cuMmeTpuH (puc. 143,6).

Paaom ¢ nosHuHOHHHEM o©603HaueHHeM JAHHAMHYECKHX TIOJIOBOK TPOMKOTOBODH-
TeNefl H aKyCTHYECKHX CHCTeM OObI4HO YKa3nBalOT HX THIL.

Muxpodonn. PaccMoTpernble 3HAaKH HCNOAL3YIT M A48 0GO3HAUEHHA NPHHILH-
na JeHCTBHA MHKPOPOHOB. YcaoBHoe rpadHycckoe 0603HAYeHHe 3THX aKYCTHYECKHX
npuBOpOB COXPAHHKJIOCH C TeX MNOP, KOrla CYLIECTBOBAJH TONBKO YrOJblible MHKPO-
donn. [lpeoGpasoBakne 3ByXa B 3JEKTPHUECKHe KOJeGaHHA I[POHCXOAHJAO B HHX B
pe3yibTaTe H3MeHelHs KOHTAKTa YroJbHHX  luapHKa H MeMmOpaHu. Ynpoulenuwift
RPOGHALHBIE PHCYHOK 3THX ABYX yacrefi MHKpodoHa H CTajd €ro NepsnM YCJAOBHBIM
cGo3navennem. Co BpeMeHeM H3MCHHJIOCh COOTHOUIEHHe pa3MepoB liapuxka u MeM6-
paHbl, HHauYe CTajJH pacnojiaraTbh JHWHHH-BHIBOAB, a CaM CHMBOJ npeBpaThica B 00-
uee obozHayenHe MHKpodoua (pHc. 144,a, 6). s oGo3navenus YroJbHOro MHK-
podotia Tenepb HCNOJb3YIOT CRelHaNbHBA 3HaK — HeGONbIIOR KPYKOK, moMmeliae-
MHl B LCHTPE OCHOBHOTO cHMBOJa (puc. 144,8). DaexTpoaHHEMHYECKHH, KOHAEHCa-
TOPHBIH H IMb€303JeKTPHYECKHA MHKPOGOHH H300parkaloT Ha CXeMax, Kak MoKaszaH€o
Ha pHc. 144,2—e.
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Puc. 144

Ha ocuose ofllero CHMBOJA aKyCTHYeCKHX NPHOGOPOB 3TOH rpynnbl NOCTPOeHH!
H 0603HAYCHHA NaPHUHTOGOHOB — CNEUHAALHLIX MHKPOQOHOB, NpHKIALHBAEMBIX K
Iee OKOJAo TOPTAHH H MpeiHA3HAYeHHBIX 118 TeAePOHHLIX NEeperoBopoB B IUYMHBIX
veaosHAx (B camoderax, TaWkax W T. 4.). OTauunTenbHulil NpH3HAK JapHHrodoHa
HAa cxeMe — XOpAa, mapanneibHas cHmBoay MemOpaubt (puc, 145.a). Cnoco6 npe-
06pa3oBaHKa 3BYKA B INEKTPHYECKHe KoJebaHHA H B 3TOM Ciyyae YKa3blBaloT Te-
Mu ke 3nakamu. s npuMepa Ha pHe, 145,06 npuselen CHMBOT Nbe303JeKTpPHYEC-
Koro aapuirodona. AnajornyHo 006031a4al0T M 0CTEOHOHH — MHKPOQOHH, HC-
NOJAL3YIOWHE ABJACHHE KOCTHOH MPOBOAWMOCTH 3BYKa, KOTOpas XOpollo BbipaieHa
y Kocrel uepena.

Ycnopnoe ob6o3HaueHue CTepeodOHHYECKOro MHKPOHOHAZ MOCTPOEHO aHAIOCHYHO
cHMBOy crepeodoHnueckHx Tenedonos (puc. 146).

AxycTuueckne roaoskH. lna obo3naueHus aKyCTHYECKHX FOJOBOK, HCMOJb3ye-
MbiX B YCTPOMCTBAX 3BYKO3allHCH W 3BYKOBOCNPOHM3BEACHHH (PeKOpI1epbl, 3BYKOCHH-
MaTeH, TOJOBKH JAJH MarHHTHOM M ONTHYECKON 3anHCH H BOCNPOU3BELEHHA), paHb-
We 101b308214Ch PA3HBIMH CHMBOJMAMH. Tak, 3BYKOCHUMATeNH H PCKOPIepbl MeXa-
HHYeCKOR 3anucH 3Byka O00603HAaYaaH B BHAe YTONUEHHOR OKPYKHOCTH, NCPeYepK-
HYTOR B IHMKHEH YaCTH KODOTKHM [UTPHXOM, CHMBOJIHIHPYIOWMM Hray, W TOHKON
CTPe]KOM, HanpabicHHO B 3aBHCHMOCTH OT HasHaueuus npubopa BHYTPb OHMBO-
na (3ByKocHHMateas — CM. puc. 147,a) ®am oT wero  (pexkopiep — cM. pHC
147,6). Marnumiyio rofosky O0003HAuaIH HE3AMKHYTBIM KOJLIUOM, B paspeiBe KO-
TOPOro MOMeLladH 3HaK, XapakTepH3yOWHi ee HA3HaucHHe (puc. 1478, 2).

CospemeHnpe 0603nauenus TOJOBOK, HCNOAb3YCMBIX 5 38yKo3anucH, Gasupy-
10TCA Ha oOCHOBe oOWleTO cHMBOAAa B BHAc «yTioxka» (puc. 148.a). obasaeHue K
HeMmy wTpuxa («urau») B JeBOH HHMHCI YacTH pespalllaeT ero B CHMBOJ Mexa-
niueckoil rosopky (pue. 148,6), a 3naxka B Buwie nepesepuyToR Oyxsw C — B CiM-
BOA MuarHuTHoB roqoBkn (puc. 148,8). Hasuauemue axycTHyecko#t rosoBku (BOC-
NpoM3BeAcHiHe WAH 3aMHCh) YKa3nBalT cTpeakoil (puc. 148, d), wanpasaed=oft B

a) 4)
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a)

Puc. 147

CTOpoHy BHBOAa (BOCHpOH3BELEHHE) HAH OT Hero (3anHen). Takum obpasom, o6o3-
HayelHe rOJOBKH N8 BOCNPOH3BEACHHA 3aNHCH C IPAMNIACTHHKH (3BYKOCHHMaTe-
Ji) NoJydaeTcs H3 CHMBOJMA MEXaHMMCCKOH TOJOBKH M CTPEJKM, HanpabJieHHofi oT
#raW, a roJoBKH, npeobpa3symollell 3IJEKTpHYECKHe KoJebaHHA 3BYKOBONi 4acTOTH B
MexaHHyeckHe KoJebGaHHA pe3ua, BhIPe3alollero 3NYKOBYI0 KaHaBKY Ha JaKoBoM
NHCcKe (pexopiepa), — M3 TOTO e  CHMBOMAZ, HO €O CTpeakofl, HanpasiexHoll B
CTOPOHY HIJHL.

IMpmaiunn npeobpa3cBanusi SHEPrHH B rOJOBKAX YKa3HB2IOT TeMH e 3HaKa-
MH, 4TO H B YCJOBHBIX 0603HAaYeHHAX TeAC(HOHOB, rPOMKOrOBOPHTENeRd H MHKpOQO-
HOB. B cospemenHofi 3BYKOBOCMPOH3BOAAUIE pajiHoannapatype NPHMEHAIOT B 0C-
HOBHOM TMbE€303JEKTPHYECKHE H 3JIEKTPOMArHHTHHe 3BVKocHHMaTtend. CooTmeTcTBylo-
LHE HM CHMBOJH TNbE303JIEMEHTA H 3JeKTpoMarHutTa H3o6paxaioT B Jesofl 4acTH
yCA0BHOrO 0603HaYeHH A, KaK NOK23aHO Ha pHe. 148, .

TFonoBki aN8 MCXaHHYCCKONM 3aMHCH M BOCTIPOH3BELEHHRA 3ByKa TaKie ACAATCH
Ha MoHodoHKueckHe M cTepeodonryeckue. [IpunaznemHuocTs K nepBoMy THOY B yC-
JNOBHHX 0603HAYEHHAX He YKa3sblBaloT, AAf BHUICACHHA e CTepeodOHHYECKHX Io-
JI0BOK, KaK M B paHee pacCMOTDPEHHBIX CJAyManX, HONOJBIYIOT 3HAK crepeodoHHYec-
Koro npubopa (puc. 148,3).

Yenosuwe rpaduyeckne  ofGoanavenns 3aMHCHBaIefi H BOCNPOH3IBOARULIER
MaMHHTHHX TrOJ0BOK NOKasann Ha puc. 149,a u 6 coorsBeTcTBeHHO. YHHBCPCAJb-
HYI0O MArHHTHYK [OJIOBKY H300paXaloT OCHOBNLIM CEMBOJOM € JABYHanpaBicHHOR
cTpenkoit BHYTPH (puc. 149,8), cTHpaomylo — Teum Ke CHMBOJOM, HO CO 3HAKOM

+—  Puc. 148

Puc.. 149
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Puc. 150 Puc. 151

CTHPZHHH  MAarHHTHOH 3amUCH — KPCCTHKOM  (PHC.
149.2). Tlpn weoGxoanmocts B ofo3Hauexue Mar-
HHTHOH TOJIOBKH BBOIAT 3HAK CTepeoOHHYECKOro +
npu6Gopa (pHc. 149,0) W uubpe, 03HAYAKULIHE HH- *
C0 NOPOAKEK Ha MarHHTHOH Jgexte (puc. 149.e).

Ontuyeckue roaoskw., [OCT 2.741—68 ycra-
HABIHBAET TaKKe YCJOBHbe Tpaduycckie 0603ua-
YeHHA ONTHYECKHX roaosok (puc. 150). O wHa3nayeHWH 3THX TOJA0BOK CYAAT 1O
3HAKY ONTHYeCKoro npubopa — JABYM TNapajifeibHbiM CTpeJkam, H30GPaMEHHHM
BOAH3H CyXCHHOH YacTH yTiokKa. Ecau OHH HanpapieHn K HeMmy, TO 3TO 3HAUHT,
YTO TOJNOBKA BOCIIPOH3BUARILAH, a4 €C/IH 0T HEro — 3aliCLBaoWan.

ANeKTPHYECKHE 3BOHKH H300paKalOT B BHAc YNPOUIEHHOTO PHCYHKa HX 3Byua-
el YacTH — KOJOKoJbuHKa (puc. 151,a). Ecan 71pebyeTcs ykasate pOA TOKaE,
Heo6X0AHMOro Aas PaboTei 3BOHKA, BHYTDH CHMB0]a NOMeWAwT YCao0BHoe 00603-
HauyenHe [10CTORHHOIO (FOPH3OHTA/NbHAA HYCPTOMKA) HAM [EPEMEHHOro (onnycounia)
Toka (puc. 1514, @). 3BOHOK, pearspyiouliit Ha BKJWOYEHHE TOKa OAHHM YAapoM
MOA0TO4Ka (ronr), ofosHavaioT o6ulHM CHMBOJOM C BEPTHKAMbHON 4YepToil, Jens-
iileft ero nonoaam (puec. 151.¢).

3ymmepn. B noaeswx Tenedonax, a Takxe B YCTPOHCTBAX AR obyueHHd
NpHeMYy Ha Cayx TeaerpaHblX CHIHEJ0B NPHMEHHIOT 3YMMepH, YCTPOHCTBO KOTO-
PHiX TPHMEPHO TaKOe e, Kak H 3BOHKA. YcaoBHoe 0GO3HAYCHHe 3yMmmepa — TOT
e MOJAYKPYT, HO C BbIBOJIAWH, [IPHCOEIHIENHHMH K €ro Kpyraof yactH (puc. 152).

Yab1passykosoii ruapodon (rooska npuGopa ana usmepeHHA TAYOHHH BOXH)
0603H3YaT HECKOJALKO YBRJHYEHHBIM W MNOBEPHYTHIM Ha 90° cumBonOM ‘Eenelbona
(puc. 153). BoaMomuocTb H3JIYUEHHH W TNPHEM3 Y.IbTPa3BYKOBHIX KogaeOGaHHH yKa3nli-
BaT 060I0100CTPO!l CTPCAKDI, nepecexalowell HHAKHION (N0 PHCYHKY) CTOPOHY
CHMBOJIA.

Puc. 152 Puc. 153

AHTEHHDI

AHTeHHwW (0T nar. caosa antenna — wMayrta, pes) B TMepeaar-
gHKax CAYKAT I8 NPenipa’loBaHnd PaiMOMACTOTHBIX HJEKTPHYECKHX KonebaHui B
SHEPTHIO 31CKTPOMArHHTHOTO NOAA  (PAIHOBOJIH), B NDHCMHHKAX — AR npeob-

" pa3oBaHHs SHEPTHI PaZHUBOAH B TOKH DAAHOMACTOTHL

JTio6yi0 aHTEHHY MOAHO HCMOALIOBATH KAK LI Nepelaud, Tak H A4s TpHeMa,
npHueM ee XapakTepHCTHKH (1Mana3on 4acToT, HaNnpasiIeHHbe cpoficTBa W Ap.)
coxpansiotes. THM B IHAUNTEABHON Mepe o6bsicHwercA TOT GakT, uTO HasHavue-
HHe AHTeNHW (NpHeMHAs HAK Tlepelamoluas) ee ycaoBHoe ofo3nayeHde 0ObIYHO He
orpamaer. Camo pPacloJoeHHe CHMBOJA AHTEHHBI HA CXEMe OIHO3HAYHO onpede-
aser ee (yHKuMK (HAMOMHHM, 4TO Pa3BATHe CXeMbl, Kak NpasHio, POHCXOAHT
cleBa Harnpano).



OGuwee o6o3HaueHHe aHTeHHW (cM. puc. 2 u 19,%¢) npuMeHAT B Tex cayua-
AX, KOTJa HYMHO NMOKa3aTh HECHMMETDHYHYI0 aHTEeHHY, T. €. aHTeHHY, COIHHAeMYI0
C MepelaTYHKOM HJAH OPHEeMHHKOM OJHHM MNDPOBOIOM (BTODHM NPOBOIOM CAYXHT
3emas). Takue aHTeHHb HCMOAL3YIOT B JAKana3oHax IJMHHBIX, CPeJIHHX H KOpOT-
KHx Boad. B yJbTPaKopoTKOBOAKOBOM aManasoHe, a TaKXKe B KOPOTKOBOIHOBOM
NPHMEHAIOT CHMMETPHYHBIE AHTEHHH, T. €. AHTEHHB C JBYXNPOBOAHHM BLIXOIIOM
(nnu Bxoaom). Obuiee o6O3HaYeHHe CUMMETPHYHOA AHTEHHH OT/IHYaeTCA OT yKa-
3aHHLIX HalHYyHeM ABYX BbiBOLOB (puc. 154,a). .

Haswauenne H ocoGeHHOCTH aHTeHHH B caMoM oflueM BHIe MOKA3BIBAKT 3HA-
KaMH HanpaB/eHHs paclpocTpaHeHHs NOTOKA 31eKTPOMArHHTHON 3HeprHH. CHMBOMH
npHeMHofi, nepelaowef H NpHEMHO-NEpeAalollel aHTeHHH, NOCTPOEHHBE C NpHMe-
HeHHeM 3THX 3HaKOB, NOKa3aHH ha puc. 40,6—d.

Cranpapr ECKJIl npenycmarpuBaer cheisa’bHble 3HAaKH AJ¥ YKAasaHWA TakHX
ocofenHoCTefl aHTeHH, KaK WHPHHA H XapakTep ABHXKeHHA (BpalllesHe, KayaHHe)
r1aBHOrO JefecTKa JHarpaMMbl HanpaBAeHHOCTH, THN NOJAPH3allMH, HampaBJeH-
HOCTb NO asHMYTY H BbicOTé H T. 1. B KauecTBe NpHMepoB MCIIONLIOBAHHA TAKHX
3HaKOB Ha pHC. 154 nOKa3laHn YCJOBHHe O0603HAUEHHR BPALAOLLEficA AHTEHHH
(6) ¥ aHTeHH ¢ POPH3OHTaJABHOM (8) H BEPTHKAAbHOA (2) NOJAAPH3aUHE.

[ns noBuwenns 3HGHEKTHBHOCTH HECHMMETPHYHBIX MepelaiollHX H NPHEMHBIX
aHTeHH WCMOJb3YIOT 3aleMJexne (B mnpocTefiieM  cAyyae — 3T0 METAJNHYECKHH
JAHCT MAH TpyGa, 3apeITHe Ha TayOHHY nouBesHbix Bo1). Ha cxemax sasemaenne
H306paxaoT TPeMA KOPOTKHMH WITPHXaMH, BMNHCAHHBIMH B npamoit yroa (pwuc.
155,a). Huoraia BmecTo 3a3eMJeHHS NPHMEHAKT npPOTHBOBeC — GOJBIIOE YHCAO
NpOBOAOB, HATAHYTHX Hal NOBEPXHOCTBIO 3eMAH Ha HeGoabwoit Beicote. Takoe
YCTpoRCcTBO 0603HayaiOT 1BYMS MNapa/inedbHbIMH JHHHAMH pPasHOf  Aauub, 6oab-
Wast H3 KOTOPBIX CHMBOJIM3HDYeT 3eMaw (puc. 155.6).

Paccvotpenubie yeloBHHe 0603HA4YCHHA TMOCTPOEHB (YHKIHOHAJLHBIM METOMOM.
JlpyrumMu cJ0BaMH, 32 MX OCHOBY B3fT OOILHHA CHMBOJ aHTEHHB, @ XapaKTepHCTH-
KH BbipasieHbl BCTIOMOraTeJbHWMH 3Hakamu. B paanoTexnuike Takne o603HaueHHA
NPHMEHAOT B OCHOBHOM B CTPYKTYPHHIX H (hYHKUHOHAILHBIX CXeMaX, T. €. Ha Tiep-
BHIX 3Tanax pa3paboTku npuGopa, KOria XapaKTepHCTHKH AHTEHHH oOfpeleieHu, a
KOHKPEeTHHH THN ee elle He BbIOpaH. :

B npHHUMNHAAbHBIX cXeMax ualle HCOOJb3YIT YCJI0BHble rpaduueckHe 0603Ha-
YeHHsl, HAMOMHHAIOULHE NpPeJenbHO YNPOIUIeHHbBe PHCYHKH KOHKPeTHbIX pa3HOBHAHOC-
Tel anTenH. Tak, NpoCTeHLIVI0O AHTEHHY — HECHMMeTPuuHLiA BuOpatop (BepTHKaIL-
HBIf NpoBOA, WTHPb) H306paKalwT OTPE3KOM BEPTHKAJAbHOH YTOJUEHHON JHHHA
(puc. 156). IMopo6HHe 4HTeHHH NPHMEHSIOT B 1HaNa30oHax AJHHHBIX, CPEIHHX, KO-
POTKHX H yJasTpakoporkux soad. Oawako 1as xopouweft pafoTH Takof aHTEHHH ee
AAnHA AokHA OBTE paBHA NPHMEPHO YETBEPTH AJHHbI paboueit BoaHn, B nua-
Na30HaX KOPOTKHX H YJbTPAaKOPOTKHX BOJH, J1JHHA KOTOPHX He mnpeBuilllaer Hec-
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Puc. 156

KOJABLKHX [eCcATKOB MeTpoB, 3T0 TpefoBaHHe BHIMOMHHTb JEFKO, a BOT Ha CPElHHX
# TeM Gonee Ha JJHHHHIX BOAHAX — Tropasio TPyIHee, TAaK Kak 4YeTBepPTb LJIHHLI
BOJHE B 3THX JHanaioHax LOCTHraeT coTeH MeTpoB. YTobu He CTPOHTH AOPOro—
CTOAIL[HE BBHICOTHHIE COOPYXEHHH, K BEPXHEMY KOHLUY  BepTHKaJbHOro nposoia
(BHGpaTopa) TNPHCOEAHHAIOT OAHH HJAH  HECKOLKO TOPHIOHTA/ALHBIX  NPOBOIOS,
A€ficTBHE KOTOPHX 33KJMIOYAETCA B Kamyluemcs yiauHewun BuGpatopa. Ha cxemax
I-o6pasnyio u T-o6pasHyio anTeHun 0003HA4AWOT CHMBOJAMIlL, HarisifHo [epe-
JNaoEMH HX XapakTepHbie ocobennocts (pue. 157.a, 6).

Y paccMOTpeHHHX HECHMMETDHYHBIX BHOpPAaTOPOB H3JydaTesnem (NpHEMHHKOM)
PajHOBOIH CJAYMHT BEPTHKaAbHAA 4acTh. B 1Mana3zoHax e KOPOTKHX W Y/AbLTPAaKoO-
POTKHX BOJH B CHAY OCOGEHHOCTERi HX DaCNpOCTPaHeHHA OOBIYHO NPHMEHAIOT ai-
TEHHB, y KOTOPHX pabouuMH SBASIOTCS TOPHAOHTaAbHBle uvacTH. [lpocTefiwed aH-
TeHHOi B 3THX AMana3soHax HBJAAETCH CHMMETPHUHHA BHOPaTOp, MpelcTaBARULKA
co60ft [Ba H30JHPOBAHHHX TFOPH3OHTAJbHHX  MPOBOJAHHKA OLHHAKOBOH  LIHHB,
MexJy KOTOPHMH MOIK/IIO4eHa LBYXNPOBOAHAS JHHHA, COCAMHAOWAA aTeHHY C
NPHEMHHKOM HJH NepefaTudkoM. JTY JHHHIO CBA3H HaamBalT (Hicpom (0T aHra
feeder — nurarens). O6uwas AanHa BuGpaTopa oOLYHO PaBHa TPHMEPHO NOJOBH-
He JAHHH paboded BOJHBL.

CummeTpHuHbA BHOpaTop (cro ycnoBHoe rpaduyeckoe obo3HayeHHe NOKAa3aHO
Ha pHe: 158) o6aajaer sBHO BHIPAaKEHHHIMH HANpaBJeHHBIMH CBOHCTBAMH. Jlyume
BCErD OH NPHHHMAeT HAH H3JydaeT B [JIOCKOCTH, NMEPNeHAHKY/]APHOH ero ocH, Xy-

=

=
a) 7)
Puc. 157
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He BCero — B MAOCKOCTAX, MNPOXOAAUIMX uepe3 Hee, [lo3ToMy Takyw aHTeHHy
(HanpaMep, ANs npueMa TeNeBHIAEHHR) pacnonarawT Takum oOpa3oM, uTobul ee ro-
PH3OHTAALHBIE YacTH (nJeuH) OuJiv NEPRNEeHIHKYNADPHB HAMPABAGHHIO Ha TeJeueHTp.

Ha npaktuke uacto TpeGyercs, 4ToGbl @HTEHHA MOTAA H3JAy4alb HJAH MPHHH-
MaThb PajHOBOJHW B J0CTAaTOYHO IBHPOKOH noJjoce vacror. [loctHralor 3TO0ro He-
NoJb30BaHHEM B KayecTee nJey BuHOpaTOopa HECKOJALKHX MapajebHbiXx MPOBOLHK
KOB, COEJAHHEHHEIX KOHIAMH. AHTEHHH TaKOH KOHCTPYKUHH, HIBeCTHole Noj1 Ha3Ba-
HHeM Axnoas Hajenenko, HaluIH WWHPOKOe NpHMeHEHHe B KOPOTKOBOJHOBOH CBS3H,
C Tofi e uUeablo (paCIUHPEHHe AHANA30HA MACTOT) TEJIEBH3IHOHHBIE AHTEHHH YacTo
H3TOTOBJISIIOT H3 OTPE3IKOB TOJACTHX TPYGOK HJH NPHMEHSIOT CJOWHbe BHOPaTOPH,
HarpHMep neT/eBHe.

Neraceoit BHOGpaTop npejictaBafer cobofA ABa noayBoAHOBLX BxOGpaTopa, co-
eNHHEHHHX KOHUAMH, 3Ta 0coGeHHOCTL KOHCTPYKUWH metaesoro BuGpaTopa Hawana
OTpaKehHe H B €ro yc/J10BHOM o6o3Hadvenun (puc. 159).

Baxuniv ycaoBueM xopollleii paloThl aHTEHHH ABASIETCA COTacoBaHHe ee
BXOAHOTO CONPOTHBAEHHS C BOJHOBBIM CONPOTHBJAEHHEM cHaepa, TaK Kak TOJAbKO B
3TOM CJdyvyae OHa MOMKET H3/JyyaTh HJH NpPHHHMaTh HauGojbwyio MotHocTk, [las
COTNACOBAHNA @HTEHH C (DHAEPOM HCNOAL3YIOT cneuHadbHbLie YcTpPoiicTRa B BHje
OTPE3KOB ABYXNPOBOJAHBIX JHHHA HJAH NPHMEHAIOT Tak Ha3biBaeMoe UIYHTOBOE NH-
TaHHe BHOGPaToOpOB.

Cummerpuunuiii Bubpatop wyHTOBOr0 nHTaHua napeictapiner coloi CRAOWHOA
NpOBOAHHK ANHHOM, Take PaBHON NMOA0BHHe AJHHB BOJHB. PHAED noIxKAWMAOT K
HEMY B JBYX TOYKaX, pacNOJOMKEHHbIX CHMMETPHYHO OTHOCHTEJbLHO €ro CepeiHHH.
Havensa mecra noakawcuenns ¢uiepa k BHGpaTopy, MOXKHO N0BHTBCA paBencTsa
BXOAHOMO COMPOTHBAEHHA AHTEHHW BOJHOBOMY conpoTHsiaeunto djiepa, T. e. cor-
nacoBanus, Touso TaK Ke COracoBWBalOT ¢ $uaepoM H neTnesne BHGPATOpH
WIYHTOBOTO MHTAHHA. YC/A0BHOe 006O3HaveHHe NOAYBOAHOBOTO BrOpaTopa ¢ WYHTO-
BHM MHTaHHeM npeicTasieHo Ha puc, 160.

Ilpn HCNOAL3OBAHHH B KawecTBe (PHIAEPAa KOAKCHANLHOrO Kabens BO3HHKAeT Heol-
XOAHMOCTb B CHMMETPHDOBAHHH, T.e€. CO3AAHHH YCJOBHA, NPH KOTOPHX TOKH B TOH-

Puc. 160 Puc. 161 Puc. 162



Kax NOACOeNHHEHHS K BHOPATOPY HMElT npoTHBonoioxHue ¢aau. Ha npakthke
CHMMETPHpYIOlllee YCTPOARCTBO BHHMIOAHAIOT B BHAe OTpe3ka Kabeas noayBONHOBOR
AnuHb, corayToro B Buie OykBm U. Ilutanne yepes koakcHaibhbifi Kabeab € CHM-
METPHPYIOULHM YCTPOCTBOM TAKOro ,pola  HANOCTPHPYET YcA0BHOe o603HayeHHe
neraesoro BuGpaTopa, NoOKalawHoe Ha puc. 161 (kaGeab 3aech oGo3Hayen Kpyw-
KOM C OTpe3KOM KacaTeqbHOM, NapanneibHOd JHHHH 3J]EKTPHYECKOH CBS3H, a COr-
Jacylomee YCTpoficTBo — JAyro#, coelHusolledi BuBO1b BHOpaTopa).

Jlna cBS3H Ha KOPOTKHX BOMHAX AHTEHHH JOJKHB OHTb OJHOHAMNPaBACHHBIMH,
T. €. H3AY4YaTb H NPHHAMATb PAaAHOBOJIHB OHH AOJKHB TOJBKO C OJHOrO Hanpasje-
Huf. THOMYHEM TpeJCTaBHTENeM TAKHX  AHTEHH fABAAETCH POMOHuUECKan aHTeHHa,
npeactapasiowasn coboit pomb, BLINOAHEHHHIR H3 NPOBOAA, CTOPOHB KOTOPOro
NpHMepHo BueTRepo GOJble NAHHE BOJAHM. K OAHOMY H3 OCTPHIX Yr/0B aHTeHHB
NOAKAKNAINT ABYXIPOBOAHLIH (uiep, a K APYromy — MNOTAOWAKIOULYIO Harpysky,
CONpPOTHBJEHHE KOTOPOil PABHO BOJHOBLIM CONPOTHBAENHAM aHTeHHW M ¢kiepa. B
ycaoBliow o6o3nadennd PoMGHYECKOR aHTEHHH CHMBOJ pe3wetopa (noraowaoulefi
Harpy3kH) yMeHblleH Mo CpaBHeHH0 ¢ OOWYHBIM [pHMEpHO BiBoe. 3ITo JAenaer
o603nauenne aHTCHHE Gosee KoMnakKTHHM (puc. 162).

B MeTpoBOM H JEUHMETPOBOM /HANA30HAX BOAH 4Y4CTO HCNOALIYIOT AHTEHHH
«BOJIHOBOA KaHad», 00Jajalollide 3HAYHTeNbHO OGOALWHM, NO CPABHEHHIO C OJHHOY-
HEM  BHGpaTopoM, Ko3dHuKeHTOM HanpasieHHoro AeicTBHA.  Takda  anTeHua,
KpoMe OCHOBHOro — aXTHBHOro — BHGPATOpa, COJAEP/KHT HECKOJbKO MacCHBHHIX.
OanH M3 HHX, DPaclo/OXKeHHLIAi 33 aKTHBHHIM, HA3bLIBAWT pedaekTopoM (0T JaT.
reflectere — oTpamaTh), OCTaabHbie (pACNONOKEHHBE Mepe) aKTHBNWMM) — All-
pekTopamu (directio — nanpasasts). [auna pedaektopa — wHeckoanko Goablie,
a AMPeKTOPOB — HEeCKUJbKO MeHblle AJHHW aKTHBHOro  BuGpatopa. Ha cxemax
3T0 MOKA3BBAKT pPa3/iHuyHOA JJHHON COOTBETCTBYIOULMX  CHMBOJOB B YCJOBHOM
0603HAYCHHH aHTEHHLl «BOJIHOBOW kauaJj» (pHe. 163).

C uenapio yJayyllenWs HanpaBleHHHIX CBOHCTB  aNTellH NPHMEHAIT TaKKe Me-
TaJaHueckHe PeIEKTOPH B BHIe COTHYTHX M3 METANJHYCCKOrO JIHCTa YIOJKOB,
napaGoionioB W T. N. Yca0BHOC ob603HaueHHe TaKOro peduiekTopa BOCTIPOH3BOAMT
(koneuno, ynpoweinno) ero npopHan B ceucHnn. B kauecrse npumepa na puc. 164
NOKa3aHbl YCNOBHbIE IPaHyeckHe OOGO3HAYCHHA AHTEHHL € H3nydaTedem (NpHeM-
HHKOM) B BHAe CHMMETPHYHOro BHGpaTtopa H YroJKOBbHIM pc(bnel('rupbu (a) n an-
TeHHH ¢ KpPHBOAHHeRlBM pediekTopom (6), BuGpaTOp KOTOPOA nHTaercs uepes

a) J)

Puc. 163 Puc. 164
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Puc. 165 Puc. 166

KOaKCHaJbHHA KaGeab (CHMMETpHpylOLlee YCTPORCTBO A48 NpPOCTOTH He H306pa-
HeHD). ’

JAna nepepaun 37eKTPOMarHHTHOA  3HEPrHH B JHaNa30HAX CAHTHMETPOBHX H
MHAJHMETPOBHIX BOJH HCMOJABL3YIOT BOJHOBOAB — MeTajaJHueckHe TpyOu, oOHuHO
npaMoyronbHoro cedeHnsi, OTKpPHTHA KOHell BONHOBOJAa H3AyuaeT 3/JeKTPOMarHHT-
Able BOAHH. YTOOH yNyulINTL H3Ay4eHHe, K HeMy TMPHCTPAHBAIOT TMHPAMHIAAALHYIO
BOPOHKY, KOTODPYH Ha3WBAKT PYNOpHO#i auTeHHof, YcJoBHOe 0603HadeHHe Mocaed-
HeH npuseieso Ha puc. 165. 31ech yroJok, HanOMHHAKMHA TIHe3A0 pa3LEMHOTO
COeIHHeHHs, CHMBOJH3HPYET PYNOp aHTeHHBl, NPAMOYrOJbLHHK HAa NPHCOSIHHEHHON K
HEMY JHHHH SJEKTPHYECKOR CBA3H — BOJHOBOA NPAMOYTOJALHOTO CEYECHHS.

Yayywenne HAnNpaBaeHHBX CBOACTB B 3THX JMAaNa3oHaX BOJH MOMKHO TaKxe
NOAYYHTL NPUMEHeHHeM MeTalnnyeckero pedeKTopa, NOMECTHB B €r0  PAacKpHB
pynopin#i HaayyaTenn (puc. 166). Xopowmmu HanpasneHHmMH cBOficTBaMH o06.a-
JaeT H Tak Ha3pBaeMas MAHINEKTpHueckas aumrtenna. Owna npeacraBaser coboft
CNIOWIHOH MJH TOJBA CTepHeHb H3 BHCOKOKAYeCTBEHHOrO JH3JEKTPHKa (MOJHCTH-
poJa, TNONH3THAEHA), Ha OCHOBAHHE KOTOPOTO HAaAET MeTaJJHYeCKHA cTakaH, -BH-
noausomin GyskuHn pedsektropa. Ha paccTosHHM B YeTBepTh AMMHBI BOJHH OT
AHa crakaHa B Teje aHTeHHLl 3axkpennen Bo3GyxIawIlHA wTeps. Baarojaapa oco-
Goii dopme obpasywoliei CTEPKHH J]eKTPOMATHHTHbE BOJHL BHIXOAAT H3 Hero
Nnoj OAHHAKOBBIMH YrJIaMH K OCH, B pe3yJbTaTeé 4Hero M CO31aeTCH HaMpasjeHHoe
HanyuyeHHe. Ycnoshoe rpadHueckoe o6O3HaueHHE [HINEKTPHUECKOR aHTEHHH — Y3-
KHH 3alITPHXOBAHHBIN HAKJOHHBIMH JHHUAMH TPEYrOJbHHK € JHHHEH-BLIBOAOM OT
Menbluero ocioBanis (puc. 167).

Ilnpokoe npHMeHeHHe B paJHONDHEMHON  TeXHHKe HalNH TAK HAa3bBaeMble
MarHHTHble AHTEHHW (OHH pearHpylOT He Ha 3JeKTPHUYECKYIO COCTABJSIONLYI0 3JMeKT-
POMarHHTHHIX - BOJH, KaK Bce pac-
CMOTpeHHbLIE paHee AaHTeHHH, a4 Ha
MaruuTHymo). [lpocTefiras aHTeHHa
TAKOr0 THNA — paMka, cocrosulas
H3 OJIHOT0 HJIH HECKOJbKHX BHTKOB
nposoaa. Hesaucumo ot dopmul
BHTKOB PaMOYHYIO AaHTeHHy H3o6pa-
HKalT B BHJE HE3aMKHYTOTO KBaj-
parta ¢ JHHHAMH-BHIBOIaMH OT cCO-
cefHHX cTopoH (prc. 168).

I'opasno waule HenoJe3yloT Mar-
Puc. 167 HHTHHE AHTEHHLI ¢ MATHHTONPOBO-
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Puc. 168 Puc. 169

aom H3 depputa. Ha cxemax HX 0603Ha4aIOT KaK OJLHY HJH HECKOJAbKO (N0 4HCay 06MoO-
TﬂK) KaTylueK HHIAYKTHBHOCTH C obuLHm MarHiTONPOBOAOM, HO B OTJHUHE OT NnocJAeJHHX
pacnoJaralT BCeria Tropu3oHTanbHo (puc. 169,a). TlpuHaiiemHOCTs K aHTEHHBIM
YCTPOACTBAM MOKA3bLIBAIOT OOGLIMM CHMBOJOM, NOMeUlas €ro Hal CepelHHoA YC/a0B-
Horo o603naueHus MarHHTonpososa. OOMOTKHM MAarHHTHOR aunTeHHnl OOBIYHO HC-
NOJb3YIOT B KAyecTBe KaTylleK BXOAHBLIX KoaeGaTe/bHbX KOHTYPOB, Mo3ToMy o0603-
HAualoT HX KOAOM KaTyllleK — JaTHHCKOA GykBoff L, a BO3MOXHOCTb NMOACTPORKH
HX HHAYKTHBHOCTH (nepeMelleHHeM M0 MarHHTONPOBOJY) MOKa3biBAIOT YiKe 3HAKO-
MbIM 3HAKOM MOJICTPOEYHOro peryiHposanus (puc. 169,6).

SJIEKTPOU3IMEPHTEJ/IbHBLIE MPUBOPbI
Ins H3MepeHHA H KOHTPOJS 3JEKTPHYECKHX W HE3/1eKTPHYECKHX BEJTHUHH
B TEXHHKC HCMOJAb3YIOT BCEBO3MOMHBIE H3MEpPHTeAbHble NpHGOpH. YcaA0BHOe TpadH-

yeckoe o0o3HayeHWe Takoro npubopa — OKPYAHOCTb € JABYMA pa3HOHANpaBJeH-
HEMH JHHEHAMH-BeBoaamu (puc. 170). Hasnavewuwe npuGopa NOKa3biBAalOT, BIHCH-

ek ik
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Bds B 3TOT CHMBOJ MemayHapoaHoe (B cucreme CH) ofoanauvenue eauuuus H3-
MEPACMOR  BeaHuikb. Tak, nponucHan 6yksa A o6osuauaer npubop, HIMepPH OULH
CHAy Toka B amnepax, V — Hanpsikenue B Boastax, W — MoOWHOCTL B BaTTax,
Hz — wactory s repuax, © — conporusienie B oMax. AHAJMOrHYHO, YTOOM MOKa-
3aTb NPHOOD AA% H3MEpPeHHs (HIHYECKON BEJAHUHHL B KPATHLIX HJAH JOJBHBX e/IH-
HHUAX, B OKPYMHOCTb RITHCHIBAKOT HX MemAyHapoluoe obo3Havenne (mMA — MHA-
Auamnepmerp, pA — mukpoamnepmerp, mV — MuaausoabT™MeTp, MQ — smeromerp
H 1. 4). Tpr HeoOx0aHMOCTH BO3ME JHHHA-BLBOLOB YKa3biBAOT NOAAPHOCTL NOA-
K/JKO4YeHHA anﬁUpa. a PAIOM C [HO3HUHOHHBIM 0603HaYEHHEM €ro THIL

OGuwenpinareie  Oyksednwie 0603HAYEHHN (HIHYECKHX BEAWUHH  HCNOAB3YIOT
NPH NOCTPOGHHH YCAOBHBIX O603HAYEHHI Takux nNpHbGopoe, kak dasomep (B OKpyK-
HOCTL BMHCHIBAOT rpedeckyio Oyssy @), soanomep (i), Tepmomerp (t°), raxomep
(n). CumBoab 3THX NpHGOPOB NMokasaHu Ha puc. 171.

3HAKOM B BHie NPOPHILHOTO PHCYHKA ABORKO-BHIYKAOH JHH3W 0GO3HAYAIT

Ha cxemax yposHeMmep (puc. 172.a), MaTeMaTHYECKHM 3HAKOM «t» — HHAHKaTOp
NOMAPHOCTH (pHc. 172,0), 3urzarooGpasHoil JAHHHER — ocuHaaockon (puc, 172,8),
3HAKOM B BHI1e NPAMOr0 Yrojka — BTOPHUIIbIE 3JeKTPHYeCKHe wWachl (pHe. 1722

MepBHYHKE YaChl BHIAEAAOT BTOPUH OKPYAHOCTBIO, KOHIEHTPHYHOH ¢ OCHOBHOM).

OcobenHocTH u3MepHTeAbHLX NPHOOPOB OTOGPAaXAIOT IHAKAMH, NOMeLlaeMbIMi
© B HHAHeH 4acTH cHMBoaa, Tak, ec/H HeOGXOAMMO MOLYEPKHYTL, 'MTO CTPEJAKA MNPH-
Gopa MOXeT OTKJIOHATbCH B 00e CTOPOHLI OT HYJEBOH OTMETKH, HAaXOAsWedcs B
CepeiaHHe. IUKa b, HCMOAL3YIOT /Be pacxoasuiHecds noa yraom 60° crpesikd (pHc.
173,a) wan oaHy, nepnediHKy spHYIO JAHHHHM-BuBOAaM (pic. 173,6). OxHoli cTpea-
KOH, le Kacalouwefics cuMmsosa, oGo3nadaloT raassanomerp (puc. 173.8). [lpuGop
¢ UHBPOBHM OTCYETOM H3IMEPAEMOA BeJAHYHHH BLJENAIOT 3HAKOM B BHAe Tpex
Hyaef, OXBaueHHBIX CHu3y MPHMOI CKOOKOM, a 4ToGbl 3TOT 3HAaK YMECTHJCA B OK-
PYHHOCTH, ee AHAMETD YBEJHYHBAKT [0 HYKHOro pasmepa (pue, 173.¢).

INeKTPOMeXAHHYECKHIl CUYETUHK HMNYJIbCOB H306PaKalT HA CXeMax CHMBOJIOM,
NCXOKHM Ha YCA0BHOE 0603HAaueHHe NOJHPH3IOBAHHOTO 3IJEKTPOMArHHTHOrO peJae, 8
JONOJAHHTETLHOR NOJE KOTOPOTO MOMeWeH MaJeHbKHA Kpykok (puc. 173.d),

B ocHony o6o3HaueHnil HiMepHTENbHBIX PETHCTPHPYWOULHX NpHOOPOB  NOJOKEH
CHMBOJ B BHle KBaapatd. PerHcTpupyeMmylo BeaHYHHY H B 3ITOM C/IYUaE YKAZHBAKT
OJ]HHM 113 PacCMOTPeHHLIX padee crocoboa. B wumneldi uwacTh KsaipaTta NoMellawnTt
CHEUHATLHBIE 3IHAKH, XapakTepHiylouiHe BHA JAMHCH HI3MEPHeMON BEJNUYHHBI H3BH-

OO 9000

Puc. 171 Puc. 172
aj d) s) e) a)
Puc. 173
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Puc. 174 Puc. 175

JHCTOR auHHeR (3Mefikofi) 0603HayalOT Hernpepus-

Hywo 3anuce (puc. 174.,@), Takoil Ke JuHHeR ¢ npo-

Gesnamu — 3aMHCL C TOYEYHOR perncTpaudedr (puc.

174,6), KpyXKOM co CKOOKOH — neuath ¢ uHbpopoi + +
perucrpauuedi (puc. 174,8).

KBanpar uyTh MeHbIIHX pa3MepoB  HCMOAb-

3yl0T  AAs  O6O3HAYEHHA BCEBOIMOKHBIX  JaTuH-

KoB  (npeofipazoBaTtenefi He3JNEKTPHYECKHX BEMH-  Puc. 178

YHH B 3aekTpuueckue). [lpunaanexuocTs K

3TOMY  BHAY YCTPOHCTB  OTPa)KawT TOYKA M CTPeJKa HA HHXKHe# ua-
CTH KRaApaTa, YKasmBawllas HanpasjeHHe npeoGpasosauus. B obuweMm cayuae
BIYTPH CHMBOJIa YKasniBalOT TOJbKO H3MEDAEMYH BeJHTHHY HIH eIHHHLY ee H3-
wepeuun (puc. 175,a). Ecan ke Heo6xoaMM0 yKa3aTh KOWKPETHVIO BE/IHUHHY, B
KOTopylo npeolpa3yeTcd KOHTPOMHpYeMas, KBaAPAT [eJHT HAa 4acTH H B Ty H3
HHX, KOTOpasa TpaHH4YHT C .'I!{I{HEH-BHBO,CIOM. BIHCHIBAIOT 0603HAUEHHe BHIXOJHOrO
napamMeTnpa. (& YY€TOM CKa3aHHOro, B YCJAOBHOM obo3HaneHHH, H306pa?KeliHOM Ha
pHc. 1756, reTpyano y3HaTh JaTHHK- TeMNepaTypH, npeobpasyiowuit ee kogeGauus
B H3IMEHAWUHACA TOK, a B CHMBOJIe, NMOKa3aHHOM Ha puc. 175,68, — naTukk, npeo-
Pa3yloULKit 4acTOTYy BpaUleHHS KOHTPOJHPYEMOro ycTpoficTBa B MPONOPUHOHA/bHOE
e HampsXKeHwHe.

JlAs W3Mepenus TOKa B IMPOKOM AHaNasode MaCTOT (OT AecHTKOB repi A0
HECKOJIBKHX MErarepll) MPHMEHAIOT NPHOOPH, B KOTOPHX [AAaTUHKOM CAYMHT Tep-
Monpeo6pa3oBaTedb — YCTPOMCTBO, COCTOALIEE H3 BK/AIOYAEMOro B KOHTPOIHPYEMYIO
uenb HarpesaTenbLHOro 37eMenTa (B BWAe NpPOBOMOKH) H TepMonapu. Tepmomapa
npexacrasiser cobod cnafl AByx NPOBOIHHKCB H3 pa3HbIX METaanoB (Hanpumep, xe-
J1e2a M KOH'TaHTaHa), Ha BHBOJAX KOTOPOro npu HarpeBanHH cosfaetcs IJIC (ee
H3MEPAIOT YYBCTBHTeNbHBIM npuGopom). CHMBOJ TepMonapn — [B¢ JOMaHbe JH-
HHH, cxolsllnecs nox yraoMm 60° HarpeBaTenbHOro 3sneMeHTa — 1YKKa C JHHHA-
MH-BHBOJaMH, HaNPaBJAeHHBIMH B NPOTHBOMONOMKHYI cTopoHy (puc. 176). Tlpu Ha-
JHYHM KOHTAKTa MCHLY craeM H HarpeBaTeleM CHMBOJW H306DaxaloT CONPHKaA-
CAKMIHMHCH, 2 €CAH €ro HeT, -~ Ha He60JbIIOM PAcCTOAHHH O1HH OT ApYyroro. 3HaK
<+>» B o603HayeHHu TepMonpeofpazosaTeian 0603HAYAET MOJOKHTEILHBH BHIBOL
TepMonaphl.

MbE3O3NMEKTPHUECKHE [MIPHBOPBI, JIHHHHM 3AIEPKH,
HCTOYHHUKH TOKA, IMPEDOXPAHHMTEJIH H PA3PAIHHKH,
SJIEKTFOABHTATE/IH, JIAMITbl HAKAJIHBAHUA

Msezoanextpuyeckue npubopu. B coBpeMeHHOM pagnoTeXHHKe W pajiHo-
3.18KTPOHKKE WIHPOKO HC‘HD."IB'VK)TCH !IpHﬁOpbl. IIEITICTBHQ KOTOpbIX OCHOBAaHO Ha Takx
HA3bIBAPMOM MNbE303JEKTPHUECKOM (OT rped. piézo — aarao) spgexkrte. Paznnuawr
NpAMOA  MLe303NeKTPHUECKHA 3hdekT (BO3IHHKHOBEHHE 3NEKTPHYECKHX 3apfAloB Ha
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MOBEPXHOCTH Tesa, NMOABEPrHYTOro Mexanuueckofi aegopmauud) H obpaTHufA (ae-
dopMauns Tena noa aeficTBHEM saekTpuueckoro mnoas). O6a sddekta Bceraa co-
NyTCTBYIOT APYF APYTY.

IMpocrefiwnit nbe3osneMeHT npeAcTaBAfeT COBGOA NAACTHHKY H3 Nbe30NEKTPH-
YecKOro MartepHana ¢ aByMs (HanojoGue KoHaehcatopa) ob6kaaakamu. CTHAH3O-
BaHHBIA MPOQHAbHHA PHCYHOK TaKONO 3/1€MEHTa H JIer B OCHOBY €ro rpadHyecko-
ro 0603HayeHHd, NOKa3aHHOrO Ha pHC. 177.,a; y3KHA CBET/IBA NPAMOYTOJBHHK CHM-
BOH3HPYeT 3/1eChb [IAaCTHHKY, a [Be KODOTKHe HepTOYKH — OOKAaAKH.

Ecan k ofk1ankam nbe3osjeMeHTa MOABECTH [MepPeMEHHOe HaNpsiKeHHe, TO
BCJeACTBHe OOPAaTHOrO Nbe3osfeKTpHueckoro sddexta ero MIAaCTHHKA HAYHET KO-
se6atbcA ¢ vacToTol Hanpsxenus. [lpu paBeHCTBE YacTOT 3TOr0 HaNpsiXKeHHA H
COGCTBEHHBIX MEXaHHYeCKHX KoJeGaHHA HacTymaer pe3oHamc, H aMIIHTyAa cobeT-
BEHHHX KOJeGakHA Pe3Ko BO3pacTaeT, YTO, B CBOK O4epelb, BeJeT K YBEJHYEHHIO
AMNJIHTYAB HanpsiXXeHHs Ha - oOKaaikax (NpAMOH nbesosnekTpHyeckHi sddext).
HubpiMH cloBami, B 3TOM CaAyuae Nbe3o3JeMeHT (ero Ha3uBalT Pe30HaTOpOM) Be-
aer cebs, Kak HacTPOGHHHIAi Ha ONpeleNeHHYI0 YacTOTy KoaeGaTeNbHHi HOHTYp ¢
O4YeHb BBHICOKOR NOGPOTHOCTbIO H CTaGHALHOCTBIO HAcTPOAKH. 3To cBoficTBO M obyc-
JIOB/HBAET NPHMEHEHHe MNbe303NeKTPHYECKHX PEe30HAaTOPOB B TeX CJAyyasX, Korja He-
06x0HMa BHCOKas CTaGHALHOCTL 4acTOTH. B KayecTse Pe30HATOPOB HCMOMb3YIOT
NJ3CTHHKH (pee — CTepXKHH, KOJblIa), BHpesaHHne onpeneseHHnM o6pa3oM H3
KPHCTAA/I0B KBapua, TYpMaJHHa H HEKOTOPHX ADPYMHX MaTepHaJoB.

Ina 32aWHTel OT BJHAHHA OKPYKalOUlefl CPelsl DPe3DHATOPH Hepeaxo mnoMe-
WaKT B repMeTHuHbli Kopnyc. Ha cxemax ero u306pax<aloT B BHIE OKPYXKHOCTH,
OXBaThiBallefi CHMBOJ nuesosnementa (puc. 177,6).

Ha ochoBe Nbe303neKTPHYECKHX PE3OHATOPOB H3TOTOBAAIOT BCEBO3MOMHHE TNO-
aocosue ¢uabTpe. B mpocrefimeM ciyuae — 3TO NJACTHHKA B BHJE JHCKa H3 mbe-
30KePAMHKH, Ha OAHY H3 CTOPOH KOTOPOM HaHeceHb He OAHA, a JABe OOKJAadKH
(uentpanvHas W nepudepuiinas KoawueBas). Takoft nnesosscMent BeleT cebs, Kak
CHCTEMa H3 ABYX PE30HAaTOPOB C CHJAbHON MeXaHHYeCKOM CBA3bI0 M HPKO BhIPAXKEH-
HBIMH CeJIeKTHBHbIMK cBOficTBaMH. KoHcTpykTHBHas ocobenHocTh nojo6HOro nbeso-
3JleMeHTa OTPa)ieHa H B €ro YCJ0BHOM 0603HaueHHH, KOTOpPOe OTJH4aeTCA OT pac-
CMOTPCHHOrO paHee YHCAOM CHMBOJOB O0KN13aA0K ¢ OAHOA CTOPOHHM CHMBOJA nJac-
THHKH, HMEIOLLero cOOTBETCTBEHHO OoJbiuyl anuny (pHe. 177.8).

[Monocosoi HABTP MOMHO MONYWHTB, CORAHHHB OfNpeleNeHHHM 06pasoMm Hec-
KOIbKO OTAe/AbHBIX Ppe3oHaTopos, ITOCKONBKY A4 «uTeHHA» CXeMm BOBCe HeoGA3a-
TeJbHO 3HATh <HAYHHKY» NONOGHHX (HALTPOB, WX OGHYHO H306PaXKaKT YNPOUIEH-
HO — B BHJIe He(OJbIIOro KBaapaTa HJH NPAMOYroJbHHKA € HEOGXOAHMBIM HYHC-
JIOM BLIBOJOB H YiKe 3HAKOMbIM CHMBOJOM [10JOCOBOro ¢(HALTpa B BHIAE TPeX CH-
HYCOMJl, 1B€ H3 KOTOPBIX nepeYepkHyTH (puc. 178).

Ibe3osnexTpuueckHe npeo6pa3oBaTeNH HAXOAAT IWHPOKOe MPHMEHEHHe B 3BY-
KOCHHMATENAX 3JIeKTPONPOHIPHBAIOUIHX YCTpoOfcTs, MHKpodonax, Tenedonax, a Tak-
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Puc. 178
He B YJIbTPA3BYKOBLIX JHHHAX 321PHKKH — YCTPOACTBAX, 3ai1ePKHBAIOUHX MPO-

XOAALMI Yepe3 HHX 3ICKTPHYECKHH CHruall Ha onpeleiendoe speMa. [locaeadue
Colepwar 1Ba npeofpa3oBaTeqs, pa3lefeHHHIX TBepJOf HAM KHikoil cperoit (na-
NpHMEp, PTYThIO), B KOTOPOH YIALTPa3BykoBHe Ko.e6aHHA DACNPOCTPAHSIOTCH C OT-
HOCHTeNbHo HeBoabwoft ckopocteio, OAHH H3 npeofpasopareaeit CAYKHT AJA BO3-
Oy#1esHs B cpele NPOJOIBHEIX MEXaHHYCCKHX KoJeGauuil, Apyroit — a4 npeo6-
Pa30BaHHA JOWEIIHX A0 Hero KoJeGaHHH CHOBAa B 3JCKTpHUeCK:He.

Ycnosnoe o6o3navende  Nbe303NEKTPHUSCKON JIHHHM 33]€PKKH TIOCTPOEHO Ha
OCHOBE ABYX CHMBOJIOB N1b€303]1EMEHTOB, 0OLEAHHCHHHX 3HAKOM BpPeMeHHON 3alepik-
KH — OTpe3KoM Il-])FIMOﬁ JHHHH C 3aCeYKaMH H3a KOHHIAX — H NOMeLleHHKIM Haja Heil
MaTeMaTHYeCKHM 0603HadenHeM BpeMeHHOro uutepsana At (pme. 179). Ecau neo6-
XOAHMO, BMECTO OYKB YKa3blBAiOT KOHKPETHOE  3HaueHHe 3alePkKH (Hanpumep,
100us), nomewaT Ha uX MeCTe CHMBOA 3afepXHBalollefl cpeam (y3KHN, BHITAHY-
THl NapannenbHo 3HaKy 321€PHKKH NPAMOYrOJbHHK, ecJH OHa TBepAafl, HAM XHMH-
YeCKHR cHMBOJ, Hanpusep Hg, eciu oHa W3 pryTH).

. JInuMi 33€PKKH H MOTOCOBble (QHJLTPH H3TOTORJAIOT TaKkKe Ha OCHOBE Mar-
HHTOCTPHKITHOHHLIX “(OT JaT. strictio — cxkaTHe, HaTAKeHHe) MaTepHanoB (HHKeNs,
NepMalion, QeppHTH M T. A.), H3MEHMOWHX pasMepw M (OPMY TpH HaMarHHui-
BAHHH M, HaoOOpOT, HAMATHHYEHHOCTb MPH MEeXaHHYECKHX aedopMalHsx (3 pext
Buanapu). MarwutocTpuxunonssle npeoGpaioBaTesu, ycTaHaBIHBAeMbe Ha BXOIe H
BHIXONe (HALTPOB (HX HA3HBAKT 3JeKTPOMEXaHHYECKHMH) M YAbTPA3BYKOBBIX JIH-
HHIl 33€PXKKH, COCTOAT H3 OOMOTKH H MarHHTONPOBOAE, H3FOTOBIEHHOrO W3 OAHOTG
Hi YKa3aHHBIX MAaTepHaJIOB, TO3TOMY HX YCA0BHOe 0603HAYEHHE HANOMHHAET CHM-
BOJ KaTyIUKH € MarHHTONPOBOAOM, TOJAbKO NOCAeIHHH H306pa)awoT B BHIe JBY-
HanpaBleHHOi crTpeskH. M3 ABYX TakHX CHMBOJIOB, OOBENHHEHHBIX 3HAKOM RPEMeH-
HOR 3aePXKKH, H COCTOHT 0603HaueHHe YAbTPAa3BYKOBOH MATHHTOCTPHKLHOHHOR JIH-

e S0pus
7 F
—1]]+— 4|]|— 4|]|— 0F 1=k
St =5
Puc, 179 Puc. 180



: ! Aj_,_ \ : _f'\f'if‘\_ _/'Lwlf\_
_f'WV\I .
B ST L |a; lu

Puc. 181

HiH 3anepkkn (pue. 180,a). [dna o603HaueHHA 31eKTPOMEXaHHUECKOrD (MALTPA
HCTIOIB3YIOT CHMBOJ, NOKa3aHHHI Ha puc, 180,6.

Ins 3afepKKH CHTHA/NOB MNPHMEHNIOT H HCKYCCTBEHHME AHHHH, COCTABJEHHbIE
H3 GOJBLIOFO HHCNA COELHHEHHHX OnpelefeHnHM 06pPa30oM KATYIIEK H KOHAEHCATO-
poB. C uennio YNpOLIEHHS Takne yCTPOACTBa 0603HAMEIOT Ha cXeMax JHG0 TOABKO
CHMBOMAMH ABYX KpafiHMX RuYeeK, 3aMENAA OCTa/bHble ITPHXOBOAM AHHuelt (puc.
181,a), 6o ewe Gonee npocTeiM oGoanauennewm (puc. 181,6), B KoTopoM TPH No-
AYOKPYMHOCTH CHMBOJIH3HPYIOT BCe KaTyLIKH JIHHHH, a4 NapaafienbHas UM NpaMas c
ARHHEH-OTBETBJCHHEM — BCE KOHJAEHCATOPH (HX HUXHHE — no cxeme — obKaan-
kH). B nocneanem ciyuae 3Hak BPeMEHHOR 3alepXKKM AONYCKAETCS He YKa3WBATh.
3710 yA06HO NPH H300paKeHHH JHHHH 3aepKKH ¢ oteofamu (puc. 181,8) u c naas-
HHM peryanpoBanueM (pue, 181,2).

JlnuueRt 3a1epKA MOMKET CAYKHTH OTPE3OK KOAKCHAJABHDro KaGens (ee B 3TOM
Chyyae HA3blBAIOT JIHHHER C pACTpeAeeHHBIMH NapaMeTpaMH — HHAYKTHBHOCTHIO H
eMKOCTbio). Takylo AHHHIO 3alep:KKH H300paKaioT B BHAe OTpe3ka NMpAMOli co 3Ha-
KaMH KOAKCHa/bHOA JHHHH HA KOHIAX H CHMBOJOM BPEMEHHON 3aJepPKH Haa HHMH
(pne. 182).

Hetounukn Ttoxa, Jlns aBTOHOMHOrO NHTaHHA PajHO3NeKTPOHHOH annapaTypu
HauGojee IWHPOKO HCMOJL3YIOT SJEKTPOXHMHUECKHE HCTOYHHKH TOKA — ra/ibBaHH-
YeCKHe 3/EMEHTH H AaKKyMYJAaTOpH. Ycaosuoe rpaduyeckoe 06G03HaueHHe 3JeMeH-
TOR NHTaHHA HaNOMHHAET CHMBOJI KOM/eHCaTOpa MOCTOSHHOR eMKOCTH — Te xe
/Be Napa/ieibHble YEPTOYKH, TOJNBKO DPA3HOH [JHHBI: KOpOTKas 00603HauaeT OTPH-

uaTesbHBA NOJIOC, AJHHRAST — NOJOXKHTeNbHbIA (pHC.

| At " 183,a). Takan CHMBONHKZ XOPOIIO 3aNOMHHAETCH,
NO3TOMY 3HAKH €+» H «—> Ha CXEMax MOMHO He
2y i YKa3blBath.
N h—y

ITockonsKy 4anA  muTaHds  npuGopa  wame

Bcero  Tpebyerca  HanpsxeHue, Gosbulee  TO-
Prc. 182

681 4,58
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rO, uTO OOECTIeYHBAeT OJHH 3J€MEHT WJH aKKYMYIaTop, HX coeauHsioT B ba-
tapew. Urobu He 3arpoMoXaaTh CXewmy O6OJBIIHM YHCJAOM OAHHAKOBBIX CHMBOJOR
3/eMeHTOB, OaTapeio 0003HAYAOT YNPOLLEHHO: H306pPAKAIOT TOAbKO Kpahuhe 3ae-
MCHTEI, a HaAWyie OCTAJbHBIX MOKAa3LIBAIOT WITPUXOBOA  JuHneii  (puc. 183,6).
FOCT 2.742—68 nonyckaer o6osHauath GaTtapejo elile GoJjee NMPOCTO — CHMBOJIOM
oanoro saeMenta (puc. 183,6). Psaiom c nosuuuonnsM oGo3nauenveMm B 11060M
Clydae yKa3blBAIOT HOMMNAABHOE Hanpsienne Gataped (nanpumep, 4,5 B).

OT801H OT wacTH 9JEMEHTOS [MOKAILIBAIOT JHHHAMHE, NPOL0JKAIOMLKMH uep-
TOYKH, KoTophie 0003HAYA0T NOJOKHTENbHHE notocu (pue. 183,2). Ectectbenuo,
8 nojofiHoM cayuae MiobpamaiorT Boiee ABYX 3levedTon Gatapen. B mecrax I:!])H-
COBIAHHENHH JAHHHA-OTBOJAOB K CHMBOJAaM NONOKHTEALHBIX MNO/IOCOR CTABAT TOUKH.

Ha ocnone cHMBoNa 31CKTPOXHMHYECKOTO — 3J€MEHTA MOCTPOEHHM M YCJOBHLIE
rpapuueckie 0OOINAYEHHS TaK HAILIBAGMLIX CONHeuHbix (oToINeMeHTOB H GaTapei.
Ot/MuHTE BHBIE NPH3HAKH 3ITHX HCTOYHHKOB ToKa — OGajiloH-Kopniyc B BHle OK-
PYAHOCTH WM 0Baja W 3uaKk (orosiekTpHueckoro s¢pdexra (puc. 184). Ha wmecte
6ykem n 5 06O3HAueHH#H COJNeYHOM OGartapex YKa3uBaWT dHCI0 obpasyolux ee
3/1EMEHTOB. ‘

NMpenoxpanutean w pas3paaHukd. [ns 3aluTH OT Neperpysok no TOKY H KO-
POTKHMX 3aMBIKaHHA B Harpyake B NpH6GOpax C NMHTAHHEM OT CeTH 4acCTO HCMOJL3YIOT
naaske NpeloOXpaHnTend. YcnosHoe 0603H2¥ENHe 3THX H3AeNHR — MO4TH TaKoe
e, KaK M y NOCTOAHHHX pesnctopos (puc. 185). Orinune 3aKmouaercs TOAbKO B
NPOXOIAWEH Yepes BeCh MPAMOYFOAbHHK JARHKH,  CHMBOJH3HPYIOLLER Ccropaiouyx
NpH neperpyske MeTajlHuecKylo HuTh. Pagom ¢ oGossaucHHeM NpeloXpaHHTEA,
KAK NpaBuO, YKA3LBAIOT H TOK, HA KOTOPHIA OH PacCHHTaH.

B annapatype c BHCOKOBOJLTHHIM MHTAHHEM Ald 33LIHTL HEKOTOPHX 3Jever-
TOB OT onacHbiX AJ# HHX NeEpeHanpsKeHHii nphMensioT paspsanukd. B npoctedwem
caydae — 3TO B2 3/€KTPOAA, YCTAUOBACHHBIX HAa H3OJALUOHHOM OCACBAHHH Ha
ONpenesenHoM pAaCCTORHHH OAHI OT jpyroro  {HanpHMep, NeyaTHHA NPOBOAHHK,
Pa3NeNeHHBA Ha JBe YAacTH NPOCEYKOR NAaTh HACKRO3b). CHMBOJ HCKPOBOTO MNpo-
MeMKyTKa — J[Be BCTPEYHO HANPABJCHHBIE CTPEJKH C Yr1OM pacKphiBa 60° (pue.
186,a). Ecan e Takoe yCTPOHCTRO BHNOJHEHO B BHIe CaMOCTORTCABHOrO H31EMHS,
HCNOAb3YoT 0603HAYEHHEe, NOKA3aHHOE Ha PHC.
186,6. TIpu HeoOXOAHMOCTH B Takoit oBLHA CHM-
BOJ BBOAAT AONOJHATe]bHWe 3HakH. Hanpumep,
yTo6p MOKAa3aTh, YTO Pa3psAdHHK TpybuaTwii, ero A4
JOMOAHAIOT ellle OAHOA CTPeNKOA Ha mpojo-
WEeHHH HHXKHel — 10 PHCYHKY — JIHHHH-BBIBO- A
fe. YenoBHoe o0603HaueHHE BAKYYMHOTO pa3spsj-
HHKa MOJy4aloT, 3aKJI0uYad CHMBOJ HCKPOBOrD
NpOMeXyTKA B CHMBOA 62AN0HA 3NEKTPOBAKYYM- a) 5) 8)
Horo npuGopa (puc. 186,8). Puc. 186
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aextpopeHratean. B yctpoficTBax aBTOMATHKH M TefleMeX4HHKH, B GHTOBOR
pajanoanmapatype AJS NPHBOAZ pa3/YHBIX MEXaHHIMOB NPHMEHAKT 3JeKTPOABHra-
Tead. B MarHHTOpOHAaX M SMEKTPONPOHrpHBATENSX -~ 3TO uaule BCEro acHHXPOH-
Hble ABHraTe]lH MepeMEHHOIO0 TOKa H KO/JIEKTODHbe ABHFATEAH MOCTOAHHOIO TOKA.
[Mepsbie H3 HHX OOHYHO HMEKT KOPOTKO3aMKHYTHIH poTop B BHJAe TaK Ha3blBaeMofl
«Gemiybefi KAETKH® H CTAaTOP C ABYMA oOMOTKaMH: paGodell (HAH OCHOBHOM) M tha-
30CABHTalOWed (NOcAeA0BaTeNbHO © Hefl BKAKOYAOT KOuAencatop, 6aarolaps ueMmy
Co3jlaeTcsi  Bpallalolleecs MarHWTHoe moJe). YcaoBHoe rpaduueckoe o6o3HaueHHe
TAKOro 3MEKTPO/BHraTeNs COCTOHT H3 CHMBOJIOB HA3BaHHLIX YacTeli: OKPYMHOCTH,
CHMBO/IH3HPYIOLWIefi POTOp, H ABYX LeNodek NOAYOKpyxHocTel, 0603HA4alOUIHX CTa-
TopHne o6MoTkH (puc. 187,a). CHMBOA OCHOBHOA OOMOTKH MOMELLAIOT HAX OKPYX-

HOCTLIO-pOTOPOM, a (asocasHralulnfi — cnpasa o7 Hee, noa yraom 90° k cumsony
OCHOBHOH. Psfom ¢ ycaoBHuM rpaduueckuM o603HaueHieM OOGHYHO YKa3blBAOT THI
3eKTPOABHraTens.

Ecan neoGxoauMbiit ¢IBHr $a3w CO3TaeTCH KOPOTKO3aMKHYTHM BHTKOM Ha mo-
JKCe CTaTOpa, €ro H3o6paxawr B BHIe 3aMKHYTOR HAKOPOTKO OGMOTKH, pa3Bep-
HYTOfi MO OTHOINEHHI) K CHMBOJY OCHOBHOR Ha yroa 45° (puc. 187.6).

B 37ekTpomBHraTelsix nNOCTOAHHOTO TOKA Ha CTaTOPe YCTaHaBAHBAlOT NOCTOAH-
Hble MarHuTel, a o6MOTKY paimeuwiaoT Ha potope. Jlas aBromarthueckofi KomMyTa-
UHH ee CEKUHA HCMOAB3YIOT y3e1, COCTOSIIHH M3 ABYX LIETOK M HECKOJbKHX maac-
THH, COGIAHHEHHHX ¢ OOMOTKOH. Bce 3TH 0COGEHHOCTH KOHCTPYKUHH OTpPaKedbl H B
YCANOBHOM 0bo3HaAYEHHH KOJVIEKTOPHOTO  3J€KTPOJIBHraTe1a, TMOKAa3aHHOM Ha pHc.
188: 31ech OKpYXHOCTh, Kak H paHe:e, CHMBOJH3HDYeT pOTOp, KAacalolHecs ee Y3Kne
HPAMOYroAbHHKH — wleTkH, a cBetnas [l-o6pasnas cko6a — NOCTOAHHBIE MATHHTH
craTtopa.

JlamMnu HakaJMBaHHA, NpHMeHAeMule B pPaJHO3NEKTPOHHOA annapaTtype B Ka-
HeCTBEe 3JEeMEHTOB HHAHKALHH, HCTOMHHKOB ONTHYECKOro H3JYYeHHs, a Takke I4R
MOJACBETKH WIKaJA HACTPOHKH, H3MEPHTEJbHHX npHOGOPOB H T. A., H306paxaiT Ha
CXeMax B BH/Ae MNepeYepKHyTOH KPecT-HaKpecT OKPYMXHOCTH, CHMBOJH3HpYyiollefi ee

Puc. 187

Puc. 188 Puc. 189
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6GannoH, ¢ ABYMA JHHHAMH-BuBolaMH (puc, 189,a). B 3asucuMmocTH oT BHINOAHSAE-
Moft (yHKUHH Takof HCTOYHHK cBeTa o6o3Hauawt au6o Gyksamu EL (ocBetHresnn-
nan), amb6o HL (unaukatopHasn).

B nocaeauue rojAsl B CBA3H C BBEJIEHHEM 3HAKOB CMEKTPANLHOr0 COCTaBa H3-
AyueHHs JaMNe CTaJd H306paaTh H HEecKoAbKo HHaue (puc. 189,6). 3aech npa-
MO KPeCTHK B UECHTpe cHMBoJa 6a.njoHa TOBOPHT O TOM, YTO 3TO —— HCTOMHHK
BHAMMOro H3aayvenns, Hesuaumoe uaaywenue, Hanpumep, HHdpakpacHoe, 0603Ha-
93al0T KOCHM KPECTHKOM M JaTHHcKiMu Oyksamu IR (ot amwra. caosa infra-red —
uudpakpacuuift). Mvenno takolr uctounwk waobpamen Ha puc. 189,6. Hmewwniica
B HEKOTOPHX JaMNax HAKaJHBAHHA BHYTPeHHHA oTpaxalomuii cioft (pepaextop)
NOKa3uBajT Ayrof, KOHUEHTPHYHOA cHMBOY Gaanowa (puc. 189.2).

SJIEMEHTBHI LIM®POBOH TEXHHKH

OrMeyadoch, YTO B (GYHKUHOHAABHHWX H NPHHUHIHAAbHBIX  CXeMax yCT-
poficTB uHGPOBON TEXHHKH M0Jb3YIOTCH YCIOBHWMH rpaHUecKHMH 0GO3HAYEHHAMH,
HECYLIHM# HHPOPMaUHI0 TOALKO 0 (YHKUHOHAJIBLHOM HA3HAYEHHH M Jordke paboTH
oTo6paKaeMHX HMH (YHKIHOHAIBHHX Y3J0B. 3TO MN03BOJAET OCBOGOIHTL CXeMy OT
H3O6HITOUHOA HHOOPMAHH H YNPOCTHTL ee HayeprakHe H B TO Xe BpeMs cleaarsh
ee Goaee HaraagHon M yaobouutaemoi.

C HCCKOJLKHMH YCIOBHBIMH ©603HAYEHHAMH >JeMEHTOB UHPPOBOA TEXHHKH MH
y#e N03HaKOMHAHCL panee (cm. pxe. 28). Ho 3To 6uiaH CHMBOAH NPOCTEAWHX J0-
THYECKHX 3/1EMeHTOB, Ha MPAaKTHKE JKe NPHXOAHTCH HMETb [eJo CcO 3HAYHTeABbHO
Gonee CTOKHBIMH GYHKUHOHAMBHHIMH Y3/71aMH, CHMBO.IHW KOTOPBX HEBOIMOMHO pac-
WwHppoBaTh Ge3 3HAHHA OCHOB MOCTPOEHHH CHCTEMbl YCA0BHLX rpaduyeckux 0603-
HaueRHi, NPHHATOA B UHPPOBOA TexHHKe.

B camom obfilem BHie ycaoBnoe rpaduyeckoe oBo3Havenwe 3aemeHta undpo-
ROl TeXHHKH (TIOJ HHMH NOHHMAIOT H3ZeJHA MM YaCTH H3IeaH#t, peanx3ymoLHX
GyHkusoo HAH cHeTeMy (YHKUHMA Tak Ha3nBaevod ajre6pel JIOTHKH) MOXer coaep-
JKaTh OCHOBHOE H OIHO WJH JBa J0MOJAHHTEILHHIX TMPAMOYrOJbHHX NOAH, pacnoso-
HeHHnx no 06e cToponbl ot ooHoBHOro (pHc. 190). B ocxoBHOM noie ykasnBawT
GYHKLHOHANbHOE HA3HAYEHHE 3JeMEHTa, B [ONOJHHTEJIbHHX — METKH, 0603Hauaio-
uiHe YHKIMH WM Ha3HauewHe BHBOA0B., B Mecrax npHcoelMHeHs JHHMA-BHBOAOB
H306paxaioT CheuHanbHbie  3Wakd  (YKalaTeaH), XapakTepuiywolude ux ocobbie
CBOMCTBa (HHBepcHuie, AHHAMHueckWe W 1. 1.). I'pynnsl BuBOAOB MOTYT 6biTh pai-
geneHbl YBEJHYEHHBIM HHTEPBAJOM HIH [loMelleHn 8 o6ocobaeHHylo 30HY.
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H3 cxaszaimoro fCHO, 4T0o WHPHHA YCJIOBHOTO 0603HAYEHHA 3IAeMEHTa UHGppo-
BOA TeXHHKH 3aBHCHT OT HaJH4YHMA JONOJHHTENLHBIX noJefi ‘M YHC/a 3HAKOB nome-
LaeMblX B HHX M OCHOBHOM mnoJe Haanuceft (MeToK BbBOAOB, 0603Ha4YeHHA QYHK-
UHH 3JeMeHTa), @ BHCOTa — OT YHCJAa BBIBOADB, HHTEPBAJOB MEKAY HHMH H YHC-
na CTPOK HHGOPMAaUHH B OCHOBHOM H [OMOJHHTENBHBX NOJAAX.

BuiBoan 3neMeHTOB UHPPOBOM TEXHHKH JeJATCA HAa BXOAb, BHIXOALI, ABYHall-
paBieHHBle BHBOAH (CAYXKaT Kak aaf BBOA3, TaK H A8 BuBO1a HHPOPMAUHH) H
BeIBOJBI, He HECYIUWe JOrHYeckodl HHpOpMauun (Hanpumep, AJA MOAKIIOYEHHA IIH-
Tanus, sHewrnux RC-uenei u 1.1m). Bxoaw wu3o6paxalor ciaesa, BHXOAM — Clpasa,
OCTajblble BHBOAN — C Jw6oft cropousl. [lps HeoGXOAHMOCTH AOMYCKAaeTCR 110BO-
pawHBaTh YCJoBHOe oGo3HagenHe xa yroa 90° mo yacoBOR cTpeake, T. €. pacnoda-
raTh BXOAW CBEPXY, @ BHXOAM — CHH3y (puc. 191).

DynKkuHOHaNbHOE HA3HAYEHHE 3/EMEHTAa YKalWBalOT B BEPXHEH YacTH OCHOB-
Horo moas. Ero cocrasasior W3 nponucHeX O6yKB JaTHHCKOTo andaBHTa, apabekHx
uHpp M creuHasbHHX 3HAKOB, 3aMHCHBaeMuX G6e3 npobenoB (YHCJIO 3IHAKOB He
orpanHyHBaercs). O6Go3HayeHHH OCHOBHBIX (YHKUHA W HX NPOHIBOAHBLIX NPHBEIEHH
B Taba. 2. B Hee BKJIOYeHH TakkKe OGO3HAYEHHA HEKOTOPbIX 3/1€MEHTOB, He Bbi-
NOAHAOWHX GYHKUHK aare6pul JOrHKH, HO NpPHMEHNeMBX B JOrHYECKHX UENAX H
YCAOBHO OTHECEHHBX K YCTPOACTBAM UHPPOBOH TeXHHKH:  resepaTtopos, Ghopmuposa-.
Teneft, 3INEKTPOHHBX KJlOYel, HaGopoB AHCKPETHHIX 3/]eMeHTOB (Pe3HCTOpOB, IHO-
108, TpaH3ucTopoB) u T. M. Caelyer OTMETHTh, 4To Aad o603HauelHs oaHoBHGpa-
TOPOB (KAYWHX MYJbTHBHGPATOPOR) KPOMe yKalausoro B TaGmuue couerauns Gl
MOXKHO HCMO/Nb30BATH CHMBOJ MNPAMOYrOAbHONO HMNYAbLCA NOJOKHTEALHOA noasp-
HOCTH, a AAs o0o3Havenus Tpurrepos LlIMurTta — CHMBOA, HANOMHHAIOIMHA NpH-
MOYTOJIBHYIO METI0 THeTepedHca. 3uak «» cTaBAT nepen oGo3xauenHeM GynKUHH
B TOM CJyyae, €cAH Bce BHBOIL 3/JEMEHTa HABJAAIOTCA HEJOTHYECKHMH (Halopu
3/ICMEHTOB).

CupaBa Kk o6oaHauendio OQYHKUHH JONYyCcKaeTcs A06aB/isTh TeXHHYCCKHE Xa-
paKTepHCTHKH 3nementa. Hanpumep, nabop pesncropos conporusieHrem 100 Owm
MoxHo O6O3HAaYHTL B OCHOBHOM noJje coderannem >KRI100, onepatusnyio naMatb
(ee obosnauenne RAM — cm. taba. 2) emkocteio 16 K6air — RAMIGK, onepa-
THBHYI0 NaMATh AWHaMH4eckoro THma (efi npucBoena Oykea D) — RAMD, onepa-
THBHYK) NaMATb C nociaefoBateabHuiM goctynoM (SAM) H coxpasennem wudopma-
UHH ToC/ie OTKAKOYEHHA MHTAHHA (3Ty OCOGEHHOCTL XapakTepHaywr OykBoR S) —
SAMS u 1. 1.

Mpu yKasauuu caoKHHX GYHKUHA HCNOAB3YIT KOMOWHHPOBaHHHE 0603Hadve-
HHSA, COCTaBJeHHHe H3 YyKadauuwx B Ta6a. 2 GoJjee npocthx. Hanpumep, npowunbiit
cyerydk (koa CT2) ¢ aeuwmdpatopom (DC) oGoanasaior couerannem CT2DC, yn-
paBaeswe (CO) namateo (M) — coveraunem COM, ynpasjesue 3anHcbio
(WR) — COWR, cueryuk (CT) xomaua (IN) —CTIN u 1. a

Hudopmaunontise BHBOAN 3/71eMeHTOB UHDPPOBOA TeXHHKH NO1PA3AENAlOT Ha
CTaTHYCCKHe M JIHHAMHYECKHe, KOTOpbe, B CBOI O4YCpelb, MOTYT GbiTb NPAMBLIMH H
HHBEPCHBIMH,

[MpaMbiM CTaTHYECKWM BHIBOJOM HA3BIBAKOT TaKOM, Ha KOTOPOM [BOWYHAR ne-
peMeHHas (OHa MOXeT NMpHHHMATL 3Havewus 0 W 1) HWMeeT 3Hauyenue aoruueckod I,
eC/H CHrHajg HAa HeM B aKTHBHOM COCTOSHHH MMeeT TaKOH K€ YPOBEHb, Ha HHBCPC-
HOM e CTATHYECKOM BHBOLC ABOHYHAs NEpeMeHHas NPHHHMaeT 3uauchue 1, ecau
CHIHAa/n #a BLIBOJe B AKTHBHOM COCTOAHHH HMeeT YpoBeHb Joruueckoro 0. Huwwu
CNIOBAMH, B NEPBOM CcJAyyae JOrHKY pabOTH TOrO HAM HHOMO 3/@MEHTA paccMaTpH-

96



Tabanua 2

DPYHKUHA O6o3naueHHe DYHKUHA O.Iﬁ::::'
BH4HCAHTENL cp €O CABMTOM CNpaBa Ha-
BbiuscaHTeNbHOE  YCTPOHCTBO JIEBO MAH CHH3Y BBEpX RG«-
(LeHTpaabHBI npoueccop) CPU C peBepcHBHBIM CABHIOM| RG+—
[Ipoueccop P CueTuUHK [1BOHYHBIA C12
Cexkumus npoueccopa PS CueTuHK NecHTHUHHI CTI10
Mamate M Jewndparop DC
OnepaTnBioe 3anoMHHAKLICE Hlugpatop CD
yetpoiicteo (O3Y): IpeoGpasosarenn XY

C NpOH3BOJMLHEIM aocTtymom| RAM CpasHense = =
¢ Rnocaea0BaTeNbHBIM 10C- MyabTHnAEKCOp MUX
TYynom SAM HemyabTHAEKCOP DMX
[TocTosinHoe  3anomuHaliLee MyabTHONEKCOp-cenekTop | MS
yerpoiicteo (T13V): ROM Ceaektop SL
I13Y ¢ BO3MOXKHOCTBIO Npo- l'enepaTop:
rpaMMHPOBaHHA: obuiee o6o3HayeHuHe G
0/IHOKPaTHOTO PROM HenpepHBHON  mocaeno-
MHOrOKpaTHOTO RPROM BATEIbHOCTH HMNyaLcoB| GN
Ynpasnenne CO OMHOYMHOTO HMNYyJbca Gl
IMepenoc CR CHHYCOH[1aJbHOTO  CHI-
IMpepuiBanue INR Hana GSIN
Iepeaaua TF Tpurrep:
IMphem RC obutee obo3naueine T
Beoa-BuBoa: ABYXCTYNeH4aTHi TT
nocae0BaTe bHbIi 108 LImuTTa (noporoswit
napangenbHu 10P 3/1eMEeHT) ’ IH- ,
ApudmeTtuka A DopMHpPOBaTENb:
CymMMHpOBaHHe SM uan Z oblee o6o3HaueHHe E
Buiuntanue SUB Joruueckoro 0 FLO
YMHoKeHHe MPL noruteckon | FL1
Henenne DIV Kniou SW
Jloruka L MoayasTop MD
Jlornueckoe M & uan U Hemoayantop DM
Jlornueckoe HUJIH =1 nmn | Hesorunyeckie 3aeMeHTH:
Hcekmouaowee MJTH == cTalHIH3aTOp Hanpsxe
IloBTOpHTENDL 1 HHS *ST
Peruetp: nabop pesHcTOpOB *R
obuiee o6o3HaueHHe RG Habop aHo10B *D
CO CABHTOM cJeBa Hanpasc HaBop TPaH3IHCTOPOR
HJIH CBepXy BHH3 RG— Habop HHAMKaTOPOR *xH

B2I0T, MNPOCTO YYHTHIBAA YPOBEHb CHrHaJa Ha Bxole HAH Buixolde (0 uwax 1), a so
BTOPOM — € YYETOM TOTO, YTO BXOJHOH CHIHal BOCIPHHHMAETCH 3IIEMEHTOM Kak
CHIrHaa «IPOTHBOMOJOXHOrO» ypoBHA (npu ypoBHe | — kak 0, npu yposue 0 —
Kak 1), a ypoBeHb CHrHaJa Ha BHIXO1C HHBEPTHPOBAH MO OTHOWEHHIO K TOMY, KO-
TOPbI#A J0KeH Obia Obl OGuTh (Mo ACrHke paBoTH), ecin Owl BHXOA He Obid HH-
BEPCHBIM.

Ha npamom AHHaMH4YEOKOM BBIBO/E JIBOMYHAA [EPEMEHHAN TNpPHHHMAeT 3nave-
Hite JIOTHUECKOH |, ecan ypoBeHbL MOZAlIHOrO Ha Hero cHrHana nisMmcusercs ¢ 0 wHa
l, a ma HHBEpPCHOM, — eC/H 3TOT ypoBeHb H3mensiercs c 1| na 0.

[IpaMbie craTHueckHe BHBOAS H300PajKaloT JHHHAMH, NPHCOEAHHNEMBIMH K OC-
HOBHOMY HAHM JONOJAHHTENbHbIM MOJAM YCI0BHOro  obo3HayeHHA OGe3 KakHX-1HGo
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a) ] &) E 8) 2)

12

d) ] e) E x*) 3)

Puc. 192

anakos (pue. 192: @ — cratHueckHii BXod, 6 — CTATHYECKHA BBIXO1), HHBEPCHBIE —
JHHHER C yKasaTeneM B BHJe KPyXKa Ha Kowue (8, d, ® — BXOIMW, 2, €, 3 — BH-
xoasl; TOCT 2.743—82 pekomenayer B KauecTBe [MpPeANOYTHTEALHBX O0G03HAYEHHA

8—e). OTaAHYHTeAbLHBIA OpPH3HAK JAHHAMHYECKOrO BLBOla — YKasaTeabs B BHIe KO-
COH uYepTOYKH, CTPe]KH HAH Tpeyroiabduka. [lpsMue auHaMHueckHe BXOAHW 0603Ha-
YaloT, KaKk nokasaHo xa puc, 193,a—e (npeanoutntenbibie — a, 6), HHBepCHbE —

na prc. 193,2—x (npeanoutHTeabHbe — 2, ).

BuBoaw, He HecywmHe JOrHYecKod HHGMOPMauWH, BBLIEJARIOT KPECTHKOM, KOTO-
Puii HAHOCAT JHOGO B MecTe MPHCOEJHHCHHE HX K YCJAOBHOMY OGO3HaYeHHW 3je-
menta (pHc. 194,a, 6), 260 B yenocpeicTBeHHOR GaH3OCTH oT Hero (pHe. 1948, 2).
[MpeanouTHTELHBIMH ABJARIOTCA CHMBOAM a H 6.

DyHKUHOHAbHO® Ha3HaueHHe BHLIBOAOB 0003HAYalOT METKaMH B JOMOJHHTENb-
HEx nonax. Kak H oGo3Hawenna QyHKUHMA 3/]€MEHTOB, HX COCTaB/ARIOT H3 JIATHHC-
KuX 6ykB, apabekuX LMD H CNeuHa bHbHX 3HAaKoB. UHCN0 3HakoB B METKE TakKiKe
HEe OrpaHHYHBAETCH, NOITOMY, KaK Yy:Ke OTMEYanoch, LIHPHHY AONOJHHTE/BHOro MNO-

—
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Puc. 193
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TaGauua 3

|
OcnoBHaA weTka OGo3HaveHne i OCHOBHAER METKa O6o3nauenue
VetanoBka B cocTosiHime: 3aem BR
n Sn 3anHce WR
| S CuuTLBAHHe RD
0 R 3anpoc RQ
Hexoanoe (c6poc) SR 3axpar TR
Pa3peiuenne YCTAHOBKH Henonnenne (KoHel) END
ynuBepcaashoro  JK-tpur- Huctpykuus (komanza) INS
repa B COCTOSIHHE: Konrpo.s CH
1 J Mapxep MR
Q K Hauano BG
Bxon wu3meneHHs coaep- Oxu1anue Wi
AHHMOr0 371eMeHTa Ha n: Ortser AN
yBeJIHUeHHS +n [Tepenoc CR
YMEeHbIUEHH st —n PacnpoctpaHnenne nepe-
Brison apyHanpasennmit | <« nam < > ||noca CRP
Anpec A lexepauusa nepexoca CRG
Anpecanus no xoopui- [Mepenoanenne O
HaTe: [MosTop RP
X % [TpHopuTter PR
Y ¥ [Iposonxenne CN
Boasnie S5 [Myck ST
Boasime uau pasuo = Paspeienne E
Papenctao = Paciumpenue EX
Menpie < Perenepaims PEF
Menbiue wan paso e CHHXDOHH32LHS SYN
Bur BIT Crpo6, takr C
Yenopunit  6ut  («daa- Maaawni LSB
HKOK») EL Cpenuuii ML
bBa#nr BY Crapuuii MSB
Baoxuposka (3anper) DE Winua B
Bydep BF Husepcus IN
lotosHOCThL RA
Jlanune D

A8 BHOHPAIOT Takol, yTOOL B HeM YMECTHJHCh BCE 3HAKH CAMOf «XJHHHON> MeTKH
saementa. OG03HaueHHs OCHOBHHX METOK BWBO10B NHpHBeleHW B Taba. 3.

Tak HasnBaemue DTKPHTHE BHXOAH 3JIEMEHTOB, T. €. BHIXOAH, pacCHHTAHHBIC
Ha MOBRLILIEHHYIO HATPY3KY (K HHM NOAcCOeIHHEHH KOJJEKTODb HJAH SMHTTEpH,
CTOKH HJIH HCTOKM TP2H3HCTODOB BHIXOAHHX KAaCKal0B) NOMEUal0T OXHHM H3 cne-
UHAJbHHX 3HAKOB: pomOukoM (pHc. 195,a) HIH CBETAHM KPYMKOM C HeTHPBMH
avaamu (puc. 195,6), Ecan Heo6x0IHMO YKasaTh, 4TO JaHHWA BHIBOA COeJHHEH ¢
KOJJIEKTOPOM TP@H3HCTOPA CTPYKTYDPH p-N-p, SMHTTEDOM TP2HIHCTOPA N-P-N, CTOKOM
NONEBOTO TPAHIHCTOPA ¢ P-KAaHANOM HAH HCTOKOM NpHOOpa ¢ n-KaHanoMm, poMOGHK
CHaGXAWT 4epToduKof csepxy (pHc. 1958), a KPyXOK — YrOJKOM, OGPaUILHHBIM
K HeMmy packpuBoM (puc. 195.2). Ecau e HasBauible 3JeKTPOAN NpHHALIEKAT
TPaH3HCTOPaM MNPOTHBONGJOMHOW CTDYKTYPW HJAH NpHGOpaM ¢ KaHAIoM NPOTHBO-
MONOHHAr0 THHA, YEPTOMKY Yy pPOMOHKA TWOMEUIAlOT CHH3Y, a BEPIMHHY yrogaxka ua-
npaBasioT K KPYyKKY (puc. 1950, ¢), BuBoal ¢ TaK Ha3wBaeMHM COCTORHHEM Bbi-
COKOrg BHIXOQHOro COMPOTHBAEHHR (Z-cacTosHmeM) 0603HAYAOT DPOMGHKOM C yep-
10u4Kof BHyTpH (pHC. 195,%) Ham natukckoR Gyksoir Z (pue. 195,3).
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a) ) 8) 2)

d) e) ) 3)
Puc. 195

ChoxHble GYHKUHH BhIBOJa 0603HAYAIOT METKAMH, COCTABJAGHHLIMH H3 NpoOCTH X,
Tak, utobu ykasate ¢yukuuio 3anuc (WR) B namate (M), Hcnoassyior couera-
nne WRM, paspewenne cuntnibanus wudopmaunu (E) 3anucu (RD) — ERD, ctpo6
(C) sanncu (WP) — CWR, urennie u3 namats — RDM, su6op (SE) aauumx (D) —
SED u 1. 4. B kayectme MeTOK CTaHAapT J0NycKael HCNOJALIOBAThH H 0GO3Ha4YEHHS
byHkunit (M Bx KomMGHHalLKA), NpHBeeHHble B Taba, 2.

Muorse saementn UHGPOBOA TeXHHKH (HanpHMep, cueTYHKH, 1emwHppaToOpH),
onepipyloliHe ¢ HHbopmaukHedi B JABOHYHOM KOJe, HMEIOT BLIBOABI, MpeaHa3HAYeH-
HHE 15 ee BBOAA WAH BbiBoAa. HanoMHHM, 4To B 1BOMYHOR CHCTEME CUMCJEHHA
A060e UHCNO BLIpaxaeTcs B BHAe KOMOGHHAUWH M3 HyJefi U eAHHHL, COCTABJAIOLLHX,
kak H B gobofi apyroit cucteme, ero paspaan. Hanpumep, accatuunoe uucao 5 B
ABOHYHONA cHcTeMe oGo3snayaetca 101 (5=1-2240-2'4+1-2°, 1. e. umeer TpH pas-
paaa, ydicao 13 — 1101 (13=1-2*41-2240.2'41-2%, 1. e. ueTwpe paspsja H T. A.
Kpafiuuit pasps1 cnpasa cunTaeTcs MialluMM pa3psaoM, KpafHui cJepa — ctap-
LIHM,

Adas Hymepaumn paspaioB B rpynnax HHOPMALHOHHHEX BHBOAOB K ob03Haue-
HHAM METOK A0G4asAfioT IHPPH, COOTBETCTRYIOULHE HoMepaM paspajon. Haupuwmep,
HHPOPMAUKOHHBIA BXOJ HyJAeBOTO paipsaa o6ozHadawT couerannem DO, nepsoro —
DI, sroporo D2 u 1. 2. MoKHU TOCTYNMHIL H HHaye — BMECTO HOMEPOB pa3psioB
yKa3aTh HX BecoBble KO3QQHUHEHTH, KOTOpPhe B JBOHYHOM CHCTCMe HMeloT Bia 29,
2,022 2w oa, e 1,2 4 8 u 1. A, N0ITOMYy HYJAEBOH paspsjl MOXKHO
0603HauuTh B J1aHHOM cayyae D1 wam npocto 1, nepeuifi — D2 uan 2, Bropoi — D4
HaH 4, TpetHii — D8 wan 8 w 1. ao. [as yMeHbleHHR 4HCAA CHMBOJOB B METKe 10-
NyckaeTcs BMECTO BeCOBOro KO3¢¢I!I[I(GH73 YKa3nBaTh CTeNeHb €ro OCHOBAHHA,
Uro6u OTIHYHTE TNOcAe1HIO 0T UHgp, 0603HAYAIOUIHX HOMEp HAH BeCOBOA Ko3g-
dHuHedT, Mepeil Hefl NOMELLAlOT CTPeJKy, Hanpasaennyio BBepx. Hanpumep, uro-
6bl Heé yBeJHYHBATL IUHPHHY. 1ONOJHHTENbHOTO NOJAS A4S yKasauwua HHOOPMAaLHOH-
HOro BXoaa ¢ BecoBuM KoapduunentoM 128 (27), moxno ero oboszuauute D17
Han t7.

Bupoab 37eMeHTOB UH(POBOA TeXHHKH MOCYT OHTh JOMHYECKH PaBHO3ZHAYHLIMAH,
T. €. BiadMo3aMeHneMbiMi Ge3 HIMEeH@HHA (YHKIHH 3J€MEeHTa, H HePaBHO3ZHAUHBIMH,
Ecan Bce BHBOAL 31eMEHTA JOFHUECKH DABHO3ZHAYHB H HX (QYHKIUHH OJHOZHAYHO
onpejeasTes ero (yHkuner, ycaosvoe rpapuveckoe o6o3HauerHe uiofipamxaior Oei
AONCJHHTEAbHbIX ﬂOﬂEﬁ. a4 BBBOJAbLI — HA OJAHHAKOBOM pACCTOAHHH CJAHH OT ApYy-
roro (cM. yme ynoMmiuasuiniics puc. 28).
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Jloruyeckit paBHO3HAYHBIE BHBOAH MorytT O6uTh rpadHueck o6beaHHeH B
rpynny, KOTOPOR B 3TOM cAydyae NPHCBAHBAIOT METKY, yc.fmuim 0603Haua0lLYyI0
AHG0 B3aHMOCBA3L BHIBOAOB BHYTPH FPYNNp, AHGO WX (QYHKIIOHAJLHOE Ha3HaueHue,
60 W TO, M apyroe cpasy. [Nlomemator TAKYI0 MeTKy Ha YypOBHe nepBoro (ceep-
xy) swBoaa. Hanpumep, 3mak & y Bepxuero BmBoja (parMedTa ycioBHOrQ 060-
3HaueHHsl, H3oGpaxeHHoro Ha puc. 196,a, o3uauaer, uTo yeTHpe BHIBOJA 3JeMeHTa
obvesuHens Joriyeckofi dynkunedt M, 6ykea R (puc. 196,6) rosoput o ToM, urto
KaMAblii H3 BBIBOJOB CAYMHT AN YCTAHOBKH 3JeMeHTa B HYJEBOE COCTOAHMe, a
metka &R (puc. 196,8) — 0 TOM, uTO BmBOAM ofBeaumenn no M W mpeanasmauc-
Hbl N5 YCTAHOBKH B 3TO e cOCTOAHHe, EcAM HECKOABKO COCENHHX METOK cofep-
AAT 4acTh, OTPAXKAWILYIO OAHY M Ty Ke ¢Qynkuuio (Hanpumep, GyHkumo X B wmer-
Kax . BHBOAOB Ha pHc. 197), 1O 3Ty 4acTk MOKHO BHHECTH B TAK Ha3bBAEMYIO
rpynnoByio meTky. Pacnonaraior ee wajn rpynnoii MeTOK, K KOTOPBIM OHA OTHOCHTCH.

Cpynny MEeTOK H BLIBOAOB Pa3iensloT AHGO YREJHUCHHHM (KPATHHM OBHYHO-
MY PacCiOAHHIO MeX.1y BHBOAAMH) HHTePBa/OM, JAHGO 3aK/JIOYEHHEM B 30HY.

M3 HeckObKHX rPyNnoOBBIX METOK, codepKaiudx obulylo vacTe (cM., HanpHwmep,
puc. 198), moxer GuiTh BhieneHa MeTka Gojee Bbicokoro nopsaka. Ee nomema-
10T Haa FpynnaMH, K KOTOPHM OHa OTHOCHTCA, H OT/eJRI0T HHTepBasoMm. [pynnm
BbiBOJIOB, OTHOCAUIHECA K TaKOH MeTke, 0053aTe/lbHO NMOMEILAlT B 30HY.

JlBynanpapieHHble BHBOAW (OHH BHINOJAHAKT QYHKIHH Kak MPHCMHHKOB HH-
(opMauHH, Tak H ee HCTOYHHKOB) 0603HA4alOT METKOH B BHAEe JABYHanpaBjieHHOil
CTPEAKH. HAH 3HaKa «<<>=>» (puc. 199). TIpn 310M MeTKH BXOAHBIX BYHKUHA yKa3bl-

BAalOT HaJl 3ITHM 3HAKOM, 3 BBIXOAHHX — =
noa HHM. X
B cayuae, ec/H BHBOA 3JeMEHTa HMeeT
HECKOJIbKO (DYHKIHOHANbHBIX HA3HAYEHHA HAM [ 1
B3auMocBfsefi (HAH H TO, H APYroe OJlHOBpe- —*’;;'; . -
MEHHO), HX O0603HAYalT COOTBETCTBYIOUIHMH o8> 2
METKaMH, MOMEllaeMbLIMH OJHA MNOA ApYyrof —:}; i
(puc. 200,a). Mpn HeoGXOAHMOCTH HanpoTiis ol —:
Kax/10fi Takofi MeTKH (Ha BHeWHed cTopoxe L~
Puc, 198
d X

ol 7 CA

7 7

2 . 2 2

- -— ¢

3 F J J

4 —_ G i

d
Puc. 199 ) a) 6)
Puc. 200
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AONOMHITENLHOTO MOMA) HAHOCAT YKa3laTeNnd, ONpelesiOUlHe YCJOBHe BHINOJHEHHs
Gynkuui, o6oaHayeHHHIX MeTKaMH. [las npumepa Ha puc. 200,6 nokasau pparment
YC10BHOTO 06O3HAYEHHA 3JMEMEHTA C BHBOJOM, HA KOTOPOM CHTHAaA ¢ ypoBHEM | Bhi-
noausier dynkinio CAl, ¢ ypoesem 0 — dynkumio CA2, a npu nepexose ¢ yposHs 0
Hd ypoBeHb | W 1Ha060poT — cooTBeTcTBeHHO pynkuHd CA3 u CA4.

K ukcay BLIBOIOR, He HeCyILMX JOTHYECKYI0 HHQOPMAlLMIO, OTHOCAT BHBOAM
NHT@HHA, BWBOAW S1CKTPOAUB TPaH3IHCTOPOB (WAanpHMep, B HaGopax TPaH3HCTO-
POB), BLBOAK S NOAKTIOYEHHH BHEWHHX YaCTOTO3aAalOILHX 3]eMEH10B (pesncro-
POB, KOH1€HCATOPOB, KBApPUEBLIX PE3OHATOPOB) W T. I

Bugoa a18 nojkaloueHis HCTONHMKA MuTaHMA B oOUeM cayuae 0603HAYAIOT
Gyksoii U. Eean nHTaOLHX HAaNpaKeHHidl HECKOABKO, HX YCAOBHO HYMEpylOT (Ha-
npumep, Ul, U2, U3 u 1. 1) # yka3wBawT Kakloe y csoero BuB013a. Bwecro
Oyksa U MOKHO yKa3aTb HOMHMAJBHOE 3HaueHHe HaNpsKeHHSs W €ro NOMAPHOCTH
(cw. puc. 204). OOwuii BLIBOA NOMEYAlOT HyJAeBHM Hanpsxenuem (0V).

BuiBoan Ko.a/MekTopa, 3MHTTepa H 6a3w O003H@YAKOT COOTBETCTBEHHO JaTHH-
ckumy Oyksamu K, E u B, npuuem, ecan 310 sMHTTep cTpykTypw p-n-p, cnpasa
ot OykBu E noMewaior 3Hak «<» WIH CTPEJKy, HaNpaBeHHYK BJEBO, a ecaH
CTPYKTYPH N-P-N, — 3HAK «>» HAH CTPEAKY MPOTHBOMOJOKHOIO HANpaBAeHHS.

BHBOAL A% NOAKJOYEHHA pe3dcTopa noMeuawt GyKeoi R, KoHjleHcatopa — C,
kaTywki — L, kpapueroro peioHatopa — Gyksamu BQ.

TlpuMeps NOCTPOEHHS YCAUBHBIX TPaQHYECKHX O60D3HAYEHHIA HEKOTOPHIX 3Je-
MEHTOB UH(POBOI TeXHHKH MpHBEAeHH Ha pHc. 201—206,

Ha puc. 201, nokazau cumson saementa 4H-HE. V nero ueTwpe npamuix
CTATHYECKHX BXOJAd, CBA3AHHBLIX JOrHKOA M (3HaK &) ¥ HHBEPCHHH CTaTHYECKHIl
BHXOA (06 OTPHILAHHH FOBOPHT KPYKOK Ha JHHMH Bbixoaa). Ecan Ha Bcex ueTmipex
BXOJaX 3/@MEeHTa MPHCYTCTBYKT CHIHaJbl € YPOBHEM JIOTHYeCKOH |, BBIXOAHOA CHI-
Hal HMeer yposehb 0, BO BceX OCTaAbHBIX C1y4asX ero ypoBeHh COOTBETCTBYeT
noruveckoit 1. 3Hak B BH1e pOMGHKa C YEepTOUYKON BHH3Y CBHIETEJbCTBYET O TOM,
Y10 y 3/JeMEHTa OTKPHIThIH BLXOA (HanpHMep, KONJIeKTOPHbIH, ec]H ero aKTHBHbIE
3MeMEHTH [PeAcTaBasioT coboi TPAH3HCTOPH CTPYKTYPH N-P-N, HJAH 3IMHTTEPHHI,
€CH TPaH3HCTOPH CTPYKTYPH p-N-p H T. 1.).

Bes ocoforo Tpyla B cHmBosne, H3obpaxxedHoMm Ha puc. 2016, MokHO pacno-
anate anement 3HJIM-HE (o aoruueckod dynkuny HJIK rosopur undpa 1 8
BePXHEH YaCTH MPAMOYTOAbHHKA). Y 37eMeHTa TPH MPAMBIX CTaTHYECKHX BXoAa H
OTKPBITHH HHBEePCHHIH BBIXOA, HO (NPH TOR e CTPYKTYpe TPaH3IHCTOPOB) 3IMHTTEp-
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HB HAH KOJ!J'I-OKTOPI[Hﬁ. Ipi Hanuuun Ha Beex TPEX BXO1AX CHIHANOB AOrgyecko-
ro 0 BHXOAHON CHrHAA 3TOrO 3.eMeHTa HMeeT ypoBexs |, BO BCCX OCTaNbHmy cay-
Yasx (ypoBedb | X0Ts 6B Ha 01HOM BX0je) — yporens (.

Bonee cnoxHOR 3aBHCHMOCTHIO CBA3aHB BHIXOLHO[ H BXOAHLIE CHPHAAM B ane-
sente 3UJIU-H (puc. 201,8). ¥ nero nBe rpynns Bxoios, 00beIHHEHHHX 1O HIY,
0 4eM roBOpaT uHppu | HANPOTHB BepXHHX BHBO1OB rpynn, a o6 oObelnHenun
rpyan no M csuaevenbcTsyer 3Hak & B OCHOBHOM nose. Bmixoi 3.1eMeHTa — nps-
MOR cTaTHueckHi. CHrHan noruveckoii | NOsBASETCH wa pwWxode B TOM caAyvae, ec-
AW XoTA OB HAa OAHH BXOA B KaXA0i rPynne NOLaHm CHrHAAN TAKOTO JKE YPOBHS,
Ecnu e cHruansl ¢ TakiM ypoBHeM MOAaHW Ha Mo6oe YMCAO BXOJ0B TOJABKO Of-
HOfl TPYNNBL, a TaKke B C1ydae, eCTH Ha BCEX BXOJdaX MPHCYTCIBYET ypoBeHb JOTH-
yeckoro 0, BuIXOAHO# CHrHas uMeeT yposehsb 0.

Ha puc. 202 npusenewo ycioHoe o0603HadeHHe onMoOBHOGpatopa (3HaK B BHAE
NPSIMOYTOJIbHOrO HMMyJibca B OCHOBHOM IloJe) — reHepatopa., seipabaTeiBalolllero
OHHOUHBI MMIyabe onpejeneliHofi AAWTeALHOCTH. Y Hero asa (MpsMOR u MHBepe-
Hbift) ofbeannennwix no H (snak &) aunamuuyeckHx (Kocas 4epTOYKAa Ha rpaHHle
Pasfena OCHOBHOrO M AOMNOJHHTENLHOrO MoJeil) Bxoaa 3anycka, BXoa 'R aas nogauu
CHrHaJja, npexpamawulero GOpMHpPOBAHHE HMIY.JbC3a, H OBA BHX0AA (MPAMOI H HH-
RepcHblil). Bpemssajawouine 31eMeHTH (Pe3ancTOp W KOHAEHCATOp) NOAKAKUYANT K
MOMEYEHHBIM KPECTHKOM (YKa3aTe.lh BbiBOA3, HEe HECYLLEro JOTHYEOKYH HH(OPMALHIO)
BbiBoaM ¢ MeTkaMi R u RC. ®@opmupoBaiue uMnyabca HauHHaeTcs B MOMEHT, KOr-
Aada YpoBeHb YNPapisfiOlWero CHrHana Ha NPpAMOM JHHAMHYECKOM BXOI€ H3MEeHAeTCH
¢ 0 10 1, a na uwsepcom — c 1 no 0.

Yenosubie rpagmuueckie 0603navenus, npHeeleHHbie na puc. 203, TpHHaanexar
TPHITEpaM — yCTPOMCTBAM C ABYMSA YCTOAYHBBIMH COCTOAHMAMH (E1HHHUYHHIM H HyJe-
BuiM). Ha3pawna cOCTOSHHAM 1alOT NO YPOBHAM CHTHANOB Ha TNpsMoM BHXofe (Y
TPHITEPOB, KaK NPaBHAO, 1BA BLIX01a — {IPAMON H HHBEPCHBIH).

Ha puc. 203, nokaszaHo o6o3HauyeHHe acHHxpowHoro RS-tTpurrepa (o TOM, utO
3TO MMEHHO TpHrrep, cBHaeTeabcTByer GykBa T B OCHOBHOM TIoe) € HHBEPCHBIMH
cratuyeckumu sxonamu R ® S. Tlpn nomawe curuana noruyeckoro 0 wa Bxoa R nHa
NpAMOM BHXOAe TPHITEpa BO3IHHKAET HAMpsiKkeHHe C yposHeM  norHyeckoro 0, a Ha
uHBEpcHOM — ¢ yposiem |. Ecanm curwaa takoro e ypoBHs nojiaH Ha BXoa S, Ha
NpsiMOM BbIXOJle MNOABAAETCA CHFHaJA JIOrHYeckofl |, a Ha HHBEPCHOM — JIOTHYECKO-
ro 0.

CuMpon, HaoGpaxeHHbd Ha PHC. 203.6, npuHaanemHT ABYXCTYNEHUaTOMY
(6ykew TT) JK-tpurrepy. O HMeeT HHBEpCHLE cTaTuyeckHe BXOLB YCTaHOBKH B
coctosuue 0 (R) wu 1(S), Tpn obveauresnnix no | mxoma J (Ha HHx noaaiwt .

CHIHAaAW pA3PElIeHH YCTAHOBKH B COCTOAINe 1), Takoe XKe HHCAO OGneqHHen-
Hwx no M sxomos K (paspewsenHe ycranoski m coctosnne 0) W amnavugecku
pxoa C. [Tpw Bmcokom ypOBHe Hanpsaxenis ua peex sxomax J # K 1purrep pa-

60Taer Kak cueTHblji: cnad KaMaoro HMIVauca, pocTynawomlero Ha TakTosulil BXOA
C, u3MeHAeT cocTOoAHMe TPHITEpa Ha IPOTHBEONOM0KHOE, MPH HH3KOM ypoBHe CYeT

npekpautaercs, Ecan ke ypoBeHb HATDiieiis ya pcex BXOAAX J wucokui, a Ha
pxonax K — wu3kmil, To B MOMEHT CNaia unyanca wa Bxode C curwan wa npsi-
MOM BbIXOAC TPHHHMaeT 3HAYeHHE I, wa yusepcom — 0, @ €CAH Hanpa keHHA - HA
pxoaax J u K navenmiorcs Ha 06patiiic (43 axose J—0, Ha Bxoze K —1), u3-
MeHsloTCA Ha ofpathbie H CHPHAMBL M3 woivoiax rpurrepa. Mpu wuskow ypose Ha
pxoge C H3IMeHEHHs HanpANKEHHH Ha f1i.c ] y K He BAHAKT Ha cocTonHHe TPHIr-
repa, NpH BHCOKOM RPORBARIOTCR Civiviouym o6pasoM: CHANL Hanpsxenus Ha
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BX01ax J NPHBOAHT K MOABJAEHHIO Ha [IPAMOM BBIXO/E CHFHAJAa BLICOKOTO YPOBHI,
¢cnaa HanpaxcHHA Ha BXOo4ax K — HH3KOro.

D-tpurrep, ycaoBHoe o0Go3HauenHWe WOTOPUro NOKasaHo Ha puc, 203.8, umeer
AHANOTHYHBIE PAacCMOTPCHHBIM padee Bxoanl R # S, npamoit amHaMuueckiit Bxon
C, pearipyiouluii Ha HameHeHue ypoeHsa ¢ 0 wa 1, u Bxox D. [lpu uaanuuu ua
Bxoae D nuskoro YPOBHA B MOMEHT MNPHXO01a HMNy/AbCa Ha BXOA C HanpamxexnHe
Ha [IPAMOM BHIXOJ€ CKAaYKOM NOHHMKACTCH, a TNPH BLHICOKOM YpOBHE HA HEM — MOBH-
waetcH. MHbIMH CIOBAMH, COCTOfHHE TPHITepa M0 OKOH4YaHHH (POHTA HMNYy.JbCa
na Bxoge C onpejensercs ypoBHeM cHriHazna Wa Bxole D B 1pelwectByiowni
MoMenT. JliA nepeBoAa TaKOro TPHITEpa B CHETHBIE pexuM Joctatouno sxoa D
COEIHHHTH C HHBCPCHBIM BHXOAO0M.

Ha puc. 204 u3oGpaxeno ycnoBHoe rpaduuyeckoe o6o3HaueHHe 1ABOHYHO-AECH-
THYHOrO peBepcHBHOrO cuyeTyHka. Ero npsmsie auumaMuueckue sxoas 41 # —1
npeaHasHayeHs AJ8 NOJA3aYH TAKTOBHIX HMIIYJALCOB COOTBETCTBEHHO [PpH TIPAMOM H
00paTHOM cuyeTe, NPAMON CTATHYECKHI BXOA R CAyXHT A8 YCTAHOBKH CHETHHKA B
cocrosiune 0, uusepcHmit Bxox C — ANA npeasapHTeabHOR 3anucH  HHGOpMaLHi,
noctTynawulelt Ha Bxoan ¢ Metkamu 1. 2, 4 u 8 B 1Bonunom koie 1-2-4-8. B takom
Ke Kole (OPMHPYETCR H BHLIXOAHOM CHTHAJA, CHHMaeMbii C BHIBOJOB C COOTBETCT-
syloutumu Metkamu. Curnan pa swiBole CR (nepenoc) nosBagetca npH npaMoMm
cyeTe OJHOBPEMEHHO C TeEpexo]0M cyeTuHka B coctosnue 0 (mocae coctosuus 9),
Ha BeiBoge BR — npu ob6patHom (nocae 1), Hanpsxenne NHTaHHA N0AAKOT HAa Bbi-
poabl OV (oGwmit) # +5V.

HJIH .‘l{’lﬂHd)p&!iHH COCTOSHHIT CHETHYHKOB € UeAbIO OTOGPB)KEHH” HX Ha 3HAKO-
BbIX MHAHKATOPax TpHMeHsIOT Jeudpatopel. Ycaossoe o6o3HayeHHe OQHOTO H3
TakuX ycTpoilcTe nokazano Ha puc. 205. Mudopmaunwo s asonuHom koge 1-2-4-8
MoAal0T Ha BXOAb JdelWH(paTopa € COOTBETCTBYWLULHMH MeTKaMHK, CHTHaael yn-
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paBAeHH® CEeMHCEerMeHTHHIM HH,’IHHETOPOM CHHMAT ¢ BHXOA0B, 0003HaAYEHHBIX
CTPOUHBIMH 1aTHHCKHMH OYKBaMH a—g (NOC/AeNHHE COOTBETCTBYIOT OGUIENPHHATHIM
0603HAEHHAM CerMenToB — cM. puc, 127). BXoXx S CAyKHT A4S raweHus HHIH-
LHPYeMOro 3Haka (C 3TOA UEAbI0 HA HEro MOAAIOT CHFHAM C YPOBHEM norHiueckod 1).

Hakoweu, na puc. 206 npuseaeno ycaoHoe 0603HaueHHe yeTpipexpaspaiHoro
PErHCTpa CABHra, NO3BONAIUIET0 3aNHCHBATL TOCAENOBATebHYI H MNapasle]bHYIo
HHQOPMALHI, CIBHTaTh H CYHTHBATh ee B TOM e BHAe. J8 3anHCH MocaefoBa-
TebHOH HHpOPMaLu# cayxHuT BXoa O—, napanjensHoil — Bxoas ¢ Metkamu 0, 1, 2,
3 (Womepa paspsnos B BuAEe cTeneHell OCHOBAHMA COOTBETCTBYIOLUIHX BECOBHIX KO-
shpuunentos). Y perncTpa MHBepcHmii gumamuveckuii Bxoa C, pearnpyowmii na
H3MeHeHHe CHrHaja ¢ yposus | wa yposenb 0, u BHBOJ, HA KOTOPOM yNpaBJsIOlLHil
CHrHan ¢ ypomdem | BhinoaHser dyskudio paspewenns 3anuch (EWR), a ¢ ypos-
HeM ( — paspewennst casura Bnpaso (E—). MeTka B BHIe POMGHKA ¢ [AHAroHaJbko
CBH/eTe/IbCTBYET O TOM, 4TO peructp umeet suixoaw 0, |, 2, 3 ¢ cocrosHHeM Bbi-
COKOro COMPOTHBJEHHH, B KOTOPOS OHH MEPexXonT, eeld Ha BXOJ pa3pelleHHs no-
llaH CHTHAM ¢ YPOBHeM Joruyeckoro 0,

SJIEMEHTb!I AHAJIOTOBOH TEXHHKHU

K saemeHTaM ananorosoff TexHHKM OTHOCATCA BCEBO3MOMHBE YCHIHTe-
A4 (B TOM uHCAe CYMMHDYWIUWe, WHTerpupylowwe, andpepenunpyomue 1 1. 1),
¢dyHKUHOHaNbHBle Npeo6pa3’oBaTeqn  (NepeMHOKATENH, NeAHTENH, MOAeJHPYIOlLHe
yeTpoiictpa), ananoro-uddpossie it undpo-ananorosse npeobpasoBaTend, 3JEKTPOH-
Hple KAI0YH H KOMMYTATOpel H 7. 1. Vegosdse rpaduueckde 0OO3HAYEHHA 3TO#M
rpynnbl H3AeAHd MOCTPOPHB AHAJIOIHYHO CHMBONAM 37eMSHTOB UH(QPOBOA TeXHHKH.
Kpome ocHoBHOrO MNOAf, OHH TaKAe MoryT coaep:aTh OAHO WJAH JBa JONOJHMH-
Te/bHHX, pasMepn 0B603HAYEHHH Takie onpegeasiOTCA WHCAOM BBBOLOB, CTPOK
HHOOPMALUHH B OCHOBHOM H JONOJHHTEALHOM NOJAX, YHCJAOM 3HAKOB B OAHOA CTpO-

Ke B 7. 4. o~

105



BXoaw aHasOroBrX 3/EMEHTOB pacnonaralT cJeBa, BWXOiW — cupasa. Tlp
HeOOGXOIHMOCTH YCn0BHOe rpaduuecKoe obo3HaueHHe jaoNyckaeTcss H306paxaTh Mo-
BEPHYTHM Ha yroa 90° no wuacoBOR CTpejke, T. e. pacnoJaratb BXOAH CBepxy,
a BbIXOAW — cHH3Y. BHBOAW 3/1€MEHTOB aHAJOrOBOA TEXHHKH JeNAT Ha TpPAMbIE
H HHBepchue, [lepsuie H306paKaleT JHHHAMH, NPHCOEAHHAEMHMH K KOHTYpy 060-
3HayeHHs 6e3 KakHX-AHOO 3HAKOB, BTOPHE — JHHHAMH C KPYXKOM B MECTe [MpH-
COeHHEHHS.

Kak ® B unpoBoii TexHHKe, B OCHOBHOM MOJNe CHMBOAA 3J€MeHTa aHaJICroBoi
TEeXHHKH YKa3uBalT ero ¢yHKUHOHanbHOe HasHaueHue. OGoanaueHus Haubosee -yac-
TO BCTpedalowuxcs ¢Qynkusf npuselenn B Taba. 4. Cnoxuee ¢yHKuHn obpasyior
H2 NpOCTHIX, pacnoJjaras HX B Moc/aeloBaTelbHOCTH 06paBoTKH curHana. Jonyckaercs
HCMOJ/Ib30BaTh 0003HAYEHHSA, YCTAHOBJEHHHE AJA 3JeMeHTOB UHGPOBOA TEXHHKH (CM.
Taba. 2).

Hasnauenue BHBOAOB YKa3nBalOT METKaMH, NOMEIlaeMHMH HAalNPOTHB HHX B
AononHHTenbHbiX noasx. Kak # of6o3navenns QyHKUHA 37eMeHTOB, OHH MOryT Co-
croATh H3 OykB JaThHcKOro aadasHTa, apabekHx uUHP H CNEUHAAbHHX 3HAKOB.
OG6o3HaveHus OCHOBHBIX MeTOK TpHBeleHH B Ta6a. 5. HeKoTopwe H3 HHX MOXHO
HCMO/Ib30BATh TAKXKE B KayecTsBe [OMOJHHTENbHHX XapaKTePHCTHK 3JEMEHTOB (B STOM

Ta6banna4

DyHKIHA OGo3navenHe DYHKUHA O6o3navenne
IenepupoBanue G CpaBHenne (kommapatop) = =
JerexkTHpOBaHHE DK %yunupoaanne - SM u.{m z
JHenenne X:Y uau x:y PHTOHOMETpHYeCKHe Hau tg
Jenenne uyacToTH :FRuan :fr  ||dpynkuun (nanpumep,
Nnddepenunpopanne D/DT uau d/dt ||Tanrenc)

H3pneuenne kopHs Xt05 nan Y'x g:::;ﬁ::‘:: g ;J:l::{xp
e e | 1N 5 [nsrpani FF
€ OpMHpOBaHHe
] SWM i >
pasMuiKaHHe SWB g&:ﬁ%ﬁﬁ““"e uugpo- /A
voig it ysecing SWT [Mpeofpazobanxe anaaoro-
IMokasatesbHas GyHK- e
UHA X4Y nau xv unpposoe Ai#
ITpeoGpasosanue X/Y nau x/y
Ta6anna b -
Metka 022;::'
Hauaabhoe 3HayeHHe HHTErpHpPOBaHHA I
VYcTaHoBKa HaYasJbHOrO 3HAYEHHA S
Ycranoska B coctosnHe 0 R
TMonnepxanne TeKyllero 3Ha4eHHA CHrHAJa H
BanancHposka (koppekuHa «0») NC
KoppekuHsa wacToTHas FC
AwuanoroBuifi CHrHan A
Lingposoii curaan #
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ciyyae HX YKasbniBaloT nocje ob03Hayenuns (YHKUAA) H CHIHAJIOB (Hanpumep, 3ma-
KH aHa/0roBOro H UH(QPOBCTO CHFHAMOR NOMEmANOT WAl BHBOJAAMH IEMEHTOB, 4TO-
Gbl pasHYHTL COOTBETCTBYIOUIHE CHTHA/M).

O6uiee 0603HaYeHHE YCHIHTENS NOKAa3aHO HA puc. 207.a. Caea oT chmBona
ycuaenus (sMecto 6ykBn f) B ocHoBHOM nose YKa3nBalT (YHKUHIO, BHINOJIHAEMYIO
YCHAHTENIEM (Hanpumep, I{KTerpHpoaauue' gu¢¢epeu1u{p08aﬂﬁe H T. I'l.), ciipaBa (Ha
MecTe GykBw M) — KOs @HUHeHT nepeiaun, Ha wmectre merok W,—W, sanncu-
BAIOT BeCOBHE KOIQQHUUHEHTH BXOAHMX chrHamos (1. €. KO3(DPHUHENTH nNepefaun
Ka#/10TO CHrHaAa B OT1e/AbHOCTH), Ha MecTe MeTOK IT—INy -- YacTHble Ko3ddunu-
EHTBl YCH/IGHHA CHTHAJIOB, CHHMAeMHX C COOTBeTCTBYKIIHX BHX010B. EcaH kosdpdu-
UHEHT YCHJIEHHH NOJaA BCero YCHAHTENRA OAHH, Ha MecTe GykBol M B 0603HaYeHHH
(QYHKUHH MOXHO YyKa3aTh ero a6CcoNIOTHYIO BEAHYHHY, 4 €CIH OH paBeH 1, aonyc-
KaeTcsi He YKa3HBaTh BoBce. B Tom e cnyuae, ecin Ko3(hQHUHEHT YCHJeHHs Ao-
CTATOYHO BLICOK H 3HaHHe ero abCoJIIOTHOR BeJHYHHH He HMeeT 3HaueHHA, Ha Mec-
Te GYKBH M MOXHO MOMECTHTL 3HAK 00 HAH NMpomHcHy:o Gyksy M.

C yueToM cKa3aHHOTO B 0G603Hadenun, nokasannom Ha puc. 207.6, nerpyaumo
y3HaTb CHMBOJI HHBEDTHPYIOWIErO YCHIHTEAR ¢ KOIPPHUHEHTOM YCH/IEHAA, DABHHM 5,
a Ha puc, 207,8 — CHMBOJ TaK HasbBAEMOI'0 ONEPaUHOHHOTO YCHAHTeNs (Xapak-
TepHayeTcs oueHb GONbUWIHM KOS(QHUHEHTOM YCHJEHHH — 10 HECKOJbKHX COTeH TH-
cAy). V 3TOro yc1poficTBa OAMH BHX0J H 1Ba BXOl1a: NPAMON (ero eule HaseBawT
HEHHBEPTHPYIOLUHM, TaK KaK MpH Mojade CHCHANA 1la 3TOT BXOJA BHIXOMHOA CHrHan
HMeeT Ty Ke (asy, 4TO W BXOAHOIH) H HHBEPCHLI (HHBEPTHPYOWHA; NOJAPHOCTH
BHIXOJHOMO §HTHala o6paTHa MOAAPHOCTH CHPHAMA, [OJ4HHOTO HA 3TOT Bxoa). Bu-
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BoAu c MerkaMu —I5V u +15V npeawaswaueHWw 148 NOAKIONEHHA ABYNOAAPHO-
F0 HCTOYHHKA NuTaHM#A, BuBoAb FC — ans noacoesuHenus 371eMeHTOR 4acTOTHOR
KOppeklHH, BbiBoAb NC-— 31eMeHTOB 6aNaHCHDOBKH YCHAWTENs (AJA  YCTaHOBKH
HYJAeBOr0 HanpsiKeHHs Ha BHIXOJE B OTCYTCTBHE BXOAHBIX CHTHAJ0B).

VeaorHoe 0603HayeHHe CyMMHPYIOLUEro ycHAuTeAs MNMokaszaHo Ha pue. 2072 (o
Ha3HaueHHW YCTPOHCTBA TrOBOPHT rpeveckan Oyksa X). Kosdbowuuuent ycunenus
ycuautens pased 10, secoswe Ko3phHUHERTH cHrHanios a u b pasHm 0,2, cHrHasioB
¢ # d-—coorsercroenno 2 n 5. Hanpsxenue na smxoge u=—10(0,2a+0,2b+2c+
+5d) =—(2a+2b+20c+50d).

Ha puc. 207,0 npuseneno ycaosHoe rpaduueckoe o6ozHauenne auddepeHiupyio-
IWero yCHAHTeAss ¢ KO3D@HUHEHTOM YCHAeHHMs 5 H [ABYMS BXOA4MH € BECOBHIMH

kospdpuumnentamu 1 u 4. Ero Bmxoanoe Hanpaxkenwe u=>5 gt (a+4b), rie am b—

BXOJHLIE CHTHA/H. J

DJieMeHTB aHAJNOrOBOA TEXHHKH MOFYT YNPaBasThCs UMHMPOBHIMH  CHIHANAMH,
Y106H OTAHYHTL BWBOAL, NpeAHA3HAYEHHHE LIS ITOH LEMH, HA1 HHMH, KaK yxe
TOBOPH.I0Ch, MOMEILAT 3HAK UKHQPOBONI HHopMauuu B BHIe ABofiHOro Kpecra. Ma-
JIOCTPAlHEHA CKA33HHOMY MOXET C/YXHTh YCJ0BHOE 0603Ha4YenHe HHTErpHPYIOLLero
YCHAHTENA, NOKasaHHoe Ha puc. 207.e. Y Hero ABa aHanoroBuix Bxoga (a W b) ¢
BECOBHIMH kosduuHeHTaMH 2 H 5, BXO4 ANA NMOAAYH CHrHANa HAYalLHOTO 3HA-
YeHHA HHTerpuposanus (I), Tpu Bxoaa undposoro ynpasiewus (S — aam ycTaHoB-
KH HayaabHoro s3Havenus, C — ans noaaun crpobupylowero umnyasca, H — aas
NOJAEPAaHHA TeKYLLero 3HAYeHWA CHMHaJa) W HHBepcHBI Bbixod. Tlpu  yposne
curana d, cooTmercTayiouleM Joruwveckodt |, a curwanos e w I — noruyeckomy 0,

1
BHIXOAHOe HanpsxesHe u=—20[ct=¢+ j (2a +5b)dt].
0

[lpocte u Harasanel 0603HaYeHHs (YHKUHOHaAbHHX NpeoBpasoBateneii — ycT-
POACTB, OCYUIECTBJASIOUIHX NepeMHOMeHHe, JIeeHHe H TOMy NoJ06GHHe JefCTBHA Hal
aHANOroBHIMH cHrHanamu. [las npumepa ua pHc. 208,a H306pakeH CHMBOJ mnepe-
MHOXHTeNs (ero BbixoJHoe Hanpsxenwe u= 10ab), na puc. 208,6 — peanteas (u=
=a/b), Ha puc. 208,8 — ycTpoiicTBa, Moleanpyiollero GyHKUHIO TaureHca (u=tiga).
Creayer mnoMHHTb, YTO B 0603HauyeHHH GYHKIMH JeJeHHS HCNOAL3OBATH KOCYIO
YepTy BMECTO ABOETOYHS He paspellaercs.

O6mee o6o3navenne Npeo6pPa3oBaTe/si CHFHAJNOB H3 OJHOrO BHAA B JApYroi
nokasano Ha pHc. 209,a. Bmecto 6yks X 0 Y B ocHOBHOe moJjie MOTYT GHITH BIHCa-
Hu o6o3navenus obpabGaTbiBaeMofi uHdopMauuH, Hanpumep Hanpsxenwe (U), vac-
Ttorta (f), anutensHocTb HMnyAbca (T) W T. A., @ Takke ee BH1 (aHasorosas, lHD-
posas). [lpuMepn ycaoRHBIX 0603HAaYeHHA 3TOR rpynnbl H3QeAHH NpPHBEAEHW Ha
puc. 209,6 (npeoGpa3oBate]b HanpsMeHHA B uyactory), 209,86 H 2 (cooTBeTCTBEHHO
aHanoro-uHppoBofi u uxdpo-aHanorosui nNpeobpasosaTenH).
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|__ 4) Puc. 210

B ocHoBHOM MOMe CHMBOJOB 37647 1 {HbIX KIW09€H H KOMMYTAaTOPOB BMeCTO
GyKBeHHBX KOZOB—H3 Taba, 4 Mo 1 “CeCTHTL CHMBOAB COOTBETCTBYIOWHX KOH-
TAKTHWX TPYNn (3aMBIKAMIAX, PasMio 4 Ly 0 NePeRJIONaIWHX), 4TO NpHaaeT
0603HAYCHHAM GOABWYI0 HATASAHOCTL  [lockibky noa06HWe yCTpPOACTBA 06BIYHO
YyNPaRIAWTCA LUHOPOBBIMH CHLHANAMH, 1o LoMIEMOF YACTLIO HX YCAOBHEX oBo3nave-
HHA #BISIOTCR BWBOAW AAA MOIBEEH! %« s curHaaoB. Tak, yepe3 3JEKTPOHHble
KJAIOuH, Hiobpasensne Ha pHC. 210, wio o oswit cHrsans npoxoAHT B JwoboMm Ha-
npaniJedHiH MNpH Nogake Ha WHPPORGIT B 1 {+7iHaued AROAHBIM KPECTOM) Hanps-
HeHiy AorH4ecKoii | MW He MPOXOAWT, e . Li0 Hanps#edHwe wmeeT yposedb 0 s
KJAKH4X, NOKAa3aHHbIX Ha PHC. 210.6 [anfopor, NPpOXOAKT NPH  YpOBHE 0 H He
NPOXOAMT NpPH ypoBHe l.

IMeKTpoHHBIA KOMMYTAaTOp, 0603Hal .« koroporo npusesedo wa puc, 210,
ynpasasercs IWHPPOBWMH CHPHANAMIL HEPr | o rijeckili saeMenT W (06 3TOM roBoput
agak & B 30He AONOAHHTEJABHOTO NOJS, « L @in0fi npucoelHHenbl BHBOAHN CO 3Hd-
KoM uH(poporo cHrHaAA). 3A€Ch TPH 110 e wa ofa ynpasAsiollHX BxOia
HANPHAKEHHA ¢ YPOBHAMH 1 BHANOTOBWI (it npoxoaT Ha BWXOA 2, @ MpH Beex
JAPYrHX 3HAYeHHAX UHQPOBBIX CHIHANOR HA #exog 1.

MPOBOMAA, KABEJIH, BOTHORG 1

O6s3aTeabHEM  SACMEHTOM  YCA0n o rpadiveckHx ofo3navdeHnit  Bcex
PACCMOTPEHNiBIX 3AEKTPO- M PARHOMIEMENT N gy pyqno W3 MpeAWAYMIHX Tapa-
rpagoB, ARIAOTCH JHHNH, CHMBOLUMPNWLL iy peaanubx MIgeand. B pa-
AHDIIERTPOHKOM TpHGOpE BBIBOABL 3IEMEL w01 5 onpeaeaeHHOM TIOPRA-
Ke NPOROAHIKAMH, Ha CXeMaX 3TO MOKASLIBLKIT Jiiami 3,1eKT pHYECKOR CBA3N (aance
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Ansi kpatkoeTh — JISC). [launkble cOcaHHHTEAbHMe MpoBOAA  Hepeako H3oGpa-
KalT Ha cxeMax KopoTkuMH JISC HANH BOBCe HE NOKA3LIBAKOT HX, COEIHHAS Bh-
BOLH CHMBOJIOB 31€MEHTOB HENOCPeACTBEHHO OAHMH ¢ ApyruM. BuiBaer W uuaue: B
lr])uﬁupe AMEMEHTDLl COeAHHEeHbB CBOHMH BBIBO/IAMH, @ HAa cxeMe 3T0 MCKa3aHo AJHHHOf
JI3C.

Das yio6etsa uremns cxem JIIC uepraT, Kak npasuao, TOABKO B FOPH3OH-
TaJbHOM H BEPTHKAJbHOM HAanpaBJeHHAX. “CKI[!D‘-IEHHE COCTABAAKT JHUL CXeMbl HE-
KOTOPBIX (YHKUHOHAJLHBIX Y3/I0B, HauepTaHHe KOTOPHWX AaBHO CTaN0 TPaiMUHOHHBIM
(H3MepuTeablinie W BHNPAMHTEAbHBIE MOCTHI, MyAbTHBHGPaTopw W T, n.). Hawmenenua
nanpasaenns JISC nonyckaetes Toaeko noa yraom 90 wam 1357

CHMBOAK 37eMEHTOR pAacnoiarailT Ha NPHALHOHAABHEIX CXeMax TakuM o6pa-
30M, 4TO6n JIDC Gbiid BO3MOKHO KOPOUE, HMENH BOIMOMHO MeHbIIee YHCJAO H3-
nomon H nepecevennil. Ecan ke n3bexarh mepecevenHs He yaeTcs, ero  AeaaioTt
TOALKO N yraom 90° (cm. puc. 211,a,6), H3MeHsus 1pH HeoGXOAMMOCTH Hanpas-
aenme oidon W3 JI3AC (pue. 2118, 2).

B Mectax nepeceuexuii, CHMBOAHIHPYIOULHX 3JeKTPHUECKOE COEHEHHE B BHAe
NAAKH, CBAPKH, CKPYTKH H T. N, H306paxaloT XHPHHWe ToukH (puc. 212.a). Amano-
FHYHO OOCTYN3T H B TeX CAyuasx, Korla Heo6XO01HMO M0KAa3aTb OTBETBJAEHHR OT
Toit uan HHoit JIIC (pue. 212,6—e). Oreersasiownecs JI3C aonyckaercs nposo-
ANTH NOA yraamu, kpatHeiMH 457 Henoab3oBaTe B KaluecTBe ToYEK NPHCOEAHHEHHA
OTBETRJACHHIT JIEMEHTH YCNOBHHX rpaduueckHs 0603HAueHHil, HMSHOlILHE BHA TOYKH
(Haupumep, TOYKH, CHMBOJIHIHPYIOLULHE NOIBHAKHBIC KOHTAKTH TenedOHHBIX THE3L-KOM-
MyTaTOpOB, TOYKH Ha INOABHXHBIX KOHTZaKTax [MCPeKJlouaTesrel € HCHTPalbHBIM
CPEAHHM MOJOMKElHeM W™ T. J.), HJAH HX nepeceveHns (BHBOAL 3MHTTEpa H Koa-
AEKTOpa B MeCTax MNepeceyeHHs C OKPYXKHOCTbIO-KOPNycoM H T. Jl.) He JAOMYCKAaeTcs.

Ipu n3obpaxennn JI3C ¢ OTBeTBJEHHAMH B HECKOJbKO NapatjelbHBHIX HIeH-
THYHBIX uUenei (pHc. 213) MOMHO HCMOAL3OBATL CACIYIOUIHA NpPHeM: NOKasath Ha
CXeMe JHlllb OAHY lelb, @ HAJHWYHe OCTaNbHLIX YKa3aTh [-06pa3sHHIMH OTBETRIEHHS-
MH € 4HCJAOM, OTPAXAKLULHM ofulee YHCao napanjeJibHblx U,Eﬂeﬁ, BKJKOUAA H30-
6paKeHHYIO.

B awbom paaunonpubope Memay OTAETbHBIMH 3JeMEHTAMH M COeIHHAIUIHMH
HX I!pOﬂO,’lﬂMH. MOMHMO NOJE3HbIX, C)’Ll.lECTH)'K)T clule H ﬂﬂpESHTHHQ CBH3H, KOTO-
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pele HHOra MOTYT HApyWHTh HOPMalbHyilo paboTy npubopa, ecam MX He ycrpa-
HuTh., C 3TOA Ueabl0 OTAeNbHBE 3JMEMeHTH H NpoBOl1a 3KpaHupywoT. JKpaH o6o-
3HAYalOT Ha CxeMmax WTPHXOBOA aAuHHefi (puc. 214). Yawme scero B paaHonpuGo-
pPax HCHIOABLIYIOT 3JeKTPOCTATHYECKHE 3KPaHbl, NO3BOJAAIOWIHE YCTPAHHTL EMKOCTHYK
CBSI3b MEALY PKPAHHPYEMBIMH H OCTAAbHLIMK 3J]eMedTaM. TakHe 3KpaHbl H3TOTOB-
JAAKT H3 JHCTOBHX METajJ 0B, 061alalOWHX BLICOKOA 3JEKTPONPOBOIHOCTBLIO (Medb,
NaTyHb, anlOMHiHeBble cnaabs). [eranH, yyscTBATEbHbBE K MarHHTHBIM MONAM
HAH ABAAIOULHECA WX HCTOYHHKOM, 3aKJIOYAlOT B MArHHTHBEIE 9KPaHbl, HITOTaBIH-
BaeMble H3 (heppPOMArHHTHLIX MaTepHatoB C BHICOKOH HAayalLHOA MAarHHTHOH npo-
HHUAEMOCThIO (MATKAA CTajb, MepMaiaol H T. 1)
Ecan B 3kpan 3akaouena rpyuna  saeMedTos npubopa, ero  u3obpaxant
B BH/e MNPAMOYTOJbHHKA, OXBATHBAKIUIErO CHMBOJB COOTBETCTBYIOUIHX 371€MEHTOB,
OKpaHb COe1HHAOT B NpHOOpe ¢ MeTa/THNeCKHM MIACCH HAH ¢ OGLIHM MPOBOIOM.
Ha cxemax 370 MOKa3mBalOT COeAHHEHHEM IUITPHXOBOR JHHHH 3KPaHa C CHMBOJOM
o6Ulero MpPOROLA — YTOMUWEHHOR YEPTOUKOi ¢ HKWBOAOM OT cep2aunel. Yacto B
SKPaH 3ahAKY4I0T OTAeqblibie [poBodd i rpynis wx. Takofi sxpad npeacrasaser
cofof TpyGKy, CILIETEHHYK) H3 TOHKHX MeIHbIX JYMKeHBX MPOBONOK.
Heo6Xx01HMOCTE 3KpalHpOBAaHHA TOr0 MJIH HHOTO  COEAHHEHHR  [OKa3blBaloT
IWTPHXOBHMH JHHHAME no ofe croponu o JIIC (puc. 215a.6) iaw HeGONbUINM
Kpyskom (puc. 215.8) OrseTmIcHHE OT JIHHHH, CHMBOJM3IHPYIOULEH 3KPAHHPYIOLLYHO
ONAETKY, AONycKaerTcA H306pamaTh Kak C TOYKOR B MECTe MPHCOPAHHEHHHA, TaK H
6e3 nee. CoelnHendHe ¢ oBUIMM NPOBO.LIOM, KaK H B PAacCMOTPEHHOM paHee cayuae,
NOKA3LBAIOT YTOALLEIHOM YepTOuKel Ha KoHlUe JAuHHH-oTBeTBIeHHs (puc. 215.6).
Ecain HeoB6X0AHMO NMOKasaTh, 4To B 0OWHA 3KpaH MOMeUlEHLl HECKOJbKO Mposo-
o8, cootBetcesyloltie JIIC o06beANHRIOT 3HAKOM, HI0OpameHHBIM Ha pHC. 215,2.
Mpu neBo3MOKHOCTH pasMecTTh Taxie JIOC pagom NocTynawT. Kak N0OKazaHo Ha
pHc. 215,0: OT CHMBOJA 3KpaHa — LWITPHXOBOTO KPY/KK3 -— NIPOBOAAT AHHHK CO
crpénxann, YKa3LBAOUWIHMH Ha [ 113 HHX, ROTOpbe Haxoanrcs B obuweMm 3KpaHe.
B HeKOTOpHIX CAyuasx NpoBoad TpH MOHTaKe CKPY4HBaKT (HaNpHMep, I4as
YMEHbUEHH HABOLOK HA BXOL HYBCTBHTEABHOTO K HHM yCIIHTEIRHOTO yeTpofier-
pa). Yeqan mOKasaTh CKPYTKY Ha cxeMe, coorpercrBytoutne JIIC oxpaThBaioT cre-
UHANLHLM 3HAKOM B BHle HAKAOHHOH JIMHII C 3aCEYKAMM Ha KOHUax (pHC. 216,a).
Ecan B rpynnc JISC KpoMe ckpyueriulx eCTu W HECKpyueHHHe, MOCTynaioT Tak
e, Kak C 3IKPaHHPOBAHHLIMH TPOBOAAMIE, BBIHOCH CHMBOJN CKPYTKH BBEPX (pHC.
216,6). )
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[pneMbi, aHanoruyYible PacCMOTPEHIWM, HCMOALIYIOT H B CAY4asX. ecaH rpynna
JI3C cHMBOAHIHPYeT coelMHeHHe MHOTONPOBONHLIM KaGelem. 3Hax kabeas B Buie
OBaNa NPUMEHAT A 00beAHHeHHus paaoMm uaywnx JI3C (pue. 217.a), kpyox
co crpeskamu — aas obveinnenus JIDC, nepemexaoutuxca 1pyrumu (puc. 217.6).

JIMHME  3JIEKTPHUECKOR CBR3IH, CHMBOJIMIHPYIOUIHe I'HOKOC - CoeHHEeHHe (nanpu-
Mep, FHOKHIl TPOBO1, COCIHHRIOUINA H3IMEDHTEJBHLI Npubop co ulynoM), H3obpa-
KalT BOJHHCTOM JHHHeR (puc. 218).

Uicao J13C wacio Guipaer Guatwmm. Ecaum k ToMy Ke OHM HAyT napanefb-
HO O1Ha JAPYTO#, TO NpPOCAEAHTB TY HJAM HHYK CBSI3b MEAAY 3JEMEHTAMH CTaHO-
BHTCA TpyiHO. B nonobuuix caywasx npu cOCTaBAEHHH CXCM NPHMEHRIOT MPOCTOf
npHeM: ect YHcao napaaneasdpix JIAC Goaviue ueruipex, WX pazbHBalOT Ha rpyi-
nel no tpu JI3C B kamno#, cuntas ceepxy. Mexay coceannmu JISC pasnwix rpynn
ocTaBasioT Gosiee WHPOkKi 3asop (puc. 219).

OAHako W 3TOrO HHOMA2 OKA3LIBAETCS HEAOCTATOMHO, K TOMY e OOMbIIOe HHC-
a0 napaaneasbheix JI3C cHABHO 3arpoMoX<paeT cxemy, yBeqWYHBaeT ee pasMepn. B
nogo6HOM cay4ae MOMKHO NOCTYNMHTL HHAuYe: CJAHTL napaadensioe JI3C B oany
YTOJILEHHYIO — JIKHHIO TPYNIOBOA CBsi3H, a BX0AY H Buixoay Kaxaon JIIC ua Ta-
KOro «KryTas MNpPHCBOHTHL CROA Nopaakoswfi HoMep (puc. 220,a). Yrobor we cny-
Tath cadpaemble JISC ¢ AxHHeR, NpOCTO nepeceKkaloulell JHHHIO TPYNNOBOR CBA3M
(uanpumep, ¢ JISC 9-—9), paccrosuue Mexay coceanumu JIOC, OTXOAALHMH B
pa3ubie CTOPOHH, Ae1aKT He MeHee 2 MM,
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Nan oGnervenuss nomcka ormensinix JIIC 10nyCKAaeTCR MOKA3WBaTh HX Ha-
NpaBieHHe ¢ NOMOWbBIO H3AOMa NoO1 VIJIOM 457 (puc, 220,6). Ipu 3TOM TOYKa H3-
JOMa J10/1KH3 ObiTh YAaneHa ot JTHHHH rp)'fm\’)ﬂr)ﬂ CBA3H He MeHee uyeM Ha 3 MM,
a4 HAKJOHHbIE YYacTKH coreinux .13C, H3o0pakenipx N0 OAHY CTOPOHY OT Hee, He
AOMXKIB HMETb NepeceyeHHA H obLIHX TOYEK.

Has nepenavyu MQKTPOMBI'HHTH-”'ﬁ 3HEPIHH CREepPXBLICOKHX 4HacToT [BI’I."IOTb an
3000 MTu) npuMensior Koakcuamasuuie ralemt. Takoll kabean npexcrasaser co-
Goil CHCTEMY H3 ABYX NMPOBOAHHROB, H3 KOTUPBLIN O.LHL BLINOJHEHHBIA B BHAae Tpy6-
KH, TIOJAHOCTBK) OXBaTLiBaer BTOPUI BuyipeHHlil npoBOJHHK pacnionaraetcs TOYHO
110 OCH BHELUHero, YeM M OOGBLACHALTCH HAIBAHHE «koakcHadbHbli», BhewHui npo-
BO/MHK MpeacTaBiser cobofi rubKkyi0 OMIeTRY H3 Menuol nposoaoku. Tlpoctpancrso
MEAY NPOBOAHHKAMH 3anoganeno [11acti i:.hi\{ BHICOKOYACTOTHHM AH3JEKTPHKCOM B
Bijle Yallleuek, JEHTOYHOH chnupadi .11 naowHofi maces. Baaroaaps skpauupyio-
UJ.(’M}' JeﬁCTHHIO BHeLUHero HleitJ"lm.d 1.li’hi|"f!'\1££iHIITHOC nohe B KOaKCHAaJbHOM
Kabele COCPeflOTOYEHO B MpoCTpaHcIne Mem1y TPOBOIHHKAMH. HHbMH cropamu,
KOdKCHanbHHA Kabenb NpakTHUeCKH e Hi1y4deT pPalHOBOAH.

C  ycaoBHHIM- rpadHueckuM  0003HAUCHHEM  KOARCHAIBHOTO xabenr Mb ykKe
3HakoMul (cM. puc. 96, 161). IMockonbky 3saxk KoakcHadbHOro Kafens, mo cyuecr-
BY, CHMBOJNH3HPYET BHEWIHHI NpOBUAHIEK, OT Heru, hak W OT CHMBOMA 3KpaHHpo-
BaHUA, TPH HeOGXOAHMOCTH (HarpiMeD, 114 coeduHeHus ¢ ofULEM NPOBOIOM) Ie-
4401 oteeTsaenue (puc. 221,a). B oGosnavenus J13C, BHNOAHEHHON KOAKCHAJIBHBIM
rnabenem JHUL - YACTHYHO, 3HAK BWH/OMIMEHAOT. K4ACaTeJbHYI0 K KPYKKY Hanpasaa-
0T TOMBLKO B OAHY CTOpoHy. B mpiimepe, noxkasamsom Ha puc. 221,6, 3to o3Hauaer,
HTO NnpaBee 3HaKa KOAKCHaJIbHafA CTPYKTVpa OTCYTCTBYET.

Ha uactorax suiwe 3000 MI'u noiepit B KOAKCHAIbHBIX Kabeasx CHIbHO BO3-
pacTalT, N03TOMY B3aMeéH HX HCNOJb3YHOT BOAHOBOJAB — NOJbIE MeTaJdJdHYeCKH
TPYOB  KPYraoro, NMPAMOYFOJBHOIO  APYIHX Ceuendi, TIO KOTOPHM MpH onpeie-
JIEHHHX YCIOBHAX MOTYT DAacNpOCTPaHHTLCH 3MeKTPOMArHHTHHE BOJHBL

Ha cxemax BOMHOBOA 0603HauaioT wax n oaxonposodnyio JISC, HO co 3HAaKOM,
XapaKTepH3yIOLIHM BH/ €ro Nofepeuioro ceuelHa (NpaMOYrOALHHK, Kpyr ¥ T, 1L —
cM. pue, 222,a). Tlpu Gorbwod 1auke J19C, oGosnauawmolled BOJAHOBOA, CHMBOM TO-
NepeyHOro CEYCHHS HAHOCAT € TaKuMii HuTcppanamit, 4Tobu ee HeAb3d Owao cny-
rath ¢ apyrami JI9C Ha cxeme.

Maru6 BoanoBoga H306paxaloT Ha cxemax clelyouluM o6pasom. Hioraytbiit
YHACTOK MOKA3WBAKT NPAMO JI3C u wuaeasnwor 3aceukamu (pue. 222,6). Haa num
nomelanT CHMBOJHYECKOe o6o3HaugHie Bi1a Warnba (yroakoBbii — B BHIe YTroa-
Ka, pajHychbifi — B BHAE COOTBETCTHVIOULEH Jyrh OKPYHHOCTH), YKaibiBawT BeJH-
yuny yraa (30° 60° w T. A) W naockocte wsruba (E owan H). fas o6oznavenns
HOKHX BOJHOBOAOB HCAOMBLIYIOT TOT ke iHak, yTo H AR THOKHX NPOBOADB.
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COCTABJIEHHUE W YTEHHE NMPHUHUHUITHAJIbHbIX
CXEM

Mul NO3HAKOMHJIHCH C YCAOBHHMH rpadHuyeckHMH 06O3HAYEHHAMH 6GOJAbLIOTO
YHCAa 371eMeHTOB PajHO3/eKTPOHHBIX YCTPoHcTB. Kak yxe rosopuaoch, 3TH 0003Ha-
YeHHs COCTABJAAIOT CBOEOOpa3HYIO a30yKy 3/eKTPHUYECKHX cxeM, 0e3 3HaHHA KOTo-
PHIX CXeMbl Heqab3A yHTaTh BooOwe. Ho Mano 3sath asbyky, Halo eule yMeTh CKJaa-
IbiBaTh H3 OYKB C10Ba, M3 €108 — Ppasel H T. A, T. €. BHIETb B DPA3JHYHHX CO-
YeTAHHAX M COCIHHEHHAX YCAOBHHX 0603HAuYeHHfi ONpejeneHHHe yCTpPoiicTBa, Npei-
CTABMITL NPOUCXOAAUIHE B HHX MNpOUECCH. YMEeHHe HHTaTb CXeMbl TDPHXOAHT He
cpasy. Hymwua aautensHan TpeHnpoaka B pai3fope MnoHauaay NpocTbiX, a 3aTeM Bce
6o.1ee 1t Goaee cAOKHBIX cXeM. M name BQTPETHBIIHCE cO CXEMOH, N0 KOTOPOH H lie
npeanoanaraercs 41o-1H60 coBHpath, CTOHT H3Y4HTL €e 110 OMNHCAHHIO, HAKalJauBas
TEM CaMBIM ONKT, HeOOXOAHMBIA BCAKOMY, KTO BCEPbe3 DElIH]  3aHATLCH  PajiHO-
31€KTPOHHKOM

3anymuBandce aH Bel Koria-su6yas o TOM, xaKk Mbl yHTaeM OOBIYHBIA TEKCT,
xoTs G6bl Ha 3TOA cTpanuue KHHrH? OKa3biBaeTCH, YTO CJIOTH H UeAble C10Ba MH
cKOpee y3Haem, yraibiBaeM, ueMm uuTaeM. Haw B3raadil npu 3T0M IBHKETCA BAOJAbL
CTPOK CKauykaMd, OT cJ0Ba K cAoBy. [TponyckH oTiedbHHX BGyxB (1M ONEYATKH B
HEROTOPHIX CJ0BAX MB YacTo jawe He 3ameuaeMm. O6nacusercs 3to npocto. C no-
AasasiouM GOJbIUHHCTBOM CJAOB Mbl CTOJLKO Pa3d BCTPEUYANHCh, YTO WX HauepraHHe
CTaJ10 A8 Hac NPHBHYHLIM, H o04HOro Gersoro Biarasla [10CTAaTOYHO, 4TOOH HX
OM03HaTh, OTJAHYHTE oT apyMux. Ho nonpobyiite nanucato, a HeKoTOpoe Bpems
CMYCTA TMPO4YHTATH HECKOALKO CJ0B, Pacnofomus OykBbl B HHX CBEPXY BHHI HAH
crnpasa Hanepo. K 3TOMy Mbl He NPHBHIKAM, # Ha 4reHHe YyiaeT ropasno Goablie
spemenn. [lpumepHo TO e camoe HabalOZaeTcs H IIPH YTEHHH 3JEKTPHYBCKHX
cXeM.

- Muorse yuacTKM cxeM, BKAWOHYas lledbe (QYHKUHOHAALHBE TPYNNh 3JEMEHTOR,
ye 1aBHO H306paaloT B eIMHOM YCTAHOBHBINEiCA MaHepe, pACNONaras BXO1A-
ulMe B HHX YCJIOBHble rpaduyeckne o6o3HaueHHA W JHHHH 3JCKTPHYECKOH  CBA3H
onpejieNeHHbM 06pa3zoM. PaiHOCNeuHaNHCT MAH ONBTHBIA Painodio6HTeNh uyHTaer
TaKHe CXeMB OyKBaJbHO C OJHOrO B3rAsAda HMeHHO NOTOMY, YTO B MOAOGHOM BHJC
OHH BCTPEYAJHCh €MY MHOTO pas.

Bot, manpusmep, Takofi pacnpocTpaHeHHHH (YHKUHOHAJBHBI Yy3ea, Kak aean-
Telb HanpAMeHHA, COCTOAIIHA H3 MOC/Ae10BATeJbHO COEAHHEHHBIX PEe3HCTOPOB, MNOI-
K/IIOYeHHHX CBOBOIHBIMH BLIBOIAMH K HCTOYHHKY Hanpsxenus (puc. 223). Tok,
NPOTeKaloWHKA Yepes AeaiTe b, CO313a€T HA Kask/OM H3 Pe3NCTOPOUB HajleHie Hatps-
KEHHSA, NPONOPUHOHAAbHOE ero conpoTiBaeHnid. C 0AHOro 13 Pe3NCTOPOB CHHMAKT
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HalpsiKeHUue, Heobxoammoe s pa6oTs TOTO HWJIH HHOrO YCTPOHCTBA. YCTaHOBH-
flack TPajMuHA H306paxkaTh JeJHTENb HA CXeMaX, pacrnojaras CHMBOJL ero pesHc-
TOPOB MO BepTHKalAH HJAM NOj yrJOM OAHH K JpYroMy, Kak TIOKa3aHo Ha pH~.
223,8,2. Ctour mm FrOBOPHTb, HACKOJABKO TPY/AHEe Y3HaTb TOT e [eJHTENb, eCaH
OH H306paeH uHAYe, HanpkMep, KaKk Ha puc. 223.a,6.

B paanosaexTponHmx ycTpoficTBax uacTe HCMOAL3YKT TAK HasnBaeMbie CO-
CT4BHblE TPAH3UCTOPH, CcOCTOAMHE M3 JABYX (a HHorla u 6oJee) TPaH3IHCTOPOB,
COBAMHEHHBIX Mexily "coGoii onpelefeHHslM o6pasoM. [loaywaerca kKax Ob O1Hi
TPaH2HCTOP, obOanajaoulii 6oJee  BBICOKHM, 4eM Jm060f H3 COCTaBAfKIIHX ero
TPAH3HCTOPNB, BXOAHBIM CONPOTHBAEHHEM W GOJBWAM KO3DOHUHEHTOM mepelaul
Toka. TpanuusoHHoe H306paKeHHe COCTABHOTO TpaH3HcTOpa (pHC. 224,8) mocrtpoe-
HO TaK, YTO B HeM YeTKO BHIHB BBIBOIH BCEX €ro 371eKTPOLOB — 3MHTTepa, 6a3bl H
KOJIJIEKTOPA, 4Yero Helb3s CKA3aTb Mpo u3obparkeius, MOKasaHHHe Ha pHe. 2244, 6.

OtfenbHlie GyHKUHOHAAbHbIE y3Mh W TPYNNH 31eMEHTOB (HanpHmep, ABYX-
TAKTHHE 1 auddepeHuHaNbHble  YCHJHTENH, MyJbTHBHOpaTope, RS-Tpurreps Ha
OCHOBE NOTHYECKHX 3JeMEeHTOB H T. 1.) 061a1al0T 3JeKTPHYeoxoA cummerpueil. C
YYeTOM STOro HX H300pa)alT H Ha CcXeMax, paclojaras CHMBOAB BXOASIUHX B
HHX 3]eMeHTOB CHMMETPHYHO OTHOCHTeJbHO TFOPH3OHTAMBHOH HIH  BepPTHKAIBHOI
OCH, B Takom BHIe cXeMu 3THX YCTpoiicTB Haufojee HarIiIHB, Jerko 3amOMHHA-
KOTCA M, YTO He MeHee BaXHO, 3aHHMalT Majgo Mecta. [Ipu u3yueHun paboTwel no-
A0GHEX YCTPOACTB 10CTATOYHO MOHATH NpOLUeCcCH, MPOTEKAIUHEe B OJHOM HX uac-
TH, 4To6bl TIpeICTABHTb NMDHHUHA IeHcTBHA ycrpoficTBa B leroM. [Ias npHmepa Ha
puc. 2250, mnokazanub B TPAAHIHOHHOM HAa4YepTaHUH cxeMun AnddepeHiunansioro
yeuantenss H  RS-tpurrepa Ha aaementax 2H-HE. Te e cxems, Bhiuepue-
ibe 6e3 yueTa ocobensocTeli 3THX YyCTpoicTB (pHe. 2258, ¢), 4HTaTh HaMHOTO

TpyaHee,
Kak yie roBopHJIOCh, COeJHHEHHH 3JleMwI[UB Ha CXeMax MOKAa3blBAKOT TOPH3OH-
TAaNbHLIMH W BEPTHKAJBLHLIMH JIHHHAMH 37ekTpHYeckoft cBA3d. Huenno no 3tum

HANDaBJEHHAM HAUl B3I/l ABHXKETCH Jerve Bcero, a 310 ofJersaer WTeHNHe CXeM.
Veaomuue rpaduueckie 0603HaYeHHA 3INEMEHTOB W3o6paxawT Ha cxemax B noJo-
HKEHHAX, NPeAYCMOTPeHHHX COOTBeTCTBYWILHMH cranilapramu ECKI (8 stoil xuure
OHH H306paxenn HMEHHO Tak), JHGO, eCaH 3T0 HeoBXOAHMOD, MOBOPAUHBAIOT HX Ha
yroa, kpathufi 90°. MckmoieHHe COCTAaBASIOT CXeMB BCEBO3MOMKHBIX MOCTOB, KO-
TOpHE CTPOAT B BHIE KBalpara, MOCTABJEHHOrO Ha ojfHH H3 yraos. B cea3n ¢ 31umM
yesosinle 0603HAYEHHS 3]EMEHTOB HA TAKHX CXeMax H3006pamanT MNoBePHYTHIMH
Ha yroa 45°. B moaofHOM HauepTaHHH CXeMH MOCTOB XOPOMIO BHUIEASIOTCH Ha do-
He TOPH3OHTAJLALIX H BEPTHKAJbHHX JIHHHA, 4TO cnoco6eTByer GHCTpOMY HX y3ua-
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a

Puc. 225

BaHulo, B kadectse npumepa Ha pHc. 226 noxaszaHa cXeMa MoCTa AJA H3MepeHHd
CONPOTHBJIEHHHA.

Hepeako paanosnieKTpoHHOE YCTPOACTBO COMNEPXKHT HECKONBKO 3J€MEHTOB Ml
GysKuHOHANLHBIX FPYNN, BHMOJHAWILHX OJHHAKOBHe ¢yHKUHH. B MHoronpemens-
HOM BOﬂbTMeTpe TAKHMH 3JIEMCHTAMH HBJAAKTCA ;‘luﬁaBO‘IHb{E p'ESHCTGPbI, B MHOTO-
JIHAN330HHOM paAHONpHeMIiHKe — KoJebaTenLHbie KOHTYPH pa3nblXx AHaNa3oHos, B
uaMepiTelbHoM RC-renepatope CHrHaJloB — pPe3HCTOPB HAH KOHAEHCATOPH 4YacTo-
TO3ajaloled uenu w 1. A. KeJas NOJYEPKHYTh WX OAHHAKOBOE HalHauyeHHe H TeM
06JerUHTL YTEHHe CXeMbi, CHMBOIB 3THX 3]€MEHTOB W TIPYNNn H300paxaioT OaH-
HAaKOBO H PacnosaralT B PAA MO BEPTHKaJH HJAH TOpH3OHTaAH (puc. 227).

Puc. 226 Puc. 227
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Bhipaer u Tak, uTo B npuHGope HMeeTcs R1 rE
HECKOJIbKO  OAHHAKOBBIX TPYNN  3JeMEeHTOB, CO-

EAHHENHBX  NOCJAeN0BAaTENLHO  MAW  NapaJJelsHo, _@--@ﬂ
Yro6sl He H3obpamaTb BCce  3JEMEHTL, BXO1A- vor vis
LiHe, HanpHMep, B MHOrO3BeHHHH GHILTP cocpe-

AOTOYEHHOH  ceseKUHH, BBICOKOBOALTHHIN  Bunps.  Puc. 228

MHTENb H3  GOALIIOro WHCAZ NOCAeL0BATENLNO CO-

€AHHEHHBIX AHONO0B, WYHTHPOBAHHBLIX pe3HCTOPAMH, ¥ T. Jl, HAa CXEM2? NOKa3wBaloT
TOJAbKO KPAAHHE rpynnel, a octannpible 3aMeHAlOT UITPHXOBOA auived (puc. 228).
Bo u3bexanlie noTepH NpONyWCEHHLX 3J¢MeNTOR TIPH TakoM H306pamenuu rpynn
NO3HUHOHHBE UHGPOBHEe 0603HAYEHHA YKa3bIBAXT TaK, Kak ecan Obl OLAH H30-
6paKeHn BCe 3/IEMEHTHI.

Haa compemennoi PaAHOTEXHHKH H 3JeKTPOHHKH BoOOLle XapaKTepHa TeHAEH-
UHA ynpollaTe cXeMmi. Tak, Ha cxemax ycTpoficTB, coaepmaliux Goabitoe uuHcno
OJIHHAKOBbIX (QYHKUHOHANLHLWX FPYNN 3/eMeHTOB (yCHIHTenefi, TpHrrepoB ® T. 1.),
HacTO BLIYEePYHBAIOT MOJHOCTLIO TOJILKO OAHY Tpynny, 3aMeHss OCTajbHble NpAMO-
YFOJbHHKAMH M3 IUTPHXNYHKTHPHHX JHHHH C COOTBETCTBYWUIHM 4YHCJIOM BHEUIHHK
cBadefi (puc. 229).

an COCTaABJeHHH H UTEHHH CXeM HCXOJIAT H3 TOro, 4TO OCHOBHYW poOJk B
NMpeo6paloBaHHH 3INEKTPHUYSCKHX CHIHAIOB B YCTPORCTBE HIPAlOT 3NeKTPOBAKYYM-
Hhie H MOAYNPOBOAHHKOBbE NpHGOPH H MuKkpocxemid. [IpH H3yueHHn cxembl rJaasa
HEBOJILHO 3aRepPXHBAITCA HAa CHMBOJAX 39THX H3JeHA, BHIMAaTeJbHO paccMaTpn-
BalOT PACNONOXKEHHbIE PALOM H COSAKHNHEHIBIE ¢ HHMI CHMBOJL APYTHX 3JEMEHTOR |,
TOJBKO BHIACHHB HAa3HayeHHe Kackajla, NePexoffiT K CJAelYIOLleMy YYacTKy CXeMul.
Huave roBops, cxeMbl YHTAIOT MOKACKaAHO, H AAR Toro 4robel AenaTs 370 GHJO
Jlerye, Kackals pacnonaralor obb4HO B TOpsAKe NocaeaoBaTenbHOCTH 06paboTku
HAH NpeoGpa3oBalHf CHrHAaJa CJeBa Halpaso.

Ilaa obneryennst OPHEHTHPOBAHHA B CXeMe TaKHe LEMH, KakK CHIHAJBHLIE, MH-
TaHHA, CMELIEHHSA, 8 TaKke CHMBOJH 31eMEHTOB, BHNOJHAIOUIHX OIHHAKOBHE QYHK-
UHH B PA3AHYHBIX KacKajax yCTPOACTBA, 1O BO3IMOXKHOCTH pacnojaraloT Wa ofpe-
JAeNEeHHHX YCTAHOBHBIUHXCA YPOBHAX. Tak, LenH NHTaHHA 4ePTAT BBEPXy CXeMH,
HHXKE PACTIOJATAI0T CHMBOAK 3INCMCHTOB DA3BA3LIBAIILHX (PHALTPOB, AHOAHBIX N
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KoJNeKTOpHEX tafpysok (puc. 230). B cpeamed wacTH noMemwaor o603HAuEHHA aK-
THBHBIX 3JIEMEHTOB (pajHojiami, TPaH3HCTOPOB, MHKPOCXeM) H 3JIeMeHTOB ienefl
nepejatd CHrHasa OT Kackajaa K Kackaay. Bumay pacnosaraior saemMeHTH KaTORHBIX
H SMHTTePHHIX (ened, LeNnH Hakana paanoJaMmn, JHHAM OOLIero NpOBOAA, 3HAKH
COC/IHHEHHSI C HWM H 9JEeMEeHTH Lenei ynpanaenus, .

HexoTtopuie uwacTu ycTpoiicTBa (HCTOYHHK TNHTaHHA, KNAABHATYPA SJEKTPOHHOrO
My3bIKAJbHOTO HHCTPYMEHTa H T. T.) HepeaKo HMelOT G60JblNoe YHCJAO CBA3eH ¢
octaavHuiMi, Ecan nokazath Ha cxeme Bce 3TH CBSI3H, TO BBAEJHTh TOT HJIH HHOM
Kackajl npu HayueliHn paGoTm npubGapa Oyaer Heaerko, [lo 3Toit NpHYHHE UeNH
NHTaHHH H HEKOTOpPHE JApyrde LenH 4acTo H306pa)kalT He NOJHOCTHIO, O6pHBas HX
NoGJH3OCTH OT COOTBETCTBYIOWHX (QYHKUHOHAJABHHX TPynm, a uTo6n OHIO TOHATHO,
KyAa T4 WAH HHAad Uelb NOIKAOYEeHa, O6DbIBH JHHHA CBA3H 3aKAHYHBAIOT CTpen-
KaMH € yKasaHHeM MecTa MojlkJloseHds (aapeca). Tak, HaanHeb y oGopBaHHOM
AuHHK CRH3H «+5 B> o3Hauaer, 4TO ueNb COEHHEHA C NOJOMHTENBHLIM MOAKCOM
HCTOYHHKA € TakHM HanpaxendeMm, xaanuch <K swsoay 14 DDI» — uto agauumi
BHIBOA HMCTOYHHKA [HMTAHHA COelHHEH C BuiBogoM 14 wmmukpocxemni DD1 M T. 4.

Cxemy, upeaMepuo BHTAHYTYIO B TOPH3OHTANbLHOM HANPABJEHHH, H3yyaTb TPYA-
HO, 4acTo TpeGyeTcs BEPHYTBCA K Yy:Ke DPACCMOTPEHHBIM y4acTKaM, 4 OHH OTCTOAT
A47€K0 OJHH oT Apyroro. B noao6HuX cayuasx cxemy pa3bHBAlOT HA YACTH, Nn-
Melllas WX OAHY NOJ APYroi, B HECKOAbKO ITaxmed. Kamami npeisiyulnil yuyacTok
CXeMbl 3aKaNYHBAKT JHHIAMH CBA3H CO CTPeJIKaMH Ha KOHIAX H ajpecaMH MecT
noakmwouenns (sanpumep, «K R17», «K C24» u 1. a.). HoBuit 3Tax HauuHawT
TAKHMH Ke JHHHAMH CBA3H €O CTPeJKaMi, HO ¢ OOpaTHHMH ajpecaMH (yKa3elBaoOT
LUeNH Mpeablayulero 3Taxa). AHAJOTHYHO TMOCTYNAKT H B TOM CJAy4ae, ecaH CXemy
NPHXOJHTCA PACNONETaTh HA PA3HBIX CTPAHMUAX KHHICH MW JKYPHana. )

B cxemax yerpoficTB HH(POBOA TEXHHKH, KOTOpPhie H 0e3 TOr0 MOXHO CYHTaTh
NpeAejbHO JAKOHHYHBIMH, B NOC/elHee BPeMs TaKxXe HCMOJAb3YIOT TpHEMBl, MO3BO-
asiole HX eule Gosee ynpocTHTh. Tak, eciH B rpylfe JOCHYECKHX HAH HHHX 3je-
MEHTOB, H306pa)enHbLIX COBMelleHHO (B BHIe KOMOHKH — cM. puc, 231). H codep-
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KaWKX B OCHOBHOM MOJE YACTHYHO HJIH MOAHOCTHIO OJHHAKOBYI HHdopMauuio, fo-
CAeAHIO0 OMYCKAeTCA MOMellaTh TOAbKO B NepBOM (BepxHeM) 3saemeHTe. Ycaoe-
Hble 0603HAa4YeHHS 3JMEMEHTOB, K KOTOPLM OTHOCHTCA 3Ta MHQOpPMaumns, OTAEARIOT
OllHH OT JApPYroro WTPHXOBOA JHHHeR.

Ecan  ycTpoiicTBO cOAEPHKHT HECKOJNbKO OAHHAKOBHIX 3JEMEHTOB ¢ GOJbLIHM
YHCJIOM BLIBOZOB OAHOrO H TOr0 e (GYHKUHOHAJBHOTO HA3HAYEHHS, MOXHO OLHH
H3 35JeMEHTOB HauepTHTh MOJHOCTbIO, a OCTajbHbe H300pasuTs YNpOUEHHD, ¢
MEHBIIHM YHCJAOM BHBOAOB. B 30Me coxpamiaeMOft TPynne BHBOJOB YKa3uBalOT On-
HY NOoJ Apyro MeTKH NepBoro MW nocieiHero H3 HHX, a JAHHHH 3/eKTPHY2CKOM
CBsian OGBEAHHRIOT B OAHYy rpynnosyio. Ha pHe. 232 nokasawo, Kak, Halnpumep,
MOXHO YMNPOCTHTb H30OpaxceHHe ycrpofictea naMmath 3IBM, coctoswee 3 aBYX
(DDI, DD2) wmukpocxem I13Y ¢ BOIMOMHOCTBIO OIHOKPATHOrO MPOrpaMMHPOBAHHA.
Homepa y BuBOaOB MHKpPOCXEM B jaHHOM c/aYYae YCJAOBHBIE, OHH Jilllib HAMOCTPH-
pyloT cnocob HX yKa3aHHs y BHBOAOB COKpalldaeMblX rpynm.

LiudpoBHe # aHANOrOBHE ‘MHKPOCXeMp HEPEIKO COLEpPXAT MO HeCKONbKO OnH-
HAKOBHX YCTPOHCTB (IOrHYECKHX 3/eMeHTOB, ONEPAUHOHHBIX YCHAHTEMeRd H T. a.).
[pn pa3arecentoM H306paEHHH HAa cxeme MPHHALNEKHOCTb YCTPONCTB K TOH /M
HHOW MHKpPOCXeMe YKa3nBaloT B TO3WIHOHHOM OGo3Havennd (wampumep, DAL,
DA12 DAl3 u T ).

SsemenTH UHPOBOA TEXHHKH, H300paieHHble B ONHOA KOJOHKE, J0ONYCKaeTcs
nepecekath JHHHAMH 3neKkTpHyeckoit ceasu (pHc. 233). KoHTypuue JHHHH YCJ0B-
HHX 06O3HAYeHHH OTAENbHBIX 3JeMEeHTOB B ITOM C/yyae BHIYEPYHBAIOT He TNOJ-
HOCTBIO. PaccTofHHe MeXAy KOHUAMH KOHTYPHBIX JAHHA W JMHHER 3/JeKTPHYecKO#
CBA3H JOMKHO GbiTh He MeHee | MM.

Jlnsn obneruenss MOHTaXa H peMOHTa paJHO3MEKTPOHHOA annapaTypsl Ha HH-
TerpaJbHHX MHKPOCXeMax PAAOM C BHBOJAMH YCIOBHHX 0603HaueHHA, Kak npasH-
70, YKa3blBalOT HX HOMEpa B COOTBETCTBHH C HYMEpallHed BHBOLOB, NPHHATOH AAA
TOr0 AW HHOTO KOHCTPYKTHBHOrO HchoawewHsi MukpocxeM. [las npumepa Ha puc.
234 nokasamo, Kak HyMepylOTCH BbiBOAL MHKPOCXeM B HEKOTOpuX HauGonee pac-
NPOCTPAHEHHBIX NJACTMACCOBHIX (@), MeTa/IOCTeKARHHHX (6) H MeTainokepaMu-
4eckHX (8) kopnycax.

3akaHuuBan pacckas 06 OCHOBHHX npaBHﬁax nocTpoeHnds MPHHUHMHAAbHBIX
SJMEKTPHYECKHX CXeM, Ha TpHMepax HeckKOJbKHX KOHKPETHHX pafHO3/eKTPOHHBIX
YCTPOACTB MO3HAKOMHMCH C HEKOTOPHIMH OGLLHMH /5 MHOTHX TPHGOPOB y3aaMu n
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TEMH CBeJeHHSAMH, KOTOpbie yKa3blBaloT
Ha cxeMax aas o6Jer4eHHs moJb30Ba-
HHA HMH.

Ha puc. 235 uzo6pakeHa NpHHLN-
NHaJLHAas CxeMa HIMepHTeNs TaKk Ha-
3blBaEMOro MHKOBOTO YPOBHA CHrHa-
Nd — NOPOroBOro YCTPOHCTBA, HHAHLIH-
pywllero npesbllieHHe NOAAaHHBIM Ha
BXO/] MepeMeHHbIM HanpAMKeHHeM 3BYy-
KoBOH yactoTe (3Y) 3agaunoro ypos-
Hsi (3Havenusa). Ero moxkHO Hcnoab3o-

_L BaTtb AJ4 HH/AHKAaUHH MAaKCHMaJabHO 10-

MIYCTHMOM BHIXOJHOMR MOIUHOCTH YCHJH-

Puc. 235 Teas 3U, npeBHlIEHHA MaKCHMaJbHOTO
YPOBHS 3anucH B MaruHtodone H T. i

Kak BHAKO M3 cXeMBI, YCTPOWCTBO BWMOMHEHO Ha 1BYX TPaH3HCTOPaAx pasHofi CTPYyK-
Typei: n-p-n (VTL) u p-n-p  (VT2). Tloanemauthit KOHTPOAI BHIXOAHOM CHCHAA
ycHauTeas MowHoctH 3Y (¢ rostoBKM TPOMKOTOBOPHTENR MAH AKYCTHUECKON cHCTe-
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L1 Smar=158 KTI156

+
r2
Brod 2 0%
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MBI) nojaoT Ha Bxo1 | (komnencatop Cl n pesuctop Pl B 31OM cayuae Hekao-
H4I0T), CHFHAA M3 KaHana 3ankcH mariutopoHa — Ha Bxox 2. Harpyakoii YCTpO#t-
crBa — COGCTBEHHO HHIHKAaTOPOM — cAyKuT csetoanon Hl, Bkamouenusit B Koa-

NeKTOPHYI0 uens TpaHauctopa T2,

B HCXOIHOM cocTosHHE (CHrHAZAa Ha BXONe HeT WAH OH MeHblle MOpOroBOro
ypoBH# — ypoBHsi cpabaTbiBanisi) 06a TpausxcTopa YCTPOHCTBA 33KPLITH H CBETO-
AHOX He cBeTHTCA. B 3TOM COCTOfIHHH ycTPORCTBO HaXxoaMTCs 10 TeX MNOp, NOKa
AMIUIHTY/1a MONOMKHTENbHON TMOJYBOJHL KOHTPOJHPYEMOro CHrHajla (a WMeHHO Ta-
Kyl NOAApHOCTL Ha Gase Tpanzxcropa VTI no OTHOWEHHIO K 3MHTTEPY OHO AOJK-
HO HMeTb, 4TOOHW TPaHIHCTOP OTKPHJCH) He JOCTHIHET ONpejeeHHOro 3HA4YeHHS.
3to suavenwe npuMepio wa 0,6 B (Hanpamenwe OTKPWBAHMA KpPCMHHEBOTO TpaH-
3HcTOpa) Goablie HATIPSKEHHA Ha IMHTTEPe TPAHINCTOpAE, KOTOGPOe 3afaHO JelHTe-
/€M HalpAAKEHHH, COCTOMILHM Hi pesuctopos R4 u R3. Tlpu ykasauuwlx Ha cxeme
COMPOTHBJAGHHAX 3THX PE3UCTOPOB M HanpsAedud nutauus 12 B 910 nanpasenne
paBHo npHMepio 6 B. B momenT, Koria ammiIMTyza BXOAHOro HANpsMeHHy npe-
BHICHT 3TO 3Hauenue, TpaHsuctop VTI Hauker OTKPWBATLCA W B €r0 KOJMIBKTOPHOIM
LeMH IOABHTCA TOK, & IMOCKOJAbKY OH OJAHOBPEMEHHO #BJHETCA H TOKOM 0a3n TpaH-
sucropa VT2, mocrenrnil Takxe HauHeT OTKPuBaTheA. Ero KOAAeKTOPHHEH TOK, mpo-
Tekan uepes pesnctop R7 u csetoaron HLI, cosnacT Wa HHX NajeHwe nanpskenns,
KOTOPOe, KaK BHIHO M3 CXeMhi, IIpHIOKeHO K Gase Tpamsuctopa VTI. 310 npuse-
IeT K YBeJH4YeHHK ero Toka 6a3wl, W OH oTKpoercs ewe Goabuie, Baarogaps Takoit
06paTHuUli CBA3K (HOJ0KHUTEABHO) npouecc Ovaet npotekaTs JasHHoobpasHo, HO-
3TOMY oO4elb CKOpo 06a TPaH3HCTOPa NOJIHOCTBI) OTKPOKWTCH (a 3TO 3HAYHT, 4TO
MaJAeHHA HANpPAKEHHA Ha MX YyuacTKax 3MHTTep — KOJJIEKTOpP Pe3Ko YMEeHbUaTcs),
# cpetonuon HL1 spko 3acmernten *(TOK 4epe3 Hero OyaeT OrpaHHYHBATH TOJBKO
peauctop R7).

Mpu ymeHbuensn BXOAHOTO HANPSHEHUN NPOLECCH B YCTPOACTBE NPOTEKAT B
06paTHOM HanpasjeHHH H CBETO/HOL racHer.

Ecan weobxoauMo HHAHMHPOBATH HanpsiKeHHe Apyroro yposHa (o603HauHM
ero kak Hanpsxenue cpabGateiBanis Ucp), Heo6XOIHMO 3aHOBO pAacCyHTaTh CO-
npotusietne pesucropa R4. Ilpu conporusnenwn pesucropa R3, ykasannoM Ha
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cxeMe, W Hanpameckuu Nutanua 12 B 310 MokHO ciedaTe no  dopmyse Ré=
=12/(Ucp—0,6)—1.

YeTpoficTBo, CXeMa KOTOPOro nokaiaHa na puc. 236, npeactaBnser co6oit snek-
TPOHHBIA BHKIKYATENDb, BKJIOYAIOWHA HATPYysKy (HaNpPHMEP, OCBETHTENABHYI0 JaMiy
B KA410BOM, Wa JECTHHYHOA NMioulaixke H T. 1.) B MOMCHT HAaXaTHA Ha He (HKCH-
PYEMylO B HaxaToM HOJOMeHHH KHOMKY SBI # aBTOMAaTHYECKH BhiKAOvalowmit ee
MO HCTeYeHHH HECKOABKHX MHHYT (370 MO3IBONAET 3IKOHOMHTb 3J1EKTPO3HEpPrHIo).

B ycTpoiicTse MOKHO BHIEJHTL 1BE NACTH: YNpaBAsiollyld # cHiaosyw. C
lleblo TOBBINEHHA 6e30macHocTH oOpallleHHs C BHKJAOYATENeM JAAR CBA3H 3THX
qactei Npumeren dotoauHscTopubi ontpon UL

Ynpaeasiowas 4acTh yCTPOACTBA BKJKOHaeT B cefiA CBETOAHOA ONTPOHA, MEKT-
pounbft xmou #a TpHiuuctope VSI ¥ pene BeIEPKKH BPeMEHH Ha O1HONEpexol-
yoM Tpawskctope VTl Bpemssanawuive viemeHTsl (M0ACTPOCYHBIA pe3HCTOp R3,
noctonnkptii peanctop R4 u kokaencatop Cl) BKKUEHB B €r0 3MHUTTEPIYIO ueMb.
Muraetcs s1a uacTe ycipohctsa or Gataped GBI wanpsxennem 4,5 B, noaxmo-
yaeMofl BoikmioudaTeaeM QI. .

CuaoBaf ¥acTh ABTOMATa COCTOMT i3 AuoaHoro mocta VDI—VD4 B uenu ua-
rpyakd (aamna ELL), wyHTHpYlOUEro MOCT TPHHHCTOPA VS2 u dotoaunncTopa on-
tpona Ul B Lenu ero ynpas.isiollero 31ex7poia

B KCXOIHOM COCTORHHMH (MPH 3aMKHYTHX KOHTAaKTax Buralouateteit QI Q2)
rpanancrop VT w Tpuunctopw VSI, VS2 3akpuiTel, TOK 4epe3 AHOAHLIA MOCT He
Teyer, W namna He roput. B momenT Wamatin Ha kHonky SBIL B uemn ynpasasio-
mero silekTposa Tpunucropa VS| Bolnukaer Tok (ero orpaHH4HBAaeT pe3IHCTOp R1)
W OH MIHOBEHHO OTKPLIBAETCH, 3aMmiKa® 1enk NuTanus ceeronuona ontpona UL
3amuraHue CBETOZHOAA (TOK UYepei Hero orpadduubaer peaiictop R5) npHBOLRT K
OTKPHiaHHK (OTOJAHHHCTOPA ONTPOHA, H YEpel JAeHTeab HATPAMEHHH, cocTOAUMA
H3 peasctopos R6, R7, Wauunaet npoiekaTb Tox. [lanenue Hanpamenna Ha pPe3HC-
tcpe R7 otkpuiBaetr Tpuuuctop VS2. w ToT cBOuM HeGoJblMM COMPOTHE/IEHHEM
WYHTHPYET JAHOAHBIH MOCT, 3aMblKaf TEM CaMBM  1Lelh OHTaHHA OCBeTHTENBHON
namnet ELIL.

OnnospeMeHHo ¢ Bkawuenitem Tpiticiopa VS ot 6atapen GBI uepes pesucto
pi R3, R4 waupnaer 3apumatece kouiencatop Gl Mo mepe 3apsuki Hanpsxewue
Ha HeM (WJH, 4TO TO JKe camoe, Ha nepexole 3MHTTep — Gaza | TpawancTopa VTI)
PAacTeT M 4epe3 HECKOJbKO MHHYT TPaHIUCTOD OTKPHIBAETCH, a4 KOWAEHCATOP OKa3bi-
BACTCH noaxauerium K awony 4 katoly tpuuuctopa VSL [lockoabKy nanpaxe-
HHE Ha KOHJEHCAaTope HMeeT 3IaKPHBAKULYI0 AN Hero MOARPHOCTL (NKC — #a Ka-
TOAE, MHHYC — Ha anofe), TPHHHCTOD MTHOBEHHO 3aKPHIBAETCH, BLIKIOYas CBETOLM-
oa ontpona. B peayawrate aamna ELL raciner, u ycTpoAcTBO roToBO K CACAYIOILEMY
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BK/IOYEHHIO, B pexuMe OXHIAHHA, HECMOTPR Ha TO, 4TO 3IMHTTEP TpPaH3IHCTOpa CO-
€1HHeH C HCTOUHHKOM MHTAHHWA, OTKPLIBAHHA Nepexola He NMPOHCXOAHT, TAK KaK TOK
4epe3 Hero, orpasHueHHbf pesncTopamH RS, R4, aans 3toro HeaocTaTtoueH.

Buinepixky spevenn (T. e. BpeMsA 3apsaxH Koujiencatopa Cl a0 Hanpsmxenua
BKJ/IOYEHHSA OJHONEPEXCHOrO TPAH3HCTOPA) PEryJHPYIOT NOACTPOCHHHM Pe3HCTOPOM
R3. Tlpn ykasaHHHX Ha cXeMe THNax IHOA0OB M TpHHucTopa VS2 yctpofictBo Mo-
KET KOMMYTHPOBATh Harpysky MmomHoctolo 0 | kBt (uanpumep, 25 aamn no
40 Bt xaxnpas).

Ha puc. 237 npusenena cxeMa aBTOMATHYeCKOTO YCTpo#HCTBA, MNepeBOIALIETD
MarHHTOQOH, B KOTOPHA OHO BCTpoeHo, B pexxum «Cron» npu o6pHBe WAH OKOHHa-
HHH JIEHTH Ha KaTyluke uaM B xaccete. AproMar (NoJoOHHE YCTPOACTBa Ha3WBaOT
aBTOCTONEMH) COCTOMT M3 AaTuYHKA BPAUEHHA MOLAKOWEro (B KaTYWEYHOM MarHHTO-
¢done) HAH NPHEMHOTO (B KacCeTHOM) yajpa (MHHHATIOPHAs JaMma HaKaJHBaHAA
ELl #» dgoroanoa VDI), dopmuposatens umnyibcos c6poca (Tpansucrop VTI i
BKIIOYEHHBIE HHBepTOpaMu 3aementw DDIL.1, DDI1.2 mukpocxemw DDI), renepatopa
umnyasbcop (DD1.3, DDI.4), cuetunka 37Tux umnyascos (DD2), ycuauteas nocrto-
anioro Toka (VT2) wu saektpomarnithoro pene Kl c tpuuucropom VSI B uenn
MHTaHHA ero O6MOTKH.

Hatuuk BpallleHHA KOHTPOJHPYEMOro y3aia MarHuTodoHa npeactasaser co6oft
33aKpeIIeHHB Ha HeM [HCK C BOCeMbI0 OTBEPCTHRAMH, C OJAHOR CTOPOHH KOTOPOro
ycraHosnena ramna nakaausanus ELI, a ¢ apyrofi — ¢oroanon VDI.

Fenepatop, colpakebifi Ha BKAKYEHHHIX HHBepTopamu 3dementax 2M—HE
DDI.3, DD1.4 (ux BXoab CcOeaMHeHBl BmecTe), npeicTtasiser cob0fi HeCHMMeTpHu-
Hufl MyJabTHBHODATOP (BHXOJA NMEPBOTO 3/MeMeHTa COeJHHEH C BX0OJAOM BTOPOrO Heno-
CPEACTBEHHO, @ BHIXOJ BTOPOro C BXOAOM NepBOro — yepe3 KoHiencatop C2). Bnaa-
ronapsa Takofi NONOXHTEALHOR o6paTHOR cBA3H H pesuctopaM R3, R6, cosnawiuum
MECTHYIO OTPHUATEAbHYI0 OOPaTHYW CBA3b H BHIBOASIUIHM 3JMeMEHTH B JHHeAHHM
pexHM paboTH, B yCTPOACTBE BO3HHKAIOT aBTOKONeGaHHA, YacTOTa KOTOPHX onpeae-
ASeTCA eMKOCTbI0 KoHaencatopa C2 w compoTHBieHHaMu peauctopoe R3, R6. B aan-
HOM C/iyyae ee MOXHO DEryJHpoBaTh NOACTpoedHnM pesuctopom R6. Heo6xoaumas
A8 cBOEBpPeMeHHOTo cpaGaTHBaHWA aBTOCTONA YacToTa KoaeGaHHA feHepaTtopa —
4..5 Tu.

Pa6otaer ycrpoficteo Tak. TlpH BKIIOYEHHH NHTaHHE (OHO MOAAeTCA Ha Hero
OIHOBPEMEHHO C MEepPeBOAOM MarHHTO(OHA B TOT HAH HHOIl pabouHii peXuM) reue-
patop Ha 3anementax DDI.3, DP1.4 naunHaer BuipabaThiBaTh HMNY.bCH C YaCTOTO
cnenoBadA 4.5 Tu. OTH HMNyabcH TOCTYNAT Ha CORAHHEHHHE BMECTe CHETHHE
BXxoAn cyetynka DD2. ¥cramoBounbe ke BxoAb R 3TOH MHKPOCXEMB COEAHHEHH C
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BHXOMOM HuBepropa DD1.2. B mcxoaHoM cocTOAHHH (A0 Havala BpauleHHs KOHTPO-
JIHPYeMOro yana MarHHTO(OHA) HanpsiKeiHe Ha €ro COEAHHEHHHX BMeCTe BXONaX,
3ajlaHHOe Je/JHTeJeM HaNpsKeHHsl, COCTOALINM H3 pesncropoB R4, RS, coorsercrsy-
er JorHdeckofi 1, nostoMy ma Bxoaax R cuerunka DD2 ycranasausaercs HEOGXOAH-
MOe 115 er0 HOPMajbHOR paboTh HanpsKenwe jorwueckoro 0.

C Ha4aioM BPAlleHHA y3/1a CBETOBOA NMOTOK OT JaMibl Hakaausanua ELI K do-
toanoay VDI Hauumnaer npepmiBaTbess nNeppopanmedi Ha adcke aarudka. [lo sroit
NpHYHHE TOK Yepe3 JeJuTe]b HanpseHHs, o6pa3oBaHHbi 00pPaTHBIM COMPOTHBIE-
HHeM ¢ortoanoaa VDI u pessctopom R1, a BMecTe ¢ HMUM H TOK B UeNH 6asu
TpanancTopa VT1 HaudmaloT NepHO/H4eCKH Bo3pacTaTe M yObiBaTk, 3acTaBass
TPaH3HCTOP OTKPLIBAThCS M 3aKpwiBaThcsi, C Takofi e HacTOTOH HauWHaeT KoJje-
6aTbCs KOJJIEKTOPHHIA TOK TPAH3HCTOPa, a HANpAXeHHe Ha BXOJax 3JeMeHTa
DDI1.1 — nepHOAHYeCKH BO3pacTaTb 10 HANpPAMEHHA THTAHHA H CNajarte NOYTH 10
Hyas. B pesyabtatre Ha Buixofe nupepropa DDI.1 noaBasiores HMOyJbCH TNPAMO-
yroaehoit ¢opmu. IMpofiaa vepes auddepenuupyomnii kontencarop Cl u uHBepTOp
DD1.2, onn npespauaiorcs B KOPOTKHE HMIYJAbCHl —MOAOMHTEJLHOM  MONAPHOCTH,
nepHOAHYECKH ycTanasanBaouine' cuetudik DD2 B nynesoe coctosnue, [lpu paGorte
MarHuTodoHa 3TO NPOHCXOAHT JOBOJBHO HACTO — MOCAE Kawanx |—2 HMIyJabcos
reHepaTtopa, MOCTYNHBIUHX Ha CYeTHHe BXOAbl (3TO 4HC/IO COOTBETCTBYET HAMMEHh-
ureit 4actTore BpalleHHs KOHTPOJHPYEMOro yaja, KOfAa pYJIOH JEHTH HMEeT MaKCH-
MajbHbiji Anamerp). Baarogaps 3TOMYy Ha BHXOJe CHYETYHKA MNOLAEPXKHBAETCA Bbl-
COKHMAt JorHyeckuit yposens, TpaHsuctop VT2 sakpur n pene Kl o6ecroueHo.

Mpi ocTaHoBke pyJoHa © JeHTOR MOLYJASUHS CBETOBOro rnoroxa Jaamnu ELI
npekpaulaercs, H Ha Bxoje HHBeptopa DD1.2 ycranapauBaeTcs HanpsxeHHe Jorute-
CKOf 1, a Ha ero BHIXOle H, C/leloBaTeasHo, Ha BXx0Aax R cuetunka DD2 — aoru-
yeckoro 0. B pesyabTaTe CueTYHK HAYHH3eT CHYHTATb HMOYJBCH, MOCTYNalUIHEe C re-
HepaTopa Ha 3aementax DD1.3, DD1.4, B uyepe3 HexoTopoe BpeMs (B MOMEHT TpH-
xona 10-ro HMnyabca) Ha ero BHIXOAE NOSABAAETCA HMIyJbC OTPHUATENbHOH noO-
nAspHoCTH, oTKpeiBaomii Tpauauctop VT2, IlosokuTeNbHHA nepenaj HanpakeHus,
BOIHHKIUHA NPH 3TOM B ero KOJJEKTOPHOWH lenH, OTKphiBaeT TpHHHcTOp VSI, # TOT
3aMBiKaeT lenb nutaHus o6MoTkH peje K1, Cpabartbias, OHO BKJIOYAET CBOHMH
KOHTAKTAMH 3JEKTPOMArHHT, NepesoiAmui MarHuToQoH B pexum «Crom».

[xTaeTcs ycTPOMCTBO OT WCTOuHHKA Hanpsokenws 12 B Maruutodona: pese Kl
u namna ELI — senocpenctsenso, a tpanauctopn VT1, VT2 u mukpocxemn DDI,
DD?2 —— nepe3 . napaMeTpuueckuii crabuanzatop Ha ctabuamtpone VD2 n pesHcrope
R9. Llenu nuTaHWa MHKPOCXeM Ha cxeMe He nokasaHu. O TOM, KaK OHH NOAKmOYe-
HB K HMCTOYHHKY CTAGHIH3HPOBAHHOTO HANIPAMKEHHA, TOBOPAT JHHHH CO CTPEeJKaMH,
BO3J€ KOTOPHX YKa3aHW COOTBETCTBYKQLlHE HOMepa BHIBOAOB MHKPOCXEM.

B 3akJlOYeHHe PacCMOTPHM CXeMy NpHeMHHKA NPAMOro YCHJeHHA, NMPHBEACHHYIO
Ha puc, 238. O mpenHaswaveH NS TPOMKOrOBODSAIUEro nprema nNepeiad paaHOBe-
maTeApHHX cTaHuHA, paGoTamouix B aauHHOBoaHoBoM ([IB) W cpeaneBoaHOBOM
(CB) nuana3oHax, Ha MarHHTHYI aHTEHHY WAIL. KpoMe Hee, OH CONEPKHT IBYX-
KacKkaiHWA ycHAHTeab paaHouacTots (PY) Ha tpansucropax VTI, VT2, netek-
TopHuit Kackaa Ha auonax VDI, VD2 u verHpexkacKalHWA YCHIHTEAb 3BYKOBO#
yactotw (34) Ha Tpausucropax VT3 — VT7. Tluraercs NpHEMHHK OT 6atapen GBI,
NoACORNHHAEMOl K HeMy uepes passeMunfi coexumuTens X1 M Bukmoyatens Q1,
MexaHHYecKH CBA3AHHH C PeryisTOPOM TPOMKOCTH — peaucTopoM R12.

PajiHOBOAHL CO3[310T B MAarHHTOMPOBOJE MATHHTHOM AHTEHHH MArHHTHHA mO-
TOK, H B ee KaTymkax Ll # L2 posnukaer I[C, KOTOpPYI0 MOXHO M01aTh HA BXOL
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Puc. 238

NpHeMHHKA A4 ycHaeHus W npeobGpasoBanus B KoaeGauna 3Y. Ha wactotm paano-
CTAHUHII NpPHEMHHK HACTPaHBAKT KOHAeHcaTopom nepemexHoft emkoct Cl, BKa0O-
YEHHHM fnapainenbHo KaTyilkam. B awanasone B ncnoassyiortes ofe KaTylwkH, B
auanasowe CB — Toabko Karywka L2, a katymka L1 3aMuKaeTcs HaKopoTKo ne-
pekJaouateneM AHana3oHos SAl.

KoneGauna PY, Bo3HHKlIHe B KOHType, o6pa30BAHHOM KaTYWIKaMH H KOHJeH-
caTopoM nepemeHHod emkoctH Cl, npH HacTpoAKe HAa TY HJIH HHYW PaiHOCTAHUHIO,
OYeHb MaJbl H HE10CTaTOMHH A4 HODMaJbHOA paboTi AeTeKTopa, MOITOMY HX He-
06X0AHMO YCHAHTb, Pe3oHaHcHOe COMPOTHBJEHHe KOHTYpa Ha M4CTOTE HACTPOIKH CO-
CT@BAAET COTHH KHJIOOM, M YTOOB €ro CYUIeCTBEHHO He CHH3HTh H TeM CaMbiM lie
YXYAWHTL H30HpaTenbHHE CBOACTBA npHeMHHKa (CcNocoGHOCTb OTCTPAHBATLCH OT
COCeAHHX NO 4YacToTe palHOCTAHUHA), BXOJAHOE CONPOTHBJeHHe Yycuauteas PY
AONKHO OHTb B HECKOMbKO pa3 GoJblle. 3ToMy TpeGOBAHHIO B MNOJAHOH Mepe OT-
BeYaeT KackaJd YCHJeHHR Ha M0JeBOM TPaH3HCTOPE C H3OJHPOBAHHLIM 3aTBOPOM
VTL. Tok 3aTBopa Takoro TPaH3HCTOpPa H3MEPAeTCA eaHHHUAMH HaHoamnep (I HA=
=10"? A), nostoMy BXOAHOe COMPOTHBJAEHHe KacKala Ha Tpahauctope VTI ¢ak-
THYECKH PAaBHO CONMpPOTHBJAEHHIO peauctopa R1 (1 MOwm).

Hanpsixenne PY ¢ karywku L2 KOHTypa MAarHHTHOM aHTeHHH NOCTyNaeT Ha
3atBop TpaHauctopa VT1 wepes kounencatop C2. Bmecte ¢ pesncropoM Rl on
o6pa3yer feauTent Hanpaxenus PY, nostomy Bo H36eaHHe CyLIECTBEHHHX MOTEPb
CHFHAJa ero eMKOCTb J0axHAa OHTb TakoH, 4ToOb Ha caMofi HH3KOA yacToTe JgHana-
3oHa JIB eMKOCTHOoe cONpOTHBJAEHHE KOHJeHcaTopa OO HAaMHOTO MeHblle COmpo-
THBJEHHA pe3dcTopa. B Hawem cayvae camas uHikas vactota paBHa 150 klu, a
CONpOoTHBAEHHe pesucTopa — 1 MOM, No3TOMy €MKOCTHOE COMPOTHBAEHHE KOHeH-
catopa C2 noaxho GuiTh He bojee HECKONbKHX [IECATKOB KHJA0OM. 3ToMy Tpe6opa-
HHIO YAOBMTeTBOpReT KoHjeHcatop emkoctsio 20..25 nd (conpoTHBAEHHe Ha yKa-
3aHHOM yacToTe — oKoso 50 kOm). )

Heckoabko cnoB o pexume paGoThl NOJEBOrO TPAH3HCTOPA MO NOCTORHHOMY
ToKy. Ias Toro ytoGu oH ycuauBan PY cHrHan Ge3a uckaxeHHH, 4Yepes ero KaHan
JIOMHeH NpPOTeKaTh HEKOTOPHI TOK MOKOA, @& MEeX1y HCTOKOM H CTOKOM [IOJKHO
GLiTh MPHAOKEHO HalpsiKeHHe He MeHee HecKOJbKHX BoabT. [1AA cosjaHHs Takoro
pexnma paboThl MexIy 3aTBOPOM H HCTOKOM HeoGXOQHMO MNPHAOKHTL HeGOAblIoe
OTpHUATeNbHOe (MO0 OTHOWIEHHIO K HCTOKY) HanpsikexHe cmellewus, B nawnom cay-
yae 3TO NOJAYYaeTCH ABTOMATHYECKH 32 CYET NaJeHHs HanpAXeHHs Ha peauctope R3,
BK/II04eHHOM B Uenb Hetoka. [To oTHowewwio K obuieMy NPoBOAY TNpHeMHHKa (T. €.
NpoBOAY, COeJHHEHHOMY C OTpHUATeAbHHM noawocoM Gartapen nutawua GBI1) omno
HMEeT MONOMHTENBHYIO NOMAAPHOCTb, HO MNOCKOJbLKY 38TBOP TPaH3HCTOPAa TOXe CO-
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€lHHEH ¢ SThMm fMpoeoaom (uepei peslcTop RI). o & 3ATBOPY OHO fphaokeHo K
OTpHUATeABHOR noaspHoCTH, 41O H HEOGXOAHMO.

Caenyer orwernts, yro peanctop R3 He TOabKo co3naeT TpeGyemmii PEIKHM
paboTH nosesoro TpanaucTopa VT, Ho i CTAGHIH3HDYeT ero, Hanpnmep_ ecaH no
Kakoi-1m6o NMpHYHHe TOK Yepe: Kalaa BO3PACTeT. YBEJHUHTCH W nagenue Hanps-
AEHHSl Ha peauctope R3, a 3maunt, H OTPHIATENLHO® HANpsMKeHHe cMellenis 12
3aTeope, T, e. B pesyantare HCXOMNHIT peAHM PaboTH BoccTanOBHTCS. Ilpu yment-
INeHHH TOKa Hyepe3 KaHaJ nNpouecch NPOTEKAIoT B NPOTIHBONOAOKHOM HanpaeJeHHH,
OPHBOAA K TOMY e peay/bTary.

Tox CTOKa NOJIeBOIr0 TPaH3HCTOPAa Cco3/14eT najgeHue HanpsKeuua Ha peancTopax
R2, R4 u RI3, nostoMy Mexiy ero HCTOKOM H CTOKOM RefiCTByeT HanpsKeHHe,
PaBHOe painocTH Mexay Hanpsxendem Gatapen nutanua GBI u CyMMORA najeuuil
HaNpsKeHHA Ha yKalaHHHX PeIucTopax (B AefiCTBHTEJNBHOCTH uepes peanctop RI3
nportekaior ewe u Tokk Tpaksuctopos VT2 u VT3, nostoMy wa wem mnaaaet He
CKonbKo Goabuee nanpsxenne). [1pH Toke 4epes kaman TpanaHcTopa VT okoao
0,5 MA 3ra pasnocts cocrasiaser npuMepuo 3 B, a sTo 3maumt, uyro TpamHIHCTOP
paOOTaET Ha JHHEHHOM Y48CTKe XdapPaKTEepPHCTHKH, rjie H3MeHeHHe HanpsKeHHa Me-
ly HCTOKOM M CTOKOM He BJHSET Ha TOK Yepe3 KaHal.

[Tpu noctynaenun Ha 3aTBOpP TpaH3ucTOpa KomeGauHii PU nanpsmenne Memay
HHM H HCTOKOM HaYHHAET H3MEHATLCA B TAKT C 3THMH KOJEGaHHSMH, Bh3LBas 3HA-
YHTE/IbHLE H3MEHeHHs ToKa uepes Kawad. B peayantTatre wa peamwcrope RZ2 BoaHM-
KaeT ycu/iennoe Hanpaxende PU (o TOM, modeMy Takoe HanpsiKewHe He BhI1e/n-
erca Ha pesuctopax R4 u RI3, cM. nanee), koTopoe MOMHO mepegars Ha CJe1YI0-
wHi Kackal. Ho 1o xe camoe Gyaer NPOHCXOAHTE H B LEMH HCTOKA — HA - PEIHC-
Tope R3, ecau ero e wynTHpusaTbh Kouwaeucatopom C5. Tlpu otcyrcteun 370r0
KOHAeHcaTOpa Nepesmennoe Hanpskedne PY, co3napaemoe TOKOM HCTOKa Ha peduc-
tope R3, Oyaer CTpeMHThCA yMEHbIIHTh H3MeHeHHA Hanpsxenus PUY nwa satsope
(T. e. BO3HHKHET OTpHUATeNbHAs oOpaTHAs CBA3b), MOITOMY YCHAeHHe Kackaza 6y-
et HeboaswiuM. [las uckaloueHHs (unM, no kpafmelt Mepe, ocnabienns) 3toft 06-
paTHO@ cBA3M mnapanienbHo pesuctopy R3 m pralouen KoHaencatop C5. Ero ew-
KOCTh BHOpaHa TakKHM 06pa3oM, YTO Jaxke Ha CAMOH HM3KOil YacToTe I1uanaioHa
(150 k1) ero eMmkoctHoe conporhBaense (okono 1 KOM) HaMeoro Mmewvlue compo-
THBAEHHA peadcTopa R3, M oTpHuaTensHas o6paTHas CBA3L 10 [ePeMEHHOMY TOKY
OKa3bBAeTCA 3HAYHTENbHO 0Ca3ab6JeHHOH.

Co ctoka tpausucropa VT1 ycuwaennwd curiaa PU nocrynaer wa sxon cae
AYIOWLero YCHAMTEJLHOTO KackKala 4epe3 DasAelHTeNbHBIA kouiercatop C4. Ie-
CKOJIBKY HArpy3koi MepBOro Kackajia ABJAIOTCA Pe3HCTop R2 wu sxogne COMpPOTHB-
JeHHe BTOPOTO, COCTABASIOUIeE BCErO JIHIIb HECKOJBKO KiIOOM, K eMKOCTH 3TOrO
KOMeHCATOpPa NPeAbiBAAIOTCA HHbE TPpeGOBAHHA, YEM K eMKOCTH Ko lencatopa C2.
Yrofel yMeHbIIHTL TOTEPH CHCHAAA Ha KOHIeHcaTtope (4, abpasyoueM BMecTe ¢
BXOJHLM COMPOTHBJAEHHEM BTOPOro KacKala AeJHTENL HANPAKEHHH, Cro eMKOCTHOS

CONpPOTHB/EHHE Ha HHM3WeR 4acToTe AHANA30HA AONKHO OHTh He Gosee 100 ..
150 Ow. Dtomy TpeOBalHIO OTBE4ET KOHACHCATOD emxocThio 0.01 wmkd.

Pewum paGoTel TpaHsucropa VT2 no nocrosuuomy 1oy CHpe1enseTcs pesnc-
topamu R5, R6 ‘n R8. Ilepsuie 1sa H3 fi"x 06pazyir aeqmrea, HATPAMEHHA INHTA-
Mus Kackasa (Hanpaeiie Gatapex GBI 3a wuderom nagemwsis HanpsxeHHA Ha
pesuctope R13). JMx cOMpOTHBAEHHA BHOpaHL T”:,;,\;w.. 06pazom, 4o Ha Gase TPaM-
auctopa VT2 OTHOCHTEJBHO o6lLeTo NPOBOLA AelicThyer nanpssenue, paBHOe OaHOfi

TPETH HanpsiKeHAA NHTAHHA Kackaia. Tok smutrepa, nporexan uepea pesncrop RS,



tosnder Ha HeM ManeHMe HafpskeHHA, MMOC KOTOPOro MpHAOKEH K sMHTTEpy, He-
CKOABKO MeHbmee (Ha 0,6 .07 B), uem nanedHe HanpsKewus Ha pe3anctope RE.
B peayabtaTe K 3SMHTTEPHOMY [epexojly TPaH3HCTOpa NPHAOKEHO  HanpakeHue,
paBHOe DAa3HOCTH NajenHii Hanpskenud Ha pesuctopax R6 u R8. I10 M ecTb Ha-
npsieHHe CMellleHns,

[lpn u3Menennn TOKa 3MHTTEpa (HanpHMep, NoA AefCTBHEM TeMNepaTypu) H3-
MeHAeTCA M MajeHHe HanpsAXKeHHs Ha pesHcTope RSB, a NOCKOAbKY HanpAxeHHe Ha
peanctope R6 onpeensieTcs TONLKO Hanps/KeHWeM HCTOYMHHKA NHTAHHS, TO B pe-
3yALTATE HAMEHHTCA M HANPs)KeHHe CMelleHHs. 3TO, B CBOK O4epelb, BHI3OBET H3-
MeHeHHe TOKa 0asbl H CBA33HHOE C HHM H3MeHEHHe TOKa 3MHTTepa, NpHYeM B Ta-
KYI0 CTOPOHY, YTO HapywenHuiii pexusm pab6oTe BoccTanoBHTCH. JIpyrHMH caosa-
mi, pesuctopu R5, R6 u R8 Takke He TO/NLKO ONpeieasioT pexHd paGoTH TpaH-
3HCTOPA, HO H CTA0HIH3HPYHIT ero. .

ToK KOAJMEKTOpA, KOTOPHIi MeHblie TOKa 3IMHTTEpPa Ha BelHYMHY TOKa Gasbl,
co3naeT NajeHHe HaNpsXeHHs Ha pesucTope R7, MO3TOMY MeMXAYy IMHTTEpOM H
KOJLIEKTOPOM JefiCTByeT HanpsiKeHHe, PaBHOR PA3HOCTH "HANpPAMKEHHA NHTAHHA Kac-
Kala H CyMMH najeHuii Hanps:keHuii na pesuctopax R7 u R8. Tlpu TOKe Koanexkro-
pa okoso 0,7 .08 mA 3To Hanpaxende pasio 2..25 B, a 310 o3xauaer, uto
Tpan3ucTop paboTaeT Ha JHHENHOM y4acTKe xapamcp'ucﬂiku.

Ilpu nopase Ha 6asy TpaHsuctopa KoaeGawwit PU nanpsmenHe Mexiy Hed n
IMHTTEPOM H3IMEHAETCA B TAKT C ITHMH KoneGaHHAMH, Bbi3biBad H3IMeHEHHe TOKa
6a3n. ITO, B CBOK OYepelb, BHILIBAET YCHJBHHBE BO MHOrO pa3 H3MEHEHHA KO-
JeKTOPHOTO TOKa, B peayapTaTe 4ero Ha peaucrope R7, MOMHMO NOCTOAHHOrO, TO-
SIBJAETCH H NEePEMEHHOE HanpsxeHHe.

C ueablo YCTpaHeHHs OTpHuaTe]bHofi o6paTHOA CBA3H NO TNEPeMEHHOMY TOKY
pessicrop R8 B uenu suuTrepa tpamsucropa VT2 wyHTHPOBaH KOHAEHCAaTOPOM cz,
eMKOCTh KOTOPOro BwBpaHa M3 Tex e coobpawenuii, 4To H kKoHaencatopa C5.

CHrHaj, yCHIeHHHA BTOPHM KaCKajloM, C KOJJEKTOpa TPaH3HCTOpa VT2 no-
cTynaeT Ha AeTEKTODHHA Kackal, BBHINOJHEHHHH N0 Tak Ha3LBaeMOH CxeMe yaBOe-
HHA BHNPAMICHHOTO HanpsxeHHs Ha auozax VDI, VD2, pesnctope R9 u kouaen-
catopax C6, Cl10. EMKocTL mepBoro M3 Hux BHOpaHa H3 Tex xe coobpareHui, 4T0
# KoHaencaTopos C2, C4 (c ydYeTOM BXOJHOrO COMDOTHBJAEHHS JETEKTOPHOrO Kac-
Kaja, COCTABNAIOLIOYO COTHH KHJAOOM), @ BTOPOro — Takof, uTo0H 148 TOKOB P4
€ro eMKOCTHOE CONPOTHB/AeHHe OBJAO HAMHOrO MeHble CONPOTHBJGHHA  pesHCTopa
Harpyakn Jetextopa R9 (unaue konebauus P nomanyr ua Bxod ycwautens 34w
MOTyT MpHBECTH K CAMOBO30YXKJEHHIO NPHEMHHKA), a I/ TOKOB 3Y — namsoro
Goable COMPOTHBAGHHR 3TOFQ PEIHCTOPA, YTOOL He WYHTHPOBATh €r0 HAa BHCIIAX
yacrorax aHanasona 3Y. DTum TpeGOBaHHAM yAOBJETBOPHET  KOHIEHCATOp  eM-
KOCTBIO HECKOAbKO CcOTeH NuKodapajg, ecaH cONPOTHBJEHHE Pe3ncTopa cocTapaser
HECKOJIBKO COTeH KHJO0OM.

C pesucropa R9 wanpamenne 34 noiaercs Ha BXOA MepBOro Kackala ycije-
HHf, KOTOPWH BWNOJHeH Ha MOMEBOM TPAH3HCTOPE ¢ P-N TIGPEXOAOM H KaHAIOM
p-tuna VT3. Ero unoe (no CpaBHEHHIO C TPaHIHCTOPOM VT1) BkaioueHHe o6yc/oB-
J€HO TeM, YTO TPAHIHCTOP ¢ P-kakaiom TpeGyeT APYrofi MOJAPHOCTH HaNpsIKeHHH
Aa cToke H 3arBope. Heo6XoAHMBIA pexuM paloTel TpaH3UCTOpA CO3laercd asTo-
MaTHueckH, 3a cueT BKJioueHHs peauctopa RI1 B lLlenb HCTOKA H COeAHHEHHH 3aTBO-
pa ¢ o6WHM MPOBO1OM (AAA 3TOr0 TPaH3HCTOpA o6ulHii MPOBO1 TOT, KOTOpPH# coO-
eqNHeH ¢ TOCOM HeTouHHka nutanua). Ortpuuateabylo o6paTHYK CBA3b MO nepe-
mennoMy Toky 3U ocnabaser kouaencatop Cl2, eMKOCTHOe CONMPOTHBAGHHE KOTO-
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pOr0 Ha HH3WKX 3BYKOBHIX 4YacTOTaX, BOCIOPOH3BOAHMEIX TNPHMEHEHHOR rOAOBKOR
rpomkorosopurens (400 .. 450 lu), cocraBafser BCero JAWlib HECKOJNbKO [ECATKOB
oM. EMKkocTh pa3zseautensHoro kougencatopa Cl1 Bw6paHa ¢ yyeroM TOro, uto
BXOlHOE COMpPOTHBJEHHe Kackana Ha tpauauctope VT3 pasio | MOwm (pesunctop
R10).

B uens croka tpaunsucropa VI3 skawouen nepemenHuii pesucrop R12, smnoaunsio-
WHA YHKUHH peryaTopa TPOMKOCTH. YcHaeHHoe Hanpsmenue 3Y ¢ ero aBHmKa
nocTynaerT Ha BXOA CAeAywllero kackaja ycuaewuns (VT4) yepes oKCHAHLIA KOHAeH-
catop Cl3, eMxocTh KOTOpPOro BuiGpaMa ¢ ydeTOM TOro, 4TO BXOAHOE COMPOTHBJE-
HHe 3TOr0 Kackajaa HeBesHko. Pexum paGoTel Tpansuctopa VT4 cosiaeTcd npHMepHo
TaK e, Kak  TpaHauctopa VT2, OTAHYHE COCTOHT TOALKO B TOM, YTO €r0 3MHTTEp-
Has lenb NoAKAKYeHa He K obuieMy MNpPOBOAY MPHEMHHKA, a4 K BhIXONY YCHJIHTEAA
34 — coenuHeHHHIM BMecTe 3MHTTepaM TpauiHctopom VT6, VT7. 1o coagaer
OTPHUATeJbHYI0 06paTHY0 CBR3bL 110 NOCTOAHHOMY TOKY, CTAGH/H3HDYHOUIVIO PEXHM
paboTH nocJAeIHHX Tpex kackajaos ychauteas 3Y.

Buixoa BTOpOro Kackaja cBS3aH ¢ BXOAOM c/eayouero 6es pa3sfe/HTeAbHOTD
KOHfleHCATOPA — KOANeKTOop Tpau3ucropa VT4 wHenocpencTBeHHO coeauHen ¢ 6a-
3ofi TpamskcTopa VTS5, Creaado 310 44 Toro, 4Tobul oGecneunts cTabuansupyloiee
AeficTBHe yKasaHHoil oOpatHofi cBA3u 110 NOCTOAHHOMY ToKy, Hanpsenwe cmeute-
HHA Ha Oase tpadiuctopa VTS (aa# Hero, kak H AAA TpaHaucropa VT3, obwwi
NPOBOJ — MONOKHTEJAbHBEA [OJIOC HCTOYHHKA MHTAHHA) CO3/1aeTCA KOAJASKTOPHBIM
TOKOM Tpau3Hcropa VT4, nportexatomHM uepez pesuctop RI6. Harpyskoit Tpawu-
anctopa V5 caymsat pesuctop RI9  BKIOYEHHBIE B TIPAMOM HAlPABJEHHH AMO-
an VD3, VD4 (kak oTMeuasnoch, MpH TAKOM BKJIUEHHH HA KaXK10M H3 HHX €O3-
paetcs najenue Hanpaxenha okoao 0,6..0,8 B, koropoe oTHOcHTesAbHO Masio 33-
BHCHT OT 3Havyenus TokKa). Ilajenue HanpaeHHWA Ha [HOJAX HCNOAb3YETCA B KA-
YecTse HANPA/KEHHA CMeLIeHHA 3MHTTEDHBIX nepexoaos TpaHiuctopos VT6, VT7
PasHoil CTPYKTYpH, paboTaloUHX B ABYXT4KTHOM BLIXOLHOM kackaie ycuautens 3U.

Kak BHAHO H3 cXeMBl, TPAH3HCTOPH BHIXOJHOTD KacKala BKJKYEHB [0CTIef0-
BaTe/bHO, HArPY3Ka — JIMHAMHYECKAad [0J0BKA rpoMmkorosoputeas BAl — noagxarwo-
YeHa K HX JMHTTepam depe3 KoHTakTnl rHe3na X1 M OKCHAHBIE KOHIeHcaTop 60Jb-
woi emxoct Cl6. Tlpn TakoM BKIWOUYEHHH (Ero HAIWBAKT BKJAKYEHHEM NO CXeM2
oflero KOAMEeKTOpa, Tak Kak HATPy3Ka NOMeNleHa B SMHTTEPHYIO UeNb) TpaH3mc-
Topu VT6, VT7 He ycHAHBAIOT HANMpsiKeHHSA CHTHala (OH yCHAHBAeTCA TOMBKO [0
TOKY).

Paforaer kackaa Ttak. B momentw, koraa uanpsakenwe 3U ma xonnextope
TpaH3anucTopa VIO HMeeT MONOXKHTeAbHYH0 (A0 OTHOWIEHHIO K O6IIEMY MpoBOIY)
NOJIAPHOCTL, BO3PACTAIOT KOMJEKTOPHBA M 3MHTTepHbt TokM Ttpausucropa VT6, a
Tpan3uctop VT7 3akpuiBaetc. B MomeHTnl e, Koria Hanpsmxeniie 34 n3menser
NOJAPHOCTL Ha 00paTHYIO, 3akpuiBaetcs Tpausuctop VT6, a ycuansaer curian tpas-
sucrop VT7. Takum 06pa3oM, TPaw3HCTOPH paboTaloT Mo odepead, Kak Ob Ha /1Ba
TakTa (OTC04a H Ha3BaHHEe Kackaia).

Bocfile rosops, TPaHIHCTOPH ABYXTAaKTHOro Kackaza MmoryT pabotats M Ges
HanpPAMKEHHs CMEIUeHHS, T. €, C HYJeBbIM TOKOM TOKOH# (1daK HasblBaeMblii pediim
B), oanako nockoneky npu Maanx uanpaAmxenuax 34 (menbwe 0,6 .07 B) oun b
3TOM ¢ayyae GyayT 3axpuiTel, BHIXOAHOAR CHTHaA GyleT CHAbHO HCKaMeHw (HCKake-
HHA THUA «cTynenbka»). YTo6W yMEHLUWIHTbL TaKHE HCKa:KeHHA, Ha 3MHTTEpHBE TNe-
pexoAsl Hano noaath HeGOJbIIOE HaNpPsAXKEHHe CMCILEHHRA, NPHOTKPLBAKWllee TpaH-
3UCTOPH B OTCYTCTBHe CHrHaja. Takoe HanpsieHwe co3gaercs Ha anomax VD3, VD4
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YeunntenpHele Kackaaw Ha tpaHsucropax VT4 — VT7 oxpauenn uenvio ofuiefi
oTpHuaTenbHOR o6paTHOM CBA3H MO MepeMEeHHOMY TOKY, HanpsXXeHHe KOTOPOA mno-
AaeTcA ¢ BexoAa ycuautens 3Y B uenb sMutTepa Tpawauctopa VT4 uwepes nean-
Tean, o6paszobanubiit peancropoM RI8 u menmpio R17, Cl14. O6GpaTHas cBA3b yMeHblIa-
er 06LLLEE YCHJeHHe OXBAaUYeHHLIX el KacKajlos, HO BO CTOJABKO JKe pa3 CHHXKaer H
BHOCHMble HMH HelHHefHble HCcKamenna. Jlas Toro uyro6n 3Ta CBA3L AeACTBOBaJaA
BO BceM paGouem nuanasone 3Y, emkocts konaencatopa Cl4 pufpana AOBOABHO
Goabwoft (ero eMKocTHoe conpoTHBleHHe Ha wactote 450 T'u —wHe Gonee npecsTka
DM, YTO BO MIOTO Da3 MeHbIUE cONpOTHBJeHHA pesuctopa RIT7).

Kak BH1HO H3 cxeMul, KOJJeKTopHasa uenb TpaHauctopa VTS5 coeauwnena c otpH-
aTeJibHbiM NOJHCOM HCTOYHHKA [IHTAHHA He HeNOCPeACTBeHHO, a uYepel TroJOoBKY
rpoMkoroBopuTens. Caenano 370 He cayuafiHo. TIpH TakoM BKAKYEHHH Hanpsixe-
HHE TMHTAHHA KOJAJNEKTOPHOA uenH TpaHiHcTopa VTS CKAanLIBAaeTCA M3 HaNpsMKEeHHA
Gataper GBIl M BHXOAHOro HaNpAKeHHA CHrHAl1a Ha roJOBKe, aMILIMTYJa KOTOpOro
MOMXeT JOCTHraTh (NPH MaKCHMalbHOM CHTHa/le) NPHMEPHO TMOJNOBHHH Hanpsxe-
HHSl HMCTOYHHKA mnHTaHWa, MHLIMH caoBamu, uanpsxenHe NHTaHHs 3TOrO Kackaja
npH noakaoYeHHH pe3nctopa RI9 k ronoske BAI Boapacraer npu paGore mpHmep-
HO B 1,5 pasa. B peayibTate yseaHuMBaercst HanpsxeHue curuanaa Ha Galax TpaH-
anctopos VT6, VT7, a caeqoBatesbHo, H BLIXOAHAS MOILHOCTL ycuauteas 34,

BoT B OCHOBHOM H BCe, YTO MOMKHO CKa3aTh O NPHEMHHKe, BHHMaTe/JLHO pac-
CMaTpHBas H aHanM3HPys ero cxemy. [IpaBla, ocTanoch elile HECKOJMbKO 3JeMeH-
TOB, Ha TepBHA B3rIAA, HEe HMEWLHX NPAMOro OTHOWEHHS K ero pabote. 3to pe-
anctopu R4, R13 u konjnencatopu C3, C8, C9, C15 u Cl17. Oanako 6es mux npu-
eMHHK 6yaer pa6oTartb naoxo, M BOT moyeMy. Bce TOkH, Tekymwe B ero mensx (u
NOCTORHHbBIC, H TepeMeHHbe), 3aMuKawTcA uvepea Gatapew nurawws GBIl, coanasan
Ha ee BHYTDECHHEM CONMPOTHBAEHHH NajeHHs Hanpaxenua. B peayantate TOKH ORHHX
KaCKaloB B3aHMOIEACTBYIOT € TOKAMH APYFHX, @ 3TO MOXET SIBHTLCA TPHYHHOA HX
caMoBo36ykaeHHa. YToOb YMEHbIUMTL conpoTHBAeHHe 3Tod obGutefi uenwu, Garapeio
WYHTHPYIOT KouaeHcatopom Goabwofi emkoctH (C17), HmelolldmM Manoe eMKOCTHOE'
COTMpPOTHBJEHHE 11 BCeX TOKOB. PoJb 3TOro KoHjeHcaTopa BO3pacTaer NpH paspsaa-
Ke GaTapeH, KOraa ee BHYTpPEeHHee CONPOTHBJEHHE YBEJHYHBAETCSH. g

Jas yMeHbLUEHHs BePOATHOCTH CaMoBO30yX/IeHHS NpPHEMHHKa CayXaT H pe-
auctopnt R4, RI3 ¢ kouaencatopamu C3, C8, C9. Ounu 06pasyoT GHALTPH, Npenst-
CTBYIOLIHe NpoHuKanuio Tokos PU B uenu nuTanHs kackanos ycuienuws 34 u Toxkos
34 s uenu ycuauteaeit PU. Emkocts koHaeucatopos C3, C8 pubpawa Tak, uto6H
HX eMKOCTHOEe COMPOTHB/JEHHe Ha YacToTax 3BYKOBOTO 1Wana3oHa G6bA0  HaMHOroO
MeHbllle conpoTHeaeHuit pesuctopos R4, R13. baaronaps stomy, Tokn PY u 3Y 3a-
MBIKaTCA uepe3 oOLIHA NPOBOA, MHHysA 6aTaper W OTAejdeHHHE QHJALTPAMH Kac-
KaJ1bl NPHEMHHUKA. .

Konaencatop Cl5 npesorspamaer caMoBo3byxaeHHe ycuautens 3Y wHa shic-
UIHX YacToTax 3Toro jauanalzoHa. Kak BHIHO, OH BKJIIOYEH MeKIY KOJJIEKTOpOM H
Gazoit TpaHiuctopa VTS5, mosTomy co3laeT Tak HAa3WBAEMYl TNapaiienbHyw oOT-
pHuaTearHylo o6paTHYW CBA3b NO nNepeMeHHOMY Hanpsaxenuw. Taxad obpaTHas
CBA3b YMEHbLIAET YCHJAEHHe TPeTLero Kackala ¢ POCTOM YAaCTOTH CHrHajaa, 4YeM o
obecneunBaercss NOBuILIEHHE CTa6GHALHOCTH paGOTH YCHIHTENA Ha BHICIIHX YacToTax.

Kak H B paHee pPaccMOTPEHHOM CJyyae, 3HAK «>» Yy MNMO3IHUHOHHOrO 0GO3Have-
nua peaucropa R14 rosoput o TOM, uto oH noabopuwiii. Ero moabupaloT npH Ha-
NaKHBAHHH, N06GMBAACh HANpsKeHHs Ha 3MHTTEpax Tpanawctopos VT6, VT7. pas-
HOI'o MPHMEepPHO NOJOBHHE HAMPAMKEHHA NHTAHHA,
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