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BBELEHUE

Ipi  JOKYMEHTANBHOM —OGOPMICHMH —DEe3yNbTaToB JIOOOH HaywHO-
TEXHMYECKOH pa3paBOTKH KaXIbli MCTIONHMTENb CTATKHBACTCS C HEOGXOAMMO-
CTHIO BBITONHATH IPAQUUEcKHe i TEKCTOBbIE MATEPHANB! B COOTBETCTBUM C TPeGO-
pauusamu I'OCT. Oxnako He Bce pa3pabOTYMKH M MCTIONHUTEIN HOCTATOYHO MO~
HO MPEICTABILIOT cebe Jaxe OCHOBHBIE PABHIA M OCOOEHHOCTH HCIIOJB30BAHMS
YCIOBHEIX Tpahiyecknx 0603HaueHUii IPU H3TOTOBJIEHUH YepTexRel CTPYKTYPHBIX
W IpUHIMMEanbHbIX cxeM. C 9T0i npo6ieMol NpakTHYECKH IOCTOSHHO CTAIKA-
BAIOTCH, B YACTHOCTH, CTYHEHTHI CTAPIINX KYpPCOB PAAMOTEXHHYECKHX CITeIHaNb-
HOCTelf IIpH MOATOTOBKE MOSCHATEIBHBIX 3ATMCOK M YePTexKel, BRITONHsAL pacu&r-
HBIE, KYPCOBbIE U JUIUIOMHBIE PaGoThl. DTH e TPYAHOCTH HCIBITEIBAIOT 1 MHOTHE
MOJIO/IbIE CIIEIUATHCTE TIPH BBITIONHEHUH IPOU3BOCTBEHHBIX 3a1aHMii.

CTaHaapThl NEPHOANYECKH H3MEHSIOTCS, B HEKOTOPBIX CIIy4asX JI0CTATO4HO
YACTO M CYIECTBEHHO. B HEKOTOPBIX JIHTEPATYPHEIX HCTOYHHKAX, OCOOCHHO 3TO
KAacaeTcs TepEeBOHBIX M3NAHWI, CTPYKTypHBIE W, OCOOEHHO, IPHHIMIHAILHbIE
CXEMBI BBIIOHSIOTCA ¢ OTKPOBEHHBIMH Hapymmenusami TpeGosaruit TOCT. Kpome
TOTO, B y4eGHOM TPOLECce CTYACHTH IHPOKO HCMONB3YIOT PA3UHbIE KOMIIBIO-
TepHBIE IIPOTPAMMBI I MOJIEIMPOBAHHS 1 NPOSKTUPOBAHUS SIEKTPOHHBIX CXEM
(wanpumep, «Electronic WorkBanch», PCAD u ap.). ITouts Bo Beex oTuX mpo-
rpaMMaXx UCIIONB3YIOTCS 0603HAYCHHS, HE COOTBETCTBYIOILHE OTEHCCTBEHHBIM.

IMosToMy TpenTaracmMoe Iocobue, mpeicTapyisiomee coboii aanTHpoBaH-
HOEe W3NOKEeHMe BaXHBIX pa3fenos Haubonee momynspuerx [OCTos, Ha Hair
B3MJSLN, TO3BOJMT M36EKATh YKA3AHHBIX BBIIE TPYAHOCTEH IPH O(OpPMIEHHU
pasIuYHbIX y4eGHBIX PaboT.



1. NO3ULMOHHBIE OBO3HAYEHUS

B coorsercrsun ¢ FOCT 2.710—81 «O6o3nauerus GykBeHHO-LHppOBLIE B
SMEKTPUHECKHX cxeMax» [1] mosHIHoHHOe 0603HAYEHHE KAXKAOTO DIIEMEHTa WIH
YCTPOHCTBA COCTOMT M3 OJHO- WJIH JBYXGYKBEHHOTO KOKa (rabm.1.1) u nopsmxo-
BOTO HOMEPA dyieMeHTa (yCTPOHCTRA) CPE/i BNIEMEHTOB (YCTPOICTE) AANHOrO Bua
B u3fenun (Hanpumep, VT1, VT2 u t. 1.; VDL, VD2 u 1. 1.). Tlpu HeobxonumocTH,
HANPHMEP, MPU H300paeHnu YCTPOHCTBa (IepeKIouaTent, pere, MHKPOCXEMbI)
Pa3HECCHHBIM CIIOCOOOM, €ro YacTAM (CEKIMIM, KOHTAKTHBIM rpynnam, Joruye-
CKHM DIICMCHTaM) [PHCBAUBAIOT YCIOBHbIE HOMEPa, OTAENSS UX TOYKOH OT [O3H-
UMOHHOrO 0003HaueHus ycTpoiicTa: K1.2 (BTOpas rpynna kouraxtos pene K1),
DD12.4 (yerBeprsiit aneMent udpoBoit Mukpocxembl DD12) u 1.4, YTo6s! roka-
SaTh NPUHA/UIEKHOCTD SIIEMEHTa KakoMy-IiGo 60Ky WK yCTpOWCTBY, MO3HIM-
OHHOE 0003HAYEHHE TIOCIeHEr0 NPUCOEAMHSIOT K 0603HATCHHIO SMeMeHTa yepes
tupe: A1—VT5 (tpansuctop VTS BXOAHT B coctan yerpoitcrsa 41).

Tabauna 1.1
Mosunmonnbie 06o3natenus s1eMenToR 1 yerpoiicrs

YerpolicTa # a51eMeHTHI Byksenustit ko
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IIpooonacenue mabnuyor 1.1

VerpoHeTBa U 2JIEMEHTbI
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. Barapest rajbBaHHUECKHX O/ICMEHTOR, AKKYMYJITOPOB
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Oxkonyanue mabnuyor 1,1

Vcrpoucma U BJIEMEHTRI

BykseHHbIH ko

JIMCKpHMHUHATOP
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B KOHIE MO3MILHOH]
JIOTONHUTENBHAs  OyKBa,
(tabu.1.2). Hanpumep, R1

HOro 0603HaueHHUs deMeHTa (YCTpoHCcTBa) MOXKET ObITh
yKasplBaKolas ero (yHKUMOHANLHOE Ha3HAYeHHE
F' — pesucrop 3amuTHe, SB1R — kHOMKa cOpoca.

Tabnuua 1.2

@Dy JIBHOE HA! JJIEMEHTa, yCTpDﬁCTBE

[ ‘byHKuHOHaﬂBHOC HaBHB‘lCHHE ycx‘ponc’ma 3JIeMeHTa ‘ nysemxbm KOI{ ‘

Bcnomoraremmm
Cqmaroum ; o3
,[[mpq:epeﬂuupylomnn .
__ SaummrHeri

VcnuiaTensHpiii

Vimterpupyomwih
VI3amMepuTenbHbI#

Coctosanue (cTapr, cTor, orpauwxeune)

Bosspar, c6poc

3anomMuHaIOIUH, aanucmnalomuﬁ
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~ I'nmanpiit
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2. PESUCTOPbI

Pesuctop (anan. resistor, OT nam. resisto—cCONPOTHBIAIOCH) — PaTHOKOM-
TIOHEHT, OCHOBHOE HA3HAYEHHE KOTOPOrO OKA3BIBATh AKTHBHOE CONPOTHBIIEHHE
9IEKTPUIECKOMY TOKY. OCHOBHBIE XapaKTEPHCTHKH PE3UCTOPA — HOMHHANBHOE
COIPOTHBIIEHHE W paccenBaemMas MOWHOCTh. Haubosee LIMPOKO HCMONB3yIOTCS
TIOCTOSAHHBIC PE3HCTOPBI, PEXKE — MEPEMEHHBIE, NIOJCTPOCYHEIE, & TAKKE PE3UCTO-
PBI, H3MEHSIOIIKE CBOE CONPOTHBIEHNE MO NeHCTBHEM BHELIHUX (aKTOPOB.

10 % Ilocmosnmvie pesucmoper GHIBAIOT IPOBOIOYHKI-

‘—ﬁtjﬁ MH (M3 MPOBOJA C BBICOKMM W CTAOMIIBHBIM YJETBHBIM

COMpOT. ) ¥ HETIPOBOJIOYHBEIMHU (C PE3UCTUBHBIM

Rk 9JIEMEHTOM, HampuMep, B BHJIE TOHKOH IIIEHKH H3 OK-

CHAa MeTallla, MHPOJUTHIECKOro yIlepoja M T. 11.).

Opnaxo Ha cxemaX MX 0GO3HAYAlOT OAMHAKOBO — B

R3 13M BUJIE TIPAMOYTOJIBHHKA C JINHHSMK 9NEKTPHYECKOH CBsi-

3H, CUMBOJIM3UPYIOIMMH BBIBOIBI pesuctopa (puc. 2.1).

Puc2.1 Oro ycnosHoe rpaduueckoe ofosuauenue (YI'O) —

OCHOBa, Ha KoTOpoH ctposrcs YI'O Beex pasHOBH/HO-

CTel pesucTopoB. Ykasamuele Ha puc.2.]1 pasmepst YI'O pesucrTopos ycra-
sositensl 'OCTom [2] i ux cenyer coGMOaTh PY BEIYEPYHBAKHE CXEM.

Ha cxemax psom ¢ YT'O pesucropa (110 BO3MOXKHOCTH CBEPXY JIH CTpaBa)
YKa3bIBAIOT €ro yc/ioBHOE GyKBeHHO-LU(POBOE MO3ULHOHHOE 0603HAYEHHE H HO-
MUHANLHOE COIpOTHBIeHHE. [T03UunMoHHOe 0603HAUEHHE COCTOUT M3 JIATHHCKOH
OyxBbl R (Rezisto) M MOPANKOBOro HoMepa pesucTopa 1o cxeme. COMpOTHBIeHHE
or 0 mo 999 Om ykaseiBaroT yucnoMm 6e3 06O3HAYEHMS €UHHLBI H3MEpEeHHs
(51 Om — 51), conporusienus ot 1 10 999 KOM — YHCIOM CO CTPOUHOK GyxBoii
K (100 xOm — 100 ), conporusitenns ot 1 10 999 MOM — uuCIIOM ¢ TPOITHCHOR
6yxsoit M (150 MOM — 150 M).

Ecnn ke no3uiuonnoe 0603Ha4eHHe Pe3HcTopa NOMEeYeHo 3Be3/104Kok (pe-
3uctop R2* na puc.2.1), TO 3TO 03HAYAET, YTO CONPOTHBIEHHE YKA3AHO OPUEHTH-
POBOYHO U NPH HAAXUBAHUH yCTPOHCTBA €ro HeobXoMMMO 1moxoGpaTh 1o Ompe-
JIENEHHON METOIHKE.

Homunanbhyro paccerBaeMylo MOIHOCTE YKA3BIBAIOT CIIENUATBHBIMH 3HAY-
KaMH BHYTPHU YCJOBHOTO rpaduyeckoro obosHadenus (puc. 2.2).

0,05 Br

0,125 Bt

R1
51

0,5 Br
0,5 Br
1Bt
2Br
5Bt

1%

il

Puc.2.2 Puc.2.3

TTOCTOSIHHBIE Pe3HCTOPBI MOTYT HMETH OTBOJBI OT PE3HCTHBHOIO 3EMEHTa
(puc. 2.3, @), npudeM, eciy HeoOXOAUMO, TO CHMBON PE3HCTOpPA BBITATHBAIOT B
nany (puc. 2.3, 6).

Hepemennvie pesucmopot UCTIONE3Y-
10T JUIs BCEBO3MOJMKHBIX Perynuposok. Kax
NpaBUJIO, y TAKOIrO PE3HCTOPa MUHHMYM
TPH BBIBOJA: Ba — OT PE3UCTUBHOrO dJe-
MEHTa, ONpeNeNsIOmero HOMUHANBHOE (a
NPaKTHYECKH — MaKCHMANbHOE) COIpo-
THBJIEHHE, H OJMH — OT TepeMenalomero- 6
Cs IO HEMy TOKOCBEMHMKA — IBHKKA. 6)

TMocnenuuit n306paXarorT B BUJIE CTPENKH, Puc.2.4
NepeHUKYISIPHOMA IIHHHOH CTOpOHE Oc- R1.1

HOBHOTO YCJIOBHOIO IpauyecKoro H3o-
Opaxenust (puc. 2.4, a). Jins riepeMeHHbIX
PE3UCTOPOB B PEOCTATHOM BKJIIOYEHHH JI0-
MyCKAEeTCs MCIIOJB30BATh YCIOBHOE TIpa-
¢uyeckoe uz0bpaxenue puc. 2.4, 6. Ile-
PEMEHHBIE PE3UCTOPBI C JIONOJTHUTEILHBI-
MH OTBOZaMH 0003HAYaroTCsi TaK, KaK I0-
Ka3aHo Ha puc. 2.4, 6. OTBONEI y epeMeH-
HEIX PE3HCTOPOB IIOKA3BIBAIOT TaK XKe, Kak
M Y TIOCTOSHHEIX (CM. puc. 2.3). L

Jlns  perynMpoBaHHs —T'DOMKOCTH,
TemGpa, ypoBHS B cTepeodoHHyecKo am-
napaType, 4acTOThl B M3MEPUTENBHBIX Ie-
HepaTopax CHTHANOB INPUMEHSIOT CJBO-
€HHBIC NepeMeHHsIe pesncTopel. Ha cxe-
MaX YCJIOBHBIX Ipaduueckux H300paskeHuit
BXOJIAIIME B HHMX PE3UCTOPBI CTAparoTCs
PaCIONOKUTE BO3MOXKHO OJiKe JIpyr K
JIPYry, a MeXaHH4eCKyIo CBA3b NMOKa3hlBa-
10T JM60 JBYyMS CIUIOIIHBIMH JIMHUSAMY,
6o ofiHON WITPHUXOBOK (puc. 2.5, a). Ec-
JM K CHeNaTh 3TOro He YHAaercs, T.e.
CHMBOJIBI PE3UCTOPOB OKa3hIBAIOTCS HA
YHAIEHHH OJIUH OT JAPYroro, TO MeXaHUYe-
CKyIO CBfi3b M300paXaloT OTpe3KaMu WITPUXOBOM nuuuu (puc. 2.5, 6). Ilpunan-
JIEXKHOCTh PE3UCTOPOB K CABOEHHOMY GJIOKY yKasbIBAIOT B IO3MIMOHHOM 0603Ha-
wernu (R2.1 — repBbIi Pe3UCTOpP CABOGHHOIO NEPEMEHHOro pesucropa R2; R2.2
— BTOpOif).

B 65IT0oBOI anmaparype 4acTo NPUMEHSIOT TepeMeHHBIC Pe3UCTOPBI, 00be-

Puc.2.5

Puc.2.6

8



JMHEHHBIE C OIHUM WJIM JIBYMSl BBIKIouatenssMu. CUMBOJIBI HX KOHTaKTOB pasMe-
IAKOT HA CXEMaxX PAJOM C YCIOBHBIM rpadHUecKuM u300paXkeHHeM I1epeMeHHOro
pes3ucTopa M COEIMHAIOT LITPHXOBOH JIMHHEH C JXHPHOH TOYKOM, KOTOPYIO H30-
GpaxaroT ¢ Toit cToporsl YI'O, npu nepeMeruenuu K KOTOpoil ABUKOK BO3JEHCT-
BYET Ha BBIKIIOHYarteys, (puc. 2.6, a). IIpu sToM uMeeTcst B BHLY, YTO KOHMAKMyl
3aMbIKAIOMCS. NPU OGUNCEHUU OM MOYKY, 4 PAIMBIKAIOMCA NP 08UdICeHUU K Hell. B
ciyyae eci YI'O pesrcTopa W BEIKIIOYATENst HAa CXeMe yHaleHbl OfHH OT Apyro-

ro, MEXaHHYECKYl0 CBSI3b IMOK43bIBAIOT OTPe3KaMM  IUTPHXOBBIX  JIMHHM
(puc. 2.6, 6).

ITodcmpoeunsie pe3ucmopsl — 5TO PasHOBHAHOCTE TEPEMEHHBIX. Y3el Ie-
peMelents JBIKKA TAaKHX PE3HCTOPOB Halle BCEro MpHUCIOCcOBIeH JUlsl yIpas-
JIEHUs| OTBEPTKOH M He pacCuUMTaH Ha 4acTsle perymipoBiu. YI'O moncrpoeynoro
pesucropa (puc. 2.7) HArISNHO OTPaXKaeT ero HasHaYeHHe: NPAKTHHYECKH 9TO 10-
CTOSHHEIN PE3UCTOP C OTBOLOM, IIOJIOXKEHHE KOTOPOrO MOXKHO H3MEHSTh.

U3 pe3ucTopoB, H3MEHSIOIIMX CBOE CONPOTHBIIEHHE INOX NeHCTBHEM BHeIU-
HUX ()aKTOpPOB, HaHGOIEe YaCTO HCIONB3YIOT TEPMOPE3UCTOpsI (06o3naueHue RK)
u BapucTops! (RU, cm. 1a6:.1.1). O6muM [uis yCIOBHOTO rpaduyeckoro n3obpa-
XKEHHUsl PE3UCTOPOB ITOM IPYIINBI ABISETCS 3HAK HETMHEHHOIO CaMOpery/upoBa-
HUSl B BUJC HAKJIOHHOM JIMHUH C H31IOMOM BHH3Y (pHC. 2.8).

4 ; RK2
-1

t RU1 f

—> Z u U

Puc.2.7 Puc.2.8

RU2

JIns ykazaHus BHEIIHHX (PaKkTOpOB BO3JCHCTBHS HCHONB3YIOT HX O6LIENpU-
HoThIe OyKBeHHbIe 0603HaveHus: 1° (TemMnepatypa), U (HanpsokeHHe) | T. 1.

3HaK TeMIepaTypHOro Koda(GUUHUEHTa CONPOTHUBIEHHS TEPMOPE3UCTOPOB
YKa3bIBaIOT TOJNBKO B TOM CIy4ae, €Cci¥ OH OTpHIATEeNbHBIH (cM. puc. 2.8, pesu-
crop RK2).

3. KOHOEHCATOPDI

Hapsmy C pe3ucTopamMu KOHIEHCATOPBI SBIAIOTCS Haubonee LIUPOKO HC-
10J1E3YE€MBIMH KOMITOHEHTAMH BNEKTPUYECKUX ueneﬁ‘ OcHOBHBIE XapaKTEePUCTUKH
KOHJIeHCaTOpa — HOMHMHAaIbHAS €MKOCTh U HOMHMHAJIBHOE HAIpPSKEHHUE, ‘-{ame BCE-
ro B CX€Max HCIIOJB3YHTCA MNOCTOAHHBIC KOHJIEHCATOPhI, ¥ ropa3/io pexe — Ie-
PEMEHHBIE H TIOACTPOEYHBIC. OTHCHLHOﬁ rpynnoﬁ CTOSAT KOHAEHCATOPLI, HU3ME-
HSIOLKE CBOK 8MKOCTB MOJ BO3AEWCTBUEM BHELIHUX Cl)aKTOPOB.

O6uue ycnosusle rpadudeckue 0603HaYeHs w| 100047
KOHJIEHCATOPOB NOCMOAHHOT EMKOCMY  TIPUBEICHBI ! ¥

Ha puc.3.] W MX ONPEJENSeT COOTBETCTBYHOLIHIE L]:Fk__'

'oCT [2].

HoMuHaIBHOE HANPSHKEHHEe KOH/JEHCATOpOB 2456 59100
(KpoMe Tak Ha3bIBAEMBIX OKCHJIHBIX) HA CXeMaXx, KaK
IPABUIIO, He YKa3bIBaroT. TONBKO B HEKOTOPBIX CIIy- T

qasix, HATIPMMEP, B CXEMaX LEIei BEICOKOrO Harps-

JKEHUsl PAIOM ¢ 0603HAUEHHEM HOMUHAIBHOH EMKO- (65

CTH MOKHO YKa3bIBATh ¥ HOMHHAIBHOE HATPSIKEHUE T750 C6 2,2 mx
(M. prc. 3.1, C4). JIns OKCHAHBIX XK€ KOHICHCATO- ___\ l__‘
poB (CTapoe Ha3BAHME BIICKTPOJIMTHYECKUE) U 0CO- _l_C4

OeHHO Ha NPUHIUIHATBHBIX cxemax OBITOBBIX 2JeK-

TPOHHBIX YCTPOHCTB 9TO JaBHO CTANI0 MPAKTHIECKH T 1,0 mx x 500B
obs3atensHbM (pHc. 3.2).

TMopassomiee GONBIIMHCTBO OKCHHBIX KOH- Puc.3.1
JIEHCATOPOB — MOJIAPHEIE, [I0ITOMY BKIIOHATh UX B —lil 20,0 x 10B
HMEKTPHYECKYIO LeMb MOXKHO TOIBKO C COBMOAeHN- S e
em noyspHoCTH. YroBbl MOKasaTh 5TO HA CXeMe, Y T :

CHMBOJIA TIOIOXHTENBHOR OGKIAZKK TAKOTO KOH-

fencaropa cTassT 3HaKk «t». OGosmauenme Cl Ha ' "

puc. 3.2 — ofimee 0603HAUCHHE TONSPH3OBAHHOrO |, €310 Mx x25B
KoHzeHcaTopa, VIHOraa UCIONB3YETCs - JPYroe H30- R

Gpaenue 06KIaI0K KOHIeHcaTopa (eM. puc.3.2, C2

n C3). C42x20 Mx x 160B
C TexXHOJIOTHYECKUMH LEJSIMA WK TNPH HE- _]i __li

06XOII{HMOCTH YMEHBLICHHA raGapmoa B HEKOTOPBIX

ciydasix B OJMH KOpPITyC MOMENAIOT 1Ba KOHACHCa~

TOpa, HO BBIBOJOB ACNAI0T TOJIBKO TPpH (OllPlH W3 HUX Puc.3.2

— o6umit). YcrnopHoe rpauueckoe 0603HaueHHE
C/IBOGHHOTO KOHIEHCATOpA HAarJIAHO MePeaeT 3Ty HACHO (cm. puc. 3.2, C4).
st pasBsI3Ky Liereil MATAHKS BBICOKOYACTOTHBIX yCTPOHCTS MO NEPEMEH-
HOMY TOKY P! )T TaK Ha3bl BIe NPOXOOHbIE KOHOCHCAmOpbl. Y HHX TOXE
TpH BHIBOZA: JIBA — OT OZHOM 0BKIanKH («BXOI» H KBBIXOIY), & TpeTHit (vale B
BUJE BHHTA) — OT HPYTOM, HApYXXHOH, KOTOPYIO COC/IMHAIOT C JKPAHOM HIIH 33~
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oo 16} BEPTEIBAIOT B IACCH. DTy 0COGEHHOCTH KOHCTPYK-
Y LMK OTPAXKaer ycloBHOe rpaduueckoe o06o3Have-
3 —l— HHUe TaKoro xonxencaropa (puc. 3.3, C1). Hapyx-
/ SC ' HyI0 00KnajKy 0603HA4alOT KOpPOTKOH Ayroii, a
& e Taoke onuum (C2) wm asyms (C3) orpeskamu
J— [r— NPSMBIX JIMHUH C BLIBOJAMH OT CEPEAHHBI. Y CIIOB-
e 1OKpas  Hoe rpaduueckoe 0GO3HAYEHHE C TOBHLHOHHBIM
<! o6osHauennem C3 HCTIONB3YIOT IPU M306PAKEHUH
NPOXOAIHOTO KOHJIEHCATOpa B CTeHKe skpana, C
Puc3.3 TOH K€ UENBIO, YTO M IPOXOAHBIE, NPUMEHSIOT
C18..240 OIopHble KonAencatopel. OB6KIaaKy, coeanHse-
MYIO C KOPITYCOM (IIacCH), BBLAEJSIOT B 0603Haue-
HHMHM Takoro KOHJEHCATOPA TPEMS HAKJIOHHBIMH
JIMHUSAMY, CHMBOJIM3HPYIOLMMH  «3a3eMJIeHUE»

(cMm. puc. 3.3, C4).

Puc.3.4

Kondencamopor  nepemennoti  émxocmu

Cl.2 (KIIE) npenuasHaueHs! st ONepaTHBHOM perysii-

C1.1,C1.2  poBKM M COCTOAT OBBIYHO W3 CTATOPA U POTOpA.

""""""""" 15..270 Takue KOHJEHCATOPE IIHPOKO MCIOJIB30BATHCE,

HANPUMEp, UL M3MEHEHMs YaCTOTBl HACTPOIKU

pajvoBeIaTe bHbIX NpuéMHMKOB. Kak rosopur

CaMO Ha3BaHHE, OHM IOIyCKAIOT MHOTOKDATHYIO

PEryJIMpOBKY EMKOCTH B ONPEIEICHHBIX Npejenax.

Puc3.5 OT0 MX CBOMCTBO IOKA3BIBAIOT HA CXEMAaX 3HAKOM

PerynupoBaHus — HAKJIOHHOW CTPENKOH, nepecekaroweii 6a3oBblii CUMBOM IO

yrioM 45°, a BO3JIe HETO YacTo YKa3bIBAIOT MHHHMAIBHYIO U MaKCUMAJBHYIO &M-

KOCTb KOHAeHcaTopa (puc. 3.4). Ecimu neo6xommmo o6o3naunts potop KITE, mo-
CTYNAIOT TAK e, KaK ¥ B Clly4ae POXOAHOro KoueHcaropa (em. puc. 3.4, C2) .

JU1sl OTHOBPEMEHHOTO M3MEHEHHs EMKOCTH B HECKONBKMX UENsX (Hampu-

Mep, B KoNebaTelbHBIX KOHTYPaX) HCTIONB3YIOT BI0KH, COCTOSILME W3 ABYX, TPEX U

Gonpmero yucne KITE. Ipuuaanextocts KIIE k opsoMy 610Ky MOKa3bIBaloT Ha

CXeMax LITPUXOBOH JIMHKEl MEXaHHYECKOH CBA3M, COCAWHSIOEH 3HAKH Peryiu-

pOBaHHs, M HyMmepauved CeKuu# (Yepes TOYKY B MO3MLHOHHOM OGO3HAUEHMH,

puc. 3.5). Ilpu uso6paxennn KITE Giioka B pasHbIX, IaNeko OTCTOALIMX OXHA OT

ApPYro# 4acTsX CXEeMbl MEXaHHYECKYIO CBi3b HE IOKA3bIBAIOT, OTPAHHUMBASCE
TOJILKO COOTBETCTBYIOLIEH Hymepauuel cexuuit (em. puc. 3.5, C2.1, C2.2, C2.3).

Pasnosunnocts KIIE — nodcmpoeunsie kondencamoper. KORCTPYKTHBHO

OHM BBIITOJIHEHBI TaK, YT0 X EMKOCTb MOYKHO H3MEHSITh TOJIBKO C MOMOIIBIO HHCT-

pymenTa (damie Bcero oTBepTKH). B ycnosHoM rpadmueckom oGosnavenun 3to

TIOKA3bIBAIOT 3HAKOM TIONCTPOEYHOIO PEryJMPOBAHNS — HAKIOHHOH NHHUEH co

IITPHXOM Ha KoHue (puc. 3.6). Porop noxcrpoeuHoro KoHaeHcaTopa 0603Havaior,
ecny HeoGXoaumo, ayroi (cM. puc. 3.6, C3, C4).
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CaMoperympym™ble KOHIEHCATOPbl (WM HeJd-
HeliHpIe) 06a/aloT CMOCOGHOCTBIO M3MEHSTh EMKOCTh
Mo/t IeHCcTBHEM BHEIIHUX (aKkTOpoB. B pajnosnekTpoH-
HBIX YCTPOMCTBAX YacTO NPHMEHSIOT BapUKOHABI (OT

AHIMIMHCKUX ~ CIOB  vari(able) TIepeMEHHBIH U
cond(enser)— elle OJ{HO Ha3BaHWE KOHJeHcaTopa). Mx
€MKOCTh 3aBHCHT OT NPHJIOKEHHOTO K OOKJIazKaMm Ha-
npskeHus. BykBeHHbIH kox BapukongoB — CU (U—
OOIeNpHHATEI CHMBON HANpsDKeHHs!, cM. Tabi.l.l),
VI'O B aTOM Cilydae — 6Ga3oBbIil CHMBOJ KOHIEHCATOPA,
NepPeYepKHYTHIH 3HAKOM HENMHEHHOro caMOoperyIupo-
BaHUA C aTuHCKOM Gyxsoit U (puc. 3.7, KoHAEHCATOP
Ccul).

Awanoruyno nocrpoero YI'O TepMokoHJeHCATO-
PoB. ByKBEHHBIH KO 3TOM PasHOBUIHOCTH KOHJEHCATO-

C14..16
@220 ‘
e c4
6..20
Puc.3.6

cyl
6800 CK2 560

U 1
Puc.3.7

poB — CK (puc. 3.7, xonnencarop CK2). TemrepaTypa cpeisl, ECTECTBEHHO, 060~

3HaA4YaceTCss CUMBOJIOM to.



4. KATYLWKW, OPOCCESIU, TPAHC®OPMATOPbI

HesaBrcuMo OT peasibHOM KOHCTPYKIHH KATYIUKH HHZAYKTHBHOCTH U JPOC-
cenu u306paxaloT Ha cxeMax, Kak oKasaHo Ha puc. 4.1 [3].

R25 YHCII0  MONYOKPYXHOCTEH B YCIOBHOM TIpaduueckom
Il 0603HAYEHUH KATyIIEK ¥ APOCCened MOXeT GbITh mo6sM, Ya-
o 1€ KOJMYECTBO MOJIyOKPYKHOCTEH BBIOHPAIOT PAaBHBIM YETHI-

PEM HIIM K€ B 3aBUCHMOCTH OT yA00CTBa HX CONPSUKEHHA Ha
NPUHUMIHKATBHEIX CXeMaX C CHMBOJAMU JPYIUX SJEMEHTOB
12 74 (KOHJEHCATOPOB, PE3UCTOPOB H T. IT.). B 3aBHCHMOCTH OT KOH-
10 MTH durypanuyu MpUHLIMIHAILHON CXEMBI BBIBOZBI OGMOTKH Ha-
npaBnsioT 6o B onHy cropony (puc. 4.1, L3), 1160 B pasuble
(L1, L2, L4). Ecnu Heo6X0AMMO MOKA3aTh OTBOJ, TO JHHHIO

Prcd.l JUIEKTPUYECKON CBA3H NIPUCOEIUHSIOT B MECTE COYJICHEHHUS 110~
Il JIyOKPY>KHOCTEH WM B cepeiiie OfHON U3 Hux (L4), npuuém
. FYRAGRLL , TOHUKa HE CTABHTCA,
I Byksenno-uudpoBoe Mo3MLUHOHHOE 0GO3HAYEHHE KATY-
— VN INeK u Jipocceriel COCTOMT i3 GyKBEI L H MOPSIKOBOTO HOMEpa
L3 1o cxeme. Pagom (cBepxy MiM CripaBa) MOYXKHO yKa3hIBaTh HH-
—YN—  lyKTMBHOCTE, OGBIYHO B MHJUIATEHDY HITH MHKPOTCHDH.
L5 Ecim kaTyuwika wiim Jpocceih MMeeT MarHUTOMpPOBOJ,

ycioBHOe rpadudeckoe 0003HAUEHHE NOMONHAOT €r0 CUMBO-

JIOM —— OTPE3KOM CILIOUIHON MM IIPEPHIBHCTOM JIMHUH, PACTo-

I 4 JaraéMbIM  C  «HApyXHOH» CTOPOHBI  TIOJIYOKDPYXXHOCTEM

| L6 (puc. 4.2). IIpu 5TOM MarHMTONPOBO/BI U3 KAPGOHUIBLHOTO dice-

nesa, anbcHdepa WM JAPYrHX MarHHTONWSNEKTPUKOB HM306-

Prcd2 PaXaroT IITPHXOBOH JuHueit (LI), n3 deppura mwm deppomar-

HUTHOTO CrulaBa (3MeKTPOTeXHHYIEcKas CTallb, MEePMaioi) —

CIVIOWIHOH JinaKed (L2). MarHuTOnpoBosl H3 HEMarHUTHBEIX MATEpPUANIOB (MeH,

ATIOMUHUS | JIP.) 0603HAYAIOT TaK e, Kak i (peppOMarHuTHELE, HO psioMm ¢ YT'O
YKa3bIBaIOT XMMUYECKHIT CHMBOJI MeTala.

B03MOXHOCTE nOdCMpOTiKu UHOYKMUGHOCMY M3MEHEHHEM TIONIOKEHHS Mar-
HHUTONPOBO/IA IOKA3BIBAIOT HA CXEMAX 3HAKOM MOACTPOEYHOIO PEry;MpOBaHMs,
NEPEeCeKaloUM YCIOoBHOe rpaduueckoe 0603HAYEHHE KATYWIKA [0 yryoM 45°
(puc. 4.2, L5, L6). Ecnu neo6xoauMo 06paTHTh BHAMAHHE Ha HAJHYHE 3330pa B
(heppOMAarHHTHOM MarHHTONPOBOJE KATYIIKH WM Apocces (06bIMHO 3a30p ne-
JIAIOT JUJIsl YBEIMYEHHs MarHHTHOTO CONPOTHBIEHHS, YTOOBI NPENOTBPATHTH Ha-
CBILICHME MAarHATONPOBO/A), CHMBOJI NOCIEAHEro pasphiBalOT Mocepe/uHe (CM.
puc. 4.2, npoccens L4).

Just nepectpoiiku koneGaTebHbIX KOHTYPOB HHOTAA UCTIONB3YIOT KAMYUIKU
nepemenHoll UHOYKmUeHOCMu — TaK Ha3blBaeMble BAPHOMETDEL KOHCTpYKTHBHO
BApHOMETP COCTOMT U3 JBYX COSIMHEHHBIX MOCIEOBATENBHO 1 IIOMELIEHHBIX Ofi-
Ha B JIPYIyrO KaTyUIeK, OJIHa U3 KOTOPHIX MOXET H3MEHATH CBOE NOJIOXKEHHE 10
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OTHOIIEHMIO K IPyrof (HampuMep, Hpu Bpaiiexuu). CHMBOJBI KaTylIeK, COCTaB-
JNSOLIUX BAPHOMETP, PACTIONAraloT Ha cXeMax b0 mapauiensHo (puc. 4.3, BI1Y
L1.2), ma60 neprenuKyssipHo Apyr apyry (L2.1, L2.2) u riepecexaioT 3HaKOM pe-
ryIHpOBanHKs. B KadecTBe BapHOMETPOB MPUMEHSIOT TAKKe KATYLIKH C MOIBIK-
HBIMH MarHATONPOBOJAMH.

O6beiuHeHne TAKUX KaTyIleK B GJIOK MOKa3bl-

BAIOT IITPAXOBOM JIMHMEH MEXaHH4EeCKOH CBS3H, CO- [ 1 o L2.2
enuHslomell 3HaKM peryimpoBanus (oM. puc. 4.4, ¢
L315:E3.2). L12

CHUMBONIBI KaTyWIeK HCIIONB3YIOT H B I0-
CTPOEHHH YCIOBHBIX rpabuueckux obo3Havennii pas-
JunBX Tpancdopmaropos. ITpocreiiimii Tpanchop-
MaTop COHEPXKHT JABE HHIYKTHBHO CBS3aHHBIE KaTyll-

kn (06MOTKM). DTy KOHCTPYKTHBHYIO OCOGEHHOCTB, Puc.4.3

Kak U B ClIyyae ¢ BapHOMETPOM, I10Ka3bIBAIOT, Pacrio- L)

naras CHMBOJNBI  OOMOTOK —pAJIOM, TMapamlelbHo 1 @2 133814
(puc. 4.4) 1 Ha cXemax WM IPHCBAMBAIOT GYKBEHHOE .

o6o3nauenue xarymek — L. HeoGxoxumoe mis obec-
revennst paboTOCIIOCOGHOCTH HEKOTOPHIX YCTPOHCTB E 76 s
(asupoBanne 06MOTOK (T. €. TIOPSIOK MOAKIOYCHMS L5 :E L7 i L
BBIBOJIOB) IIOKA3BIBAIOT —TOYKAaMM, 00O3HAYAIOLIMME . e
ux Hayano (cM, puc. 4.4, L1-L2, L7-LB). P P
PanuoyacToTHbIe TpaHc)OPMAaTOPhl MOTYT ObITH Ul

KaK ¢ MarHuTompoBojamy, Tak i Ge3 mux. Ecin mar- Lg} %10 Lng %LIZ
HUTOMPOBOA OOWWMA Iyist BceX 06MOTOK, ero u3obpa-

JKAIOT MEXLY UX CHMBONamu (cM. puc. 4.4, L5-L6, L7- Puc.d.4
L8), a ecny Kaxas U3 HUX HMEET CBOH MarHMTONpo- T1

BoJ — Han Humu (L9-L1O, L11-L12). Bo3moxHoCTh 1 ! 4
OJICTPOMKH HHIYKTHBHOCTH U3MEHEHHEM TIONOKEHHA Ia :g 5
Cep/iedHHKa [IOKA3EIBAIOT 3HAKOM MOJCTPOCHHOrO pe- 2 H =7
rynMpoBanus, nepecekas uM mu6o Tonpko YI'O mar- H
nuronposoa (L9-L10, L11-L12), mu6o u ero, 1 oaHo- 630 8
BPEMEHHO CAMBONOB 0GMoTOK (L7-L8). Ecin e He- {g
06XO0IMMO TOKa3aTh PErylHpYeMyK HHIYKTHBHYIO 3 | 9
CBA3H MEXJy OOMOTKAMH, HX CHMBOJbI [EPECEKAIOT

3HaKoM perynuposanus (L3-L4, L11-L12). IR

TpancopMaTops!, paGoTaromue B LMPOKOH
nosoce 4actoT, obo3HayaroT 6ykBoii 7, a HX 06GMOTKH et
— pumckumyu tudpamu (puc. 4.5). VHorza BmecTo Puc.4.5
MOCHEAHUK U1 0603HadeHUs T OOMOTOK HCIONB3YIOT YCIOBHYIO HYMEpAlMIO MX
BBEIBOJ0B. UHCIIO MONYOKPYXHOCTEH B CHMBOIAX 0GMOTOK TPaHCHOPMAaTOPOB MO-
XKeT OBITH JIOOBIM.
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JInst yMEHBLUCHAS TOMEX, IPOHHKAIONINX H3 CETH, MY NEPBUYHOM U BTO-
PHYHBIME OOMOTKAMH TPAHCHOPMATOPOB MUTAHHS WHOTAA MOMEINAIT IEKTPO-
cTaTMyeckui skpan. OH npejcrasnser coboi HE3aMKHYTBIH BHTOK MEIHOW WM
AIOMUHUEBOH (ONIBIU WM OJUH CIOH TOHKOrO MPOBOAA, COCAMHAEMSBIH ¢ OBMIHM
TpOBOJIOM ycTpoictsa. Ha cxemax Takoif skpan m306pakarot WTpuxoBoi IuHUei
(M. puc. 4.5, T1), a coenuuenue ¢ o6umM POBOLOM — MOTIEPEYHOI YePTOUKON
Ha KOHUE BBIBOJA SKpaHa. YCiloBHOe rpauueckoe 0603HateHue TpaHChopMaTo-
POB JIOITyCKAETCs NOKA3BIBATh OBEPHYTHIM Ha 90°.

PasnosuocTs TpanchopMatopos — aBTOTpaHC(hOPMATOphl H306paXKAIOT
Ha CXeMax, Kak U KaTylIKH ¢ OTBOAAMH. BO3MOXHOCTb MIABHOTO PEryIMpOBaHIs

CHUMACMOTO ¢ HHUX HANpmKeHHs IOKA3BIBAIOT 3HAKOM PeryjupoBaHus (cM.
puc. 4.5, 72).

5. BbIKITIOYATENU U NEPEKMIOYATEJA

Yenosuple rpadudeckne 0603HAYEHNS KOMMYTAMOHHBIX H3ienuii [4] —
BBIKIIIOYATENEH, MepeKouaTeNeii i dNeKTPOMATHUTHBIX pelle MOCTPOeHBI Ha OC-
HOBE CHMBOJIOB KOHTAKTOB: 3ambikaiouux (puc. 5.1, 6), pasmuvixaiowux (6, 2) n ne-
pexnouaiowux (2, €). KOHTaKTHI, OIHOBPEMEHHO 3aMBIKAIOLIME HIIM PA3MBIKAIO-
1ue JiBe Lenu, 0603HAYAIOT, Kak [I0Ka3aHo Ha puc., 5.1, o, u

3a MCXOHOE TOJOXKEHHE 3aMBIKAIOIUX KOHTAKTOB MPUHSATO Pa3OMKHYTOE
COCTOSIHUE KOMMYTHPYEMOH 3JIEKTPUIECKON LEMNH, PasMBIKAIOLIHX — 3aMKHYTOE,
11epEeKIIOYAIOIAX — MOJOKEHHE, B KOTOPOM OJiiia M3 LieneH 3aMKHyTa, ipyras pa-
30MKHYyTA (MCKIIOUCHHE COCTABIET KOHTAKT C HEHTPANBHEIM TOIOKEHHEM). yro
BCEX KOHTAKTOB [AOIYCKAeTCs H300paXkaTh TOJLKO B 3€PKAIbHOM MIIM MOBEPHYTOM
Ha 90° NOJIOMKEHHUSX.

CranpapTU30BaHHas —cucTeMa yro
LIPE/LyCMaTPHUBAET OTPAXKEHUE M TAKUX KOH-
CTPYKTHBHBIX OCOBEHHOCTEH, KaKk HEOMHO-
BPEMEHHOCTB CPabaTeIBaHUs OJIHOTO K He-
CKOJILKMX KOHTAKTOB B TPYIIE, OTCYTCTBHE
WM Hanuuve GUKCAlMM UX B OJIHOM M3 IO-
noxenuit, Tak, eciy HEOOXOIMMO ITOKa3aTh,
YTO KOHTAKT 3aMBIKACTCA HIIM Pa3MBIKAETCs
paHblle JPYTHX, CHMBOJ €rO MOIABHXHOA
YacTH JOTIOJHSIOT KOPOTKMM IITPUXOM, Ha-
MpaBIenHBIM B CTOPOHY cpabatsiBanus (puc.
5.2,a, 6), a ecnu NO3KE, — WITPUXOM, Ha-
TIpaBleHHBIM B 0OpaTHYIO CTOpOHY (pHc. 5.2, | :1

Puc.5.1

6, 2). Orcyrcrue (HKCAMH B 3aMKHYTOM

WM PA3OMKHYTOM MOJNIOXKEHHAX (CaMOBO3-

Bpar) 0603Ha4al0T HEGOIBIIUM TPEYrONbHA- a)

KOM, BEPIIHA KOTOPOrO HANPABIEHa B CTO- |

POHY HCXOJHOIO MOJIOXKEHHS TOJABHKKOH

wacT KoHTakTa (puc. 5.2, 0, €), a hukcao \

— KpY)KKOM Ha CHMBOJIG €r0 HETIOIBHKHON

uactu (puc. 5.2, ok, ). Hocnenmue sa YT'O 6

HCTIONB3YIOT B TeX Clydasx, €ciu Heob- <J

XOJMMO TIOKa3aTh Da3sHOBUJHOCTE KOMMY-

TAMOHHOTO M3/ENHs, KOHTAKTBI KOTOPOro

JTMMM cBOMCTBAMH OBGBIMHO He 06Ia/aioT. )
VenosHoe rpaduueckoe oGo3HauenHne

BhIKIIOYarenel (puc. 5.3) CTPOAT Ha OCHOBE &7

CHMBOJIOB 3aMbIKAIONUINX M Pa3MBIKAIOLIMX \

KonTakToB. IIpi 9TOM HMEETCA B BHIY, UTO

KOHTAaKThl (DUKCHpYIOTCH B of0MX monoke- S

HUSIX, T. €. HE HMEIOT CaMOBO3BpaTa. Pue.5.2




ByxsenHsIM KOJ W3/iemuit 3TOH rpymmel om-
penensercs KOMMYTHPYEMOHM —LEMBO M KOH-
CTPYKTHBHBIM MCIIOJIHEHHEM BBIKIIOUaTens. Ecau
TOCIE{HUH TOMEIIEH B LENb yIPaBJCHHUS, CHIHANH-
3alUH, U3MEPEHNs, ero 0603HaYal0T JIATHHCKOM ByK-
BOi1 S, a ecnu B 1ens nutanus — 6yksoit Q. Crioco6
YIpPaBIEHHs. HAXOAUT OTPaXEHWe BO BTOPOi Gykse
KOJIa: KHOMOYHBIE BBIKIIOYATENH U NEPeKTIouaTen
oGo3Hauaror 6yksoii B (SB), asromaruyeckue — Oy-
kBo# F (SF), Bce octanbHbie — OykBoit A (SA).

Ecnu B BRIKITFOYATENE HECKOJNBKO KOHTAKTOB,
CHMBOJIBI MX MOIBIDKHBIX 4acTeil pacronaraior Ia-
paJlIeNbHO M COSAMHAIOT JIHHHEH MeXaHW4ecKoi
cBsi3u. B kawecTBe mpHMepa Ha pHc. 5.3 mokazaHo
yCII0BHOE rpaduueckoe 0603HAYeHHE BBHIKIHOUATENs
SA2, copepxalllero ofvH pa3MBIKAIOIMH M 1Ba 3a-
MBIKAIOIMX KOHTAKTa, U SA3, COCTOALIEro M3 JBYX
3aMBIKAIOIIMUX KOHTAKTOB, HpI/I‘{éM OMH U3 KOTOPERIX
(Ha pHCYHKe — MNpaBblil) 3aMBIKACTCS T103KE APYro-
ro. Beixntouareny Q1 u Q2 cimyxaT At KOMMYTaLHH
nened nurtanus. Konraktel 02 MeXaHHYECKH CBS-
3aHBl C KaKMM-JIMOO OpraHoM YIpPAaBlEHUsA, O HeM
CBHJETENECTBYET OTPE30K INTPUXOBOH JjuHuM, Ilpu
1300paXKEHNH KOHTAKTOB B PA3HEIX yYacTKaX CXEMBI
[PUHA/IEKHOCTE UX OJHOMY KOMMYTalHOHHOMY
H3NENHI0  TPalMIHOHHO OTPaXKAIOT B  OyKBEHHO-
uudpoBoM  rno3uLMOHHOM obo3HadeHun  (SA4.1,
SA44.2, S44.3).

AHAJIOrMYHO, Ha OCHOBE CHMBONA MEPEKIIo-
YaloLIero KOHTAaKTa, CTPOST YCIOBHBIE rpaduyeckue
0003HaYeHNs JBYXITO3MIHMOHHEIX MepeKnoyaTenei
(puc. 5.4, SA1, SA4). Ecin e nepekiiouarens Gpuk-
CHpYyeTCsl He TOJNLKO B KpPaHHMX, HO M B CpPEIHEM
(HeMTpanbHOM) TOJOXKEHNH, CHMBOJI MOJBHKHOH
YacTH KOHTAKTa NMOMEIIAIOT MEXJy CHMBOJAMH He-
HOJBIDKHBIX 4YacTell, BOBMOXHOCTb NOBOPOTAa €ro B
06e CTOPOHBI MIOKA3bIBAIOT TOUKO#H (SA2 Ha puc. 5.4).
Tak e MOCTYNAaKT U B TOM CIlyyae, eciiu Heobxo-
JIMMO TIOKA3aTh Ha CXEME MepeKioyarenb, (UKCH-
PYEMBIH TOJBKO B CPEHEM MOJIOKEHUH (CM. puc. 5.4,
SA43).

OruauTensHbli mpusHak YI'O KHOMOYHBIX BBIKIIOYATENeH U MepeKiioya-
Teslell — CUMBOJI KHOTIKHM, COEJIMHEHHBIH ¢ 0603HaYeHHEM TIO/IBHKHOMN YacTH KOH-
TaKTa JIMHHEH MeXaHHueckol cassn (puc. 5.5). Ilpu aToM eciu ycnoBHoe rpadu-
yeckoe 0GO3HAYEHHME TOCTPOEHO Ha 6a3e OCHOBHOIO CHMBOJNA KOHTAaKTa (CM.
puc. 5.1), TO 5TO O3HAYAET, YTO BEIKIOYATEND (IIEPEKIIOYATENb) He PUKCHPYETCs B
HaaTOM TI0JOXKeHHUH (IIPH OTIyCKaHMH KHOMKH BO3BPAIL@AETCs! B HCXOTHOE MO0~
xenue). Ecnu ke HEOGXOXMMO I10Ka3aTh (PUKCAUMIO, MCTIONB3YIOT CHECHHATLHO
Tpe/HA3HAYEHHBIE IS OTOH LE/IH CHMBOJBI KOHTAKTOB C (rKcaluel (puc. 5.6).
Bo3Bpar B HCXOJHOE MOJOXKEHHE TPH HAKATHU APYTO# KHONKH IepeKiodaTens
NOKA3GIBAIOT B 3TOM Clydae 3HAKOM (MKCHPYIOWIEr0 MEXaHM3Ma, NMPHCOELMHS
€ro K CHMBOJTY TIOJIBH)KHOH YacTH KOHTAKTa CO CTOPOHBI, IIPOTHBOIIONOKHON CHM-
BOJY KHOTIKH (cM. puc. 5.6, SB1.1, SB1.2). Eciu ke BO3BpaT NPOUCXOAHT MPHU 110~
BTOPHOM HE)KATHU KHOIIKH, 3HAK (PUKCHDYIONIErO MEXaHH3Ma H300PaXaloT B3aMeH
JIMHUM MEXaHUYECKOi cBa3u (SB2).

MHOrOMO3HIMOHHEIE TIepeKoyaTesi (HapuMep, raeTHsle) 0b03HadaIoT,
KaK mokasaHo Ha puc. 5.7. 3necs SAL (Ha 6 monoxenuit u 1 Hanpasienue) u SA2
(42 4 MONOYKEHUs U 2 HANPABJICHUS) — MEPEKITIOYaTENH C BEIBOJAMH OT IOABMXK-
HBIX KOHTAKTOB, SA3 (Ha 3 nmonoxxeHus u 3 Hanpasienus) — 6e3 BEIBOAOB OT HHUX.
YenoBHoe rpadudeckoe 06o3HAUEHHE OTAEIBHBIX KOHTAKTHBIX TPy n300paxa-
JOT Ha CXeMax B OJMHAKOBOM IOJIOXKEHWHM, NPMHAUIEXHOCTE K ONHOMY Ie-
DEeKIOYaTeNo TPAAHMLHMOHHO IIOKA3pIBAIOT B TO3HIMOHHOM —OGO3HAYEHUH
(cm. puc. 5.7, SA1.1, SA1.2).

- S421|H|
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Puc.5.7 Puc.5.8

Tl M306paKEeHHs MHOTONO3MLHMOHHBIX [EPEKIIoUaTeNel CO  CIOXKHOK
xommyTarueit TOCT npeXycMaTpuBaeT HECKOJBKO crocoGoB. [lsa U3 HMX mOKa-
3ambl Ha puc. 5.8. [lepexmouarens SAL — Ha 5 monoxenuit (onu 0603HaY€eHb!
uudpami; GyKBBI G—O BBEEHBI TONBKO IS MOACHeHH:). B mosoxenuu 1 co-
eIMHAIOTCA OJIHA C APYTOH LNy a U 6, 2 U 0, B TIONOKEHHAX 2, 3, 4 — cooTBeTCT-
BEHHO LeIH 6 ¥ 2, @ U 6, a U 0, B [IOJIOKEHUN 5 — Nenu a U 6, 6 ¥ 2.

IMepexmoyatens SA2 — Ha 4 monoxenus. B rMepBoM U3 HUX 3aMBIKAIOTCS
Hem a 1 6 (06 3TOM TOBOPAT PACHOJIONKEHHBIE N0 HUMH TOYKH), BO BTODOM —
LIEIIH 6 U 2, B TPEThEM — 6 H 2, B UEeTBEPTOM — b 1 2.

19



6. PENE U COEOVHUTENU

Hapsisly ¢ BEIKIOUATENSAME M NepeximoyaTensmMu B PaJIHOIIEKTPOHHOI Tex-
HHKE JUL JIMCTAHLMOHHOTO YNPAB/EHHs 1 Pa3iMHbIX Pa3BA30K MIHPOKO [pHMe-
HAIOT dnexmpomazrumivle pene (0T $paHIy3ckoro ciosa relais). Onexrpomar-
HHTHOE PeIIe COCTOUT M3 9)ICKTPOMArHHTA U OJHOH MM HECKONBKHMX KOHTAKTHEIX
rpyni. CHMBOJEI 9THX 0653aTENBHEIX 31EMEHTOR KOHCTPYKLHH pene H 06pasyior
€ro ycioHoe rpapuyeckoe o6osnauenue [4].

OnexTpomarHuT (Tounee, ero oGMoTKY) H300paXaloT Ha CXeMax B BUJE Mps-
MOYTOJIBHHKA C [IPUCOC/IMHEHHEIMA K HEMY JMHHAMH JJIEKTPULECKOH CBA3H, CHM-
BOJIM3MPYIOLIMMI BEIBOZIBL. Y CIIOBHOE rpaueckoe 0603HaYeHHe KOHTAKTOB pac-
TONaraioT HaNpOTHB OJHOM M3 y3KHMX CTOPOH CHMBOJNA OGMOTKH M COEIMESAIT ¢

HHM JINHHCH MEeXaHHYeCKOH CBs3H (IYHKTHPHOM JuHuel). ByKBeHHsIil ko pene
— 6yxBa K (K1 na puc.6.1)

|1{1 , I Brisoast o6MmoTky s ynoberea J10-
[LE [LS HycKaeTcs u300paxars ¢ OFHOH CTOPOHBI
& =l _—_\_ __________ Y P P

(eM. puc. 6.1, K2), a CUMBOJIbI KOHTAKTOB —
| B PasHBIX 4YacTaXx cxembl (pstmom ¢ YI'O
12 KOMMYTHPYEMBIX 3NIEMEHTOB). B stom ciy-
< > K2.1 K22 yae npﬂﬂinnemﬂocm xom‘aimﬁ TOMY mi]n

K2 | = MHOMY penie yKasbIBaloT OOBIYHBIM 06pasoM
B TNO3HIHOHHOM 0003HAYEHHH YCIIOBHBIM
HOMEPOM KOHTAKTHOH rpymist (K2.1, K2.2,

_I/r.
K3 | K4 K5 | [

2000 { { p ::& Buytpu  ycnoBHoro  rpaduueckoro
0 0603Ha4eHus 0GMOTKM CTaHHAPT JOMYCKAET
YKa3pIBaTh ee mapamerpsl (cM. puc. 6.1, K3)
K6.1 SF1  MIM  KOHCTPYKTHBHBIE oOcoGennoctH. Ha-
TIpUMep, JBe HAKJIOHHBIE JHHHU B CHMBOJE
o6MOTKU pese K4 03HA4aIoT, UTO OHA COCTO-

e gl HT U3 JIByX 0OMOTOK.
Honspusopanssic peite (OHH 0GHNHO YIPABIIOTCS H3MEHEHHEM Harpasiie-
HUS TOKA B OJIHOH MM JIBYX OGMOTKAX) BBLAENAIOT HA CXEMAX JATHHCKON GyxBoii
P, BuncriBaemoit B tononsnTensHoe rpaduyeckoe none YO 1 JBYMs KUPHBIMU
TouKamu (cM. puc. 6.1, K5). Dty Touku Bozse OJIHOTO U3 BBEIBOJIOB OOMOTKHM M Of1-
HOTO M3 KOHTAKTOB TAKOrO pejie O3HAYaloT CieAyIollee: KOHTAKT, OTMEYeHHBIH
TOUKOH, 3aMBIKAETCA TPH N0JIaYe HANPSKEHHS, TIONOKUTENBHBLA [10JTI0C KOTOpOro
TPHJIONKEH K BBIAETICHHOMY TakuM e 06pasom BbiBomy o6Motku. Eciu Heobxo-
AHMO TOKa3aTh, YTO KOHTAKTBI MOJIAPU3OBAHHOTO Pesie OCTAIOTCSH 3AMKHYTEIMA H
TIOCIIE CHATHS yNPABIISIOMIErO HATIPKEHKS, OCTYHAIOT TAK JKe, KaK U B CIlyyae ¢
KHOTIOHHBIMU MIEPEKITIOYATEISIMH (CM. Pas/l. 5): Ha CHMBOJIE 3aMBIKAOIIEro (WK
Pa3MBIKaIONIero) KOHTaKTa H300paxaroT HeBOMBLIONH KpPYIKOK. CymecTByror Tax
K€ penie, B KOTOPBIX MarHUTHOE IIONe, CO3JaBaeMOoe YIPABIIONIAM TOKOM 06MOT-
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KU, BO3/IEHCTBYET HEMOCPEACTBEHHO Ha UyBCTBUTENBHBIE K HEMY (MarHMTOYIpaB-
JIIeMble) KOHTAaKThI, 3aK/IIOYEHHBIC B FeDMETHUHBIH KOpMyc (OTCIONA M HasBaHUeE
repxon — I'EPmertusuposanseiit KOHTakt). UTo6b! OTIMYHMTE KOHTAKTEI FePKOHA
OT JpyruX KOMMyTalHOHHBIX H3zienuii B ero YI'O uHOrIa BBOAAT CUMBOJI repme-
THYHOTO KOPITyca — OKPYXHOCTb. IIpHHAIEKHOCT K KOHKDETHOMY pejie yKashl-
BAIOT B TO3UIHOHHOM 0603HaueHnu (cM. puc. 6.1, K6.1). Ecnu sxe repkoH He siB-
JISIETCS YACTBIO Pelle, a YIPABIETCS MOCTOSHHBIM MATHUTOM, ero 0603HayaloT Ko-
IOM aBTOMATHYECKOTO BhIKIIOaTens — Oyksamu SF (puc. 6.1, SF1).

Bosburyio rpymnmy KOMMYyTALMOHHBIX H3lenHii o6pasyroT BCEBO3MOXKHBIC
coedunumeny. Hauboree MIMPOKO MCIONB3YIOT pasheMHble COeMHUTeNH (1uTen-
CeIIbHBIE PA3BEMBI, CM. pHC. 6.2). KOJ pasheMHOro CoeIMHUTEN — JaTHHCKas Oy-
kBa X. TIpn M306pakeHHUH WTHIPEH ¥ THE3/ B Pa3HbIX 9aCTAX CXEMBI B NMO3HIHOH-
Hoe 0G03HAYeHHE MEpPBBIX BBOJAT OykBy P (oM. puc. 6.2, XP1), Bropex — S
(XS1).

BBICOKOYACTOTHEIE (KOAKCHAIIBHEIE) XP1 26
COGNMHUTENM U UX YacTd obosnavaror Oy- o Xw1
kBamMu XW (cMm. puc. 6.2, COeMHHTENH o ..-@-{

XW1, raesna XW2, XW3). Otnu4uTens-

HBIH MpPU3HAK BBICOKOYACTOTHOTO COEJH-~ Xw2 XW3
HHUTENs — OKPYXHOCTh C OTPE3KOM Kaca-
TENBHOM JIMHWH, NapaLIeNIbHOR JHHUK
9JIEKTPUYECKO CBSI3M U HaNpPaBIECHHOK B
cropony coenunenus (XW1). Eciu xe ¢
JIDYTMMHE 9JIEMEHTaMH YCTPOHCTBA IITHIPh
WIH THE3/[0" COEIMHEHBl KOAKCHAbHBIM 3]( n
kabeneM, KacaTelbHYIO TMpOISIOT H B x1 A‘)O'
npyryio cropony (XW2, XW3). Coenune- .

HHe KOpITyca COCAMHUTENA U OTUIETKU KO- :

aKCHANBHOrO Kabens ¢ ofIMM IPOBOAOM (KOPITYyCOM) yCTpoHCTBa TIOKa3IBAIOT
IPUCOE/IMHEHHEM K KacaTenbHoi (6e3 Touku!) NUHUM DNEKTPAYECKOH CBA3M CO
3HAKOM KopIiyca Ha KoHue (X173). ol

Pa3GopHsIe COEIMHENHS (C TOMOIIBIO BUHTA WIH LITHTBKY C Tafikoit 1 T. 11.)
o6o3uavaroT Ha cxemax Gyksamu XT, a H306paKaioT — HEGONBLIMM KPYKKOM
(cm. puc. 6.2; XT1, XT2, nuameTp OKpYXHOCTH — 2 MM). DTO Xe yCIIOBHOE Ipa-
(uueckoe 0603HAYCHHE HCTONB3YIOT H B TOM CIydae, €Ciid HeoOXOMMO T0Ka3aTh
KOHTPOJBHYIO TOYKY.

Tepesata CHIHANOB HA TOIBUIKHBIE Y37bI MEXaHH3MOB YaCTO OCYIIECTBIS-
©TCsl ¢ TIOMOIITBIO COEJIMHENHS, COCTOALIEr0 M3 MOABMKHOIO KOHTaKkTa (ero 30
6paXcaloT B BUIE CTPENKH) H TOKOMPOBOJSIICH MOBEPXHOCTH, IO KOTOPOH ont
ckonp3uT. Eciy 9Ta MOBEPXHOCTH NHHEHHas, €€ MOKa3bBAlOT OTPE3KOM NPAMOH
JIMHHUY C BBIBOZOM B BUJIE OTBETBJIEHHS Y ONHOIO U3 KOHIOB (cM. pHc. 6.2, Xl), a
€CITH KOJIHIEBAs WM [UIHHAPHIECKas — OKPYIKHOCTBIO (X2).
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Xs1 TpuHa[IeKHOCT  WITHIpEH MM
1 THE3]l K OJ[HOMY MHOTOKOHTaKTHOMY CO-
€IMHUTENO MOKa3BIBAKOT Ha CXeMax JiH-

2 HHEH MEXaHMYECKOH CBSI3H M HyMepaly-

3 el B COOTBETCTBHHM ¢ Hymepauueil Ha

camux coenunuTensix (puc. 6.3, XSI,
XP1). Tlpu u306parkeHnH pa3HEeCEHHBIM
crocobom YCIIOBHOE OyKBEHHO-
HUQPOBOE MO3ULMOHHOE 0603HaueHUE
KOHTAaKTa COCTAaBIIIOT M3 00O3HAYEHHS,
TIPUCBOCHHOTO COOTBETCTBy}OI].[eﬁ YJacTH
coeuHuTeNs M ero Homepa (XS1.1 —
TIepBOE IHe3l0 poserku XS.I; XP5.4 —
YETBEPTHIN MITHIPB BHIKM XP6 W T. 11.).
Jlns ynpouenus rpadpuyeckux pa-
60T CTaHApT MOMYCKaeT 3aMeHATh yc-
JIOBHOE rpaduyeckoe oGo3HaYeHne KOH-
TAKTOB PO3ETOK U BHJIOK MHOIOKOHTAKT-
HBIX COeAMHHUTENEH HeGONBIHMU Ipo-
HYMEPOBaHHBIMU HPAMOYTOJBHUKAMH C
COOTBETCTBYIOLIMMH CHMBOJIaMH (IHE3/a
WIH ITHIPA) Hajy HUMH (CM. puC. 6.3,
XS2, XP2). PacrionoxxeHne KOHTaKTOB B

LHCCY CHMBONIAX ~Pa3bEMHBIX  COEUHHTENCH
_< X1 >__ X3 MOXET GBITH JH0OBIM — 31€Ch BCE OIl-
penensercss Ha4yepTAHHEM CXEMBI; HEHc-
X2 TONb3yeMble  KOHTAaKThl Ha  CXemax
_< >__ OOBIYHO He MOKA3BIBAIOT.

AHANOrMYHO CTPOATCS YCIOBHbBIE
XS1 XP1 rpaduyeckue 0GO3HAYEHHS MHOTOKOH-
P ,1_< TaKTHBIX ~ Pa3beMHBIX  COEJUHUTENEH,
I 1300paXKaeMbIX B COCTHIKOBAHHOM BH[IE

—2—< (puc. 6.4). Ha cxemax pasbeMHble CO-

l €[IMHUTENN B TAKOM BHAE HE3aBHCHMO OT

< YHMCJIA KOHTAKTOB O0O3HAYAIOT OIHON
___4__< I GykBoit X (ucKioueHne — BBICOKOYAC-
TOTHBIE COeUHHTENH). B uemwtx eme
Puc.6.5 GONBLIErO yMpOIUeHUs TrpaduKd CTaH-
JapT JOIMycKkaeT 0003HAYaTh MHOTOKOHTAKTHBIA COEAMHHMTENb OJHHM TIPSIMO-
YTOJBHUKOM C COOTBETCTBYIOIIMMH YHCIIOM JINHHIA 3IEKTPUYECKOH CBA3H M HyMe-
pauwueit (cM. puc. 6.4, X4).
Jlnst KOMMyTALMH PEIKO NEepeKIoYaeMbIX Lerel (AeuTeneil HanpsKeHus ¢
T0A0OPHEIMY 3IIEMEHTaMH, TIEPBHYHBIX 0OMOTOK TpaHC(hOPMATOPOB CETEBOro M-
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TaHWs ¥ T. [.) B DJIEKTPOHHBIX YCTPOUCTBAX NPHMEHSIOT MEPEMBIYKH M BCTABKH.
[lepembluKy, NpeRHa3HAYEHHYIO Ul 3aMBIKaHHs HIM pasMBIKaHUsA lenH, 0603Ha-
YaloT OTPE3KOM JIMHUH 3IIEKTPHYECKOH CBSI3H C CUMBOJIAMH Pa3beMHOI0 COeIHHE-
HuA Ha KoHuax (puc. 6.5, X1), nns nepexmovenus — [1-o6pasnoii ckoGoit (X3).
Hannuue Ha mepembdKe KOHTPOJNBHOIO IHe3jia (MM IITBIPS) ITOKa3bIBAIOT COOT-
BETCTBYIOLIUM CHMBOJIOM (X2).

Ilpu obo3HaveHMM BCTABOK-IepeKiioyarelielf, obecrmeunBalommux Gonee
CIIOXHYIO KOMMYTAIIUIO, HCIIONB3YIOT CIOCOG [is H300paXeHH s IIEPEKIoYaTeet.
Harpumep, BctaBka Ha puc. 6.5, cocrosiuas u3 poserku XS1 u suiku XP1, pa-
Goraer cieyromuM 00pa3oM: B IOJNOKEHHH | 3aMBIKATENV BUJIKH COETUHSIOT
ruesga 1 u 2, 3 u 4, B nonoxenuu 2 — raesna 2 u 3, 1 u 4, B nonoxenuu 3 —
ruesga2u4. lu3.
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7. QWOAOb!, TAPUCTOPbI, ONTO3NEKTPOHHBLIE MPUBOPLI

Jropl — TIPOCTEHIIME TOITYIPOBOHUKOBBIE PHGOPBI, OCHOBOH KOTOPBIX
SBJIAETCS 3JIEKTPOHHO-/BIPOYHBIH Tepexoj (p-n-riepexon). Kak u3BecTHO, OCHOB-
HOE CBOMCTBO p-n-Tepexofa -— OJHOCTOPOHHAS NPOBOAMMOCTE! OT OGNACTH p
(anon) x obnmacti n (katox). DTO HAMTISIHO MEPEJAET W YCIOBHOE Ipauueckoe
0Qp3HaYEHHE IONYNPOBOAHHKOBOrO AMoAa [5]: TpeyroibHUK (CHMBON aHOAA)
BMECTE C TepeceKalollelt ero JUHUeH 2JIeKTPUIeCKOoi CBsI3H 06pasyloT mogobue
CTPEJIKH, yKa3bIBAIOLIEH HANpaBIeHHE NpoBouMocTH. [lepreHmuKyspHas 9ToH
CTpeJIKe YepToyKa CHMBONU3UpPYeT Katof (puc. 7.1).

Byxsennplit kox puonos — VD. DtuM KogoMm
0003HAYAKOT HE TONBKO OTAETBHBIE JJUOJBI, HO U LeJble
TPyNIBI,  HANpUMEP,  BBIIPAMHUTENbHbIE  CTOJIOBI
(cm. puc. 7.1, VD4). Vckmo4eHne COCTaBISIET OIHO-
(hasHbIi BLINPIMUTEIBHEIA MOCT, H300paxaeMblif B BU-
VD3 KL106T Jie KBajpaTa C COOTBETCTBYIOIMM HYHCIIOM BLIBOZOB M

CUMBOJIOM JiHoJa BHYTpH (puc. 7.2, VD1). IonspHocTs

_"‘Q— BBIMIPAMIIEHHOTO MOCTOM HaNpsKEHHs Ha CXeMmax He

Puc.7.1 YKa3BIBAIOT, TaK KaK €e ONHO3HAYHO ONPEJCIISCT CHM-

Box Jiuojia. OnHodasHble MOCTHI, KOHCTPYKTHBHO 065~

CIMHEHHbIC B OJHOM KOpIIyce, H300paXaloT OTHENBHO, ITOKa3bIBasi MPHHAIENK-

HOCTb K OJIHOMY HW3[EJIMI0 B IO3HIHOHHOM o6o3Hayenun (cm. puc. 7.2, VD2.1,
VD2.2). PsjoM ¢ O3ULEOHHEIM 0603Ha"YeHHeM IM0/ia MOJKHO YKa3BIBaTh ¥ €ro THIL.

+ = VD2 vp3s  |vDs
D1 VD1 e _%___
= = = VD4
o1 S o
wy

11 1C

VD2

£

Puc.7.2 Puc.7.3

Ha ocHoBe 6a30BOro CHMBOJIA NTOCTPOGHBI H YCJIOBHBIE Ipaduyeckue 060-
3HAYEHHs TI0JIYIPOBOJHMKOBEIX JHONOB C 0COBBIMK CBOicTBaMH. UTOOEI IOKA3aTh
Ha cxeme CTaGHINTPOH, KaTO JOMONHSIOT KOPOTKHM IITPHXOM, HAaNPaBIEHHBIM B
cTOpoHy cuMBoJa anona (puc. 7.3, VD1). CreliyeT OTMETHTb, 4TO PACIIONOXKEHHE
IITPUXA OTHOCHTENBHO CHMBOJNA aHOJA JOJDKHO ObITh HEM3MEHHBIM HE3aBHCHMO
ot nonoxenns YI'O crabunurpona Ha cxeme (VD2—VD4). D10 OTHOCHTCS ¥ K
CHMBOJTY JIBYXaHOJHOTO (IBYCTOPOHHEro) cTabunurpona (VDS).
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AHAJIOTHYHO TOCTPOEHB! YCIIOBHbIE rpaduueckne OGO3HAYCHHA TYHHENb-
HBIX JIMOJOB, OGpAIICHHBIX 1 HOKOB LLOTKH — I0JIyNPOBOAHMKOBEIX MPHGOPOS,
JCTIONE3yeMBIX /T 06paboTku curHanos B obnactn CBY. B cumBosie TyHHENBHO-
ro muona (eM. puc. 7.3, ¥D8) kaTo/ IOTNOIHEH ABYMS IITPUXaMH, HArpaBICeHHEIMA
B o1y cropony (k anogy), B YI'O guona Lotk (VD10) — B pasHbIe CTOPOHEL; B
VTO obparenHoro auoa (VD9) — oba WITprxa KacaioTes Katoaa CBOEH CepeIuHOM.

CBoiicTBO 0GPATHO CMEIIEHHOTO p-1-NIEPeX0ia BECTH Ce0sl KaK deKTprye-
cKas EMKOCTh MCTIONB30BAHO B CIELMANBHBIX JMOJaxX — Bapukamax (0T ClloB
vari(able) — mepemenHslit 1 cap(acitor) — KoHieHcaTop). YenosHoe rpaduye-
ckoe 0Go3HAYEH e STHX NPUGOPOB HANISIHO OTpaKaeT uX nasnauenue (puc. 7.3,
VD6): npe MapaUleNbHBIC JIMHHM BOCIPHHUMAIOTCA KaK CHMBOJ KOHICHCATOPA.
Kax 1 KOHJIEHCATOPBI TIepeMeHHOli EMKOCTH, Ui y/106CTBa BAPHKAITB! HacTO H3r0-
TORJSIOT B BULE GNOKOB (MX HA3BIBAIOT MaTpHiamMu) ¢ obLIMM KATOJAOM H pas-
nebHBIMA arogamu. i mpumepa Ha puc. 7.3 nokasano YI'O MaTpHubl 13 ABYX
Bapukanos (VD7).

Ba3oBsIii CHMBOI JHOJA HCTONK30Bat i B YI'O mupucmopos (0T rpedecko-
ro thyra — JIBEpb ¥ aHIIHACKOTO resistor — PE3UCTOp) — MOJYIPOBONHAKOBEIX
nprGOpOB ¢ TPeMst p-n-TIepexoaMu (CTPYKTypa p-n-p-t), HCTIONB3YEMBIX B Karie-
CTBC NEePeKITIOYaIOIIHX JHO0B. ByKBEHHBIH KO/ 3THX npuGopos — VS.

TUPHCTOPBI C BHIBOJAMH TONBKO OT Kpaii- vs1
HHX CJIOEB CTPYKTYpPbl HA3BIBAIOT OuHuCmopa- q %
My n 0GO3HAYAlOT CHMBONIOM JHOA4, I€- . rl
pevepKHyTEIM OTPE3KOM JIMHWH, Napajuieib- 2 2 ViS4
HBIM KaTomy (puc. 7.4, VS1). Takoi xe npueMm v
MCTIONb30BaH U Tpy noctpoernn YT'O cummer- / iy Vss
puunoro puHucTopa (VS2), MPOBOAALIETO TOK VS3

(mocsie ero BKIIOUEHHs) B 0GONX HANpPaBICHH-

sx. TUPUCTOPBI C JOTONHATENBHBIM, TPETBHM
BBIBOJIOM (OT OJHOTO M3 BHYTPEHHHX CIIOEB
CTPyKTYpBI) Ha3BIBAIOT TPHHACTOPAMH. YIIpaB- S
sienve no karoxy B YT'O atix npubopos noxa- \\A\ W

3BIBAIOT JIOMAHON JIMHKEH, MPUCOETHHERHON K N

cumMBoNTy Katosa (VS3), no aHonmy — JIMHHEH, 53
IIPOJIOIKAIOLIEH OJHY M3 CTOPOH TPEYroMbHH- 1/

Ka, cuMBonm3npyIowero atof (VS4). Yenosmoe

rpaduueckoe  0GO3HAYEHHE CHMMETPUIHOIO

N3 N _yos
(nByHAaNpaBIIeHHOr0) TPUHACTOPA MOYTAIOT U3
CHMBOJA CHMMETPHYHOTO JHHHMCTOpA H0GaB-
JieHneM TpeThero BeiBoja (cM. puc.7.4, VS5).
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U3 110108, H3MEHOIINX CBOM MapaMeTPh! IO AeHCTBHEM BHEIHUX dak-
TOPOB, Haubosee WHPOKO MPUMEHSIOT omoduodsl, YroGsl MOKA3aTh TAKOH MO~
JIyIPOBOIHUKOBEIA IPUGOP Ha cXeMe, 6a30BbI CHMBOI AMOA NOMEWIAIOT B Kpy-
XKOK, a ALIOM C HUM (cre6a 66epxy, Hesasucumo om nonosicenus YI0) noMemaot
3HAK QOTONEKTPHYECKOrO dhexTa — JBE HAKIOHHBIE NMAPAJUIENbHbIE CTPENKH,
HampaBlIeHHbIe B CTOPOHY cuMBOJA (puc. 7.5, VD1—VD3). Iofo6usiM o6pazom
crpositest YI'O 1moGoro pyroro mosynpoBOAHHKOBOTO MOJ(A, YIIPABISEMOTO Ofl-
THUECKUM u3iyyenueM. Ha puc. 7.5 B kadecTse nprMepa MOKa3aHO YCIOBHOE Ipa-
(ueckoe o6osnavenne Gporoaunucropa VD4,

HLL /} HI /;‘ AHAJIOTHYHO CTPOSTCS yCIOBHBIE rpadude-

CKHe 0603HAYEHHs CBETOM3IYYalOlMX HO/I0B, HO

CTpeky, 0603HAYAIONIME ONTHYECKOE U3NyYeHHE,

TIOMELIAIOT CHPAasa 66epxy, He3asUCUMO Om NOJO-

|1 oicenus YI'O U HANIPABIAIOT B NPOTUBOIONOKHYIO

HLS cropony (puc. 7.6). IToCKOIBKY CBETOMMOMBI, H3-

‘j;. B b JyHAIOIMe BUIMMBIH CBET, IPUMCHSIOT 0GBIYHO B
5—’

Ka4eCTBE MHAMKATOPOB, Ha CXemax HuX o6o3Haua-

[EE

7 5 10T JIATMHCKMMH GykBamu HL. Cranxapruslii Gyxk-
- BEHHBIH KOA D WMCMONB3YIOT TONBKO Al MH(pa-
wll 6
T kpacHeix (UK) cBeTonuo0B.
Hna orobpaxenus uudp, Gyks M Apyrux
|s 3HAKOB 4acTO IIPUMEHSIOT CBETONHOIHBIE 3HA-
Pue.7.6 KOBBIC MHIUKATOPEI. Y CIIOBHBIE rpaduyeckue 06o-

3HaYeHHus 1ojo6HeIX ycrpoiicte B ['OCTe dop-
MaJbHO HE NPEIyCMOTPEHbI, HO Ha IPAKTHKE IIHPOKO MCMOMB3YIOTCA CHMBOJIEL,
nozo6usle HL3, noxasaHHoMy Ha puc. 7.6, rie nsobpaxeno YI'O cemmucerment-
HOTO MHIMKAaTOpa Wit oTobpaxkenns uudp u sarsroif. CerMenTs! 0M06HbIX UH-
JKATOPOB 0GO3HAYAIOTCS CTPOUHBIMI GYKBAMH JATHHCKOTO anhaBUTa 110 Yaco-
BOi CTpelIKe, HAYMHAS C BEPXHEro, DTOT CHMBON HAMIMIHO OTPAKAET MPAKTHYE-
CKH PeaIbHOE PACTIONOXKEHHE CBETOU3ITYAIOMIHMX NEMEHTOB (CETMEHTOB) B MH/IH-
KaTope, XOTs U HE JIMIUEH HeJOCTATKa; OH He HeceT MH(OPMAIMU O MOJAPHOCTU
BKIIOYEHHS B DJICKTPHYUECKYIO el (IOCKOIBKY MOMOGHbIE HHANKATOPHI BEITYC-
KaloT KaK C 00IMM aHOJOM, TaK U ¢ OBIUM KaTOAOM, TO CXEMBI BKIIOMEHHs Gy Iy T
pasnudarsest). ORHAKO 0COGBIX 3aTPY/IHEHMH 5TO0 He BBI3BIBAET, MOCKONBKY MOJ-
KJIOYEHHE OOIIEro BBIBOJA MH/MKATOPOB 0BBIYHO yKa3hIBAIOT Ha cxeme. Byksen-
HBIi KOJT 3HAKOBBIX HHIMKATOpOB — HG.

CaeTonanyatomue KpUCTaIlIbl UAPOKO HCTIONB3YIOT B ONTPOHAX — CIIELH~
IGHBIX NPHOOpAX, MPUMEHSEMBIX JULL CBASH OTAE/BHBIX HacTeil SeKTPOHHBIX
YCTPOHCTB B TeX CIy4asix, ecnu HeoGXoMuMa WX ranbBaHudeckas paspsska. Ha
CXeMax onTpoHbl o6o3HauaoT GykBod U M M306pakaloT, Kak MOKA3aHO Ha
puc. 7.7.
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OnNTHYECKYIO CBA3b H3IY-
yarens (cBerogmoma) u  do-
TONPHEMHHKA  IIOKA3BIBAIOT B
9TOM Cllydae ABYMs CTPEIKaMH,
MEePreHANKYISPHEIMY K JIMHUAM
9JIEKTPUYECKOH CBS3M — BBIBO-
Jiam ontpona, POTONPHEMHUKOM
B ONTPOHE MOTyT OBITH (OTOMM-
on (em. puc. 7.7, Ul), dorortupu-
crop U2, doropesucrop U3 u
T. A. B3auMHas OpUeHTanHs CuM-
BOJOB M3ydarens u  Qoro-

Ul U2

v=v) (=5

U3 wy S |82
z::ﬂ @% @

Puc.7.7

IPUEMHHKA He pernameHTupyercs. [Tpu Heo6X0AUMOCTH COCTaBHbIE HACTH ONTPO-
Ha MOXHO M306pa)kaTh pasfelbHO, HO B 3TOM Cllydae 3HaK ONTHYECKOH CBA3M Clie-
JIYeT 3aMEHATH 3HAKAMH ONTHYECKOro H3jydennus u Goroapdexra, a NpHHALICHK-
HOCTB YaCTei K OJHOMY M3JIENHIO IOKa3bIBATh B I03HIHOHHOM 0603HaueH!H (oM.

puc. 7.7, U4.1, U4.2).
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8. TPAH3UCTOPBI

Tpansuctop (0T aHIIMHCKUX COB fran(sfer) — NepeHOCHTh U (re)sistor —
COMPOTHBIICHKE) — MOJYTPOBOHHUKOBEIH MPHGOP, Npe/iHASHAYEHHBIH [Ts yCuIe-
HUsl, TEHEPUPOBAHUA U 1peoOpasoBaHus STeKTpUueckux konebanuit. Hambosee
PACTIPOCTPAHEHbl ~ TaK  Ha3plBa€Mble  OWIIONAPHBIE —TPAH3UCTOPBL — DJIEKT-
PONPOBOIHOCTh HMUTTEPA M KOJUIEKTOPA BCErla ONMHAKOBas (p win n), 6aszpl —
TPOTHBONIONOXKHAA (71 MK p). VIHBIMHU cloBamH, GHIIONSAPHBII TPAaH3UCTOP COAep-
XKUT 1IBa p-n-TIEPEXo/ia: OJMH U3 HUX COeNMHSET Ga3y ¢ SMUTTEpOM (IMHTTEpHBIi
TEPEXOA), APYTO# — ¢ KOMUIEKTOPOM (KOJUIEKTOPHBIH TIepexo).

@12 VTl ByKBeHHBIH KOA TPaH3MCTOPOB — Jia-
12052 KT361A turckue Gykspl F'T. Ha cxemax ati nomymnpo-
=) 6o rPR BOJHUKOBBIE NPHOOPEI 0603HAYAIOT, KaK I10-
kasano Ha puc. 8.1 [5]. 3mech KopoTKas 4ep-
TOYKA C JIMHHUEH OT CepesIHHBI CHMBOJIM3UPYET

4 5'% VT2 6asy, J1Be HAKIIOHHEIC JIMHUH, [IPOBEJECHHBIE K
€e Kpasum 1oz yriom 60°, — sMuTTep U KO-

VT3 VT4 nextop. O6 31eKTPONpoBOAHOCTH Ga3sl Cy AT
10 CHMBOJTY SMHTTEpPA: €CJIH ero CTPeNKa Ha-
npasneHa x 6ase (cM. puc. 8.1, VT1), To ato
O3HAYaeT, YTO SMHUTTEP HMMEET 3IeKTPOIpo-

BOJAHOCTE THIA p, a 6asa— THIA 1, €CTH XKe
VTs V716 CTpeNKa HalpaBieHa B IPOTHBOLOJIOKHYIO
KT1185  cropony (V72), 37eKTPOIPOBOAHOCTS SMHTTE-

pa u 6a3bl obpaTHasL.

3HaTh JNEKTPONPOBOJHOCTE IMHUTTEpPA
PucS.1 6aspl M KOJUIEKTOpa HEOOXOMMMO JUIS TOTO,
4TO0B! MPABHIBHO TONKIIOYHTD TPAH3UCTOP K
MCTOYHMKY IIUTaHHs. B clpaBovHHKaX 3Ty HH(OPMALHIO MPUBOAAT B BUJIE CTPYK-
TypHO# opmyisr. Tpausucrop, 6a3za KOTOPOro MMEET 3J1EKTPONPOBOMMOCTD TH-
na 1, 0603Haqal0T YOpPMYIION p-n-p, a TpaHauCTop ¢ Gasoil, HMerOIIEH TeKTPO-
HPOBOJHOCTE THNA p-n-p. B mepBoM ciyyae Ha Gasy M KOIUIEKTOP CIEAyeT Ioja-
BATh OTPHLATENTBHOE 110 OTHOLICHUIO K OMUTTEPY HANPSDKEHHE, BO BTOPOM — T10-

JIOXHUTENBHOE. :

[l HarmAmHOCTH  yCNOBHOE Trpaduueckoe OBGO3HAYEHHE OUCKDEmHOZ0
mpan3ucmopa 06BIMHO TIOMEIIAIOT B KPYKOK, CHMBOJIM3MDYIOLUMH €ro KOpryc.
Mrorna MeTamiuueckui KOpIyc COENUHSIOT C OHUM M3 BBIBOJIOB TPAH3UCTOPA.
Ha cxemax 910 1MOKa3bIBAETCA TOYKOH B MECTE IEPECEYEHHs COOTBETCTBYIOUIETO
BBIBOZA C CUMBOJIOM Kopryca, Ecin jke Kopryc cHaGeH OTHENbHBIM BEIBOIOM,
JIMHHIO-BBIBOJ HOMYCKAETCs PHCOMHATE K KpyKKy 6es touku (VT3 na puc. 8.1).
B uensax nosermenus HHGOPMATHBHOCTH CXeM PSOM C TIO3MIMOHHBIM 0603HaYe-
HHEM TPaH3UCTOPa JIOIYCKACTCsl YKa3bIBaTh €ro THIL.
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JIMHMH 3EKTPUYECKOil CBS3H, MIYIIHE OT SMUTTEPA M KOJUICKTOPA NPOBO-
1T B OJIHOM M3 JIByX HAIpaBJICHMIT: MEpIeH/IMKYIPHO WK NapajIenbHo BRIBOLY
6asp1 (VT3—VTS). Wsnom BbiBoja 6a3bl [OMyCKaeTCs JIMIIb HA HEKOTOPOM pac-
CTOSIHUH OT CUMBOJIA Kopmyca (VT4).

TPaH3UCTOP MOKET MMETh HECKOJIBKO IMHTTEPHBIX OGnacTell (IMHTTEPOB).
B 5T0M Cllydae CHMBOJIEI OMUTTEPOB OOBIYHO H306PAXKAIOT C OJIHON CTOPOHBI CHM-
Bosia Ga3bl, a OKPYXKHOCTH 0GO3HAuYEeHHs KOpryca 3amensior osaiom (puc. 8.1,
VT6).

Crangapr JOmycKaeT W306paxarh TPaH3UCTOPHL M Ge3 cuMBoNia Kopmyca,
HanpUMep, NPy M300paXeHHH GEeCKOPIyCHbIX TPAH3MCTOPOB HIIM KOT/IA Ha CXeMe
1e0BXOIMMO T10Ka3aTh TPAH3HCTOPEI, BXOMALINE B COCTaB CGOPKH TPaH3MCTOPOB
WM MHTETPAIBHOM CXEMBL.

Tlockonbky OykBeHHBIH Kox VT mpeny-
cMOTpeH Juisi 0603HAUEHHs TPAH3MCTOPOB, BBI- DA12
TIOJHEHHBIX B BAE CAMOCTOATENBHOTO Mpubopa,
mpansucmoper  c6opox  0603HAYAIOT OJHAM K3
creytomux crocoGoB: mGo uerons3yior koi VT DA1.2
M NIPUCBAUBAIOT UM MOPSJIKOBBIE HOMEPA Hapsiay ©
JIpyrHMH TpaHsucTopamu (B aTom ciyyae Ha noie
CXeMBl MOMELIAIOT TaKylo, HANpUMep, 3aluch:
VT1-VT4 K159HT1), 1160 HCHIONB3YIOT KOA aHa-
JIOTOBBIX MHKpOCcXeM (DA) 1 yKa3blBaiOT IPHHA/-
JIeKHOCTh TPAH3UCTOPOB B COOPKE B MO3UIMOH-
HoM obosnagenun (puc. 8.2, DAL.1, DA1.2). V Puc.8.2
BBIBOJIOB TaKUX TPaH3HCTOPOB, Kak MPaBuIIO, el
IIPUBOJAT YCIOBHYIO HyMEpAlHio, MPUCBOCHHYIO V12
BBIBOZIAM KOpITyca, B KOTOPOM BBITIOJIHEHA Mat-
puna.

Bes cumBona Kopiyca H300paaloT Ha
CXeMaxX M TPaH3UCTOPbI AHATOTOBBIX M HU(POBBIX VT4
MHKpOcXeM (Iist TIpEMepa Ha puc. 8.2 M0Ka3aHbl
TPAH3UCTOPBI CTPYKTYPBI H-p-n C TPEMs U de-
TBIPBMS IMUTTEPAMH). VT3

DAL
K159HT1A

Venosusle rpaduueckue 0603HaueHUs He- Puc.83
KOTOPBIX Pa3HOBHIHOCTEH OMIONSAPHBIX TPAH3H-
CTOPOB MOJTYYAIOT BBEJICHHEM B OCHOBHOH CHMBOI CrelHaibHBIX 3HakoB. Tax,
4TOGBl U306PA3UTH JABUHHBIA TPAH3UCTOP, MEXJY CHMBOJAMH SMUTTEpA X KO-
JexTopa MoMem@ioT 3HaK dpdexTa napuHHOro npobos (cm. puc. 8.3, VT1, VT2).
TIpu nosopote YI'O 10j10KeHHE STOTO 3HaKa JOIKHO OCTABATECA HEH3MEHHDBIM.
Huave noctpoeHo YI'O 0fHONEPEXOAHOrO TPAH3UCTOPA: Y HEro OXHH p-n-
repexoy, Ho 1Ba BIBoAa 6asbl. CumBon oMuTTepa B YI'O 9TOr0 TpaH3ucTopa npo-
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BOJAT K cepefune cumBona Gasel (puc. 8.3, VT3, V'T4). O6 21eKTponpoOBOTHOCTH
TOCTIE/(HEH CY/AT 10 CUMBOITY SMHTTepa (HaIlpaBIEHHIO CTPENKH).

Ha cumBost onHONEepexonHoro Tpansuctopa moxoxe YI'O Gonbioi TPYTITBI
TPAaH3UCTOPOB € P-n-TIEPEXOIOM, IIONYIHBIINX HA3BAHUE noneaurx. OCHOBA TAKOIo
TPaH3MCTOPA — CO3JAHHBIN B MONYNPOBOJHKMKE M CHAG)KEHHBIH IBYMs BRIBOIAMH
(MCTOK M CTOK) KaHaN ¢ 3JIEKTPONPOBONHOCTEIO 7 Wi p-Tura. CONpoTHBIEHHEM
KaHala ynpasisieT TpeTHH sekTpo — 3aTBop. Kanan nzobpaxaror Tak e, KaK u
Gasy GHIOIIPHOrO TPAH3MCTOPA, HO NOMEIIACT B CEpeaHHE KPYKKAa-KOpIyca
(puc. 8.4, P'T1), cUMBOIIBI HCTOKA H CTOKA NPUCOEMHAIOT K HEMY C OJHON cTOpO-
HBI, 3aTBOPA — C APYTOH CTOPOHBI HA IPONOIDKEHHH JIMHIH HCTOKA. DIEKTPOIO-
BOJIHOCTb KaHaJla yKa3pIBAIOT CTPENKOH Ha cHMBOJIE 3aTBopa (Ha puc. 8.4 ycios-
Hoe rpaduueckoe oGosHauenue V71 CHMBONH3MPYET TPAH3HCTOp C KAHAJIOM: /-
Tuna, VT2 — ¢ KaHalloM p-THIra).

= Kl %) B ycnoBHOM rpauyeckom o6o3naue-

N C e HUM TIONEBBIX TPAH3UCTOPOB C M30JIMPOBaH-

( | ) HBIM 3aTBOPOM (€ro M306paXaioT YepToyKoii,

T Aty l ! I MapaJUIeibHOM CHMBOJTY KaHala ¢ BEIBOIOM
KaHaJ n-runa

Ha NPOJIOJDKEHMH JIMHMM HCTOKA) 3JIEKTPO-
[POBOJHOCTD KaHajla [OKA3bIBAIOT CTPENKOH,
[OMEIIEHHOH MEX/y CHMBOJAMH HCTOKA U
croka. Ecnu cTpenka HanpapieHa K KaHaiy,
TO 3TO 3HAYMT, YTO H300PaXEH TPAH3UCTOP €
KaHaloM n-TMMA, a ecld B Ipo-
THBOTIOJIOXKHYIO CTOPORY (cM. puc. 8.4, V13)
— C KaHaloM p-THna. AHAJOTMYHO [OCTY-
MAIOT IIPY HAIMYMM BBIBOJA OT MOMIOKKH
(V'T4), a TaxoKe 1pu U306paKEHUH T10JIEBOrO
TPAH3UCTOPA € TaK HA3bIBAEMbIM  HH-
JlyIMPOBAHHBIM KaHATOM, CHMBOJ KOTOPOTO
— TPH KOPOTKHMX LITpuxa (cM. puc. 8.4, VT35,
VT6). Ecitv 110[J105KKa COEIHHEHA ¢ OJ(HUM U3
9JEKTPOIOB (0BBIYHO ¢ HCTOKOM), OTO IOKa-
3b1BaroT BHYTpU YI'O 6e3 Touxu (V'17, VT8).

B moneBoM TpansncTope MoXeT GBITH HECKOIBKO 3aTBOPOB. M3oGpajcaror
Hx Gollee KOPOTKHMHU YePTOUKAMH, IIPHYEM JIMHUIO-BBIBOJ IEPBOTO 3aTBOpa 063~
3aTeJIbHO [IOMEWAIOT Ha TIPOJOIKEHUH JIHHUK ucToka (V79).

JInHuu-BBIBOIBI MONIEBOTO TPAH3KCTOPA JOIYCKAETCS M3TUGATh JIUIID Ha He-
KOTOPOM pacCTOSHHWM OT CHMBOJIA Kopmyca (cM. puc. 8.4, VT2). B HeKkoTOpBIX TH-
Tax IMONEBBIX TPAH3UCTOPOB KOPILYC MOXET GBITh COCMMHEH C OIHUM M3 3JEKTPO-
JIOB HITH UMETh CaMOCTOATE/bHBIH BBIBOJ (Hampumep, Tpansuctops THna KI1303).

@

VTs

B
55

Puc.8.4

W3 TpaH3uCTOPOB, YNpaBIseMbIX BHEIIHIMN (aKTOPaMH, IIMPOKOE HpUMe-
HEHHE HAaXONAT ghomompansucmopel. B xadecTse pumepa Ha puc. 8.5 MOKa3aHkl
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yCIoBHEIE rpaduyueckne oGo3HaueH s HOTOTPaH3UCTOPOB ¢ BhIBOLOM Gassr (VT1,
VT2) n 6e3 wero (V73). Hapsmy ¢ ApyruMH HONyIPOBOJAHMKOBBIME IPHOOpaMH,
JIeHCTBHE KOTOPBIX OCHOBaHO Ha (hoTo3NeKTpHyeckoM sddekTe, HOTOTPaH3HCTO-
PBl MOTYT BXOHIMTH B COCTaB ontpoHoB. YI'O ¢oToTpaH3ncTopa B 5TOM Ciiyuae
BMecte ¢ YI'O uanyuatesnst (0OBMHO CBETOAMO/A) 3aKIIOYAIOT B 00BEMHMOLIMIA
HX CHMBOJI KOpIIyca, a 3HaK $poToapdexra — nBe HAKIOHHDBIE CTPENKH 3aMEHSIOT
CTpPENKaMH, NePIeHTHKYISPHBIMA CUMBOILY 6a3bl,

\\m \‘\VT?’
Al

\>‘VT1

Ul U2 AOTI10B
o S| 11 |
.SZ:t:BE =5
e I
Puc.8.5

Jlns mpuMepa Ha puc. 8.5 u306pakeHa oHA M3 ONTONAP CABOCHHOIO OI-
TpoHa (06 3TOM roBOPHUT NO3MLKOHHOE 0603HaYeHne Ul.1). AHANOIHYHO CTPOUT-
¢ YI'O onTpoHa ¢ cocTaBHEIM TpaH3ucTopoM (U2).
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9. SNEKTPOHHbIE JTAMIbl, MOHHLIE MPUEOPHI,
WCTOYHUKN CBETA

DNeKTPOHHEIMH JIAMITAMH HA3BIBAIOT GOJBLIYIO IPYITTy MpHOOpoB, AeHcT-
BHE KOTOPBIX OCHOBAHO Ha MCIOJB3OBAHHH JNEKTPHUECKHX SBICHHHA B BaKyyMe.
BykBeHHBIH KOJ 2MEKTPOBaKyyMHbBIX IPUGOPOB — VL. PAiOM C MO3HIMOHHBIM
06o3HaueHKeM IPHOOPA, KaK NPaBHIIO, YKa3bIBAIOT €TI0 THIL

O6si3arenpHblil JIeMEHT GONBIMHCTBA JJEKTPOBAKYYMHBIX MPUOOPOB —
GajuioH, yare BCero CTeKsAHHbI. OfHAKO OH MOXKET GbITh M METAIUTHYECKHM, Ke-
PaMUYECKNM, METALIOKEPAMUUECKHM H Ap. Ha npuHIMmmansueix cxemax 6anion
1306paXaroT B BHJIE OKPYKHOCTH MM oBasa [6].

B npocreimeii aMne — JMONe — BCEro ABA JIEKTPOAA: KATOJ H AHOJ.
TTepBbiit CTyuUT 1M1 IMHCCHE BNIEKTPOHOB, BTOPOi — [Jist ux c6opa.

PasnuuaoT Katoibl NPAMOIO  Hakaua
(9NIEKTPOHBI HCIIYCKACT cama pacKalleHHas To-
KOM HUTbH HaKaja) ¥ KOCBEHHOIO (DIEKTPOHBI
SMUTHDYET IOJIOTPEBAEMBIH HHTHIO Hakalla H
M30/IMPOBAHHBIM OT HEE CHELHANBHBIH 3JeK-
tpon). B YT'O 21eKTPOHHBIX JIaMIT KaTo Nps-
MOr0 Hakana M MoJOrpeBaTellb KaToja KOCBEH-
HOr0 Hakaja M300paxaloT OJMHAKOBO — Ma-
JIEHBKOH Jy’KKO# ¢ HapalieSbHIMU JIMHHAMH-
BBIBOJAMH OT KOHLOB (puc. 9.1, VL1, VL2), ka-
TOJI KOCBEHHOTO Hakaja — Jy’KKO# HeCKOJbKO
GOJIBIIEr0 pajuyca ¢ OLHIM BBIBOJOM, aHOJ —
KOPOTKOH YepTOYKOH C JIMHHEil-BBIBOAOM OT
Puc.9.1 CePE/IMHEL.

B 51eKTpOHHBIX JTaMIIaX, MpejHa3HaqeH-
HBIX JUIsL YCHIICHHS], TCHEPHPOBAHUs 1 npeobpa-
30BAHUS HIEKTPUYECKUX KoJieGanuii, Kpome Ka-
TOJMA M AHOLA, HMEIOTCS 3JIEKTPOAbl, Ha3bi-
BAEMBbIe CeTKaMH. EJMHCTBEHHAs B JlaMIie WK

nieppast (Gipkaifiias K KaTomy) cetka ofbIUYHO
Ha3bIBAETCs ympapnsiomed. Msmewss ee mo-
/‘ /‘ TEHIMAT 10 OTHOIIGHMIO K KaTOAy, MOXHO
= — YNPABJIATE TOTOKOM BJIEKTPOHOB, JETALIMX K
6 2
9)

14

anozy. Bropast — skpanupyiomas (oHa, B ya-

CTHOCTH, BBINIONHSET (GYHKLUHA 3JIEKTPOCTa-

THYECKOTO 3KPaHa, YMEHBIUAIOLIEro MPOXOA-

HyI0 EMKOCTB), TPeThbsi — aHTHIWHATPOHHAs

HIIH 3alMTHAs (COGUPAeT «BTOPHYHDIEY BJIEK-

Puc.9.2 TPOHBI, BRIOHTHIE M3 aHoza). Ha cxemax cerku
U306paXKArOT IUTPUXOBEIMU JIMHUAMH, IEPHEHANKYIISIPHBIMK OCH, POXOASIIEH

32

4epe3 CHMBOJEI KaTtoja M aHona (CM. puc.
9.1, VL2—VLA4).

VIHor[a BHYTPEHHIOW 4acTe OajioHa
[OKPBIBAIOT 3JIEKTPOIPOBOMSIMAM CJIOEM,
NPEeNOXPAHAIONMM JIaMITy OT BO3JEHCTBUS
BHEIIHHUX 9JIEKTPHYECKHX TOJIEH HIH IKpa-
HupylolumM ee cobcrBeHHoe none, Ha cxe-
Max Takoi 9KpaH OOBIYHO H300paxaroT
WITPUXOBOH Jyroif ¢ nMHHEH-BEIBOJOM 6e3
ToukH  (puc.9.2,a) MM ¢  TOYKOH
(puc. 9.2, 6). Hapyxubiii skpaH (0GBI9HO
ChEMHBIH) 0003HAYAIOT AHAIOTHYHO, HO 32
rpezeiamyi cuMBoia Gaiona (puc. 9.2, 6, 2).
BEciv ke 3KpaHOM CITY’KUT caM MeTalllnde-
ckuii GainioH, ero H306paxaloT TaK, KaK mo-
Ka3aHo Ha puc. 9.2, 0.

Yacto B OJHOM GajyioHe pa3MerarT
HECKOJIBKO BJICKTPOHHBIX Jlamm (puc. 9.3,
VL1). Bxopsiiupe B Takyro KOMOMHMpOBAH-
HYIO JIaMITy IPHOOpPSI HHOTZIA HCIIONB3YIOT B
pa3sHBIX KacKajaX paJuo3IeKTPOHHOrO ycT-
poiicTBa, MOSTOMY M Ha CXEMaxX MX NPHXO-
JIATCS M306paxKaTh OTJENBHO U HAIEKO Apyr
ot apyra. Yrober we cnyrare YI'O uactei
TAKOM JIAMIIBI C CHMBOJIAMH CaMOCTOATENb-
HBIX [PUOOPOB, HX GANIOHBI BBIYEPYHBAIOT
He TOJIHOCTEIO, @ NPHHAIEKHOCTD K 3JIeK-
TPOHHOMY MPHGOPY TNOKA3BIBAIOT B IO3H-
umoHHoM  o6osHauenun (oM. puc. 9.3,
VL2.1, VL2.2). O6umit mogorpesaresb H3o-
6paXkaioT B 9TOM Cllydae B OJHOM U3 YacTeH.

Jisi ynoGerBa MOHTaXa BO3JE CHM-
BOJIOB 3JIEKTPOJIOB Ha CXemax OOBIYHO yKa-
3bIBAIOT UUQPE!, 0003HAYAIOLME YCIOBHBIE
HOMepa BBIBOZOB Ha LIOKOJIE JIAMIIBI.

Venosapie rpaduueckne 0Go3Have-
HHUS 3NEeKTPOHHO-JIy4eBbIX Tpy6ox (DJIT)
CYLIECTBEHHO OTJIHYAIOTCSA OT PaCCMOTPEH-
HblX. OOWMM /U1 HHX SABIACTCH TOJIBKO
CHMBOJI [IOZOIPEBHOrO KaToza. Bee ocraib-
Hoe, HayuHas ¢ dopmel YI'O Gamnona, ot-
paxaer crienuduKy SToi rpynibl Ipu6opos.

VL1 6®12I1

Puc9.3

OTKIOHSIOLIME
TUIACTHHB!

Puc.9.4
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CumBon Gamnona DJIT ympolneHHO BOCIHpOM3BOAMT ee (opmy (puc. 9.4).
T'padudeckoe 0603HaYEHHE IOLOIPEBHONO KATO/a MOMEIIAIOT B TOPLE ero y3Koit
YaCTH, OCTANIBHEIX 2JIEKTPOJOB — B OINpEeIENeHHO! I0CIEA0BATEIBHOCTH 110 00e
CTOPOHBI OT OcK cuMMeTpuH. [TepBEIM Moce KaToja H306paXKaroT yIpaBIsrOLUi
9IEKTPOJ — MOAYNATOp. CUMBOJI MOJIYJIATOPA TAKXKE HAIOMHMHAET €r0 YCTPOHCT-
BO B oceBom ceuenuu. [Jlanee cienyor YI'O yckopsomero u (HoKyCHpyOLero
9JIEKTPOJIOB, HA3BIBAEMBIX TAKXKE aHOXaMHU (CooTBeTCTBEHHO 1-i u 2-i). O6o3Ha-
YalOT UX OJMHAKOBO — JBYMS WITPHXaMH, K OXHOMY M3 KOTODbIX IPUCOEAMHEHA
nuHuA-BBIBOJ. MiMetommiics B HekoTopsix DJIT 3-it anoa u306pakaroT JByMs pac-
XOSLUMHUCS JTHHHAMH.

JIs OTKIIOHEHUS 3JIGKTPOHHOTO JIy4a B BEPTHKAIBHOM W IOPH30HTalLHOM
HanpasieHusx B ocupntorpaduyeckux DJIT 06bIMHO HCNONB3YIOT [ABE TApbI [Uia-
CTHH, PacriOIOKEHHBIX NMEPHeHIHKYIAPHO oxHa apyroil. YI'O ocumiorpapuye-
CKOH TPYOKHM C 3JI€KTPOCTATHYECKMM OTKJIOHEHHeM M (JOKyCHpOBKOH Jiyda moxa-
3aH0 Ha puc. 9.4 (VL1).

DOKYCHPOBATE NEKTPOHHBIH JTyY MOXHO TaKXKe C IOMOIIBIO NOCTOSHHOIO
MarHuTa WA 3JeKTpoMarHuta. Ha cxemax 5T0 MOKa3bIBAIOT CHMBOJIOM IIEPBOIO
(YNpoIeHHo BOCHPOU3BOAAT (OpPMY [OAKOBOOGPA3HOTO MATHHTA) WM BTOPOIO
(57MEeKTPOMArHUT B TI0JOGHOM Cilydae H30GpaXKaoT KaK KAaTyLIKy HHIYKTHBHOCTH,
COCTOSILYIO M3 TPeX MONYOKPYXKHOCTEN), IOMEIUCHHbIM C HAPYXKHOW CTOPOHBI
KOHTypa GallyloHa HANPOTHB MECTa, OTBEAEHHOTO JUI CUMBOJIA (HOKYCHPYIOLIETO
anexTposa (cM. puc. 9.4, VL2).

B renensuonnpix DJIT (KMHECKONAX) MArHMTBl M OJIEKTPOMATHATBI HC-
MOJB3YIOT U UL OTKJIOHEeHHUs JTy4ya. KaxpoBble M CTPOUHBIE KAaTYIIKH OTKIOHSIO-
KX CHCTEM O06O03HAYAOT OAMHAKOBO — B BUAE KATylIEK M3 IBYX MOy~
OKPYXXHOCTEH, PacrojioXeHHBIX HANPOTUB Toro Mecra, rae B DJIT ¢ snekTpocta-
THYECKUM OTKJIOHEHHEM JIyda U300paaroT OTKIOHSIOIME IacTHHBL B kauectse
tipumepa Ha puc. 9.4 (VL3) nokazaso YI'O THIMYHOIO YepHO-6e0ro KHHECKona ¢
9NEKTPOCTATHYECKOH (OKYCHPOBKOH M DIEKTPOMATHUTHBIM OTKJIOHEHHEM JIyUa.
VI'O uBeTHOrO KMHECKOIIa, COASPIKALIEro TPOMHOMH KOMILIEKT KaTo[0B KOCBEHHO~
O HaKaJla, MOYJIATOPOB ¥ YCKOPSIOIIMX 9NEKTPOJOB, CTPOST aHAJIOTHYHO, YBEIH-
YHB CUMBOJI GaJTIoHa 10 Hy>KHOro pasMepa (cM. puc. 9.4, VL4),

B otniume ot 91eKTpoBaKyyMHEIX, GAIIOHBI OHHLIX NPUBOPOE 3ATIOTHEHB
Kakum-mu60 rasom. Hamuume ero nokassiBaioT XKUPHOMH TOYKOH, IoMelaeMoit
0BBIYHO B IPaBOii YaCTH CUMBOJIA GaJlIOHA.

HG1 WH17 HL1 B uonneIx npubopax 4acTo NpUMEHSIOT
TAK Ha3bIBAEMbIE XOJOMHBIC KATOMbl (IMUCCHS
9JIEKTPOHOB M3 HUX TIPOMCXOIMUT ITOX HeHCTBH-
€M HOHOB rasa), n306paxaemsie Ha cXemax He-

00 o) 6OJIBIIMM KPYXKKOM C JIMHHEH-BBIBOJOM. Takue
KaTOJ(bl B BUJIE CTHIIM30BAHHBIX apaGekux 1udp

Puc9.5 uii OYKB M 3HAKOB MCHIOJNB3YIOTCS B razopas-

34

pAmHBIX HHAMKaTopax (OykBeHHBIH Kox — HG). YcnosHoe rpaduyeckoe 0603Ha-
YeHue ra3opaspsAHoro uHaMKatopa (puc. 9.5, HG1) cocrosit u3 cumpoia 6asnona,
AHOZ@ ¥ ONpPE/IeTIeHHOr0 YHCa XOIOJHBIX KATONOB, PANOM C KOTOPBIMH yKa3aHbI
cooTBeTCTBYOIKE LUGpbl. B Hemsx yrpommenns fomyckaeTcs n306paxars He Boe
KaTopl, a TOJNHKO TEpBble [BA M NOCIEAHUH, 3aMeHss OTCYTCTBYIOUIME IUTPH-
XOBOH JIMHUEH.

DNeKTpObl HEOHOBBIX JIAMII (MX Yalle BCEro HCIONB3YIOT B KaYeCTBE CBETO-
BBIX HHIMKATOPOB) NP paboTe B LENIX MEPEMEHHOrO TOKA MONEPEMEHHO BBINON-
HSOT (YHKIUK XOJNOHOTO KaToja ¥ aHo/a (B 3aBHCHMOCTH OT HAIIPAB/IEHHS TOKa).
Taxne KOMOHHMPOBAHHBIC BNIEKTPOMBI 0003HAYAIOT CHMBOJIOM, COBMELIAIOIMM B
ce6e xapakTepHbIe YepThl KaK TOro, Tak u Apyroro (cm. puc. 9.5, HL1).

W3 Qpyrux HCTOYHHKOB CBETA YacTO MPHXOAATCA UMETH JIENO C JaMIaMu
HAKQIUBAHMA M Ta30pa3PsAHBIMU MMITYJIECHBIMM JIAMOAMH (MX NPUMEHSIOT, Ha-
npumep, B (POTOBCIBIIIKAX, YCTPOMCTBAX MIIIOMUHALMM U T. I1.). JIaMIIbl Hakamu-
BaHUs W306paXaroT Ha CXeMax B BHJE NEPEYEPKHYTOro KPEcT-HAKPECT KPYXKKa,
CUMBONIM3MPYIOIEro ee GaioH, ¢ IByMs BeiBojamu (puc. 9.6) [7]. B 3aBucumocty
OT BBITIONHSIEMOH (YHKIMH Takoi HCTOYHUK cBeTa 0603HaYatoT MH6Go GykBamu EL
(ocBerutensHas namia), 160 HL (MHIRKAaTOpHAS).

B cBA3M C BBeJEHHEM 3HAKOB CIIEK-

TPAIBHOTO COCTABA M3JTYYEHMs JIaMITbl HaKa-
JIMBAHKA CTaNH H306paXkaTh HECKOIBKO MHa-
ue (puc. 9.6, EL1). 3nech npsAMoit KpecTuk B
LIEHTpe CHMBOJA GalioHa TOBOPHT O TOM,

E1
IR

4TO 9TO — HCTOYHHK BUJIUMOIO M3JIY4EHHUS.
Hesunumoe, HampuMep, MH(pakpacHoe H3- EL2 EL3
nyueHHe 0603HAYAIOT KOCBIM KPECTOM M Jia-
THHCKUMHE GykBamu IR (Infra-Red — undpa-
KpacHbl). VIMEHHO Takoil MCTOYHHMK H30-
Gpaxken Ha puc. 9.6 MO MO3UIMOHHBIM 060- M

ALl EL1

3HayenueM El. ————-\

Venosusie rpadudeckie 0603HaYCHU
Ta30pa3PSAMHBIX MMITYICHBIX JAMIT CTPOST Puc.9.6
M3 CHMBOJOB GayioHa, aHOAA, XOJOAHOIO
katoja (WM KOMOHHIPOBAHHOTO DIEKTPOAA) H ITOPKHUIAIOIEro 3IeKTpoja (IUHUS
¢ u3oMoM Ha koHue). Kpome Toro, B neHTpe GaiioHa MOMEINAIOT 3HAK CTEeKTpa
H3)IyYeHus, a ClipaBa OT HEro — ONHY-TPH TOUKH, 0003HAYAIONINE B JAHHOM CJIy-
4ae He TOJKO ra30BO¢ HAIONHEHHE, HO U JaBleHue (O[1Ha TOYKa — HHU3KOE, JiBE
—— BBICOKOE, TP — CBEPXBBICOKOE). XapakKTep M3Iy4eHHUs MOKA3BIBAKOT 3HAKOM,
YIPOILIEHHO BOCIPOM3BOASIIMM OCLMIUIOrpaMMy uMIynbca. s npuMepa Ha
puc. 9.6 uzo6paxero YI'O UMITyIbCHON ra30pa3psHOH JTaMITBI HU3KOTO JaBIICHUS
© IPOCTBIMHU DJIEKTPOAaMU M BHemHuM nozokuroM (EL2), u mogo6Horo mpubopa
BBICOKOT'O HaBJIEHUs ¢ KOMGMHMPOBAHHBIMH JJEKTPONAMH U BHYTPEHHHM IOA-
sxuroM (EL3).
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10. AKYCTUYECKUE NPUBOPLI

AxycTuaecKuMHU (TOUHEE — JIEKTPOaKyCTHIECKUME) HA3bIBAIOT NPHGOPEL,
npeo6pasyrolie SHePryio dIEKTPUYCCKUX KoneGaHuii B SHEPIUIO 3BYKOBBIX HIIH
MexaHu4eckux Koyebanuit u nao6opor. YI'O a1HX 1pu6opoB NOCTPOEHb! HA OCHO-
Be OOIIMX CHMBOJIOB, YCTAHOBIICHHBIX CTAHAAPTOM JUIS KaX/I0ro ux Bua [8], oc-
HOBHOH 6yKkBeHHBIH Koj — OykBa B (MCKIIOYEHHE COCTAaBISIOT NPUGOpPH 3BY-
KOBO# cnmanusaunn)

BM1 Jns obosnauennst Mukpodona (kox — BM) uc-
TIOJIB3YIOT CUMBOJI, YIPOIIECHHO NepeAalouii yeTpokeT-
BO OJ{HOT'O U3 NEPBHIX YTONBHBIX MHKPO(OHOB (mpeob-
Pa30BaHHUE 3BYKa B DNEKTPHYECKUE KOJNEOAHUS IPOUCXO-
JUMIIO B HEM B pe3yJbTaTe M3MEHEHHs KOHTAKTa yrojib-
HBIX apuKa ¥ Mem6pansr). [TpoduibHbIN PUCYHOK 9THX
JIBYX YacTed MUKPO(OHA M CTAl €ro NEePBHIM CHMBOJIOM.
B nacrosmee Bpemst ator cumBon (puc. 10.1, BM1) uc-
I0NB3YIOT B KavectBe Gazooro YI'O muxpodona. Jlu-
HHUM BBIBOJOB HANPAaBIAIOT JHGO B pasHble CTOPOHBI
(BM1), mubo B onHy cropony (BM2).

Tprnuun felicTBas 1 Apyrie 0coGeHHOCTH MuUK-
POOHOB YKa3BIBAIOT CIIELMAIBHBIMK 3HaKaMu. Tak, yie
YMOMHHABIIMACS YrONBHBIH MHKPOQOH BBIENSIOT Ha
cxemax HeGONBIIMM KPYXKKOM B CPEHEl YacTH CUMBOa
(puc. 10.1, BM2), sneKTpofuHAMUYECKUE — CHMBOJIOM
KaTyIK{ K3 JIBYX MOJNYOKPYHOCTeH (BM3), aMeKTPOMATHUTHBIA — TaKuUM K€
3HAYKOM, JONOJHEHHBIM CHMBOJIOM MarHuronposoxa (BMS), anektpocratuye-
CKHii (KOH/IEHCATOPHBIH) — CHMBOJIOM KoHAeHcaTopa (BM4). Utobsl u306pasuts
Ha cxeme crepeodonmyeckuit MukpodgoH, B VYIO BBOAAT 3HaK CTe-
peodonuyeckoro npubopa — ABe B3ANMHO HEPIEHAMKYIAPHBIE CTpesku (BMG).
Taxue MUKPODOHEL MTOKA3EIBAIOT C HEOGXOAMMEIM YHCIIOM BBIBOJOB, yBETHYMBAs,
€CIIU HY)KHO pa3Mephl CHMBOJIA.

Ha ocrose o6uiero cumBojia JTOH IPYIIBI aKYCTMYECKUX NPHOOPOB 1O~
crpoensl YI'O 1 TapuHrod)oHOB — CrenUanbHbIX MUKPO(OHOB, IPHKIATBIBAEMBIX
K IIee OKOJO IOPTaHH M TNpe/HA3HAYEHHBIX Ul Tele(OHHBIX IEPEroBOpoB B
IIYMHBIX yCIOBUSX (CaMoNeTaX, TaHKaX W T. IL.). OTIHYMTENBHBIA MPUIHAK Ja-
punrodona — xopna, napajienbsas cumMBoy Mem6panst (BM7). Crioco6 npeo6-
pasoBaHus 3BYKa B anekTpuueckue xonebanus B YI'O napuarodona ykassisaior
TEMH )K€ 3HAKAMH, YTO M B Cllyyae OOBIMHBIX MHKpPOQoHOB. s npumepa Ha
puc. 10.1 (BM8) npusenero YT'O mbe30aeKTpUYECKOro JlapuHrodosa (CHMBOII
TIBE300JIEKTPHYECKOTO Ipeofpa3oparens — y3KHi CBETJIBIH IPAMOYrOJBHHK C
JIBYMs! KOPOTKMMH YEPTOYKaMH, 0003HAYAIOIMMH OOKIIA/KH [TBe303/IEMEHTA).

Venosroe rpaduyeckoe 0603HaYeHHE aKyCTHYECKHX NPHOOPOB, mpeobpa-
3YIOIUX JJIEKTPUYECKHe KONeOanus B 3ByK — Tene(OHOB 1 TONOBOK IPOMKOIO-
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Puc.10.1

@é@@

BOpHTENel — IMOCTPOEHBI HAa OCHOBE (GazoBEIX CHMBOJIOB, YIIPOIIEHHO BOCIPOH3-
BOJIIHX MX GOKOBYIO IPOEKIHIO (CM. COOTBETCTBEHHO puc. 10.2 1 10.3).
Kon reiteponos — BF, rof0BOK rPOMKOrOBOpUTENel  pry

— BA. Kak u B cirydae ¢ MUKpO(pOHaMH, BBIBOJBI 3TUX aKy-
CTUYECKUX NPUGOPOB HOIYCKAETCs HANPABIIATEL KaK B OJHY, ¢
TaKk M B pasHele CTOpoHBl (cM.puc. 10.2, BF1, BF2;
puc. 10.3, BAl, BA2). Jins yka3auus npuHUpna AeicTBusS U BF3 BF4
JIPYTHX OCOOEHHOCTEH HCIIOIB3YIOT Te e 3HAKW (pasMepbl
CHMBOJIOB B 3TOM CIIy4ae yBEIWUYMBAIOT NPUMEPHO BABOE).
Kenas nmoguepKHyTh, 4T0 TeNedoH CHAGKEH OroJoBbEeM, K BES BF6
ocHoBHOMY YI'O  pmo6aBmsior  HeGONBLIYIO  IyXKKY
(M. puc. 10.2, BF3). Crepeodonnyecknit Tenedpor n3obpa-
JKAIOT C HEOOXOAUMBIM YHCIIOM BBIBOJIOB (BF6). Puc.10.2
PagoM ¢ nosuUMOHHBIM - OGO3HAYeHHEM JH-  pgq
HaMUYeCKO# rOJOBKH OOBIYHO YKA3BIBAIOT €€ THII (CM. pHC.
10.3, BA2).
OBmmif CUMBOJI TOJIOBKH IPOMKOIOBOPHTEIISE HCITONb-
3yI0T Anisi 0603HaYeHust abOHEHTCKUX TPOMKOrOBOpHTENei, BA3
a TalKe LEJBIX aKyCTHYECKHX CHCTEM, COJACPXKAIIUX He-
CKOJIBKO TOJIOBOK. BO3MOXHOCT pEryJIHpOBaHUs IPOMKO-
CTH 3By4aHusi (Hanmpumep, B aGOHEHTCKOM IPOMKOTOBOPH-
Telle) MOKa3BIBAIOT CTPENIKOM, MepeceKaromeil CHMBOI TT0]
yrnoM 45° (cm. puc. 10.3, BAS5). T'oi0BKy, BBITOIHSIONLIYIO
noouepeiHo  (YHKIMM TIPOMKOrOBOPHTENsS W MUKPOhOHA
(Tak ee HepeaKO MCMONB3YIOT B MajorabapHTHOM ammapa-
Type CHMIIIEKCHOM CBSA3M), H300paXkaloT Ha cXxemax co 3Ha- Pue.10.3
KOM 06paTHMOCTH Hpeobpa3oBaHms — JBYXCTOPOHHEH CTPEJIKOH Ha OCH CHMMeT-
pun (em. puc. 10.3, Bl).

VenopHble rpaduyeckue 0003HaYEHHS IOJOBOK, HCIIONB3yEMBIX B 3BYKO3a-
nucy, 6asupyrorest Ha ocHoBe o6uiero cumBona. Crioco6 3amucy (MexaHuYecKHii,
MarHMTHBIH, ONTHYECKHMH) M Ha3HAYeHHe TOJOBKH (3alMCh, BOCIPOM3BEIEHHE,
cTHpaHue) 0603HAYAIOT B CHMBOJAX 3TOM IPYINIEI NPUGOPOB CrIENHMaNbHBIMU 3Ha-
KaMH,

Tax, ronoBKY JUIst MAarHUTHOH 3amuck (xox — B) — TeM xe YI'O ¢ cumBo-
JIOM MarHMTHOro mpu6opa — He3aMKHyTHIM KoubioM (puc. 10.4, B1). Ha3naye-
HUE TOJNOBKM TOKA3BIBAIOT CTPEJIKOH: €CIM OHa CIYXHT JUIS BOCIPOM3BENEHHUS,
CTpPENKy HaNpaBJIsIOT B CTOPOHY BEIBOLOB (cM. puc. 10.4, Bl, B4; puc. 10.5, BS1—
BS4), a eciny ISt 3aIMCH — B CTOPOHY CY)KEHHOH 4acTi cumBona (puc. 10.4, B2).
VHHMBEPCAILHYIO IOJIOBKY, HCIOJNB3YeMyIO KakK Ul 3allMCH, TaK M JUIsl BOCIPOU3-
BeJleHus, 0603HayaroT IByHanpaBleHHOH cTpenkoi (puc. 10.4, B2), a ronosky,
NpefHa3HA4YeHHYIO JUIs CTHPAaHMsI — 3HaKOM B BHIe KpecTuka BHYTpH YI'O (oM.
puc. 10.4, B3).

37




Ananornyno noctynaiot 1 ¢ YI'O crepeodoHndeckoii MarHUTHOH rOJNOBKH,

HO, YUYUTBIBAS, YTO OHA, IO CYTH JENa, COCTOUT U3 JBYX CaMOCTOATENbHBIX [OJI0-

BOK, €€ HEPEIKO H300paxKaroT AByMs aHAOrHYHBIMU CHMBOIAMH, 3aK/IIOYEHHBIMU

B KOHTYD M3 INTPUXOBBIX (IKPAH) MM MITPHX MYHKTHUPHBIX MMHUH, YHCII0 3anuckl-

BAEMBIX WM BOCIPOM3BOMMMBIX JOPOKEK NMOKA3BIBAIOT COOTBETCTBYIOUIEH IH(-

poif ¢ BRIHOCHOM JIHHNEH, Kacaroleics 3Haka MaruuTHoro npubopa (cm. puc. 10.4,
B4).

B1 B2 O  Ha3sHAYCHHH ONMUYECKUX 20/1060K

m$ K =y < __9}___ (obosnauenne — B) cyasar mo TapalIebHEIM

CTpENKaM, IOMELICHHBIM BOIM3H  CYXEHHOI

vyacti YI'O. Eciit oHM HanpapiieHsl K HeMy, TO

B4 4 OTO 3HAYMT, YTO TOJOBKA — BOCIPOM3BOIALIAS

(cM. puc. 10.4, BS), a eciu OT HEro — 3aIUChl-

Baromas (B6).
\\‘& B5 B6 TONOBKM JUISl MEXaHMYECKOH 3amucH U

<:|— BOCTIpOM3Be/ieHUs 3ByKa (OyKBEHHBIH KOj —

4/ BS) usobpaxator crangapraemiM YI'O, HO ¢ Ko-

Puc.10.4 POTKMM IITPUXOM, CHMBOJIM3HPYIOUIUM MLy
3BYKOCHHMATeNst uu pekopzepa (puc. 10.5)

ET

TTpHHLMI ACHCTBUS MEXaHUYECKO! IOJIOBKM (3BYKOCHHMATENIs, PeKkopiepa)
I0Ka3bIBAIOT TEMH )€ 3HAKAMH, YTO U B PaCCMOTPEHHEIX Bhime YI'O. [lns npume-
pa Ha puc. 10.5 uzobpaxernsr YI'O snexkTpoansamuyeckoif (BS2) U mbe3031eKTpu-
4eckoit (BS3) ronoBok 3BykocHuMatess. IIpn HeoOXONMMOCTH (HAampuMep, eCIU
rOJIOBKa — CTepeo(OHHYecKas X YHCIIO ee BBIBONIOB GONbIIe IBYX) Pa3Mephl CHM-
BOJIA JIOIyCKAETCs YBEITHIHTH 110 HYXKHBIX Pa3MEPOB.

K akycTuyeckuM npuGopaM OTHOCATCS
TaKoKe BCEBO3MOXKHBIE DIEKTPHUECKHE 3BOHKM,
TOHTH, CUPEHBI, I'yJIKH, 3yMMEpBI — yCTpOHCTBA

BS3 BS4 3BYKOBOH cHrHAMM3aMH (GYKBEHHBI Kopy —
HA), a Taxxe yabTpa3ByKoBble THAPO(GOHSEI (ro-

Puc.10.5 JIOBKH PHGOPOB UIst paGOTHI IO BOXO#).
HAl R4 pryn Obmee YI'O 21eKTpHYECKOro 3BOHKA —
CTHIIM30BaHHbI NPOQUIBHBIN PUCYHOK ero 3By-
Yalero sMeMeHTa — KOJIOKOJNbUMKA ¢ 0603Ha-
yenueM HAL (puc. 10.6). 3BOHOK ITOCTOAHHOTO
TOKa Ha CXeMax BBIIEIMIOT CHMBOJOM I10-
CTOSHHOI'O TOKA — OTPE3KOM HPSMOH JIMHUH
(cm. puc. 10.6, HA2), mepeMeHHOr0o — OTpes-
HAS HA6 KoM cunycoupsl (HA3). Dnexrpudeckuil oaHo-
W t{j yAapHbIf 3BOHOK (TOHT) H300paXKalOT OCHOB-
HBIM CHMBOJIOM, NIEPEYepKHYTHIM JIHMHHEH, mna-
paitensHo BeiBofaM (HA4).

BS1 BS2

HA3 HA4

Puc.10.6
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MaoMolIHbIEe HCTOYHUKH 3BYKa — 3yMMeEpBI (MX HCIIONB3YIOT, HaNPUMEp,
JUlsl BBI30BA aGOHEHTOB B IOJEBBIX TeleoHax) 0603HAYAIOT NMOJIYKPYToMm C JIH-
HHSAMH-BBIBOAMH OT Kpyriio# wactu (HAS5).

B ocnoBy YI'O yibTpa3BykoBOro rufipooHa MOJOXEH HECKOIBKO YBENH-
yeHHslH (110 OTHOIIEHUIO K M306paxkenHoMy puc. 10.2) cumBon Tenedona. Bos-
MOXXHOCTb M3Jly9eHHs] U [pHeMa YIbTPasBYKOBBIX KOMeOaHMH yKasblBaioT HBYX-
CTOpPOHHEH CTPENKOH, NepeceKaromeil MPOTHBOIONOXKHYIO BbIBOJAM CTOPOHY CHM-
BOJIA.
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11. Mb303ANEKTPUYECKUE NMPUBOPDI, TMHAW 3AOEPXKH,
N3MEPUTENbHAA TEXHUKA

B coBpeMeHHOM paJIMOTEXHUKE H 3JIEKTPOHUKE IIMPOKO HCIIONB3YIOTCA MpH-
6opsl, NEHCTBHE KOTOPBIX OCHOBAaHO HA TaK HA3BIBAEMOM MBE303JEKTPUIECKOM
apdexre. Pasnuuaror npsMol mbe3odIeKTpHyuecKuil 3(GhexT (BO3HHKHOBEHHE
9JIEKTPHYECKHX 3apsIOB Ha TOBEPXHOCTH Tella, MOJBEPrHyTOro MeXaHH4ecKoil
nedopmanuu) u obpaTHei (nedopmarus Tena MoK AEHCTBHEM 3JTEKTPHIECKOTO
nosst). Oba addexra Becerna ComyTCTBYIOT APYT JPYry.

Ipocreiinmii mbe303IEMEHT NPeCTaBIseT COGOH MITACTHHKY U3 ITbE303JIeK-
TPUYECKOro MaTepuania ¢ AByms obxiankamMu. CTHIM30BaHHEIA NPOQUIBHEIN pu-
CYHOK TaKkoro oJieMeHTa M jer B ocHoBy ero YI'O BQI [9], mokasanHOro Ha
puc. 11.1. IIpAMOyronpHAK CUMBOIH3HPYET 3[€Ch MbE30MIACTHHKY, a JBE KOPOT-
KHE 9ePTOYKH C IPHCOENMHEHHRIMH K HEM BBIBOIAM — OOKITaIKH.

BOI BO2 7 Ecnu x ofknajikam npesosneMeHTa

i _{ g I _L TOJBECTH MEPEMEHHOE HaNpsKEeHHe, TO
2 [—— BcleAcTBHE 06PaTHOrO Nbe303NEKTPHYECKO-

L = ro addexra ero niIacTHHKa HaYHET Kole-
Gatbes ¢ wacToTON Hamnpspkenus. Ilpu pa-

T_i[] [| [“_I_iu BEHCTBE YACTOT ITOTO HATIPSHKEHUA H COBCT-
}'14 BEHHBIX MEXaHHYECKHX KoneGaHmii HacTy-

MaeT Pe3OHAHC, W AMILTMTYJA KoNneOammii

PE3KO BO3PACTAET, UTO, B CBOKO OUEPe/ih, BE-

JET K YBETHYCHHIO aMILIMTY bl HAIPSKEHHs
72 TIOIL-2 BMl Ha oOKjanKax (IPSAMOH  IBE30DIEKTPH-

geckuit addexr). MHBIMU CIIOBAMH, B 3TOM
=i cllydae IMbe303IeMEHT (ero HaspIBAIOT Pe3o-

HaTOpOM) BeJIeT ce0si, KaK HACTPOEHHbIH Ha

OTpENIeNeHHYI0  YacTOTy —KojeGaTenbHbIi

KOHTYp, TpHYeM KOHTYP C JIOCTATOYHO BBI-

AL COKOif TOGPOTHOCTBIO. DTO CBOHCTBO U 00y~

CIIOBIIHBACT NPHMEHEHHE [bEe303IeKTPHYe-

CKHX PE30HATOPOB B TeX CIIydasX, KOI/Ja He-

06xoauMa BBICOKas CTaOMIIBHOCTE YacToThl. B kauecTBe pe30HaTOpPOB HCIIONB3YIOT

TTACTHHBI (CTEPXKHHM, KOJIbIA), BRIPE3aHHBIE OMPEeNeHHbIM 00pa3oM H3 KpUCTall-
JIOB KBapua, TypPMaIUHA WK H3TOTOBJICHHBIE H3 HEKOTOPBIX JIPYTHX MaTepHaIIOB.
ByKBeHHBIH KO IFE309JIEMEHTOB U PE30HATOPOB — JNaTHHCKKe GykBel BO.

JIsist 3aIMUTEL OT BIMAHUS OKPY)KAIOWEH CPe/bl Pe30HATOPBI HEPEKO MOMe-

IAIOT B FepMETHYHBIH Kopiyc. Ha cxemax ero n306paaloT B BUIE KpyXKKa, OXBa-

TeIBarolero ocuosroe YI'O (em. puc. 11.1, BO2).

Pue.11.1

Ha ocHOBe Mbe309J1eKTPHYECKHX Pe30HATOPOB H3TOTOBIISIOT BCEBO3MOKHEIE
nonocoevie gunempur (OykBeHHbIH Kof — Z wii Z(), ecii (GUIBTP Ha OCHOBE
KBapIEBBIX Pe30HATOPOB). B mpocreiiiiem ciiydyae — 9TO IMIACTHHKA B BUIE JUCKA
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U3 MBE30KEPAMUKH, HA OJIHY M3 CTOPOH KOTOPOM HAaHECEHBI HE OMHA, a JBe 00-
xuanky. Takod mbe3ossieMeHT BelleT cebst KaK CHCTEMa M3 JIBYX PE3OHATOPOB C
CUITLHOH MEXaHHYECKOH CBS3BIO U APKO BRIPAXKEHHBIMU CEJEKTUBHEIMH CBOMCTBA-
Mmi. KoHCTpyKTHBHAs 0COGEHHOCTS MONOGHOr0 IBE302IEMEHTa HATILIIHO OTPaKe-
Ha ¥ B ero YT'O (em. puc. 11.1, Z1), KOTOpoe 0TIMYa€TCS OT PACCMOTPEHHOTO BEI-
e (BQ1) urciioM CHMBOJIOB 00KIa/0K C OZTHOM CTOPOHBI.

Tonocosoii GuibTp MOKHO NMOLY4HTh, COETUHUB ONPEIENEHHEIM 0GpasoM
HECKOJIBKO OTJENBHBIX pe3oHaropos (cM. puc. 11.1, Z2). Ho o6biHO monmocooit
(QUIBTP M306PaXAIOT YNPOIEHHO — KBa/IPATOM MM TIPAMOYIONIBHAKOM C HEOO-
XO/IMMBIM YHCIIOM BBIBOJOB 1 3HAKOM IOJIOCOBOTO (HIIBTPA B BUJIE TPEX OTPE3KOB
CHHYCOM/B!, 1BA M3 KOTOPBIX NEPEUEPKHYTH KOCKIMU LiTpuxamu (cM. puc. 11.1,
HIKHHH Z2).

TlbesoanexTpuyeckue npeobpasoBaTen HAXONAT WIMPOKOE MPUMEHEHHE B
3BYKOTEXHMKE: B 3ByKOCHHMATENX 3JEKTPONPOUTPHIBAIOIMX YCTPOHCTB, MHKDO-
¢$onax, ronosxax rpomxorosopureneii. [IpuHIMI KeficTBUs ITHX IPHGOPOB MOKa-
3BIBAIOT CHMBOJIOM IbE303/IEKTPUYECKOro 3 (DeKTd, OTIHYAIOUIMMCA OT OCHOBHO-
10 YT'O TO/bKO MEHBIIHMH PA3MEPaMH 1 OTCYTCTBHEM BBIBOZIOB OT 0BGKIANIOK (CM.
puc. 10.5 — BS3, puc. 11.1, BS1, BM1, BF1, BA1).

ITbesoauexTputeckue peoGpasoBaTey HCIONE3YIOT TAIKE B YIBTPA3BYKO-
BBIX JIMHUAX 3a[€PIKKH — yCTPOHCTBAX, 3a/IEPIKMBAIONIMX IPOXOMAIINI Yepes HuX
QVIEKTPHIECKMI CHIHAN Ha onpezenenHoe Bpems. ORI Coxepat aBa npeobpaso-
BaTells, Pa3/IeICHHbIX TBEPLAOH WM XUIKOH CPEIoH, B KOTOPOI yIETPa3BYKOBEIE
KO/e0aHNs PACIPOCTPAHSIOTCS C OTHOCHTENBHO HeGOMBILON 1 CTAGHITBHOM CKOpO-
creio. Onue m3 npeoGpasoBateneil Cayxur s

BO30YX/IEHHA B Cpele NPOJIONILHEIX MeXaHHue- Ko BY

CKuX Konebanuif, Apyroii — mjis npeobpasopa-

HHS JOILNEALIMX JO Hero kojebaHuil CHOBa B “ﬂ]F— *{D}—
ayeKTpudeckuit curnan. ITockonsky crennansb- AERRED

HBIH GyKBEHHBIH KOJ JUIsl IMHUI 3a1epKU CTaH-

JlapTOM HE YCTAaHOBIEH, MX MOXHO 0603HauaTh =3 =
6yKsoii E. et dBle g

303JIEKTPUYECKON JTHHHH 3aN€PKKH TIOCTPOEHO
Ha OCHOBE JBYX CHMBOJIOB [1bE€302JIEMEHTOB,
OGBEJIHHEHHLIX 3HaKOM BpeMCHHOﬁ 3a7EPXKKH —

At
% sl E5 E6
OTPE3KOM IIPAMO# JIMHUHU C 3aCEUKaMK Ha KOHL@X e AN —%
N
E

Venosroe rpaduueckoe 06o3HaYEHHE TThe- s SERAREe

U [IOMENIEHHBIM HaJ{ Hel MaTeMaTHYeckuM 060o- Al
3Ha4YEHHEM BPeMEHHOro uHTeppana At (puc. 11.2, Ty o6
E1). Ilonyckaercst BMecTo GYKB yKa3bIBaTh KOH- I
KPETHOe 3HayeHue 3ajepxky (Haupumep, 64 ws).

JIuHuY 3a7ePXKKHA M NOJNOCOBBIE (QHUIBTPH U3TO-

TOBJISIOT TAKXKE HA OCHOBE MATHUTOCTPHKLMOH- Puc.112




HBIX MaTephaios (HUKe/b, MepMaiol, GeppUTHL A T. I1.), H3MCHSIOMIMX PasMepEl
¥ $opMy NpH HAMArHMYMBABUY, H, HA00OPOT, HAMArHMYEHHOCTE NPH MEXaHH'Ie-
ckux gedpopManusix. MarHHTOCTPUKIMOHHEIE MpeobpasoBateii, yCTaHaBIuba-
eMble Ha BXOJIC M BEIXOAE (MIBTPOB (MX HA3BIBAIOT HJEKTPOMEXAHUYECKHMH) U
YABTPA3BYKOBBIX JMHUIT 3aJPIKKH, COCTOAT W3 OOMOTKH 1 MarHHTONPOBONA, H3-
FOTOBIEHHOTO M3 OJIHOTO W3 YKA3AHHBIX MaTepuaios, nosromy ux YI'O namomu-
HAET CUMBOJI KATYLIKH C MATHHTONPOBOJIOM, TOJIBKO TOCHe/HMUH H30GpaxaioT B
BUle JBYHANIPABJICHHOM CTPeNKy. M3 JIBYX TakuX CHMBOIIOB, OGBE/IMHEHHBIX 3Ha-
KOM BpeMEHHOfi 3a1epXKKH, i cocTont YI'O YNTPa3BYKOBOH MarHUTOCTPHKLIKOH-
Hol THHMM 3a1epXKKH (cM. puc. 11.2, E2).

Jlyist 3a71epXKH CUTHANOB IPUMEHSIOT U UCKYCCIMBEHHbLE JUHUM, COCTABICH-
Hble 13 GONBIIOTO YACHA COSTUHEHHBIX ONpPeieNeHHBIM 00pa3oM KaTyIIeK 1 KOH-
JeHcaTopoB. B 1E/IX YNpOIIeHns Takke YCTpotcTsa 0603HaYAI0T Ha CXeMax 6o
CHMBONEMM JIBYX KpaMHMX sieeK, 3aMeHsis OCTAJBHbIE IITPUXOBOH JIMHHEH
(cm. puc. 11.2, E3), mi6o erme Gosee IpoCTbM VIO (E4), B KOTOPOM TPH HOJIYOK-
PY)KHOCTH CHMBOJNH3MPYIOT BCE KATYIIKH JWHHH, 8 NApajuieNbHas MM NpIMad ¢
IMHUeH-OTBETBICHHEM — BCe KOH/EHCATOphl. B mocie/iHeM ciydae 3HaK BPEMCH-
HOl 3a/IEpXKKH JIOMTYCKACTCA He yKasbisats. 10 YIOGHO NpU M306paKeHNH THHUM
3ajiepXKu ¢ 0TBoxamu (ES) ¥ C IUIaBHBIM PEryIMpOBaHAeM (E6).

Jlunueit 3aepXKKH MOKET CITYXHTb OTPe30K KoakcHalbHoro kaGeis (c€ B
3TOM Cilydae Ha3bIBAIOT JIMHHEH C PACTIPE/IENeHHBIMI NapaMeTpaMi — HHIAYKTHB-
HOCTBIO 1 EMKOCTBIO M OHA IIOYTH BCEr/la IIPUCYTCTBYET B KOHCTPYKIMH OCLHIIIO-
rpada). Takylo JTHHHIO 3a/ePXKKH H300paXKAIOT B BU/E OTPE3Ka NpAMOi co 3HaKa-
M KOGKCHATHHOM JIHHHA Ha KOHIAX ¥ BPEMEHHOH 3a/iep Ky Han mnmu (E7).

Iyt KOHTPONSL SNEKTPHUECKUX U HEANIEKTPHHUECKUX BENMYHH B TEXHUKE HC-
TOMB3YIOT PasHUHEIE uzMepumensioie npubopbr. YIx obuni xon — JaTHHCKas
Gyxsa P, obmee YI'O — OKPYXHOCTb C ABYM:l Pa3HOHAIPABICHHEIMH BRIBO/AMH
(puc. 11.3) [10]. HasnaueHue H3MePUTEIBHOTO npuGopa MoKa3blBalOT, BIUCEIBAA B
CHMBOJI MEXIyHapOHOe 0603HAYCHNHE e/IMHULBI H3MePSeMOH BEMUHHbL 1 BBOAA
B MO3MIHMOHHOE 0603HaYeHHe BTOPYIo OykBy (CM. pasj. 1). AHalOrHYHO, 4TOGEI
roKasaTh npubop Ui U3MEPEHHs (HU3HYECKOH BENMYMHBI B KPATHBIX WM JONb-
HBIX €/IMHHLAX, B KPYXKOK BITHCEIBAIOT HX MEXyHapojnoe ofosHauenue (md —
MHIUTHAMITEpMETp, PHA — MUKpOAMIIepMeTp, KV — KUIOBOILTMETP, 7} — MHI-
nuBonBTMETP, MQ — Meromerp u T. 1.). [lns o6o3HaueHus npubOpOB, U3MEPSIO-
IMX CHITY TOKa, B KOZ{ BBOZAT 6yKBy 4 (cM. puc. 11.3, PA1—PAS), nanpsixenue
— ¥, conpoTuBlienne — R, MOIHOCTS — W, wacrory — F, YMCIIO UMIIYJIBCOB —
C, Bpemsi — T. TIpu HEOGXOIMMOCTH PAZIOM C BBIBOJIAMH YKa3bIBAIOT MONAPHOCTE
BKIIOUEHUs TPHGOpPa, & PAZOM C IO3MITHOHHBIM OO03HAYCHUEM YKa3blBAIOT €ro
THIL

O6menpuusaTsle 0603HaYeHusl HUINICCKUX BEJIMIUH HCMONL3YIOT MPH M0-
CTpOEHHH YCHOBHBIX rpa¢uueckux 06o3HaYeHMH TaKuX npubopoB, Kak hasomep
— @, BONHOMEpP — A, TEPMOMETp — 1°, TAXOMETp — . CrienuabHOro Koja Juist

2

9THX NPUOOPOB HE YCTAHOBJEHO, TI03TOMY B UX IO3HLMOHHOM 0GO3HAYEHHH yKa-
3BIBAIOT TONBKO 0jHYy OykBY P (cM. puc. 11.3, P1-P4).

PAl PV PRI

Gébssssss

Puc.11.3

3HaKoM B BHIE MPO(GHUIBHOTO PUCYHKA ABOSKOBBIMTYKJIOH JHH3BI 0603HAYA-
FOT Ha CXeMax yposHemep (cM. puc. 11.3, P5), 3HakoM «» — HHANKATOP HOIAP-
HOCTH (P6), 3ur3aroobpaskoit unuei — ocuuiiockor (P7), 3HaKOM B BHAE Npsi-
MOr0 yrojika — BTOPUYHBIE dJeKTpHyeckiue yachl PT1 (mepBH4YHbIE Yackl Bblae-
JISIOT BTOPBIM KPY)KKOM, KOHIGHTPHYIHBIM C OCHOBHBIM).

Oco6eHHOCTH H3MEPHTENHHOTO NpHGOpa MOKA3BIBAIOT 3HAYKAMH, IOME-
IAeMBIMU B HHDKHEH JaCTH KpyKKa.

Onuo# cTpenkoii, He Kacalomeiicss Kpy)kKka, 0603HaYaloT rajlbBaHOMETD
(P8). TTpuGop ¢ LKppPOBLIM OTCHETOM BEIAENSIOT 3HAKOM B BUJIE TPeX HyJed, oX-
BAYCHHBIX CHU3Y NMPAMOM CKOOKOH, a YTOOBI 9TOT 3HAK YMECTHIICS B KPYJKKe, ua-
METp IOC/IEAHEr0 YBEIUYUBAIOT 10 HYXHOro pasmepa (cM. puc. 11.3, PV3).

ONeKTPOMEXaHHUECKHI CUETIMK HMITY/bCOB H300PaXaioT Ha CXEMax CHM-
BOJIOM, NoxoxuM Ha YI'O nonspusosanuoro pene (M. pasit. 6), B HONONHUTENb-
HOE T10JI€ KOTOPOTo NOMEINeH MajleHbKuH kpyxok (PCl Ha puc. 11.3).

B ocuoBy YI'O usmep X p pupylowux npubopoe (GyKBeHHBI#H
Kkon — PS) nonosxen kpanpar 12x12 mm. Peructpupyemyio BeJHYMHY M B 3TOM
Cllyyae YKa3blBAIOT OJ[HMM M3 PacCMOTPEHHBIX BBILIE COCOG0B. B HiKHel yacTu
KBajpata OGBIYHO MOMEIIAIOT 3HAK, XApPaKTEPH3YIOLWil BUM 3alMCH H3MepPSeMOi
BEJIHHHbL: W3BUWIIMCTON JIMHMEH — HenpepeIBHYIO 3amychk (cM. puc. 11.3, PS1),
TaKoi JXe JMHMEH ¢ mpoGenamu — 3amuch C TOYEHYHOW peructpaimei (PS2),
KPYXKOM €O cKoGKo# — reuars ¢ uudpoBoit perucrpauueii (PS3), ocuumiorpad
— 3Ur3aroo6pa3Hoi JINHUEH, aHAJIOrNIHOM ocuumtockony (PS4).
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Ksajpar, HO uyTh MeHbIIHX pa3MepoB (10x10 MM), ACTONB3YIOT U s 060~
3HAUEHNU npeobpasosameneii HesneKMpuULeckux eenuuun ¢ snexmpuveckue. Ipu-
HaJUIeKHOCTE K 3TOMY BUJy YCTPOHMCTB OTPaXalOT TOYKA M CTPENKa Ha HIKHEH
4acTH KBajpara, IOKa3bIBAIOIAS HAIpaBieHHe

SR 5Kl ARl npeobpasosanus (puc. 11.4), ¥ KOA B IO3ULKOHHOM
8 n obo3nayenny, HauuHaowmitcs ¢ Gyksel B. Ilpu
L 9TOM B 001IEeM ClTyyae BHYTPH CHMBOIA yKa3bIBAIOT
/! TOJIBKO H3MEPAEMYIO BEIHYMHY WIH ECIHHULY ee
usmepenus (BP1 — naTduK JaBneHus; BMecTo Gyk-
BBI P MOXHO yKasaTh Pa). Ecii sxe HeoOX0MMMO yKa3aTh KOHKPETHYIO BETHUHHY,
B KOTOPYKO Mpeobpasyercsi KOHTPOIUpyeMast, KBaAPaT AENAT AHArOHaNbIO Ha JIBe
YacTH, ¥ B Ty U3 HHX, KOTOPas IPAHUYHUT C JIMHHEH-BBIBOJOM, BIHCHIBAIOT 0603HAa-~
YEHHE BBIXOAHOTO napametpa. C yueToM ckasanHoro Ha puc. 11.4 BK1 — mnpeo6-
pasoBaTesb TeMIEpaTyphl B TOK, a BR1— naruuk, npeoGpasylomuii yactoty Bpa-
LEHKS B IPOTIOPIHOHANBHOE € HanpsuKeHHUe.

A 4SS

Puelld
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12. UCTOYHUKW MUTAHUA, SNEKTPOABUIATENW, IUHUU CBA3U

JnA aBTOHOMHOTO TIHTAHHA PaHOdIEKTPOHHOM annapaTypsl MIMPOKO HC-
[OJIB3YIOT SJIEKTPOXUMHUYECKHE HCTOYHHKH TOKA — uyeckue u
AKKymMynamopol. ByKBeHHEIH Ko aneMentos nuranus — G. YTO [11] nanomuna-
€T CHMBOJI KOH/ICHCATOPA TIOCTONHHOM EMKOCTH — IapasiieNibHble JINHAN Pa3HOH
JUIVHBL: KOPOTKas 0603Ha4aeT OTPULATESBHBIN MOMIOC, IIHMHHAS — HOJN0KUTEb-
eIl (puc. 12,1, G1). 3HaKky MONSIPHOCTH HA CXEMAX MOXHO HE YKa3bIBaTh,

[Tockonbky s nmuTanus NpHOOPOB yalle Beero TpebyeTcs HapsDKeHHe,
Gosblnee TOro, uTo 0GECIIEUNBACT OUH DIEMEHT WM aKKyMYJATOP, HX COEHHsA-
107 B Gatapero. BykBeHHbIH KoJ B 3ToM cityyae — GB. Batapeio 0603HauaioT yi-
POLIEHHO: M3006paxaroT TONBKO KpaiHie JEeMEHTHI, @ HANHYHIE OCTalbHBIX [OKa-
3BIBAIOT IITPHXOBOH JuHuei (cM. puc. 12.1, GB1). TOCT pomyckaer n3o6paxarth
Garapeio ¥ COBCEM MPOCTO — CHMBOJOM OJHOro anementa (GB2 Ha puc. 12.1).
Psiiom ¢ nosuiuonnsM 0603HaUEHHEM B JIIOGOM Cllydae yKashlBalOT HANPsDKEHHE
Garapen.

GB112B
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Puc.12.1 Puc.12.2

OTBOJIBI OT YACTH HIIEMEHTOB OKA3BIBAIOT JIMHUSIMH dEKTPHYCCKOH CBS3H,
TPOJIOJDKAIOIIMMH 4ePTOYKH, KOTOPbIE 0003HAYAIOT HX IOJIOKKTEIBHEIE MONOCK!
(em. puc. 12.1, GB3). B Mectax NpHCOEAMHEHNS IHHUMA-OTBOJOB K CHMBOJIAM 10~
JIOXKUTEJIBHBIX TTOJIIOCOB CTABAT TOUKH.

Ha ocHoBe cuMBOJIa 1IEKTPOXUMHUECKOTO aeMenTa cTpostes YI'O Tak Ha-
3bIBAEMBIX COJIHEYHBIX (oTodnemMeHToB ¥ Garapeit. OTIHUHTENbHBIE MPU3HAKH
VYI'O 3THX UCTOYHMKOB TOKA — KOPIIYC B BHJC KPYXKa MM OBala M 3HaK ($poTo-
anextpuyeckoro sddexra (cum. puc. 12.1, G2, GB4). Ha mecre Gykest n B YI'O
COJIHEYHOM OaTaper MOXKHO yKa3bIBaTh YHCII0 00PA3yIONHX €€ JIEMEHTOB.

1

9B

Jl1s 321UUTEL OT NMEPErpy30K MO TOKY MM KOPOTKMX 3aMBIKAHHH B HArpy3Ke
B 9JIEKTPOHHBIX YCTPOMCTBAX YaCTO MCIONB3YIOT MIaBKue npedoxpanumenu. Kox
3TUX YCTPOHCTB — natuHckue Gyksel FU. YI'O [12] HarmoMHuHaeT MoCTOSHHBIH
pesucTop (v Mmeer Te ke pasmepsl 4x10 MM), OTIHMYHE 3aKIOYAETCS TONBKO B
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NpoXopsie Yepes BeCh HPAMOYTONbHUK IMHUH, CHMBOJIM3HPYIOIIEH Cropalolyio
IpH Teperpys3ke MeTamiuyeckyio Huth (puc. 12.2, FU1). Psxom ¢ YI'O npenoxpa-
HHUTENA, KaK IPaBUIIO, YKA3bIBAIOT TOK, HAa KOTOPBIN OH PACCUHTaH, @ HHOI/IA U ero
THIL
B anmapatype ¢ BBICOKOBOJIBTHEIM ITHTaHHEM JUIA 3aUTEl HEKOTOPBIX e~
MEHTOB OT OMACHBIX I HUX IEepeHaNpSIKeHHH IPAMEHSIOT paspaoHuku (Kox —
Gyxsa F). B mpocreifiueM ciry4ae — 5T0 [(Ba 9JIEKTPOAA, YCTAHOBIEHHBIX Ha H30~
JALMOHHOM OCHOBAHHMH Ha ONpE/IENIEHHOM PACCTOSHHU OJIMH OT APYroro (MHOrxa
TEXHOJIONMYECKH 3TO IeYaTHBIH MPOBOJHHK, PA3/eNeHHbIH Ha [BE 4acTH Hpocey-
KOH B meyaTHOH rare HackBo3h). CHMBON HMCKPOBOTO MpPOMEXYTKA — [BE
BCTPEYHO HANpaBJleHHBIE CTpenky (cM. puc. 12.2, F1). Eciu xe Takoe ycTpoHcTBO
BBINONIHEHO B BHJIE CAMOCTOSITENLHOTO M3JeNHs, ucons3yor YI'O, nokasantoe
Ha puc. 12.2 o no3uLHOHHEIM o6o3nauennem F2, YI'O BakyyMHOrO paspsyiHuKa
TMOYYalOT, 3aKyioYyas CHMBOJ HCKPOBOIO NMPOMEXYTKA B CHMBOJ GAJUIOHA HIIeK-
TPOBaKyyMHOro npubopa (F3).
B ycrpolicTBax aBTOMATHKM U TeNeMEXaHHKH, B GBITOBOM pajuoaniiaparype
JUISl IPUBO/IA PAsIMYHBIX MEXaHH3MOB IIp YT 9NEKMPOO B Gbito-
BBIX MarHUTO(OHAX ¥ MPOUTPBIBATENAX — ITO Hallle BCEIrO aCHHXPOHHBIE NBHIa-
TEJIM MEPEMEHHOIO TOKA M KOJJIEKTOPHBIE JBHIaTeNd I10-
CTOSHHOTO TOKa. [IepBele U3 HUX OOBIYHO HMEIOT KOPOTKO-
} M1 3 0 3aMKHYTBIi POTOp B BHAE TaK Ha3bIBaeMOH «Oenuybeit
™ KJIETKH» W CTaTop ¢ AByMs o6MoTkamu: pabodei (Wiu oc-
M2 HOBHOI) M (asocisuraroineif (IoCIeNoBaTeNsHO ¢ Hei

__COJ_ BKJIFOYAIOT KOHJEHCATOp, Giiarojaps yeMy cO3Jaetcs Bpa-

==n M3 arouieecst MaruuTHoe noje). YI'O Takoro aBurarens co-
CTOMT M3 OKPYXKHOCTH (POTOp) H JABYX CTATOPHBIX 0OMOTOK
Puc12.3 (puc. 12.3, Ml). CumBon OCHOBHOH OOMOTKH MOMEIIAIOT

HaJl pPOTOpOM, a (ha30CABUIAIOLIEH — CIIpaBa OT HEro, IMoj
yrioMm 90° k cuMBoITy ocHOBHOM. Psiiom ¢ YI'O 06BIYHO yKa3BIBAIOT THII JBHTATE-
s [13].

Ecnu HeoOX0MMBIH CIBHT (ha3bl CO3/1aeTCs KOPOTKO3AMKHYTBIM BUTKOM Ha
THOJIOCE CTaTOpa, €ro 300paXaroT B BUJE 3aMKHYTOH HaKOPOTKO OGMOTKH, pas-
BEPHYTOH I10 OTHOIEHHIO K CHMBOJIY OCHOBHOM Ha yron 45° (cm. puc. 12.3, M2).

B snexTpogBurareNsx IOCTOSHHOIO TOKA Ha CTATOPE YCTAHABIMBAIOT TMO-
CTOSIHHBIE MarHuThl, a OOMOTKY pasMemaioT Ha potope. [l aBTOMaTHYeCKOH
KOMMYTallMH €€ CeKUMH NPK BPalleHUH POTOpPA UCIIONB3YIOT Y3ell, COCTOSMIMN U3
JIBX LIETOK M HECKOJIBKHX IUIACTHH. Bee 5TH 0COGeHHOCTH KOHCTPYKIMH OTpae-
Hel © B YI'O KOJIEKTOPHOro JBUrateis, NokasaHHOM Ha puc. 12.3 (M3): 3uech
OKPYXHOCTB, KaK ¥ paHee, CHMBOIM3HUPYET POTOP, KACAIOIIHECS ero Y3KHe MpsiMo-
YTOJBHUKH — WIETKH, a cBeras [1-o6pasnas cxofka — OCTOSHHBIE MATHHUTE! HA
crarope.
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Jlunuu anexmpuueckoii céasu (JIIC) CUMBONM3APYIOT Ha CXEMaX peabHBIE
SJNCKTPUYECKHE COCAMHEHHsSl MEX/y pPaIMOKOMIOHeHTaMn u ysnamu [14]. Hns
YR06CTBa IPOCIENMBAHMS ITHX COEJMHEHMH Ha cxemax JIDC UepTsT, Kak MpaBuiio,
TOJILKO B TOPU3OHTANBHOM M BEPTHKANBHOM HamnpasieHusx. Mckmouenue cocras-
JISIOT JIMIIG CXEMBl HEKOTOPBIX (YHKIMOHANHLHBIX Y3II0B, HAYePTaHHE KOTODPBIX
JIaBHO CTANO TPaAMUMOHHEIM (M3MEPHTE/BHBIC U BEIIPIMUTENBHBIE MOCTBI, MyJTh-
THBUOPATOPSI H T. IL.).

Jist ynoOcTBa 4TeHHs CXeM CHMBOJIBI JJIEMEHTOB CTAPAIOTCH PACIIONOKUTE
1 COPHEHTHPOBATH TakuM 06pasoM, uTo6s! JIDC UMeNH BO3MOXKHO MEHBIIIEE YHC-
JI0 M3JIOMOB 1 Ilepecedyenuii. Eciu ske n36exarsb repecedeHus He yHaeTcs, ero je-
18T no4 yrinom 90° (puc. 12.4, a), usMeHsis ipi HeO6XOAMMOCTH HATIPABIEHHE
onoit u3 JISC. B MecTax mepeceyenuii, CHMBONU3MPYIONMX SJIEKTPHYECKOE CO-
CIMHEHHE B BHAE [AHKM, CBAPKM, CKPYTKM CTaBSIT O>KMPHBIE TOYKH (CM.
puc. 12.4, 6). AHATIOTHIHO IOCTYNAOT U B TeX CIly4asx, KOra HeoGXOMMMO MTOKa-
3aTh OTBETBJEHUs OT TOH umu uuoi JIOC (em. puc. 12.4, 6). OTBeTBIMOmEECS
JISC ponycxaercst MPOBOAMTE HA YepTeXe MO yIyiaMu, KpaTHeMH 15°, crons-
30BaTh B KauecTBe Touek mpucoenunenus JIDC osnementsr YO, uMeromue BuI
TOYKH (HAIpUMep, MepeksoyaTesell ¢ HeHTPANBHEIM CPEJTHUM MOJI0KEHHEM), H3-
7oMa JIMHUA (KOHTAKTBI KHONOK M NepeKiioyaTeNeil) u UX rnepecedenuii (BbIBOIs!
9MHTTEPa U KOJUIEKTOPA B MECTAX NEPECEUEHHs C OKPYKHOCTBIO KOPIyca H T. 1),
HeJb3s1.

=== :@n) %) P )
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Puc.12.4

Ipu nzobpaxenun JIOC ¢ OTBETBICHUSAMH B HECKONBKO MAPAIUIETHHBIX
HICHTHYHBIX Lenelt (puc. 12.4, 2) MOXHO MCIIONB30BATh CIIEYIOMUH PUEM: Mo-
Ka3aTh Ha CXeMe JIMIUL OJ(HY LieMb, a HAIMYHE OCTANLHBIX yKasaTh I'-06pasHbiMu
OTBETBJICHHUSMH, PSJIOM C KOTOPBIMU yKa3aTh 00IIee YHCIIO [apallebHBIX Lelel,
BKIIIOYast M306paxeHnyro (cM. puc. 12.4, 0).

HeobXomuMOCTh 9Kpanuposanus TOro WM HHOTO COETMHEHUs TOKA3BIBAIOT
WTPUXOBBIMU NHHUAMA 110 06e ctoporkl oT JIDC (cM. puc. 12.4, e, o) unu we-
GONBIIMM IITPHXOBBIM KPY)KKOM (cM. puc. 12.4, u). OTBETBIIEHHE OT IHHUH, CUM-
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BONMBUPYIOLIEH SKPAHUPYIOLIYIO OILIETKY, JOMYCKAaeTCs U300paKath Kak ¢ TOYKOH,
TaK u Ges nee. Coeurenye ¢ o6IMM NPOBOJOM YCTPOHCTBA (KOPITYCOM) MOKa3bl-
BAIOT OTPE3KOM YTOJIICHHON TMHAH Ha KOHUE OTBETRIEHHs (cM. puc. 12.4, u, x).

Ecin B o6umii 9Kpan MOMEIIEHb! HECKONIBKO [IPOBOJIOB, COOTBETCTBYIOMIME
JI3C obpemuusior 3HaKoM, H306paxenHbM Ha puc. 12.4, k. Ecin xe Pa3MecTHTh
otu JIIC psanom He ynaeTcs, NOCTYIAOT, Kak MOKA3AHO Ha puc. 12.4, 1 0T cuM-
BOJIa OKPAHA IIPOBOSIT JIMHUIO CO CTPENKAMH, YKa3bIBAIOIMMHU HA T€ U3 HHX, KO-
TOpEIC HAXOAATCA B o6IIeM 3kpane. DKpaH, B KOTODBIH 3aKIOYEHB! JETAIH TOTO
HIIL HHOT'O YCTPOHCTBA, U306PaXAIOT B BUIE 3aMKHYTOIO KOHTYpa, OXBaTHIBAIO-
LIEro UX CUMBOMNEI (M. puc. 12.4, m).

AHAJOTMYHbIE IPUEMBI HCTIONB3YIOT H B Clly4asx, eciu rpymma JIAC cum-
BOIIM3UPYET COCAMHEHHEe MHOrONPOBOJHBIM KabeneM MM CKpYYEHHBIMH NPOBO-
Zami. 3HaK KaGessi B BHJe 0BAla PHMEHSIOT IS OOBEIMHEHMS HIYIIMX PISIOM
JISC (om. puc. 12.4, 1), kpyxok co ctpenkamn — it obseunenus JIDC, nepe-
MENAIOUTUXCS APYTHMH (oM. puc. 12.4, n). TOUHO Tak e NPUMEHSIOT 3HAK CKPYT-
KU — HaKJIOHHYIO JINHHIO C 3aCeYKaMU Ha KOHIax (cM. puc. 12.4, o, p).

JIMHUIO 3MEKTPHYECKOH CBA3M, CHMBONM3UPYIOUIYIO rubKoe COeuHeHHue
(Hanpumep, THOKHI IPOBOJ, COSAUHSIOMMI H3MEPUTENBHEIT IPHGOD CO MWyToM),
H306paXKAOT BONHUCTOM uHueit (cM. puc. 12.4, ¢).

Jlnst riepesiayi CHTHATOB Ha BBICOKHX 9aCTOTAX HCIOJB3YIOT KOAKCHANBHBIE
xabenu (cM. puc. 12.4, m). TTockonbKy 3HAK KOAKCHATBHOM CTPYKTYpBI IPAaKTHYe-
CKH CHMBOJIM3UPYET BHEIIHAI MPOBOJHMK, OT HEro, KAk M OT CHMBOJIA 9KPAHHPO-
BaHUS, [PH HEOOXOAMMOCTH JeNaloT oTBeTBNeHue (cM. puc. 12.4, y). B oGosua-
uennu JIDC, BEITOHEHHON KOAKCHANBHBIM KaGeseM UIITh YaCTHUHO, 3HAK BUIO-
M3MEHSIOT: KacaTesbHyIo K KPY)XKKY HalpaBlIsioT TONBKO B €ro cTopoHy. [Tpumep,
MOKA3aHHBIA Ha puc. 12.4, ¢h, o3HayaeT, 4TO KOAKCHANbHAS CTPYKTYpa B JAHHOM
Cllyyae UMeeTcs JieBee 3Haka.

Hucno JISC Ha TMPHHLMITHANGHEIX CXeMaX CIOKHBIX DIEKTPOHHBIX YCT-
POHCTB 0YeHb YacTo GpiBaeT oM. Eciu k ToMy ke OHM HIYT MapaiuiensHo
onHa Jpyrodl 1 HEOZHOKPATHO MEHSIOT HAIPABIEHHE, TO MHOTHA MPOCIEIUTH
CBA3b MENIY JJIEMEHTaMM CTAHOBHTCS O4YeHb TPYAHO. Jlis obJerdeHus ureHms
cxem TOCT pexomennyer pas6usats mapamensuo unyme JIIC Ha mogrpymis:
H3 TPEX JIMHUM Kaxk/as (CUMTas CBEPXY) W OTACISTH UX YBENMYEHHBIMU HHTEpBA-
namu (puc. 12.5, a).

OpHaKo ¥ 9TOrO MHOT/IA OKA3BIBAETCS HEAOCTATOUHO, ECITH K TOMY Ke 60Ib-
1oe 9HCII0 napaiensHsx JIIC CHITbHO 3arpOMOKIAET CXEMy U YBETHUYHBAIOT &
pasmepsl. B nono6HoM crywae MoxHo cnuth napannenshsie JIIC B omHy yToi-
WEHHYIO JIMHKIO rpyrmoBoil csssu (JITC). IIpu BEIMONHEHHY NPHHLMIHATBHEIX
CXeM aBTOMATH3MPOBAHHBIM CIIOCOGOM JIONYCKAETCS JIMHMIO IPYIINOBOH CBA3M He
yronmare. Y Bxoaa 1 sbxozia u3 JINC xaxoit JIDC npucBanBaeTcst mopsyKoBbIit
Homep (puc. 12.5, 6). Urober ne cryrats a1 auHEK ¢ JIDC, mpocTo mepecekaro-
et JII'C, paccrosiHume MEXIy COCCIHUMH NMHHEAMH, OTXOISIIEMY B PA3HBIE CTO-
POHBI, IOJDKHO GBITH HE MEHBIIIE 2 MM.
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Jlnst obnerdenust noucka ornebHblx JIDC formyckaeTcs MoKassBaTh UX Ha-
TpaBlieHye ¢ ITIOMOIIBIO H3JIoMa 1o yrinom 45° (puc. 12.5, 6). Ilpu 3T0M TOUKa M3~
JomMa J1oJ0kHa O5ITE yaaneHa ot JII'C He MeHee yeM Ha 3 MM, a HAKJIOHHBIE y4acT-
ku cocenaux JIOC, n306paKeHHBIX 10 OJHY CTOPOHY OT Hee, He TOJDKHEI HMETh
nepeceveHuH 1 oOIMX ToYeK.
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13. OBO3HAYEHUA OBLIErO NPUMEHEHUA

Venossle rpadudeckue oGo3HadeHus o6uiero npuMeHenus [15] mmpoko
UCIONB3YIOTCS NPH BBIIOIHEHHH Pa3IMYHBIX CTPYKTYPHBIX U NPHHIHIHAIBHBIX
CXeM JUIs IOBBIIIEHUS HX MHPOPMATHBHOCTH.

Jlnist 0603HaYeHUs! pojia TOKA M HANPSKEHHS MCIONB3YIOT CHMBOJIBI, M30-
Gpaxcenusie Ha puc. 13.1. VX nmoMemaior Hajl IMHHAMH dJI€KTPHIECKOH CBS3M, ec-
JIi HEOOXOAMMO JaTh XapaKTePHUCTHKY BXOIHOIO, BEIXOAHOIO MM yIIPABILIONIEro
CHUIHAJIOB, HCIIONB3YIOT B KayecTBe COCTABHOM YacTH HexoTophix YI'O sy mpuH-
LHTHATBHBIX M CTPYKTYPHBIX CXEM.
N\ 37\ 502208

IlocTosiHHBIE TOK KU HanpsDKeHue o6o3Ha-

Qg 6 o YalOT KOPOTKOH TOPM3OHTAIBHOM 4epTOUKOM
uc. 13.1, @) unu AByMs napauIeNbHbIMU, OJHA

A A- P ; ,

AT ST M3 KOTOPBIX INTPUXOBAs, MEpeMeHHble — OT-

2 9 L peskoM cunycouast (cm. puc. 13.1, 6). Psimom ¢
R A E% %; 7~ TOCHE/IHHM 3HAKOM MOXHO [OMECTHTE Mapa-
METPbI [IEPEMEHHOTO TOKa — YHCIIO (a3, 4acTo-

& i 4 ) Ty, Hanpskenue (cM. puc. 13.1, 6).

Eciu Ha cxeMe HeOOXOAMMO yKa3aTh pas-
JIMYHBIE QUANa30HB! MM IOJIOCK! 9aCTOT, TO 3HAKOM «~» (cM. puc. 13.1, 6) obo-
3HAYAOT TOK HHU3KOH YaCTOTHI, @ [l TOKOB CPEIHUX (HalpHMep, 3BYyKOBBIX) H BBI-
COKHX (yJIBTPa3BYKOBBIX H PaJMOYACTOT) HMCIOJB3YKOT CHMBOIEI, COCTABJICHHBIE
COOTBETCTBEHHO U3 IBYX (cM. puc. 13.1, 2) u Tpex (cM. puc. 13.1, 0) cunycoun.
Oro pexomenpauuy, 1 TOCT ponyckaer npumensts obwee YI'O (cm. puc. 13.1,
6) mist 0003HAYEHHMS JTFOOBIX YacTOT, HO ¢ YKa3aHHEM MX KOHKPETHOTO 3HauyeHHMs
(cM. puc. 13.1, e).

3HaKu B BHJIE JABYX M TPEX CHHYCOMJ HCIONb3yoT B YI'O [u1s crpyKTypHBIX
U (YHKUMOHATBHEIXK cXxeM. Ecii B CHMBOIE, COCTOAIEM H3 JBYX CHHYCOMJ, KO-
POTKHM IITPHXOM IepedepkHyTa BepxHsst (cM. puc. 13.1, oc), To 510 O3Hauaer,
YTO MOJOCA YACTOT OrpaHHueHa cBepXy (duibTpauus Hkaux dacror, ®HY), a
ecii HwKHAA (eM. puc. 13.1, u) — cunsy (puibrpauus BepxHux yactor, GBY).
ORHOBPEMEHHO 3a4ePKHYThIC BEPXHASL ¥ HHKHAS CHHYCOM/IBI B CHMBOJIE BBICOKUX
gacToT (cM. puc. 13.1,x) 0003HAaYaIOT INpPOMYyCKAHME TMOJNOCHl YacToT, Or-
paHMYEHHOM KaK CBEpXY, TaK M CHH3Y, a cpefias (eM. puc. 13.1, 1) — nojasnenue
CHTHANA B M0JI0CE YacTOT.

Ha cxemax MOXXHO BCTPETUTh TaloKe 3HaK, H300pakeHHbI Ha puc. 13.1, m.
Ero HCnons3yloT B TOM Cllydae, KOrjia HeOOXOAMUMO MOAYCPKHYTH, YTO JAHHBIH
npubop MM annapaT NPUrofeH Juld paGoThl Kak Ha MOCTOSHHOM, TaK U Ha mepe-
MeHHOM Toke. Ha cxeMax Takke LIHPOKO MCHOJB3YIOT 3HaKH, oToOpaxarolme
¢dopMy curHaia B XapakTepHBIX TOYKax ycrpoiicrea. Hampumep, 3Hak, Hanomu-
HAIOIMIl OCIMILIOrPaMMy MMITyJIbCa C 3alONHEHHeM, 0003Ha4YaeT PaHOMMITYJIbC.
HawubGosree 4acto mpuMeHseMbIe UIs 3TOr0 CUMBOJIBI PUBEJIEHE! Ha puC. 13.2,

)

Pue.13.1
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3naku (puc. 13.2, a) u (puc. 13.2, 6) — o6o3ua-
HAlOT  COOTBETCTBEHHO IIOJNOXHTENBHBIA M OT-
PHULEATENBHBIN TPAMOYTONBHEIE HMITYJIBChI, CIELYIO-
uye 3a HuMH (cM. puc. 13.2, 6, 2) — 0CTpOYyrosbHbIE
UMILYJIbChl Pa3HOH monApHOCTH. IToX0KHM 3HAKOM, HO Imke
C PasHBIMH 110 BPEMEHH «(QPOHTOM» H «Cpe3om», 060- a) 6)
3HAYAIOT NMUI006pasHEIH UMITYLC (0), & CHMBOJIOM B
Bujie paBHOGeapeHHON Tpanenuu (e) — Tpaneueu-
JIJIBHBIHA, JIBa clie/tyloluX 3HaKa HCIONB3YIOT B TeX 6)
CllyyasX, KOrzia HeoGXONMMO I10Ka3aTh HMMIYJEC C
KpYThIM (poHTOM (9ic) Mtk crianoM (u). Jlist roBblLze-
HUS HHPOPMATHBHOCTH 3THX CHMBOJOB HX HEPEJKO %)
JIOTIOTHAIOT TAKKMMH XapaKTepHCTHKAMH, KaK JIHTeN b~
HOCTb M aMIUIUTYZa MMITyiscoB (cM. puc. 13.2, a),
IPaHUYHbIE YPOBHH HAMPSOKEHHH 1 Ip.

JI1si XapaKTEepHCTHKH CHIHAJIOB MOYKHO HCIIOMb-
30BaTh M MOOBIE JApyrHe 3HaKW, BaXKHO TOJNBKO, 4TOObI OHM, Kak TpeGyer I'OCT,
YIPOILIEHHO BOCHPOM3BOJMIM OCHHINIOTPAMMBI  COOTBETCTBYIOLUMX —DEabHBIX
CHUTHATIOB.

3,2B
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YacTo NpUMEHSIOT B CXeMaxX 3HAKK B BHJE PasiMYHBIX CTpe-
nok. Ctpenkamu ¢ yriom npu BepiunHe 60° 0603HA4aK0T HaNpaBiIe-
HHE [ICPEauy IIEKTPOMATHUTHON SHEPTHHU, HAMPUMeEp, B CHMBOJIAX
AHTEHH, HAlpaBleHHe Npeobpa3’oBaHks B CHMBOJAX M3MEPHTENb-
HBIX JATYAKOB, a Takxke B YI'O pasimyHEIX yCTPOMCTB Ha CTPYyK-
TypHbIX cxemax. Onna Takas crpenka (puc. 13.3, a) yka3siBaeT Ha
niepesiadyy SHEPIUH B OXHOM HANPABICHUH; JBE PA3HOHANPABIICHHBIE
(6) — B 060MX HANpPABIEHUAX HEOJHOBPEMEHHO, JBE BCTPEUHEIE (6)
— B 000HMX HampaBleHHAX OJHOBPEMEHHO. IIpiMepHO Takoi e
CMBICIT UMEIOT OCTPBIE CTPEJIKHM B CHMBOJIAX 3BYKOCHHMATeJisl, MarHHTHOH rOMIOB-
KH, FDPOMKOIOBOPUTENS-MHKPO(OHa 1 T. I1. (CM., Harpumep, puc.10.3—10.5).

Muoii cMBICT MMeeT HaKJIOHHAs CTpeska, nepecexaioias YI'O kakoro-m6o
9/IeMeHTa 1oJ( yriaoM 45°. 39To — 3Hak perynupoBanus. C ero nmomorsio CTposT
obmue YI'O perynnpyemsix (epeMeHHbIX) PE3UCTOPOB, KOHAEHCATOPOB, KATYIIEK
MHAYKTHBHOCTH Y T. 1. Pacrionaraior ero Bceraa onunakoso. JKenas noguepkHyTs
XapaKTEPUCTHKY MIIM CIIOCOO PeryNMpoBaHys, CHPaBa OT CTPENIKH MOMELIAT J0-
TIOJIHUTENLHBIE 3HAKH, HANPUMeEp, NapajuleNbHyIo eil 4epTouKy, 0603HavalouLyro
TUIABHOE  PEryJIHMpOBAHME, CHMBOJMYECKOE H300paKeHHEe CTYNEHbKH, yKa-
3bIBAIOIIEH HA CTYTEHYaTOe PeryIHpOBaHke (HOITyCKAETCs MPHBOJUTD YHCIO CTY-
NeHed peryJIMpoBKH), MaTeMaTHYECKYIO 3aIUCh YCIOBHIA, TIPH KOTOPEIX JOMYCKa~
€TCs PerynupoBaHye.

Crioco6 perynupoBanus 0603HaqaioT 3HakoM B BuAe Kpyxka, Ecim pery-
JINPOBKA OCYIIECTBIIAETCS PYUKOH YNPaBIIeHHs, BbIBEACHHOH HapysKy, KPYKOK -

Puc.13.3
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JIOM CO CTPEJNIKOM 3a4epHSIOT LENHKOM. ECIH st BO3NEHCTBHA Ha BBIBEICHHBIH
HapyXy Oprad yHpaBieHWs HeoOXOJHUM CIEeNMalbHBIA MHCTPYMEHT (OTBEPTKa,
TOPLEBOH KIII0Y), ero JeNST BePTHKATIBHON YEPTOil ¥ OJIHY NOJIOBUHY 3a4EPHSIIOT,
a eClIM PeryIMpOBOYHEIN OpraH pacrolioeH BHYTpH npubopa u Takxe Tpebyer
[PUMEHEeHHs MHCTPYMEHTa — JeNaT BepTHKaNbHOH yepToii nononam. Ilpu Heo®-
XOMMOCTH Hajl 3THM 3HAKOM MOMELIAIOT JYIOBYIO CTPEJKY, YKa3bIBAIOUIYIO Ha-
MpaBiIeHHe PEryInpoBaHis, IPH KOTOPOM NPOUCXOJIUT 603pacmanue perynupye-
MO# BEJIHYHHEL.

3HaK HeJIMHEHHOTO PeryMpOBaHIs TAKKe H306pakKaeTcs HaKJIOHEHHOH mon
YoM 45° CTPelIKOi, HO ¢ M3JIOMOM y OCHOBaHHsL. PAI0M ¢ M37I0MOM JOMyCKaeTCs
yKasblBaTh B MAaTeMaTHIeCKoH (OpME 3aKOH M3MEHEHHS PEryJIHMpyemMoit BemuUn-
HBI, Hanpumep, log.

TToX0%KM 3HAKOM € H3JIOMOM, HO Ge3 CTPEIKH, BRIJCISIOT Ha CXeMax JJe-
MEHTBI, 1apPaMeTpPbl KOTOPBIX HENMHEHHO M3MEHSIOTCH MO0 ASHCTBHEM BHELIHUX
(bakTopos (TemnepaTypel, JaBIeHHs, HANPHKEHUs, Toka U T. 1.). [lox momouxon
9TOro 3Haka (WM pANOM C Heif) yKasslBalOT ofuenpuusToe OyKBeHHOE 060-
3HayeHne (PU3MYECKON BENWUHMHEI, BBIBIBAIOLEH M3MEHEHHE PEryIMpyeMoro Iia-
pamerpa. IIpuMep HCIIONB30BAHKSA ITOrO 3HAKA — Ha puc.2.8.

Elle ofiiH 3HAK PEryIHpOBaHUs — HAKIOHHYIO JIMHHIO C 3aCEUKOH Ha KOH-
e — WCIOJNB3YIOT JUIsi BBIJCNICHUSA TOJCTPOEHHBIX DJIEMEHTOB, PErylnpyeMbix
TIpU HANAXUBAHUM NPHOOPa, NPH KOHTPOJIE Ero B MPOLECCe IKCILTYATALHHI 1 T. Ji.
Dr0T 3HaK GbUI IpUBEAEH Ha puc.2.7.

3HakyM B BHIE OCTPBIX CTPENOK HCMOJB3YIOT TakKe, HalpuMep, IIpH [10-
crpoenn YT'O akyCTHUECKHX TOJOBOK (cM. pasAl. 10), aHTCHH, MArHUTOCTPHKIIH-
OHHBIX /1eMeHTOB. JIByMs MapaieNbHbIMA CTpelKaMu 0603HadaloT $oTodanek-
TpHuueckuit aQPexT U onTHYecKoe uanyieHue (cM. pasa. 7).

Ha NpHHUMITHATIBHBIX CXEMaX HEPE/KO MPHXOAMTCS M300paxaTh MexaHn4e-
cKHe cBs3M Mexay aiemenTamy. CTpenKkamu B MOZOOHBIX CTy4asX MMOKa3bBAIOT
HarnpaBJeHUe JBWKEHUS i ero xapakrep. [TpAMONMHeRHOe IepeMeLleHIe B OTHOM
HarpaB/eHHH YKasbIBalOT CTPEJIKOH, OPUEHTUPOBAHHON B COOTBETCTBYIOLIYIO CTO-
poHy, B O6OMX HANpPABNECHHAX WIM BO3BPATHO-NOCTYNATENBEHOC IBHXKCHHE —
oforonoocTpoit cTpenkoil. Ecnu HEoGX0MMMO MOIYEPKHYTh, YTO JIBIXEHHE B Ty
MW [PYTYIO CTOPOHY OIDaHHYEHO, Ha KOHLE CTPENKH AENAIOT 3ace4Ky M yKashl-
BAIOT Haj Heil JUIMHY TiepeMelueHus. Bpamarensioe JBukeHue H300paxaror ay-
rooBpasHEIMU CTPEIKAMH, HA3HAYEHWEe KOTOPBIX aHANOIHYHO, HO MPUMEHHTENBHO
K HHOMY XapaKTepy JBHKEHHUS.

CTpeJKH, CHMBOIH3MPYIOIINE HANIPABIEHUE M XapaKTep ABKKEHMS, HCIOIh-
3yIOT COBMECTHO C JIMHUSMHA MEXaHHYECKOH CBA3H Mexy aneMentamu. Ha npun-
[UMTHATBHEIX CXEMaX MX OGBIMHO M300pAKAIOT LITPHXOBBLIMU JIMHUAMH, PEXEe —
JBYMs ApaJUIeNBHEIMU CILIOWHEIME. KomGuHanuel u3 1yroo6pasHoi n npsamol
CTpenok 0603HaYaK0T BHHTOBOE JIBIKEHHE.

Hexoropste YT'O 21eMeHTOB IPUBOJIA ¥ YNPABIIOUIMX YCTPOHCTB MoKasa-
Hbl Ha puc. 13.4.
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Tlepeeie nBa cumBoma (puc.13.4, a, 6) — pyuHOH
npuBox (CM. pasi. 5), OCYHIECTBISEMBIH HaXaTHeM Ha
kHOnKy. Ecnu jxe ympaBiseMbil 57€MEHT NpPUBOJUTCA B
nelfcTBHe BHITATHBAHHEM WM II0BOPOTOM KHOIIKH, HCIIONb-
3YIOT 3HaKH, H300paKEHHbIE COOTBETCTBEHHO Ha puc. 13.5,
6 M 2 (JTUHHIO MEXaHHIECKOH CBA3M MOKHO 0603HAYaTh, KaK
yKe GBLIO CKa3aHO, IITPUXOBOM WM JBYMS CIUIONIHBIMH
nunuaMa ). CHMBONOM, H306paXkeHHBIM Ha puc.13.4, 0 06o-
3HAYAIOT HOXHOM mpuBoJ (menais), 3HakoM puc.13.4, e —
(ukcanuio IpUBOJIA B HAXKATOM (BBITAHYTOM HIIH IOBEPHY-
TOM) TIOJIO)KEHUH.

B VI'O mpyrux BHIOB NMPHBOZA MCIIONB30BAHBI jie-
MEHTBI COOTBETCTBYIONIMX Ga30BBIX CHMBOJOB WJIH 3aIl0-
MUHaKomuecst 3Hakyu. Tak, eciu B HeM NPUMEHEH 3JeKTPo-
MarHUT, TO JHHHUIO MEXaHUYECKOH CBS3M NPHUCOENMHSIOT K
CHMBOJTy 1eKTpoMaruuTa (cM. puc. 13.4, o), a eciu smex-
TPOABUraTeNlh — K NPEAENBHO YIPOIIEHHOMY CHMBOJY Ta-
KOro yCTpOHCTBa.

a)

:|.___. "I.____.

8)

e e

6

2

[=

%)

Puc.13.4
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14. YCTPOWUCTBA CBA3U

B cxemax ycTpoHCTB CBs3u UCTonb3yoT YI'O, CUMBOIH3UPYIOLIME OT/ENb-
Hple (yHkuuoHanpHble yacTH [16]. Takumm vactamu Moryt ObiTe M (yHK-
LMOHAJIEHBIE TPYMIIBI 3JEMEHTOB (HanpuMep, npeoOpa3oBaTeNy YacToTsl, GHUIBT-
PBI M T. IL.), M ycTpoiicTBa (6/10KM MUTAHHUS, 3ANMCHIBAIOLIEE HIIM BOCIIPOM3BOIA-
1ee yCTpoHeTBo M T. 1.). Huwxe npusoasrcs YT'O, KOTOpbIe UCHONB3YIOTCS TaKKe
B CTPYKTYPHBIX U (yHKUHOHAIBHBIX CXeMaX IPYTHX SJIEKTPOHHEIX YCTPOMCTB.

DYHKIHMOHANBHBIE YACTH M300PaXaioT B BUJE KBAJPaTOB, NPSMOYTONLHH-
KOB HJIM TPeyronbHHKOB. [l Gosibliell HAMVISIHOCTH BHYTPH 9THX 06LIMX 060-
3HAYEHHH MOMENIAIOT pasMyHble 3HaKH, npujaomue yactHeiM YI'O uHauBny-
ATBHOCTh ¥ MHEMOHHYHOCTE.

BonpmMHCTBO CHUMBOJIOB YCTPOMCTB CBSA3H MOCTPOEHO HA OCHOBE KBaJpaTa
12x12 mym (puc. 14.1). Paccmotpum, kak Ha ero ocHose crpositest YO pasinidsix
FEHEPATOPOR JNEKTPUUECKUX KoneGanuit. OTIMYHTENBHBIA IIPU3HAK DTHX YCT-
poifct — natuHCcKas 6yksa G, KOTopas sBIseTcs 1 GyKBEHHBIM KOAOM B TIO3HIH-
oHHBIX 0603Havenusx (cM. Tabu.1.1). Eciu Hy)KHO ykasaTh (JopMy reHepupyemblx
KonebaHuH, B KBAJ[paT MOMEMIAIOT 3HAKH, YIPOLIEHHO BOCIPOH3BOMSINNE HX OC-
mutorpamMmel (cM. pasa. 13). Ha puc.14.1 rereparop cHHYcCOMAanbHBIX Koleba-
Bult — G2, muioo6pasubix — G3, a npsmMoyronbHeix — G4.

Yro6bl OTIMYMTE FEHEPATOPhl 3BYKOBOH M PaJiHOMACTOTHI OT YCTPOWCTB,
BbIPA0ATEIBAIOIINX TOK HHM3KOH 4acTOTBI, BMECTO OJHOIO CHMBOJIA CHHYCOMJIBI
u300paXaroT cooTBeTCTBEHHO 1Ba (G5 Ha puc.14.1) wmm Tpu Takux cumsoina (G6
Ha prc.14.1). MoxHO ykasaTh noj o6o3HaueHueM (opMs! KoneGaHuil faxe 3Ha-
yenue 9acTothl (G7 Ha puc.14.1).

B03MOXKHOCTB TIEPeCTPOMKH reHepaTopa I10 YacTOTe [OKA3BIBAKOT CTPEIKOMH,
nepecekaromeit mbo camo YI'O (G8 Ha puc.14.1; psaoM co CTPeNnKoi B 9TOM City-
yae ykasaHa OykBy f), 1160 cumBoin ¢popmel konebanuii (G9 Ha puc.14.1). Tenepa-
TOp, CTaGMIM3HPOBAHHEIH KBapLEBBIM PE30HATOPOM, BBIEISIOT HAa CXEMaX CHM-
BOJIOM Mbe303JIeKTpHyeckoro aementa (G10 na puc.14.1), reneparop uryma (G11
Ha puc.14.1) — Gyxsamu kT (k — nocrosiuuas BonsiMana, 7 — aGcomnroTHas Tem-
neparypa).

Tlosunmnonnoe o6osnauenue YI'O ycunureneit — OykBenusiit xox 4. 3Hak
yCHIIeHHs] — HeGOJBIION PaBHOCTOPOHHHIT TPEYTONBHUK, BEPILHHA KOTOPOro yKa-
3bIBAET HaNpaBlieHUe nepenaun curnana (puc. 14.2, A1). Taxoif xe TpeyroJgbHHK,
HO co cTOpoHO# 12 MM (42 Ha puc.14.2), 4acTO UCHONB3YIOT B Ka4yecTBE CaMo-
CTOATEJIBHOTO CHMBOJIA YCHIHTeNeH. 3HAKH, XapakTepu3yOLlie BHJ, YCHIHTEIs
MM IIPUHLAI ero paboThl, pa3pemaeTcs yKa3sBaTh TONBKO B 9TOM 0003HAYEHHH.
Jls mpumepa Ha puc. 14.2 (43 Ha puc.14.2) npuBeneHo YI'O Tak Ha3bBaeMOro
MarHHTHOTO YCHIHTeNs (Lernodka MONYOKpY>KHOCTEH CHMBOJH3UDYET ero o6-
MOTKH).
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CraHuapr npefycMaTpuBaeT npu HeoGXOAUMOCTH BO3MOXKHOCTE OTOGpaKe-
nug B YI'O ycunurenel wucna KackagoB, O0COOEHHOCTEH BBIXOJHOIO Kackaza,
crocoBGHOCTH Iiepejjadn CHrHaja B 06OMX HAlpaBIeHUsX (TaKue YCHIMTENH MpH-
MEHSIOT, HallpUMep, B IIEPErOBOPHBIX YCTPOUCTBAX), BOSMOKHOCTH PEryJIHpOBKH
YCHIIEHHSI B T. J. YHCIIO KacKaJloB yKa3bIBAIOT COOTBETCTBYOmMMY tuppamu. Ha
puc.14.2 — A4 — TpexkackauHblil younuTels, 45 — nsrukackanusii. s 06o-
3HAYeHMs JBYXTAKTHOTO YCHJIMTENS HUCTOJB3YIOT JBA 3HAKA YCHIIEHMs, roMeras
MX ONHUH Haj ApyruM (cM. puc.14.2, 46). Takumu xKe 3HAKAMHM, HO HAIpaBJIeHHBI-
MM BCTPEYHO, BBIIEISIOT HAa CXeMaxX YCHINTENH, ClIOCOGHbIe nepenaBath CUrHAI B
00OMX HANpaBiIeHHsX, IPUYEM B Cllydae, eclii YCHIIWTENb ABYXIPOBOMHBIN, HX
pacronararot Ha omHo# JmHuu (A7 Ha puc.14.2), a ecii YeTHIPEXIPOBOAHLIH —
pasHoOCAT Mo BepTHKaIH (48 Ha puc.14.2).

Perynupyemsie ycunutenu o603Ha4arOT THOOBIM M3 OCHOBHBIX CHMBOJIOB,
TepeceKas ero 3HaKoM peryJupoBaHus — crpeikoii (49, 410 xa puc.14.2). Psanom
€O CTPENKOH MOXKHO yKa3kIBaTh GyKBEeHHOE 0G03HAYEHHE PeryIHpyeMoii BeTHyH-
Hbl. Hanpumep, ycuiutens ¢ peryaupyeMbIM BBIXOJHBIM Hamnpsokenuem — Al11.
Ecnu ycunenue peryampyercsi sNeKTPOHHBIM criocobom, YI'O JONONHSIOT elie
OnHMM (YNPABJIAIOLIMM) BBIBOJOM, PAZIOM C KOTOPBIM YKa3bIBalOT BUJI PEryJiis
pyroutero curnana. Ha puc.14.2 ycunurens ¢ BHEUIHMM YIpaBIEHHEM MOCTOsN-
HBIM TOKOM — A12.

O6mee ycnoBHoe rpaduyeckoe 0GO3HAYEHHE YACTOTHBIX (HIKTPON
KBAJIpaT C NEpeYepKHYTHIM CHMBOJOM CHHYCOMABI (OYKBEHHBIA KO ~= 4, OM

55




Ea— e R

Ta6in.1.1). Takoe YT'O (puc. 14.3, Z1) HCHONB3YIOT B TEX ClydYasx, KOTJa BaXHO
OKa3aTh HMEHHO HAllW4YHe (QHIbTPA B LEIH CUIHANA.

Bonee ungopmarusuer ocranbusie YI'O, nsobpaxennsie Ha puc.14.3 (31a-
KH, MCTIONE3yeMble IPU HX IMOCTPOGHHH, MOAPOOHO paccMOTpeHsl B pasp. 13).
3neck Z2 u Z3 — UIBTPBI COOTBETCTBEHHO HIDKHHX W BEPXHHX 4acTot, Z4 u Z5
— COOTBETCTBEHHO INMOJOCOBOH U PEXEKTOPHBIH (HIbTphl. OT CHMBOIOB GUIET-
poB cnexyer otinudare YI'O momaBuTens paguMovacTOTHBIX MOMeX Z6, B KOTOPOM
3HAKH CHHYCOMJI EePEeYepKHYThI KOCBIM KPECTOM.

MMosunuonnsle o6o3nauenns YI'O ycrpo#cTs, npeaHasHaueHHbIX JMst Orpa-
HHYEHHs CHrHana — GyKBeHHBIH koJ ZL. PaboTa dTHX yCTPOHCTB 3aKII0YAETCs B
BBIJICICHHH €TI0 YaCTH CUTHAJNA, JIEKAIIEro HIDKe WK BBIIIE ONPEeNeIeHHOTO YPOB-
HS WM 3aKOMEHHOTO MEXIY HUMH. YPOBHH OrPaHMYEHUs YKa3biBAlOT OT-
PE3KaMH TOPU3OHTANBHBIX MPAMBIX, EPECEKAIONIMX CHHYCOMY — CHMBOJI CHIHA-
JIa B COOTBETCTBYIoMMX MecTax. YI'O orpanuunTteneii GOMbIIMX M MaJIBIX HaIps-
JKEHHH, a TAloKe JIBYCTOPOHHErO OrpaHMYMTeNs NoKa3aHb!l Ha puc. 14.4 (ZL1, ZL2
u ZL3).

7L1 ZL2 ZL3
Zi 72 73 —‘f\#——%*—%*
P =t AR S A= 714 7L 7L6

= = = A

— -1 X % — ing 78 a9
{ HHT

Pnc.14.3 Puc.14.4

VerpoiicTpa, nMpeiHa3sHAYEHHBIE JUIS OTPAHUYEHHs MUHUMATBHBIX M MaKCH-
MaNbHBIX 3HAYEHHUH CHrHANa (MIH 1 TeX, U IPYTUX), 0603Ha4aloT uHaye. 3HaK Ta-
KOTO OrpaHMYeHHs — BEPTHKANbHAS YePTOUKa, HEPEceKarolas HaKJIOHHYIO JH-
HHIO (CHMBOJI CHI'HANA) C TOPHU3OHTANIBHBIMU MONOYKaMH (YPOBHH OTpaHMYEHHS) B
cepenuHe (OrpaHHMYMTENh MHMHMMYMa) WM Ha KOHL@AX (OrpaHHYHTENH MaKCH-
MyMoB). M3o6paxenHplit Ha puc. 14.4 cumBon ZL4 o6Go3HawaeT OrpaHuYHTENs
MHHHMAIIBHBIX 3HAUeHWH aMIUTHTYABI, ZL5 — MakcuMalbHbIX, ZL6 — u Tex,
apyrux. Eciu ke HeoGXOIMMO TOKa3aTh OrpaHHYHTENb TONBKO MaKCHMAbHBIX
IIOJIOXKHTENBHEIX 3HAYCHHH CHTHANA, 3HAK OTPAHHYCHHS H300PaXaloT Ha HIKHEM
KOHIEe HAKJIOHHOH iuuuy (ZL7 Ha puc.14.4), a eciu TONBKO OTPHLATEIBHBIX — Ha
BepxHeM (ZL8 wa puc.14.4). Orpanuyenns aMmIuinTyxsl 6e3 wckaxeHus (opMbl
curana (Hanpumep, 3a cueT JeHcTsus APY) Noka3biBalOT 3HAKOM CHHYCOMJIBI C
TOPM30HTANBHBIMY YEPTOYKAMH, He Kacaromumucs ee (ZL9 Ha puc.14.4).
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OruyuTeNb B MPH3HAK KOPPEKTOPOB — JIBE JIMHUK C IIOJIOYKAMHI HA KOH-
uax (puc. 14.5, A1): HaKIOHHAS CHMBOJM3UPYET HCKaKEHHME, @ BEPTUKATBHAS —
KOPPEeKUMIO HCKaxeHHs. KoppekTupyeMble NapaMeTphl yKashiBAalOT OOIIenpH-
HATBIMM OYKBEHHBIMH OGO3HAYEHHAMH (H3UYECKHX BEIMYMH, 0GO3HAYEHHUSAMU
€/IMHAL X M3MEPEHHS MM CIIeNHaIbHBIMH 3HakaMu. HanpuMep, 4acToTHBI Kop-
pekTop BhAENsIOT OykBoi [ (A2 Ha puc.14.5), dasossiit — rpedeckoii GykBoii @
(A3), BrIpaBHHBATE/b BPEMEHHU 3aepKKu — o6o3HaueHHeM At (44), 3aTyxaHus —
obo3HaveHueM eIMHULE! ero u3mepeHust dB (45 na puc.14.5). Hanpumep, yactot-
HYIO KOppekuuio ¢ nogbemoM AUX B 06;1acTH BBICIIMX YACTOT OKA3BIBAIOT JyXK-~
KoM veTBepToit geTBepTH OKpyxHOCTH (46 Ha puc.14.5), a co cnagoM — nepBoi
(A7 na puc.14.5). CuMBON HCKaXKeHUS B ByX HOCIENHUX CIy4asx He M300paka-
10T,

B ycnoueIX rpadudeckux 0G03HAYCHHIX YCTPOHCTB IS CKATHS [MHAMH-
YEeCKOro Juana3ona (T.e. HeNMHEeHHOro yMeHbIICHHs PasHULbI GOJIBLIMX W MaJbIX
aMIVIMTY]1) — KOMIIPeccopoB (puc. 14.5, A8) — HCIONB3YIOT MPEENBbHO YIpo-
IIEHHBIA rpauK 3aBUCUMOCTH AMILTHTY/IbI BHIXOJHOTO CHIHAIA OT aMIUIMTYbI
BXOZHOT0: HAKIOHHAs JIMHHS CHMBOJIM3HPYET Cy)XeHHe IMHAMHYECKOro JHaraso-
Ha. B okcrannepax (pacmupuTensx JMHaMIYecKOro JuanasoHa) pemaetcs obpar-
Has 3aja4a, mosToMy rpaduk B ux YI'O (49 ma puc.14.5) umeer npotuso-
TTOJIOXKHBIA XapakTep.

Ha ocuoBe xpazipata noctpoersl YI'O u Takux (yHKIMOHAIBHBIX dacTeit
YCTPOWCTB CBSA3M, KaK aTTEHIOATOPHI, JIMHHH 3aJep)KkH, (asoBpaiiatesd u T. M.
(6yxBennprit Kox — A). OTIHYUTENBHBIA NPH3HAK ATTEHIOATOPA — BIIMCAHHOE B
KBaZpaT MeX/TyHapoHoe 0603HaueHye JIorapupMUYecKoi euHuLbl — enubena
(puc. 14.6, A1), basoppamarens — oGLIENPUHATOE 0603HAYEHUE YIIa — Ipeve-
ckast Oyksa ¢ (44). Ecin HeoOXOAUMO yKa3aTh Ha CXeMe BENMYHMHY BHOCHMOIO
YCTPOHCTBOM 3aTyXaHHsl WIIM CBUTa (has, Hal JIMHHUEH BBIXOZA [OMELIAIOT COOT-
BETCTBYIONTYIO Hauck (42, 43, A5).
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O61ee ycnoBHoe rpadudeckoe 0003HaYCHHE THHUI 3a/{epPXKKH — KBaApaT C
CHMBOJIOM BPEMEHHOH 3aJIePiKKH, COCTOAIMM M3 OTPe3Ka FOPH3OHTAIBHON Mpsi-
MO} ¢ 3aceuKaMyu Ha KOHIAX ¥ o0IIenpHHATOro 0603HaYeH s BpEMEHHOI0 HHTep-
Bana At (46). B YT'O KOHKPETHBIX YCTPOWMCTB Ha MecTe 3THX OYKB MOXHO H306-
paXkaTh 3HaKH, XapaKTePU3yIOLIHEe WX KOHCTPYKTHBHBIE ocoGenHocTH. st nmpu-
Mepa Ha puc. 14.6 1oKa3aHsl CHMBOJB! 3JIEKTPOMATHUTHON JIMHHK 3aIEPXKU C
pacrpenesleHHBIMU apamMeTpaMu A7 ¥ IBYX YNBTPa3ByKOBBIX: C ITb€303IEKTPHYIE-
CKUMH A8) W MarHMTOCTPHKLMOHHBIMH npeobpasoBatenamu 49. YV nuHuit 3a-
JIEPXKKH MOXKeET GbITh HECKONBKO BRIXOJIOB. B 4acTHOCTH Hanmyue JBYX BEIBOJIOB Y
cumMBonia 49 rosoput uMeHHO 06 3ToM. [Tpu HEOGXOAMMOCTH BPEMS 3aIEPXKKH
YKa3b[BAIOT U y CUMBOJIOB JIMHUI C 0(HMM BBIXOZOM Min BHYTpH YI'O BMecTo Af.

ul vz us B TexHHKe CPEACTB CBSI3M IIHPO-
) — KO NPUMEHSIOT BCEBO3MOXKHBIE NPeod-

= | /[T 7| /AL|  DPasoBarenu dJIEKTPHYECKHUX BENHIMH B
> > > anextpuyeckue (kojg — 6yksa U, cM.

U4 Us U6 Tabi.1.1). Obwee YI'O oT0it rpymmst
YCTPOHCTB — KBaupar, pa3feneHHbIH

L a7 BT N s ot JIMarOHabI0 Ha [BE YacTH, CO CTpell-
G jz ‘nf KO Ha HYDKHEH CTOpPOHe, yKashIBaro-

UY7 U8 U; meil  HampaslleHHe peoGpa3oBaHHs
(puc.14.7, Ul). B neBoM TpeyrojpHuKe

i N I | TOMEMIAiOT 3HAKW, XapaKTepH3ylollue
1w | e T T 4 npeobpasyeMblii CUrHaJI, B NPaBoOM —
> > > npeoGpasosannbif, Takum  o6pazom

u7 % %4 ycrpoiictBo U2 — mnpeobpasosarels
ipk G\ 5 [IePEeMEHHOr0 TOKa B MOCTOSIHHEIH (BBI-

= _u.—- b= S npsamvutens!), U3 — NOCTOAHHOrO B
> > nepemMeHHeli, U4 — MOCTOSHHOrO B
Puc.14.7 MOCTOSIHHBIH TOK. AHAJOrMYHO pac-

umdpossisaiotes obwpe YI'O npeobpasosatens yactoTsl U6 (CHrHam 4acToTod fi
npeoGpa3yeTcs UM B CHTHAN YaCTOTOM f), cuMBONax ymHoxwutened U6 n nenw-
Teneit wactoTsl U7. YacToTy BBIXOIHOTO CHIHaNa BRIPAXKAIOT YEPe3 4acToTy BXOM-
HOTO € IOMOLIBIO K03 GUUHEHTOB 1 1 1/n COOTBETCTBEHHO (Iie 1 — LIEJI0E YHCII0).

OcranbHble  YCIOBHBIE rpaduueckue 00o03HaYeHHs, W300paxeHHblE Ha
puc. 14.7, cuMBOIM3HpYIOT creAyiole yerpoiicTea: US — dopMupoBatens nps-
MOYTOJBHBIX UMITYNIECOB, U9 — npeoGpazosareis OMHOMONAPHSIX (B TAHHOM CITy-
4ae — MOJNOKATEILHBIX) UMITYJIECOB B IByXNONApHEIE, U10 — MHBEPTOP HMITYJb-
coB, Ul1 — nipeoBpasosarenb NEPEMEHHOTO TOKA B CHIHAJIBI IATH3HAYHOTO Gu-
HapHoro Koga, U12 — npeobpa3oBaTelib CHIHANOB MATH3HAYHOTO GHHAPHOTO KO-
72 B CHTHAJB! CeMU3HAYHOTO (0603Ha4eHHe PSMOYTONBHOO MMITYJIECa B TION06-
HBIX CIly4asix JOIyCKAaeTCs HE MOKA3bIBATh).
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Mogyssitopsl, AemMoLyIsSTOpE (Ae- ul vz
TEKTOPBI), YACTOTHBIE JIUCKPHMHHATOPEI it b |B
u Jpyrie noigobHbIe ycTpoiictBa 000- i = c =
3HAYAIOT Ha CXeMaX CHMBOJIAMH, TIOKa-

3aHHBIMU Ha puc. 14.8 (U1, U2). ITepssrit
U3 HUX HCTIONB3YIOT B KauecTBe 06IIero j:t fl:
VT'O, BTOpoit — B Ka4eCTBE OCHOBBI J|Isl m
noctpoenus YI'O  KOHKpETHBIX  ycT-
poiicts. Bmecto GykB A u B (Haj BBIBO-
JlamH) BTOPOTO CHMBOJIA [IOMELIAIOT 3Ha- ﬁ '
KH, XapaKTepU3yIOLIHe COOTBETCTBEHHO
MOZYNUPYIOLUMH ¥ MOJYJIMPOBAHHBIH
CHTHANB! (U1 MOJYJIATOPOB) MIIH MOJY- P““-l“-s
JIMPOBAHHBIHA W JEMOMYIMPOBAHHBIH (s KMoy IaTOpoB), Ha Mecte GykBbl C —
060 HECYIIeH 4acToThl. JONONHHTENbHEIE 3HAKM (HAIPHMEp, CHMBOJIBI
3BYKOBOH M paJIMO4aCTOTHI) yka3biBatoT BHYTpH YI'O Ha Mecte GyKB a, 6, c.

3a OCHOBY 3HAKOB BHIa MOAYISLMHM NPH UMITYJIbCHON Nepejade NPHHATO
YIPOLIEHHOE U306paKeHHe MPAMOYTONLHOTO HMITYJIbca. AMILIUTYLHYIO MOIYJIs-
LHIO BBIIENSIOT JBYHANpABIEHHOH BEPTHKAIBHOM cTpenkoil (cM. puc. 14.8, a),
$azoBylo — TaKo# Xe rOpU3OHTANLHOH (6), YACTOTHYIO — CHMBOJIOM CHHYCOUIbI
(6). IByHANPABIEHHYIO CTPEIIKY HCIONB3YIOT TAKXKe [Uisl 0603HAYEHHS! BpEMEHHOH
(2) m mwmporHo# (0) Momymsiwy. [Tpu3HAKOM MMILYJIBCHO-KOXOBOH MOAYJIALMH
CIY)KUT 3HAK B BHAE SYEHKH IPAMOYTONBHON CeTKH (), PANOM ¢ KOTODBIM IpPH
HEOOXOMUMOCTH YKa3hIBAIOT M caM Ko (Wis mpuMepa Ha puc. 14.8, o mokasano
0603HaYEeHHE MATH3HAYHOTO GHHAPHOTO KOAa).
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* 15, ANEMEHTbI LU®GPOBOW TEXHUKU

K onementaMm Lu(pOBOH TEXHHKH OTHOCAT YCTPOWHCTBA WIM 4acTH YCT-
PpOHCTB, peanusyioue QYHKLMIO Wik cucTeMy (GyHKImi anreGpsl noruku. Byk-
BEHHBIH KOJ{ 2JIEMEHTOB LU(POBOI TexHUKY — GykBbl DD.

O6o3uaueHue YcnosHbie rpadrgeckue

Dy Hxmun 0603HaYeHHS SITEMEHTOB LIU(PPOBOH

JNCMCHTA TEXHUKH CTPOAT Ha OCHOBE NPAMO-

Bxozst \, Baxois! yrombuuka [17]. B oGmem Bunme
A bl YI'O MoxXeT conepXaTh OCHOBHOE

o bl [ W OIHO WM JIBA HOIOJHUTENBHBIX

Vicaatemt \ T10JI51, PACTIONIOMEHHBIX MO 06e CTo-
A( YiSATeM _ poppr ot ocHoBHOro (puc. 15.1,a).

m_ Merkn Pasmep YI'O mo mmupune 3aBHCHT
O oe OT HAJIMYHS JONOJIHUTENBHBIX IIO-

ome  Jieil M KOJM4YeCTBa MOMEIIaeMbIX B

N e roe HUX 3HAKOB 0003HauYeHMs QyHKLHK

e  OVeMeHTa: IO BEICOTE — OT YHMCIa

Puc.i5.1 BBIBOJIOB, HHTEPBAJIOB MEXTY HUMU

U YHClia CTPOK HH(OpMAUHH B OC-
HOBHOM M JomONHuTeNsHOM noisix. Cormacuo crannapry ECK/I mupuna ocHOB-
HOTO TOJIS NOJDKHA GBITh He MeHee 10, JONOIHUTENBHEIX — HE MeHee 5 MM (Ipu
6OJBIIOM YHCIIe 3HAKOB B METKaX M 0003HAYeHHH (yHKIMH 3JIEMEHTa 3TH pasMe-
PBI COOTBETCTBEHHO yBEIHYHBAIOT). PaccTosinue MeXIy BHIBOIAMH —— 5 MM HIA
KPATHO 3TOit BENMUHMHE; MEXKTy BHIBOJOM M IOPU3OHTANBHON cToponoi YI'O (miu
rpaHuLeil 30HbI) — He MeHee 2,5 MM M KpaTHO 5To# Bemuumue. [Tpu pasnenenuu
IPYIIN BHIBOAOB BENUYMHA HHTEpBaa J0kHA ObITh He MeHee 10 1 kpaTHa 5 MM.

BeIBOABI 2JIEMEHTOB HU(POBOH TEXHHUKH NENATCS Ha BXOJbI, BBIXOMBI, 1BY-
HaripaBJieHHble BBIBOJB!I M BHIBOJBI, HE Hecyumde uHbopMmaruy (Hanpumep, s
TOKIIIOYEHNs TUTAHKs, BHEIIHUX RC-uemneii u T. 1.). Bxonsl n3o6paxalor ciesa,
BBIXOIIBl — CIIPaBa, OCTAIBHBIE BEIBOABI — C J060# croponsr YI'O. Ilpu neobxo-
JIUMOCTH flonyckaercs moopaunsats YI'O Ha yron 90° mo yacosoii crpeske, T. e.
pacrosnarath BXOJbl CBEPXY, @ BBIXOJ(bl — CHH3Y.

DyHKIHOHANBHOE Ha3HAYEHHEe NIeMeHTa LM(MPOBOH TEXHMKH YKa3biBAIOT B
BepxHeit yacTi ocHoBHOro moist YI'O. Ero cocTaBisioT u3 MponucHeix OyKs ja-
THHCKOTO an(yaBuTa, apabekux LUdp W CreLHaIbHEIX 3HAKOB, 3aIMChIBACMBIX 6e3
npo6enos (Yucno 3HaKoB B 0603HadYeHnH ByHKIMK He orpaHuynBaetcs). O603Ha~
YEeHHS OCHOBHBIX (YHKIMH M MX IPOM3BOJHBIX NMpuBeNeHs! B Tabn. 15.1. B oty
TaGJIIy BKIIOYEHBI TAKKe 0603HAYEHHS DIIEMEHTOB, HE BBITOTHSIOMMX (yHKuui
aire6pel JIOTHKY, HO PUMEHAEMBIX B JIOTHYECKUX LENAX H YCIOBHO OTHECCHHBIX
K ycTpoicTBaM Lu(ppOBOH TEXHHKH: reHepaTopoB, hopMupoBaTenei, Kioel, Ha-
60pOB 371eMeHTOB U T. I1. [l 0603HaueHHs 0HOBUOPATOPOB, KPOME YKa3aHHOIO B
Tabnuue couetanusi G1, MOXKHO HCIIONB30BaTh CHMBOJI B BUJIE NPAMOYIOJIBHOTO
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HMITyJIbCa MOJNIOKUTENBHO MOMApHOCTH; Tpurrepos [lIMuTTa — CHMBOJI, HAMOMH-
HAIOUIMH NPAMOYTO/IBHYIO TIETIIO rUcTepesnca. 3Hak «*» CTaBsT mepex 06o3Ha-
YeHueM QYHKIMH B TOM CIIy4ae, el BCe BBIBOJBI DJIEMEHTA ABJISIOTCS HEJTOrHYe-
CKkuMH (HaBOpBI TPAH3UCTOPOB, AUOLOB, PE3UCTOPOB U T. 11.).

Tabnuua 15.1
OGo3nayenus 0CHOBHBIX hyHKumI
Jlornueckas GpyHxuus Kon Jlornueckas dyHkuus Kon
Berancnurens CE Perucrp: obmee 0bo3HaucHHE RG
BrruncanrensHoe yerpoiicrso CPU €O caBurom cniesa Hanpaso | RG —
(LeHTpasIbHBL NpoKeccop) €O CIIBMIOM CIpaBa HAJIEBO RG
ITporeccop B € PEBEPCHBHBIM CIIBUIOM RG
Cexuust nporeccopa PS CueTynk BOMYHEIH CT2
Tamste M Jlemmdparop DC
OrnepaTyBHOE 3aNOMHUHAIOLIEE 1lndparop CD
ycrpoiictso (O3VY): IpeoGpaszosarens XY
€ NIPOU3BOJIBHEIM JOCTYTIOM RAM CpasHeHue =
C [0CJE0BAT. JOCTYIOM SAM Mynbrumniexcop MUX
ITocTosHHOE 3anI0MUHAIOLICE JleMyIbTHIIEKCOP DMX
yerpoiictso (I13Y) ROM MyJIBTHILIEKCOP-CENEKTOp MS
TI3Y ¢ BO3MOXKHOCTBIO PO~ Cenexrop SL
TPaMMHPOBAHMSL: T'eneparop: obuee o6o3nay. G
OJHOKPATHOTO PROM || HenpephIBHOM MOCEA. HMIL. GN
MHOT'OKPaTHOr0 RPROM || oInHOYHOTrO UMITyJibCa Gl
Vapagnenne co CHHYCOM/IAJILHOTO CHTHANA GSIN
ITepenoc CR Tpurrep: obuiee o603HaueHNE T
IlpepriBanne INR NIBYXCTYTIEHYaTBIH T
Tlepenaua 15 1imuTra N
[Tpnem RC ®opmuposaresn: obmee 060-
BBOA-BEIBOJI MIOCTEI0BATENBH. 10§ 3HayeHue FF
BBo/-BBIBOJL NIAPAIEIILHEIH 0P noruyeckoro 0 L0
Apudmernia A JIoruyeckoit 1 FL1
Cymmuposanne SMwm || Koy SW
Z MopynsTop MD
Beravranue SUB JlemomynaTop DM
YMHOXEHNE MPL Henoruueckue aemMenTEI:
Henenne DIV cTabnIn3aTop HaINpsKEHNs *STU
Jlornka i Habop:
Jlornueckoe U & nin PE3UCTOPOB *R
158 JIOJI0B *D
Jlornueckoe UJIN 21 nm TPaH3HCTOPOB ‘I
1 HHAMKATOPOB *H
Hcexmouaromee MJIU =1
TloBTopuTens 1
O6o! dyHKIIH Ta MOJXHO JIOTIOJNHHTH €ro TeXHHYECKOH Xa-

paxtepucTukoi. Hanpumep, nabop pesucropos conporusnerueM 100 Om MoxHO
o6osnaunte *R100, onepatuBHyI0 namsTh EMKoCThIO — RAMI6K, oneparnBHy:o
namsaTh JUHaMu4eckoro Thia 256 K6aiit — RAMD256 K, onepaTHBHYIO MaMsThb €
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OCTEIOBATENbHBIM JIOCTYIIOM M COXpAHEHHeM MH(OPMALHU [OC/e OTKIIOYeHHS
nuranns — SAMS.

Eciiu HeoBXOIUMO YKa3aTh CIOXKHYIO (hYHKUHIO, HCTIONB3YIOT KOMOHMHHPO-
BaHHOe 0603HAYEHHE, COCTABIEHHOE U3 TIPHBEACHHRIX B Tabuuile Goee MPOCTLIX.
HanpuMep, ABOMMHBIA CYETYHK C JiemH(PaToOpoM 0603HAYAIOT COYETAHUEM
CT2DC, ynpasiieHue NamATbi0 — COYETaHHEM COM, ynpaBieHue 3amnchio —
COWR, cueruuk xomaun — CTIN uT. 1.

BHIBOJBI JEMEHTOB [IOAPA3JEISIOT Ha CTaTH4e-
_D Q_ —@ @_ CKHe W IMHAMHYECKHE, KOTOpbIE, B CBOIO OYepelb, MO-
a) 6 8) 2) ryT 6bITh NPAMBIMA M MHBEPCHBIMHU. TlpsiMbie cTaTuye-
CKUe BHIBOJBI M300DAKAIOT JIMHUAMH JJIEKTPHYECKOH
'GD @_ —® G)‘ CBAI3H, TIPUCOEJMHAEMBIMI K OCHOBHOMY HITH JOTIOMIHH-
) e ) tenpHomy nomo YIO  Ges Kakux-1u6o 3HAKOB
(puc. 15.2: @ — cTaThyeckuii BXOX, 6 — cTaTH4ecKUil
-4) GD- @ —‘D BBIXOJ), MHBEPCHbIE — JIMHHEH C KPYKKOM Ha KOHIE (e,
0, oic, kK — BXOJIBL; 2, €, U, 1 — BBIXOJBI; [PEJIOYTH-

K n M) ) o, ;
TeABHBIMM ABISIOTCH o6o3HadeHus 6,2). Ommun-
_B __D _<D ‘<D TENBHEIM [PU3HAKOM JIMHAMMYECKOrO BBIBOTA (BXOAA)
— Kocast YepTOuKa, CTPENKa HITH TpeyronbHyK. [TpaMeie
TR 9 MHAMHYECKHE BXOHbl 0003HAYAOT, KAaK IIOKAa3aHO Ha
_CB _D G_ _,‘D puc. 15.2, M-—0; NPENOYTUTENBHBIC CUMBOIBL — M, H.
(O603HaYeHsT HHBEPCHBIX BHIBOIOB — Ha pHC. 15.2, n—
m ) @) X m (TpeAnoYTUTENBHBIE — N, p). BeiBojipl, He Hecymue
JIOrMYecKo MHGMOPMALMH, BBIIENAIOT KPECTHKOM, KO-
TOpBLA HaHOCAT THOO B MecTe NPUCOEHMHEHUS K yro
(v, @), 6O B HEMOCPENCTBEHHOM 6musocty oT Hero (x,

Prcl5.2 4). TIpE/INOYTHTENLHEIMI ABISIOTCS 0003HAYCHHA Y, ?

Ecin Heo6XOZMMO yKasaTh XapakTep BO3JEHCT-
BHSL [PYIITHI CHTHAJIOB, yKA3aTEllh MOXKHO MOMECTHT HE B MECTE PHCOC/MHCHI

BBIBOZIOB, 4 HA JIMHMM, pasfensiomell OCHOBHOC M JIOTIOJIHATENLHOE MO (cm.
puc. 15.2, u).

HasnauyeHue BBIBOJIOB TIOKa3BIBAIOT
O> METKaMH B JIOTIONHUTENBHBIX momsax. Kak u
o603Ha4enust QyHKIUH, UX COCTABIIOT M3
a) 6 P 2)

nartuEckux Gyks, apabcxux mudp U crer-

AJIBHEIX 3HAKOB. Yuciio 3HaKOB B METKE TaK-
Ke HE orpaﬂnqnaaeﬁ:x, I109TOMY LIHPHHY
OTIOJIHUTENILHOT'O  TTOJISL BBIGH al0T TaKOM
o) e) ) W) A p 5

4TGB! B HEM YMECTHINCH BCE 3HAKH CaMOH
Puc.15.3 ummHHON Metkr. OOO03HAYEHMs] OCHOBHBIX
METOK BBIBOJIOB 3JIEMEHTOB LIU(QPOBOH TEXHUKH NPUBEICHEI B tabim. 15.1.
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Tak Ha3biBaeMble OTKPBITBIEC BBIBO/IbI DJIEMEHTOB IIOMEYAIOT OJHMM H3 Crie-
UMANBHBIX 3HAKOB: poMOHKOM (pHc. 15.3,a) Wiy KPYXKKOM C YETHIPbMS JydamMu
(puc. 15.3, 6). Ecnn HeobXoauMo yKasaTh, YTO JAHHBIH BBIBOJ COSMHEH C KOJI-
JIEKTOPOM TPAH3HCTOPA CTPYKTYPHI p-H-p, SMUTTEPOM TPAH3UCTOPA NH-p-H, CTOKOM
IOJIEBOTO TPAH3MCTOPA € p-KAHANOM MM MCTOKOM TPAH3UCTOPA C A-KAHAJIOM,
POMOUK CHAGKAIOT YePTOUKOH CBEPXY (6), @ KPYIKOK — YTOJIKOM, 06palieHHBIM K
HeMy packpsiBoM (2). Ecii BBIBOJ COSNMHEH C KOJIEKTOPOM #-p-n-TPAH3HUCTOPA,
WIIA C SMUTTEPOM p-n-p-TPAH3MCTOPA, HIIM CTOKOM IMOJIEBOTO TPAH3UCTOpA C KaHa-
JIOM M-THII4, WM UCTOKOM IIOJIEBOrO TPAH3UCTOPA ¢ KAHAJIOM p-THIA YEPTOUKY ¥
POMOHKA IIOMELIAIOT CHU3Y (0), @ BEPIIKHY YrOJIKa HalpaBIAlOT B CTOPOHY KPYK-
ka (e). Ecnu B ocroBroM mone YI'O oru4eckoro 3jeMeHTa MpUCyTCTBYET KOM-
Gunauus &< (19), ato osnayaer MonTaxuoe «M» («MJIM»). BeBog ¢ Tak Hassl-
BAEMBIM TPETBMM COCTOSHHEM MM COCTOSHHEM BBICOKOro uMmenanca (Z-
cocTosHUeM) 0603HAUAIOT POMOHKOM C YEPTOUKOM BHYTPH (o) MM NATHHCKOH
GyxBoit Z (u). 4

MeTkH CNOXHBIX (DyHKLMHA BBIBOJOB COCTABNAIOT M3 npocTsix. Hanpumep,
uToBL! yKasath GyHKUMIO 3anuck WR B mamats M, ucrons3yior couetanne WRM,
paspemenne E samicu — EWR, paspewenue cuntsisanns RD — ERD, ctpob C
sanmcu — CWR, urenye u3 namatd — RWM, seibop SE pauseix D — SED n T. 2.
B KauecTBe METOK BBIBOJOB MOXKHO HMCTIONb30BaTh M 0G03Hauenus (ynkuui (a
TaKke MX kombuHauwn) u3 Tabu. 15.1.

Jlist HyMepaluyu paspsiioB B IPyNIax BEIBOIOB K 0G03HAYEHHSAM METKH 10~
6aBysIoT WMGPLI, COOTBETCTBYIOLME MX HoMepam Hanpumep, uHpOpMALHOHHEBIA
BXOI HyJeBOro paspaga oGosuauator DO, nepsoro — D1 u T. 1. Ecin npu atoMm
BecoBbIe KOO UIMEHTH Pas3psiioB OIPE/IeNIeHb! OIHO3HAYHO, TO BMECTO HOMEpa
paspsiia MOXKHO yKa3aTh ero BecoBoi koaduuuent u3 pana P, rie P — 0cHOBa-
HHUE CHCTEMbI CUHMCIENHs], & n — Homep paspsiaa. JIns JBOMYHOM CHCTEMBI CuKcIie-
HHS TAKOH psiJ{ BECOB UMEET BUJ( 20, 20 22, 2° wmn 1,2, 4, 8 u . 1. [ToaTomy Hyne-
BO# paspsin MOokHO 0603HaunTh 01 Miw pocTo 1, nepssift — D2 wim 2, BTOPOi —
D4 wnu 4, tpetnit — D8 unu 8 u T. 1. N yMEHbIUEHHs YKCIIa 3HAKOB B METKE
JIOITYCKAeTCs BMECTO BECOBOrO KOI(D(HIMEHTA yKasplBaTh CTENEHb €ro OCHOBa-
Hust, YToGBl OTIHYATE TOCTEAHION OT HHdpP, 0603HAUAIOMINX HOMED WM BECOBOH
K02 GHLMEHT, Iepe/| Hell CTABAT CTPEJIKY, HANpaBleHHyIo BBepX. Hanpimep, uk-
(bopManroHHBIH BXOA ¢ BecoBhIM Ko3ddurmentom 128 (2") mMoxHO 0603HAUUTE
D17 nnn 17.

BrIBOAbI 37IEMEHTOB MOI'YT GbITH JJOrHYECKH PABHO3HAYHBIMH, T. €. B3aMMO-
3aMensieMbIMu Ge3 m3MeHenust GyHKIMH dIEeMeHTa, W HepaBHO3HauHbMu. Ecin
BCE BBIBOJIb! PABHO3HAYHEI M MX (YHKLMA OXHO3HAYHO OMpPEAeNsioTes QyHKier
snementa, YI'O uzobpaxaior 63 JONOIHATENLHBIX 10JeH, 8 BEIBOJBI — Ha 01U~
HAKOBOM PAcCTOSIHUU OXWH OT Jpyroro. s npumepa Ha puc 15.4, a nokasaHo
VI'O 0RHOTO U3 TAKAX 31eMEHTOB — dlieMenTa «2U-HE».

Jloruueckd paBHO3HAYHbIE BBIBOABI MOXHO rpaduuecku OOBEIHHHTH B
IpyIITy, MPHCBOMB KAKAOH U3 HUX METKY, YCIOBHO 0G03HAYAOMIYIO JTMG0 B3aumo-
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CBA3b BEIBOJOB B rpymme, 00 MX GyHK-
LHOHAIIBHOE Ha3HA4YeHue, THGOo U TO U Ipy-
roe. [TOMENAIOT Takylo METKy OGBIYHO Ha
7 YPOBHE I[1EPBOrO CBEPXY BBIBOAA TPYTIIBL
Hanpumep, 3Hak & y BEPXHEro BHIBOJA

o ¢parmenta YI'O, noka3aHHOrO Ha pHC.
S 15.4, 6, o3HauaeT, 4TO BCE TPH BHIBOJA dJI€-
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MeHTa 00beMHEHb! JTOrHYEeCKOH (yHKuMeH
«M»; Gyksa R (puc. 15.4, 6) TOBOPHT O TOM,
4TO KaX(ABIH U3 BBIBOJIOB CILyXHT JUIS yCTa-
HOBKM dJeMeHTa B cocTosnue «0»; MeTka
&R (puc. 154, 2) — 0 TOM, UYTO BEIBO/BI
o6benuHeHsl orukoit «M» u npenHasHaye-
HBI JUIsl YCTAHOBKH B 9TO XK€ COCTOSIHHE.
Eciu HECKONBKO COCE/IHMX METOK CO-
k) JIEPXKAT 4acTh, OTPAKAIOLLYIO OJHY Y Ty Ke
bynxumo (Hanpumep, GyHKUMIO X B MeT-
Kax BBIBOJOB Ha puc. 15.4, 0), T0 3Ty 4acTs
MOXHO BBIHECTH B TaK Ha3bIBAEMYHO Ipym-
HoBy0 MeTKy. Pacrionararor €€ Haj rpyrn-

)
X1 car no#f MeTok, K KOTOpBIM OHA OTHOCHTCH
X2 cal dbcaz (puc. 15.4, ). I'pynnbl METOK ¥ BEIBOJIOB
bl o 43 060co6s0T 160 YBEIHHEHHBIM (HO Kpat-
o HEIM 5 MM) HHTEepBaoM (puc. 15.4, o), u-
#)
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60 3aKIOYEHHEM B JIOTIONHHUTEIbHBIE TONe
WITH 30HY.
Puc.15.4 V3 HECKONBKHX TIpYIIOBBIX METOK,
conepxamux oburyro wactek (puc. 15.4, o),
MOXeT OBITh BhIENIeHa MeTKa 6ojiee BEICOKOrO HOps/Ka, KOTOPYIO NOMEIIAKOT Hajl
IpYNIaMH ¥ OTAENSIOT MHTEpBanoM (puc. 15.4, u). Tpyniibl BbIBOJOB, OTHOCAILIKE-
€5l K TaKO! MeTKe, 0043aTeNbHO HOMELIAT B 30HY.

J(ByHATIPABJIEHHbIE BBIBOJBI (OHH BBINONHSIOT POJIA KK NPHEMHUKOB, TaK H
HCTOMHHKOB MH(OPMAIHK) 0G03HAYAIOT METKOH B BH/IC JIByHANIPABICHHOM CTpe-
KM WK 3HaKa « > » (puc. 15.4, x, 2.). TIpn 9TOM METKM BXOJHBIX (DyHKIMH pacrio-
JIararoT Hajl STHM 3HAKOM, & BBIXOJHBIX — IOJ HHM.

B ciyuae ecnu BBIBOJ 2JIEMEHTA MMEET HECKOJIBKO (YHKUMOHAIBHBIX Ha-
3HAYeHHH M (WIK) B3aUMOCBS3eH, MX 0603HAYAIOT COOTBETCTBYIOUIMMH METKaMH,
HoMelaeMbIMH OHa oM ApYrof (puc. 15.4, m). I1pu HeoOXOANMOCTH HAIPOTHB
Kaxoi MeTkH (Ha BHEIIHeH CTOpOHE JOMOTHUTETBHONO MOJIA) HAHOCAT yKasaTe-
¥, ONpEHENSIOLME YCIOBHE BBINONHEHHs QYHKLMHA, 0GO3HAYEHHBIX METKaMH.
st mpumepa Ha puc. 15.4, # n3o6paxen dparment YI'O aneMenTa ¢ BRIBOZIOM, Ha
KOTOpOM cHrHai ¢ yposHeM «1» Bemonnser Gynkuuto CAL, ¢ yposHeM «0» —
dynxuuro CA2, a npy nepexojie ¢ yposHs «0» Ha ypoBeHb «1» u HaoBopoT — co-
orsercreenno Gynxuun CA3 u CA4.
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Ilprmepsr ycnosrbix rpaduueckux 0603HAYEHMI HEKOTOPHIX 3IEMEHTOB
UHbPOBOI TEXHHKH IPUBEAEHE! Ha puc. 15.5.

Ton nosuumonsim o6osnauenuenm DDI 3/1€ch NPeCTABIEH ABYXBXOIOBBIH
norueckuii snement «-HE». 3nak B Buae poMbuka ¢ 4epTouKoi BHU3Y O3Ha4a-
€T, ITO SJIEMEHT UMEET OTKPBITHII KOJIEKTOPHBIH BEIXOJ CTPYKTYPEL 11-p-71.
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OnementT DD2 — TpeXBXOHOBHIi «AJIN-HE», DD3 — KByXBXONOBEIH 3Jic-
MeHT «uckovaromee UIN», DD4 — snement «2WJIA-U-HE».

Tosunronnoe o6osnauenne DDS ua puc. 15.5 npunaanexur onHosuGparo-
py. ¥ nanxoro oxHoBuGpaTopa iBa (MPAMOf U MHBEPCHEIM) UHAMUYECKUX (xocas
“€PTa Ha IPaHUIE OCHOBHOTO M JOMOJHHMTENBHOTO TOJIeH) BXoaa 3amycka, o6be-
AMHEHHBIX 110 «F» (3Hax &), Bxon «C6poc» (R) u [iBa BeIXOAA (MPAMOI U HHBEPC-
ubll). Yacrorosanaonme RC-51eMeHTb! NOAKTIOYAIOT K BhiBoxam C 1 RC, mome-
YEHHBIM KPECTHKaMH.

Yenoenbie rpaduveckue o6osnauenns Tpurrepos DD6, DD7 npencTaBie st
Ha puc. 15.5. Tpurrep DD6 sisnsietcst RS-TpUrrepoM o CTATHYECKMMH HHBEPCHBI-
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Mu Bxogamu R (yCTaHOBKa B HYJIEBOE cocTosHuEe) U S (B SIMHHEHOE) H JIByMS BbI-
XOZ@MH: TIPAMBIM ¥ HHBEPCHBIM. Bropoe VIO cuMBonM3upyer D-Tpurrep ¢ ycra-
HOBKOH 10 MHBEPCHBIM BXOTaM R 1 S, ¢ IMHAMUECKAM BXO/IOM C, pearnpyroummM
1A M3MEHEeHHe CUTHANA C YPOBHS JIOTHYECKOoro «0» Ha ypoBeHs noruueckoRt «1», u
TAKUMH e, YTO U y TIPEIBLIYIIEro TPUITepa, BEIXOAaMH.

TIof MO3UIMOHHBIM O0003HAYECHHEM DD8 mzobpaxeno YI'O psouuHo-
JECATHYHOrO PEBEPCHBHOrO cuerduka. IIpsMble AHHAMUUECKHS Bxonsl +1 u -1
[pe/iasHaYeHsl JUI MOJa4H TAaKTOBBIX MMITYJbCOB COOTBETCTBEHHO TIPH [PAMOM
11 06PATHOM cYeTe, IPAMOH CTATHIECKHH BXO/L R cry»urt Jiisi yCTAHOBKY CHETIHKA
B coctosiaue «0», HHBepCHbIi BXOn C — At Tpe/IBAPHTENBHOM 3aINCH HH(pOpMa-
MM, TIOCTYTAIONIEeH Ha BXOJB! B KOIC 1-2-4-8. B TakoMm e KOJl¢ CHUMAETCS WH-
(opManust ¥ C BBIXOJOB CYSTIHKA. Curnan Ha seiBose CR nosBisercs npu nps-
MOM CteTe OJHOBPEMEHHO C TEPEXOJIOM CHETYHKa B COCTOANME 0 (mocne 9), Ha
BhiBojie BR — mipu oBpatHOM cyere (rocie 1). Hanpsbkenue NUTaHHS NOJAIOT HA
poiomst OF 1 +5V. Homepa, yKasaHHble HaZ JIMHHAMI BEIBOJIOB CHETHHKE, co0T-
BETCTBYIOT HOMEPaM BBIBOJIOB MUKPOCXEMbI K155UE6 (Thrn MEKPOCXEMBI 0BBIMHO
YKa3blBaIOT PSZIOM € TIO3UIIOHHEIM 0603HaYEHIeM, KaK B JAHHOM IIPHMEDE).

dnement DD9 — aemmdpaTop COCTOMHUE CueTyuKa, npeoGpasyomyi
CUTHAMBI B JIBOMYHOM KOJie 1-2-4-8 B CHIHAIB! YNIPABIICHHA CEMHMCErMEHTHAIM HH-
JIEKaTOpOM (METKM — JIATHHCKHE CTPOUHBIE 6yKBBI G—g — COOTBETCTBYIOT 06-
IETPUHATEIM 0003HAYEHMIM CErMEHTOB, METKA h COOTBETCTBYET DPAa3JENUTENO
paspsnos). Bxop S npesiHasHayes Jid raileHus MHIMIAPYEMOTO 3HaKa.

YenosHoe rpaduueckoe 05osHaCHUE DD10 na puc.15.5 obosHauaeT 4eThl-
pexpaspsiHBIf PerucTp CABUra THIA K155UP1, no3BossiolMi 3aIMChiBaTh 10~
CIIE/IOBATEIBHYIO M NIAPALIETbHYI0 HH(OPMALHIO, CABUTATE 1 CYUTHIBATE €€ B TOM
ke Buje. [ ciBUTra BIIPABO: V1 — BXOJ NOCJEIOBATENILHOIO KONa, C1 — TaKkro-
BBIe uMmyJIbcEL. [Ipn aToM V2 1 D1—D4 noskub 6B1Ts paBubl «O». Jlis 3amucy
napasiebHoro Koja: n=1,2=0,aVluCl — mo6ple 3HAYEHHSL.

K uncity BEIBOJOB, HE HECYLIUX JIOTHYECKYIO 1HbOPMALIMIO, OTHOCAT BBIBO-
16l TMTAHUS, BBIBOJBI JNIEKTPOJOB TPAH3UCTOPOB (anpumep, B HaGOpax TPaH3H-
CTOPOB), BHIBO(BI /Il TOAKIIOUCHHS BHEIIHUX 4ACTOTO3A/(AIOLIAX IIEMEHTOB (pe-
3UCTOPOB, KOH/IEHCATOPOB, KBAPIEBhIX PE3OHATOPOB 1 T. ).

BHIBOM ITUTAHKS B OOIEM Cilyuae 0003HAYAI0T naTunckoi Gyksoit U. Eonu
MUTAIOWMX HANPSUKEHUH HECKOIIBKO, MX YCIIOBHO HyMEpYIOT YKa3bIBAIOT KAX/0€
y cBoero BiBoaa. Bmecto GyKBBI MOKHO yKa3aTh HOMUHAGHOE SHAYCHHE HAMpPI-
KCHWS ¥ ero MonspHocTh (oM. puc. 15.5, DD8). OOrmit BHIBOJ MOMEYAIOT Hy-
neBbIM Hanpsokerrem 0V,

BbiBois! KOJLIEKTOPa, SMATTepa ¥ 6asbl 06o3nataior COOTBETCTBEHHO JIa-
tusckumu 6yksamu K, E u B, [IpUHEM, ECIlH 9TO IMHTTEP CTPYKTYPEI p-7i-p, CTIpa-
Ba ot Gykssl E n306paxaroT 3HaK « > » (4 CTPENIKy, HANPaBICHAYIO BIIPABO), &
€CIH CTPYKTYpbI #-p-1n — 3HAK « <) (VTH CTPENIKY BJIEBO).

BrIBojL 15 MOJKIIOUEHHs Pe3UCTOpa MoMeuaioT 6ykBoii R, KOHIEHCATOpA
— C, katyuika — L, KBaplIeBoro pesoHaropa — 6yxsamu BO.
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CyuIecTBYIOT HEKOTOPBIE CTIeIM(bIYECK e IPHEeMb], HCIIONb3yEeMBI€ IIPH BEI-
YEPUHBAHUMA CXEM YCTPOHCTB mudposoii Texuuku. Hanpumep, eciu ycTpoicTBO
COZIEPXKUT HECKOJILKO OJIMHAKOBBIX 3EMEHTOB € GOIBLIMM YHCIOM BEIBOJOB OHO-
TO U TOTO € (PYHKIHOHANHHOTO HA3HAYEHHS, MOXKHO OJMH U3 DJIEMEHTOB Hagep-
THTH MOTHOCTHIO, & OCTANILHBIE U300PA3UTE YIPOILEHHO, ¢ MEHBIHM YHCIOM BBI-
BO/I0B. B 30He coKpamaeMoii rpymisl BEIBOLOB YKa3bIBAIOT OJHY MO APYroi MeT-
KM IIEPBOTO M MOCNEIHEr0 U3 HUX, 8 IMHHK SJEKTPHIECKOM CBS3H OOBEIHHMIOT B
OJIHY IPYNIIOBYIO.

IudpoBsie MHTErpaNbHEE MHKPOCXEMBI HEPEAKO COLEPXKAT MO HECKONBKO
OJMHAKOBbIX JIOPHYECKUX MM MHEIX 3jeMeHTOB. YI'O Takux 3JIeMeHTOB MOXKHO
u306paxkarh Kak COBMCIICHHBIM, TAK M pasHeceHHBIM crocofoM. B mocnemmem
ciayyae ux u306paxkaloT B COOTBETCIBYIOLIMX MECTaX CXeMbl (IIOBOpavuBas Npu
neobxomumocTy Ha 90°), a IPUHAIEKHOCTS K TOH HIIM HHOH MUKDOCXEME YKa3bl-
BAIOT, KaK 0OBIYHO, B IIO3ULHOHHOM 0003HAYEHHH.

OneMenTsl, H306paxaeMsle B OLHOI KOJOHKE, JOMYCKAETCsS PA3NENATh -
HUAMH 9JleKTpuyeckor cpasu. Koutypusie muuun YI'O B 9TOM cilyyae BbIYEpHH-
BAIOT HE MOJIHOCTRIO. PaccTosne Mexy KOHIAMH KOHTYPHBIX JMHui YT'O u u-
HUSIMY DJIEKTPUIECKOH CBA3H JOIDKHO OBITh HE MeHee 1 MM.
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16. ANEMEHTbLI AHANOrOBOW TEXHUKM

K sieMeHTaM aHaIoroBOH TEXHIKH OTHOCATCS BCEBO3MOXHBIC yCHITHTENH (B
TOM dYHCie CyMMHPYIOIIME, HHTErpUpPYyIOUIHe, anddeperyppyomye ¥ T. 1),
(yHKUHOHATBHBIE NpeobpasoBaTei, aHANoro-nuppossle W H(PO-aHATOroBLIe
11peoGpa3oBaTEH, HEKTPOHHbIC KIIOHH, KOMMYTATOPBI 1 T, 1. MHOrue M3 9THX
YCTPOMCTB BHIMTYCKAIOTCS B BUJE HHTErPAbHAIX MHKPOCXEM, TIOTOMY X KOJ{ B MO~
3ULMOHHBIX 0003HAYEHHAX HA CXeME — JIATHHCKHE 6yxss1 DA. Panom ¢ mosumy-
OHHBIM 0GO3HAYCHHEM OOBIMHO YKA3bIBAIOT THIL OIEMEHTA, & BO3NIE BRIBOLOB — HX
HoMepa (4aCTO FOBOPAT — KUOKOJIEBKYY).

Yernosrble rpaduueckue 0603HAYEHMA H3LSIHI 9TOH [PYNIbl MOCTPOCHB
AHANIOMMYHO CHMBOJAM SJIEMEHTOB HH(POBOH TEXHUKH: KAK  MOCIE/HHE, KpOME
OCHOBHOTO, OHH MOTYT COZIEPXKATh OJHO HIIH JIBA JIOTIOJHUTENHRIX TOJA, HX pas-
MepBI TAKKe ONPEENAIOTCS HUCIOM BBIBOJOB, HHCIOM 3HAKOB B METKax M 060-
3uaueHnd QYHKIMA U T. Tl BXOBI 3IEMEHTOB aHAOroBol TEXHUKM pacronaraior
cJieBa, BHIXOMB! — cripaBa. IIpu HEOOXOMMMOCTH YT O u306paxaroT NOBEPHYTHIM
Ha 90° 110 4acoBOH cTpenKe (BXOAbl — CBEPXY, BBIXOLBI — cuusy). [psambie BXxO-
16l ¥ BBIXOZBI OGO3HAUYAKOT JIMHHAMH, IPUCOSUHAEMBIMU K KOHTYPY YTO Ges xa-
KHX-THGO 3HAKOB, WHBEPCHBIE — C KPYXKOM B MECTE NPHCOCIMHCHHA (cm.
puc.15.2).

Kax u B uudpoBO¥ TeXHHKE, B OCHOBHOM IIONIE YT'O sneMeHTa aHATOroBok
TEXHHKH YKa3BIBAIOT €ro (QyHKIMOHAIBHOE HA3HAYCHUE. Oboznayenue GyHKIMH
MOYKET COCTOATH U3 GYKB JATHHCKOrO anasuta, apabekux uubp ¥ CrEeLUanbHbIX
apakoB. OGo3HaveHust HauOoNee 9acTO BCTPEUAIOLIMXCA (DYHKIMA TIPUBENCHD! B
Tabn. 16.1.

Ta6nuua 16.1
VesoBHoe 0603naueHe HEKOTOPLIX PyHKUHi

Kon
DK

HaumenoBasui QyHKUNH
JlerexTupoBanue

Jlenenue X:Yuna x:y
JlesneHne 4acToThb! FR wma :fr
Jnddepenuupoanne D/DT wnw d/dt
VInTerpupoBanne int wm I
JlorapudmupoBanme LOG i log
3aMBIKaHUE SWM
PasmpikaHue SWB
Tlepexoyenne SWT
TIpeoGpasosanue X/Y wnu x/y
CpaBuenne =
CyMMupoBaHue SM
TpHrOHOMETPHYECKHE byHKIUn TG wm tg

(saupmyep, TAHICHC)

68

Oxonyanue mabn. 16.1

Hanmenosanuii Gpyukunn Kox
YMHOXeHNe XY nnn xy
®Dopmuposanue F
Yeunenne > o >
IIpeoGpasosanue #iIn .
H(POaHAIOroBoe
IIpeoGpasosanne A
aHanoro-1HQposoe

()CMMBonLI COXKHBIX (QYHKIHHA KOMGHHUPYIOT W3 IPOCTHIX, PACIIONATAS HX €
nocredosamensrocmy 0bpabomky cuznana. J10mycKaeTes MCIIONB30BATh 0603HA-
YEHUs JUIs 9]1EMEHTOB MPOBOH TexHuku (cM. Tab.15.1).

Hasnauenne BEIBOJOB yKa3bIBAIOT METKAMHM, IOMEIL[AEMBIMH B JONOJIHH-

TENBHBIX TIOMAX. O6GO3HAYEHHS HEKOTO
2 PBIX OCHOBHBIX METOK TpPHBEIEH
Tabu. 16.2. T P

Ta6bnuna 16.2

060 HEKOTOPbIX AHAJIOTOBLIX yc'rpol?lc'rn
MeTka BBIBOJIA Kon
Hayvanenoe 3Ha4eH1Ee WHTEIPAPOBAHMS 1
VeTaHoBKa HAYAILHOTO 3HAYCHHS S
VYcranoska B cocrosue 0 R
TMojinepxanne TeKyero 3Ha4YCHUs CUIHaNA H
Crpob, TakT C)
Iycx ST
Banancuposxka (koppekis 0) NC
Koppekuus yacTotHas FE:
ITuranne:
OT UCTOYHHMKA HanpsxeHus (obmee obo3pavenne) 1%
OT UCTOYHHKA HANpsuKeHueM —15 B —15U
O6mwit BBIBOJ o

YacTh M3 HUX JIOIYCKACTCS HCINOJB30BATH M B KAYECTBE HOMONHUTENLHBIX
XapaKTEPUCTHK 3J1eMeHTa (B 3TOM Cllydae WX MOMELIAroT [0C/Ie CHUMBOJA (DYHK-
UHMM) WIM CHIHANOB (HAIpPUMED, 3HAKK aHAJIOTOBOTO ¥ LU(POBOIO CHIHANIOB H30-
GpakaloT Hall BLIBOXAMH DJIEMEHTA, YTO6BI OT/IMYUTH B/ CUTHANA).

O61ee obo3Hauenye ycuanTens nokasano Ha puc. 16.1 (DA1). O Tom, uto
3TO ~— YCHJINTENb, FTOBOPHT 3HAK B BUIE TpeyronbHyka. CiieBa ot Hero (Ha )viec‘re
OyKBBI f) yKa3pIBAIOT (YHKIMIO, BEIOIHIEMYIO YCHIuTeneM (Hanpumep, audde-
PEHUMpPOBaHHe, NorapudMupoBanue), cpasa (Ha Mecte GYKBbI n7) — KO;Q)Aiauuu-
€HT ycusieHus (ecian oH o6uIH [ BCeX BBIXOJHBIX CHrHaNoB). Ha Mecte MeTok
W\—W, 3anuceiBaloT BecoBIe KOI(DOHUMEHTH BXOAHBIX CHIHANOB, @ METOK
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O6o3HaEHHE my—my, — dacTHbe K03 HUIMEHTEL
(y K YCUJIGHHS! CUTHAJIOB, CHUMAEMBIX C CO-
QEMEHIA OTBETCTBYIOLIMX BEIXO/OB.
N BbIXOBI Eciu k03 pHUIHEHT YCHICHHS
S | & BCEX CHCHAIOB OJJMHAKOB, B OCHOBHOM
[oJie MOXHO YKa3aTh €ro 3HaueHHe.
g | Ecnu ke K03h)HUIFEHT yCUIEHHs pa-
Meriu _A§ et BeH | WM HACTONLKO BEJHK, YTO 3Ha-
HHE KOHKPETHOW BEJIMYMHBI HE MMEET
_OCHOBHOC  3nayeHus, ero JOMYCKAETCA HE yKasbl-
wisls BaTh (B MOCHEJHEM CIydae MOXKHO
Hononwrensibie BIMCATh 3HAK OGECKOHEYHOCTH o0 WX
nom nporuchyio 6yksy M).
Puc.16.1 C yuerom ckasannoro, YI'O ¢
DA2 MO3MUMOHHBIM 00o3HavenneM DAl Ha
> — puc. 16.2 o6o3navaeT MHBEPTUPYIOLHA
lFC— yeunurens ¢ ko3hduuuenTom ycuse-
o] pcl—  HuAS.
15 INC— TTos Mo3MUMOHHBIM 0003HAUEHH-
| e em DA2 wzobpaxeno YI'O Tak Hasbl-
0.2 2 BaEMOr0 ONEPALMOHHOTO YCHIIUTENS, Y
0,2] 0 2 HEro O/IMH BLIXOJ H [(Ba BXO/Ia: MPAMOH
0,5 2 los el (MNM HEMHBEPTUPYIOLINIL, TaK Kak hasa
2 b3 BBIXOJHOTO CHIHala coBnazaer ¢ da-
DAS 3011 CHrHANA, MOJAHHOrO HA STOT BXOJ)
M MHBEpCHBIH (MHBepTHpYIOWHMt; dasa
U BBIXOJHOTO CHTHAna cJBuHyTa Ha 180°
p— OTHOCUTENIHO CHIHaja Ha 3TOM BXO-
ne). Brisop! c METKaMHU
«15V» u «+15V» npennasHavensl At
4 MOAK/IFOYEHNS  JIBYTIONAPHOTO HCTOY-
S Huka nuTanus £15 B, ¢ metkamu FC —
Puc.16.2 JUIA TIOJICOE/IUHEHHSA LIENH, KOPPEeKTH-
pytoweit AUX ycunutens, Bosogsr NC
— JUISi TIOAKJIIOYEHHs SJIEMEHTOB OAaNaHCHPOBKH MO NOCTOSHHOMY TOKY, BBIBOZ
METAJLTHIECKOT0 KOpITyca (MeTKa B Bufe L; xKenatensHo He nymans ¢ obujum 6oi-
8000M, Komopblii dondicer obosnavamecs OV) — [isi COSNUHEHHUS C 061HM npo-
BOJIOM YCTPOHCTBA, B KOTOPOE BXOIHT OTIEPALHOHHBIH YCHIINTENb,
OTAMdUTeNBHBIN TIPU3HAK CyMMHUpYIOLero ycuwnurens — Oyksbl SM i
OBLIENPUHATHI CHMBOJI MATEMATHYECKOH CyMMBI — IDEHeCcKas 6yxea X. s
npumepa Ha puc. 16.2 n306paken CyMMADYIOUUH yCHITATEND DA3 ¢ xosdpuiu-
enrtom yemenus 20. C yI8TOM yKa3aHHEIX BECOBEIX KOI(QMHIMEHTOB HANPXNCHUE

Bxoast

L

Jon. onn(g

DA3

EEEE

Mg

»s

3
5]
1
C
S
H
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Ha BbIXoAe J0KHO Obith paBro U= 20(0,2a +0,2b + 0,5¢ +2d)= 4a+4b+
+ 10¢ +40d.

TMosuimonsoe o6o3nauenne DA4 Ha puc. 16.2 npuHaqiexut aaddepeHiy-
PYIOLLEMY YCHITUTENIO ¢ 00WMM KO3 GHUIUHEHTOM YCHIICHHs 3 ¥ JIBYMsi BXOAAMH €
BecoBbIMU Ko3(hduupentamu 0,5 u 3 coorsercTBeHHO. Ero BRIXOIHOE HAnpsKe-

Hue onpexnessieTcst popmynoi U = 3%(0,5:1 +3b).

DJIEMEHTBHI AHATIOTOBOW TEXHHKH MOI'YT YIPaBIATECS NH(POBEIMK CHIHaNa-
MH. YroGbl OTIMYHTS BEIBOJBI, MPEIHA3HAUEHHEIC JUI 3TOH LEJH, HAX HUMH 110~
MemaloT 3Hak UMppoBol nHbopmaimk B BiIe ABoiHoro xpecra #. Ha puc.16.2
n306pakeH MHTErpUpyIomi younurens DAS, ynpapnseMplii [UAPOBEIMU CHIHA-
naMu, Y HEro [Ba aHAJOTOBBIX BXOJA @ 1 b ¢ BecoBBIMHU Ko3(dunyentamu 3 u 5,
BXOJ| [Ulsl TIOJa4M CHIHAa HAaYaJIbHOTO 3HAYCHHS WHTErPUPOBaHUA [, TP BXOAa
uugposoro ynpasnerust (C — IS TOJAYH TAKTHPYIOIIEro UMITYJbCa, S — st
YCTAHOBKHM HA4aJbHOrO 3HA4enust, F — Ui MO/UIepKaHus TEKyLeH BelTHYnHbI
CHrHaNa) W WHBEPCHBIA BbIXOA. IlpM ypoBHE CHrHama d, COOTBETCTBYIOUIEM
nor. «l», a curHanoB e u f — 1or.«0», BBIXONHOE HATPIKEHHE DABHO

.
U ==50 C,o + [(3a+5b)dt
0

Ha puc. 16.3 npusefens! ycnoBHbIe DAL DA2
rpauueckue oGosnadenns Hexoropeix a | | Sxy | U a | | ¥V v
dysKuHonanbHpIX npeobpasosateneit —  p | Souls,
YCTPOHCTB, OCYUIECTBISIOIINX [1EPEMHO-

Ke i

aﬂ:nme, JlelleHde W Apyrue ACHCTBHA Han o o
OroBeIMu  cHrHanamu. Jlus mpumepa

nzobpaxenst YI'O nepemuoxurens (DA1; uf

U = 5ab), nenurens (DA2; U= alb). B o6o-

3HAUeHUU PYHKYUU OeleHUs UCNONb306aMb DAS DA6

KOCYIO Yépmy 6Mecmo 080emouus He pas- N VN

peuwiaemci.

Obmee YI'O npeobpasosaress cur- oo

HC.L0.,

HAJIOB W3 OJHOTO BuAa B Apyroit DA3 mo-
Ka3aHo Ha puc. 16.3, BmecTo GYKB X ¥ y B OCHOBHOE I0JIe€ MOTYT OBITh BHHCAHbI
obosnayenus obpabareiBacmoil uH(OpMaly, Hanpumep, nanpsxenue (U), va-
croTa (f), JIMTENBHOCTE MMITYJIbCa (T) M T. 1L, @ TAKXKe ee BUJ (AHANIOroBas WM
uudposas). [Ipumepst YI'O oToii rpynnbsl NPUBEAEHS! C MO3MIHOHHBIMH 0003Ha~
uennsamu DA4 (npeoBpasosatens HanpsokeHus B uactory), DAS u DA6 (cootser-
CTBEHHO aHAJIOro-LM(pPoBOH H LKdpOaHaTOroBEI# Mpeobpasosarenn).

B ocuosroMm niosie YI'O 2/eXTPOHHBIX KII0Yeii i KOMMYTaTopoB BMecTo 6y-
KBEHHOTO Koza (Tabn, 16.1) MOXHO NOMeWaTs CHMBOJIBI COOTBETCTBYIOLIEH IPyIT-
bl KOHTAKTOB (3aMBIKAIOLIMX, Pa3MBIKAIOIHX U MEPEeKIIIOYarOIINX), YTO NPUAAeT
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YTO Gomnblryto HArIAAHOCTE, KaK BTO MOKA3aHO Ha PHC. 16.4. TlocKonbKY 1101106:
HbIe YCTPOWCTBA OOBIMHO YNPaBIAIOTCA 1U(POBBIMY CHIHATAMH, HEOTHEMIIEMON
yacTeio ux YI'O ABIAIOTCS BXOMBI JUIsi OTUX CHIHAJIOB. Tak, yepe3 2JIeKTPOHHBIE
noun DA aHanoroBslit CUrHAI IPOXOHAT B TOGOM HanpaB/eHHH npY ojaye Ha
1ucppoBoi Bxoz (0603HAYEH #) HANPIKEHHS JIOTHHECKOR «l» ¥ He TPOXOJUT, ec~
JI¥ 9TO HANPSUKEHUE UMEET ypoBenb «0», B Kmoyax DA2 — 1HaoGopoT, MPOXOXUT
1ipy ypoBHe «0» ¥ HE POXOJIHT MY yPOBHE «I».

1 DAL DNeKTPOHHBIH  KOMMYTATOP DA3

e ynpasisercs UPOBLIMU CHIHATIAMH e~

LY - - pe3 JIOTHYECKAH JJIEMEHT «M» (06 aTOM
# i@

CBHACTENLCTBYET 3HAK & B 30HE JI0MOJ-

MM HUTENBHOIO TIOJIs, K KOTOPOH NpHCoeu-

DA2 DA2 HEHB! BBIBOJBI C CHMBOJAMH Lu(ppOBOro

curHajia). B oToM cirydae npy mocTyrie-

g =41 HUK Ha 002 yNpasJsMIONIMX BXOJa Hamps-

keHUil ¢ YpOBHeM | aHANOroBhIi CHrHAN

2 IIPOXO/IUT Ha BBIXOJ 2, & IIPH BCEX IPYTHX

3HaYeHMAX 1MGPOBBIX CHIHANIOB — HA
BBIXOAL 1.

3
b

Puc.16.4
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