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3BYKO-
BOCMNPOMU3BEAEHME

MHOTONONOCHDIE
YCUNUTENbLHBIE CUCTEMbI

M.MpoxopoB

Ipy NpPOEKTHPOBAHMH 3BYKOBOCHPOH3BOAsAILeH annapatypbl paspaboTuHKy
NPUXOAMTCS YUHTBIBATDH PSA NPOTHBOPEUHBLIX TPEOOBAHWMH: BBICOKOE KauecT-
BO 3ByuyaHHsl, HHU3KYI0 CTOMMOCTb H3JeJHsl, MPOCTOTY, HaJEKHOCTb,
3CTETHYHOCTD H T. I

Ecaiu paspa6aThiBaeTcsl U3/eJ/He, OCHOBHBIMH TPeGOBaHUSIMH K KOTOPOMY
6yAyT HH3Kasi CTOMMOCTb W [POCTOTAa IIPH CpelHeM KayecTBe 3BYyYaHHH,
TO MOXHO OJHO3HAYHO CKa3aTb, YTO YCHJIHTEIbHbIH KaHaj HYMKHO CTPOHTH
0 cXeme: [IMPOKONOJOCHBIH YCHIHTEIb uepe3 pasjeuTelbHble (HIBTPDI
NOAKJII0UEH K HECKOJIbKHM AHHAMHUYECKHM TOJIOBKaM.

[TpoekTHpoBaHHe BBLICOKOKAHYECTBEHHOH amnnapaTypbl He OTBepraer
noa06HOH CXeMbl, OJHAKO pa3iequTeNbHble (HIbTPbi MOTYT CYIULECTBEHHO
NOBJMATh HA NMapameTpsl aNnapatypbl, TaK Kak OHH, BO-NEPBbIX, ompeje-
JSHOT HACPY3KY YCHAWTENs!, BO-BTOPbIX, YXYAILIAIOT 1eMI(HPOBAHHE IPOMKO-
rosoputeseit. [10106GHbI HEJOCTATOK JICTKO YCTPAHHTh, €C/JAH T[EpeHecTH
paszeadresbHble (UIALTPbI, NOCTABHB HX BHYTPH 3JEKTPOHHOTO YCHJIHTEJSA.
DyHKIHMOHAbHAsSL cXeMa [0Z0GHOH CHCTEeMbl NPAMET BHj, MOKa3aHHbIH Ha
puc. 1, ansi cayuas JeJeHHs UYacTOTHOrO JHanas3OHa CHTHA/lO0B Ha TpH
MOJIOCHI. .

DyHKUHOHANbHAS CXeMa MHOTOMOJOCHOH YCHJIMTEIbHOH
CHCTEMBI COAEPKHUT: | — MpeayCHIHTENb-KOPPEKTOD; 2 — pe-
ryJsTOp TPOMKOCTH, TeMOGpPOB H GasnaHc KaHasos; 3, 4, 5 —
pasjenuresbhbie GUABTPB HHU3KOH (3), cpeanedt (4) ¥ BbI-
cokoli (5) uwacrotbl; 6, 7, 8 — TPH YCHJHUTENSA MOLLHOCTH,
9, 10, 11 — Tpu OHMHAMHYECKHE TOJIOBKH.

[TpeumyiecTBa nogo6HOH CXeMbl MOCTPOEHUSI CBOASITCS K
crenywouemy [1]:

1. Xopoiuee sjekrpuueckoe neMndupoBaHHe MOABHXKHOH
4acTH FPOMKOTOBOpHTENs1 (KaTyllka JHHAMHKa HeMOCPEuCT-
BEHHO MOJCOeJHHEHA K MaJjOMy BbIXOJHOMY CONPOTHBJIEHHIO
YCHJIUTEJNISI MOILLHOCTH) .

2. Jlyumie mnepexojiHbie XapaKTePUCTHKH YCHJHMTENeH.

3. B0o3MOXKHOCTb noJydeHdst GHABTPOB ¢ 6OJbLIOH KpY-
tu3Holl AUX u cOryiacoBaHHbIMH XapaKTePUCTHKAMH.

4. CHHXKeHHe HanpsiKeHHs UCTOYHHUKA MUTAHUSA (BBIXO-
Hasi MOLLHOCTb YCHJHTENs paBHA CyMMe MOILHOCTeH Tpex
ycuauTened mounoctu 5, 6, 7 Ha puc. 1).



Puc. I. ®dynkuuoHasbHas cxema
MHOTOI0JIOCHOH YCHJIHTEeNbHOH CHC-
TeMbl

Ha Bxoa mnpenycuiurensi-koppekTopa MOCTYHAIOT CHI-
HaJibl ¢ MarHUTHOH TOJIOBKM 3BYKOCHHMATeJsi MpPOHTpbIBaTe-
Jisl, YpOBeHb KOTOpbIX He mpesblliaer 2,5..8 MB. B coorser-
CTBHH C TMPHHATBHIMH CTaHAAPTAMH CHrHaJ Ha BXOAE M Ha
BbIXOZ€ peryJjsTopa rpoMkoctd (TemM6poB M 6GajiaHca KaHa-
JgoB) He mpesbimaer 0,7...1,0 B. dns toro uto6sl B moao6-
HOH KOHCTPYKUHH MOXKHO ObLIO HCNOJNb30BaTh CTaHAApTHbIE
YCHJIUTENH MOLIHOCTH (cO BXoaHbIMHU curHasamu 0,7...1,0 B),
Heo6XOAUMO TNPEayCMOTPeTh MOCTOSIHCTBO YPOBHSI CUTHAJOB
¢buJIbTPOB B mpenesax CBOeH MOJOCH MPOMYCKAHHUS.

Jlerko 3ameTuTb, uTO OJOKH | W 2 WAEHTHYHB A5
OJIHOMOJIOCHOH M MHOTOIOJIOCHOH cHcTeM. [Iasi MHoromoJioc-
HOH CHCTeMbl CreUU(pHUHBIM SIBJSIOTCS BOTNPOCHI, CBSA3aHHbIE
C pasjesieHHeM [0 YacTOTe CHTHaJO0B (Ha 3Tane MPOEKTH-
poBaHHs (DUJIBTPOB) M pa3/ejeHHeM CHrHaJja MO MOLLHOCTH
(Ha 3Tane NpPOEKTUPOBAHHS YCHIHTENSI MOLLHOCTH) . JTO JeJe-
HHE OMNpejessieTcst YacTOTHBIMH napamMeTpaMH AHHAMHYECKHX
roJIOBOK.

PaccmoTpum BONpOCH NPOEKTHPOBAHHSA W BbIGOpA HOMH-
HaJOB 3JIEMEHTOB 3JIeKTPHUECKHX CXeM OT[eJbHbIX OJOKOB.

[Ipenycuantenb-KOppeKkTop

OTanuHnTeIbHAsE OCOGEHHOCThL TMpeLyCHIHTENsI-KOPPEKTO-
pa — ero HepaBHOMEpHasl aMIIHTYAHO-4acCTOTHasl XxapakTe-
puctuka (AUX). CurHanbl ¢ MAarHHTHOH TOJIOBKH 3BYKO-
CHHMAaTeJsl BO3pacTaioT MO AaMIVIMTYyAe INpH BO3pacTaHHH
yactoThl. M1 XOTsl MX 3HaueHWe 3aBHCHT OT THNa TOJIOBKH,
3aKOH BO3PacCTaHHsl perjaMeHTHPYeTCsl COOTBETCTBYIOLIMMH
['OCTamu. HasnaueHue npeaycHAHTENSI-KOPPEKTOPA: YCHU/IHTD
BXOJHbIE CHTHAJbl H CKOPPEKTHPOBATb MX MO 4aCTOTE TaKHM
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Puc. 2. Annpoxcumauus AUX 06
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Puc. 3. Cxema pisa nogyue- Puc. 4. Cxema mas noay-
nust AUX no puc. 2 (I Ba- uennst AYX no puc. 2 (11 Ba-
PHAHT) puanr)

o6pa3oM, uto6bl pedyabrupylomass AUX napbl «MarHuTHas
FOJIOBKA ~+ MpPEeNyCHJIHTE/b-KOPPEKTOp» Obla JIHHEHHOH.

Tounas xkpuBasi AUX yxe npuBoaMsach Ha CTpaHHLAX
KypHasia «Pagno» [2]. OHa noaXOAMT NMpH NPOBEPKE YyxKe
rotoBbix H3eauit. [1pu npoektupoBannn AUX yno6GHO MoJb-
30BaThCsl anNpPOKCHMHPYIOULHMMH JIOMaHbIMH JIMHHSIMH, NOKa-
3aHHBIMM Ha pHc. 2. YacToThl H3/J0Ma HMEIOT cleayloline
3Hauenus: f, = 50 Iy, fo = 500 I'm, fs = 2120 T'u. Onu
SIBJSIIOTCA OCHOBHBIMH TpH BbI6Ope HOMHHAJOB 3JE€MEHTOB
3JIeKTPHYECKOH CXeMbl.

HOasi peanusauun AUX puc. 2 Ha OMepalHOHHBIX YCH-
JUTENAX B HacTosilllee BpeMsl MOJY4YHJIH pacnpocTpaHeHHe
NIBE 3JIEKTPHUECKHE CXeMbl, TOKa3aHHble Ha puc. 3 U 4. Mcxon-
Hble pacyeTHble COOTHOILEHHS (1o pHc. 3):

p_ | o p_ | K, RI+R2.
" 92xC3R3° ¥ 2aC3R2’ °*7 2aC4R2’ VSR

no puc. 4:

A o1 (o1 K, - R+ R3
" 9mxR2C3° T 23R3C3° ¥ 2mR3C4’ VUSTRT



rae Ky — K03 HIHeHT ycHIeHHs 0 HANPAXKEHHIO HA YacTo-

te 1000 'y; C2>= S — , fo = 20 I'y — Havasno vac-
2n fo Rl

TOTHOH XapaKTepPHCTHKH.

Mpumep. CnpoekTHpoBaTh NpeLyCHIHTENb-KOPPEKTOP C KO3 GHIIHEHTOM
ycuienuss Ky = 100.

1. BribupaeM 3/1eKTPHYECKYIO CXeMy pHC. 3.
2. Bui6upaem conporusienue pesuctopa R3 paBubiM 127 KOm.
3. OnpejensieM eMKOCTb KoHueHncaropa C3:

1 1

C3 = =
2nf1R3 2n-50-127-10°

= 0,025-10~° ® = 0,025 mx®.

4. OnpenensieM conmpoTHBJeHHe pesucTopa R2:

1 1
R2 — = = 12700 = 12,7 kOm.
2nC3f, ~ 27-0,025-10~°.500 o

5. OnpenensieM conporus/ienne pesuctopa RI:

R2 127 .
Rl = K~ T= T0=T= 0,1282 kOm,

npuiumaem Rl = 127 Om.

6. Onpepnessiem emkocTh KoupeHcatopa C4:

] 1
2a:R2  2m-2120- 12700

C4 = = 59-107° @ = 5900 nd.

7. OmnpenensieM eMKOCTb KoHaeHcatopa C2:
1 1

2= Rl 2m-20-127

= 0,0000629 & = 62,9 mMk®D,

npunnmaem C2 = 68 mkd.

[Ipu pa6ote ¢ HeMOCTOSIHHOM aMIIMUTY/JOH CHTHAJ1a MOXET
norpe6oBaTbcsl pasnuuHoe 3Hauenue Ky, Torna ansi BeiGopa
HOMHHaJIOB YHIOOGHO rosb3oBatbess Taba. 1. OrkioHeHHe
HOMHHAJIOB 3JIEMEHTOB OT pacyeTHbIX He JOJXKHO MpeBbi-
watb 2%
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Tabauya 1

Ku R3,kOm | R2,kOm | R1,Om | C3,mMk® | C4,nd | C2, mx®d

100 100 10 100 0,032 7500 71,3
120 100 10 83 0,032 7500 100
140 100 10 70 0,032 7500 100 .
200 100 10 50 0,032 7500 143

Peryastop temGpa

Peryasitop TeM6pa CJOYXKHT [Jis1 -KOPPEKLUHH 4YacCTOTHOH
XapaKTePHCTHKH BCeH CXeMbl, a Takxke IJs MPHIAHHA 3BYKY
J)KesaeMoi okpackH. MiameHeHHe xapaKTepPHUCTHKH B GOJIbLIHH-
CTBe CJyuaeB MPOHCXOAHT Ha Kpasix 4acTOTHOrO JHanasoHa,
rae Mbl XOTHM CO3/aTh HYXKHYIO BEJIHYHHY mogbema (CIJIOMI-
Hasl JIMHUSI) MJM crnafa (MyHKTHPHAs JIMHHS), KaK NOKa3aHo
Ha puc. 5. Ha 3TOM pHcyHKe MOXHO BBIAEJIHTH TPH 06/1aCTH:
o6s1acTh HH3KHX 4acToT | << fo, rae MPOMCXOAHT H3MeHeHHe
HHM3KOYACTOTHbIX  CHTHAJOB; 00JacTb CpPeAHHX 4acToT
fo << T <C {3, roe ypoBeHb CHTHAJIOB He MeHsieTcs, H 06/1aCTb
BBICOKHX yacror f > fs.

OG6JiacTb HH3KHX YacTOT KOPPEKTHPYeTCsl pPeryJasiTopoM
HH3KOTrO TOHA, 06/1acTb BBICOKHX — DEryJiiTOPOM BBICOKOIO
tona. Ecau BesauuuHa nogweMa (cmaja) Ha Kpasix 4yacror-
HOTO fiHana3oHa OJIHHAKOBa, TO TaKHe PEeTyJsTOPbl HA3bIBAIOT-
cs cHMMeTpHuHbiMH. Hakson xapakrepuctuk 20 nb/gek
(6 nb/okr). Ilpn npOeKTHPOBAHHH HEOGXOAMUMO BBIGPATDH
BEJIHYHHY H3MEHEHMs XapaKTepHCTHK AA H 4acTOTH H3JoMa
fi, {2, f3, f4, MpH 3TOM MOXKHO PYKOBOACTBOBATLCHA MPUGIU3H-
TeJbHbIMH COOTHOILIEHHSIMH: v

a) Js MoAaBJSIOWEro GOJIbIIHHCTBA cayluaTteei jocra-
TO4HO 3HaueHne AA = 10...20 ab; :

6) uacrotsl f; u f; Heo6xoquMoO naJiblue pPasHOCHTb APYT
or apyra (na 0,5..1,0 nmek), yto6bl H36exxKaThb B3aHMHOTO
BJIMSIHHS] HH3KOYaCTOTHOTO M BHICOKOYACTOTHOTO PEryJisiTOpOB.

Pasnuyaior naccuBHble H aKTHBHBIE Pery/sTopsl TeM6pa.
Cxema naccHBHOro peryasitopa temb6pa BhinoJHeHa Ha RC
37IeMeHTax M npuBeieHa Ha pHc. 6. Pesucropn R1, R2, R3
H kKouzeHcatopel Cl, C2 peasnu3yloT peryjasiTop HH3KOro
TOHa, pe3ucropnl R5, R6, R7 u koHmencatopm C3, C4 —
PeryJiTop BbICOKOro Tona, R4 — pasBsisniBalowwuii pesucTop.
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Puc. 6. Cxema naccHBHOro pe-
Puc. 5. AUX peryasiropa tem6pa ryjstopa Tem6pa

[Tono6GHast cxema TpeGyeT nepemeHHbIx pesuctopoB (R2, R7)
C CONPOTHBJIEHHSIMH, MEHSIOLUMMHCS 10 JIOrapH(pMHUYECKOMY
3aKOHY IpH MNepeMellleHHH [BHXKKa. B kpallHeM BepxHeM
NOJIOXKEHHH [ABHUKKOB KO3((QHLUHEHT Mepefaud cxXembl IO
HanpsikeHdlo Ky Ha Kpasix 4acTOTHOro jauamnas3oHa Oyner
paBeH 1. B o6GaacTu cpemHux uacroT (TaK XKe, KaK H IPH
CpEJIHEM TI0JIOKEHHH ABHXKKOB BO BCEM JAHana3oHe 4acToT)
20 1g Ky = —AA (B meuubenax).

UcxonHble cOOTHOLIEHHS 17151 BbIGOpA 3JE€MEHTOB CXEMBI:

RI _R3 ClI

—_— = —— =— ——— — B€JIHYHHAa [oAbeMa cnaga B 06J'|aCTH HH3KHUX
RO~ Rl - 2 K (cnana)

4acTorT;

R _ C3
R5 ~ C1

1 1
97RIC2 ~ 2aCIR2 ’

— BeJIHYHHA nojgbeMa (cnajga) B 06JacTH BBICOKHX YacToT;

fi=

1 1 1 1

b= 5 CIRT = 92COR3’ °= TnR5C3 — ZnR6CA ’

1

= 5.R6C3

[ns peanusalyun 3THX paBeHCTB HEOGXOZHMO cO6JI0AaTh
coorHomenusi: R2> R1 > R3, R7> R5> R6. B nac-
CHBHBIX peryJsitopax BeJHYHHA MOJbeMa XapaKTeDPHUCTHKH
NoJIlyyaeTcsi 3a cueT yMEHbLIeHHs Ko3(p¢dHLHeHTa nepenayd
NP CpeJHEM IMOJIOXKEHHH [BHXXKOB mnoreHuHoMerpa. Hanpu-
mep, naccuBHblii peryasitop ¢ AA = 20 b umeer ko3¢ pH-
uuent nepegaud Ky = 0,1 npu fo << f < f3 (Ttak Xe, KaK
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Puc. 7. Cxema aKTHBHOIO peryJasitopa Bxod R7 J]
tem6pa

U TNpH CpPelHeM IMOJOXKEHHH [BHXKOB BO BCeM [Hanas3oHe
4acToT), MO3TOMY MOCJe Hero NOJKEeH CTOSITb YCHJIHTeb C
Ko3ppuuuentom Ky = 10.

CxeMa akTHBHOro peryJjsitopa temM6pa mnpHBeleHa Ha
puc. 7. Pesucroper R1, R2, R3 u kongencatops Cl, C2 —
peryasitrop Hu3koro ToHa, R5, R6, R7 u C3 — peryasTop.
BbICOKOrO TOHa, R4 — pasBsizka. [logo6unas cxema tpebyer
nepemeHHbix pe3nctopoB (R2, R6) ¢ snuHeHHBIM 3aKOHOM
H3MEHEHHSI COMPOTHBJIEHHS MpPH NepeMelLleHHH ABHXKaA.

Hcxonnble coOOTHOLIEHUS AN BblﬁOpa 3JIEMEHTOB CXEMbI:

R1= R3, R5= R7, Cl = C2, R6 » 2 (R1 4 R5);

RI+R2( RI
I \ R+ 2 — BeJMUHHA noxbema (cmaga) B 06/1aCTH HHU3-
R KHX 4acToT;

R5 + RI + 2R4,( 5 R5 )— BeJIMYMHA nogbema (cma-
R5 R5 + RI + 2R4 fa) B 06sacTH BBICOKHX
4yacTor,;
— [ - !
'"“2aR2CI’ *7 2aRICI’ > 2a(RI+ R5+ 2R4)C3’
f— 1
‘™ 2aR5C3

Npumep. CrpoekTHPOBaTb AaKTHUBHbIH, CHMMETPHUHbIE  peryasitop
TemM6pa ¢ BeJHYHHOH MmoabemMa (Cmaja) 4YacTOTHOH XapaKTePHCTHKH
+ 20 1B, To ectb u3MeHeHHe KodddHuHeHTa nepenaun B 10 pas.

1. BbiGupaem 3JieKTPHUECKYIO CXeMy pHC. 7.

2. Bui6upaem conporusiaenue pesucropa R2 = 100 kOwm.

3. Onpegensiem conporuBienne pesucropoB R1 (R3):

Rl + R2 ' R2 100

Rl = 10, RI =ﬁ= T= 11,1 KOM,

npusumaeM R1 = R3 = 11 kOm.

2—3335 9



4. Bui6bupaem f; = 20 Ty, torma f, = 10, f; = 200 T'u.
5. Onpenensiem emkocTb Kongencatopa Cl (C2):

1 1

== = = . —6 ——
Cl R, ST 10°-300 0,073-107° ® = 0,073 mk®.
6. Boi6upaem R4 = 11 kOm.
7. Onpepneasiem pesuctop R5 (R7):
R5+R]’+2R4_10‘ R5_R1+2R4_ll-103+2-ll~103_
R5 o To10—1 9 -
= 3,7-10° Om,

npuaumMaem R5 = 3,6 xOwm.
8. Bui6upaem f4 = 10 000 I'w.
9. Onpegesasiem eMKocTb KOHAeHcaTopa C3:
1 1
C3= =0,45- —8 p—= .
T RS 27 107.36.10° 0,45-107° &=0,0045 mMk®

10. Onpenensiem (CONPOTHBJIEHHE Pe3nCTOpa R6:

5R6>> 2(R1+R5+ R4)= 2(11-10° 4+ 3,6-10° 4 11-10%) =
= 51,2-10°

npuHimaeM R6 = 470 kOwm.

Kak BHAHO M3 NpHBeNeHHOro NpHMepa, BeJHYHHBI BbIG-
paHHBIX 37eMeHTOB R u C Moryr omiMyaThcsi OT pacyeTHbIX
B JOBOJIbHO LIHPOKHX TNpejeJax.

PaspenurenbHbie QUALTPHI

OcHoBHOE Ha3HaueHHe pa3Je/nuTelbHbX QUIBTPOB — pas-
6MTb YAaCTOTHBIH AHaNa30H CHTHAJOB Ha OTHAEJbHblE MOJIOCHI,
NPpH 3TOM CyMMa CHIHaJ OB Ha BbIXOJE Bcex Mosaoc (mo
HanpsiKeHUIO) [OJKHA OCTaBaTbCs PABHOH BXONHOMY CHT-
Hajay. M3 H3BecTHbIX THNOB pasie/HTe/bHbIX (HIbTPOB
HauboJibllee pacrnpocTpaHeHHe MONYUHIH GHAbTPE bartep-
BOpTA.

YacTtoTHas xapakrepucTHKa (puUIbTPA MOXKeT GHITb Onpe-
JeeHa CJelyOLIMMH NapaMeTpaMu: 4actoToil cpesa f. H
HAKJOHOM aMILIMTYAHO-4aCTOTHOH XapaKTepHCTHKH, KOTO-
pbifi 3aBHCHT OT nopsiaka (uabTpa n. AMMIHTYAHO-YacTOT-
Hasi XapaKTePHCTHKA (HJIbTpPA HUXKHHX 4yacToT — KpuBas |
H O(uabTpa BepXHMX YacTOT — KpHBas 2 1OKa3aHH Ha
puc. 8. Yacrora, Ha KOTOpO#l 3TH KpHBBIE MeEpeceKaloTCH,
Ha3blBaeTcsl 4yacTOTOH compsikeHusi fo. B cornacoBaHHBIX
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Puc. 8. AUX ¢HIbTPOB HHX- Puc. 9. Cxema ¢uUNBTPa HHMKHHX
HHX H BEPXHHX 4acToT 4acToT

¢unbrpax Ha fo AUX onyckaerca Ha 3 ab. Bribop uacror
conpsi>keHusi onpenensiercsi Toabko AUX DHHAMHYECKHX FO-
JIOBOK aKyCTHYecKo# cHucTeMbl. [Ipu BeiGOpe Hak/I0HA HEOO-
XOIUMO YYHTBIBaTb, YTO MaJlbli HAKJOH Hak/JaJblBaeT MeHee
KecTKHe TpeGOBaHHsl K HOMHHAJaM 3JeMEHTOB (PHJIbTPOB,
onHako paBHomepHass AUX nuHaMHueckod IOJIOBKHM JOJIXKHA
6biTb Gosiee wHpokod. Tak, Ajas ¢HABTpA NMEpPBOro NOPSI-
kKa (Hakjaonw 6 nB/okr) momycTHMBIH pa36poc HOMHHAJOB
+ 5%, a papuomephass AUX nuHaMHUeCKOH roIOBKH JOJKHA
nepekphLiBaTh YacTOTHBIA [HanasoH ¢uJIbTpa 3a 4YacToTy
comnpsikeHusi Ha JBe oOKraBbl. [af ¢uabTpa TpeTbero
nopsiaka - (HakjaoH 18 nb/okr) momycTHMBIE Pa3bpoc HOMH-
HaJoB 1... 2%, a OTK/IOHEHHE OT 3TOro TpeGOBaHHsI NPHBOAUT
K HcKa)keHHI0 cymmapHoi AUX ycusurens Gosee ueM Ha
+ 3 nB. I[IpakTHka npoeKTHpPOBAHHS MOJOGHLIX CHCTEM IO-
Kasaja, 4To Haubosee Leecoo6pasHo NMPHMEHHTh (GHIbTPHI
TpPeTbero Mopsifika.

Ha puc. 9, 10 npuBeneHbl NpHHUMIHAJIbHBIE 3JEKTPHUEC-
KHe cxeMBl (HIbTPOB HHXKHHX H BEPXHHX 4acTOT COOTBET-
CTBEHHO, peaJsi3yIOIHX XapaKrepucTuKy barrepsopra Tpethb-
€ro nopsijka. ~

Hcxonuble pacueTHble COOTHOIIEHUS [3]

Puc. 9:

2,45563 2,1089

R1= R2= R3=0,5R4, Cl:m’ = 2nlRI’

0,1931

€3 = OnioR1

2+ ' 1



Puc. 10. Cxema ¢wibTpa BepXHHX
yacroT

‘ﬁmad

Pnuc. 10:
_ 0,4074 0,4742
Cl=C2=C3= 204 RI=gfer. R2= ot
5,1766
R3= 5T

Mpumep. CnpoekTHPOBaTh pasjenHTeNbHbIE (GUALTPHI Ha 4ACTOTY CO-
npsixenust 800 Iu. ) )

@HABTD HHKHHX 4ACTOT:

1. Boi6upaem Rl = 11 kOm, Torza BXOAHOE cONpOTHBJEHHE Oyjaer
paBHsATbes 22 KOM.

2. OmnpenensieM CONpOTHBJEHHE pe3uctopa R4:

R4 = 2RIl = 22 kOwm.

3. OnpenensieM emKocTh KoHpeHcaTtopa Cl: -

Cp— 24553 _ 24553

— 108 b —
SwLRT = 280017000 = 4457107 ° @ = 44500 n®.

4. OnpenensieM eMKocTb KOoHaeHcatopa C2:

2,1089 2,1089

2= 2nfoR1  2m-800- 11000

= 3,82-107% ® = 38200 n®.

5. OmpenensieM eMKOCTb KoHaeHcaTtopa C3:

0,1931 0,1931

- G= 27lbR1  2n-800- 11000

= 3,5-107° @ = 3500 nod.

Q@HUIbTP BEPXHHX 4ACTOT:

1. Bui6upaem emkoctb Kongercaropa Cl = 11000 n®.
2. Onpenensiem conmpoTuJieHHe pesucropa Rl:

0,4074 0,4074
| = — = : = 7400 Owm.
R 2nf,Cl 27-800-1,1-108 "

3. OnpenenﬂeM CONpoTHBJEHHE pesucTopa R2:

04742 0,4742

2= =
R 2nf,C1 27-800-1,1-10~8

= 8600 Om.



4. OnpepjensieM CONPOTHBJEHHE pesucropa R3:

5,1766 5,1766

STCl — 2n 800. LI 10-F Ot 000 Om.

R3 =

[Mono6pars HoMHHAJbI 31eMeHTOB R Han C, xoTopbie Gbl
COOTBETCTBOBAJIM pacyeTHbIM, KaK NMPaBHJIO, HE MpeJACTaBJsi-
ercsi BO3MOXKHbIM. [103TOMYy Ha NpakTHKe NpeaBapHUTEJbHO
HHIMBHIYaJIbHO H3MEPSIIOT HECKOJbKQ HOMHHAJIOB, @ NOTOM C
IOMOLIBIO NAapaJiyieJIbHOrO HIH MOCJAeJ0BaTeJbHOIO COeAHHe-
HHS JOOGHMBAIOTCS COBMAjeHUst NMPAKTHYECKHX H TeoperHyec-
KHX HOMMHAJIOB C YKa3aHHOH BbIllI€ TOYHOCTHIO.

TpeaBapuTebtiblii CTEPEOYCHIHTEND

Ha puc. 11 npencraBnena cxema TpPeXmnoJiOCHOTO CTepeo-
YCHJIHTEJIS1, BK/1I0YaloLero B ce6si: npeLyCHINTENb-KOPPEKTOD
(Y1), perynsatop rpoMkKocTH H GajaHc KaHajoB (¥2), pery-
astop TeM6poB (¥Y3), pasgenuresbHble GHUABTPH (¥Y4).

[IpenycHinTeNb-KOPPEKTOP PACCUHTAH HA paboTy ¢ CHr'HA-
JiaMH OT MarHMUTHOH TOJIOBKH 3BYKOCHHMATeNs aMIVIHTYIOH
3...5 MB u umeer koapduuuent ycunennsst K = 100 na yacro-
te f = 1000 T'u.

PerynupoBka rpoMKOCTH OCYIIeCTBJseTcS NepeMeHHbIMH
conporuaeHusimu R17 (R18), umeroiiumu sorapugpmHUecKyio
3aBHCHMOCTb, a GasaHc KaHajoB — R29 (R30), umeromumu
pPaBHOMEDHYIO 3aBHCHMOCTb H3MEHEHHS! CONPOTHBJIEHHS IpH
nepeMelleHHH JBHXKa CONpoTHBJIeHHs. [lepeknaouarenb
SAl peanusyer ypOBHH paBHOH TpPOMKOCTH (Ha cxeme
puc. 11 yka3aHo ero mojioXKeHHe, KOrja OH BBIKJIIOUYEH).

PerynupoBka TeM6pa 3By4aHHsI OCYLIECTBJSIETCSA IEpPEMEH-
HbiIMH pe3ucropaMH R35 (R38) nisi HHUXKHHX YacToT H
R36 (R37) nnsi BepxHHX 4acToT.

Pa3penutenbHble (GHIbTPH peanH30oBaHbl Ha 4YeThipex
MHKpocxemax. IlepBbii kaHaa ¢ BbixogoM Al (Bl) umeer
nosiocy nponyckanusi o 800 I'u. OH npexacraBasier co6oi
(GHUIBTD HHMIXKHHX 4YacTOT, MOCTPOEHHBIA HAa MHKpOCXeMax
DA8 (DA10). Bropo#t kanaa c BbixogomM A2 (B2) umeer
nosiocy nponyckauust ot 800 mo 3500 I'u. OH npexacrasisier
co60# (UIBTP BepXHHX uactoT, ¢ yacrorod fo = 800 Tnu,
nocrpoeHHbl Ha Mukpocxemax DA5 (DA7), u coenuHeHHbIiH
C HHM TIOC/IeNOBAaTeJbHO (DUJIBTP HHXKHHX 4YacToT ¢ fo =

13,
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= 3500 T'u, nocrpoennbiii Ha mukpocxemax DA9 (DA11).
Tperuit kanan c srixogom A3 (B3) umeer nosiocy npomycka-
Hust cbiwie 3500 I'u. OH mpexncraBasieT coGoi GUIABLTP Bepx-

HHX 4actoT c fo =23500 I'u, mocTpoeHHBIl Ha MHKpoOCXe-
max DA4 (DAS). :

YCHIAHTENH MOLLHOCTH

K kaxaoMy BbIXOLY J[OJXKEH OHITb MOAKIOYEH CBOM
YCHJIMTENb MOIUHOCTH. CrnenH(HUYHBIM MPH MPOEKTHPOBAHHH
ycuauTesIed MOLIHOCTH OyJeT HEOAMHAKOBOE paclpejeseHne
MOLIHOCTH MeX1y KaHasamd. CnekTp NpOC/JyILIHBaeMOro
CHrHaJja onpejieJsieTcsl THIIOM HCTOUHHKA 3BYKa. B Hacrosimee
BpeMsl MPOEKTHpyeMasi 3BYKOBOCIPOH3BOAsIAs anmaparypa
paccuWTaHa Ha BOCHNPOU3BEJEHHE CHTHAJOB OPKECTPOB, B
COCTaBe KOTODHIX MMEIOTCSl 3JIEKTPOHHCTPYMEHTHI. [10106HbIH
CnekTp mnokasaH Ha puc. 12 [4]. OH npumensiercs ajs
[IPOBEPKH T'OTOBLIX YCHJIHTEJNEH H aKyCTHUECKHX CHCTEM.

I1pu npoeKTHPOBaHHH MHOTOMOJIOCHOTO YCHJIHTE/SI BaXKHOE
3HaYeHHE HMEeT pacnpeje/eHHe MOIIHOCTH CHTHajla MeXuay
KaHajnamH. [IpeanonoxuM, pa3paGOTYHK HMeeT TPH THIA
NHHAMHYECKHX TOJIOBOK: HH3KOH 4acTOThl C MOJIOCOH Mpomyc-

kanus 20...1500 I'u, cpepHell yacToThl ¢ MOJOCOH MpOMycKa-

14
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Husa 200...6000 I'i ¥ BHICOKOH 4acTOThI C IM0JOCOH Mpomyc-
kauus 2...20 k['u. BoiGupaeM yacToTel pa3fesieHHsl KaHaJoOB
800 u 3500 T'm.

Onpepenenrie MOIIHOCTH KaHAJOB NPOBEIEM C MOMOILbIO
KpuBOd puc. 13 [4], rze mo BepTHKalbHOH OCH ompene-
JsieTcsl MOLLHOCTb (B MPOLEHTax), a MO FOPH3OHTAJbHOH —
JManasoH 4actoT. Ec/H MOLIHOCTb BCEro CHekTpa MPHHSATD
pasHoit 100%, To, Kak BHAHO M3 pHC. 13, HA CHIHAJBI YacTo-
to# 10 800 'y npuxogurcst 70% Bceit momHocTH. Ha curuasst
B AMama3oHe yactoT ot 800 mo 3500 'y mpuxomurcst 20%
BCeHl MOIIHOCTH, Ha JAManasoH yacrorT cseime 3500 I'm —
10% wmoiHoCTH.

ITH COOTHOILIEHHUS HOJKHBI 06513aTeJIbHO YUUTBIBAThLCS NIPH
BLIGOpE YCH/IMTEJIeH MOLIHOCTH H JMHaMHUYECKHX TOJIOBOK.

Jlurepatypa

l.MTekcuuwm B. u B. OnHOmonocHbl#f HJIH MHOCOMONOCHBIA? —
Panuo, 1981, Ne 4, ¢. 35—38.

2. Cyxos H. Baiino B. BbicokokauecTBeHHbIH MpeLYCHIHTENb-
koppektop.— Pagno, 1981, Ne 3, c. 35—38.

3. Audio Handbook, National Semiconductor Corporation, 1977,
p. 53—55.

4. Hull M. D., End CAMILERE. ‘Building Hi-fi Speaker
Systems, 1980, p. 74—78.
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Puc. 12. CnekTp CHrHasa 3J1€KTpo- Puc. 13. Tpadux nas ompenene:
HHCTPYMEHTa HHSl MOLLHOCTH KaHaJoB

31'IEKTPOHHBI“ PErYNatToOP
TPOMKOCTH

B. Kono6os

B. GosibuIMHCTBE PeryJsiTopoB rPOMKOCTH HH3KOYACTOTHONO CHTHAJA MCIOJb-
3YIOT aHAaJIOrOBble MUIABHLIE DEryJsaTOpbl Ha 6ase OMNEPAaLMOHHBIX YCHJIH-
TeJeHl WM TPAaH3HCTOPHBIX cXeM. B psiie peryisiTopoB NpHMEHSIOT MpPHH-
UHN THCKPETHOrO YNpaBJ/eHHs BEJHYHHOH BBIXOLHONO CHrHajAa, MpHYEM
IOHCKPETHOCTb YCTAHOBKH YPOBHsI BbIGHpaeTcsi, KaK NpaBHJIO, paBHOH 3 1bB.
D70 0GYC/IOBIHBAETCS TEM, UTO TAKOH AHCKpeT YpOBHS ynobGeH AJasi npo-
CAyWIMBaHHS MY3blKa/lbHbIX nporpamm. OpHAKo 1Jsi KauyecTBEHHOH mepe-
3aniHcu (QoHorpaMm TpeGyeTcsi H3MEHEHHE YDOBHS CHIHajJa B MeHbLIEM
ananasoHe. ONMH M3 BO3MOXHBIX NYTeH MPEONOJEHHs 3THX TPYLHOC-
Tell — NpHMEHeHHe Mpeo6pa3oBarenell KOA-HAMpsKeHHe, KOMMYTHPYeMbIX
SJICKTPOHHBLIMH Tepekaiouarensivu. Ho B 3Tom ciyyae HeonpaBaaHHO BO3-
pacraior raGapHTHble M CTOHMOCTHble NOKasaTend Takoro yaia. Hewmaiso-
BaX{HOe 3HaYeHHe UMEIOT W NI0Ka3aTeJH HaJeKHOCTH H TPYNOEMKOCTH HaJa-
AOYHBIX PaGoT H3roTOB/sIEMOro yasa. Bosee npocroil nmyTh pemenns 3Toro
BOMPOCa — HCMOJ/Ib30BAHHE MHKDOSJIEKTPOHHBIX LIH(POAHAJIOrOBLIX Npeo6pa-
3oBaTesedl, Hanpumep, cepuH 572. dra cepusi 06JafaeT HHU3KOH NOTpPeG-
JI5IeMOA MOIIHOCTBIO, COBMECTHMOCTbIO co cranmaptheive TTJI u KMOII
YPOBHSIMH, BO3MOXXHOCTBIO PaGOThl OT OJHOrO MCTOYHHKA MHTaHHS.

B npepnaraemom pery.isitope rpOMKOCTH H3MeHeHHe YPOB-
Hsl CHTHaJ/la OCYIUECTBJsIeTCS] MOCPEACTBOM CXeMbl ympaBJie-
HHsl, MOCTPOEHHOH C HMCNO/Nb30BAHHEM YCTPOHCTBA ympasJe-
HHS DEBEPCHBHBIM UHGPPOBBIM cyeTYHKOM. HM3meHsiemblii
UMPPOBOH KOJ NOAAeTC HAa BXOXbI LK pPOaHaJOroBOro
npeoGpasoBaressi CO cXeMOH KOppeKuud. [lisi KOHTpOJs 3a
H3MEHeHHeM UH(pPOBOTO Kojaa, a CJeNOBAaTelbHO, M YpPOB-
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HEM BBIXOJIHOTO CHTHAJIa CJYXKHT CXeMa HHAHKAIHH, MOCTPOEH-
Hasl Ha PEeBEPCHBHOM CUeTYHKe H JelHdpaTope ABOHUYHOIO
KOJla B CEMHCErMEeHTHbIH KOJA CBETOJHOAHBIX MAaTpHIIL.
ITpunuunuanbHasi cxema peryasitopa H3o6pakeHa Ha
puc. 1. PeryasTtop nosBoJsier H3MEHATb YPOBEHb BBIXOJZHOTO
curHana Usgux B HHTepBaje yactoT ot 20 I'm go 150 kI ¢
Ko3(ppHUHeHTOM rapMOHHK He Gosee 0,019 mnpu BxogHOM
curHase | B. Ilar u3MeHeHUs1 ypOBHSI CHTHaJjid COOTBET-
ctByer 3HauyeHHio 50 MB. BrixonHoe HanpsixkeHue u3MeHsieTCS
or 0 no 5 B. HepaBHomeprnocts AUX ycrpoiicTBa B moJioce
gacror ot 20 I'u no 150 kI'u He Gonee + 0,5 nB. Beanunna
BBIXOJIHOTO HANpsi)KeHHs] HHAHLUPYeTCs UUGPOBBIM KOJIOM Ha
Tab.t0 ABYX ceMHcerMeHTHbIX HHAMKaTtopoB Tuna AJIC 333 b.
M3meHeHne ypOBHSI CHrHaja OCYLIECTBJSIETCS C MOMOILbIO
AByx kHomok «F4» m «F|». Co6ctBenHo npeoGpa3oBaTenb
ypOBHsI curHasa co6paH Ha 10-paspsiHOM yMHOXKalOLIEM
LIAIT K572ITA1A, koTopbii sIBASIETCS YHHBEPCAJbHBIM CTPYK-
tTypubiM 3BeHoM LIAIT u ynpaBasiercs uudpoBbIM KOZOM.
Bce anementsl LIAT BbINO/MHEHBl B ONHOM KpHCTaJlJIe, pa3me-
IIeHHOM B |6-BHIBOAHOM MeTaJlJIOKepaMHUeCKOM KopIyce.
B cocraB KpHcTanjsa BXOASIT: NPEUU3UOHHAS] PE3MCTHBHAS
maTtpuua R-2R, TokoBble kmioun wa MOIT Tpausucropax
H BXOJHble HHBEDPTODHI, OGecrneynBalollye ynpaBJeHHe KO-
4aMH OT CTaHAAPTHBIX YPOBHeH HHU(ppoBOro curuana. Mukpo-
cxema pa6oraer ¢ NpsIMbIM NapaJijiejbHbIM [BOHHBLIM KOIOM.
[asi ee QyHKIHOHHPOBAHHSI HEOGXOLMMbI: BHEILHHH HCTOU-
HHK OINODHOTO HAMpSI)KeHHS,, POJb KOTOPOTO BBIMNOJHSIET
BXOJHOH CHTHaJ 3BYKOBOH 4acTOThl (BbIBOA 15 — BX0J1) M BbI-
XOJHOH omepauHOHHbIA ycuauteab DAL, KoTopbiii moak/0Ya-
€TCsi HHBEPTHPYIOIUHM BX0A0M K BbiBoAy | DD 10 u Tem cambim
o6ecrneynBaeTcs OTpUIlaTeabHAst OGpaTHAasl CBSA3b, H ABOHYHbIH
3aKOH pacrpefieleHHsi TOKOB B BETBAX PE3HCTHBHOH MaTpH-
bl IPH paBEHCTBe NOTeHUHa 0B BhiBOJOB | u 2 DD10. Heun-
BepTUpylowiii Bxon OY coenuneH ¢ BuIBOAOM 2 M 3 Ha
«3eMJ110» (aHauoroyio). OTiHuHTENbHAST OCOGEHHOCTD CXEMBbI
nanHoro OY 3akmoyaeTcsi B BO3MOXKHOCTH MOAJEPKAHHS
C BBICOKOH TOYHOCTBIO GOJIBIIOTO 3HAYEHHS] KO3((HUHEHTA
YCHJIEHHs] MPH 3aMKHYTOH HeNd OTpPHLATeJbHOH O6paTHOH
cBsi3H. Mauble TemnepatypHble apefihbl 06ecneunBaOTCs
BHYTPEHHHUM BKJ/IIOYEHHEM BXOJHBIX TPAH3HCTOPOB nAubdepeH-
uuasnbHoro kackaga OY. BanancHpoBka CHMMETPHUHOCTH
paGoThl YCHJIATE/IS], OCYLIeCTBJSAETCS 3a cueT pesucropa R26,
KOTOPBIH MO3BOJISIET MOJYYHTh CHMMETPHUHYIO XapaKTepHc- -
THKY YCH/ICHHS1 H CHH3HTb KOS(QHLUHEHT HeJIHHE AHBIX HCKaKe-
HHH. :
19



OtanyurenbHoit ocoGennocrbio LIAIT K572I1A1A saBasier-
cl BO3MOXHOCTb €ro paGOThl B peKHMe He3aBHCHMOCTH
conpoTuBJieHUs: OTKPbITHIX MOII TpaH3HCTOPOB OT aMIIMTYAbI
M Hanpas/ieHHs MPOTEKAIOIIEro TOKAa, YTO MO3BOJISIET H3Me-
HATb BXOJHOEe HamnpsKeHHe [0 AaMIUIHTYAe B IIHPOKHX
npegenax G6Ge3 HapyuleHHsi JHHEHHOCTH mnpeoGpa30OBaHUSI.
MakcumajibHOe 3HauyeHHe aMIUVIUTY[bl NepeMEeHHOTO Hampsi-
enus 5 B.

YnpaBieHHe  TOKOBBIMH  KJIOYaMH  OCYLUECTBJISiETCS
peBepcuBHbIMH cuetunkaMd DD8 u DD9, koropeie. mo-
JY4aloT HMIYJbCbl H3MEHEHHS] COCTOSIHHSI OT YCTPOHCTBa
ynpasJenusi cueryukom DD1 — DD3 [Mpu KpaTkoBpeMeHHOM
Hakatud Ha KHomKy «F1» («F}») nepekniouaercs Tpurrep
na ajaementax DDI1.1, DD1.2 (DD2.1, DD2.2). Koporku#
OTpHLIATEJbHBIH HMMIYJbC, CHOpMUpPOBaHHBbIA AHGGepeHIH-
pylowe#i uenptlo CIR21 (C2R22), uepe3 anementsi DDI.3,
DDI1.4 (DD2.3, DD2.4) Bosgeiicteyer na Bxox + 1 (—1)
mukpocxem DD8, DD6 u nepeBosuT peBepcHBHBIE CYETYHKH
B COCTOSIHHE, COOTBeTCTBYIollee GosblieMy (MeHbleMy) Ha
eIMHULY yucay. BoixonHble cHrHa/Mbl cYETYHKA MePeKIIo4alnT
Bxoabl DDI10, yBennunBasi Wil yMeHblLIasi BbIXOJHOH CHTHAJI.
Cocrosinusa cuerunkoB DD6, DD7 nemngpyiorcs MHKpocxe-
mamu DD4, DD5 u orpaxaioTcss Ha HHAMKaTtopax. Tak Kak
Bbixon MHKpocxembl DD7 (== 9<) coeauHen co Bxomom C
TOH MHKpPOCXeMbl H oJHOMMeHHBIMH Bxomamu DD8, DD9, a
Bbixox << 0> — uepes wunBeprop DD3.4 ¢ ux Bxozamu
R,, TO NpH DOCTHXKEHHH COCTOSIHHH, COOTBETCTBYIOLIHX YHC-
aam 99 (mpu Haxartoét «F4») u 00 (npu nHaxkartoit «F»),
CYETYHK OCTaHaBaHBaercs. [IpH AJHTeNbHO HaXaToOH KHONKE
«F4» nnu «F}» Ha Bbixoge saemertra DD3.1 ycranasiu-
BaeTcss ypoBeHb Jorxueckoit 1 u kongeHcarop C4 HauHMHaer
3apsikaTtbcsi uepes pesuctop R24. B MmomeHT, Korna Hanpsixe-
HHE Ha KOHJEeHCaTope JOCTHUraeT YpOBHs JiorHueckod 1 (mpH-
MepHO uepe3 1,3 c), BK/IIOYaeTcsl reHepaTop Ha 3JEMeHTax
DD3.2, DD3.3, u ero umnysbchl ¢ yactoTolt okodio 8...12 I'n
caenyiot yepes saementsl DD1.3, DD1.4 (DD2.3, DD2.4) u
Takxke mocrynaior Ha Bbixoq + 1 (—1) mukpocxem DDG6,
DD8, HenpepblBHO H3MeHsisl COCTOsiHHE cueTynkoB DD6—
DD9, B cropoHy yBe/HueHHSI (YMEHbIUEHHsI) COOTBETCTBYIO-
Uero €My uHciIa [0 NpefesbHOro 3HaveHus. Mmnyuabchbl
yNnpaB/ieHHs] CYETUYHKOM OJHOBPEMEHHO MOCTyNalioT Ha Yys3eJ
MHIHMKALKH, KOTOPbIi BbinoJHeH Ha cuetunkax DD6, DD7,
newnpparopax DD4, DD5 u cBeToAHOAHBIX MaTpHLAX.
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B 3/eKTpoHHOM pery;isiTope HCHOJIb30BAaHBl MOCTOSIHHbIE
pesucroper  MJIT-0,125; noacrpoeunbii pesuctop R26
CII3-19a; «kougencaropsr Cl, C2 — KM5, C3 —ChH —
K52-16. ,

BmecTo ykasaHHBIX Ha cxeMe AeTajiell MOXKHO MCHOJb30-
Bate: AJIC324B6 (HGI1, HG2); KI102A — B, KI520A,
KI521, KIO522 (VDI); K50-16 (C3, C5); 140¥[120,
140Y16, 140Y17, 140Y18, 153Y[1, 574YM1, 574Y12
(DA1). Bmecro Bcex MHKpOcXeM 155 cepuH MOXKHO HMCIIOJb-
3oBaTh 133 cepHio, HO TOrga NMpHIETCS BHECTH HEGOJbIIYIO
KODPEKTHPOBKY, KOTOpasl 3akjiouyaercss B NPHMEHEHHH COB-
MECTHO ¢ MHKpocxeMaMH 133 cepHH nepexomHbIX KOJIOIOK.
Kosonku coaepxar neuaTHnie HOpoxKH mog 133 cepuio,
a JIOPOXKKH KOHTayaT C KOJIaMH, BbIBEJEHHbIMH C TPOTHBO-
[TOJIOKHOH CTODOHBI KOJIOIKH H HMEIOIHMH pacHoJioKeHHe
pasmepoB BbiBOJOB 155 cepuu. Kosoaku ¢ pacnastHHbIMH
MHKPOCXE€MaMH H KOJaMH BCTaBJ/ISIIOTCS B OTBEPCTHs, Mpel-
HasHayeHHble [Js MHKpocxeM 155 cepum B maate u mnpo-
nauBaloTCs. ;

Bce peranu pasmeuleHbl Ha miate M3 (OJbIHPOBAHHO-
ro crekjorekcronura CP1-1,5. MoHTax mepembluek Ha mia-
Te BbnoJgHeHd mnpoBogoM MIT® wunu IIBIIBJI. UYeprex
meyaTHOM nuaThl MOKa3aH HAa pHC. 2, a pacnoJioXeHHe
3JIEMEHTOB Ha HeH — Ha puc. 3.

HanaxupaHHe peryrsaropa HauHHAIOT C NPOBEPKH
MOHTaxa, 3aTeM NpoBepsieTcss paboTa CUETUHKOB: MPH KaXK-
JIOM Ha)XXaTHH Ha KHONKY «F4» niu kuonky «F|» mokasanue
MHIHMKATOPOB JOJKHO COOTBETCTBEHHO YBEJHUHUBATHCS HJIH
yMeHbLIATbCA HA eduHHULY. [IpH AJUTeNLHOM HAXKAaTHH HA 3TH
K€ KHONKH TNOKa3aHHUs HHAMKATOPOB [OJIKHBI HapacraTb
HJIH yObiBaTb 10 TeX MOp, NOKa OHH He OKaXyTcsl pas-
HpiMd 99 uanm 00. Pa6oToCnoCOGHOCTH CYETYHKOB YKa3bl-
BaeT Ha PaGoTOCNOCOGHOCTb BCeH cXeMbl YIpaBJIEeHHS.

[TorenunanbHble Bo3moxkHoctd LIATT 572[TA1A B nanHoi#
CXeM€ MCMOJIb3YIOTCSI' He MOJIHOCTBIO, TAK KaK OH CNOCOGeH
o6ecneunTb 256 cryneHeidl peryJHpOBKH YpPOBHSI TPOMKOCTH,
HO OHH orpanuyeHnl 10 100 cryneHe#i NByXpaspsiiHbIM aecs-
THYHBIM HHAMKaTopoM. HepocraTtok, cBsiI3aHHBIH ¢ JHHEH-
HbIM 32KOHOM pEeTyJHPOBAHHSI YDPOBHSI 'DOMKOCTH, KOMIIEH-
cupyercsi GOJIbIIAM KOJIMYECTBOM CTyNeHeH pery/HpOBKH H
BO3MOXHOCTbIO GBLICTPOH PEryJHpOBKH MPH JJHTENbHOM Ha-
XKaTHH KHOIKH.

HauanbHoe cocTosiHHe pery/sitopa MpPH BKJAKOYEHHH IH-
TAHHS COOTBETCTBYET HYJEBOMY YPOBHIO 6siarofapsi moaKJo-
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yenuio BeiBopoB JI1, 12, 14 u A8 muxkpocxem DD6 —
DD9 k «3emJe».

[TuTanue 3/MeKTPOHHOTO peryJsiTopa TPOMKOCTH OCY-
LIeCTBJSIETCS OT ABYX HCTOUHHKOB. OnepaudoHHbIH YCHIHTEb
DAl nuraercsi OT ABYMOJSIPHOTO HMCTOUHMKA HaMpsiXKeHHS
+5 B c toxom norpebiennst 15 MA. OcrasibHble 3/7€MEHTbI
peryJsiTopa NHUTAlOTCS OT HCTOUHHMKA ¢ Hamnpsikehduem 5 B ¢
TokoM mnorpe6iaenuss 350 MmA. Jlomyctumasi myJbcanus
Hamnpsi>kKeHHH HMCTOYHHKOB MHUTAHHUS HE [OJKHA MNpPEBbILIATH
5 MB.



TEJNIEBUQEHME

CTABMIM3ATOP TOKA
HAKANA LBETHOIro
KMHECKOMA 61)1IK5L,
TENEBM3OPA

«TEMI L1-280»

E. BbopoBuKkoOB

LIBeTHOM KHHECKON sIBJseTCsl CaMOH AOPOrocTosiulel 1eTalbio
tesnieBu3opa. OT ero paGoThl BO MHOrOM 3aBHCHT Kau€cCTBO
BOCIIPOM3BOJMMOrO Ha 3KpaHe TeJeBH30pa H300parkeHHs.
[TosTroMy npoasieHHe cpoka Ca1yKObl KHHECKONAa HMeEeT He-
MaJoOBa)KHOe 3HAueHHe M C JHUXBOH OKynaer BCe 3aTparhl,
CBSI3aHHbIE C YCJIOXKHEHHEM CXeMbl TeJIeBH30pa 3a CYeT JAOMOJI-
HHUTEJbHBIX YCTPOHCTB, CMOCOOGCTBYIOIHX MPOAJIEHHIO AOJIO-
BEYHOCTH KHHECKOIa.

JlonroBeyHOCTb 1IBETHOTO KMHECKONa OnpefiessieTcsi, B oc-
HOBHOM, J0JIFOBEYHOCTBIO €0 KaToA0B. Halle Bcero KHHeCKon
CTAHOBHTCSI HENPHUIOAHBbIM K 3KCIUIyaTalHH M3-3a YaCTHYHOH
HJIH TIOJTHOH MOTEpPH 3MHCCHH OHOTO WJIH HECKOJbKHX Karo-
J0B. JloNroBeyHOCTb KAaTOAOB B CHJbHOH CTE€NEHH 3aBHCHT
OT HX TeMmIepaTypHOro pexuma, T. €. OT CTaOH/JbHOCTH
HampsiKeHHsl M TOKa Hakaja. Kose6aHHsl HanpsiKeHUsd H
TOKAa Hakana Bbi3bIBAIOT H3MEHEHHs TemnepaTypbl Harpesa
KaTo[0B, a 3TO, B CBOIO Ouepeib, BjeueT 3a cob6Oi H3Me-
HEeHHe 3MHCCHOHHBIX CBOHCTB KaToOfOB H, KaK CJAeIACTBHe,
SAPKOCTH H306paxkeHust U 6ajanca 6esoro.

B nauane skcnayarauuH KHHeckona Tpe6yemasi sipKOCTb
u3o6paxeHuss obecneynBaeTcss SMHUCCHeH 3JeKTPOHOB C MO-
BEPXHOCTHOrO CJIOSl KaTol0B, YTO MOKeT ObiTb JOCTHTHYTO
NPH HECKOJbKO MOHHXKEHHOH TeMrnepaType KaTOAOB, T. €. IPH
MOHHKEHHbIX HaNpsi)KeHHH M TOKe HakaJa NOAOorpeBarelsl.

B koHlle cpoka cayxG6bl KHHECKONa [ae MpH HOMHHAJb-
HOM pexHMe paboThl NMOAOTrpeBaTeNsi 3MHCCHH 3JEKTPOHOB
C MOBEPXHOCTHOTO CJIOSI KaTOJO0B OKa3blBaeTCsl HeJ0CTaTou-
HO [JIfl TOJIydeHHs HOPMaJbHOrO TOKa JydeH H mHpHemJe-
MOH ApKOCTH u306paxeHus. 31eCb CJeLyeT YBEJHYHThb
HanpsKeHHe W TOK HakaJza fnojorpesartedsi, 4tobbl obecre-
YHTb 3MHCCHIO 3JIEKTPOHOB H3 TIJIYOHHHBIX CJOEB KaTOAOB.
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Takum o6pasom, H3MeHeHHE HANpPSKEHHSI HAKaJda KHHe-
CKOlla OT MHHHMaJIbHOTO 3Hauenus 5,7 B mo MmakcumaJib-
HO BO3MOXKHOrO, NPH KOTODOM KHHecKon emie pa6oTocro-
co6eH, a TaKxKe MOJJEPKAHHE HANpSIXKEHHS H TOKAa HaKaja
+C BBICOKOH CTaGH/IbHOCTBIO 03BOJISIIOT 3HAYHUTENLHO MPO-
IJIHTh CPOK CJy2Kk6bl KHHECKONa.

CokpaileHHe cpoka C1yx6bl OJOrpeBaTesisi IPOUCXOIMT,
B OCHOBHOM, H3-3a Da3pyLIEHHs] HHTH HaKaja BO BpeMsi
GpPOCKOB TOKa MNpPH BKJIOYEHHH TeJ€BH30pPa, KOrja XOJOJ-
Hasl HHTb Hakaja uMeeT HeGoJblloe conpoTHBjeHHe. Ecau
YMEHbIUHTb HJH COBCEM YCTPAHHTb 3TOT GPOCOK TOKa, TO
MOXHO CYIIECTBEHHO NPOMJHTb CPOK CJIYyKO6bl MOAOrpeBa-
TeJsl.

Korna k mnojorpeBaresio KHHeCKONa cpasy mnojaercs
HOMHHAJIbHOE 3HaueHHe HaNpsKEHHsI HaKajia, TO MPOHCXOAUT
GbICTpBIH pa3orpeB KaToNOB. TakoH peKHM pa3orpeBa Karo-
OB He)eJaTejleH, TakK KakK H3-3a GOJblIOro nepenaga
TEMINEPaTyp MeX1y CHJIbHO pa3orperodi BHYTpeHHe#d, o6Gpa-
IIEHHOH K HHTH Haka/la, H XOJIOAHOH HapyXHOH NOBepX-
HOCTSIMM BHYTPH MaTepHa/la KaToda H3-3a Pe3KOro TeMiie-
paTypHOro pacuIHPeHHs1 BO3HHKAIOT 3HAYHTEJIbHBIE 110 BEJHYH-
He MeXaHWYeCKHe HanpsikKeHHs, NpUBOAsiuHe K aedopMauuu
KaToJa, MOSIBJIEHHIO MHKDOTPELIHH H OCHIIAHHIO YACTHIL [O-
BEPXHOCTHOIO aKTHBHPOBAHHOTO CJIOS], UTO HEH36€eKHO COKpa-
11aeT JO0JIrOBEYHOCTh KHHecKona. M36aBuThecsi oT 3TOro ne-
(eKTa MOXKHO TOJMBKO NJAaBHbIM pPa30rpeBOM KaTOMOB IO
paGoueil TemMnepatypbl B TeyeHHe [JIHTEJIbHOrO MNepHOAa
BPEMEHH. DTOr0 MOXHO NOCTHYb NMYTEM IUIABHOTO yBeJHuYe-
HHSI HanpsiXXeHHsl H TOKa Hakaja [0 HOMHHAJIbHOrO 3Ha-
YeHHS.

K yxe ynomsanyThiM pakropaM, OTPHIATENBHO BJAHSIOILHM
Ha JOJITOBEYHOCTD, CJIeflyeT OTHECTH NOAAYy BHICOKOTO Hampsi-
JKEHHMs] Ha aHOJ KHHeCKOna [0 H B Ipoliecce pa3orpeBa
KaToJoB 10 pabGouel Temmeparyphl.

OnnoBpemeHHble [€HCTBHS MOLIHOTO YCKOPSIIOILETO 3JeK-
TPHYECKOTO MO/ MEXIy KaTOAaMH H aHOAOM KHHECKoma
H MeXaHHUYecKHe JedopMalUH KAaTOJOB 3JIEKTPOHHBIX MyHIeK
M3-32 MX  OBICTPOFO pa3orpeBa MOBLILIAIOT BEPOSITHOCTD
OTpbIBA 4aCTHI| IOBEPXHOCTHOTO aKTHBHPOBAHHOIO CJOS, YTO
yXylulaeT SMHCCHOHHbIE CBOHCTBA KaTog0B. OCOGEHHO CHIBHO
3TOT Je(eKT nposiBjsiercss B 6e3J1aMIOBbIX TEJIEBH30pax, B
KOTOPBIX BbICOKO€ HAIpsI)KeHHe Ha aHOJe KHHeCKona- MOsiB-
JisleTCsl MpPaKTHYECKH MTHOBEHHO IIOC/Je BKJIIOYEHHSI TeJie-
BH30pa.
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M3 BBINIEH3/I0KEHHOTO CJefyeT, 4YTO MJIs YBeJTHUEHHS
cpoka cayxKObl KHHeCKONna HeO6XOAHMO IPEeLyCMOTPETh:

1) nyiaBHOe YyBeJMuEHHEe HANpsiXKEHHs M TOKa HakaJja
KHHECKOIla B TeueHHe [JIUTEJbHOTO TepHoja BPEMEHH OT
HYJs1 10 HOMHHAJbHOrO 3HaueHHus. [lomyckaercsi mepBoHa-
yaJibHBIH CKAuOK HAMpsiKEeHHsT H TOKA HakKaja BeJHYHHOH
He 6oJjee 209% OT HOMHMHAJbHOrO 3HA4YeHHUs, KOTOPHIH He
BbI3bIBAET OTPULIATENbHBIX MOCAEACTBUH;

2) BO3MOXHOCTb YCTAHOBKH Tpe6GyeéMOro HanpsikKeHHs
'HakKala OT MHHHMMaabHOro 3Hauenuss 5,7 B 1o makcu-
MaJibHOro, IMPH KOTOPOM KHHECKON elle paGoTocnocobeH;

3) cra6Gu/H3alHIo YCTAHOBJIEHHBIX 3HAYeHHH HaNPsIXKeHUst
H TOKa HakaJa,

4) nomauy BBICOKOIO HANpPSIXKEHHS] HAa aHOJ KHHecKomna
TOJIBKO MOCJIe pa3orpeBa KaToJoB A0 paboyell TemmepaTyphl.

[Ipensnaraemasi cxema crabuan3aTopa ToKa Hakazna KHHe-
ckona o6ecrneydBaeT BHIIOJHEHHE BCEX ITHX TpeOGOBaHHH
U HMeeT CJeylollHe TeXHHYEeCKHEe XapaKTepHCTHKH:

[Mpenesbl peryJMpOBKH HamnpsiKeHHs Hakaja, B 4,5...13,5
[Mpenenbl peryJHpoBKH TOKa Hakajaa, A . . . 0,5...1,5
HecraGunbHocTh TOKa Hakasna, %, He Gosee . +0,5

BpeMsi ycTaHOB/IEHHSI HOMHHAJIbHOTO 3HAY€HHs

TOKa HAKala, C. . . . . . . . . . . . 80

[MpuHuunuanbHast cxema crabHIH3aTOpa TOKa Hakasa
KHHEeCKOoNa npuBegeHa Ha puc. l.

Ycunurenb, BoimoJHeHHbIA Ha TpaH3ucrope VTI, dopmu-
PYeT H3 MOJIOKHTEJbHBIX MOJYBOJNH CHHYCOHAAJbHOTO Hampsi-
enusi yacroroil 50 I'u, caumaemoro ¢ o6morku III TpaHc-
¢opmaropa TI1, mepHoaHuecKyl INOC/IEI0BATENbHOCTD HM-
NyJbCOB HAMPSIXKEHHS] MPSAMOYTrOJNbHOH (POPMbI MOJOKHUTEND-
HOi MOJASIPHOCTH C mnepuomoM ciaenoBaHHsa 20 Mc, KOTOpbie
nogaiorca Ha Bxod MHkpocxembl DDI. Cueryuk DDI1 ¢
gorayeckum sjementom U (DD2) pensit yacToTy BXOLHBIX
HMMNYJbCOB B 64 pasa. dra nocaef0BaTelbHOCTb HMITYJ/bCOB
¢ nepuonoM caenoBanusi t = 64-.20 mc = 1,28 ¢ nopaercs
Ha Bxoia Mukpocxembl DD3. Cuerunk DD3 u cymmartop
HanpsiKEHHsi, BBIMONHEHHBIA Ha pesucropax RI3 — R2I,
06pa3yioT reHepaTop ONOPHOrO yNPaBJsIOLIEr0 HANpPsSXKEHHS
Uynp cryneHuaToll ¢popmbl. Jluarpamma 3TOro HamNpsixKeHHs
npuBefieHa Ha puc. 2. DTO HanpsikeHHe ob6ecrneurBaeT
(opMHpOBaHHE TOKa HakaJja.

B moMmeHT BkJOueHHs1 to GpopMHpyeTcsl nepBOHAUaJbHBIH
cKauyok Toka Hakaaa lo = 0,15 l,ou, ONpenensieMbli pe3ucTo-
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Puc. 2. Bpemensas auarpamma I Ugnp
nanpsikenns Uyqp Tt ———————
Ui | t=128c 1)
"\"](T/// l .
///'\ E |
Tl l
4 |

0= T8 7T *t

pom R2l. Takoii 6pocok TOKa Hakasa [Jsf KHHECKOna
HE OmaceH, HO MO3BOJISIET -HECKOJbKO COKDaTHTh BpeMsi
pasorpeBa KarTolOB, IOCKOJbKY MJaBHOE YBEIHYEHHE TOKa
Hakata or 0 go lp ana  XonomHOH HHTH  HakaJja
0coGOTrO MOJIOKHTEJbHOTO 3(deKkra He jaerT.

Cuerunk DD3 u3 HenpepbiBHOH mOC/I€]0BaTENIbHOCTH
MMIYJbCOB (OPMHPYET Ha CBOHX LIECTH BhiXoAax 64 Kom-
6uHauuu Joruyeckux 0 ¥ 1, 43 KOTOPBIX CyMMaTop Ha pesH-
cropax ¢opmupyeT 63 CTyNEeHbKH YNpaBJsIOLLEro Hanpsixke-
Husi. DBaaropgaps 3ToMy TOK Hakajla KHHECKONa CKauyko-
06pa3HO H3MEHSIeTCSl OT NepBOHayaJbHOro 3Hayenus lo 10
HOMHHAJBHOTO 3HayeHusl l,ou. BesHunHa kKaxjaoro ckauka
TOKa HaKa/la paBHa

ar= Lo Lo 001314,
nepHol, cJefoBaHHs ckaukoB t = 1,28 c.

Yepes Bpemsi T = 1,28.63 = 80 ¢, koraa Ha Bcex LIECTH
BbixoAax cuetynka DD3 nosiBsiTca snoruueckue 1, Ha Bbixoje
cxemoi MU (DD4) nosiButcst soruueckas 1, koropasa 3a6Jio-
kupyer cueryuk DDI nmo Bxony R u ocranosut paGory
reHepaTopa HamnpsiKeHHs! cTyneHdatod ¢opmbl. Tok Hakasa
KHHECKOMNa [OCTHTHET HOMMHAJIbHOrO 3HaueHHs H GyleT 3a-
(HUKCHpPOBaH Ha 3TOM YPOBHE N0 MOMEHTA BHIKJIIOYEHHS
TeJieBH30pa.

[udodepeHunanbhplil yCHIHTENb, COOPAHHBIA Ha TpaH-
saucropax VT4 u VTS5, cpaBHuBaer cTaGHJIM3UPOBAHHOE
‘onopHoe ynpasasiomee HanpsikeHHe Uyq,, cHHMaemoe ¢
ABHXKKa pesncropa Rl4, ¢ mnajgenueM HanpsiKeHHs Ha
pesucrope R6, o6pa3oBaHHBIM MPOTEKAIOLIHM uepe3 Hero
TOKOM HaKaJjia KHHeCKona, H oTpabaTbiBaeT BMECTe C YCHJIH-
TeseM TOKa, coGpaHHbimM Ha Tpauaucropax VT2 u VT3, ero
KosneGaHusi u3-3a JecTabUIH3NPYIOWNX (AaKTOPOB.
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Cuna Toka Hakana lyw peryaupyercsi mnepemeHHbIM
pesucropom R14. Korna cuna Toka Hakana JOCTHTHET 3Ha-
yeHHsi Iyou, OTKpHIBaeTcs Tpausucrop VT6 u cpabarbiBaer
pese Kl, koTopoe CBOHMH HOPMalbHO DA30MKHYTHIMH KOH-
TaKTaMH BKJIOYaeT TeJEBU30p, MOCJE YEero Ha aHol KHHe-
«CKOMa IM0JaeTcsi BbICOKOE HaMpsiKeHHe.

Huddepenunpyomas uenouka C5R8 ¢ orpaHHuuTeNb-
HbiM auogom VD8 cayxkar mas ycranoBku cuerynka DD3 B
HCXO/IHO€ COCTOSIHHE MPH BKJIOYEHHH CTaGHJIH3aTOpa.

B TteneBuzope «Temn L1-280» nuranne HUTH Hakanaa
KHHECKONA OCYILECTB/IAETCH OT BTOPHYHOH OGMOTKH BBIXOJ-
HOro TpaHchopMaropa CTPOK, Ha YTO pPacCXOJyercsl 4acTh
MOLIHOCTH BBIXOJHOrO KackKaja reHeparopa cTpok. [Ipume-
HEeHHEe NaHHOro craGuausaropa ¢ nuranieMm ot cetd 220 B
50 T'u cHHMaer 3Ty HarpyskKy C reHepaTopa CTPOYHOH
pa3BepTKH, 4TO obJerdaer pexuM paGoThl 3TOr0 Kackaja
M MOBLILIAET €r0 HaJe’KHOCTb H JOJrOBeYHOCTb. IIpH 3TOM
BO3pacTeT CyMMapHasi MOILHOCTb, MoTpe6/sieMasi TeJeBH30-
pOM OT CEeTH NepeMeHHOro Toka, npuMepHo Ha 10...15 Br.

B craGuansarope HCMO/IBb30BAaHbI MOCTOSIHHBIE PE3HCTOPBI
tuna MJIT, nepemennbiii pesucrop CI13-16 (R14), kouneH-
catopsl K50-6 1 MBM (C4). Pesuctrop R6 usrorasmu-
BaeTcsi HaMOTKOH OTpe3Ka BLICOKOOMHOrO MpOBOAAa Ha
pesucrope MJIT-0,5 Bt sn060ro HomuuaJga.

Pene K1 tuna POK29 MYI1110.451.000 TY, OY1114.501.561
¢ pa6ounm HanpsikeHueM o6mMoTkH 15 B. Ero moxno 3ame-
HUTb Ha Jo6oe pesae ¢ HamnpsnKeHHeM cpa6aTbiBaHHs
He Gosee 15 B u TokoMm cpaGartbiBanusi He Gosee 50 .MA.
KoHrakThl pesie JOXKHbI GbITh PACCUMTAHBI HA KOMMYTALHIO
Hanpsikenust 220 B ugacroro#t 50 I'u u Toka 0,5 A.

Tpausucrop VT2 posxkeH GbITb yCTAaHOBJEH Ha TEIJO-
OTBOJ C 3(p(EKTHBHOH MJIOILAAbI0 OXJAXKIEHHS HE MeHee
500 cm®. [lasi yMeHblueHHsi raGapHTHBIX pa3MepoB pajHa-
TOpPa PEKOMEHJYeTCsl BHIMOJIHHTb €ro He KakK MpSIMOYroJib-
HYIO MJIACTHHY HYXHOH IJOLLanH, a Kak Ha6op [1-o6pa3Hbix
IJIACTHH, BCTABJEHHBIX OJHA B JAPYIYI0, ¢ 0Gsi3aTeibHBIM
3a30pOM MexXI1y OGOKOBbIMH rpaHsiMH 5...10 mm.

Bmecto Tpansucropa KT814A MOXHO HCIOJIB30BATD JIO-
GoH TpaH3ucTOp GosblIOH MoutHocTH, Hanpumep KT814 u
KT816 ¢ qo6biM HHAeKcoM. Bmecto Tpausucropos KT3156
i KT361b MoxHO Hcnosnb3oBaTh JI060H MaJOMOLLHBIH
TPAH3UCTOP COOTBETCTBYIOLEH NPOBOAHMOCTH, Y KOTOPOTO
p= 50. Tlpu 3amene Ttpansucropa VT6 caemyer umerb B

30



BHJYy, UTO yepe3 Hero nporekaer TOK o6moTkH pese Kl,
npu6JAH3HTEIbHO paBHbIH 50 MA.

Bumecto auomoB KII202B MOXHO HCHO/bL30BaThb IHOABI,
BbIIEP)KHBAIOLIHE CPENHHA BBHINPSMJEHHBIH TOK He MeHee
0,75 A. Bmecto auomoB KI1103A monycTHMBl Jio6ble BHINPS-
MHTeJIbHBlE JHOJBL,

Tpancpopmarop Tl! BHINOJHEH Ha MAarHUTONPOBOAE
116X 30. O6motka I comepxkut 1530 BHTKOB mNpoBOAa
M13J1-0,18 MM, -o6motka II comepxkut” 84 BHTKA HpoBOAa
I13J1-1,2 MM, ob6morka III comepxutr 42 BHUTKa NpoBOAa
[19J1-0,18 mm. [as 3ameHnl nojo#ger Jao06oii TroTOBbIA
TpaHncdopmarop MoiHOCTbIO He MeHee 20 Br, umeomu# ase
BTOPHUHbIE OGMOTKH: OfHY ¢ HanpsikeHHeM 10...15 B u Tokom
notpeGieHuss He MeHee | A, Jpyryio — c HamnpsiXKeHHEM
4..8 B u tokoM nortpeGienusi He Menee 0,01 A (Hampu-
Mep, cereBoil TpaHcopMarop, HMEIOLUH TPH HaKajbHble
OGMOTKH, [B€ H3 KOTOPbIX COEIHHSIOTC MOCJe10BaTe/b-
HO).

Bce 3nieMenThl cTabuin3aropa (3a HCKJIYeHHEM HECKOJIb-
KHX) YCTaHaBJMBAIOTCS HA MEYaTHOH IJ1aTe, UepTex KOTOPO#H
npuseneH Ha puc. 3. PacnosoxeHde 3/7€MEHTOB Ha Ievar-
HOA mJjare mnoka3aHo Ha puc. 4. Co6GpaHHasA mnedaTHasi
naara, tTpancgopmarop T1, pene Kl, kongencaropn C2 u
C3, tpausucrop VT2 ¢ TemooTBOfOM KpemsATcsi Ha O6uieH
mjare MOAXOASLIHX Pa3MepoB H3 H3OJSLLHOHHOTO MaTepHa-
Jga. Jlnss yMeHbileHHsi TaGapHTHBIX -pa3MepoB CTaGHJIM3a-
TOpa pasMelnaTh €ro COCTaBHble YacTH Ha ofuled naare
ceyeT KOMNAKTHO, BIWIOTHYIO APYr K APYyTY, TEmJIOOTBOA H
NeYaTHYI0 MJIAaTy KPeNHTb B BEPTHKAJbHOM IOJIOXKEHHH, pe-
JIe M KOHIEHCATOpbl NPHKJIEHTb K OO6uIeH mJaTe 3NOKCHI-
HbIM KJeeM. .

CobGpaHHbI cTaGUJIN3aTOP KPENAT BHYTPH Kophyca TeJe-
BH30pa JHGO K JHY SIIMKA HEMOCPEACTBEHHO 3a CETeBbIM
pa3beMOM H aHTEHHbIM BXOJOM MeXAy M1ataMu GUAbTpa M-
Tanust [1OIT (Al2) u 6joKa [ONOJHHTEJLHBIX PeryJaupo-
Bok BJIP (A9.2), nu60 Kk J1eBoH GOKOBOH CTeHKE SILHMKA.
[1pu pa3meiieHuH ctabGuaH3aTOPa. CODHEHTHPYHTE €r0 TaKHM
ob6pa3som, yto6bl TpaHcopmarop Tl 6bl1 MakcHManbHO yna-
JeH OT Kos6pl KHHeckona. B nporuBHOM ciaydyae coGCTBEH-
HOe 3JIEKTPOMAarHHTHOe mnoJjie TpaHcopmaropa HapyLIMT
CBeJleHHe JIyueHd KHHECKONa Ha 4YacTH 3KpaHa, npHOJHXKEeH-
HOH K TpaHcdopmaropy.

JlanHbl# cTaGUIN3ATOP TOKA MOXKHO NPUMEHATh B JIIOOBIX
MOJIeJIfIX LBETHBIX H YepHO-Ge/biX TeNeBH30POB, MHUTAILIHXCS
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Puc. 3. Yeprex mneuaTHOH miaThl

OT CEeTH NEePEMEHHOro TOKAa. B 3aBHCHMOCTH OT THNMa KHHe-
CKOMa MOXKHO CMECTHTb NpeJesbl PEeryJHpOBKH TOKAa HakaJa
Kak B CTOPOHY YyMeHbIUEHHS, TaK H B CTOPOHY YyBeJHuye-
HUSl MyTeM HECNO0XHOH a0paGOTKH caMoOro CcTaGHJIH3aTo-
pa. Iasi 3T0ro Heo6XOJAHMO, COOTBETCTBEHHO, JHGO YMEHb-
IIKTh, KOO yBEJNMUMTb HOMHHAJ pe3ucropa RI15.

Ecsin cB0O60AHOrO MpOCTpaHCTBA BHYTPU KOPNyca TeJIeBH-
30pa HeJOCTaTOYHO IJisi pasMelleHHsi COOPaHHOTO CTaGHJIH-
3aTtopa, TO €ro MOXXHO PAa3MeCTHTb M 3aKPEIHTb Ha sILIHKe
TeJeBH30pa OTAEJbHO MO YacCTAM: MeyaTHas Njata B OJHOM
MecTe, TpaHchOpMaTop, peJie, KOHIEHCATOPbl, TPAH3HCTOP
C TEIVIOOTBOAOM B Apyrux mecrax. [Ipu 3Tom ciienyer BHINOJ-
HHTb OJIHO HENPEMeHHoe ycjoBHe: TpaHcpopmarop T1 mpoa-
KeH ObiITb MaKCHMaJ/bHO yJaJieH OT KOJIObl KHHECKONa HJIH
NOMellleH B MepMaJsjloeBbld 3kpaH. B kpaiinem ciayuae cra-
GH/IM3aTOD MOXKHO BBIHECTH 3a Mpeesbl KOpmyca TeJeBH-
30pa, 3aK/JI0YHB €ro B KakoH-HHOYNb sAwWHMK. Ha paGote
TeJIEBH30pa 3TO HE CKaxeTcd, HO CO34acT OINpejeseHHbIe
Heyl06CcTBa B 3KCIJyaTalHH.

[ocae ycraHoBKH cTaGuiu3aTopa TOKa HEOGXOAMMO BbI-
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Puc. 4. PacnojioxkeHHe 3jieMEHTOB Ha IJiare

TIOJIHUTDb €0 3JEeKTPHUECKHI MOHTAXK, PYKOBOJACTBYSCh CJENy-
IOILUMH TPaBHJIAMHU:

Boik/Iodare b CETD TesneBu3opa ucnosnb3yercst Ajisi noaa-
4M HamnpsikeHHst nepemeHHoro toka 220 B 50 I'u B crabu-
JIM3aTop;

nurapoiee Hanpsikenue 220 B 50 I'u nopaercsi B 670K
NHTAHHS TEJEeBH30pa uepe3 HOPMAaJbHO PA3OMKHYThIE KOH-
TakTh pese Kl crabunnsaropa;

Hanpsi)KeHHe HakaJla ¢ BbiXoJa craGHH3aTopa mojaercs
Ha MojorpeBare/b KHHECKONA, NMpeJBapUTeNbHO OTCOEIHHEH-
HOTO OT HCTOUHHMKA HAampsiXKeHHs] HAKajla B CaMOM TeJIeBH-
30pe.

B rteneusope «Temn 11-280» (3YCLIT-61 moneab
11280) asekTpHyecKHil MOHTax cTaGUIH3aTOpPa TOKA BbINOJ-
HeeTCsl caeylomumM o6pa3om:

BhinasiiTe M3 oTBepcTHH | M 3 meyaTHOH nsaThl GHIABT-
pa nutanus [1PI1 (Al2) aBYKHJbHBIA MPOBOMA, COENHHSIO-
wui naary [1PIT ¢ nnaroii moaynas nurauuss MII-3-2 (A-4),
M MoAnasiiTe ero K KOHTakraM 3 H 4 craGu/iu3aropa;
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coefuHUTE ABYMs nposogamMd MTIIIB-0,5 vMm? KoHTaKThI
1 u 2 crabuausatopa c OTBepCTHSIMH 3 ¥ 4 B NeyaTHOH
naare [1PIT;

BbiNasiiTe H3 OTBEPCTHS 3 B MEYaTHOH NJjaTe KHHECKOMA
IMK-3-1 (A8) J1poBOA M TILATEJBHO usonnpyme H30J11-
HHOHHOH JIEHTOH €ro OroJIeHHbIH KOHEIl;

coenuuute nposogom MTIIIB-0,5 Mm? koutakT 5 crabu-
JiM3aropa c orBepctHeM 3 B meyatHoi miate [1K-3-1, a kou-
TakT 6 crabuin3aTtopa ¢ OoTBepcTHeM 2 B MNeyaTHOH miarte
IK-3-1.

. Buumanme! [Ipn mMexaHuyeckoM H 3/IeKTPHYECKOM MOHTa-
XKe JI0/IKeH ObiTb HCKJIOYEH 3JIeKTPHUYECKHH KOHTAKT MEXIY
OGLIMMH LIHHAMH cTaGHJIH3aTOpa TOKa M TeseBH30pa. B mpo-
THBHOM CJ/lyyae 3TO MNpHBEJET K 3aMBIKaHHIO Ha KOpmyc
MOCTOSIHHOTO HaMpsiXKeHHs, NMOAAaBaeMOro Ha MOAOrpeBaTelib
IJISl CHHXKEHHs] Pa3HOCTH MOTEHLHAJOB MeXAy NojorpeBa-
TeJeM H KaTolaMH KHHECKONa. :

HomunanbHoe 3HaueHHe TOKa HaKaJia KHHECKORa yCTaHaB-
JIUBaeTCsl CJAeAYIOLIHM 06pa3oM:

noBepHUTE OCb pe3ucropa R14 B crabuiusarope TOKa
NPOTHB 4YacoBOH CTpeJKH A0 YHopa, 4YTo COOTBETCTBYeT
MHHHMAaJIbHOMY 3HA4EHHIO HampsiXKEeHWsl HakaJa,

NOJACOEJHHHTE K KOHTakTam 5 H 6 CTaGHJmsaTopa TOKa
BOJIbTMETP MOCTOSIHHOTO TOKAa, HanmpHMep NMepeHOCHOH ammep-
BOJIbTOMMETP;

BKJIIO4YHTE Ha TejeBH3ope KHonky CETD. Yepes 80 c¢ Te-
JIEBH30D BKJIOUHTCA H HampsiKeHHe Hakaja, H3MepsieMoe
BOJIbTMETPOM, AOCTHTHET KaKOTro-TO MHHHMAJbHOTO YCTaHO-
BHBILETrOCsl 3Ha4€HHS;

YCTAHOBHTE MO IIKaJje BOJbTMETpa Tpebyemoe 3HayeHHe
HanpsokeHust Hakana Uyow, NMOBOpauuMBasi OCb pe3HCTOpA
R14 no uacoBo#t crpenke. [lisi HOBOro KHHeCKoma ycra-
HaBauBaercsi 3Hauenne Uyow = 5,7 B;

BBIK/JIIOYMTE TE€JI€BH30pD H OTCOENHHHTE BOJBTMETP.

Ecau npu nanbHefiiiedt sxcnyiyatauud TejeBusopa oGHa-
PYKHTCHI YMEHbLIEHHE SIDKOCTH H306parkeHHs] H3-3a CHHXKe-
HHSl 3MHCCHOHHBIX CBOHCTB KaroJOB KHHecKoNa, TO CJefyer
HEMHOIO yBEJIMUHTb HANpsXKEHHe HaKaJja, BbIIOJHHB Olepa-
ILHH 10 METOJHKe, H3JI0)KEeHHOH BbIlle.
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3ALLMTA LLBETHOTO
KMHECKORNA

T Munnep

B nocsenHee Bpemsi B paiHOJIIOOHTENBCKOH JIHTEpaType Bce
yaule MOABJAIOTCA CTAaTbH C MNPENIOKEHHSIMH [0 3allluTe
IBETHBIX KHHECKONOB OT MpEeXIeBPeMEHHOro BbIXOJa H3
CTPOSi B TMpolecce 3KCIVIyaTalWH 3a CcyYeT OrpaHHYeHHs
TOKa Hakaja [ojorpeBarejedl B mepBble MHHYTH MOCJe
BKJIIOUEHHS] TeJeBH30pa, KOrJa COMPOTHBJEHHE XOJOIHBIX
HHTEH HakKa/Ja MaJjlo, a TaKxke 3a CyueT 3aJepPXKKH BKJIOue-
HHS BBICOKOrO HamnpsiXKeHHSi Ha BpeMsl, Heo6Xoxnmoe s
pasorpeBa KaTtofoB. [IpH BKJIOUEHHH TesleBH30pa MOJHOE
Halpsi>KeHHe Hakasna MPHBOAHMT K TOMY, 4YTO TOK [OJOTpeBa-
TeJied MpeBbIllaeT HOMHHAJNbHOE 3HaueHHe MpUMepHO B 3 pasa.
Jnst u30MA0HH OT KaToAa MOLOrpeBaTesNb MNOKPBIT CJI0EM
aJyHJa — OKHCH aJIOMHHHSA ¢ N0GaBKOH CBS3bIBAIOLLErO Be-
mecrBa. Anynn o6najgaer XopolueHd TemJIoNPOBOAHOCTBIO H
nepejaer Tem1o OT Nojorpeearenst Katony. KoHubl xe nmogo-
rpeBaresisi aJyHIOM He MOKPBITH, TaK KaK OHH MNpPHBapH-
BAlOTCS K BBIBOJAM, H TEMJIO OT HUX OTBOLUTCH 3HAUHTENb-
HO xyxe. [To3ToMy Ha HemoKpBLITHIX ajJyHAOM KOHLAX MOAO-
rpeBare/isi NPH BKJIIOYEHHH NUTAHHS BbIAEJSETCS MOLIHOCTb
B 9 pa3 GoJblie HOMHHAJbHOH, YTO NPHBOLHT K HHTEH-
CHBHOMY HCNApeHHI0O BoOJbdpamMa C 3THX YYaCTKOB M HX
HCTOHYEHHIO. B pesysbrarte cONpOTHB/IEHHE 3THX YYacCTKOB
yBEeJIMYHBAETCS, YBEJIHYHBACTCA TaKXKe HX Harpes, OHH CTaHO-
BATCSl €Hle TOHbIIE, H C TeYeHHEeM BpPEeMeHH B 3TOM MecTe
MPOHCXOAHT NeperopaHne HUTH HakaJja. ITOMY COCOGCTBYIOT
IepopmMauuy HOJOTpeBaTesisi, MPOUCXOAsSIIIHE MpPH CKauyke
TOKa B MOMEHT BKJ/IIOYEHHS] Te/eBH30pa.

Ecan B crapbix mMomensix JlaMMNOBBIX TeJN€BH30POB BbICO-
KOe Hamnpsi)KeHHe Ha KHHEeCKON [0JaBajioCh TOJIbKO MOCJe
nporpeBa Jamn 6/0Ka CTPOYHOH pa3BepTKH, KOraa KaTog
KHHECKOMNa OKa3blBaJCsl yxKe JLOCTaTOYHO pa3orper, TO B COB-
PEMEeHHBIX NOJYIPOBOJHHKOBBIX TeJEeBH30pPaX BLICOKOE Ha-
Npsi)KeHHe K aHOAY KHHecKona MOJABOAUTCS MpH HeLoCTa-
TOYHO pa3orpeToM Katojge. B 3TOM OTHOlIEHHH XyXke BCEro
naeno o6erouT ¢ renesusopamu tuna YIIMMUT-61-IT (Top-
ropole uHAekchl 11-201, 11-202, 11-208) npu wucnosb3o-
BaHHH B HUX KHHeckoma 61JIK3Ll, Bpems pasorpeBa Ka-
TOJa KOTOpOro TeXHHUECKHMH YCJIOBUSIMH HE€ per/jaMeH-
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tupoBaHo. Ho u npu Hcnonb3oBanuu KuHeckona 61J1K4LL
B 3THX TeJeBH30pax, MJsi KOTOPOro . BpeMst pasorpesa
Karoja He npesbiiaer 12 ¢, BBICOKOE M ycKopsiouiee
HaNpsi)KEHHs MOCTYNAlT HAa KHHECKOMN CJMLIKOM pPaHo, KOraa
KaToJl MPOrpeT elle HeAOCTATOYHO. DTO NMPHBOIHT K TpexIe-.
BPEMEHHOMY HCTOLIEHHIO KAaTOJOB KHHECKONa - H MoTepe
3MHCCHH 4epe3 HECKOJIbKO JIeT 3KCIIyaTallHH.

B pekomeHpauusx pasHYyHbIX aBTOPOB /IS 3AILATHI KHHE-
CKOMa OT YKa3aHHbIX BPEJHbIX sIBJIEHW}I Mpejasaralorcsi cxe-
MBI, COepIKallHe aBTOMATHYECKHEe YCTPOHCTBA, HCMOJb3YIO-
He Gaperrepbl, JaMIlbl HaKaJHBaHHs, peje BPEMEHH, MJIs
H3TOTOBJIEHHS] KOTOPLIX Y HAUHHAIOILEro pagHo/ioGHTeNsd WK
BJlaJieiblia TeJieBH30pa /MO0 He XBaTaeT KBaJH(HKAIHH,
JHOO HE MMeeTcsi HYXHBIX paaHO3/1eMeHTOB. Mexay Tem
BMEeCTO HCMOJIb30BAHHSI aBTOMATHYECKHX YCTPOUCTB HMeeTcsl
BO3MOXHOCTb O6eCcrieyuThb 6J1aronpHATHLIA pe)KHM BKIIOYEHHS
TeJIeBH30pPa BPYUYHYIO C MOMOLIbI0O mfpocToro TymGiepa.
Oco6eHHO TIPOCTO peluaercsl Takasi 3ajaya MPH HaJHYHH
teseBusopa YIITMMUT-61 umu YIIHMMILIT-67, B cocras
KOTOpPBIX BXOAAT G6s1oKH mutaHusi BI1-11, BI1-13 uau BII-15.
StH 6JIOKHM 1I03BOJISIOT NMpPH MOMOILM MPOCTOH KOMMYTalLHU
nojaBaTh Ha MOJOrpeBarTejb KHHECKONMAa BJBOE. MeHblliee
Hanpsi>KeHHe HakaJjJa 4 paspeiBath uenb + 250 B, uro npu-
BOIHT K OTCYTCTBHIO BBICOKOTO HANpSI)KEHHS] Ha aHone
KHHeckona.

* Ha puc. 1 nokasaHbl HeoGXONHUMble HM3MEHEHHsI B CXe-
Mmax 6s0ka tpaHcpopmartopa BT-1 u 610koB nutanus BIT-11
unu BI1-13. B 6noke Tpancpopmaropa Heo6X0AHMO YIAJIHTH
NPOBOIHHK, [IOKa3aHHbIH LUITPHXOBOH JIMHHEH H BKJ/IOYEHHBbIH
MeXJAy KOHTakramMH 6, 7 coenuHaTeNst X5 H KOHTAKTOM
2 coepunuTenss X3, K KOTOPOMY MOJKJIOUEH MOJOrpeBaresb
kuHeckona. OT yKasaHHBIX KOHTAKTOB, a TaKXe OT Iepe-
MBIYKH, YCTAHOBJIEHHOH Me)ny BbiBogamu 16 u 16’ TpaHc-
tdopmaTopa, BLIBOASITCH POBOJA K BHOBb YCTAHABJIHBAEMOMY
Tym6aepy SAl. B Guoke nuranusi paspesaercss NPOBOA-
HHK, BKJIIOUEHHbIA Mexay anomamu puogoB VD6, VD8 u 3a-
3eMJIeHHBIM KOHTakToM 9 maatbl. Orciofa TakxKe BbIBOAATCSA
npoBoja Ha TymOJep. B kauectBe TymGaepa HeOOXOAHMO
MCMOJIb30BaTh mnepekiioyarenb Tuna [12T-7 wuau T12T-8.
Oco6eHHOCTb 3THX TyMGJEPOB COCTOUT B TOM, UTO OHH HMEIOT
TPH (HKCHPOBAHHLIX MOJIOXKEHUS], U OJIHA TPYIna KOHTAKTOB
OCTaeTcs 3aMKHYTOH NpH JABYX NOJOKEHHAX TymbJepa, a ne-
pek/IoyaeTcsl TOJNBKO B TpeTbeM MoJNoxKeHHH. Ecau Tako#
TyMmOJiep YCTAHOBHTH LIAMLOM pe3bOOBOH uyacTH BBEpX, TO B
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Puc. 1. HeoGxonumble H3MeHeHHs B cxeMax 6joka TpaHcopmaTopa H
6s10koB nuranus BI1-11 unu BII1-13

HHXKHEM II0JIOKEHHH PYYKH OKaXKyTCsl 3AMKHYTbIMH KOHTAKThl
1—3 u 2—4, B cpesHeM MNOJIOXKEHHH OCTAHYTCS 3aMKHYThI-
MH KOHTaKThl 1—3, a KOHTakT 2 6yieT OTKJIOYeH, B BepX-
HEM [MOJIOXKEHHH OYAYT 3aMKHYTHI KOHTakThi 1—5 H 2—6.
Hcxonnoe cocrosinne Tym6iepa — pyukoii BHH3. [IpH TakoMm
MOJIOXKEHHH BKJIOYaeTcsi TesjeBH3op. M3 cxembl BHAHO,
4TO MpPH 3TOM HA [OJOrpeBaTe]b KHHECKONAa I0Aaercs
NOJIOBHHA HANpsiXKEeHHst HaKajJa ¢ OGMOTKH 6—16 cere-
BOro tpaHcgopmartopa. AHOABI AHOIHOrO MOCTa OTKJIOYEHbI
OT o6l IIUMHbl H BBICOKOE HAmNpsiKeHHE Ha KHHECKON He
noctynaer. B 3TOM m0JI0XXKeHHH TeJIeBH30D Bblaep:KHBaeTCs
HECKOJAbKO CEeKyHJ, IocjJe 4Yero Tym6jep MepeBOLUTCS B
cpeaHee mnoJiokenue. Ha mnopnorpeBaTesb KHHecKonma Mo-
CTynaeT IMOJIHOE HalpsikKeHHe Hakaja, HO BBICOKOE Ha-
npsiKeHHe elle He nojaercs. B stom nosioxenuu penaercs
BTOpasi BbIIEPXKKaA MNpOAoJKHTeNbHOCTBIO 10...12 ¢ npu
kuneckone 61JIK4LL uau 20...25 ¢ npu kuneckone 61JTIK3LI.
3arem TyMm6iep nepeBOAHTCS B BepXHEE MOJOKEHHE, H
Ha KMHECKOIl MOCTYMAaeT BBICOKOE HaTipsikeHue. Bbik/oueHue
T€JIeBH30pa NPOU3BOAHTCS B OGPATHOM MOPSIKE, HO MEXIY
CPEIHHM H HHIXKHHM TOJIOXKEHHSIMH TyMmOjepa BbIAEPKKY
MOXKHO He [e/1aTh.

ITpu ucnonb3oBanuu B TeseBu3ope Gioka nutanus BI1-15
KOMMYTalHsl Hanpsi)KeHHA Hakaja MPOH3BOAMTCS Kak H pa-
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Puc. 2. ViameHeHuss B cxeme mpH Puc. 3. lopa6otka Tym6ae-
HCNO/Ib30BAHHH OJIOKA MHTaHHS pa I2T-1 — [12T-6.
BII-15

HEe, a OTK/IOYeHHEe BbICOKOTO HANpPSIXKEHHs] NMyTeM pa3pbiBa
nepeMbIUKH MeXXJy KOHTakToM | coeiauHuTenss mMoay.si GJo-
KHpoBKH MDB-1 n o6well muHOH, KaK MOKa3aHO Ha pHC. 2.

Tym6aep ycranaBiuBaeTcsi Ha 3ajiHell CTEHKe TeJIEBH30pa
B OTBEpPCTHE, NpeJHa3HAuYeHHOoe .S NOJK/IIOYeHHS IyJbTa
JHUCTAHIHOHHOTO YIPAaBJ/EHHs, C HCNOJIb30BaHHEM ABYX ILAHG,
TaK KakK 3TO OTBEPCTHE CJHIIKOM BEJHKO.

Ecnn ve ynacrea pocrate tymGaep I12T-7 uam T12T-8,
*MOXKHO HCMOJ/Ib30BaTh Tym6aepst [12T-9, I12T-10, M2T-11 uau
[12T-12, ynanus npoBoJIOYHble BO3BpaTHbIE NMPYXKHHBI, MOC/IE
yero 3TH TymOJepbl He 6yayr otanuatbesi oT [12T-7 wuam
[12T-8. MoxHO Takxke Hcnonb3oBaTh Tym6aep 12T ¢ apyrum
LH(POBLIM HHAEKCOM, AJISI Yero ero Heo6xoaumMo pa3obparh.
Y rtym6aepor I12T-19 — [12T-24 Heo6xogmmMo nepeBepHYThb
KOpPOMBICJIO, KOMMYTHpYIoLlee KOHTaKkThl 2—4—6. ¥ Tymbie-
poB II2T-1 — I12T-6 Heo6xoAMMO NOLOTHYTb OAHO IJIEUO
KOpOMBIC/IA TaK, KaK MOKa3aHO Ha pHC. 3, a KOPOMBICJIO,
KOMMYTHpYIOLlee KOHTAaKThl 2—4—6, He uamenserca. Tymbie-
pbl T12T-13 — I12T-18 nepenesniBaTh He HYXKHO, AOCTATOYHO .
JIHLIb H3MEHHTb Ha CXeMaxX HyMepauHIO KOHTakToB: 1—3—5
COOTBETCTBEHHO Ha 2—4—6 H HaoGopor. HakoHern, ecau He
ynactcss Ha#ith Tym6aep tuna [12T, MoxHO HcHosb30BaTh
JBa OObIYHBIX TymOJepa ¢ ABYMS (PHKCHPOBAHHBIMH I10JIO-
)keHusAMH. OIuH — nepek/IiOYAlOLIHA HanpsikeHHe HakaJa,
BTOPOH — 3aMblKalolHUHA Ha OGIIMHA MPOBOA JHG0 aHOABI AH-
OIHOTO MOCTa, JHO6O0 KOHTAKT | coefuMHHTENsT MOAYJsA
6/7T0KMPOBKH.

B npefickypaHnTte LlentpanbHoii Toprosoi 6a3nl Pocnochbii-
topra Ha 1988—1989 roabl 3Hauurcs Tym6aep [12T-1 u BbichI-
Jaercsl 3aKa3uMKaM HaJIOXKeHHbIM mJatexoM. Ero uena
1 p. 20 kom., kox 01155957. Anpec 6a3bl: 111126, Mocksa,
ABuamotopHas yi1., 50.
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IMNEKTPOHMKA —
‘ABTOJIFOBMTEJIO

YCTPAHEHME
HEUMCNPABHOCTEH

B SNIEKTPOHHBLIX PENE
YKA3ATEJIE# MOBOPOTA
ABTOMOBMNENA

A. Anyppues

B HacTosillee Bpemsi 3JIeKTPOHHbIe peJjie yKasaTejeHd MOBO-
pora B aBTOMOOHJAX «)Kuryjsu» H «MOCKBHY» CTPOSITCS
Ha ocHOoBe MHKpocxem 224IT2. Ho, kK coxaJjeHuio, 3ta
MHKPOCX€MA 4YacTO BBIXOAHT H3 CTDOS, NPHBOASA K OTKa3am
3JIEKTPOHHOTO peJie, a 3Ha4YHT, K HapyLIeHHI0 paGoThl yKa3a-
Tesed noopora. C TakKoH HEHCPABHOCTbIO Bble3KaTb Ha
aBTOMOOHJ/IE KaTeropuueckd 3amnpeuaercs. Uto ke genarh,
_€CJIH BIPYT CJAYYHTCH Takoe, Beb MHKpocxeM 224I'T2 B mpo-
laxe He OblBaeT, HET HMX H Ha CTaHUUAX TEXHHUECKOTO
0GCJy)XKHBaHHsI aBTOMOGHJIEH?

OkasbiBaercst, He HYKHO CHEIUMTb HCKAaTh HOBOE 3JeK-
TPOHHOE peJieé ¥ BbIDYUHTb H3 Gelbl Bbl MOxeTe ce6si CaMH,
coGpaB HeGOJIbIIOH y3es1 Ha Gosiee pacnpOCTPaHEHHBIX AeTa-
JIfIX U YCTAHOBHB €ro B 3JIEKTDOHHOE pejie BMECTO MHKPO-
cxembl 224I'T2. Kak nokasajna mnpakTHKa, HaJeXHOCThb
paGoThi peJje ykasaTeJsl MOBOPOTa IPH 3TOM HAMHOIO MOBbI-
CHJ1aCh.

Ha puc. 1 H 2 nokasanel NpHHUHMNHAJbHBIE CXEMbI
3JIEKTPOHHBIX pejie THna 23.3747 («)Kuryau» BA3-2105) u
PC950E («MockBuu-2140[1») nocsie npoBeneHHo# n0paboT-
KH. K coxaseHHio, TeXHHUeCcKasi JOKYMEHTAllUsi HA aBTOMO-
OGU/IH HE KOMILIEKTYeTCS! NPHHUHIHAIbHBIMH CXEMAaMH 3JIEKT-
POHHBIX peJie, NO3TOMY NpPHBENEHHbIe Ha PHC. 1 H 2 cxeMmbl
COCTaBJIeHhl aBTOPOM IO MOHTAaXKHbIM IJIaTaM 3JIEKTPOHHBIX
pene ¥ HyMepalHsli HX 3JeMEHTOB He COOTBETCTBYET 3aBOJ-
ckoil. TIpu mepesesike 3/1€KTPOHHBIX pesie CJIEAYeT NMOMHHTb,
YTO BCE BHOBb BBOJHMbIE 3J€eMEHTbl OOGbEIHHEHb B Yy3el
¥1 u Ha cxemax oGBeleHb UITPUXNMYHKTHPHOH JIMHHEH.

OcTajbHble 3J€MEHTBI COXpaHe€Hbl B TOM BHIEe, KaK OHH
6111 YCTaHOBJI€HbI 3aBOJOM-H3TrOTOBHTEJIEM.
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Puc. 2. Cxema snextponHoro pese ykasarteseil nosopora PCIS0E ¢ usme-
HeHUSIMU

Hopa6oTka 3/1eKTpOHHBIX pese tina 23.3747 3akaouaercst
BCEro JIMIIb B YCTAHOBKE BMECTO- HEHCIIPABHOH MHKPOCXEMbl
224I'T2 noBoro y3na Yl u coedMHEHHs] Ha MOHTAXKHOM
nJaaTte ycTPOHCTBA MeYaTHBIX NMPOBOJHHKOB, MOAXOAMBUIMX K
BhiBOJAM 1 M 4 MHKpOCXeMbl, NPOBOJIOUHOH NepeMbIYKOH.
ITocnenHee Hy»XHO [J1s1 TOTO, UTOGBI NPUHLUMNHAJNbHAST CXeMa
pese NMpHHs1a BHA, NMOKasaHHbIH Ha puc. 1. Kpome mukpo-
cxembl 2241'T2 Bce 3aBoACKHE 3JeMEHTHl OCTAIOTCS HAa MOH-
Ta)<HOH nJare.

B pese PCI950E nopaGoTka cBOAMTCS K Bhimaiike MHUKPO-
cxembl 224I'T2 u uyacroro3anaolUX Pe3HCTOPOB U KOHJIEH-
CaToOpOB, COENMHSIBIIHXCA C BbiBOgaMH |—4 MHKpocxeMbl
(vHaue oHM 6ynyT MewlaTb yCTaHOBKe y3ja ¥ 1, umeloinero
HECKOJIbKO 60JbIlIHE pa3Mephl, YeM MHKPOCXeMa), U YCTaHOBKe
y3jaa Y1 Ha MeCTO MHKPOCXEMBbI.
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DJNIeKTPOHHBIE pesie yKa3aresiell I0BOPOTOB, KpOME CO3Ja-
HHfl MMIYJbCOB TOKa B JlaMnax npaBOro HJH JIEBOTO
6opTa, BHIIOJHSAIOT (YHKLHIO KOHTPOJIS HCIPABHOCTH Kak
caMoro peJie, Tak H HHTEH HaKaJHBaHHS JaMIl HJH KOH-
TAaKTOB B HX AepiKaressix.

Iopa6oTanHoe 3/1eKTPOHHOE pesie aBTOMOGHAS « KHTyIH»
(cm. puc. 1) paGotaer caenyoium o6pasom.

[pu BkiIIOUEHHH nepekTioyarenss noBoporos SAl B moJo-
XKeHue «JIeBbli MOBOPOT» yepe3 HHTH HaKaJHBAHHS JaMil
HL1 u HL2 nepennero W 3annero ykasateneidi nosopora
3apsixkaercsi KoHaeHncartop Cl, HanpsixkeHHe Ha KOTOPOM He-
MOJIb3yeTCsl LISt THTaHKUs MYJIbTHBHGPATOpA HA TPAH3HCTOPaX
VTI, VT2. Tok 3apsiaku koumencatopa Cl npoxomur mno
LeMNH: M0JIOXKHUTE/IbHbIA M0JII0C HCTOYHHKA MHTaHUS (aKKyMYy-
JISITOP HJIA TeHepaTop), KOHTAaKThl 5 u 6 ysna Y1, KouneH-
catop Cl, pesucrop R5, nnon VD2, kourakTh 4 u 3 y3na Y1,
KOoHTakKT 3 pasbema X1, HuTH Hakasa samn HLI1, HL2,
OTPHUATENbHBIHA MOJNIOC HCTOYHHKA NMHTaHHUs («Macca» aBTo-
MO6uJIfA) .

Hanpsixxenne Ha koHzencatope Cl 6blcTpo jpocturaer
YPOBHSl HaMpsiXkKeHHsl cTabuaM3auuH cra6uautpoHa VDI
(npumepno 3a 0,05 c), W MyJbTHBHGPATOP HA TPAH3IHCTO-
pax VTl u VT2 nauuHaer paGorarb ¢ uacrotoit 1..2 Fu.

B pesyabrare, korma tpausucrop VT2 orkpeiBaetcs,
HanpsixkeHue konaencatopa Cl oka3biBaeTcs NPHIOXKEHHBIM K
pesuctopy R4 u uepes pesucrop R6 — k smMurTepHOMYy nepe-
Xxony cocraBHoro tpansucropa VI3, VT4. CocraBHoit Tpan-
3HCTOD OTKpbIBaeTCs, M cpabaTbiBaeT 3J€KTPOMArHUTHOE
pesie K1, koropoe Bkiiouaer amnsl HL1 u HL2. TTpu sanupa-
HHH TpaHsucTopa VT2 tpansucropnl VT3, VT4 sanuparorcs,
pene Kl ornyckaer u namnel HL1 1 HL2 racuyr.

Korna xonraktel pene Kl 3amblkaiorcsi, HanpsiKeHHe
GOpTOBOH ceTH He MNOCTynaeT Ha MYyJbTHBHOPATOp, M OH
paGoraer 3a cuer HamnpsiKeHusi Ha KoHaencartope Cl. Jluon
VD2 npenorspamaer paspsix koHaencatopa Cl uepes 3amk-
HyTble KOHTakKThl peje. Cra6uautpon VDI orpanuuuBaer
HanpsixeHue Ha KonjeHcartope Cl. 9ro npeporspauiaer c6ou
B pa6ore MYJbTHBHGPAaTOpPa HJH BbIBOJ €ro M3 CTPOs IMPH
NOBBIIIEHHH HanpsikeHHs: B OGOPTOBOH CETH aBTOMOGHJIA.

'Ha Tpansucrope VTS BbiNO/IHEH HHBEPTHPYIOUIMHA YCHJIH-
TeJIb, C Harpy3kd Koroporo (pesucrop R9) npu cpabarwiBa-
HHM pesie K1 nmopaercsi mo/loKuTe/bHOE HanpsikeHHe B 6a3y
BBIXOIHOTO TpaH3ucTopa MHKpocxembl DAL, dtoT Tpausucrop
OTNHpaercs, orTnupass TtpaHsHcrop VT6, B KojieKTOpHYIO
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Puc. 3. BkJjioyeHue p-n-p TpaH- A
3MCTOpa B Yy3eJq KOHTpoJs pabo- R8 100
Tl pese PCI50E 0

K21 K31

R7 510 ViS5 KT814A

Lenb KOTOPOTO BKJ/IOYEHa JiaMNa KOHTpoJsi paGoThl yKasa-
tess1 nopopora HLS. B pesysnbrare no tex mop, moka mepe-
kaoyarenb SAl 6yner HaXoAHTbCS B ONHOM M3 KpaHHHX
noJjoxenud, samna HLS Gyner 3aroparbcsi CHHXPOHHO H
CHH(A3HO C JaMIaMH yKasaTejs MOBOpOTA.

Ha mukpocxeme DAI BbimoJiHeH KoMnapaTop, Ha BhIXOJe
9 KOTOpOro NHpH “HEHCNPABHOCTH OJHOH M3 JaMN YykKasa-
Te/Isl IOBOPOTA@ B TeYeHHe BCero BpeMeHH ero pa6GoThl MOsiB-
JsieTcsl HH3Koe HamnpsikeHue. [Ipw 3ToM JlaMma KOHTpOJIst
HL5 6yner roperb NOCTOSIHHO, CHTHAJM3HPYsl O HEHCIpPaB-
HOCTH.

DJIeKTPOHHOE pesie aBTOMOGH/ISI « MOCKBHY» (cM. pHC. 2)
OTJIHYaeTcsl Y3JIOM KOHTPOJSI paGoThl yKasaTessl MOBOpPOTA.
[Ipu BKJIOYeHHH mnepek/loyaTenss noBopotoB SAl B JeBoe
10 CXeMe MOJIOKEHHe aHaJIOTHYHBIM 06pa3oM uepe3 OGMOTKH
repkoHoBbIXx pesne K2, K3 u mamnet HL2 (neBbiit 3apnui
ykasareab), HL4 (neBwiit nepennuii ykasareab) nopaercs
NUTaHHe Ha MYJbTHBHGPATOp (TPAH3UCTOPHI VTl VT2),
cpabatbiBaeT u ornyckaer peqe Kl.

Ilpu cpabarbiBanun pese Kl, eciun o6e Jammbl yKasareJjs
NOBOpOTAa HCNpaBHbl, B o6MoTKax pene K2 n K3 rteuer Tok,
MarHutoynpasJasiembie KoHTakThl K2.1 u K3.1 3ambikaiorcs,
nojasasi B 6a3y Tpansucropa VTS oTnupaloluit ero cHrualg.
B pesynbrarte BMecre ¢ JaMnamH yKasareJisi IOBOPOTa MHTraeT
gamna Kourposass HLS5. [Ipu HencrnpaBHOCTH OnHOH U3 Jamn
yKasaTeJsi NOBOPOTa KOHTpOJIbHasi Jammna He 3aropaercs
BooG11E.

Hekoropeie mMonudukauun snekrporHoro pene PC950E
OTJIMYAIOTCSl THUIOM TPAaH3HCTOPA, KOMMYTHDPYIOLLEro KOHT-
poibHylo samny HL5, u cxemoil ero BKJIOueHHs], KOTOpasi
nokasaHa Ha puc. 3. BwmBoanl A, B, B B 3tom cayuae
NOAKJIOUAIOTCS] K COOTBETCTBYIOILMM TOYKAM Ha CXeMe pHC. 2.

I1pu ycraHoBKe y3Ja, 3aMeHsIIOIEero MEKpocxemy 22412,
B 3JieKTpoHHOe pesie PCI50E Heo6xXonuMOCTb B HHBEPTHPYIO-
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Puc. 4. Icku3 neuaTHOH nuathl

.

uem ycuaurene (tpansucrop VTS u pesucropet R7—R9 Ha
puc. 1) ornapaer, mo3TOMy Ha pHC. 2 OH He MOKa3aH H Ha
[J1aTe €ro 3/eMEHTbl He YCTaHAaBJHBAIOT. DCKH3 MeyaTHOH
IaThl HOBOTO Yy3Ja M CXeMa pa3MelleHHs [aeTajedl Ha
Hed mnokasaHol Ha puc. 4. BuBogn 3, 5, 9 sBasioTCH
OJHOBpPEMEHHO BbiBomaMH aHoza VD2, kougencaropa Cl
u pesucropa R9 (cm. puc. 1). Hymepauusi BbiBOAOB y3na
COOTBETCTBYET HYME€paUHH BbIBONOB MHKpocxembl 224I'T2.
BoiBoabt 1 u 2 B y3ne Y1 OTCYTCTBYIOT, TaK Kak pasmec-
THTb MX Ha IJlaTe H3-3a MaJoro ee pas3Mepa He YAaercs.
Ho B 3toM u Her Heo6X0QMMOCTH, MOTOMY YTO HHMKAaKHe
JleTaJi HOBOrO y3Jla K HUM He MOJKJIOYaloTCs.

IIpu ucmpaBHBIX HeTansiX HOBOTO y3ja M NPaBHJIbHOM
MOHTaXe 3JIEKTPOHHOe pejie HayHHaeT paboTrarb cpasy H B
‘HaJlla)XMBaHHM He Hyxkzaaercs. Ecau 6Gymer HabuopaTtbes
cpaGatbiBande pesie Kl npH BBIKJIIOYEHHOM Mepekjiouatese
SAl, TO 3TO yKaxeT Ha HEHCIPABHOCTb TPAH3HCTOPA,
KOMMYTHPYIOILIEr0 KOHTpOJbHYIO Jjamny HLS (rpausucrop
VT6 na puc. | uan VTS Ha puc. 2), Tak Kak npH 3TOM
yepe3 NpoGHThe Nepexojbl TPAH3HCTOpA Ha BbIBOA 4 y3Jja
GyleT nocTynartbh OTPHLATEIbHOE HaNpsiKeHHe GOPTOBOH CeTH
aBTOMOOHIA.
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B HOBOM y3/e MOXHO MNPHMEHHTb CTaGHJIUTPOHDI
[814B-1, KC210B, KC196, KC211 (VDI1), muomm J9,
KO103, KO503, K509 (VD2) c .i06biMi GyKBEHHBIMH
HHaekcamu u Ttpansucropel KT315 (VTI, VT2), KT814,
KT626 (VT4) Ttakxe ¢ J06bIMH GYKBEHHBIMH HHIEKCAMH.
Tpauaucropst VT3 u VTS (cm. puc. 1) KesaTesqbHO BLIGH-
parb ¢ uHaekcoMm B. Bce pesucropsl — ManoraGapUTHbIE
tunos BC, OMJIT, MT u np., paccuuTaHHble Ha MOLIHOCTb
pacceanusi 0,12...0,25 Br. Konpencaropoi C1—C3 — tuna
K53-1, K53-4, HO MOXKHO HCHOJNB30BATH H MajoraGapHT-
Hble KoHaeHcaTopbl K50-6, K50-16, paccunraHHble Ha pabouee
Hanpspxkenue 15...10 B.



INEKTPOHMUKA
U ABTOMATUKA
B, BbITY

NMPOCTOMN TAUMEP
B. Manbyes

[ aHHbil TallMep HaHAeT IIMPOKOe NMpHMeHeHHe B (oTorpa-
(GHH¥ NpH NPOABJEHHH IVIEHOK, KYJHHapHH, MeJHUHHE NpH
nposefeHHH ¢usHonpoueayp M T. A. OT aHaJIOrHYHBIX
KOHCTPYKLUHA OH OT/IHYaeTcs MPOCTOTOH, MEJNKOH JUCKper-
HOCTBIO, IOBBIIIEHHOH TOYHOCTbIO H CTaGHJIbHOCTBIO BhI-
Je€pKeK.

OcCHOBHbIE TEXHHYECKHE XAPaKTePUCTHKH

JivanasoH BBIIEPXKEK, MHH . . . e 0...99
JIMCKpeTHOCTb 3aJaHHusl BbLIEPKKH, Y 1
Hanpsikenwue nwrauus, B . . . . . . . . .. . . 5..12
[ToTpe6isieMbiii TOK, MA:

B ‘paboueM pexHme . . . . . . . . . . . . . 0,3
,’ BO BpeMs 3BYKOBOTO CHTHana . . . . . . . . . . 10

QPyHKIHOHAJbHAsl CXeMa TalMepa NpHBedeHa Ha pHC. 1.

Talimep comepxHuT cxeMy | Haya/qbHOH YCTaHOBKH BCeX
CYETYHKOB B HCXOAHOE HyJI€BOE I0JIOXKEHHEe, UTO HEOGXOAHMO
I/l IpaBUJIbHOH paboThl TaliMepa. 3ajalolui reveparop 2,
BbIpa6GaThbiBalOLMH UMITYJbChl yacToToil 1024 Ty u 2 Ty, (Heo6-
XOlHMble AJs (POPMHPOBAHHA 3BYKOBBIX CHIHAJOB OKOH4Ya-
HH$ BbIJIEPKKH ), @ TAKXKe [0CJe0BaTebHOCTh MUHYTHBIX HM-
MyJbCOB, KOTOPbI€ MOCTYNAIOT NMOC/]EA0BaTeNbHO HA CUETUYHK-
pemwindparop 3 (eAHHHL, MHHYT) H 4 (HDEeCATKOB MHHYT),
nepekaiouarend SAl, SA2 pasi ycraHOBKH TpeGyeMOH Bbi-
JepKKH BpeMeHH. PopMHpoBaTeJb 3BYKOBOrO CHrHajta b,
paspewlalOLIHA NPOXOXAEHHe mauek HMIYJbCOB YacTOTOH
1024 T'u c nepuogom 0,5 ¢ Ha ycuauteap 6 npu coBmna-
JI€HHH BbIIEPKKH, YCTAHOBJIEHHOH Ha nmepekouyaressix SAl u
SA2 ¥ Ha COOTBETCTBYIOUIHX BBIXOAAX CUETUHKOB-AEIIH(pa-
TopoB 3 H 4. 3BYKOBOH CHrHaJ BOCIPOH3BOAHTCS Tesnedo-
HoM HAl B TeueHHe MHHYTBI, HO MJsI 3KOHOMHH 3HEp-
TH¥ HCTOYHHMKA MUTAHHS XKeJaTesJbHO OTK/IIOYHTH Talmep, He
JOXHAAsICh OKOHYAHHSI OJHOH MHHYTBl, TaK Kak OH BO
BpeMsi CHrHasa norpe6ssier HauGoMbInHiA TOK OKoso 10 MA..
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Puc. 2. TlpuHuMnHajbHas cxema Takmepa

Bce ynpasieHue TafiMepoM CBOJHTCSI K YCTAHOBKe mepe-
KJ04aTeIiMH HeOOXONHMOH BbIAEDKKH H 3anycKy Taimepa.
Paccmorpum pabory rtalimepa moapoGHell Mo NpHHIIHIH-
anbHOH cxeme puc. 2. CxemMa Haya/jbHOH YCTAHOBKH CYeT-.
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Puc. 3. BpemenHas quarpamma paGoThl CUETYHKOB H (OpMHpPOBATEJNsI 3BY-
KOBOTO CHTHaJa TaiMepa

YHKOB, BbIOJIHEHHas Ha asnemeHTax C4, R4, B MOMeHT BK/IIO-
ueHHs nepeksoyarenss SA3 dopMmMHpPYeT MNOJOKHTENbHBIH
umnyabe. Pesucrop R3 Heob6xonum ans paspsiiku KOHIEHca-
tTopa C4 npH BHIK/IIOUEHHH TadMepa. ,

3anatomui reneparop (mukpocxema DD1, pesonarop Z Ha
yactoTy 32 768 ') BblpaGaTbiBaeT Ha Bbixoge M HMMYJIbCHI
C TMepHoAOM, paBHbBIM | MHH, KOTOpble MOCTYNaKT Ha
Bxoa CP cuerunka-pemndparopa DD2. B mepsyio MHHYTY
cyeta ypoBeHb JorHueckod 1 Oyner Tonbko Ha Bbixopax 0
cuetudkoB DD2, DD3, Ha ocragnbHbiXx e BbIXOgax Gyaer
HHM3KUH ypoBeHb. Ilo Mepe MOCTym/ieHHS] MUHYTHBIX HMITYJIb-
coB ¢ pgeautensi-reHepatopa DDI1 ypoBenb Jornueckoi |
Oyzer moouepenHO MOSIBIATbCS H Ha JAPYrHX BbIXOJaXx
cuerunka DD2. Cuerunk DD3 mopcuuTbiBaeT meCSITHMHHYT-
Hble MMIIYJIbChl, NMOCTYNAIOIHe C BbIXOAA P cueTuHka MHHYT
DD2, enuncrBeHHOe pasjiHyHe B TOM, YTO MMIYJbChbl MHOCTY-
natot Ha Bxoa CN mukpocxemnl DD3, a na Bxoge CP DD3
NPHCYTCTBYET HH3KHH YpOBeHb. JTO CBSI3aHO C OTpHLA-
TEJIbHOH MOJIPHOCTBIO J€CATHMHHYTHBIX HMIYJIbCOB, MIOCTYMA-
romux ¢ Beixoga P mukpocxembr DD2.

Bpemennas auarpamma pa6oThl CYETUHKOB H (POPMHPOBA-
TeJisl 3BYKOBOrO CHrHaja TaliMepa INpHBElEHa Ha pHC. 3.
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®opmupoBaTe/sb 3BYKOBOIO CHIHAJa BBINOJHEH HA YeThl-
pexsxoaoBom ssnemente 4U-HE, mukpocxema DD4. Ha Bxogx
2 DD4.1 nocrynmailoT HMOYJbCBI C YacTOTOH MOBTOPEHHSs
1024 T'y c sbixona F 3apaiouero reseparopa DDI, Ha Bxon
3 3TOro xe 3jJeMeHTa — HUMMYJbchl yactoroit 2 'y ¢ BeIxona
S2 mukpocxemnl DDI1, a Ha Bxombl 4 U 5 — c mepekJioua-
teseil SAl u SA2. Bricokuii Jornyeckuil ypoBeHb Ha BbIXOJe
1 mukpocxembt DD4.1 6yner coxpaHsaTbcs A0 Tex MOp, MOKa
Ha 00OHX BXOAax 4 M 5 3TOH MHKpPOCXeMbl C M[epeKJIio-
yareneit SAl u SA2 He nosiBATCSH BbICOKHE YPOBHH. B pe-
3yJbTaTe COBMAACHHUS NMayKU UMNYJabcoB yactotod 1024 T'y u
JaurenbHoctbio 0,25 ¢ ¢ BbiBoaa 13 6yayT ycHJeHbl MO TOKY
tpansucropoM VTl u BocmpousBenenol TenepoHom HAL.
B wurore Mbl yC/IBILIHM CHTHAJBI, [OXOXKHE HA CHCHAJBbI
TouHoro BpemeHH. WnBeprop DD4.2 neo6xomum pjasi toro,
4TOGBI B peKHMe 0TPabOTKH BblAEPXKKH TpaH3uctop VT1 6bl1
3aKpbIT (Y4TO BeleT K CHHXKEHHIO MOTpPeG/sieMOH 3HEpPruu).

Jlnsi NOBTOpEHHs1 BBIOEPKKH AOCTATOYHO BHIKJIIOYUHTH H
cHoBa BkJouutb SA3. Cseroguon HLI curnanusupyer o
pa6ore 3anatouiero reseparopa. [IpuMeHeHHe MHKPOMOIILHbIX
‘MHKpocxeM cepHH K176 mo3Bosnio B KauecTBe HCTOYHHKA
NHTaHHA NPHMEHHTb Gatapeio «KpoHa» unu 4—6 akkymy-
astopos [1-0,1. »

B rajimepe ucnosnb3oBaubl pesucropsl MJIT, KoHaeHca-

Topet KM5 (C4), KT1-1 (Cl1, C2), KT4-1T (C3), renedon
JMIIA-1A unu moGoH 3/eKTPOMArHUTHBIA Kancyab (TeJe-
¢onHbIf) ¢ conporHBJeHHeM Gosee 60 Om, nepekJoyaTesH
SA1 u SA2 tuma TIII110, MoxHO HcmoJab30BaTh H I[IM.
Briknoyarens SA3 — mukporym6iaep MIT-1, MHKpocxemy
K176ME8 moxHo 3amenutp Ha K5H61WE8 wau K564MES,
a KI176JIA8 — na K561J1A8, K564J/1A8.
. Taiimep co6paH Ha mjaTe C ABYXCTOPOHHHM I€YaTHBIM
MOHTaXOM, 4YepTexX KOTOpoH H3o6paxkeH Ha pHc. 4. On
CMOHTHPOBAH B IJIaCTMacCOBOH KOpOGOYKe NOAXOASILIHX pas-
mepoB. B Hell 3akpensieHbl mepeksioyaresnd BblIEPKEK Bpe-
menu SAl, SA2, tymGaep 3amycka taiimepa SA3 (oH Xe
BKJIOUaTe/b nuraHus), cserogon HL1 u kancions HAL.
[lnara 3akpensena B HeM Tpemsi BUHTamMH M3.

B HanaxXHBaHHH NpaBUIbHO COOPAHHBIA H3 HC-
npaBHbIX JeTajieil TaHMep He HYXKJIaercsl, IPH HeOGXOJHMOCTH
4acTOTy 3aJaloulero reHeparopa MOMKHO IMOACTPOHTb KOH-
aedcatopoM C3 no uHdppoBOMy yacToTOMEpy, MOAKIIOUHB
ero K BoiBoay 14 wau 13 mukpocxemnol DDI.

49



)

o o
o O H
’ q o O=l)
[ (<] O
~3 0=—0

° o H
° o 00
O |w
A ° oo § ° S
° ) I—_—°
o o Lo}
i) o e Q)
Ot ro OO
~, |: [ &
o o o O
O ° o ° 0—0
85
a
.74
O o—{3 8 o/ lo e 3
o o -0 ] e
I o 001 o O P - S—
3 Iv4 I o o o (<] o—t
' o o |20 o—= |3
721 Rl o o o o —t—
e i 1 o o ) —8 o——rits | X
Y [« o
x — ” o V71 4 R4 o
- g —i} o—]
° K3 ' e
e o O
° 2 S I ol iR gusal
o o [e] [ .
o [ll4 o Qs g o | oy
(o] (o] Gt
e 2| wmls =S
o ? o (o] @t x
o 19 o
© - R =

)
0 K SahAz

Puc. 4. TleuaThasa naata
KEHHE JTEMEHTOB

TaliMepa: a — neuaTHbli MOHTax; 6 — pacnojo-
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ITpu xkenanuu B TaliMep MOXKHO BBECTH ellle OQHMH JHa-
na3oH Bbigepxkek ot 0 mo 99 c, nas 3TOH uend NOLOHAET
Bropoii tym6aep MJT-1, xoropeiii 6ymer mnepek/JiouaThb
BbiBOA 13 mukpocxembsl DD2 mexny BoiBogamu 10 u 4 mukpo-
cxembl DDI.

ABTOMAT
CBETOBbBIX 3MDEKTOB

A.Hemos

B xypuane «Pagno» u B c6opunkax «B nomolib pagnoiio6uTenio» Heoa-
HOKPaTHO My6JIMKOBAJIMCh Pa3JiIHuHble aBTOMAaThl cBeTOBLIX 3¢ dekroB. [1pen-
Jlaraembli aBTOMAaT OT/IHYAeTCsl OT paHee ONYGJHKOBAHHBIX HCNONb30BaHHEM
BOCbMHpas3psiAHOro cisurosoro perucrpa K155MP13, uTo nosposinio nody-
YHTb JOBOJIbHO NPOCTOE YCTPOHCTBO [1JI1 YNpPaB/I€HHS] BOCEMBIO CBETOBbI-
MH H3JyyaTeJsiMH (THDJISIHABL, (OHApH), KOTOpble MOXKHO HCIOJb30BaTh
NpH OPOPMJIEHHH NHCKOTEK, BeuepOB, HOBOTOJHHX €JOK H T. A.

OnucbiBaeMblii  aBTOMAr CBETOBbIX 3(Q(EKTOB M03BOJSIET B J06OMH
MOMEHT 3aiaTh JI00YyI0 KOMOHHALHIO NepekjgloueHHs: (OaHA THPJSHAA,
ZiB€ BMECTE, IB€ BPO3b, TPH BMECTE H T. [.), MEHATb HalpaBJieHHe [BHXKEHHS
CB€Ta, a TaKXe [MOJYYHTb CBeTOBOH 3(ddekr, Koraa JaMnbl NMOOYepesHO
3a)KHTaloTCA, a 3aTeM MOOYepeqHO TaCHYT.

[lpuHuunuanbHast cxema yCTpOHCTBA IpHBENEHA Ha
puc. 1. ABTOMAaT COCTOHT M3 reHeparopa TaKTOBOH 4acTOThl
Ha sjemedrax DDI.1, DDI1.2, yacrory koToporo MoOxHO
NJIaBHO MEHAThb NepeMeHHbIM pe3rcTopoM R3, BocbMupaspsia-
HOTO PeBePCUBHOro cABHroeoro perucrpa DD4, Ha ssnemeHTax
DD3.1, DD3.2 BbinosiHeH KoMmmyTarop, Ha sjiementax DDI1.3,
DD1.4 — tpurrep [nns ynpaB/ieHHsT KOMMYTaropoMm, Ha
mukpocxeme DD2 — y3en ynpaBneHuss pexumamu paGoThi
perucrpa DD4, na tpansucropax VT2 — VT9 u tupucropax
VS1 — VS8 — BoceMb BBIXOZHBIX KaCKaJoB JJisl yIIPaBJIEHHS
cBetousayyarensima EL1 — ELS8.

Has Hauana °paccMoTpuM paGoTy BOCHMHPA3psiIHOTO
casurosoro periucrpa K155MP13. Peructp uMeer Bocemb Bxo-
o8 D1 — D8 nnst 3anucu napaJjiiesibHOH MHGOPMALUU H Ta-
KOE€ K€ YHCJIO BbIXOAOB 1—8 1151 cCHATHS HHGOPMALHH, BXOABI
DR, DL nns 3anucu nocjenoBarte/ibHOi HHPOPMALMH, yIIpaB-
asomHe Bxoasl SR, SL n1s Bei6opa pexuma paGoThl perucr-
pa, Bxold TakroBhX ummyabcoB C u Bxox R ycraHoBKH
TPHITEPOB B HyJeBoe cocrosinue. [Ipu mopaue ypoBHst JIOTH-
yecko# 1 Ha o6a ympasasiiomux Bxoga SR u SL B peructp
110 NePBOMY TAKTOBOMY HMIyJibcy no Bxoxy C 3anuceiBaercst
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Puc. 1. IMpuHnunuaspHas cxeMa aBTOMara

napaJuienbHasi HHpopmauust ¢ BxogoB D1 — D8. Tlpu ypoBhe
Jgornueckoi 1 Ha Bxome SR u ypoBHe Jsornueckoro 0 Ha
Bxofe SL peructp nepexomiuT B DPEXKHM «CIABHT BOPaBO».
WHdpopmauus B perucrpe, o Mepe MOCTYMJEHHS TAKTOBBIX
MMIyabcoB no Bxoxy C, 6yzeT ciBHraThCsl BIPaBO OT BbIXOAA
1 K BbIXOAY 8 ¢ 3amHcbi0 NOCJAENOBATENbHOH HHpOpPMALHH
co Bxoxa DR. Eciu xke Ha Bxone SR 6Gyzer ypoBeHb Jioruuec-
koro 0, a na Bxoge SL ypoBeHb JioruuyeckoH 1, TO perucrp
NepexoIuT B PeXHM «CABHI BJaeBO». MHpopMauus B perucr-
pe, Mo Mepe MOCTYMJIEHHS] TAKTOBBIX HMIYJbCOB MO BXOLY

[=4
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C, 6yaer caBuraThcsi BJI€BO OT BhIXOZa 8 K BhIXOAY | ¢ 3amHchlo
nocjefoBarebHOH HHpopMauuH co Bxona DL.

Paccmorpum Tenepn pa6oty Bcero ycrpoiictBa. Ecau npu
YKa3aHHBIX HA CXeMe MOJIOXKEHHsIX mepekiioyareneii SAl —
SA9 naxwmewm knonky SBI, To Ha BeiBose 2 DD2.1, BhiBOZE
12 DD2.3 u BhiBOge 13- DD1.3 6yxeT nmojaH ypoOBeHb JIOTH-
yeckoro 0. B pesysbrare storo ¢ Beioga 3 DD2.1 u ¢ BHBoza
11 DD2.3 na Bxoabl SR u SL perucrpa DD4 Gyner nonan
ypoBeHb JiorHueckoid 1, rtpurrep Ha -amementax DDI.3,
DD1.4 npumer cocrosinue, korma Ha BhiBoge 11 DDI1.3
6yner ypoBeHb JIOTHUECKOH 1, KOTOpBIHA, MocTynasi Ha BBIBOJ
10 DD3.2 u BeBog 5 DD3.1, pa3spewraer npoxoxaeHHe HH-
¢opmaunu Ha Bxoanl DL u DR, nocrynawouieii Ha BbIBOJ
9 DD3.2 u BeiBog 4 DD3.1 ¢ Beixoaa 8 u ¢ Beixona 1 perucrpa

'DD4 yepe3 snementst DD2.4 u DD2.2 B unBepcHoM BHIE,
a Ha BoiBozie 8 DD 1.4 6yner ypoBeHb Jornueckoro 0, KOTOpbIH
nocrynaer Ha BbiBoj 13 DD3.2 u BeiBog 3 DD3.1, 3anpe-
mas npoxoxjaenue nHcoopmanuu Ha Bxoabl DL u DR peruct-
pa, nocrynaiowmweil Ha BbiBog | DD3.2 u BeiBog 2 DD3.1 ¢
Bhixofa 8 u ¢ Beixoma 1 perucrpa DD4. C mpuxomom Ha
Bxox C perucrpa DD4 nepBoro TakroBoro ummyJ/bca B TPHT-
_repbl 3TOr0 peructpa no nepegHeMy GPOHTY 3TOrO HMIYJbCa
¢ HHbopMauHoHHbIX BxogoB D1 — D8 zanuuiyrcst equHHIB,
T. €. Ha BbHIXOJax perucrpa 1—8 6yayTt ypoBHH JlOrHYeCcKOH 1.
‘Tlocne ornyckanusi kHonku SB1 Ha Bxome SR peructpa
6yner yposeHb Joruyeckoro 0, a Ha Bxome SL ocranercs
YpOBeHb Joruyeckod 1, tak kak Ha BeiBog | DD2.1 uepes
nepekyouatesb SAl noxan yposeHb joruueckoro 0. B peayab-
TaTe PErucTp nepeijer B pPeXHM «CABHT BjaeBo». [lo Mepe
NOCTYMJIEHHSI TAKTOBBIX HMIYJbCOB HH(GOpPMALHsl B PETHCTpE
6yneT cABHTaThCs BJEBO OT BbIX0Aa 8 K BHXOAy | ¢ 3amHchbio
uHpopmauun no Bxogy DL, koropasi nocrymaer ypoBHem
Joruyeckod 1 ¢ Bbixopa 1 perucrpa Ha BoiBog 5 DD2.2, un-
"BEPTHPYeTCS1 H yPOBHeM Jioruuyeckoro 0 mocrymaer Ha BBIBOJ
4 DD3.1, Ha BbIXO#e HHBEPTHPYETCS M YPOBHEM JIOTHUECKOH
| moctynaer Ha BXoA mocjenoBatenpHolt 3anucu DL, T. e. y
Hac MOoJy4yHJICcsl KosbLieBoH cueTydk. Ho Tak Kak B TpHrrepnl
peructpa 3anucaHbl OJHH eAHHHUbI, TO H Ha Bxojae DL Gyaer
IIOCTOSIHHO YPOBEHb JIOTHYECKOH | U TpUrrepbl perucrpa GyayT
ocTaBaThCsl B €AMHHYHOM cocTosiHHH. Ha Bhixogax 1—8 pe-
rucrpa OyayT YPOBHH JIOTHUECKOH 1, KOTOpDble OTKpBIBAIOT
tpausucropnl VT2—VT9, Ttupucropst VSI — VS8 6ynyr
3aKpbiThl, a Jamnbl uaaydartened EL1 — EL8 mnotyuiens.
AnasnoruuHo, ecau Mbl nepeBeinem mnepeksaiouatesu SA2 —
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SA9 B NpOTHBOMNOJIOXKHOE MOJNOXKEHHE M HaXXMEM KHONKY
SBI, To B Tpurrepbl peructpa mo nepBoMy TAKTOBOMY HM-
nyJbCy 3alMIIYTCA HYJH, HAa Bbixogax 1—8 peructpa Gyayt
ypoBuH Joruyeckoro 0, Tpansucropsl VT2 — VT9 6yayr 3a-
KPBITHI, THPHCTOPEI VS1 — VS8 OTKpBLITHL H JlaMIbl H3Jyua-
reneil EL1 — EL8 6yayr mocTosiHHO roperts.

Has nonyuyenuss adgekra Oerymux OriHell mnepeksioua-
tensiMd SA2 — SA9 HaGHpAIOT HYXKHOE YHCJIO OJHOBPEMEH-
HO TOpSAIUUX H3jJydaTresedl M HaXuUMmaioT KHomky SBI1.

Has npumepa paccMOTpuM cayuai, Korja nepeksjiodare-
a1 SA2—SA8 HaxoasiTci B YKa3aHHOM Ha CXeMe MOoJoxKe-
HHH, a nepekmioyateqb SA9 — B nporuBomoJoxHoM, Eciau
Tenepb HaxmeM KHonky SBI1, To no mepBoMy TakToBOMY
uMnyJsbcy no Bxony C B ceMb TPHITEPOB perncrpa 3amuiuyTcs
eJMHHLBl, @ B BOCbMOH TPHITep 3anuiiercsl HyJb, T. €. Ha
BbIxO#ax perucrpa 1—7 Gyner ypoBeHb JIOTHYecKOH 1, a Ha
Bbixoge 8 — ypoBenb Joruueckoro 0. Ilocne ornyckanus
KHonkd SBI1 perucrp nepeidser B pexHM «CABHI BJIE€BO».
[To mepBOMy TaKTOBOMY HMIYJbCY, NOC/€ OTYCKaHHs KHOI-
ki SBI, mpousoiimer caBur HHpOpMaLMH BJEBO. YDOBEHb
Jgorudyeckoro 0 ¢ Beixoza 8 perucrtpa nepefjger Ha BBIXOA 7,
a Ha Bbixone 8 Gyner ypoBeHb JiorHueckod 1, Tak Kak Ha
Bxox DL c Beixozna | perucrpa nocrynaer ypoBeHb JIOTHUECKOH
1. Ilo cenbMOMY TAaKTOBOMY HUMINYJ/IbCY YPOBEHb JIOTHUECKOIO
0 Gymer Ha Bbixome 1, cienoBarenbHo, Ha Bxone DL Takxe
6yner ypoBeHb jiordueckoro 0 U BOCbMOH TaKTOBBIH HMITYJIbC
nepeHeceT 3TO COCTOsSIHHE Ha BbIXo 8 H T. A. B pesyib-
TaTe JaMInbl H3ayuyarened OyAyT NMOOYEPENHO 3aXKHUraThCsi OT
EL8 k EL1. Cer «noGexur» BneBo. Ha puc. 2 mokasana
BpeMeHHAsl nuarpaMma palboThbl PErHCTpa B 3TOM DPeXHME.

Ecnu rteneph Haxmem kHonky SB2, to Ha BBmIBOL 9
DD1.4 u na BmBox 13 DD4 6ymer nogaH ypoBeHb JIOTH-
yeckoro 0. B pesyabrate Tpurrep DDI.3, DD1.4 npumer
cocrosinde, korza Ha BuiBoge 11 DDI1.3 Gymer ypoBeHb
aoruyeckoro 0, a ua BeiBoge 8 DDI1.4 — ypoBenb soru-
yeckoil 1. Yposenb Jjoruueckoit 1 ¢ BoiBoga 8 DD1.4 nmocty-
naer Ha BbBox 13 DD3.2 u BmBon 3 DD3.1, paspewas
MPOXOXKIeHHe HH(OpPMAalMH, NOCTynamwuled ¢ Bbxoga 8 H ¢
Bbixoga | perucrpa Ha Bxombl DL u DR B uHBepcHOM
Buje. OHOBPEMEHHO C 3THM NPH MOCTYIVIEHHH YPOBHS JIOTH-
yeckoro 0 Ha Bxox R perucrpa MPOUCXOAHT c6poc Bcex
TPHITEPOB DErucTpa B HYJb.

[Tocsie ornyckauusi kHonkw SB2 no mnepBomy Takro-
BOMY HMIyJIbCY NPOHU30HAET CIBHUT BJIEBO, TAaK KaK PErucrp
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Puc. 2. Bpemennan nuarpaMma paGoThbl PEerHcTpa B PeXKMME «CABHT BJIEBO»

HaXONMTCSl B PEeXKHMeE «CABHI BJeBO». OIHOBpPEMEHHO B MOC-
JeAHHHA TpHrrep perucrpa GyIeT 3alucaH ypOBeHb JIOrHYec-
KO# 1, Tak KaK ypoBeHb Jioruueckoro 0 ¢ Beixoga 1 perucrpa
HHBepTHpyeTcs, npoxons yepe3s DD3.1, u nocrynaer Ha Bxox
DL ypoBHeM sioruueckoii 1. ITo Bropomy TakTOBOMY HMITYJIbCY
B CE€JIbMOH TPHITED PerucTpa nepenuuieTcsi ypoBeHb JOTHYeC-
KoH 1 ¢ BocbMoro, a B BOocbMOH BHOBb co Bxoga DL Gymer
3anHcaHa eiMHHUa. [lo BOCbMOMY TaKTOBOMY HMITYJIbCY BCe
TPHITEpH DErucTpa NpUMyT eAHHHYHOe cocrosiHue. [lo cJe-
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Puc. 3. Bpemennasi nnarpamma paGOoTbl PEFHCTPA BO BTOPOM PeXUME

AYIOIIHM BOCbMH TAKTOBbIM MMIYJbCaM B ‘peructp GyayT
3alUChIBATbCA HYJH, TAK KaK YPOBEHb JIOTHYECKO# |1 ¢ BhIXOAa
1 perucrpa, npoiias yepes DD1.3, unBeprupyercss u nocry-
nut Ha BxoA DL nyaem. B pesynbrare samnbl uaayuare-
neid EL1—EL8 6yanyr noouepeano racuyts ot EL8 k ELI,
a 3arteM nooyepegHo 3aropatbcsa. Ha puc. 3 nokaszana
BpPEMEHHAsI auarpamMma paGoTbhl PErHCTpa B 3TOM pEXKHUME.

IIpu nepepone nepeksouaresnss SAl B npoTHBOMNOJOKHOE
MoJNIoXKeHHe aBTomart OyaeT paboTaTh aHaJOTHUHO OMHCAH-
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HOMY, TOJIbKO Tenepb peructp DD4 Gyner paGoTtath B pexu-
M€ «CABHUT BNpPaBO» M HalpaBjeHHe 3a)KUT'aHHs JaMIl H3JY-
yarejed M3MeHHTCs Ha mporuBonoJoxHoe ot EL1 k ELS.
Kak 3TO npoHCXOAMT, mpejpjaraeM ydTaTen0 pas3obparbes
camomy.

[eranu ycrpoficTBa, Kpome 6GJIOKa MUTAHHS H THPHCTO-
poB VS1—VS8, cMOHTHPOBAHBI HA MEYaTHOH raTte U3 JBYX-
CTOPOHHETO (HONBIHPOBAHHOIO CTEKJOTEKCTOJUTA TOJIIHHOH
1,5 mM. Ueprexk neuaTHoH mjathl M pacnosoKeHue JgeTa-
Jeldl Ha HeHl MmokKa3aHbl Ha pHc. 4.

Bsiok mnuTaHHWs aBromMara BBINOJHEH Ha MHKpOCXeMme
K142EH5B. Tpancdopmarop T1 BbITOJHEH Ha MarHUTOMPOBO-
ne LIJT 20X 32. O6motka I comgepxkut 1650 BHTKOB mpoBoja
[19B-1 0,1, o6morka II — 55 Burkos I19B-1 0,5. Boob6uie
K€ MOXKHO HCI0JIb30BaTh rOTOBBIH NOAXOASALLHH TpaHchopma-
Top MoiHocTbio 10 Bt u GoJsiee, o6ecneunBaoiidii Ha 06MOT-
ke Il nepemennoe Hanpsixkenue 8...10 B npu Toke He meHee
500 mA.

B aBromare HcHo/b30BaHbl MOCTOSIHHBIE PE3HCTOPBI
MJIT-0,125, nepemenusbiii peaucrop R3 CI13-4, anektposutu-
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yeckue konpeHcatopbl K50-6, mukporym6aepst MTI (SAl—
SA9), knonku KM1-1 (SBI1, SB2). Bmecro muomos 1246
(VD5—VDS8) nozofiayr Apyrue AMOMbl, pacCuHTaHHbIE Ha 06-
patHoe HampsikeHHe He Huxe 400 B u BhinpsiMieHHBbIH
TOK, TPEBbILAIIIHA CyMMapHbli TOK, NOTpe6/isieMblii BCeMHU
JlaMnamy. _ :

C ykasaHHBIMHM [JHOJaMH W THPHUCTOPAMH MaKcHMaJbHas
MOIIHOCTb KaxKAOr0 H3 BOCBMH KaHAaJIOB MOXET JOCTHTraTh
500 Br. Ecan tpeGyercsl yBeJHUYHTb MOIIHOCTb, HampHMEP,
no 1 kBt Ha kaunaa, to Heo6xomumo muoinl VD5—VDS8
3aMeHHTb Ha GoJiee MoLIHble, Hanpumep Ha BJI25. B 3aBucu-
MOCTH OT pe€ajibHOH MOIIHOCTH HCMOJb3yeMbIX JaMil Kax-
AbIH THPHUCTOP CJIElyeT YCTAHOBHTb Ha PajHaTOpe C COOTBET-
CTBYIOIEH IJIOLIAAbI0 MOBEPXHOCTH. TakuMH ke paauaro-
pamu cHabxalot H auoanl VD5—VD8. Tlpu wucnosnbsoBa-
HHH B KaXJIOM KaHaje JaMn MOIIHOCTbiO MmeHee 500 Br
THPHCTOPBHl B PagHaTopax HE HyXKAAIOTCS. .

[IpaBunbHO CMOHTHPOBaHHBIH aBTOMAT He TpebyeT HaJa-
XKHBaHHMsI H HauHHaeT cpa3y pa6orars.
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Puc. 4. TleyaTtnas nJjara asroMara: a — [e4YaTHbIi MOHTax; 6 — me-
yaTHble MPOBOJHMKH CO CTOPOHBI JeTajleii; B — pacloiOXKeHHe 3JIEMEHTOB

Buumanne! [lpuctynas K H3roTOBJIEHHIO NAHHOTO aBTOMaTa CBETOBBIX
3¢ ¢ekToB, HEO6GXOAHMO MNOMHHTb, UTO Ha 3J€MEHTaX KOHCTPYKUHH [pH-
CYTCTBYET MOTeHLHan ceTH. [103ToMy nocie BK/IIOYEHHs] aBTOMAaTa B CeTh
He J[OTparuBaiiTecb pykaMH 10 BbIBOIOB ero jerasei. Kopnyc koucr-
PYKLHH KeJlaTebHO H3IOTOBHTb H3 H30/SILIHOHHOrO MaTepuana, a ecjlu 3TO
HEBO3MOXXHO, TO HEOOXOAHMMO TLLATEJbHO H30JHPOBAThb OT METaJHYECKOro
KOpIyca nepeMeHHbIll pe3ucTop, nepeksaiouarejd. Ha HuX Haao najerb pyy-
KH H3 XOpOLIero M3OJMSLHOHHOrO MaTepuand. BHHTBI KpemseHHs pyuek
He JOJIKHbI BBICTYNATh HAapYyxkKy. Mera/uIHuecKHH KOPNMYC HH B KOeM ciyuae
Helb3sl COEJHHSITh C OGLIMM NPOBOAOM. MoOHTaX J0JXeH ObiThb BbINOJ-
HeH Tak, 4ToOGbl HH OIMH H3 BBIBOJOB JeTaledl HJH KOHUOB COeJHHHTENb-
HbIX MPOBOLOB HE MOT KOCHYTbCSl Kopmyca.



U3MEPEHMS

MMIUTMAMNEPMETP
C 3ALMTOH

B. Kopo6eiHukos

Papnosno6ureny B cBoeli J1aGOpaTopUH HMCMONb3YIOT, KaK NPaBHJIO, H3Me-
pHTeJM TOKa 3aBOACKOTO H3roTtoBaeHds. OIHAKo He Bce 3TH NPHGOpHI
oGecrneynBaoT 6e306pPLIBHYI0 KOMMYTAlMIO CHJIOBOH LN NPH Nepeknoye-
HHH TPEle/ioB H3MEPEHHsl, a TaKke He BCe OHH 3allHMUIEHbl OT TOKOBBEX
neperpysok. B To e BpeMss uacro oGpbiBbl M3MepsieMOll leNH HEAOmyC-
THMbl, @ NpPH Meperpyskax H3MepHTEJIbHbIH NpUGOP MOXKeT BHIHTH H3
CTPOsi. YKa3aHHble HeJOCTaTKH HauGoJiee OLUYTHMB IPH HCCIENOBAHHSAX,
PeryJMpoBOUYHbIX, PEMOHTHBIX H JAPYrux paboTax, Korja yacTO BO3HHKaer
HEOOXONMMOCTb B MEPEKITIOUEHHSX MpEefesiOB H3MepeHHH, a TakkKe Beael-
CTBHE OILIHGOK, HEOCTOPOXXHOCTH MJIH HEHCNPABHOCTH HCCIEAYEMOro YCT-
poiicTBa, NMPHBOAAIIHX K GPOCKaM ToKa.

[To ykasaHHbIM NpHYHHAM J1a6oOpaTOpHbI GJIOK MUTAHHS HIH H3MEpH-
TeJbHbIH KOMIIIEKC PaiHOMIOGHTeNs NOJDKEH CONepKarb H3MEepHTeNb TOKa,
CBOGOIHBIA OT MepeYHCJEHHbIX HEeJOCTAaTKOB. BaKHbIM [JOCTOMHCTBOM MpH
CaMOCTOSITE€/IbHOM M3TOTOBJIEHHH TAKOrO NMpubopa sIBJASETCS TaKKe BO3MOXK-
HOCTb HCNOJIb30BaHHA (abpHYHOH IIKaMbl CTPENOYHOTO H3MepHTedst 6e3
HEoOXOIHMOCTH ee NOpabOTKH. ‘

Ha puc. 1 npuBesneHa cxema MHAIHaMIIepMeTpa ¢ Npeje-
namu uaMepenuss 100 mkA, 1, 10, 100 mA, 1 A, orseualo-
Lero nocraBJeHHbIM 3anauam. Ha nepsom mnpenpene usme-
perusi (100 mxA) uamepurenr PAl BkiOyaercsi B CHIOBYIO
Lenp HEMOCPEeICTBEHHO, a Ha OCTaJbHBIX Mpejenax napaj-
JIEIbHO €My MNoJAKJouyaoTcs WyHTh R2—RS npu nomoriu
nepeknoyatenss SAl mo6oro thna. [lageHue HanpsiKeHHs
Ha npH6GOpe NpPH IOJHOM OTKJIOHEHHH CTPEJKH HEBEJHKO,
u auoanl VD1, VD2 He Bausiior Ha nokasauusi. [Ipu paspoi-
B€ CHJIOBOH LieNH BO BpeMsl MepeK/IoueHHsl MpejieoB H3Me-
peHHsi TOK TeueT yepe3 AHOH, uyeM oGecneunBaercs 6e306-
pPHIBHOCTb KOMMYyTauuH. Kpome Toro, aHonmbl OCyILIeCTBJASIOT
3auuTy npubopa oT TOKOBHIX neperpy3ok. [Ipu Bo3pacrauuu
TOKAa MajJeHHe HaNpsiKeHHs1 Ha npubope MpeBbIlIaeT MOPOT
OTMHpAaHHA J[HOJa H OH TMpoNmycKaeT MH3GBITOUHBIH TOK.
BeTpeuHo-napaniieibHoe BKJIOYEHHe IBYX NHONOB obGecrne-
4YHBAeT 3aLIHUTY NPH 10601 NONSPHOCTH BKJIOYeHHST pubopa
B H3MepsieMylo uenb. CTeneHb neperpy3kd H3MepuTens, Kak
OTHOLIEHHe MAaKCHMAaJ/bHOIO MajJeHHusl HampsiXKeHUs] Ha IHOJe
K HOMHHA/JbHOMY NAaJEHHIO HaNpsiKeHHs Ha H3MepHuTene
B JlaHHOM YCTPOHCTBe He MpeBbllIaeT AecsiTH. Takylo nepe-

60



/XSt xs2 XS1 X52

FUr 34 [ o4
[] ‘ VoI k4105 v éﬂ/ﬂ.ﬂ
Pt VIZ KN1054
L V0Z KAios S
1N L
PAI 100 A; 1000 O A < S
X § X § ~
asl | f| S
L
|74
NEEREREE
Eranunt AENS:-
p s Lre L r7 L ore
_/?..’7"__&:// 100m
~ o
SALZ F'—_ T 5
Puc. 1. Cxema MmuiHaMnepmerpa Puc. 2. Cxema MHJIMaMnepmerpa
(I1 Bapuanur)

rPy3Ky CTpeJOYHble MPHGOPH MArHHTO3JEKTPHUECKOH CHCTe-
Mbl CIOCOGHBI BbIIEPXXHBATb MHOTOKPATHO.

[Tpenoxpauuteap FU1 3amuuiaer npu6op npu aBapHH.

Ha cxeme npuBeeHbl CONPOTHBJIEHHS LIYHTOB, PACCUHTAH-
Hble Ha MCMOJIb30BaHHE CO CTPEJIOYHBIM H3MEPHTEJEM C TOKOM
noaHOro OTk/JAOHeHHs1 100 MKA M CONpOTHBJIEHHEM pPaMKH
1000 Om. B cBsiI3u ¢ TeM 4YTO CONPOTHBJIEHHSI DPaMKH
MHKpPOaMIIepMeTpoB HMeT 60JbLIOAH pasGpoc, MocjaenoBa-
TEJIbHO C H3MEPHTE/IeM BKJIOUeH nepeMeHHbii peaucrop RI.
CysMmapHOe CONpOTHBJIEHHE DaMKH H 3TOrO pe3HcTopa co-
crasasier 1100 OM ¥ TOYHO MOArOHSIETCS] MPH KaJHGPOBKE,
KOTOpasi MpOM3BOJMTCS TNpPH H3rOTOBJEHHM NpHOOpa HIH
nocJjie 3aMeHbl MHKpoammepMeTpa.

B npuGope MOXKHO HCIOJb30BaThb MHKPOaMIEpPMETp H C
APYTMMH XapaKTepHCTHKaMH. B 3ToM ciyuae conpoTHB/IEHHS
IIYHTOB PacCuYUThIBalOTCA NO (opmyJe

In (Rn‘l" Rl) - lyl Ian
-1 I P P

Rv.u=

rae Ry, — conporusienue wyHra, Om; I, — TOK moJaHOro
OTK/JIOHEHHSI MHKpoammepmerpa, A; R, — conporusieHne
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pamku mukpoamnepmerpa, Om; I — npenen usmepenus roka
JaHHOro MojjaHana3oHa, A. ,

ConporubJienre pesucropa R1 6epercsi okono 20% or co-
NPOTHBJIEHHS] PAMKH MHKpOaMmnepmerpa.

[IyHTHl BBIMOJHAIOTCS M3 MAHTAHMHOBOIO OGMOTOYHOrO
[poBOJa B LIEJKOBOH H3ossuuH Mapku [IDIIIOMM: R2 nua-
merpom nposoja 0,08 mm (npumepHasi amuua 1,6 m), R3 —
Avamerpom 0,12 MM (anuna 300 mMm), R4 — nuamerpom
0,3 Mm (aauHa 200 mm), R5 — nuamerpom | MM (asuHa
200 mm). ToyHBle COMPOTHBJIEHHSI ILIYHTOB INOATOHSIIOTCS C
MOMOIIbIO MOCT&, TAK KakK OT MX TOYHOCTH 3aBHCHT TOYHOCTh
npuGopa. Bo wu3bexaHue mNOsIBNEHHS] OIWIHGKH H3MEpeHH
Ha MaKCHMaJ/IbHOM Mpejie/ie H3MepeHHs! MPOBOAHHKH, COEIH-
HSAIOIlHE BXOJHblE KJEMMbI NpHOOpa C MepekJIIoYaTesNeM H
WyHTOM RS, 0JKHBI GBITh LOCTAaTOUHO TOJICTHIMH.

Kanu6poBka npu6opa npH MOJOTHAHHBIX IIYHTAX MPOH3-
BOJHUTCS Ha KAKOM-JIHO0 OJHOM Npejiesie H3MEPEHHUS 38 HCKIIIO-
yeHHem npepena 100 mkA. [las 3Toro BKMOYAIT NPHGOP
10C/1e10BATENbHO C 06Pa3LOBBIM NPHGOPOM, HCTOUHHKOM TOKa
H OTDaHHYHUTEJbHbIM PE3HCTOPOM MOC/EN0BATEJIbHO H Tepe-
MEHHbIM pe3ucTopoM R1 ycraHaBiuBalor cTpesiky npubopa Ha
TO K€ JleJIeHHe LIKaJbl, KOTOpOe MOKa3blBaeT 06pa3loBbli
npuGop. Ilpu 3TOoM XesaTeJbHO 3afaTh TAKyl0 CHJIY TOKa,
YTOGbI CTPENKH NPHOOPOB HAXOAUJIMCh B NIPABOM YaCTH LIKAJ.
Ha npyrux npenenax u3mepeHHsi Kanu6poBKa He TpebyeTcs;
OHa obecneynBaeTcsi aBToMaTrHyeckd. [lepemeHHbli pe3ncTop
HEO6X0MMO 3aKOHTPHTb BO H30€XaHHe PAaCCTPOHKH OT BHO-
pauui ¥ TONYKOB NMPH COTPSICEHHSIX. v

Ec/in M3roToBHTH LIYHTBI ¢ TOYHOCTBIO OKOJO 1..2% Her
BO3MOXHOCTH, IPHGOP MOXKHO co6paTh MO cXeme, MOKa3aH-
HOH Ha puc. 2. 31ecb MOACTPOEYHbIE MEPEMEHHBIE PE3HUCTO-
pbl BBEIEHbl Ha BceX MNpeAesax H3MepeHHsi, 32 HCKJloue-
HHeM MHHHManbHOro. Mx conpoTHBJ/ieHUs NO-npexHeMY BbIGH-
patworcsi paBHbIMH npHOJH3HTENBHO 209) OT CONPOTHBJEHHS
pamKu MHKpoamnepmerpa. Kasn6poBka NOJKHA HPOH3BO-
IAMThCS TeMepb Ha BCeX Npelesax H3MepeHHs] Kpome mpejena
100 MKA COOTBETCTBYIOLUHM MEPEMEHHBIM PE3HCTOPOM.



MCTOUYHMUKM
NMUTAHMS

MCTOYHUKU CTABMIIBHOIO
TOKA U UX NPUMEHEHME
B PAAMOANMAPATYPE

N.MBanHoB C.CeMmywmnn

He3aBHCHMO OT KOHCTPYKTHBHOTO HCTOJIHEHHS JIIOGOH HCTOUHHK TOKA COCTOHT
M3 OJHHX H TexX e (QyHKUHOHaJbHBIX Yy3j0B (puc. 1). 3T0 nepsHu-
HbIi MCTOYHMK MHUTAHMA, PEryJHPYIOLLHH 3JIEMEHT, JaTUHK TOKa W Harpys-
ka. B GonbUIMHCTBE KOHCTPYKUHH HCIOJNb3YyeTcs TakKxkKe Lenb o6paTHOH
CBSI3H, COEJHHSIOWLAsl NATYHK TOKA C peryaupyioumuM snementoMm. Tok B
Harpyske yCTaHaBJMBA€TCsl H3MEHEHHEM [1apaMeTpPOB HenH O6paTHOH CBSI3H
WJIH patyuka Toka [1—3].

Ecin Tok B UenH OGPaTHOH CBSI3H [OCTaTOYHO MaJ, YTO OGBIYHO
BHIOJIHSIETCS HA [MPaKTHKe, TO Yepe3 IOC/eJ0BaTeNbHO COe/HHEHHbIE
HCTOYHMKHM [IHTaHHs, JAaTYHK TOKA, DEryJHPYIOULHH 3/71€MEeHT H Harpys-
Ky NpOTEKAeT ONMHAKOBBHI TOK. [IpH 3TOM yC/JOBHH MpPaKTHUYECKH JI1060#
BapPHAHT CXEMBl MOJy4aeTcsl NepecTaHOBKOH MOC/IEeJO0BaTENIbHO COeHMHEHHbIX
y310B M BbIGOPOM TOUKH 3asemjeHusi. Eciu Ke TOK B uenu 0O6paTHOH
CBSI3H COH3MEPHM C TOKOM B OCHOBHOH LenH, HEOGXOAHMO YUHTbIBaThb
MosiB/IeHHE TOrPEUIHOCTeH NpPH YCTAHOBKE HYXKHOrO ToKa B Harpyske. On-
HAaKO CYIIeCTBYIOT CXEMHBI€ pelIeHHsl, B KOTOPbIX TOK OGpaTHOH CBSI3H
npoTekaeT Kak uyepe3 MAATUHK TOKA, TaK M 4Yepe3 Harpysky, uro KOM-
MEHCHPYeT BO3HHKHOBEHHE OMIMGKH.

B KauecTBe peryJHpyIOLIEro 3/JeMeHTa B IMPAKTHUECKAX CXemax
O6bIUHO TNpPUMEHSIIOT OJAHHOYHblE HJH uYallle COCTaBHble TPaH3HCTOPbI, B
KauecTBe JarTyMKa TOKa — pe3dcTop MaH auox. Ilpu BbIGOpe TOuKu 3aseM-
JIEHHS] TAKXKE MCXOASAT M3 NMPaKTHYECKHX COOGpPaKeHHH.

Jasi noHuMaHus paGOThl HCTOYHHKOB TOKa PacCMOTPUM
THMOBbIE CX€Mbl, Mosyyaemble M3 oG6uieldl (YHKUHOHAIbHOH
CcXeMbl, MOKa3aHHOH Ha pHc. 1.

B kauecTse mpocTeiiuiero HCTOUHHKA TOKa Xopomo pabo-
TaeT OGBbIUHBIA TPAH3UCTOP C pPE3UCTOPOM B 3IMHUTTEPHOH
uend (puc. 2,a). Cusna ToKka B Harpyske omnpejessiercs
BbIpaxkeHHeM

_ Uax— Uﬂs
IH_—_RI_, (1)

rae I, — tok B Harpyske, Ugx — BXOAHOE HaNpsiKEHHE,
Us, — najieHHe HampsiXkKeHHs1 Ha nepexojge 6a3a-3MHUTTEp
tpansucropa VT, R1 — conporuBneHne naryuka toka RI.

Mensisi BeanunHy Usgx, MOXKHO YCTAHOBHTb TpebyeMbii
TOK Harpy3ku. OGbIYHO [J1s1 3aJaHHS BXOJHOIO HampsiXKeHHs
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Puc. 2. Cxema NpoCTbIX HCTOYHH-
KOB TOKa

Puc. 3. Cxema ¢ HCIOJIb30BaAHHEM
oy




C HEOGXOJMMOH TOYHOCTbIO HCMOJIb3YIOTCH HCTOUHHKH OMOP-
Horo nanpsikeauss (MOH) [1]. B aroit cxeme o6parHas cBs3b
10 HaNPsKEHHUIO ¢ BHIXOAA AAaTYHKa Toka R1 Ha Bxon perysau-
pywouiero saemenra VT1 B sBHOM BHe oTcyTCTBYeT. Beaencr-
BHE 3TOrO CHJIa TOKA B HAarpy3ke 3aBHCHT KakK OT COMPOTHUBJIE-
HHSI HArPY3KH, TaK H OT TeMIepaTyphbl ¥ NapaMeTpoOB TPaH3HUC-
Topa. Tem He MeHee Giarogapsi cBOeH MPOCTOTE 3TO YCT-
pOHCTBO yacTo MpUMEHsIeTCs] TaM, rjie He TPeGyeTcsi BhICOKOMH
CTaGH/IbHOCTH TOKa B Harpyske. Bosee craGusibHO paGoraer
YCTPOHCTBO, CXeMa KOTOPOTO Moka3aHa Ha puc. 2,6, KOTopoe
6yiaronapsi cBoel MpOCTOTE H BLICOKOH MOBTOPSIEMOCTH HAXO-
IMT LIMpoYaiilee NPHUMEHEHHe B MHTErpajbHOH CXEMOTEXHH-
Ke [2].

Hau6osee mnpoko HenosibayeMol cxeMOil HCTOYHHKA TOKA
C MpUMeHeHHeM onepauuoHHoro ycunurenss (OY) sBasercs
K/lacCHUecKasi cxema, npuBeJeHHasi Ha puc. 3. B 3T10ii cxeme
peryaupyomus snemMedT — tpansucrop VT1 — ynpasasiercst
OY DAI, koTopblii CTpeMHTCSI YpaBHsITb HaNpsiKEHHS Ha
CBOHX BbIBOJAX — HHBEPTHPYIOIIEM H HEHHBEPTHPYIOIEM.
Ilpu stoM cuna Toka B Harpyske R, omnpenmesnsiercst Bbl-
pakeHuem

Usx

o= 25 )

Jlnsi HopMasbHOH PaGOThl CXEMbl HANPSI)KEHHE HA HArpys3-
ke U, He [O/KHO MpeBbIIaTb 3HAYEHHsI, ONPEAENsIEMOrO
BbIpaXkKeHHeM

UH = IH RH< Un - UKaHac —_ IRl,
I~ I, ‘ (3)

rae U, — HanpsixkeHHe HCTOYHHKA NUTaHHsA, Ugsyac — HANps-
XeHue Hacelilenus tpadaucropa VT1, R1 — conporusienue
aatuvka toka R1. B 3T10#i cxeme ToK B Harpyske I, oruu-
yaercs oT Toka I B nartumke Toka R1 Ha BenuuuHy OwIHGKH,
onpeJensieMyio CHIaMH TOKOB B IlelIH 06paTHOH CBSI3H, 4 HMEH-
HO: ToKa 6a3ml Is TpanHamctropa VTl u BxomHoro Ttoka
[:xOY DAL: -

Al = I — Iy B (4)

OueBHHO, UTO BeJHYHHA OLIHGKH YCTAHOBJIEHHsI TPeGyeMo-
ro TOKa B HAarpy3ke TeM MeHblle, YeM MeHbIle BXOIHOH
tok OY DAI ¥ ueM Gosibire KO3(DGHUHMEHT YCHJIEHHSI TPAH-
sucropa VTI1. Ilo 3toii npuunHe Ha NpaKkTHKe B KayecTBe
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L1
Puc. 4. Cxema ¢ HCHOJIb30- ' Puc. 5. Cxema ¢ mnJjaBaio-
sannem OY (I1 BapuaHnt) el Harpysko#

peryJHpyollero 3jJeMeHTa O6blYHO NMPUMEHSIIOTCA COCTaBHbIE
TPaH3UCTOPHI.

AHajiorHuHbIMH CcBOMcTBaMH 06/alaeT HCTOUYHHK TOKa,
cxeMa KOTOpPOro MOKa3aHa Ha puc. 4. Dto yCTPOHCTBO
TaKxKe OIUCHIBAeTCS] BbIpakeHHsIMH (2—4) W oTJaHYaeTcs
JHIIb HanpasjeHHueMm Toka. OCHOBHOH HENOCTATOK 3/€ech IO
CpPaBHEHHIO C KJACCHYECKOH CXeMOH 3akJ/moouaercs B AOMOJ-
HHTEJbHOM OrpaHHYEHHH Ha MHHHMAaJbHOE U MaKCHMaJjbHOE
HaNpsi)KeHHUsl Ha Harpyske:

UHmin> Un - UauxOy - U(’Bz Un - UnOy;

Uumax< Un _'.UK'suac - lRly (5)

rae Uy — HanpsiKeHHe HCTOUHHKA NUTaHUSA, U w0y — MAKCH-
MajnbHoe BbixogHoe Hampsixkenue OV, U,oy — HanpsiKeHue
nutanust OY.

Eule ogHUM BapHaHTOM HCTOYHHKA TOKAa SIBJSETCSA CXeMa
¢ mJaBalpolledl Harpyskoi, npupeieHHass Ha puc. 5. Cuaa
TOKa B Harpy3ke 3Jecb TaKxKe ONpeaeJsieTcsl BblpaKeHHEM
(2). Tak kak Harpy3ka R, BkJlOueHa mnoc/jefoBaTe]bHO C
JaTuMkoM Toka RI, To Ha omu6Ky YyCTaHaBJIHBAaeMOro
TOKa He BJHsieT TOK Ga3bl Tpausucropa VIl u oHa ompene-
JsieTcsl JMIIb OueHb MaJbiM BXOAHbIM Tokom OY DAL:

Al = I,y 6)

HepocratkoM 3Toil cxembl, MOA0OGHO cxeme pHC. 4, fAABJIsAETCA
OrpaHHyeHHe Ha BeJHYHHY MaKCHMaJbHOIO Hanpsi)KeHHs Ha
Harpyske, onpeje/sieMylo HepaBeHCTBOM

Unmax< Unuxoy - U63 - IRI =~ UnOY - IRl (7)
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- Puc. 6. Cx-ema C 3a3eMJIeHHO#H Puc. 7. Cxema ¢ moJieBbIM
Harpysko# TPaH3HCTOPOM

Kpome Toro, B psine nmpumMeHeHHH OKasbiBaercsi HeyLOGHBIM
TO OO6CTOATENLCTBO, YTO 0Ga BbIBOJA HArpPy3KH OTOPBaHbI
M OT 3€MJIH H OT LUHH NHTaHHSA.

Ha cxemy ¢ niaBalouiell Harpy3koil oueHb Moxoxka cxema
C 3a3eM/ieHHOH Harpyskoil (puc. 6). B 37Ol cxeme TOK B
Harpyske onpejeJsieTcsi BbipaxKeHueM (2), a omn6kKa ero yc-
TaHOBJIEHHS] — BbipaxkeHueM (4). Hannune BO3MOXKHOCTH 3a-
3€MJIEHHs] HArPy3KH SIBJAETCS CYILeCTBEHHBIM MPEHMYLIEeCT-
BOM. JaHHOTO YycTpoicrBa. MakcuMma/jbHOe HamnpsixKeHHe Ha
Harpyske OrpaHH4YeHO HepaBEHCTBOM

UHmax < Usuxoy - U63 ~ UnOY- (8)

B kauecTBe pery/upyouero sjieMeHTa MOXHO MPUMEHHTD
MOJIEBOH TPAH3HCTOP. DTO MO3BOJHT YMEHbLIHTH OIUHOKY,
CBAI3@HHYI0O C BXOAHBIM TOKOM DEryJHpPYIOLIETO 3JIeMEHTa.
Takas cxema mpuBeleHa Ha puc. 7. 31eCb TakXe TOK B
Harpyske omnpejejsieTcss BbipaxkeHueM (2), a omwubka yc-
TAHOBJIEHHS] €ro 3HAYeHHsl, onpelessieMasi BXOAHbIM TOKOM
OY,— Bripaxkenuem (6). CyuiecTBeHHbIH HEIOCTATOK AaHHOM
CX€Mbl CBSI3aH C TeM, YTO KPYTH3Ha [MOJEBOTr0 TPaH3HCTO-
pa MpHMEPHO Ha MOPSAJOK HHXKE KPYTH3Hbl GHIOJISIPHOrO
TPaH3HCTOpA. JTO BbIHYKJAeT 3HAYHTENbHO YBEJMYHBATH
ynpaBJjsiiolilee Hampsi)KeHHe Ha 3aTBOPe pPeryJHpYIOIIero
snementa VTI, koropoe, kak GblI0 NOKa3aHO BbIILE, OTPAHHU-
yeHo BbIXoaHbIM HanpsixkeHHeM OY DAIL. Kpowme Toro, npume-
HEHHE TMOJIEBOrO TPAH3HCTOpPA CYLIECTBEHHO YyMEHbIIAeT
KO3()(HLHEHT nepefayd B LenH OGpaTHOH CBSI3H W YXYI-
IIaer B LEJIOM TeMNepaTypHyl CTaGHJIbHOCTH HCTOUHHKA
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Puc. 8. CxemMa c nepemMeHHBIM TOKOM B Harpyske

TOKa, YTO [IPHBOJHT K YBEJHYEHHIO OWIMOKH yCTaHaBJIHBae-
MOH CHJIBI TOKa HarpyskH.

CpaBnuB onucaHHble Bblllle cXeMbl ¢ npumenenueM OY u
uMest B BHAY npuMeHeHHe OY ¢ MajbIMH BXOJHBIMH TOKa-
MH, NPUXOAHM K BBIBOAY, YTO HauGosiee TOYHO CHIy TOKa B
Harpyske MOXHO MOJY4YHTb B cxeMme pHc. 5. Bo Bcex HcTOUHH-
Kax TOKa, KPOME€ CXeMbl DHC. 3, HMEIOTCSl XKeCTKHe orpa-
HHYEHHs], HaKjJaJblBa€Mble HA BeJHYHHY HANpPSIXKEHHS Ha
Harpyske, CBfI3aHHble C MAaKCHMaJbHBIM BLIXOJIHBIM Hamps-
xennem OY. B cxeme pHC. 3 MOXKHO MOJYuYHTb Jil06OE Tpe-
OyeMoe HanpsikeHHe Ha Harpyske NyTeM COOTBETCTBYIOLLE-
ro Bui6opa HanpsikeHusi nutaHus Harpyskd U, Ilpu 3tom
HYXXHO YYHTHIBATb JIHIb OJHO OrPAaHHYEHHE — MAKCHMaJbHO
JOMyCTHMOE KOJIJIEKTOpHOe HampsixkeHue Tpausucropa VTI.

Bo Bcex cxemax HcrouHukoB Toka ¢ OY nsst oGecme-
YeHHs] HopMaJibHOH pa6oTel OY H 1/ MOBHILIEHHST TOYHOCTH
YCTAHOBKH BBIXOJIHOTO TOKAa HeO6XOJHMO B KayecTBe peryJH-
pYIOILEro 3JileMeHTa HCNOJb30BaTbh cymep-6eTa HJIH COCTaB-
HblE€ TPAH3HCTOPHI. '

B psane ciayuaeB tpebyercsi chopmHpoBaTh B Harpyske
TOK, IepeMEHHbI KaK [0 BeJHYHHe, TaK M MO Hampa.Je-
Huo. Jlas Takux npHMeHeHHH xopouwlo pa6oTaer cxema
[4], npuBemeHHast Ha puc. 8. Dra cxema, KakK H BCe Ipe-
IOblAylLIHe, MOXeT ObIThb MosydyeHa H3 o6uiedl ¢GyHKIHOHAJDb-
HOH cXeMbl PHC. | NpH YCJIOBHH, YTO ABa OJAMHAKOBBIX HCTOU-
HMKA TOKa — OJIMH JJIS TOKa MOJI0XKHUTEJbHOH MOJsIPHOCTH,
a Jpyroi Ajs OTpHuarelbHOH — paboTaloT Ha OGIMA AaT-
yhK TOKa (pe3ucrop R6) u o6uiylo Harpysky ¢ KOMILIEKC-
HBIM CONPOTHBJIEHHEM Z, U HMelOT o6luyio uenb o6GpaTHOH
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cBa3u. B 3T0ii cxeme BleOllHOI'f'I TOK IH B TOYHOCTH MNOBTO-
psier dopmy BxopHoro HanmpsixkeHHs1 Ugy M onpenensieTcs Bbi-
paxkeHuem

(UBX + UH) _ UH . st

R6 = TR6 )

L=

IIpu yka3aHHBIX Ha cxeMe HOMHHaJjaXx HCTOUHHK TOKa Ipeo6-
pa3yer BxoaHoe Hamnpsikenue oT —10 go + 10 B B ToK
or —10 go + 10 MA. [ns DOCTHXKEHHUS BBICOKOH TOYHOCTH
npeo6pa3oBaHUsl HYXKHO HCMOJNb30BaTh pesuctopbl R1 — R6
¢ pomyckom He Gosee 19%. HemocraTkom npuBeneHHOH cxe-
Mbl SIBJISIIOTCS] KECTKHE OTPAHHUYEHHS Ha BEJHUYUHY BbIXOJHO-
ro HamnpsiXKeHHUsl, CBA3aHHbIE C MaKCHMaJbHbIM BBIXOJHBIM
HanpsixedneM OY M onpepessieMble HepaBeHCTBaMH

Uex + Us < Usuxoy = Usoy; (10)
ng + UH < IHR6 + IHRH < Un - UKauac =~ Uﬂ'

IMpu U,oy = U, ocraercsi 0OfHO HEPABEHCTBO

’

Usx + Us < U, (11)

B 3TO# cXeMe MOXKHO HCMOJb30BATh NpaKTHYECKH JioGbie OY
C COOTBETCTBYIOIIHMH LeNsiMH KoppeKUuuH. CJeoyer TOJIbKO
"YUHTBIBATb, YTO GoJiee BLICOKAsi TOYHOCTb NpeoOpa30oBaHHSA
Hanpsi)KeHHsl B TOK Mosiyyaercsi Ipu Hcnosab3oBanun OY ¢ ma-
JBIMH BXOJHBIMH TOKaMH H MaJIbIMH HAaNpsIXKEHHSIMH cMe-
wenusi. B kauyectBe perynupylomux TtpaHsucropoB VTl u
VT2 MOXHO B3ITb JIl0Oble MaJIOMOLIHblE TPAH3HCTOPBI C MaK-
CHMaJIbHBIM KOJIJIEKTOPHbIM HampsixeHueM Gosee 30 B u To-
KoM kosrekropa 20...150 MA.

OnHHM U3 MpHMEHEeHHH HCTOUHHKOB TOKa SIBJSIETCS 3apsij
aKKyMYJATOpHBIX 6atapei. Tako#l HCTOUHHK J0JXKeH obecre-
y¥BaTh TOK, paBHbId 0,1 OT emkocTH 3apsi:kaemoH 6arapew,
H IPONOJIKHTENbHOCTh 3apsisku 14...15 u [5, 6]. HsBecrt-
Hbl TaKXKe crocoGbl 3apsia akKKyMYJsiTOPOB aCHMMETPHUHBIM
TokoM [7, 8]. OpmHako, HECMOTpPsi Ha aXKHOTaX, MOIHSI-
TBIH BOKPYr HHX B JIHTeparype, OHM MOKa He MOJYYHJIH
HIHPOKOI'0 PaclpOCTPaHEHHUs, TaK Kak Tam TpeGyeTcst HHAH-
BHJYaJbHasl 3apsika Ka)XAOro H3 aKKyMyJsTopoB GaTtapen
M CJIOXKHbIE MeTOIbl KOHTPOJSI HX CTEMNEeHH 3apsKEHHOCTH
0 TeMIepaType, HANPSXKEHHIO, [AaBJEHHIO HJIH APYTHM.
npusHakaMm [8]. 1o cBsI3aHO ¢ TeM, 4TO (PU3HKO-XHMHYeC-
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Puc. 9. Cxema ycrpoficTBa AJsi 3apsiiKH AKKyMYJSITOPHBIX Garapeil
71-0,115

KHe MPOLEeCChl, TPOHCXOSIINE B aKKyMYJISAITOPE NPH 3apsiike
€ro MOCTOSIHHBIM H aCUMMETPHYHBIM TOKaMH, Pa3JjIHYHBI.

PaccMoTpuM ycTpOHCTBO ANS1 3apSiKH aKKYMYJSITOPHBIX
6arapeit Tuna 7[1-0,115 (puc. 9). Cxema no3soJisieT 3apsizKaTh
6arapeio MOCTOsIHHBIM TOKOM 11,5 MA, a mo OKOHYaHHH
3apsiiKH aBTOMaTHUYeCKH OTkKialouaercsi. Kpome Toro, ecTh 3a-
IIHTa OT KOPOTKOrO 3aMblKaHHWS B Harpyske. YCTpPOHCTBO
npeacrasasieT co60H NpPOCTeHIIMH HCTOYHHK TOKa (CM.
puc. 2, a) u BkJwouaer aonosnutesbno MOH ua cseropuone
HL1 u aBroMaTuyecKylo cXeMy OTKJIOUEHHSI TOKa MO
OKOHYAHHM 3apsiikH, KOTOpasi BLIMOJHEHA Ha CTaGUJIMTPO-
He VDI, komnapartope Hanpsixkenuss Ha OY DAl u kioue
Ha TtpaH3ucrope VT1. Cuna 3apsinoro Toka (11,5 MA)
ycTaHaB/IMBaeTcsi pe3HcTopoM R7 B cooTBeTcTBHHM ¢ BhIpa-
JKEeHHeM

_ Ui — Usvr2 — Ugsvrs
I = R7 s (12)

rae U, — HanpsikeHue Ha cBeropuone VD2 npu 3apsze
6arapen. B nmponecce 3apsinku HanpsixkeHue U; Ha HeHHBep-
tupyomeM Bxoge OY DAI Gosbiue HanpsikeHHst HA MHBep-
THpyoleM Bxoge. BoixonHoé nHanpsixkenne OY G6JH3KO K
HaNpsKEHHIO NHTaHusA, TpaHducrop VT1 oTkpeiT M uepes
CBeTOAHOA TedeT TOK okoJo 10 MA. Tlpu 3apsinke GartapeH
Hanpsi)KeHHe Ha HeH pacTeT, COOTBETCTBEHHO pacTeT Hamps-
>keHre Ha uHBepTHpylomeM Bxoge OY DAIL. Kak TonbKo OHO
MPEeBbLICHT HANpsi)KeHHe Ha HeMHBEPTHPYIOIEeM BXOJe, KOM-
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NapaTop NEepPeKJIOYHTCH B [PYroe COCTOSIHHE, 3aKpOIOTCHA
tpanaucropel- VT1, VT2, VT3, noracuer cseromuon VD2 u
NpeKpaTuTcs 3apsiika akkymyJsitopa. [IpenenbHoe Hanpsike-
HHe, NPH KOTOPOM MpeKpauiaetrcsi 3apsigika 6GarapeH, ycra-
HaBJIHBAeTCsl pe3ucTopoM R2 coryiacHO BbIparkeHHIO

R8 + R9 ‘ (13)

Usux = U2 R9

Hasa 6atapen 7/1-0,115 nanpsixkeHne cpaGaThiBaHUSI KOM-
naparopa ycraHab/auBaercst paBHbiM 7X 1,43 = 10 B. Bo us-
6GekaHHe HEYCTOHYMBOH paboThl KOMIIapaTopa B 30HE HEUYB-
CTBHTEJbHOCTH MOXHO YCTAHOBHTb PE€3HCTOpP, NOKa3aHHBIH
WITPHXOBOH JIHHHeH, conpotuBieHdem 100 kOwm.

Cxema npurogHa H [JJsi JPYTHX THIOB aKKYyMYJISITO-
poB. B cooTBeTcTBHH ¢ HEOGXOAHMBIM TOKOM HYXKHO JIHLIb
noao6paTh COnpoTHBJeHHe pe3rcTopa R7 corsacHo BbIpaxe-
HuIo (12) H, Bo3moxkHO, GoJiee MoilHbIH TpaHsucrop VT3.

Jlnst nesoro psiza mpHMeHEHHH MOXKeT OKas3aThCsl MoJie3-
HhIM YHHMBepCaJ/ibHblil HCTOUHHK NOCTOSIHHOT'O TOKa, H3TrOTOB-
JeHHbIH aBTopamu. Ero cxema mpusenena Ha puc. 10. Yer-
pPOMCTBO MO3BOJISIET NOJNy4YaTb TOKH B Harpyske ot 1 MA po
6 A, a npu He3HAUHWTEJIbHOM H3MEHEHHH NapaMeTPOB CXEMBI,
Kak 6yner nokasaHo jasee, H 10 9,999 A.

YcrpoiicTBO cOepKHUT caenyloline ocHOBHbIe y3abl: MOH,
MOUIHbIA TeHepaTop BBIXOJHOTO TOKA, MPEeLH3HOHHBIH 3anaio-
WHA y3e], a Takke O6JOK NHTAHHA H KOHTPOJbHO-H3Me-
puTe/bHble npu6opbl. MOILHBIA reHepaTop BBIXOAHOTO TOKA,
(pOpMHUDPYIOLIHH TOK B Harpyske, NOCTpoeH Ha 6a3e BbLICOKO-
touHoro OY no kiaaccuyeckoi cxeme. Perynupyouuii sneMeHT
BHINOJIHEH Ha TpaH3ucropax VT2 u VT3, BK/IOYEHHBIX IO
cxeMe JlapadHrrToHa.

HMOH BoinonHen Ha BbicokorouHoM OY DAL u tpausHc-
tope. VT1. O npeacrasisier coGOH MNOBTOPHTENb HAMpSsi-
MEHHsl, BBIXOJ KOTOpPOrO HarpyeH Ha psii OAMHAKOBBIX,
NOC/Ie0BATE/bHO CO€AMHEHHbIX NDPEIH3HOHHBIX Pe3HCTOPOB
R4 — R12. Ha Bxox mnoBTOpHTE/Nsi NPHXOAHT IIOCTOSIHHOE
HanpsikenHe Uy, mocrynaiolniee ¢ BbIXO4a [JBYXCTYHNEHYaTOrO
napaMeTpHuYecKoro ctaGujiH3aTopa Hanpsi}KeHHs Ha OMOPHBIX
auopax VD1 u VD3 cepun I818E u KC515A uepes mesnrenb
Ha pe3ucropax R1 — R3. Ha kaxaom H3 9 Harpy3ouHbIX
pesucropoB R4 — R12 nagaer onuHakoBoe HanpsiKeHHe, paB-
Hoe Uy/9. Takum o6pa3oM, ¢ BbIXOLOB 3TOro JejHTeJs
MOXHO CHATb JeCSiTb OMODHBIX HANpsI)KEHHH B AHana3oHe -
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ot 0 no U,. [us noBblilieHHs] TOYHOCTH 3aJaHHs HAarpysou-
Hbleé pEe3HCTOpbl BBIOpaHbl HH3KOOMHBIMH C JONYCKOM
0,5...1,0%. Boixoansle curiansl MOH ¢opmupylorT B 3aaato-
IleM y3J/ie Hampsi)KeHHsl YNpaBJeHHS MOLIHbIM reHepaTopoM
BBIXOJHOTO TOKa.

[Mpeunsnonunblii 3ajgalowuil y3en mnpeacrasiasieT co6ol
‘CyMMaTop, BbIOJNHEHHbIA Ha BbicoKOTOuHOM OY cepuu
K140Y[14A. OH o6ecneunBaeT CyMMHPOBaHHE OIIOPHBIX
HamnpsixkeHHH, cHHMaeMblx ¢ gaequrtenss R4 — R12 ¢ Becamu
1/1, 1/10, 1/100, 1/1000. D10 mo3BG/sIET YCTAaHOBHUTb HA
Boixoge OY DA2 ¢ nomouwibio nepekiiouaresneii SAl — SA4
qio6oe Hanpsixkedune or O po 1,111 Uy B COOTBETCTBHH
C BbIpaKeHHEM

U Uo Up

J— UO

rie K1, K2, K3, K4 —0, 1, 2, ... 9 — ko3¢ddHLHEHTHI,
ycTaHaB/MBaeMble nepekaouartensimi SAl — SA4 coorset-
cTBeHHO. TakuM 06pa3oM, NPEeLH3HOHHbIH 3afalolIMH y3el
MO3BOJISIET AUCKPETHO YCTAHOBHTb 3ajalolllee HaNpsiKeHHe C
mwarom Uy/9000. [dnsi BBICOKOH TOYHOCTH CYMMHPOBAHHA
PE3MCTOpPBl CyMMaTtopa A0JKHbl umeThb ponyck 0,05...0,1% u
COMpPOTHBJIEHHE 3HAYHTEJbHO GOJbllee, YeM y Ppe3uCTOpOB
HOH. Taxkoe mnocrtpoeHue 3ajampoulero ysJja obecrnedyuBaer
MNPOCTOTY H BBICOKYIO TOUHOCTb YCT@HOBKH NMPH MHHHMaJbHOM
KosnuecTBe fAetasell. [Ipu mopmaue 3ajaiouiero HanpsiKeHHs
Ha BXOJ MOILHOrO TreHepaTopa BbIXOJHOIO TOKa TOK B
Harpyske YCTaHaBJHBAeTCsi B COOTBETCTBHH C Bblpaxke-
HHeM (2).

I'eHepaTop BBIXOZHOrO TOKA SIBJASIETCS KJACCHYECKHM HC-
TOYHHKOM TOKa C YCHJHTEJEM MOLIHOCTH, BbINOJHEHHBIM
Ha Tpausucropax VT2, VT3. Pesucrop R25 Bouinosanser
¢ynkuun natunka toka OY DA3 u cpaBHuBaeT 3ajpaioliee
HampsikeHHe, MOCTymalollee Ha HEHHBEPTHPYIOLMH BXOJA, C
HanpsiKeHHeM OGpaTHOH CBSI3H, NMPUXOISIILHM Ha HHBEPTH-
pYyIOLIMH BXOA, CTPeMsICb HX BbIPOBHAITb. BripaBHHBaHHe
OCYILECTBJISIETCS 3a CUeT BO3AEHCTBUS Ha 6a3y COCTAaBHOTO
TPaH3UCTOPA, KOTOPHIH paGoTaeT B JIHHEHHOM pexxume. Mame-
HeHHs1 6a30BOrO TOKA BbI3bIBAIOT COOTBETCTBYIOLIME H3MeEHe-
HHUsl TOKa SMHTTepPa W KOJJIEKTOpa [0 TeX [Oop, NoKa Hanps-
»KeHHe 06paTHOH CBA3H, BbilesneHHoe Ha R25 u crporo mpo-
MOPIIHOHA/IbHOE TOKY B CHJIOBOH LleNH, He CpPaBHAETCHA C 3a-
JaIOLIHM HamnpsiXXeHHeM. ’ :
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Bsiok nutanus no/mkeH o6GecreudBaTh 1BA HaNpSIKEHHS:
17..20 B npu rtoke 0,3...0,5 A u —27..30 B npu Ttoke 1o
6 wiu 10 A. )

Jnsi KOHTpPOJISI TOKA H HampsiXKeHHs] HAa Harpy3kKe HCMOJb-
3yiotcs crpesiounble npubopbl PAl 1 PV1. Tok nosiHoro otkio-
HEHHS BOJbTMETpa He [JoJKeH mnpesbiwath 100 MKA BO H3-
6exanue OWMGKM YCTAHOBJEHHSI TOKa Harpy3kH, 0COOEHHO
Ha HHXXHeH rpaHdle AHanasoHa. -

B npensioxkeHHOH cxeMe KeJaTeJbHO HCIO/b30BaThb Bbl-
COKOKAueCTBEHHYIO 3JIeMeHTHYIO 6a3y, KoTopas siB/seTCH 3a-
JIOTOM BBICOKOH TOYHOCTH M HajeKHOCTH ycrtpoiicrBa. Ecau
)Ke 0TKa3aTbCsl OT 3aJayl CO3/aHHs LIHPOKOAHANa3OHHOro
npu6opa, MOKHO MPUMEHHUTHb Jio6ble uMelomuecss OY u pe-
3ucTOphl. TpaH3HCTOPBI XKesaTebHO HCIOJIb30BaTh KPeMHHe-
Bble, 0OCOGEHHO eCJIH YCTPOHCTBO OyAeT 3KCIJayaTHpPOBaTbCs
[IpeNMYLIECTBEHHO ¢ OOJIbLIMMH TOKaMH MJH MpH MOBBILIEH-
HbIX Temnepatypax. Tpausucrop VI3 Heo6xonumo YCTaHOBHTH
Ha paJHaTOpe C MJOIIAbio NOBepXHOCTH He menee 1000 cm?.
Pesucropbl R4 — R12, R17 — tuna C2-1, C2-13 uau apyrue
¢ pomyckom 0,5...1,0%, a pe3ucropsl R13 — R16 — C2-29B,
C2-31 ¢ ponyckom 0,05...0,1%. Pe3uctrop R25 mMoxHO Hamo-
TaTb HHUTPOXPOMOBBIM HJH KOHCT@HTAHOBBIM IMPOBOJOM
adamerpom 1,5..2,0 MM HJIH HCNO/b30BaTh TOTOBBIA THNA
C5-8, C5-16.

[Topssnok HacTpo#KHU BHavyajle HyXKHO yCTaHo-
BHTb BCe MePeK/NI0uaTes]H B HyJeBoe MOoJI0XKEeHHe, MoACTpoey-
Hble pesuctopbl R2, R19 — B cpennee nosoxenue. Iloakao-
YHTh PE3HCTOP HArpysku conpotusiseruem 100...300 Owm.
BkJOYMTh NMUTaHHE M YCTAHOBHTb pe3ucropoM R2 Hampsi-
Kende fa sMurrepe VTl okono 4,5 B. Pesncropom RI9
cGanancuposatb OY DA3, ycraHoBHB Ha ero BbiBoae 6 Ha-
npsixeHHe, paBHOe HyJO. 3aTeM NOAK/IIOYHTb HAaTrpy30uHbIH
PE3HCTOP U3BECTHOrO comnpoTHBAeHHs1 okoso 10 Owm, ycraHo-
BHTb Mepek/aouaTeJd B MoJoxeHHe «l1 A» H BBICTaBHTb
3TOT TOK B Harpyske pe3HcTopoM RZ2, KOHTposupysi TOK H
HanpsiKeHde no npu6opaM. 3areM YCTAaHOBHTb NepeKJIoua-
TeNsIMH TOK | MA, NOAKJIIOYHTb Harpy3ouHbIH De3HCTOP
1 kOM H YTOUHHTb CHJYy TOKa B Harpyske pe3HCTOpOM
R19. Tlocae sToro mposepsieTcsi H3MEHeHHe TOKa MO JHana-
30HY H B cjayyae HeoGXOLHMMOCTH YTOUHSIeTCS pe3HCcTopa-
mu R2 u RI8. Ecau Her owH6GOK B MOHTae, HAacTpoH-
Ka Ha 3TOM 3aKaHuYHBaeTcs.

[lpu paGore ¢ Tokamu cBble 6 A s MOBLILIEHHS
HaJeXHOCTH W YJYUYlIeHUs: JKCIJyaTallHOHHbIX XapaKTepHc-
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THK HEOOXOAHMMO IMpPOBECTH CJENYIOIHE H3MEHEHHS. YMeHb-
UIMTb conpoTuBJeHue pesucropa R25 po 0,1...0,2 Om, uTo6bt
YMEHBbLIHTD NajfieHHe HaNpPSIXKEHHsI Ha HeM H, CJeJ0BaTeNbHO,
paccenBaeMyio MOILHOCTb. Ero kesarejibHO H3rOTOBHThL M3
OTpe3Ka KOHCTAaHTAHOBOTO MPOBOAA, HMeEIOIIero MaJblil
TeMmnepaTypHbell Ko3ddHUHEHT COMPOTHBJICHHS. [Toxkmountsb
napanJesabHO TpaHauctopy VT3 BTOpOH TaKOH Ke, YBEJIHYHB
miomaznb paguaropa ao 2000 cm?. Tlpu 3TOM cieayer yuecTb
Bce OOliMe peKOMEeHHALUWH MO MNapasjejbHOMY BKJIOUEHHIO
TpaH3HcTopoB. CyMMapHyl0 eMKOCTb KOHIEHCaTOpOB XeJa-
TeJbHO yBeqHuHTb 10 16 000...22 000 mx®. Kpome 3toro,
Heo6XOIMMO YCTaHOBHTb pe3uctop -R! conporusiennem
10 kOm u R3 conpotusiennem 820 Owm, yToGHI BHICTABHTH
HanpsixkeHue Ha smurrepe VT1 pasueim 0,8..2,0 B.

UeprexH nevyaTHbIX IUIAT HCTOYHHKOB TOKA, [OKAa3aH-
HbiX Ha puc. 8 9 u 10, npuBegeHb COOTBETCTBEHHO Ha
puc. 11, 12 u 13.
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