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OBLUAA YACTb

OCHOBHBbIE NNAPAMETPbI BJIOKOB IMUTAHWUA

Bnokn nutanua (BI1) ona cucteMHbIX Moayren
IBM PC XT/AT npepgHasHayveHbl onsi npeobpasoBa-
HUSA BXOLHOIO NEPEMEHHOrO HarnpsKeHUs CeTu B Bbl-
XOOHble MOCTOsIHHbIE HanNpsbkeHus, obecneyvnBato-
Wwme paboTy Bcex y3rnoB 1M GrIOKOB KOMMNbOTEPA.

OCHOBHOM (OYHKUMEN UCTOYHUKA INEKTPOnUTaHUS
saBnseTca obecnevyeHne cTabunbHOro 3agaHHoOro Bbl-
XOAHOMO HAaMpsPKEHUst NP U3MEHEHUN S LLUMPOKMX
npegenax BXOAHOIO HamnpsKeHWs!, BbIXOAHOIO TOKa U
paboyen Temnepatypbl. CTENeHb, C KOTOPON UCTOY-
HUK anekTponuTaHus obecneuymBaeT CTabuibHOCTb
BbIXOOQHOrO HanpshKeHUs B BbILENPUBEAEHHbIX YCMO-
BUSAX, SBMSIETCA OCHOBHbIM MOKasaTenem KayecTBa
NCTOYHMKA.

Bl cuctemHbix mMogyrnen BbipabaTbiBalOT Hanps-
XeHusa +5B, -5B, +12B, -12B, curnan POWER GOOD
(PG) n, kak npaBuno, MMeKT BbIXOAHY MOLLHOCTb
150 unun 200 BT.

MpumepHoe pacnpegeneHne noTpebnsaemMon MoLL-
HOCTWM MeXay OTAENbHbIMU KOMMOHEHTaMu KOMIMbIo-
Tepa BbIrmaguT cnegyowmmM obpasom, BT:

nnata sMgeoagantepa 5
KOHTpoOnnep AMCKOBOAOB 8
aganTep napannernbHblX, NocnegoBaTerbHbIX

W UrPOBbIX NMOPTOB B Pa3fNMNYHbIX COYETaAHUAX 4

nnata mogema 4

nnaTta KOHTponnepa ctpumepa 15
nnaTa paclumpeHuns namatu (2 Mo6) 20
cucTemMHasd nnarta 35
"BUHYecTep" Ha 40 MO 15
HrMAQ 10
KnaBsuartypa . 2

Haunbonee TOKOHarpyXeHHbIM SBMSETCA KaHan
BbIpaboTkn HanpskeHusa +5B (MakcumanbHbIA TOK B
Harpy3ske npumepHo 15A ans 150-satTHoro Bl n 20A
ana 200-sattHoro BI1), 3aTem — kaHan BblpaboTku
HanpshkeHus +12B (MakcumanbHbI TOK B Harpyske
pocturaet 5,5A ona 150-eatTtHoro Bl n 8A ana 200-
BaTTHoro Bl ), 3aTem — kaHanbl BblpaboTkn -5B u
-12B (Toku B Harpyske — no 0,5A).

Ta6bnuua 1. MakcumanbHoe TokonotpebnexHme TunoseiM MBI NM3OBM oT nepBnyHON ceTn NeEpeMEHHOro Toka

Hal'lpﬂ)l(eHVIe cetun

MakcumanbHasa BbiIXxogHasA MOLWHOCTb

(aencTBylOLWEE 3HAYEHME) 150BT 200BT 230BT 250BT
115B 3,0A 40A 50A 6,0 A
230B 1,5A 25A 3,0A 3,5A

Tabnuua 2. quanasoH Tokonotpebnenus (Imin - Imax) B Harpy3kax Tunosoro MBI MN3OBM

MakcumanbHasa BbiIXxogHasA MOLHOCTb

BbixogHoe HanpsikeHue UBI

150BT 200Bt 230BT 250BT1

+5B 3-15A 5-20A 5-23A 5-25,5 A
+12B 0,5-6A 2-8A 2-9A 2-9,5A
-5B 0-0.5A 0-0,5A 0-0,5A 0-0,5A
-128 0-0,5A 0-0,5A 0-05A 0-0.5A

lMpumeyaHue. MuHumManbHbIl U MakcuMarbHbIlU MOKU Hagpy3Kku coomeemcmeyrom gpaHuyam duarnasoHa pa-
6omsi cxeMbl cmabunusayuu 8bIX00HbIX HanpsixkeHuu Bl 1.

CurHan PG vMeeT aKTWBHbIA HU3KUA YPOBEHb C
MOMeHTa BkrtodeHust Bl n 3anpelaet paboTty npo-
ueccopa OO Tex Mop, NMoKa BbIXOAHbIE HaMNPsPKEHUS
Bl He OCTUIHYT HOMUMHAMNBHOrO YPOBHS, NOCIE Yero
curHan PG cTaHoOBWTCS BbLICOKOrO YPOBHA W MpO-
ueccop 3anyckaetcs. Npu BbikntoveHun Bl ns cetn
PG cTaHOBWTCS aKTUMBHOTO HWU3KOTO YPOBHS WU UHU-
unanmampyeT curHan cuctemHoro cbpoca RESET,
npexage Yyem mucyesHeT nutaHue +5 B undposomn vac-
TW CUCTEMHOrO MOAyns. JOTUM MpefoTBpaLLarTCs
cboun B paboTe UMPPOBON YACTN CUCTEMHOIO MOAY-
nsi, NOBE4EHNEe KOTOPOW MpU 3aHWKEHHOM MUTAHUN
CTAHOBMUTCS HenpeAckasyembiM (NoXHasi 3anvcb B
namsaTb u T.4.).

B npouecce paboTtbl komnbtoTepa, korga bl pa-
BfoTaeT B HOMUHanNbLHOM pexume, PG nmeeT BbICOKUIA
YPOBEHb U He BnusieT Ha paboTty npoueccopa. MHo-
rme Bl mowHocTeto mMeHee 180 BT, npegHasHa-
YeHHble Ana koMnbioTepoB knacca XT, He dopmupy-
0T curHana PG, n noaToMy He COBMECTUMbI C KOM-

notoTepamm knacca AT.

Kak npaBuno, Ha 3agHen cTteHke Bl1 nmeetcs ne-
peknoyaTenb HOMWHaNa CeTeBOro  HanpskKeHus
230B/115B.

BHumaHue: Heobxodumo criedumes 3a coomeemcm-
8uUEeM [10/1I0KeHUs1 0aHHO20 repekoYyamens U Ha-
npsixeHUss cemu, 8 npomugHom criydae bl ebitidem
u3 cmpos!

Cnep,yeT OTMETUTb, YTO B pa3HbIX CTpaHaXx B Ka-
YyecTBe CTaHOaPTHbIX NPUHATBLI pa3finyHblie 3Ha4YeHUA
nmTarnwmx Hal'lpFI)KeHVII?IZ

110B — B JluBaHe:

115B — B TanBaHe, Kybe, Konymbuu;

120B — B CLUA, KaHage, Hukaparya;

127B — B Amxupe, Utanun, Ncnanuu;

220B — B 6onblunHcTBe cTpaH EBponbl, CHT;
230B — B lHgnun, Hopeeruu;

240B — B BenukobpuTtaHuu, ABcTpanuu.



OpHako 3TU OTNNYMSA ABMSKOTCA HECYLLECTBEHHbI-
mu ansa MBI, T.k. Haxogdatca B ero pabodem guana-
30He JOMNYCKOB Ha HanpsbkeHWe NuTatoLLen ceTu.

MMuTalowee HanpskeHne ceTu 0OO3HayaeTcs Ha
3apybexHbIX cxemax Kak, Hanpumep, 220V AC. Co-
kpaweHne AC (Alternating Current) npumeHsetcs
Ans 0603HaYeHUsA HanpPsKeHNs NepeMeHHOro ToKa.

Cokpawenne DC (Direct Current) npuvmeHsieTcs
ansa obo3HavYeHUss HanpsHKeHUM MOCTOSIHHOIO TOKa,
Hanpumep, 5V DC.

BbixogHble HanpspkeHus Bl nopatoTcs kO BCeM
y3nam n 6rnokam KommnbioTepa C MOMOLLbK pasHo-
LBETHbIX MPOBOAOB, COBpaHHbIX B XryTbl. Komuuye-
CTBO BbIXOAHbIX Pa3beMOB BCerga ogHO U TO Xe: ye-
Tbipe YeTbIPEXKOHTAKTHbIX U ABa LUECTUKOHTAKTHbIX
(n3peaka aTM OBa LUECTMKOHTAKTHbIX pa3bemMa ob6be-
OWHEHbl B OAWH [BEHaALATUKOHTaKTHbIN pasbeM).
LLleCcTKOHTaKTHblE pa3beMbl MNOACOEAUHATCSA Ha
CUCTEMHYIO NNaTy, a YeTbIPEXKOHTAKTHbIe — Ha AuC-
kosodbl 1 Hakonutenu HIMA, HXKMA. Mo useTy npo-
BOJa MOXHO OnpefenuTb, Kakoe HanpsbkeHwe noa-
€TCH C ero NnoMOLLbI0 Ha COOTBETCTBYIOLLMIA KOHTaKT
BbIXO[HOrO pa3bema:

KPACHBIM......ccvvvevereverererennnns +5B + 0,1B
XenTbln +12B £ 0,6B
BENMBIN....veeee e -5B £ 0,1B
CUHUM. ..o -12B £ 0,6B
OpaHXeBbIN.... PG
YEPHDBIN. ... "kopnyc"

BrumaHue: uspedka ecmpedaomcsi omcmyrsie-
Hust om cmaHOapmHoU ygemogol MapKkuposku!

Bce 4eTbipexKOHTaKTHble pa3beMbl UMEKT Ooau-
HaKOBYIO LIOKOMEBKY (puc.1), noaToMy nogknoyeHve
UX He BbI3blBaeT 3aTpyaHeHun. B oTBeTHOW 4acTtu
ana aTmx pasbemMoB MMeeTcsa "knod", No3ToMy noA-
KINIOYUTb pa3beM HenpaBuIilbHO HEBO3MOXHO. C wwec-
TUKOHTaKTHBIMKM pa3beMamMu cuTyauus uHada. Camu
pa3bemMbl OAMHAKOBbIE, @ LIOKOSIEBKA Yy HUX pasHasi.
3OTO eAWHCTBEHHOE MecTO, rAe BO3MOXHa olimbka
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npu noakntodeHnn. K coxaneHuto, "knoy" Ha oTBeT-
HOW 4acTu K 3TUM pa3beMaM MO3BOMSAET YCTAaHOBUTb
X HaobopoT, T.e. NOMEHATL MecTamu. C uenbo us-
OexaHus Takom OWnOKM B HEKOTOPbIX BapuaHTax
OnoKoB OBa LUECTMKOHTAKTHbIX pa3bema obbeanHs-
IOTCA B OAMH ABEeHaLaTUKOHTAKTHBIN.
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Puc. 1. YeTbIpeXKOHTaKTHbIA CTaHOAaPTHLIN BbIXOAHOM
pasbeM WBI1 (po3eTka) u ero Liokoneeka.

BHumaHue: rpasusnbHoU s18155iemcsi makasi ycma-
HOBKa WEeCMUKOHMAaKMHbIX pa3bemMos, Kozda 4ep-
Hbie ("koprnycHbie") nposoda 0bouX pasbLEMO8 OKa3bl-
satomcsi pssi0oMm (puc. 2).
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Puc. 2. MNMpaBunbHas yCTaHOBKA LUECTUKOHTAKTHbIX
BbIXOAHbIX pasbeMoB VBl Ha cuctemMHyto nnaty 1
MX LlOKONeBKa.




OCHOBHbIE TEXHUYECKUE XAPAKTEPUCTUKU UMI1YJIbCHbIX BI1

OTV XapakTepuUCTMKN MNPUBOASITCA B COMPOBOAM-
TENbHOM AoKyMeHTaumm Ha BIl. Hambonee nonHo
OHW NpeACTaBfieHbl B MHCTPYKUMUSIX MO 3KCNyaTaumm
(Operating Instruction Manual), npegHasHa4YeHHbIX
ONnd cneumanbHbIX CEPBUCHBIX CYXO NO PEMOHTY U
obcnyxmMBaHuio.

Hanbonee BaxHble M3 XapakKTEpPUCTUK, HO B rO-
pasgo MeHblleM 00beme, NPUBOOATCS B peKrnaMHbIX
npocnekTax U UHCTPYKUUSX ONns nonb3oBaTens, npu-
obpeTatoLlero KOMNbITEP, YKOMMMEKTOBAHHbIA LaH-
HbIM TuUNoM Onoka. Takoro poga OOKYMeHTauus us-
BeCcTHa nop oblwuMM HasBaHWeM "PyKoBOACTBO A4S
nonb3oBatens" (Users Manual).

W, HakoHel, camble BaXKHble XapaKTEPUCTUKM MO-
ryT ObiTb yKasaHbl B BMAE UBETHbIX Tabnuyek
(Labels), HakneeHHbIX Ha MeTanIM4ecKkui Kopnyc
Onoka. Ha HuUx npuBoaATCa MUHUMAIbHO Heobxoau-
Mble TEXHUYECKME XapaKTepUCTUKW ANS UCKIIOYEHNSs

owmnbok npu yctaHoBke BIT.

Kpome Toro, nockonbky Kk BN npeabsasnsaTca xe-
cTkne TpeboBaHMS B 4acTWM SNEKTPOMarHMTHOW Co-
BMECTUMOCTM, TO B MNaCMOPTHbIX [AaHHbIX 06s3a-
TENbHO UMEETCH CCbifnka Ha BbinonHeHne bl B cooT-
BETCTBMM CO CrneumaribHbIM CTaH4ApPTOM Ha 3TOT na-
pameTp. B gaHHOM pykoBOACTBE Takasa CCblfika MMe-
eTcs: 610K CKOHCTPYMPOBAH B COOTBETCTBMM C HaLUU-
OHanbHbIMK cTaHgapTamu BS800, VDEO871, CEE15.

OTaenbHbIM MYHKTOM yKasblBaeTCs O COBMECTU-
MOCTU gaHHoro 6noka c IBM PC AT.

Kpome nepeymcneHHbIX MOryT NPUBOAUTLCS U OpY-
rme xapaktepucTuki. Hanpumep, B pekrnaMHOM Mnpo-
cnekte Ha Bl PSQ-1-200 npuBogdatca Takue Xxa-
PaKTEPUCTMKN KaK: aKkycTudeckun wym (He 6onee 38
dB), ypoBeHb paguonomex ( 54dB max B ananasoHe
yactot 0,15-5 MHz n 48dB max B ananasoHe 5-30
MHz).

NPUHLNIT TOCTPOEHWNA UMITYTIbCHbBIX BJTIOKOB IMUTAHWUA (UBI)

BN ons koMmnbloTEPOB CTPOATCA No 6ecTpaHcdop-
MaTOPHOWN CXeMe MOLKITHYEHUS K MUTAKOLWEN CeTU 1
npegctaenstoT cobon umnynbcHele BI1, koTopble xa-
pakTepuaytotca Bbicokum K (6onee 70%), manbim
BECOM M HEDONbLUMMYK rabapuTamu.

OpHako wmmnynbcHbIi BT sBNAeTca MCTOYHUKOM
UMMYNbCHBLIX MOMEX, YTO MPeabsBhsieT K ero cxeme
BbiCOKME TpeboBaHUA B 4acTu 3NEKTPOMarHUTHOM
COBMECTUMOCTU C OCTanbHOM CXEMOW KOMMbIOTEpPA, a
Takke C APYrMMU ObITOBLIMW 3NIEKTPOHHBLIMU YCT-
ponctBamun. Kpome Toro B GectpaHchopmaTopHbIX
MBI HeT ranbBaHWYecKon pa3BA3KM YacTu CXEMbl OT
HanpsbkeHns ceTu, 4YTo TpebyeT npuHATUS cne-
umnanbHbIx Mep 6€30MacHOCTY MPU ero PEMOHTE.
OcCHOBHbIMK yHKUMOHaNbHbIMKM Yactamu UBIT aB-
nawTCs:

® BXOAHOW Nomexonodasnsaowmnn ounbTp;

e CETEBOW BbINPAMUTENb;

e CrnaXxmBarLnnN eMKOCTHON UnbTp;

e CXema nycka;

e KIMOYEeBOM npeobpasoBaTeNlb HaMNpPsHKEHUS C UM-
NyfbCHbIM CUMOBbIM TPAHC(OPMATOPOM (CUNOBOM
WHBEPTOP);

e CXeMa ynpasreHus;

e Lenn OPMUPOBAHNS BbIXOOHbIX HaMPSKEHUNA,
ranbBaHUYeCcKM pa3BsidaHHble OT MUTAOLLEN CeTH;

e Lilenn (hopMMpOBaHUSA U Nepegadn curHana oo-
paTHOW CBSI3M Ha CXEMY YyNpaBrieHus.

B 3aBucmmoctn ot HasHauyeHna WBI1 moxeT co-
Jepxatb pasnuyHble OOMOSNHUTENbHbIE CXEMbl, Ha-
npumep:

e NINHEVHbIE CTabMNM3aTopbl B MHTErpanbHOM WUNn

OVNCKPETHOM UCMONHEHWM;

e rlomMexornoaasnsaoLmne Lenu;

e CXEMbl 3alnTbl OT NEeperpy3ok Mo TOKy, a Takke
OT BXOAHOIMO W BbIXOQHOMO nepe- W Hedo-
HanNps>KeHUs.

Kpome Toro B cxemy WBI mMoryT BknoyaTbecst cxe-
Mbl  (DOPMMPOBaHUA cneumanbHbiX YNpaBnALLNX
curHanoB, 06ecneyYnBaroLLMX COrnacoBaHHyo paboTy
MBI ¢ nuTaemon OT HEro CXeMOM.

[Ons nonyyeHUs NOCTOSAHHbLIX HaMps>KeHWh C no-
mowpbto MBI ¢ GectpaHchopmaTopHbIM BXOO4OM B
HEM OCyLLEeCTBseTCA TponHoe npeobpas3oBaHue Ha-
npskeHns. [lepemMeHHOe HanpsbkeHne CceTu Bbl-
npsMmnsaeTca u crnaxusaeTtcd. [lonyyeHHoe nocTo-
STHHOEe HanpshkeHue npeobpasyeTcss B MMMYIbCHOE
NPSIMOYroNbHOE HamnpsikeHue YacTOTOM HEeCKONbKO
OEecATKOB Kurorepl, KOTopoe TpaHcdhopmupyeTcs C
COOTBETCTBYIOLUM KOIPMPULMEHTOM Ha BTOPUYHYHO
CTOPOHY, BbINpAMNAeTca u crnaxusaetcd. Onpege-
nawowmm y3nom noboro UBI gendetca knoyeson
npeobpasoBaTenb HaMNpshKeHUS U B NEPBYO o4epeab
ero cunopasi 4actb (MOLLHbIA BbLIXOOHOMW Kackapn).
BbixogHble Kackagbl Bcex pasHoBugHocten WBI
MOXHO pasgenutb Ha ABa BonbluMX Knacca: ogHo-
TaKkTHbI€ U OBYXTaKTHbIE.
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Tabnuua 3. TexHuyeckne xapaktepuctuku Ha b SMPS 5624 (npuBegeHHbIE B CEPBMCHON JOKYMEHTaLmm)

(Total Output Power)

MapameTp 3HauveHue
BxogHoe ceTeBoe HanpsikeHue 180-264V
(Input Voltage)
YacToTa BXOOQHOro CETEBOro HanpsikeHus 47-53 Hz
(Input Frequency)
ObLwas MakcumarbHas BbIXogHast MOLLHOCTb 200 W

CtaHgapTHble BbIXOOHbIE NapamMeTpbl
(Standart Outputs): Bbixog 1

BbIXoA 2

BbIxod 3

BbixoA 4

+5V, 20A max, 3A min;
+12V, 7Amax, 1A min;
-5V, 1A max. OA min;
-12V, 1A max, OA min

BO3MOXHOCTb PerynmpoBkX BbIXOAHbIX Ha-
npsbkeHun (Voltage Adjustment)

OrcytcreyeT (Fixed Output)

Crabunusauus npu M3MEHEHNSX CETEBOTO
HanpspkeHus (Line Regulation)

Mpu nameHeHnn HanpspkeHnsa cetv oT 180V fo 264V BbixogHbIE HaMps-
XeHus Bcex kaHanoB meHsitoTcs Ha £0,5% npu 50% Harpyske Bcex ka-
Hanos

Crabunusaums npu M3MEHEHUAX Harpysku B
[aHHOM KaHarne npu HOMWHaIbHOM Hamnpske-
Hum ceTn (Load Regulation): Bbixog 1

BbIXoabl 2-4

BbixogHoe HanpsikeHue kaHana +5V meHsietcs Ha +0,5% npu nameHe-
HWUW Harpysku aToro kaHana ot 25% Ao 100% n HemameHHon 25%-#
Harpy3ske ocTarbHbIX KaHanoB

BbixogHoe HanpsikeHne B KaXaoM U3 3TUX KaHarnoB MeHsieTcs He bonee
yem Ha 0,1% npu n3ameHeHUn Harpy3km aToro kaHana ot 50% o 100%
W Npu HensMeHHow 25%-1n Harpyske B kaHane +5V

Crabunusaums npu U3MEHEHUSIX Harpy3ku B
opyrux kaHanax (Cross Regulation): Bbixopg, 1

BbIXoabl 2-4

BbixogHoe HanpsikeHue kaHana +5V, HarpyxeHHoro Ha 25%, nameHs-
eTcs He 6onee 4yem Ha 0,1% npv U3MeHeHUn Harpy3ku B Nto6om 13 oc-
TanbHbIX kKaHanoB oT 50 go 100%

BbixogHoe HanpsikeHue noboro 13 aTUX kaHanos, HAarpy>KEHHOro Ha
25% meHseTca He Bonee YyeM Ha 4% Npu N3MEHEHUW Harpysku B Nio-
©0M 13 ocTanbHbIX kaHanoB oT 50 o 100% (nNpv 3TOM Te KaHanbl, Ha-
rpyska B KOTOPbIX HE MEHSIETCS, HarpyeHbl Ha 25%)

Mynbcaumu (Ripple Spikes)

1% OT HOMMHana BbIXOAHOIO HaMpPSKEHUS!;
cpegHekBagpatuyeckoe 3HadveHne 20mV Ha yactote 30MHz npu pa-
00Te B HArpy>eHHOM pexnme

TemnepaTypHbIn apend YpOBHS BbIXOOHbLIX
HanpsbkeHuin (Temperature Coefficient)

0,02%/°C pnsa kaHana +5V,
0,05%/°C ans octanbHbIX KaHanos

(Switch On Surge)

Oo6wwi Knpg BI1 (Efficiency) 75%
Bpems yaepxaHus BbIXOOHbLIX HanpsXKeHnn

nocne BbIKNOYeHNs (nocne nocnegHero nuka |20ms min
ceTeBoro HanpshkeHus) (Hold Up Time)

IvnanasoH pabounx TemnepaTyp 0-50 °C
(Operating Temperature)

Bpocok Toka npu BKNoYEHUM 79A max

U3onsuus (Insulation)

Bonee 10 MOm npu 3amepe 500-BONbTOBLIM METOMMETPOM MeXAy ce-

TEeBbIM BXOO4OM W BTOPUYHOW "3emnen”, npyu Bcex BbIXOA4aX, 3aKOPOYeH-
HbIX Ha "3emnio"

MapameTpbl curHana PG (Power Goodness)

TTL-coBMECTUMOCTb; 3afiepxka NOsSBIIEHNsI pa3peLUatoLLero curHana
PG Bbicokoro ypoBHsi npu BkrtoveHun — oT 100 go 200 mS;
ynpexpgatoLlee nc4esHoBeHne curdana PG (nepexo B HA3KWI ypo-
BEHb) MMHUMYM 32 1 MS [0 TOro , KaK BbIXOAHbIE HAMPSDKEHWS CTaHYT
MEHbLLE HWXKHEro nopora crabunusauyum

Hanwnune 3awmt (Protections)

Mpun K3 B Harpyske, 3HAa4YMTENBHOWM TOKOBOW Neperpyske 1 nepeHanpsi-
XeHWM Ha BbIxoae kaHana +5V (ot +5.8V go +7,0V); 3awumMTHOE OTKMIO-
YyeHue 6noka c nocneayLM CaMOBOCCTAHOBIEHVEM; NPeAOXpaHu-
Tenb: 4A no ceteBomy BXoay

MoacteikoBka (Termination)

C nomoLupbto YeTblipeX N LWEeCTUKOHTaKTHbIX coeanHnTenen
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Puc.3. ObobLieHHas cTpyKkTypHasi cxema ogHoTakTHoro MBI ¢ 6ectpaHchopMaTopHbIM BXOAOM.

Paccmotpym paboTty 0000LLEHHON OfHOTaKTHOM
cxembl MBI, npuBeaeHHom Ha puc. 3.

lMepemeHHOE HanpshkeHne CceTu BbINpAMISETCS
OVOOHBIM MOCTOM U CrfaXuBaeTCsl KOHOeHCaTopOM
fonbLuon emKocTU. B pesynbTaTte Ha BbIXOAE BbINpsi-
MUTENsl MOSIBMAETCA MOCTOSHHOE MOJIOXKUTENBHOE
HanpsbkeHne Uep = +310B. O1nm HanpsikeHueMm 3a-
NUTbIBAaeTCA cxema Mycka, KoTtopas BbipabaTbiBaeT
nuTalLLlee Hanps>keHne AN CxeMbl YnpaBrieHus
cpasy nocne BkrntoyveHns MBI, Ha Bbixoge cxembl
ynpaBneHus BblpabaTbiBaeTcs ynpasnsowee Ha-
npsbkeHne B BuAe MOCNeAoBaTENbHOCTM NPSIMO-
YrOnbHbLIX UMMYIbCOB C YAaCTOTOW Nopsifka HECKONbKO
OECATKOB Kunorepl,. 3TU MMMYNbCbl YyNpaBnsloT co-
CTOsIHMEM (OTKPbIT/3aKPbIT) MOLLHOMO KIOYEBOrO Bbl-
COKOYACTOTHOrO TpaH3UCTopa, Harpy3koh KOTOPOro
SABNSETCA nepBuMYHas obMoTka MMMYMbCHOrO BbICO-
KoyacTtoTHoro TpaHcdopmatopa (MBT). B pesynb-
TaTe NepeKnyYeHMn TPaH3UCTOPHOMO KM4ya BO BTO-
puyHbIX 06MoTKax UBT HaBogaTca nmnynbcHele 3C
NPAMOYrofibHOW OPMbl, KOTOpblE 3aTeM BbINPSAM-
NSI0TCA U CrIaXuBaloTCs.

CwvnoBas 4acTb OOHOTaKTHOrO npeobpasoBartens ¢
BecTtpaHchopMaTOpHbIM BXOAOM MOXET ObIThb BbINOS-
HeHa OOHVMM M3 OBYX BO3MOXHbIX crnocobos. MoaTtomy
cnegyeT pasnuyatb MPOTOYHbIE (MPSAMOXOAOBLIE) Y
3anopHble (06paTHOXO40BbLIE) NpeobpasoBaTenu.

B npoTouHbIx npeobpazoBaTensix TOK MNOA3apsiOoKu
HaKoOMUTENbHbIX €MKOCTEM BO BTOPUYHOM Lermu (TOK
yepes auofpbl BbINPAMUTENS) NPOTEKAET BO BPEMS OT-
KPbITOrO COCTOSIHMS KIIOYEBOrO TpaH3ucTopa, a B 3a-
MOPHbIX — BO BPEMS 3aKPbITOrO COCTOSIHUS 3TOTO TPaH-
3uctopa. Tun npeobpasoaTensi onpenenseTcsa BblOo-
pOM onpegeneHHoW MONSPHOCTM MOAKIIOYEHNS Bbl-
NPSMUTENbHBIX ANOOOB KO BTOPUYHLIM OBMOTKaM UM-
NynbCHOro TpaHcopmMaTopa U KOHCTPYKTUBHBLIMU OCO-
BEeHHOCTAMM CaMOoro UMMynbCHOro TpaHcdopmaTopa.

MpuHUMNUaneHas cxema MPSMOXO40BOro Npeod-
pasoBaTtensa (npeobpasoBaTtens € MNponyckarLwmnm
anoaom) nsobpaxeHa Ha puc. 4,a. OHeprus B UeMb
Harpysku nepegaetcs yepes3 avog D1 Bo Bpems oT-
KpbITOro cocTtosiHus TpaHanctopa Q1. OgHoBpemeH-
HO B cepaedHuke gpoccend L1 HakannuBaeTcd mar-
HUTHadA 3Heprus (TOKM Yepes Apoccerib U NEPBUYHYHO
0bmoTky T1 NMHENHO HapacTatoT), KoTopasi 3aTeM BO
BPEMSs 3aKpbITOro coctosHmsa Q1 BblgaeTcs B Harpys-
Ky 4Yepes gmog D2. lNMpu aTom TOK Apoccens IMHENHO
yMmeHbluaeTcsl. MarHuTHasi aHeprusi, HakonneHHasi B
cepaeyHuke TpaHccopmartopa T1 3a BpemMs OTKpbI-
Toro coctosHus Q1, cHoBa BO3BpaLlaeTcs B UCTOY-
HUK BO BpPEMSs 3aKpbITOro coctosiHnsg Q1. OToT BO3-
BpaT (pekynepauusi) OCyLLECTBMSETCA C MOMOLLbIO
00OMOTKM pasmarHnumBaHus u guoga D3. B npoTtue-

HOM cryyae CepAevHuK TpaHcdopmaTopa okasasncs
Obl B COCTOSIHUM HACbILLEHUS, YTO MpU CreayloLiem
OTKpbIBaHUK TpaHaucTopa Q1 npuseno 6bl K BblBOAY
€ro 13 CTpos Ype3mepHo OONbLUMM TOKOM MEePBUYHON
obmoTkn T1, WHAOYKTUBHOCTb KOTOpOW Obina Obl
O4eHb mana.

Takum o6pa3oM B npsmMoxodoBoM npeobpasoBa-
Tene TpaHcopMaTop CRYXMT TONbKO Ans TpaHcdop-
Mauum aHeprun. Mcxogs M3 3TOro MpuHUMNG TpaHc-
dopmaTop npsMOxodoBoro npeobpasosartens Aon-
XEH BbIMONHATLCA TakMM, 4TOObI 3anacaemas B €ro
CepAeYHMKe MarHuTHasi 3Heprusi 3a BpeMsi OTKPbITOrO
COCTOSIHUSA TpaH3ncTopa 6bina 66l MMHUMaNbLHON.
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Puc.4. MNMpeobpasosaTens ¢ nponyckawwmm (a) n
3anupatowmm (6) gnogom (6e3 cxemMbl yrpaBrneHus
W cornacymoLlero kackaga).

MpuHUMNuaneHas cxema obpaTHOXOOOBOro npe-
obpasoBatens (mpeobpasoBaTens € 3anvparoLimM
avogom) msobpaxeHa Ha puc. 4,6. TpaHcdopmatop
T1 BO BpeMS OTKPbITOroO COCTOSIHUSA TpaH3aucTopa Q1
3anacaeT MarHWTHYH SHEeprui, T.K. Yyepes nepBud-
Hyto obmoTky T1 m oTkpbiTeii Q1 npoTekaeT Hapa-
CTalLLMn BO BpeMeHU ToK. Bo Bpems 3akpbITOro co-
CTOsHUA TpaHsucTtopa Q1 TpaHcdopmartop T1 oTaa-
€T HaKOMNMEeHHyI aHepruto yepes anog D1 B koHOEH-
catop C1 n B Harpy3ky. Bo BpeMsi OTKpbITOro cocTo-
AHUS TpaHaucTopa avog D1 3akpbIT, n Harpyska no-
nyqyaeT 3Hepru Tonbko OT koHaeHcatopa C1. O6-
paTHOXOOOBOW MnpeobpasoBaTenb SBNAETCA eauH-
CTBEHHbIM TUMNOM npeobpasoBaTensi C OAHUM TONbKO
WHOYKTUBHBLIM 31IEMEHTOM B Buae TpaHcdopmartopa
T1, KOTOPBIA CAYXUT ONS HAaKOMMEHUss U TpaHcdop-
Maumm sHeprum. Nockonbky TpaHcdopmaTop T1 aB-
NSeTCA HaKoMUTENbHbIM JfIEMEHTOM, TO OGornbLuoe
3Ha4veHue npuobpeTaeT NMMHENHOCTb XapaKTEPUCTUKN
HamMarHu4mMBaHus ero cepaedHvka B 6GonblIOM Ou-



anasoHe 3HayeHun mHaykumm. OgHako BCE MarHuT-
Hble MaTepuarbl XapakTepuaylTca Hanndnem obna-
CTW HacCbIWEeHUs, rae U3MEeHeHWe Toka 4depes nep-
BUYHYIO OOMOTKY YK€ He BbI3blBAET M3MEHEHUS Mar-
HUTHOrO NMoToka B cepaeyHuke. C uenbio nsbexatb
nonagaHus B 06nacTb HacbIWeEHUs CcepaeyHUKN
TpaHcdopmMaTopoB 06paTHOXOO0BLIX NpeobpasoBa-
Tenen obbIYHO BLIMOSMHSAKTCA C HEMAarHUTHbIM 3a30-
pom. Takon 3a30p JIMHEAPU3YET XapaKTEPUCTUKY Ha-
MarHudMBaHus cepaeyvHuka BMoTb A0 OYeHb Oorib-
LIMX 3HAYEHWUIA MHOYKLNN.

Ons perynupoBkn BbIXOOHBLIX HAaNPSHKEHUA B UM-
nynbcHbIX Bl B GonblUMHCTBE CriyyaeB UCMOMb3yeT-
Csl MeTOA LUMPOTHO-UMMYNbCHON Mogynsuuu (LUAM),
KOTOPLIN 3aKITH4YaeTca B TOM, YTO U3MEHSIETCA Ann-
TENbHOCTb MMMYNbCOB U May3 MeXay HUMW Npu He-
NM3MEHHON YyacToTe npeobpasoBaHusi. COOTHOLIEHNE
MeXay ONMTENbHOCTLIO MMMynbca M nay3bl 3aBUCUT
OT YPOBHSI BbIXOOHbLIX HAMPsXKEHUN U aBTOMaTUYECKM
n3meHsieTca TakuMm obpasom, 4YTOObl nogaepxuBaTb
BbIXOAHbIE HAMPSKEHMS HA HOMUHANBLHOM YPOBHE.

BbixogHoe HanpspkeHue oOpaTHOXOO4OBOro Npeod-
pasoBaTens Ans peXxuma HenpepbiBHbIX TOKOB Onpe-
aensietcsa no opmyne:

v q
U =X, , roe
8blx n 1-g
n  — Ko3hdUUMEHT TpaHchopmaumm,

Usx — ypoBEeHb BXOAHOr0 MOCTOSIHHOrO MUTaloLLEero
HanpsKeHus,

g — koadpduumeHT 3anonHeHus, q=Ti/T (Ti — Bpe-
MS1 OTKPbITOrO COCTOSIHUS TpaH3ucTopa, a T — nepuopg
nepeknioyeHns npeobpasoBartens).

lpumeyaHue. PexumMoM HernpepbI8HbIX MOKO8
Hasbigaemcsi makol pexum pabomsb! npeobpasosa-
meriss, ko2da MoK, rpomeKaruull Yepes 8bINMpPsMu-
merbHbIU uo0d rocre 3anupaHus mpaH3ucmopa, He
ycrniegaem ymeHbWUmbcsi 00 Hyssi K MOMeHmYy crie-
Oyroujeeo omkKpbigeaHusi mpaH3ucmopa.

Ona npamoxoposoro npeobpasoBartens B pexvme
HenpepbIBHbLIX TOKOB 3TO HaMNpsiXXeHne onpegenseTtcs
no dopmyne:

U _ Uex . q
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Taknm o6a3oM, perynumpys ¢, MOXHO perynupo-
BaTb BblXoAHOE HanpsbkeHue. Hanpumep, B criyyae
YyBENUYEHNs BbIXOAHbIX HanpsKeHUn yBenvymMBaeTcs
HanpshkeHne obpaTtHon cBasm (OC), nogaBaemoe Ha
CcxeMy ynpaBneHuns (PyHKUMOHambHbIA COCTaB CXeMbl
ynpaerneHus oyget nogpobHo paccmoTpeH ganee). B
pesynbTate yMEeHbLUUTCA ANUTENbHOCTb YNpaBnsio-
LUMX MPSMOYrOfbHbLIX MMMYMbCOB Ha BbIXOAE 3TOM
CXEMbl YMNpaBreHnsi, YTO MPUBEAET K YMEHbLUEHNIO
BPEMEHMN OTKPbITOrO COCTOSIHMUS CMITOBOrO Krtova 3a
nepuod. OTO 3HAYMT, YTO YMEHbLUMTCHA BpeEMS, B Te-
YeHne KOTOPOro Yepes NepBUYHY0 OOMOTKY UMMYrb-
CHOro TpaHcdopmartopa MBT npoTekaeT NUHENHO
HapacTawowmn Tok. CnegoBaTenbHO, YMEHbLUUTCA
Bpems, B TeyeHne kotoporo byaeT gencrsoBaTb UM-
nynsc OOC Ha BTOPMYHbIX OOMOTKax MMMyNbCHOro
TpaHccopmaTtopa. [loaToMy yMeHbLaTCs YPOBHU
BbIXOAHbIX MOCTOSAHHbIX HaNpsXXeHu 6roka, KoTopble
MOMy4alTCs Kak pesynbTaTt BbIMPAMAEHNUS U Criaxu-
BaHust mnynbcoB 3C co BTOpMYHbIX 06MoTOK VBT.
Takum 06pas3oM, ypoBeHb BbIXOAHbLIX HanpsXeHuin
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Puc.5. ObobLeHHasi CTPYKTypHas cxema OBYXTaKTHOIO
nonymoctoBoro NBIT ¢ 6ectpaHchopmaTopHbIM BXOLOM.

NnoadepKMBaeTCs MOCTOSHHbIM B COCTOSIHUM OUHa-
MUYECKOrO PaBHOBECHS.

Mpn ymeHblUeHn BbIXOOHbIX HanpskeHun WBI,
Hanpumep BCNeACTBME yBENUYEHUs TokonoTpebne-
HUA B Harpyske, Npoucxogsiime npouecchl no pery-
NMpPOBKe BbIXOAHbLIX HaNpsXeHun 6yayT obpaTHbIMK.

YnpolleHHaa cxema Ha puc. 3 UNMCTPUpYeT no-
CTpoeHne Tunosoro ogHoTtakTtHoro MBI, OgHako B
VMBI ansa cucteMHbix mogyrnen obblYHO UCMONb3yeT-
Csl [BYyXTaKTHas MOJSlyMOCTOBasi Cxema, T.K. OfHO-
TaKTHblE CXEMbI B AMana3oHe BbIXOAHbIX MOLLHOCTEWN
cebiwe 150 BT okasbiBatoTCA HEI(DPEKTMBHLIMU U3-
3a peskoro yBenuyeHus rabaputHbIX pasmMepoB W
Maccbl MMMYbCHOrO TpaHcopMaTopa U yXyaLeHus
pexnmoB paboTbl KIHOYEBOro TPaH3UCTopa.

MockonbKky cunoBas 4YacTb nogasnswoLwero 6onb-
LWMHCTBa BGNOKOB NUTaHWA ANs COBPEMEHHbIX Nepco-
HanNbHbIX KOMMbIOTEPOB MOCTPOEHa MO OBYXTAKTHOM
NMoflyMOCTOBOW CXeme, TO B AaHHOW KHUre nogpobHo
paccMmaTpmBaloTCs UMEHHO Takne BapuanTtbl ABIT.

YnpoueHHas cTpykTypHaa cxema WBI1, cunosas
YacTb KOTOPOrO MOCTPOEHa MO ABYXTAKTHOW nony-
MOCTOBOW cxemMe, NokasaHa Ha puc. 5.

PaccmoTpym npuHumun paboTbl Takon cxemsl. lMep-
BMYyHas obmoTka VBT BkntoyeHa B AuaroHanb anek-
TPU4eCcKoro MocTa, OAHO Mnfeyo KoToporo obpa-
30BaHO KoHaeHcaTopamu C1, C2, a gpyroe - moLy-
HbIMWU KMoyeBbIMW TpaH3uctopamyn Q1, Q2. Koh-
OeHcaTopbl 4OCTaTOYHO BOMbLIO U OANHAKOBOW eM-
koctn C1, C2 obpasyloT eMKOCTHOW AenuTenb, OA-
HOBPEMEHHO BbINOMHAA OYHKLMIO CriaXmnsaroLmx
€MKOCTEN BbICOKOYACTOTHOro uneTtpa. Beinpsawm-
NIEHHOE HanpsXeHne ceTn OeNUTCHA Ha HUX MoMnonam.
TpaH3ucTopbl ynpaensaTcsa no 6asam oT cxembl yn-
paBneHnst Yyepes ynpaensioWnA 1 pa3BsA3bIBAOLLMNA
TpaHcdopmaTtop DT Takmm obpasom, 4To mepeknto-
YeHne MX NPoMCXoauUT MOOYEepPedHO C Perynmpyemon
nay3on Ha Hyne. Korga TpaH3uctop Q1 gocturaet
COCTOSIHMSA HacbIWweHus, a TpaHancTop Q2 HaxoauTes
B COCTOSIHUM OTCEYKM, nepBuyHas obmoTKa TpaHC-
dopmaTopa nogknoyaeTcsa K 3apsXKEHHOMY KOHOEH-
catopy C1 goctaToyHO 6onbluon emkocTu. Moatomy
Yyepe3 nepBuYHyt0 obmoTky VBT PT npotekaeT ToK
paspsga 9Toro koHgeHcatopa no uenu: (+)C1 -
K-3 Q1 - nepsuyHas obmomka PT - C4 - (-)C1.

OOHOBpPEMEHHO C TOKOM paspsiga KoHAeHcaTtopa
C1 no oOmoOTke MpoTeKkaeT OT UCTOYHMKA NUTAHUS U
TOK noasapsiga koHgeHcatopa C2 no uenu: Uep -
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k-3 Q1 - nepsu4yHas obmomka PT - C4 - C2 - "obwud
rnpoeod"” nepeu4YHoOU CMOPOHHI.

Bo BTOpOW nonynepuog, korga TpaH3mctop Q1 3a-
KpbiBaeTcs, a Q2 OTKpbIBaeTCs, KOHOEHCATOpPbl Me-
HAOTCA ponsMu, T.e. koHaeHcaTop C2 paspshkaeTcs,
a C1 nogzapsikaetca. Tok Yyepe3 nepBuYHY0 06MOT-
Ky MMNynbCHOro TpaHcopmaTopa npoTekaeT B Npo-
TMBOMOJIOXHOM npeablaywemy  criyyaro Ha-
npaBnexHun. M3 cxembl BUOHO, Y4TO K NEPBUYHON 0O-
MOTKE MMMYNbCHOrO TpaHcdopMaTopa npuknagbiBa-
eTCs NULWb MOJIOBMHHOE HanpshkeHue nutaHus. Moa-
TOMY TOK, KOMMYTUPYEMBIN TPAH3UCTOPOM B AaHHOW
cxeme, AOMKeH ObITb BABOe Oorblue Toka, MpoTeka-
IOLLIEro Yepes TPaH3UCTOP OOHOTAKTHOW CXEMbl Npe-
obpasoBaTtens Ans nonyyYyeHust TOM e MOLLHOCTM B
Harpy3ke. OgHako B Takon cxemMe obpaTHoe Hanpsi-
XEeHue, NPUINOXEHHOEe K 3aKpbITOMY TpaH3UCTOpYy,
yMeHbLUaeTcs 6onee yem B fjBa pa3a no CpaBHEHUIO
C OOHOTaKTHOWM cxemol npeobpasosaTtens. Ctabunb-
HOCTb BbIXOOHbLIX HAMPsSKEHWI NOAAEPKUBAETCS TEM
e cnocobom, 4YTo M B OJHOTaKTHOM cxeme. CurHan
obpaTHOIM CBA3WN NoJAeTCsi Ha CXEMY YMpaBreHUs C
penvtena R1, R2 B uenu WKWHbI BbIXOQHOMO Hanps-
xeHusa UBI. Cxema ynpaBneHusi, NOCTPOEHHasA Mo
npuHumny LWWM, uameHsieT ANUTENbHOCTL Yrpas-
NASIOWKMX UMMNYNbCOB, NogaBaeMblX Ha 6asbl CUMOBbIX
TpaHsuctopoB Q1, Q2 Ttakum obpasom, 4Tobbl BEp-
HYyTb OTKIMOHUBLUEECH BbIXOAHOE HampshKeHue K Ho-
MUHanNbHOMY 3HayeHuto. [Npu aTom ans obecneyeHns
[OCTaTOMHOM BenuuuHbl 6a3oBOro Ansd CUMoBbIX
KrntoYen ToKa Ha BbIXOAE CXEMbl YrpaBreHus BKIO-
YyaeTcsa cornacyroLLmmn kackag.

Ouoasl D1 1 D2 HasbiBaloTCS pekynepaumoHHbIMU
(Bo3BpaTHbIMKM). OHM co3daroT NyTb ANS NPOTEKAHUS
TOKa B MOMEHThI 3anupaHus TpaHanctopoB Q1 n Q2.
Tokn 3TM MNpoTeKawT NoA BO3OEWCTBUEM MNPOTUBO-
9[C, HaBogMMon B MepBUYHOM OOMOTKE CUITOBOrO
UMMyNbCHOro TpaHcgopmatopa PT npu pes3kom npe-
pbiBaHWM TOKa Yepes3 Hee B pes3ynbTare 3anvpaHus
3TUX TPaH3NCTOPOB. Bo3HukHOBeHNEe umnynbca 30C
npy 3anupaHun TPaH3MUCTOPOB OOBLSACHSETCA Heus-
BGEXHbIM HanU4MeMm y CUITOBOro MMMYIbCHOMO TPaHC-
dopmatopa napasvTHOM MHAYKTUBHOCTU pacCesiHus,

B KOTOPOW 32 BPEMS OTKPbITOFO COCTOSIHUS TpPaH3u-
cTopa 3anacaeTcsl MarHutHas 3Heprusi. fBnexHve
MarHUTHOrO paccesHus 3aknyaeTcs B TOM, 4TO
YacTb MarHUTHOIO MOTOKa OTBETBMASIETCH OT OCHOBHO-
r0 MarHUTHOrO MOTOKA U 3aMblKaeTCcs MO PasfMYHbIM
nyTsiM, OXBaTbIBAOLWMM pasfnyHble rpynnbl BUTKOB,;
3TOT (haKT OTpaxaloT BBEAEHNEM MOHATUS UHAYKTUB-
HocTu paccesHusa Lg. lMpotnBo3[C Bcerga umeer
NONAPHOCTb, CTPEMSLLYIOCA nogaepxaTb TOK Mnpex-
Hero HanpasneHus. [loTeHuuwan BbiBOAa 1 nepBuy-
HoM 0BbMOTKM cunoBoro TpaHcdopmaTopa PT MOXHO
cuntaTb HemameHsiiowmmed. NoaTomy Ha BbiBOAE 2
nepeuYHOM 06MoTkM PT npu 3anupaHum TpaH3mMcTopa
Q1 nosiBnsieTca oTpuuaTtenbHbI noteHuman. Ecnu
obl gruop D2 oTcycTBOBas, TO NOTEHLUMAI KOMekTopa
3akpbiToro TpaHsuctopa Q2 ctan 6bl oTpuuaTens-
HbIM MO OTHOLLUEHMIO K €r0 AMUTTEPY, T.€. TPaH3MCTOP
Q2 okasancs 6bl B MHBEPCHOM pexume, a K KOmnek-
TOopy TpaH3ncTopa Q1 okasanock 6Gbl NPUNOXKEHO Ha-
NpsbKeHne, MpeBbIllaloWee HanpsbkeHne nuTaHus.
MoaTomy Takon pexum HexenateneH. Auoa D2 no-
3BonsieT usbexaTb NonagaHusi B 3TOT PEXMM, T.K.
OTKpbIBaETCA M Yepe3 HEro 3amblKaeTCs KpaTKoBpe-
MEHHbIN TOK peKkynepauun, NpoTeKalwLwwmn no uenu:
1PT - C4 - C2 - "obwuti npogod" - D2 - 2PT.

Mpn atom koHaeHcaTtop C2 nopsapsikaetcs, T.e.
3Heprus, 3anaceHHasi B WHOYKTUBHOCTU pacCesiHUs
nepemyHoM 0OMOTkM PT, yacTMyHO BO3BpaLLaeTCcs
(pekynepupyeTcs) B ICTOYHUK.

Mpn sanvpaHun TpaHauctopa Q2 Ha BbiBOAE 2
nepeuyHO obMoTkM PT nosBnsetrca nonoxuTenb-
HbI NOTeHuMan u Torga, ecnu 6bl guog D1 oTcyTeT-
BOBas, B MHBEPCHOM pexume okasarncsi bbl TpaH3u-
ctop Q1, a konnekTop TpaH3ancTopa Q2 okasarncs 6bl
no4 BO34EVCTBMEM UMMYNbCa, NPEBbLILIAKLLETO ypo-
BeHb nNuTaHus. OgHako D1 oTkpbiBaeTcs U 3aMblKaeT
uenb Toka pekynepaumu: 2PT - D1 - wuHa Uep - C1 -
C4 - 1PT.

Mpn aTom noasapshkaeTca koHageHcatop C1, T.e.
n3bbITOYHAsA 3HEepPrns onsaTb BO3BpaLlaeTcs (pekyne-
pupyeTcsl) B UCTOUHMK.

Cxema nycka BbINOMHAET Ty e (PYHKUMIO, YTO U B
CXeMe 0fHOTaKTHOro npeobpasoBaTens.



KOHCTPYKTUBHOE O®OPMIJIEHUE UBIT

OnekTtpnyeckaa cxema WBI npaktudecku Bcerga
pasmellaeTca B MeTanfiMyeckoM KOXyXe, KOTOpbIr
CINYXWUT 3MEeKTPOMAarHUTHbIM 3KkpaHoM. Takoe odopm-
rnieHne ABnSeTCs OQHOW N3 Mep MO CHWXXEHWUIO YPOBHS
nomexoobpasoanusi. Ha kopnyce VBl nmetoTcs:

e TPEXWTHLIPEBOV CTaHOApPTHbIM BxoA (Bwka) Ans
nogayv ceTeBOro NUTaHWS Mpu NOMOLWKM cTaHaapT-
HOro TPEXMNPOBOAHOrO LUHYpa C TPEXKOHTAKTHOW po-
3eTKo Ha nogknwyaemoM K WBI koHue u OByx-
LWITHIPEBOM BUIKOW Ha KOHLE, NOAKI0YaeMoM K ce-
TM (BUNKA MMeEEeT TPETUA KOHTaKT, MO3BONSAOLLMIA
OCYLLECTBUTb 3aLLMTHOE 3aHyreHune);

e TPEXTHE30BOW CTaHOapTHbIA pa3bem (poseTka)
ONs NOACTLIKOBKM kabenst NuTaHus gucnnes;

e nepekntodatens 110/220B ¢ BusyanbHO onpe-
AensiemMbiM NonoXXeHNem OBumxkKa (NPOMapKUPOBaH);

e CETEBOM BbIKMOYaTenb (B HEKOTOPbIX BapuaHTax
KOMMbIOTEPOB 3TOT MepekrntoyaTenbs BbIHOCUTCS Ha
nepeaHo naHenb, U Toraa oH cs4asaH ¢ VBT cne-
uuansHbIM ANUHHBIM LLUHYPOM),

3agHAA 1 nepefHAsa CTEHKM Kopryca MMEKT Lie-
neBsble MM NepdopMpoBaHHbIe npope3n ans obec-
neyeHusl MNpPUHyOUTENbHOW KOHBEKUMW npu paboTte
BCTpOeHHoro B kopnyc UBIT BeHTUnATopa.

KoHcTpykuum kopnycoB MBI moryT ObiTb pas-
NNYHBIMK, YTO OOYCMNOBMEHO Pa3pabOoTKOM KaXK4oro
M3 HUX ANsi KOHKPETHOro KOMMblTepa, MMELero
CBOI0 OpUIMHAarbHYI KOHCTPYKLUIO KOpryca.

OpHako eovHbIM siBnisieTcs To, 4to kopnyc WBIT,
KaK npaBuo, COCTOMT U3 ABYX YacCTeN, CKPeNmeHHbIX
BUHTamu. Mo3aToMy npyv HeoBGXOOUMOCTU BCKPbITUSA
fbrnoka cHumaeTcs "KpbilKka" M NosBAseTca AOCTyn K
nnate 6noka. AnekTpuyeckas cxema 6roka pacnona-
raetcst 06bIYHO Ha OAHOWM nnaTte, HO BCTPEYalTCs U

CXEMOTEXHUKA

OByxnnaTHble BapuaHTbl. Hanpumep, B UBI KYP-
150W cxema obpasoBaHus curHana PG BblgeneHa
Ha crneuunanbHOW BEPTUKanbHO pPacrofioXeHHOW nna-
Te, KOTopas COeAMHAETCS C OCHOBHOM NnaTton npu
MOMOLLM HEepasbeMHOro MasHoOro coeauvHeHus. B
MBI PS-200B Ha oTgenbHOW nnate pacnonarakTcs
3M1EMEHTbI BXOLHOIO CETEBOro NMOMEXonoAaBrnsioLLe-
ro dunbTpa. MoryT BCcTpeyaTbCcsa 1 Apyrve BapuaHThbl
pa3MeLLEHNS ANTIEMEHTOB CXEMBbI.

Kak npaBuno, BtopuyHas "semns" ("obwun npo-
BOA") KOHCTPYKTMBHO ("nop BWHT") MMEeT anekTpu-
yeckoe coedVHEeHWe C MeTaniM4yeckum KOprycoMm
WBI, a kopnyc UBIT coegnHeH ¢ waccu komnbioTepa
oTAenbHbIM MpPoBOAOM (Takke noa BWUHT). OgHako
eCTb BapuaHThl bl1, rge BTopudHaga "semna" He nme-
€T ranbBaHWYECKOro KOHTakTa C MeTamnnm4yeckum
KOpNycoM, a CoeVHEeHa C HMM 4epe3 KOHOEeHcaTop
(nnaeatowaga 3emns). NogpobHee ocobeHHOCTb Ta-
Koro BKNto4yeHus ByaeT paccMoTpeHa B pasgene, no-
CBsiLLeHHOM 60pbbe ¢ NnomexoobpasoBaHNEM.

[MpoBOAHUKM, C MOMOLLBK KOTOPbIX BbIBOOATCS Ha
pa3beMbl BbixogHble HanpshkeHnust UBI, o6beauHe-
Hbl B XXIyT, KOTOpbIN MpOMycKaeTcs 4epes3 cneuu-
anbHoe oTBepcTMe B kopnyce. YTobbl B npouecce
aKcnnyaTaumm He MpOU3OLLIO0 MEXaHU4eckoe Mo-
BpeXxaeHne n3onsiummn npoBogHUKOB 06 oCTpble Kpasi
3TOro OTBEPCTMS, B HErO YCTAHOBMEH CMeLManbHbIv
3aMOK-KOMbLO, OXBaTbiBAOWWUA BCE MNPOBOAHMKN.
Mpn pasdopke MBI 3TO0T 3aMOK HeobxooumMo npo-
BEpPHYTb A0 OcBOBOXOEHWUS 3axumHown ayru. [pu
3TOM BbIBOLHbIE MPOBOLAHUKM NETKO OCBOOOXKAAOTCS,
M nnarta nocrie OTBOPAYMBAHUS] KPEMEXHLIX BUHTOB
MOXeT ObITb U3Bfe4YeHa 13 Koprnyca.

CXEMOTEXHUYECKUE PELUEHUA OCHOBHbIX Y3510B Wb HA OCHOBE

CXEMbI YINPABJNEHUA TUNA TL494

BHuMaHue: ycriewHoO ocyuwecmesnsimb pPeMoHm
Bl cmoxem mornbKo crieyuanucm, Xopowo yceous-
wuli cXxeMHble PpeweHUsl, MPUMeHsieMble rpu [o-
cmpoeHuu UBIT!

CxemoTexHu4eckn BapuaHTbl noctpoerus UBIT Ha
OCHOBe YynpaBnswowen Mukpocxembl TL494 pas-
nuyatoTcs HesHaunTenbHo. Bo Bcex Takmx UBI He-
W3MEHHbIMW OCTaloTCS:

e CMOCO6 MOCTPOEHUs1 CUIOBOro Kackaga ( AByX-

TaKTHasi NOSTyMOCTOBasi CXxema);

e ypaBnaoLAa MUKPOCXeMa C HEKOTOPbIMU Ha-

BECHbLIMU Liensmu;

e COrnacyLMin Kackag C pasBsa3blBalLLMM U Y-
paBnsawWmM TpaHcdopMaTopOM;

e CMOCO6 MONyYeHUs BbIXOOHBIX HAMPSXKEHUA U UnX
cTabunusauus.

BaxHbIM gBNAeTcs U TO 0OCTOATENBLCTBO, YTO BO
Bcex Takmx MBI HenameHHoM ocTaeTca n obwas ap-
XUTEKTypa noctpoeHusa Bcen cxembl MBI B uenowm.
OT0T 6a30BbLIN NPUHLMM 3aKMNOYaeTCa B TOM, YTO Ha
NepBUYHOWN, raribBaHNYECKN He pa3Bs3aHHOM OT CETH,
CTOpPOHE pacnonaraeTcsa TONIbKO CUITOBOW Kackag
(MoLWHass NnonymocToBasi cxema MHBepTopa), a BCs
ocTarnbHas 4acTb CXeMbl, B TOM YUCME U ynpaBnsio-
wan Mukpocxema TL494, HaxoouTca Ha BTOPUYHOWN

CTOpOHe, ranbBaHU4ecku pa3Bs3aHHoOM OT ceTu. [pa-
HMUa pasBaA3KM MNPOXOAMT Yepes3 pa3Bsi3biBaloLLme
TpaHccopmaTopbl:

o ynpaenstowmn DT (DRIVE TRANSFORMER);

o cunoson umnynecHbln PT (POWER TRANSFORMERY);
o TokoBbIi CT (CURRENT TRANSFORMER);

e nyckoBorn ST (STARTING TRANSFORMER).
lMocnegHne OBa U3 MEPEYUCTIEHHBIX MOMYT OTCYT-
CTBOBATb.

OcHoBHOe pasHoobpasne NMpUXoauTCs Ha CXEeMo-
TEXHUYECKYIO peanu3aunio TOKOBbIX 3aliUT U CXeM
obpasoBaHus curHana PG. OgHako u 3gecb BCTpeya-
toTCs NOBTOPLI. B 06LeM MOXHO ckasaTb, UTO OOHM U
T€ € CXEMHble peLUeHNsi NPUMEHSAIOTCA B pasnny-
HbIX coYeTaHusX B pa3paboTkax pasnUyHbIX 3apy-
OexHbiXx dupM. Ho nonagalTcss U opurnHanbHble
CXeMHble pelleHns. MHoroobpasme BCTpevatoLwmxcs
BapunaHTOB 0OBbACHAETCS €CTECTBEHHBIM CTPEMIEHN-
emM Kaxgon dupmbl-pa3paboTyvka BHECTU 4TO-TO
CBOE U1 BbICTYNUTb B KA4YECTBE aBTOpa N300peTEHUS.

CxopgctBo Bcex MBI aToro cemenctsa no3sonseT
BblpaboTaTb CMCTEMHbBIA NOAX0A K OOHapYyXXEHUIO He-
ucnpasHocTen B HUX. MeTtoguka noaxoga K peMOHTY
OyoeT m3noxeHa B nocrefylowmx pasgenax 3Toun
KHUTN.



BXOAHbIE LENA

OTa 4acTb Cxembl pasnuyaeTcs He3HauuTenbHO
npakTnyeckn pgns Bcex pasHosBugHocTen WBIT n
BKMoYyaeT B ceba cnegyowime OCHOBHbIE 3NEMEHTHI:
® BXOJHOW CTaHAAPTHbIN TPEXLITLIPEBOW Pa3bem;
® CETEBOW BbIKIHOYaTENb;
® BbIXOOHOW CTaHAApPTHbIA TPEXTHE3OOBOM pa3beMm

ANs nogkntodeHus kabens nuTaHns gucnnes;
® NNaBKU NpeaoxXpaHnUTensb;
® OrpaHNYUTENbHBIN TEPMOPE3NCTOP;
® BXOAHOW nomexonoaasnaowmn ouneTp;
® CXEMY BbINPAMIIEHUSA CETEBOrO HaMNpPsXEHNS;
® CIMaXuMBatoLLMIA EMKOCTHON OUNBTP.

[MepemeHHOE HanpsbkeHue ceTn nopaeTca yepes
CETEBON BbIKIOYaTENb, C OAHON CTOPOHBI - Ha pasb-
€M, K KOTOPOMY MOXeT MoAKnoyaTbcs Kabenb nuTa-
HUA Oucnnes, ¢ OPYrod CTOPOHbI - yepes ceTeBou
npegoxpaHnTenb HoMuHanom 3-5 A, TepMmopesuncTop
C oTpuuarternbHbIM TemnepaTypHbIM KOI(OULNEHTOM
conpotuenernss (TKC) wn nomexonopaBnstoLLmii
UNbTP Ha MOCTOBYIO CXeMY BbINPAMIIEHNs (puc. 6).
BbinpsMneHHoe HanpsbkeHWe nuTatrolen cetn crna-
XuBaeTcs koHaeHcatopamn C5, C6. Ha wuHe BbI-
NPSAMNEHHOr0 HanpsKeHNsa ceTu No3ToMY MosiBnsieT-
Cs NOCTOsiHHOe HanpskeHue +310B oTHocuTenbHO
obLero NpoBoaa NepPBUYHON CTOPOHBI.

Tepmopeauctop ¢ otpuuatensHbim TKC cnyxut
Ona orpaHudeHnst Gpocka 3apsgHoOro Toka 4vepes
KoHaeHcaTopbl C5, C6 B MoMeHT BkntoveHus UBIT.
Tak Kak B XOMOAHOM COCTOSIHMM COMPOTUBIEHNE
TepMope3ncTopa COCTaBnseT HECKOMbKO OM, TOK Ye-
pes3 BbINpAMUTENbHbIE AMOAbI MOCTa OrpaHU4MBaeT-
cs Ha 6e3onacHOM Ans HUX ypoBHe. B pesynbTarte
NpoTEKaHNA 4epe3 TEPMOpPEe3MCTOp 3apsagHoro Ans
C5, C6 TOKa OH HarpeBaeTCsi, ero COMpPOTUBIIEHNE
yMeHblUaeTca A0 fornein oma u Gonblle He BrvseT
Ha paboTy cxembl.
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TMKe MHorga BCTpevalTcs cuTyauuu, korga Heobxo-
oumMmo BblknounMTb MBI M3 ceTm u TyT Xe CcHoBa
BKMIOUYUTL €ro. TepMopesncTop, Kak cnegyeT us cka-
3aHHOrO BhbILLE, OCTbITb HE YCNEBAET, U, Ka3anock Obl,
orpaHuveHms ©Opocka 3apsigHOro ToKa He npo-
nsonget. OgHako HEOOXOAMMO Y4YECTb, UYTO KOHOEH-
caTopbl BXOAHOrO crnaxuBatrowero unbTpa UMetoT
JocTaTtovyHo OonblUyld eMKOCTb, a WUX pa3psagHas
uenb JOCTaTOYHO BbICOKOOMHA. [1oaToMy 3a KOpoT-
KA MPOMEXYTOK BPEMEHU MEXAY BbIKIIIOYEHNEM U
NOBTOPHbIM BKMNtodeHnem WBIT oHM He ycnesaroT
paspsagutbcsa. CrnegoBaTtenbHO, NOBTOPHOE BKIKOYe-
Hue MBI npoucxoauT npu elle 3apsKeHHbIX KOH-
JeHcaTopax BXOO4HOro unbTpa, U No3ToMmy 3apsg-
Hbln TOK (DaKTU4ECKN SBNSETCA A03apshkarolmm, a
3HaAYNUT, MMEET ropasao MEHbLUYHO BEMUYUHY, YeM
HayanbHbIA 3apsiaHbIA TOK MPU MOSTHOCTLIO pa3ps-
XEHHbIX BXOOHbIX KOHOEeHcaTopax. Takon [osaps-
XarLwmii TOK NonHocTblo 6e3onaceH ons AMonoBs ce-
TEBOro BbINpsiMUTENbBHOIO MocTa. OgHaKo BbIKIOYe-
HMe ¢ nocnenyrLlwmM ObICTPbIM BKITIOYEHNEM BCE Xe
He pekoMeHayeTtcs u3 apyrux coobpaxenuin. Ecnu
KOHOEHCaTOopbl BXOAHBIX W BbIXOOHbIX (PMMLTPOB, a
Takke €MKOCTW pas3HOoOoOpasHbIX BCMOMOraTerbHbIX
cxem (3awmTbl, NnaBHOro nycka, cxembl PG n gpy-
rme) He ycCneBalT MOMHOCTbIO paspaguTbed, T.e.
NpUATU B UCXOOHOE nepen BKMHOYEHUEM B CETb CO-
CTOsiHME, TO paboTa 3TUX cxem ByaeT NnpomcxoauTb B
HEeHOpManbHOM Ans HUX pexume. [1osToMy BO3MOX-
Hbl pa3HoobpasHble cbon n otkasbl MBI n gaxe (npw
ocobo HebnaronpusaTHOM CTeYeHUM OBCTOSATENBLCTB)
Bbixoa UVIBIT n3 ctposa cpasy npu BKMOYEHUU NO, Ka-
3anocb Obl, HEMOHATHOM Mpu4yMHe. Mcxoaa u3 cka-
3aHHoro, nocne BbiknoYveHus Wbl n3 cetn Hactos-
TENbHO PEKOMEHAYeTCs BbbkAaTb OAHY-ABE MUHYTbI
nepen cnegywowmm BknoyeHnem MBI B ceTb C Ue-

Takoe pelueHve npobrnemsbl or- = _L ' BD1 PBLA405
paHuyeHus 6pocka  3apsAHOro saosov | o1 | T 4Cn27
TOKa MpPU MOMOLUM drieMeHTa C [ 01 ‘aan) 2kV
HENMHeNHON BOMbTamnepHoOn xa- TR1 5oy () 3{ 250V
PaKTEPUCTMKON WCMONb3yeTcs B 8D-13 —1_‘212\7/
noAaBnsoLLEeM GonbLMHCTBE ¢
cryyaeB, T.K. CXemMa Mpu 3TOM | “10VI220v"
nonyyaetca Hambonee npocTon u 22%% = Eﬁk
AeLleBOn MO CPaBHEHWIO C ApYrn- % PWR SW 250V
MU cxemamu. Kpome ToOro, oHa - JL ~115V/220V ¢

60/50Hz

obecneynBaeT MUHUMarbHbIE MO-

TEpPU M BbICOKYHO HaAEXHOCTb, YTO
n obycnaBnvMBaeT ee NpMMEHEHWE
npaktudeckn Bo Bcex WMBIT 3apy-
OEeXHOro NPoM3BOACTBA.

He 3ameHanTe BbleaLlwMA U3 CTPOA TepMopesun-
CTOp KOPOTKO3aMblkalwlen nepemblykon! 310 npu-
BeJET K BbIXO4y M3 CTPOS BbINPAMUTENBHOMO MocTa!

OrpaHnynTenbHbIN TEPMOPE3NCTOP, KaK U BCSAKUA
HarpeBaeMblii aneMeHT, obnagaeTt TEnnoBON MHep-
unen. OTO O3HaYaeT, YTo AN Toro, YTobbl OH BOC-
CTaHOBUN CBOM OrpaHU4YMTErbHbIE CBOWCTBA, Nocne
BblkntoveHns MBI M3 ceTu [OMmKHO MpOWTM He-
KOTOpoe BpeMsi (HECKONMbKO MUHYT). Npole roeops,
TEPMOPE3NCTOP LOIPKEH OCTbIThb. Torga crnegytoulee
BkntodeHne MBI B ceTb cHOBa npousongeT c orpa-
Hu4yeHnem Gpocka 3apsigHoro Toka. OgHako Ha npak-

Puc.6. BxogHble uenu NBIMN KYP-150W (coeanHeHune nopg,
BUHT C MeTaIN4eckum HeTokoBeayLwmm kopnycom UBIM)

Nblo AaTb BO3MOXHOCTb €ro cxeme NpunTu B UCXOA-
HOe COCTOsIHME.

CeTeBoW nnaBkvn MnpefoxpaHvTenb npedHasHa-
YeH 4NN 3aWwnThbl NMTaloLWEN ceTu OT neperpysky npu
BO3MOXHbIX KOPOTKUX 3aMblKaHWAX B MNEPBUYHON Lie-
nn UBIT n npakTnyeckn He 3awuuiaeT cxemy camoro
UBI1 oT BHYTpeHHWX neperpy3ok 1 K3 B Harpyske.

BxogHon nomexonogasnsawowmin punetp obnaga-
€T CBOMCTBOM [BYyHarnpaBfeHHOro nomMmexonogasrie-
HWs, T.e. NpefoTBpawaeT NPOHMKHOBEHME BbICOKO-
YACTOTHbIX MMMNYFbCHBIX MOMEX U3 CeTu (KoTopble
nHorga MoryT MMeTb K TOMY Xe 3HauuTernbHYyl0 amn-
nutyay) B VMBI, n HaobopoT — n3 UBI1 B ceTb. YcT-
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Ofbl CETEBOr0 HanpsbkeHus (OgHMM U
Tem xe Tokom) (puc.8,a).

Ecnu nepBuyHas ceTb umeetr HOMM-
Han 110B, To nepekntovatens 220/110B
3aMbIKalOT, M BbINPSMIIEHNE OCYLLECTB-
nAeTca no CcCxeme C YOBOEHWEM Ha-
NnpsPKkeHus1, T.e. B npouecce BbiNpsiMre-
HUSA y4acTBYIOT Tonbko Aea anoga D1 un

D2. Crnaxusatowmne KoHAeHcaTopbl nNpu
3TOM nop3apskawTca B pasHble Nony-
nepvoabl CETEBOro HarnpsbkeHus (pas-
HbIMK Tokamu) (puc.8,0).

BHuMaHue: uHo20a ecmpeydaromcsi
&VW UBI, 6 KomopbIXx nepeknoyYamers

SwW
nn_cuneTp "110V/220V"
a)
PWRSW F RTH t
| —
| —
nn BD
> R1
3 |:| nneTp
N
Fet Lo
sw
"110V/220V" i@
6) T

}RZ 230B/110 B umeem 6ymachbopckul xa-
VR2 pakmep, m.e. rnepekto4yamesib coeduHe-
S HuUll ¢ MOHMa>xHoU rnnamoul He umeem, a

Puc. 7. 3awumTa oT nepeHanpsikeHus 1 orpaHuyeHue Gpocka 3apsigHOro Toka npu

BkntovueHun NBI B ceTb.

PONCTBO CETEBOro MOMEXOMOAABMAIWEro hunbTpa
OyaeT Noagpo6HO pacCMOTPEHO HIMKE.

B HekoTopbix MBIT no ceteBomy Bxogy MOXeT
BKITIOYATLCH €Lle OAMH HENMMHEWHbIA 3NEeMEHT — Ba-
puctop, kak Hanpumep, B MBI ESAN ESP-1003R
(pnc.7,a) unu guHUCTOP.

BapucTtop — HenvHeWHbI 3neMeHT, ConpoTuBIe-
HMe KOTOPOro 3aBWCUT OT MPUITOXKEHHOIO K HEMY Ha-
npskeHus. oaToMy noka ceTeBOe HanpskeHue He
BbIXOAWUT U3 JOMycKa, CONpOTUBIIEHNE BapucTopa Be-
NVKo (OEeCATKM Merom), U OH He BnusieT Ha paboty
cxembl. [pu nepeHanpsXeHuu B CETU BapuUCTOp pes-
KO YMeHbLLIAeT CBOE COMpPOTUBIIEHUE, U BO3POCLLUM
TOKOM 4epe3 Hero BbPKUraeTcs nnaBkui npegoxpa-
HUTEnNb. OnemeHTbl cxembl MBI npu aTom ocTatoT-
cs uenbiMu. OgHaKo Takoe BKMOYEHME BapucTopa
nossosiseT 3awntntb cxemy, MBI Tonbko npu oa-
HOM Kakom-nMbo HOMMHare CeTu, Tak Kak BapucTop
UMeeT KOHKPETHOe 3HayeHne npobMBHOroO Hanps-
XeHus. OT aToro Hepoctatka cBobogHa Apyras
cxema, npuBedeHHas Ha puc.7,6. B aton cxeme
NPUMEHAIOTCA ABa BapuCTOpa, KOTOPbIE BKMOYEHbI
napannensHo KoHAeHcaTopam unbTpa U nocne-
JoBaTtenbHO Apyr ¢ ApyroM. Tak kak HanpshkeHue
Ha KOHOeHcaTopax npu nboM HoMWHane ceTtu
(110 vnn 220 B) ogHo 1 TO e (155B), To cxema
MBI 6ygeT 3awumiieHa B oboux cnydasax. OgHako B
cnydyae 6pocka CEeTeBOro HanpskKeHUs B Takon
cxeme MOryT ObiTb BbiB€OEHbl U3 CTPOSt ANOAbI Bbl-
NpsMMTENBHOrO MOCTa, T.K. TOK nNpobos BapucTo-
pOB 3aMblkaeTCsl Yepes HUX.

3apybexHble dupMmbl-paspaboTtumkn UBI cTpe-
MATCA K MakCUManbHOW YHUBEPCANnbHOCTM CBOEK
NPoAyKUUN B 4acTWU UCNONb30BaHUA ee B pasHbIX pe-
rMoHax MNMaHeTbl, rOe HOMMHanbl MUTalOLWEN CeTu
otnuyatotca (npumepHo 220B unu 110B). Moatomy
oonbwmnHcTBO MBI cnocobHbl paboTtaTb ¢ oboummn
HomuHanamm cetu. C 3ToM uenblo OOMbLUMHCTBO
cxeMm UBIT cHabXeHbl MEXaHUYECKNM YCTaHOBOYHBIM
nepekntoyatenem 220/110 B.

Mepekntovarens 220/110 B (nnn 230/115 B) gon-
XeH OblTb pa3soMKHYT MpW NUTaloLEeM CETEBOM Ha-
npsbkeHun 220B. Mpu aToM BbINPsSIMAEHUE OCYyLLEeCT-
BNSETCA NO MOCTOBOW cxeme, T.e. paboTaloT BCe Ye-
Tblpe guoda AMOOHOro mocTa, a oba koHAeHcaTopa
dunbTpa NoA3apsiKkalTcs B OOHU U Te e nonynepu-

cama cxema UBIT paccyumaHa Ha 6KIo-
YeHUe 8 Cemb HarpsKeHUEeM MOJIbKO
110B unu mornbko 220B!

MonoxeHns nepeknoyatens obsisaTenbHO Npo-
MapKMpOBaHbl Ha ero ABWXke Takum obpas3om, 4To B
crneumnansHOM OKOLUKE Ha Koprnyce 6rnoka BuaHa aTa
mapkupoBka (110B unm 220B). HecMoTps Ha 370, Bce
Xe O0BOMbHO YacTbl criyyaun BkntodeHus VIBM B ceTb
Npyv HenpaBWUITLHOM MOMOXEHUN NepeknioYvaTens.
Cnyyan nogkntoveHuss k cetm 110B, korga ne-
pekntoyaTenb ycTtaHoBneH Ha 220B, He saBnsieTcsi
OnacHbIM, Tak Kak B 9TOM Clyyae Ha LUMHE BbINpsM-
neHHoro HanpsbkeHust cetn Byaget Bcero 1558 n UBTIT
He 3anycTuTca. ABapuinHas cuTyaums BO3HUKAeT Mnpu
nogkntodeHnn MBI k cetn 220B B nonoxeHun nepe-

Pwuc. 8. MpuHuun gencteusa nepekntodatens 110/220B:
a) nepekntoyaTenb Pa3oMKHYT - MOCTOBas Cxema BbInpsi-
muTens (cxema epua); 6) - nepeknoyaTenb 3aMKHYT -
BbINPSMUTENBHAA CXeMa C YABOEHUEM HaNpshKeHNs
(cxema OenoHa unu MNpanHmaxepa).

knoyatens "110B". Toraa cxema HauvHaeT yaBau-
BaTb HanpsXeHue, U Ha LUMHE BbINPAMIIEHHOIO Ha-
npsxeHus cetn nosensaetca 2 x 310B = 620B. 310
NPUBOAUT K MOMEHTanbHOMY BbIXO4y U3 CTPOS CUMO-
BbIX KMOYEBbIX TPaH3MCTOPOB, KOTOPbIE HEe paccyu-
TaHbl Ha paboTy C TakKMM HanpshKeHWEM U TOKOM, Y
KaKk cregctBuMe 3TOr0 — K BO3MOXHOMY BbIXO4y M3
CTpPOSA OMOAOB BbINpAMUTENbHOrO mMocta. Kpome TO-
ro, BO3MOXEH BbIXO4 W3 CTpos (B3pbiB) BXOAHbIX
ANEKTPONUTMYECKUX KOHAEHCATOPOB CriaXnBaLwero
GunbTpa. ATOT aBapuHbIA NPOLIECC 3aKaH4YMBaETCA
neperopaHuem NraBKoro NpeaoxXpaHuTens.

MoaTomy hrpmbl-pa3paboTUnKm NOLLMAN Ha YCIOX-
HeHne cxeMbl, U B HEKOTOpbIX BapuaHTtax MBI nve-
€TCs CXxeMa aBTOMaTUYeCKOro pacno3HaBaHUs HOMU-
Hana ceTeBOro HanpskeHus. [Npu Hannuuu Takomn
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CXeMbl MexaHudeckmi nepekntovatens 110/220B
OTCYTCTBYET, U NONb30BaTENIO HE HY)XHO CrieauTb 3a
NpaBuUMbHOCTBIO Er0 YCTaHOBKW.

PaccmoTpym oavH 13 BapuaHTOB peanusauuun Ta-
KoM cxembl, koTopas npumeHeHa B VBl tTuna ESSEX
SS-200B (puc. 9).

Cxema paboTtaet cneaytowwimm obpasom. Ha Bxo-
ae UBIT nmeetca noporosas cxema, cocTosias u3
cxeMbl ynpasneHusi Ha TpaHsucTtopax Q2, Q3 u cTa-
ounutpoHax D4, D3 n CNonHUTENBLHOrO aremMeHTa —
OBYyHanpasneHHoro Tupuctopa (cumuctopa) Q1. Q1
BbINOMHAET Ty e (OYHKUMIO, YTO U MEXaHWYECKUN
nepekntoyatens 110/220B. [nsi nuTaHUs NOpPoOroBom
CXeMbl UCMOMb3yeTCcs OTAENbHbIN OAHOMNOMNyNnepuoa-
HbI BbiNnpAMUTENb Ha anoge D2. C8 — crnaxusato-
was emkocTb unbTpa. D2 BbINpAMNAET TOMNBKO OT-
pyuaTtenbHble Nonynepuogbl CETEBOrO HamnpsiKeHUs
(Mpn Opyrom BKIIOYEHWM CETEBON BWIKU — TOSbKO
nonoxuTeneHole). Tok 3apsgku C8 npoTekaeT no
uenun: 0B cemu (N) - 3-4 T1-C8-D2-C7-2-1T1 -
F1 - ¢paza cemu (L).

Mpu atom C7 BbINOMHAET OYHKLMIO racsiiero pe-
aKTMBHOro conpoTuBnenust (obpasyet ¢ C8 emkocT-
Hov genuTene). Ha C7 racutcs bonbluas yactb ceTe-
BOro HanpsbkeHusi. OgHaKko peakTUBHbLIA 3MEMEHT,
BKITIOYEHHBIN B LeMNb MNEPEMEHHOr0 TOKa, AOIKEH
UMEeTb BO3MOXHOCTb OTAaBaTb HAaKOMIIEHHYI SHep-
rmio obpaTtHO B MCTOYHUK. C 3TOWM LENbi0 B CXemy
BkroveH amnoa D1, uepes koTopbi M NpoTekaeT TOK
nepesapagkn C7 B nonoXuTernbHble NOAynepuoasbl
CETEeBOro HanpsbkeHusi. [lepBUYHBIM  NOPOroBbLIM
3NIEMEHTOM CXeMbl ABnsieTcst ctabunutpoH D4. Cxe-
Ma NOCTPOEHa Tak, YTO oTpuuaTenbHbIN Nonynepuos
CEeTEBOro HanpsXeHUs NpuKnagblBaeTcy K 3TOMy CTa-
OUNUTPOHY Yepe3 aMUTTEPHBIN Nepexod Q2 ¢ ogHon
CTOpPOHbI K 4yepe3d RO u guon 1 ceteBoro BbINps-
MUTenbHOro Mocta ¢ gpyron. CtabunutpoH D4 Bbl-
OupaeTcs ¢ NPOOMBHBLIM HaNPsSHPKEHMEM TaKoro HOMMU-
Hana, 4to npu nogknoveHun MBI k cetn 110B oH
OCTaeTcs B 3aKpbiTOM cocTosiHuu. [pu atom GyayT
3aKkpbITbl U TpaH3ucTopbl Q2, Q3 TPUIrepHON CXembl.
Moatomy HanpsxkeHne c¢ C8 npuknagbiBaeTca K
BCnoMoratenibHOMy cTabunutpoHy D3 uepes3 pesu-
ctop R4 ¢ opgHon cTopoHbl U 4Yepe3 R8 ¢ gpyron.
MpobusHoe HanpsbkeHne ctabunutpoHa D3 Beibupa-
€TCA MEeHblUMM, Yyem HanpsbkeHne Ha C8. lMoatomy
D3 npobuBaeTca n 4yepes HEro 1 ynpaensowmn ne-
pexon cumuctopa Q1 Teyer Tok mo uenu: (+)C8 -

ynpasnsrowut nepexod Q1 - D3 - R8 - (-)C8.

R8 BbInonHsieT yHkumo 6annacTtHoro peaucrtopa
ansa crabunutpoHa D3. Cumuctop npu aToM oTnnpa-
€TCA M MOAKMYaeT CPEdHI TOYKY EMKOCTHOW
CTOWKM NOSTyMOCTOBOW CXEMbI CUTOBOIO MHBEPTOpPA K
HyneBomy npoBogy ceTu. MoaTomy cxema BbINpsiM-
neHns HadmHaeT paboTaTb B pexuMme yaBOEHUS, YTO
3KBMBANEHTHO 3aMbIKAHUIO MEXaHW4YEeCKOro nepe-
kntovatensa 110/220B.

Mpwn nogkntoveHnn MBI k cetn 220B B nepsbIit xe
oTpuuaTenbHbIA NoNynepuos CeTeBOro HanpsKeHUs
npobunBaeTcsi NepBU4YHLIN cTabunutpoH D4. Yepes
Hero n nepexoa amnTTep-6asa Q2 npoTekaeT TOK Mo
uenu: 0B cemu (N) - 3-4 T1 - 3-6 Q2 - D4 - R9 - duod
1 mocma - TR1 - 2-1T1 - F1 - ¢pasa cemu (L).

[MoaToMy TpurrepHas cxema OnpoKMAbIBAETCH.
Tpanauctopbl Q2 1 Q3 OTKPbLIBAKOTCS A0 HACbILLEHUS
N 3aKopaumBaloT Yepes CBOe Maroe COnpoTUBEHne
ctabunutpoH D3 (Npy 9TOM NpakTU4eckn BCE Bbl-
npsimneHHoe HanpsbkeHne ¢ C8 BbigenseTtcs Ha ban-
nactHom conpoTueneHun R8). MNMoatomy k cTrabunut-
poHy D3 cpakTuyeckm He npuknagbiBaeTcs Hanps-
XeHne (NoTeHuManbl aHoga M Katoga npubnnau-
TENbHO paBHbl), U OH 3aKpbIT. CnegoBaTenbHO, HeT
nyTW N8 NPOTEKaHUsA TOKa Yepes ynpaBnsowmi ne-
pexog cumuctopa Q1, n OH OoCTaeTcs B 3aKpbITOM
COCTOSIHWM, YTO 3KBMBANEHTHO Pa3OMKHYTOMY MOJIO-
XEHUI MexaHudeckoro nepekntovartens 110/220B.
Cxema BbInpAMNeHus nNpu aTom paboTaeT B pexmme
MOCTOBOrO ABYXNOYNEepPUOSHOro BbINPSIMIEHNS.

MapannensHo koHaeHcaTopam C5, C6 BKNOYEHbI
BbICOKOOMHbIe conpoTuerieHus R10, R11 HomuHanom
150-200 kOwm, yepes kotopble C5, C6 paspsaxaroTcs
npu BbiknodeHun BI1. Kpome Toro atm conpo-
TMBMEHUS BblpaBHUBAOT HanpsbkeHus Ha C5, C6
(8ns cummeTpupoBaHnst paboTbl CXembl).

BHumaHue: spemsi paspsida C5, C6 docmuzaem
15-20 ¢, a npu 0bpbige cornpomuenieHUl HarnpsKeHue
Ha C5, C6 moxem coxpaHsimbCcsli o4eHb 0osizo! Co-
bnrodatime ocmopoxxHocmb rpu 0emoHmake bIl!

Ewe oavH BapmaHT cxembl aBTOMaTU4ECKOro pac-
no3HaBaHWs HOMWHaNa ceTn nokasaH Ha puc. 10.

OTa cxema HecKOnbkKo OTnu4aeTcss OT pacCcMoT-
peHHoN Bbiwe. HasHaveHne n paboTa anemeHToB D40,
D41, C41, C40 Te xe, 4TO 1 paHee, T.e. KOHOEHCaTOPbI
C41 n C40 obpa3sytoT emkocTHOM genutens. Ao D41
npeacraenseT cobon ogHOMNONYNepPUOaHbIA BbINPSIMU-
Tenb. [oaTomy B oTpuLaTenbHbIe NONynepuoabl ceTe-

F1 TR1 €
| —
| I—
§ c2
<§ c1 T c4
¢ E — WAANJ —_
Y Y Y
c3
¢ l . . e .
c7 R7 |[c10| |R5 | C9 R4
o= [ —L[T]
l Q1
T = D4 Q2
c8
DZZS Q3
R6 7K D3 R11
Puc. 9. Cxema aBTOMaTU4ECKOIO .ﬁ. _Lcs
pacno3HaBaHMs HOMUHara CETEBOro R9
— 1 -

HanpsbkeHusa MBI SS-200B.
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Puc. 10. Cxema aBToMaTM4eCcKoro pacrnosHaBaHus HOMUHanNa ceteBoro HanpshxeHus MBI SP-200W.

BOro HanpsbkeHust yepe3 D41 npoTekaeT TOK 3apsigku
koHaeHcatopa C41 no uenu: 0-U npogod cemu - C41 -
D41 - C40 - ghasHbIl nposod cemu.

B nonoxuTtenbHble MOnynepuoabl CETEBOro Ha-
npsbkeHns koHaeHcatop C40 oTgaeT HaKOMNMEHHYHo
3Hepruio obpaTtHO B CeTb Yepes3 peKynepaLMOHHbIN
(Bo3BpatHbIn) anoa D40. HanpsxkeHuem € KOHOEH-
catopa C41 kak n paHee 3anuTbiBaeTcsl buctabunb-
Hasa cxema Ha TpaHsuctopax Q15, Q16. YnpasneHue
COCTOSIHNEM OMCTabUNBHOW CXembl MPOU3BOAUTCS C
nomMoLLblo creynansHo Mukpocxembl 1C3, koTopyto
AN NpoCTOThbl MOXHO Ha3BaTb ynpaBnseMblM CTabu-
nUTpoHOM. MprHUMN OENCTBUSI Takoro cTabunmMTpoHa
3aKnyaeTcs B TOM, YTO €ro HamnpshkeHue ctabu-
nusaumn He sIBNSIETCA NOCTOSAHHOW BENUYMHOM, a 3a-
BUCUT OT MOTEHUMana Ha ynpaensitoleM 3rekTpoae
R. Takaga UMC Bbinyckaetcs psgom 3apybexHbix
dupm. Hanpumep, cmpma Texas Instruments (CLUA)
BbinyckaeT MMC TL431C B nnacTtmaccoBOM TPEXBbI-
BOAHOM koprnyce. Mo BHelHemy BuOy MUKpocxema
HanoMMHaeT OObIYHbLIA ManoMOLUHbBIN  TPaH3UCTOP
(kopniyc TO-92).

DyHKUMIO MexaHu4yeckoro nepexntodatens 110/220B
BbINOSHSAET, Kak u paHee, cumuctop TRC1. datymkom
HOMMHarna CeTeBOro HanpsKeHWs SIBMSIeTCH YPOBEHb
HanpshkeHnst Ha koHaeHcaTope C42, KOTopbIN 3apsxa-
eTCsl B MOSIOXUTENbHbIE MOMYNepuoabl CeTeBOro Ha-
npsbkeHus Yepes anog D42 no uenu: ghasoabiti nposod
cemu - D42 - R60 - C42 - 0-ti npogod cemu.

Pesnctop R60 obpasyeT c koHaeHcaTtopom C42
penutenb M Gonblias 4acTb CETEBOrO HanpsiKeHWs
nagaet MMEHHO Ha 3TOM pesuctope. [pn 3ToM Ha-
npsbkeHne Ha KoHgeHcatope C42 nony4daeTcs BKIO-
YEHO COrMacHO C HamnpshKeHMeM Ha KoHAeHcaTope
C41. CymmapHOe HanpsbkeHue ¢ 3TUX OBYX KOHOEH-
CaTOpPOB MOAAETCS Ha Pe3nCTUBHbIN aenutens R61,
R64||R65. NMoaTomy 4epe3 3TOT genuTenb NpoTekaeT
TOK pa3psga 3TOro CyMMapHOro MCTOYHUKA MO LEenu:
(+)C42 - R61 - R64||R65 - R67 - (-)C41.

MageHne HanpsKeHUst C HUKHErO nneva genutens
R64, R65 nogaetca Ha ynpaBngalOWMN 3MeKTpos
Mukpocxemsbl [C3.

Mpwn nogkntodeHnn k cetn 110B koHaeHcaTop C42
3apsHKEH OO0 HEKOTOPOro HEBLICOKOro YpoBHs. [lo-
3TOMY HanpsbkeHWe Ha ynpasnsiowem OnekTpoae

Mukpocxembl IC3 HeBenMKo (He npeBbilaeT YPOBEHb
2,5B). CocTosiHME MUKPOCXEMbl 3KBMBASIEHTHO pa-
30MKHYTOMY COCTOSIHUIO Kroya (CTabunutpoH 3a-
KpbIT). Moatomy TpaHaucTtopbl Q15, Q16 6uctabuns-
HOW CXxeMmbl 3akpbiTbl. Bce HanpsikeHue C  KOH-
neHcaTopa C41 okasblBaeTCca MNpUMoXeHHbIM Yepe3
pesuctopbl R68, R67 k ctabunutpoHy ZD3, KoTophbIn
"npobuBaeTca”, U NO3ITOMY B YNpaBrsOLWNA 3MeK-
TPO4 CUMMUCTOpa TeyeT OTKPbIBaWLWWMA ero ToK Mo
uenu: (+)C41 - ynpasnsowuli nepexod TRC1 - ZD3 -
R67 - (-)C41.

Cumnctop TRC1 oTkpbiBaeTcs M nogkrtodaeT 0-r
npoBof, CeTN K CpeaHen TOYKE €MKOCTHOW CTOMKWU Cu-
MOBOrO MOMYMOCTA, YTO 3KBMBASIEHTHO 3aMKHYTOMY
COCTOSIHUIO MexaHn4yeckoro nepekmntoyarens 110/220B.

Mpn nogkntoyeHnn Kk cetn 220B HanpsbkeHne Ha
kKoHaeHcaTtope C42, a 3HauuT, U Ha ynpaBnsioLleM
anekTpoge Mukpocxembl |IC3 Bo3pactaeT BABOE MU
npesbiwaet +2,5B. MNMoatomy, ctabunutpoH "npobu-
BaeTcqa". OTO NPUBOAUT K MPUOTKPbIBAHUIO TpaH3u-
ctopa Q15 GuctabunbHol cxembl, T.K. 6a30BbI Oe-
nutenb R62, R63 aToro TpaH3ucTopa noakni4yaeTcs
K "oOwemy npoBoay" 4epe3 BHYTPEHHEE COMNpOTUB-
nexHne mukpocxembl IC3, 1 Yepes ynpaensawoLwwmi ne-
pexogq Q15 npotekaetT Tok. Tak Kak TPaH3UCTOPbI
BuctabuneHOM Cxembl OXBayeHbl MOJIOXKUTENbHON
obpaTHON cBA3blO, TO NpUOTKpbiIBaHMe Q15 Bbi3biBa-
€T NaBMHOODpPa3HbIN NPOLECC B3aMMHOIO OTKpbIBa-
HUA 06OUX TPaH3MCTOPOB U NEpPexoq UX B COCTOSHME
HacblweHus. B pesynbtate crabunutpoH ZD3 u yn-
pasnawowmn nepexon cumuctopa TRC1 okasbiBatoT-
Csl 3alyHTMPOBAHbI MarnbiM BHYTPEHHUM COMPOTMB-
NIEHMEM OTKpbITbIX TPaH3UCTOpPOB OGucTabunbHom
cxembl. [Moatomy crabunutpoH ZD3 wn cumwuctop
TRC1 ocTaTca B 3aKpbITOM COCTOSHMU, YTO 9KBM-
BaneHTHO Pa3OMKHYTOMY COCTOSIHMIO MEXaHWYEeCKOro
nepekntoyarens 110/220B.

Utak: nepBbiM 00si3aTeNnbHbIM yCroBMeM paboThbl
Bl asnsietcs BbipaboTka NOCTOSHHOIO HaMpPsXKeHWs
+310B.

BTopbiM 0653aTenbHbIM  YCNOBMEM HOPMaribHOM
pabotbl MBI aBnsietca paboTta cxembl nycka, Ko-
TOpasi NO3BOMSET 3anyCTUTb NEPEKNIoYaloLLY0 CXeMy
yrnpaBneHus.
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YNPABNAOLWAA MUKPOCXEMA

B coBpemeHHbIx Bl ana dopmupoBaHns ynpas-
NSI0Wero  HanpshkKeHus  MepeknoyYeHns  MOLLHbIX
TpaH3ucTopoB npeobpasoBaTenis 0ObIYHO MCMOMb3y-
I0TCA CcneumannanpoBaHHble WHTEerpanbHble MUKPO-
cxembl (MMC).

NpeanbHas ynpasnswowas MMC pgna obecnede-
HUs HopMmarnbHon paboTtel UBI B pexume LUVM
OOMKHa yOoBneTBOpPATb OOMbLUMHCTBY M3 Mepeyuc-
NEHHBIX HMXE YCIOBUIA:

e paboyee HanpshkeHne He Bhbiwe 40B;

e HaNMuMe BbICOKOCTAbOUNBLHOrO TepMoCTabunmaun-
POBAHHOIO UCTOYHMKA ONMOPHOrO HaNPSXXEHWS;

® HanM4Me reHepatopa NMnoobpasHoro Hanpshke-

e obecrnevyeHne BO3MOXHOCTM CUHXPOHM3ALNN BHELL-
HAM CUrHamom nporpaMmMuMpyemMoro nfaBHOro 3a-
nycka;

e HanNuuMe ycunutens curHana paccornacoBaHusi C
BbICOKMM CUH(A3HbLIM HaMpsXKeHNeM;

¢ Hannyue LWNM-komnapaTopa;

® HanM4Me UMMNynNbCHOro yNpaBnseMoro Tpurrepa;

e HaNMuMe [BYXKaHanbHOro nNpPegoKOHEYHOro
ckaga ¢ 3awmTon ot K3;

® HanM4yme Norvkn No4aBneHns ABONHOro UMMNYIbCa;

e HanMM4Me CpeacTB KOPPEKUUW CUMMETPUM  Bbl-
XOAHbIX HaNPsHKEHNI;

® HaNM4yMe TOKOOrPaHWYEHUSA B LUMPOKOM AuanasoHe
CUH(a3HbIX HanpskeHW, a Takke Tokoorpa-
HUYEHMS B KaXXOOM nepuoae ¢ OTKIYeHneM B aBa-
PUNHOM peXxume;

® HanM4yMe aBTOMAaTUYECKOro YNpaBIieHUsi C NPSMOK
nepegaven;

e obecneyeHne OTKMIOYEHUA MPU  MOHWKEHUU Ha-
NPSPKEHNST NMUTAHUS;

e obecrneveHne 3alWnTbl OT NepeHanpsiXKeHun;

e obecnevenne cosmectumoctn ¢ TTJI/KMOIT noru-
Kow;

e obecneyeHue
OTKIOYEHMS.
B kadecTBe cxeMbl ynpaBreHusa Ans paccmaTpu-

BaeMoro knacca MBI B nogaensiowem GONbLUNHCT-

Ka-

ONCTaHLUMNOHHOIo BKINMKOYeHnaA n

npsIMOi BXOA Yeunutens
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Puc. 11. Ynpaenstowasa mukpocxeMma TL494 n ee LokoneBka.

TL494CN, Bblnyckaemasi hrpmon TEXAS
INSTRUMENT (CWA) (puc.11). OHa peanuayet
GOMNbLUNMHCTBO M3 MEPEYNCNEHHbIX Bbille OYHKUUN 1
BbiMyCKaeTCcs psaoM 3apybexHbiX (hupM nog pasHbl-
MU HaumeHoBaHusMu. Hanpumep, dupma SHARP
(AnoHusa) Beinyckaet mukpocxemy IR3MO02, dumpma
FAIRCHILD (CWA) — uA494, cdupma SAMSUNG
(Kopest) — KA7500, dwmpma FUJITSU (AnoHwnsa) —
MB3759 u 1.4. Bce 3T MuKpocxeMbl ABRSKOTCA MNOJ-
HbIMM aHaroramm OTEYECTBEHHOW MUKPOCXEMbI
KP1114EY4. PaccmoTpuMMm MNOgpoOHO YCTPOWCTBO U
paboTy aTon ynpaBnsowen Mukpocxembl. OHa cne-
umanbHO paspaboTaHa AOnNA ynpaBreHUs CUIoBOK
yactbto VIBIN 1 cogepxunt B cBoeM coctase (puc.12):
e reHepaTtop nunoobpasHoro HanpsbkeHus DAB; yac-
ToTa ['TIH onpeaensieTcs HOMMHaNammn peaunctopa u
KOHAEeHcaTopa, MOAKIIOYEHHbIX K 5-My n 6-my Bbl-
BOdam, 1 B paccmartpmBaemMoM knacce bl Bbibu-
paeTcsa paBHon npumepHo 60 kIu;

® ICTOYHMK  OMOPHOrO0  CTabuUnu3npoBaHHOTO  Ha-
npsbkeHns DAS (Uref=+5,0B) ¢ BHeLWHUM BbLIXOOOM
(BbiBOA 14);

e KOmMnapaTop "MepTBOM 30HbI" DAT;

e komnapaTop WM DA2;

o yeunutenb ownbkn no HanpskeHuto DA3S;

® YCUNUTENb OLWIMOKM NO CUrHamny orpaHuyeHust Toka
DA4;

e Ba BbIXOAHbIX TpaH3uctopa VT1 u VT2 ¢ ot-

BEe CIny4yaeB WCMoOnb3yeTcs MUKpocxema Tuna
y y P KPbITbIMUW KOMNJIEKTOPaMN 1 3MUTTEPaMU;
+U
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Puc.12. ®dyHkunoHaneHasa cxema MMC TL494.



e JUHAMNYECKNA OBYXTaKTHbIN D-Tpurrep B pexume
JeneHuns YyacTtoTbl Ha 2 — DD2;

e BCNoMoraTenbHble nornyeckue anemeHtol DD1 (2-
uin), bb3 (2-U), bb4 (2-1), DD5 (2-UNUN-HE),
DD6 (2-MNU-HE), DD7 (HE);

® VICTOYHMK MOCTOSIHHOTO HanpsbkeHWsi ¢ HOMMHANoM
0,1B DA7;

® ICTOYHUK MOCTOSIHHOrO TOoKa € HomMuHanom 0,7MA
DAS8.

Cxema ynpaBneHus 6ygeT 3anyckatbcs, T.e. Ha 8
n 11 BbIBOAAx MNOSABATCA MOCNEeOOBaTENbHOCTU UM-
nynbCoOB B TOM Criyyae, ecnv Ha BbiBo4 12 nogatb
noboe nuTalollee HanpsKeHne, ypoBeHb KOTOPOro
HaxoguTcs B AuanasoHe ot +7 go +40 B. Bcio coBo-
KYMHOCTb (PYHKLUMOHAambHbIX Y3M0B, BXOOALMX B CO-
ctaB MMC TL494, MOXHO YyCNOBHO pa3buTb Ha UMd-
POBYIO M aHaANoroByk 4YacTb (UMpoBON M aHanoro-
Bbli TPaKTbl NPOXOXAeHus curHanos). K aHanorosom
yactu oTHocAatca ycunutenu owmnbok DA3, DA4,
komnapatopsl DA1, DA2, reHepaTop nunoobpasHoro
HanpskeHna DAB, a Takke BcrnomoraTerbHble UC-
TouHukn DAS5, DA7, DAS8. Bce ocTarnbHble 3NEeMEHTHI,
B TOM 4uUCIi€ U BbIXOOHbIE TPaH3MCTOPbI, 0OpasyoT
LUMdpoBYIO YacTb (LUMdPOBON TPaKT).

PaccmoTpum B Havane paboTy undpoBoro Tpakra.
BpemeHHble anarpammebl, nNosicHAWMe paboTy MuK-
pocxeMbl, npuBedeHbl Ha puc. 13. U3 BpeMeHHbIX
anarpamm BMOHO, YTO MOMEHTbI MOSABIEHWS Bbl-
XOAHbIX YNPaBMASOWMX MMMYNbCOB MWKPOCXEMbI, a
Tawke X AnutensHocTb (guarpammel 12 n 13) onpe-
OensTca COCTOSHMEM BbIXO4a JIOrMYeCcKoro ane-
meHTa DD1 (guarpamma 5). OctanbHag "noruka" Bbl-
NONHAET NULb BCNOMOraTenbHyl (PyHKUMIO pasge-
neHnst BbIxoAHbIX nmnynbcoB DD1 Ha gBa kaHana.
[Mpy 9TOM ANUTENBHOCTb BbIXOAHbLIX UMMYMBbCOB MUK-
pocxembl onpefenseTcs ANUTENbHOCTbIO OTKPLITOro
COCTOSIHUS ee BbIXOAHbIX TpaHsuctopos VT1, VT2.
Tak kak 06a 3Tn TpaH3UCTopa UMEIKT OTKPbITbIE KOS~
NEeKTOpbl U 3MUTTEPbI, TO BO3MOXHO [BOSIKOE MX NOA-
KntoyeHue. NMpu BKITHOYEHUN MO CXeMe C OBLMM IMUT-
TEPOM BbIXOAHbIE MMMYMbCbl CHAMATCA C BHELUHMX
KONJEKTOPHbIX Harpy3oK TPaH3UCTOpPOB (C BbIBOAOB 8
n 11 MUKpPOCXeMmbl), a camn UMMYIbCbl HanpasrieHbl
BblOpocamMu BHM3 OT MOSNOXUTENBHOrO YPOBHA (ne-
pegHue (PpOoHTbI MMMYMbCOB OTpuUATErNbHbI). OMUT-
Tepbl TpaH3ncTopos (BbiBoAbl 9 1 10 MUKpOCXEMbI) B
3TOM crfy4vae, Kak npasuno, 3asemnstoTca. [lpu
BKITIOYEHUN MO CXEME C OOLLUMM KONNEKTOPOM BHELU-
HWe Harpysku MOAKIYaTCA K aMUTTEpPaM TpaH3u-
CTOPOB W BbIXOAHbIE WMMMYINbChl, HanpaBleHHblE B
3TOM cny4vae Bbibpocamu BBepX (nepeaHne pPOoHTHI
UMMNYNbCOB MOSIOXUTENbHbI), CHUMAKOTCA C 3MUTTe-
poB TpaH3anctopoB VT1, VT2. Konnektopbl 3TuX
TPaH3MCTOPOB MOAKIIOYAKTCA K LUMHE MUTaHusd
ynpasnsioLen Mmukpocxemsl (Upom).

BbixogHble MMMynbCbl OCTanbHbIX YHKUUOHAMNb-
HbIX Y3r0B, BXOOSALMX B COCTaB LncppoBON 4actn Mu-
Kpocxembl TL494, HanpaBneHbl BbiOpocamun BBEPX,
He3aBMCUMO OT CXEMbl BKIMIOYEHUSA MUKPOCXEMbI.

Tpurrep DD2 gaBnseTcs ABYXTaKTHbIM JUHaAMU-
yeckuM D-tpurrepom. lMpuHuun ero paboTbl 3aknio-
yaeTcsa B cnegywouleM. Mo nepegHemy (MONMOXUTENb-
HOMY) PPOHTY BLIXOAHOrO MMMysbca anemeHTa DD1
cocTtosaHue Bxoga D tpurrepa DD2 3anuckiBaeTcs BO
BHYTPEHHUIN perncTp. Pnsmyeckn 3To O3Ha4aeT, YTo
nepeknyaeTcs NepBbIi U3 OBYX TPUITEPOB, BXOAS-
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wmx B cocta DD2. Korga nmnynbc Ha BbiIxode ane-
meHTa DD1 3akaHumBaeTcs, TO MO 3agHemy (OTpu-
uatenbHOMY) (PPOHTY 3TOro MMMyfbca MNepeknya-
eTcsi BTOpou Tpurrep B coctaBe DD2, n coctosiHne
BbIxogoB DD2 meHsieTcs (Ha Bbixoge Q nosiBnsieTcs
WHdopmauus, cymTaHHasa co Bxoga D). OTo ucknio-
YaeT BO3MOXHOCTb MOSBMEHMS OTNUPatoLLEero wwm-
nynbca Ha 6ase kaxgoro ns TpaHaucTopos VT1, VT2
OBaxabl B TeyeHwe ofHoro nepuopa. [encrtsu-
TenbHO, MOKa ypoBeHb MMMynbca Ha Bxoge C Tpwur-
repa DD2 He u3amMeHuncs, COCTOSHUE ero BbIXOJ0B He
nameHuTcs. oatomy MMNynbC nepefaeTcs Ha Bbl-
X0 MWKPOCXEMbI MO OAHOMY M3 KaHanoB, Hanpumep
BepxHemy (DD3, DD5, VT1). Korga nMmnynbc Ha BXO-
ne C sakaHuymBaetcs, Tpurrep DD2 nepekntovaeTcs,
3anupaeT BEPXHUIN 1 OTnMpaeT HWXHUIA kaHan (DD4,
DD6, VT2). Nostomy cnegywwmn MMnynbc, MocTy-
natowmin Ha Bxog C n Bxogsl DD5, DD6 6yaet nepe-
[aBaTbCs Ha BbIXO4 MUKPOCXEMbI MO HWKHEMY KaHa-
ny. Takum obpa3om Kaxabli U3 BbIXOAHbLIX WUMMYIb-
coB anemeHTa DD1 cBovmM oTpuLiaTenbHbIM (OPOHTOM
nepeknoyaet Tpurrep DD2 n 3TUM MeHsieT kaHan
NPOXOXAeHUs1 crneayowero mMmnynbca. lMostomy B
CNpaBOYHOM MaTepuane Ha ynpaBnSAlLWy MUKPO-
CXEMY YKa3blBAeTCsl, YTO apXUTEKTypa MMUKPOCXEMbI
obecneynBaeT nogasneHne OBOMHOIO MMMynbCa, T.e.
WCKITIOYaEeT MNosiBrieHne AByX OTNMpParoLMX UMMYrbCOB
Ha 6ase 0HOro M TOro Xe TpaH3ncTopa 3a nepuog.

PaccmoTtpym nogpobHo oauH nepuop  paboThbl
LMdPOBOro TpakTa MUKPOCXEMBI.

MosiBNneHne otnupatoero nmnynbca Ha 6ase Bbl-
X0AHOro TpaHaucTtopa BepxHero (VT1) nubo HMxXHero
(VT2) kaHana onpeaensieTcs rnorukon paboTbl ane-
meHTOB DD5, DD6 ("2UJTN-HE") 1 coctosiHuem ane-
meHTOB DD3, DD4 ("2-U1"), KOTOpOE, B CBOI 0O4vepenpb,
onpegensieTcst coctosiHMem Tpurrepa DD2.

Jlornka pabotbl anemenTta 2-UJTN-HE, kak nseecT-
HO, 3aKryaeTcs B TOM, YTO Ha BbIXOA4Ee Takoro ane-
MEHTa MOSABMSETCA HanpshKeHWe BbICOKOTO YPOBHS
(nornyeckasa 1) B TOM Nub €OUHCTBEHHOM Cry4ae,
ecnn Ha oboux ero Bxogax MPUCYTCTBYHOT HU3KME
YypOoBHM HanpskeHun (norndeckue 0). MNpu ocTanbHbIX
BO3MOXHbIX KOMOMHAUMSIX BXOAHbLIX CUrHAMNoOB Ha Bbl-
xoge anemeHta 2 WIW-HE npucyTcTByeT HU3KuiA
YypOBeHb HanpsbkeHus (nornyeckun 0). MNMoatomy ecnu
Ha Bbixoge Q Tpurrepa DD2 npucytcTByeT norude-
ckad 1 (MmomeHT ty gnarpammsbl 5 puc.13), a Ha BbIXo-
ae /Q — nornyeckuni 0, To Ha obomx BXxodax aremeH-
Ta DD3 (2UN) okaxyTtca nornyeckue 1 u, crnegosa-
TenbHO, Nornyeckas 1 nosBuTca Ha Bbixoge DD3, a
3HAYMuT M Ha OOHOM Wu3 BXodoB anemeHTa DD5S
(2UJTIN-HE) BepxHero kaHana. CnepgoBaTenbHO, He-
3aBUCMMO OT YPOBHS CWUrHana, MoCTynawLero Ha
BTOPOM BXO[ 3TOr0 dremMeHTa C BbiIXO4a 3dnemMeHTa
DD1, cocTtosiHmem Bbixoga DD5 6yaeT nornyeckuii 0,
n TpaHsuctop VT1 ocTaHeTcs B 3aKpbiTOM COCTOS-
Hun. CocTosiHMEM Xe Bbixoda anemeHta DD4 Gynet
nornyeckun 0, T.K. norndeckuin 0 NpUCyTCTBYET Ha
ogHom m3 BxogoB DD4, noctynas Tyga ¢ Bbixoga /Q
Tpurrepa DD2. Jlornyeckun 0 c BbixOoga anemeHTa
DD4 noctynaet Ha oauH u3 BxogoB anemeHta DD6 un
obecneynBaeT BO3MOXHOCTb MPOXOXAEHWS MMIMYMb-
Cca 4yepe3 HWKHUN KaHamn. OTOT UMNYMbC MNOSOXU-
TEeNbHOW MNONAPHOCTM (normyeckas 1) nosBUTCA Ha
Bbixoge DDG6, a 3HauuT n Ha 6ase VT2 Ha Bpewms
naysbl Mexay BbIXOAHbIMWU WMMyfbCaMu 3reMeHTa
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DD1 (T1.e. Ha Bpewms4, korga Ha Bbixoge DD1 npucyt-
cTtByeT norndeckun 0 - nHtepsan ty-t, guarpammbl 5
puc.13). MNMoatomy TpaH3ncrop VT2 oTKpbiBaeTCA 1 Ha
€ro KOJIIEKTOpPE MOSBNSAETCA WUMMNYNbC BbIOPOCOM
BHM3 OT MOJIOXMTEIbHOIO YPOBHSA (B Cryvae BKITHOYe-
HWS NO CXeme C OBLUM SMUTTEPOM).

Havano cnepywouiero BbIXOQHOMO MMMynbca ane-
mMeHTa DD1 (MoMeHT t, guarpammbl 5 puc.13) He uns-
MEHUT COCTOSIHMSI 3NIEMEHTOB UMPPOBOro TpakTa
MUKPOCXEMbI, 3a MCKNoYeHnem anemeHta DD6, Ha
BbIXOJe KOTOPOro nosiButcs norudeckuit 0, u noaTomy
TpaHauctop VT2 3akpoeTca. 3aBepLueHne BbIXOQHOTO
umnynsca DD1 (MOMeHT t3) oOycnoBuT M3meHeHue
COCTOsiHMA BbIxogoB Tpurrepa DD2 Ha npo-
TMBOMNONOXHoe (nornveckmit 0 — Ha Bbixoge Q, noru-
yeckass 1 — Ha Bbixoge /Q). NoaTtomy nomeHseTcs
cocTosiHMe BbixodoB anemeHToB DD3, DD4 (Ha BbI-
xope DD3 — nornyeckun 0, Ha Bbixoge DD4 — noru-
Yyeckasa 1). HavaBwasca B MOMEHT t; nay3a Ha Bbl-
xoae anemeHta DD1 o6ycnoBut BO3MOXHOCTb OT-
KpblBaHWs TpaH3uctopa VT1 BepxHero kaHana. Jlo-
rmdeckun 0 Ha Bbixoge anemeHTta DD3 "noarBepaut”
3Ty BO3MOXHOCTb, MpeBpaLlas ee B peanbHoe MosiB-
fieHne oTnuparoLwero nMnynbca Ha 6ase TpaH3ncTo-
pa VT1. 3TOoT umnynsc Anutcst 40 MOMeHTa t4, nocne
yero VT1 3aKkpbiBaeTCs, 1 NPOLECChl MOBTOPSIOTCS.

Taknm obGpasom OcHOBHas ugesa paboTtbl umMdpo-
BOr0 TpakTa MWKPOCXEMbl 3aKMO4aeTcsi B TOM, 4TO
ONMTENBHOCTb BbIXOQHOMO UMMNYyNbCca Ha BbiBOAax 8 u
11 (nmbo Ha BbIBogax 9 mn 10) onpepenserca aonu-
TENbHOCTBIO May3bl MEXAY BbIXOAHLIMW MMMYbCaMM
anemeHTa DD1. OnemeHTtol DD3, DD4 onpegenstot
KaHan MpoxXoXAeHWUst UMnynbca No CurHamny HU3Koro
YPOBHS, MOSIBNEHNE KOTOPOro 4yepenyeTca Ha BbIXO-
fax Q n /Q Tpurrepa DD2, ynpaBnsemMoro Tem e
anemeHTtoM DD1. 3nemeHtl DD5, DD6 npepncras-
nsoT cobor cxembl COBMAAEHNSI MO HU3KOMY YPOBHIO.

[na nonHoTbl onucaHus (YHKUMOHAmNbHBIX BO3-
MOXXHOCTEN MUKPOCXEMbI CneayeT OTMETUTDL eLle oa-
Hy Ba)kHYl ee 0cobeHHOCTb. Kak BUOHO 13 dyHKLUN-
OHarnbHOW CXeMbl PUCYHKe BxoAbl anemeHToB DD3,
DD4 o6beanHeHbl 1 BbiBeAeHbl Ha BbiBOA 13 MUKpO-
cxembl. [NoaTomy ecnu Ha BbiBoA 13 nogaHa norunye-
ckas 1, To anemeHTsl DD3, DD4 6ygyT paboTaTth kak
noBTopuUTENU MHAOpMauun ¢ Bbixogos Q n /Q Tpur-
repa DD2. Npwn atom anemeHTbl DD5, DD6 1 TpaHau-
ctopbl VT1, VT2 6yayT nepekntoyaTbCs CO COBWIOM
no ¢pase Ha NOMoBMHY Nepuoga, obecneunsasa pabo-
Ty cunosoun yactn UBI1, NoCTpOeHHOM Mo OBYXTaKT-
HOW norymocTtoBon cxeme. Ecnu Ha BbiBog 13 Gyaet
nogaH normnyeckun 0, To anemeHTsl DD3, DD4 6yayT
3abnokmMpoBaHbl, T.e. COCTOsIHME BbIXOOOB 3TUX 3rie-
MEHTOB He ByoeT M3MeHATbCA (MOCTOSHHbBINA normye-
ckuin 0). MNoaTomy BbIXOOHbIE WMMYNbCblI drieMeHTa
DD1 6yayT Bo3gevncTBoBaTh Ha anemeHTel DD5, DD6
oavHakoBo. AnemeHTbl DD5, DD6, a 3Hau4uT U Bbi-
XoAHble TpaHauctopbl VT1, VT2, 6yayT nepeknto-
YyaTbcda 6e3 casura no gase (0gHOBPEMEHHO). Takom
pexvm paboTbl yNpaBnsowen MUKPOCXEMbI UCMOSb-
3yeTcqa B criyyae, ecnu cunosas vactb WBIT Bbinon-
HeHa no ofdHoTakTHoW cxeme. KonnekTtopbl 1 aMUT-
Tepbl 060MX BbIXOAHbIX TPAH3NCTOPOB MUKPOCXEMbI B
3TOM cryvyae 00beaUHAIOTCA C LeNblo YMOLLHEHNS.

B kauecTtBe ")xecTkon" Nnorm4eckon eamHuLbl B OBYX-
TaKTHbIX CXEMaXx MUCMNOSb3yeTCs BbIXOAHOE HaMNpshKeHne

BHYTPEHHEro UcTtovHmnka mumkpocxembl Uref (BbiBog 13
MUKPOCXEMbI 0O bEAVHSAETCS C BbIBOAOM 14).

Tenepb paccmoTpum paboTy aHanoroBoro TpakTa
MUKPOCXEMBbl.

CoctosiHne Bbixoga DD1 onpegensietca BbIXxoa-
HbIM curHanom komnapaTopa WM DA2 (gnarpamma
4), nocTtynawowmm Ha oguvH u3 BxogoB DD1. Bbl-
xogHom curHan komnapartopa DA1 (gmarpamma 2),
nocTtynawoowmin Ha BTopon Bxog DD1, He BnusieT B
HOpMaribHOM peXxnme paboTbl Ha COCTOsIHME BbiXoAaa
DD1, koTopoe onpepensietcss 6onee LWNMPOKUMU Bbl-
Xo4HbIMK nmnynscamu LUMM — komnapaTopa DAZ2.

Kpome Toro, ns guarpamm pmc.13 BMaHO, 4YTO npu
N3MEHEHUSIX YPOBHSA HanpsXeHUs Ha HEUHBEPTUPY-
towem Bxoge LWWMM komnapartopa (guarpamma 3)
LUMPUHA BbIXOAHBIX MMMYMbCOB MUKPOCXEMbl (guar-
pammbl 12, 13) 6ygeT nponopumoHanbHO NM3MEHSTb-
ca. B HopmanbHoOM pexume paboTbl ypoBEHb Hanps-
XEHNs1 Ha HEWHBEPTUPYKOLLEM BXOAEe KoMnapaTtopa
WM DA2 onpegensietcd TOMbKO BbIXOAHbIM Ha-
npsbkeHneM ycunutens ownbkm DA3 (T.k. oHO npe-
BblllaeT BbIXOAHOE HanpsbkeHue ycunutens DA4),
KOTOPOE 3aBMCUT OT YPOBHSI CUrHana obpaTHON CBS-
31 Ha ero HevHBepTupytowem Bxoge (BbiBog 1 MuK-
pocxemsbl). [loaTomy npu nogade curHana obpaTHOM
CBSA3M Ha BbiBOA4 1 MMKPOCXEMbI LUMPUHA BbIXOOHbLIX
yNpaBRAsioWMX MMMynbcoB ByaeTr M3MeHATbCA npo-
MOPLMOHaNbHO W3MEHEHUID YPOBHSA 3TOro curHana
obpaTHoOM CBA3W, KOTOPbLIA, B CBOK ovepedb, uUame-
HAETCA NPOMNOPLMOHANbHO U3MEHEHUSM YPOBHS Bbl-
xogHoro HanpsbkeHna UBI, T.k. obpaTHas cBsa3b 3a-
BOANTCHA MMEHHO OTTyaa.

MpomexyTkn BpeMeHu Mexay BbIXOAHbIMU UM-
nynscamv Ha BbiBogax 8 n 11 MuKpocxembl, Korga
00a BbIxoaHbIX TpaHauctopa VT1 n VT2 ee 3aKpbiThl,
Ha3blBalOTCS "MepTBbIMW 30HaMK".

Komnapatop DA1 HasbiBaeTca KomnapaTtopom
"MepTBOM 30HbI", T.K. OH onpegendeTr MUHMMAanbHO
BO3MOXHYIO €e AnuTenbHocTb. [loscHuM 31O noa-
pobHee.

N3 BpemeHHbIX Auarpamm puc.13 cnegyet, 4To
€Cnn WMprHa BbIXOAHLIX umnynscos LUWM-komna-
patopa DA2 OygeT B cwuiy Kakux-nmbo npuymH
YMEHbLUATbCH, TO HayuMHas C HEKOTOPOW LUMPUHBI
3TUX UMNYNbCOB BbIXOAHbIE MMMYMbLCLI KOMMapaTopa
DA1 cTaHyT wwupe BbIXOAHbIX uMmnynscos LUVM-
komnapartopa DA2 n HauHyT onpefensaTb COCTOSHME
BbIxoda rnorudeckoro anemeHta DD1, a 3HauuT wu.
LUMPUHY BbIXOAHbIX MMMYNbCOB MWKPOCXEMbI. [py-
rmmun cnosamu, komnapaTtop DA1 orpaHuMumBaeT wun-
PVHY BbIXOAHbIX MMMYNbCOB MWKPOCXEMbl Ha He-
KOTOPOM MaKCMMarnbHOM YpOBHE. YPOBEHb OrpaHu-
YeHnsa onpeaensaeTcs NOTEHUMANoOM Ha HEUHBEHTU-
pytowiem Bxoge komnapatopa DA1 (BbiBog 4 MUKPO-
CXeMbl) B yCTaHOBMBLLEMCS pexume. OaHako, ¢ apy-
ro’ CTOpOHbI, NOTeHLMan Ha BbiBoge 4 Oynet onpe-
OenaTb AnanasoH LWMPOTHOW PeryrimpoBKU BbIXOOHbIX
UMMYNbCOB  MUKpocxembl. [lpu  yBenuueHun no-
TeHuMana Ha BbiBoge 4 3TOT AManasoH CyxaeTcs.
Cambil WUMPOKNA OManasoH pPerynMpoBKM nonyya-
eTcs Torga, korga noteHuman Ha BeiBoge 4 paseH O.

OpHako B 9TOM criyyae MNosiBNSAETCS OMnacHOCTb,
CBSA3aHHas C TeM, YTO WMpUHA "MepTBOWN 30HbI" MO-
XeT cTtatb paBHon O (Hanpumep, B Cryvyae 3Ha4u-
TenbHOro Bo3pacTtaHua notpebnsemoro ot MBI To-
Ka). OTO O3Ha4aeT, YTO ynpaBnsoLWmMe UMNYNbChbl Ha



BbiBoAax 8 u 11 Mmukpocxembl ByayT cnegoBaTtb He-
NocpeacTBEHHO Apyr 3a ApyroM. [loaTomy Moxet
BO3HUKHYTb CWUTyauusi, M3BECTHas Mo Ha3BaHUEM
"npo6own no crorke". OHa 06BACHAETCA NHEPLIMOHHO-
CTbIO CWUMOBbLIX TPaH3NCTOPOB MHBEPTOPA, KOTOpPbIe
He MOryT OTKpbIBaTbCA M 3aKpblBaTbCsl MIHOBEHHO.
Moatomy, ecnn ogHOBpeMEHHO Ha 6a3y OTKPbITOro
[0 3TOro TpaH3ucTopa nogaTtb 3anuparonii curHan,
a Ha 0Gasy 3aKkpbITOro TpaH3ucTopa — OTnMpaoLni
(T.e. ¢ HyneBoW "MepTBOWN 30HOK"), TO NONYYUTCS CU-
Tyaums, Kkorga oguH TpaH3UCTop eLle He 3akpbincs, a
Opyron yxe oTKpbIT. Torga u Bo3HMKaeT npobon no
TPaH3UCTOPHOW CTOMKE NOSyMOCTa, KOTOPbIN 3aKrto-
YaeTcsa B MPOTEKaHUM CKBO3HOIO ToKa 4Yepe3 oba
TpaH3ncTopa. Tok aTOT, Kak BUOHO U3 CXEMbI puc. 5,
MUHYyeT MNEPBUYHYIO OOMOTKY CWUMOBOrO TpaHcdop-
MaTopa 1 NpakTUYECKM HUYEM He orpaHuyeH. 3alm-
Ta no TOKy B 9TOM criyyae He paboTaeT, T.K. TOK He
npoTekaeT Yyepes TOKOBbIV AaTyuK (Ha Cxeme He no-
KasaH; KOHCTPYKUMS W MNpuHUMN OEWCTBMS MNpuMe-
HAEMbIX TOKOBbLIX AaTyukoB OyayT nogpobHo pac-
CMOTpeHbl B MOCreaylLwwnx pasgenax), a 3HauwuT,
3TOT AaTyYuMK HEe MOXET BblgaTb CUIHam Ha cxemy yn-
paBrneHus. [oaTomMy CKBO3HOW TOK AOCTMraeT O4YeHb
DonbLUOW BENMYMHBI 32 O4EHb KOPOTKMIA MPOMEXYTOK
BpeMeHU. 3OTO MNpvBOAWUT K PEe3KOMy BO3pacTaHuio
Bblgensowenca Ha obomx CUIoBbIX TpaH3UCTopax
MOLLHOCTU WM MPaKTU4ECKN MIHOBEHHOMY BbIXO4Y WX
n3 cTposa (kak npasuno, npobon). Kpome Toro, 6po-
CKOM CKBO3HOrO TOKa MOryT OblTb BblBEAEHbl U3
CTpOsi OMOAbl CWIOBOrO BbINPAMUTENBHOIO MOCTA.
lMpouecc STOT 3aKkaHYMBaETCA nNeperopaHMeMm ceTe-
BOro NpefoxpaHUTensl, KOTOpbIN M3-3a CBOEN WHep-
LMOHHOCTU He ycrneBaeT 3alUTUTb 3NEMEHTbI CXEMBbI,
a NVWb 3almLaeT OT Neperpysku NePBUYHYHO CETb.

MoaTomMy ynpaBnsiollee HanpskeHue; nogaBae-
Moe Ha 0a3bl CUJOBbLIX TPAH3MCTOPOB AOMMKHO ObITh
cchopMmpoBaHo TakumM 06pasom, YTOObI CHavana Ha-
OEeXHO 3aKpbiBarncs 6bl OAMH U3 3TUX TPaH3UCTOPOB,
a yxe noTtoMm oTkpbiBarncsa 6bl gpyron. Opyrumun crio-
BaMK, Mexay ynpasngawwuMM umnynbcamy, noga-
BaeMbiMM Ha 6asbl CUMOBbLIX TPAH3UCTOPOB 00653a-
TENbHO JOMKEH OblTb BPEMEHHOW COBWI, HE PaBHbIN
Hynto ("mMepTBas 3oHa"). MuHMManeHas gonycrtumas
OnUTenbHOCTb "MepTBOKM 30HbI" onpeaensieTcs UHep-
LUMOHHOCTBI MPUMEHSIEMbIX B KayeCTBE CUITOBbIX
KrnoYen TpaH3MCTOPOB.

ApXMUTEKTYpa MMWKPOCXEMbl NO3BONSAET perynmpo-
BaTb BENMUYUHY MUHUMANbHOW ANUTENbHOCTU "MepT-
BOM 30HbI" C MOMOLLBIO MOTEHUMana Ha BbiBoae 4
MUKpOcxeMmbl. [1oTeHumnan 3ToT 3agaeTcs C NOMOLLbIO
BHELUHEro Aenurens, nogkrnio4yaemMoro K LIWHE Bbl-
XOOHOTO HanpsbkeHUs1 BHYTPEHHEro OMOPHOro  Uc-
TOYHMKa Mukpocxemsl Uref.

B HekoTopbix BapuaHTax UBI Takon genutens oT-
cyTCcTBYeT. JQTO O3Ha4yaeT, YTO MOocre 3aBepLUeHUst
npouecca nnaBHOro nycka (CM. HWXxe) noteHuuan Ha
BblBOAEe 4 MUKpPOCXeMbl cTaHoBuUTCA paBHbiM 0. B
3TUX CMy4YasX MWHUMMANbHO BO3MOXHas OJIUTEMNb-
HOCTb "MepTBOWM 30HbI" BCE XXe He cTaHeT paBHom 0, a
OyneTt onpegenaTbCs BHYTPEHHUM WCTOYHUKOM Ha-
npskenns DA7 (0,1B), kOTOpbIi MOAKMOYEH K He-
WHBEpTUpYyloLeMy Bxoay komnapatopa DA1 csoum
NONOXUTENBHBLIM MOSIKOCOM, U K BbIBOAY 4 MUKPOCXe-
Mbl — oTpuuaTenbHbeiM. Takum obpasom, Gnarogapsi
BKMIOYEHUIO 3TOTO0 MCTOYMHMKA LUMPUHA BbIXOAHOrO
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Puc. 13. Pabota UMC TL494 B HOMUHANbHOM pEXUME:
U3, U4, U5 - HanpsixkeHns Ha BbiBogax 3, 4, 5.
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umnyneca komnapatopa DA1, a 3HauiT 1 wWnpuHa
"MepTBOW 30HbI", HX MPU KaKUX YCrOBUAX HE MOXeT
ctatb paBHon 0, a 3HauuT "npobown no crorke" dyaeT
NPVHUUNMANBHO HEBO3MOXEH. [pyrumun crnosamu, B
apXUTEKTYPY MUKPOCXEMbl 3ariOXEeHO OrpaHuyeHve
MakCMMarnbHON AfIMTENbHOCTU €€ BbIXOOHOTO UM-
nynsca (MMHUManbLHON ANUTENbHOCTM "MepTBOM 30-
Hbl"). Ecnn umeeTca penurtenb, NOAKMIOYEHHbIA K
BbIBOOY 4 MUKPOCXEMbl, TO MOCMe MnaBHOro nycka

CXEMA NMYCKA

Cxema nycka npegHasHadyeHa Ansi NofyvyeHust Ha-
NPsPKEHNs, KOTOPbIM MOXHO Obinio 6bl 3anuTaTtb yn-
PaBriSoLLY0 MUKPOCXEMY C LIENbIO ee 3amnycka nocre
BkntodeHna MBI B nuTatowyto cetb. [loatomy noa
nycKoM nogpasymeBaeTcd 3anyck B paboTy B nepByto
oyepedb ynpasnsoLLern MUKPOCXeMbI, 6€3 HopManb-
HOro (PYHKUMOHWPOBAHMSA KOTOPOW HEBO3MOXHA pa-
BoTa cunoson 4Yactu n Bcen cxemsl MBI B Lenom.

Cxema nycka MoxeT ObITb MOCTpOeHa ABYMS pas-
NYHBIMK cnocobamu:
® C CamMOBO30YXaeHNEM;
® C MPUHYAUTENbHBIM BO30YyXaEeHMEM.

Cxema ¢ camMoBO30YyXOeHNEM UCMONb3yeTcs, Ha-
npumep, B MBIMN GT-150W (puc.14). BeinpamneHHoe
HanpsbkeHne cetu Uep nogaeTcss Ha Pe3nCTUBHBIN
penutenb R5, R3, R6, R4, asnstowuinca 6a3oBbiM
ansa oboux CcunoBbIX KIHOYEBLIX TpaH3ucTopoB Q1,
Q2. NoatomMy yepes TpPaH3UCTOPbI NoA BO3AENCTBMEM
CYMMapHOro HanpsbkeHust Ha KoHgeHcaTopax C5, C6
(Uep) HauvHaeT npoTekaTb ©a30BbI TOK MO LEMM
(+)C5-R5-R7-6-2Q1-R6-R8-6-2 Q2 - "obwuti
rnpogod” nepguyHoOU cmopoHsbi - (-)C6.

O6a TpaH3ucTopa NPUOTKPLIBAKOTCS 3TUM TOKOM. B
pesynbTate 4Yepes y4acTku KONneKkTop-amuttep obo-
UX TPaH3NCTOPOB HAYMHAIOT NPOTEKATb TOKN B3aUMHO
NPOTUBOMOSOXKHbIX HAaNpPaBeHU No Lensim:

e yepe3 Q1: (+)C5 - wuHa +310 B - k-9 Q1 - 5-6 T1 -
1-2T2-C9- (-)Cb5.
e yepe3 Q2: (+)C6 - C9 - 2-1T2-6-5T1 - k-3 Q2 -

"obwuti npoeod" nep8u4Hol cmMopoHsI - (-)C6.

Ecnm Gbl oba TOka, nNpoTekawwme 4epe3 Aomnors-
HUTenbHble (MyckoBble) BUTKM 5-6 T1 B npoTmBomno-
NOXHbIX HaMpaBneHUsX, Obinn Obl paBHbI, TO pPe3yrb-
TUpyowmin Tok 6bin 66l paBeH 0, 1 cxema He cMmorna

noTeHuman aToro BelBoga He paseH 0, MO3TOMy LIK-
puHa BbIXOAHBIX UMNynbCOB komnapatopa DA1 on-
pegensieTcd He TONbKO BHYTPEHHVMM WCTOYHWUKOM
DA7, HO 1 ocTaTo4YHbIM (Nocre 3aBepLUeHUst MpoLec-
ca NraBHOrO 3arnycka) MoTeHuuanom Ha BbiBoge 4.
OpHako npu 3TOM, Kak ObINIO Cka3aHO Bblle, CyXa-
€TCA OWHaMUYECKMN OuanasoH LUMPOTHOW perynu-
posku LUMM komnapatopa DA2.

Obl 3aMyCTUTBLCS.

OpHako B cuny TexHomnorm4yeckoro pasbpoca koadgpu-
LIMEHTOB YCUIeHUsi Mo TOKy TpaHaucTopoB Q1, Q2 Bce-
roa Kakon-nmbo OAMH U3 3TMX TOKOB Oorblle Opyroro,
T.K. TP@H3UCTOPbI NPUOTKPbITbI B pa3Hon cteneHu. lo-
3TOMY pe3ynbTUpyoLWwniA ToK Yepe3 BuTkn 5-6 T1 He
paseH 0 1 MmeeT TO uUnNn nHoe HanpasneHue. [onyc-
TUM, 4YTO npeobrnagaeT Tok yepes TpaH3ucTop Q1 (1o
ecTb Q1 npuoTKpbIT B GomnbLuern cteneHun, Yem Q2) u,
criefoBaTenbHO, TOK NPOTEKaeT B HaNpaBneHun oT Bbl-
Boda 5 k BeiBogy 6 T1. [JanbHenwme paccy>kaeHus oc-
HOBBIBAIOTCS Ha 9TOM JOMYLLEHWN.

OpHako, cnpaBeanMBOCTA pagn HY>XHO OTMETUTD,
YTO NpeobragarLLMM MOXET OKa3aTbCHa M TOK Yyepes
TpaH3uctop Q2, n TOorga Bce Janee onucbiBaemble
npouecchbl 6yayT OTHOCUTLCS K TpaHaucTopy Q2.

lMpoTekaHne Toka depe3 BUTKM 5-6 T1 Bbi3biBaeT
nosienexHne 34C B3aMMOUHAYKUMM Ha BCeX 0BMOTKax
ynpaenswowero TpaHcdopmatopa T1. [lpu 3aTtom
(+)34C BO3HMKAET Ha BbIBOAE 4 OTHOCUTENBHO Bbl-
Boga 5 n B 6asy Q1 nog sosgenctemem aton J3C
TEYET JOMNONHUTENBHO MPUOTKPLIBAKOLUIA €ro ToK Mo
uenn: 4 T1-D7-R9-R7-6-3Q1-5T1.

OpHoBpeMeHHO Ha BbiBoge 7 T1 nosiBngetcs (-)
OLC oTHocUTENbHO BbiBOAA 8, T.€. MOMSPHOCTL 3TOM
OMC okasbiBaeTcs 3anupatowen gna Q2 u oH 3a-
KpbiBaeTca. [anee BCTynaeT B OEWCTBUE MOMOXM-
TenbHasa obpaTHas cBaAsb ([1OC). Hdewncterne ee 3a-
KrntoyaeTcsi B TOM, YTO Npy BO3pacTaHWM ToKa vepes
yyacTok konnektop-amuttep Q1 u BuTkM 5-6 T1 Ha
obmoTtke 4-5 T1 pencrteyetr Bospacrtawowan I[MC,
KoTopasi, co3gaBasi OOMONHUTENbHbIN 6a30BbIN TOK
ansa Q1, ewe B Gonbluel cTeneHn MNpPUOTKPbIBaeT
ero. [Mpouecc aTOT pasBuBaeTCa NaBMHOOOPAa3HO
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Puc. 14. Cxema 3anycka ¢ camoBo36yxaeHnem NbIM GT-150W.
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Puc. 15. Cxema 3anycka ¢ camoBo30yxaeHnem VBN LPS-02-150XT.

(04eHb ObICTPO) M NPMBOAUT K MOMTHOMY OTKPbIBAHMWIO
Q1 v 3annpanuio Q2. Yepes oTkpbIThIi Q1 1 NepBuY-
HYl0 OOMOTKY 1-2 CMIOBOro MMMYJIbCHOrO TpaHcdop-
MaTtopa T2 HauyMHaeT npoTekaTb JIMHENHO HapacTato-
LWMA TOK, YTO BbI3bIBAET nosiBneHne umnynbsca 34C
B3aMMOMHAYKUMN Ha Bcex obmoTtkax T2. Mmnynsc ¢
06MOTKM 7-5 T2 3apsikaeT HaKOMUTENbHYID E€MKOCTb
C22. Ha C22 nosiBnaeTca HanpsXXeHue, KoTopoe no-
[aeTca B KadecTBe nuTawowero Ha BbiBoA 12 yn-
pasngawowen mukpocxembl IC1 Tnna TL494 n Ha co-
rnacywoLwmin kackag. Mukpocxema 3anyckaeTcs U re-
HepupyeT Ha cBoux BbiBogax 11, 8 npsmoyronbHble
nocnegoBaTenbHOCTM UMMYSbCOB, KOTOPbIMU Yepe3
cornacyowmi kackag (Q3, Q4, T1) HaunHaoT nepe-
kntovaTbesa cunosble knoun Q1, Q2. Ha Bcex obmMoT-
Kax cunoBoro TpaHccopmartopa T2 nosenswTca M-
nynbcHble OC HOMMHanbHOro ypoBHs. [Mpu aTOM
OOC ¢ obmoTok 3-5 1 7-5 NOCTOAHHO NOAMUTLIBAKOT
C22, nopoepxvBass Ha HEM HEU3MEHHbIV YPOBEHb
HanpskeHusa (okono +27B). Opyrumu cnosamu, MuUK-
pocxema Mno KorbLy obpaTHOWM CBA3M Ha4yMHaeT 3anu-
TbiBaTb cama cebsi (camonognutka). brnok BbixoguTt
Ha paboymn pexuMm. HanpsXeHue nuTaHus MUKpPO-
CXeMbl 1 COrMacyLLero Kackaga siBfsieTcs BCrOMO-
ratenbHblM, [OENCTBYET TOMbKO BHYTpM Orioka wu
00bI4HO HasbiBaeTcst Upom.

OTa cxema MOXEeT MMeTb HEeKOTopble pasHOBMA-
HocTu, Kak Hanpumep B MBI LPS-02-150XT (npo-
n3BoacTBo TavBaHb) Ans KomnbtoTepa Masosus
CM1914 (puc.15). B aTon cxeme HayanbHbIA TOMYOK
Ons pasBMTUA MpoLecca 3anycka noryyaeTcs ¢ no-
MOLLBI0 OTAEMbHOr0 OAHOMNONYNepnMoaHOro BbINPs-
mutensa D1, C7, KoTopbln 3annTbiBaeT B NEPBLIN NO-
NOXWTENbHbIV Nonynepuoa cetn 6a3oBbIA A58 CUMIo-
BbIX KMHOYEN pe3nCTUBHbIM AenuTenb. ATO yCKopseT
npouecc 3anycka, T.K. NepBOHayanbHOe OTnMpaHve
O[HOrO M3 KroYer NpouCXoauT naparnnernbHO C 3a-
pPAOKOM  CrnaXuBaloWwmMX KOHAEHCATOpOB OGOrbLLIO
emMkocTu. B octanbHOM cxema paboTaeT aHanornyHo
PacCMOTPEHHOM BbILLE.

Takaa cxema wcnonb3yetcs, Hanpumep, B WBI
PS-200B cupmbl LING YIN GROUP (TariBaHb).

MepBnyHas oOMOTKa cneumanbHOro MyCcKOBOro
TpaHcgopmatopa T1 BKAOYAETCA Ha MNONIOBMHHOE

HanpshkeHne cetn (Npu HomwmHane 220B) nubo Ha
nonHoe (Npu HomuHane 110B). 3To genaeTca M3 Tex
coobpaxeHuit, 4ToObl aMnnIMTyda NEepPeMEHHOro Ha-
NpshKeHnMs Ha BTOpuMYHOM obmoTke T1 He 3aBucena
Obl OT HOMMHaNa nuTatoLwen cetTn. Yepes nepBuYHyto
obmoTky T1 npu BkntoveHun MBI B ceTb npoTekaeT
nepemMeHHbln Tok. Ha BTOpM4HOM o6MOTKe 3-4 T1
No3TOMY HaBOAWUTCHA NEepeMeHHas CcuHycouaanbHas
3C c uactotonm nuTarowen cetn. ToK, nNpoTekato-
wun nog sosgencrtemem aton SC, BbinpaAMnseTcs
cneumanbHOM MOCTOBOM cxemon Ha amoaax D3-D6 n
crnaxunBaeTcsl koHaeHcaTopom C26. Ha C26 Bbige-
naeTca NOCTOsIHHOe HanpshkeHne okono 10-11B, Ko-
TOpOe MOJaeTcd B KayecTBEe MUTAIOLLEro Ha BbiBOA
12 ynpasnstowiern mukpocxembl U1 Tuna TL494 u Ha
cornacyrowumn kackag. NapannensHo ¢ 3TUM npoec-
COM NPOUCXOAUT 3apsif KOHAEHCATOPOB CriaxmBato-
wero punbTpa. NMo3ToMy K MOMEHTY Nnogayun NMTaHus
Ha MUKPOCXEMY CUIOBOW Kackaj Takke OKa3blBaeTCs
3anuTaHHbIM. Mukpocxema 3anyckaeTcsl U HaumMHaeT
reHepupoBaTb Ha cBoux BbiBogax 8, 11 nocneposa-
TENbHOCTU MNPSIMOYTOSIbHLIX MMMYSbCOB, KOTOPbLIMMU
yepesa COrnacylLlmMn Kackaj HadvHalT MNepeksio-
YyaTbCH CUIOBbIE KNtouM. B pesynbrate nosdsnsooTcs
BbIXOOHbIE HanpsbkeHus Ornoka. locne Bbixoga Ha
peXvM camonoanuTka MUKPOCXEMbl MPOM3BOAMTCS C
WMHbI BbIXOQHOTO HanpsbkeHuss +12B uyepes pasBsi-
3biBatowmn anog D8. Tak Kak 3To HanpshkeHue camo-
noAnuTKU HEMHOIO NpPeBbILLAET BbIXOAHOE Hanpshxe-
Hue BbinpsamuTensa D3-D5, To guoabl 3TOro nyckoBoro
BbINPAMUTENSA 3anNUpatoTCH, U OH B AanbHEWLeM He
BNusieT Ha paboTy Cxembl.

HeobxooumocTb obpaTHol cBsian Yepe3 avopg D8
He sBnseTca obs3aTenbHOW. B cxemax HekoTopbIx
MBI, roe npumeHsieTca MpUHyaAUTENbHOE BO30YX-
JeHve, Takas CBA3b OTCYTCTBYeT. YnpasnsioLlas
MUKpPOCXeMa 1 COrnmacyoLwunin Kackag B TeYeHne Bce-
ro BpeMeHu paboTbl 3anNnTbIBalOTCA C BbiIXxoda MycKo-
Boro Bbinpsimutend. OgHako ypoBeHb Nynbcaumm Ha
wrHe Upom B 3TOM criyvyae nony4yaeTca HEeCKOSbKO
OonbWKM, YeM B criyvyae MNUTaHUA MUKPOCXEMbI C
LUMHbI BbIXOAHOMO HanpsbkeHus +12B.

MogBoast UTOr ONUCaHUSA CXeM 3anycka, MOXHO
OTMETUTb OCHOBHblE OCOBEHHOCTU MX NOCTPOEHMUS. B



20

— BD1 PBL405 wuHa Uep=+310V
; 25C2625
3 Q1
R c13
g N 4
3 470,0 :
< 200V ;
c7j22n 4 12, 5
sw I - 2SC2625 2
110V/220V 5 m 3 m Qi -
c12 6 | |3
W / i
470,0 D18
200V CTL22S
_ A d 7 2
AN
m wuHa UBbIX.=+12V
c22
I 3300,0 | ko408
4x1N4002 16V
D5 D6
wwnHa Upom=+11,5V
L, c2 112
470,0 8 |
25V cxema ynpasneHus
(TL494CN) n

Puc. 16. Cxema 3anycka ¢ npuHyantensHbiM Bo3byxxaeHnem VBIN PS-200B (LING YIN GROUP).

CXemMe C camoBO3by>XOEeHWEM MPOU3BOAUTCS MEPBO-
HayanbHOE MNEPEKNIOYEHNE CUNOBbLIX TPaAH3MCTOPOB,
pe3ynbTatoOM Yero SIBNAETCA MNOsBNEHMEe Harnpsike-
HUA NUTaHua MUkpocxembl Upom. B cxeme ¢ NpuHy-
aunTenbHbiM  BO3OyXZeHMemM cHadana nony4varoT
Upom, a yxe kak pesynbTaT — NepeknoveHne cuno-

COrNACYOLWUN KACKAL,

[nsa cornacoBaHnsi U pa3BA3KM MOLLHOMO BbIXOA-
HOro Kackaga OT MariOMOLLHbIX Lienew ynpaerieHus
CNYXWT COrnacyloLni Kackag.

lMpakTuyeckne cxembl MOCTPOEHUS COrNacyroLLero
Kackaga B pasnuyHbix MBI MOXHO pasgenntb Ha
[Ba OCHOBHbIX BapuaHTa:
® TPAH3UCTOPHbIN BapuaHT, rOe B KavyecTBe KIo4Yen

MCMOMb3yITCA BHELUHWE TpaH3UCTopbl B  AuC-

KPETHOM UCMOSHEHWMU;

o 6eCTPaH3NCTOPHbIN BapuaHT, rge B Ka4yecTBe KIio-
Yyen MCMONb3YHTCA BbIXOAHbIE TPAH3UCTOPbI CaMom
ynpaenswowen mukpocxembl VT1, VT2 (B wuHTE-
rpanbHOM UCMONHEHUN).

Kpome TOrO, eLwe ogHUM NpU3HaKkom, no KOTOPOMY
MOXHO KnaccuduuupoBaTb cornacylolme Kackagbl,
aABnseTca crnocob ynpaerneHna CcunoBbiMih TpaH-
3ucTopaMmm MNonymocToBOro uHeeptopa. Mo aTtomy
npu3HaKy Bce cornacylouiue kackagbl MOXHO pasfe-
NnTb Ha:

e Kackadbl C OOWMM ynpasrieHneMm, rae ynpasrneHve
06oUMKU CUNOBLIMU TPaH3UCTOPaMM NPOU3BOAMTCSA
C MOMOLLBIO OOHOro O6LWero Ans HWX ynpasng-
louero TpaHcdopmaTtopa, KOTOPbI UMEET OAHY
NEePBUYHYIO 1 ABE BTOPUYHbBIE OBMOTKM;

e Kackafbl C pasfernbHbIM ynpaBneHueMm, rge yn-
paBneHne KaxabliM 13 CUMNOBbIX TPAH3UCTOPOB NpPOo-
M3BOOUTCH C MOMOLLBI OTAENBHOIO TpaHcdopMma-
TOopa, T.e. B COrfacyllem Kackage mmeeTcsd OBa
ynpasnawLwmx TpaHcdopmartopa.

Mcxopa n3 obenx knaccudumkaumim cornacyrowmm
Kackag MOXeT ObiTb BbIMOMIHEH OAHMM W3 YeTbipex

BbIX TpaH3ucTopoB. Kpome Toro, B cxemax ¢ camo-
BO3OyxgeHnem HanpshkeHne Upom oObI4HO MMeeT
YPOBEHb OKOMo +26B, a B cxemax C MpuHyauTenb-
HbIM BO30YyXaeHnem — okoro +12B.

Cxema ¢ npuHyauTenbHbiM BO30yxaeHnem (C oT-
AenbHbIM TpaHcopmaTopoMm) npuBeaeHa Ha puc.16.

cnocoboB:

® TPAH3MCTOPHbIN C 06LLMM ynpaBreHnem;

® TPAH3MUCTOPHbLIN C pasfernbHbIM YNpaBreHNeM;

o 6ECTPaH3MCTOPHBIN C OOLLMM yrpaBreHnemM;

e 6ECTPaH3MCTOPHBIN C pa3aenbHbIM yNpaBeHNeM.

TpaH3uCTOpHble Kackadbl C pa3fenibHbIM ynpas-
NEeHneM NpUMEHSAITCA peako, nbo BoobLue He npu-
MeHsIloTCA. ABTOpam He JOBENOChb CTONKHYTbCS C Ta-
KAM BapuMaHTOM WCMOSIHEHWUsI COrMnacyloLLlero Kacka-
pa. OctanbHble Tpu BapuaHTa BCTpevaroTcs bonee
UnN1 MeHee 4acTo.

Bo Bcex BapuaHTax CBS3b C CUJIOBbIM KackagoMm
OCyLLEeCTBNSIETCA TPAaHC(OPMaTOPHbLIM CNOCOBOM.

Mpwn aToM TpaHchopMaTop BLIMOSHAET ABE OCHOB-
Hble OYHKUMMW: YyCUNEHMS YNPaBnsoWero curHana no
TOKy (3a cyeT ocrnabneHunsi N0 HanpsXeHU) U ranb-
BaHUYeCKon pasBsA3ku. [anbBaHu4eckad pasBsi3ka
HeobxogvMMa MoToMy, YTO yrnpaBnsalLWas MUKPOCXe-
Ma U COrfacyloLwmn Kackag HaxoaaTcs Ha BTOPUYHOM
CTOpPOHE, a CUNOBOW Kackag — Ha NepBUYHON CTOPOHE
MbBr.

PaccMmoTpum paboTy kaxgoro n3 ynomMsiHyTbiX Ba-
PUaHTOB COrMacylolero Kackaga Ha KOHKPETHbIX
npvmMepax.

B TpaH3ucTOpHON CXxeme C 06LWMM ynpaBneHnemM B
KayecTBe coOrnacylLlero Kackaga Wcnosnb3yeTcs
OBYXTaKkTHbI TpaHCOPMAaTOpHbIA  NpeaBapuTenb-
HbI YCUNUTENb MOLUHOCTM Ha TpaHauctopax Q3 wu
Q4 (pnc.17).

O6a TpaH3ucTopa BKITOYEHbI MO CXeMe C 0Owum
aMUTTEPOM M paboTaloT B knoveBoM pexume. Kon-
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NEKTOPHbIMW Harpyskamm TpPaH3UCTOPOB SABMSHOTCH
nepBuYHbIE MONTYOOMOTKM MMMYNBbCHOTO YNpPaBrisio-
wero TpaHcopmatopa DT u peauctop obuien Ha-
rpy3kn R19, koTopbin 3agaeT MakCcUMarnbHyH Benu-
UYMHY TOKa Yepes TpaHsucTopbl (okono 20MA). Ha-
npsbkeHve nutaHma Upom nogaeTcs B CPeaHIo ToY-
Ky nepBuYHOM 0OMOTKM Yepe3 R19 n anop pasesasku
D8. TpaH3aucTopbl MO OTHOLUEHWIO K NUTalOLLEMy Ha-
NPSKEHUIO BKNOYEHbI NapanfensHo.

Ha 6asbl TpaHauctopos Q3, Q4 nocTtynatoT no-
CcrnegoBaTenbHOCTM MPSAMOYrOfbHBIX UMMYBCOB MO-
NOXWUTENBHOW MOMSIPHOCTM C OTpuuaTenbHbIMK Ne-
peaHnmun opoHTaMu, CaBuHYThLIE MO hase apyr OTHO-
CUTENbHO Apyra Ha NOMoBuHY nepuoga. M3 atoro
crnegyeT, YTO B MPOMEXYTKax Mexay Wmnynbcamu
TpaHsucTopbl Q3, Q4 OTKPLITHI, T.K. K UX ynpaBnsto-
WM nepexonamM MpUOXeEHO OTKpbIBalollee Hanps-
XeHue. lNMoag BO3gencTBMEM YNPaBASIOWMX WUMMYIb-
COB TPaH3NCTOPbI NOOYEPEOHO 3aKPLIBAIOTCS.

Ha smutTtepax Q3, Q4 nogaepxmBaeTcs Hanps-
XEeHne npumepHo pasBHoe +1,6B 3a cueT uenoukm
D10, D11, C13. 310 HanpsbkeHWe NO3BONAET OCy-
LeCTBNATb aKTMBHOE MOMEepeMEHHOE 3akpbiBaHWE
0boux TpaH3ucTopoB. [lencTBuTensHo, korga Ha 6ase
3aKpblBAEMOro TpaH3UCToOpa AENCTBYET BbIXOAHOW
UMMNYNbC MUKPOCXEMbI, TO HanpsxeHune Ha 6ase
6nmsko k 0 (okono +0,6B). HanpsikeHue xe Ha aMuT-
Tepe 3a cyeT uenouykn D10, D11, C13 nocTosHHO
noggepxmeaeTca Ha yposHe +1,6B. [Mostomy k
ynpaenswowemy nepexogy 6asa-aMuTTep Ha Bpems
OencTBns BbIXOOAHOrO UMMNyMbCa MUKPOCXEMbl OKa-
3bIBAETCH MPUIIOXEHHBIM B 3anuparoLlen nonspHo-
CTU HanpsbkeHne okono 1B. PpPOHTbI KOMNEKTOPHbIX
UMMNYNbCOB B pe3ynbTaTe Nosy4alTcs KpyTbIMU.

Ounoabl D7, D9 npegHasHayeHbl NS rawleHus na-
pa3nTHbIX KonebaTenbHbIX MPOLECCOB, KOTOPble BO3-
HMKaIOT NPV 3anupaHumn TpaHauctopos Q3, Q4, B napa-
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Puc. 18. PeanbHasa pbopma MMMynbCOB Ha Konnekropax
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3UTHOM KOHType, 0Opa3oBaHHOM MEPBUYHON 0O-
moTkom DT n ee pacnpeaneneHHoOn MeXBUTKOBOW
€MKOCTbIO.

Mpn aTom raweHne (gemndupoBaHue) npo-
NCXoOouT MO MCTEYEeHMU MEepBOro nonynepuoga
napasvtHoro kornebaHus, korga MONsiPHOCTb
HanpsbKeHMs1 Ha NapasuTHOM KOHTYpe MEHSeT-
ca. Tok gemMndupoBaHMsa Npu 3anupaHum TpaH-
3nctopa Q4 npotekaet no uenu: 3 DT - k-3 Q3 -
D7 - 1 DT. lMNMpu 3anupaHun TpaHauctopa Q3 —
nouenn: 1 DT -k-3 Q4 -D9 -3 DT.

MepBbI Monynepuop 3TUX NapasuTHbIX Bbl-
COKOYACTOTHbIX KOrebaHui BbIMMSAAWT Kak Ha-
YanbHbIN BbIOPOC HaNPSHKEHUS Ha KOSNEKTope TpaH-
31cTOopa Npu ero 3anupanum (puc.18).

Tokn vepes amnoabl D7 n D9, npoTtekawowme noa
BO30ENCTBMEM MarHUTHOW 3HEPruu, 3anaceHHon B
cepaeyHuke DT, umeloT BMA cnagaroLlen SKCNOHEH-
Tbl. B cepgeyHnke DT BO Bpems nNpoTekaHUs TOKOB
yepe3 aunoabl D7 n D9 peincTtByeT n3MeHSALWMIACS
(cnagaroLmin) MarHMTHBIR NOTOK, YTO U obycnaenu-
BaeT nogsneHve umnynbcos 3C Ha ero BTOPUYHbIX
obMOTKaXx.

Ouvop D8 ycTpaHsieT BNusiHWE cornacyoLlero kac-
Kada Ha ynpaBrsioLWy MUKPOCXEMY 4yepes3 oOLlyto
LLUMHY NUTaHUS.

Opyras pasHOBMAHOCTb TPaH3UCTOPHOIO cornacy-
IOLLIero Kackaga ¢ obLWKMM ynpaBrieHneM UCnonb3yeT-
cs B MBI ESAN ESP-1003R (puc.19). NepBown oco-
OEHHOCTBLIO 3TOrO0 BapuaHTa SABMseTca TO, YTO Bbl-
xoaHble TpaHauctopbl VT1, VT2 MukpocxemMbl BKItO-
YeHbl KaKk AaMUTTEpPHbIe NoBTOpUTENW. BbIXOAHbIE CUr-
Hanbl cHMMalTCH ¢ BbiBOAOB 9, 10 Mukpocxemsbl. Pe-
suctopel R17, R16 n R15, R14 asnawTtca smutTep-
HbIMW Harpyskamu TpaHauctopoB VT1 un VT2 cooT-
BETCTBEHHO. JTU e pe3ncTopbl 0bpa3sytoT 6a3oBble
genvtenu gnsa TpaHsuctopoB Q3, Q4, koTopble pa-
ooTatT B knoyeBom pexume. Emkoctn C13 n C12
ABNATCA  (QOPCUPYIOLWMMN U CMOCOBCTBYIOT  yC-
KOPEHMIO MpOLIECCOB MEPEKIYEHUA TPaH3UCTOPOB
Q3, Q4. Btopon xapakTepHON OCOBEHHOCTbIO 3TOro
Kackaga sBMseTcs TO, YTO nepBuMyHas obmoTka yn-
paBngwoLero TpaHcdopmaTtopa DT He umeeT BbIBO-
[a OT cpeHen TOYKM U NOAKMNIoYEHa MEXay KOnnek-
Topamu TpaH3uctopoB Q3, Q4. Kormoa BbixogHoOW
TpaHauctop VT1 ynpaBnsoLwen MMKpoCxXemMbl OTKPbI-
BaeTCs, TO OKasblBaeTCA 3anutaH HanpsKeHWem
Upom 6a3oBbin onst TpaHauctopa Q3 genutenb R17,
R16. lMoaTtomy 4yepes3 ynpaensiowmin nepexonq Q3
NpOTEKaeT TOK, N OH OTKPbIBAETCH. YCKOPEHMIO 3TOro
npouecca cnocobcTByeT opcupyowas emMKoCTb
C13, koTopas obecneumBaeT nogady B 6azy Q3 oT-
nuparoLLero Toka, B 2-2,5 pasa npesbillaoLLero yc-
TaHoBMBLUEECS 3HaYeHne. Pe3ynbTaTom OTKpbIBaHUSA
Q3 saBnsetca TO, 4YTO nepBuyHass obmoTtka 1-2 DT
CBOMM BbIBOAOM 1 OKasblBaeTCs MOAKIYEeHa K Kop-
nycy. Tak kak BTopov TpaHauctop Q4 3anepT, To ye-
pe3 nepBu4Hyto 06moTky DT HaumHaeT npoTekaTb Ha-
pacTtarowmin Tok no uenu: Upom - R11 - 2-1 DT - k-3
Q3 - kopniyc.

Ha BTOpuYHbIX 0OMOTKax 3-4 u 5-6 DT nosiBns-
toTca mmnynecbl 34C npamMoyronbHon ¢opmbl. Ha-
npaBneHue HaMoTKuN BTOpMYHbLIX 06moTok DT pasHoe.
[Mo3ToMy OOMH U3 CUMOBbBIX TPaH3NCTOPOB (Ha cxeme
He MOoKa3aHO) Mony4YuT OTKpbiBaKOLWMIA ©a30BbIA UM-
nynbc, a gpyron — 3akpbisatownin. Koraa VT1 ynpas-
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Puc.19. Cornacyrowmi kackag MBIMN ESP-1003R ESAN

ELECTRONIC CO., LTD (TpaH3ucTopHas cxema ¢ obLum

ynpaeneHuem).

NgLen MUKpOCXeMbl pe3Ko 3aKkpbiBaeTCs, TO Bcrnes
3a HUM TakKe pesko 3akpbiBaetcsa U Q3. YcKopeHuto
npouecca 3akpbiBaHUS CnocobCcTByeT dopcupytoLlas
eMKkocTb C13, HanpsikeHne C KOTOPOW NpuKnagbiBaeT-
csa k nepexody 6asa-amutTep Q3 B 3aKpbiBatoLLen No-
nspHocTn. [anee gnutcsa "mMepTtBasi 30Ha", korga oba
BbIXOAHbIX TPAH3UCTOPa MUKPOCXEMbI 3aKpbiThl. [a-
rnee OTKpbIBaeTCH BbIXOAHOW TpaH3ucTop VT2, a 3Ha-
YNT OKa3blBaAeTCHA 3anuTaHHbIM HanpsxeHnem Upom
6asoBbI And BTOporo TpaHauctopa Q4 penutens
R15, R14. MNoatomy Q4 oTKpbiBaeTca M nepBUYHas
obmoTka 1-2 DT okasbiBaeTcs NOAKMHOYEHa K KOPycy
OpYrMM CBOUM KOHLOM (BbIBOAOM 2), NO3TOMY Yepes
Hee HauMHaeT npoTekaTb HapacTalLmMii TOK MPOTUBO-
MOMOXHOMO MpeablayLleMy Criydard HanpaBieHus Nno
uenu: Upom - R10 - 1-2 DT - k-3 Q4 - "kopriyc".
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Pwuc.20. Cornacytowmn kackag NBIMN PS-200B
(6ecTpaH3ncTopHast cxema ¢ obLWMM ynpaBreHnem).

[MoaTomMy NONAPHOCTb UMMYNIBCOB HAa BTOPUYHbIX
obmoTkax DT meHsieTcs, M OTKpbIBAKOLWMA UMMYbC
nonyy4nT BTOPOW CUIIOBOW TpaH3WCTOp, a Ha base
nepeoro 6yaeTt AencTBOBaTb MMMYMbC 3aKpbiBaloLLEN
nongpHoctu. Korga VT2 ynpasnsoLLen MUKpocxembl
pesko 3akpbiBaeTCcs, TO BCMeq 3a HUM Takke pesko
3akpbiBaeTca Q4 (c nomoLlblo opeupylolen em-
koctn C12). [Janee ondatb gnutca "MepTBasi 30Ha",
nocne 4Yero NpoLecchl NOBTOPSATCA.

Takum obpa3om, OCHOBHasA uAesi, 3arioXeHHas B
paboTy 3TOro kackaga, 3aknoyaeTcsi B TOM, YTO ne-
pPeMEHHbIV MarHUTHbLIM NOTOK B cepaeyvHnke DT yaa-
eTcs nonyuyntb Gnarogaps Tomy, YTO NepBu4Has ob-
moTka DT nogknoyaeTcs K Kopnycy TO OAHMM, TO
Opyrum cBOMM KOHUOM. [Mo3aTomy yepes Hee npoTe-
KaeT nepemeHHbIi TOk 6e3 NMOCTOSAHHOW COCTaBnsito-
e Npy OQHOMNONAPHOM MUTaHUN.

B 6ecTpaH3nCTOpHbIX BapuaHTax CorfacyroLmx Kac-

kagoB MBI B KayecTBe TpaH3MCTOPOB COrNacyoLLero
Kackaga, Kak 370 ObIfI0 OTMEYEHO paHee, UCMOoSb-
3yl0TCA BbIXOAHble TpaHauctopbl VT1, VT2 ynpas-
NALWeNn MUKPOCXeMbl. B aTOM cnydae OUCKpeTHble
TPaH3MCTOPbI COrNacyLEero kackaga OTCyTCTBYHOT.

BectpaH3ncTopHas cxema c¢ obLwimMM ynpaBneHu-
eM wucnonb3yeTtcs, Hanpumep, B cxeme VBl PS-
200B. BbixogHble TpaH3MCTOPbl MUKpocxembl VT1,
VT2 HarpyxaTca no Konnekropam MepBUYHbIMU
nonyobmoTtkamu TpaHcdopmartopa DT (puc.20). MNu-
TaHvWe noJaeTca B CPeHIo TOYKYy NepBUYHON O6-
moTkm DT.

Korga oTkpbiBaetca TpaHauctop VT1, To Hapac-
TaKLWMN TOK NPOTEKaeT 4yepes3 3TOT TPaH3UCTOp U
nonyobmoTky 1-2 ynpaenstoLwiero TpaHcdopmaTopa
DT. Ha BrtopuyHbix obmoTkax DT nosiBnawTca
yrnpaBnsioWmMe UMMyrbChbl, UMEKLWMe Takyl nonsp-
HOCTb, YTO OAWH M3 CWUNMOBbLIX TPAH3UCTOPOB MHBEP-
TOpa OTKPbIBAETCs, a ApYyromn 3akpbiBaeTcs. 10 OKoH-
YaHumn umnynbca VT1 pesko 3akpbiBaeTcs, TOK Yepes
nonyobmoTky 1-2 DT nepectaeTt npoTekaTb, NO3TOMY
ncyeszaet OOC Ha BTOpUYHbIX 0bmoTkax DT, uto
NMPMBOAWUT K 3aKPbIBAHUIO CUITOBbLIX TPaH3MCTOPOB.
[anee gnutcsa "MepTBas 30Ha", korga 06a BbIXOOHbIX
TpaH3nctopa VT1, VT2 MuKpocxeMbl 3aKpbITbl, N TOK
yepes nepeBuyHyto 06moTKy DT He npoTekaeT. [Janee
OTKpbIBaeTcs TpaHauctop VT2, n Tok, HapacTtas BO
BPEMEHW, NpoTeKaeT Yepes 3TOT TPaH3UCTop U Nony-
obmoTtky 2-3 DT. MarHuTHbIA NOTOK, CO34aBaeMmblii
3TUM TOKOM B cepaedHuke DT, mmeeT npoTtmsono-
NOXHOE npeablaywemy cnydar Hanpasnenue. [Mo-
3TOMy Ha BTOpuYHbLIX 06MoTkax DT Haeogatcs OC
NPOTMBOMOMNOXHOW NpeablayLemy criyyaro nosisipHo-
CcTWU. B pesynbTaTte OTKpbIBAaeTCS BTOPOM TPAH3UCTOP
MonymMoOCTOBOrO MHBEpTopa, a Ha 6ase nepBoro MMm-
nynbC MMEET 3aKpbiBaloLyo ero nonspHocTb. Koraa
VT2 ynpaBnsiowen MMKpOCXeMbl 3aKpbiBaeTcs, TOK
yepes Hero u nepeuyHyto oomoTky DT npekpawaeT-
cs. MNoatomy mcuesatrotr S4C Ha BTOPUYHBIX OOMOT-
kax DT, u cunoBble TpaH3MUCTOPbLI MHBEPTOPA BHOBb
oKasblBalTCA 3aKkpblThl. [Janee onaAtbe Anutcs "MepT-
Basi 30Ha", NOCne Yero NpoLecchbl NOBTOPSAIOTCA.

OcHoBHasa uaes MNOCTPOEHWUs 3TOro Kackagja 3a-
KrntovaeTcsi B TOM, YTO NEepPeMEHHbIA MarHUTHbIA Mo-
TOK B CepAeyHuKe ynpasnsoLero TpaHcdopmartopa
yaaeTca nonyuute OGnarogaps nogadye nuTaHus B
CPEeOHIo TOYKY NEepBUYHOW OBMOTKM 3TOrO TpaHC-
dopmatopa. [1oaToMy TOKM MpPOTEKAT Yepe3 nony-
OBOMOTKM C OOVHAKOBbIM YMCIIOM BUTKOB B pPasHbIX
HanpaBneHusix. Korga o6a BbIXOAHbLIX TpaH3ucTopa
MMKPOCXEMbI 3aKpbITbl ("MepTBbI€ 30HbI"), MArHUTHBIN
notok B cepaeyHuke DT paseH 0. NooyepenHoe oT-
KpblBaHWe TPaH3MCTOPOB BbI3bIBAET MNoovepesHoe
NnosiBfieHWe MarHUTHOro NOToKa TO OA4HOW, TO OpPYron
nonyobmoTkW. Pe3ynbTUpyIOLWLMA MarHUTHBIA NOTOK B
cepAeyHuKe nonyyvyaeTcs nepeMeHHbIM.

MocnegHas M3 ykasaHHbIX pasHoBuaHocTewn (bec-
TPaH3MCTOPHas cxema C pa3feribHbIM yrpaBreHnem)
nucnone3yetcs, Hanpumep, B NBI komnbtoTepa Appis
(Mepy). B aton cxeme umeeTcs ABa yNpaBrisitoLLMX
TpaHcgopmaTtopa DT1, DT2, nepBuyHble MNOMyo06-
MOTKM KOTOPbIX SBMASKOTCA  KOJIIEKTOPHbIMU  Ha-
rpy3kamu gnsi BbIXO4HbIX TPAH3UCTOPOB MUKPOCXEMbI
(pnc.21). B aTon cxeme ynpasneHne KaxkabiM U3 AByX
CWMOBbIX KINHOYEN OCYLLLECTBMSETCS Yepes OTAENbHbIV
TpaHcdopmaTop. NuTaHne nogaeTcs Ha KOMNMNEKTopbI



BbIXOZAHbIX TPAH3UCTOPOB MUKPOCXEMbI C OOLLEN Wn-
Hbl Upom yepes cpefHne TOUKM NeEPBUYHBIX OOMOTOK
ynpaenswowmx TpaHcgopmatopos DT1, DT2.

Ounogbl D9, D10 ¢ COOTBETCTBYHLMMM YaCTAMMU
nepBuyHbix obmoTok DT1, DT2 o06pasyT cxembl
pasmardmdmeaHma cepaevYHUKoB. OcTtaHoBMMCS Ha
3TOM BOnpoce nogpobHee.
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Punc.21. Cornacytowmni kackag VBl "Appis"
(6ecTpaH3aucTopHas cxema C pasgernbHbIM
ynpasneHuem).

Cornacyrowun kackag (puc.21) mo cytm npeg-
cTaBnsieT cobon ABa HEe3aBWCHMMbIX OLHOTaKTHbIX
NpsIMOXOA0BbLIX Npeobpas3oBaTtensd, T.K. OTKpbIBalo-
LMK TOK NpoTekaeT B 6a3y cMNoBoOro TpaHsncTopa BO
BPEMS OTKPbITOrO COCTOSIHWUS COrnacyoLwero TpaHan-
CTOpa, T.e. CornacylLnn U CBA3aHHbLIN C HUM Yepe3s
TpaHcdopMaTop CUNOBOW TPaH3UCTOP OTKPbIThbl OA-
HoBpemeHHOo. [lpy aTomM o0b6a WMMMYNbCHBLIX TpaHC-
dopmaTopa DT1, DT2 paboTtaloT ¢ NOCTOAHHON CO-
CTaBrslOLLEN TOKa NepBUYHOM OOMOTKM, T.€. C BbIHY-
XOEeHHbIM nogmMarHuymBaHueMm. Ecnn He npepny-
CMOTpeTb crneumanbHbIX Mep Mo pasmMarHUyYnBaHuio
CepdeyHMKoB, TO OHW BOMAYT B MarHWTHoe Ha-
CbllLleHMe 3a HeCKONbKO nepuonos paboTel npeobpa-
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30BaTens, YTO NpuMBedeT K 3HAYUMTENbHOMY YMEHb-
LIEHUD WMHOYKTUBHOCTM MEPBUYHBIX OOMOTOK U Bbl-
Xo4y M3 CTpOsi NepekmnoyarLlwmx TpaHancTopos VT1,
VT2. PaccmoTpmm nmpouecchl, npoTekawwme B npe-
obpasoBarene Ha TpaHauctope VT1 u TpaHcdop-
maTope DT1. Korga TpaHsuctop VT1 oTkpbiBaeTcs,
yepes Hero u nepsuyHyto obmoTtky 1-2 DT1 npoTte-
KaeT NUHerNHO HapacTawowmn Tok no uenu: Upom -
2-1DT1-k-3 VT1 - "kopniyc".

Koroa otnuparowuin umnynsc Ha ©ase VT1 3a-
KaH4MBaeTCsl, OH pe3ko 3akpbiBaeTcsi. TOK Yepe3 00-
MoTKy 1-2 DT1 npekpawaetcsa. OgHako 3C Ha pas-
MarHu4dmsatoLlen oomotke 2-3 DT1 npu aTOM MeHSeT
MONsIPHOCTb, N Yepesd 3Ty 06MoTKy 1 amog D10 npo-
TekaeT pasmarHuumBarowmmn cepgedyHnk DT1 Tok no
uenn: 2 DT1 - Upom - C9 - "kopnyc" - D10 - 3 DT1.

ToK 9TOT — NIMHENHO cnajatowmin, T.e. NPoOU3Boa-
Hasi MarHUTHOrO noToka 4epes cepaeyHuk DT1 me-
HAEeT 3HakK, U cepaeydHVK pasMarHu4MBaeTcs. Takum
obpa3om BO BpeMsi aToro obpaTtHOro Takta npomcxo-
OUT BO3BpaT M3ObLITOYHOW 3HEPruu, 3anaceHHoOW B
cepaeyHuke DT1 3a BpemsA OTKPbITOrO COCTOSIHUA
TpaH3uctopa VT1, B UCTOYHUK (NOA3apsikaeTcs Ha-
KonutenbHbIN koHaeHcaTop C9 wuHel Upom).

OpHako TakoW BapuaHT peanusauuu cornacyto-
Lero kackaga HaumeHee npegnoyTuTeneH, T.K. o6a
TpaHcdopmaTtopa DT1, DT2 pabotatTr ¢ Hepowuc-
Nofnb30BaHMEM MO MHOYKUMM U C MOCTOSAHHOW CO-
CTaBnswLlen Toka nepsBuyHON obmoTKW. [Mepemar-
HuymBaHne cepaeydHukos DT1, DT2 npoucxogut no
YAaCTHOMY LMKIy, OXBaTbIBalOLEMY TOMbKO MNOJIO-
XUTeNbHbIE 3HAaYEeHUA MHAOYKUMW. MarHUTHble NOTOKU
B CepAeyHuKax u3-3a 3TOro nonyyvarTcs Mynbcu-
pylowumMm, T.e. cogepxaT MOCTOAHHYI COCTaBnsito-
Wyto. 3TO NPMBOAWT K 3aBbILLIEHHBIM Maccorabaput-
HbIM MnokKasatensam TpaHcdopmaTopo DT1, DT2 n,
KpOMe TOro, Mo CPaBHEHMWIO C APYrMMX BapuaHTamu
cornacylouwiero kKackaga, ogecb Tpebyetca [ABa
TpaHcdopmaTopa BMECTO OOHOIO.



CUNOBOU KACKAQ

lMocTpoeHme cunoBOro Kackaga npousBoauTCH B
nogasnsowem BOnbLUNHCTBE CryvyaeB MO ABYXTaKT-
HOW NONYMOCTOBOM CXeMe U Mano oTnn4aeTcs B pas-
Hbix BapuaHTax cxem WBI1. OcHoBHOe pasnuuune
3[1eCb 3aKITIOYaETCA B CXEMOTEXHUYECKUX PeLLEeHNsIX
NOCTpPOoeHns1 06asoBbIX Lenew CUIOBbIX KITHOYEBbIX
TpaH3ucTopoB. KoHdurypaums atux uenen Bbibupa-
eTca Takomn, 4Tobbl obecneunTb ONTUMarnbHbIN Ans
NPUMEHSEMbIX TPaH3UCTOPOB PEXUM NEPEKITHOYEHNS.
lNpn 3ToM rnaBHbIM MoKasaTtenem apgeKTMBHOCTH
NepekmnioyeHns SABMATCA MUHUManbHbIe OUHAMU-
YyeckMe MoTepuM MOLLHOCTM Ha KIOYEBbIX TpaH-
3uctopax. [Npu noctpoeHnn 6a3oBbIX LiENen CUnoBo-
ro Kackaga yumtblBaloTCsa cnegyoLime dakropbl:

e BENUYMHA KOS PULMEHTa YCUMEHUS NO TOKY Mpu-

MeEHsIEMbIX TPaH3NCTOPOB;

e obecneveHne ONTMManbHOW CKOPOCTWM HapacTaHusi

1 cnaga Toka 6a3bl Npy NEPEKNIOYEHNI;

wuHa Uep=+310V
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e BpeMsl paccacbiBaHMsA U3BbLITOYHbIX HOcUTenen B ba-
3e Mpu 3anMpaHn TPaH3UCTOPOB (MHEPLIMOHHOCTD).

MpuMepbl NOCTPOeHUss ©a30BbLIX LENer CUITOBbIX
KackagoB npueefeHbl Ha puc. 22, 23.

Heobxogumo oTMeTuTb, YTO KOHdurypauusa 6a-
30BbIX Lienew onpegensieTcs eLe u TMNoM Cxemsbl 3a-
nycka. Ecnn B gaHHom MBI ncnons3oBaHa cxema ¢
camoBO30yXaeHnem, TO 6as3oBbid ANA  CUNOBbIX
TPaH3MCTOPOB Aenuternb 00a3aTensHO UMeeT CBS3b
¢ wuHon Uep (+310B), yTobGbI Yepes Hero mor npoTe-
KaTb HadanbHbIN TOK, ABMSAOLWUACA NEepPBONPUYNHON
pasBuTMS NaBMHOOOpPa3HOro npouecca OTKPbIBaAHMUS
ogHoro m3 TpaHsuctopoB. OC Ha BTOPWUYHbLIX 06-
MOTKax ynpasnsoLiero TpaHcopmMaTtopa B NepBbin
MOMEHT ocre BKMYeHusa ele otcyTtcteyeT. 1oa-
TOMy, 4TOObI HM3KOOMHOE COMPOTMBIIEHME OOMOTOK
He WyHTupoBano Obl ynpaensowue nepexonsl 6asa-
SMUTTEP CUIIOBLIX KIOYEW, NPUXOAUTCS BKIOYaTb
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Puc.22. KoHdurypaumsa 6a3oBbix Lenen cunoBbix TpaH3mcTopos B MBI GT-200W (a),
SMPS 5624-ISM (6), GT-150W (B) c camoB0o30yXaeHneM.
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Puc.23. KoHdurypaumsa 6a3oBbix Lienen CUnoBbIX TPaH3UCTOPOB
B MBI PS-200B (a), ESP 1003R (6), Appis (B), PS-6220C (r)

C NPpUHYOUTENbHbIM 5036y>+<,u,eHmeM.

pasBs3biBatoLLme gmoabl. Kak BngHo ns puc. 22,
nobass  KoHdurypauusi 6asoBbIX Lenen npu
CXeMe 3anycka C CamOBO30Y>XOEHWEM BKIOYa-
eT B cebs a1 amoppbl. Ha puc. 22,a — ato D3,
D4; Ha puc. 22,6 — ato D4, D5; Ha puc. 22,B —
ato D7, D8. Ecnn B MBI ncnonb3yeTcsa cxema
3arnycka ¢ NpuHyauTenbHbIM BO3byxaeHnem, 1o
cBsA3n 6a30BbIx Lenen ¢ wnHon Uep HeT, un pas-
BA3blBalOLLME AModbl OTCYTCTBYHOT (puc. 23).

PaccmoTpym oamH nepuog paboTbl CUNoBO-
ro Kackaga, MOCTPOEHHOro Mo [OBYXTaKTHOW
nonymoctoBoun cxeme Ha npumepe UBIM KYP-
150W (TamBaHb) (puc. 24). Ha 3TOM pucyHke
nokasaH Becb Mpeobpa3oBaTeNbHbI TPakKT,
4YTO NO3BOMsET Nony4nTe Gonee nonHoe npea-
cTaBneHue o paboTe CMIOBOro Kackaga. dnto-
pbl HANPSPKEHUM N TOKOB, NOSACHAOLWME paboTy
npeobpasoBaTenbHOro TpakTa, NpMBeAeHbl Ha
puc. 25.

Cwvnosble TpaH3aucTtopbl Q1 1 Q2 oTkpbiBa-
t0TCA nooyvepeaHo. pu 3ToM ynpaensoLlee
HanpsbkeHne, nogaesaemoe Ha 6asbl Q1, Q2
copMMpOBaHO TakMMm obpasom, 4TO Bcerga
umeeTtcs "MepTBas 30Ha", korga oba TpaH3u-
CTOpa 3akpbIThl (puc. 25, anarpammsl 6,7).
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OTM npefoTBpallaeTcs pPeXMM CKBO3HOMO ToKa
yepe3 Q1 n Q2, KOTOPbLIA NPUBOAUT K BbIXOAY WUX W3
CTpoAS.

Korga TpaH3ucTtop Q4 cornacyrowlero kackaga 3a-
KpblBaeTcsa (MOMEHT tp), Ha BblBOAE 4 ynpaBnsioLero
TpaHcopmaTopa T2 BoO3HukaeT (+)30C oTHOCK-
TenbHO BbiIBOAA 5, n B 6asy cunoBoro TpaHsucTopa
Q1 HaumnHaeT npoTekaTb TOK no uenu: 4 T2 - D4 -
R11-R12-R7-6-2Q1-5T2.

O1nMm TokoM Q1 OTKpbIBAETCH [0 HACBILLEHMS U Ye-
pe3 nepBUYHY0 OOMOTKY 1-2 CUIOBOrO MMMYJIbCHOMO
TpaHcdopmaTtopa T4 npoTekaeT HapacTaloLMin TOK Mo
uensm: Uep - k-3 Q1 -5-6 T2-1-2T4-C10-2-1T3 -
C6 -"obwjuti npoeod " nepeuyHol cmopoHsl, (+)C5 - k-
3Q1-56T2-1-2T4-C10-2-1T3-(-)C5.

lMpn 3TOM cepaeyHuK TpaHcdopmaTopa Hamar-
HuumBaeTcs, C5 yactnyHo paspsixkaetcs, a C6 noa-
3apskaeTcs.

OpHoBpeMeHHO (B TOT e MOMeHT to) Ha BbiBOae 7
T2 BosHukaeT (-)3[C oTHOCMTENBHO BbIBOAA 8. 3TUM
oTpuUaTeNbHbIM NOTEHUMANOM HaEXHO 3anvMpaeTcs
W NOAAEPXKUBAETCHA B 3TOM COCTOSIHUM BTOPOW CUIMO-
BOI TpaHauctop (Q2).

[anee 3anupawowmi mMmnynsC Ha 6Gase TpaH3u-
ctopa Q4 cornacyoLlero Kackaga 3akaH4nmBaeTcs, 1
OH pe3Ko OTKpbIBaeTcs (MOMEHT t;). OTO NpMBOAUT K
TakoMy e pes3koMy 3akpbiBaHuto cunosoro Q1. Mo-
TeHLMan ero aMmuTTepa Ckaykom ymeHbluaetca. Op-
HaKO Takoe pesKkoe MNpepbiBaHNe Toka Yepes nepBuy-
Hyt0 0OMOTKY cunoBoro TpaHccopmaTopa T4 Bbi3bl-
BaeT Ha Hel Bbibpoc OC camMOMHAYKLMU, MOSOXN-

S
|—_L| D14 wa
c19 PXPR1002 c21
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sl el
TenbHbIM MOTEHUMANoM Ha BbIBOAE 2 OTHOCUTESBbHO
BbiBOOA 1.

Ha aToM aTane npoucxoauT YacTUYHbLIM BO3BpaT
3Hepruu, 3anaceHHon B WMHAYKTMBHOCTU paccesiHus
TpaHcopmaTopa B NUTaIOWMA UCTOYHUK (pekyne-
pauus). Ouon D2 npegHasHaveH ona co3gaHus nytm
NpoTeKaHNA TOKa peKynepauuu, KOTOpblA 3aMblka-
eTcs no uenu: 2 T4 - C10 - 2-1 T3 - C6 - "obwud
npogod" - D2 -5-6 T2 - 1 T4.

Mpu aTom koHaeHcaTop C6 noasapsikaeTtcs. Kpome
TOro, €CNM He MpPeaycMOTPETb BKtoveHve avopa D2,
TO Npu 3anupaHuM TpaHauctopa Q1 TpaHauctop Q2
OKa3blBaeTCHd B MHBEPCHOM peXxume, 4YTO Hexena-
TenbHO, T.K. MAapaMeTpbl TPAH3NCTOPa B 3TOM peXnme
He COOTBETCTBYT TEXHNYECKNM YCMOBUSM Ha HETO.

Hanee pnutca "mepTtBas 3oHa" (i4-ty), koroaa oba
cvnoBbIX TpaHsucTtopa Q1, Q2 3anepTbl, U TOK Yepes
nepBuYHY0 0OMOTKY CMMOBOro TpaHcdopmartopa He
npoTekaer.

B MomeHT t, pesko 3akpbiBaeTcsa TpaHauctop Q3
cornacytoulero kackaga. 9To NpUBOAMUT K MOSIBNEHNIO
nonoxuTeneHoro nontoca SAC B3anMOMHAYKUUN Ha
BbiBOAEe 7 ynpasnswouwero tpaHcdopmartopa T2 oT-
HOocuTenbHO BbiBoga 8, n B 6Ga3y TpaH3ucTtopa Q2
HayMHaeT npoTtekaTb Tok no uenn: 7 T2 - D3 - R10 -
R8 - 6-3 Q2 - "obwuti npogod” - 8 T2.

OTum TokoM Q2 pes3ko OTKpbIBAETCS OO0 Hacbile-
HAUS N 4Yepe3 NepBUYHYD OBMOTKY 1-2 cunoBoro
TpaHcdopmaTopa T4 HaumHaeT npoTekaTb HapacTa-
IOWNA TOK, MPOTUBOMOMOXHOIO npeablayliemy cny-
yaro HanpasneHus No uensm:
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Uep-C5-1-2T3-C10-2-1T4-6-5T2-k-5 Q2 -
"obwul nposod”.

(+)C6 - 1-2T3-C10-2-1T4-6-5T2-k-3 Q2 -
"obwuti nposod” (-)C6.

Mpn 3TOM CepAeYHUK TpaHcdopmaTopa HamarHu-
YMBaeTCs B NPOTMBOMOSOXHOM HanpasneHun (obnactb
oTpuyLaTenbHbIX 3Ha4YeHUA NHAYKUMK), KoHaeHcaTop C6
YacTM4HO paspspkaeTcs, a C5 noasapspkaeTcs.

OpHoBpeMeHHO (B TOT e MOMeHT t2) Ha BbiBoAEe 4
T2 Bo3HMKaeT oTpuuatenbHbln nontoc 3AC B3au-
MOMWHAYKLMM, OTHOCUTENBLHO BbIBOAA 5.

OTuM oTpuuaTenbHbIM NOTEHUMANIOM HadEeXHO 3a-
nupaeTcsa U NogaepXvMBaeTcsi B 3TOM COCTOSIHUW CU-
noBow TpaHaucTop Q1.

B mMomeHT t3 3anmpatowmn nmnynsc Ha 6ase TpaHn-
3uctopa Q3 cornacyloulero kackaga 3akaH4nBaeTcs,
N OH Pe3Ko OTKPbIBAETCH. OTO NPUBOOUT K TAKOMY e
pe3koMy 3aKkpbiBaHWIO CUMOBOro TpaH3aucTopa Q2.
OpHako Takoe peskoe npepbiBaHMe TOka vepes nep-
BUYHYO 0OMOTKY 2-1 cunosoro TpaHcdopmaTtopa T4
BbI3biBaeT BbiOpoc 3OC camomHaykuum Ha Hel. Ha
3TOM 3Tane BHOBb MPOMCXOOUT pekynepauusi 3ana-
CEeHHON B WHOYKTUBHOCTU paccesHna T4 aHepruw.
OpHako TOK pekynepaumv 3aMblKaeTcs Tenepb Yyepes
avoa D1 no uenn: 1 T4 - 6-5 T2 - D1 - "wuHa" Uep -
C5-1-273-C10-2 T4.

Mpwn aTom koHAeHcaTop C5 noasapspkaeTcs.

[anee onate anutca "mMeptBasa 3oHa" (i3 - t4), KO-
roa oba cunosbix TpaH3uctopa Q1, Q2 3akpbiThl, U
TOK Yepes nepBuYHyt0 06MoTKy 1-2 T4 He npoTekaeT.
B MOMeHT t4 BHOBb pPe3KO 3aKpblBaeTCHA TPaH3UCTOP
Q4 cornacyowero kackaga, M npoueccbl NOBTO-
psTCA.

KonHgeHcaTtop C10 nuksBnampyet acuMMeTpuio
CXeMbl U3-3a pas3HOCTU MOTEHLMAIIOB CPEOHUX TOYeK
TPaH3UCTOPHOM U EMKOCTHOM "CToek", BO3HWUKHOBE-
HME KOTOPOM BO3MOXHO MO LENOMYy psgy MpUYvH.
OTO NpmBOANUT K HECMMMETPUM MOJSTYBOSH Hanpsike-
HUA Ha obmoTtkax VIBT. Ecnu ata HecummeTpusi Oo-
cTtatoyHo Benuka, To BT moxeTt pabotatb ¢ mar-
HUTHBIM HacblLEHNEM cepaeydHuKa, YTO npuBedeT K
YBEMNYEHUIO NMMYIbCOB KOSNEKTOPHOro ToKa OfHO-
TO U3 TPAH3UCTOPOB M BO3PACTaHUIO OUHAMUYECKUX
noTepb Ha HEM C BO3MOXHbIM NOCREAYHLNM BbIXO-
[OM TpaH3ucTopa 13 CTposi.

Moatomy koHgeHcaTop C10, ycTpaHsia BO3MOXHYHO
MOCTOSIHHYIO COCTaBMSAOLLYI0O TOKa Yepes3 NepBUYHYHO
obmoTky VIBT, sBnsetca anemMeHTOM, npefoTBpa-
LWaLWmMM nogMarHn4nBaHne ero cepaeyHuka.

Llenouka C7/R9, BKMOYeHHasi napannenbHo nep-
BUYHOM obmoTke T4, gemndmpyeT napasuTHble Bbl-
COKOYacTOTHble KonebaHwsa, BO3HMKalOWMe B napa-
3UTHOM KonebaTenbHOM KOHTYpe, COCTOSILLEM U3 WH-
OYKTUBHOCTM paccesiHusl nepBUYHOM OOMOTKM T4 u
€e MEeXBUTKOBOW €MKOCTW, B MOMEHT 3aKpbliBaHWUSA
TpaHauctopoB Q1 n Q2. lMpu atom C7 yBenuumsaeTt
o6LLYyt0 eMKOCTb MapasuTHOrO KOHTypa, CHWXas Ta-
KM 006pa3oM 4acToTy napa3uTHOro korebatenbHoro
npouecca. R9 cHmwkaeT 4OBPOTHOCTb 3TOrO KOHTYpA,
cnocobcTBys ObICTPOMY  3aTyxaHuio  konebaHui
(MpakTnyeckm nocne nepeoro nonynepuoga). Takue
LEenoYkM HasbiBalTCH ycrnokavmsawowmmm unm RC-
NornoTUTENsIMN.

PaccmoTpum koHurypaumo 6a3oBbixX Lenen cu-
NOBbIX TPAH3UCTOPOB.

t4 Tt5

— — 3108 o —— —
©)
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Puc. 25. CKBO3HblE BpEMEHHbIE AnarpaMmmbl,
nosicHaLwme paboty npeobpasoBaTensHOro
Tpakta NBIN KYP-150W:

1), 2) - HaNpsXXeHUs Ha BbIXodax yrnpaBnstoLen
MUKpocxeMbl TL494;

3), 4) - HaNPSHKEHUST Ha KOMneKTopax TpaH3nc-
TOPOB COrMacyLLEero kackaaa;

5) - HanpshkeHWe B cpeaHen ToYKe NepBUYHON
0BMOTKM ynpaenstoLlero TpaHcdopmaTopa;

6), 7) - HanpshKeHNs1 Ha BTOPUYHbLIX OOMOTKax
ynpagsnsioLLero TpaHchopmaropa;

8) - HanpshkeHWe B cpedHen TOUKe TPaH3UCTOPHOM
CTOWKM CMIOBOTO MOMYyMOCTa;

9) - TOK Yepes NepBUYHYHO OOMOTKY CMIOBOMO
MMNYbCHOMO TpaHcopMaTopa;

10), 12) - HaNpPsPKEHNS1 HA BTOPUYHBIX OOMOTKax
CMMNOBOro MMMNYIIbCHOMO TpaHcopMaTopa;

11) - BbINPSAMIIEHHOE HaNpsXXeHWe B NMOMOXM-
TernbHbIX KaHanax;

13) - BbINPAMIIEHHOE HaNpsXXeHue B oTpuua-
TernbHbIX KaHanax.



KongeHcatopbel C8, C9 BbINOMHAT (YHKUMIO
dopcHpyOLLNX EMKOCTEN M YCKOPAKOT NpOoLecchl ne-
PEKITIYEHUSA CUITOBOTO TpaH3McTopa. JTO NPOMCXO-
ont cnegyowmMm obpasom. [Npy nosiBNeHnn OTKPbI-
BatoLero umnynbsca Ha obmotke 4-5 DT (nonoxwu-
TenbHbIA NOTEHUMan Ha BblBOAE 4 OTHOCUTENbHO Bbl-
BoAa 5) paspsikeHHbI koHaeHcaTop C9 obecneumBa-
eT nogadvy B 6a3y Q1 BXoQHOro oTnmparoLLero Toka ¢
KpyTbiM (OpPOHTOM, MpeBbiawwmm B 1,7-2,2 pasa
€ero ycTaHoOBMBLUEeCH 3HaveHue. [MoaTomy Hadvanb-
HbI MMMynbCc 6a30Boro Toka, 3amblkasicb yepes C9,
obecneumnBaeT yckopeHHoe otnupaHve Q1. C9 npu
3TOM 3apaXkaeTCs NONOXUTENbHbIM NOTEHLMANoM Ha
neson (no cxeme) obknagke. Korga C9 3apsgutcs
noytn go yposHa JMC, gencreyrowen Ha obmoTke
4-5 DT, TOK 4yepe3 Hero nepecrtaeTt npoTekatb, U B
panbHenwem 6a3oBbii ToK Q1 3amblkaeTcst Yepes D4
n R11 (yctaHoBuMBLLEECS 3HAYEHME).
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Puc. 26. dopmmpoBaHue ynpasnsowmnx Hanps>KkeHnm
Ha Ga3ax CUNOBbIX TPAH3MCTOPOB.

Kak yxe oTmeyanocb paHee, 0COGEHHOCTb yrnpaB-
NSOWero HanpspkeHnsl, nogasaemoro Ha 6asbl cuno-
BblX TPaH3MCTOPOB, 3aknoyaeTcss B obA3aTenoHOM
Hanuuun "mepTBoW 30HBI". [loaTOoMy Korga OTKpbI-
BawLWMA MMNynbCc Ha 6a3e TpaHancTtopa Q1 3akaH-
yuBaeTcs, To OC Ha Gasosoi oomoTke 4-5 DT uc-
yesaeT. Ecnu 6bl koHaeHcaTopbl C8, C9 oTcyTcTBO-
Banu, To Yepes obwun 6a3oBbi Aenutens 06omx cu-
NOBbIX TPAH3UCTOPOB BO BpeMSA "MepTBbIX 30H" Mpo-
Tekan Obl TOK C LUMHbI BbINPSAMIIEHHOTO HanpshKeHust
CeTu, KOTOpbIA co3gasan Obl Ha pe3ncTopax aenure-
NSl NafeHnst HanpsbkeHst, MPSIMO CMeLlarLLme aMnT-
TepHble nepexoabl TpaH3uctopoB Q1, Q2. Opyrumu
crnoBamu, MOJIHOCTbIO 3aKPbITh TPAH3UCTOPLI Ha Bpe-
Msi "MepTBOM 30HbI" He yaanocb Obl, a BO BpeMsi
"MepTBbIX 30H" B cxeme pasBuBarnca O6bl npouecc
nepBoHavanbHOro 3anycka (cMm. paHee). OgHako B
cxeme umetotcsa koHgeHcatopbl C8 n C9. KoHaeHca-
Top C9 3a Bpems OTKPbITOrO COCTOSIHUS TpaH3McTopa
Q1, kak 6bIN0 0TMe4YeHo, 3apskaeTtcs. [1oaTomy, Ko-
roa O0C Ha obmoTtke 4-5 DT ucuesaeT (Ha Bpemsi
"MepTBON 30HbLI"), HanpsxeHne c koHaeHcatopa C9
npuknagbiBaeTcst K SMUTTEPHOMY Mepexony TpaH3u-
ctopa Q1 B 3aKkpbIBaloLLEN NONASPHOCTU KN, HOPCUPO-
BaHHO 3akpbiBasi MNOCNeaHWA, HadeXHo noa-
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OEPXKMBaAET €ro B 3aKpbITOM COCTOSIHAM O OKOH4a-
HUSA "MepTBOM 30HbI", Korga Ha obmoTtke 4-5 DT no-
asutcs umnynsc SOC oTpuuaTenbHOW NONSPHOCTW.
Ota 3[C BKMOYEHa COrmacHoO C HanpshkeHWem Ha
koHaeHcaTtope C9 u HagexHo noagepXuBaeT TpaH-
3uctop Q1 B 3aKpbITOM COCTOSIHMM BCE BpeEM4, Moka
OTKpbIT 1 npoBoaAnT TpaH3auctop Q2. Korga oTKpbl-
BalOLWMA MMNynbC Ha 0a3e TpaHaucTtopa Q2 3akaH-
4YMBaETCs, TO OH 3aKpbIBAETCHA M MOLAAEPXKUBAETCH B
3aKpbITOM COCTOSIHUM 3@ CYET HanpsXeHUs Ha KOH-
neHcaTope C8 B TeueHue BCeW crenyloLlen 3a aTum
"MepTBON 30HLI". OTpuuaTensHbin uMmnynsc SOC Ha
obmoTke 4-5 DT, nogaepxumBatolumin TpaHauctop Q1
B 3aKpbITOM COCTOSIHUW, UcYe3aeT OJHOBPEMEHHO C
3aKkpblBaHuem TpaHsuctopa Q2. NoaTomy Ha nmpoTs-
XEeHun "MepTBOW 30HbI", MpeawecTByoWEen OTKPbI-
BaHuio TpaHsuctopa Q1 (cregylowlen 3a 3akpbiBa-
Huem TpaHauctopa Q2), oH onATb 3aKkpblT OTpUua-
TEeNbHbLIM HanpsxeHWeM c koHaeHcaTopa C9. [anee
BHOBb MOSIBMNSIETCHA OTKPbIBAIOLLMIA UMMYSbC Ha 6a3o-
Bon obmoTke 4-5 DT, TpaHancTtop Q1 npoBOAUT TOK,
a koHaeHcatop C9 nopsapshkaertcd. TpaHauctop Q2
NnoadepKMBaeTCs B 3aKPbITOM COCTOSIHMM 3a CYeT OT-
puvuatensHoro mmnyneca OMC, gencreyowero Ha
6azoBon obmoTke 7-8 DT (oTpuuartenbHbI NOTEH-
unan Ha BbiBOAe 7 OTHOCUTENbLHO BbiBOAa 8) U Ha-
npsbkeHns Ha kongeHcatope C8. Korga oTkpbiBato-
WM uMnynbc Ha 6ase TpaH3uctopa Q1 3akaH4yMBa-
etcs, To OC Ha obenx 6a3oBbix oOmoTKax 4-5 n 7-8
DT wncuesatoT, 1 Ha NPOTKEHUM CneayoLen 3a aTum
"MepTBOM 30HbI" TpaH3ncTop Q2 3akpbIT 3a CYET Ha-
npsxeHus Ha koHaeHcatope C8, a TpaH3ucTtop Q1 —
3a CYET HanpsKeHus Ha koHaeHcaTope C9. [lanee Ha
6asy TpaHauctopa Q2 BHOBb MOCTynaeT OTKPbIBaiO-
WU MMNynbC, U Npouecchl NOBTOPSAKTCA. T.0., Kax-
OblA U3 CUNMOBbLIX TPAH3MCTOPOB 3a OAMH Nepuos pa-
OOTbI NPOXOAMWT CrieayoLWMIA LMK COCTOSIHWIA:

® aKTMBHOE 3aKpbITOE COCTOSHWE 3a CYeT oTpuua-

TEMNbHOro HanpsXXeHus Ha HOpPCUPYIOLLEN E€MKOCTU

(B0 Bpems "MepTBOM 30HbLI", KOTOpas criegyeT He-

NnocpeaCcTBEHHO 3a 3aKpblBaHWMEM [AHHOTO TpaH-

3ucrTopa);
® aKTMBHOE 3aKPbITOE COCTOSAHME 3a CYET YNnpaBrisio-

wero umnynbca SOC oTpuuaTenbHOW NOMASPHOCTU

N OTpyLaTENbHOIO HanpsXXeHusa Ha dopcupytoLen

€MKOCTW (BO BpeMmsi MPOBOASALLEro COCTOSHUSA Apy-

roro TpaH3ucTopa);
® aKTMBHOE 3aKpbITOEe COCTOSIHME 3a cyeT OoTpuua-

TENbHOro HanpsKeHUs Ha POPCUPYIOLLEN eMKOCTU

(B0 BpemMsi "MepTBOW 30HbI", NpeLlecTByOLLEN OT-

KpbIBaHUIO AAaHHOTO TpaH3ncTopa);
® COCTOSIHME NPOBOAUMOCTY (3a CYeT ynpaBnsaoLero

mmnyneca 30C NoNnoXuTenbHOM NONSPHOCTN).

Takum 0b6pasomM, OCHOBHOE Ha3HaYeHue KOHAEH-
catopoB C8, C9 B 6a30BbIX Lensx CUIOBbLIX TPaH3U-
CTOpPOB — hOpCUPOBAHHOE 3aKpbiBaHWE U nogaepka-
HMEe B 3TOM COCTOSHMM MOCMNEeAHNX Ha Bpems "MepT-
Bbix 30H". BpemeHHble auarpammbl, NOACHAKOLLME
npovecc (hopMUPOBaHUS YNPaBIISIOLWLMX HANPSIKEHNI
Ha ©asax CWUNOBbIX TPAH3WCTOPOB, MPMBEAEHbI Ha
puc.26.

Ouvogel D3, D4 npenaTcTBYOT LUYHTUPOBAHUIO
ynpaBnswowWmx nepexogoB 6asa-amuTTep TpaH3u-
ctopoB Q1, Q2 HW3KOOMHBIM COMPOTMBIEHMEM YN-
paBnswowmx obmoTtok 4-5 n 7-8 DT B nyckoBom pe-
Xnme.
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Ha puc. 25 (BpemeHHast guarpamma 9) nokasaHa
dopma ToKa 4epes nepBUYHYIO OOMOTKY CWUIIOBOrO
TpaHcdopmaTopa. Takad ¢opma obycrnosrneHa WH-
OYKTMBHBIM  XapakTepoM MOSIHOrO COMPOTMBIEHMS
nepeBuyHOM 06MOTKK. MpK Nogave Ha MHAYKTUBHOCTb
ckayka HanpskeHus, TOK Yyepes Hee, Kak M3BECTHO,
CKa4ykoM M3MEHUTbCA HE MOXET, a HapacTaeT Ha Ha-
YanbHOM Yy4acTke npubnuauTenbHo nuHenHo. [lo-
3TOMY TOK 4epe3 MepBUYHy0 OOMOTKY uMmeeT BuA
nMnoobpasHbIX WMMMYyNbCOB C JIMHEWHO HapacTa-
OWMMK nepeaHuMn poHTamn. [pekpalleHue Ha-
pacTtaHus Toka OnpeaenseTcsd MOMEHTOM 3aKpbiBa-
HWSI CUITOBOIO TPaH3UCTopa, T.K. MPU 3TOM NepBUYHas

BbIXOAHbIE LLENA

PaccmoTpyM OCOBEHHOCTUM BbIXOAHbIX KaHanos
MBIN. Cnocob nony4yeHns BbIXOAHbLIX HamnpsKeHWN
Broka mMoxeT ObiTb pPasnuMyHbIM Afs Pa3HbiX CXEM.
Mpn 3TOM HanpPsHKeHWst OCHOBHBIX (CUINIBHOTOYHbIX)
kananos +5B n +12B Bcerga nonyyalTcs OOHUM U
Tem xe crnocobom BO Bcex cxemax. Cnocob aToT 3a-
KMo4aeTcs B BbINPAMIEHUN W CIM@XUBaAHUM UM-
nynbCcHbIX 3C co BTOPUYHBIX 0BGMOTOK MMMYSIbCHOrO
cunosoro TpaHccopmatopa. Npu aToM BbiNpAMne-
HVe BO BCEX ABYXTaKTHbIX CXeMax OCYLUeCTBMAeTCs
no ABYXNOSYyNepuogHON CXeMe CO CpefHen TOYKOW.
OTnm obecneymBaeTcss CUMMETPUYHLIN PEXMUM Te-
pemMarHuimMBaHmsa cepaedHuMka WMMYNbCHOMo TpaHC-
dopmatopa, T.K. Yepe3 BTOpuYHble 0OMOTKM NpoTe-
KaeT TONMbKO MepeMeHHbI TOK W, CrneaoBaTeribHO,
OTCYTCTBYET BbIHYXOEHHOE MNOAMarHn4nBaHue cep-
AeyHuKa, HensbexHoe B OOHOMNOMYNepuoAHbIX CXe-
Max BbINpSMIIEHUs, rOe TOK npoTekaeT yepe3 BTO-
pyyHYyt0 06MOTKY TpaHcchopmaTopa TOfbKO B OAHOM
HanpasneHuw.

L1 LAY Y\ L5
Wi
PXPR1002
PT 4 D15 a4 R40 47
N N
]|
\VA4 7
! D20 casl

PXPR1002 10n

Y Y\
D15 w3
. PXPR1002 802
Cc23 C25
o= X Y|
Y Y\
R39 J W4
15
VA 520 N .
PXPR1002 Y/ PXPR1002

wmHa Upom=+26V

c11 l R36 22 L C1
2,2 100,0
50V I 50V

SU8025-M
DC 12V,
o 8]

Pwnc.27. Mony4eHune BbIxogHbIX HanpsxeHun B VBT
KYP-150W (TUV FAR EAST CORP.).

PaccmoTpym paboTy BTOPMYHOWM CTOPOHBLI Ha Mpu-
mepe cxembl MBI KYP-150W (puc. 27).

Mockonbky BCe YeTblpe BbIXOAHbIX KaHamna Cxemo-
TEXHUYECKN peanu3oBaHbl NMPUMEPHO OAMHaKOBO, TO
orpaHnyMmMmcst noapobHbIM paccMoTpeHnem paboTsbl
TONbKO OAHOr0 M3 HUX (kaHan +12B). Korga 4epes
nepBuYHyt0 06MOTKY 1-2 cMnoBoro TpaHcdopmaTopa

UBbix.=-5B

0oOMOTKa OTKMYaeTCcss OT WCTOYHMKA HanpskeHus
(wmHa Uep), n TOK Yepe3 Hee NpoTekaTb HEe MOXET
(kpaTkOBpEMEHHO MNpOTEKaLWM MNocne 3anvpaHus
TpaH3ucTopa TOK pekynepauum B cyeT He ugeT). C
yMeHbLUeHNneM ToKkoBoW Harpy3sku Ha VBl nameHsaeT-
CA He TOJbKO LWMPpUHaA TOKOBbIX MMMNYJNbCOB, HO U UX
amnnutyga. 310 obbsAcCHsAeTcA TeM, 4YTo 3a bGonee
KOPOTKUIN, YeM paHee, NPOMEXYTOK BPEMEHN TOK He
ycneBaeT JOCTUYb TOW e aMnnnTyabl Npu Hen3meH-
HOW CKOPOCTU HapacTaHus. CKOpPOCTb e HapacTaHus
TOKa 4epe3 nNepBuMYHYlD OOMOTKY WMMMyNbCHOro
TpaHccpopmaTopa onpedenseTtcs ee  WMHOYKTUB-
HOCTbIO 1 ypoBHeM Uep, KOTOpbIE HE MEHSAIOTCS.

PT npoTtekaeT NnMHENHO HapacTaloLMiA TOK B Hanpas-
neHun ot BbiBoga 1 K BbiBOAY 2, HA BTOPUYHbLIX 06-
moTkax PT pencrteytor 3C NOCTOSHHOrO YpPOBHSI.
MongapHocTb aTnx JAC TakoBa, 4YTO Ha BbiBOAE 3
NPUCYTCTBYET MONOXUTENbHBLIN noTeHuman 34C oT-
HOCUTENbLHO Kopnyca. Ha BbiBoge 7 3TOT noTeHuuan
OyoeT oTpuuatenbHbiM. [1oaToMy npoTekaeT nuHen-
HO HapacTarowwmn Tok no uenu: 3 PT - eepxHuli duod
cbopku BD2 - obmomka W2 dpoccens L1 - dpoccerb
L2 - koHOeHcamop C21 -kopniyc - 5 PT.

HwxHuin anog c6opkmn BD2 Ha aToMm MHTepBane 3a-
KPbIT OTpULATENbHbIM HaNPsXKEHWEM Ha aHode, U TOK
yepes Hero He NpoTekaeT.

Momnmo noasapsgku koHaeHcatopa C21 npowuc-
XOOUT nepegaya SHeprun Ha BbIXod KaHana (noa-
JepXuBaeTcs TOoK Harpy3ku). Ha aTom xe nHtepsane
BpeMeHn B cepAevHukax apoccenen L1, L2 3ana-
caeTcs MarHuTHas SHeprus.

[anee TOK 4yepe3 nepBUYHYIO OOMOTKY CUITOBOrO
TpaHccpopmaTopa npepbiBaeTca Kak pesynbTaTr 3a-

KpblBaHUS CUIIOBOrO TpaH3ucTopa (Ha cxeme He

nokasaH). 3[1C Ha BTOPMYHBIX OOMOTKax nc4esator.

Onntca “"mepTtBas 3o0Ha". Ha atom wHTepBane

3Heprus, 3anaceHHas B gpoccensax L1, L2 nepeaa-

eTcs B koHaeHcaTop C21 u B Harpy3ky. [pu ncyes-

HoBeHun OC Ha BTOpUYHbLIX OBMOTKax B Apocce-

nga" Hasogutca B0C camonHAayKUMW, CTpeMsLLasaca

nogaepXaTb TOK NpexHero HanpasneHud. Noato-

My Tok noasapsaku C21 Bo Bpems "MepTBOW 30HbI"

npoTekaeT no uenu: rpaskil (Mo cxeme) 861800 L2

- C21 - kopnyc - 5-3 u 5-7 PT - duodkl BD2 - nieanbit

(no cxeme) ebieod W2 L1.

ToK 9TOT — NIMHEMHO cnagaroLwnini BO BPEMEHMU.
[anee oTKpbiBaeTCcs BTOPOW CUIOBOW TPaH3UCTOP
(Ha cxeme He nokasaH) u Yepes NepBuUYHY0 06MOT-
Ky PT HaumMHaeT npoTtekaTb NWHENHO HapacTaio-
LWMA TOK MPOTMBOMOSOXHOIO npeabiayLliemMy crny-
yato HanpasneHus (oT BbiBoAa 2 K BbiBoay 1). lMo-
aToMmy nonsipHocTb OAC Ha BTOPUYHBLIX OOMOTKax
PT Takke Gygoet npoTUBOMOMOXHOW: Ha BbiBOAE 7
— MOMNOXUTENbHBIN NOTEHUMAN OTHOCUMTENBHO KOp-
nyca, a Ha BbiBoAe 3 — oTpuuaTtenbHbli. [osTomy
NPOBOASALUMM 3fIEMEHTOM Ha 3TOM MHTepBane Oy-

OeT Tenepb HWKHUIA guopg cbopkn BD2, a BepxHun ee
anop dyget 3akpbIT. Tok yepes oomoTtky W2, L1 mn L2
ondaTb OydeT NMHEWHO HapacTalWwuMm 1 noa3apaguTt
koHaeHcaTop C21, a Takke NOgOEPXKUT TOK Harpy3Kku:
7 PT - HuxHut duod BD2 - W2 L1 - L2 - C21 - kopriyc
- 5PT.



B cepgeyHukax L1, L2 BHOBb HakannuBaeTcsl mar-
HUTHas 3Heprusi, KoTopas onsATb NepedaeTcsi B KOH-
neHcatop C21 un Harpysky Ha MHTepBarne crneayoLlen
3a aTnm "MepTBOM 30HbI". [Janee npouecchl NoBTOpPS-
toTca. [pu 3aTOoM paspsgka koHaeHcatopa C21 Ha Ha-
rpy3Ky NPOMCXOAMWT B TeYEHME BCEro nepuoaa paboThbl.

M3 ckaszaHHOro $ICHO, YTO cunoBasl YacTb npea-
cTaBngeT cobon kombuHauuoo u3 ABYX NPSMOXOOO-
BbIX Npeobpa3oBaTtenen, obpasyrowmx ABYXTAKTHYHO
cxemy.

B kayecTtBe BbINPSMUTENbHbLIX AUMOOOB B BbIXOA-
HbIX LEensxX MCMoNb3yTCAa MMNYIbCHbIE (BbICOKOYa-
CTOTHbIE) CUIOBbIE ANOAbI, KOTOPbLIE KPOME CcTaTuye-
CKUX MapameTpoB, onpedensieMbiXx MO BOMbTaMnep-
HbIM XapakTepucTukam, XapakTepuaylTcsa napa-
MeTpamu, onpegensalwnumMmm X UHEPLUOHHbIE CBOW-
CTBa MpuV MEpPEKIYEHUN C NPAMOro Toka Ha obpaT-
Hoe HanpsbkeHue. Mpyu cMeHe NONAPHOCTU BXOAHOro
HanpsbKeHMs1 M3-3a UHEPLUMOHHOCTU MpoLecca pac-
cacbiBaHUSA U30bITOYHBIX HOCUMTENEN 3apsifa, Hakor-
neHHbIX B 6a3e 3a BpeMsl OTKPLITOr0 COCTOSAHUS, Au-
0[], BOCCTaHaBMNMBaeT CBOe 06paTHOE COMpPOTUBIIEHNE
He MrHOBEHHO, a Yepe3 HeKOTOpoe Bpems BoccTa-
HoBreHwus teoc (trr). B TeyeHne aTOro BpeMeHun avon
OCTaeTcs OTKPbITbIM, U 4Yepe3 Hero npotekaeT 06-
paTHbIi TOK lob6p., 3Ha4YeHWe KOTOpPOro 3aBMCUT OT
Xapakrtepa Harpysku BbINpsMUTENs U ANUTENbHOCTH
¢poHTa BXOOHOrO MepemMeHHOro HanpskeHuda. lMNpu
3TOM MoKa AMOoA He BOCCTaHOBUT cBOe obpaTHoe co-
NPOTUBMEHUE, UMMYNbCHLIA TpaHcopmaTop dakTu-
yeckn paboTaeT B pexnMe KOPOTKOro 3amblKaHus no
BbIXOA4Y, YTO HebnaronpusiTHO CkasblBaeTCsi Ha pe-
XnMe paboTbl CUMNOBLIX TPAH3UCTOPOB U MOXET Npu-
BECTU K BbIXOAY UX U3 CTPOS, T.K. KOPOTKOE 3aMblKa-
HMe Ha Bbixoge VBl mpuBoguT k peskomy Opocky
KOMMEKTOPHOTO TOKa Yepe3 CUMOBOW TPaH3MCTOp B
MOMEHT ero nepekmnoyeHus. [1oaTomy npumeHsiemble
B KayecTBe BbINPSAMUTENbHbBIX 3MEMEHTOB AMOAbI
AOMKHbI 06ragate MWHMMarbHO BO3MOXHbBIM Bpe-
MEHEeM BOCCTaHOBIEHMS, KOTOPOE SBNSAETCS OO4HUM
N3 OCHOBHbIX NapaMeTpPOB BbINPSMUTENbHbIX ANOO0B
N XapakTepuayeT UX MHEPLIMOHHbIE CBOMCTBA.

[Ona yMmeHblUeHUs1 AUHAMUYECKMX KOMMYTaLMOH-
HbIX NOTEPb W YCTPaAHEHWUs pexmma KOpOTKOro 3a-
MbIKaH/US1 NPU MEepeKniovYeHun B CaMOM CUSIbHOTOY-
HOM KaHane BblpaboTkn +5B, rge aTn note-
pu Hanbornee 3Ha4YUTENbHbI, B KA4YECTBE Bbl-
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0,8-1,2B, 4yto npu Toke Harpyskm 15-20A paet pgo-
NoSIHUTENbHbIN BbinrpbIw B KM BT.

B kaHane BbipaboTkn +12B 06bI4HO NpMMEHSsIETCS
nnbo gnogHasa cbopka M3 OBYX KPEMHMEBbBIX OUNOOO0B
(monymocT) Tnna C25, ESA C25-020 n 1.n., nubo aBa
OUCKPETHbIX KpEMHMEBBIX Anoaa.

MpumeHeHnne pguopos LWoTTkM B KaHane Bblpa-
B6oTkM HanpsbkeHns +12B HeuenecoobpasHo, T.K. Npu
obpaTtHOM HanpsbkeHun Bbilwe 50B (a B kaHane Bbl-
paboTkn +12B oOpaTHoe HanpsbkeHue p[ocTuraet
60B!) anoapbl LLUOTTKM Nnoxo nepeknoyalTcs (3Ha-
YNTENbHO BO3pacTaloT obpaTHble TOKM) U NMpakTuye-
CKM He paboTalorT.

B kayecTBe BbINPAMUTENbHBLIX 31IEMEHTOB B KaHa-
nax BblpaboTku -5B 1 -12B ncnonb3yTcst 06blvHbIE
KPEMHUBbIE WMMMYMbCHbIE AMOAbI, Hanpumep, Tuna
PXPR1002.

Bce BbINpAMEHHbIE HaNPSHXKEHWST CrAaXuBalTCA
LC-dpunbTpamu.

MonyyeHne BbLIXOOHBIX HaMpsHKeHUn oTpuua-
TEnNbHbIX KaHaNoB MOXeT ObITb pasnuyHbiM. B Heko-
TOPbIX CXeMax 3TU HanpskeHWs nonyyawT Tem Xe
crnocobowm, 4To 1 +5B 1 +12B, T.e. BhINpAMNEHNEM U~
crnaxuBaHnem nmnynbcHbix OC co BTOpMYHBIX 06-
MOTOK CWUfoBoro TpaHcdopmaTtopa. B atom cnydae
Ha BTOPWYHOW CTOPOHE ycTaHaBnueawTca 4 Ounoa-
HbIX MOMYMOCTa, KaXabli M3 KOTOpbIX paboTaeT Ha
cBor kaHan. Cunoson TpaHccopmaTop B 3TOM Chy-
Yyae nveeT ABe BTOPUYHblE OOMOTKM C BbIBOAAMU OT
cpegHen ToYkM. Takas cxema UCMonb3yeTcs, Hanpu-
mep, B BN KYP-150W (puc. 27).

MmetoTca BapmaHTbl CXeM, B KOTOPbIX CO BTOPUY-
HbIX 0OMOTOK CWUMoOBOro Tpaccopmatopa nonyyarT
TONbKO TPW BbIXOAHbLIX HanpskeHus: +5, +12, -12 B.
HanpsixeHune -5B nonyyatot ns -12B ¢ nomoLLbio nH-
TerpanbHOro JNMHENHOrO TPEXBbLIBOAHOrO CTabunu-
3atopa Tmna 7905. CunoBon TpaHchopmaTop B 3TUX
CXemax Takke MMeeT OBe BTOPUYHbIe OOMOTKM C Bbl-
BOOOM OT cpefHen TOYKW. Tak Kak nyTeM BbINpsaM-
neHus 34ecb MOMyyaltT TOMbKO TPU BbIXOAHbLIX Ha-
NPsSKeHUs, TO Ha BTOPUYHOW CTOPOHE YCTAHOBMEHbI
He 4, a TONbKO 3 BbINPAMUTENBHbLIX OUOOHbIX MOMYy-
MocTa. Takon BapuvaHT MOCTPOEHUA CXeMbl UCMOSIb-
3yetcs, Hanpumep, B NBIM LPS-02-150XT (puc.28).

KonnyectBo BTOpPMYHLIX OOMOTOK CWUIIOBOIO WM-
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NynbCHOrO TpaHcdopmaTtopa MoXeT ObiTb pasnuy-
HbIM B pa3Hbix cxemax. Hanpumep, B cxeme MBI PS-
200B (puc. 29) cunoBon TpaHcopmaTop UMeEeT Tpu
BTOPUYHbIE OOMOTKM C BbIBOAOM OT CpedHeN TOYKM,
T.e. Kaxgas u3 BTOPUYHbIX OOMOTOK paboTaeT co
CBOMM MOSTYMOCTOM.

B cxeme WBIT KYP-150W (puc.27) y cunosoro
TpaHcchopmaTopa BCero ABe BTOPWYHbIE OBMOTKM,
Kaxkaasi U3 KoTopbIx paboTaeT ¢ AByMS NOyMOCTaMu.

CobnasH ucnonb3oBaTtb anoabl LLoTTkm B kaHane
BbIXOOHOrO HanpsbkeHusi +12B npueen paspabotuyn-
KOB K OpUIMHarbHOMY CXeMHOMy pelleHuto. CyTb
3TOr0 peLUeHMs 3akriovaeTcs B TOM, YTO CpeaHsas
TOYKa BTOPWMYHOM OOMOTKM CUIIOBOro TpaHcdopma-
TOpa, C KOTOPOW MOMyYaeTCs BbIXOOAHOE HanpsikeHne
+12B, nogknoyaeTcs He K Kopriycy (kak B Kraccu-
YeCKMX CXeMax), a K LUMHE BbIXOAHOIO HanpsbKeHus
+5B. MNpumep Takon cxembl nokasaH Ha puc. 30.

OpyrvMmn cnoBamu, B CPeAHIO TOYKY OBMOTKM Ka-
Hana +12B nopaetcsa "nognopka", ymeHbluatoLlas
BEMWYMHY 0OpaTHOrO HanpshKeHUsl, NPUNOXEHHOIO K
BbINpAMUTENbHBIM Auogam. [1o3aToMmy umcnonb3osa-
Hne pguopoB LoTTkm B KanHane +12B craHoBuTCA
BO3MO>XHbIM.

U3 LM7905CX

PyXy (B OKpyxarLlyto cpedy), T.e. Tennbin BO3QyX
BblyBaeTca U3 cucteMHoro 6rnoka. OBbIMHO Ha KOp-
nyce BEHTUMNSATOpPa MUMEIOTCH ykasaTenu B Buae crpe-
NOK, NokasblBaloLme HanpaBneHnsi BpalLleHus Kpblib-
YaTkM M HampasneHue BO3AyLHOro noToka. Kopmyc
Bl nmeeT oTBEpPCTMA MNK LLENEBbIE NPOPE3N Ha CTO-
poHe, MPOTUBOMONIOXKHON BeHTUNATOpy. bnarogaps
3TOMYy MpU BpaLLEHUN KpPbIbYaTKM CO30aeTcs BO3-
OYWHBIA MOTOK, OXNaXAalLWunii Kak 3NeMeHTbl y3rnoB
CUCTEMHOro Mofyns, Tak n cxemy camoro VBM.

Takum obpasom BTOpuyHasi ctopoHa WMBIT Ha oc-
HoBe ynpasnswLen mukpocxembl TL494 n nonymo-
CTOBOIrO WHBEPTOPA CXEMOTEXHUYECKU MOXET OTNu-
yaTbCcs:

e CNOCOOOM MONYyYEHUs] BbIXOAHOrO HaMNpsPKEHUs -
5B u, cneposBaTtenbHO, KOMMYECTBOM BbINPSMU-
TenbHbIX AUOAHLIX NOSYyMOCTOB;

® KOJIMYECTBOM BTOPMYHbLIX OOMOTOK CWUMOBOMO UM-
NynbCHOro TpaHcopMaTopa;

e CMOCOOOM MoJayM NUTaHUA Ha ABuraternb BeEH-
TunaTopa.

Kpome TOro, B cxemax C camOBO3OyXZeHMeM Bbl-
NpsIMNEHHOE NMMNYIbCHOE HanpshKeHWe ¢ BbixoAda an-
OAHOro nonymocTta kaHana +12B ucnone3yetcs ans
nony4yeHnsi BCOMOraTenbHOro HanpsXXeHus
nNUTaHMsa ynpaeBngaloLLen MUKPOCXEMbl U CO-
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Puc.29. MonyyeHne BbIxoaHbIX HanpsbkeHun B UBIM PS-200B.

Kak yxe oTmevyanocb, KOHCTPYKTMBHO W 3rekT-
pvyeckn B cxemy WBIT BXogWT BEHTURATOP MNPUHY-
OUTeNbHOro oxnaxaeHunsa cxembl camoro MBI n cuc-
TeMHoro 6noka. OBGblMHO OH NpeacTaBnsieT Cobon
©EeCKONNEKTOPHBLIN BEHTUIbHLIA ABYyX(asHbIi ABUra-
Tenb MNOCTOSAHHOro Toka. OOMOTKM ABUraTenst BeHTU-
nsaTopa 3anuTbiBaTioca B 6onblumHcTBe cxem VBl ¢
LWUMHbI BbIXOOHOrO HanpshkeHusa +12B. OgHako ume-
FOTCS CXEMbI, B KOTOPbIX NMUTaHWE ONis ABUraTensl BeH-
TunaTopa 6epetca ¢ wuHbl -12B. BeHTunartop Ha 3a-
PYGEXHBIX MPUHLMNUANBbHBIX 3NTEKTPUYECKNX CXEMax
obo3HavaeTtca kak D.C. FAN. B VBl KYP-150W, Ha-
npumep, ncnonb3yeTtca BEHTUNATOP TMNa
SU8025-M, nmetowmin cnepyroLime OCHOBHbIE Xapak-
TEPUCTUKN: HOMMHANbHOE HanpsXkeHune nutaHusa 12B,
notpebnsembinn Tok 0,12A. MpUHUMN OEACTBUSI U KOH-
CTPYKUUS1 OBuUraTens BeHTunsTopa OyayT nogpoGHO
paccMOTpeHbl danee. 34echb e OTMeTUM b TO,
YTO BO34YLUHbIA MOTOK, CO34aBaeMbli OBUratenem
BEHTUIATOPA, HanpaBfeH 13 CUCTEMHOIO MOAYNSA Ha-

W 3anuTbiBaeTca no BbiBogy 12 ynpasnsito-
Lwas MUKpocxema, a Takke 6asoBble genu-
Tenu TPaH3NCTOPOB COrnacyoLwwero Kkackaaa
N KONMEeKTopbl 3TUX TpaH3ucTopoB. Hanpwu-
Mep, Ha puc.27 anog D14 — grnoa pasBaA3ku.
C19 — crnaxuBaroLas eMKOCTb. QNeMEeHThI
R36, C11 o6pasytor [-obpasHein RC-
GunbTp.

HeobxooumocTb  BKMOYEHUS  pa3BsA3bl-
BaloLlero agnoga obbAacHAETCS TeM, YTO Mpu
ero OTCYTCTBMM HaKoONUTEnbHas €MKOCTb
C19 wwuHbl Upom, koTopas noasapsxaetcs
UMMynscaMmm CO BTOPUYHOW OBMOTKM CUMO-
BOro TpaHcdopmMaTtopa, BO BpeMs nay3 paspsbkanach
Obl HA HN3KOOMHYIO Harpy3ky kaHana +12B. 3to npu-
BENo Obl K 3HAYMUTENBHOMY BO3pacTaHuo Nynbcaumm
Ha wWwuHe Upom, 4To HexenaTenbHo. [-obpasHbii
RC-cunbTp Takke cnocobCTBYET NOAABNEHUIO NyJib-
cauuu Ha wuHe Upom.

YpoBeHb HanpskeHna Upom B cxemMax ¢ CaMmOBO3-
OyxOeHnemMm, Kak yxe 0TMe4arnocb, COCTaBnsieT OKONo
+26B. 3710 o0ObsiCHseTCs Tem, 4YTO pasMax WM-
MyNbCHOMO HamnpsXXeHWs Ha BTOPUYHON OBMOTKE UM-
nynbCHOro TpaHcopmaTopa, paboTatolee Ha kaHa-
nel +12B n -12B, coctaenset okono 60B. NoaTtomy
aMnnuTyaa MMnNynbCoB Ha BbIXOAE BbINPSAMUTENBHO-
ro nonymocta B kaHane +12B cocTtaBuT MOMOBUHY
3TOW BENUYMHbI, T.e. okono +30B. NpumepHo go aTo-
ro YPOBHS1 1 3apshKaeTcsa Yepes Mo pasBa3ku crna-
XMBatoLLas eMKOCTb LWnHbl Upom.

[MonyTHO OTMETVMM, YTO pasmax MMMYfbCHOrO Ha-
NPsHKEHUs Ha BTOPMYHOM 0OMOTKe, paboTarowen Ha



KaHanbl +5B n -5B, npumepHo BOBOE MeEHbLUE U Co-
crtaenseT okono 26B. NoaTomMy amnnuTyda umnynb-
COB Ha BbIXOA4ax AVOAHbIX MOyMOCTOB KaHanos +5B
n -5B cocTtaenseT okono 13B.

K wuHe BbIXogHOro HanpsbkeHna +5B Bo Bcex
cxemax WBIN paccmaTtpuBaemoro cemenctsa nog-
KNIOYaeTcss pPe3nCTMBHbIA  AenuTenb, BbIMNOM-
HAOLWNIA (DYHKLMIO U3MEPUTENBHOIO 3rieMeHTa B
uenu obpaTHON CBS3N B KOHType cTabunusaunm
BbIXOAHbIX HaNpPsbKeHUn (CM.H1Xe).

Mexay wuHamu -5B n -12B 06blvHO BKNtoYa-
€TCsl ANOAHO-PE3NCTUBHLIN OenuTenb, BbINOSI-
HALWUA DYHKUNIO M3MEPUTENBHOIO 3reMeHTa
cxembl 3awmTbl oT K3 B Harpy3kax kaHanos -5B
n -12B (cM. HuXe).

Kpome Toro, K BbIXOOHbIM LWMHaM (KO BCEM Ye-
ThIPEM WIM K HEKOTOPbIM B 3aBMCMMOCTU OT MO- 1
cTpoeHus cxeMbl BI) nogkntoyeHsl paspsgHble
pesncTtopbl. HasHaueHue nx — GbicTpasi paspsa-
Ka BCEX BbIXOAHbIX KOHAEHCATOPOB, a Takke
KOHOEHCATOPOB pPasfnyHbIX BCMOMOraTesibHbIX
cxeMm nocne BbikntoYveHns VIBIM 13 cetn ¢ uenbto
npusectn Bcto cxemy UBI1 B ncxogHoe cocros-
HWe nepepn nocrefywlmMm BkodeHnem. PaHee
yXKe OblfMa oOTMeYeHa MpuHUMNManbHasa BaX-
HOCTb 9Toro obctoaTenbcTBa. OpgHako 34echb
NMOBTOPUM ellle pas, YTo AJI9 HOPMarbHOro Bbl-
xoga MBI Ha pexum, BCe KOHOEHCATOpbl ero
CXeMbl K MOMEHTY BKITHOUEHUSI B NUTAIOLLYIO CETb
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OOIMKHblI  ObITb  MOMHOCTBIO  paspsbkeHbl. Ha
puc.27, Hanpumep, pas3psgHbiM pPe3ncTopom B
kaHane +5B gaBnsietca R37, B kaHane -5B — R43,
B KaHane +12B — R45, B kaHane -12B — R42.

CTABUIIU3ALNA BbIXOAHbIX
HAMNPAXEHUN UBIN

Cxema cTabunusaumy BbIXOAHbLIX HaMpshKeHUn B
paccmatpmBaemomM knacce WBI npencraesnseTt co-
OON 3aMKHYTYHO METI0 aBTOMATUYECKOro perynmpo-
BaHus (puc. 31). 3Ta neTns BKkMYaeT B ceds:

e CXeMy ynpasneHus 8;
e cornacymLmm npegycunutenbHbIn kackag 9;
e ynpasnsaowmin TpaHcopmatop DT;
e CUITOBOW Kackaf 2;
® CUITOBOW MMMYNbCHbI TpaHcdopmaTop PT;
e BbINPAMUTENbHbIN 610K 3;
e Jpoccerb MeXKaHanibHOW B3N 4;
e 610K punbTpoB 5;
e IENUTENb HanpsXXeHus obpaTHOM CBA3M 6;
e IENMTENb OMOPHOrO HaNpsXKeHus 7.
B cocTtaBe cxembl ynpaBrneHusi 8 nmeroTca cnegy-
toLme pyHKUNOHanNbHbIE Y3nbl:
e yCUNUTENb CUrHanNa paccornacoBanunda 8.1 ¢ uenbto
Koppekuun Zy;
e LLIMM-komnapaTop (MoaynsTop) 8.2;

e reHepatop nuMnoobpasHoro HanpsbkeHust  (oc-
uunngartop) 8.3;
® ICTOYHMK  OMOPHOrO  CTAabUNU3MPOBAHHOIO  Ha-

npspkeHus Uref 8.4.

B npouecce paboTbl ycunutenb curHana paccor-
nacosaHusi 8.1 cpaBHMBAET BbIXOOQHOW CUrHanN genu-
Tens HanpsbkeHnss 6 ¢ ONOopHbIM HanpshkeHnem ae-
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Toku, NpoTekawLme Yepes 3T pe3ncTopbl B Npo-
uecce pabotbl MBI, He3HaUNTENBbHbLI NO CPaABHEHMUIO
C TOKamu Harpy3ok. [103TOMy MOXHO cuyuTaTb, Y4TO B
npouecce paboTbl 3TM PE3NCTOPLI HE BNUSIOT Ha pa-
ooty cxembl VBTT.
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Pwnc.30. MonyyeHne BbixoaHbIX HanpsxkeHun B UBIM PS-6220C

(BENAVIOR TECH. COMPUTER CORP.).

nutens 7. YCUNeHHbIN curHan paccornacosaHusi no-
CTynaeT Ha LUMPOTHO-UMNYMbCHLIN MoaynaTop 8.2,
yNpaBnsioWMiA NPegoOKOHEYHbIM Kackagom ycunure-
nsi MOLWWHOCTM 9, KOTOPbIW, B CBOK o4epefb, nogaet
MOAYMPOBAHHbLIN YNPaBrSOLWMIA CUrHamn Ha CUNOBOW
Kackag npeobpasoBaTtens 2 4epes3 ynpaBnsAoLLMNA
TpaHccopmatop DT. [lNutaHne cunosoro kackaga
npounssoguTcs no 6GectpaHchopmaToOpHOU Cxeme.
[MepemeHHOEe HanpskeHWe nuTalowen cetu Bbl-
nNpsMNsaeTca ceTeBbliM BbinpsMuTenem 1 n nogaetcs
Ha CMNOBOW Kackap, rae crnaxmBaeTcsl KoHAeHcaTo-
pamMu eMKOCTHOW CTOWKW. YacTb BbIXOAHOro Hanps-
XeHus cTabunuaatopa CpaBHMBAETCS C MOCTOSAHHBIM
OMOPHBLIM HamnpshKeHWEM M 3aTeM OCYLLECTBISETCS
yCuneHue norfy4yeHHon pas3HocTM (curHana pacco-
rnacoBaHusi) C BBEAEHUWEM COOTBETCTBYHOLLUENA KOM-
neHcauun. LLMpOTHO-MMNYNbCHBIM MoaynaTop 8.2
npeobpasyeT aHamnoroBbli CUrHam YynpasneHus B
LWUMPOTHO-MOAYNMPOBAHHbBIA CUTHAM C MepeMEHHbIM
Ko3abhUUMEHTOM 3anonHeHns wumnynsca. B pac-
cmaTtpmBaemom knacce WBI cxema moaynaTtopa
OCYLLLeCTBMSET CpaBHEHNE curHana, NnocTynaroLLero ¢
BbIXxO4a YCUMNUTENs CUrHamna paccornacoBaHug C Ha-
npsbkeHneM nunoobpasHon ¢opmbl, KOTOPOE MOMy-
YyaeTcsa oT cneynansHoro reHepartopa 8.3.
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Puc. 31. KoHTyp perynupoanus tunosoro BIN Ha ocHoBe

ynpasensoLen Mukpocxembl TL494.

OcHOBHbIMM  NepeaaTtoyHbiMn - pyHkumamu MBI
ABNATCA PYHKUMSA BXOA-BbIXO[, XapakrepusytoLas
CMOCOBHOCTb CXeMbl MOAaBNSATb BXOAHbIE LUYMbl U
nynbcauuMm M He NponyckaTb UX Ha BbIXOA, U (PyH-
KUMS  ynpaBneHne-BbIXOh, XapakTtepuayluwas cTe-
NeHb U3MEHEHUs BbIXOOHbIX HanpsbKeHWn npu pas-
NNYHBIX KO3hPULIMEHTaX 3anofHEHUS UMNynbLCcoB. B
cucTeEME C 3aMKHyToW obpaTHOW CBA3b Ko3adhdu-
LMEeHT 3anorfiHeHUs UMMNyNbCOB OnpeaensieTcs ycu-
NEHHBIM N KOMMNEHCUPOBAHHBLIM CUTHaNoOM paccorna-
coBaHusl. NoscHMM aTo nogpobHee.

Honyctum, HekoTopoe BO3MyLLalLlee BO3OEWNCT-
BMe (HanpuMmep, YyBEenuMyeHne TokonoTpebrneHus B
Harpyske) nepBoHa4varnbHO BbI3Baro OTKIIOHEHUE Bbl-
XOAHOrO HanpPsXXeHUs Ha HEKOTOPYIO BENWYUHY B CTO-
POHY YMeHbLueHUs. [1o3ToMy Mexay OMOpHbIM Ha-
Nps>KeHWeM U cUrHanom obpaTHOW CBSA3U U3MeHsIeT-
Cs BenuuuHa paccornacosaHus. bnarogaps atomy
yBENMUMBAETCH LWMPUHA BbIXOAHbLIX MMMYNbCOB MO-
aynupyrolen cxembl 8-2. [losToMy BbIXOOHOE Ha-
npsXeHue yBennunBaeTCd, HO He JOCTUraeT npexHe-
ro 3HayeHusl, a yCTaHaBMMBAETCA Ha YPOBHE 4yTb
MEHbLLUEM, YEM O BO3AEWCTBUS BO3MYLLEHUSA, U CO-
XpaHseTcsi Ha 3TOM HOBOM YPOBHE A0 Tex mop, noka
MOBbILLEHHOE TOKOMOTPEOeHne B Harpyske He npe-
KpaTutca. BHOBb yCTaHOBMBLUMIACS YPOBEHb BbIXOA-
HOro HanpskeHus obecneumBaeT Ty BENUYUHY CUr-
Hana paccornacoBaHus, kotopasi, dyayum ycuneHHom
ycunutenem owmnbkn 8.1, onpegenseTt HOBYIO LINPK-
Hy YynpasnswoLwWwero wuMmnynesca, nNoaaepXMBatoLLyto
3TOT HOBbIA YPOBEHb BbIXOAHOrO HanpsbkeHus. [Opy-
rMMn crioBamu, cucTtema nepexoauT B HOBOE COCTOSA-
HMEe OMHaMUYECKOro paBHOBECKMS, HO Mpu BonbLueM,
YyemM paHee, curHane paccornacoBaHusi W Apyrow
(6onbLuen) LMpUHe yNpaBnstoLWmMX MMNYIbCOB.

CoBepLUeHHO 04YeBUOHO, YTO YeM Gonblie Koad-
PULNEHT YyCUNEHNS YCUITUTENS OLLIMOKN, TEM MEHbLLE
N3MEHEHNE BbIXOQHOIO HamnpsikeHusi, Kotopoe o0y-
CNoBUT Heobxoaumylo Ans NoAAepXaHus 3TOro Ha-
NPSHKEHUA LUMPUHY YNpaBRsoWmnX MMmnynbcos. [lo-
3TOMYy, Kasanocb Obl, KOIPUUMEHT yCUNeHus ycu-
nutens 8.1 xenaTenbHO UMETb MakcumarnbHO 6onb-
wum. OgHaKko BenuYMHA YCUIMEHUS OrpaHMyYMBaETCs
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8.3 8.4

YCIOBMEM YCTOMYMBOW paboTbl BCEW METNU perynu-
poBaHus B LerioM. 3HauyeHne KoadpduumeHTa ycune-
HWS No neTre o6paTHONM CBA3M PaBHO NPOU3BEAEHUIO
KO3(h(pMLIMEHTOB YCUIMEHUSA TUMOBbLIX 3BEHBEB, BXO-
OSWnX B KOHTYp obpaTHoW cBA3W, a ero pasoBbin
cOBUr paBeH CymMMme asoBbIX COBUIOB TUMNOBbIX
3BeHbeB. [109TOMY KOSPULMEHT yCUMEHUs Mo neT-
ne obpaTtHom cBsA3M M ero cdasa onpenensitoT cra-
OUNbHOCTL paboTbl CUCTEMbI U BO3MOXHOCTb BO3HMK-
HOBEHWSs B HEWN reHepaumm.

Ona Toro, 4tobbl cuctemMa paboTana ycTOWYMBO,
AYUX n OYX ycunutens 8.1 cxemoTexXHUYecku nop-
BEpraeTcsi KOppeKkunn ¢ NOMOLLbIO KOPPEKTUPYIOLLIEN
uenun Zk, KoTopaa BKMAOYAETCA KaK 3BEHO OTpu-
LuaTenbHOM OOpaTHOWM CBSA3W, OXBaTbIBAKOLEN yCUNn-
Tenb owmnbkn 8.1. MNpn 3TOM KOHUrypaLms Lenoyku
Zk obecne4ymBaeT HeOOXOAMMYIO 3aBUCUMOCTb y-
H6uHbl 3ToM OOC OT YacTOThbl YCUIMBAEMOro cUrHana.
Mpoue roeops, Zk - aTo Lenb, NpY NOMOLLM KOTOPOK
BBOAWUTCS OTpuuaTenbHasi YacTOTHO-3aBucMMasi 00-
paTtHasa cBaA3b. [MoscHUM nogpobHee OU3NYECKUI
CMbICI BKIIOYEHUS 3TOW OYeHb BaXKHOW Lienodkn. Kak
N3BECTHO 13 TEOPUN, AN BO3HUKHOBEHUS reHepaLumm
B 3aMKHYTOW cucTeMe Heobxoaumo, 4ToObl BbIMOJI-
HANUCb ABa ycrnosus. NepBoe M3 3TUX YCMOBUW Ha-
3biBaeTcd 6banaHcom has 1 3aknyaeTcs B TOM, YTO-
Obl cymMMmapHbI ha3oBbIN COBUI, BHOCUMbIA BCEMU
3BEHbSMM 3aMKHYTOW CMCTEMbI Ha OAHHOW YacToTe,
6b1n 661 paBeH 360 rpagycos. Toraa obpatHas CBA3b
npeBpallaeTca B MOMOXUTEMbHYID W NOSABMSETCS
BO3MOXHOCTb 419 CaMOBO30YyXaeHUs cuctemol. Bto-
poe ycnoBue, HasbiBaemMoe GanaHcom amnnuTyg,
3aKmMYaeTcst B TOM, YTOObI KO3 ULMEHT NETNEBOIO
YyCUNEHMs Ha AaHHOW 4YactoTe Obin Obl Gonble 1.
Mpun BbINONHEHMM O0OOUX 3TUX YCIOBUN OOHOBPEMEH-
HO B 3aMKHYTOW METne perynupoBaHus BO3HUKaeT
reHepauusi.

[MpUMEeHNTENBHO K KOHTYPY PerynupoBaHus Bbl-
XoaHbIX HanpsbkeHun WBI ato 6yget BbIrNsageTb
NPUMEPHO TakuM xe obpasom. Pa3oBbIN CABUT, BHO-
CYMbIA KaXKOblM W3 SMEMEHTOB MNeTnu perynmpoBa-
HUA, He SABMSIeTCA MNOCTOSIHHBIM, @ 3aBUCUT OT YacTo-
Tbl. [No3TOMY 0653aTENBHO MMEETCA HEKOTOpas Yac-



TOTa, Ha KOTOPOW CyMMapHbIN pa3oBbIv CABUM NeTnu
perynupoBaHus CTaHOBUTCS paBHbIM 360 rpagycos.
MIMEHHO Ha 3TOW YacToTe U BO3MOXHO BO3HMKHOBE-
HMe reHepaumn. 3Ta BO3MOXHOCTb peanua3yeTcs,
ecnun KoaUUNEHT NETNEBOr0 YCUMEHNHA, KOTOPIN,
Kak ObINo OTMEYEHO, onpeaensieTcsi Npon3BegeHNeEM
KO3(PPULMEHTOB YCUIEHNSI BCEX 3BEHbEB NeTnu, By-
OeT MMeTb BENMYUHY, NpeBblatoLlyo 1 Ha ykasaH-
HOM 4acToTe. M3 ckaszaHHOro SICHO, YTO Ansa TOro,
4yTOOblI M3bEexaTb BO3HUKHOBEHMSI TAKOW MapasuTHOWM
reHepauunm, UMeeTcsa TOMNbKO OAUH MyTb. [loCKONbKY
neTneBoe ycureHne onpegensieTcs B OCHOBHOM YCU-
nutenem ownbkm 8.1, TO ITOT NyTb 3aKkNO4aeTcs B
TOM, YTOObI ckoppekTMpoBaTb AYX ycunutens owmo-
Kn (a 3Haunt m AYX Bceln neTnu perynmpoBaHus B
uenomMm) Takum obpasom, 4TOObI Ha 4acTtoTe, rae
CyMMapHbIn ©a3oBbI COBUI B MNeTie CTaHOBUTCSA
paBHbiM 360 rpagycoB, KO3(PUUMEHT nNETNeBoro
ycunerus 6oin 6bl MeHblie 1. ®yHKUMIO TakKoro ns-
MeHeHua AYX ycunutena 8.1 u BbINONHAET Uenb
Koppekummn Zk, kotopast 0bbIMHO BbIMOMHSAETCA B BU-
Oe uHterpupytowtero RC-3geHa. HecmoTpsi Ha To, UTO
uenb komneHcaumm Zk sIBNsIeTCs O4eHb Maron 4ac-
Tbto nonHon cxembl WBI, umeHHO oHa sBnseTcs
"Knoyom" Anst yCTon4mMBon paboTbl CUCTEMBI.

MosicHMMm Bce Bbillecka3aHHOE NMPUMEHUTENBHO K
paccmatpmBaemoMy knaccy MBI Ha ocHoBe ynpas-
nawowen mmkpocxemol TL494,

Crabunusaumsa BbIXOAHbLIX HaMpsXKeHUn ocyLe-
CTBNSIETCA METOAOM LUMPOTHO-UMMYSIbCHOW MOoAyns-
umn. CyTb ero 3akrnoyaeTcd B TOM, UYTO curHan ob-
paTHOM CBSA3W, NPOMNOPLMOHANbHbIA YPOBHIO Hanps-
XeHus B kaHane +5B, npu ranbBaHMYecKoW nogade
€ro Ha HeVHBEPTUPYIOLLMIA BXOL YCUNUTENS OLUINOKM
DAS3 (BbiBog 1 mukpocxembl TL494), onpegenseT wu-
PVHY BbIXOOHOrO MMMyfbCa MUKPOCXEMbl U U3MEHAET
€e B COOTBETCTBUN C OTKITOHEHUSIMU BbLIXOAHOIO Ha-
nNpsKeHus KaHana +5B oT HOMWHaNbHOro 3HaYeHus.

PaccmoTpym guHamuky npouecca ctabunmsaumm.

MycTb noa Bo3gencTemem Kakoro-nnbo aecrtabu-
nusunpyouwlero daktopa (Hanpumep, ckadkoobpas-
HOrO M3MEHEHUS Harpy3kn) BbIXOAHOE HanpsikeHue B
kaHane +5B ymeHbLUMnock. Toraa yMeHbLINTCS ypo-
BEHb CurHana obpaTHOW CBSA3M Ha HEWHBEPTUPY-
towem Bxoge ycunutens owmbkm DA3. Cneposa-
TENbHO, BbLIXOOAHOE HaMnpshKeHWe YCUnuTenst yMeHb-
wutcsa. MoaToMy yBEnMUMTCA LUMPUHA BbIXOAHbIX
UMMYSbCOB MUKPOCXEMbI Ha BbiBogax 8 n 11. 3Haunt
YBENNYUTCA BPEMSA OTKPLITOrO COCTOSIHUA 3a Nepuos
CUNOBBLIX KMHYEBbLIX TPAH3MCTOPOB MHBEpTOpa. Cre-
poBartenbHo, 6onbllyto, YeM paHee, YacTb nepuoga
yepes3 MepBUYHYD OOMOTKY CUMOBOMO MMMYSIbCHOMO
TpaHccopmaTtopa OyaeT npoTekaTb HapacTarowun
Tok. CnepoBaTenbHO, G0MbLUylO, YeM paHee, YacTb
nepuoga B cepaedHuke TpaHcdopmartopa bGygeT cy-
LecTBOBaTb HapacTaloLWMUN MarHUTHLIN NOTOK, a 3Ha-
4YnT, OOnblUe, YeM paHee, Ha BTOPUYHBLIX OOMOTKax
aToro TpaHcdopmatopa OyoyT [AencTBoBaTb Ha-
BedeHHble 3TuM notokom 3AC [pyrumu crioBamw,
umnynscel OC Ha BTOPWMYHOM CTOPOHE CUITOBOrO
TpaHcdopMmaTtopa CTaHyT wWwupe (Npu HEU3MEHHOM
nepvoge cnepoaxusi). [NosToMmy yBennumBaeTca no-
CTOSIHHAsA cocTaBndAwLLag, BolaensemMasi Crnaxmaato-
WyM OUNLTPOM M3 MMMNYILCHOW nocnegoBaTenbHO-
CTV NOCne BbINPSAMMAEHUS, T.€. BbIXOOAHOE Harnpske-
Hue kaHana +5B yBenunuuTcs, BO3BpaLLasCb K HOMMU-
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HarnbHOMY 3Ha4YeHMIo.

Mpy yBenuyeHWn BLIXOAHOIO HanpskeHus +5B
npouecckl B cxeme 0yayT oGpaTHbIMU.

Crabvnusaumsi BbIXOOHbBIX HanpshKeHWW ocTallb-
HbIX KaHanoB MOXeT OCYLLeCTBMASATLCH NO-pa3HOMY B
pasHbix cxeMax. TpaguuMoHHBIM CXEMOTEXHUYECKAM
peleHmeM sIBNSieTCA NpUMMEHeHMe MeToga rpynno-
BOW ctabunusaumn. [Ana atoro B cxeMy 6noka BKmto-
yaeTcsa crneumanbHbIi ANEMEHT MeXKaHanbHOW CBS-
31, B KQ4eCTBE KOTOPOro oObI4HO MCMONb3yeTCst MHO-
rooOMOTOYHbIV ApOCCenb.

Mpu aTOM M3MeEHeHUe nbOro BbIXOQHOMO Hanps-
XeHus npuBoanT BGnarogaps SNeKTpoMarHUTHOW CBSi-
31 mexgy obmoTkamu [Jpoccens rpynnoBow cTa-
funu3aumMm K COOTBETCTBYIOLLIEMY M3MEHEHMWIO Bbl-
XOOHOro HanpsxeHus +5B ¢ nocnegyowmm BKMtO-
yeHneMm wmexaHmsma WM. [poccenb rpynnoBon
cTabunusaummn obbI4HO NpeacTaBnsaeT cobon YeTbipe
0oBMOTKM (N0 OAHOV OOMOTKE B KaXZOM BbIXOLHOM
kaHane Bl1), HamoTaHHble Ha OAHOM KOfbLEBOM
eppuTOBOM CepAEYHUKE U BKMOYEHHbIE CUHMAa3HO.
B aTtom cnyyae gpoccenb BbINOMHSET B CXeMe [Be
dyHKUUK:

o OYHKUMIO CrNaxvBaHus MynbCcauuy BbINPSAMITEH-
HOrO HanpsPKeHWst — NPy 3TOM Kaxgas obmoTka ans
CBOEr0 KaHana npeacTaBnseT  CriaXuBaroLmMMn
apoccenb dpunbTpa n paboTtaeT kak 06bl4HbIN APOC-
cenb;

o (PYHKUMIO MeXKaHanbHOW CBA3W MpU rpynnoBow
cTtabunusaumm — nNpu aTom Grarogaps anekrTpomar-
HUTHOWM CBA3WN Yepe3 OOLUMI CepaeyYHUK OpOoccerb
paboTaeT kak TpaHcdopmaTop, nepejawmi ns-
MEHEHWS1 BENWYMHbI TOKOB, MNPOTEKalLWMX 4vepes
obmoTkmM kaHanoB +12B, -12B n -5B B 06MOTKy Ka-
Hana +5B.

MosicHnm aTto nogpobHee. OCcoBeHHOCTLIO pPaboThl
WMBI B nepcoHanbHOM KOMMbIOTEPE SABMASETCH TO, YTO
notpebnaembin ot MBI ToK 3aBUCUT OT BbINOSHAE-
MOW B OaHHbIA MOMEHT onepauuu, T.e. ckaykoobpas-
HO uameHsieTcs. lycTb, Hanpumep, B AaHHbIA MO-
MEHT BpeMeHM cKaykoobpasHO BO3pocna TOKOBas
Harpyska B kaHane +12B. YBenuyeHne Toka 4depes
0oOMOTKY [poccensi, BKMOYEHHYl B KaHane +12B,
BbI3bIBAET YBENMYEHNE MaArHMTHOrO NoToka B Cep-
AeyHuke gpoccens. iamMeHeHne MarHMTHOro MoToKa,
B CBOIO ovepefb, HAaBOAMT BO BCEX OCTalbHbIX 0O-
MoTkax gpoccena J[C, nonspHoOCcTb KOTopbIX (bna-
rogapsi CMH@asHon HamoTke oBbMOTOK Apoccens) BO
BCEX KaHanax oKa3blBaeTCH BKIHOYEHHOW BCTPEYHO
MO OTHOLUEHUIO K BbIXOOHbLIM HanpsXXeHWsiM BbINps-
mMuTenen. [loaToMy BbIXOOHbIE HAMPsSHKEHUS BCeX
kaHanoB (B TOM uucne u kaHana +5 B) ymeHbLlat0T-
cs. CurHan obpaTHol cBsi3au ¢ kaHana +5 B ranbBa-
Hu4eckn nepepaetcs Ha cxemy LUNM, koTopas yse-
nMyMBaeT ANUTENBHOCTb BbIXOAHBIX YMPABASOLMX
UMMNynNbCoB. [103TOMYy BbIXOAHbLIE HaMPSHXKEHUA BCEX
kaHanos MBI yBenuuuBaloTCcs, BO3BpaLLlasiCb K HO-
MWHanNbHOMY 3HadeHuto. [lpyu n3mMeHeHMn TOKOBOW
Harpyskm B Opyrmx kaHanax cxema pabotaeTt aHano-
rmyHo. OgHako koadduLUmMeHT cTabunusauun BoIXxoa-
HbIX HanpshkeHWi BO BCEX KaHamax, Kpome kaHana
+5B, nonyyaeTcsi HEBLICOKUM, T.e. CTabunusaums
HanpsbkeHun +12B, -12B n -5B GyaeT xyxe, YeM B
kaHane +5B, 3a koToOpbIM MPOM3BOAUTCS Henocpen-
CTBEHHOe "cnexeHue". Takon cnoco® MonHow rpyn-
noBow cTabunusaumMm WUCMNonb3yeTcsl, Hanpumep, B
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Puc. 32. PerynupoBka ypOBHS BbIXOAHbIX

HanpsikeHu NBIMN PS-200B.

BN KYP-150W (puc.27).

CyuwectsytoT BapuaHTtel UBI ¢ HenonHon rpyn-
noson crtabunusaumen, kak Hanpumep LPS-02-
150XT. B cxeme atoro WUBI yepes gpoccenb rpyn-
noBoN cTabunusauumn "cesizaHbl" TONbLKO TPWU BbIXOA-
HbIX Hanpsbkenust (+5B, +12B n -12B). Ctabunusa-
unsa HanpskeHus -5B npoussogutcs gpyrum cnoco-
OOM — C NOMOLLbIO JIMHENHOIO MHTErparnbHOro ctabu-
nn3aTtopa Tuna 7905 (puc.28). Opoccenb CBsA3N B
3TOM Crlyyae BbIMOSIHEH TPexobMOoTouHbIM. Mexa-
HW3M UCMNOMb30BaHNs Apoccens rpynnoson ctabunu-
3aunn NpumMeHsieTca B nogaBnstowemM 6onblIMHCTBE
cny4yaeB, ogHako uapegka Bctpedatotca MBI, B ko-
TOPbIX 3TOT MExXaHu3M He ucnonb3yetcs. B Takmx
MBI Ha BbiIxoge kaHana BbipaboTkn -5B u -12B croat
cTtabunusatopbl HanpsbkeHu Tuna 7905 n 7912 (ro-
pa3go pexe — 7805 n 7812), a obpaTHasa cBsA3b Ha
mMukpocxemy IC1 no BeiBoay 1 3aBeeHa yepes pesu-
CTMBHbIN OenuTenb-AaTyvK OT BbIXOAHbLIX Hampsike-
Hu +5B 1 +12B (puc. 32). CurHan obpaTHoM CcBA3N B
3TOM cny4ae SBMseTcq CyMMapHbIM, T.K. YyPOBEHb €ro
onpegensieTcs YpPOBHAMW HanpsbKeHWn Ha obeunx
LWUMHaX, 1 No3ToMy 06a BbIXOAHbLIX HaNpsbkeHus (+5B
n +12B) crabunusmpytotca metogom LLNM. U, Ha-
KOHeL, BcTpeyatoTca BapuaHTbl MBI, B KOTOpPbIX Ha-
npsbkeHve -5B nonydvaetca ns -12B ¢ nomoLLbio UH-
TerpanbHoro crabunusaTopa, a camo HanpsikeHue
-12B BooOwWe He cTabunusmpyetcs. B cxemax no-
cnegHUX ABYX TWUMOB MHOMOOOMOTOYHLIA Apoccenb
MEXKaHalnbHOWM CBS3N OTCYTCTBYET.

Cxembl cTabunusaumm MoryT pasnuyaTtbcs, Kpome
TOro, cnocobom nogauyn curHana obpaTHOW CBSA3N U
OMOPHOTO HAaNPSXXEHUSA Ha BXOAbl YCUIUTENS OWNOKM
DAS3. lNpun aTom B 3TUX LensiXx MOryT ObiTb yCTaHOB-
NeHbl PErynnpoBKM, NO3BONSAOLLNE U3MEHATb YPOBHHN
BbIXOOHbIX HanpsbkeHun WBI npu ero Hactponke.
MockonbKy ycunutenb owmnbku no HanpskeHuto DA3
angeTca  auddepeHumanbHbIM - yeunutenem, T.e.
yCuUnvMBaeT pa3HOCTb NofaBaeMbiX Ha ero Bxoabl 1 u
2 curHanoB, TO perynupoBka MOXET CTOATb B uenu
Kak ofHOro, Tak u gpyroro Bxoaa. lpy 3TOM HewuH-
BepTupytowmn Bxog DAS3 (BbiBog 1 MuKpocxembl)
BCerga ucnomnb3dyetcs AN nogayn curHana obpar-
HOW CBSI3W, @ UHBEPTUPYHOLLNIA BXO4 (BbIBOL 2 MUK-
pPOCXeMbl) — OS5 MOA4auM ONMOPHOro HanpskeHnsa. ATo
00bsACHAETCA TeM, 4YTO ANnd HopmarbHOW paboTbl
neTnu perynupoBaHnsl BbIXOAHOE HarnpshkeHue ycu-
nutens ownbkn DA3 goOmKHO M3MeHATbCA B hase ¢
curHanom obpaTHoOM CBA3MW.

PerynupoBka BbIXOOHbLIX HanpshkeHun 6roka Mo-
XKeT OCyLLeCTBNATbCH ABOSKO:

wmHa UsbIx=+5B
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Puc. 33. PerynupoBka ypOBHS BbIXOAHbIX
HanpsbkeHn UBIM LPS-02-150XT.
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Puc. 34. PerynupoBka ypoBHS BbIXOL4HbIX
HanpsbxkeHnin BT “Appis”.
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Puc. 35. PerynupoBka ypOBHS BbIXOOHbIX
HanpsikeHnn MBI GT-200W.

® C MOMOLLIbI0 M3MEHEHNST YPOBHS cUrHana oopaTHOM
CBSAI3U NPU HEU3MEHHOM OMOPHOM HanpsXXeHWuu Ha
BbIBOJE 2;
® C MOMOLLbI0O M3MEHEHUSI YPOBHS OMOPHOro Harnps-
XEHWs1 Ha BbIBOAE 2 NPU HEU3MEHHOM YPOBHE CUr-
Hana obpaTHon cBs3u No Bxoay 1.
MepBbI ©M3 3TUX cCry4Yaes
puc. 32, a BTopou — puc. 33.
OpHako Haubonee pacnpoCcTpaHeHHbIM SBMSETCH
cnydvan, Korga perynmpoBka, No3Bonswowas Bo3gen-
CTBOBaTb Ha BbLIXOOHbIE HaMpshkeHusi Gnoka, oTcyT-
cTByeT. B aTOoM cnyyae HanpspkeHue Ha noboMm 13
BX04oB 1 unu 2 BbibMpaeTcs NPOU3BOSbHBIM B Npe-
penax ot +2,5 go +5 B, a HanpshkeHue Ha ocTaB-
lwemcs BxoAe nogbupaeTcs ¢ MOMOLLbIO BbICOKOOM-
HOrO LUYHTUPYIOLLIErO pe3ncTopa TakuMm, YToObl Ornok
BbldaBaléli OrOBOPEHHblE B MacrnopTe BbIXOAHbIE Ha-
NPsHKEHUS B HOMWHANbHOM Harpy304YHOM peXxume.
Puc. 35 wnnioctpupyet cnydar nogbopa ypoBHS
OMOPHOro HanpskeHus, puc. 34 — nokasbiBaeT cny-
Yan nogbopa ypoBHS curHana obpartHon cesAsu. Pa-

UNMICTPUPYETCS



Hee ObIN0 OTMEYEHO, YTO 3HAYEHNE HECTabMITbHOCTU
BbIXOLHOIO HaMpshKeHWUs1 Mpu BO3OEWCTBUKU TOObIX
pecrabunuaupyrowmnx ¢akTopoB (M3MEHEHWe Toka
HarpysKku, HanpsbKeHusl NUTaloLWen cetTn u Temnepa-
TYpbl OKpyXXatoLen cpeabl) MOXHO Obino 6bl YMEHb-
WnNTb, yBenuunBas KOI(MUUUEHT YCUMNEHUS Lenu
obpaTHONM CBA3W (KOAMUUNEHT yCUNEHUS YCUnUTe-
ns DA3).

OpHako MakcMMmanbHoe 3HadeHue KoadduuneHTa
ycunenust DA3 orpaHuumBaeTtcs ycrosuem obecne-
YeHus yctonumsocTn. MNockonbky kak UBI, Tak n Ha-
rpy3ka copepaTt peakTUBHbIE 3NIEMEHTbI (MHOYKTUB-
HOCTb WUIM EMKOCTb), HaKannMeatLLmMe 3HEPruo, To B
nepexofHbIX pexuMMax MpoucxoauT nepepacnpene-
NEHNEe 3HEepPrnn mMexagy 3TMMK areMeHTamu. ITo 06-
CTOATENLCTBO MOXET NPUBECTU K TOMY, YTO Mpu On-
pedeneHHbIX napaMeTpax 3fieMeHTOB MepexoaHbIn
npoLecc yCTaHOBMEHMS BbIXOAHbIX HanpskeHun VBT
NpMMET XxapakTtep HesaTyxawowme konebaHun, wnu
e BenuuMHa nepeperynvpoBaHns B MNepexogHoM
pexume OyaeT focTUraTb HeJOMNyCTUMbIX 3HAYEHUIA.

Ha puc. 36 nsobpaxeHbl nepexogHble NpoLEecchl
BbIXOLHOMO HanpshKeHWs Mpu cKaykoobpasHoOM usme-
HEeHWN TOKa Harpysku U BXogHOro HanpsbxeHus. UBI
paboTaeT yCTOMYMBO, €CNN BbIXOQHOE HanpshKeHue
BHOBb MPUHMMAET YCTaHOBMBLLEECS 3HAYEHWEe nocrne
npekpaweHns OencTBMs BO3MYLUEHMWS, BbiBeALlero
€ro u3 nepBoHavanbHOro coctosiHus (puc. 37,a).

Ecnn ato ycnosme He cobniogaetcs, TO cuctema
aBnsaetca Heyctomumeson (puc.37,6). ObecneyeHue
yctonumsoctn UBIT aBnsetca HeobxoaMMbiM ycro-
BMEM €ero HopMarnbHOro (pyHkUMOHMpoBaHus. [lepe-
XOOHbIA MpoLecc B 3aBUMCMMOCTU OT MapamMeTpoB
MBI HocuT konebaTenbHbIi MM anepuoanyeckui
XapakTep, nNpu 9TOM BbIxogHoe HanpsbkeHune WBI
UMEeT OMNpederneHHoe 3HayeHue nepeperynu-
poBaHusi 1 BpeMsi nepexogHoro npouecca. OTKIoHe-
HWe BbIXOOHOIO HanpsPKeHWs OT HOMWMHArbHOIO 3Ha-
YeHUs BbISIBNAETCS B U3MEPUTENBHOM 3fiEMEHTE Le-
nn obpaTtHon cBsa3mn (B paccmaTtpuBaembix MBI B Kka-
YyecTBEe W3MEPUTENBHOrO 3neMeHTa WCNoNb3yeTcd
PE3NCTUBHBIN AenuTenb, MNOAKMYaeMbIA K LUNHE
BbIXOAHOro HanpsikeHnsa +5B). M3-3a nHepumoHHocTn
neTnu perynupoBaHuss HOMUHanbHoe
3Ha4yeHMEe BbIXOOHOMO HaMpsKeHUs yc-
TaHaBMMBaeTCA C onpedeneHHbIM 3a-
nasgbiBaHuem. lNpn aTom cxema ynpas-
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Puc. 36. lNMepexogHble npouecchl (konebdaTenbHbiv 1
anepuoamnyeckun) BbixogHoro HanpsbxkeHus VBIT npu
CKa4yKooOpa3HOM M3MEHEHMWN TOKa Harpysku (a) un
BXOAHOro HanpsbkeHus (6).
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Puc. 37. lNepexogHble NpoLecchl BbIXOOHOMO

HanpsbkeHus VMBI B ycTonumeom (a) n
HeycTomn4msom (6) cnctemax.

JIEHNA Mo WUHepunnm HEKOTOoOpoe BpeMd

elwe GyaeT npogomkaTb CBOe BO3AENCT-
BME B TOM e HanpasneHun. B peaynb-
Tate 3TOr0 MMeeT MeCTO nepeperynu-
poBaHWe, T.e. OTKIMOHEHWE BbIXOAHOro
HanpsKeHWs1 OT ero HOMUHamNbLHOro 3Ha-
YEeHMs B HanpaseneHuu, NpOTUBOMOMOX-
HOM nepBOHAYarnbHOMY  OTKIOHEHMUIO.
CxeMa ynpaBneHuss BHOBb W3MeHseT

Uoc

BbIXOOHOE Hanps>xeHne B TMPOTUBOMNO-
JTOXKHYHO CTOPOHY U T.4. [ns Toro 4yTOObI

obecneynTtb yCTOMYMBOCTb NETNU pery-
NNPOBaHUS  BbIXOAHbLIX  HaMNPSHKEHWN
VMBI npy MUHUManNbHOW ASIMTENBbHOCTH
nepexogHoro npouecca, amnanTygHo- _L
YacToTHas XapaKTepucTuMka YyCcunuTens
owmnbkn DA3 nopsepraeTcsa Koppekumu.
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Puc. 38. Mpumepsbl KoHdUrypsLmm KoppekTupytowwmx RC-uenoyek
Ons yeunurens ownbkn no HanpsbkeHntio DA3.

3710 genaetcsa ¢ nomolbio RC-Lenoyek,
BKMOYaeMbIX Kak Lenu oTpuuaTenbHON
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TOYHbIE EMKOCTU TpaHcdopmaTopa WU
MEXBWUTKOBbIE €MKOCTW ApPOCCENs crna-
XvBarowero dunbtpa 3TM NOMexu npo-

HVKalOT B NMEPBUYHYIO CETb U Ha BbIXOA

WBI. Ons yMmeHbLeHNa aTux noMmex He-

06X0OMMO WM3MEHWUTb XapakTep nepe-

0) XOAHOrO npouecca B obnactn o6paTHoro
TOKa OMOAOB BbINPAMUTENS TaK, YTOObI
OH VMen anepuoamyeckuin xapakTep.

» [lpenmmyllecTBO anepuoamyeckoro ne-

t

Puc. 39. BpemeHHble gnarpamMmmMbl HanpsikeHUs Ha AMoae B MOMEHT

BOCCTaHOBIEHMS 06PaTHOro CONPOTMBMNEHNS:
a) - 6e3 RC-uenouku; 6) - npu Hanuumm RC-uenoyku.

obpaTHOM CBsI3W, OxBaTbiBawollen ycunutens DAS.
[Mprmepbl Takux KOPPEKTUPYIOLLMX Lienoyek nokasa-
Hbl Ha puc. 38.

[nsa yMeHbLleHns ypoBHSA nomMexoobpa3oBaHus Ha
BTOpuYHOW cTopoHe WBI1 ycraHaBnuBaloTcs ane-
puoguyeckne RC-uenoukn. OcraHoBumMcsa noapob-
Hee Ha MpuHUMne Nx OencTBuS.

lMepexoaHbl npouecc Toka Yyepes AMoabl BbInpa-
MUTENst B MOMEHTbI KOMMYTaLMK NPONCXOANT B BUAE
yaapHoro Bo3byxaeHus (puc. 39,a).

OTOT npouecc co3fgaeT ANEeKTPOMarHUTHbIE nome-
XMW C 4acTOTOW OecAaTkM Merarepu. Yepes mexobmo-

CXEMbI SALLUTDI

Bce 3almTHbIE CXeMbl, NPegyCMOTPEHHbIE B CXe-
Me Kaaoro KoHkpeTHoro MBI, mMoxHO obbeauHsaTb
nog obuwmm HasBaHMeM "KOMOWHMPOBAHHOW 3aluu-
Tbl", T.K. cpabaTbiBaHne nOOOM U3 3TUX 3aLUTHBLIX
CXeM BedeT K OTKIIIOYEHMIO BCEX MUTALLMX Hanps-
XEHU OT CXeMbl KOMMbOTEpPA NOCPEaCTBOM BO3AEN-
CTBUS Ha ynpasnsoLyo mukpocxemy UBIT.

Bce BbixogHble KaHarbl paccMaTpyMBaeMoro Krac-
ca WNBI1 MOXHO yCnoBHO, pas3genuTb Ha crabo- u
CUNBHOTOYHbIE. YCMOBHO CUMbHOTOYHbIMUK SABASAOTCS
KaHanbl MONOXUTENbHbIX BbIXOAHbLIX HaMNPSKEHWN
+5B n +12B. YcnoBHO cnaboTo4vHbIMK ABNSAOTCS Ka-
Hanbl OTpuUaTeNbHbIX BbIXOAHbIX HanpskeHun -5B
n -12B.

MpoBoast aHann3 paboTbl pa3HOOOpPa3sHbIX FOTOBLIX
3aWunT, cregyeT 4YeTko npeacTaBnsTb cebe mx Ha-
3HayeHne, KOTOPOE 3aKr4yaeTcs B orpaHnYeHnn no-
Tpebnsiemoro oT ceTu Toka. ATO Aenaetcsa Ang Toro,
4yTOObI NPEOTBPATUTL BbKUIraHWE Ype3MepPHO OOonb-
LWMM TOKOM B MEPBYK O4Yepedb CUIOBbIX TPaH3UC-
TOPOB MHBEpPTOpPA.

[aHHble cxembl oTnMyatoTca GonblMM pasHOob-
pasnem. Tem He MeHee, HECMOTpsl Ha Obunne KOHK-
PETHbLIX CXEMHbIX PeLleHnn, cxembl 3awuTbl oT K3
MOXHO KnaccuduunpoBaTb, BO-NMepBbIX, MO YHK-
LMOHANbHOMY Ha3HaYeHuo:

e 3awmTta oT K3 B Harpyske CUITbHOTOYHbIX KaHasoB
(+5B, +12B);

e 3awmTta ot K3 B Harpyske cnaboTOYHbIX KaHanoB
(-5B, -12 B).

HeobxoaumocTb pasgenbHoi opraHusauum 3awmT
Anst cnaboToYHbIX U CUMbHOTOYHBIX KaHanoB obbsic-
HAETCA TeM, YTO YYBCTBUTENbHOCTb CXEMbl 3aLUUThI
MO CUMBbHOTOYHBLIM KaHanam HeJocTaTodHa Ans Cry-
yasa K3 B cnaboTo4yHbIX KaHanax.

t pexogHoro npouecca nepen kone6a-
TENbHbIM 3aKITHO4aeTCA B CHUXKEHUM aM-
NAUTYAbl NepBOHaYyanbHOro Beidbpoca 3a
cyeT 3apsga  KoHgeHcatopa  RC-
LenoYku, a Takke B bonee GbICTPOM ero
3aTyxaHuu 3a c4eT pe3ncTopa 3TOW LemnoOYKu, KOTOo-
pbli CHMXaeT [O0BGPOTHOCTb napasnTHOro Koneba-
TENbHOrO KOHTYpa. OPdEKTUBHLIM METOAOM obec-
neyeHMs1 aneproamyeckoro xapakrtepa nepexogHoro
npouecca u gaensetrca noakntoyeHne RC-Lenoyku
napannensHo obmoTkam TpaHcdopmaTtopa 1 gMogam
BbINPAMUTENS, Kak nokasaHo Ha puc.30. Npu ucnons-
30BaHUN RC-LenoYkn nepexoaHbI NpoLecc n3ameHe-
HWst TOKa Yepes Ouoa B peXume BOCCTaHOBMEHUS €ro
obpaTHOro ConpoTMBEHUS MMEET BUf, NMOKa3aHHbIV
Ha puc. 39,6.

JonyctMman MakcumanbHasi BenuMyMHa TokKa Ha-
rpy3kn B criaboTOYHbIX KaHanax He npesbiwaeT 1A.
MpeBbllWEHNE 3TOrO nopora O3Ha4yaeT BO3HUK-
HOBEHME aBapUMHON CUTYyaLnN.

[na CMNbHOTOYHBIX KaHarnoB CYyMMapHbIA TOK Ha-
rpyskn 15-20A He gaBnseTca aBapunHbIM. [Mo3aTomy
npu Tokax Harpysku go 20-25A ( B 3aBMCMMOCTU OT
MakcuMMarbHON BbixogHon mowHoctn UBIT) TokoBas
3awuTa cpabaTbiBaTb HE JOIMKHA. OTO O3HAYAET, YTO
K3 B cnabotoyHom kaHane He OygeTr knac-
CMULMPOBAHO CXEMOWN yNpaBeHus Kak aBapunHbIN
peXMM M3-3a TOro, Y4TO Mopor cpabaTbiBaHWS CUIb-
HOTOYHOWM 3alUMTbl HaMHOrO MNpPEBbILIAET BEINYUHY
Toka K3 B cnaboTo4uHbIX kKaHanax. [pyrumu criosamu,
K3 B crnaboToyHbIX KaHanax He MpuBedeT K cpa-
GaTbiBaHMIO TOKOBOM 3alwmThl. [1loaTomMy cxema 3a-
wmTbl oT K3 B crnaboToyHbIX KaHanax peanunsyeTcs
OTOenbHO, Kak bonee YyBCTBUTENbHAS.

HeobxogumocTb opraHmsaumm 3awmtel oT K3 B Ha-
rpy3ke criaboTouYHbLIX KaHanoB, kasanock Obl, NMULeHa
cmbicna. JdencteutenbHo, Tok K3 cnaboTouHbIX Ka-
HaroB OTHOCUTENbHO HEBEMMWK, a 3HaYnT, U LNpPUHa
yNpaBnsoWmMX UMMNYNbCOB Ha Gasax CUMMoBbIX TpaH-
3MCTOPOB UHBEPTOpPA He BOydeT B 9TOM criyyae ypes-
MepHO Gonblion. Opyrumu crnosamu, VMBI cmor Gbl
"BblgepkaTtb” Takol pexum u npogorkan 6wl pabo-
TaTb 6€3 onacHbIX NOCNeACTBUA ANS CUIOBbLIX TpaH-
31McTopoB uHBepTopa. OgHaKo Takon pexunm siBnaeT-
Csl HEHOpMarbHbIM M OMaceH AN CaMOW Harpysku,
Tak Kak npyu K3 B kakoM-rimbo 13 y3rnoB KOMMblOTEpa
HEBO3MOXHa HopManbHas ero paborta. Cneposa-
TenbHO, nNpu K3 B Harpyske cnaboTOYHbIX KaHaroB
HeoOXOAMMO NpPOU3BOAUTL 3aLUUTHOE OTKMYEHUe
BCEeX BbIXOAHbIX HanpskeHun VBl oT cxeMbl koMMb-



toTepa, Tak xe Kak u B cnydae K3 B Harpyake cumbHoO-
TOYHbIX KaHanoB.

MonHbIM cocTaB KOMOUMHMPOBAHHOWM 3aLUUTBI BKIHO-
yaeT B cebs:

e CXEMY KOHTPONS LLUMPUHBI YNPaBSoLLErO UMMYIbCA;

e CXEMy 3alUUTHOro oTknoyveHus npu K3 B Harpyske
CcnaboTOYHbIX KaHamNoB;

e CXEMY 3aLUThbl OT BbIXOAHOIO NEePEHaNPsHKEHNS.

OcrtaHoBuMCSA nogpobHee Ha MexaHu3Max 3aLuT-
HOrO OTKMOYEHUS W OrpaHMYEHUs MakCMMaribHON
LWMpWHbI ynpasndaowero mMmnynsca. Oba atu mexa-
HM3Ma 3anoxeHbl B apxutektypy UMC TL494 n saB-
naTca 6a30BbIMM  MPU KOHCTPYMPOBAHUM  Pa3HbIX
3alnUTHBIX cxeM. B knaccudeckom BapuaHTe nocTpo-
€HUs1 KOMOMHMPOBAHHOW 3aLUMTbI BO3HMKHOBEHME K3
B Harpyske cnaboTouYHbIX KaHarnoB cpa3sy e BedeT K
3alUMTHOMY OTKMoYeHuto. [Npn Bo3HMKHOBeHUN K3 B
Harpyske CWMbHOTOYHbLIX KaHanoB CHayana ynpas-
nswwas MMKpocxema nepexoguT B PEeXUM OrpaHu-
yeHus, n ecnu K3 npogorkaeT pa3BmBaTbCs, TO MPO-
NCXOAUT 3aLUUTHOE OTKIIOYEHNE.

CyTb 1 CMbICI 3aLUUTHOTO OTKIIOYEHMS 3aKnoya-
IOTCA B TOM, YTOObI CUMOBbLIE TPAH3UCTOPbI NHBEPTO-
pa nepecrtaBanu nepeknoyaTbCa U octaBanucb obl B
3aKpbITOM COCTOSIHUM HEeOrpaHWYeHHO [Oonro npwu
BO3HWKHOBEHMM aBapuUNUHOW CUTyauun, Ha3biBaeMOK
KOPOTKMM 3aMblkaHMeM B Harpyske nboro m3 Bbl-
XoAHbIX kaHanos MBI, [nsa Toro 4tobbl 06a cUNoBbIX
TpaH3ucTOpa MHBEpPTOpa OKa3anucCb 3aKpbiTbl OOHO-
BPEMEHHO, Ha Mx 6asax He AOMmKHO ObiTb ynpaBnd-
IOLLMX MMMYNbCOB. Torga nepBuyHasd obmoTka cuno-
BOr0O UMMYNbCHOIO TpaHcdopmaTopa OKaXeTcs OT-
KIMOYEHHON OT LUWHbI BbINPSAMIIEHHOIO HampsKeHWs
ceTu W, crnegoBaTeNbHO, Yepes NepBUYHYHO ODMOTKY
N CuUnoBble TPaH3UCTOPblI He OyaeT npoTekaTb TOK.
lMoaTtomMy cunoBble TpaH3MCTOPbl He OyayT noa-
BepXXeHbl OMACHOCTU BbDKUraHUs 3TUM Ype3MepHO
fonbwmnm Tokom npu K3 Ha BTOpUYHOW cTopoHe. Ta-
KMM 06pa3om npu NCYE3HOBEHWM YMPaBMAIOWMX UM-
nynbCcoB Ha Gasax CUMNOBbIX TPaAH3WCTOPOB >Xenae-
MbIV 3aLLMTHBIN 3ddekT ByaeT LOCTUTHYT.

NcTtouHmkom (reHepaTopom) ynpasensloWnX KM-
nynbCcoB ABnsieTcs Mukpocxema TL494. MoaTtomy ansi
OCYLLECTBMEHUA  3alMTHOrO  OTKIOYEHUS  Heob-
xoaumo 3abnoknposaTb ee paboTy. ATO MOXHO cae-
natb, ecnu nNpuUHYAMTENbHO 3acTaBuTb nbon u3
komnapatopos DA1, DA2 npekpaTuTb nepeknioyeHms
W NepenTu B CTaTMYeCKOe COCTOSIHWE C NMOCTOAHHbLIM
BbICOKMM YPOBHEM HarnpsikeHus (nornyeckas 1) Ha
Bbixoge. Torga pabota Bcero LMGPOBOro TpakTa
MUKpocxeMbl OygeT 3abnoknpoBaHa. Oba BbIXOAHbIX
TPaH3MCTOpa ee OKaXyTCHA B CTAaTUYECKOM 3aKPbITOM
COCTOSIHWMM 1 yNpaBnsloLwmne NMnynbCbl Ha BbiBoAax 8
n 11 (n6o 9 n 10) ncyesHyT, NpeBpaTUBLLMCH B CTa-
TMYeckme NoTeHumanbl, KOTopble He MOryT nepegaTb-
Cs1 Ha 6a3bl CMITOBbIX TPAH3UCTOPOB, T.K. CBA3b C HU-
MW OCYLLECTBISIETCA uYepes3 YNpaBnsAoWMA TpaHC-
dopmatop DT. [ns Toro 4tobbl npekpatuTb nepe-
kntoyeHus komnapatopa DA1 nn6o DA2, goctatoyHo
Ha ero HeMHBepTUpPYIOLLMI BXoa (BbiBOA 4 AN KOM-
napatopa, DA1 nnbo BbiBog 3 gns Komnapartopa
DA2) nogaTb cTtaTtvyeckuini noTeHuman, npeBbillaro-
WMA amnnuTygy nunoobpasHoro HanpshKeHus, no-
CTyMalLLEero Ha MHBEPTUPYIOLLNE BXOA4bl OO0OMX KOM-
napatopoB (BbiBO4 5) € Bbixoga reHepaTtopa nuso-
obpasHoro HanpsbkeHusa DA6. Amnnutyga nunoo6-
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pa3HOro HanpsbkeHWsl, Kak OTMe4yarnocb paHee, CO-
crtasnseT +3,2B. lMoaTomy, ecnv noctpoutb cxemy
3alnTbl Tak, YTO Ha BbiBoA 4 nnbo Ha BbiBog 3 IMC
TL494 B pe3ynbTaTe KOPOTKOro 3aMblKaHWsi B Harpys-
Ke OygeT mopaH CTaTU4eckui noTeHuman, npeBbl-
watowmn +3,2B, To nponsongeT 6rokMpoBka paboThbl
MMC. OpgHako HeobxooMMO OTMETUTb, YTO reHepa-
TOp NMNOOBPA3HOro HaMNPSPKEHUSA MpU 3TOM He npe-
KpallaeT cBoew paboTkl, T.e., HECMOTPSI HAa OTCYTCT-
BME BbIXOAHBLIX MMMYbLCOB, MMIIO0OPa3HOe Hanpsike-
HWe npoJorKaeT BbipabaTbiBaThCS.

OT1OT 6a30BbIN NPUHUUMN U MOMIOXEH B OCHOBY MO-
CTPOEHMS BCEX BApMaHTOB CXEM 3aLLMTHOrO OTKIHO-
YeHUs1, NPUMEHSIEMbIX B pa3HbiXx cxemax MBI Ha oc-
HoBe ynpaenswowen mukpocxembl TL494. MNpu aTOM
Heobxo4MMO MOHUMATb, YTO TEPMUH "3alLUUTHOE OT-
KntoveHne" nogpasymeBaeT OTKIIOYEHME (3aKpbiBa-
HME) MMEHHO CWMOBLIX TPAH3UCTOPOB MHBEPTOpPA, a
He ynpaBnsloLen MUKPOCXeMbl, KOTopas MpOAo-
XaeT paboTaTb B cneuuduyeckom pexumme Oroku-
poOBKM ee LMdpPOBOro Tpakta A0 Tex Mop, noka Ha
lWMHe NuTaHua Mukpocxembl Upom mmeeTcs Hanps-
XeHue, rnpesblllatolLee ypoBeHb +7B.

JdatunkoMm Ons TUNOBOW CXeMbl 3aLUUTHOTO OT-
KrnoyeHust obblYHO ABMASIETCH AMOAHO-PE3UCTUBHBM
nmMbo Pe3nCTUBHBIN AeNUTENb, NOAKMIOYAEMbIN K LUK-
HaM BbIXOAHbIX HanpskeHun UBI. Takon genutens
"KOHTpOnMpyeT" YpPOBEHb HaMPSXKEHUS Ha 3TUX LUK-
Hax. MMpu K3 B Harpyske kakon-nnbo u3 KOHTPO-
nmpyembIX LUMH U3MEHSAETCHA pacrnpegeneHne noTeH-
unanoB B Yy3nax Takoro genutensa-gatynka, 4to u
SABNSIETCA CUrHanom Ha cpabaTtbiBaHWe Afis CXeMbl
3aLUUTHOrO OTKIIOYEHMS.

MexaHn3m oOrpaHu4eHuMs MakcumarnbHOW Anu-
TENbHOCTU YMPaBMSAIOLWEro MMnynbca UMeeT Opyryto
CTPYKTYpY. V13 doyHKUMOHANBHOM CXeMbl MUKPOCXEMBI
TL494 (puc.12) BMAHO, YTO HaMNpPsDKEHWEe Ha He-
nHBepTupytowem Bxoge LUVMM-komnapatopa DA2
onpegenseTcs HambonbLWMM M3 BbIXOAHbIX HaMnpsike-
HUM aByx yeunutenen ownbkn DA3, DA4.

[Ona Toro 4ytobbl BbIXOAHbLIE HAMPSHKEHMS yCUnU-
Tenen DA3, DA4 He Bnusanu 6bl apyr Ha apyra, Bbl-
X0Abl 9TUX ycunutenew MNOAKMYEHbl K HEeUHBEPTU-
pyowemy Bxogy LWWM-komnapatopa DA2 4epes
pasBssbiBalOlne OMOAbl, PACMOSIOKEHHbIE BHYTPU
MUKPOCXEMBI.

OcHoBHas unges, 3anoxeHHas B MOCTPOEHME Me-
XaHuM3mMa OrpaHuU4yeHus, COCTOUT B TOM, YTO YCUMK-
Tenb DA4 BknovaeTca Tak; 4TOObl M3MEHEHME ero
BbIXOOHOrO HanpsikeHWsl Mpu pacTyLllen LWMPUHE Y-
paBnsALWMX UMNYNbCOB, OblO Obl MPOTMBOMOIOXK-
HbIM U3MEHEHWNIO BbIXOAHOMO HanpsKeHNsa yCeunmTens
DA3.

PaccmoTpym guHamuky npolecca orpaHnyeHus.

MycTb B Harpyske Kakoro-nnbo u3 CUrbHOTOYHbIX
kaHanoB MBI BO3HWK peXmnm noBbILLEHHOrO TOKONOT-
pebneHus (HavanbHas cTagus K3). BbixogHoe Ha-
npsbkeHve B kaHane +5B ymeHbluaeTcs. OTO YMEHb-
LeHne Yepes Lenb obpaTHOM CBA3WM NepefaeTcs Ha
HeVHBEPTUPYOLWMIA BXoA4 ycunutens owubkn DA3
(BbiIBOA 1 MMKpocxembl). BbixogHoe HanpshkeHue
DA3, a 3HauuT, M Hanps>keHne Ha HenHBEepTU-
pyowem Bxoge LWNM-komnapatope DA2 HauuHaeT
yMeHbLuaTbCa. brnarogaps aTomMy LUMpUHa BbIXOOHbLIX
YNpaBnsoLWmnX UMNYnbCOB MUKPOCXEMbI BO3pacTaeT,
T.e. ynpaBngwLlas MUKpocxema CTpeMuTcs nopa-
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aepxaTtb BbIxogHble HanpsbkeHust MBI Ha npexHem
YPOBHE 3a CYET yBENMYEHUA BPEMEHN OTKPLITOrO CO-
CTOSIHMS CUITOBbIX TPaH3MCTOpPOB. Ha oguH n3 Bxogos
ycunutens owmnbkn DA4 nogaetcsa curHan obpaTtHon
CBSI3M, YPOBEHb KOTOPOro MpOMoOpUMOHAaneH LWMpUHE
YyNpaBnsoLWmMxX MMNynbcoB ( BPEMEHU OTKPbLITOrO CO-
CTOSIHUS CWUMOBbIX TPaH3UCTOPOB). YPOBEHb 3TOro
cvrHana B paccmaTpuBaemMon cuTyauuun GyaeTt BO3-
pactatb. Npn atom DA4 BkniovaeTca Tak, YTO Bbl-
XOOHOe HanpshkeHve ero ¢ poCTOM YPOBHS curHana
obpaTHon cBSA3M Takke pacTeT. B pesynbtate umetot
MECTO [Ba MNPOTUBOMOSIOXKHO HaMpaBfiEHHbIX MNpPO-
uecca. BbixogHoe HanpsbkeHue ycunutensi ownbkm
DA3 ymeHbluaeTcs (Kak pesynbTaT YMEHbLUEHUS Bbl-
XOOHbIX HanpshkeHun UBI), a BbixogHOe Hanpspke-
Hue ycunutens owmnbkn DA4 pacTeT (kak pesynbrart
YBEINUYEHUS LUMPUHBI  YNPaBMSOWMX UMMYIbCOB).
Moka BbixogHoe HanpsixkeHue ycunutens DA3 npe-
BblllaeT BbIXOOHOE HanpsbkeHne ycunutena DA4,
OHO SIBMISIETCA NpeBanupyrowWmm 1 onpegenseTt ypo-
BEHb HanpshikeHUs Ha HeWHBePTUpYHLLEeM BXo4e
LLUMM-komnapatopa DA2, a 3HauuT, U LUMPUHY Bbl-
XOAHbIX MMMYbCOB, KOTOPasi pacTeT CO CKOPOCTbIO,
paBHOW CKOPOCTM YMEHbLUEHUSA BbIXOLHOMO Hanps-
xeHns yeunutensa DAS.

OpgHako HacTynaeT MOMEHT, Korga yObiBarouiee
BbIXOoAHOe HanpsbkeHue ycunutensa DA3 cpaBHuBa-
€TCA C pacTyLMM BbIXOAHbIM HanpskeHnem ycunu-
Tenst DA4. lNMocne 3Toro BeIXOAHOE HaMnpsbKeHne ycu-
nntens DA3 cTaHOBUTCA MeHbLUE, YEM BbIXOOHOE
HanpshkeHue yeunutens DA4 n nepectaeT BNuaTb Ha
LUMPUHY BbIXOAHBLIX UMMYbCOB MUKPOCXeMbl. [dpyru-
MU crioBamu, B 3TOT MOMEHT npoucxoanT "nepegaya”
ynpasnsowmx dyHkumMn ot yeunutens DA3 k ycunu-
Teno DA4. LLnpuHa BbIXOOHLIX MMMYNLCOB onpeje-
nsieTca Tenepb TOMBKO BbIXOAHBIM  HAMNpPsPKEHUEM
ycunutensa DA4, koTopoe He 3aBUCUT OT YPOBHS Bbl-
XOAHbIX HanpsikeHun MBI n curHana obpaTHom cBs-
3u Ha BbiBoge 1 mukpocxemsbl. [ToaToMy yBenuyeHve
LUMPUHBI BBIXOOHbBIX MMMYIbCOB NpeKpaLLaeTcs.

[MapameTpbl 3MEMEHTOB CXEMbl PaCCYUTLIBAKOTCS
Takum obpasom, 4YTobbl orpaHuyeHne NPOUCXOAUIO
Ha 6e3onacHoM AN TPaH3UCTOPOB MHBEPTOPA YPOB-
He. [1pn 3TOM CKOpPOCTb, C KOTOPOW cUCTEMA Nepexo-
OUT B peXnM OrpaHu4eHus, a Takke ypOBEHb 3TOro
OrPaHNYEHUs, 3aBUCAT OT Hamuuus U rnyouHbl 06-
paTHbIX CBA3€EN, KOTOPbIE MOIMYT OPraHn3oBbIBATLCA C
nomoLlblo BHelWwHMX RC-uenovek B pasnuMyHON KOM-
OMHaumm, oxBaTbiBaOLWNX yeunutenb owmnbkm DA4.

[anee mukpocxema nepexoauTt B cneundunyeckun
pexvMm paboTbl Ha3biBAaEMbIA PEXMMOM OrpaHuye-
HUA. DTOT PEXUM XapaKTEPUIYeTCs TeM, YTO LUMPUHA
YNpaBnsaoLWnX UMMYNbCOB Ha BbIXO4AX MUKPOCXEMbI
HEU3MEHHA M He 3aBUCUT OT YPOBHS BbIXOAHbIX Ha-
npskeHun NBIMM.

Opyrumu cnosamu, mexavusm UMM B pexunme or-
paHn4eHus oTKnyaeTcs (He 4eNCTBYET).

Ecnu K3 B Harpyske camMoyCTpaHWiocb No ucte-
YEHUN HEKOTOPOro BPEMEHW, TO HaKOMUTENbHbIE
KOHOEHcaTopbl BTOPMYHOW CTOPOHBI BBICTPO 3apsika-
toTcsa. NosTomy curHan obpaTHOM CBA3M, MOCTynato-
WA Ha HemHBepTupylowmi Bxog ycunutenss DA3,
HauMHaeT Bo3pacTtaTb. CnepoBaTenbHO, HaynHaeT
Bo3pactatb M BbixogHoe HanpsbkeHne DA3. Korga
3TO HanpsbkeHWe LOOCTUrHET YPOBHA BbIXOAHOIO Ha-
npsxxkeHua ycunutens DA4, To BHOBb npowusonaet

nepegada ynpaereHus U ynpaensoowme ¢QyHKUMK
nepenayt ot yeunutensa DA4 k yeunutenio DA3.

Ecnn K3 B Harpy3ke He camoycTpaHuiochk, TO Mno-
CKONbKY UMEET MECTO PEXMM OrpaHuyeHusi, MUKPO-
CXeMa He B COCTOSIHUM NoAdepXMBaTb HaMnpsiKeHWs
Ha BbIXOAHbIX WKnHax WUBI. NoaTtomMy BbIXOAHbIE Ha-
npsbkeHns MBI BbICTpO yMeHbLualoTCH, Y4TO MpUBO-
ant B GonblMHCTBE npakTudeckmnx cxem UBI k cpa-
6aTbiBaHMIO MEXaHM3Ma 3aLLMTHOTO OTKITHOYEHWSI.

3awnTtHoe OTKMYeHUe, Kak ObiNlo nokasaHo Bbl-
e, MMeeT CBOMM pe3ynbTaToM npekpalleHue npo-
TEeKaHus Toka 4epe3 CUNOBble TPaH3UCTOPbl U nep-
BMYHYI0O OOMOTKY WMMyNbCHOrO TpaHcdopmaTopa.
lMoaToMy curHanm OT TOKOBOro gaT4yuka, MocTynaro-
Wwnn Ha ycunutenos owmnbkn DA4, ctaHOBUTCSA paB-
HbiM 0. Cxema VBl npuxogut B MCXOOHOE COCTOS-
Hue. MNoatomy cpabaTtbiBaeT cxema nycka u MBI no-
NbITaeTCA BHOBb BbINTU B HOMUHAIbHbLIA pexum. Ec-
nn 3a 370 Bpemsa K3 B Harpyske camoyCTpaHUIoch,
TO BbIXOA Ha PEXUM HUYEM He ByaeT oTnmyaTbes oT
nepBoHa4anbHOro 3anycka npu BknoveHun WBIT B
ceTb. Ecnn xe K3 He camoycTpaHunock, To npoLec-
cbl noBTopsTecd, n VMBI nepenget B cneundunyeckun
aBapuiHbIN "MKaloWwmMn" pexunm, KOTOpbIA Npeacras-
nseT cobow Neproanyeckn NOBTOPSIIOLLMIACA NPOLLECC
3aLUMTHOrO OTKITHOYEHUS.

B kauyecTBe gaTusKka LUMPWHBI YNPaBASIOWNX UM-
NynbCOB MOFYT UCMOMb30BaTbCH Pa3Hble 3MEMEHThI.
UHdopmaumio o WwuprHe ynpasnsAlowmnx UMnynsCcoB
MOXHO MONYYNTb Kak C MEPBUYHOW, TaK M CO BTO-
puyHou cTopoHbl WBIT. TloaTomy TpagvuUMOHHBIMM
ABNSATCA ABa OCHOBHbIX crnocoba, KoTopble Mo3Bo-
NAT NONYYMTb Xenaembln 3PdEKT KOHTPONSA npu
MUHUMarnbHbIX 3aTpaTtax M MPoOCTOTEe CXeMOTeXHu4Ye-
CKOW peanusaumm.

MMepBbIn N3 3TUX CNOCOOOB 3aKMYaeTcs B TOM,
YTO ynpaensoWME MMMYNbCbl CHUMAKTCA NMbO co
CpeAHen TOYKM MEePBUYHON OOMOTKM YMNpaBrisitOLLErO
TpaHcgopmaTopa (DT), nubo co cneumanbHoOW [o-
NONHUTENBbHON 0BMOTKM 3TOro TpaHcgopmartopa, Ko-
TOpble HaxoOATCa Ha BTOpuYHOW ctopoHe MBI, [a-
nee 13 3TON MMNYNbCHOW NOCRenoBaTENbHOCTU Bbl-
JensieTca MoCTOsIHHAsA cocTaBnswowada. YpoBeHb
3TOM COCTaBNALEN N HeceT B cebe uHopmauumio o
LUMPUHE YyNpaBnSaoLMX UMMYNbCOB.

Cnocob nony4veHuss MHopmMauum O LWMPUHE Y-
paBnsaloWnX UMMNYNbLCOB C NEPBUYHON CTOPOHbI MBI
3aKnyaeTcss B TOM, YTO B LeMb MPOTEKaHWUs Toka
nepBMYHON OBMOTKM CWMMIOBOrO MMMYSIbCHOrO TpaHC-
dopmartopa nocrnegoBaTenibHO BKIIHOYaETCA nepBuy-
Haa (TokoBasi)) oOmMOTKa TpaHcdopmaTopa ToKa.
MpumeHeHne a kadecTBe faTyMKa TaKOro aremMeHTa
Kak TpaHcdopmaTop 06bAcHsAeTCH HeobXoaNMOCTbIO
ranbBaHU4EeCKON pa3Bs3kM BTOPUYHOW CTOPOHbI MBI
OT NEePBUYHON.

Tok 4epe3 nepBuYHYD OOMOTKY CWUMOBOMO WUM-
NyfbCHOrO TpaHcdopmaTopa UMEET WMMYIbCHYHO
dopmy, NpUYem LIMPMHA TOKOBbLIX MMMYFbCOB Onpe-
OensieTcs BpeMeHEM OTKPbITOTO COCTOSHMS CUIMOBbIX
TPaH3MCTOPOB MHBEPTOPA, T.e. LUMPUHON yNpaBnsio-
LWMX MMMYyNbcoB Ha 6asax aTnx TpaHaucTopos. [1oa-
TOMY HanpshKeHue Ha Harpyske BTOPMYHON OOMOTKM
TpaHcdopmaTopa Toka Takke OyaeT MMNyNbCHbIM,
npuyemM OnuTeNbHOCTbL 3TUX UMNYMbLCOB ByAeT paBHa
ONUTENBHOCTM yNpaBnsoWwmnX MMNynbCoB, Bbipaba-
TbiBaeMbIX MUKpocxemown. [lanee, kak U B NepBOM



crny4yae, 13 9TOr0 UMMYNbCHOMO HanpshKeHus Bblge-
nsieTca MOCTosHHasa cocTaBngawwas (nocpegcTsoMm
BbINPAMIIEHUA U PunbTpaumm). YpoBeHb NOCTOAHHOMN
cocTaBnsitowen Hecet B cebe MHopmauuio o WmpK-
He ynpaBnstoLMX MMNYIbCOB.

KoHTponupyembin curHan, ypoBeHb KOTOPOro 3a-
BMCUT OT LUMPUHbI YNPaBAsSoOLWMX UMMNYNbCOB, noaa-
€TCS Ha OAVH M3 [BYX BXOLOB YCUNMTENS OLINOGKM
DA4. Ha BTOpoW BX0A, 3TOro ycunutens Ans cpaBHe-
HWS1 NoJaeTcs dTanoHHOe HarnpsikeHue, ypoBeHb KO-
TOpOro BblOMpaeTcsa Ans KaXA0W KOHKPETHOW CXeMmbl
MBI ncxoas n3 NnocTpoeHnsa BCEW 3alLUMTHOW CXEMbI
B LlernoM. OTOT ypoBeHb NexuTt B ananasoHe ot 0 (B
3TOM cry4ae onopHbl Bxoa ycunutens DA4 3asem-
neH) go +5B (B 3TOM criyyae Ha OMOPHbIA BXO4 YCU-
nutens DA4 nopaetca Hanpsbkenne Uref. Ecnu
OMOPHbIV YPOBEHb BbIBUpaeTCcs BHYyTpM 3TOro Anana-
30Ha, TO K wuHe Uref nogkniovaetca pe3ncTuBHbIN
genutens M ONOPHOE HanpshXkeHne HeobxOoAMMOro
YPOBHSI CHMUMaeTcs ¢ Hero. B kayecTtBe OnopHOro
BX0oZa 0ObIYHO BbIOMpaeTCsl HEMHBEPTUPYHOLLIWIA BXOS,
yeunutena DA4 (BbiBog 16 MUKpOCXeMbl), @ KOHT-
pPONMPYEMBIN CUTHan NogaeTcsi Ha MHBEPTUPYIOLLMI
BxoZ (BbiBo4 15). OgHako BO3MOXeEH 1 obpaTHbI Ba-
puaHT BkModeHusa ycunutens DA4. lpwu sTtom oc-
HOBHbIM MPaBWUIIOM, KOTOPOe HeobXoaMmo CobnocTh
Mpu MOCTPOEHUWN CXEMbl OFPaHWYEHUs, SBMASETCSA TO,
YTO C POCTOM LUMPWHBI YNPAaBASOLLMX UMMYIbCOB Bbl-
Xo4Hoe HanpsbkeHue yeunutensa DA4 gorxHo pacTu.

Mpaktudeckue cxembl VBl Ha ocHoBe ynpasns-
towen Mmkpocxembl TL494 moryT OblTb NOCTPOEHbI
Kak C MCMomnb3oBaHWeM 00OMX 3alUMTHbIX MeXaHu3-
MOB, TaKk 1 C UCMOSb30BaHWEM TOSLKO OAHOIO U3 HUX.
B cxemax, ncrnonb3yowmx oba mexaHnsma, npu no-
BbILLEHHOM TOKOMOTPeOneHun B Harpyske CUIbHO-
TOYHbIX KaHanoB CHa4vana MMeeT MEeCTO pPeXxnm orpa-
HUYEHWS LUMPUHBI YNPaBRSOLWMX MMMYbCOB, U NULb
Tonbko 3aTem, ecnum K3 npopgomkaeT pasBuBaTbCH,
HacTynaeT 3alnTHOE OTKITIOYEHNE.

B cxemax ¢ Mcnonb3oBaHMEM TOMbKO MexaHu3ma
3alLUMTHOrO OTKIIOYEHUST Ype3MepHas LUMpuHa yn-
paBnsoLWMX UMMNYNbCOB Cpa3dy Bbi3blBaeT 3alUTHOE
oTkntodeHre. CurHan ¢ gatyvka LMpUHBbL ynpasns-
IOLLIMX UMMYNBbCOB B 3TUX CXeMax NoJaeTcsl Ha HeuH-
BEPTMPYIOLLMIA BXO[, KaKoro-nubo m3 KomnapaTopoB
DA1, DA2. T.K. MEXaHU3M OrpaHMUYeHus1 B 3TUX CXe-
Max He WCMonb3yeTcs, To ycunutenb owmnbkn DA4
CT@HOBMTCS HE HyXeH. [103TOMy ero npuHyauTenbHO
BbICTaBMSAIOT B COCTOSIHNE >XECTKOro Hymsi MO BbIXo4y
C TeMm, 4YTOObI ero BbIXOQHOE HaMpshKeHWe He BIUAo
Obl Ha BxogHoe HanpsbkeHne LUKMM-komna-paTopa
DA2 Hu npu Kakux ycnosusax. [ns 3Toro Ha UHBepTU-
pytowmn Bxod DA4 (BbiBog 15) cpasy npu BKMOYEHUU
MBI nogaetcs onopHoe HanpsbkeHune Uref ¢ BbiBoga
14, a HenHBepTUPYOLWMIA BXOA (BbiBOA, 16) 3a3emns-
eTcs.

OTKa3 OT MCMonb3oBaHMA MexaHu3Ma orpaHuye-
HUS MPU MOCTPOEHMM KOMOWHMPOBAHHOW 3aLUThI
NPVYHUUNMANbLHO BO3MOXEH, T.K. B apXUTEKType ca-
MOW YNpaBnsitoLLerd MUKPOCXEMbI YXKe 3ariOXEHO Or-
paHVyeHne MakCMMarbHOMN LUMPWHBLI BbIXOOAHOMO UM-
nynbca. YpoBeHb 3TOr0 OrpaHnyeHus onpegensercs
NnoTeHUManoMm Ha BbiBoge 4 MUKPOCXEMbl B YCTaHO-
BMBLUEMCSl pEeXUME, a TakKe WCTOYHMKOM Hanps-
xeHust DA7 (0,1B), nogknio4YeHHbIM MEXay BbIBOAOM
4 n HeuwHBepTUpPYOLLMM BXOoOOM komnapaTtopa DA1
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(cm. Bbiwe). Takum 06pa3oM BHELLUHAS Cxema orpa-
HUYeHns (ecnn OHa wMmeeTcs) Aybnupyet BHyT-
PEHHIO CXeMy, NoBbiwasa HagexHocTb paboTtel MBI
N yMeHbLLas BEPOATHOCTb BbIXOA4a U3 CTPOS CUIOBbIX
TPaH3MCTOPOB MHBEPTOPA.

OToenbHO HEOBXO0AMMO YNOMSHYTb O 3aliuTte OT
BbIXOAQHOrO nepeHanpsikeHusi. [loCKOnbKy caMbiM
"cTpawHbIM" MO BO3MOXHbIM MOCNEACTBUAM ABMSET-
Csl NepeHarnpshkeHMe B kaHane BbIXOLHOMO Hanpsike-
HUsi +5B, KkoTOpbIM nUTaKTCA norMdeckue WHTer-
panbHble CXEMbI, TO 3alLMTa OpraHuM3yeTcs, kak npa-
BWIO, MMEHHO B 3TOM KaHane. B cxemax HekoTopbIx
MBIl npegycmoTpeHa u 3awmuta oT nepeHanpsXeHus
B kaHane +12B. lNepeHanpsikeHne B criaboTO4YHbIX
KaHanax BblpaboTku oTpuuaTenbHbIX HANPsHKeHNNA He
CTONb KPUTWYHO Ans paboTbl KomnbtoTepa. Moatomy
B 9TUX KaHanax TakoW 3alluTbl, KaKk npaBuio, HeT.
[aTtumMkom cxembl 3aWmuTbl OT BbIXOAHOrO nepeHa-
npsXeHms obbIYHO ABMSIETCS NOPOroBasi cxema, Co-
crtoswaa wm3 crabunutpoHa C COOTBETCTBYHOLLMM
NpobMBHLIM  HanpsbkeHneM ©  BGannacTtHoro pe-
3uctopa. CTabunuMTpoH NogknyaeTcs K LUMHE KOH-
TPONUPYeEMOro HanpsXeHus. Npu NpeBbILLEHUN ITUM
HanpshkeHMemM 3a0aHHOrO0 PacYETHOrO YPOBHS CTa-
OMnMTpoOH npobuBaeTcsd, U Ha ©OannacTHOM pesu-
CTOpe NosABMSETCS NOTeHUMan Kak pesynbTaTt npoTe-
KaHus No Hemy Toka ctabunuTpoHa. [losiBneHue aTto-
ro moTeHuMana ucnomnb3yeTcs Kak curHan Ha cpaba-
TbiBaHWE Ansi CXEMbI 3aLLUTHOIO OTKIHOYEHNSI.

MoaBoast MTOr onMcCaHWo OTAENbHbIX KOMMOHEH-
TOB, BXOLALLUMX B COCTaB KOMOMHMPOBAHHOW 3aLLUMnThI,
HeoOXOAMMO OTMETUTb, YTO Hanu4yMe BCEX MNepeyunc-
NEHHbIX 3aLUTHLIX CXeM He siBnseTca obsasaTenb-
HbIM. HekoTopble U3 HUX MOryT OTCYTCTBOBaTh.

lMpuBegeM ycrnoBHyK Knaccudukaumo  KOMMo-
HEHTOB KOMOWHMPOBAHHOM 3aLLMThI.

CxeMbl KOHTPONSA LUMPWHbI  YNPaBASALWNX  UM-
NynbCOB MOXHO pasgenuTb Ha:
® CXEMbl, MWCMOMb3yOLINE MEXAHU3M OrpaHUYeHns

(orpaHuumBaloLLme CxeMbl KOHTPOIS);
® CXEMbI, UCMOMb3yLMe MeXaHW3M 3alUTHOro OT-
KMOYEHMS (OTKIMYaloLWwmne cxembl KOHTPOIS).
Cxembl 3awmTbl OT KOPOTKOrO 3amblkaHWs B Ha-
rpy3ke MOXHO pas3genuTtb Ha:
® MOfHbIE, B KOTOPbIX KOHTPOSb OCYLLECTBASETCS 3a
YPOBHSIMM BCEX YETbIPEX BbIXOAHbIX HANPSKEHUIA;

® HEMormHble, B KOTOPbIX KOHTPOMb OCYyLLecTBNAeTcd
TONMbKO 3a YPOBHSAMW OTpULATENbHBIX BbIXOOHbLIX
HanpsbkeHun -5B n -12B.

CxeMmbl KOHTPOMsi BbIXOOHOIMO MEepeHanpsPKeHNs
Takke MOXHO pa3fenutb Ha:
® [ONHbIE, KOHTPONUPYIOLLME YPOBEHL HaMpPsSKEHWIN

Ha WwuHax +5B n +12B;
® HEMOMHbIE, KOHTPONUpYylLne YpPOBEHb
YKEHUS TONbKO Ha OOHOW M3 STUX LLUMH.
PaccMoTpyM KOHKpEeTHbIE MPUMEpbI.

Hanps-

lMpumep 1.
KombuHupoBaHHasa 3awmta MBI GT-150W (puc.
40) BknovaeT B cebs:
® OrPaHNYMBAIOLLYIO  CXEMY
YNpaBnsitoLLMX MMMYIbCOB;
® HEMOMHY cxeMmy 3awuTtbl oT K3 B Harpyske.
Cxema KOHTPONS LUMPWHbLI YMPaBASOWMX WUM-
nynbcoB paboTtaeT cneaywowum obpa3om. Ha nHeep-
TMpyOLWMI Bxod yeunutens owmnbkn DA4 (BeiBog 15)

KOHTPOMS  LUMPWHBI
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Puc. 40. KombrnHuposaHHasa sawmTa UNBIM GT-150W.

nogaetcsa onopHoe HanpsbkeHne Uref ¢ BbiBoga 14.
Ha HeuHBepTupylowmn Bxon (BbiBog 16) nogaetcs
KOHTpONUpyeMbli MOTeHLMarn, YpoBeHb KOTOPOro
nNponopLMoHaneH  LMpUHe  YNpaBnsoWmUX  UM-
nynbcos. [loTeHuman 3TOT nony4aeTcsd MNyTeMm Bbl-
NPAMAEHUST UMMYMbCHOIO HaMNpPshKEHUsl, BO3HMKalo-
wero npu pabote VBl B cpegHen Touke NepPBUYHOMN
o6MOTKM ynpaensowero TpaHcdopmatopa DT. 310
UMMYNbCHOE HampshKeHne BbINPAMISETCS AMOAO0M
D23, n crnaxmBaeTca koHgeHcaTopom C15. Pesu-
ctop R21 racut amnnuTtyay 3TOro MMMyJIbCHOrO Ha-
npsbkeHns 4o HeobxoamMmoro ypoBHs. HanpsbkeHue ¢
koHaeHcatopa C15 nogaeTtcs Ha pe3UCTUBHLIN Aenu-
Tenb R25, R26, ¢ pesnctopa R26 koToporo 4actb
3TOr0 HanpsikeHus1 NOAAeTCs Ha HEUHBEPTUPYHOLLUIA
Bxog ycunutenst DA4. KoHgeHcaTopel C13, C16 06-
pasytoT uenb koppekumm AYX yeunutensa DA4.

B pexvme HopmanbHOro TokonoTpebnexus, korga
LWMPUHA YNPaBMsLWUX UMMIYNbCOB HE BbIXOOUT 3a
npegensl gnanasoHa ctabunusauun, noteHumnan Bbl-
Boga 15 mukpocxembl IC1 Bcerga Gornblue MOTEH-
unana BbiBoga 16. [lo3TOMy BbIXOAHOE HanpshKeHue
yeunutensa ownbkun DA4 pasHo OB 1 He BnvsieT Ha
paboTty Mukpocxembl. [Mpyn BO3pacTaHuMu LIMPUHBI
YyNpaBnsawoWmMX UMNYNbCOB B pesynbTaTe MNOBbILEH-
HOro TOKOMOTPeOneHnss B Harpyske Kakoro-nmbo um3
CUMNBbHOTOYHbLIX KaHamoB, MOTEHLUMan Ha KoHOeHca-
Tope C15, a cnegoBaTensHo, 1 Ha BblBoAde 16 ynpas-
nsioWen MUKpocxembl HaunHaeT pactu. Korga oH
gocturaet onopHoro ypoBHsA Uref=+5B Ha BbiBoge 15
BbIxoAHOe HanpshkeHue ycunutens DA4 HaunHaeT
Bo3pactatb. Ecnn K3 B Harpyske npogormkaeT pas-
BMBaTbCA, Tpebysi Bce OGOnbLUEen LUMPUHBI YyrpaB-
ngawwero uMmnynbca Ana noagepXaHusi BbIXOOHbLIX
HanpsbkeHun WBI, To BbIXOQHOE HanpshkeHue ycu-
nutensa DA4 6bicTpo Bo3pacTaeT Hapsay C yMeHbLue-
HMEM BbIXOOHOrO HanpskeHus ycunutens DA3, ko-
TOpPOe ONpefensieTcss ypoBHEM curHana obpaTHow
CBA3W. JTOT curHan cHumaeTtca ¢ pesnctopa R30 ge-
mmtena R33, R30, nogknto4yeHHOro K LIKMHE BbIXOA-
HOro HanpsbkeHnsa +5B. B MOMEHT, Korga BbIXOOHbIE
HanpshkeHus obomnx ycunutenem cpaBHMBAOTCH, Y-
paBneHne LLUMM-komnapaTtopom DA2 nepenaetcsa ot
yeunutensa DA3 k yeunutento DA4 n ctaHoBUTCA He-
3aBMCUMbIM OT YPOBHA CuUrHana obpaTHOM CBA3WN Ha
BolBOAe 1 ynpasnswowen Mukpocxembl. [loaTomy

yBEMUYEHNE LUMPUHBI  YNPaBNALWMX  UMMNYNbCOB
npekpawlaeTca U MUKPOCXeMa MEPEXOAUT B PEXUM
orpaHudeHus. Ecnn K3 npogomnxkaeTt pasBuBaTtbhCs, TO
BCTynaet B [JOEWCTBME MEXaHu3M 3alUUTHOro OoT-
KntoveHus, T.K. BCe BbIXoaHble HanpskeHus UBI (B
TOM uncne u B cnaboToYHbIX KaHanax) yMeHbLualT-
Csl, CTPeMSChb K ypoBHio 0B.

HenonHas cxema 3awWmTHOro oTknoyeHus npu K3
B Harpyske craboTOYHbIX KaHaroB BbIMOJSIHEHA Tpa-
OVUMOHHBIM cnocobom. Mexay LWuHaMy BbIXOOHbIX
HanpsbkeHun -5B n -12B BkntoveH genutenb-gartymk
D15, R38. K cpegHen Touke genutensd noakmntouveH
pesnctop R37, Bxogswun B 6a3oBbIN ANd TpaH3u-
ctopa Q6 genutenb R36, R37. TpaH3ucTop Q6 Bme-
cTe c TpaH3aucTtopoM Q5 06pasyloT AByXKackafHbIM
YMNT. Peauctop R35 — konnekTtopHasa Harpyska nep-
Boro kackaga YIT n ogHoBpemeHHO R35 u conpo-
TMBMEHME y4yacTKa KOJIIEKTOP-aMUTTEP TpaH3McTopa
Q6 obpasytoT 6a3oBbIM AenuTenb 419 BTOPOro TpaH-
suctopa YIMNT Q5. KonnekTopHoW Harpyskon TpaH3u-
ctopa Q5 saBnsetca pesuctop R34, curHan c kotopo-
r0O CHUMaeTCs Ha BXO4 3aWUTHOrO OTKM4YeHus 4
ynpaBnsoLen Mukpocxemel Yepes anog D14.

B HopmanbHOM pexumme paboTbl noTeHuman cpea-
Hen Toukn genutensa-gatymka D15, R38 coctaBnger
okono -5,8B, T.k. noTeHuman 3TOM TOYKU HMXKE MNo-
TeHuMana wuHbl -5B Ha BenuuuMHy npsamMoro nageHus
HanpshkeHusa Ha guoge D15, Gnarogaps npoTekaHuio
yepes genutenb Toka No uenu: wuHa -5B - D15 -
R38 - wuHa -12B.

lMoatomy GasoBbli genuTtenb TpaHaucTtopa. Q6 -
R36, R37 3anutaH aBynonsipHo: HanpsbkeHnem Uref,
C OOHOW CTOPOHbI, U HanpsbkeHnem -5,8B, ¢ Opyron.
HomuHanel pesuctopos genutena R36, R37 - oan-
HakoBbl (15kOm). lMoaTtoMy noteHuwan 6a3bl TpaH-
3uctopa Q6 B HopmanbHOM pexume paboTbl byaet
oTpuuartensHbim (okono -0,4B). Moatomy Q6 Gypet
3aKpbIT, a TpaHanctop Q5, HAaobopPOT, OTKPLIT TOKOM
0asbl, npoTekatowum no uenwn: wuHa Uref - R35 -
6-3 Q5 - "kopniyc”.

HanpspkeHne Ha koHgeHcatope C 19 noatomy Oy-
aet pasHo OB, u noTeHuman BbiBoga 4 ynpasnsio-
el MUKPOCXEMbl MOCMEe 3aBeplleHust npouecca
nnaBHOro 3anycka (CM. Huxe) Takke byaet paseH 0B.

Mpn K3 B Harpyske kaHana -12B guog D15 ge-
nutend-gatdyMka 3akpoeTcd, T.K. MOoTeHuuwan LWuHbI
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-12B B pexume K3 paseH 0B, u Ha katoge D15 nos-
BUTCS MOSNOXUTENbHbIN NoTeHUMan ¢ peanctopa R38,
yepes KOTopbI NpoTeKaeT TOK Mo uenu: wuHa Uref -
R36 - R37 - R38 - "kopnyc".

CnepoBartenbHo, noTeHuman 6asbl TpaH3McTOpa
Q6 yBenuunTCA 1 CTaHeT NosoXuTenbHbIM. [1oaToMy
Q6 oTKpoeTcA A0 HachlWeHusl, U noTeHuuan 6asbl
TpaHauctopa Q5 craHeT paseH 0B. 310 npuBegeT K
3anupaHnio TpaHauctopa Q5 1 yBennyeHuo noTeH-
umana ero konnekropa. YpoBeHb KOSNEKTOPHOro no-
TeHunana Q6 onpegensieTcss HOMMHaNamMuM pes3ncTo-
poB genutens R34, D14, R28, koTopbli NOOKIHOYEH K
LUMHE BCMOMOraTeNbHOro HanpshKeHUs1 NMMTaHUS MUK-
pocxembl Upom=+26B. lNponaseaa HeECNOXHbIA pac-
4yeT, MOXHO ybeauTbCs, 4YTO NPWU 3aKPbITOM CO-
CTOSIHUM TpaH3aucTopa Q6 moTeHuman ero Konnekro-
pa cocTaBnseT okoso +6B. OTta BennumHa, nogaBae-
Masi Ha HeMHBEepPTUpYHLWMA BXxog Komnapatopa DA1
yepes guop passaskm D14, coctasut okono +5B, yTo
npeBbILWaeT amnnuTygy nnnoobpasHoro HanpsXkeHust
Ha uHBepTupytowem Bxoge DA1. MNMoatomy DA1 ne-
pecTaeT nepekno4aTbcs, U paboTa LUMdPOBOro Tpak-
Ta MMKpOCXeMbl OnokupyeTcsi. YnpasBnsiiowme um-
nynbCcbl Ha Bbixogax 8, 11 wucuyesaloT, a cunosble
TPaH3MCTOPbl MHBEPTOpPA (Ha CXeme He MoKa3aHbl)
nepecratoT nepekntodatbecs. [lepBuyHas oOmoTka
UMMNYNbCHOTO TpaHcdopmaTopa oOkKasbiBaeTcs OT-
KntoveHa ot wuHbl Uep, n TokonotpebneHne ot cetu
npekpawjaeTcs.

Mpn K3 B Harpyske kaHana -5B noTteHuman cpeg-
Hen Toukm penutenda-gatduka D15, R38 cocrtasut
Bcero -0,8B, ytOo Takke npuBedeT K 3aKpblBaHMIO
TpaH3anuctopa Q6, oTkpbiBaHWIO TpaH3auctopa Q5 u
3aLUUTHOMY OTKIIOYEHUIO.

Cxema KOHTpOns BbIXOQHOIMO NepeHanpsikeHusi B
naHHom UBIT oTcyTcTByeT.

OnemeHTbl C12, R28 obpasyloT opMupyloLLyio
Lenoyky cxembl nnasHoro 3anycka. [Auon D14 cny-
XUT ONa pasBasku opMuUpyowen Lenovykn OT Bbl-
xogHoro HanpsbkeHuna YIT.

[ns nonHoTbl MHpopMaunm OoTMeTUM, YTO B AaH-
HOW CXeme opurMHanbHbIM siBrisieTcs nogbop aenu-
Tenewn, 3agaloWwmnx ypoBHM CUrHaNoOB Ha BXodax ycu-
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Puc. 41. KombuHupoBaHHas 3awuta NbIM LPS-02-150XT.

nutens ownbkm DA3. Ha uHBepTupylowmii Bxog, 2 B
KayecTBe OMOPHOro NoJaeTcst MOSTHOE HarnpshKeHue
Uref ¢ BbiBoga 14. YpoBeHb Ha HEVMHBEPTUPYIOLLEM
Bxoge 1 nmogbupaeTtcss ¢ MOMOLLBI BbICOKOOMHOIO
R30, koTopbIi BKNtoYaeTcst nocrnegoBaTenbHo ¢ R33
n obpasyeT ¢ HUM genuTtenb, Gnarogapsa Yemy ypo-
BEHb MOTEHUMana Ha HemHBepTupytowwem Bxoge DA3
nosfy4yaeTcs YyTb HMXe, YeM MoTeHuman LWWHbI Bbl-
XOAHOro HanpsbkeHuss +5B. OTum n cospaetca Ha-
YyanbHas pasHOCTb MEXAY OMOPHbIM M OTCReXuBae-
MbIM YpOBHAMU (owmbka), koTopas onpenensieT Bbl-
xogHoe HanpsbkeHne DA3.

TpaHaucTtopbl Q4, Q3 COBMECTHO C ynpaBnsalLLnm
TpaHccopmaTopom DT 06pasytoT cornacyroLmmn kac-
Kaf,BbIMOMIHEHHBIA MO TPAH3UCTOPHOW cxeme C 00-
WwMM ynpaeneHuem. lNuTaHme Ha Kackag nogaetcs
TPaAMLUMOHHbIM cnocobom ¢ wuHbl Upom. Konnek-
TOPHbIMK Harpyskamu TpaHauctopoe Q4, Q3 sasns-
I0TCH NONyo6MOTKM nepsuyHOn obmoTkn DT un pesu-
ctop obuwen Harpyskn R24. Ouog D9 — pases-
3blBAIOLLMMA.

OueBnaHO, YTO MMMYNbCHOE HarnpsikeHne B cpefn-
Hel Touyke nepsBuyHOM obmoTke DT nomnyyaeTcs B
pesynbTate TOro, YTO KONMEKTOpHas Harpyska. TpaH-
3uctopoB Q3, Q4 BbINONHEHa Kak pasgeneHHas. Opy-
MM cnosamu, ecnm Obl pe3uctop R24 otcyTteT-
BOBas, TO HanpshkeHne B cpedHen ToYke NepBUYHON
obmoTkn DT 6bino 6bl paBHo Upom (3a BblMeTOM
NpsIMOro NageHus HanpsbkeHusa Ha guoge D9), u no-
3TOMY HE MO0 Obl CAYXUTb MCTOYHMKOM MHEOpMa-
UMM O LUMPpUHE YNpPaBnsloWmUX UMMNYNbCOB, Bbipaba-
TbiBa€MbIX MUKPOCXEMOW.

lMpumep 2.
KombuHupoBaHHaa 3awwmta WBIM LPS-02-150XT
(puc. 41) BknioyaeT B cebs:
® OTKIIOYAIOLLYD CXEMY KOHTPOSS LrapuHbl  yn-
pPaBnsAoLLMX MMMNYIbCOB;
® HEMOrHyo cxeMmy 3awnTtbl oT K3 B Harpyske;
® HEMOJHYKD CXEMY KOHTPONS BbIXOAHOrO MepeHa-
NPsKEHNS.
OTkntovatowasi cxema KOHTPOMS LUMPWHBI yrnpaB-
NSIOWMX  MMMYNbCOB  BbIMOSIHEHA OpPUIMHANbHBIM
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crnocobom. [aT4MKOM UMMYNbCHOIO HanpsiXeHUs siB-
nsieTcsa cneumanbHas gononHuTenbHass obMoTka 4-5
ynpasnsowero tpaHcgopmatopa DT. MmnynbcHoe
3HaKOMEPEMEHHOE HamnpshkeHne, BO3HMKAOLLEee Ha
otBoge 5 atom obmoTkm npu pabote WBI, BbI-
npsamnsaetca guogom D14 u crnaxunBaeTcsi KOHOEH-
catopom C21. Pesuctop R30 BbinonHseT yHKUMIO
Harpysku BbinpamuTens. HanpspkeHne ¢ koHOeHca-
Topa C21 nogaetcs Ha ANOOHO-PE3UCTUBHLIA Aenu-
Tenb R31, OCR, D15, R33. OgHako noTeHuwnan Ha
pe3anctope R33 onpepenseTrca He TONbKO Hanpshke-
HMem Ha koHgeHcatope C21. 3TtoT norteHuman (B
Touke C) onpepensieTcs Takke YPOBHAMM Hanpshke-
HUW Ha BbIXOOHbIX WKHaxX +5, -5, -12 B, KoTopble cBS-
3aHbl Mexgy cobow OUoOHO-pe3UCTUBHBLIM - Aenu-
Tenem R39, R12, D7, R11. lNMoTteHyunan Toyku B atoro
nenutensa yepes guopn passaskm D18 nogaetcsa Ha
peanctop R33. MNoteHuman Toukn C onpeaensieT no-
TeHuman 6asbl TpaH3nucTopa Q5 buctabunbHom cxe-
Mbl, cobpaHHOM Ha TpaHaucTtopax Q5, Q6. bucta-
OunbHas cxema, B CBOK o4vepedb, OnpenensieT no-
TeHUMan BxoAda 3alUTHOro OTKMYeHus 4 ynpasns-
HoWen MUKpocXeMbl. HecnoxHel pacyeT no3Bondet
YCTAHOBUTb, YTO B HOpPMalbHOM pexume pabdoThbl,
Korga Bce BbixogHble HanpsbkeHusa VBl umeroT Ho-
MUWHarbHbIA ypOBEHb, noTeHuman Tovkn C Oyaer
6nm3ok k 0B, noatomy oba TpaHauctopa tuctabunb-
HOW CXeMbl 3aKpbiTbl, @ NOTEHUManN BbiBoAa 4 ynpas-
nawLwen Mmkpocxemol paeeH 0B.

B cnyyae noBbIWEHHOrO TOKONOTPeONeHns B Ha-
rpy3ke CWUIbHOTOYHbLIX KaHanoB LUMPUHA YNpaensito-
WMX MMMNYMbCOB, FEHEPUPYEMBIX MMUKPOCXEMOW, a
3HaA4YMT M MMNYNbCOB Ha oTBogde 5 obmoTtku 4-5 DT,
yBenu4ymBaetcs. [loaTomy yBenuuMBaeTCs YpPOBEHb
BbINPSAMITEHHOIO HaNpPsPKeHUs Ha KoHaeHcaTope C21,
N, B KOHEYHOM uTore, Ha 6ase TpaHsucTtopa Q5, Ko-
TOPbIA NPUOTKPLIBAETCS, YTO BbI3blBAET NpPOTEKAHUE
©a30Boro Toka TpaHancTopa Q6. Tak kak buctabunb-
Hasi CxeMa oxBayeHa MOOXMTENBHON 0bpaTHON
CBSI3bl0 C nomoLbio uenoyvkn R35, D17, To nosiBne-
HMe konnektopHoro Toka Q6 npuBOAMT K na-
BMHOOOpa3HOMYy MpoLEeccy B3auMMHOIo OTNUpPaHUst
obonx TpaHanctopos. [loaTomy HanpsxeHue Uref,
KOTOPbIM 3anuTaH Mo aMUTTepy TpaHaucTop Q6 Ouc-
TabuNbHOM CXeMbl, OKa3bIBAETCHA MPUNOXKEHHBIM Ye-

Puc. 42. KombuHmpoeaHHas 3awmta NbIM PS-200B.

pes3 ero manoe BHyTPeHHee COMpOTUBMEHUE U AMOS
passaAskn D22 k BbiBOAY 4 yrnpaBnsiolen MUKPOCXe-
Mbl. JTO, KaK OblNO NOKa3aHo Bbille, MPUBOAUT K 3a-
LLMTHOMY OTKITHOYEHWIO.

Pesnctop OCR BbINOMHEH Kak MOACTPOEYHbIN. ITO
nossonsieT npu HacTtpowke VB[ BbiOpaTb TOT ypo-
BEHb HanpsbkeHus Ha koHgeHcaTope C21 (apyrmmm
CrnoBamu, Ty MakCMMarbHYO LUMPUHY YNpaBrisitoLLmx
MMMYnbCOB), NMPU MpEBbILLIEHUN KOTOporo OyaeT npo-
NCXOOUTb 3aLUTHOE OTKITHOYEHHUE.

OnemeHTbl C19, R20 o6pa3syioT opMUpYHOLLYHO
Lenoyky cxembl nraBHOro 3anycka. [unog D22 pas-
BA3bIBaeT POPMUPYIOLLYIO LENOYKY OT BuctabunsHomn
CXeMbl.

YpoBHW BbIXOOHLIX HanpsxeHun WBI ycraHas-
NMBalOTCS NPU HAaCTPOWKE C NMOMOLLbI0 MEPEMEHHOTO
pesncTtopa SVR, onpegensitowero ypoBeHb ONOpPHOro
HanpshKeHUs Ha WHBEPTMPYHOLLEM BXO4E YyCUnuTens
owmnbkn DA3S.

MexaHn3M OrpaHUYeHUs LUMPWHBI YNPaBnsOLLLErO
nmnyneca 3gecb He wucnonedyetcd. [MoaTomy ycu-
nutenb owmnbkn DA4 wncknovaeTcs n3 paboTbl MUK-
pocxembl. [1r1s 3TOro Ha ero WHBEPTUPYIOLLMA BXOA
(BbiBOA 15) nogaetcsa HanpshkeHne Uref, a HemHBep-
TUpYOLWMIN BXoA (BblBOA 16) 3a3emnsaeTcs.

Mpu K3 B Harpyske noboro M3 crnaboTOYHbIX Ka-
HanoB noTteHunansl Todek A, B, C Bo3pacTatot. 310
NMPMBOANT K OTKPbIBaHUIO 0OOUX TPaH3UCTOpPOB Ouc-
TabWNbHOW CXEMbI, U 3aLLMTHOMY OTKITHOYEHUIO. AHa-
NOrNYHbIN 3PEKT BbI3OBET NepeHanpsKeHne B Ka-
Hane +5B. YBenuueHne HanpskeHus Ha wwuHe +5B
nepepactcsa yYepes anoa D18 Ha 6asy TpaH3ucTopa
Q5 (B Touky C). 3TO BbI3OBET OTKPbIBAHWE TpaH3U-
CTOPOB OUCTaABWBHOW CXEMbl U 3aLUUTHOE OTKIoYe-
Hue.

lMpumep3.
KombuHupoBaHHas 3awmta WBI PS-200B (puc.
42) BkntoyaeT B cebsi:
e OTKIIOYAOLLYI0  CXeMy
paBnSoLLEro MMMNynbCa;
® HEMOJHYO CXEMY KOHTPOIS NepeHanpsiKeHusl.
OTknovaowas cxema KOHTPOMS LUMPWHBI yrnpas-
NALWEro UMMynbca UMeET AaTyumK, PaCroNOXEHHbI

KOHTPOS  LLUMPWHBI

yn-
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Puc. 43. KombuHmposaHHas 3awmta MBIM ESP-1003R (ESAN ELECTRONIC COMPANY, Ltd.).

Ha nepsunyHon ctopoHe VMBI (B oTnuumne oT npenbl-
Oywnx OByX cnydaeB). OTMM [aTyMKOM sIBNSAETCA
TpaHcopmaTop Toka CT, nepBuyHad oOMOTKa Ko-
TOPOro BKMKOYEHa MOCMedoBaTeNibHO C MNEPBUYHOWN
OOMOTKON CUITOBOrO MMMYJNIbCHOrO TpaHcdopmaTopa
PT. TokoBble umnynbCbl, NpoTEKaloWwme no nepsuny-
Hov oomoTke CT, TpaHCOpMUPYHOTCA BO BTOPUYHYHO
ero obmoTKy, BbINPSIMASIOTCA C NMOMOLLbO MOCTOBOM
cxembl D9-D12 1 crnaxueatotcsa KoHaeHcaTopom C8.
Peanctop R14 sBnsieTcsl Harpy3kon BTOPUYHOM OO-
moTku CT. Hanuune aton Harpy3km sensetcsa obs3sa-
TenbHbIM yCrnoBuem HopmanbHon pabotel CT. Ypo-
BEHb HanpshkeHus Ha KoHaeHcaTtope C8 nponopumo-
HaneH LUMPUHE TOKOBbIX UMMYNIbCOB Yepes3 MnepBuY-
Hyto 06moTky CT (a 3HauuT, 1 LWIMPWHE YNPaBISoLLNX
MMMNYNbCOB Ha 6Ga3ax cunoBbIx TpaH3ucTopoe Q1, Q2
MHBEpPTOpPA). OTO HaMpskeHne nogaeTcsl Ha Moporo-
BYIO CXeMy, cobpaHHyto Ha ctabunutpoHe ZD2 u pe-
3uctope R13. MNpobnBHOEe HanpspkeHue cTabunuTpo-
Ha ZD2 pasHo 5,1B.

B pexvme HopmanbHOro TokonoTpebneHus, korga
LWMPUHA YNpaBnsalLWNX UMMYNbCOB He npeBbilaeT
OOMYyCTUMYIO BENWYMHY, HanpshkeHue Ha KoHAeHca-
Tope C8 He npeBbiwaeT ypoBeHb +5,1B. [MoaTtomy
cTabunutpoH ZD2 3akpbIT KU noTeHuman 6asbl TpaH-
3uctopa, Q4 paseH OB. TpaHsuctop Q4 3akpbIT, a
noatomy 3akpbiTel TUpuctop SCR n TpaHauctop Q3
oucrtabunbHon cxembl. [loaToMy noTeHuMan BbiBOAA
4 ynpaBnsawoLWen MMKPOCXeMbl onpegenseTcs HOMu-
Hanamu pesuctopos genutensa R5, R6, nogkntoyeH-
Horo K wuHe Uref. N3 cxeMbl BUAHO, YTO NpU 3aKpbl-
TOM TpaH3auctope Q3 noteHuuan BbiBoga 4 B ycTa-
HoBuBLLUEMCS pexnme coctaBuT 0,55B. lNepekntoye-
Husa komnapatopa DA1 nosToMy He BNUAOT Ha pabo-
Ty MuKpocxemsbl. [Mpu noBbiWEHHOM TokonoTpebne-
HUW B Harpy3Kke Kakoro-rnmbo M3 CUMbHOTOYHLIX KaHa-
NOB LWWMPKWHA YNpaBnsilowmnx MMNybCOB BO3pacTaeT.
lMoatomy HanpsbkeHne Ha koHaeHcaTope C8 no-
BbllaeTcsA. Korga aTo HanpshkeHue npeBbICUT ypo-
BeHb +5,1B, ctabunutpoH ZD2 "npobuBaeTcsa”, n B
basy TpaH3ncTtopa Q4 TeyeT OTKpbIBAKOLWMN €ro TOK
no uenwu: (+)C8 - ZD2 - 6-3 Q4 - R11 - "kopniyc”.

TpaH3ncTop Q4 oTKpbiBaeTCs, U B yNpaBnsioLWnii
anekTpon Tupuctopa SCR TeyeT OTKpbiBaKOLWMIA €ro
TOK Mo uenu: wuHa Upom - R12 - k-3 Q4 - ynpas-
naowul nepexod SCR - "kopriyc”.

TupucTop OTKpbIBAEeTCA M MOAKMOYaeT pesncTop

R10 6asoBoro genutens R9, R1Q TpaHauctopa Q3 k
"kopnycy". 3To BbI3blBaeT OTKpbIBaHWE TpaH3UCTopa
Q3 6GasoBbIM TOKOM, MpoOTeEKalLweM Mo Lenu: WuHa
Uref-3-6 Q3-R10 - a-k SCR - "kopnyc".

TpaHauctop Q3 3anuTaH No AMUTTEPY Hanpsxke-
Huem Uref ¢ BoiBoga 14 mukpocxembl. [1oaTomy npu
OoTKpbIBaHUN Q3 3TO HanpsXeHne okasbliBaeTCs npu-
NOXeHHbIM Yepes3 ero Manoe BHyTPEeHHee ConpoTuB-
fnieHve K BbiBOAY 4 ynpaBrsiowen MUKPOCXEMbI, YTO
BbI3bIBAET 3aLLMTHOE OTKITOYEHME.

Cxema 3awmTtbl oT K3 B Harpyske cnaboTO4YHbIX
kaHanos B gaHHom UBI1 oTcyTcTByeT.

Cxema 3allnTbl OT BbIXOOQHOMO NepeHanpsikeHus B
kaHane +5B cobpaHa Ha anemeHTax ZD1, R11. lMpwu
MpPeBbILEHUN HanpshKeHMeM Ha wuHe +5B npobuB-
HOro HanpshkeHust ctabunurtpoHa ZD1 (5,1B), oH
"npobuBaeTcs”, n B ynpaBnsAoLWMIA 3NeKTposg TUpu-
ctopa SCR TeueT TOK, OTKpbIBaOLWUA ero. 310 npu-
BOAWUT K OTKpbIBaHMIO TpaH3auctopa Q3 n 3aluTHOMY
OTKINIOYEHMIO.

MexaHu3am orpaHvyeHus LUMPUHBI YNpPaBsoLWwmnx
UMMYNbCOB 34eCb He ucnonb3yeTcs. [oaTomy Tpagu-
LMOHHO Ha MHBEPTMPYIOLLMI BXO4 yCcunmTens owmo-
kn DA4 (BbiBog 15) nogaetcs HanpsbkeHue Uref, a
HeMHBepPTUPYOLWMIA BXOA (BbiBOA 16) 3a3emnseTcs.

Ocobo HeobXx04MMO OTMETUTL, YTO B CXeMe AaH-
Horo MBI He ucnonb3yeTca MeTon rpynnoBow cTa-
Ounu3aumMm BbIXOAHbIX HanpsXeHuwn, T.e. Apoccenb
rpynnoBon ctabunusauumn Ha Bbixoge MBI oTtcyTtcT-
ByeT. CTabunumsaumsa npomsBoguTca TOMbKO NO ABYM
kaHanam: +5B n +12B ranbBaHUM4eckum crnocobom.
Mexay LWwMHamMu BbIXOAHbIX HanpskeHun +5B n +12B
BKMIOYEH pe3nCTUBHbI genutenb-gatumk R15, R8.
[NoTeHunan B cpedHen TOYKe 3TOro Aenutens sBns-
€TCs KOHTPONMpPyeMbIM CUTHaroM v nogaeTcs Ha pe-
3UCTUBHbIN AenUTENb, COCTOSLNA U3 MEPEMEHHOro
pesnctopa VR un pesuctopa R7. lNoatomy curHan
obpaTHOM CBS3M, MOCTYMaWLWMIA Ha HEWHBEPTU-
pylowmn Bxon ycunutena owmnbku DA3, asnsetcs
CYMMapHbIM, T.K. ©3BMEHEHNE YPOBHS HanpsikeHns Ha
nobon n3 wuH +5B, +12B oTpasuTtcs Ha BennyuHe
noteHuMana B cpefHen Touke Aenutend-gardvka
R15, R8, a 3HauuT, n Ha BenuyuHe curHana ob-
paTHOM CBSA3W, CHUMAEeMOro C ABWXKa NnepemMeHHOro
pesnctopa VR Ha HeuMHBepTUPYHOLMIA BXOL YyCUNn-
Tenst owmnbkn DAS.
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lMpumep 4.

KombuHupoBaHHas 3awmTa MBI ESP-1003R (puc.
43) BknoyaeT B cebs:
® OTKIIOYAIOLLYI0  CXemy

pPaBnsAoLLEro NMMYIbCa;
® [TOJTHYID CXEMY KOHTPONSA MepeHanpsikeHus Ha Bbl-
XOOHbIX LWMHAX CUSIbHOTOYHbIX KaHaroB.

OTa cxema noxoxa Ha cxemy puc.41. puHuun
OEVCTBUS OTKIIOYAIOLLEN CXeMbl KOHTPONSA LUMPUHbI
yrNpaBnsiowWero umnynbca TOoT Xe, YTO M paHee, 3a
WCKIMIOYEHNEM TOrO, YTO MHOPMaLUS O LUMPUHE Y-
paBrsoWero Umnynbca MoslyyaeTcs C MNepBUYHON
cTopoHbl MBI, B kavectBe gatumka TpaguLUOHHO
ucnonb3yetcsa TpaHcdopmaTop Toka CT, nepeudHas
obMOTKka KOTOpPOro BKIHOYEHaA MOCnefoBaTenbHO C
nepBMYHOM 0OMOTKOWM CUIMOBOrO MMMYSMbCHOIO TPaHC-
dopmaTopa PT. lNpn npotekaHnn 4yepes nepBUYHYyIO
o6moTky CT nnnoobpasHbiX MMMYNbCOB TOKA Ha Ha-
rpyske ero BTopuyHowm obmoTku (peanctop R35) Bbl-
JensieTca  3HaKonepemMeHHoe MpPSAMOYrofbHOe UM-
NynbCHOE HanpskeHne. ITO HanpsbkeHWe BbINPSIM-
nseTca ogHononynepvoaHeiM BbinpsaMuTenem D9 wn
crnaxunBaeTcst koHgeHcaTopom C10. YpoBeHb Hanps-
XeHus Ha koHgeHcaTtope C1Q nponopumoHaneH wu-
puyHE TOKOBbLIX MMMYNbLCOB Yepe3 NepPBUYHYHO 0OMOT-
Ky CT, a 3Ha4uT ¥ WNprHe ynpaensowmnx UMNynLCoB
Ha 0asax CunoBbIX TPAH3UCTOPOB WHBepTOopa. Ha-
npskeHne ¢ koHgeHcaTtopa C10 nogaetcs Ha pesu-
ctuBHbI genuTtens R11, R9. Yactb aTtoro Hanpsike-
HUsi cCHMMaeTcsa ¢ peanctopa R9 genvrtens u yepes
pesuctop R10 nogaetca Ha 6a3y TpaHaucTtopa Qf,
KOTOpbI BMecTe C TpaHauctopom Q2 obpasyeT buc-
TabunbHyl Cxemy, ONpeaensiowyo ypoBeHb NOTeH-
uuarna Ha BeiBoge 4 ynpasnsitowen mmkpocxemsl IC1.

Moka WwurpuHa ynpaBnsaoLLmMX UMMNYbCOB HE BbIXO-
OUT 3a pacyeTHbIA Npeaen, HanpskeHne Ha KOHOEH-
catope C10 6nm3ko k 0B, n noatomy oba TpaH3ucTo-
pa Q1, Q2 6ygyT 3akpbiThl. [1pyn BO3pacTaHun Wnpu-
Hbl YNPaBMsOLWEro UMMynbca, Hanpumep B pesyrb-
TaTe MNOBLILEHHOrO TOKOMOTPEONEeHNss B Harpyske
Kakoro-nmbo u3 CUIbHOTOYHbIX KaHanoB, YpPOBEHb
MOCTOSIHHOTO HanpshkeHnss Ha koHgeHcatope C10
BO3pacTaeT. OTO MPUBOAMUT K MPUOTKPbIBAHUIO TpaH-
3uctopa Q1 6a30BbIM TOKOM, MPOTEKAIOLLMM MO LIEMNW:
(+)C10-R11-R10 - 6-3 Q1 - "kopnyc” - (-)C10.

MpuoTkpbiBaHMe TpaH3ucTopa Q1 BreveT 3a co-
0ol npuoTKpbiBaHWe TpaH3ucTtopa Q2 6a3oBbiM TO-
KOM, npoTekatrowmm no uenw: wuHa Uref - 3-6 Q2 -
R12 - k-3 Q1 - "kopnyc".

MprnoTKpbiBaHMe TpaH3auctopa Q2 NpnBoaUT K eLle
fonbllemMy MPUOTKPbIBAHMIO TpaH3ucTopa Q1, T.K.
Konnektop TpaH3ucTopa Q2 nogkniodeH Yepes pesu-
ctop R14 k 6a3e TpaHaucTtopa Q1, T.e. mexay TpaH-
3ucTopaMn  MMeeTcs  MonoXuTenbHass obpaTtHas
cBsA3b. JlaBMHOOBpa3HbI NpoLecc B3anMHOIo OTKPbI-
BaHUA NpMBOOUT K OYeHb ObICTPOMY OOCTUXKEHMIO
o6onmMK TpaH3UCTOpaMm COCTOSIHWUS HacbIweHus. o-
aTomy HanpsikeHue Uref, koTopbIM 3annTaH no amuT-
Tepy TpaH3ucTtop Q2, okasbiBaeTCs NPUNOXKEHHBIM K
BbIBOAY 4 yNpaBnsitoLLe MUKPOCXEMbI, YTO NPUBOAUT
K 3aLLMTHOMY OTKITHOUYEHUIO.

Cxema 3awmtbl oT K3 B Harpyske crnaboTOYHbIX
kaHanoB B AaHHom WBI1 oTcyTcTBYeT, ogHako vMe-
eTCs NosiHasi CxemMa 3aluTbl OT BbIXOAHbIX NepeHan-
PSYKEHUN B CUINTbHOTOYHBIX KaHanax.

KOHTPOMNS  LUMPUHBLI Y-

Cxema 3awuTbl OT MNepeHanpskKeHus B KaHane
+5B cobpaHa Ha anemeHTax ZD2, D3, R16. lNoka Ha-
npsbkeHne Ha WwuHe +5B He npeBbiwaeTt "npoburBHO-
ro" HanpspkeHus ctabunutpoHa ZD2 (+5,1B), oH 3a-
nept. Ecnn aToT ypoBeHb OGygeT npeBbiweH, cTa-
ounutpoH ZD2 "npobeeTcsa”, n B 6a3dy TpaH3ucTopa
Q1 noTtedyeT oTnNMpalOWMA €ro TOK MO Uenwu: wuHa
+5B - ZD2 - D3 - D2 - 6-3 Q1 - "kopnyc".

OTO npuBedeT K "onpokuabiBaHU" GuctabunsHom
CXeMbI 1 3aLLMTHOMY OTKIHOYEHMIO.

AHanornyHbim obpasom paboTaeT U CXema KOHT-
pons nepeHanpsbkeHns Ha wuHe +12B, cobpaHHas
Ha anemeHTax ZD1, R17, R16.

Ouogbl D3, D2 — pasesasbiBatowme. OHU npea-
HasHa4yeHbl ANS WCKIYEHUS BIUSHUSA BbIXOAHbIX
CWrHarnoB BCEX Tpex 3alMTHbIX CXeM ApYr Ha gpyra.

KonpeHcaTop C6 ycTpaHsAeT BO3MOXHOCTb cpaba-
ThbiBaHWS 3aLLMTHOIO OTKMIOYEHUS MPU KpaTKoBpe-
MEHHbIX Cry4YalHbIX MPEBbLILEHNAX BbIXOAHLIMU Ha-
NPSPKEHNSAMU HOMUWHANbHbBIX 3HAYEeHUA (Hanpumep, B
npoLecce YCTaHOBMEHUS MoOcCne BO3MYyLLAOLLEro
BO34eNCTBMA B pedynbTaTe paboTbl cxembl cTabunu-
3auun).

lMpumep 5.

KombuHupoBaHHas 3awmta UBIM GT-20QW (puc.
44) Bkrntoyaet B cebs:
® OTKIOYAIOLLYI0  CXemy

pPaBnsoLLEro MMMysbCa;
® HEMorHy cxemy koHTpons K3 B Harpyake;
® HEMOMHYID CXEMy KOHTPONS BbIXOOQHOrO Mepe-
HanpsKeHus.

KombuHupoBaHHasa 3awmuta B 3TOM CXemMe Mo-
CTpOEHa C WCMONb30BaHWEM [BYX KOMMapaTopoB
mMukpocxembl IC2 (Tna LM339N). KomnapaTtop 1 aB-
NSEeTCA  3NEMEHTOM CXEMbl KOHTPOMS  LUMPWHbI
ynpasnstoLwero nmnynsca. KomnapaTtop 2 comella-
eT OYHKUMM ANeMeHTa CXeMbl KOHTPOMsS nepeHanps-
KEHUS Ha WKHe +5B 1 aneMeHTa cxembl 3aliunTbl OT
K3 B Harpyske crnaboTouyHbIX KaHanoB. Beixoabl 060-
MX KOMMapaTopoB OObeAWMHEHbI U BO3OEWCTBYHOT Ha
COCTOSIHME MOPOroBOK CXeMbl Ha TpaHauctope Q6 no
noruke "UNWN". OTKpbiBaHWE BLIXOAHOIO TpaH3ucTopa
noboro n3 komnapaTtopoB 1, 2 BrneyeT 3a cobon oT-
KpbiBaHWe TpaHsucTtopa Q6 M nosiBneHve Hanpsxe-
Hus Uref Ha BbiBoge 4 ynpaBnsioen MUKPOCXEMb
IC1, a 3HauuT n 3aWwmuTHOE OTKNIOYEeHME. Cxema KOH-
TPONSA LWMPUHBLI YNPaBRSIOLWEro MMMNybca BhINOMHe-
Ha Kak oTkmovarowas. [JaTtyskom LWMPUHBLI yrpaBs-
NsoLero umnynbca saBnseTcs TpaHcopMaTop Toka
CT, R12 — Harpyska BTopu4Hon obmoTtku CT. lNMepe-
MEHHOE MPSIMOYTroSIbHOE UMMYIIbCHOE HanpsXeHue c
pesuctopa R12 BeinpamMnseTcs no ABYXNonynepuoa-
HOW cxeme cO cpefHen Toukom (amogbl D18, D19).
C8 — crnaxuBatowiasi eMkoctb unbtpa. R11 — ra-
CALMMA aMNMTyaQy NepeMEeHHOro HanpsbkeHus pesu-
cTop. YpoBeHb HanpsbkeHus Ha koHgeHcaTope C8
NpOnopLUMOHaneH LWWPUHE YNPaBAstoWmMX WUMMNyIb-
COB. QTO HanpshkeHue nogaeTcs B TOYKYy A genutens
D8, R18, R32, R28 u BnusieT Ha pacnpegeneHme no-
TEeHUManoB B y3nax aTtoro genutensa. HanpspkeHne ¢
pesnctopa R28 nogaetca Ha MHBEPTUPYIOLLMIA BXOL,
komnapatopa 1 mukpocxembl IC2. Ha HenmHBepTu-
PYIOLLMIA BXOA 3TOro KOoMmapatopa nogaeTtcsi onop-
HbI YpOBEHb € peauctopa R42 penutena R35, R42,
noakmntoYeHHoro K wuHe Uref. HomuHanbl peanctopos

KOHTPONS  LUMPUHBLI Y-
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oboux genutenen nogobpaHbl TaKUMK, YTO MOKa LUW-
pUHa ynpaBnAwLWMX MMMYNbCOB HE BbIXOAUT 3a Ava-
nasoH cTabunmaaumm, NoTeHumMan HeEMHBEPTUPYIOLLETO
Bxoda komnapartopa 1 (BblBOA4 5) npeBbillaeT NoTeH-
uuan ero nHBepTupytoLero exoaa (Belisoa 4). MNoato-
My BbIXOZHOW TPaH3UCTop KoMmnapatopa 1 3akpbiT.

[Mpn MOBbILLEHHOM TOKOMOTPEONEHUN B Harpyske
Kakoro-nmbo 13 CUMbHOTOYHBLIX KaHarioB LUMPMHA
yNpaBnsioWmx WMNyNbCOB HayMHaeT BO3pacTathb.
lMoaTomy BO3pacTaeT ypoBEHb HanpPsHKEHUs Ha KOH-
neHcaTope C8, a cnegoBaTernibHO, U HA MHBEPTUPYHO-
wem Bxode komnapartopa 1. Korga noteHuman uH-
BEPTUPYIOLLLEr0 BXOA4a MPEBLICUMT MOTeHUMan HewuH-
BEpTMpYIoLLEro Bxoga, komnapatop 1 "onpokuHeTtca",
BbIXOOHOW TPaH3UCTOP ero oTkpoetcd. B pesynbtate
aTtoro pesuctop R29 6azosoro genutens R30, R29
TpaH3uctopa Q6 okaxeTcs NOAKMYEH K "koprnycy".
MoaTomy nosiBATCS NyTb AMst NPOTEKaHWUst OTnupato-
wero 6asoBoro Toka TpaHauctopa Q6: wuHa Uref -
3-6 Q6 - R29 - k-3 8bIXO0HO20 mpaH3ucmopa Komna-
pamopa 1 - "kopnyc”.

Tpanauctop Q6 oTtkpoetcs, n HanpsbkeHune Uref,
KOTOpPbIM 3anuTaH MO 3MUTTEPY ISTOT TPaH3UCTOP,
OKaXKeTCs NPUITOXXEHHBbIM K BbIBOAY 4 ynpaBnsoLLen
mMukpocxembl 1C1 yepes gmop passsaAsku D17. 370,
Kak Oblno MokaszaHo paHee, NpuBeAET K 3aLLUTHOMY
OTKIIOYEHMIO.

Cxema 3awmtbl oT K3 B Harpyske crnaboTOYHbIX
KaHanoB MMeeT AaT4YvMKOM TPaaWLUMOHHBIN genuTenb
D15, R45, nogknioyeHHbIn Mexay LIWHaAMW BbIXOA-
HbIX HanpsbkeHmn -5B, -12B. [NpuM HOMMHaNbHbIX
YPOBHSIX HanNpsPKeHWA Ha 9TUX LUMHAX MOoTeHuman B
cpegHen TOuKe 3TOr0 AenuTens COCTaBnseT OKOmo
-5,8B. lMoatomy pesuctuHbin genutens R40, R39
3anuTbiBaeTca ABYMNONAPHO (BbIXOAHBIM Hanpsbke-
Hnem +5B n noteHumanom -5,8B co cpegHen To4Yku
aenutena R45, D15). HanpsikeHne co cpegHen Tou-
kn genutens R40, R39 nogaetca Ha uHBepTUpyto-
Wwnin BXon komnapatopa 2 mukpocxembl IC2 (BbiBOA
8). HomuHanbl pesuctopos genutena R40, R39 no-
[o0paHbl TakMMK, YTO MOTEeHUMan MHBEPTUPYIOLLErO
BXoda komnapaTopa 2 (BbiBog 8) B HOMMHANbHOM
pexvMe MeHblle, 4YeM MOoTeHuman HevHBEPTUpYIo-

Puc. 44. KombuHnpoBaHHas 3awwmta MBI GT-200W.

wero Bxoda (BbiBog 9), HA KOTOPbLIA NOAAH OMOPHbIN
ypoBeHb cO cpegHen Toukm penutena R35, R42,
NoaKmnto4YeHHoro K wunHe Uref.

Mpu K3 B Harpyske noboro u3 kaHanos -5B, -12B
noTeHuman cpenHen Toukn genutena R45, D15 no-
BbILLAETCH, U NMO3TOMY MOTEHUMan UHBEPTMPYHOLLLEro
BXOZ4a KoMmnapaTopa 2 HayuMHaeT NpeBbiwaTb MNOTEH-
unan ero HemHBepTUpyloLwero Bxoga. [oatomy Kom-
napatop 2 "onpokuablBaeTcsl", BbIXOQHOW TpaH3u-
CTOp €ero OTKpbIBAETCA U NOABASETCH NyTb AN Mpo-
TeKaHWss OTKpbiBatoLlero TpaH3anctop Q6 ©as3oBoro
ToKa: wuHa Uref - 3-6 Q6 - R29 - k-3 8bIX00HO20
mpaH3ucmopa komrnapamopa 2 - "kopryc".

TpaHauctop Q6 oTkpbiBaeTcs, U HanpsxeHue Uref
C ero sMmuTTepa nocTtynaeT Ha BbiBO4 4 ynpasns-
oLen Mukpocxemsl Yepes auoa D17, uto Bneyet 3a
cobovi 3awuTHoe OTkMNtoYeHue. Onsa yckopeHus "on-
pokuabiBaHMa" cuctema, coctosLLas n3 komnaparopa
2 n TpaH3ncTtopa Q6, oxBavyeHa MONOXUTENbHON 06-
paTHOM CBA3bIO C NomMoLbio anoga D16. KoHTposnb 3a
BbIXOAHbIM MepeHanpsiXeHnem Ha WwunHe +5B ocyule-
cTBnsieTca ¢ nomowpto uenovkn D8, R18. Mpu npe-
BbILUEHUWN HAMNpPsHKEHMEM Ha LuuHe +5B pacyeTHoro
ypoBHs (okono +5,1B) COOTHOLWEHNEe Mexay NoTeH-
umanaMmm WHBEPTUPYIOLWLErO U HEMHBEPTUPYIOLLLEro
Bxoaa komnapatopa 1 mukpocxembl |IC2 nameHsietcs
Ha npoTuBononoxHoe. Komnapatop "onpoknabiBaeT-
cs", BbIXOAHOW TPaH3UCTOP ero oTKpbIBAeTCH, OTKPbI-
BaeTca TpaH3uctop Q6, n HanpsikeHue Uref c ero
amMuTTepa MOCTynaeT Ha BbiBO4 4 ynpaBndowewn
MUWKPOCXEMbIl, YTO BrieyeT 3a coboi 3awuTHoe OT-
KrnoyeHmve.

MexaHu3m orpaHuyYyeHusi LUMPUHBI YNpaBnstoLWero
umnynbca 3gecb He ucnonb3dyetcd. [loatomy ycu-
nutenb owmnbkn DA4 uckniovaetcs u3 paboTbl MUK-
pOCXeMbl TPagULMOHHBIM CNOCOBOM: Ha MHBEPTUPY-
owmn BxoA (BbiBog 15) nogaHo HanpshkeHue Uref, a
HevHBepTUpylowmMn Bxogd (BbiBOA4 16) 3asemneH.
CnepoBaTenbHO, BbIXOOQHOE HanpsbkeHue yeunutens
DA4 He3aBUCMMO OT pexunma, B KOTOPOM HaxO4MTCs
cxema VMBI, Bceraa pasHo 0B v He BnuseT Ha pabo-
Ty ynpaBnstoLen Mmukpocxemsl 1C1.
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lMpumep 6.
KombuHuposaHHaa 3awmta UBIM SPS-200 (puc.
45) BknoyaeT B cebs:

® OrPaHMYMBAIOLLYD  CXEMY  KOHTPONSA  LUMPWHBI
yNpaBnstoLWLMX MMMYIbCOB;
® MONHY0 cxemy 3awmTtbl oT K3 B Harpyske cna-
BOTOYHbIX KaHAarOoB;
® HEMOMHYKD CXEMY  KOHTPOIs
(Tonbko Ha wuHe +12B).
OrpaHuumBatloLllas cxema KOHTPOSS LUMPUHBIL Yni-
paBngaoLLMX UMNYNbLCOB B JAHHOW CXeMe UMeeT CBO-
UM gatynkom TpaHcdopmartop Toka CT, T.e. MHdOp-
Mauus O LUMPUHE YyNpaBnsloWmUX MMMNYbCOB CHUMA-
eTca ¢ nepsuyHon ctopoHbl NBI1. Pesnctop R27 gB-
nsaeTcsl Harpyskon BTopuyHon: oomoTtkn CT. Ha Hem
BblOeNsAeTcs 3HaKonepemeHHOe MMMYIbCHOE Hanps-
XEeHne npsaAMoyronbHoM GopMbl, 0B6YCrnoOBrEHHOE
npoTekaHnem nnnoobpasHbIX 3HAKOMEPEMEHHbIX TO-
KOBbIX MMMYNbCOB 4Yepe3 nepBuyHyto obmoTtky CT.
Ovoagbl D14, D15 obpasyloT ABYXnonynepuogHyto
CXeMy BbINPSIMIEHNST CO cpefHen ToukoW. Beinpsam-
NEeHHOEe HanpsbkeHue CrnaXuBaeTCca KOHAEHCaTopoM
C18. Pesuctop R26 — racawum amnnutyny nepe-
MEHHOTO HanpsiXeHusl. YpoBeHb HanpshkeHust Ha C18
NponopuMoHaneH LWupvHe (OUTENbHOCTM) TOKOBbIX
UMMNYNbCOB Yepe3 nepBuyHyto oomotky CT, a 3HaunT
yepes MepBuYHY0 OOMOTKY CUITOBOrO MMMYMbCHOMO
TpaHccopmaTopa 1 cunoBble knoun Q1, Q2 nHBep-
Topa. AnuTenbHOCTb 3TUX MMMNYINbLCOB OnpeaenseTcs
LWMPUHON (ANUTENBHOCTBIO) YNPaBASIOWMX UMMYIb-
COB Ha 6asax cunoBbiX krntoven. [1oaTomy ypoBeHb
BbINPSAMIIEHHOrO HanpsikeHna Ha koHaeHcaTope C18
OyadeT, B KOHEYHOM MTOre, ONpPenenaTbCsa LUMPUHON
ynpasnsawowmnx mMmnynscoB. [pu atom guoabl D14,
D15 BkntoueHbl Tak, YTO Ha koHaeHcaTope C18 obpa-
3yeTcqa oTpuuaTternbHOe OTHOCUTENbHO "kopnyca" Ha-
npsbkeHne. K MHBEPTUPYIOLEMY BXOAY YCUINUTENs
ownbkn DA4 (BbiBOA 15) NOOKMNOYEH PE3NCTMBHBIN
penutenb R30, R28, R31. MNoTeHumansbl B y3nax A u
B atoro genutens onpegenstoTcs YPOBHEM Hanps-
XeHus Ha koHaeHcaTope C18 (wwmpuHon ynpasensio-

nepeHanpaxeHua
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LUMX MMMYMbCOB), @ TaKKe YPOBHEM HaMpPsPKEHWUs Ha
wuHe +5B, lMoscHum ato nogpobHee. Tokm yepes
pe3ncTopbl 3TOr0 AenuTens npoTekalT Mo LensM:
wuHa +5B - R30 - R28 - R31 - "kopnyc”, (+)C18 -
"kopnyc" - R31 - (-)C18.

Ecnv BHUMaTenbHO npocneantb 3TU Uenu, TO
MOXHO yBUAeTb, YTO Yepes pesuctop R31 genurtens
MpOTEKalOT ABa BCTPEYHO HamnpaBfieHHbIX Toka. [pe-
obragaHvne TOro UM MHOTO U3 HUX 3aBUCUT OT COOT-
HOLUEHMSI YPOBHEW HanpshkeHWs Ha KoHgeHcaTope
C18 v wuHe +5B. HomunHanbl peanctopoB aenutens
BblIOpaHbl TakMMK, YTO MOKa LUMpMHA YNpaBnsAoLLmNX
UMNYNbCOB HE BbIXOAWUT 3a AOMNYCTUMbLIN Npegen, on-
pefensiemMbln BEpXHEW rpaHuuen guanasoHa crtabu-
nusauun, npeobnagarowum SABNAETCS TOK, NpoTeka-
IoWmMn ¢ WwuHbl +5B. MNosTomy Ha peanctope R31 (B
Touke A penutens) u koHaeHcatope C18 npucyTcT-
BYeT HeOOMbLUOW NOMNOXUTENbHLIA NOoTeHLMan (4onm
BonbTa). MNMoTeHuman Tovkn B (BbiBOO 15 ynpasnsio-
e MUKPOCXeMbl) Takke nonoxurteneH. oatomy
BbIXOOHOE HamnpsbkeHue ycunutena owmnbkun DA4
paBHo OB n He BnusaeT Ha paboty UMM komnapa-
Topa DA2 n Bcen mukpocxembl B Lieniom. [Npu noBbI-
LLEHHOM TOKOMNOTpebneHnn B Harpyske Kakoro-rnmbo
M3 CUNBbHOTOYHBLIX KaHamnoB, Korga LUMpUHaA ynpas-
NALWMX UMNYNbCOB HayMHAEeT BoO3pacTaTb, Mpouc-
XOOUT yBENUYEHUEe YPOBHA OTpULLATENbHOrO Hanps-
XeHns Ha koHaeHcatope C18. bnarogapst aToMy TOK
paspsga C18, npotekatowmin yepes R31, HaumHaeT
npeobnagatb Hag TOKOM C LWKMHbI +5B 4yepes TOT xe
pesucTtop. OpyrvMmn cnoBamu, NoTeHUManbl ToYeK A 1
B penutensa HauuHaT ymeHblwatbed. Korga no-
TeHumMan Toykum B cTtaHeT oTpuuaTtenbHbIM OTHOCK-
TenbHO "Koprnyca", NosABUTCSA BbIXOAHOE HanpsXeHue
yeunutens DA4, koTtopoe OyaeT oyeHb ObICTPO Ha-
pactatb (yeunutens DA4 He oxsaveH OOC). C apy-
FOM CTOPOHbI, B pe3ynbTaTe pacTyLlero TokonoTpeot-
neHus B npouecce pa3sutua K3 ypoBeHb Hanps-
XEHNs Ha WnHe +5B HecKonbko yMeHbluaeTcs. 3To
Takke CNocoOCTBYET CHWKEHMIO MOTEHLUMANoB TOYeK
A 1 B genutens, a Takke yMEHbLUEHUIO BbIXOOHOMO



HanpsbkeHus ycunutens ownbkun DA3. B MOMEHT,
Koraa BbIXOAHble HanpsbkeHusa ycunutenen DA3 u
DA4 BblpaBHMBaOTCA, MPOUCXOAUT nepefaya ynpas-
naowmx dyHkuun ot ycunutena DA3 k ycunutento
DA4, n HacTynaeT orpaHudeHue: gancHeunwee pas-
BuTMe K3 B Harpyske He BedeT K YBENUYEHUIo Wunpu-
Hbl YNPaBnaoOLLNX UMNYbCOB.

WuBeptupytowmn Bxon ycunutens DA4 (BbiBog
15) nogknioyeH, MOMMMO BCero npoyero, K wnHe Uref
yepe3 BbICOKOOMHbIN pe3uctop R29 (100 kOm). 310
nenaeTcs U3 Tex cooOpakeHui, YTo B NepBbii MO-
MeHT nocrne BkmoyeHna MBI, korga BbIXxodHblE Ha-
NPsPKEHNs eLle OTCYTCTBYIOT, Ha 0bomx Bxogax ycu-
nutens DA4 npn otcyTtctBuM pesuctopa R29 oka-
3anca 6bl HyneBown noteHuman. CocTtosiHue Bbixoga
DA4, koTopbIn BKIIOYEH (PaKTUYEeCKM Kak kKoMmnapaTop
(otcytctBue OOC), ctaHoBUNocbL Gbl Heonpeaenex-
HbIM, T.e. Oblna Obl BbICOKA BEPOSTHOCTb MOSBNEHUS
Ha Bbixoge DA4 BbICOKOrO ypoOBHSA HanpsbkeHusi. To-
roa pabora WM-komnapaTtopa DA2 n BCcenr MUKpO-
CcXeMbl B Lenom 6bina Okl 3abnokmpoBaHa cpasy xe
npu BkntoyeHnn UBI B ceTb. YToObI NCKMOUNTL Ta-
Kyt0 BO3MOXHOCTb, Mexay BbiBOAOM 15 u wunHon Uref
BKIMOYaeTCs BbICOKOOMHbIM R29. MNosTomy npu Bknto-
yeHnn MBI HanpspkeHue Uref, koTopoe nosiBnsietcsd
paHblLe, YeM BbIXOOHbIE HaMPsKEHWs, NpuKnagbiBa-
etca k genutenio R29, R28, R31, u T.K. HOMKHanN
R29 HamHoro npeBocxoant HoMmuHanbl R28, R31, Ha
BblBOAE 15 ynpasnsiowwen MUKPOCXeMbl OKasbiBaeT-
C HebOonbLIOM MOMNOXWUTENbHbLIN MNOTeHunan (gonu
BOMbTa). JTO O3HayaeT, YTO NOTeHuuan WHBEPTU-
pytowero Bxoga DA4 ctaHOBUTCA Bbllle NOTEHLMana
HeuHBepTUpylowero Bxoaa, U ycunutens DA4 npu-
HyOWTENbHO BbICTaBNAeTCca B coctosiHne 0B Ha BbI-
Xo4e cpasy e Mnpu BKIOYEHUN. OTO JAeT BO3MOX-
HocTb cxeme WBIT BbIiTM B HOMUHANbHbBIA PEXUM
Yyepes MpoLecc NIaBHOrO 3anycka. B ganbHenwem,
KOrga Ha BbIXOOHbIX LUMHAX MOSABATCA HampsiKeHWs
HOMWHAaNbLHOIO YPOBHS, pacnpegeneHve noteHumna-
noB B Toukax A n B BygeT onpenensatbcsi YpOBHAMMU
HanpsXkeHun Ha wwuHe +5B n koHgeHcatope C18, a
wuHa Uref He ByaeT okasbiBaTb BIMSAHUSA Ha 3TO pac-
npegenenve dnarogapsi BbIcCOkooMHocTn R29.

Bce ocTtanbHble cxeMbl, BXOAsLIME B COCTaB 3TON
KOMOVMHMPOBAHHOM 3aLUMTbI, MCMOJMb3YIT MEeXaHU3m
3aLUMTHOrO OTKMNoYeHus. [pyn 3ToM BO3AENCTBUE Ha
YNPaBnsoWy0 MUKPOCXEMY TPaaWUMOHHO Npouns-
BOAMTCS Yepes BbiBO 4.

lMoTeHuunan BblBOA4A 4 B yCTAHOBMBLLEMCS peXxnme
(nocne 3aBeplueHMst MpoLiecca MNMaBHOrMO 3arnycka)
onpegenseTcsa genutenemM, B COCTaB KOTOPOro BXO-
oat pesuctopbl R39, R34, a Takke conpoTuBreHue
y4acTka KOMnneKkTop-amutTep TpaHsuctopa Q4 un pe-
auctop R43. lNpun atom, nockonbky 6asa TpaH3u-
ctopoB Q4 3asemneHa (T.e. MMeeT "KecTkun" ypo-
BeHb noTeHumana 0B), To coctosiHue Q4 (BenuuvHa
COMPOTUBNEHNS €ro YyyacTka KOMnneKkTop-aMuTTep)
OyaeT onpenensaTbCcsa NoTeHLManom ero aMmTTepa.

Ecnu atoT noteHuman OyaeTt HyneBbiM MMM NOMo-
XutenbHbiM, To Q4 6yaeT 3akpbIT. Ecnv oTpruaTens-
HbiM — TO Q4 BygeT HaxoouUTbCA B JIMHEMHOM PEXMU-
Me, NMnbo B pexnme HacbleHus (B 3aBUCMMOCTU OT
YPOBHS 9TOro oTpuLaTENbHOro NoTeHLmana).

PaccmoTpym paboTty cxembl 3awmtbl oT K3 B Ha-
rpyske crnaboToOYHbIX KaHanoB. [JaTyMkom 3TOW Cxe-
Mbl SABRSIETCA TPaAULMOHHBLIN ANOOHO-PE3UCTUBHBIN
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penutens D20, R47, koTopbld NOOKMIOYEH Mexay
BbIXOOHBIMM LUMHAMKU cnaboTouHbIX KaHanoB -5B,
-12B. lNoTeHuman B cpeaHen TOYKe 3TOro Aenutens
ABNSETCA KOHTpONMMpyembiM curHanom. [lpu Hop-
ManbHOM TOKOMOTPebneHun B Harpyskax craboTtou-
HbIX KaHanoB YpPOBEHb 3TOr0 CurHamna cocTaBnsaet
okono -5,8B. BT0 HanpsbkeHMe nopjaeTcs Ha genu-
Tenb R44, R43. lNMoaToMy B cpegHen To4ke aToro ae-
nnTens, K KOTOPOW MOAKMOYEH IMUTTEP TpaH3ucTopa
Q4, npucyTcTByeT oTpuuaTenbHbIi NoTeHumMan Kak
pesynbTaT MpoTeKaHus Toka Aenutend no uenu:
"kopnyc" - R43 - R44 - R47 - wuHa -12B.

OTOT oTpuuaTenbHbIi  MOTeHUMan OTKpbIBaeT
TpaHauctop Q4. MoaToMy B pexume HOPMasbHOMO
TOKOMOTpebneHns noTeHuman Komnfekropa TpaH3u-
ctopa Q4, a 3HauuT 1 BbiBOAA 4 ynpasnsloLwen MyK-
pocxembl, 6rn3ok k 0B. Mpu K3 B Harpyske kaHana
-12B nnbo kaHana -5B noteHuman B cpegHen Touke
penutensa-gatynka D20, R47 Bo3pacTaeT 40 ypOBHS
OB. lMoaTtomy oTpuuaTenbHbIi NOTEHUMan Ha pesu-
ctope R43 n amnttepe TpaHauctopa Q4 mncyesaer.
TpaHsnctop Q4 3akpbiBaeTcs. HanpskeHue Ha ero
KONMMeKTope MOBLILAETCA MOYTUM OO YPOBHS MuMTalo-
wero (Uref) n yepes guoa passaskm D19 npuknagpl-
BaeTCs K BbIBOAY 4 ynpaBnsAloLwen MUKPOCXEMBI, YTO
NPVBOANT K 3aLLUUTHOMY OTKITHOYEHUIO.

Cxema 3awmtbl oT K3 B Harpyske CUITbHOTOYHbIX
KaHanoB peanu3oBaHa Ha ABYX kKomnapatopax 1 u 2
mMukpocxembl |C2 Tmna LM339N. Ha HeuHBepTupy-
owme BxoAbl 00oux KommnapaTopoB (BbiBOAbl 7, 5)
nogaeTcs ornopHoe HanpshxeHue ¢ pesuctopa R54 ge-
nutena R55, R54, nogkntoyeHHoro k wuHe Uref. Ha
WHBEPTUPYIOLLME BXOAbl KOMMapaTopoB MOOATCS
KOHTPONMpyeMble YPOBHU HanpsXeHUin ¢ pe3ncTopoB
R59 n R46 pgenutenen-gatyvMkoB, MOAKMHOYMEHHBIX K
WwuHam +5B n +12B (genutenb R58, R59 nogkntoyeH
K wuHe +5B; penutenb R45, R46 — k wwnHe +12B).
HoMuHanbl pe3ncTopoB BCeX MEPEYUCHEHHbIX Oenn-
Tenen nogobpaHsl TakuMu, YTO NPU HOPMaribHOM TO-
KONOTpebneHMn B Harpyskax CUbHOTOYHbIX KaHaroB.,
noTeHumanbl Ha UHBEPTUPYHIOLLMX BXOAAx KoMnaparto-
poB 1 n 2 (BbiBOAb!I 6 U 4) NPEeBbILLAIT OMOPHbLIV MO-
TeHUmMan Ha ux HeMHBEPTUPYHOLLIMX BXoaax (BbiBoAbl 7,
5). MNoatomMy BbIXOAHbIE TPaH3UCTOpPbLI 0OOMX KOMMa-
paTtopoB OTKPbITLI U BbIBOAbI 1, 2 Mukpocxemsl 1C2
NOAKIIOYEHbI K "Koprycy" yepe3 manoe BHYTPeHHee
COMPOTMBIEHNE ITUX TPAH3NCTOPOB.

Mpu K3 B Harpy3ke kaHana +5B ynpaenstoLwias
MUKpPOCXeMa CHadana, Kak 3To ObIfo nokasaHo Bbl-
e, nepexoauT B PeXxunmMm orpaHuyeHus. 3aTtem, ecrnm
K3 npogomxaeT pa3BumBaTbCs, YPOBHWU BbIXOAHbLIX
HanpshkeHun UBIT nagatot. Korga oHM ymeHbLluaTbes
HaCTONbKO, YTO NOTeHuMan BbiBoAa 6 MUKPOCXEMbI
IC2 cTaHeT MeHblle noTeHumana BbiBoda 7, KOM-
napatop 1 "onpokuHeTca". BbIXOAHOW TpaH3UCTOP
ero 3akpoetcs, U HanpsixeHue Uref okaxeTca npu-
noxeHHsiM Kk genutenio R56, D22, D21, R43. bna-
rogaps 9ToMy Ha amMuTTepe TpaHauctopa Q4 oka-
XKeTCsl MONOXMTENbHbIA MNOTEeHUMan, npeacTaBnsito-
LWMin cobor nageHne HanpshkeHnst Ha pesnctope R43
atoro genutens. TpaHauctop Q4 3akpbiBaeTcs, 4TO
npvBeaeT K 3aLUUTHOMY OTKITHOYEHUIO.

Mpu K3 B Harpyske kaHana +12B cutyauus byaoet
aHarnorM4yHom, HO WUCMNOMNHUTENbHbLIM 3nieMeHToM Oy-
OeT Komnapatop 2, a genutenem-gatyukom — ae-
nutenb R45, R46.
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HenonHas cxema KOHTPONs BbIXOAHOrO nepexan-
psxeHus cobpaHa Ha anemeHTax ZD1, R43 n KoHT-
ponupyeT ypoBeHb HanpskeHus Ha wunHe +12B. Mpu
NPEBbLILEHUN HAMNPSPKEHNEM Ha 3TOW LUMHE NPOOUB-
HOro HanpshkeHust ctabunutpoHa ZD1, nocnegHui
"npobuBaetcs" M noTeHuuan Ha 6annacTHOM pe3u-
ctope R43 noBbiwaeTcsa kak pesynbTaT NpOoTEKaHUs
no Hemy Toka cTabunuTtpoHa. MoaToMy Ha amuTTEpEe
TpaHauctopa Q4 okasblBaeTCsl MOJNIOXUTENbHbINA Mo-
TEHUMarn, 1 OH 3aKpbiBaeTCs, YTO BreyeT 3a cobon
3aLMTHOE OTKITHOYEHNME.

Kak cnegyeT u3 Bcero ckasaHHOro Bbille, s TOro
yTobbl ynpaBnswLwaa MuUKpocxema paboTtana B pe-
xnuve WM, HeobxoguMmo nopaepkvBaTb TpaH-
3uctop Q4 B OTKPLITOM COCTOSIHMM B npoLlecce pabo-
Tbl. [INs 3TOro Ha ero aMuTTEpe A0SMKEH NPUCYTCTBO-
BaTb OTpUUATENbHbLIN OTHOCUTENBLHO "kKopnyca" no-
TeHuman. MNMockonbKy 3TOT MOTEeHUMan MocTynaeT Ha
amuTTep Q4 C BbLIXOAHbLIX LWMH CNaAbOTOYHLIX Ka-
HanoB, TO CTAHOBUTCSI SICHO, YTO B MEPBbIA MOMEHT
nocne BkntoyeHusi bl B ceTb, korga BbIXoAHbIE Ha-
NPsHKEHMA elle OTCYTCTBYHOT, MOTEHUMan Ha SMUT-
Tepe Q4 G6ypet paBeH OB. OgHako nuTaroulee Ha-
npsbkeHue Ha ero konnektope (Uref) yxxe nmeetcs, n
No3TOMY, €Cnn He NPeanPUHATL CneumnanbHbIX CXeM-
HbIX Mep, 3TO HanpsxeHue Yepes anod D22 okaxet-
CSl NPUIOXEHHBIM K BbiBOAY 4 ynpaBnstoLLlen MUKPO-
CcXeMbl 1 3abnoKnpyeT ee paboTy cpa3sy npu BKIoYe-
Hun VBIT. Takon cxemMHOW MepoKn, UCKMYaloLLen 3Ty
BO3MOXHOCTb, AABNsieTcs TpaHauctop Q3. 3to cneun-
anbHbIA "NycKoBOW" TpaH3UCTOpP, KOTOpbIA cpabaTbl-
BaeT TOSIbKO OAMH pa3 Npu Kaxgom BkritodeHun UBM
B ceTb. PaboTaeT oH cnefgytowmm obpasom.

Cpasy nocne BKnto4eHus B ceTb Ha wnHe Uep no-
SBNSIETCA BbINPSIMIIEHHOE HarnpsbkeHne ceTu, a 3a-
TEeM, Kak pesynbTaTt cpabaTbiBaHMSA CXeMbl Nycka, Ha
wrHe Upom nosBnsieTcs BCNOMorateribHoe Hanps-
XeHne nuTaHna MUKpocxembl. K aTon LinHe yepes
koHaeHcatop C19 nogknioyeH 0as30BbI AenuTenb
R25, R24 tpaH3uctopa Q3. KoHgeHcatop C19 Obin
0o BkntodeHna MBI B ceTb MONMHOCTbIO Pa3psiKeH.
[Mo3TOMy MpW MNOSABNEHWM HAMPSPKEHWS Ha  LUMHE
Upom Bce OHO Mpunoxmtcst K 6asoBoMy AenuTento
TpaHauctopa Q3, a 4epes3 ynpaBnAWNA NEPEXO

Puc. 46. KombnHnposaHHas 3awmta VB SP-200W.

TpaH3ucTopa byaeT npoTekaTb TOK 3apsiakM KOHAEH-
catopa C19 no uenu: wuHa Upom - C19 - R25 -
6-3 Q3 - "kopnyc".

OTnm TokoM TpaH3ucTop Q3 OTKpbIBaeTcs A0 Ha-
CbILLEHUS N MOTEHLMAN ero KOmnnekTopa, a 3HaunT U
noTeHuman Konnekropa TpaHanctopa Q4 craHoBuTCA
paBHbiM OB. 3apsig koHgeHcaTopa C19 Gyget npovc-
XOAWUTb OO TeX Mop, MoKa HampshkeHue Ha HeM He
OOCTUrHET  HOMMHANbHOIO  YPOBHS  HaMpshKeHus
Upom (+26B). Korga ato cnyuntcs, 6a30BbIf TOK Ye-
pe3 TpaHauctop Q3 nepecraHeT npoTekaTtb, U OH 3a-
KpoeTcs. 3a a1o Bpemsa cxema MBI yepes npoueny-
py NMaBHOro 3anycka HageXxHo ycrneBaeT BbINTU B
HOMWHanbHbIN pexum. B npouecce pabotbl WBI
TpaH3ncTop Q3 NOCTOSIHHO 3aKPbIT U HE BIUSIET Ha
paboTy cxembl.

OpHako Takoe CXeMHOe pelueHune npepycmartpu-
BaeT OOHO HeobOXxooumoe ycrnoBue: neped Kaxabim
BkntoveHnem UBI B ceTb koHaeHcaTop C19 pgorkeH
ObITb MOMHOCTBLIO pPa3psikeH, uHaye TpaHanctop Q3
He OTKPOEeTCs, N BbICOKOE KOMNEKTOPHOe Hamnpshke-
HMe TpaH3uctopa Q4 3abnokupyeT paboTy MUKpPO-
cxembl. [1na yckopeHus paspsiakm koHgeHcaTopa C19
nocrne BblknoyeHna WBI n3 cetm B cxeme npe-
aycmotpeH guog D11. MNpu atom koHgeHcatop C19
paspskaeTcs 4yepes Harpysky wWuHel Upom (BHYT-
PEHHUE LLenn MUKPOCXEMbI U COrMacyoLLmMin Kackag) u
avog D11. Ouog D11 ymeHblaeT obuiee conpo-
TMBMNEHWE pa3psagHOW Lenu, T.K. pa3psigHbIi TOK Mu-
HyeT 6a3oBbli genutenb R24, R25 tpaHsuctopa Q3.
MoaTtomy cokpallaetcsa Bpems, Tpebyemoe ans non-
How paspsagkn C19, uto yckopsieT rotoBHocTb UBIT k
nocneayoLwemMy BKITHOYEHWIO.

lpumep 7.
KombuHuposaHHasa 3awmrta UBI SP-200W (puc.
46) BkntoyaeT B cebs:
® OrPaHMYMBAIOLLYID  CXEMY  KOHTPONSA  LUMPWHBI
YyNpaBnsitoLWLMX UMMYIbCOB;
® HEMOJTHY cxeMy 3awmThbl oT K3 B Harpyske (TOnbKo
Ons cnaboTOYHbIX KaHarNoB);
® HEMOJIHYD CXEMY KOHTPOMsS BbLIXOOQHOrO Mepe-
HanpsXXeHns (TONbKO Ha LWKuHe +5B).



OTa cxema, sBNSsCb OOHOW M3 Haubonee Crnox-
HbIX, COBMeLLaeT B cebe U HETPaANLMOHHBIN Noaxon
K WCMOMb30BaHWMIO (PYHKLUUOHANbHbBIX Y3MOB YynpaB-
nawoLwen mmkpocxembol TL494,

OrpaHuymBatoLas cxema KOHTPOMs LUMPWUHbI yn-
paBnALLMX UMNYNbCOB UMEET CBOUM MCMOMHUTESb-
HbIM 3nemMeHToM ycunutens ownbkun DA4. Ha HeuH-
BEPTUPYIOLLMIA BXOA, STOr0 ycunuTtensa nogaH "xecr-
knin" noteHuman OB (BbiBog 16 Mukpocxembl coeam-
HeH ¢ "kopnycom"). lloTeHuman WHBepPTUPYIOLLErO
Bxoaa ycunutens DA4 3aBUCUT OT COOTHOLLEHNS Ha-
npskeHun Ha wuHe +12B n koHgeHcaTope C18. lo-
ACHUM 3TO nogpobHee.

Ha koHpeHcatope C18 BbigensieTcsl HanpsbkeHue
oTpuLaTENbHON MOMAPHOCTM, NOMyYEHHOE B pe3yib-
TaTe BbINPAMIIEHUS MEPEMEHHOro HarnpshKeHus Cco
BTOPMYHOM OOMOTKM TpaHcgopmaTtopa Toka CT. [Ou-
oabl D18, D19 obpasytoT ABYXMONYNEPUOOHYIO CXEMY
BbINPSMIAEHNS CO CpedHen TOYKOW. YpOBEeHb OT-
puyuaTensHOro HanpshkeHus Ha koHgeHcatope C18
NPOMNOpLUMOHAaneH LWNPUHE YNPaBnSoWMX UMIYIb-
coB. K wwuHe BbiIxogHOro HanpsbkeHus +12B nog-
KIloveH pesuctmBHbli genutens R27, R24, R25,
R26. Bnarogapst Tomy 4Tto KoHgeHcaTtop C18 nog-
KntoyeH Kk Touke D atoro genurtens, yepes pesnctop
R26 npoTekaloT ABa BCTPEYHO HamnpapfieHHbIX TOKa
no uensam: wuHa +12 B - R27 - R24 - R25 - R26 -
"kopniyc" - (+)C18 - "kopnyc" - R26 - (-)C18.

HomMuHanbl pesncTtopoB genutens nogobpaHsl Ta-
KMMKW, 4YTO noka TokonoTtpebneHne CunbHOTOYHBIX
KaHanoB (a 3HauuT, U WWpUHA YNPaBRSOWUX UM-
nynbCoOB) HaxoouTCcs B AuanasoHe cradbunuaauuu,
npeobnagatwLwmmM SBMSETCS TOK, MPOTEKAOLWNA Ye-
pe3 pesuctop R26 ¢ wuHbl +12B. NoaTtomy B TouYkax
C n D penutena B HOpManbHOM pexume paboThbl
NPUCYTCTBYIOT MNOMNOXWTENbHbIE MNOTEeHUManbl. Bbl-
xogHoe HanpsbkeHue yeunutens DA4 pasHo 0B, n oH
He BNusieT Ha paboTy Mukpocxemsl. B cnyyae 3Haum-
TENbHOro BO3pacTaHWs LUMPWHBI YNPaBnAloLWNX UM-
nynbCOB C BbIXOAOM 3a AvanasoH ctabunusaumm Bbl-
NPAMIIEHHOE OTpULUATENbHOE HanpsKeHWe Ha KOH-
aeHcaTtope C18 HaumHaeT yBenuumBaTbea (no abco-
noTHOM BenuyuHe). MNMoTeHumManbl BCex y3noB Aenu-
Tena R27, R24, R25, R26 HauynHaloT yMeHbLIaTbCS.
Kak Tonbko noTteHuman B Todke C 3TOro genurens
cTaHeT paBeH 0B, MOSABMTCS BbIXOOHOE HamnpsbkeHne
ycunutena DA4. lMonyTHo oTmeTum, 4YTO npeobna-
JarLwuM TOKOM vepes pesuctop R26 genutens cra-
HOBUTCA TOK paspsigku koHaeHcaTopa C18. MNoatomy
B Touke D penutens noteHuman OygeTr oTpuua-
TenbHbIM. Npn ganbHenwemM pocTe WUPUHBI ynpas-
NALWMX MMMNYNbCOB BbIXOOHOE HanpsiKeHne ycunu-
Tens DA4 HaumHaeT pacTu, a BbIXOAHOE HanpshXXeHue
yeunutensa DA3 Heckonbko ymeHbluaeTcs. Korga atu
HanpsikeHus1 cpaBHUBaKOTCH, TO ynpasneHve LLNM-
komnapatopom DA2 nepepaetcs ot ycunutena DA3
K ycunutenio DA4, n mukpocxema nepexoguT B pe-
XXMM OrpaHuyeHus.

MocTpoeHne cxembl 3awmTel oT K3 B Harpyske
CNaboTOYHbIX KaHanoB B [aHHOW Cxeme SBMseTcs
OpUrMHanbHbIM U 3acnyxuBaeT 0coboro BHUMaHWS
Kak BCTpevarlleecs OOCTaTovyHO peako. MexaHuam
cpabaTtbiBaHWs 3alUMTbl OCTAaeTCHa TEM Xe, YTO U B
npeapiaywmnx cxemax, OgHaKo B KavyeCTBe WCMOSHU-
TEMNbHOro 3MNemMeHTa 34ecb MCMNOonb3yeTcs He KoMna-
patop "mMepTtBon" 30HbI DA1, a LMM-komnapatop
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DA2. Komnapatop DA1 B 3TOM Cxeme BbINOSHSET
Wb  YHKUMIO NNaBHOTO 3anycka COBMECTHO C
dopmupytowen uenoykon R14, R15, C8. lMNpuHumn
ee JeliCTBUS pacCMOTPEH B pa3gene, NoCBSLWEHHOM
npobneme nNnaBHOro 3anycka.

[daTynkom, KOHTPOMUPYHOLLMM YPOBHU HaNpPsXKeHUn
Ha wWwuHax cnaboToyHbliX KaHanoB -5B, -12B, saB.-
naetca genutens D23, R32. lNMpu atom B HOpManb-
HOM pexume paboTbl NMoTeHUMan B cpedHeln Touke
3TOro Aenutenda coctasnset -5,8B, T.k. yepes genu-
Tenb NpoTeKkaeT TOK No uenu: wuHa -5B - D23 - R32 -
wuHa -12B.

lMoTeHuman cpegHewn TOYKM 3TOro OEenuTens Bcer-
Oa OygeT HWXKe noTeHumana WuHbl -5B Ha BENUYUHY
NPsSMOro nageHnst HanpsbkeHnst Ha auoge D23. Koh-
TPONUPYEMbIN CUrHaN CO CpedHen TOYKM AenuTens
nogaetcsa Ha Bxog TpexkackagHoro YIT (cBsa3b Mex-
Oy BCEMM Kackagamu ranbBaHmyeckas).

MepBbI Kacka BbINOMHEH Ha TpaHaucTope QB,
KOTOpPLIN BKMNOYEH MO cxeme ¢ obuwen 6ason. Kon-
nektopHon Harpyskon Q6 sBnsietca pesuctop R30,
nocriefoBaTensHO C KOTOpbIM BKrodeH aunon D22.
KoHTponupyemell curHanm nopaeTcd Ha 3SMUTTep
TpaH3ucTopa Q6 4vepes pesuctop R31. YcuneHHbin
CUrHan CHMMaeTCs C KonnekTopa TpaHauctopa Q6 Ha
6asy TpaHaucTtopa Q5 BTOporo kackaga. Auog D22
BKITIOMa@eTCa Ans  KOMMeHcauun TemnepaTypHOro
apewnda napameTpoB TpaHauctopa Q5. NoscHum 31O
nogpobHee.

Mpn yBenuyeHun TemnepaTypbl TOK 4Yepes3 yn-
paBngwowmn nepexon TpaHauctopa Q5 Bospacraer.
370 NpUBOANT K OONOMHUTENBHOMY OTKpPbIBaHUO Q5,
KOTOpOE HEe CBSI3aHO C W3MEHEHWEeM KOHTPOnupy-
€MOro curHana B cpefiHen Touke AenuTens-gartyuka
D23, R32, a cnegoBatenbHO, HenpaBuibHON paboTe
Bcel cxembl B Lenom. Ouoa D22, obnapatowmii Ta-
KOW e TemnepaTypHON 3aBUCUMOCTbIO BONibTaMnep-
HOW XapaKTePUCTUKWU, KaK MU YyNpaBnAloLWnin nepexos
TpaH3uctopa Q5, BkMNYaeTcs napanfnenbHO 3ToMy
nepexony M okasbiBaeT KOMMEHCUPYIoLLiee BO3OENCT-
BME Ha TOK yepes nepexod. Npu yBenuyeHum Temne-
paTypbl AMHamMuMyeckoe conpoTuBneHue guopa D22
YMEHBLLUUTCS, NO3TOMY YMEHbLUWUTCS U NajeHue Ha-
npskeHus Ha Hem. TOK e 4vepe3 Amof OCTaHeTcs
NpakTU4YecKNn HEU3MEHHbIM, T.K. onpegenseTrcd co-
CTOsIHMEM (CTENeHbl0 MPUOTKPbIBAHMSA) TpaH3ucTopa
Q6. MoaToMy cymMMapHOe nageHue HanpshKeHus Ha
uenoyke R30, D22 crtaHeT MeHbLuie. MockonbKy 3TO
YMEHbLUMBLUEECH MageHune HanpsPKeHus npuknagbl-
BaeTCA K Lenoyvke, cocTtoswen ns pesncropa R28 un
ynpaBnsowero nepexoga TpaHauctopa Q5, 1o TOK
yepe3 3Ty ULEMnoYyky OCTaHeTCs HEWU3MEHHbIM, He-
CMOTPS Ha YMEHbLUMBLUEECA OMHAMMYECcKoe COmnpo-
TUBIIEHNE SMUTTEPHOrO Nepexoaa TpaHauctopa Q5.

MutaHue nepsoro kackaga YIT ocyllecTenseTcs
C LUMHbI BbIXOAHOTO HanpshkeHus +5B.

BTopown kackag YIMT cobpaH Ha TpaH3ucTope Q5,
KOTOPbIA BKMOYEH MO CXemMe C OBOLMM 3MUTTEPOM.
Pesnctop R28 B amuTTepHOM Lenu — TOkOo3agato-
wmir. KonnekTtopHon Harpyskon TpaHauctopa Q5 saB-
naetcs pesuctop R29. lutaHme BTOpoOro kackaga
YT Takke ocywecTenaeTcs ¢ WuHbl +5B. Ycunen-
HbI CMrHan cHMMaeTca ¢ pesuctopa R29 n nogaetcsa
Ha 6asoBbln Ana TpaHsuctopa Q7 genutens R33,
R34 yepes anog R21.

Tpetun kackag YMNT cobpaH Ha TpaH3ucTope Q7,
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KOTOPbIA BKMIOYEH MO CXemMe C OBOLMM 3MUTTEPOM.
KonnektopHon Harpy3kon Q7 sBRseTca pesvcTop
R35. lNuTaHne kackaga OCYLIECTBNSAETCA C LUMHbI
BCMOMOraTenbHOr0 HanpskeHUsl MNUTaHWs  ynpas-
nawowen mukpocxembl Upom. basoBbin genurenbs
TpaHauctopa Q7 coctout u3 pesuctopos R27, R33,
R34 n nogkntoyeH K wnHe +12B. YcuneHHbin curian
CHMMAaETCH C KONMMeKTOpHOW Harpy3kn Q7 n nogaertcd
Ha MOPOroByl cxemy, CODpaHHyl Ha anemeHTax
C19, ZD2. CurHan c BbIxoga MNOPOrOBON CXeMbl
yrnpaBnsieT COCTOSIHMEM OWUCTaOUMbHOM CXeMbl Ha
TpaH3ucTopax Q8, Q9, T.k. nogaeTca Ha Bxon 3Tow
cxembl (Ha 6asy TpaHaucTtopa Q9). Tpanauctop Q8
OMCTabunbHOM CXeMbl 3anUTbIBAETCA MO IMUTTEpPY
HanpsbkeHnem Uref. buctabunbHasa cxema, B CBOK
oyepenb, ynpaBnaeT paboTon ynpaBnsioWen MUKPO-
cxembl IC1, T.K. BbIXOog ee (KONMeKTop TpaH3ucTopa
Q8) yepes anoa D24 nopgkntodeH K BolBoAy 3 ynpas-
nsowen MMKpocxembl (OpyrMMy CroBamu, K HeuH-
BepTupytowemy Bxogy LWNM-komnapatopa DA2).
Mpocnegum guHamuky paboTbl 3TOM CXEMBI.

B pexume HopmanbHOro TOKonoTpebrneHus B Ha-
rpyskax cnaboTouYHbIX KaHaroB MOTeHuuan B cpea-
Hen Touyke genvtensa-gatynka D23, R32 cocrtaBnsieT
-5,8B. loatomy TpaH3anctop Q6 OTKpLIT, @ 3HAYUUT
OTKpbIT 1 TpaH3ucTop Q5. NoTeHuunan Ha KonnekTope
TpaH3uctopa Q5 makcumaneH n 3a BblMeTOM nNa-
OEHNs HanpshKeHust Ha HM3kooMHoOM R28 noutn pa-
BEH nuTawowemMy HanpsbkeHutio +5B. [Nostomy guop
D21 makcMmanbHO MNOA3akpbIT, U MOTeHuman ero
aHoga MakcumarneH. [Opyrummn crnoBamu, Lienodka
D21, R29 okasblBaeT MUHUMArbHOE LWYHTUpPYIOLLEee
Bo3gencTeme Ha 6as3oBbI Anst TpaHaucTtopa Q7 ge-
nntenb R33, R34. lMoatomy TpaH3uctop Q7 Mak-
CMMarbHO MPUOTKPBIT, N HanNpsbkeHWe Ha ero Kon-
NeKTope UMEET HEKOTOPOE MMHUMAIIBHOE 3HAYEHUe,
He npeBbiWwalowee NpobMBHOE HanpsbkeHne ctabu-
nutpoHa ZD2 (12B). NMoatomy cTabmnuntpoH 3anepT,
1 3akpblTbl 06a TpaH3ucTopa Q8, Q9 GuctabunbHoM
cxembl. HanpspkeHve Ha aHoge pasBs3blBalOLLErO
onopa D24 pasHo OB. lNoatomy guop D24 3anepr,
T.K. HA ero katoge NpUCYTCTBYET NOMNOXUTENbHOE
BbIXOOQHOE HanpsbkeHne ycunutens owmnbkn DA3.
Takum o6pa3omM Bcs 3alUTHas cxema He BIUSAET Ha
paboTy ynpaBnsoLEen MUKPOCXEMBI.

Mpu K3 B Harpyske kaHana -12B guog D23 pe-
nutensa-gaTyvka 3anuvpaeTcs, T.K. NoTeHuuan ero
katoga (OB) crtaHOBMTCA Bbile MOTEHUMana aHoga
(-5B). MoaToMy HyneBbIM CMELLEHMEM 3MUTTEPHOro
nepexona 3akpbiBaeTcs TpaH3mcTop Q6 nepBoro kac-
kaga YIT. 3akpbiBaHMe TpaH3ucTtopa Q6 BneveTt 3a
cobon 3akpbiBaHuMe TpaH3uctopa Q5 wn, cneposa-
TENbHO, YMEHbLUEHNE HamnpsPKEHUA Ha €ero Kornek-
Tope. [NoaToMy OTKpbIBAETCA B MaKCMMarnbHOW CTe-
neln amoa D21 u uenouka D21, R29 HaunHaeT oka-
3blBaTb MakcuMarnbHOe LUYHTUpYyloLlee BO3OenNCcTBUue
Ha 0asoBbIl AnsA TpaH3uctopa Q7 genutens R33,
R34. MNoatomy TpaHsuctop Q7 nog3akpbiaetcd. Ha-
npsbkeHre Ha ero konnekTtope Bo3pacTtaeT. Korga ato
HanpshkeHne MpeBbICUT NPOOMBHOE  HaMpsKeHue
ctabunutpoHa ZD2, nocnegHun npobuBaeTca n ye-
pe3 Hero B 6asy TpaH3anctopa Q9 HauuHaeT npoTe-
KaTb TOK no uenw: wuHa Upom - R35 - ZD2 - D25 -
6-3 Q9 - "kopnyc".

Moatomy TpaH3uctop Q9 npuOTKpbIBAETCH, YTO
BrneyeT 3a cobor naBMHOODOPa3HbI MpoLEeCC B3auM-

HOro OTKpbIBaHMsA oboux TpaHauctopoB Q9, Q8 6uc-
TabuneHon cxembl (6bnarogapsa Hanuumio [10C).
TpanaucTtopbl Q8, Q9 NOYTM MrHOBEHHO AOCTUralT
COCTOSIHMS HacbllweHus, n HanpsbkeHne Uref okasbl-
BaeTCA MPUINOXEHHBIM K BbIBOZY 3 YMpaBnsioLLEn
MUKPOCXEMbI Yepe3 Marnoe BHYTPEHHEE ConpoTuBne-
Hue otkpbiToro Q8 n anog D24. Taknm obpasom Ha
HeunHBepTupytowem Bxoge LUMM-komnapatopa DA2
OKa3blBaeTCs BbICOKUA YPOBEHb HanpsXXeHust (OKOno
+4B), KOTOpLIA NpeBbIWAET aMnNUTydy nunoodpas-
HOro HanpsKeHUs, NoAaBaeMoro Ha MHBEPTUPYHIOLLMIA
BXOZ 3TOro Komnaparopa ¢ Bbixoga reHepatopa DAG.
Moatomy komnapaTtop DAZ2 nepecTtaeT nepekntovaTb-
cs. Ha BbIxoge ero nosiBNAeTcs NOCTOAHHAA Nornye-
ckaa "1", koTopas mnoBTOpsAChL anemeHTom DD1,
npMBOAMT K OCTaHoBy paboTbl BCero umdpoBOro
TpakTa MMKpOoCxeMmbl. pyrumu cnoBamu, NponcxoauTt
3awuTHOE oTkntoyeHue. MNpu atom LWNM-komnapaTop
DA2 B aBapuirHOn cuTyauuun BegeT cebst TOYHO Tak
Xe, Kak n komnapatop "mepTtson" 30Hbl DA1 B paHee
PacCMOTPEHHbIX CXemax, YeM K oOycrnoBreHa BO3-
MOXHOCTb €ro UCMosib30BaHUSA B KayecTBe WUCMOMHN-
TENbHOro 3fIeMEHTa 3aLmnThl.

Mpu K3 B Harpyske kaHana -5B guopg D23 penu-
Tens-gaTymka OyaeT OTKpbIT, O4HAKO MOTeHUMarn ero
katoga OypeT coctaBnatb Bcero okomno -0,8B. Moa-
Tomy TpaHauctop Q6 nepsoro kackaga YIMT 6yget
daKkTU4eckn 3akpbiT, M MexaHusm cpabaTbiBaHUS
3awuTel BygeT TeM xe cambiM.

KoHgeHcatop C19 BbINONHAET B cxeme gemndu-
pytoLLyo OYHKUMIO U NpedoTBpallaeT foXHoe cpa-
GaTbiBaHME 3aWwuUTbl MNP KPaTKOBPEMEHHbIX BO3-
MOXHbIX "BblOpocax” HanpsikeHus Ha wuHe Upom, a
TaKke MNpU KpaTKOBPEMEHHbIX BO3MOXHbIX "MpoBa-
nax" HanpspkeHus Ha wuHax -12 n -5B.

Pesnctopbl R38, R39 n R37, R36 obpasytoT 6aso-
Bble genuTenu onsa TpaH3uctopoB Q8 n Q9 cooTtBeT-
cTBeHHo. [lnoapl D21, D25, D24 — pa3Bsa3biBatoLimne.

B cxemy pucyHka BXoauT Takke M Cxema 3awuThbl
OT BbLIXOAHOIO NMepeHanpsbkeHns Ha wuHe +5B. Ona
cobpaHa Ha anemeHTax ZD1, R54, D26, R56, C20.
Bbixog 9TOM CxeMbl TaK e,KakK U BbIXO4 NMOPOroBoOn
CXeMbl TOKOBOW 3alLUMTbI, NMOAKIMOYEH KO BXogy 6buc-
TabunbHoM cxembl (K 6a3e TpaHsucTtopa Q9). Ctabu-
nutpoH ZD1 umeeT npobuBHOe Hanpsbkenune 5,1B.
[MoaTomy noka HanpsbkeHue Ha wuHe +5B He npe-
BblLLIAET 3TOro 3Ha4yeHus, ctabunutpoH ZD1 3anepT.
MoaTtoMy 3akpbiTel 06a TpaH3aucTopa GucTabunbHON
cxeMbl. [1py BO3HWKHOBEHWM MEepeHanpsKeHns Ha
wuHe +5B ctabunutpoH ZD1 "npobuBaetca”, n 4ye-
pes3 Hero nNpoTekaeT TOK MO uenu: wuHa +5B - ZD1 -
R54 - "kopriyc”.

OTOT TOK BbI3bIBAET MOSBNEHWE NafeHWUs Hanps-
XeHnsa Ha GannactHom ana ZD1 pesuctope R54.
MapeHve HanpspkeHus ¢ pesuctopa R54 npuknagbl-
BaeTC4 K ynpasngdoLLemy nepexony TpaHauctopa Q9
buctabunbitoi cxembl Yepe3 anoa D26 n pesuctop
R56. MNMoatomy B 6a3y Q9 HaunHaeT npoTekaTb TOK,
npuoTKpbIBaloLWmMn ero. [lanee passmBaeTcs naBUHO-
0bpasHbI NPoLIECC B3aMMHOMO OTKPbIBAHWSA TpaH3u-
ctopoB Q9, Q8, 4TO NPMBOOUT K MOSBMEHUIO BbICO-
KOro YpPOBHS HamMpshKeHUs Ha HEVMHBEPTUPYIOLLEM
Bxoge LLWMM-komnapatopa DA2, a 3HauuT, K 3auT-
HOMY OTKITHOUEHMIO.

KoHgeHcaTop C20 npegHasHaveH ansa nopaene-
HWUSI KPATKOBPEMEHHbIX MMMYMbCHBIX MOMEX Ha LUMHE



+5B, n T.0. NpegoTBpalLaeT noxHoe cpabaTbiBaHVe
3aWmThl, T.€. BbIMOMHAET AeMNMUPYIOLLY0 (YHKLUIO,
Kak n koHgeHcatop C19.

Kak cnegyet 13 npuBedeHHbIX NPUMEPOB, CXEMO-
TexHu4yeckas peanusaums KOMOWHMPOBAHHBLIX 3aLumT
BeCcbMa pasHoobpasHa. bonbwum pasHoobpasvem
oTnMyaeTcs U NpuMeHsieMas anemMeHTHasa 6asa (TpaH-
3UCTOPbI, TUPUCTOPbI, MUKPOCXEMbI, OMOPHbIE AMOAbI
n T.4.). ABTOpbI He NpeTeHaylT Ha abCcontoTHy Mors-
HOTY BO3MOXHbIX CXEMOTEXHUYECKUX PELLUEHUI, KOTO-
pble npuBedeHbl B 3TOW kHWUre. Ha npaktuke moryt
BCTpeyaTbCsd M Opyrne peLueHusi, KoTopble, OOHaKo,
peanu3yloT Te xe camble ngeu. [NosTomy npn aHanmse
Kaxkgon KoHKpeTHoun cxembl MBI B YacTu NocTpoeHus
KOMOVHVMPOBAHHOW 3aluMTbl, MOXHO, OMMPasCb Ha
npuBeAEHHY0 B 3TOM pasferne Knaccudukaumio, Bbl-
ACHUTb Ha3Ha4YeHWe TeX WM WHbIX SMEeMEHTOB 3TOW
CXEeMbI 1 BCEN CXeMbl B LIENOM.

3aBepwas pasger, NOCBALWEHHbIN aHanuay Kom-
OMHMPOBaAHHbLIX 3alWWT, HEOBXOAMMO OTMETUTb, YTO
NMOCTPOEHNE KaXdOW KOHKPETHOM 3aliUTHOW CXeMbl
BMOTHYIO YBA3@HO C NOCTPOEHWEM ApYrux (OyHKUU-
oHanbHbIX y3noB MBI, Takux Kak cxema Bo3byxae-
HMSA, cxema cTabunusaumm, cxema MosyvyeHus Bbl-

CXEMA "MEAOJNIEHHOIO NMYCKA"

Mpn BknoyeHun MBI KoHaeHcaTopbl BbIXOAHbIX
PUNbTPOB eLle He 3apsikeHbl. [103ToMy TpaH3uCcTop-
Hbll npeobpasoBaTtenb paboTaeT dakTnyeckn Ha
KOPOTKO3aMKHYTYIO Harpysky. [1py sToM MrHoBeHHas
MOLUHOCTb Ha KOJSMEKTOPHbIX Mnepexofax MOLLHbIX
TPaH3MCTOPOB MOXET MpeBbIATh B HECKOSbKO pa3
CPEefHIo MOLLHOCTb, NnoTpebnsemyio oT cetu. 310
NMPOMCXOOMT WK3-3a TOro, 4YTO OencTeume obpaTHon
CBSA3M MpU 3anycke MPUBOAMWT K MPEBLILEHWIO TOKa
TPaH3MCTOPOB MO CPaBHEHMIO C OoNyCTUMbIM. [103-
TOMy Heobxogoumbl Mepbl obecnedeHus "nnaBHoro"
("markoro" unu "mMegneHHoro") nycka npeobpasosa-
Tens. B paccmatpmBaembix UBI 310 gocturaetcs
nyTemM NMaBHOrO yBENUYEHUA AONUTENBHOCTU BKIHO-
YEHHOr0 COCTOSIHUSI MOLLHbLIX TPaH3UCTOPOB BHE 3a-
BMCMMOCTM OT CurHana obpaTHOM CBSI3W, KOTOPbIN
"TpebyeT" OT CXeMmbl ynpaBreHnss MakCumarbHO BO3-
MOXHOW ONUTENbHOCTM YNpaBnsloLWero MMMynbca
cpasy npu BkrtodeHun MBI, T.e. koadduumneHT 3a-
MOMHEHUS UWMMYJIbCHOTO HanpskeHUs B MOMEHT
BKITOMEHUSA NPVHYAWTENBHO AenaeTcs O4eHb Marbim
1 3aTem NnaBHO yBENU4YMBaeTCs A0 HeobXxoaumoro.

"MeaneHHbIn nyck" nO3BONSET ynpasnstoLlen
mMukpocxeme IC1 nocrteneHHO yBenuyMBaTb AnNu-
TEeNbHOCTb MMMYNbCOB Ha BbiBoAax 8 n 11 go Bbixoaa
Bl B HOMUHANBLHBLIN PEXUM.

Bo Bcex MBI Ha ocHoBe ynpasnsiowen MMC Tuna
TL494CN cxema "MeaneHHoro nycka" peanusyeTtcs
npy nomowm RC-uenoykn, MOOKMOYEHHON K HEWH-
BepTUpPYIOLLLEMY BXO4Y KoMnapaTopa "MepTBOMN 30HbI"
DA1 (BblBOg 4 MUKPOCXEMBbI).

PaccmoTpym paboTy cxeMbl nycka Ha npumMmepe
MBI LPS-02-150XT (puc.41).

"MeaneHHbIn nyck" ocywecTBnAeTcs B AaHHOM
cxeme bnarogaps RC-uenouvke C19, R20, noagkntio-
YeHHOW K BblBOAY 4 ynpasnsioLen mukpocxemsbl 1C1.
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XOAHbIX HanpshkeHun v 1.4. Opyrmmn cnosamu, Bce
dYHKUNOHAnNbHbIE Y3nbl KOHKpeTHOW cxembl MBI pa-
DOTalT cornacoBaHHO M B3aMMOCBSA3aHbl Apyr C Apy-
rom. Noatomy Ons ysacHeHuUst BCeN KapTuHbI B LIESIOM,
HeobXxo4MMO He TONbKO NpeacTaBnATb cebe HasHa-
yeHne n paboTy oTAEeNbHbIX (PYHKLMOHAMNbHbBIX Y3-

NnoB, HO U NX B3aMMOCBSI3b U B3aMMHOe BrnusiHue. B

CBSA3U C 3TUM HeOBXO0OMMO YeTKO NpeacTaBnATeb cebe

nocrnefoBaTensHOCTL U (PU3MKY MPOLLECCOB, MPOUC-

xoasawmx B UBIT:

® [IPU BKITIOYEHNM €70 B NUTAIOLLYIO CETb;

© NPV BbIKMOYEHUN Er0 U3 NUTAIOLLIEN CETH;

o PN BO3HWKHOBEHWM aBapUMHOM cuTyaumu, oby-
cnoeneHHon K3 B Harpyske kakoro-nmbo u3 Bbl-
XOOHbIX KaHanoB, MO0 nepeHanpsikeHUeM Ha Bbl-
Xxoae Kakoro-nnbo 13 aTnx KaHaros;

e PV BO3MYLLEHUSX, MNPUBOOALNX K OTKITIOHEHWUIO
BbIXOAHbIX HanpskeHun Bl oT HOMUHaNbHbIX 3Ha-
YeHWn B npegenax avanasoHa crabunusauum.

Bce atn nocnenoBaTtenbHOCTU Ha3bIBAKOTCHA anro-
putmamu. PaccMOTpeHuo anroputMa  BKITHOYEHUS
MBI B nuTaroLLyo ceTb NOCBSLLEH CNeaylowun pas-
[en aTOW KHUIN.

Mpexae 4em paccmaTpmBaTb paboTy cxembl "Mea-
neHHoro nycka" Heobxoanmo BBECTU NOHATUE 06 an-
roputme 3anycka WBI. og anropytmMoM 3anycka
nogpasymeBaeTcs nocrefoBaTeNnbHOCTb MOSBMEHUS
HanpsbkeHun B cxeme WBI. B cooteBeTctBUM C hun-
3uKon paboTbl MepBoOHa4yanbHO BCerga MnosiBNseTcH
BbINpsIMIIEHHOE HanpsbkeHne cetn Uep. 3artem, Kak
pe3ynbTaT cpabaTbiBaHUA CXEMbl MyCka, NOABNSAETCS
HanpshkeHne NUTaHusa YnpaBnsAlLWENn MUKPOCXEMb
Upom. PesynbTaToM nodadn MUTaHUS Ha MUKPO-
CXeMy SIBMSieTCHA NOSIBEHNE BbIXOQHOIO HaMnpshKeHUs
BHYTPEHHEro CTabnnmnanpoBaHHOIO UCTOYHMKA OMNOp-
Horo HanpsbkeHus Uref. Jluwb TOnbko nocrne atoro
NOsABMAKTCA BbIXOAHbIE HanpsikeHus 6noka. lNocne-
[OBaTENbHOCTb MOSABMEHUSA 3TUX HaMpPsKEHUNn He
MOXeT ObITb HapyLueHa, T.e. Uref, Hanpumep, He Mo-
XeT NosBUTbCS paHbLue, Yyem Upom u 1.4.

lMpumeyvaHue. Obpawaem Bawe ocoboe sHUMa-
HUe Ha mo, Ymo fpouyecc nepeoHa4vyarbHO20 3arycka
UBIT u npouecc "medneHHoz20 rycka" — amo pasHble
rpoyecchbl, rnpomekarwue rocredoeamesisHO 80
spemenu! [lpu ekmoveHuu UIBI e cemb cHadvana
rpoucxodum nepeoHayvarsbHbIl 3arlyck, a yXKe rnomom
— "medneHHbIl nyck", obneayarowuli CUI08bIM MpaH-
3ucmopam b6s10Kka 8b1X00 8 HOMUHAaIbHBIL PeXum.

Kak y>xe oTMeyanocb, KOHEYHOW Lienbio npoLecca
"MeaneHHoro nycka" sBNAeTcA MnonyyeHwe nraBHO
HapacTaloLmX No LUMPUHE BbIXOAHbLIX YNpaBhsoLLmX
uMnynbcoB Ha BbiBodax 8 n 11. lUnpnHa BbIXOAHbLIX
UMMYNbCOB ONPEAENnseTcs LUMPMHON UMMYNbCOB Ha
BbIxoge norudeckoro anemeHta DD1 IC1  (cwm.
puc.13). lpoTekaHne npouecca MnaBHOIO 3anycka
MBI BO BpemeHn nokasaHo Ha puc. 47.

[MycTb B MOMEHT BpemeHu ty Ha ynpaBnsAoLLyo
Mukpocxemy IC1 nopgaetca HanpsbkeHue nuTaHus
Upom. B pesynbTaTe 3anyckaeTcs reHepatop nuno-
obpasHoro HanpsixeHuss DAG, n Ha BbiBoge 14 nosie-
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BX.
UDA2
+3,2B

R20 ymeHbwaeTca. [loaToMmy nageHue
HanpshkeHns Ha R20, koTopoe nogaetcs
Ha BbiBog 4 IC 1, nmeet copmy cnagato-
LLleN SKCMOHEHTLI. B cooTBETCTBUM C 3TUM

BbIX. !
UDA2‘ "

N

v
-

BbIXOOHOE  HanpshkeHne kommnapaTopa
"mMepTBOM 30HbLI" DA1 6yget npencras-
natb cobor nocneoBaTenbHOCTb YMEHb-

Upar A S

"®

LIAoLWLMXCA NO WMPUHE UMMNYNbCOB. JTOT
npoLecc oTobpaxkeH Ha BPEMEHHbIX anar-
pammax 3 n 4 (puc,47). Takum obpazom
npouecchb! LUMPOTHOMO U3MEHEHNS BbIXO-
HbIX HanpskeHun komnapaTtopoB DA1 n

v

"©

BbIX.
4
UDA1

DA2 vmeloT B3aMMHO MPOTMBOMOMOXKHbIN
xapakrep.

BbixogHble HanpshkeHus KomMnapaTopoB
ABMSIOTCA BXOAHbIMM ANS  JIOTMYECKOro

"®

BbIX.
4
UDD2

v

anemeHTta DD1 (2-UNWN). Mostomy wmnpwm-
Ha nMmnynbcCa Ha BbIXO4Ee 3TOro aJfieMeHTa
onpegensietcs Haubonee LUMPOKUM U3

v

K
Uyri4 i !

" @

BXOOHbIX UMMNYNbCOB.

N3 BpemeHHoOW anarpammel 5 (puc. 47),
oToOpa)alLlen BbIXOAHOE HanpsikeHue
DD1, BngHO, 4YTO BMJIOTb OO MOMEHTa {4

v

K
Uyrot

LUMPUHA BbIXOAHbIX MMMYMbCOB KOMMNapa-
Topa DA1 npeBbIWaeT LWNUPUHY BbIXOOHLIX

@

10

umnynecoB LLUMM-komnapatopa DA2. No-
3TOMY NEpPEKYEeHNs 3TOro komnapaTopa

Puc. 47. BpemeHHble aunarpammbl, NOSCHSAOLLME NPOLECC NITAaBHOMO
(msrkoro) 3anycka VB n unnioctprpytowme paboTy ynpaenstoLien
MMC TL494 B nyckoBom pexunme: U3,U4,U5 - HanpsxkeHns Ha

BbiBogax MMC 3, 4 n 5 cooTBETCTBEHHO.

nsietca onopHoe Hanpsbkenve Uref. MNMunoobpasHoe
BbIXOOHOE HarnpshkeHue reHepaTtopa nocTynaeT Ha
UHBepTUpYylowune Bxodbl komnapaTopos DA1 n DA2.
Ha wuHBepTtupytowmn sxon WNM-komnapaTtopa DA2
nogaeTcs BbIXOQHOE HanpsixeHue ycunuTens owmob-
kn DAS3. Tak Kak BbIXOAHblIE HanpskeHust 6rioka (B
TOM uucne n +5B) ewe OTCYTCTBYIOT, TO CUrHan ob6-
paTHOM cBA3W, cHUMaeMbln ¢ genutens R19, R20 un
nogaBaeMbli Ha HEMHBEPTUPYIOLLMIA BXOA YCUNUTENS
owmnbkn, paseH 0. Ha uHBepTUpylOWUn BXOA 3TOro
YCUNUTEns nofaeTcsl HeKoe NONoXUTEeNbHOe Hanps-
xeHune, cHumaemoe c genurtens SVR, R24, R22 B
Lenu LWKWHbI OMnopHoro HanpshkeHusa Uref, koTopoe
yxe nmeeTtcs. [1oaToMy BbIXOOHOE HanpsKeHWe yCu-
nutens ownbkm DA3 Oyget pasHo 0 B nepBoHavanb-
HbIl MOMEHT, @ NO Mepe 3apsida BbIXOAHbIX KOHOEH-
caTtopoB ¢unbTpoB — OyaeT HapacTaTb. BbixogHoe
HanpsbkeHne LWNM-komnapaTtopa DA2 no aton npwu-
ynHe BydeT npeacTaBnsaTb cobown HapacTalLwy no
LWMpMHE NOCneaoBaTeNbHOCTb  MMMYMNbCOB.  OTOT
npouecc otobpaxeH Ha BpEMEHHbIX guarpammax 1 n
2 (puc.47).

HeuHBepTupytownii Bxoa4 komnapaTtopa "MepTBon
30HbI" DA1, noakntoyeH Kk Bobiogy 4 1IC1. K aTomy BbI-
Body nogknoyaetcs BHewHsAs RC-uenb C19, R20,
KOoTopasi 3anuTbiBAaeTCAd C LWMWHbI OMOPHOrO Ha-
npsbkeHns Uref. Toatomy npu nossnenun Uref Bce
OHO B NepBbIi MOMEHT BbIOENAETCA Ha pe3ucTope
R20, T.k. koHgeHcaTtop C19 MOMHOCTLIO pa3psHKEH.
Mo mepe 3apsiga C19 TOK 4Yepe3 Hero u pesncTop

" Q

> He BNUSKOT Ha LUWPWHY BbIXOAHOMO WUM-
nynsca DD1, a 3Ha4nT 1 BbIXOAHOIMO UM-
nynsca IC1. OnpegensowmM Ha WHTEp-
Bane tp-ty saBndeTca BbIXOQHOE Ha-
npskeHve komnapatopa DA1. LupuHa
BbIXOAHbIX MmnyrnbcoB IC1 Ha 3TOM MH-
TepBane nnaBHO HapacTaeT, YTO BWUAHO
13 BPEMEHHbIX Anarpamm 6 n 7 (puc. 47).

B MomeHT t; BbIxOgHOM wMMMyNbC KomMapaTopa
DA1 cpaBHMBaeTCca MO LUMPUMHE C BbIXOOHbLIM MM-
nynscom LLUMM-komnapatopa DA2. B 3TOT MOMEHT
NMpoOUCXOAMT nepefaya ynpasfneHus OT KoMmnapartopa
DA1 k WWMM-komnapatopy DA2, T.K. ero BbIXOAHbIE
UMNYNbCbl HAYMHAKOT MpeBblaTh MO LUMPUHE Bbl-
X0AHble nMnynbCbl komnapatopa DA1. 3a Bpems to-t;
BbIXOAHbIE KOHAEHCaTopbl (UNLTPOB  ycnesBaroT
NNaBHO 3apsauTbCH, U BNok ycneBaeT BbIATU B HO-
MUHaIbHbIA PEXUM.

Takum obpa3om CyTb CXEMOTEXHMYECKOrO peLle-
HUs npobnembl "MArkoro" 3amycka 3akn4daeTcs B
TOM, 4YTO Ha BpeMs 3apsSAKU KOHOEHCATOPOB BbIXO4-
HbIX punbTpoB LLUINM-komnapaTtop DA2 nogmeHsieTcs
komnapatopom DA1, paboTa KOTOPOro He 3aBUCUT OT
curHana obpaTtHom cBA3W, a onpegensieTcd crneuu-
anebHon hopmumpytowwert RC-uenoykon C19,R20.

M3 paccMOTpeHHOro Bbile MaTtepuana cnegyer,
4YTO nepepn kaxabiM BkAoveHnem WUBI koHaeHcaTop
dopmupytowen RC-uenu (B gaHHom cnyyae C19)
JOIMKeH ObITb NONTHOCTLIO paspsiKeH, MHave "MSArkmin”
3anyck OygeT HEBO3MOXEH, YTO MOXET MPUBECTU K
BbIXOOQY W3 CTPOS CWIOBbIX TPaH3UCTOPOB Mpe-
obpasoBartens. Noatomy B Kaxgon cxeme MBI npe-
OyCMOTpeHa cneumanbHasa uenb ans ObicTporo pas-
psaga KoHgeHcaTtopa (OPMUPYIOLWEN LIenoYvku npu
BbikntodeHnn MBI n3 cetn nnm npu cpabaTtbiBaHUK
TOKOBOW 3aLUUTHI.
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CXEMA BbIPABOTKU CUIT'HAJIA PG (POWER GOOD)

Cwurnan PG, Hapsi@y C YeTblpbMS BbIXOOHbIMW Ha-
NPSH>KEHNAMM MUTaHWUS CUCTEMHOrO Grioka, siBndeTcs
CTaHOapTHbIM BbIXoAHbIM napameTpom UBIT.

Hannume atoro curHana sBnsieTcst oba3artenbHbIM
ana nwoboro 6noka, COOTBETCTBYHOLLErO CTaHOapTy
IBM (a He Tonbko OroOKOB, MOCTPOEHHbIX Ha OCHOBE
Mukpocxembl TL494). OgHako B KOMMNblOTEpax Knac-
ca XT aTOT curHan uHorga He UCnonb3yeTcs.

B MBI BcTpevaeTcs 6onbloe pasHoobpasne Ba-
praHToB cxem BblpaboTkn curHana PG. YcnoBHO Bce
pasHoobpasme cxem MOXHO pa3genuTb Ha OBe rpymn-
Nbl:  OAHOMYHKUWOHAmNbHbIE W  ABYX(YHKUMOHANb-
HblE.

OpHobyHKUMOHANBHbIE CXEMbI peanu3yoT TOMbKO
OYHKUMIO 3afepXKKu NOsiIBNEHMS paspeLuaroLlero 3a-
nyck npoueccopa curHana PG H-ypoBHs npu Bknto-
YyeHun NBI1.

[ByXdYyHKUMOHAmMNBHbLIE CXEMbl, KPOME BblLLEYKa-
3aHHOW (PYHKLMMK, peanusyloT elle U yHKuMo yn-
pexgarwowero nepexoga curHana PG B HeakTVBHbIN
HW3KUI yPOBEHb, 3anpeLlatoLmii paboTy npoLeccopa
npu BblkntodeHun WMBI, a Takke B cryvyasx BoO3-
HUKHOBEHWSA PasfMYHOro pofa aBapunHLIX CUTyaLni,
npexae Yem HavyHeT yMeHbLuaTbCH nuTatoLlee Ludg-
POBYIO YaCTb CUCTEMHOIO MOAYNSA HanpshkeHne +5B.

BonbwmHCTBO cxem BbipaboTku curHana PG sB-
nsTCa ABYX(PYHKUMOHANbHbLIMW, HO MPU 3TOM OHU SiB-
nsTca 6onee CroXHbIMKU, YEM CXeMbl NEPBOro TUMa.

B kayectBe 6a30BOro anemeHTa npu NOCTPOEHUU
3TUX CXEM LUMPOKO UCNOMb3yeTcs MUKpOCXema Tuna
LM339N, npeacrtaBnawowas n3 cebs cueTBepeHHbIN
KoMnapartop HanpshkeHus (puc. 48).

Bbix.1 |I U E Bbix.1
Bbix.1 |I E Bbix.1
+Un [ 3] 12| -Un (061w)
Bx.1- [ 4 | 4 | 11] Bx.4+
Bx1+ [ 5 | 0— 10| Bx.4-
Bx2- [ 6 | | 9 | Bx.3+
Bx.2+ [ 7 | 4- | 8 | Bx.3-

Puc. 48. ®dyHkumMoHanbHas cxema MIMC
LM339 (Bna cBepxy).

+Un
2
100
TONONON
wa’ 1007 waf Y MkA
MKA
A4 \V4
-—I:QZ Q3 j I
Bx.+ Q1 Q4
Q8
Bbix.
Bx.- 2

Q5
-

Puc. 49. lMpuHuunuansHas anekTpnyeckas
cxema ogHoro komnapatopa MMC LM339.

BbixogHble  TpPaH3UCTOpPbl  KaXgoro wuka Usbix=+5V
KomnapaTopa, UMEIT OTKPbITBIN KOMnekK- R16 112 T na Uref=+5V
- 4,1k
Top (pwuc. 49)."Bb|Bop, "12 LM339N nog y y o1 R36 R3S Rat | R4S
KnovaeTcs K "kopnycy", a Ha BbiBoA 3 Zigi TL494CN re 5,6k 3,9k 100k | 4.7k
3aBoguTca ogHononspHoe (ot +2B go ’ ; 7
+30B) nuTaHve. ’ | R38 3
Bnaropgapsi BbICOKOW 4yBCTBUTENbBHO- |/ i?ﬁ 2 2SA733 LS
CTU KOMMa-paTopHbIX cxeM obecneynBa- Q7 A 1 1] .
eTcsl Heobxoammoe BbicTpoaencTBME. R22 56k I 3 %(6) 6 PG
PaccmoTpum nogpobHee HeCKOmNbKo R23-1 L] — ey

XapaKTEPHbIX BapUMaHTOB MOCTPOEHUSI
cxeMm BblpaboTku curHana PG.

Cxema BblpaboTku curHana PG, wuc-
nonb3oBaHHast B 6noke GT-200W, noka-
3aHa Ha pwc. 50.

DYHKUMS 3a0€PXKKN NMPU BKITHOYEHWUM NUTaHNUS pea-
nunsyeTcsa criegytoLmm obpasom.

Mpu BkntoveHnn Brnoka B ceTb cpabaTbiBaeT cxema
nycka u Ha wwuHe Uref nosisnserca onopHoe Ha-
npsxeHve +5,1B OT BHYTPEHHEro MCTOYHWKA MUK-
pocxembl TL494. BbixogHoe HanpshkeHue +5B elue
oTcyTcTByeT. [loaTomy penutenb obpaTHOW CBSA3U
R25, R24 ewe He 3anuTaH (noTeHuwman BbiBoda 1
MuKpocxembl paBeH O0B). Hdenutenb xe, pawowmn
OMOPHbI YPOBEHb Ha BLIBOAE 2 MUKPOCXEMbI, YXe
3anutaH HanpsbkeHnem Uref. [MosTomy BbIXogHOE
HanpsbkeHne ycunutenst owmnbkn MUHMManbHO (Ha
BbIBoge 3 noTeHuuwan okono 0B), a 3anutaHHbIN MO
KonnekTopy Tem xe HanpsxeHuem Uref TpaHsucTop
Q7 OTKPBLIT N HacbIWeH TOKOM 6asbl, NpoTeKaoLwnMm
no uenu: Uref - R36 - 3-6 Q7 - R31 - 8HympeHHue
uenu TL494 - "kopriyc”.

200k |,
4,7k

Puc. 50. Cxema obpasoBaHus curHana PG B UBIMT GT-200W.
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MoTeHuMan HeMHBEPTUPYIOLLErO BXOAa KoMmnapa-
Topa 1 mukpocxembl IC2 (LM339N) paseH 0, u, T.K.
Ha WHBEPTMPYIOLLEM BXOAE €ro MpuUcyTCTBYyEeT Mofo-
KUTENbHbLIN NoTeHunan ¢ pesuctopa R42 genutens
R35, R42 B uenn Uref, cam komnapaTop GyaeTt Haxo-
antbes B coctosiHum 0B Ha Bbixoge (BbIXOOHOW TpaH-
3MCTOP KOMMapaTtopa OTKPbIT U HacbIlweH). [losTomy
curHan PG umeet L-ypoBeHb 1 3anpeliaeTt paboty
npotweccopa.

[anee HauMHaeT NOSIBNSATLCS BbIXOQHOE Hanpsi-
XXeHne +5B no mepe 3apsakuM BbIXOOHbIX KOHOEHCa-
TOpoB Oonblion emkocTu. o3aTomy BbIXOOHOE Ha-
npsbkeHne ycunutens owubkn DA3 HauvHaeT BO3-
pacTtaTb, a TpaH3ucTtop Q7 3akpbiBaeTcs. Bcrneact-
BMEe 3TOr0 Ha4yMHaeT 3apaxaTbCs 3adepXKuBatoLLas
emkocTb C16. Tok 3apsigku npoTtekaeTt no uenwu: Uref
- R36 - C16 - "kopnyc".
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Kak Tonbko HanpsbkeHne Ha C16 u Ha HeuHBep-
Tupytowem Bxogde komnapartopa 1 (BbiBog 7 1C2) go-
CTUIHET OMOPHOr0 YPOBHS Ha MHBEPTUPYIOLLEM BXOAE
ero (BeiBog 6 1C2), BbIXOQHOW TpPaH3MCTOP KOMMa-
paTtopa 3akpoetcs. OC, KoTopon OxBayeH Komna-
patop 1 (pesuctop R34), obycnasnueaeTt Hanuuve
rmcrepesnca Ha nepeaTovyHON XapakTepUCTMKe 3TO-
ro komnaparopa. 9Tum obecneumBaeTcsa HageXHOCTb
cpabaTtbiBaHusa cxemMbl PG n uncknovaeTcss BO3MOX-
HOCTb "onpokmabiBaHMA" koMnapaTtopa nog Bo3den-
CTBMEM CNyYamHOW MMMyNbCHOW nomexwu (wyma). Ha
WwuHe +5B Kk 3TOMy MOMEHTY MOsIBNSIETCA MOMHOe
HOMMHanNbHOE HanpsbkeHue» a curHan PG cTtaHoBUT-
Cs1 cMrHanom H-ypoBHsi.

M3 BbILLEN3NOXEHHOIO BWOHO, YTO OATYMKOM CO-
CTOsIHUSA 6n1oKa (BKMIOYEH/OTKIIOYEH) B J@HHOW CXemMe
ABNSAETCSA BbIXOQHOE HanpshKeHue ycunurtens owmo-
kn DA3, cHMMaemoe ¢ BbiBOAa 3 yrnpaBnsoLLen MUK-
pocxembl IC1 (TL494), a cxema sBnSeTcs OQHO-
PYHKLMOHAMNBbHOMN.

Bonee cnoxHasa cxema BblpaboTkn curHana PG
peanusoaHa B VIBIN APPIS (puc. 51).

B aTton cxeme 3agencTBOBaHbl TP KOMMNapaTopa
MuKpocxemsbl 1C2.

PyHKUNS 3a4epXKKU NPU BKITHOYEHUN NMUTAHWSA pea-
nmnsyetcs criegyowmm obpasom.

Mocne Bknoyenna UBI B ceTb 1 cpabaTtbiBaHMs
CXeMbl Mnycka MOSABISETCSA OMNOPHOE HanpsiKeHue
Uref. BbixogHble HanpsikeHus 6rioka ewie oTCyTCT-
BytoT. [loaTomy Mukpocxema IC2 n TpaHsmctop Q3
elwe He 3anuTtaHbl. TpaHsuctop Q4, ¢ KonnekTopa
KoToporo cHumaeTtcs curHan PG, oTkpbIT, T.K. 3anu-
TaH ero 6a3oBbIN genuTenb. Tok 6a3bl NpoTEKaeT No
uenwn: Uref - R34 - R35 - 6-3 Q4 - "kopnyc”.

Moatomy PG wmeet L-ypoBeHb. Kpome TOro, c
wuHbl Uref nponcxoguT 3apsag koHgeHcaTtopa C21 no
uenu: Uref - R29 - C21 - "kopniyc”.

C nosiBNEHMEM BbIXOAHbLIX HanpshkeHu Onoka c
WrHbI +12B yepes punbTp paseaskm R38, C24 3anu-
ThiBaOTCA MUkpocxema IC2 n TpaHsumctop Q3. C wu-
Hbl +5B 3anunTbiBaeTca MO KOMMEKTOpY MOSHbIM Ha-
npsbkeHnem TpaHsuctop Q4. Npu aTOM npoucxoasaT
cneayowme npoLeccsl.

Ha uHBepTUpYOLWUA BXOA KOHTPOMMUPYIOLLEro KOM-
napaTopa HayuMHasi C MOMEHTa BKIYeHMs 6rnoka
MOCTynaeT HECIMaXeHHOE BbINPAMIIEHHOE [OBYXMNO-
nynepvopgHon cxemon D5, D6 HanpsbkeHue co BTO-
pu4Hor obmoTkn 3-4-5 cneumnanbHoOro TpaHcdopma-
Topa T1. BT0 nynbecupytoLLee HanpspkeHne ¢ amnu-
Tygon okono 15B nopaeTcs Ha WHBEPTUPYHOLLUIA
BXOZ4 KOmMapaTopa 2 4epe3 3BE€HO aMnIuTygHoro
orpaHuydeHusa R24, ZD1 (ctabunutpoH Ha 11B) n pe-

31UCTMBHbIN aenutenb R25, R26. Tak kak amnnutyaa
WUMMYNbCOB MOCME OrpaHWyeHns N OeNeHUs BCe Xe
octaetcd 6onblien, YemM YpOBEHb OMOPHOr0 Ha-
MPSPKEHWS Ha HEeWHBEPTMPYIOLWEM BXOoAe KoMmnapa-
TOpa 2, TO KaXablM MMMYyfbCOM U NOYTU Ha BCe Bpe-
MS ero AencTBUsi KoMnapaTop 2 nepeBoguTcs B CO-
ctosHve OB no Bbixogy (BbIXOAHON TPaH3UCTOP KOM-
napatopa Oyaet oOTkpbIT). [MO3TOMYy 3a HECKONbKO
UMNYyNbCOB KoHAeHcaTop 3agepxkun C21 paspsikaeT-
cs npaktudecku oo OB. MNoatomy komnapatop 1 ne-
pekntoyaeTcs nNo Bbixogdy B coctodHue OB, T.K. Ha-
MpsbKeHWe Ha HEeWHBEpPTMPYIOLWEM BXOo4e €ero orn-
pefensieTcd ypoBHEM HaMpshKeHMs Ha KoHOeHcaTope
C21. B pesynbTtate TpaHauctop Q3 3anvpaeTtcs Hy-
neBbiM cMeleHnem. 3annpaHme Q3 npuBOAWT K 3a-
psiaKke BTOPOro 3agepxuBarowero koHgeHcatopa C23
no uenu: +712B - R38 - R32 - R33 - C23 - "kopniyc”,

Kak Tonmbko HanpsbkeHme Ha konnektope Q3, a
cnefoBaTtenbHO, U Ha MHBEPTUPYIOLLEM BXOOE KOM-
napatopa 3 [OCTMrHEeT MOPOroBOr0 YPOBHS Ha €ro
nHeepTupytowem sxoae (Uref=+5,1B), komnapaTop 3
nepekntountca B coctodHue OB Ha Bbixoge (Bbl-
XOAHOW TPaH3MCTOP KomMapaTopa OTKpbIBAETCS).
Moatomy 6asoBbii ans Q4 genutens R35, R36 oka-
XKeTcst He3anuTaHHbIM, 1 Q4 3anpeTcs.

Tak Kak Ha WnHe +5B yxe npucyTcTBYET MOsfHoe
HanpshkeHne, a Q4 3anept, 10 curHan PG cra-
HoBuTCS H-ypoBus.

PyHKUMS ynpexaeHust Npu BbIKMIOYEHUM NUTaHUS
peanusyeTcsa cneaylowmm obpasom.

Mpun BbIKNOYEHMN BNoka M3 ceTu cpasy xe nepe-
CTaeT nocTynaTb BbINPSMIEHHOE HanpsXXeHue Cco
BTOPUYHOM 0OMOTKM 3-4-5 TL 1 cxemMbl BbINpSAMIIEHNS
D5, D6. MNoatomy komnapaTtop 2 cpasy nepekmnto-
YyaeTcsi, ero BbIXOOHOW TPaH3UCTOP 3aKpbiBaeTcCs.
[anee HaunHaeT 3apskaTbes oT Uref yepes R29 em-
KocTb 3agepxkn C21. OTum npegoTBpalaeTcs cpa-
BGaTbiBaHMe CXeMbl MpU CryYanHbIX KPaTKOBPEMEH-
HbIX MpoBanax ceTeBoro HanpshkeHusi. Korgpa C21
3apsavTea OO MOonoBWMHBLI Hanpshkenusa Uref, komna-
patop 1 nepekntounTca. Ero BbIXOAHOW TpaH3MCTOp
3akpoetcsa. Torga oTkpoeTcs TpaHauctop Q3 TokoM
0asbl, NpoTekatowem no uenun: +712B - R38 - R31 -
D21 - 6-3 Q3 - "kopnyc”.

EmkocTb BTOpOw 3agepxkm C23 OGbICTpo pasps-
xaetcsa Yepe3 Q3 u yckopsawowmin anog D20 no uenwm:
(+)C23 - D20 - k-3 Q3 - "kopnyc" - (-)C23.

MoTeHuman MHBEPTUPYIOLLEro BXxoga KoMnaparopa
3 cTaHeT GbICTPO YyMEHbLUATbCA CO CKOPOCTbH pas-
psga C23. lNoatoMmy komnapatop 3 nepeknio4vmTcs,
BbIXOAHOW TPaH3UCTOp €ero 3akpoeTcs, U Ga3oBbiN
penutens ons Q4 okasbiBaeTcs 3anuTaH C LWHbI
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Puc. 51. Cxema obpasoBaHus curHana
PG B MBI “Appis”.
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Uref. Noatomy Q4 OTKpoOeTCsa A0 HacCbIWEeHWs, a cur-
Han PG ctaHeT L-ypoBHS, npegynpexaasi LMdpoByto
YacTb CUCTEMHOro Oroka O npeacTosieM uc4yes-
HOBEHWM NNTAIOLLMX HaMNPSKEHNN.

Takum obpas3om, B JaHHOM cxemMe OaT4MKOM CO-
CTOSHMA Bnoka (BKMHOYEH/BLIKMIOYEH) SBNSETCA Ha-
nuyme unm oTCyTCTBUE TPaHCHOPMUPOBAHHOIO ceTe-
BOro HanpsbkeHusi (4epes TpaHcdopmatop T1), a
cxema siBngeTcs ABYX(YHKLUMOHANbHOWN.

B 6noke nutanus KYP-150W npumeHeHa cxema
BblpaboTku curHana PG ¢ npyMeHeHWeM OBYyX KOM-
napaTtopoB Mukpocxembl LM339N (puc. 52).

B maHHOM cxeme JaTyMkom COCTOsHWUSI Brnoka siB-
NsieTca ypOBEHb BCMOMOraTenbHOrO HanpshKeHus
nutanms Upom mukpocxembl TL494,

Cxema pabotaeTr cneaytowmm obpasom. [pu
BkrtoveHun MBI B ceTb cpabaTbiBaeT cxema nycka,
B pes3ynbrate 4ero Ha wuHe Upon nosaenseTca Ha-
npsXeHue, KOTOPbIM 3anuTbiBaeTcs ynpaensoLllas
Mukpocxema TL494. Kak Tonbko Upom AocTurHet
YpOBHS nopsiaka +7B, Mukpocxema 3anyckaeTca n Ha
BbiBoAe 14 ee nodABnsieTCs BbIXOOQHOE HanpsXeHue
BHYTPEHHEro onopHoro nctovHuka Uref=+5B. Bbixoa-
Hble HanpsbkeHus Groka ele oTcyTcTBYHOT. Mukpo-
cxema IC2 (LM339N) sanutbiBaeTCcA HanpsiKeHWeM
Uref no BbiBOAy 3.

Korgpa Upom pgocTturHeT ypoBHSA okoro +12B,
"npobuaetcs" crabunutpoH ZD1, n Ha pesncTtope
R34 nosBngeTca nageHue HanpsikeHus, KoTopoe
yBenunyusaetcs ¢ poctom Upom. Korga nageHve Ha
R34 pocTturHeT ypoBHSI OMOPHOIO HanpshKeHust Ha
pesnctope R48 penutena R51, R48 B uenu Uref,
komnapatop 2 mMukpocxembl IC2 yctaHoBUTCA B CO-
cTosiHMe H-ypoBHS NO BbIXxody (BbIXOOAHOW TpaH3u-
cTop ero 3akpoeTcs). [1oaToMy okaxeTcs 3anepT au-
oa D22. HaunHaeTca 3apsag 3agepxuBatolien eMKo-
ctn C15 no uenu: Uref - R49 - C15 - " kopniyc”

OTOT Npouecc BHOCUT 3a4epXkKy "onpokuabiBaHns"
komnapartopa 1 mukpocxembl IC2 n nosiBneHnsa pas-
pewatowiero curHana PG H-ypoBHsi. 3a 310 Bpewms
ycneBaeT NPOM3ONTM npouecc "mdArkoro" 3anycka, u
BbIXOAHbIE HanpsXeHnsa Grioka NosABNASKTCA B NOMHOM
obbeme, T.e. BNOK HAAEXHO BbIXOAUT B HOMUHANbHbIV
pexunm. Kak Tonbko HanpskeHue Ha C15 pocturHet
OMOPHOro YPOBHSI Ha pe3suctope R48, "onpokuHeTtcs"
koMmnapatop 1. Ero BbIxogHOWM TpaH3UCTOP OTKPOETCH,
1 No3ToMy TpaH3ucTop Q7 okaxeTcs 3anepT HyfeBbIM
cvelleHnemMm. CurHan PG, cHUMaeMbIi C KOnnekTop-
HOM Harpy3km Q7, crtaHeT H-ypoBHsi, 4TO MO3BONUT
3anycTUTbCH NPOLECCOPY CUCTEMHOIO MOAYNS.

MMpu BbIKNHOYEHUN GNOKa M3 ceT MepBbIM Hayn-
HaeT ncyesatb HanpsbkeHne Upom, T.K. HakonuTernb-
Hble KOHOEHCaTOopbl, NOAAEPXKMBAKOLLNE HANPSXKEHNE
Ha wwuHe Upom, mmeloT Hebonbliyto emkocTb. Kak
TONbKO NageHWe HanpskeHus Ha pesuctope R34
CTaHET HMXEe OMOPHOro ypoBHsS Ha pe3uctope R48,
komnapatop 2 Mmukpocxembl IC2 nepekntounTcs. Bol-
XOOHOWN TPaH3WUCTOP ero OTKPOETCS, U 4Yepe3 Hero u
anon D22 ObICTpO paspsiAUTCs €MKOCTb 3afepXKKu
C15. Paspsg npoucxoguT MoYTM MrHOBEHHO, T.K. B
uenu npoTekaHus TOoKa paspsga OTCyTCTByeT orpa-
HMYuTenbHoe conpoTuereHne. Cpady Bcreg 3a 9Tum
nepeknountTca 1 komnapatop 1 mukpocxembl 1C2.
MOC uepes gnoa D21, oxeaTbiBalOLWasa komnapatop
1, obBycnaBnueaeT HanuuMe ructepesuca Ha nepe-
XOOHOW XapaKTepucTuke Komnapartopa. BbixogHon
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Puc. 52. Cxema obpasoBaHus curdHana PG B UBI
KYP-150W (TUV ESSEN FAR EAST CORP.).
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Puc. 53. Cxema obpasoBaHusi
curHana PG B UBIM GT-150W.

TPaH3MUCTOP KoMMapaTopa 3aKkpoeTcs U TokoMm 6a3bl,
npotekatowmm no uenu: Uref - R50 - 6-3 Q7 - "kop-
nyc", otkpoeTcsa TpaHsucTtop Q7. CurHan PG crtaHet
L-ypoBHs, npegynpexaas npeacrosilee UcHesHoBe-
HMe BbIXOAHbIX HaNpsikeHu 6noka. Takum obpasom,
JaHHas cxema siBnsaeTcsa ABYX(YHKUMOHANBHON.

B UBI1 GT-150W ncnonb3yeTcsa cxema BbipaboTku
curHana PG, peanusyowas Tonbko (YHKUMIO 3a-
OEepXKu npu BknoveHnn (puc. 53).

Mocne BknoveHusa VBl 1 cpabaTtbiBaHNs CXxeMbl
Mycka Ha BbIXOOHbIX LUMHaX Grioka HauyuHalT MosB-
nartbca HanpsbkeHus. KongeHcatop C23 HaumHaeT
3apskaTbCa NO Uenu: wuHa +5B - C23 - R50 - 6-3 Q7
- "kopniyc”.

OTUM TOKOM OTKPbIBAE€TCA [0 HacCbIWEHUs TpaH-
3nctop Q7, ¢ KONnekTopa KOTOPOro CHUMaeTCHa CWUr-
Han PG. Moatomy curHan PG 6yaneT L-ypoBHSA nNoytu
Bce Bpems 3apsakm C23. Kak TonbKo HanpskeHune Ha
WwuHe +5B nepectaHeT yBenuuMBaTbCs, OOCTUTHYB
HOMWHANbHOIO YPOBHS, TOK 3apsagkm C23 nepectaet
npotekatb. [loatomy Q7 3akpoetcs, u curHan PG
CTaHeT curHanom H-ypoBHs.

IOnog D16 HeobOxoaum ans ObICTPOM N HAOEXHON
paspsgkm C23 nocne BbiknoveHms VBIT.

Takum obpasom cxembl obpasoBaHusa curHana PG
MOXHO KnaccuduumposaTb N0 (PU3NYECKOMY MPUH-
Luny, 3anoXXeHHOMY B OCHOBY UX NMOCTPOEHUS:
® CXEMbI, MOCTPOEHHbIE HA OCHOBE KOHTPONSA Bbl-

XOOHOIO  HamnpshKeHUsl BHYTPEHHEro ycunuTensi
owmnbkn no HanpsbkeHuto DA3 ynpasBnswoLlen Muk-
pPOCXeMbl UK (4YTO TO XXE& CaMOe) KOHTPONMpyoLLne
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YpOBEHb CUrHana obpaTHOWM CBA3WN C LUMHbI BbIXOA-
HOro HanpsbkeHus +5B;

® CXEMbl, MOCTPOEHHbIE HA OCHOBE KOHTPOMS YPOBHA
WU Hanmuuns MepemMeHHOro HanpsbkeHus ceTu Ha
Bxofe 6noka;

® CXEMbI, MOCTPOEHHbIE HA OCHOBE KOHTPOMS YPOBHSA
BCMOMOraTesflbHOro HarnpshKeHus NMTaHus ynpasnsi-
rowen Mmkpocxemsl Upom.

® CXEMbI, MOCTPOEHHbIE Ha OCHOBE KOHTPONSA Ha-
NNYUS UMMNYTIBCHOTO MEPEMEHHOIO BbICOKOYaCTOT-
HOMO HanpsPKEHUs1 Ha BTOPUYHOW CTOPOHE CUIOBOro
MMMynbCHOro TpaHcdopmaTopa.

PaccmoTpym oavH M3 BapuMaHTOB peanuaauuu
CXeMbl MoOcnegHero Tuna, KoTtopasi WUCMNONb3yeTcH,
Hanpumep, B cxeme MBI HPR-200 (puc. 54). B oc-
HOBY MOCTPOEHUS 3TON CXEMbIl 3aroxeHa naes KoHT-
pons 3a HanmuM4yMeM MEePEMEHHOrO UMMYIbCHOMO Ha-
NPsPKEHWS Ha BTOPUYHOW OOMOTKE CUJIOBOTO WM-
nynscHoro TpaHcdopmatopa T1. Cxema pabGotaer
cnegyrowmnm obpasom.

Mpwn BknoveHnn UBIT B ceTb crnaxmBatolime KOoH-
OEeHcaTopbl WWHbI BbIXOAHOrO HanpsbkeHus +5B C4,
C5 6onbluon emkoctn (2x3300Mkdy) NONHOCTBLIO pas-

wuHa Usbix=+5V _

koHgeHcatopa C2 no uenu: (+)C1 - R2 - R4 - C2 -
"kopriyc" - (-)C1.

K mMomeHTy, korga noteHuuwan wuHel +5B goctu-
raeT MVWHUMANbHOTO YPOBHA MUTAHWUS MUKPOCXEMbI
IC1 (+2B), STOT KOHOEHCATOP OKaXETCs 3apshKeH-
HbiM. [MoaToMy kOMMapaTopbl MUKPOCXEMbI YyCTa-
HaBnMBAaOTCA B CregytoLlee COCTOsIHNE:

KoMmnapatop A — BbIXOOHOW TPaH3UCTOP 3aKpbIT,
T.K. MOTEHUMan HEWHBEPTUPYIOLLEro BXOAa Bbille
noTeHUmana Ha MHBEPTUPYIOLLEM BXOAE;

koMmnapatop B — BbIXOOHOW TpaH3UCTOP OTKPbIT,
T.K. MOTEHUMANn HEVHBEPTUPYIOLLIErO BXOAa HUXe Mo-
TeHUMana Ha MHBEPTUPYIOLLEM BXOJe.

Takoe pacnpefgeneHve noteHumanos obycrnosre-
HO HOMWHaNamy pe3nCcTOpPOB, MNOAKMOYEHHbIX KO
BXO4aM KOMMapaTopoB.

CurHan PG, CHMMaeMblll C KOJNEKTOPHOM Ha-
rpysku R11 BbIxogHOro TpaHsmctopa komnapaTopa B,
paseH OB u 3anpeliaeTt 3anyck npoueccopa. Tem
BpeMeHeM 1AeT NpoLecc noa3apsifa HakonuTenbHbIX
koHaeHcatopoB C4, C5 n noteHuman wuHbl +5B pac-
TeT. [oaToMy nMpoTekaeT TOK 3apsiga KoHAeHcaTopa
C3 no uenu: wuHa +5B - R9 - R8 - C3 - "kopnyc".

HanpshkeHne Ha koHgeHcatope C3, a
3HA4MT, U Ha HEWHBEPTMPYILLEM BXOAe
komnapartopa B, pacteT. 3710 BO3pacTaHue
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MpoMcxoauT [0 Tex Mop, Moka mnoTeHumarnl
HeMHBepPTUPYIOLLEro BXoaa komnapartopa B
He HayHeT MpeBblllaTb NoTeHuuan ero WH-
BepTupyoLlero Bxoaa. Kak Tonbko aTo npo-
nsongeTt, komnapatop B nepekniouutcs,
BbIXOOHOWM TpaH3UCTOp ero 3akpoeTcs. Ha-

R10 npsxeHue Ha wuHe +5B gocTturaet K aTomy

100k

MOMEHTY HOMWHAIIbHOIo YpPOBHA. nOSTOMy

curdan PG cTaHOBUTCSt CUTHAmNom BbICOKOrO
YPOBHA W paspellaeT 3anyCK npoueccopa.
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Puc. 54. Cxema obpasoBaHusi curHana PG B UBI
HPR-200 (HIGH POWER ELECTRONIC Co., Ltd).

psxeHbl. PaspsbkeHbl Takke koHgeHcatopbl C1, C2,
C8. VMimnynbcHoe nepemMeHHoe HanpsiXeHue, KoTopoe
nosiBNsieTCA Ha BTOPWUYHOM OoOMOTKe 3-5 cunoBoro
UMnNynbCcHOro TpaHcdopmartopa T1, HaunMHaeT 3aps-
xaTb koHaeHcaTopbl C4, C5. K otBoAy 5 BTOpMYHON
OOMOTKM MNOAKMYEH OLHOMOMYNEPUOAHbIA BbINPS-
muTenb D1. C1 — crnaxuBaroLllas eMKoCTb hunbTpa.
R1 (10 Om) — ToKOOrpaHnunBatowmin peamctop. KoH-
neHcatop C1 manon emkoctn (150Hd) 3apshkaeTcs
00 ypoBHsi okono +10B npaktnyeckn cpasy (nepBbim
UMMNYbCOM).

Kak Tonbko ypoBeHb noTeHumana wuHbl +5B npe-
BbICUT MWHMMArbHO [JOMYCTUMbIA YpPOBEHb MUTa-
owero ana mukpocxemsl IC1 HanpsixkeHus (+2B),
MUKpOCXeMa HayHeT yHKLMOHUpoBaTh. Hanpsxe-
Hue ¢ koHaeHcatopa C1 nogaeTca Ha Pe3UCTUBHBIN
penvtenb R2, R3. YacTtb aTOro HanpsikeHnsa cHuma-
eTca ¢ R3 n nogaetcs Ha HENMHBEPTUPYIOLLNIA BXOA
komnapartopa A (BbiBog 9 mukpocxemsbl IC1), a Takke
Ha genutenb R4, R6, C2. MNoatomMy napannernbHo ¢
pocTOM MoTeHumana wuHbl +5B npouncxoguT 3apsg

R26
1k

Taknm obpa3om, eMKOCTb KoHAeHcaTopa C3
obycnaBnuBaeT 3a4epKKy NP BKITKOYEHNN.
Mpwn BbIkNtoYeHnn UBI 13 cetn ncyesaet
nepeMeHHoOe WUMMYNbCHOE HanpshkeHne Ha
BTOpMYHOM 0BbmoTke 3-5 T1. Mo3aTomy KOH-

P.G.

c3 neHcatop C1 manon emkoctu ObICTPO pas-

4,7
50V

psXKaeTcda, W HanpsbkeHne Ha  He-
WHBEPTUpPYIOLLEM BXxode komnapaTtopa A
ObICcTpo ymeHbluaeTca go 0B. HanpsikeHue
Ha VMHBEPTUpYOLLEM BXoAe 3TOro Komnapatopa na-
JaeT HaMHOro MefsieHHee 3a cyeT 3apsiga Ha KOH-
aeHcatope C2. [MoaTtomy noTeHuuan nHBepTupyoLLe-
ro BXoda CTaHOBWTCS Bbllle NOTEHUMana HeuHBepTu-
pyloLiero Bxoda, U komnapatop A nepekntoyaeTcs.
BbIxOOQHOW TpaH3MCTOp ero OTKpbiBaeTcs. [loatomy
noTeHuman HenHBepTMPYIOLLIEro BXxoda KoMmnaparopa
B ctaHoBuTCA paBeH 0B. lNoTeHunan uHBEPTUPYIO-
lwero Bxoda komnapaTtopa B ewe nonoxuteneH 3a
cyeT 3apsapa Ha koHgeHcatope C2. NMoatomy komna-
paTtop B nepekntoyaeTcs, BbIXOAHOW TPaH3UCTOP €ro
OTKpbIBaeTcsa M curHan PG craHoBUTCA CUrHanom
HU3KOrO YPOBHS, MHULMNANM3NPYS CUTHaNI CUCTEMHOTO
cbpoca RESET, npexae Yem yMEHbLUMNTCSA HUKE O0-
NyCTUMOrO YPOBHS MNUTAKOLLEE JIOTMYECKNE MUKPO-
CcXeMbl HanpsbkeHne +5 B.

Komnapatopbl A n B oxBayeHbl NONOXUTENBHBIMU
obpaTHbIMK CBA3SMU C MOMOLBLO pe3uctopoB R7 un
R10 cOOTBETCTBEHHO, YTO YCKOPSAET WX MNepekmnio-
YeHue.
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Puc. 55. Cxema obpasoBaHus
curHana PG B VBl SP-200W.

MpeuunsnoHHbIN pe3ncTnBHblin genutens R5, R6
3a4aeT OMOPHbIA YPOBEHb HAMPSKEHUS Ha MHBEPTU-
pyloLLMX BXodax KomnapatopoB A u B B HOMuHanb-
HOM pexume paboTbl.

KonpgeHcaTop C2 HeoOxogum Ans nopaepkaHus
3TOro OMOPHOro ypoBHA nocne BblknoveHus UBI 13
ceTu.

B 3aknioyeHne 3ToOro pasgena npuvBedeMm eule
OOVH BapuaHT peanusaumm cxembl 06pa3oBaHus Cur-
Hana PG (puc. 55).

Cxema saBnsieTcs ogHOYHKLMOHANbHON, T.e. pe-
anusyeT TONMbKO 3a[epXKy MNOosBMeHUs paspeLuato-
wero curHana PG npu BkntodeHumn MBI B ceTb.

B aToli cxemMe KOHTpOnMpyembiM CUrHamom siBns-
€TCA YPOBEHb HamnpshKeHUs1 Ha BbIXOAHOW LUWHE Ka-
Hana +12B. B ocHOBY NMOCTpOEHMSsI CXeMbl 3anoXeHa
cxema aByxkackagHoro YIT Ha TpaHsuctopax Q10,
Q11, oxBayeHHas NOMNOXWUTENbHON 0BPaTHOW CBSA3bIO
¢ nomouwbto pesuctopa R55. 3apgepxka onpokvabl-
BaHWs1 3TOM CXeMbl OOYCroBreHa HannMumMeM KOHOEH-
catopa C31 cpaBHUTENbHO GonbLION eMKocTu B Ga-
3o0BoK Uenn TpaHauctopa Q10 YIT. lNMocne Bkno4e-
Husa VBl B ceTb, Nnoka ngeT npouecc Bbixoaa Ha pe-
XM, C BbIXOOQHOM LWMHbI KaHana +12B npoTekaeT Tok

2SC945
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3apagkn koHgeHcatopa C31 no uenu: wuHa +12B -
R40 - C31 - "kopriyc”.

HanpsibkeHne Ha koHgeHcaTope C31 nnaBHO BO3-
pactaet. [loka aTo HanpsXXeHne He JoCcTUraeT nopo-
FOBOIO YPOBHSI OMPOKWAbIBAHUSA CXEMbl Ha TpaH3u-
ctopax Q10, Q11, aTa cxema HaxoauUTCHA B COCTOS-
HWUW, Npn KOTopoM TpaHanctop Q10 3akpbIT, a TpaH-
3uctop Q11 oTKpbIT TOKOM 6a3bl, KOTOPLIA NpoTeKaeT
C BbIXOAHOMW WWHbI KaHana +5B nop BosgenicTBueM
pacTyliero HanpskeHuss Ha KoHAeHcaTopax 3Tou
WKHbL: WuHa +5B - R41 - 6-2 Q11 - "kopniyc”.

Mostomy cumrHan PG, cHUMaeMmbIi C KomnekTtopa
Q11 paBeH 0B, v 3anpeLyaeT 3anyck npoueccopa. Tem
BPEMEHEM pacCTyLLee HanpsKeHne Ha KoHAeHcaTope
C31 npuknagpiBaetcsi k G6aszoBomy genutenio R43,
R44 tpananctopa Q10. K MOMEHTY OOCTWXKEHWS Bbl-
XOOHbIMU HanpsbkeHuamu UBI HOMUHanbHbIX YPOB-
Hen HanpsbkeHne Ha C31 OOCTUrHeT YpoOBHs, OOCTa-
TOYHOrO AN BO3HUKHOBEHUS NaBUHOOOpPAa3HOro npo-
Lecca B3aMMHOIO U3MEHEHWUs] COCTOSIHUA TPaH3UCTO-
poB Q10, Q11 (bnarogapsi Hannuuio NOC). B pesynb-
TaTe TpaHauctop Q10 okaxeTcsa OTKPbIT OO HachblLle-
H¥A, a TpaHancTop Q11 3akpbIT. MoaTomy curHan PG
CTaHEeT CUrHanoM BbICOKOrO YPOBHS M 3aryck npoLec-
copa byaet paspeweH. uog D20 cnyxut ans GbicT-
powvi paspsgkm kohgeHcatopa C31 nocrne BbIKIHOYEHUs]
MBI n3 cetn. MNMpu atom C31 paspskaeTcsa yepes au-
on D20 v paspsigHbIi pe3ncTop BbIXOLHOW LUMHbI Ka-
Hana +5B ( Ha cxeme He noka3aH). Kpome Toro B npo-
uecce pabotbl MBI aTOT Anoa orpaHMYMBaeT ypoBEHb
HanpsbkeHus Ha koHaeHcaTope C31. YpoBeHb orpaHu-
YeHus cocTaBnsaeT okoro +5,8B.

Kpome BbllenpMBEAEHHBIX CXeM BbIpaboTKM cur-
Hana PG MoryT npuMeHATbCA WM Opyrue npuHLMMbI
MOCTPOEHWS CXeM, N 3aeNCTBOBATLCS pasHOe YMCIO
komnapatopoB mukpocxembl LM339N — oT ogHoro go
YeTbIpex.

NMPUMEP MNOCTPOEHUA OOHOIO U3 BJIOKOB NMUTAHUA

MopBoast utor BCemMy ckasaHHOMY, AN MOMHOThI
KapTUHbI NpUBEAEM B KayecTBa npumepa MosfHoe
onucaHue nNpUHUMNManbHOW CXeMbl ANs O4HOro U3
200-BaTTHbIX OMOKOB NWUTaHWsi (Npou3BoAcTBO Tan-
BaHb PS6220C) (puc. 56).

[MepemeHHOE HanpsbkeHWe ceTu nodaeTcs yepes
ceteBol BblknoyaTtens PWR SW uyepes ceteBom
npegoxpaHutens F101 4A, nomexonogasnstoLwime
GunbTpbl, 06pasoBaHHbIe anemeHTammn C101, R101,
L101, C104, C103, C102 n gpoccenn L102, L103 Ha:
® BbIXOOHOW TPEXKOHTAKTHbIA pas3beM, K KOTOPOMY

MOXeT MOACTLIKOBbIBATbCA Kabenb nuTaHus guc-

nnes;

e IBYXKOHTaKTHbIA pa3beM JP1, oTBeTHas yacTb KO-

TOPOro HaxoAWUTCs Ha nnaTe.

C pasvema JP1 nepemeHHOe HanpshkeHue ceTu
noctynaert Ha:

e MOCTOBYIO CxeMy BbinpamneHus BR1 yepes Tep-
mopesunctop THR1;
e NepBMYHYI0 0BMOTKY NMyckoBoro TpaHccopmatopa T1.

Ha Bbixoge Bbinpamutens BR1 BknoyeHbl cria-
XunBatowue emkoctn unbtpa C1, C2. Tepmopesu-
ctop THR orpaHuMunBaeT HavanbHbIN OPOCOK 3apsaa-
HOro TOKa 3TWX KOHAeHcaTopoB. [lepekniovyaTenb
115V/230V SW obecnednBaeT BO3MOXHOCTb NuTa-

Hua WBI kak ot cetn 220-240B, Tak M OT ceTu
110/127B.

BbicokoooMHble pesuctopbl R1, R2, wyHTupyto-
wne koHaeHcatopbl C1, C2 aBNAKTCA CUMMETPUPY-
WM (BblpaBHMBalOT HanpsbkeHus Ha C1 n C2), a
Takke obecneyvmBaloT pa3psaaKy 3TUX KOHAEHCATOpOoB
nocrie BbiknoyeHna VMBI n3 cetn. Pesynbtatom pa-
0O0Tbl BXOAHLIX Lenen SABNsieTCsl NOsIBNEHNE Ha LUMHE
BbINPSAMITEHHOIO HanpsHPKEHUS1 CETU MOCTOSIHHOTO Ha-
npskeHmsa Uep, paBHoro +310B, ¢ HekoTOpbiMMK
nynecauuamn. B gaHHom UBI ncnonesyetca cxema
3anycka C NpUHYAMTENbHbIM (BHELWHUM) BO3BYxae-
HMeMm, KoTopas peanus3oBaHa Ha crneumansHOM Mnyc-
koBOM TpaHcdopmaTtope T1, Ha BTOPMYHOM OOMOTKE
KoToporo nocrne skniodeHus UBI B ceTb nosiBnsieTcs
nepeMeHHoe HanpskeHne C 4acToTOM nuTaroLLen
ceTn. OTO HanpsbkeHue BbINPSMNSAeTca auMogamu
D25, D26, koTopble 06pa3yloT co BTOPUYHON 0O6MOT-
ko T1 AByXnonynepuogHyto CXeMy BbINPAMIIEHUS CO
cpepHen Toukon. C30 — crnaxuBarowas eMKOCTb
dunbTpa, Ha KOTOpOoW obpasyeTcsi MOCTOSIHHOEe Ha-
npsbKeHne, UCNonb3yemoe Ans NUTaHus YrnpasBnsito-
wer mukpocxembl U4.
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B kayecTBe ynpaBnsioLLEN MUKPOCXEMbI B AaHHOM
MBI TpaguumoHHo ncnonbayetcs MMC TL494.

MuTatowee HanpsbkeHne ¢ kKoHaeHcaTtopa C30 no-
paeTcsa Ha BbiBog 12 U4. B pesynbtate Ha BbiBOOE
14 U4 nosiBnsieTcs BbIXOQHOE HarMpsiKeHNe BHYTPEH-
Hero onopHoro uctoyHuka Uref=-5B, 3anyckaetcs
BHYTPEHHWUI reHepaTop NMnoobpasHOro HanpsKeHus
MUKpOCXeMbl, @ Ha BbiBogax 8 u 11 nosendawTcA
yrnpaBnstoLLme Hanps>KeHUs, KoTopble NpeacTaBnsaloT
cobon nocnefoBaTenbHOCTM MPSIMOYTOSIbHbLIX  UM-
nynbCOB C oTpuUaTensHbIMU NepeaHNMU ppoHTamu,
CABUWHYTbIE OPYr OTHOCUTENBbHO Apyra Ha MONOBUHY
nepunoga. AnemeHTtbl C29, R50, nogkntodeHHble K
BbiBOAaM 5 n 6 mukpocxembl U4 onpenenstoTt 4YacTo-
Ty nNnnoobpasHoro HanpshkeHusi, BblpabaTbiBAEMOro
BHYTPEHHVM reHepaTOpOM MUKPOCXEMBI.

Cornacytowun kackag B gaHHom MBI BbinonHeH
no 6ecTpaH3nCTOpPHON CxeMe C pasfenbHbIM yrnpaB-
neHvem. HanpsixeHue nutaHmsa ¢ koHaeHcaTtopa C30
nogaeTca B CpedHWe TOYKM NEePBUYHBbIX OBMOTOK
ynpasnsoLwmx TpaHcgopmatopos T2, T3. BeixogHble
TpaH3auctopbl MMC U4 BbINONHAT (PYyHKUMM TpaH3K-
CTOPOB COrNacylLLero Kackaga v BKIYEHbI MO cxe-
Me ¢ O3. AMuTTepbl 060MX TPaH3MCTOPOB (BbIBOALI 9
n 10 mmkpocxembl) mogkntoyeHsl Kk "kopnycy". Kon-
NEKTOPHBLIMWU Harpyskamv 3TUX TPaH3MCTOPOB ABMS-
I0TCA  MepBuYHbIE  MOSTYOOMOTKM  YNpaBrisoLLmx
TpaHccopmatopoB T2, T3, NoakntoYeHHbIE K BbIBO-
Aam 8, 11 mukpocxembl U4 (OTKpbITbIE KOMMEKTOPLI
BbIXOAHbIX TpaH3ucTopos). [pyrve nonoBuHbl nep-
BUYHbIX 06MOTOK T2, T3 C NOAKNIOYEHHBLIMU K HUM
anogamm D22, D23 o6pasyloT uUenu pasmarHu-
YMBaAHUS CEPAEYHNKOB 3TUX TPAaHCHOPMAaTOPOB.

TpaHcdopmaTopbl T2, T3 ynpaBnsioT MOLLHbIMA
TpaH3McTOpamm NOSTyMOCTOBOrO UHBEPTOPA.

[MepekntoyeHns BbIXOAHbLIX TPaH3UCTOPOB MUKPO-
CXeMbl BbI3bIBAKOT MNOSABIIEHNE UMMYIbCHBIX YNpaBris-
towmx 3AC Ha BTOPUYHBLIX OOMOTKaX ynpaBnsoLmMX
TpaHccopmatopo T2, T3. lNog gencrBnem 3Tmx
OOC cunosble TpaHauctopbl Q1, Q2 nonepemMeHHo
OTKpbIBalOTCA C perynupyembiMy naysamu ("MepTBbl-
Mu 3oHammn"). [losToMy yepe3 NepBUYHYDO ODMOTKY
CUNOBOro MMMynNbCHOro TpaHccopmartopa TS npoTte-
KaeT MepemMeHHbI TOK B BUAE NUNo06pasHbIX TOKO-
BbIX MMMYNbCOB. OTO OOBbACHAETCHA TEM, YTO NEPBUY-
Hast obmMoTka T5 BKktOYeHa B guaroHanb arekTpuye-
CKOTO MOCTa, OOHO MNie4Y0 KOTOpOoro obpa3oBaHO
TpaHaucTtopamun Q1, Q2, a gpyroe — kKoHAEHCaTopamm
C1, C2. MNMoatomy Npu OTKPbIBAHMM KaKOro-nmbo m3
TpaHsucTtopoB Q1, Q2 nepsuyHaa obmoTka T5 oka-
3bIBaeTCHA MOAKMOYEHA K OOHOMY U3 KOHOEHCAaTopoB
C1 unu C2, yto n obycnasnmeBaeT NpoTeKkaHue Yepes
Hee TOka B TeveHMe BCEro BpPEeMEHW, MoKa OTKPbIT
TpaH3ucTop.

HemndepHble anoasl D1, D2 obecneuynBatoT BO3-
BpaT 9Hepruu, 3anaceHHon B WHAYKTUBHOCTU pac-
cesiHMs nNepBUYHOM 0OMOTKM T5 3a BpeMsi 3aKpbITOro
cocTosiHMa TpaHsucTopoB Q1, Q2 obpatHo B wuc-
TOYHMK (pekynepaums).

Llenoyka C4, R7, wyHTUpyowasa nepBuYHy0 ob-
MOTKy T5, cnocobcTByeT NOAABMEHMIO BbICOKOYaA-
CTOTHbIX Napas3uTHbIX KonebaTenbHbIX NPOLECCoB,
KOTOpblE BO3HUKAKOT B KOHType, 06pa3oBaHHOM WH-
AYKTUBHOCTBIO MepBuMYHON OBMOTKM TS5 1M ee mex-
BUTKOBOW €MKOCTbIO, NMPWU 3aKpbIBaHMAX TPaH3UCTO-
poB Q1, Q2, korga TOK 4Yepe3 MepBUYHYO OBMOTKY
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pe3ko npekpallaeTcs.

KongeHcaTop C3, BKNIOYEHHbIN NOcnegoBaTeslbHO
C nepBuyHOM oOMOTKOWM T5, NUKBMAMPYET MNOCTO-
SIHHYIO COCTaBMSIOLWYI0 TOKa Yepes3 MepBuYHY 06-
MOTKY T5, uckniovas Tem cambiM HexenaTenbHoe
nogmMarHM4MBaHMe ero cepaevHuka.

Pesnctopel R3, R4 n R5, R6 o6pasytoT 6a3oBble
aenutenu aons MoLHbIX TpaHauctopos Q1, Q2 cooT-
BETCTBEHHO U 00ecneyvnBaloT OMNTUMASbHbIA PEXUM
UX MNEPEKMOYEHNA C TOYKU 3pEeHUs ANHAMUYECKUX
noTepb MOLLHOCTW Ha 3TUX TPAH3UCTOpPaX.

[MpoTekaHne NepemMeHHOro Toka Yepes NepBUYHYHO
obmoTky T5 oOycnaBnuBaeT HanuuMe 3Hakone-
PEMEHHbIX MPAMOYrofibHbIX MMMynbCcHbIXx OOC Ha
BTOPUYHBIX OOMOTKax 3TOro TpaHccopmaropa.

CwunoBon TpaHcdopmatop TS5 umeeT Tpu BTOpPUY-
Hble OOMOTKM, Kagas u3 KOTOPbIX MMEET BbIBOA OT
CcpeaHen ToYKM.

O6wmoTka IV obecneunBaeT nonyyeHwe BbIXOAHOroO
HanpsbkeHusa +5B. [uogHasa cbopka SD2 (nonymocT)
obpasyeT c obmoTKoN |V ABYXNOMynepuoaHyto cxemy
BbINPSAMIIEHUA CO CpefHen TOYKOoW (CpegHasa Toudka
obmoTkm IV 3a3emneHa).

OnemeHThl L2, C10, C11, C12 o6pasytoT criaxu-
BaloLNN unbTp B KaHane +5B.

Ona nogaBneHus napasvTHbIX BbICOKOYACTOTHbIX
konebaTenbHbIX MPOLECCOB, BO3HUKAOLIMX MPU KOM-
MyTaumsix gumopoB cbopkm SD2, atm gumogwl 3a-
LWYHTUpOBaHb! ycnokansawwmmm RC-uenoykamu C8,
R10un C9, R11.

Ovopbl cbopkn SD2 npeactaBnsoT cobon avoabl
¢ 6apbepom LLoTTKM, Yem gocTuraetcss Heobxoanmoe
ObicTpoaericTBue u nosbilaeTcs KM BbinpsamuTens.

O6mortka Il coBmectHO ¢ obmoTkon IV obecneym-
BaeT NnonyyeHne BbIXOOHOrO HanpsXxeHus +12B Bme-
cTe c gmogHonm cbopkow (monmymoctom) SD1. Ota
cbopka obpasyeT c obmotkon Il gByxnonynepuog-
HYI0 CXeMmy BbINPSAMIIEHNA CO cpeaHen Todkon. Opa-
HaKoO cpedHsis Touyka obmoTkm Il He 3asemneHa, a
NnogKroYeHa K LUMHE BbIXOAHOrO HanpsbkeHus +5B.
370 AgacT BO3MOXHOCTb Mcnonb3oBaTtb anoasl LWoTT-
kn B kaHane BblpaboTku +12B, T.k. obpaTHoe Ha-
npsbkeHve, NpuknagbiBaemMoe K guodam BbinpsaMute-
Nsi MpU TakOM BKITKOYEHWUW, YMEHbLUaeTca 4O Aony-
cTumoro aAnga anoaos LLOTTKM ypoOBHS.

OnemeHTbl L1, C6, C7 obpasyloT criaxuBaroLmii
GunbTp B KaHane +12B.

Pesnctopbl R9, R12 npegHasHayeHbl anga yckope-
HWUSI pa3psaku BbIXOAHbIX KOHAEHCAToOpOoB WnH +5B u
+12B nocne Boikntovenns VMBI ns cetu.

RC-uenouka C5, R8 npegHasHauyeHa ons nogas-
neHust konebaTenbHbIX NPOLECCOB, BO3HUKAKOLINX B
napasMTHOM KOHType, 0bpa3oBaHHOM WHAYKTUBHO-
CTbio 06MOTKM Il 1 ee MEXBUTKOBON EMKOCTbIO.

O6mortka Il ¢ naTelo oTBOgamMmu obecneynBaeT no-
nyYyeHne oTpuUaTENbHbIX BbIXOAHbLIX HaNPSHKEHWUIA
-5B n -12B.

OBa guckpeTHbix avoga D3, D4 obpasyoT nony-
MOCT ABYXMOJYyNEPMOLHOrO BLINPSAMIIEHNS B KaHane
BblpaboTku -12B, a guoabl D5, D6 — B kaHane -5B.

OnemeHTbl L3, C14 n L2, C12 0bpasyoT crnaxu-
BatoLmMe uUnbTpbl 418 3TUX KaHarnos.

O6wmoTka I, Takke kak n obmotka lll, 3awyHTMpO-
BaHa ycnokoutenbHon RC-uenoykon R13, C13.

CpepHas Todka o6MoTku Il 3a3emneHa.
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Ctabunusaumsa BbIXOAHbIX HaMpsXKeHUN ocyLue-
CTBNATCA pasHbIMK cnocobamu B pa3HbIX KaHanax.

OTpuuatenbHble BbIXOAHbIE HanpshkeHust -5B un
-12B crabunusnpytotca npu NOMOLLM JIMHENHBIX WH-
TerpanbHbIX TPexBbIBOAHbIX cTabunusatopos U4
(Tvna 7905) n U2 (Tuna 7912).

[na atoro Ha BxoAbl 3TMX CTabunMsaTopoB noaa-
IOTCA BbIXOAHbIE HAaNPsPKEHUS BbINPAMUTENEN C KOH-
peHcatopoB C14, C15. Ha BbIXogHbIX KOHOEHCa-
Topax C16, C17 nony4yatoTcs CTabunmanpoBaHHble
BbIXO4HbIE HanpspkeHns -12B n -5B.

Ouvoabl D7, D9 obGecneunBaloT paspsgky BbIXOA-
HbIX KOoHOeHcaTopoB C16, C17 4epe3 pes3ncTopbl
R14, R15 nocne BbikntoveHua UBI n3s cetn. MHave
3TV KOHAEHCaTopbl paspskanucb Obl 4Yepes cxemy
CTabununsaTopos, YTO HexXernaTernbHO.

Yepes pesuctopbl R14, R15 paspspkaloTcst U KOH-
neHcaTopbel C14, C15.

Ouopgbl D5, D10 BbINOMAHAKT 3aWUTHYIO QYHKUUIO
B criyyae npobosi BbINpAMUTENbHbBIX ANOO0B.

Ecnu xotsa 66l oguH n3 atnx guogos (D3, D4, D5
unn DB6) okaxeTca "npobuTbiM", TO B OTCyTCTBME
avogos D5, D10 ko Bxogy WHTerpaneHoro crabvnu-
3aTopa U1 (unu U2) npuknagbiBanocb Obl NOMOXu-
TENbHOE UMMYNbCHOE HanpshKeHue, a vepes3 3NeKT-
ponuTtuyeckme koHgeHcatopbl C14 mnmn C15 npote-
Kan Obl NepeMeHHbIN TOK, YTO NpmBeno Obl K BbIXxody
NX U3 CTPOS.

Hannuve gnogos D5, D10 B atom cny4vae yctpa-
HAET BO3MOXHOCTb BO3HWKHOBEHWSI TakoW CUTyaLmMm,
T.K. TOK 3aMbIKaeTCHa Yepes HUX.

Hanpumep, B cnyyae, ecnu "npobut” gnog D3, no-
noxuteneHas 4acTb nepuoda, koroa D3 pgomkeH
ObITb 3aKpbIT, TOK 3aMKHETCA no uenu: k-a D3 - L3 -
D7 - D5 - "kopniyc”.

Crabunusaumsa BbIXOAHOIO HanpshkeHus +5B ocy-
wecTensetcsa metogom LLUMM. nga aToro K wuHe BbI-
XOOHOro HanpsbkeHus +5B nogknioyeH nameputens-
Hbli pe3ucTuBHbIM genutens R51, R52. Cwurnan,
NPONOPLMOHAnbHbIA YPOBHIO BbIXOOHOIO Harnpske-
HUA B KaHane +5B, cHumaeTca ¢ peauctopa R51 un
nogaeTtca Ha WHBEPTUMPYIOLLMIN BXOA4 YCUNUTENS
owunbkn DA3 (BbiBOg 1 ynpaBnsioLLen MUKPOCXEMBI).
Ha npsimon Bxop aTtoro ycunutens (BbiBog 2) noga-
€TCS OMOPHbIA YPOBEHb HAMPsXKEHUs, CHAMAeEMbIA C
pesuctopa R48, sxogsawero B genutens VR1, R49,
R48, koTopbl NOAKMYEH K BbIXody BHYTPEHHEro
OMOPHOro NUCTOYHUKA Mukpocxembl U4 Uref=+5B. Mpun
N3MEHEHNAX YPOBHS HanpsXeHua Ha wuHe +5B noa
BO3OENCTBMEM  Pa3fnM4YHbIX  AeCTabunuanpyowmx
(haKTOpOB NPOUNCXOANT N3MEHEHNE BESTUYMHbBI PaCcCo-
rnacosaHusi (OWIMBKM) Mexay OMNOPHbLIM U KOHTPOMU-
pyEMbIM YPOBHAMW HanpshKeHWst Ha BXogax yCcwunu-
Tens owmnbkn DA3. B pesynbTate wupuHa (anuTens-
HOCTb) YNpaBnsoLLMX UMNYMNbCOB Ha BbiBoAax 8 n 11
Mukpocxembl U4 nameHsieTcsl Takum obpasom, 4Tobbl
BEPHYTb OTKMOHMBLUEECH BbIXOAHOE HanpsixeHue
+5B K HOMWHaNbHOMY 3Ha4eHuo (NPY YMEHbLUEHWM
HanpshkeHus Ha WuHe +5B wWwupuHa ynpaensowmx
MMMYNbCOB YBEMNWYNBAETCH, @ NPY YBENTUHEHUN 3TOTO
HanpsHKeHUs — yMeHbLUaeTCs).

Ycronumnasi (6€3 BO3HMKHOBEHMS MapasuTHOW re-
Hepauun) paboTa Bcen NeTnu perynupoBaHusa obec-
neymMBaeTcsa 3a CYeT LeNOYKM YaCTOTHO-3aBUCUMOM
oTpuuaTensHonM obpaTHOM CBA3W, OXBaTbiBalOLLEN
ycunutenb owmnbkm DA3. OTa uenoyka BkrovaeTcs

Mexay BblBogamMu 3 1 2 ynpasnsowen MUKpoCcxembl
U4 (R47, C27).
BbixogHoe HanpsbkeHne +12B B gaHHom WBIT He
cTabunmampyeTcs.
PerynupoBka ypOBHS BbIXOAHbIX HanpsikeHUn B
aaHHom WBI1 npou3BoguTCca TOMbKO AN KaHarnos
+5B n +12B. OT1a perynvpoBka oCyLleCTBNAeTCa 3a
CYET M3MEHEHUS YPOBHSA OMOPHOr0 HanpsXeHus Ha
npsiMom Bxoge ycunutens ownbkm DA3 npu nomoLum
nogcrpoeyHoro pesnctopa VR1.
Mpn nameHeHun nonoxeHus aswxka VR1 B npo-
uecce HacTtponku MBI bygeT naMeHATbCA B HEKOTO-
pbiX Npedenax ypoBeHb HanpshkeHUst Ha LWnHe +5B, a
3HAYMT M Ha WwuHe +12B, T.K. HaNpsXXeHne C LUMHbI
+5B nopaeTcs B cpeaHio Touky oomoTkum lll.
KombuHupoBaHHasa 3awwuta gaHHoro WMBI Bkmto-
YyaeT B cebs:
® OrpaHMYMBAIOLLYIO CXEMY KOHTPONMS LUMPWHBI ynpaB-
NALMX UMMYNbCOB;

® MONTHYI0 cxemy 3awwmTbl oT K3 B Harpyakax;

® HEMOSHYID CXEMYy KOHTPONSA BbIXOQHOTO MepeHa-
npskeHus (TONbKo Ha WuHe +5B).

PaccMoTpuM kaxayto U3 aTux Cxem.

OrpaHuumBatloLlaa cxema KOHTPOMS UCMONb3YyeT B
KauecTBe [Jatuuka TpaHcdopmaTtop Toka T4, nep-
BMYHas OOMOTKa KOTOpPOro BKIOYEHa MocrefoBa-
TENbHO C NEPBUYHOM OOMOTKOM CUIIOBOIO MMIMYMbC-
Horo TpaHcdopmaTopa T5.

Pesuctop R42 gBnseTca Harpyskon BTOPUYHOW
obmoTkm T4, a guogbl D20, D21 obpasyoT AByxmno-
NynepuoHyt0 CXeMy BbINPSAMITEHNST 3HAKONEepeMeH-
HOr0 UMMYJIbCHOIO HanpsXXeHUs, CHMMaemoro C Ha-
rpy3km R42.

Pesuctopbl R59, R51 obpasytoT genutens. Yactb
HanpshkeHus crnaxuBaeTcs koHgeHcaTtopom C25.
YpoBeHb HanpshkeHWst Ha 9TOM KOHAeHcaTope npo-
NOpLMOHaNbHO 3aBUCUT OT LUMPUHBI YNPaBASOLLUX
nmnynbcoB Ha 6asax cunoBbix TpaHauctopo Q1,
Q2. 3T10T ypoBeHb Yepes pesnctop R44 nopaetca Ha
WHBEPTUPYIOLWMIA BXo4 ycunuTenst owmnbkn DA4 (Bbl-
BoAa 15 mukpocxembl U4). INpsimon Bxog 3TOro ycunum-
Tens (BeiBoA 16) 3a3emneH. Quoapl D20, D21 Bkrto-
YeHbl Tak, 4YTOo koHaeHcatop C25 npu npoTekaHuu
TOKa 4Yepes 3TV AMoAbl 3apshkaeTcs OO oTpuuaTenb-
HOro (OTHOCUTENbLHO OBLLEro NPoOBOAA) HaNPSHKEHNS.

B HopmanbHOM pexume paboTbl, Korga LwuvpuHa
YyNpaBnsoWmMX UMNYNbCOB HE BbIXOAMT 3a OOMyCTu-
Mble npeensl, NoTeHuman BbiBoaa 15 nonoxnteneH,
Gnarogapsi cBsi3n 3TOro BbiBoAa Yepe3 peaunctop R45
¢ wuHon Uref. Mpn upesamepHoOM yBenuyeHnn Lumpu-
Hbl YNPaBMsOLWMX MMMYNbCOB MO KaKOW-Nnbo npu-
YnHe, oTpuLaTeNbHOE HaMPsSKEHWE Ha KOHOEeHcaTope
C25 Bo3spacTtaeT, n noteHuman Bbieoga 15 ctaHOBUT-
cs oTpyUaTenbHbIM. 3TO NPUBOAUT K MOSBIIEHUIO Bbl-
XOOHOro HanpspkeHus ycunutens owmnbkmn DA4, koTo-
poe Oo aTtoro 6bino paBHo OB. [anbHenwwui poct
LUMPWUHBI YNPaBASOWMX UMMYbCOB MPUBOAUT K TO-
My, 4TO ynpaBneHue nepeknoveHuamm LWLAM-kom-
napatopa DA2 nepepaeTtca k ycunutenio DA4, un no-
cnefywowero 3a 3TUM  YBENUYEHUS LUUPUHBLL Y-
paBnsoLWnX UMMYNbCOB YXXe HEe NPOUCXOANT (Pexunm
OorpaHu4eHusl), T.K. LUMPUHA ITUX UMMYNbLCOB Mepe-
CTaeT 3aBWCETb OT YPOBHSA curHana obpaTHON CBA3M
Ha NpsMoOM Bxofe ycunutensi owmobkmn DA3.

Cxema 3awmtbl oT K3 B Harpyskax yCroBHO MOXeT
OblTb pasgeneHa Ha 3aWwuTy KaHanoB BbipabOTKM



NOMNOXMTENBHBIX HANPSXXEHUA N 3aLLUTY KaHAsoB Bbl-
paboTKkn oTpuuaTeNbHbIX HANPSXXEHUIA, KOTOPbIE CXe-
MOTEXHUYECKM peann3oBaHbl MPUMEPHO OOUHAKOBO.

[atumkom cxembl 3awmTtbl oT K3 B Harpyskax ka-
HanoB BbIPAabOTKM MOMOXMTENbHbBIX  HaMPSXKEHWN
(+5B n +12B) siBnaeTcs oMO4HO-PE3NCTUBHBIN Aenn-
Tenb D11, R17, noaknoyeHHbI MeXay BbIXOOHbIMU
WMHaMN 3TUX KaHanoB. YPOBEHb HanpsKeHus Ha
aHoge avopa D11 aBnsieTcss KOHTPONMPYEMbIM CuIr-
HanoMm. B HopmanbHoM pexume paboTbl, Korga Ha-
NPSKEHUS Ha BbIXOOHbIX LUMHAX KaHanosB +5B n +12B
UMEIT HOMMHArbHbIE BENMYUHBI, MOTEHUMan aHoga
anopga D11 coctaBnset okono +5,8B, T.k. yepes ge-
nutenb-gaTyMK NpoTeKaeT TOK C WnHbl +12B Ha WwinHy
+5B no uenu: wuxa +12B - R17 - D11 - wuHa +5B.

KoHTponupyembin curdHan ¢ aHoga D11 nopaetcs
Ha pe3ucTuBHbin genutens R18, R19. Yactb atoro
HanpsbkeHns cHumaeTcs ¢ peauctopa R19 n nogaet-
Csl Ha nNpsiMon BXxoA komnapaTtopa 1 Mukpocxembl U3
Tvna LM339N. Ha nHBepTupyowmin BXxoa 3TOro Kom-
naparopa noaaeTcs OMNoOpHbIA YPOBEHb HanpPsXXeHusi
¢ pesnctopa R27 penutena R26, R27, nogknto4veH-
HOrO K BbIXOdy OMOpHOro uctoyHunka Uref=+5B ynpas-
nswowen mukpocxembl U4. ONOpHbIA YPOBEHb Bbl-
OpaH TakMMm, 4Tobbl NPU HOpManbHOM pexume pabo-
Tbl NOTEHUWan nNpsMoro Bxoga komnapaTtopa 1 npe-
Bbllan 6bl NoTeHunan MHBepCHOro Bxoda. Toraa Bbl-
XOAHOWN TPaH3MCTOp KoMnapaTtopa 1 3akpbIT, U cxema
MBI HopmanbHO byHKunoHmpyeT B pexume LUWM.

B cnyyae K3 B Harpy3ke kaHana +12B, Hanpumep,
noteHuman aHopga avoga D11 craHoBMTCA paBHbIM
0B, nostoMy noOTeHUWan WHBEPTUPYHOLLEro BXxoAa
Komnapartopa 1 cTaHeT Bbllle, YeM noTeHuman nps-
MOro BXxofa, W BbIXOLHOW TPaH3UCTOP Komnapatopa
OTKpoeTcHd. JTO BbI3OBET 3aKpblBaHME TpaH3UCTopa
Q4, KoTopbI HOpMarbHO OTKPbLIT TOKOM 6asbl, Mpo-
Tekawowmm no uenu: wuHa Upom - R39 - R36 -
6-3 Q4 - "kopniyc".

OTKpblBaHNe BbLIXOOHOrO TpaH3UcTopa Komnapa-
Topa 1 nogkntovaeT pesuctop R39 k "kopnycy", u
noaTomy TpaHauctop Q4 naccMBHO 3aKpbiBAeTCH Hy-
neBbiM cMelleHeM. 3akpbiBaHue TpaH3auctopa Q4
Brneyet 3a cobon 3apsgky koHaeHcatopa C22, koTo-
pbiii BbIMNONMHAET (DYHKUMIO 3BEHa 3afdepxku cpaba-
TbiBaHUS 3awwmTbl. 3agepxka Heobxoguma u3 Tex
coobpaxeHuir, 4YTo B npouecce Bbixoga MBI Ha pe-
XUM, BbIXOAHbIE HaMpPsPKEHNA Ha WKnHax +5B n +12B
NosIBNSAKTCS HE cpa3dy, a Mo Mepe 3apsiAku BbIXOAHbIX
KOHOEeHcaTopoB BonbLion emkocTn. ONopHoe e Ha-
npsbkeHne oT nctoyHmka Uref, HanpoTtuB, nosiBnaeTcs
npakTM4yeckn cpasy xe nocrne BkYeHus MBI B
ceTb. [NoaTomMy B nyckoBOM pexume komnapartop 1
nepeknyaeTcsl, ero BbIXOAHOW TPaH3UCTOP OTKPbI-
BaeTcs, U ecnu Obl 3adepXuBarolLMi KOHOEHcaTop
C22 oTcyTcTBOBar, TO 9TO NpMBENo Obl kK cpabaTbiBa-
HUIO 3alWnTbl cpasy npw BkrioyveHun VBMT B ceTb. Opa-
Hako B cxemy BkmodeH C22, n cpabaTtbiBaHue 3a-
LWMTbI MPONCXOANUT NKLLb MOCHE TOrO Kak HanpshKeHve
Ha Hem [JOCTUIHET YPOBHS, OMNPEOENseMoOro Ho-
MuHanamn pesuctopoB R37, R58 penutens, nog-
KMnoYeHHoro K wuHe Upom n aensowerocst 6a3oBbim
anga tpaHanctopa Q5. Korga aTo npousongeTt, TpaH-
suctop Q5 oTkpbiBaeTcs, u pesuctop R30 okasbia-
€TCs MOAKMIYEH Yepe3 manoe BHYTPEHHee Ccomnpo-
TUBMEHUE 3TOro TpaHaucTopa K "kopnycy". Noatomy
nosiBNsieTCA NyTb ANA NpoTeKkaHus Toka 6asbl TpaH-
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3ucTopa Q6 no uenu: Uref - 3-6 Q6 - R30 - k-3 Q5 -
"kopnyc”.

TpaHauctop Q6 OTKpbIBaeTCA 3TMM TOKOM OO Ha-
CbileHus, B pesynbTaTe vyero HanpsbkeHme Uref=5B,
KOTOpbIM 3anuTaH no aMuTTepy TpaHauctop Q6, oka-
3blBAeTCA MNPUMOXEHHBIM Yepe3 ero maroe BHYT-
peHHee COMpOTUBMEHUE K BbiBOAY 4 yNpaBnsioLlen
Mukpocxembl U4. 3To, kak ObINo nokasaHo paHee,
BELET K OCTaHOBY paboTbl LUMGPOBOro TpakTta MUK-
pocxembl, MponagaHuilo BbIXOAHbLIX YNPaBASOLLNX
UMNYNbCOB U NPeKpaLLeHnto NepeknioyYeHm CUNoBbIX
TpaHsucTtopoB Q1, Q2, T.e. K 3alWUTHOMY OTKIIO-
yeHuto. K3 B Harpy3ke kaHana +5B npvBegeTt k Tomy,
4yTO MoTeHuman aHoga gvoga D11 6yget coctaBnsaTh
Bcero okomno +0,8B. Mo3aTomy BbIXOOQHOW TPaH3UCTOP
komnapartopa (1) okaxeTcs OTKPbIT, U NpousonaeT
3aLUNTHOE OTKITIOYEHNE.

AHanornyHeiM obpasom noctpoeHa 3awmTa ot K3
B Harpyskax KaHanoB BbIpaboTKM oOTpuuaTenbHbIX
HanpsbkeHun (-5B n -12B) Ha komnapaTope 2 MUKpPO-
cxembl U3. OnemeHTbl D12, R20 06pa3sytoT anogHo-
PE3NCTUBHLIN  AenuTenb-AaTynK, NoaKnioYaeMbln
MeXOy BbIXOOHBIMW LUMHAMW KaHanoB BbIpabOoTKM
oTpuLaTeNbHbIX HANPSHXXEHUA. KOHTponMpyeMbIM cur-
Hanom siBnsieTcs noteHuman katoga guoga D12. Mpwu
K3 B Harpyske kaHana -5B unu -12B, noteHunan ka-
Toga D12 nosbiwaetcs (o1 -5,8 go 0B npu K3 B Ha-
rpyske kaHana -12B u go -0,8B npu K3 B Harpyske
kaHana -5B). B nobom 13 3TuxX crnyyaeB OTKpbiBa-
€TCA HOpMarbHO 3aKpbITbll BbIXO4HOW TPaH3UCTOp
Komnapartopa 2, 4To u obycnaenmBaeT cpabaTbiBa-
HMe 3alunTbl MO NPUBEAEHHOMY Bbile MeXaHU3My.
Mpn aToM onopHLIN ypoBeHb ¢ pe3nctopa R27 noaa-
€TCs Ha NPAMOW BXOA KOoMMapartopa 2, a noteHuuan
MHBEPTMPYIOLLEro Bxoda OnpeaensieTcd HoMuHana-
MU peanctopoB R22, R21. 31u peanctopbl obpasytoTt
OBYMONSAPHO 3anuTaHHbIM genutenb (pesuctop R22
nogkntoveH K wuHe Uref=+5B, a peanctop R21 — k
katogy anoga D12, noTeHuman KoToporo B Hopmarsb-
HOM pexunme pabotbl MBI, kak yxe oTmevanochb,
coctasngeT -5,8B). [oaTomy noTeHuman WHBEPTU-
pyloLlero Bxoga Komnapartopa 2 B HOpMarbHOM pe-
XnMe paboTbl NOAAEPXKUBAETCA MEHBLLUMM, Yem Mo-
TEHLUMan npsMoro BXoda, U BbIXOAHOW TPaH3UCTOpP
KoMmnapartopa byaeT 3akpbIT.

3awnTa oT BbIXOAHOIO NEpPEHANPSKEHNS Ha LLUWHE
+5B peanusoBaHa Ha anemeHTax ZD1, D19, R38,
C23. CtabunutpoH ZD1 (c npobvBHBIM HanpsXeHu-
eM 5,1B) nogkrnoyaeTcsa K LMHE BbIXOAHOrO Hanps-
XeHuna +5B. lMoaToMy, Moka HanpsikeHue Ha 3Toun
LWMHE He npeBblwaeT +5,1B, cTabunnTpoH 3akpbIT, a
Takke 3akpbIT TpaH3aucTop Q5. B cnyyae yBennyeHus
HanpshkeHus Ha wWwuHe +5B Boiwe +5,1B cTtabu-
nnTpoH "npobuBaetcsa”, n B 6a3sy TpaH3auctopa Q5
TeyeT OTNMPAIOLLMN TOK, YTO MPUBOAUT K OTKPbIBa-
HUO TpaH3nctopa Q6 M NOSBMEHUIO HanpPsXXeHUs
Uref=+5B Ha BbiBOAE 4 ynpaBnstoLlen MUKPOCXEMbI
U4, T.e. K 3aWiuTHOMY OTKMntodeHuto. Pesuctop R38
aBnsietca GannacTtHbiM  Ang  ctabunutpoHa ZD1.
KoHgoeHcatop C23 npepoTtBpalwlaeT cpabarbiBaHue
3alWWTbl NPU CrlyYarHbIX KPaTKOBPEMEHHbLIX BbIOpO-
cax HanpsbkeHus Ha wwuHe +5B (Hanpumep, B pe-
3ynbTaTe YCTaHOBMNEHUS HaMpshKeHMs1 Nocne ckad-
KOOGPa3HOro ymeHblUeHUs Toka Harpysku). Juog D19
SIBNSIeTCA pa3Ba3bIBAOLLNM.
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Cxema obpasoeaHus curHana PG B gaHHom WBIT
ABnseTca ABYXYHKLMOHaNbLHOM u cobpaHa Ha Komna-
patopax (3) u (4) mmukpocxembl U3 1 TpaHancTope Q3.

Cxema noctpoeHa Ha MpUHUMNE KOHTPOMSA Hanuuns
NEepPeMEHHOr0 HMU3KOYaCTOTHOIO HamnpsKeHUs Ha BTO-
py4HOM OBMOTKE nyckoBOro TpaHcdopmartopa T1, ko-
TOpoe AenCTByeT Ha 3Ton obMOoTKe Nub Npu Hanu-
YU MUTAIOLLErO HaMNPsPKEHUs1 Ha NepBUYHON 0BMOTKe
T1, T.e. noka VBl BKNtoYEH B NUTAIOLLYIO CETb.

MpakTnyeckn cpasy nocne BknodeHus MBI B nu-
TalLWyl ceTb MNOSABMASETCA BCnomMoraTenbHoe Ha-
npsbkeHne Upom Ha koHgeHcaTope C30, KOTOpbIM
3anuTbiBaeTcA ynpaenswowass mMukpocxema U4 n
BcnomorartenbHasa mukpocxema U3. Kpome Toro, ne-
peMEHHOE HanpsXeHne co BTOPUYHOW OOMOTKM nyc-
koBoro TpaHccopmartopa T1 vepes anog D13 un T0O-
KoorpaHudmsarowmn pesmctop R23 3apsixaeT KoH-
aeHcatop C19. HanpsskeHnem ¢ C19 3anutbiBaeTcs
pesucTuBHbIn genutens R24, R25. C pesuctopa R25
YacTb 3TOr0 HaNpPsXKeHUs1 NoJaeTcs Ha NPAMON BXOA
Komnapartopa 3, YTO MpPMBOAUT K 3aKpblBaHWUIO €ero
BbIXOAHOro TpaH3ucTopa. [losBnswoweecs cpasy
BCNneq 3a 9TUM BbIXOLHOE HaMnpsbkeHWe BHYTPEHHEro
OMOPHOro UCToYHMKa MukpocxeMbl U4 Uref=+5B 3a-
nutbiBaeT genutens R26, R27. MNoatomy Ha uHBep-
TUPYIOLLMIA BXO4 KOMMapaTopa 3 nodaeTcs OMOpHbIN
ypoBeHb C pe3uctopa R27. OpgHako 3TOT ypOBEHb
BblOpaH MEHbLUMM, YEM YPOBEHb Ha NPSMOM BXOAE,
W MO3TOMY BbIXO4HOW TpaH3UCTOp KoMnapaTtopa 3
OCTaeTCsl B 3aKpPbITOM COCTOSIHUU. [103TOMY HauMHa-
€TCs MpOoLEecC 3apsagkn 3agepkuBarollen eMKOCTU
C20 no uenu: Upom - R39 - R30 - C20 - "kopryc".

Pactywee no mepe 3apsagku koHaeHcaTopa C20
HanpsbkeHne nofaeTcsl Ha WHBEPCHbIA BXOA4 4 MUK-
pocxembl U3. Ha npsimon Bxo4 3TOro komnaparopa
nogaetcsa HanpskeHue ¢ peauctopa R32 penutens
R31, R32, nogkntoyeHHoro K wuHe Upom. lNoka Ha-
npsbkeHne Ha 3apshkatowemMcsa koHgeHcatope C20 He
NpeBbLILWAET HanpsbkeHnsa Ha pesuctope R32, Bbixoa-
HOW TpaH3nCTOp KoMnapartopa 4 3akpbIT. [1oaTomy B
0a3y TpaH3ucTopa Q3 npoTekaeT OTKPbIBAKLLUA TOK
no uenu: Upom - R33 - R34 - 6-3 Q3 - "kopnyc".

TpaHauctop Q3 OTKPbLIT A0 HaCbILLEHWUs,, a curHan
PG, cHuUMaeMmsbIi ¢ ero Konnekropa, UMeeT NacCUBHbIN
HU3KUIA YPOBEHb U 3anpeLlaeT 3anyck npoieccopa. 3a
3TO BpeEMSs], B TEYEHME KOTOPOrO YPOBEHb HaMPsPKEHWS
Ha koHgeHcaTtope C20 gocTuraeT ypoBHSl Ha Pe3ncTo-
pe R32, VIBIN ycneBaeT HageXHO BbINTU B HOMUHAMb-

HbI pexunm paboTbl, T.e. BCE €ro BbIXOAHblE HaMps-
XXEHUsI NOSIBNATCA B NOMIHOM OObeMe.

Kak Tonbko HanpsbkeHne Ha C20 npeBbICUT Ha-
npsbkeHne, cHumaemoe c¢ R32, komnapatop 4 ne-
PEKIIOYNTCSA, U ero BbIXOOHOW TPAH3UCTOP OTKPOETCS.

3710 noBneyeT 3a cobon 3akpbiBaHWE TpPaH3UCTOpa
Q3, u curHan PG, cHUMaeMbIi C ero KOnneKTopHOM
Harpyskn R35, ctaHoButcs aktMBHbIM (H-ypoBHS) 1
paspeluaeT 3anyck npoueccopa.

Mpw BbikntodeHun UBIT 3 cetn Ha BTOpPUYHOI 06-
MOTKe nyckoBoro TpaHcdopmatopa T1 nepemeHHoe
HanpshkeHne ucyesaeT. [losToMy HanpsikeHue Ha
koHgeHcaTtope C19 ObICTPO ymeHbLUaeTCs n3-3a Ma-
now emkoctn nocriegHero (1mkd). Kak Tonbko nage-
HWe HanpsbkeHusa Ha pesnctope R25 ctaHeT meHbLue,
yeM Ha pesuctope R27, komnapaTtop 3 nepeknto-
YNTCS, U €ro BbIXOGHOW TPAH3MCTOP OTKPOEeTCH. ITO
noenevyeT 3a cobON 3aLMTHOE OTKMOYEHUE BbIXOA-
HbIX HanpsXKeHUn ynpaenswowen mukpocxembl U4,
T.K. OTKpoeTca TpaH3uctop Q4. Kpome Toro, yepes
OTKPbITbIN BbIXOAHOW TpaH3UCTOp Komnapartopa 3
Ha4yHeTCs NPoLEecC YCKOPEHHOW pa3psaku KoHAeHca-
Topa C20 no uenu: (+)C20 - R61 - D14 - k-3 8bIx00-
HO20 mpaH3ucmopa komrnapamopa 3 - "kopryc".

Kak Tonbko ypoBeHb Hanpshkenus Ha C20 ctaHeT
MEHbLLE, YEM YPOBEHb HanpsikeHns Ha R32, komna-
paTop 4 NepekritoYnTCH, U ero BbIXOAHOW TPaH3MUCTOopP
3akpoeTcsa. OTO noBrievyeT 3a cobon OTKpbIBaHUE
TpaHauctopa Q3 u nepexopn curHana PG B HeakTuB-
HbI HWU3KWN YPOBEHb A0 TOro, Kak HayHyT Hegonyc-
TMMO YMEHbLUATbCS HanpsKeHUs1 Ha BbIXOAHbLIX LLUK-
Hax WBI. BTo npuBedeT K uHMUManu3aumm curHana
CcMCTEMHOro cbpoca KoMmnbloTepa N K MICXOQHOMY CO-
CTOSIHUIO BCEW LIMPpOBON HYacTu KOMNbIOTEPA.

O6a komnapartopa 3 1 4 cxembl BbipabOTKN CUTHa-
na PG oxBayeHbl MNOMOXWTENbHBIMU OOpaTHLIMU
CcBA3sMKN C nomoLbio peanctopoB R28 n R60 cooTt-
BETCTBEHHO, YTO YCKOPSET UX NepeKrioyeHmne.

lMnaBHbIN BbIXOL Ha pexum B gaHHom WBI1 Tpa-
OVUMOHHO obBecneuynBaeTcsa npu nomoLm opmMmmpy-
towwen uenoykm C24, R41, nogkntoyYeHHOM K BbiBoAY 4
ynpasnswoowen mukpocxembl U4. OctatovHoe Ha-
npsikeHMe Ha BbiBoAe 4, onpefensioliee Makcu-
MasnbHO BO3MOXHYK ANUTENBHOCTb BbIXOOHBLIX WM-
nynbLcoB, 3agaetca genutenem R49, R41.

MuTaHne aBuraTens BEHTUNATOpPa OCYLLEeCTBMAAETCA
HanpsbkeHueM ¢ KoHaeHcatopa C14 B kaHane Bbipa-
OOTKM HanpsbkeHus -12B uepe3 AOOMONHUTENbHbLIN
pasesasbiBaowmin  -obpasHeim  unetp R16, C15.
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CXEMHbIE N KOHCTPYKTUBHbIE MEPbI BOPbBEbI C

NMOMEXOOBPA30OBAHUEM

Bce anekTpomarHWTHble MOMEXM MOXHO nogpas-
OenuTb Ha KOHOYKTUBHbIE N N3My4YaeMble.

OnekTpomarHuTHas nomexa, co3faHHas B Mpo-
CTpaHCTBE, HasblBaeTCsH U3ny4aemMoW, co3faHHas B
nposogswen cpege — KOHOYKTUBHOW. Kak KOHOyK-
TMBHbIE, TaK M U3Ny4yaemble NMOMEXU, B CBOK O4e-
pedb, MOryT ObITb BHYTPEHHUMU U BHELLHUMMU,

K BHEWwHMM nomexam B MepByl o4vepedb OTHO-
CATCA MPOMBbILLIIEHHbIE MOMEXM, KOTOpble SABMSIOTCSH
0COBGEHHO OMacHbIMU AN NepCOHarbHbIX KOMMbIOTE-
pOB. DTN NOMEXM CO3AAKTCA annapaTypon AyroBow 1
KOHTaKTHOW CBapKu, CUITIOBOM MyCKOPEerynupyoLen
annapaTypour, MPUBOAHBLIMY 3rneKkTpoaBuUraTensmMu,
MeOUUMHCKON annapaTtypon u T.n. Hanpumep, Bknto-
YeHne anekTponasisibHMKa MOXET Bbl3BaTb BblOPOCHI
HanpsXXeHus B CeTU B OECATKM BOMbT, a BKMOYEHWe
JIIOMUHUCLIEHTHOTO UCcTo4YHMKa ceeTta - Ao 1000B!

Honyctumoe cTaHOApTOM OTKIIOHEHME CETEBOrO
HanpsbkeHus coctaensieT +10...-15%. OpgHako B ce-
TAX MEepPEeMeHHOro TOoKa WMEKT MEeCTO KpaTKoBpe-
MEHHbIEe MpoBarbl U BbIBPOCHI HaMPsXKeHUs, NpeBbl-
warowme gonycTUMble HOPMbI, Bbl3BaHHbIE UMMYIib-
CHbIMV MOMExXamu.

BbicokoyacToTHblIE MOMEXV CeTW, MNPOHMKaKLme
Ha Bbixog WBI1 yepes napasuTHble uenu (mexobmo-
TOYHbIE eMKoCcTU TpaHcdopmaTopos UBI, coeamHu-

TenbHble NPOBOAA, MEXOOMOTOYHbIE €MKOCTU ApOoC-
cenen unbTPoB U T.N.), NPUBOAAT K cboto B paboTte
nHTerpaneHbix cxem. OcobeHHO onacHbIMK Ons ane-
MEHTOB CXEMbl KOMMbIOTEPA SIBNATCA MMMNYIbCHbIE
noMexu, amnnnTyaa KoTopbiX MOXET JOcTuratb Ae-
CATKOB BOJSIbT MpPU OJIMTENLHOCTM (PPOHTOB, COCTaB-
NSIOWMX 40NN MUKPOCEKYHA,.
Onsa ymeHbLUeHVs BO34ENCTBUSI BHELLIHUX KOHOYK-
TMBHbIX MOMEX PEKOMEHAYeTCS:
® MEPBUYHOE HamMpsPKEHME NEePEMEHHOro Toka NOABO-
ONTb K KOMMbIOTEPHOW CEeTU OT OTAenbHOM (cobCT-
BEHHOW) TpaHcopMaToOpHON NOACTaHLUMK, NpeaHa-
3HAYeHHOW TONbKO ANsi MUTAHUS! KOMIMbIOTEPOB;

¢ BO n3bexxaHne MPOHUKHOBEHUS BHELLUHUX MOMEX B
Lenb 3MeKTPONUTaHWsl OCYLLECTBNSATbL pPa3BsA3Ky C
MOMOLLBIO LUMPOKOMOJSIOCHBIX MOMEXOMOAABMASOLLNX
PUNBTPOB € BONBbLUNM 3aTyXaHueM.

YMeHbLUeHne BO3OENCTBUSA BHELLUHUX N3MyYaeMmblX
nomex [JoCTUraeTcsi, B OCHOBHOM, 3a CYeT 3Kpa-
HUPOBaHMS.

NCTOYHMKOM BHYTPEHHUX MOMEX, MOFYyLLMX Npu-
BecTM k cbolo B paboTe KommnbioTepa, SABMSEeTCs, B
nepByl oyepenb, €ro COOCTBEHHLIN WMMYMbCHbIN
OnoK NuTaHus.

BOPbLBA C YPOBHEM NOMEXOOBPA3OBAHUA B CXEMAX UBTI

eHepupyemble VMBI nomexu rnaBHbIM o6pa3om
06ycnoBneHbl UMMNYNbCHLIM PEXMMOM paboTbl CUITO-
BblX TPaH3MCTOPOB MHBEPTOPA, BbINPAMUTENBHBLIX U
KOMMYTUPYIOLLMX (peKynepaumnoHHbix) auogoB. Oc-
TanbHble anemeHTbl 1 yanesl UBI (TpaHcdopmaTtopsl,
gpoccenn 1 T.N.) Takke co3JalT MOMEXU U Ccro-
cobeTBYOT MX pacnpocTpaHeHuto. Ocoboe 3HayeHune
UMET pexunm paboTbl STUX INEMEHTOB U UCNOMb3y-
emasi anemeHTHasa 6asa. PaccMmoTpum ocobeHHoCTU
pexxumoB paboTbl anemeHToB U y3nos MBI (puc. 57),
ABMSIOLWLMXCH UCTOYHMKAMM MMMYMbCHBIX nomex. Ha
TpaHcgopmatope PT HanpsikeHne uMeeT npsmMo-
yroneHyto ¢opmy pasmaxom go 310B, anutenbHo-
cTbio ppoHTa 0,2..0,5mKc 4acTtoTon nopsagka 30kIu.
Mepenag HanpskeHus yepe3 MEeXOOMOTOYHYK eM-
KOoCTb TpaHcdopmaTopa CI1 n pacnpeneneHHyo
MEXBUTKOBYIO €MKOCTb CrhaXXuBaroLlero Apoccens
CMN3 nepepaetca B Harpy3ky UBIT. Mpu aTtom no o6-
wemy "3eMnsHoOMYy" KOHTYpPY LIMPKYNUpyeT napasut-
HbIA TOK, KOTOpbIN co3gaeT BC kak B y3nax KOMrMb-
foTepa, Tak U B nepsuyHon ceTn. CnepgosareribHO,
MExX0bMOTOYHast eMKOCTb CUIIOBOr0 TpaHcdopmaTo-
pa SBMsieTCs NPOBOAALLMM 3BEHOM UMMYIBbCHbIX MO-
MEX Kak OT Harpy3ku B NMEpBUYHYK CeTb, Tak U 06-
paTtHO. NS WUCKIMIOYEHUS NapasnTHOrO Toka Heobxo-
AVMO YMEHbLUUTb NapasnTHble MEXOOMOTOYHbIE eM-
kocTn. B coBpemeHHbIX NBI 370, Kak npaBuno, ocy-
LeCTBNAETCHA 3a CYeT KOMMEHCALMOHHOW HaMOTKK
TpaHcdopmMaTopa, YemM yaaeTcs CyLWeCTBEHHO CHU-

3UTb MEXOOMOTOYHYIO EMKOCTb M TEM CaMbIM UCKITHO-

YUTb OBOWHOW 3NEKTPOCTaTUYECKU 3KpaH, KakK KOH-

CTPYKTVBHYIO Mepy, TPagMLNOHHO NPUMEHSIBLUYIOCS B

fbornee paHHMX KOHCTPYKUMSX WMMYMbCHbIX TpaHC-

dopmMaTopoB.

ApyrMM NpOBOAHWMKOM MMMYMbCHBIX NMOMEX SABMs-
eTCA eMKOCTb, 0bpa3oBaHHasi KOMNMNekTopoM CUMoBo-
ro TpaHsuctopa Q2 u pagnaTtopom, Ha KOTOPOM OH
ycTaHoBneH. Ha npaktuke BCTpevalTcs pasfnuyHble
KOHCTPYKTMBHblE BapuaHTbl YCTAHOBKA  CUIOBbIX
TPaH3MCTOPOB Ha paguaTopax, Hanpumep:

e 00a TpaH3MCTOpa YCTaHOBMEHbI C U30NMPYHOLLMMU
npoknagkamm Ha obwem paguatope. Pagmatop
MMeeT ranbBaHN4YecKkylo CBSA3b C MeTannuyeckum
kopnycom WBIT;

e 00a TpaH3uCTOpa YyCTaHOBMNeEHbl Ha obwem pagu-
aTope, HO OOWH 13 TPaH3UCTOPOB (BEPXHEro nreya)
6e3 wusonupytowen npoknagkn. Pagmatop 4epes
KOMNMeKTop HEN3OSNIMPOBAHHOIO TpaH3ncTopa umeet
rarnbBaHU4eckyto cBs3b ¢ wuHon Uep (+310B);

® TPAH3UCTOPbI YCTaAHOBMEHbl Ha WMHAOVBMAYaNbHbIX
pagunaTtopax 6e3 n3onupyoLmx NPoKnagok;

® TPAH3UCTOPbI C U3OSNMPYIOWMMU MPOKNagkamu yc-
TaHOBIEHbl Ha UHAMBUAYanbHbLIX pagnaTtopax. Pa-
ONaTopbl UMEIOT ranbBaHWYECKY0 CBA3b C MeTan-
nunyeckmum kopnycom BT,

B cnyyae, ecnu TpaHsuctop Q2 ycTtaHoBrneH Ha
pagumaTope C M3onupylowen nNpoknagkon, a cam pa-
AuaTtop cBs3aH C 3awWuMTHOM "3eMnen” yepes 3aHyns-
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Puc. 57. NomexoobpasoBaHne n nomexonogasneHme B NBI:
1 - HacTeHHas ceTeBasi po3eTKa; 2 - BUJIKa CETEBOIO LUHYPA;
3 - ceTeBOM LWHYp; 4 - po3eTKka CETEBOro LLHYpa; 5 - BxogHowm cn2 $
ceTeBon pasbem (Bunka) NBI1; 6 - metannuyeckun kopnyc NBIT;

7 - pagmnaTop CUNOBbIX TPaH3UCTOPOB; 8 - BbIXoAHOM pasbem WBIT.

OLLMIA NPOBOAHMK, TO MeXAQY KOMNNEKTOPOM TpaH3u-
cTtopa u paguatopom obpa3syeTcs eMKOCTb OKOMo
150nd (Cr12). B mOMeHT nepekntoyeHust, korga Hanpsi-
XeHVe Ha konnekTope TpaHsucTopa Q2 ckaykom yBe-
nnumeaetca o 310B, a gnutenbHOCTb OpOHTa CO-
ctaBnseT 0,2MKc, nosiBnsieTcst Tok yTeykn okoro 0,3A.
OTOT TOK, MpOTeKasi Yepes 3aHynsoLWuiA NPoBOA, B nep-
BMYHYIO CETb, CO30aET HECUMMETPUYHbIE UMMNYIbCHbIE
NoMexu 1 NPMBOAUT K YBEMNUYEHUIO AMHAMUYECKUX MO-
Tepb Ha CUMOBbLIX TPaH3UCTOpax MHBepTOopa.

Ona ymeHblUeHNa napasuTHbIX TOKOB BKMOYaloT
koHgeHcatopbl CF5, CF3, CF4, koTopble obpasytoT
BHYTPEHHMWI KOHTYP U CO34al0T Lenb A8 NPOTEKaHns
3TMX TOkOB. [lpu 3TOM B 3HAYUTENBHOW CTEMEHU
yMeHbLUaTCA paguonomexu (npumepHo go 15-30
ob) B nepBuyHoOi ceTn, co3gaBaembie MBI, EmkocTu
yKa3aHHbIX KOHOEHCATOPOB BbIOMPAOT M3 Takoro
pacyeTa, 4YTOObl MX €MKOCTHble COMPOTMBMEHUS Ha
4YacToTe NOMEXU BbININ HAMHOMO MEHbLLE NOSIHOrO CO-
npotmeneHus cetn. OBbIYHO E€MKOCTU 3TUX KOHOEH-
caTopoB He npesbiwatoT 5000nd.

lMomexun, cosgaBaemble BbINPAMUTENbHLIMW AKO-
Jamu BTOpuYHOM cTopoHbl UBIT (kak yxe oTmeva-
nocb paHee), o6ycrnoBneHbl UX UHEPLUOHHOCTLIO: B
MOMEHT M3MEHEHUS MONAPHOCTU NMPUINOXEHHOIO Ha-
NPsPKEHNS Yepe3 HUX MPOTEKAKT 3HAYUTESIbHbIE UM-
nynbCHble TOKW. [lepexoaHbln npouecc YCTaHOoB-
NeHns HampshkeHus Ha guogax HocuT konebaTenb-
HbI XapakTep ¢ OOnbLIOW amMnnTygon, KoTopas 3a-
BUCUT OT pacnpefeneHHbIX napasuTHbIX €MKOCTEMN,
obpasyowuxca Mexagy BuTkamu TpaHcdopmaTopa,
OT MHAYKTUBHOCTU pacCcesiHNA BTOPUYHON OOMOTKM, K
KOTOPOW MOAKMOYEH OaHHbIN BbINPAMUTENbHbLIA ON-
oL, U BPEMEHU BOCCTAHOBMEHMS 0BpaTHOro Comnpo-
TUBIEHUSA AaHHOIO BbiNpAMUTENbLHOrO Anoaa. Kpowme
TOoro cobcrBeHHas 6GapbepHas eMKOCTb auMoga obpa-
3yeT C MHOYKTMBHOCTbIO paccesiHus BTOPUYHOW 0O6-
MOTKM MNapasnTHbIN konebaTtenbHbI KOHTYp. Ha-
npsbkeHne yaapHoro kKornebaHus MOBLILEHHOW Yac-
TOTbl CO34aeT UMMYNbCHbIE MOMEXW, KOTOPblE Mpo-
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HUKalOT B Harpysky v NepBUYHYIO ceTb. [nsi CHumXe-

HWUS1 YPOBHS 3TUX NOMEX AMOAbl U BTOPUYHbIE OBMOT-

KM TpaHcdopmaTtopa 0ObIYHO LUYHTMPYHOTCH YCMoKa-

nearowmmm RC-uenoukamu, Gnarogapst yemy yaap-

Hoe konebaHue 3aTyxaeT. MexaHuam paboTbl Takon

RC-uenoykm 6611 onucaH BbliLLe.

Kpome TOro, HeckomMneHcuMpoBaHHblE BbICOKOYa-
CTOTHble TOKW co3gatoT BHyTpu u Bokpyr WBIT 06-
nacTb 9MeKTPOMAarHUTHOro nonsi Nomex. OTo none
HaBoauT napasuTHble OOC B NpoBOAHMKAX, ane-
MeHTax u y3nax UBIl n cxembl kKoMnbloTepa, Haxo-
OSLLMXcs B 9TOM 06nacTu.

Hanbonee addekTMBHbIMN Mepamn 6opbbbl Npo-
TMB 3MEKTPOMarHUTHbLIX HABOOOK SIBMSIOTCS:
® yMEHbLUEHNE NOLWaden 3aMKHYTbIX KOHTYPOB, KO-

TOpble MOryT ObiTb Kak MCTOYHUKaMW, Tak U npwu-
€MHMKaMM BbICOKOYACTOTHbLIX NMOMEX;

e pasgeneHne uenen nepemMeHHOro TOKa, CUMOBbIX
uenen n Lenen n3mMepuTenNbHO-YCUNUTENbHbIX ane-
MeHToB obpaTtHom cesasun UBIT.

Momnmo 3TOro, CBMBalOT MNpoBoAa TakK, 4YTOObI
CyMMa TOKOB OAHOMO HamnpasSieHWsi B TOYHOCTU paB-
HANacb CyMMe TOKOB APYroro HamnpasrfeHusi, 1, npu
Heo6XoOMMOCTHN, IKPAHMPYHOT UX.

O pekTUBHLIM CPEACTBOM YMEHBLUEHUSA KOHOYK-
TUBHbIX Nomex, co3aaBaeMbix MBI, senaetca Bknto-
YeHne no BXOAy, CBA3AHHOMY C MEPBUYHOWN CETbIO,
nomexonogaBnawLmMx uUNbTPoB, KOTOpble OOHO-
BPEMEHHO YMEHbLUAT BNUAHWE HECUMMETPUYHbIX
nomex, punbTpbl, NOAABNAS BHELLUHUE U BHYTPEHHME
NMOMeXxu, MOBbILAKT HAAEXHOCTb paboThbl y3rI0B KOM-
NblOTEPOB M obecneumBaldT HoOpManbHyto paboTy
OPYrMX YCTPONCTB, BKITKOYEHHBIX B OOLLYIO C KOMMbLO-
TEPOM MEPBUYHYIO CeTb. B OCHOBY MOCTpPOEHUs yka-
3aHHbIX PUNbTPOB 3arnoxeHo [-obpasHoe, T-o6pas-
Hoe unun [1-o0pasHoe coeguHeHWe Apoccens U KOH-
OeHcaTopoB. BHocumoe 3atyxaHue dunbTpa B NOno-
Ce ero nponyckaHus XapakTepusyeTca nageHuem
HanpsbkeHus Ha unbTpe, KOTOpoe OObIYHO COo-
ctaBnset 1..2% HOMWHANbHOIO HaNpPsKEHUs1 CETH.




PaboTy anemeHTOB hunbTpa yagobHO NpocneauTs,
aHanMampys MexaHu3m NoMexornoaaBneHus.

OpHako anst Toro HeobXxoANMO BBECTU MOHATUS O
CUMMETPUYHON N HECUMMETPUYHOMN NOMEXax.

NcTouHMK nomex, B Ka4eCcTBE KOTOPOro MOXET Bbl-
CTynaTtb, Hanpumep, nepeBuyHasi ceTb, CO3AaeT MeX-
Oy NpoBoAaMU NUTAHUSA HaMpsbKeHMe Nomexu, Hasbl-
BaemMoe CUMMETPUYHLIM Unu anddepeHumnansHbIM,
a TakKe HanpsbkeHusi Mexay KaxabiM npoBoAoM W
kopnycom WBI1, HasbiBaeMble HECUMMETPUYHbLIMU
U1 cMH@Aa3HbIMN Hanps>KeHNAMN pagnonomex.

OTtciopa cnegyeT, 4YTO HEOOXOAMMO YYuTbIBaTb
oba Bmaa BbLICOKOYACTOTHBIX MOMEX Kak Ha Bxoae
MBI, Tak 1 Ha ero Bbixoge. OuddepeHumansHasa
U CMMMETPUYHas nomexa u3mepsieTcsa mexagy
OBYMS NOM0CaMy LUNH MUTaHUS.

BTopoln BMA — CUH(a3HOE Min HECUMMMETPUYHOE
HanpsbkeHne MoMexm — U3MepsieTcs OTHOCUTENBbHO
mMeTannuyeckoro kopnyca MBI ¢ kaxgbiM 13 nonto-
COB LUWH NUTaHMs (BXOOHBLIX U BbIXOOHBIX).

[nsa BxoaHou n BeixogHou uenen UBI

Unom. dughep. = U'nom.c - Urom.c,

roe Unom.gndpd. - andbdepeHumansHoe Hanps-
XeHue nomexu Ha wwuHax MBI (BxogHbIX unu Bbl-
xogHbIx); U'nom.c, Unom.c - cuHdasHble Hanpsike-
HUA MOMEXWM Ha MOSIOKUTENbHOW U OTpuuaTeNbHON
LUMHaX COOTBETCTBEHHO.

PaccmoTpumMm, Hanpumep, cnyyaun, Korga CuM-
MeTpudHasi nomexa BosgencTeyeTt Ha cxemy UBIT co
CTOPOHbI NuUTatowwen cetn. [lna aHanusa BOCMNOMb3y-
emcs puc. 57.

30C nomexu e, npunoxeHa ko Bxoay VBI mexay
dasHbIM U HyneBbIM MPOBOLAOM CO CTOPOHbI CETW.
KonHpeHcaTtop CF1 npegctaensieT coboit 04veHb
DonbLIoe conpoTMBNEHME AMs NUTAaLWEro Toka npo-
MbILLIIEHHOM YacToTbl, M MO3TOMY 3TOT TOK 4epe3
koHgeHcaTtop CF1 He oTtBeTtBnsieTcsA. [Ans umnynbc-
HOr0 BbICOKOYACTOTHOIO TOKa MOMEXM 3TOT KOHOEH-
caTtop, HanpoTMB, MMEEeT OYeHb Marioe ConpoTuBIie-
HWe, 1 No3ToMy BoMnblUas YacTb TOKa NMOMEXW 3aMbl-
KaeTcHa yepes Hero.

OpHako ogHoro Tonbko KoHaeHcaTopa CF1 oka-
3blBA€TCH HEJOCTAaTOMHO ANis MOMHOro nofaBrieHus
nomexu. NoaTomy fanee BknoYaeTca ABYXOOMOTOY-
HbI apoccenb LT, HasbiBaeMblli Takke HENTpanunsy-
towmm TpaHcgopmatopom. O6moTkm | u Il LT nmetot
O[VHAKOBOE 4MCMO BWUTKOB M HaMOTaHbl HA OAHOM
cepaeyvHuke. HanpaBneHne HaMoTkM 0b6enx oOMOTOK
cornacHoe. M3 atoro cnefyeTt, YTO MOME3HbIA TOK
NMPOMBILLITIEHHON 4acTOoThbl, NPOTEKAKOLWMNA N0 OBMOT-
kam | n Il B npoTMBOMONOXHbLIX HanpaeneHusix, oyaet
co3faBaTtb B cepaedHuke LT gBa paBHbIX BCTPEYHO
HamnpaBfEHHbIX MarHUTHbIX MOTOKA, B3aMMHO KOM-
neHcupyrowmnx apyr gpyra. lNoatomy HesaBucumo ot
BEMMYMHbI NOTPEONAEMOro OT CETU TOKa CepaeqHUK
LT He OygoeT HamarHM4MBaTbCs, @ 3HAYUT UHOYKTUB-
HOCTb 06enx ero oOMoToK ByaeT makcumanbHa. He-
CMOTPS Ha 3TO, U3-3a TOro, YTO NUTAILLMIA NOME3HbIN
TOK MUMEET HU3KYH MPOMBILLMIEHHYI0 4YacToTy, 0OMOT-
kn LT He ByayT okasbiBaTb €My CKONbKO-HWOYOb 3Ha-
YMTENbHOrO CONPOTUBMEHUS. BbICOKOYACTOTHLIN Xe
TOK Nomexwu byaeT 3agepkmMBaTbCs 3TUM OpOCCENneM.
Mpu atom, Gnarogapsa TpaHcdopmMaTOpHOMY BKMHO-
YEHM0, UHOYKTUBHOCTb Kaxaon ud obmoTtok LT Bos-
pacTaeT Ha BENWYnHy B3aMMHON WHAYKTMBHOCTU M.
OT0 00ObACHAETCA TEM, YTO MarHUTHble MOTOKU OT
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BbICOKOYACTOTHOTO TOKa MOMEXW TOYHO TaKke B3a-
WMHO KOMMEHCUPYHOTCSH, KaK U MOTOKM OT NuUTaloLLEero
TOKa NPOMbILIEHHON YacToThbl. [10aTOMy cepaeyvHuK
LT He HamarHu4yeH, a MarH1THas NPOHMULLAEMOCTb ero
MakcumarnbHa. Ecnn 6b1 BMecTo LT B Kakgon nposof,
cetn Obin Obl BKMOYEH OTAENbHLIN Apoccenb, TO
npoTeKawLwWmMin TOK HamarHmumsan Obl cepaeyHUKK
3TUX gpoccenen, B pesynbraTte Yero Ux MarHuTHas
npoHuUaemocTb Obina 66l MeHblle. CnegoBaTernbHO,
W WHOYKTUBHOCTM 3TUX Apoccenei (Npu TOM Xe Yuc-
ne BUTKOB) ObINn Bbl MEHbLUE, YEM B Cly4ae pasme-
LLeHUS UX Ha obLLemM cepaeyvHuKe.

W, HakoHeL, ocTaTovyHasd aHeprus MoMexm nonas-
nsaetcsa koHgeHcatopom CF2, koTopbli 3aMblkaeT
yepes cebs OCTaBLUYOCH YacTb TOKa BbICOKOYaCTOT-
HOWM nMomexwm, npoweawyto vyeped LT. OgHako ocHoB-
HOe Ha3HayeHMe 3TOro KoHAeHcaTopa 3aKm4vaeTcs
He B 3TOM. BbecTpaHcdhopmMaToOpHbIA MOCTOBOWN Bbl-
npavutens D1-D4 Takke sBnsieTca reHepaTopom
BbICOKOYACTOTHbBIX MOMEX. JTO CBA3AHO C MMMYIbC-
HbIM XapaKTepoM ToKa Yepes BbINpsMUTENb U B 3Ha-
YNTENbHOW Mepe 3aBUCUT OT CBOWCTB MONynpoBoOa-
HWKOBBIX OMOA0B BbINpsiMMTENs (KPYTU3HbI BOMbTaM-
NMepHOWM XapaKTepUCTUKM, MHEPLMOHHOCTK). Kak yxe
OoTMeYarnocb paHee, MpoLecC BOCCTaHOBMEHUs 06-
paTHOro COMpOTMBIIEHNS OUOA0B NPV KOMMYyTaUun He
SIBNSE€TCA MrHOBEHHbIM. [lo3TOMy npu cmeHe no-
NSIPHOCTM MPUIOXKEHHOTO HaMNpPsPKeHUst Yepes amoapl
nepBoHaYanbHO MPOTEKAT UMNYIbCHblE ObpaTHbIE
TOKW, 00YCNoBneHHbIe paccacbiBaHUEM U3ObITOYHBLIX
HocUTEnen, HakonneHHblx B 6ase 3a BpeMs OTKPbI-
TOr0 COCTOSAHMUSA. DTN UMMNYMbCHbIE TOKU U SABMSIOTCA
nomexamu, reHepupyembiMU CETEBbIM BbINPAMUTE-
nem. KongeHcaTtop CF2, BKNIOYEHHbIN B guaroHarnb
BbiNpsiMuTensHoro mocta D1-D4, 3ambikaeT 4epes
cebsa MMNynbCHbIE TOKN NOMEX, NPENATCTBYS UX MPO-
HUKHOBEHMIO B NUTAIOLLYO ceTb U Harpy3ky VBIT.

Heobxooumo oTmMeTuTb, YTO ANS paspsgKkd KOH-
JEeHCaTopoB CEeTEBOro (hunbTpa MOCMe BbIKMOYEHWS
MBI n3 cetn Ha Bxoge ceTeBOro ounbTpa MOXeT
BKITHOMaTbCH BbICOKOOMHbIN pe3uctop (R1 Ha puc.57).
BknioyeHne Takoro pesucrtopa obycnosneHo Tpebo-
BaHUSAMW TEXHUKM Be3onacHocTh npu pemoHTe UBIT.

Ona npepoTBpalleHns MPOHUKHOBEHUS HECUM-
METPUYHBLIX WMMYMbCHBLIX MOMEX M3 CUMOBOr0 WH-
BEpTOpa B Harpy3Ky Yyepes oM NpoBO4 BTOPUYHOM
CTOPOHbI, B cxeMax HekoTopbix MBI aTtoT o6l
NpoBO4 HE MMeEeT rarnbBaHU4YeCKOW CBA3W C MeTar-
nudeckum kopnycom MBI, a nogkntodeH K Hemy 4e-
pe3 [OonoSHUTENbHbIM PULTPYIOLLMIA KOHOEHCATOp
Manon emkocTu. [pu TakomM BKIOYEHUN OGornbluas
YacTb TOKa UMMNYMbCHOW MOMEXWU 3aMblkaeTcs yepes
3TOT KoHAeHcatop BHyTpu cxembl WBI. Ha cxeme
puc. 56 Takum KoHAaeHcaTopoM sBnseTtca C31
(10Hp/1kB). C gpyron ctopoHbl, CF5 (pnc.57) B He-
koTopbix cxemax WBI moxeT oTcyTcTBOBaTh. Hanu-
yne CF3, CF4 (puc.57) — obszatenbHo 1 npepoT-
BpallaeT MPOHUKHOBEHNE HECMMMETPUYHBIX UM~
NyNbCHbIX MOMEX B MUTAIOLLYHO CETb.

B 3akntodeHue crieqyeT ckaszaTb HECKOMBKO CIIOB O
pacnonoXeHnM NnaBkoro npegoxpaHutens. Bo Bcex
KoHCTpyKumax UIBIM npegoxpaHntens pacnonaraeTtcs
Kak MOXHO 6nwxe k mecTy BBoga B kopnyc VB[ ne-
PEMEHHOr0 NUTaHWs, T.e. NpegoxpaHuTens Bcerga
ycTaHaBnueaeTcs nepeq cetTeBblM PunbTpoM. MiHave
MBI 6bin 6bl HE rapaHTMPOBAH OT MOBPEXAEHUSA MpU
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K3 B anemeHTax ceTeBoro unbTpa. OgHako 3To
NPUBOAUT K MOSIBNIEHMIO JOMOSHUTENbHBIX NMPOBOAOB
nepen ceTeBbiM (PUIbTPOM, KOTOPbIE MOFYT reHepu-
poBaTb (Kak aHTEHHbl) CeTeBble 3MEeKTPOMarHWTHbIE

BEHTUNATOP

BctpoeHHbin B VBl nepcoHansHOro kommnbioTepa
BEHTUNATOP BLIMNOMHAETCS Ha OCHOBe [BYXxdasHOoro
BEHTUINBHOrO ABUraTensi MOCTOSIHHOrO TOKa C BHEL-
HuM potopoM. OcTtaHoBuMcs noapobHee Ha yc-
TPONCTBE M MpWHUMNE PaboTbl BEHTUNBbHOIO ABMra-
Tens. lpvmeHeHne O06bIYHOrO KOMMEKTOPHOro ABW-
ratensi MOCTOSIHHOTO TOKa B KOMMbIOTEpe Hepony-
CTUMO, T.K., BO-MEPBbIX, OH SABMSAETCH MWCTOYHUKOM

Puc. 58. 3ddekt Xonna: a - B NonynpoBogHUKe p-Tuna,

© - B nonynpoBogHuke n-Tvna. 1 - aNeKTpoHsbl, 2 - ObIPKW.

Puc. 59. OkBmBaneHTHasa cxema gatyuka Xonna.

3MEeKTPOMarHUTHbIX MOMeX, a, BO-BTOpbIX, Tpebyet
CMCTEMaTUYECKOr0 PEMOHTA, CBA3AHHOMO C MeXaHu-
YEeCKMM M3HOCOM LLIETOK. [03TOMY NPUMEHSIIOTCA BEH-
TUNbHblE OBUNaTenn B GeCKOJ'IJ'IeKTOpHOM BapunaHTe
ucnomnHeHus. B Takom gsuratene Ha poTope pacro-
JTOXXEeHbl MNOCTOAHHbIE MarHuTbl, co3gakwwme MarHuT-
HbI MOTOK BO30YXAEHMs, a 0OMOTKa sIKOpS pacnosio-
KeHa Ha cTaTope (obpalleHHas KOHCTpykuusi). MuTa-
HMe oOMOTKM CTaTopa OCyLLEeCTBRSeTCs Takum obpa-
30M, YTO MEXAY ee HaMarHU4MBatoLLEN CUION U NOTO-
KoM BO3OYxxAeHWs coxpaHsieTcs cmeweHne B 90 rpa-
aycos. [Npun BpalarolemMcs poTope Takoe NoroXeHve
MOXET COXpaHWTbCA B pesynbTaTe NepeKToYeHns
obmoTok cTtaTtopa. pu nepeknioyYeHMn OOMKHbI Bbl-
MONHATLCA ABA YCIOBUWSA, COrMacHO KOTOPbIM OBMOTKM
CTaTtopa AOOJKHbl Nepekni4vyaTbCA B OﬂpeﬂeﬂeHHbIVI
MOMEHT BpEMEHM W C 3afdaHHOW nocrnegoBaTerb-

nomMexu. HOSTOMy KOHCTPYKTUBHOE WU3MEHEHue Tno-
JNIOXEHNA npenoxpaHuTend Mnpu peMoHTE HeXxena-
TeJlbHO.

HOCTb10. [1py aTOM MONOXEeHUe poTopa onpeaenseTcs
C NMOMOLLIbIO AaTyMKa MOSIOXKEHWS!, B Ka4eCTBe KOTOpO-
ro obbl4HO ucnonb3yetcs AaTyuk Xomnna. Jatymk no-
NOXEHWs ynpaBnsaeT paboTon SMEeKTPOHHbLIX KIoYen
(TpaHancTopoB). Takum 0bpa3oM 3NEKTPOHHAast cxema
COCTaBNSAET HEOTBEMIIEMYIO YacTb 6ECKONNEKTOPHOIO
BEHTUIBHOrO ABWUraTerns, MOocKomnbky 6e3 Hee HeBO3-
MOXHa ero HopmarnbHas paborTa.

PaccmoTpum npuHUMN AeNcTBMS anemeHToB Xon-
na. MNpu npoTekaHun anekTpuyeckoro Toka Ic no no-
NynpoBOAHMKOBOW NNacTUHKE, PacronoXeHHOW nep-
NeHOUKYNSPHO MarHUTHOMY MO0, B MAACTUHKE Ha-
Boantca QC Ey, HanpaBneHue KOTOpPOW nepneHam-
KyNspHO Kak TOKY l., Tak M MarHUTHOW uHaykuumn B
(puc. 58). Mockonbky JOC penctByeT Ha 3aps-
KEHHbIE YacTuubl (3NEKTPOHbI MMM ObIpKM) B COOT-
BETCTBMM C MPaBWUIIOM FIEBOW PYKW, TO 3apsPKEHHbIE
YacTuubl CMeLLalTCs K NEeBOW CTOPOHE MONynpoBoa-
HUKoBOW nnacTuHkn. MonapHocTte J3AC 3aBucut OT
TMNa NPOBOAUMOCTM MOSYNPOBOAHMKA (P- MW N-TWM)
WU HarnpasfeHna BeKTopa MarHUTHOW uHAaykuuun B.
3Hauyenne JM1C, HasbiBaemon HanpshkeHuem Xonna,
onpegenseTcs Kak:

E;=-(I/d)BI.Ry,
roe R, — noctosiHHaa Xonna; |, — TOK Yyepes nnacTuH-
Ky; B — MmariutHast nHgykums; d — TonwmHa nnacTuHKK.

lMonynpoBogHUKOBbIE MpUBOpPBI, NpeAHasHavyeH-
Hble Ons onpedeneHnst MarHMTHbBIX NOonew, HasblBa-
loTCHa gatymkamu Xonna.

B coBpeMeHHbIX BEHTWUIbHbBIX ABUratensix nocTo-
AHHOrO TOKa LUMPOKO MPUMEHSITCA AaTtyMku Xonna
n-Tuna Ha ocHoBe InSb n GaAs.

PaccMoTpym npuHUMN onpeeneHus NonoXeHus
poTopa C NOMOLLbIO AaTymka Xonna.

Ha puc. 59 nokasaHa akBMBaneHTHas cxema gar-
ynka Xonna, npeacTaBreHHass B BUAE LENu c Je-
TbipbMs BbiBogamu. Kak Obino nokasaHo Bbille, npu
NPOTEKAHUN YNpPaBMSIOWEro Toka UK Toka cMmelle-
HMA Ic, oT BbiBOAa 3 K BbiBOAy 4 anemeHTa Xornna,
MOMELLEHHOIO B MarHUTHOE Mosie, BEKTOP WHAYKUMM
KOTOPOro MeprneHOVKYNsapeH MOCKOCTUM 3MEMEHTa,
Ha BbIBoAax 1 1 2 anemeHTa HaBOAUTCS XOJNOBCKOE
HanpsbkeHue Eyn. Ecnn npeanonoxutb, Yto R1=R2 u
R3=R4 n npuHATb BbIBOA 4 3a OOLLYI0 TOUYKY CXEMBI,
TO noTeHumanbl BbIBOAOB 1 M 2 paBHbl COOTBET-
cTBeHHO En/2 w -En/2. Janee npu nM3mMeHeHUU Ha-
npaBneHnst MarHUTHOIO MONSi MEHSIETCA MONSIPHOCTb
HaBOOMMOIO Ha 3NIEMEHTE HanpPsKEHUS, YTO Mokasa-
HO Ha puc. 60. [NoaToMy ecnu pasmMecTUTb 3NEMeEHT
Xonna B6nu3n potopa C NOCTOSIHHBIM MarHMToM, TO
3TOT 3NIEMEHT TOYHO BbISIBNSAET MOJIOXKEHME MOSHOCOB
N 3HAYeHWEe MarHUTHOW WHAYKLUMW, TeHepupys Bbl-
BOOHble HanpskeHns Epq 1 Epp.

Ha puc. 61,a nokaszaH NpOCTENLLUNA BEHTUSbHbIN
ABuraternb NOCTOSIHHOrO TOKa. C anemMeHToMm Xonna,
pacnonoxeHne KOTOPOro mM3obpaxeHo Ha puc.61,0.
Ons ynpasneHusa Tokamu B obmotkax W1 n W2 BblI-
XOAHble cUrHarnbl gatymka Xosnna nocTynatT Ha BXOZ4
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Puc. 60. KpnBble BbIXOAHbIX HANPsXXeHW AaTynka
Xonna; N,S - nontoca potopa.

TpaHsuctopoB VT1, VT2. Ha punc.62 nokasaHbl cne-
ayloLume CoCTOSAHUSA BpaLlatoLLerocsa potopa:

a) anemeHT Xonna onpegensieT ceBepHbIN NOC
MOCTOSIHHOIO MarHuTa poTopa U nogkntoyaet obmoT-
Ky W2 Takum obpas3om, 4To Ha noniocHoM Galumake
0OMOTKM 0OpasyeTcs KOXKHbIW MOMKC, BbI3bIBAOLLNNA
BpalleHMe poTopa NPOTUB YacOBOW CTPENKu (Tak Kak
pa3HOUMEHHbIE MONoca NpuTdarMBatoTcs) (puc. 62,a);

6) anemeHT Xonna BbIXOAWUT N3-Nog 4eNCTBUA Mar-
HUTHOTO MONSA, YTO MPMBOAWUT K 3anMpaHunio oboux
TpaH3ucTopoB 1 obectoumBaHuo oomotok W1 n W2,
PoTop npogomkaeT no MHepuMu BpawaTbCs NPOTMB
yacoBow cTpenku (puc.62,6);

B) aneMeHT Xonna onpefensiet HXKHbIA MOoMnoc
poTopa u nogkntoyaetT oomoTky W1 Takum obpasom,
YyTo Ha nomntocHoMm 6Gawmake oBbmMOTkM 06pasyeTcs
IOXKHBIA MOJIIOC, NPUTArMBAIOLWNA CEBEPHbIA NOMIC
poTopa, U MNpoAoImkas TakMM obpas3oM BpalleHue
poTopa NpoTVB 4YaCoBOW CTperkn (punc.62,s).

W1

VT1:'——HX+
w

if

J
1

Puc. 61. lMpuHUMN OENCTBUS BEHTUNBHOMO ABUraTenst
NMOCTOSAHHOIO TOKa, UCMOSb3YOLLEro anemMeHT Xonna.

U3 puc. 62 cnegyet, 4TO Mpu BpalleHMM poTopa
cywiecTByloT OBe "MepTBble TOYKW", NpM KOTOPbIX
anemeHT Xonna He MOXeT OnpeaenuTb Hanpasre-
HWEe MarHUTHOro nons (NMHUK Nonga HanpasneHbl na-
pannenbHO AaTyuKy), a 3Ha4yMT B OOMOTKax He Mpo-
TEeKalT TOKM, Cco3JatloLlime IeKTPOMAarHWUTHbIA MO-
MeHT. CnegoBaTenbHO, CyLEeCTBYET BEPOSATHOCTb OC-
TaHOBKM Takoro gsuratens B "MepTBon Touke". Npon-

67
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W1 ///E

Puc. 62. CosgaHue aneKTpoMarHATHOrO MOMEHTA,
BpalleHne U kKoMMyTaums 0OMOTOK aBuratensi.

TW TaKyl0 TOYKY POTOP MOXET TOSbKO MO MHEpLUN U
NMLWb NPy ManoM 3Ha4YeHMM MOMEHTa TPEHUsI Ha Ba-
ny. MNMpobnema "MepTBbIX TOYEK" ABMAETCH rMaBHbIM
HeJOCTaTKOM BeHTUNbHbIX ABuratener. OCHOBHbIM
METOAO0M YCTpaHeHusi "MepTBbIX Toyek" B AByxdas-
HbIX BEHTWUMbHbBIX ABUraTensx SBMASeTCA WMCMNonb30-
BaHWe NPOCTPAHCTBEHHOrO rapMOHUYECKOTO MarHuT-
Horo nons. [lonyyeHwe Takoro nonst 4OCTUraeTcs
nmbo C NOMOLLBI0 HEPABHOMEPHOIO BO3AYLUHOMO 3a-
30pa Mexay poToOpoM M CTatopoMm, MMBO C MOMOLLbIO
OOMONHUTENBHBIX MOMCOB CTaTtopa U HaMarHn4nBa-
Hua potopa B nocnegosatenbHocTn N-0-S-N-0-S (O -
obnacte poTopa C OTCYTCTBUEM HaMarHU4YMBaHWUA,
N,S - obnacti potopa, HaMarHM4eHHbIE CEBEPHBIM U
IOXXKHBIM MOMOCOM COOTBETCTBEHHO). He BAaBasich B
JanbHenwmne nogpobHOCTU, OTMETUM NULLb, YTO Ha
npakTMke BCTpeYalTCs ABUrateny Kak nepeoro, Tak
n BTOpOro tvna. Ha puc. 63,a,6 nokasaHbl nonepeu-
Hble cevyeHnss 06onx TMNOB ABUraTenen.

Onsa ycuneHuns BbIXOOHbIX CUTHANoB AaT4yu-
ka Xornma COBMECTHO C HUM HeobxoauMmMmo uc-
nonb3oBaTb OAWH Mnn BGonee TpPaH3UCTOPOB.
B HacTosiee Bpems Ha OAHOM KpucTanne
yCTaHaBNMBaKT Kak anemMeHT Xonna, Tak u
HEKOTOpPbIE 3MEKTPOHHbIE CXeMbl, 0Opasys
XOMNMOBCKYl0 UHTerpanbHyto cxemy (XWC).
BHewHun Bug tunudHon XUC, a Takke ee
dYHKUMOHaANbHas cxema, Mok3aHbl Ha puc.
65.

BbixogHon curHan gatymka Xonna 1, npea-
BapUTENbHO YCUIMEHHbIA ONEPaLMOHHBLIM YCU-
nuTenem 2, NoCTynaeT Ha BXOZ, BbIXOOQHOMO Kac-
kaga 3. BeixogHon curHan XUC ynpaensieT co-
CTOSIHUEM CUIIOBOIO TPAH3MCTOpa, PEerynvpyroLLero
TOKM B 0OMOTKax Auratens.

Cywectytor asa tuna XWC: nuHerHble u pe-
nerHble. Ha puc. 66 n3obpaxeHbl XapakTepUCTUKK
yyBcTBUTENBLHOCTU XUC 06omx TunoB. Beibop Tuna
XUC 3aBMCUT OT KOHCTPYKUMM M oBnactn npumeHe-
HWUst gBuraTensi.

PaccmoTpym B kavecTBe mpumepa paboTy npuH-
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Puc. 63. CeyeHne aByxcasHOro BEHTUMNBHOMO ABUraTernsi ¢ BHELHUM POTOPOM:

a) - C HepaBHOMEPHbIM BO34YLUHbIM 3a30pOM; 6) - C 4OMNONHUTENBHBIMY HEMOABVXXHLIMU MOHOCAMU;

1 - dheppunTOBBLIA NOCTOAHHBLIA MarHuT ( @) - 4 NONKOCHbLIN, 6) - HaMarHUYeHHbIM B NOCNea0BaTENbHOCTH
N-S-O-N-S-0); 2 - xonnosckasi MHTerpansHas cxema; 3 - MarHUTONpPoBOA (PMO) SIKOPS;

4 - MarHMTOMpPOBOA cTaTopa; 5 - oOMOoTKa cTartopa.

Puc. 64. BudunspHas obmoTka: © - dpasa A; @ - chasa B.

_!_ Unut
gL
e 2 3 Bbixog
ooLw.

a) 6)

Pwuc. 65. Xonnoeckas nHterpansHasi cxema (XUC) (a) n ee
dyHKUMOHanbHbIN cocTai (0): 1 - anemeHT Xonna;

2 - andpcbepeHumnanbHbIn yeunuTesnb; 3 - BbIXOOAHOW Kackag,.

LUMNManbHOM CXeMbl ABUraTens BeHTUnsitopa Super-
Ultra mogene SU8025-M (TamBaHb) (puc. 67). 3T0T
ABuraTenb MMeeT crneayloliMe OCHOBHble TEXHU4Yec-
Kne XapakTepPUCTUKN:

o HanpshkeHne nutaHua 12V DC;

e noTpebnsemein Tok 120mA.

XNC HG tuna UF1301 ynpasnsieT cCOCTOSHUEM
TpaHauctopoB Q1, Q2. TpaHsucTopbl paboTaloT B
KMIO4YEeBOM peXnMe 1 COCTOsSIHME UX Bcerga npoTuBo-
nonoxHo. Moatomy Tok npoTekaeT 4yepe3 obe dasbl
0oOMOTKM cTaTopa noo4yepegHo, T.K. aTn dasbl nod-
KntoveHbl K konnektopam Q1, Q2. ObmoTka craTopa
COCTOUT M3 YeTbipex KaTyllek, Mpu 3TOM OOMOTKM
nepBon 1 BTOpoKn a3 HamaTblBalOTCSA COBMECTHO Ta-
Knm obpasom, Kak 3TO MokasaHo Ha puc. 64. Mar-
HUTHbIE NOMSIPHOCTM 3TUX OBMOTOK Y KaXdoro u3 no-
NOCOB ABuraTensl NPOTMBOMONOXHbLI ApYr Apyry. Ta-
KoM Tvn oBMOTKMN Ha3biBalT BUUNApHON 0BMOTKOMN.
OTo no3BondeT 3anuTbiBaTb 0b6e O0OMOTKM Ha-
NPsPKEHNEM OLHOW MOSNAPHOCTM.

UsbIx,B
A
Un=5,5B ! o
Un=5,0B 47 ! )
Un=4,5B 34 i
9. A i V
oL
25 0 +25  BwT 25 0 +25 BT

Puc. 66. Xapaktepuctuku XUC nuHerHoro (a) n
penewHoro (6) Tnna.

B 3aBMCMMOCTM OT NONOXEHMSA poTopa Ha BbIxoae 3
XWNC BobipabaTbiBaeTcs curHan L- unu H-yposHs. Ecrin
Ha Bbixoge XWC BbipabaTbiBaeTcsi curHan L-ypoBHs,
TO TpaH3ucTop Q1 OygeT 3akpbIT, a TpaHauctop Q2
OTKpbIT. [1pM 3TOM TOK, CO3QaOLWMIA MarHUTHBIN NOTOK
BO30OYXOeHWs,, MpoTekaeT 4vepe3 oOMoTkm chasbl B.
Korga poTtop noBopayvMBaeTcsi U BEKTOP MarHWTHON
WHOYKUMKW, NOPOXOAEMbIN MarHUTHBIM NOMEM poTopa,
MEHSIET CBOE HarnpaBrieHue, T0 Ha Bbixoge 3 XNC BblI-
pabatbiBaeTca curHan H-ypoBHs, TpaHauctop Q1 6y-
OeT OTKpbIT, a TpaH3ucTop Q2 3akpbIT. [pyn 3TOM TOK,
CO30al0LLMI MarHUTHbIA MOTOK BO30OYXXAeHWs, npoTe-
KaeT 4yepe3 oOMOTkM basbl A, U PoTOp MPOAOIDKaeT
BpaLLEeHVe B TOM e HarnpaBlieHUN.

M3 ckasaHHOro cnegyer, 4To npu paboTe gsuraTe-
ns BeHTUNSATOpa Yepes dasbl 0OMOTOK cTaTopa Npo-
TeKalT UMNynbCHblE TOKW. [103TOMY Ha WUHAYKTUBHO-
CcTsX 0BMOTOK BO3HMKAKT BbIOpoCkl NpoTnBo-OC
npuv 3annpaHum KOMMYTUPYIOLLUX TPaH3MCTOpoB. Ans
CrMaXuBaHUsa 3TMX BbIBPOCOB K KOMMEKTOpam TpaH-
3MCTOPOB MOAKIKYEHbI koHAeHcaTopbl C1, C2. Kpo-
Me Toro, Ansl Toro Ytobbl 3TW BbIGPOCH! HE NMPOHMKaNK
B LUMHY BbIXOOHOIO HanpsbkeHus +12B, nutaHve Ha
0B6MOTKM NnogaeTcs Yepes passasbisaowmi anoa D1.

Kpome OBYyXTpPaH3MCTOPWMOM CXEeMbl KOMMYyTaLuW,
n300paXkeHHON Ha puc. 67, Ha NpaKTMKe YacTo BCTpe-
YaeTcsa TPeXTpaH3UCTOpHas cxema (puc. 68).

OTnuume aToM Cxembl OT PacCMOTPEHHOW 3akIto-
YyaeTcsi B TOM, YTO yrnpaBlneHMe KOMMYTUPYHOLLMMU
TpaHsuctopammn Q1, Q2 ocyuwecTBnseTca ¢ Mo-
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Puc. 67. MNpuHunnuansHas anekTpudeckasa cxema AByxdpa3oBoro BEHTUNBHOIO
asuratens SU8025-M (SUPERULTRA, TAIWAN).

Q1
8050

Puc. 68. MNpuHuunnansHasa anekTpudeckas cxema AByx(a3oBOro BEHTUMbHOMO
peuratens MD1208PTS1 (SYNONWEALTH ELEC., TAIWAN).

Mowwblo TpaHsuctopa Q3. Cam TpaHsuctop Q3 yn- CTOp, Kak, Hanpumep, B cxeme puc.28. 31o genaetcs
paBnsieTcs No 6ase BbIXOAHLIM HaMNpPsPKeHNEM AaTyn- C Lenbl orpaHny4nTb TOK Yepe3 obMOTKM cTaTopa,
ka Xonna HG n paGoTaeT B KNIOYEBOM peXUME, obnagarwouwme ManbiM OMUYECKMM COMPOTUBMIEHUEM,
obecneunBas MonepemMeHHoe MnepekniyeHne TpaH- B crny4ae npobosi KOMMYTUPYHOLUMX TPaH3MCTOPOB.
auctopoB Q1, Q2. B ocrtanbHom cxema pabotaet Ecnn He npegycMOTpeTb TOKOOrpaHU4uUTEns, TO Npo-
aHanorm4yHo ABYyXTPaH3UCTOPHOMN. 6o KOMMYTUPYHOLLLErO TPAH3UCTOPa MOXET NPUBECTU

B 3akntoueHve aToro pasgena HeobxoaMmo oTme- K neperopaHuio o6MOTkM cTtaTopa M HeobpaTumomy
TUTb, YTO B HEKOTOPbLIX BapuaHTax cxem WBIM no- BbIXOAY BEHTUMATOPA U3 CTPOSI, @ TakKe K BO3HUKHO-
cnepoBaTenbHO B LEenb NUTaHUs ABWratensi BEHTU- BeHuto pexxuma K3 B NBI.

JIATOpPAa BKITHOYAETCA BHELUHNA HU3KOOMHBbIN pe3n-
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TEXHUKA BE3OIMNACHOCTH

NPABUJIA U MEPbI BE3OINACHOCTU PN PEMOHTE bI1

B cBA3n ¢ tem, 4to yactb cxembl VBl ranbBaHu-
YeCcKn He pasBsai3zaHa OT nuTarwowien cetun, T.k. UBI
nmeeT BGecTtpaHcOpMaToOpHbIA BXOA4, TO OHa npea-
cTaBnsieT ocobylo ONacHOCTb AN XKMU3HW YernoBeka.
Moatomy npu pemoHTe MBI cnegyeT cTporo BbINon-
HATb criegylowme obuime npasuna anekTpodesonac-
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NnopakeHWsi ANEKTPUYECKUM TOKOM.

KaTeropuyeckn sanpeliaetca npons3BO4UTb ManKy
Ha BKMNtoYeHHoM UBIT!

[Ons aHanusa MoHTaxa, "MpO3BOHKM" N 3aMeHbl
BbllleAlWMX M3 CTPOS 3MNemMeHToB HeobxoouMmo OT-
kntovatb UBI oT nutatowen cetn!
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Puc. 69. YnpolueHHble cxeMbl, MOSICHSAIOLLME YCTPONCTBO NepBuyHon cetn B cTpaHax CHI™ (a) u CLUA (6).

OpgHum 13 Haubonee onacHbIX MyTeN NPOTEKaHUSI
TOKa MO Teny YernoBeka SABMSETCS HanpaBrieHne pyka-
Horn, NO3TOMY 3anpewiaeTca pemoHTuposaTtb MBI B
CbIpbIX MOMELLEHUSIX UM B MOMELLEHUSIX C LIEMEHT-
HbIMM W OpyrMK Tokonposoadwmmu nonamu! Uc-
Norb30BaHNE OUINEKTPUYECKOrO KOBPUKA YMEHbLUAET
BEPOSATHOCTb NOPaXEHUsI TOKOM B 3TUX CryyasX.

He meHee onacHbIM ABAsieTCS NyTb TOKa MO y4acT-
Ky pyka-pyka. [Noatomy 3anperiaetca pemoHT UBI
BONM3M 3a3eMNIEHHbIX KOHCTPyKuuin (6atapen ueH-
panbHOro otonneHusa u 1.4.). Kpome T0ro, BbINosiHe-
HWe BCex MaHunynauun Ha skntodeHHoMm UBIT gonx-
HO OCYLLECTBNATLCS TONbKO ogHow pykon! Opexpaa ¢
OJTMHHBIMW pyKaBaMu, HapyKaBHUKaMU, MHCTPYMEHT C
N305IMPOBaHHLIMU pydKkaMn yMEHbLLAKT BEPOSITHOCTb

KOMMblOTEpa criegyeT 06s3aTenbHO M3Bnekatb ce-
TEBYIO BUSNKY M3 po3eTku!

lMepemeHHble pe3nctopbl MBI (ecnn oHn nmetoTcs
B cxeme UBI), cBaA3aHHbIE C CETEBLIM HAMpPsSKEHUEM,
MOXHO PEerynmpoBaTth TOMbKO OTBEPTKaMn C HageTbl-
MW Ha HUX N30MMpYyoLWMMK TpyBKamu!

Mpn pemoHTaxe WBI HeobGxoaMmo paspsauTb
ANEKTPONUTUYECKNE KOBAEHCATOPLI, CriaxusatroLine
BbINPSAMIIEHHOE HaMpsXeHne ceTu B NepBUYHOM Lienu
ner!

Mpn cnoxHom pemoHTe MBI, Tpebytowem paboThbl
noa HanpsbhkeHnem, HarnpsbkeHne cetm 220B  He-
obxogumo nogaeatb Ha UBIT Tonbko vepes pasgenu-
TenbHbIM TpaHcdopmaTop 220/220B ¢ MOLHOCTBIO He
meHee 150BT! B npotmBHOM cryyae Bbl, BO-nepBbIX,
PUCKYETE >XU3HbIO MPU U3MEPEHU-

F;

e

L RTH
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D1

AX KOHTPOSbHbIX HaMPsXeHWn, a
BO-BTOpLIX, paboTa C 3a3eMneH-
HbIM ocuunnorpadom B NepBUM-
How uenu Bl npuBeneT k Hemen-

D2

D3

1o
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»—

neHHowmy Bbixogy VIBI n3 ctpos!

c2 MepBuyHas uenb MBI — BbI-

COKOBOSbTHasi, NO3TOMYy Heob6-
Xooumo cobngatb ocobyro oc-

Puc. 70. OgnH n3 Hanbornee 4acTo BCTpeYatoLLMXCA MeEXaHM3MOB MOpPaXKeHUs
3MNEeKTPUYECKUM TOKOM: 1 - HACTeHHas ceTeBas Po3eTKa; 2 - BUIKa CETEBOIO
WHypa; 3 - po3eTka CEeTEBOrO LLUHYpPa; 4 - BxogHon ceTteBown pasbem UBI1; 5 -
meTtannuyeckun kopnyc UBIT (waccu); 6 - nnata ¢ aneKTpu4eckon CXemMou;

7 - ocumnnorpad.

TOPOXHOCTb MpU N3mepeHnsx!

lMpumeyaHue. [lepsuyHas U
emopuyHasa uenu WEl zanbea-
HUYECKU pasesi3aHbl, [103MoMy
fpu  U3MEPEeHUU HarpskeHul 8
amux uensx Hado npasusibHO
8bibupams Hyrnesou nomeHyuan!

MpuBeoemM KOHKPETHbIN Mpu-
Mep, KOTOPbIA HarfisigHO WInto-
CTpUpyeT OaAWH U3 MEXaHW3MOB
MOPaXKeHNs1 ANEKTPUYECKUM TO-
Kom npu pabote ¢ UBI.



Ha puc. 69 nokasaH B ynpoLieHHOM Buae crnocob
NOABOOKM HamMpshKeHUs NepBUYHON CeTM K noTpebu-
Tento. CunoBon TpexdasHbin TpaHcdopmatop T
(puc. 69,a) npegHasHaveH anga TpaHcdopMaumm Bbl-
COKOrO HampshKeHusi NWHUIM  3rnekTponepegadn B
cTaHgapTHoe HanpshkeHune 220B, nogsogumoe Kk no-
Tpebutento. OH pacnonoxeH B GrivkanLlen K noTpe-
BuTento TpaHcdopmaTopHOn noacTaHumu. MNpu atom
B CHI" B GonbLUMHCTBE Cry4yaeB MPUMEHSIIOTCS YETbI-
pexnpoBOAHbIE CETU C rryxo3a3eMneHHbIMU HenTpa-
namu, T.e. HyNeBOW NPOBO Takon ceTn 3a3emneH. B
3TOM M 3aKIH4aeTcs OnacHoOCTb.

lMpn nccnegoBaHMM MPOLIECCOB B LENsX MepBuY-
How ctopoHbl VBT (puc. 70) ¢ momMoLlbio ocumnno-
rpaga, PEMOHTHUK, eCTeCTBEHHO, NOAKMoYaeT "3em-
naHon" KoHel, wyna ocumnnorpadga k obwemy npo-
BoAy nepBu4YHoOn cTopoHsbl UBI. IMpu aTom, T.K. "3em-
nsHoW" Wyn MMeeT ranbBaHWYecKkoe coefuHeHue C
MeTannmyeckuMm Koprycom ocuwunnorpada, To Kop-
nyc okasblBaeTcs nof noteHumanom obLiero npoBo-
[a nepBuYHOM cTOpoHbl cxeMbl VBT, TNoaTomy ecnu
PEMOHTHMK B MpoLlecce HacTPOWKU KacaeTca meTan-
nuyeckoro kopnyca ocuunnorpada, a Apyrom pykon
WIIN HOTOW — KaKon-HMOyadb "3a3eMMneHHON" KOHCTPYK-
UK, TO CO34aETCA KOHTYpP , MO KOTOPOMY Yepes Terno
PEMOHTHUKA M 3eMIl0 NpoTekaeT ToK. B cooTeeTtcTt-
BUM € puc.70 3TO NPOMCXOAMT B oTpuUaTenbHbIE MO-
nynepuoabl CETEBOro HanpsKeHWs!, Korga noteHuunan
hasHOro NpoBOAa HWKe NoTeHumana Hyrnesoro npo-
Boda. Llenb npoTekaHus Toka: Hyrnegoul rnposod cemu
- cusiogoe 3asemsieHue - 3eMJisi - 3a3eMsIeHHasi KOH-
CMpyKyuUsi, Komopou Kacaemcsi PEMOHMHUK - meJsio
PEMOHMHUKa - Kopryc ocyusnozpagha - "3emrsaHou”
npoeod wyna ocyunmnozpagha - obwul npoeod nep-
g8uyHol cmopoHbl UBIT - duod D1 mocma - hasHbll
npoeod cemu.

[Mpn 3TOM HanbONbLIMM COMPOTMBIIEHMEM B 3TON
uenn obnagaet Terno venoseka. [loaTomy dakTnye-
CKN BCe HanpsbkeHvne dasbl MPUNOXUTCH MMEHHO K
HeMmy. [TOHATHO, YTO 9TO OQHO3HAYHO MPUBOAMUT K MO-
PaXKeHWNI0 ANEKTPUYECKMM TOKOM, BENUYMHA KOTOPOro
B OCHOBHOM OyneT onpenensitbCs CONpOTUBIIEHUEM
Tena 4yerioBeka.
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M3 puc.70 Tarke cregyeT, UYTO €CriM PEMOHTHUK
3a3eMnUT Kopnyc ocuunnorpadga, Hanpumep, coeau-
HMB €ro C NOMOLLbI0 MPOBOAHMKA BONbLIOrO CeYeHus
¢ GaTapeen NapoBOro OTOMSIEHNSA UMW APYron 3a3em-
NEeHHOW KOHCTPYKUMEN, TO OH MPOCTO-HaNpPOCTO YCT-
pouT kopoTkoe 3amblkaHune! Tok K3 npu atom npak-
TUYECKN HNYEM HEe orpaHunyeH. NMoaTomy B NepBbIn e
oTpuuaTenbHbIA NOMNYNepnoa CeTeBOro HanpshKeHus
3TOT TOK BbbKET Amon D1 BbINpsiMUTENBHOrO MOCTa
n3-3a MHEPUMOHHOCTWN npegoxpaHuTensa F, koTopbIn
He ycrneeT cpearMpoBaTb Ha CTOMb pe3koe yBenuye-
HMe ToKa.

[MoaTomMy HacTOATENbHO PEKOMEHOYETCS MCMOSb-
30BaTb pasgenutenbHbin TpaHcdopmaTop 220/ 220B
Npy MaHUMyNSaUMAX NO4 HanpPsPKEHMEM Ha NEPBUYHON
cTopoHe MBI,

BkrtoyeHne Takoro TpaHcgopmMartopa nokasaHo Ha
puc. 71. OCHOBHas wuaes MWCMNONb30BaHUA pasge-
nuUTenbHOro TpaHcdopmaTopa 3aknyaeTcss B TOM,
4YTO TakKoOM TpaHcdopMaTop NO3BONSET co3gaTtb Jlo-
KarnbHyl 3MeKTpUYecKylo ceTb Ha paboyem cTeHze,
ONA KOTOPOW CUIOBOE 3aseMiieHne He sBnseTcs
OMOpPHbIM MoTeHumanom. B atom cnyvae nyTb Ans
NMPOTEKaHUs1 TOKa Yepe3 TEno PEMOHTHMKA NpU Ka-
caHuM 1M Kopryca ocuumnnorpada oTCyTCTBYeET.

Mpn aTtom HeobxoAMMO yuuUTbiBaTb, YTO MCMOSb-
3yemMbl pasgenuTenbHbIn TpaHcopmaTop LOSMKEH
obnagatb COOTBETCTBYIOLLEN MOLLUHOCTbIO, T.K. BCS
notpebnaemas Harpyskon WBIT mowHocTe OGyaer
nepegaBaTbCs Yepes 3TOT TpaHcdopmaTop.

Ecnu Takon TpaHcdopmaTop OTCYTCTBYET, a He-
06X0aAMMOCTb B PEMOHTE MMeeTCs, TO Bceraa cneay-
€T MOMHUTb O BO3MOXHOCTU MOPaXeHUsi anekTpuye-
CKMM TOKOM ¥ cobnioaaTh crieytomne npasuna: .

e HE KacaTbCs MeTannuMyeckmx 4Yacten kopnyca oc-
uunnorpada npu ero HaCTponke;

e He KacaTbCA CBOOOOHOW PYKOW MMM OPYrMMn Ya-
CTSIMU Tena 3a3eMIeHHbIX KOHCTPYKLUUN;

® B MOMELLEHMSAX C TOKONPOBOAAMMUN Mofiamu 06s-
3aTefnbHO WMETb MNOA4 HOraMu AMSNEeKTPUYECKUN
KOBPWK;

® HE 3a3eMMsTb Kopnyc ocumnnorpada.

o T lwp Al T | poovizzov | || we B[ RTH
>4 it = D2
C €C F ¢ t D1
P )7 >k . 1} >——F C1
0 (C (( N D D3
_L ) )
= | 4|4 414 Al A 44 C2
il il *
7
] -
1

Puc. 71. Vicnonb3oBaHune pasgenutenbHoro TpaHcgopmaTopa 220B/220B npu pemoHTe UBIT:
1 - HacTeHHas ceTeBasi po3eTKa; 2 - BUIKa CeTeBoro WHypa A; 3 - po3eTka CeTeBOro LHypa A;
4 - BXOOHOW CETEBOW pa3beM pasgennutensHoro TpaHcdopmaropa (Bunka); 5 - Mmetannuyeckui
Kopnyc (KOXyXx) pasgenutensHoro TpaHcgopmaTtopa; 6 - BIXOAHON pasbeM pasaenuTernbHOro
TpaHcopmatopa (poseTka); 7 - BUunka ceteBoro LWwHypa b; 8 - poseTka ceteBoro wHypa b;

9 - BxogHou ceteBor pasbem WBIT; 10 - metannunyeckuii kopnyc MBI (waccu); 11 - nnata ¢

anekTpuyeckon cxemon; 12 - ocumnnorpad.
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Puc. 72. CeTeBon LWHyp nepcoHarnbHO-
ro KomnbloTepa:

1 — BWnka; 2 — ceTeBble KOHTAKTHble
BUNKM (WTbIpK); 3 — 3aLUUTHBIA 3aHY-
NALWMIA KOHTaKT BUNKK (rHe3do u 6o-
KOBbl€ KOHTaKTHble NNacTuHbl); 4 — rnb-
KW TPexnpoBOAHbIN LWHYP; 5 — po3seT-
kKa; 6 — 3aWMTHbIN 3aHYNAOWMN KOH-
TakT pos3eTkn (rHes3go); 7 — ceTeBble
KOHTaKTbl pO3eTKN (rHe3aa).

[nsa nonHoTbl MHoOpMaummn cregyet
oTMeTuTb, YTo B CLLUA cnocob posege-
HWUS1 9NEKTPUYECKON 3HEprun o noTpe-
BuTtens Heckonbko oTtnm4yaeTcs. [NMoHu-
Xawwun TpaHcgopmMaTop NOACTaHLUMK
aBnseTcd ogHodasHblM, a CcpegHss
TOYKa BTOPUYHON OBMOTKM 3azemnseT-
ca (pnc.69,6). Mpu atom mexay Kax-
ObIM N3 NMHEWHbIX NPOBOOOB U Hen-
TpanbHbIM NPOBOAOM [EWCTBYET MEepeMeHHoe Ha-
npsxkeHve 110B, a mexagy OBYMS NUHEWHbIMU NPO-
Bogamu — 220B.

3aBepliasd pasgen, MOCBSLIEHHbIA TeXHWke 6es-
OMacHOCTK, HEOOXOOUMO OCTaHOBUTLCH elle Ha of-
HOM BaxkHOM Bonpoce. K koHcTpykuun MBI n Bcero
KOMMblOTEPA B LEMNOM MpeabsBnAlTCA KeCcTkne Tpe-
OoBaHusA B 4actu anekTpobesonacHoctn. JT1a 6es-
ONacHOCTb JOCTUraeTca B COBPEMEHHBbIX KOMMbOTE-
pax, B OCHOBHOM, C MOMOLLIbIO 3aLUMUTHOMO 3aHyNEHWS.

B cooTBecTBMM C onpeaeneHneM 3alwutHoe 3aHy-
neHve — 3TO eCTb NpedHaMepeHHoe 3neKkTpuyeckoe
coeINHEHMEe C HyrneBbIM 3alUUTHbIM MNPOBOAHUKOM
MeTannmMyecknx HeToKoBedyLlMX 4acTen, KoTopble
MOTyT OKa3aTbCs Mo HanpshKeHMem BCneacTeme 3a-
MbIKaHWs1 Ha KOpnyc unum no Apyrum npudvHam. Kak
M3BECTHO, 3ajaya 3alUUTHOIO 3aHyJEHUS — yCTpaHe-
HMEe ONacHOCTM MOPaXEHUs TOKOM B Criy4ae MpuKoc-
HoBeHus Kk kopnycy MBI n camoro komnbtoTepa, oka-
3aBWMMCSA MOA HanpshkeHnem BCMeACTBUE 3aMbl-
KaHWsi Ha Kopnyc.

MpuHUMN OENCTBUSA 3aLLUMTHOrO 3aHyneHus — npe-
BpalleHue 3amblkaHus Ha Kopnyc B ogHodasHoe Ko-
poTKOE 3aMblkaHue (T.e. 3aMblkaHue Mexay asHbIM
W HyneebiM NPoOBOAaMW CETU) C LENbK BbI3BaTb
Oonblon ToK, cnocobHbI obecneunTb cpabaTbiBa-
HWe 3aWwnuTbl U1 TEM CaMbiM aBTOMAaTUYECKM OTKIIO-
YNTb KOMMBIOTEP OT NMUTAIOLLEN CETW.

3almTHOoe 3aHyrneHne MoxeT 3deKTMBHO npu-
MEHATLCH NULLL B CETAX C rMyX03a3eMIeHHON HenT-
panbio, T.K. TpebyeT 3a3eMneHus HemTpanmu MUCTou-
HUKa Toka.

MMeHHO C uenbio OCyLLEeCTBEHNs 3aLUUTHOrO 3a-
HyneHus BxodHon ceteBon pasbeM WBIT BbINOnHSA-
€TCH TPEXKOHTaKkTHbIM. CpeaHWi KOHTaKT 3Toro
pasbema UMeeT INeKTPUYECKoe COoedMHEHNE C Me-
TannuM4yeckum HeTokoseaywmm kopnycom WMBIT. Kon-
CTPYKUMSI CETEBOIO LUHypa AN NePCOHanbHOr0 KOM-
neloTepa, MNpyv MOMOLLUM KOTOPOro nuTakolee Ha-
npshkeHne nogsoautcsa K UBI, nokasaHa Ha puc. 72.
OTOT LWHYP BLINOMHAETCS KakK TPEXMNpPOBOAHbIN. Ha
OOHOM KOHUE LWHypa pacrnonaraetcs po3eToyHasi
(rHespoBas) YacTb pasbema. BunoyHasa (wTbipesas)
YacTb BMOHTUpoBaHa B kopnyc WBI. 310 cgenaHo
He crnyyanHo, T.K. ecnu 6bl B kopnyce WBIT 6bina yc-
TaHoBNeHa pos3eTka (rHe3fa), a Ha KOHLUe CeTeBOro

WHypa - Burka (WTbipn), TO NPU OTKIOYEHUN 3TOrO
wHypa ot WUBI1, Ho npyn nogkntoYeHHOW K CeTU BUIKe
Ha OpYroM KOHLE LUHypa, Ha BUIKe, MOAKIMoYaeMon K
MBI, gencteoBano 6bl ceTeBoe HanpsbkeHue. Bepo-
ATHOCTb CNy4anHOro KacaHus LITbIPEN BUIKA HAMHO-
ro BbilWwe, YeM rHesga poseTku. VIMEHHO NO3TOMYy KO-
HeL ceTeBOro WHypa, nogknoyaemein k NBIM, Bcerga
BbINOSHAETCHA B BUAE po3eTku (rHesga). OTMM B 3Ha-
ynTenbHOM Mepe noBbiaeTcs 6e3onacHocTb pabo-
Tbl C CETEBLIM LLUHYPOM.
BbixogHon pasbem WBII, kK kOTOpoMy MOACTbLIKO-
BblBaeTCA Kabenb NUTaHusa gucnrnesi, HanpoTwB, Bbl-
MonHseTCs B BUAE po3eTkM (rHesga), a nogknoyae-
MbI K VBl KOHel, WHypa nutaHna gucnnes — B BUae
BUNKM (WTblpn). [enaetca 310 M3 Tex xe coobpa-
XeHnn GesonacHocTn. Ecnn Obl pasbem nutaHus
auncnnes, yctaHasnusaembld Ha kopnyce WBI, 6bin
Obl BbINOMHEH B BUAE BUMKN (LUTbIPU), KaK N BXOOHON
CeTeBON pa3beM, TO Bbina Obl BbICOKa BEPOATHOCTb
CNy4yarHOro KacaHus LUTbIPEN Takoro pasbema npu
BKITHOYEHHOM B ceTb MBI, 310 npmeeno 6bl nmMbo k
MOPaXeHWto 3MeKTpU4eckMmM TOkoM, §unbo K Ko-
POTKOMY 3aMbIKaHMIO.
BepHeMcst Tenepb K KOHCTPYKLMU CETEBOIO LUHYpa.
Ha KoHue ero, MoOAkNtoYaemMoMm B MUTAIOLLYK CeTb,
yCTaHOBMeHa TpexnomnocHasa Bunka. Npu aTtom gBa
nonca ee BbINOMHEHbl B BuAe WTbIpeEW U npeg-
Ha3Ha4yeHbl Ans NOOKMIOYEHMS K pasHOMY U HyreBo-
My npoBogam ceTu. TpeTuii NOMNC BbINOMHEH B BUAE
rHesga n AByX NMOCKMX KOHTAKTOB Ha Topuax 3TOu
BUIKW M NpegHasHavyeH Ans COeAMHEHNs C 3aHynsio-
LWMM 3aLUUTHBIM NPOBOAHUKOM.
CeTeBble HACTEHHble PO3ETKU ANs NepcoHarbHbIX
KOMMbIOTEPOB TAaKXKe BbIMOMHATCA TPEXMONOCHBIMM.
Mpun aTOM BCTpeYvanTca ABa BapuaHTa UCTIONTHEHUS:
® PO3eTKM C ABYMS rHes3gamu (Hyneson v dasHbl
npoBoda CeTU) U OJHMM LUTLIPEM, a Takke ABYyMS
BOKOBbIMU NPYXWMHHBIMU KOHTakTamu. LWTbipb 1 06a
NPYXMHHbIX KOHTaKTa WMMEIOT 3reKTpu4eckoe coe-
OVHEHE mexay cobOoM M NOOKMHYEHbl K 3aHYMNsAH0-
LLLeMy MPOBOAHUKY;

® PO3ETKU BTOPOro TUMa MMEIKT TOYHO TaKyH XKe KOH-
CTpyKUMto, HO 6e3 MeTannmMyeckoro LWThips (T.e. 3a-
HYNSAOWUMN ABMSIOTCA TONbKO GOKOBbIE MPYXKMH-
Hbl€ KOHTaKTbI).
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Puc. 73. MexaH1n3M BO3HMKHOBEHUSI KOPOTKOIO
3aMbIKaHUS NP HENPaBUITbHOM MOAKITHOYEHWM
3aHYnNALLEro KOHTaKkTa BXoaHoro passbema UBIT:

a) - NpaBuIbHOE NOAKMYeHne; B) - HenpaBuIbHOe
nogkntoveHne, K3 He BO3HMKAET; B) - HEMpPaBUITbHOE
NoaKNYeHne ¢ BO3HMKHOBEHNEM K3.

1 - HacTeHHas ceTeBas po3eTKa; 2 - BUMNKa CETEBOro
LWHypa; 3 - po3eTka CeTeBoro LWHypa; 4 - BXOAHOMW
ceteBon pasbem UBIT; 5 - meTannnyecknin kopnyc
MBI (waccw); 6 - nnaTta ¢ aNeKTPU4eCcKo CXEMOMN.

PoseTkn nepsoro tvna 6narogaps HanmUuuMKo WTbl-
ps OONycKalT e4MHCTBEHHbIN BapuaHT MOAKITHYEHNS
K HUM BWIIKM CeTeBOro wHypa. Po3eTkn BTOpOro Tu-
na, B KOTOPbIX LWTbIPb 3aHYNeHWst OTCyTCTBYeT, Mo-
3BONSAIOT MOAKMIOYATbL BUIKY CETEBOro LUHypa ABOS-
KO. OTO 0BCTOATENBCTBO B HEKOTOPbLIX Cry4asix Mo-
XeT NpUBECTU K aBapuUMHOMY PEXMMY KOPOTKOro 3a-
MbIKAHWUS1 B CETU, KaK pe3ynbTaT He3HaHUs 0BCnyxu-
BalOLLMM MepcoHanoMm HasHadeHus U npuHuuMna gen-
CTBMS 3alLMTHOro 3aHyneHus. MNpumep Takoro cnyyas
npeacTaBneH Ha puc. 73.

Kak BugHO 13 puc.73,a 3aHynsOWUA N HYNeBON
NPOBOAHMKN HaxoOdATcs Mo OoOWwum HyneBbIM MO-
TeHLManoMm cunoBoro (paboyero) 3aseMneHnst HenT-
panu. MNpu NOAKMYEHNN BUMKM CETEBOrO LUHypa K
HaCTEHHOW PO3€eTKe OAMH M3 LUTbIPEN BUIKU OKa3bl-
BaeTcH nof noTeHumanom casHoro nposoaa, a apy-
ron — nop, HyneBbIM NOTeHuuanom. Nog 3Tum xe Hy-
neBbIM MOTEHLMANOM OKa3sbiBalTCs OOKOBblE MpY-
XWHHblE KOHTaKTbl W rHEe300BOW KOHTAKT BWIKU ce-
TeBoro LwHypa. oTteHumnansl ¢asbl U Hyns ceTu no
OBYM npoBodaM MoAalnTCA Ha KpaWHue rHesga po-
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3eTKW, NOAKII0YAEMON K CETEBOMY BXOOHOMY pasbemy
WBI. MNMoTeHuman Hynsa (3a3emMreHns), KpoMe TOro, No
OTAENbHOMY TpeTbeMy MPOBOAY LUHypa MogaeTcsd Ha
cpengHee rHe3go 3Ton pos3eTkn. CpeaHunm  LWTbIpb
BXogHoro ceteBoro pasbema MBI, kak yxe oTmeuva-
nocb BbIWE, WMEET 3rneKTpuyeckoe coeauHeHue
(0BbI4HO MOA BUHT) € MeTannuyeckum koprycom VBIT.

[MOHATHO, YTO MOCKOMbKY MEeTannmMyecknin Kopnyc
VMBI B HOpManbHOM pexume paboTbl He ABMSETCS
TOKOBEAYLWNM, TO 4epe3 3aHynsoLlmi NpOBOAHUK
(TpeTun nNpoBof CeTeBOro LWHypa) TOK He NpoTeKaerT.
lMpnM BO3HUKHOBEHUU aBapUMHOM cuTyauun, oOy-
CMNOBMIEHHON 3amblkaHWeM (pa3HOro noteHuuana Ha
kopnyc WBI, BO3HWKaeT KOPOTKOe 3aMblkaHue, Bbl-
3biBaloLLee BbICTpOe neperopaHue nnaBKMX BCTaBOK
cetn, Nnbo npefoxpaHnTens Bo BxogHou uenu MBI
(B 3aBMCMMOCTM OT MecTa 3amblkaHus), u MBI oT-
KntovaeTcs oT nutaroLlen cetu. B atom cnyyae vepes
3aHyNSaWUN NPOBOAHUK NPOTEKAET KpaTKOBpPEMEH-
HbI TOK KOPOTKOro 3amblkaHus. [1puKoCHOBEHME K
kopnycy MBI naxe B MOMEHT BO3HMKHOBEHMA K3 He
OyaeT onacHbIM, T.K. noTteHumnan kopnyca MBI Hesa-
BMCMMO OT pEeXMMa BCErda paBeH HyIo.

HecmoTpa Ha TO, YTO HYNEeBOW W 3aHYNSAOLLMNA
KOHTaKTbl BXogHoOro cetesoro pasbema MBI B npo-
uecce paboTbl MMEIT OAMHAKOBbINA HYNEBOW MOTEH-
uuan, aneKkTpU4eckn CoOeamHATb UX HU B KOEM Cry4vae
Henb3s. Ecnn Bam noseseTt 1 Bbl nogkntounte BUKY
CETEBOro LIHypa K HACTEHHOW pO3eTKe MpaBUSIbHO,
Kak 37O nokasaHo Ha pwuc.73,6, To VBl 6yget Hop-
mManbHO paboTtaTb. OpgHako B criegytowmi pas Bol
MOXeTe MOAKMYNTE BUMKY LUHYpa K HAaCTEHHOW po-
3eTke no gpyromy (puc. 73,8), u torga K3 Heunzbex-
HO, T.K. Ha 3aHynswLeM NPOBOAHUKE OKaXeTCs Mno-
TeHuman gas3Horo NpoBoAa ceTu.

Ecnu ceTb BbINOMHEHa Kak TpexnpoBodHasi C U30-
NMPOBaHHOW HENTpanblo, TO MPUMEHATb 3aLLUTHOE
3aHyneHve Henb3s. B atom cnyyae npuberatoT Kk 3a-
LWMTHOMY 3a3eMIeHUI0 MeTamnfnyeckMx HeTOKoBe-
OyLmMxX YacTen KoMmnbloTepa.

Mockonbky 60MbLUMHCTBO GbITOBBIX HACTEHHbIX Ce-
TEBbIX PO3ETOK B HALUEW CTpaHe HEe UMEKT TPETLETrO
(3aHynsoLWero) KoHTakTa, TO BO3HWKaeT ecTecT-
BEHHbIN BOMPOC, a8 MOXHO M NOAKMNoYaTb KOMIMbHO-
Tep K [ABYXMNOMOCHOW po3eTke (Hanpumep, C no-
MOLLIbIO MepexoaHuka) 6e3 3a3emnenHns ero kopnyca?
M3 BCero ckasaHHOro BbILLE CriegyeT, YTO Npy Takom
nogkntoveHnn VBl n komnbloTep 6yoyT HOpMmarnbHO
paboTaTb, OQHaKO WX MeTanMyeckne Koprnyca He
OyaoyT MMeTb ranbBaHN4YeCKoW CBA3W C HYNEeBbIM MO-
TEHUManoM HW CUMOBOrO, HW 3aLUTHOrO 3asemrie-
Hus. MNoaTomy B cryyae 3amblkaHWUs pasHoro npoBo-
Aa Ha kopnyc, Takon VBl n komnbioTep, B KOTOPOM
OH YyCTaHoBneH, OyayT npeactaBnaATb NoTeHuManb-
HYI0 OMacHOCTb Ansi 06CnyXMBaloLWero nepcoHana m
nonb3oBaTenemn, CBA3aHHYI0 C BO3MOXHOCTbLIO nopa-
XKEHNS ANEKTPUYECKUM TOKOM.
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ANATHOCTUKA U PEMOHT

OCOBEHHOCTU PEMOHTA UbI1

Mpu pemoHTe WBIT Heobxoammo wcnonb3oBaTb
cnegyloLine meToapl:

A. MeTon aHanusa MoOHTaxa. JTOT mMeTon no-
3BOMISIET, UCMOMb3ys OpraHbl YyBCTB YenoBeka (3pe-
HWe, cnyx, ocsi3aaHue, ODOHSAHME), OTbICKaTb MECTO
HaxoXaeHus aedekra co cneayolmmMm npnusHakamm:
e CrOPEBLUMM PaanoaneMeHT, HeKkayecTBeHHas nau-

Ka, TpeluMHa B neyaTHOM NPOBOAHWKE, ObIM, UCKpe-

HMe U T.4.;

e pa3HoobpasHble 3BYykoBble addekTbl (MUCK, "Ublka-
HUe" N T.4.), UICTOYHUKOM KOTOpPbIX SABMASETCH UM-
nynbCHbIN TpaHchopmaTtop BT,

® Mleperpes pagmoarieMEHTOB;

® 3anax CropeBLUUX Pagno3rieMeHTOB.

B. Metoa nsmepeHun. OCHOBaH Ha MCMONb30Ba-
HUM N3MepUTeEnbHbLIX NPUBGOPOB Npu Noucke aedek-
TOB: BOfIbTMETPA, OMMETpa, ocuunnorpada.

Mpu nepuopmnyeckom cpabaTbiBaHWM 3aLLUTLI, Ha-
npumep, npegnoytTuTenbHee HauyuHaTb C aHanusa
N3MepPeHHbIX BbICOKOOMHbIM BOfIbTMETPOM Hanpsixe-
HUA Ha BbIBOAAX TPAH3MCTOPOB. OTO BbLI3BAHO TEM,
4YTO MpU NPOBEPKE HEUCMNPaBHOIro TPaH3MCTOpa OM-
METPOM, Nepuoamnyecknii obpbIB ero BbIBO4A MOXET
ObITb BPEMEHHO YCTpPaHEH, OOHAKO Takoe BOCCTaHOB-
neHne paboToCMOCOBHOCTU CXEMbl HEHAOEXHO W B
fanbHenwem "notepsiHHbI" gedekt obsa3aTenbHo
nposiBuTCS.

B. Meton 3ameHbl. OcHOBaH Ha 3aMeHe COMHU-
TENbHOro pagmnoanieMeHTa Ha 3aBe4OMO UCTPaBHbIN.

. Metoa ncknrovyeHus. OcHoBaH Ha BPEMEHHOM
oTcoeauHeHun (Npu BO3MOXHOW yTeuke unm npoboe)
U1 nepemMbikaHMn BbIBOAOB (MPM BO3MOXHOM 06pbI-
BE) COMHUTESbHbIX 3NIEMEHTOB.

pynnoBasa ctabununsaumns BbIXO4HbIX HANPSKEHWI
MBI xapakTepusyetcsa TeM, YTO C yBENUYEHNeEM To-
Ka Harpysku OOHOro M3 BTOPUYHBLIX BbINpSAMUTENEN
yBENMYMBaAETCA Harpyska WMMyfbCHOIO TpaHcdop-
MaTopa, U 3TO CKa3blBaeTCA Ha 3HAYEHNSAX BbIXOAHbIX
HaMNpPsPKEHUIN BCEX BbINPAMUTENEN, NOLKITHOYEHHbIX K
Hemy. MoaTomy npu noucke aedekta cnegyeT WKNPO-

KO MCMonb30oBaTb Kak "NPO3BOHKY" Lenen Harpysku,

Tak n OTCOeaUHEHME NO403PUTENBHBIX Lienen.

0. Meton BosgenctBus. OcHOBaH Ha aHanuse
peakumm CXemMbl Ha pasnuyHble MaHUNynsaumMm, Npouns-
BOANMbIE TEXHUKOM:
® UI3MEHEHME TMONOXEHUA [OBUXKKOB YCTaHOBOYHbIX

nepeMeHHbIX PE3NCTOPOB (ECNN OHU UMEIDTCS);

e NepeMbikaHne BbIBOAOB TPaAH3UCTOPOB B LIENsX No-
CTOSIHHOrO TOKa (amMuTTep ¢ 6ason, aMmuTTep C KO-
nekTopom);

® U3MEHEHME HaMpshKeHUs nuTalwen cetn (C KOH-
Tponem no ocuunnorpady pabotsl cxemsl LUVM);

e MOOHECEHME Xana ropayero nasinbHMKa K Kopnycy
COMHUTENBHOIO pagvModnieMeHTa u  T.N. MaHu-
nynsumm.

E. MeTopn anekTponporoHa. [lo3sonseT oTbiCkaTb
nepuoamnyeckn nosTopstowmecs aedektsl U npose-
pUTb KayecTBO NPOM3BELEHHOIO0 PeMOHTa (B nocnea-
HeM criyyae MporoH AOMKeH COCTaBNsATb He MeHee 4
yacos).

XK. MeTtop npocTyka. [o3BonseT BbIsiBUTL AedeKTbl
MOHTa)xa Ha BktodeHHoM WBIT nytem nokavmBaHust
3MEeMEHTOB, NMOAEPIMBaHNSA 3@ NPOBOAHWKM, MOCTYKNBA-
HMS MO LWACCU PE3UHOBBLIM MOJIOTOYKOM U Ap.

3. Metoa 3kBuBaneHToB. OCHOBaH Ha BpeMeEH-
HOM OTCOEAVMHEHUM YacTu CXEMbl U 3aMEHe ee COBO-
KYMHOCTbIO 9NEMEHTOB, OKa3bIBAKOLIMX HA HEe Takoe
Xe Bosgewnctaue. [MogobHbIMK y4acTkamm cxeMbl MO-
ryT OblTb reHepaTopbl UMMYMbCOB, BCMNOMOraTeNbHbIe
WUCTOYHUKN MOCTOAHHOrO HanpsXXeHusi, SKBUBANEHThI
Harpysox.

Mpn atom ntobble KOHKPETHbIE XapaKTEPUCTUKM
6roka, Nosy4YeHHbIE N3 JOKYMEHTaUMKM Ha Hero, nmbo
CUYMTaHHbIE C €ero Kopmnyca, MOryT WU OOfkKHbl OblTb
NCMNOMb30BaHbl NMPU €10 PEMOHTE.

[Mpn ycTpaHeHMn HenCrnpaBHOCTU TEXHUK OOMKEH
He TONbKO MPUMEHATb 3T METOAbl B YMCTOM BUAE,
HO 1 KOMBMHMPOBAaTb UX.

QJIEMEHTHAS BA3A UBIT U CI1IOCOBbI EE ANATHOCTUKU

PE3UCTOPBDI

[MocTosAHHbIE PE3NCTOPbI, MPUMEHSAEMbIE B CXemax
MBI, MoxHO crpynnupoBaTb B ABa OCHOBHbIX Kriac-
ca: NPOBOSOYHbIE N KOMMO3ULMOHHbIE.

OKBMBareHTHas cxemMa pesncTtopa 3aBUCUT OT TU-
na pesucropa u npouecca ero nsrotosnenuns. OgHa-
KO Onsg OOmMbLUMHCTBA Cry4daeB MPUrogHa CXema,
npencraBneHHas Ha puc. 74,B.

B TvnnMYHOM KOMMO3MLMOHHOM pE3UCTOpe WU30-
OpaxeHHasi 30eCb LUYHTUPYHOLLAsa eMKOCTb UMEET 3Ha-
yeHne nopsgka 0,1-0,5nd. BennumHa MHAYKTMBHOCTU
onpegenseTcs B OCHOBHOM BblIBOAAMM, 38 UCKIOYEHW-
€M MpPOBOSIOYHbIX PE3UCTOPOB, Y KOTOPbIX OCHOBHOW
BKNag B UHOYKTUBHOCTb BHOCUT Cam pesncTop.

3a nCcKMYeHMeM MPOBOJSIOYHbIX PE3NCTOPOB UMK
pe3nCcToOpOB APYIMX TUMOB C OYE€Hb MaribiM CONpPOTUB-
neHvem, Npu aHanuMse cxembl WHOYKTUBHOCTbIO pe-
31ucTopa OObIMHO MOXHO mNpeHebpeyvb. OgHako WH-
OYKTUBHOCTb pe3ucTtopa fenaeT ero 4yBCTBUTESb-
HbIM K HaBOOKaM OT BHELUHUX MarHWTHbIX MOMeN.
LyHTupylowas eMKOCTb CyLLeCTBEHHA fnulb Ans
BbICOKOOMHbIX PE3MCTOPOB.

3apybexHble MpMbl M3rOTOBUTENN OOBLIYHO MC-
Nonb3yT KOAUpOBaHHOe 0603HayYeHne napameTpoB
pe3ncTopoB B Buae Habopa LBETHbIX KOMeL Ha ux
kopnycax. [pn aTom kaxgomy LBETY COOTBETCTBYET
cBosi ungppa. OO6blYHbIE PE3NCTOPbl METATCS C MNo-
MOLLbIO YeTbipex koneu. lMpn 3TOM nepBoe Kombuo
COOTBETCTBYET NepBoOM Lngpe HOMMHaNa pesncTopa,
BTOPOE KOMbLO — BTOPOM uudpe. TpeTbe Kombuo
ykasbiBaeT Ha cteneHb MHOxuTensa 10. YeTtBepToe
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Puc. 74. OkBMBaneHTHbIE CXEMBbI
paguoaneMeHToB: a) - KOHAeHcaTopa;
©0) - KaTyLKN MHOYKTUBHOCTY;

B) - peaucrtopa.

KOMbLO YKa3blBa€T HA MPOM3BOACTBEHHBIN AOMYCK Ha
OTKINOHEHVe HoOMUHana peaunctopa (tabn. 4). Npuvep
LLBETOBOW KOSbLEBOWN MapKMPOBKU Pe3NCTOPOB Moka-
3aH Ha puc. 75.

[MpeunsnoHHble pe3ncTopbl METATCA MO NSATUKOSb-
ueBon cucteme. B aTom cnyyae nepsoe KOnbLO CO-
OTBETCTBYET MNepBOoW LUudpe HoMuHana, BTopoe —
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Puc. 75. Npumep LBETOBON MapKNPOBKU
pe3ncTopoB U nx rabaputHble pasmepbl

B 3aBMCMMOCTM OT OOMYCTUMOWN paccenBa-
€MOW MOLLIHOCTMW.

BTOpOM undpe, TpeTbe — TPETbEN LUUdpe, YeTBEPTOE
— cTeneHn mHoxuTensa 10 n natoe — gonycky. Onpe-
AeneHne HOMMHana pesuctopa criegyeT HaumHaTb C
KomnbLa, pacrnonoXeHHOro 6nuvxe K ogHOMY M3 Top-
LOB pe3ncTopa, NMMbo umetoLLero 6onbLUyto, YeM Bce
ocTanbHble KOmnbLa, LWNPUHY.

Tabnuua 4.
LiBeT nonocsl LUundpa C';?:::nl;nq:o- MHoxutenb, Om Donyck, %
HeOoKpaLleHHbIN - - - 120
cepebpucTbii - -2 0,01 +10
30M10TUCTbIN - -1 0,1 5
YepHbIn 0 0 1
KOpMYHEBbIN 1 1 10 11
KpacHbIn 2 2 100 12
OpaHXeBbIN 3 3 1 000 (1k0m) -
XenTbin 4 4 10 000 (10k0m) -
3€eneHbIn 5 5 100 000 (100k0m) 10,5
CUHUI 6 6 1 000 000 (1MOwm) 10,25
h1ONEeTOoBkLIN 7 7 10 000 000 (10MOwm) 0,1
cepbin 8 8 100 000 000 (100MOwm) 10,05
6enbin 9 9 1 000 000 000 (1"OM) -

BHumaHue. B cxemax UBI mocym ecmpedyambcs
pes3ucmopabl, MapKupoeKa KomopbiX omau4aemcs om
cmaHOGapmHol. Takue pe3ucmopsl nubo soobuwe He
umMerom MapKuposku, ubo npomapKuposaHbl 0OHUM
yepHbIM Kosbyom. ConpomuesieHUe makux pe3su-
cmopos cocmaensom manble donu Oma u OHU
ghakmudecku S8M1SMCs pesucmopamu C noYymu Hy-
nieebiM conpomusrieHueM. [aHHbie pe3ucmopbl yc-
maHasnuearomces 8 Hekomopsbix VMBI Ha Haubosee
0mMeemcmeeHHbIX y4acmkax CXeMbl U, Mo cywecm-
8y, BbIMOSIHAM QYHKUYUIO r1askux rpedoxpaHume-
ned. Npu npesbilweHUU MOKOM, MPOMEeKalouwemM He-
pe3 amu pesucmopsbl, 0ornycmumol 8enuYUHbI, pe-
3ucmop rnepezopaem (cocmosiHue obpkiga) u rpe-
doxpaHsem 3/1eMeHmMblI CXeMbl 0Om e8bixoda U3
cmposi. B 3apybexHol numepamype makue pe3u-
cmopbl  u3BecmHbl N00 Ha3zeaHuem SAFETY
RESISTORS (3awumHbie pe3ucmopsl).

HeuncnpaBHOCTM pe3nCTOpOB,BCTpeYaloLMecss Ha
NnpakTyke MOXHO Noapas3gennTb Ha:

* 06pbIB;
e 3HAUMTENbHOE YBENWYEHME HOMWHAIbLHOIMO CO-
NPOTUBIEHUS.

HecmoTps Ha TO, YTO B TEXHMYECKON nuTepatype
CUMTAOTCA HEBO3MOXHbIMW  Cly4yan YMEHbLUEHUS
HOMWHAIbHOIO COMPOTMBIIEHUS PE3UCTOPOB, aBTO-
pam Ha NpakTUKe BCe e MpUXoannock CTanknBaTbCs
C Takumu crniydasmu. [lo-Bugumomy, Takue Hewc-
NpaBHOCTM CBSA3aHbl C TEXHOMNOrMYECKUMUN OCODEHHO-
CTSIMU N3rOTOBIIEHNS TAKUX PE3NCTOPOB.

BHumaHue. HeucrnipasHocmb pesucmopa 0aneko
He scezda MOXHO ornpedenumb [0 €20 SHEeWHeMy
sudy (nomemHeHue, obzopaHue, OMKoJynueaHuUe
Kpacku)!

Ha npakTuke 4acTbl cnyyam, Korga HeucrnpasHbIN
pe3ncTop MO BHELUHEMY BMOY HUYEM He OTNMYaeTcs
OT WCMpaBHOro. BbISBUTL HeucnpaBHbIA pe3ncTop B
TaKMX Criydasix MOXHO TONbKO OMMYECKON "MpPO3BOH-
Kon" Ha COOTBETCTBME HOMMHANy Nnocrie BbinanBaHUs
ero n3 cxembl. C Apyro CTOpPOHbI, NOTEMHEHME pe-
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3McTopa He Bcerga o3HavaeT BbIXOA €ro U3 CTpos.
Kpome TOro, moTemHeHue pesuctopa 3aTpygHsaeT
onpegerneHne ero HomuHana Mo LBETOBOMY Koay,
HaHEeCEeHHOMY Ha ero NMoBepxHOCTb, T.K. LBeTa Korevy,
CTaHOBATCHA TPYAHOOTNMYMMBI OPYyr OT Apyra. B atux
cny4vasix BbIATU U3 MOMOXEHMS MOXHO Nnbo nonyymns
HY>KHYIO MHGOPMAaUMIO M3 NPUHLUNUANIBEHON CXeMbl
(ecnn oHa nmeeTcs), NMBO NO HOMWHAaNY aHanoruy-
HOro pe3ncTopa B aHarnormM4Hom KOHCTPYKLIMK.

Mpu onpegeneHMn HOMUHANOB ManoOMOLLHbIX pe-
3UCTOPOB, UMEKLMX Manble rabapuTbl, LEenecoob-
pasHO MCnonb3oBaThb Nyny, T.K. CXoA4Hble LBeTa (Ha-
npumMmep, KOpPUYHEBLIM N PUONETOBLIN; CEpbIn U ce-
pebpUCTbIN; KpacHbI U OpaHXeBbl) TPYOHO pasnu-
YMMbl HEBOOPYXXEHHbIM T1a30M.

KOHOEHCATOPbDI

KoHageHcaTopbl Hanbonee yacTo OendATcs Ha KaTe-
ropym NO matepuany OUanekTpuka, n3 KoToporo OHU
N3roTOBIEHBI.

BHumaHue. KoHOeHcamopbl pasfiuyHbiX muros
umerom xapakmepucmuku, denarouue ux rnpuao0HbI-
MU Onsi OOHUX U Hernpu2oOHbIMU Ons dpyaux rpu-
MeHeHUU.

PeanbHbI KOHOEHCATOP He ABMSETCS YUCTON eM-
KOCTbo, a obnagaeT Takke, kak NMoka3aHO Ha 3KBU-
BaneHTHOM cxeMme puc.74,a, CONpPOTUBIEHNEM U WUH-
OYKTMBHOCTBIO. MIHAYKTMBHOCTBL L co3gaeTtcs Kak Bbl-
BOAaMM, TaK U CTPYKTYPON caMoro koHgeHcartopa; R2
SABMISIETCA CONPOTUBMEHMEM NapannenbHOn yTeuku, u
€ro BenMynHa 3aBUCUT OT OOBEMHOrIO yaenbHOro co-
npoTuBNeHMa maTtepuana guanektpuka; R1 - addek-
TMBHOE (OJencTByloLLee) nocrefoBaTenbHoe Conpo-
TMBMNEHME KOHAEHCaTopa, 3aBUCSLLEe OT TaHreHca
yrna notepb AMareKTprKa KoHAeHcaTopa.

Ta6nuua 5.

Pa6ouun gua-

Tun KOoHAeHcaTopoB
na3oH 4acToT

antMUHNEBBIE SNEKTPONTUTNYECKME 1My-50kI4,
TaHTanoBble ANIEKTPOSIUTUYECKME 1My-80kIL,
OymakHble 1 meTannuanpoBaHHble | 100 My-5 MI'y,
MalnapoBble 100 M'y-8 My,
N3 BbICOKOCOPTHOW KEPaMUKM 800y, 120MI'L
NONMNCTUPOSIbHBIE 1klMy-101Ty,

cnogsAaHble OCTEKNOBAHHbIE U U3

1,5kMy-10MMy
KepamMuKu ¢ ManblMU NOTEPSIMU

BHumaHue. OOHUM U3 Haubosiee 8a)HbIX CO0b-
paxkeHul rpu ebibope murna KoHOeHcamopa sensem-
cs1 e20 paboyasi yacmoma.

MakcumanbHas YactoTa, Ha KOTOPOW KoOHAEHCaTop
adpekTnBHO paboTaeT, orpaHnyYmBaeTcs OObIYHO
WHOYKTUBHOCTBIO KOHOEHCATOpOoB U ero BbiBoAoB. Ha
HEKOTOPOW 4YacToTe KOHAeHcaTop UMeeT COBCTBEH-
HbIA pe30HaHC CO CBOEWN MHAYKTUMBHOCTLIO. Ha vacTo-
Tax Bbllle 4acTOTbl COOCTBEHHOrO pe3oHaHCa KOH-
OeHcaTop UMeeT UHOYKTUBHOE COMpOTUBIEHME, yBE-
nnymBatoLileecs ¢ yactoTon. B Tabnmue 5 ykasaHbl
npubnuanTenbHble AuanasoHbl 4YacTOT, B KOTOPbIX
MOXHO MCMOSb30BaTb KOHAEHCATOPbI Pas3NNYHbIX TU-
nos. BepxHuin 4yacToTHBIN npegen onpegensieTcs
COBCTBEHHBIM pPE30HAHCOM KOHAEeHcaTopa wunu yee-
NMYEHMEM TaHreHca yrra notepb Ha BbICOKMX 4acTo-

Tax. HwkHAs rpaHuua onpegensieTcda HanbonbwmM
OOCTVXXMMbIM Ha NMPakTUKe 3HaYeHNEM EMKOCTMW.

bymaxkHble U MannapoBble KOHAEHCATOpbl — 3TO
cpegHeyacToTHble KOHOEHCAaTopbl, MMelLne OTHO-
cuTenbHo 6onbluMe nocnegoBaTernbHOE CONPOTUBIE-
HUE N MHOYKTMBHOCTb. OHM MCMONb3YyTCA OObIYHO
ans punbTpaumm, LWYHTUPOBaAHUS U pa3BA3KM, a Tak-
Xe BO BpeMsdAsajalolmx uensax u uensx Lymono-
OaBIeHus.

CrniogsHble U Kepamuyeckne KOHAEHCATOpH nme-
I0T OYeHb Marnble nocrnefoBaTensHoe ConpoTuBne-
HME U MHOYKTUBHOCTb. JTO BbICOKOYACTOTHbLIE KOH-
JeHcaTopbl, KOTOpble OObIMHO WCMOMb3YyTCHA OIS
BbICOKOYACTOTHOW (huUNbTpaUms, LYHTUPOBAHUSA, Kak
pasgenuTenbHble, BpeMs3agatowme anemMeHTsl 1 Ans
yacTtoTHoro pasgerneHns. OHu OBbIMHO OYeHb CTa-
OUnNbHbLI BO BPEMEHW, MPU M3MEHEHUN TemnepaTypbl
N HanpsbkeHus.

KoHaeHcaTopbl 13 BbICOKOCOPTHOW Kepamuku (C
BbICOKOW [OM3NEKTPUYECKON MOCTOSAHHOWN) SBNSATCS
cpegHeyacToTHbIMU. OHM OTHOCUTENBHO HECTabWIb-
Hbl BO BPEMEHU, C UBMEHEHNEM TeMnepaTypbl U Yac-
TOTbl. IX OCHOBHbBIM MPEUMYLLECTBOM SBMASIETCS Bbl-
COKOE MO CPaBHEHWIO CO CTaHOAPTHbIMWU Kepamuye-
CKUMW KOHAEHCaTopaMu 3HayeHus1 EMKOCTU Ha eau-
Huly obbema. [NpuUMeHsIT ux OObIYHO ANs LYHTU-
poBaHusi, GNOKMPOBKN U pa3BAs3kM. OauvH u3 Heno-
CTaTKOB 3TUX KOHOEHCATOPOB COCTOMT B TOM, YTO ne-
pexofHble HanpsikeHUst MOryT Bbi3BaTb WX MOBPEX-
OeHns, [odToMy He pekoMeHOyeTCs MCMonb30BaTb
MX B KQ4ecTBe LUYHTUPYHOLLMX KOHOEHCATOPOB, BKIO-
YEHHbIX HENoCPeaCTBEHHO Mexay LWWHaMuM Uc-
TOYHUWKA NUTaHUS.

MonucTuponbHble KoHAeHcaTopbl 06ragatoT UCK-
NOYUTENBHO MasnbiM nocnegoBaTenbHbIM COMPOTUB-
NEHVEM U UMEIOT OYEHb CTAabUNBbHYIO XapakTepucTu-
Ky eMKoCTb-4yacToTa. /13 Bcex nepeyvncrieHHbIX TUMoB
KOHAEHCATOPOB OHWN Hanbonee 6M3KM K ngeanbHOMY
KoHOeHcaTopy. TunuyHble 06nacTn ux NPUMeEHeHnst —
dunbTpaums, LWYyHTUPOBaHWE, pasBsa3ka, BpemsAsa-
JatoLume Luenu u wymonodasneHue.

XapaKTepuCTUKN CYXUX TaHTaNoBbIX 3MEKTPOnu-
TUYECKNX KOHOEHCATOPOB aHarnoru4Hbl Xapakrepu-
CTUKaM asnioOMUHUEBBLIX 3MEKTPONTUTUYECKUX KOHAEH-
catopoB. OgHako nocnegosaTenibHOe COMpPOTUBIE-
HME Yy HUX MEHbLLE, @ EMKOCTb Ha eauHuly obbema
bonblle, Yyem y nocrnegHux. HekoTopble M3 TBep-
OOTENbHbIX TaHTANOBbIX KOHOEHCATOPOB UMEKT [O-
CTaTOYHO Manyl WHAYKTMBHOCTb W MOFYT Mpume-
HATbCHA Ha HECKONbKO Bonee BbICOKMX YacToTax, Yem
aniMuHEBbIE anekTponuTuyeckne. B obuiem oHm
bonee ctabunbHbl BO BPEMEHU MO OTHOLUEHUIO K U3-
MEHeHMsIM TemnepaTypbl U NP yaapHbIX Harpyskax,
YyeM antMNHMUEBbBIE KOHOEHCATOPbI.

Ocoboe BHMMaHWe crnenyeT yaenuTb antoMUHUEBBLIM
ANEKTPONUTUYECKUM KOHAEHCATopaM, Kak aremMeHTamM,
Hanboree 4acTto, NO CPaBHEHWIO C OPYrUMK TUNamm
KOHEHCAaTOPOB, NOABEPKEHHBIM BbIXO4Y M3 CTPOSI.

OCHOBHbIM MPEVMMYLLECTBOM 3MEKTPOSINTUYECKOTO
KoHOeHcaTopa, OOyCrnOBMBLLEro €ro LMPOKoe MNpu-
MeHeHune, sBndeTcs 6onblias €eMKOCTb, KOTOPYHO.
MOXHO MNony4MTb B Manom kopnyce. OgHako anto-
MWUHUWEBBINA 3MNEKTPONIMTUYECKMUIA KOHAEHCATOP MOXET
nmeTb nocnegoBaTtensHoe conpoTtusneHne 10m (Tu-
nnyHoe 3HaveHne — okono 0,10m). BennuuHa no-
cnefoBaTenbHOro CONpPOTUBMEHUST YBENUYMBAETCS C



pOCTOM 4acToTbl (M3-3a MOTEPb B [UINEKTPUKE) U
yMeHbLUEHNEeM Temnepatypbl. M3-3a Gonbwnx pas-
MEPOB altOMWHWEBbBIE 3NEKTPOSIMTUYECKMNE KOHOEH-
caTopbl MMEIT Takke OonblUyt0 MHOYKTUBHOCTbL, MO-
3TOMY OHU SBMSIOTCS HU3KOYACTOTHBIMWU KOHOEHCa-
TOpaMWn N UX He PeKoMeHOyeTCs NPUMEHATbL Ha Yac-
ToTtax Bblwe 30kly. Hanbonee 4yacto OHM MCMONb-
3yloTcsa Ans ounbTpauum, LWYHTUPOBAHUS U Pa3BA3KM
Ha HM3KMX YacToTax. [pyn Mcnonb3oBaHMKM Ha BbICO-
KMX YacToTax Ux HeOOXOAMMO LIYHTUPOBATbL KOHOEH-
caTopoM Marnon eMKOCTU C Manoi co6CTBEHHOW WH-
OYKTMBHOCTbIO. OTO HeobxogMmo u3-3a TOro, 4To,
€MKOCTb 3IIEKTPONIMTUYECKOrO0 KOHAeHcaTopa nagaet
C pocTom 4acToTbl. [pn pacuetax MoxeT 6bITb UC-
nonb3oBaHa 3SMMAMpuyeckas 3aBMCUMOCTb, obecne-
ymBaoLasn xopowee nNpubnmxeHne B obnactn pabo-
UYMX YacToT:

C=0.77 ¢ Crom/,/0.001e f

roe Cyom - HOMMHaNbHas €MKOCTb KOHAEHcaTopa.

Hanpumep, koHgeHcaTop C HOMMWHANbHOW €MKO-
CTbio 22MK Ha vactoTte 800y GyaeT npeacTaBnsiTb
n3 cebs emMKoCcTb Bcero nuuwb B Smkd! Moatomy ans
obecneyeHnss Ka4yeCTBEHHOW UNbTpauMm BO BCEM
OunanasoHe 4acToT SMeKTPONIMTUYECKUI KOHOEeHCaTop
HeOOXOAMMO LUYHTUPOBATL BbICOKOYACTOTHLIM Kepa-
MUYECKMM KOHOEHCaTOPOM, T.K. eMKOCTb 3MeKTponu-
TUYECKOro KOHAEeHcaTopa Ha BbICOKMX YacToTax
OYeHb HE3HAYUTENbHA.

OfHUM 13 HeJoCTaTKOB 3MEKTPONIUTUYECKUX KOH-
[EeHCaTopoB ABMASETCS TO, YTO OHU MOMSIPU30BaHbIl U1
Ha HMX HeobxoaMmo mogaepXmBaTb NMOCTOSIHHOE Ha-
NpsbkeHNe COOTBETCTBYIOLLEN MOMAPHOCTU, T.€. KOH-
JeHcatop MOXeT paboTaTb TOMbKO C NyNbCUPYOLLNM
U He mMoxeT paboTaTb C nepemMeHHbIM TokoM. Ha
npakTuke 4acTbl criydyan npobosi BbINPAMUTENbHbLIX
avopos. B aTmx cnyvasx koHOeHcaTop OKasbiBaeTcs
noJ BO3AENCTBMEM NMEPEMEHHOIO TOKa, NpPOTeKatoLLe-
ro yepes Hero B o6oux HanpaeneHusx. OT0 BedeT K
ObicTpOMy pasorpeBy KoHAeHcaTopa C nocrefyto-
LLIMM BbIXOAOM M3 CTPOSi U BO3MOXHOCTbIO B3pbIBa.

BHumaHue. B3pbie 31eKkmponumu4yecko20 KOH-
deHcamopa Moxem npusecmu K mpasmve!

ByobTe OCTOPOXHbI MPU BKIIOYEHUN B CETb PEMOH-
Tnpyembix UBIM! He HaknoHantecb 6nM3Ko K cxeme,
nbiTasicb "yBMAETH" Npouecchl, Npoucxogsline B Hen
— 970 onacHo! Jlnwb ToNbKO nocne Toro, kak Bbl ybe-
OUnucb, YTO cpasy Npw BKMOYEHUN B3pbiBA He Mpo-
n3owno, Bel MoxeTe MNpUCTYNUTb K UCCNeaoBaHUIO
CcXeMbl [K 3TOMy BpeMeHM OH Kak pa3 Harpeetcs u
NPUrOTOBUTCA pPBaHYTb... Tak 4YTO MOAOXAUTE He-
CKOMbKO cekyHA. - Mpum. AJ1.]

Ons yBenuyeHus cpoka cnyxbbl anekTponutuye-
CKUX KOHOEHCAaTOpOB OHW AOMKHbI paboTaTh nog Ha-
npsbkeHneMm, He npesblwarowmm 80% makcumansHO
[OMyCTMMOro MacnopTHOrO 3HayeHus pabodero Ha-
NPSPKEHNS.

CoeauHnB aOBa NONSAPHbBIX KOHOEHcaTopa OAuvHa-
KOBOM €MKOCTU BCTPEYHO-NOCNeAoBaTesNibHO, MOXHO
NnonyyYnTb HENOMSAPHbIA KOHOEHCATOP, CMOCOGHLIN
paboTtaTb B Liensx nepemMeHHoro Toka. PesynbTupy-
toLlas eMKOCTb TaKoro KoHAeHcaTopa paBHa MnoroBu-
He eMKOCTU OTAeNnbHOro KoHaeHcaTopa, a AonycTu-
MOe HarnpshkeHne — OOMYyCTUMOMY HarnpshKeHUI0 OT-
AenbHOro KoHAaeHcaTopa.

[Mpn MCNonb30BaHMN 3NEKTPONUTUYECKNX KOHOEH-
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CaTopoB B LensiX NepPeMEHHOro Unu nynbCUpYyoLLEro
MOCTOSIHHOIO TOKa HanpshkeHne nynbcaumm He JOK-
HO MpeBbllaTb MakCMMarbHO AOMyCTMMOrO 3Hade-
HWsi, KOTOpOE OroBapvBaeTCsl B CrpaBoyHuKax. B
NPOTUBHOM Criyyae koHaeHcaTop OygeT neperpe-
BaTbCH. TemnepaTypa SBNA€TCS OCHOBHOW NPUYNHON
CTapeHusi, U NO3TOMY 3NEKTPOSIUTUYECKNE KOHAEHCa-
TOpbl HMKOFAA He cnegyeT Ucnonb3oBaTh NP Temne-
paType, MpeBbILLAIOLLEN PEKOMEHAOBAHHOE AN HUX
3Ha4yeHune. MIMEHHO NO3TOMY Ha KOpMnyce 3MeKTponu-
TMYECKOro KOHAEHcaTopa 3apy0exHOro npou3BoacT-
Ba HAHOCMTCSA He TONbKO €ro HoMWHan u pabovee
HanpshKeHue, HO 1 NpeaenbHO AOMYCTMMOE 3HayYeHne
paboyen TemnepaTypsl.

EMKOCTb aneKkTponmMTnyecknx KoHgeHcatopo 060-
3HayaeTCs Ha WX Kopnyce B eguvHuuax unu Jonsix
mMukpodpapaabl, Hanpumep: 100uF = 100mkd, 2.2uF
= 2,2MKd.

MonsipHOCTb 3MNEKTPONUTUYECKNX KOHAEHCATOPOB
3apybexHoro npoussoactea obo3HavaeTcs B Buae
3HAYKOB (—), KOTOPblE PaCMONOXeHbl BAOMb BCEro
Koprnyca KoHAeHcaTopa CO CTOpPOHbI BbIBOAA €ro oT-
puuaTenbHon obknagku.

O0603HayeHNs1 KOHOEHCATOPOB OCTasbHbIX TUMOB
pasnuMyarTcs B 3aBMCMMOCTU OT (PMPMbI-M3rOTOBU-
Tenda. [Npy 3TOM HekoTopble (PUPMbI-U3rOTOBUTENN
MCNOMb3yl0T KOAMPOBaHHble ODO3HAYEHUS] HOMUHA-
nos KoHgeHcatopoB. Kog coctouT u3 Tpex umgp u
BblpaXkaeT HOMMWHan KOHAeHcaTopa B nukodapagax,
MepBble aABe uMpbl KO4a ABMASIOTCA 3HaYalMMK, a
TpeTbs undpa npeacrasnseT cobon cteneHb COMHO-
xutena 10.

Hanpumep, ecnv Ha KoHOeHcaTope MMeeTcs Haga-
nuce 472K, To ero HomuHan 47 x 100 = 4700nd.

[MpakTuyeckn BCTpevalwLlmecs HEencnpaBHOCTM
KOHOEHCATOPOB MOXHO pa3fenunTb Ha:

e 06pbIB (MOMHasa NoTepst EMKOCTL);

¢ Mpobowi (KOPOTKOE 3aMblKaHNe MeXay BbIBOOAMM);

® 3HAYMTENBHOE YMEHbLUEHNE EMKOCTU MO OTHOLUe-
HWUIO K HOMUHANBHOW;

® MOBbILIEHHAs yTeyka, T.e. BO3pacTaHuMe MOCTOSH-
HOW COCTaBnsAOLLEN TOKa Yepes3 KoHAEeH caTop.

McnpaBHOCTb KOHAEHCATOpa MOXHO MPOBEPUTH
nyTeM BbiMauBaHUA ero M3 cxembl U "MPO3BOHKM" C
NnomoLLblo oMmeTpa (Ha Npoboin), a Takke 3amepa Ha
n3mepuTene emKoctu (Ha obpbIB N COOTBETCTBUE HO-
MuHany).

Mpn STOM pekomeHOyeTCcs ycTaHaBnuMBaTb Mak-
CMMarbHbIN Npegen U3MepeHns B criydyae UCnosb3o-
BaHUSA CTPEIOYHOrOo OMMeETpa.

McnpaBHOCTb 3NeKTpONMTUYECKNX KOHOEHCATOPOB,
Onarogapsi Mx OONbLION E€MKOCTU, MOXeT ObiTb B
nepBoM NPUBMAMXXEHUN OLEHEHA MO Ha4varbHOMY OT-
KNMOHEHWIo cTpenku ommeTpa. Npu aTom Anst cpaBHe-
HWSI NOMNEe3HO UMETb NOA PYKOW 3aBEAOMO UCNPAaBHbIN
ANEKTPONUTUYECKUIA KOHAEHCATOP TaKoW e eMKOCTH,
KaK n npoBepseMbIi.

B cnyyae ucnpaBHOCTM NpOBEPSIEMOrO KOHAEHCA-
TOpa OTKMNOHEHWE CTPENKU OOIMKHO ObITb Npnbnunsu-
TENbHO TaKMM Xe, KaK U ANns 3TanOHHOro KOHAEeHca-
Topa. [ondpHOCTb NOAKMKYEHUS LYyNnoB OMMETpa
OOMmKHa COOTBETCTBOBATb MONIAPHOCTY BbIBOAOB KOH-
neHcaTopa ((+) oMmeTpa — K BbIBOAY MONOXUTENb-
HoW obGknagku KoHaeHcaTopa). [pu McnpaBHOM KOH-
JeHcaTope CcTpenka OMMeTpa Mocre OTKIOHEHMS
OOMmKHa MefieHHO BEpHYTbCHA B Hayano wkanbl. Ec-
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11 3TOrO HEe MPOWU3OLLISIO U CTPEeSika OCTaHoBMIach, He
OONas Ha 3HAYUTENBbHOE PacCTOsiHME A0 Hadvana Lika-
Mbl, TO NPOBEPSEMbIA KOHAEHCATOP MMEET MOBbILLEH-
HOE 3HaYeHne YTEeYKN U JOIDKEH ObITb 3aMEHEH.

He 3abygbTe paspsauTb KOHOEHcaTop nepen ero
NPOBEPKON MYTEM KPaTKOBPEMEHHOro 3aMblKaHUS
BbIBOOOB C MOMOLLbIO OTBEPTKU Unu nuHueTa! NHave
Bbl PUCKYeTe BbIBECTU W3 CTPOS CBOW M3Mepu-
TenbHbIN Npnbop.

ABTOpaM Ha MpakTuke NMPUXOAMIOCL BCTpeYaTbes
CO crnyyasiMM, Korga KoHAeHcaTopbl AaBanu no-
BbILLIEHHYIO YTEYKy TONbKO NPV Mogade Ha HUX pa-
fboyero HanpskeHus wnm npu nporpese. OGHapy-
KEHMe Takux KOHOEHCaToOpoB NpeacTaBnseT cobon
0COBYl0 CIOXHOCTb MpU pemoHTe. BbinamBaHue u
npoBepka C NMOMOLLbI0O OMMETPa B 3TUX Cryyasx pe-
3ynbTaTa He gaeTt. OGHapyXuTb Takon KOHOEHcaTop
MOXHO TOJIbKO MO HapYLUEHUO pexuma paboTbl Cxe-
Mbl B MECTE €ro yCTaHOBKW. B Takux criyyqasix nydie
BCEro 3aMeHWUTb MOAO3pEeBaeMbI KOHOEHCcATop Ha
3aBeJoMO ucnpaBHbIN, NMBo cobpaTtb cneumarnbHyo
CXeMy ON1s ero NpoBEPKN MO HanNpsHKEHNEM.

MHorga BcTpedaroTca crnydau, Korga B pesynbrare
HebpexHoro obpalleHus C nnaTtonm Kepamumyeckue
KOHOEHCaTopbl, YCTAHOBMEHHbIE HAa HEW Mony4yarT
MeXaHW4YecKkne noBpexaeHus. Takne KoHAeHCcaTopbl
cpa3y bpocaioTca B rnasa npyv BHMMaTenbHOM OC-
mMoTpe nnaTbl. OHM MMEKT OTKOMNOThIE Kpas, Tpeln-
Hbl 1 T.4. HecMOTpsa Ha TO, YTO OHM MOTYT ObITb UC-
npaBHbl, TakMe KOHAEHCATOpbl fydlle BCEro cpasy
XE 3aMEHUTD.

TPAHC®OPMATOPbLI U APOCCEJIUN

MpencTtaBnaT cobo YacTHble crnyvau KaTyllek
WHOYKTUBHOCTU C MarHWTHbIM cepAaedHukom. B pe-
anbHOM KaTyllke MPOBOA, U3 KOTOPOro OHa HaBWBa-
eTcs, obnagaeT nocnegoBaTenbHbIM CONPOTUBMIEHU-
eM, a Mexagy BuTKamm obMOTKM MmeeTcda pacnpege-
neHHas eMKOCTb.

[Be KkaTylKkn WHAYKTUBHOCTMW, CBSI3aHHble APYr C
Opyrom 4yepes o0WMIA MarHWUTHbIA CepAaedHuK, obpa-
3yloT TpaHcdopmaTtop. [pu 39ToMm pearnbHble TpaHc-
dopmatopbl (B OTNMYME OT UAeanbHbIX) UMEKT MEX-
4y BTOPUYHBIMU U NEPBUYHBIMM OOMOTKaMKN EMKOCTb.

OKBMBaAmNeHTHas cCxema KaTylWwKM WHOYKTUBHOCTU
nokasaHa Ha puc. 74,6.

MexBWTKOBas eMKOCTb MpeAcTaBreHa 34ecb B BU-
e LUYHTMPYIOLEro KoHgeHcaTopa C COCpedoTOYeH-
HbIMW MapamMeTpamm, Tak YTO Ha HEKOTOPOW YacToTe
UMeeTCHa napannenbHbli pe3oHaHe. JTa vacTtoTa pe-
30HaHca onpegensieT BEPXHIO 4YacToTy, Ha KOTOPOW
MOXHO MCMOMNb30BaTh KaTyLLKy MHOYKTUBHOCTH.

[pyron BaxHOW XapaKTEpUCTUKOM KaTyLUeK WH-
OYKTUBHOCTU SBMSIETCH MX YYBCTBUTENbLHOCTb K Ma-
pPasuTHbIM MarHWTHbIM MOMSIM U CMOCOOHOCTb reHe-
puypoBaTtb 3TV nons. MMoaTomy K CMIOBbIM UMMYIbC-
HbIM TpaHcdopmaTopam UBIT npeabaBnsatoT XXecTkune
TpeboBaHWss Mo oGecrneyYeHnto 3SneKTPOMarHUTHOW
COBMECTUMOCTW, MO WHAYKTMBHOCTU paccesHus ob6-
MOTOK Mpu ycroBun obecnedyeHns XOopoLluero noTo-
KocuenneHns mexagy OOMOTKamu, a Takke MO KOH-
CTPYKLUW C BbICOKOW NMPOYHOCTLIO U30MnsAumMun (Kak npa-
BWIO, NpobrBHOE HanpsbkeHne He MmeHee 2kB). Otu
TpeboBaHWs npexge Bcero OOYyCrnoBneHbl MpPAMO-

YrONbHOCTLIO QOPMbI  HaMpsXkeHns ¢ Bonbluon 4a-
ctoton (okorno 30kIl), a Takke BonbLIOW aMNAUTYOoN
UMMYIbCOB B KaXOOM MONynepuoae HanpsiKeHus.

MmnynbCcHble TpaHcdopMaTopbl nNpeaHasHayeHbl
ONa  nepegavn  KpaTKOBPEMEHHbIX 3NEKTPUYECKMX
UMMNYNbCOB AOCTATOYHO BOMbLIOW MOLHOCTU. BO3HM-
Kalowme npu 3TOM MCKaXeHUs1 MIOCKOW 4YacTu UM-
nynoca onpeaensitoTca KOHEYHON BEMWUYUHON UHAOYK-
TMBHOCTU NepBUYHON 0OMOTKM L1, a wuckaxeHus
PpoHTa — MHOYKTUBHOCTbIO paccesHusa Ls. 3T wmc-
KaXkeHUs1 (PpOHTOB WMMMYNbCOB BbI3bIBAIOTCA nNapa-
3UTHBIMK KONebaHWsIMW, BO3HUKAIOLWMMK B KOHTYpE,
o6pa3oBaHHOM WMHAYKTUBHOCTBIO paccesiHus Lg un
cobcTBeHHON eMKocTbio Cqy. [1oaTOMy Npy BbIMOSHE-
HAM MMMNYNbCHOrO TpaHcdopmaTopa MNPUHUMAIOTCS
cneumanbHble Mepbl ONA YMEHbLUEHUS 3TUX napa-
3MTHbIX NapaMeTpoB.

Mepbl 3TM B OCHOBHOM CBOOATCS K crieaytowemy.
O6moTkM pacnonaratoT Takum obpasom, 4Tobbl Mex-
4y vx BblBoAamu 6bIno NpunoXxeHo B npouecce pa-
60Tbl BO3MOXHO MeHblLUe MMMNYNbCHOE HanpshKeHue.
PekomeHayeTcs 06MOTKY C MEHBLLUMM YACIIOM BUTKOB
pacnonaratb BHYTPMW, a C 60NbLUNM YMCIIOM BUTKOB —
CHapy>xWu KaTywku. [Insg nonyyYyeHrs mManon BENNYUHBI
WHOYKTUBHOCTU paccesiHusa ofgHy M3 obMOTOK Hama-
TbIBAlOT B ABa Crosi, MeXay KOTOpbIMW MOMeLLalT
BTOPYO OOMOTKY. B HEKOTOpbIX MMMYMbCHBIX TPaHC-
dopmaTtopax nepBuyHast U BTOpU4Had OOMOTKM Ha-
MaTbIBalOTCA OQHOBPEMEHHO OBYMSA MPOBOAAMM, TaK
4YTO BUTKM OOHOW OOMOTKM pacnonaralTcs Mexay
BUTKaMu Apyron. B kadecTBe Mexcrnoeson U mMexob-
MOTOYHOW M30NALMN OBbIYHO MCMOMb3YIOTCA MIEHKU
HeopraHuyeckmx auanekTpukos. Cammn TpaHcdhopma-
TOpPbI NPONUTLIBAIOT KOMMNAyHAAMU UMK flakamu.

B cunoBbIXx uMnynbcHbIX TpaHcdopmaTopax MBI
nepcoHanbHbIX KOMMBIOTEPOB HAXOASAT LUMPOKOE Npu-
mMeHeHne LL-o6pasHble heppuTOBBIE MarHUTOMNPO-
BOAbI, Hanbornee TeXHOMNOrM4HbIE A5iS npouecca Ha-
MOTKM OBMOTOK U XapakTepu3yoLMecs: BbICOKUM KO-
3aPPULMEHTOM NX 3aMOMHEHUS.

Mcxoas m3 BblleckasaHHOro, MOXHO caenatb He-
yTelWnTEeNbHBIN BbIBOS O TOM, YTO MpU BbIXOoAe U3
CTPOS CUINOBOIO MMMYNBLCHOIO TpaHcdopmaTopa ero
PEMOHT UMM U3roTOBMEHWE HOBOro — Aeno BecbMa
crnoxHoe n TpebyeT cneumanbHoro obopyaoBaHwus,
MaTepuarnoB, OCHACTKM U BbICOKOW KBanudmkaumm.

KpoMe TOro vMnynbCHbIA TpaHcdopmaTop SBNSA-
eTCs OpUrMHarnbHOW HeyHUULUMPOBAHHOW AeTanbio,
KoTopasi pa3pabaTtbiBaeTcsd 1 NpUMeHseTCs AN AaH-
HOW KOHKpeTHoM cxembl MBI n, kak npaBuno, He
NOAXOAMWT AN APYrMX CXEM.

Mpn HapyweHun xoTa Gbl OAHOIO W3 Bbillenepe-
YMCNEHHbLIX NapaMeTpoB B pesynbTaTte PeMOHTa UM-
nynbCHOro TpaHcopmaropa, oH byaet pabotaTtb He-
YOOBMNETBOPUTENBLHO, YTO MPMBOAUT K HapyLUEeHWUto
ONTUMAarbHOr0 COOTHOLLEHWUS MOTepb MOLHOCTU Ha
anemeHtax WBIT n ckopomy MOBTOPHOMY BbIXOAY
MBI n3 ctpos.

K cuyacTblo, cunoBble UMNynbCHblE TpaHcdopma-
TOpbl HEOOPATMMO BLIXOAST M3 CTPOSA AOBOSBLHO pen-
KO, YTO 0OBACHAETCA UX BbICOKOW HaOEXHOCTbIO, KO-
Topasi 3anoxeHa B TEXHONOMMN NX N3rOTOBIEHNS, T.K.
UMMYNbCHBLIN TpaHcopMaTop ABASETCA OOHUM U3
CaMbIX OTBETCTBEHHbIX 3N1eMeHToB cxembl VBIT.

PaccmoTtpum Tenepb OCHOBHble OCOBEHHOCTU Mo-
CTPOEHUA TpaHCcHOPMaTOPOB TOKa, KOTOPbIE WUCMOfb-
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YecTBE [aTyMKa CXembl TOKOBOW 3a-
LNTBI.

XapaktepHoWn 0COOEHHOCTLIO
TpaHcdopmMaTopa Toka B OTnnune oT

TpaHcdopmaTopa HanpsXKeHus ABns-
eTcsa TO, YTO BTOpMYHas obmoTka ero

JormkHa ObITb 006a3aTensHO 3aMKHyTa
Ha Harpysky, COrnpoTUBMNeHNEe KOTOPOWN
He npeBbllLaeT onpeaeneHHoro 3Ha-
YeHuns. PasoMKHyTOe COCTOsSIHWE BTO-
pU4HO OOMOTKM SBMSIETCS aBapuii-
HbIM pexumoM. [losicHum ato noga-
poGHee.

T.K. TOK NEPBMYHON OOMOTKMN HE W3- 6)

B)

MEHSIETCA NpW paspbiBe Lenu BTOpPUY- L
HOM OOMOTKM, B OTNMYME OT TpaHcC-
dopmartopa HanpsxeHus, ToO nepe-
MEHHbIN MarHWTHbIA MOTOK B cepaey-
HUKE MMEET O4yeHb BOomMblUyd amnnu-
Tyay 13-3a TOro, YTO OTCYTCTBYET BCTPEYHbIN KOMMNEH-
CUPYIOLUMA MarHUTHbIA MOTOK, MOPOXOAEMbIA TOKOM
BTOPUYHOM OOMOTKM. CKOpPOCTb W3MEHEHWs Mar-
HUTHOIO MOTOKa MPWU CMEHE MONSAPHOCTM TOKa, MpoTe-
KaloLLero 4yepes nepBuYHYyl0 OOMOTKY, Takke O4YeHb
Benvka. Noatomy 6yaet oveHb Benvka 30C, HaBoau-
Masi 3TMM MOTOKOM Ha Pa3OMKHYTOW BTOPUYHON 06-
MoTke. Benuumna aton 3[C TakoBa, YTO MOXET Mpu-
BECTM K nNpoboto nsonauyumn. [ns 6esonacHocTn pabo-
Tbl B Cly4ae NOBPEXOEHUS U30MALMN Mexay nepBud-
HOM W BTOpUYHOW OBMOTKamu, BTOpuYHas obmoTka
[OIMmKHa ObITb 00653aTenbHO 3a3eMrieHa.

Kpome TOro, Gomnbliasg amnnuMtyga nepemMeHHoro
MarHWTHOrO NoToka B CEpAEYHMKE NMPUBOOUT K 3Ha-
YNTENbHOMY BO3pacTaHWI0 MOTEPb Ha ero nepemar-
HuumBaHue. [losTomy TpaHcdopmaTop HavuHaeT
CUNMbHO NeperpeBaTbCs.

B cxeme VBl PS-6220C, Hanpumep, hyHKLMIO Ha-
rpy3kn BTOPUYHOM OOMOTKM TpaHcdopmaTopa Toka
T4 BbinonHseT pesuctop R42 (470 Om) (cm. puc.56).

TpaHcdhopmaTop TOKa B paccMmaTpvBaeMOM Knac-
ce VBl B OCHOBHOM MMeeT ABe KOHCTPYKTUBHbIE pe-
anusauuu. B ogHOM BapuaHTe OH npeacTasnsieT co-
ool TpaHcopmaTtop Ha LU-o6pasHom dheppuToBOM
cepdeyHuKe, Ha cpeHeM KepHe KOTOporo pacnorsio-
XEH Kapkac C HaMOTaHHOW Ha HEero BTOPWUYHOW 06-
MOTKON. lMepBMyHas obmoTka pacrnoryioXeHa NoBepx
BTOPUYHOW W npeactaensetT u3 cebs oguH BUTOK
MOHTa)XHOTO MpPOBOAa B MAacTMacCcoBOM M30MsLMU
(pnc.76,a,6).

B gpyrom BapmaHTe BTOpuyHas obmoTka HamaTbl-
BaeTCa Ha KonbLeBOW (peppuTOBbIN CepaeyqHuK, a
nepBnYHOM OBMOTKOW ABNSAETCS BbIBOA KOHAEHCATo-
pa, KOTOPbIA BKIOYEH MOCneaoBaTenbHO C NepBuY-
HOM OOMOTKOM cunoBoro TpaHccopmaTopa (puc.
76,8). OgHako BCTpevalTCcsa U Apyrne BapuaHTbl KOH-
CTPYKTMBHOIO UCMOMHEHUs TpaHcgopmaTopa Toka.

Hdpoccenn BbIXOAHbIX PUNBTPOB (KPOMe ApOoccens
rpynnoBoKn ctabunusauummn) npeacraenstoT cobon Ka-
TYLKA WHOYKTUBHOCTU C OAHOPSAHOW HaMOTKOW U3
MeOHOro npoBoga GONbLIOrO CeYEHUsT Ha HE3aMKHY-
TOM (peppuTOBOM CepAevHUKEe LUINHOPUYECKON
dopmbl (heppuToBble CTepxkHM). bonblioe ceveHne
npoBofda OOBACHAETCA 3HAYUTENbHOW BENUYUHOMN
BbIXoAHbIX TokoB WMBI1, a He3amkHyTast hopma cep-
JeyHnka — paboton gpoccenst ¢ 60OMbLWMM TOKOM

Puc. 76. BcTpevatoLumecs Ha NnpakTMke KOHCTPYKUMK TpaHcdopmaTopa
ToKa Ha LL-o6pa3Hom (a) n Ha KonbLeBoM (0,B) cepaeyHuKe.

nogmMarHuumBaHvsa. 3amkHyTas oopma cepaeyHuka B
3TOM crnyyae npmeerna 6bl K BXOXAEHUO ero B mar-
HUTHOE HacbilWweHue U noTepe apoccenem unbT-
pYHOLLUX CBONCTB.

HencnpaBHOCTU WHAOYKTUMBHBLIX 351IEMEHTOB MOXHO
noapasfennTb Ha:

e 06pbIB B OOMOTKE;

® MEXBUTKOBOE 3aMblKaHUE;

® MEXXOOMOTOYHOE 3aMblkaHue (TONbKO A TpaHc-
dopmaTopoB),

® 3aMblkaHue (Npobon) 0GMOTKM Ha CEPAEYHMK;

e NoTEepPs CepAeYHMKOM MarHUTHbIX CBOWCTB (M3-3a
neperpesa, MexaHN4YeCKnx NoOBPEXAeHN 1 T.4.).

Bbixoa 13 cTpos BbIXOAHbIX Apoccenen unsTpos
B VBl aBneHvne kpainHe penkoe n3-3a MX BbICOKOM
HaJEeXHOCTH.

BbIxoa 13 cTpos TpaHcopMaToOpoB YacTo MOXHO
onpeaenuTb Npu BHELLHEM OCMOTPE MO NOTEMHEHWUIO
OTAErbHbIX Y4aCTKOB HapyXXHOW M3onauuu, nossne-
HUIO My3bIPbKOB BO34yXa MOA W30MsuMen, BCNeHu-
BaHWIO M BbIAENEHWI0 U3 MoA M30MAAuMM MPOMUTOY-
HOro KomnayHga.

LlenoctHocTb 06MOTOK Ha "0OpLIB", @ Takke Hanu-
yne MeXOobMOTOYHOro 3aMblKaHUS U 3aMblKaHUA Ka-
Kon-nnbo n3 oBMOTOK Ha CepaeydHUK nerko nposeps-
IOTCH C MOMOLLIbIO OMUYECKON "MPO3BOHKMN".

OcTanbHble M3 NEepevncrneHHbIX BbILLE Heucrnpas-
HOCTeW nofaalTcs OBHaPYXEHUIO KpaHe CIOXHO, Tak
KaKk OMMYeckoe COMpOTMBMEHWE OOMOTOK TpaHC-
dopmaTopa oYeHb Mano (eauHuLel 1 aaxe gonu Om!).

Ecnu ecTb nogospeHne Ha MEXBUTKOBOE 3aMblka-
HAE WM Ha MOTEepP CEepOeYHVMKOM  MarHUTHbIX
CBOWCTB, TO TpaHcOpMaTop HyXOaeTcd B 3amMeHe
Ha aHanornyHbIN.

Anoabl

Ouoabl, npyMmeHsiemMble B paccMaTpMBaeMOM Krac-

ce NBI1, MoxHO yCnoBHO noapasaenuTb Ha:

® CUMNOBbIE BbIMPAMUTENbHBIE HU3KOYACTOTHbIE (AMO-
Obl BXOOHOIO CETEBOrO MOCTA U CXEMbI NMyckKa);

® CUMOBblE  BbINPSMUTENbHBIE  BbICOKOYACTOTHbBIE
BTOPUYHOWN CTOPOHBI;

® BLICOKOBOSIbTHbIE  BbICOKOYACTOTHbIE  (pekynepa-
LUMOHHbIE Anoabl TPAH3UCTOPHOro NHBEPTOPA);
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® HM3KOBOJbTHbIE BbICOKOYACTOTHbIE (MPUMEHSEMbIE

B COrnacyloLllemM Kackage M CurHasnbHbIX Lensx 3a-

LWMTLI, a Takke cxeme obpasoBaHusa curHana PG).

BbinpsiMUTenbHble HU3KOYACTOTHbIE Auoadbl Ans
BXOZAHOTIO BbINPSIMUTENBHOrO MOCTa BbiGMpatoTcs npu
3aMeHe Mo criegyoLmMM OCHOBHLIM NapamMeTpam:
® MOCTOAHHOMY OOpaTHOMy HanpsbkeHnuto Uobp. (He

meHee 400B);

e cpegHeMy npsiMoMy Toky Inp. (He meHee 2-4A B
3aBUCMMOCTM OT MOLLHOCTM Grioka);

® MMYNbCHOMY MPSIMOMY TOKy Iu.np. (He MeHee
70-100A).

Ona cunoBbiX BbINPSAMUTENBHBIX BbICOKOYACTOT-
HbIX OUO4OB, KPOME TOro, BaXKHbIM NMapamMeTpoM Criy-
XWUT BPEMSA BOCCTAHOBIEHNSI 06paTHOro ConpoTuBIe-
HUst anopda tyoe, KOTOPOE OnpeaenseT ONUTENbHOCTb
pexvma "CKBO3HbIX TOKOB" B CXeMe BbINPSAMIEHUS.
OTO yBenuuMBaeT KOMMYTaUMOHHbIE MNOTEPU HEe
TONMbKO B AMOAaXx BbINPSMUTENS, HO U B TPaH3UCTO-
pax uHBepTopa. [lpu 3TOM 3nemMeHTbl UCTOYHMKA
0Ka3blBalOTCS B peXUME KOPOTKOrO 3aMblKaHusl, YTO
co3gaeT YCnoBusi Anst KOMMYTaLMOHHBLIX BbIOPOCOB
Ha (OpOHTax NepekNtoYeHnsi, BEQYLLUUX K OTKasy MC-
TOYHMKA. Bpemsi tzoc. OOMMKHO ObITb B TpU-YeTbIpe
pa3a MeHblue BPEMEHMW BbIKIIOYEHNS TpaH3ucTopa u
CO0TBETCTBOBATb 130:=0,3-0,5MKC. BTOpbIM BaXkHbIM
napamMeTpoMm 3TUX OUOAOB SABMSIETCS NpsiMoe nage-
HWe HanpsbkeHnn Uy, OT 3HayYeHus KoToporo 3aBuCuUT
KMO Bbinpsmutensi. 10 HanpskeHUe AOSMKHO ObiTb
MO BO3MOXXHOCTU MEHbLLINM.

CpaBHuTENbHO MeHbllee 3HayveHne Uq, nony-
yaetca y guopoB ¢ Gapbepom LUoTTkn. Y paHHOro
™mna guopnos Uy, cocrtasnset 0,4-0,6B npu Tokax oo
100A, a Bpemsa BoccTaHoBneHus He 6onee 0,1MKc.
HepocTtaTtkom guoga sBnsieTcst 6Gonbluoi oOpaTHLIN
TOK M Manoe [onycTMMoe obpaTHoe HanpsikeHue
(20-40B).

Ona octanbHbIX AMOOOB ONPeAenswwmM napa-
METPOM ABMSETCSH tooc.

O6pawaem Balle BHMMaHME Ha TO, YTO MOLUHbIE
BbINpsIMUTENbHbIE ANOAbI B KaHanax BelpaboTtkn +5B
n +12B cToaT Ha pagmatopax, T.e. ansa obecneveHus
TemMnepaTypHOro pexvmMa paboTbl 3TUX ANOL4OB HaAo
obecneuntb xopoLwmin TennooTeoa!

XapakTepHOW OLLIMOKON PEMOHTHUKOB MPU 3amMeHe
BbILLIEALWNX U3 CTPOS 3apybexkHbIX ANOO0B SABNSIETCS
He3HaHWe OfHOW XxapakTepHOW ocobGeHHocTU. McTo-
pUYECKN CIOXWUIOCh TakK, YTO y OMOAOB, BbinNyckae-
MbIX OTEYECTBEHHOW MPOMBILLIIEHHOCTBI0 MEeTKa ,Kak
npaBuno, HaHOCUTCHA CO CTOPOHbI aHoda. 3apybex-
Hble OMoAbl, Kak MpaBwuio, MMEKT METKy Yy katoaa.
[Mo3TOMYy PEMOHTHUMK, U3Brekass HeucnpasHbIN OMO[,
13 NnaTbl, ycTaHaBNMBAET Ha Ero MeCTo Auo4 oTede-
CTBEHHOrO MPOW3BOACTBA, CTapasiCb MpuM 3TOM CO-
XpaHuTb pacnonoxeHve meTku. B pesynbTate guog
oKkasblBaeTcs 3anasdH "HaobopoT', YTO MpMBOAWT K
BbiBogy MBI n3 ctposa. OgHako Heobxoaumo oTme-
TUTb, YTO N AN 3apyOexHbIX, U AN 0TeYEeCTBEHHbIX
OMOAOB pacnonioXXeHne MeToK MOXET ObITb N NPOTK-
BOMOJIOXKHBLIM. [103TOMY HACTOSITENIBHO PEKOMEHAYEM
Bam nepen yctaHoBkoM Auoga Ha nnaTty paso-
BpaTbCa B pacnonoXeHun BbIBOAOB C MOMOLLbH OM-
MeTpa, He [0BepsisiCb CNpaBOYHUKAM, B KOTOPbIX
MHOrga BCTpevarTes gocagHble owmnbku! Kpome T0-
ro, aBTopbl Ha NPaKTUKE CTOSIKHYIINCb CO CrlyYasiMu,
Korga owuvbKkn Npu MapKMpoBke OMOA0B Obinn gomny-
LLIeHbIl HA 3aBO4Ee-M3roToBUTENE.

MpakTuyeckn BCTpevaloLMecs HeUcnpaBHOCTU
AVOJ0B MOXHO pasfenuTb Ha:
¢ 00pbIB;

® KOPOTKOE 3aMblkaHue (npobon);
® YMEHbLLEHNE 06pPaTHOro COMPOTMBIIEHNS (YTEYKA);
® yBENIMYEHNE NPAMOro CONpOTUBMEHUS.

Bce 3TM HemcnpaBHOCTM nerko OOHapyXuBalTCH
npy MOMOLLM OMMETpa Mocrne BbinavwBaHusd guoda u3
CXEMb.

Obpaiwlaem Balwe BHUMaHMe Ha TO, YTO WMHOrga
yTeuka avoaa nposiBNsieTcs TOMbKO nog, HanpshxkeHuem!

Bonblune CnoXHOCTW BO3HWKAIOT MpU BbIXOAE U3
cTposs ctabunuTtpoHoB u TupuctopoB B MBI, koTo-
pble 0ObIYHO SBMSATCA MOPOrOBbLIMA W UCMOMHU-
TENbHLIMW ANIEMEHTAMM PA3MMNYHBIX 3aALLUNTHBIX CXEM.
OnpegeneHune nx TMNOB U NapamMeTpoB 4acTo ObiBa-
€T 3aTpygHEeHO Wu3-3a OTCYTCTBMS CMPaBOYHON WH-
cdopmaumm 1 npuHUMnuaneHbix cxem Ha WBII. Mpo-
M3BOSMbHLIM NOAOOP 3TWX 3MEMEHTOB 4peBaT Bbl-
xoaoM u3 ctpos anemeHtoB UBI, koTopble ewe He
"cropenun". ToaToMy Mpu TakMx CROXHbIX Crydasx
HeobxoAMMO "CHATBE" MPUHLUMNWANbHYIO CXemy C ne-
yaTHon nnatel VIBIT u TwaTtensHO npoaHanuaupo-
BaTb NpUHUMN ee paboTkl, Nocrne yero nonpobosaTb
nogobpaTe 3MeMEeHT CO CXOAHbIMW MapameTpamu,
nnbo nomnbITaTbCs [OCTaTb aHamNorMyHbln 3apybex-
HbIA SNEMEHT.

TPAH3UCTOPbLI

TpaH3ucTopbl, MpMMEHAeMble B paccmaTtpuBae-
mMom knacce UBIT, MOXHO ycrnoBHO noapasgennTb Ha:
® CUIOBbIE BbICOKOYACTOTHbIE (GOMbLLOW MOLLIHOCTK);
® CUrHanbHbIE BbICOKOYACTOTHbIE (Manon MOLLHOCTH).
CvnoBble BbICOKOYACTOTHbIE TPaH3UCTOPbI Mpu-
MEHSIIOTCA B KayecTBe KIHOYeN MOSTyMOCTOBOrO WH-
BEpTOpa M paccymTaHbl Ha paboTy CO 3HaAYMTENbHbI-
MU TOKaMu U HanpsXeHnamu. CurHanbHble TpaH3u-
CTOpbI UCMONb3YIOTCA BO BCEX OCTarbHbIX (OYHKLMO-
HanbHbIX y3nax cxembl VBI.
Bo Bcex cxemax paccmatpuBaemoro knacca MBI
B KayecTBe CWITOBbIX KIOYen UCMONb3YITCH WCKIHo-
ynTenbHO GMNonspHbIE TPaH3UCTOPbl OBpaTHOro Tu-
na nposoaumocT (n-p-n). OCHOBHble MNapameTpbl
Hamboree 4acTo MPUMEHSIEMbIX CUMOBbLIX TPaH3UCTO-
poB NpvBeaeHbl B Tabnuue MNpunoxenns 2.
B kavecTBe CurHambHbIX WCMOMb3YKTCA TpaH3u-
CTOpbl Kak npsmoro (p-n-p), Tak n obpaTHOro Tuna
nposogmMmocT. OCHOBHble MapamMeTpbl Haubornee
4YacTO MNPUMEHSAEMbIX CUTHamnbHbIX TPaH3UCTOPOB
npuBeaeHsbl B Tabnuue MpunoxeHns 3.
BHumaHue. [lpu 3ameHe cuzHarbHbIX MmpaH3u-
cmopoe criedyem y4umbi8amb HE MOJILKO Yughpo-
8oe 0b03HavYeHuUe mpaH3ucmopos, Ho U byK8eHHbIe
0603Ha4YeHUsi, KOmMOpbIe HaHeCeHbI Ha Kopriyc. TpaH-
3ucmopbl ¢ pasHbiMU byK8EHHbIMU 0603HaYeHUsIMU
umerom pasfnu4yHble napamemps! (npexde eceso —
KoaghgbuyueHm ycuneHusi no moky)!
[NpakTnyeckn BCTpedaowmnecs
TPaH3MCTOPOB MOXHO Pa3genuTb Ha:
e 06pbIB 0OQHOMO NN 06omnx NEPExXoos.;
® KOPOTKOE 3aMblkaHve (Mpobon) Mo OJHOMY WM
obouMm nepexopaw;

® yMEHbLLEHNE OOpaTHOro COMPOTMBIIEHUS (yTeuka)
ofHoro munu obonx Nepexoaos;

¢ MPOBON MO y4yacTKy KOMMEKTOp-aMUTTEP MPW LEno-

HeWncnpaBHOCTU



Puc. 77. HTerpanbHble NMMHENHbIE perynaTtopbl Hanpskenus LM7805, LM7812.

CTHOCTWM nepexoaos KOJ'IJ'IeKTOp-683a n 3MVI'I'I'ep-683a.

Bce atn HEencnpaBHOCTU JiE€rko 06Hapy)KI/IBaI-OTCFI
npu nomown omMmMmeTpa nocrne BbiNamBaHUA TpaH3U-

MHTEIPAJIbHbIE CTABUITU3ATOPDI
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cTopa u3 cxeMbl (cM. masy 13.4), T.K. Kaxgbli U3 ne-
pexoaoB TpaH3ncTopa aHanoruyeH ouody.

Tabnuua 6.

Tun BbixogHoe ToyHocTb | MakcumanbHbI | HOMUHanbLHbIN BxoaHoe
MUKpPOCXeMbl | HanpsikeHue, B | ycTtaHOBKM, B | TOK Harpy3ku, A | TOK Harpy3ku, A |HanpsikeHue, B
7805 5 10,2 8 0,5-1 7-25
7812 12 10,5 5 0,5-1 14,5-30
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Puc. 78. Bbixog MMC 7805 Ha
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pexum ctabunmsaummn npu nogade
BXOQHOIO HaMPsi>KEHUS.

OTM  MUKpOCXeMbl copepxat
BCTPOEHHYIO 3aLLUTy OT neperpys-
KM MO TOKY U TENNOBYIO 3alUUTY OT

) ouT

<
<

LM7805: 7B<UBx<25B; Usbix=5B+0,2B.
LM7812: 14,5B<UBx<30B; UBbix=12B+0,5B.

MakcumarbHO [OMyCTUMON TeM-
nepatypbl Kpuctanna (175°C),
YTO CyLLECTBEHHO MOBbILLIAET Ha-
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Puc. 79. TunoBble cxeMbl BKITHOYEHNS TPEXBbLIBOAHbIX
WHTEerpanbHbIX CTabnnnaaTopoB NONMOXMUTENLHOIO (a)
N oTpuuartensHoro (6) HanpsKEHWA.

B paccmatpusaemom knacce MBI ncnone3aytotces,
B OCHOBHOM, Ans cTabunusaumm oTpuuaTerbHbIX
BbIXOAHbIX HaMpPsPKEHWI TPEXBbIBOAHbIE MHTErpasnb-
Hble cTabunuaatopbl Hanpshkenust Tuna 7905, 7912
unn 7805, 7812.

CTpykTypHass cxema TpexBbIBOAHbIX WHTErpanb-
HbiXx cTtabunusatopo 7805 (K142EH5A) un 7812
(K142EHS8B) npuBeneHa Ha puc. 77.

OcHOBHblE NapamMeTpbl 3TUX CTabunn3aTopoB Ha-
npsbkeHuns npyeeeHbl B Tabn. 6.

CXema BKITHOYEHUS 3TUx ctabunu-
3aTOpOB MpuBedeHa Ha puc. 79.
KoHpgeHcatop C1 — 0OGbIYHbIN
GUNbTPYIOLWNA  KOHOEHCATOpP, KOTOPbIA  JOKEH
nmetb emkocTb 1000Mkdb Ha 1A Toka Harpy3ku. KoH-
AeHcatop C4 ucnonb3yeTca Ans CriaXxuBaHus nepe-
XOAHbIX MPOLECCOB MpU BHe3anHbIX MNOBbILLEHNSX
noTpebnsemMoro Toka U AOMMKEH UMETb €eMKOCTb Mpu-
mMepHo 100mkd Ha 1A Toka Harpysku.

BxogHon koHgeHcaTtop C2 ycTpaHsieT reHepauuio
Mpy CKaykooOpa3HOM BKIMOYEHWUM BXOOHOIO Hanps-
xeHus (UBx), KoTopasi BO3HMKaeT B crtabunuaartope
n3-3a BMWAHUS MOHTaXHbIX €MKOCTU W WHAYKTUB-
HOCTW COeOUHWTENbHbLIX NPOBOAOB, Obpa3syoLwmx na-
pasnTHbIN korebaTenbHbid KOHTYp (puc. 78), Bbl-
Xo4HOM koHAeHcaTop C3 cnyxuT ang 3awmTbl OT ne-
pexodHbIX NoMexoBbix umMnynbcoB. O6biyHO C2 n.C3
umetoT eMkocTb oT 0,1 40 1 MK 1 JOMKHBI MOHTU-
poBaTbCsl Kak MOXHO Onuxe K Kopnycy crabu-
nu3artopa. AMNNNTYAa BbICOKOYACTOTHbIX KonebaHui
MOXeT NpeBbIaTb MakcMMaribHO JOMYCTUMOE BXOA-
HOE HanpsbkeHWe, YTO MPUMBOAUT K MpobOoK MUKpO-
CXeMbl, MO3TOMY Hamuune u wucnpaBHocTb C2 sB-
nsietca obs3aTenbHbIM yCroBneM ans padboTbl CXeMbl.

WHorga mexay BXOAOM 1 BbIXOAOM MHTErparbHOro
ctabunmnsartopa Bkntodaetca guopn (puc. 79). B ero
OTCYTCTBMM nocrie BbikntoveHns n3 cetn Bl kok-
AeHcaTtop, CTOsLWMIN Ha BbixoAe cTabunusaTtopa pas-
pSAMTCA Yepes cTabunusaTop, YTO MOXET MPUBECTU
K BbIXOAY €ro u3 cTposi.

MuHUManbHoe BXOOHOE HanpshkeHue UHTerpanb-
Horo crabunusatopa AOSMKHO MpeBbIlaTh BbIXO4HOE
Ha 2,5B, T.e. ons ctabunmsaTopa ¢ UKCUPOBaAHHbIM
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BbIXOAHbIM HanpsbkeHnem +5B, Hanpumep, MUHK-
ManbHOE BXO4HOE HanpshkeHne coctaBnsaeT +7,5B.

LlokoneBka KopnycoB WHTerpanbHbix cTabunmsa-
TOPOB 3TUX cepui npuBeaeHa Ha puc. 80.

O6paTnTe BHMMaHWe Ha OTNNYNE B PACTIONOXEHUN
BbIBOOOB 3TUX cTabunusatopoB! OWMOKM TEXHUKOB
NPy MOHTaXe 3TUX CTabunNn3aTopoB NMPUBOAST K Bbl-
xoay nx na ctpos!

HEKOTOPbLIE KNKOYEBbLIE MOMEHTbI, KOTOPbIE HEOBXOAUMO YYUTLIBATb
NPU NOUCKE HEUCINPABHOCTEW UBI IBM PC

XapaKkTepHbiMM NPUYNHAMM BO3HMKHOBEHMWS aBa-
puiiHbIX pexnmoB B cxeme VMBI asnstoTca: "6pockn"
CETEBOro0 HanpshkeHusi, Bbi3blBaOLIME YBENUYEHUE
aMmnnuMTyabl MMMynbCa Ha KOMMEKTOpe Krt4eBoro
TpaH3ucTopa; KOpoTKOe 3aMblKaHWe B Lienu Harpysku;
naBuHOOGpa3HOe HapacTaHue Toka KossfekTopa m3-
32 HacbllLleHUs MarHMTonpoBoda  UMMYSbCHOMO
TpaHccopmaTopa, HanpuMmep, u3-3a U3MEHEHUs Xa-
PaKTEPUCTMKN  HaMarHM4MBaHWS MarHuTonpoBoja
npv neperpeBe WNU CryyYyamHOro yBENWYEHUsA Anu-
TENbHOCTU UMMYIbCa, OTKPbIBAKOLLEro TPaH3MUCTOop.

OOHoM M3 caMbiX XapakTepHbIX HeucnpaBHOCTEWN
saBnsieTca "npobon” OMOAOB BLINPSAMUTENBHOMO MOC-
Ta UM MOLLHBIX KMOYeBbIX TPAH3UCTOPOB, BEAYLUUNA
K BO3HMKHOBeHMI0 K3 B nepsuyHon uenu WUBIT. MNpo-
6o aMoaoB BhINPSIMUTENBHOIO MOCTa MOXET NpuBe-
CTU K CUTyauuu, Korga Ha 3MnekTponuvTuyeckue crna-
XMBatoLLMe eMKOCTU ceTeBoro dunbTpa OyaeT He-
NMOCPEACTBEHHO Monagatb NepeMeHHOe HanpsiKeHue
ceTtu. lNpn aTOM 3NEKTPONUTUYECKNE KOHOEHCATOPSI,
cTosiliMe Ha BbIXOAE BbINPAMUTENBHOIO MOCTa,
B3pbIBaIOTCH.

K3 B nepsuyHon uenn UBI1 MoxeT BO3HMKaTb, B
OCHOBHOM, M0 ABYM NpUYNHAaM:
® 13-32 U3MEHEHMSA NApaMeTPOB 3N1EMEHTOB 6a30BbIX

Luenen MOLUHbIX KrOYeBbIX TPaH3UCTOPOB (Ha-

npumep, B pesynbTate CTapeHus, TemnepaTypHOro

BO34eNCTBUSA U Ap.);
® 13-3a MOAKITIOYEHUSA KOMMbIOTEPA K pO3eTKe, yCTa-

HOBJIIEHHOW B CETWU, Harpyxaemomn, NMoOMMMO CpeacTB

BbIYMCANTENBHON TEXHWKKU, CUIIBHOTOYHBIMK YCTa-

HOBKaMu (CTaHkaMu, CBapOYHbIMK annapatamu,

Cywimnkamu m T.4.).

B pesynbTaTe B ceTM MOryT BO3HUKATb MMMYNbC-
Hble nomexun, amnnutygon Ao 1 kB, koTopble NpuBo-
OST, Kak NpaBuno, K "npoboto” no y4acTky KonnekTop-
3MUTTEP MOLLHbIX KMOYEBbIX TPaH3UCTOPOB.

TpeTbeln npuumnHon K3 B nepsuuyHon uenu WUBI
saBnsgeTca 6e3rpaMOTHOCTb PEMOHTHOTO MepcoHana,
NMPOBOASLLErO U3MEPEHUSA 3a3EMIIEHHBIM OCLWMNO-
rpacdoom B nepsuyHon uenu UBI!

Mpn K3 B nepsuyHonm uenu WBI1 BeiropaeT (co
B3pbIBOM) TOKOOrpaHWYMBaOLWUN TEPMOPE3NUCTOP C
oTpuuatensHbiM TKC. 3T0 npomcxoauT nocne 3ame-
Hbl CropeBLUEro npegoxpaHuTenss w MOBTOPHOro
BKMIOYEHNSA B CETb, €Cnu ocTanacb He yCTpaHeHHOW
ocHoBHada npuumHa K3. lNMockonbky gocTaTb AaHHble
pe3ucTopbl MHorga ObiBaeT TpydHO, CheuuanucTsl,
npososwume pemoHT WUBI, nopon npocTo yctaHas-
NMBaT KOPOTKO3aMbIKaOLLY NepeMbIYKy Ha TO Me-
CTO, rAe [LOIMKeH CcToATb Tepmopesuctop. He pe-
nante atoro! He pagyntecbk Tomy, yto Baw UBI1 3a-
paboTtan nocne aToro aKkcnepumeHTal

Tem cambiM Bbl CHANMM TOKOBYIO 3alMTy ANOO0B
BbINpsiMUTENbHOrO MocTta, u Baw WUBIT Becbma ckopo
BHOBb BbINAET u3 cTpos!

O6pawaem Balue BHMMaHue Takke Ha TO, YTO Npu
3aMeHe MOLLHbIX KYeBbIX TPaH3UCTOPOB fydlle
BCEro MCMNomnb30BaTb TPAH3MUCTOPbLI TOro Xe Tuna u
TOM Xe (pmpmbl-nsrotoeutens. B npotnsHom criyyae
yCTaHOBKa TPaH3WCTOPOB APYroro Tuna MOXeT npu-

7805, 7812

BX.
OBLL,
G O 5 W

7905, 7912

1 2 3 1 2 3

/[ \ / \
BX.” OBL. BbIX obl./ BX. BbIX
(IN)  (cOMM) (OUT)  (COMM) (IN)  (OUT)

Puc. 80. LlokoneBka nHTerpanbHbIX TPEXBbIBOOHbLIX
ctabunmsaTtopoB B koprnyce Tuna TO-220.

BeCTM NnubO K BbIXOAQy WX M3 CTposi, NMbo Kk He-
cpabaTbiBaHMio cxembl nycka WBI (B cnyyae wc-
nonb3oBaHua 6oree MOLUHbIX, YEM CTOSINIM B CXeMme
paHee, TPaH3NCTOPOB).

BTtopoi xapakTepHon HeucnpaBHocTbio MBI saB-
NseTcsa BbIXOA U3 CTPOS YNPaBisiowen MUKPOCXEMbI
Tvna TL494. NcnpaBHOCTb MMUKPOCXEMbl MOXHO YC-
TaHOBUTb, OUeHuBas paboTy OTAenNbHbIX ee OyHKLM-
OHarnbHbIX y3roB (6e3 BbinanBaHusa u3 cxemol VBI).
[na aToro MoxeT ObITb PEKOMEHAOBAHa criegytoLas
MeToauka:

Onepauus 1. [poBepka MCNpaBHOCTU reHepaTopa
DAG6 n onopHoro ncrouHuka DAS.

He Bkniovaa VMBI B ceTb, nogatb Ha BbiBoa 12
yNpaBnsoLWen MUKPOCXeMbI NUTaloLLee HarnpskeHue
10-15B oT oTOENBbHOIro NCTOYHMKA.

McnpaBHocTb reHepaTopa DA6 oueHuBaeTcs no
HanMuMil NMINOOOPa3HOro HanpsXKeHUs amnauTyaon
3,2B Ha BbIBOAe 5 MuKpocxeMmbl (Mpu ycrnoBuu ucn-
pPaBHOCTM YacTOTO3a4aloLmMX KOHOeHcaTopa u pesu-
cTopa, NOAKITIYEHHbIX K BbiBOAaM 5 n 6 Mukpocxe-
Mbl, COOTBETCTBEHHO).

McnpaBHoCTb onopHoro uctoyHuka DAS oueHu-
BaeTCH Mo Hanuuuio Ha BbiBoge 14 MUKpOCXeMbl Mo-
CTOSIHHOrO HanpskeHuss +5B, koTopoe He [OMmKHO
NU3MEHATBCS NPU U3MEHEHUM MUTaIoLWEro Hanpsxe-
HuSA Ha BbiBoae 12 ot +7B go +40B.

Onepauua 2. [NpoBepka ucnpaBHOCTU LUMEPOBOro
TpakTa.

He Bkntoyas MBI B ceTb, nogath Ha BbiBoa 12
yMpaBnsioLWen MUKPOCXEMbI NMUTalOLLEe HanpsikeHne
10-15B oT OTAENbHOro UCTOYHMKA.



VcnpaBHOCTb LMAIPOBOrO TpakTa OLEHMBAETCs MO Ha-
nMuno Ha BbIBogax 8 1 11 MMKpOCXeMbl (B Criyyae BKIHO-
YEHNS BbIXOOHbIX TPAH3UCTOPOB MUKPOCXEMBI MO CXEME C
0O3) unm Ha BbiBogax 9 1 10 (B criyvae 1x BKIKOHMEHUS MO
cxeme ¢ OK) npsiMmoyronbHbIX MOCenoBaTeribHOCTEN
UMMYNbCOB B MOMEHT Mogauy nuTaHus.

[MpoBepuTb Hanuymne HasoBOro cABUra Mexay rno-
CcnepoBaTenbHOCTAMM BbIXOAHBIX MMMYNbCOB, KOTO-
pbIA JOMKEH COCTaBNATbL NONOBUHY Nepuoaa.

PazopBaTtb nevaTHy0 OOPOXKY (nNpeaBapuTeribHO
CHSIB NUTaHWe c BbiBoAa 12 MUKpPOCXeMbl), 3aMblka-
oy 14 n 13 BbIBOAbLI MUKPOCXEMbI, U COeaUHUTL 13
BbIBOA C 7 ("kopnyc"). Y6eanTtbcsa B oTcyTCTBME (has30-
BOrO cCOBUra Mexay nocrnegoBaTenbHOCTAMM BbIXO4-
HbIX MMMNYIbCOB Ha BbiBogax 8 u 11 (nnbo 9 n 10).

Onepauua 3. lNpoBepka MCNpaBHOCTM KoMMnapa-
Topa "MepTBOM 30HbLI" DA1.

He Bknioyaa WMBI1 B ceTb, nogatb Ha BbiBoA 12
yNpaBnsoLen MUKPOCXEMbIl NUTalOLLEE HanpsiKeHne
10-15B oT OTAENbHOro NCTOYHUKA.

Y6eauTbcsa B MCHE3HOBEHUN BbIXOAHbLIX MMMYIbCOB
Ha BbiBogax 8 un 11 npu 3amblkaHun BbiBOga 14 MUK-
pPOCXeMbI C BbIBOAOM 4.

Onepauua 4. lNpoBepka MCNpaBHOCTM KomMnapa-
Topa WM DA2.

He Bknioyaa WBJ1 B ceTb, nogath Ha BbiBoA 12
YNpaBnsioLWen MUKPOCXEMbI NMUTAKOLLEE HaMpPsKEHNE
10-15B 0T 0TAENbHOro NCTOYHUKA.

Y6eantbca B MCHE3HOBEHUM BbIXOOHbBIX MMMNYIbCOB
Ha BbiBogax 8 m 11 npu 3ambikaHun BbiBOga 14
MUKPOCXEMbI C BbIBOAOM 3.

Onepauus 5. [poBepka ncnpaBHOCTU yCcunuTens
ownbkn DA3.

He Bkniovaa UBI B ceTb, nogatb Ha BbiBoa 12
ynpaBnsoLen MMKPOCXEMbI NUTaKOLLEe HanpsXXeHue
10-15B oT oTOENbHOro NCTOYHMKA.

[MpOKOHTPONMpPOBaTb YPOBEHb HANPSHKEHNST HA Bbl-
BOAE 2, KOTOpPOE [OIMKHO OTnMyaTbCsl OT Hyns. W3-
MEHSAS HanpshkeHne Ha BbiBoAde 1, nmogaBaemoe OT
OTAENbHOro UCTOYHMKA NUTaHus, B npegenax ot 0,3B
00 6B, NpOKOHTPONUPOBaTb N3MEHEHME HaMPsSHKEHMUS
Ha BblBOAE 3 MUKPOCXEMbI.

Onepauusa 6. [NpoBepka ycunutensi owmnodkm DA4.
He Bkniouvas MBI B ceTb, nogaTb Ha BbiBOA 12
ynpaBnsioLen MUKPOCXeMbl NUTalOLLee HanpsikeHne
10-15B oT oTOENBbHOIrO NCTOYHMKA.

[MpOKOHTPONMpPOBaTb YPOBEHb HANPSHKEHWUS Ha Bbl-
BoAe 3, NpeaBapuTenbHO BbICTABUB YCUMNUTESb

DA3 B coctosHmne "xectkoro 0" Ha Bbixoge. Ons
3TOro HanpsPKeHUe Ha BbIBoAE 2 AOIMKHO MPEBbIWATb
HanpsbkeHne Ha BbiBoAe 1. [pokoHTponupoBatb Mo-
SABNEHNE HanpsKeHUs Ha BbiBOAE 3 Npu MNpeBbllLe-
HUM NOTeHUManom, nogaesaemMbiM Ha BbiBOA4 16, no-
TeHumMana, NPUoXeHHoro K Beisogy 15.

TpeTben xapakTepHOnW HENCMNPABHOCTLIO ABMNAETCS
BbIXO4 W3 CTPOSA BbINPSAMUTESNbHLIX ANOOOB BO BTO-
puyHbIX Lensix MBI (kak npaBuno, aTo npobon mnu
yMeHbLLEHNEe 06paTHOro CONpPOTUBIIEHNsT Anoaa).

O6pauwaem Balle BHMMaHMe Ha NpaBUNbHLINA Bbl-
DOop 3ameHsiemMoro guoga no TOKy, rPaHWYHON 4acTo-
Te NepekntoYeHns n obpaTtHoOMy HanpskeHuto!

He 3abbiBanTe, 4TO B KaHane BbipaboTkm +5B cTo-
AT anoabl LLoTTKK, a B OoCTanbHbIX kKaHanax — obbly-
Hble KpeMHueBble Anoabi!
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HanomunHaem Bam o Heobxogmmoctu obecnede-
HWs1 XOPOLLEro TennooTBOA4a ANst BbINPAMUTENbHbIX
OnoJoB B kKaHanax BblpaboTkn +5B n +12B!

MMpn KOHTpoONne BbINPSMUTENbHBLIX AMOOOB Xena-
TENbHO BbIMauBaTb UX M3 CXEMbl, T.K., KaKk nNpaBumo,
napannenbHo MM MOAKIHYEHbI  MHOMOYUCINEHHbIE
3MEeMEHTbI, U KOHTPOSb AnoaoB 6e3 BbinanBaHUs KX
N3 CXeMbl B 9TOM Clyyae CTaHOBMUTCS HEKOPPEKTHbLIM.

Obpauwaem Bale BHUMaHue Ha T0, 4to UBIT Mo-
XeT BblpabaTbiBaTb BCE BbIXOAHLIE HAMpPsKEHMWs, a
curHan PG 6ynet paeeH 0B, 1 npoueccop bynet 3a-
OnoKMpoBaH.

He 3abbiBaiiTe, 4TO B CxeMy BblpaboTku curHana
PG BxoguT JOCTaTOMHO MHOMO 3NIEMEHTOB, KOTOpbIE
TOXE MOryT BbIATU N3 CTPOS.

lMepeyncrieHHble HEeWCrnpaBHOCTU SABMSOTCA OC-
HOBHbIMU U1, KaK MPaBuIio, HECNOXHbIMU A9 MOUCKa.

Wwmente BBMay: wnHorga cbou, BO3HMKawLWMe B
cxeme VBl B npouecce npoBefeHNss N3MepeHun,
NPUBOAAT K aBapUnHbIM pexmmam paboTbl CUMNOBbIX
TpaH3ncTopoB. COOM MOryT BbI3bIBaTbCSl YBENNYEHM-
€M 3Ha4YeHUs1 MOHTaXXHOW eMKOCTU SM1eMEHTOB CXEMb
MBI B mMecTe noacoeAuHEHNs U3MepUTENbHbIX Ly-
nos npubopa!

CeteBorn npepoxpanutens (3-5A) Bcerga pacno-
noxeH Ha MoHTaxHou nnate WBIT n npaktuyecku
3awmuiaeT ceTb OT KOPOTKMX 3aMblkaHum B MBI, a He
MBI oT neperpysok.

BHumaHue. [lpakmuyecku ecezada nepezopaHue
cemeegozo npedoxpaHumersi cugHanu3upyem o 8bi-
xo0e MBI uz cmpos.

CBoeobpasHbiM MHAnkaTopoM paboTatoiero MBI
MOXeT CMyXWUTb BpaLleHWe BEHTUNATOpa, KOTOPbIv
3anyckaeTcs BbIXOAHbLIM HanpsbkeHvem +12B (nmbo
-12B). OgHako ans sbiBoga MBI B HOMUHanNbHbIN pe-
XXMM U KOPPEKTHOIO KOHTPONSA BCEX BbIXOAHbIX Hanps-
xeHun VBl Heobxoguma BHELUHsSIA Harpy3ka nvbo Ha
CUCTEMHYIO nnaTy, NMnbo Ha conpoTueneHus, obecne-
YyMBalLLMe MONyYeHne BCEro avanas3oHa TOKOBbIX Ha-
rpy3oK, ykasaHHbIX B Tabnuue 2, [ns oueHkn paboTo-
cnocobHoctn MBI B nepBoM NpUBAMKEHUN MOXHO
BOCMONb30BaTbCA HArpy304HbIM PE3NCTOPOM C HOMMU-
Hanom nopsiaka 0,5 Om 1 paccevBaemMon MOLLHOCTbIO
He meHee 50BT no kaHany BbipaboTku +5B.

BHumaHue. VicripasHbiti Bl dormkeH pabomames
becwymHo. Omo crnedyem u3 moe2o, 4mo Yacmoma
npeobpa3sosaHusi Haxodumcs 3a rpedesioM 8epxHe20
rnopoeaa Ouana3oHa crbiwumocmu. EQuHcmeeHHbIM
UCMOYHUKOM aKyCmu4ecKoeo wyma siensemcsi pabo-
marowuti 8eHMUISAMOP.

Ecnu kpome rygeHus BeHTMRATOpa npocnyLlivBa-
I0TCHA NUCK, "UblkaHbe" nu apyrue 3Byku, TO 3TO OA-
HasHa4yHO cBMAETENbLCTBYET O HewucnpasHocTu WBI
UNN O ero HaxoxaeHun B asBapuiHOM pexume! B
3TOM criyyae crieflyetT HemeAneHHO BblkniounTb NBI
N3 CeTU N yCTPaHUTb HEUCNPaBHOCTb.

[na Gonee crnioxHbIX CriydyaeB BbiXxoda U3 CTpPOS
MBI HeobxoaMMoO XOpOoLLO NpeacTaBnAaTb NPUHLMNLI
pabotbl WBI1, NpWYMHHO-CNEACTBEHHYO B3anMO-
CBSA3b OTAENbHbIX Y3IOB CXEMbl U, KOHEYHO, MMETb
MPVHUMNMANBbHYO CXeMy AaHHOro 6roka nuTaHus.
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Tabnuua 7.

Pupma-usroroButesnb CtpaHa Mopgenb Hor:THa'H'La;:meK' nfT‘:)i%ZZT-l;z:( A

JMC TanBaHb JF08025 12 0,1

Seico Electr. Comp. AnoHns SJ-80Y12B 12 0.11

YATE LOON TaliBaHb YD808M-12 12 0,12

SUPER ULTRA TariBaHb SU8025-M 12 0,12

NIPPON DENSAN Corp. AnoHus D08T-12PHR 12 0:13

CHENG HOME ELEC. Co. TanBaHb CH9012B 12 0,14

LANYA SC1ENCE COMP. TaviBaHb DFO-8A12M 12 0,16

MITACHI ELECTRIC MACHINE Co, Ltd AnoHus M802512BM 12 0,17

GOOD WINDY ELEC. Co. TanBaHb SP1280M 12 0,18

CTN TanBaHb CT258-12S 12 0,18.

SYNONWEALTH ELEC. TarBaHb | MD1208PTS1 12 0,22

Globtek Inc. TariBaHb D08T12HWS 12 0,25

BcTpoeHHbIN KOHCTPYKTUBHO B Kopnyc UBIT BeHTu-
nsTop npeacTtaBnsieT cobon camMoCTOSATENbHOE YCT-
povicTBo. [Npouecchl, MponcxoasaLmne B CXeMe CaMmoro
MBI, He BnusAT Ha ero paboty. EQnHCTBEHHBbIM yC-
noesmeM, HeobxoammbiM Ans paboTbl BEHTMNSTOPA,
SABMNSETCA HanMyne BbIXOOHOIO HanpsXXeHUs B KaHa-
ne +12B vnn -12B (B 3aBMCUMOCTM OT CXEMbl Noa-
knoyeHus). Bentunartopel ans UBI cuctemHbix mMo-
aynen BbinyckaTcsa OOnbLMM  KONMYECTBOM pas-
NWYHBIX 3apyBexHbix dupM. OBWMM Ana HUX ABNS-
eTcs 6a30BbIN MPUHLIMN MOCTPOEHMS, @ TaKKe KOHCT-
pyKumMs 1 rabaputHble M YCTaHOBOYHbIE pa3mepbl.
OnekTpuyeckne XapakTepuUCTUKU HEKOTOPbIX BEHTU-
NATOpPOB NpuBedeHbl B Tabnuue 7. U3 Tabnuubl 7
BMAHO, 4YTO NoTpebnsemasn aBuratenemM BEHTMNATopa
MOLLIHOCTb He npeBblwaeT Tpex BaTT. OgHakKo, Kak u
BCAKOE ApYroe TEeXHWYecKoe YCTPOMWCTBO, BEHTUNS-
TOPbl MOABEPXKEHbI BbIXoQy M3 cTpos. lMpn aTom He-
NCNpPaBHOCTU, NMPMBOASLLNE K UX OTKa3y, MOXHO pas-
OenuTb Ha MexXaHn4Yeckne 1 anekTpuyeckue.
K MexaHn4ecKknM HEUCnpaBHOCTAM B MEPBYHO O4e-
peab MOXHO OTHECTU:
® BbICbIXaHME CMasku, YTO BEAET K 3HAYUTENIbHOMY
BO3pacTaHMIO MOMEHTa TPEeHus Ha Bany U BO3-
MOXHOW OCTaHOBKe poTopa B "MepTBOM Touke";

e 3arpsi3HeHne ObITOBOM Mblbl0 C TeMu Xe no-
cnencTeuaAMu;

® MOBPEXAEHNE KpbINbYaTKU UMK Kopryca B CTENEHM,
NpensaTcTBYOLLEeN HOpManbHOMY BpaLleHUo poTopa;

e lONaaHne B BEHTUNATOP Pas3nNMyHOro poga Mno-
CTOPOHHUX NPeaMETOB, NPENSTCTBYIOLLMX BPaLLEHUIO.

K anekTpuyecknm HemcnpaBHOCTAM MOXHO OTHECTH:

® BbIXO4 U3 CTpos noboro u3 SMNEKTPOHHbIX KOM-
MOHEHTOB, PACMONOXEHHbIX Ha nnaTe (gaTymk Xon-
na, KOMMYyTUpYlOLLME TPaH3UCTOPbI, SMNEKTPONUTK-
YecKkue KoHAeHcaTopbl 1 ap.);

e 06pbIB OQHON UK 06enx oBGMOTOK CTaTOpPa;

* MeXobmoTovHoe (MexdasHoe) 3ambikaHue B 06-
MOTKax cTaTopa, KOTopble HaMOTaHbl BUPUNAPHO;

e HEMpaBUNbHYD MNONSAPHOCTb MOAAyYu MNUTaAHUSA Ha
3ANEKTPUYECKYIO CXEMY BEHTUMATOPA,

e MEXaHM4eckoe MOBpEXOEHNEe MNOABOAALIMX NU-
TaHWe NMPOBOAHMKOB BpallatoLLencs KpbinibyYaTKow,
BedyLlee K ux obpbiBy uUnm 3amblkaHuio (Takast He-
MCNPaBHOCTb BO3MOXHA KaK pe3ynbTaT HenpaBuilb-
HOro 3akpenfieHusl NoABOOALMX NPOBOOHWKOB MO-
cne pemoHTa).

[nga Toro 4tobbl yCcTpaHUTb BONBLLUMHCTBO U3 NPU-
BEAEHHbIX HEWUCMNpPaBHOCTEN, BO3HMKAET Heobxo-
OUMOCTb Un3BneYb BeHTUNatop u3 kopnyca WBIT u
pa3obpaTtb ero ¢ Lenbko nofy4nTb SOCTYN K neyar-
HOW nnaTe C SNeMeHTamMu CXeMbl, a Takke K Bany
poTopa 1 UKCUPYLOLLLEMY Y31y.

Mpouecc pa3bopkn BEHTUNATOpPa — OEN0 JOBOSb-
HO TOHKOEe W TpebyeT HEeKOTOpbIX HaBbIKOB, 3HAHWS
KOHCTPYKUMN YCTPOUCTBA M aKKypaTHOCTU. KOHCT-
PYKUUS BEHTUNATOPA nokasaHa Ha puc. 81.

MepBo onepaumen, KOTOpPYyH Heobxoaumo mMpo-
aenatb nepen pasbopkon BEHTUNATOPA, SBMASETCS OT-
narMka noaBogdAMX K Hemy nuTaHue rmbkux npo-
BOOHMKOB OT neyvatHow nnatbl MBI (nmbo oTkntoyeHne
pasbema Ha nnate VBl, yepes koTopbli nogaeTcs nu-
TaHve Ha BeHTUnATop). lNocne aTtoro Heobxoaumo oOT-
BEPHYTb YETbIPE KPENEeXHbIX BUHTA, MPU MOMOLLM KOTO-
PbIX MIIACTMACCOBbIN KOPMYC BEHTUINATOPA KPenuTcs Ha
MeTannmM4eckyto KpbiLky kopnyca VBI.

Korga BeHTunstop GygoeT u3sneveH u3 kopnyca
MBI n oTkn4yeH OT CXeMbl, MOXHO HeMNOoCpeAacT-
BEHHO MPUCTYNaTb K ero pasbopke.

KOHCTPYKTUBHOE WCMOMNHEHWE BEHTUNATOPOB, Bbl-
nyckaemblX pasnuyHbIMKM  UpmMamu, MOMHOCTbIO
aHanormyHo. oatomy n metoavka pasbopku ABMs-
eTcsa obLen 1 3aKnyaeTcsi B CNeayoLeM.

Onepauua 1. YganuTb C Kopnyca BeHTUnstopa
UPMEHHYIO Haknemnky (Kpyrnon ¢opmbl) ¢ OCHOB-
HbIMW TEXHUYECKMMWN XapaKTepUCTUKaMU BEHTUIIATO-
pa. OTa Haknenka BbINOMHAETCA M3 crneumarnbHON
MPOYHON MIEHKN W MPUKIIENBAETCH K KOPMyCy C Mo-
MOLLbIO He3acbixatowero knes. Haknenky ygno6Ho
noageTb C NMOMOLLIbIO Ne3BusA oT 6e3onacHor 6puTBhl,
nnbo ocTporo ckanbnens. 3atem, B3ABLUMCb Nanb-
Lamu 3a NpUNoOaHATHIA Kpaw, akkypaTHO, paBHOMEp-
HbIM TAroBbIM ycunvem, 6e3 pbIBKOB U OCTaHOBOK,



oTOoenuTb Haknernky. locne aToro OTMNOXWTb ee B
OTOENbHYH KOPOOKY KIeeBon CTOPOHOW BBEPX.

Onepauusa 2. /3Bnedb M3 kopnyca BeHTUNATOpa
PE3VHOBYIO 3alUWNTHYIO MNpPoOKy, AOCTYn K KOTOpPON
OTKPbIBAETCA MOCMe CHATUA Haknenku. dTa npobka
Kpyrnomn copmMbl guameTpom okono 15 MM pacnono-
XEHa B LIEHTpe Kopnyca W ferko BbIHUMAaeTCs npu
nogaesaHuy TOHKOW UrMOMN.

Onepauusa 3. JTy onepaLmio MOXHO HasBaTb Ca-
MOW OTBECTBEHHOW. [locne mnssneveHus rpasesaltmT-
HOM NpPODOKM M3 Kopnyca BEHTUNATOpA, OTKPbIBAETCS
[OCTyn K Bany potopa v y3ny ero cukcauun. Ysen
dmKcaumMm cocTouT u3 Habopa nbinesalwmTHbIX TOo-
ponnacTtoBbIX Lawd, pPe3nHOBOrO YMNIOTHSIOLEro
KonbLa, a Takke cneumansHON NPYXMHHOW YCUKOBOW
Wanbbl, KOTOpasi YCTaHOBIIEHA B KOJbLIEBOW MPOTOY-
Ke Ha Bary poTopa v NpensdTcTBYET ero nocrynarenb-
HoMy nepemelyeHuto. OCHOBHas CHOXHOCTb onepa-
uumn 3 3aknvaeTca B rpaMOTHOM CHSITUM YCUKOBOW
NPY>XMHHOW Wanbbl. 3Ta getanb UMeeT marnble raba-
puTbI (AUamMeTp OKoMNo 3 MM) W BLIMNOMHEHA U3 3aKa-
neHHon cTanu, bnarogapsa Yemy npuobpeTaeTcs ynpy-
rocTb, Onpegensiowas npyXMHHbIE CBONCTBA LUaliobI.
OpHako, Hapsigy C ynpyrocTblo, MOSIBASIETCS U Xpyn-
KocTb. [pouecc cHATUS wanbbl ¢ Bana poTopa 3a-
KrnoYaeTcsi B pa3BegeHun ee YCMKOB C MOMOLLIbIO ABYX
WFOJTOK C LIENblO BbIBECTM €€ M3 KOSbLEBOW MPOTOYKN.
Mpn atom, ecnu ycunme OygeT CrAMLLKOM BESUKO, TO
wanba MOXeT NOMHyTb M HeobpaTUMO BbLINTU K3
ctpos. K coxaneHuto, aT0 BecbMa gecuuntHaa ge-
Tanb, 6e3 KoTopon HeBO3MOXHa paboTa BEHTUNsATOpa.
[MoaTomMy nonomMka ee KpariHe HexenaTternbHa.

KoHel Bana poTopa BbIMNOMHEH Kak KoHyc. [loa-
TOMy nocrne Toro, Kak wanba BbiBeAeHa M3 KonbLie-
BOM MPOTOYKM, OHA MO KOHWYECKOW MOBEPXHOCTU
crnonsaet ¢ Bana. OgHako 34ecb PEMOHTHUKA nof-
cTeperaeT criegylowias onacHocTb. [pu passegeHun
YCUKOB LWanbbl B ee Tene 3anacaeTcsd noteHuuwanb-
Has aHeprus. MosTomy ecnn oTNyCcTUTh Wanby nocne
BblBEAEHUSA U3 KONMbLEBOW NMPOTOYKMU, TO CUMbI YMpy-
rocTn 3acTaBnsAlT ee BObICTPO CXKaTbCsl, YTO MPUBO-
OUT K OTCKaKkuBaHuIO Wanbbl Ha 3HaAYMTENbHOE pac-
ctosiHne (oo 1-1,5 m). IMpu aToM, Nockonbky Lwanba
O4YeHb Mana, HanTK ee Nnocre Takoro OTCKoKa ObiBaeT
KpavHe 3aTpyaHuTenbHo. WHade rosops, ecnn He
BOCMPENsTCTBOBATb OTCKOKY, NpuaepxuBas wanby B
MOMEHT CMOM3aHus ee C KOHYCHOWM 4YacTu Bana poTo-
pa, TO BbICOKa BEPOSATHOCTb €€ YTEpW. .

[Mocne cHATMA yCMKOBOWM LWanbbl ee nyylle BcCero
cpasy Xe OTNOXWUTb B OTAENbHYH KOPODOOYKY BO M3-
OexaHue ee yTepu.

Onepauusa 4. CHATME YCUKOBOW Wanbbl aeT BO3-
MOXHOCTb W3BMeYb POTOP BEHTUNATOpa BMECTe C
HanpeccoBaHHOW Ha Hero KpblnbYaTkon. [ocne atoro
OTKpbIBaeTCA OOCTYM K cTatopy M ero obMoTkam, a
TaKkKe K nnarte ¢ 3NeKTpPUYECcKon CXeMON BEHTUMATO-
pa. Kpome TOro nosiBngeTcsa AOCTYN U K KOMbLEBOMY
MarHWTy poTopa, a TakkKe MOMHOCTbI OOHaxaeTcs
Ban poTopa, YTO NO3BOMSET OCYLLECTBUTb €0 CMasKy
B CNy4ae BbICbIXaHWs NOCMNeOHEN.

Onepaumna 5. lnata c aneKkTpuMYecKom Cxemom
MEXaHW4YeCcKn KpPenuTCcs K CTaTopy BeEHTUNaTopa U
NO3TOMY AOCTYMN K HEKOTOPbIM 3fieMeHTaM 3neKTpu-
YECKOW CXEeMbl, pacnofioXeHHbIM Ha nnaTte, BCe Xe
3aTpyaHeH. Ecnn Bo3HukaeT HeobxoguMMoCTb B OT-
JerneHun nevaTHoW nnaTbl OT cTatopa, TO cnegyet
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rnepBoHavanbHO OTNasTb BbIBOAHLIE KOHLIbI OGMOTOK
cTaTopa, KOTOpble BbIMNOMHEHbI MeAHbLIMY NPOBOAAMM
Manoro CeYeHusi U 3anasiHbl B COOTBETCTBYOLLME
TOYKM Nnatbl. Ecnu aToro He caenatb, TO HeU3beXxeH
0o0pbiB 9TMX BbIBOAOB. [lpu oTnarvike HeobxogmMmo
npomMapKMpoBaTb BbIBOAbI, Tak kak owmbka npu ux
NnoAKn4YeHnn nocne 3aMeHbl HeucnpaBHOro ane-
MeHTa Ha nnate npueBeneT K 0TKady BeHTUNATopa.

a)

Puc, 81. [1ByxdasHbli BEHTUMbHbIA ABUraTenb no-
CTOSIHHOrO TOKa C AOMOJSTHUTENbHLIMU HEenoaBUXHbI-
MU MOMcamMu, BCTPOEHHbIA B Y3KOCTPYWMHBIN BEHTU-
natop: 1 - NOCTOSAHHBIA MarHuT; 2 - AaTynk Xonna.

Cbopka BeHTMNsITOpa NPou3BOAUTCA B obpaTHOM
nocregoBaTtensHOCTU. [pn 3TOM He JomkeH ObiTb
HapyLlleH MNOpsSAOK PacrnofioXeHUs Ha Bany poTtopa
nblfe3awuTHbIX PTOPONNacToBbIX LWand u pe3nHo-
BbIX YNNOTHEHMN. Kpome Toro obs3atenbHoO AormkHa
ObITb cobnofgeHa npaBunbHas MOMSIPHOCTL MOLAYM
nUTaHnst Ha BeHTUNATop. Kak 6bino oTMeyeHo paHee,
NUTaHWe MOABOAUTCH K SMEKTPUYECKON CXeme C Mno-
MOLLbIO OBYX MMOKMX MpoOBOAHUKOB. Bo m3bexaHue
HenpaBunbLHOro Nx nogknoveHus B cxemy UBI, atu
MPOBOAHMKN UMEIOT CTaHAAPTHYIO LIBETOBYIO Mapku-
poBKy. [NpoBOAHMK, NOAKIOYAEMbBIA K MOMAOXKUTESb-
HOMY MOJOCY UCTOYHMKA NUTaHUSA, BCerga BbIMOSHSA-
€TCs KpacCHbIM, a NOAKMYaeMbIin K oTpuLaTernsHOMY
nomncy — YepHblM (NMMB0 cnHUM). T.0. ecnu BeHTUNS-
TOp MUTaeTcs € Bbixoda KaHana +12B, To KpacHbIvi
NpoOBOAHUK Hado nognameaTh K WuHe UBbix=+12B, a
YepHbI — K obLiemMy NpoBOAY BTOPUYHOW CTOPOHBI
(kopniycy). Ecnu ke BEHTUNSATOP NUTaeTCs C Bbixoda
KaHana -12B, TO KpacCHbI NpoBOAHMK NoanamBaeTcs
K KOpnycy, a YyepHbln — K WinHe UBbIx.=-12B. Ucxoas
N3 cKasaHHOro criegyeT, YTO nepeg OTnankon 3TuX
NMPOBOAHMKOB criefyeT BbIICHUTb C KakoW W3 LUMH
+12B nunbo -12B ocyliecTBnseTca B CXemMe OAaHHOro
WUBI nutaHve BeHTuUngatopa. B cnydyae, ecnu nogso-
OdLmMe NPOBOAHMKN BEHTUMSATOPA NOAKMIOYAKTCA Ha
nnaty npyv MNOMOLUM OTAENbHOrO ABYXKOHTAKTHOrO
pasbema, To 3Ta Mepa NPeLOCTOPOXHOCTU ABMSETCS
N3NULWHEN, T.K. B OTBETHOW 4acTu pa3bema, pacno-
noxeHHon Ha nnate WBI, nmeetca kniod. MNoatomy
HenpaBuIibHOE MOAKMIOYEHNE CTaHOBUTCS HEBO3-
MO>HbIM.

OnpegeneHne WCNpPaBHOCTU BEHTWUMSATOPA Hayu-
HaeTcsa ¢ OTKIoYeHusa ero ot cxembl MBI n nogaden
Ha Hero nuTaHmss 12B B coOTBecTByHOLIEN MNONsp-
HOCTM OT OTAENbHOrO UCTOYHMKA. Ecnn BeHTUNATOP
He BpallaeTcs, To HeobXxo4MMO NPOUN3BECTM €ro pas-
BGOpKy MO BbIWENPUBEAEHHOW METOAMKE N MPOBEPUTH
NUCNPaBHOCTb OTAEMbHbLIX €ro 3feMEHTOB U Y3MOB.
lMpoBepka WCNpaBHOCTM BCEX 3NEMEHTOB CXeMbl
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BEHTUNATOPA, KpOMEe AaTtymka Xornna, HUYEM He OT-
nnyaeTcst OT MPOBEPKN TaKUX XKe 3MEMEHTOB Ha nna-
Te WUBI1. MNpoBepka ncnpaBHOCTM gatymka Xonna 3a-
TPyAHEHa, T.K. ANd ee ocyulecTBneHms Heobxoammo,
4YTOObI BEHTUNATOP ObINT B COGpaHHOM BUAE.
[MoaTomy HeucnpaBHOCTb AaTymka Xosna MOXHO
YyCTaHOBWUTb METOA0M UCKITIOYEHUS: ECNN BCE OcTarlb-
Hble (HEMHOIOYMCIEHHbIE) 3NEeMEeHTbl CXEeMbl WCH-
paBHbl, @ BEHTUMATOP MPWU Nodaye Ha Hero NUTaHus

NPUTIOXXEHUSA

OT OTAENbHOrO MCTOYHWKA He BpallaeTcsi, TO ouve-
BMAOHO, YTO HeucnpaBeH gaTtymk Xonna. 3ameHa no-
CnegHero OoImKHa OCYLLECTBNATLCS Ha aHanornyHbIn
c obsizaTenbHbIM COBNIOAEHMEM €ro pacrnonioXeHust
OTHOCUTENbHO cTaTopa. [axe He3HauyUTenbHbIN Ne-
PEKOC MIM HAaKMOH JaTymka Xornmna pesko ckasblBa-
€TCs Ha ero paboTocnocobHOCTH, a 3HAaUUT U Ha pa-
6oTe BeHTMRATOPA.

NEPEYEHb HEKOTOPbLIX B3AMMO3AMEHAEMbIX J3JIEMEHTOB B BJIOKAX

NMATAHUA IBM PC

dnemeHT Bo3moxHas 3ameHa MpumevyaHne
PesncTopbl MIT 0,25-0,5BT
KoHaeHcaTopbl 0,1mkdx2508B, OnemMeHTbl ceTeBOro unbTpa

4700n®x2000B MBO, KCO

220-680 mk®x250(330)B K50-17

KoHaeHcaTopbl €MKOCTHOW CTOWNKM
CUNOBOro MHBEPTOpPA

KM-5, KM-6 (H®)
K50-6, K50-16(Mk®)

OcTtanbHble KOHOEeHCAaTOopbI

TpaHancTopbl 2SC3039,

KT872A, KT854A, KT824A(*), KT8114A,

MolLLHbIe KMHoYeBbIE TPaH3UCTOpPbI

2SC3042, 2SC2625,| Kro46A

28C4242, BU426A,

2SC3040, 28C2827,

2SC3306, 2S5C4622,

2SC2555, 25C4138,

MJE 13007

2SC945, 2N2222,| KT315, KT3102 Uka=30B,n-p-n

25C1815, 1TT9013

Ounoapbl n gnogHele cbop-| Ouoabl 10245, [246, 0247, [248, KO206| CeteBow AnoaHbIA MOCT
unu guogHbin moct KL405

kn: PBL405, RS405L
PO4051, 1N5408, FL406

S158C4M, S30D40C,| KO2998 A,B,B, 2[1219 MonymocTbl M3 aByx guonos LUoTT-
CTB-34M Kun B kKaHane +5B

OS1010R, PXPR1005,| KO226 B,I,A4, KO105 B,B,I; KO221 B,I. Pekynepaum-oHHble auoasl CUNoBo-
R1105F, PS108R ro nHBepTopa

ESAC25-020, C2504,| 2xKO213A,B, 2xK[]2998 MonymMocT 13 AOBYX KpPeMHUEBbLIX
CTL22S, 2xFR302 KOC638 auopnos B kaHane +12B

FR153, PXPR1002,| K0208, K[1226 BbinpamuTensHble guoabl B KaHa-
PS102R nax BblpaboTkn -5B u -12B

1N4148 KO521, KO522 OcTanbHble Anoabl

Mukpocxemsbl: TL494,| KP1114EY4 Cxema ynpasneHus bl

IR3MO02, mPC494C,

JL494, MB3759, KA7500

LM339N, HA17339,| K1401CA1 CueTBeEpPEHHbBIV KOMNapaTop
BA10339, C339C

7805 KP142EH5A Crabunusartop HanpsbkeHust +5B
7812 KP142EH8b Crabunusartop HanpsbkeHus +128

MpumeyaHue (*): OmeyecmeeHHbIE MOWHbIE KITHOYEBbIE MPaH3UCMOPbI 8 71acmMMacco8oM Kopryce uHoeda
MPUMEHSIIOM MpU 3aMeHe 8bILIEOWIUX U3 CMPOST UMIMIOPMHbLIX MPaH3UuCmMopos8, 00HaKo, Kak rpasusio, oHU 0o-
80J1bHO BbICMPO 8bIXOOSIM U3 CMPOS UlU He pabomarom 8oobwie, m.K. paccyumarbl Ha paboyyro yacmomy He

bonee 18 - 20 kl'y!
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NAPAMETPbI HAUBOJIEE PACINMPOCTPAHEHHbLIX CUNNOBbIX TPAH3UCTOPOB,
NMPUMEHAEMbIX B ABYXTAKTHbIX CXEMAX UBI SAPYBEXXHOIO NPOU3BOACTBA

MapameTpbl TpaH3ucTOpa

Twvn TpaH- Pupwma-

3ucTopa uarotoeutens |lKMakc,| Uka h213 | Frp, k60 tekn. | tBbIKN. Ppac.

A Makc, B| muH MI'y | makc, A |[Makc., c|Makc., ¢| makc., Bt

2SC2555 |TOSHIBA CORP. 8,0 400 15 - 100 H TMK TMK 80
2SC2625 |COLLMER FUJI. 10.0 400 10 - - - 1 MK 100
2S5C2827 |PRESIDENT 6.0 450 10 20 | 100 mk | 0,5 mk - 50
2SC3039 |SANYO ELECT. 7,0 400 15 20 10 MK - - 17
2SC3040 |SANYO ELECT. 8,0 400 15 20 10 mk - - 25
2SC3042 |SANYO ELECT. 12,0 400 15 20 10 MK - - 25
2SC3277 |SANYO ELECT. 10,0 400 8 20

2SC3306 |TOSHIBA CORP. 10,0 400 10 - 100 Mk | 1 MK 1 MK 100
2SC4242 |COLLMER FUJI. 7,0 400 10 - - - 1 MK 60
MJE13007 |[SAMSUNG 8,0 400 8 ™ 1,5mk | 0,7 MK 80
BU426A |MOTOROLA 6,0 400 30 ™ 0,6 mk | 0,75 Mk 113

NAPAMETPblI HAUBOIJIEE PACINMPOCTPAHEHHbIX MAJNTOMOLLHBbIX TPAH3UCTOPOB,
NMPUMEHAEMbIX B ABYXTAKTHbIX CXEMAX UBIT SAPYBEXXHOIO NPOU3BOLOCTBA

Tun Tpat- ®upma- ;I:pameprl TpausugTopa -
3ucropa nsrotoeutens e maxe. A Mal;'(:(: B ::m: II\:IIerL,l M;I:(cf A Maxlt(:, (0] P I\éikc.,
2SA733 ELEC TRANS 100 m 40 205 180 100 H 12n 250m
2SA733K NEC ELECTR 100 m 50 600 180 100H 45n 250m
2SA733P NEC ELECTR. 100 m 50 400 180 100 H 45n 250m
2SA733Q NEC ELECTR. 100 m 50 270 180 100 H 4,5n 250m
2SA733R NEC ELECTR 100 m 50 180 180 100 H 45n 250m
2SC945 ELEC. TRANS 100 m 50 200 250 100 H 3,5n 250m
2SC945KA NEC ELECTR. 100m 50 600 250 100 H 3,0n 250m
2SC945L NEC ELECTR 100 m 50 200 250 100 H 3,5n 250m
2SC945LRA | NEC ELECTR. 100 m 50 180 250 100 H 3,0n 250m
2SC945PA NEC ELECTR. 100 m 50 400 250 100 H 3,0n 250m
2SC9450A NEC ELECTR. 100 m 50 270 250 100 H 3,0n 250m
2SC945RA NEC ELECTR 100 m 50 180 250 100 H 3,0n 250m
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HA3HAYEHUE BbiIBOOOB WU OCHOBHbIE 3JIEKTPUYECKUE XAPAKTEPUCTUKU
YMPABNAIOLLENA MUKPOCXEMbI TL494

BbiBoa HasHayeHue

HeuHBepTupytoLwmn Bxoa ycunuTens owmoku 1

VIHBEPTUPYIOLLINIA BXOA YCUIUTENS OLWMOKK 1

Bbixogbl ycunutenen owmbkn 1 n 2 1 HEMHBEPTUPYIOLLMIA BXOA komnapaTopa LM
BbiBOA4 ANS perynupoBkv MUHUMANbHOW ANUTENLHOCTU "MEepPTBOW 30HbI"

BbiBOA ANS NOAKMOYEHMS YacTOTO3a4aloLWwero kKoHgeHcaTopa

BbiBOoA ANS NoAKMOYEHUSA YacToTo3adarowWwero pesncropa

BbiBOA Ang nogkntodeHus K "kopnycy"”

OTKpbITbIN KOMMEKTOP NEPBOro BbIXOAHOIO TPaH3McTopa

OTKpbITbIN SMUTTEP NEPBOrO BbIXOAHOIO TpaH3UcTopa

OTKpbITbIN SMUTTEP BTOPOrO BbIXOAHOIO TpaH3ncTopa

OTKpbITbIN KOMMEKTOP BTOPOrO BbIXOAHOIO TpaH3ncTopa

BbiBOA Anga nojaun nutatoLero HanpskeHna (+Un)

BbiBoA BHeLLHeWn 6nOKMpOBKM U Bbibopa pexnma paboTbl (OAHOTAKTHLIN/OBYXTAKTHBIN)
Bbixog onopHoro nctoyHunka Uref

VHBepTUPYIOLLMI BXOA yCUNUTens ownbkm 2

HeunHBepTupytoLWmMn BXxoa ycunuTens owmnokn 2

slalnloIn|Z|lalole|Njo|o|sw|N =

MapameTpsbl 3HayeHuns
MwuHManbHoe HanpsXXeHue NUTaHus +7B
MakcumanbHoe HanpsXxeHne nNuTaHus +40B
MakcumanbHbI NOTpebnsaemblii TOK 10mMA
TvnoBoe 3Ha4YeHWe BbIXOOHOMO HaMPSXKEHWS OMOPHOro NCTOYHMKA +5,0B
HecTabunbHOCTE ONOPHOro HaNPSXXeHUs 0,05B
MakcumanbHas YacToTa BHYTPEHHEro reHepaTopa nMrnoobpasHoro HanpskeHms 300y
MakcumanbHbIV TOK, KOMMYTUPYEMbIN BbIXOOHBIMU TPAH3MCTOPaMu 250mA
[nanasoH anddepeHumansLHOro BXOAHOro curHana yemnurens owmnbkm DA3 0,3B - (Unut-2B)
[OnanasoH guddepeHumansHOro BXoQHOro curHana yeunurens owmbkun DA4 0,3B-3B
MuHumaneHas WwrprHa "MepTBOM 30HbI" B BbIXOOHOM curHane, obecnevmsaemas okono 5%
nctoyHukom DA7 0,1B OT nepuoga
Pabounii TemnepaTypHbIA AnanasoH 0..+70C

YCNOBHbIE OBO3HAYEHUA NONYMNMPOBOAHUKOBBLIX NMPUBOPOB 3APYBEXHOIO
NMPOU3BOACTBA

3a pyGexoM CyLlecTBYHOT pasnuyHble CMCTEMbl 0D03HAYeHMI NONyNpPOBOAHUKOBLIX NpubopoB. Hamnbonee
pacnpocTpaHeHHOn sBnsieTcsl cuctema obosHaveHmn JEDEC, npuHATasi o6beanHEHHbIM TEXHUYECKMM COBe-
TOM MO 3NEKTPOHHbIM Npnbopam CLLUA.

Mo aTon cucteme nNpmbopbl 0603Ha4alTCa KOAOM, B KOTOPOM nepBas uudpa cooTBETCTBYET Yncny p-n ne-
pexogos: 1 - gnoa; 2 - TpaHsucTop; 3 - Tupuctop. 3a undpon cneaytot 6yksa N 1 cepuiiHbIn HOMepP, KOTOPbIN
perucTpupyeTtcs accoumalmen npegnpusaTuii 3NeKTPOHHON npomblwwneHHocTu (EIA). 3a HoMepom MOryT CTOATb
ofHa WM HecKomnbKo OyKB, ykasblBalOLWMX HA pa3bmeky NPrOOPOB OQHOrO TUMa Ha TUMOHOMUWHArbI MO Pa3nny-
HbIM napameTpam unu xapakrepuctvkam. OgHako umMdpbl CEPUAHOTO HOMEpPa He ONpeaenstoT TUM UCXOAHOro
mMaTepwuana, YacTOTHbIA AuanasoH, MOLLHOCTb paccesHust unu obnactb NPUMEHEHHUS.

Hanpumep:

1N4148 - nonynpoBOAHUKOBLIN ANO C CEPUMHBIM HOMepoM 4148;

2N4237 - TpaH3NCTOp C CEPUNHBIM HOMepom 4237 .

B Espone (B Nepmannn, ®paHuum, Atanuum, Benrpum, Monbwe n gp.) kpome JEDEC wmnpoko ncnonbsyerca
cucTema, no KoTopor 0603HadeHust NonynpoBOAHUKOBBLIM Npubopam NpucBanBaloTCsl opraHudauunen Associa-
tion International Pro Electron. Mo aTon cucteme npnbopsbl Ans 66ITOBOM annapaTtypbl LUMPOKOro NPYMEHEHNS
obosHavaTca AByMsa BykBamu n Tpems umdpamm, Ons NPpOMBbILLNIEHHOW U cneumanbHON annapaTypbl — TpeMs
oykBamu n asyms undppamu. K ocHoBHOMY 0603Ha4YeHUI0 MoxeT aobaBnsaTbea OGykBa, ykasbiBalollas Ha OTnu-
yme npubopa OT OCHOBHOIO TWMNa No KaknM-nnbo napameTpam Unm Kopnycy.

B cucteme Pro Electron npuHAThI cnegytouime o603HaveHus:
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lMepBblK anNeMeHT BTopon anemeHT
Matepman YcnoBHoe 0603- Tun npubopa YcnoBHoe
Ha4yeHue ob6o3HayeHune

FepmaHui A TpaH3UCTOPbl HA3KOYACTOTHbIE ManOMOLLHbIE C

KpemHuii B TpaH3NCTOpbl HU3KOYACTOTHBIE MOLLHbIE D

ApceHug rannms C TpaH3UCTOpbI BEICOKOYACTOTHbIE MariOMOLLHbIE F

AHTAMOHIT, MHVS D Mpnbopkl Ha ocHoBe adhdhekTa Xonna K

TpaH3MCTOpbI BbICOKOYACTOTHbIE MOLLHbIE L

TpaH3nCcTOopbl NepekoYaoLLne MarioMOLLHbIE S

TupucTopsbl T

TpaH3nCTOpbl NEepeKoYaoLLne MOLLHbIE U

Ovoabl BEINPAMUTENBHBIE MOLLHLIE Y

CT1abunuTpoH.l Z

[ns HekoTopbIX TMNOB NPUBOPOB, TakMx Kak CTabunUTPOHbI, MOLLHbIE AUOAbI U TMPUCTOPbI, MOXET NpuMe-
HATBCS AOMOMHUTENbHAs Krnaccudukaums, cornacHoO KOTOPON K OCHOBHOMY NATU3HAYHOMY O0DO3HaAYEHMIO Yepes
nedmc unu gpobs aobaBnseTcss AONOMHUTENbHbIN KO,

Hanpumep, ona ctabunuTpoHoB AOMNOMNHUTENBHbIA KO COOAEPXUT CBEAEHUS O HOMUHANBHOM HamnpsiKeHUn n
ero gonyckax B npoueHTax. [epas 6yksa ykasbiBaeT gonyck: A=1%, B=2%, C=5%, D=10%, E=15%.

Mocne GykBbl B 4ONOMHMTENBHOM KOA€E CrefyeT HOMUHANbHOE HanpshkeHue B BonbTax. Ecnn 310 He uenoe
4yncno, To BMeCTo 3ansaton ctaButcs bykea V. Hanpumep, BZY85-C6V8 - 3T0 KpeMHMEBLIN CTabMIMTPOH cne-
UManbHOro HasHa4YeHust C permcTpaumMoHHbIM HoMepoM 85, HanpsxxeHnem ctabunusaumm 6,8 B n gonyckom Ha
37O HanpsikeHune 5%.

Mo cywecTBytowen B HacTosiee BpeMs B ANOHMM cucTeMe CTaHAapTHbIX o6o3HaveHu (ctaHgapt JIS-C-
7012, npuHaTtein accoumaumen EIAJ-Electronic Industries AssoC1ation of Japan) moxHO onpegenuTb knacc
npubopa, ero HasHayeHve, TN NpoBOoAMMOCTU. Bna nonynpoBogHMKOBOro marepuana B 3TOM cCUCTEME He OT-
paxaeTcs. YcrnoBHoe 0603HayYeHmne COCTOUT U3 NATU NIEMEHTOB:

MEPBbIN anemeHT:

Knacc npubopa: YcnoBHoe o603Ha4YeHue:
auoasl 1
TpaH3ncTopbI 2
TUPUCTOPbI 3

BTOPOW anemeHT, ykasbiBaloluii Ha TO, Y4TO AaHHbIN NpuBOp SABNAETCS MOMyNpPOBOAHWKOBLIM, 0603-
HauvaeTcs bykBon S.
TPETUWN anemeHT:

Twn npubopa YcnoBHoe 0603HauYeHue
TPaH3MCTOPbI P-M-P BbICOKOYACTOTHbIE A
TPaH3MCTOPbI P-M-P HU3KOYACTOTHLIE B
TPaH3UCTOPbI M-P-MN BbICOKOYACTOTHbIE C
TPaH3UCTOPbI M-P-MN HU3KOYACTOTHbIE D
TUPUCTOPDI F
BbINpSAMUTENbHbBIE AMOoAbI R
MarnocurHanbHble Anoapl S
CTabUNUTPOHbI Z

YETBEPTbIV/ anemeHT 0603HaYaeT perucTpaLmoHHbI HOMEp W HaumHaeTest ¢ umcna 11.

MATHIN anemeHT oTpaxaeT ycoBepLueHCcTBOBaHMe (A 1 B - nepsasi n BTopas Mmoaudukaumm).

Mocne mapkmMpoBkM MoryT GbiTb gononHuTenbHble nHaekckl (N, M, S), oTpaxatowme TpeboBaHusa cneumanb-
HbIX CTaHOapTOB.

Hanpumep, 2SC3039 - TpaH3ucTop, NOMynpoOBOAHUKOBLIN, M-p-M BbICOKOYACTOTHLIA, C PErncTpauuoHHbIM
Homepom 3039.

Kpome BbllleykasaHHbIX CUCTEM CTaHAApPTHbIX 0603HAYeHWI, U3roTOBUTENW NPUOOPOB LLUMPOKO UCMONb3YHOT
BHyTpMdMpMeHHble 0603HayYeHus. B aTom cnydae 3a ocHoBy GykBeHHOro obo3HadeHus 4valle Bcero bepetcs
NPVHUUM COKPALLEHHOIo Ha3BaHMs oupMbl, KOAbl MaTepuana n NpUMeEHEHUS.
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