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BBEJAEHUE

CoBpeMeHHOE Pa3BUTHE AJICKTPOHHOW TEXHUKU XapaKTEPU3YeTCsl 3HAUHUTEIb-
HBIM yCIIO’)KHEHUEM TPeOOBaHUN M pellaeMbIX 3aj[ad, YTO MPUBOJIUT K PE3KOMY yBe-
JMYEHUIO YHCIia 3JIEMEHTOB (TPaH3UCTOPOB, AMOJOB, PE3UCTOPOB U JIP.) PaJHOdIICK-
TpOHHOW ammapatypbl. [Ipu OrpaHHYEHHBIX TMOKa3aTeNsX HAJIS)KHOCTH SJIEMEHTOB
PE3KO CHIDKACTCS HAJEKHOCTh BCEH CUCTEMBI U YBEJIMYMBACTCSA Macca, 00beM | Io-
Tpebisiemas SHeprus. B 3THX yCIOBHUAX HCKIIOUUTEIHHO OOJBIIOE 3HAYCHHE TTPHOO-
peTarT MPOoOIEeMbl TIOBHIIICHNUS HAJS)KHOCTH U KOMIUIEKCHOW MUHHATIOPU3AINH pa-
JIMO3JIEKTPOHHOM aIapaTypsl.

[IpyHIMIIHATHPHO HOBBIE MYTH PEIICHUs YKa3aHHBIX MpodieM obecrednBacT
MUKPODJICKTPOHUKA KaK HCTOPUYECKH OOYCIIOBICHHBIN dTal pa3BUTHS AJICKTPOHUKH
¥ OJTHO M3 €€ OCHOBHBIX HAIpPaBJICHHIA.

B pesymnbrare MHKpPORJIEKTPOHHKA MPHUBOIUT HE TOJIBKO K W3MEHEHHUIO Jie-
MEHTHOHM 0a3bl, BRIPAKAIOMIEMCSI B TOM, YTO Ha CMEHY JUCKPETHBIM 3JeMeHTaM (pe-
3UCTOpaM, KOHACHCATOpaM, TPAaH3UCTOpaM) MPUXOJSAT HOBBIE MHTETPAIbHBIC JETaIH
— uHTerpaJibHble cxeMbl. OHa 3aTparuBaeT Oosiee TiyOOKHE acHeKThl pa3padOTKU
DJIGKTPOHHOH ammapaTypsl, U TpeOyeT W3MEHEHHS TPAJAWIMOHHBIX MOAXOI0B K MPO-
EKTUPOBAHUIO MUKPOIIEKTPOHHBIX YCTPOUCTB.

OCHOBHO¥ 11€JIbI0 KYPCOBOTO MPOSKTUPOBAHUS SIBISIETCS OCBOCHUE METOIUKH,
MPUEMOB pacyeTa U pa3paboTKH MHUKPOIIEKTPOHHOTO UCTOYHHKA BHICOKOYACTOTHBIX
MOJIyJIMPOBAHHBIX CUTHANOB. [[pHHIIMIHATBEHON OCOOCHHOCTHIO Pa3pabOTKH SIBISICT-
csl HEOOXOIUMOCTh 00€CTIEYeHHS TTOBBIIIICHHON CTa0MIBHOCTH aMIUTUTYABl M JTMHEH-
HOCTH XapaKTEPUCTUKU YIPABICHUS 1O YacTOTE. DTO OOCTOATEIHCTBO MPUBOIUT K
HEOOXOAMMOCTH y4eTa MHOTOYHCIICHHBIX (PaKTOPOB JIsl 00ECTICYSHUST ONTUMAIIbHBIX
PEKUMOB pabOTHl B TpeOyeT HMCIOJIB30BAHMS CHEIMATBHBIX CXEMOTEXHHUECKUX pe-
[ICHWUI, HAIIPaBJICHHBIX Ha oOecreueHne 3aJaHHbIX TPeOOBaHM K NCTOYHUKY CHUTHA-

JIOB.
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[IpoexTupoBaHNE TaKOTO YCTPONCTBA CBSI3aHO C pa3pabOTKON (PyHKIIMOHAIb-
HBIX y3JI0B PalO3JICKTPOHHOM ammapatypbl, HE OXBaUYC€HHBIX CYIIECTBYIOIIUMU Ce-
PUSMH HUHTETPATBHBIX MUKPOCXeM. MUKPOIJIEKTPOHHBIC CXEMBbI IMO3BOJISIIOT TOJY-
YUTh 00JIee BBICOKHE ITOKA3aTE/IM UCTOYHUKOB BBICOKOYACTOTHBIX CHUTHAJIOB IIO CTa-
OWJIBHOCTH YaCTOTHI M aMIUTUTY/IbI IO CPABHEHHUIO CO CXEMaMU Ha JUCKPETHBIX dJie-
MCHTaX.

B cooTBeTCTBUU C TEXHUYECCKUM 3aJaHHEM I BEICOKOYACTOTHOI'O MCTOYHHKA
CUTHAJIOB ompejeneH auana3oH 4actoT oT 250 mo 100 MI'n m morpemHocTs ycTa-
HOBKHM BBIXOJHOTO HampsikeHus: Uy, = 1 B ¢ tounoctsio 0,1 %. JlonmonHuTenbsHO

npeayCMaTpuBacTCA aMIUIMTYAHAA MOIYJIALNA q)OpMI/IpyeMBIX CHUTHAJIOB C FHY6HHOﬁ

0...100 %.
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1 CITOCOBbI AMITUIUTYJHOU MOAYJISLINY,
BKJIIOUAS TATEHTHBIN TIOUCK

Yarie Bcero aMIuIuTyIHbIE MOAYJSTOPBI CTPOSIT, UCTIONB3YS A deKT mpeodpa-
30BaHUS CIIEKTpPa CYMMBI ABYX (M 00Jiee) CHTHAJIOB B OC3BIHEPIIMOHHOM HEIIMHCHHOM
AJIEMEHTE. AMIUTMTYIHBIH MOIYJISATOP CO3/1aeT Ha BBIXOAHBIX 3axuMax AM-curHa

BHJIA
U(t) = Up(1 + mcosQt)cosmot
IIPY MOJja4€ HA BXOJBI IS TAPMOHUYECKOTO HECYIIETO KoJIeOaHus
Ultee(t) = Uy ecCOS®0t
¥ HU3KOYACTOTHOT'O CHTHAja
Union(t)=Unm yox COSQU.

[TpocTelMM aMIUIUTYJHBIM MOAYJISITOPOM CIYKUT HEIMHEWHBIM YCUIUTEb,
y KOTOPOT'O PE30HAHCHBINA KOHTYP B BBIXOJHOM 1€MW HACTPOEH HA YACTOTY HECYILETO
konebanus. K Bxoay MoaymsiTopa NpUoKeHO Hecylee KojaebaHue, MOAYyIupyrolee
KoJie0aHUEe U HANPsHKEHUE CMEIIICHHUS.

JInst onpeAeeHHOCTH CUUTAETCS, YTO MPOXOAHAsI XapaKTepUCTUKA TPAH3UCTO-
pa anmpoKCUMHUPOBaHA OTPE3KaMHU JIBYX MPSAMBIX. 32 CUET TOro, 4TO padoyasi TOuKa
MepEeMENIAETCS B TAKT ¢ HU3KOYACTOTHBIM MOJIYJIMPYIOIIUM HAIPSKEHUEM, POUCXO-
JIUT HEMPEPHIBHOE U3MEHEHUE YTila OTCEYKH HECYIIETO CUTHAIA. AMIUTUTYA EPBOM
TapMOHUKHU TOCJIEN0BATEIILHOCTA UMITYJILCOB KOJJIEKTOPHOTO TOKA OKAa3bIBACTCS HE
MOCTOSTHHOM BO BpemeHHU. KosnebaTenpHbI KOHTYp (PHIBTpYET KOJJIEKTOPHBIN TOK,
BBIJIENISISE HA BbIXoJle AM-cursai, T.e. Hecyiee KojiebaHue ¢ MepeMEeHHON aMILIUTY-
noit (puc. 1.1), mponoplMOHATBLHON MOJIE3HOMY MOYJIMPYIOIIEMY CUTHAITY.

Koapdunment moaymnsuuu
A —A
A + A

mmax + mmin mmax mmin

mmax mmin mmin

paBeH HYIO, €CIU iy max=Im min, T-€. MOAYJIAIUSA OTCYTCTBYET, U PABEH €UHHUIIE, €CIIH

Iy min =0, T.€. aMILUTUTYJa MOKET YMEHBIIATHCS A0 HYJIA.
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Pucynok 1.1 — Bpemennas auarpamma AM-curnana

Moy siust MOKET OCYIIECTBISITECS HE TOJBKO 10 YIPABIISIONIEMY JIEKTPOIY
(Hanpumep, yepe3 6a30BYIO LI€TIb TPAH3UCTOPA), HO U MO SMUTTEPHOM WIIM KOJIEK-
TopHOW 1enu. OIHAKO yNpaBICHHE B BBIXOAHOW IleMH TPeOyeT OONBIIOr0 YpOBHS

HaAIIPSAKCHUA MOAYJIIUPYIOUICTO KOHe6aHI/IH, 4TO SHCPICTUYICCKHU HC BBII'OAHO.

UBblx

Uet(t) VT4 VT2
R1
IO
R2
Ue2(t) VT3
R3 R

Pucynoxk 1.2 — lllupokonosnocHslil tudpepeHraibHbli yCUITUTENb
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[IupOKOIIOTOCHBIM aMIUTUTYAHBIN MOTYJISITOP, CIIOCOOHBIN paboTaTh Ha BHICO-
KHX 4acTOTax, MOXET ObITh pean30BaH Ha OCHOBE CXEMBI HIUPOKOIOJIOCHOTO yCH-
uTeNs HanpsbkeHus (puc. 1.2) ¢ CHMMETPUYHBIM BBIXOJIOM M YIIPaBJICHUEM BBICOKO-
YaCTOTHBIM CUTHAJIOM U (t) MyTeM u3MEeHEeHHUs ToKa [y reHeparopa CTaOMILHOTO TOKA
(I'CT) non BnusitHUEM MOJYJIHMPYIOIIETO CUTHANA Ug(t), Tak Kak KO3 UIIMEHT mepe-

nauu AU epeHInaIbHOTO YCUITUTEIS

1 I
(K@B:E&W%RH:Z£;RH

K

JIMHEWHO CBSI3aH C BEJIMYMHON 3TOr0 TOKA.
AMIUTUTYJHBI MOAYJSATOP Ha OCHOBE IOJIEBOTO TPAaH3UCTOPAa M OINEpallMOH-

HBIX YCUJIMTEJEH MOKa3aH Ha pucyHke 1.3.

Ugq (9> *

DA2

Pucynok 1.3 — Amniutynssiii Mmoaynsatop Ha ocHose 11T u OY

B 210l cXeme B KadecTBE YNPaBIsIEMOIrO IMapaMeTpa UCIOJIb3yeTCs IIPOBOAU-
MOCTh KaHajia mosieBoro Tpansuctopa (IIT), xapakrepucTtuka KOTOPOTrO B pexuMe

YHPABIACMOI'0 COIIPOTUBIICHUA AIIIIPOKCUMHUPYCTCA BbIPAKCHUCM

G(U3I/I) = GMAX (1- &) .

31.0TC

B nens ctoka momaetcs Hecyiiee kojebanue U (t), a B mens 3aTBopa 1T yepes
MHBEpTHUpYIOMKK cymmatop Ha OY2 ¢ equHUYHBIM KOX(hPUIIMEHTOM Tepeaadyn —
MOYJUPYIONMIUNA CUTHAI Uc,(t) ¥ MOCcTOssHHAS cocTaBisromnias Uy = Usy ore/2.

Monaynatopsl MOTYT OBITh pPeaIM30BaHbl TAK)K€ Ha OCHOBE IMEPEMHOXKHUTENEH

CHUT'HAJIOB. BBIXOI[HOﬁ CUTHAJI TAKOI'O MOAYJIATOPA OIMUCBIBACTCA BBIPAKCHHUCM
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G (0= 2K U, (OU, (§c050,

OCHOBHBIM HEAOCTATKOM MOIYJIATOPOB ¢ ucnoab3oBanueM IIT n OV, a takxke
MOJYJIATOPOB HAa OCHOBE IIEPEMHOXUTEIEH CUTHAJIOB SABJISICTCA OTHOCHUTEIIBHO HU3-
KOYaCTOTHBIN 1MaIa3oH paboThI.

Kpome ykazaHHBIX CIOCOOOB aMIUTUTYIHAS MOJIYJIALIMSI MOKET OCYIIECTBIISATh-
Cs1 HEIIOCPEICTBEHHO B YIIPABISIEMBIX aBTOI€HEpATOpax. B Takux cxemax B KayecTBe
yIPaBIIEMON aKTUBHOM IpoBOAMMOCTH mpuMensiercs IIT B pexume ynpasisemon

IMPpOBOANMOCTH. Pa6ounii AUAITa30H 9aCTOT COCTABJIACT COTHHU MCIrarcpi.
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2 BBIEOP, OGOCHOBAHUE U ITPEJIBAPUTEJIbHBIN PACUET
CTPYKTYPHOM CXEMbBI MUKPOSJIEKTPOHHOI'O NICTOYHHUKA

B kypcoBoM mpoekTe Tpebyercs pa3paboTaTh MUKPOIJICKTPOHHBIM MCTOYHUK
BBICOKOYACTOTHBIX MOJIYJIMPOBAHHBIX CUTHAJIOB C TMOBBIIIIEHHON CTaOMIBHOCTBHIO Ta-
paMeTpoB.

Hcxonubie JaHHbIC AJ1s1 TPOECKTUPOBAHUS:

1. lnana3zon pabouux 9acToT fiax-finin = 250-100 MIw.

2. YpoBeHb BBIXOHOTO (onopHOro) HanpsbkeHust, Uy, = 1 B.

3. U3menenue BoixogHoro HanpspokeHus AUy, < 20 nb.

4. TlorpenrHocTh yCTAaHOBKH BBIXOHOTO HanpspkeHUs, OUy.x = 0,1 %.

5. Bua moaynsitiuu — AM ¢ rimyounoit monymsiiuu m = (0-100) %.

Haubonee pacrnpocTpaHeHHBIM METOJOM (POPMUPOBAHMS CHHYCOUAAIBHBIX
CUTHAJIOB Ha MOBBIIIEHHBIX YACTOTAX SIBJIETCS METOJ], OCHOBAHHBII Ha KOMIIEHCALIUU
aKTUBHBIX TOTEPh B pe3oHaHCHOM LC-KOHType OTpHIaTeNIbHBIM CONPOTUBICHUEM,
peanu3yeMbIM, HalpuMep, ¢ moMouipto JuHeiHbix yewnutenein ¢ HOC, KOC, snek-
TPOHHBIX MPUOOPOB ¢ naaatonieit BAX u T.1.

[lonyyaembie 3TUM WU APYTUM CIIOCOOOM KOJIeOaHUsI OKa3bIBaIOTCS HEIO0CTa-
TOYHO CTAOMJIBHBIMU MO aMIUIUTY/E U 10 4acTOTEe, B OCOOCHHOCTHU MPU YIPABICHUU
uMu. [lpu 3TOM XapakTepUCTUKU yHPaBICHUS, KaK MPABUIIO, SIBISIOTCS HETUHEHHBI-
MU, YTO ONpPEENseT 11eJIecO00Pa3HOCTh UX JIMHEAPU3allUU U CTaOMIIN3aI1 Y.

[IpuMeHuTENBHO K YIpaBieHUIO (OpMUpYEeMbIX KoJieOaHWW JaHHBIM METOJ
OTIMYaeTCs JUIIb peanu3anuedl o0pa3noBoro mpeoOpa3zoBaTensi —«apamerp-
HaIpsHKeHUe», KOTOPhIN B JAaHHOM cllydae JI0JKEeH ObITh MpeoOpa3oBaTesieM YaCcTOThI
B HanpspkeHue (I[YH) npu nuHeapusanum xapakTepuCTUKHU YIPABICHUS HO 4acTOTE
U IIMPOKOMOJIOCHBIM aMIUIMTYAHBIM JieMoaysiTopoM (AJl) (BbIIpsiMUTENEM) TMpU

CTaOWIIM3AIMK AMIUTUTYAbl KOJICOaHUiA.
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B co0TBETCTBUM C M3/10KEHHBIM CTPYKTYpHAasl CXeMa yIpasisieMOIro aBTOICHe-
patopa (pucyHok 2.1) comepkUT cOOCTBEHHO aBTOreHepaTop 1, moxacucremy crabu-
JU3alUy aMIUTATYbl, BKIOYAONIYI0 IUPOKONOJOCHBIA A/l 2, HCTOUHUK ONOPHOTO
nHanpspkenus: (MOH) 3, cymmarop 4 u cpaBHUBaroIiee yCTpOUWCTBO 5, a TakkKe MOJA-
CUCTEMY JIMHEApU3aLUU XAPAKTEPUCTUKHU YIPABICHUSA I10 YaCTOTE, BKIIOYAIOIIYIO
ITYH 6, nctoyHUK 7 ynpaBisIOMIETO HANPSKEHUS U CPAaBHUBAIOIIEE YCTPOMCTBO 9.
Taxxke ynpaBiasieMbll aBTOT€HEPATOp MOIOJHEH I'E€HEPATOPOM § MOIYJIHPYIOLIETO
CUTHAJIa, C TOMOILIBI0O KOTOPOTO0 MOKET OBITh OCYILECTBIEHA aMILTUTYyIHAs MOJYJIs-

s (AM) (HmwkHee noJioxkeHue) GopMUPYEMOTo CUTHAJIA.

Pucynok 2.1 — CTtpykTypHas cxeMa ynpasisieMoro o 4acTore

U aMIUIATYAC aBTOT'CHCPATOPA

[IpyHUMD AEWCTBUS MOACUCTEM PETYJIUPOBAHUSA OCHOBAaH HA CPABHEHHMM IMpE-
00pazyeMbIX CUTHAJIOB, MPOMOPIIMOHAIBHBIX aMILUIUTY/I€ U YaCTOTE, C ONMIOPHLIMU Ha-
npskeHusAMHA Uy u Uy HCTOYHHMKOB 3 U 7 COOTBETCTBEHHO C 0Opa30BaHUEM Pa3HOCT-
HBIX CUTHAJIOB, KOTOPBIE IMOCJE YCUJICHUSI B CPABHUBAIOIIMX YCTPOUCTBAX 5 U 9 u3-
MEHSIIOT COCTOSIHUE aBTOreHepaTopa 1 Tak, 4TO €ro aMIUIMTyAa U 4acTOTa OCTAIOTCS

HCHU3MCHHBIMU.
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[Ipu u3mMeHeHuu ympapistomiero HanpsbkeHus U B KOHTYpe peryiupoBaHUs
4acTOThl U OMOPHOTro HarpsbkeHus Uy B KOHTYpe pPeryaupoBaHUs aMILTUTYAbI COOT-
BETCTBYIOIIUM 00pa3oM MOACTPAMBAIOTCS YacTOTa U aMIUIMTYAa KoyeOaHuW aBTOre-
HepaTtopa. OZHOBPEMEHHO BO3MOKHO MostydeHue AM-koseOaHuil, eciii K yCTaHOB-
neHHbIM HanpsikeHusM Uy 700aBUTH C MOMOIIBIO cyMMaTopa 4 COOTBETCTBYIOIIUMN
ypOBeHb MoAyaupyoiero Hanpsikenust Ug OT renepatopa 8.

B cBs3u ¢ TeM, 4yTO aMIUTUTYAa PETYIUPYIOMUX CUTHAIOB MDY, Kak mpaBuio,
He npesbimaet =10 B, B kauecTBe CpaBHUBAIOLINUX YCTPOUCTB 5 U 9 MOT'YT UCTIOJIB30-
BaThCs cTanAapTHeie OY 6e3 obpatHoit cBsizu win ¢ OOC omnpeneneHHOro Buaa s
yIYYIICHUSI TUHAMUYECKUX CBOWCTB PETYJIUPOBAHUS C BO3MOXKHO OOJBITUM KO3(-
dbunrenTom nepenaun Ky Ha MOCTOSHHOM TOKE, T. K. OIIMOKA B CTAOMIM3AIIMHU COOT-
BETCTBYIOIIMX NTapaMETPOB TEM HIIKE, YEM BBIIIE ATOT KO (PHUITHUEHT.

JI1st KOHTypa cTaOWIU3aIuu aMILUIMTY/IbI BBIXOJHOTO HampskeHUst Uy, aBTO-

IreHepaTopa MOKHO 3allUCaTh:

(Uy =K, U, JKiK,, =U (2.1)

BBIX 7

ou
I Kn ==
ou

BBIX

— kodpuiment nepenpaun AJl, npencrapisonuii coboil oTHOIIE-

HHe u3MeHeHuil BeinpssmiieHHoro OU_ u mepementnoro OU, — HampsbKeHUH W TIPH-

BBIX
HUMAaIOINH KOHEYHOE, OJIN3K0e K €AUHUIIC, 3HAUCHHE;

ouU

K., :a—‘”’”‘ — yCpeIHEHHBIM KO3 (ULIHUEHT ympaBieHUs aMIUTUTYI0H Koseba-
U

ya
HUM BBIXOJHOT'O HAIIPSAKCHUSA aBTOI'CHEpPATOpPAa, HpeI[CTaBJ'IHIOH_[I/Iﬁ cO0OM OTHOIIIEHHE

usMenenuit BeixogHoro OU  u ympapnsiomero OU,, HanpskeHUH M MPUHUMAIO-

BBbIX
UM KOHEYHOE 3HAUCHHUE.
[IpuBons ypaBHenue (2.1) Kk SBHOMY BUY, TOJYYUM BBIPAXKEHUE JJIsI BBIXOJ-

HOT'O HAIIPSIKCHUS

BBIX N

1 (2.2)

ya
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KOTOpOE, Tpu BhIIONHMMOM Ha mpaktuke ycmoun K K K ->>1, cranosurcs

YIIO6HBIM JJIA nanLHeﬁmero HCITIOJIB30BaHUA

U
UBBIX KE,KOK},a >>1 = K_O . (23)

0

CpaBHuBas cooTHouieHus (2.2) u (2.3), nmoixyyaeM MOrPElIHOCTh CTaOWIM3a-
MU aMIUTUTY]bl BBIXOJHOTO HAIPSKEHUsI aBTOreHepaTopa, 00yCIOBICHHYIO KOHEY-

HOCThIO Benn4nH K K, K .

U, KoK oKy, >>1 1

8UBE,IX = 1= . (24)
U KKK

BBIX

IIpu Ky =1, Ky = 10° u Kya = 0,25 morpemnocts (2.4) cocrasut 0,004%.

CpenHeKkBaIpaTUYECKYI0 COCTABIISIONIYIO TOTPEITHOCTH CTAOWIU3aIluu aM-
TUTUTYIBl MOXKEM OIpeAeianTh nmyTeM auddepeHunpoBanus cootHomenus (2.3) mo
KaxaoMy u3 napamerpoB Uy u Ky, cuntas ux HeKOppeaIupoBaHHBIMU MEXKY COOOM, ¢
MOCJICAYIOIIUM TEePEeX0A0M K KOHEYHBIM MPUPAIIEHUSIM U OTHOCUTEIbHBIM BEIUYU-

HaM:

3U,_ =+(@U,+0K,) 2. 2.5)

BBIX

rae 0U, u 0K, — oTHOocuTenbHble HecTaOmibHOCTH HanpspkeHus Uy MOH u xoad-

¢unuenta nepenaun K, AJl.

Ipu  mecrabumphocTax OU,=%10" u 0K, = +10"  morpeurHoCTH

ou,, . =10,01%.

BBIX

CTa6I/IJII/I?>aI_II/I$I YaCTOTBI B aBTOI'CHCPATOPEC MOKET OBITH OITMCaHa YPaBHCHUCM:
(U, —fK; KK, =f. (2.6)

oU(f)

rae K, = — k03 ULMeHT npeoOpa3oBaHus TEKyIIeH yacToThl f B HanpsHKeHUE

U(f) [TYH, npuHuMaromuii KOHEYHOE 3HaUYCHHE U OLICHUBAEMbIN KaK OTHOIICHUE W3-

MEHEHHUU €TI0 BBIXOIHOI'O HAIIPAXKCHUA an K UI3BMCHCHMHIO BXOI[HOﬁ HqaCTOTbI Gf,
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of

K :W — YCpEeIHEHHbIH KO3(P(PUIUEHT yImpaBiIeHHUs [0 YaCTOTE aBTOTEHE-

yf
paTOpa, OHpeHeHHeMBIﬁ KaK OTHOIIICHUC I/IBMCHCHI/Iﬁ HaCTOTbI 8f J51 ynpaBHHIOH_IeFO

HaIlPAKCHUA an B pa60qu AUaIta3oHE 4acCToT, HpI/IHI/IMaIOH_IHﬁ KOHCYHOC 3HAa4c-

HHC.

Pemast ypaBaenue (2.6), Hoqy4uM CTaOUIM3UPOBAHHYIO YaCTOTY:

f= Yy

K

1 ' (2.7)

I+
KKK,

.
Ecau mpoussenenne kodpduuuentos Ky, Ko u Kyr cymecrseHHo npessimiaer

CANHHUIY, TO 9aCTOTA IIPUHUMACT YHO6HBIﬁ IJIA TIPAKTUYCCKOT'O UCITIOJIB30BAHUA BU/:

U
f =— (2.8)

K KoK, >>1 - K
f

Ha ocHoBanuu Beipaxkenuit (2.7) u (2.8) onpenensieM MOrpelIHOCTb CTaOUIIH-
3allMM YacTOThl aBTOre€HEpaTopa, 00yCIOBICHHYI0 KOHEYHOCThIO BennuuH Ky Ky u

Kyfl

f K KoK ¢ >>1 1

R R

S — 2.9)
f KKK,

s 3nauenuii koadpdunuento Ky = 10 MB/MI'n, Ky = 10° n Ky = 10 MI'n/B

norpemHocTh coctaBut of =0,01%.

CpCI[HCKBaI[paTI/I‘{CCKYIO COCTABJIATOMIYIO ITOTPCIITHOCTHU CTa6I/IHI/ISaHI/II/I qacTo-

ThI 3aMKCBIBAEM 10 aHaJoTuu ¢ (2.5):
o =+(3'U, +0K, ). (2.10)

Trac 8Uy n 8Ky — OTHOCHUTCIIbHBIC MMOTPCHIHOCTU UCTOYHHKA YIIPABJIAIOIMICTO HAIIPs-

KeHUH 1 ko3P dunrenTa npeoOpazoBaHus 4acToThl B HanpsokeHus: [THY.
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Ipu  mecrabumpHocTiXx OU, =+10" u éKf:iIO_4 MOTPEIIHOCTh

AU, =+0,015 %.

Cootnomenus (2.3), (2.5), (2.8) u (2.10) nmokassiBatot, uto MOH, AJl, ucrou-
HUK ynpasiswouiero HanpspkeHus Uy, u ITYH nomkHbl 001agaTh NpeLU3HOHHBIMU
CBOMCTBaMH, T. K. HCTOYHOCTH WX TEXHUUYECKHX XapaKTECPUCTHK HEMOCPEICTBEHHO
OTpaXkaroTCs Ha pe3ysbTarax (HOPMHUPOBAHMS OCHOBHBIX IapaMETPOB aBTOTCHEpa-

TOpA.
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3 PACYHET ®YHKIOMOHAJIBHBIX BJIOKOB MUKPOSJIEKTPOHHOI'O
NCTOYHUKA BBICOKOYACTOTHBIX MOAYJIMPOBAHHBIX CUT'HAJIOB

3.1 Pacuer ynpaBnsieMOro aBToreHeparopa

» VT1
L1 ivm VT2
C1 G(Uan)
° UBbIx
R8
A RS
R1 ' R3 R4 VT3 VT4
R5
R2 R6 R7
+Eynp
Rem Uya
— ce R10
i ¢ —{ [——o n

Pucynok 3.1 — IIpuHuunuanbHas cxema ynpaBJiisieMOro aBTOreHepaTopa

I/ICXOIIHBIC JaHHBIC:

MakcumainpHas yacrota f . =250 MI'L;
MuHuUManbHas yacrota f . =100 MI'm.

[IpuHIIMTIMANTBHAS CXEMA YIPABIIEMOI0 IO YaCTOTE TeHepaTopa MpeicTaBlIeHa
Ha pucyHke 3.1. B xauecTBe HIMPOKONOJOCHOIO YCHIIMTEIS UCIIOIb30BAH MTOBTOPU-
TeJIb HAMPSKEHUS Ha COCTaBHBIX TpaH3uctopax VTl u VT2 peanusyromux Tpedye-

MYI0 MaJylo BXOJHYIO npoBogumocts G u reneparop crabunbHoro toka (I'CT) Ha

ounossipubix Tpansuctopax (bT) VT3, VT4 u pesucropax R6, R7, R8, R10.

B kauecTBe ynpaBisieMoil akTUBHOM ITPOBOJUMOCTH MPUMEHEH MOJEBOM TpaH-
3UCTOP B PEKHUME YIPABISIEMON MPOBOAMMOCTH C DJIEMEHTAMH JIMHEApPU3AllMUd €T0
BBIXOJHOM XapaKTEPUCTUKU HAa BBICOKOOMHBIX pe3uctopax R3 m R4 oaunakoBoro
HOMUHAJIa ¢ pa3aenuTesbHbIMKu KoHAeHcaTopamu C2 u C4, o0nagarommuMu MajabIMU
COMPOTHUBIICHUSIMU B 00JIACTH BBICOKMX YacTOT pabOThl aBTOreHeparopa. YIpaBiie-
HHME aMIUIMTYJI0M KOJeOaHUI aBTOreHEpaTopa NPOU3BOAMUTCS HampsikeHueM Uy,, Ko-

TOPOC MOAACTCA B LICIIb 3dTBOPA ITOJICBOI'O TPAH3UCTOPA YCPE3 PE3UCTOP RS.
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Pabouas yacTora reHeparopa OnpenensieTcss pe30HaHCHOM 4acTOTOM Kojeba-
TEJIBHOTO KOHTYpa OOpa3oBaHHOTO KaTymIKOW HMHIYKTUBHOCTH L1 u €MKOCThIO

BCTPEYHO BKJIIOYEHHBIX BapukanoB VDI u VD2. Ynopasnenue no yactore ocyIecT-

BJIETCA TMyTEM T0/IauM yNpaBsIoero Hanpsskenus + E, - nonoxurensHoi mo-

JSIPHOCTU 4Ye€pe3 BBICOKOOMHBINM, YTOOBI HE IIYHTHPOBATH KOJIEOATEIBHBIA KOHTYD,
pesuctop R1 B TOUKy coenuHEHHs] BapUKallOB, PETYIUPYEMOro C MOMOILIBIO Iepe-
MeHHoro pesuctopa R2. Pe3oHaHcHas yacToTa K0JIeOaTEbHOTO KOHTYpPA OIpees-

CTCs CIICAYOIINM 06pa30M:

rae L — MHOyKTUBHOCTh KAaTYIIKH KOHTYpa
C — éMKOCTh BKIIFOYEHHBIX BCTpeUHO Bapukanos VDI u VD2.
OnpenenuM TpeOyemblid KOA(P(UIMEHT NEPEeKPHITUS EMKOCTEH BapHUKaIoB
VDI u VD2 ¢ yuéTom neBUaliy 4acTOTHI:
2 6)°
£ ¢ (25010

= Jomax _ Smex =625,
fomn  Conin (100.106)2

Heo6xoaumsl Bapukansl ¢ K > 6,25.

Breibupaem caBoennsie Bapukanbl 2B114A-1, koTtopble uMeeT cieayoolue

AJIEKTPUYECKHE NTapaMeTpPhI:

C(U)],_, =100 n®;
C(Uz)UZ:IOB =35nd;
K, =6;

Uospmax = 150 B;

Q, 30.

=250 MI'y -
3aBHCHUMOCTL EMKOCTH BapHKalia OT 06paTHOFO HaAIIPSOKCHUA MOJKET OBITH all-

IMPOKCUMHPOBAaHA CTCIICHHBIM ITOJIMHOMOM U BBITJIAOUT CICAYOIINUM O6p330M:
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U X
C(Usgp ) = Conax| 1+ (P%:P

rae C, . —MakcuMajbHas EMKOCTb BapHKala IIpu U06p =0B;

U obp — O6paTHOC HaAIIPSAKCHUC, ITPUIIOKCHHOC K BAPUKAITY,

P

— KOHTAKTHad PpPa3sHOCTb IMOTCHIHAJIOB IIOJYIIPOBOAHUKOBOI'O MaTcpualia

(n7st GONMBIIMHCTBA COBPEMEHHBIX BapukanoB @, = 0,7 B);
A — CTEIeHb alMpPOKCUMHUPYIOUIETO MOJIMHOMA.

HOIICT&BJIHH B JAHHYIO 3dBUCUMOCTH CIIPABOYHBLIC JAHHBLIC IJIA BBI6paHHOFO

BapHKalia 1oJy4uM CUCTEMY ypaBHeHHfII

1

35=C .« 1+£ ;
0,7
1Y

100=C_|1+—| .
0,7

Pemrast nanHyro cCuCTEMY YpaBHEHHUM, HAXOIUM:

Cax =165,9 nD;
x =-0,571.

Paccuurtaem MUHUMAJIbHYTO €MKOCTb BapHKalla IMpu MaKCUMaJIbHO OOITYyCTU-

MOM oOpaTHOM HamnpsikeHuun 150 B:

X -0,571
o= [15-8) 21659, 1+130

b

~'7,7 n®.

b

Toraa ko3 duLMeHT nepeKphITUs I JAaHHOTO BapHKarma:

C,. 1659
c. 17

min

K =

C

~21,5.

I[aHHBIC BapHKaIllbl MOKHO ITPUMCHHUTH B IIPOCKTHUPYCMOM YCTpOﬁCTBC.

Paccuuraem HCO6XOJII/IMYIO HUHAYKTUBHOCTH KAaTYIIKMW KOHTYpA IIPpU MAKCH-

MasibHOU émKocTu Bapukanos npu f, =f . =100 MI'L.
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1 1
27078 0 Crna 2-3,142(100-106) 165,9-107"2

~ (0,031 MkI'H.

IIpumem L1= 0,0305 mxI'H. IIpu Takol MHOYKTUBHOCTH KaTyLIIKH KOHTYpa

HIKHSISL YacTOTa reHeparopa OyAeT cleyromiei:

f = 1 = 1 =100 MI'1.

! [.C 10712
2m, |LI=2 2-3,14-\/0,0305-10—6-165’9210

910 COOTBCTCTBYCT AAHHBIM IIPCABAPHUTCIIBHOTO pacqéTa. I[anee paccunuTacm

MUHUMAJIBHYIO €MKOCTb OIHOT'O BapHuKaIlia HCO6XOI[I/IMYIO IJIA TIMOJIYYCHUA HHIKHCT O

npezena yactotsl f . =100 MI' 6e3 yuéra neBuanuy 4acToThI:

1 1
=5 2¢2 - 2
271, L 2-3,142-(100-106) .0,0305-107

=166,1 n®d.

PaccuuraeM MHUHHMaIbLHOE HaAIIPpSAKCHUC YIIPABIIICMOI'0 HCTOYHHKA Eynpmin‘

J1J1st 3TOTO COCTaBUM ypaBHEHHUE:

-0.571
U .
166,1-107"% = 165,9-1012£1+$J .

Pemas nanHoe ypaBHeHue, noayuum E ~1,5 MB.

yrpmin
I[anee paccunuTacM MUHHUMAJIbHYIO €MKOCTb OIHOTI'0O BapHKalla HCO6XOI[I/IMYI-O

IJI TIOMy4eHus: BepxHero mpegena dactorel f . =250 MI'm Oe3 yuéra nesuanuu

HqaCTOTBI:

1 1
217 e L 2-3,142-(250-106) -0,0305-107

=26,58 nd.

Paccuuraem MakcuMalibHOE HaIIPSAKCHUC YIIPABIIICMOI'O MCTOYHUKA Eynpmax‘

J1J1st 3TOTO COCTaBUM ypaBHEHUE:

-0,571
U ,
26,58-10712 :165,9-1012(1+$j .
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Pemras nanHoe ypaBHeHue, noayuum E =16,6 B.

yIp. max
JI71s1 TOro 4TOOBI MOJYYHUTh YaCTOTY T€HEPUPYEMBIX KojieOaHuil 6e3 yuera je-
Buaruu 4actotel 100-250 MI'm HeoO6X0aMMO MOJaTh B TOUKY COSIWHEHMsI BapuKa-

noB Hanpsbkenue 1,5 mB—16,6 B. Paccuntaem BOJIHOBOE CONTPOTUBIICHUE KOHTYpaA P :

2mfy - =% 2-3,14-100-10° - —>7 "~

PaccuuraeM »KBHBaJICHTHOE COIMIPOTHUBJICHUC KOHTYpPaA Rax N aKTUBHYIO CO-

B

CTaBJIAIOLLYIO €ro npopogumoctu G, NpuHUMasi JOOPOTHOCTh KOHTYpa paBHOU J100-

poTHOCTH BblOpaHHOrO Bapukana Q =Q, =30:

R, =pQ,=19,2-30=575,6 Owm;

G = = p =1,737 mCwm.

[Tpumem R1 > S50R, = 28,78 kOM. Beibupaem R1 = 30 xOm. 3agagum TOK
reHepaTopa ctabunpHoro Toka I, =5 MA. Ilpumem I =1 MA u R7 =1 xkOm. Paccun-
TaeM BEJIMYUHY COIIPOTUBIIEHUS R6:

[,R7 1-107-1000

R6= .
I, 5-107

=200 Owm.

BeiOepem TpaH3UCTOPBI Ul T€HEpaTopa CTAOUIBHOIO TOKAa M IIHPOKOIOJIOC-

HOT'O YCHJIUTENS C 4acTOTOM equHuyHoro ycwienus f >1 I'T'u. BeiOupaem tpansu-

ctopbl KT325b, KOTOpbIE UMEIOT CIIEYIOIIHNE DIIEKTPUUECKHUE MapAMETPBI:

h,, =50...200.

fr 2 11T;

Uisymax =15 B.

BribepeM Hanpsixenue nutanus kackaga E = 12 B. Paccuuraem E (mapenue

HanpspkeHus Ha R10 nomkHo coctaBnats He meHee 20-30 %)

E,=125E_=1,25-12=15 B.
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Paccuuraem pesuctop R8.
3amaguM mpenens! perynupoBku Toka Iy =0,9...1,1 Om:

Rg=En=Vos _py_ 12—0,635
I, 1,1-107

b

—1000=9318,2 Om.

Brei6upaem R8 = 9,1 kOwm.

Paccuuraem pesuctop R9:

—R7—R8=%—1000—9100=2511,1 Owm.

0 0,

R9 = En — U634

Brei6upaem R9 = 2,7 kOwm.
h,, =+50-200 =100.

PaccunTtaeM norpebseMslil reHepaTopoM ToK I,
—_— 4 — —_—
Iy, =1, +I; =5+1=6 MA.

Paccuuraem R10.
JlaHHBIN pPEe3UCTOpP COBMECTHO ¢ KoHjeHcaTopoM C3 oOpasyeT GUIbTp UCTOU-

HHKA ITUTAaHUA .

Rig_ Bo—E, _15-12

= =500 Om
0,006 0,006

Bei6upaem R10 = 510 Owm.

R9
Paccuuraem R, = (R8+7j " R7. IIpy 3TOM OBUXKOK NOACTPOEYHOTO PE3HU-

crtopa R9 HaxoauTcs B CpeAHEM TMOTIOKEHUU

R8+R?9 =9IOO+@ =10450 Owm;

_ R-R7 _ 10450-1000
%" R4+R7 10450+1000

~912,7 Owm.

Paccuuraem COIMPOTHUBJICHUC I'CHCPATOPA CcTaOMIJIBHOIO TOKa R.

1.TCT
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_Ui R6 200 200 ~601,9 KO,

1+ = 14+
R6(VT3)) 0,005 0,026 N 912,7

7_'_ - N @7
I, By 1 0,005 100 +1

rae U', =200 B — Hanpspkenne Dpiu;
(, =26 MB — KOHTaKTHast pa3HOCTb MMOTEHIINAJIOB.

Paccuntaem G, :

1 1
GBLIX - R3KB 2(PT + R -
+ i,rcT
(hzl(VTl)+1)<h21(VT2)+1) Lo
= 1 + 1 = 95,6 MCMm
B 575,6 2-0,026  601,9-10° '

+
(100 +1)-(100+1) 0,005

Paccuuraem BBIXOIHOC COIIPOTUBJICHUC

R, = 1 =10,456 Owm.

BTG 95.6-107

BbIX

Paccuntaem G,
Ly
29, (hZI(VTl) + 1)(h21(VT2) + 1)

G < ;

BX

G, < 0,905 =9,426 MxCwm .
2-0,026-(100+1)-(100+1)

[IpunsaB ko3 unuent nepenaun ycuurens K = 1 npu ¢da3oBoM casure B pa-

0ouem AUAITa30HC YaCTOT @ = O, onpcacinm HCO6XOI[I/IMYIO MMPpOBOAUMOCTL KaHalia

IMOJICBOI'O TPAH3UCTOPA

4(G,+G,,) 4-(1,737-107 +9,426-10)

G(U,)=G,= = = 6,987 MChm.
2K -1 2-1-1

22
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[IpoBOAMMOCTE KaHaia MOJEBOr0 TpaH3UcTopa (ympasisiemMas IPOBOJUMOCTH
Yo) B 13 pa3 MeHblIe BBIXOJAHOW MPOBOJUMOCTH. JTO MO3BOJSET YTBEPKAATh, YTO

BBIIIOJIHACTCS YCIIOBUC I'CHCPAITUH
|YBHX|>>|YO|'

KOC—)(I)(i)I/II_II/ICHT nepeaadn yCUIMTCIIA € YUCTOM BJIIMAHUA IIPOBOAUMOCTH KaHAJIa

nosieBoro tpanzuctopa G(Us,y,)
1
K = ! - =0,932.

20, 1 1+2'0’026 I +6,987-107°
o Rim+G(U3ﬂ) 0,005 (601,9-10°

Koaddunuent nepegaun ycunurens K = 0,932 6au3ok k equHULE, HO MPOBO-
IUMOCTh kenatenbHo mnepecuntaTh Gy = 8,082 MCwm. BwixogHas mpoBOJIMMOCTH

Gpux# 0. BropuuHO yTOUHEHHAasi MPOBOJIUMOCTb:

G, = =8,828 MCm.

1 1

G, G

BBIX

Ee mMoxxHO npuHATH 32 TpeOyeMy0 MPOBOAUMOCTh KaHajla UCIIOJIb3YEMOI0 T0-
JIEBOT'O TPAH3UCTOPA.

B cBs3u ¢ 3TUM MakcumainbHas mpoBoAMMOCTh kaHana I[IT, okpyrisemas B
OOJIBIITYI0 CTOPOHY MOKHA OBITh Gyge = 9 MCM. [Ipu 3TOM HamnpspKeHHE OTCEUYKH
MOKET OBITH JIIOOBIM, HO HE MEHEe 110 a0COJIIOTHOM BEJIMYMHE, YeM MaKCHUMaJIbHas
aMILTUTYy/Ia BBIXOJHOTO HANpsDKEHUS aBTOT€HEpaTopa, KOTopas B JaHHOW CXEME CO-
ctaBisier mpumepHo Uy, = 1 B, Tak xak tpansuctop VT1 pabotaeT Ha HyJIeBOM Ha-
npsbkeHun kosuiekTop-6aza (Ugs = 0). B 270l cuTyanuu npuemiieMoi BeTUYHMHOMN
MOXHO CUMTATh HampskeHue orceuku 6omnee 1 B, nanpumep, Usy orc = 3 B.

Tak kak ynpaBisieMblid aBTOT€HEPATOp MpeTHa3HAYEH 11 pa0OThl HA BHICOKHX
yactoTtax (100...250 MI'y), To OUMONspHBIE U MOJIEBBIE TPAH3UCTOPHI JOJIKHBI OBITH
BBICOKOYACTOTHBIMHU € 4acTOTON eauHuyHoro ycuienus fr > 1 I'T'i, yTtoOb1 B pabo-

YCeM JUalla30HC 4aCTOT HEC IMOABHUIUCH JOIIOJIHUTCIIBHBIC 0a3oBEBIC CABUI'H (([) = O)
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B kauectBe Oumnomnsipubix Tpan3uctopoB VT1-VT4 ucnonb3yem p-n-p TpaH3u-
cropsl Tuna KT325b6, nonesoii Tpanzuctop — KIT103K.

IIpn ympaBieHMH aBTOTEHEPATOPOM IO YACTOTE MYTEM YBEJIIMYCHHS YIIPaB-
nsiroriero HanpspkeHUs: Uy < U,y = 30 B 106poTHOCTH BapUKanoB U KoJjie0aTeabHO-
ro KOHTypa B LIEJIOM YBEJIMYUBAKOTCA, & IPOBOJAUMOCTh KOHTYpa YMEHbIIAETCA. DTO
TpeOyeT yMEHBIIEHUS MPOBOJMMOCTH IMOJIEBOTO TPAaH3UCTOpA MyTEM YBEIHUYCHMUS
HanpspkeHus ynpaslieHUsS Uy < Usy orc IPM HEU3MEHHOM aMILIUTYI€ BBIXOJIHOIO Ha-
MIPSIKEHUS.

W3menenne mpoBOIMMOCTH KaHala npaktuuecku jiodoro [IT ocymecrsusercs
B LIMPOKUX Mpenenax (COTHU pa3), YTO MO3BOJISECT MPU HEOOXOJUMOCTH JIMHEIHO
YMEHBIIATh BBIXOJHOE HAIPSIKEHHE ABTOT€HEPATOpPA B JIECSATKH pa3 OTHOCHUTEIIBHO
MCXOJTHOT'O 3HAYEHHUS.

OTHOCUTENBPHO Majlasg aMIUIMTYJa BBIXOJHOTO HANpPSKEHUs aBTOTEHEpaTopa
SBWJIACh YIPOLIAIOIIUM OOCTOATENBCTBOM JIJIsi OCYLIECTBJICHUS JMHEapu3alluu Bbl-
xonHou xapakrepuctuku [IT myrem ncnonb3oBanus AByX pe3uctopoB R3 u R4.

ITpuarnmaem HomuHaIbI pe3uctopoB R1 = R3 = R4 =RS5 = 100 kOwm.

EMKkocth paznenurenbHoro konuaeHcaropa Cl ompepensiercs u3 yciaoBUsS HE
MEHEe YeM CTOKPATHOrO MPEBBIIMICHHS €€ MPOBOJUMOCTH Ha HadaJlbHOM paboueit

yacToTe aBToreneparopa fy makcumanbHoil mpoBoaumocTu kanana I1T:

-3
L 100Gy, __100:9:-10° ) 0
onf,  2-3,14-100-10

0

Cl

Brei6upaem C1 = 1,5 n®.
Emkoctun C2 u C4 HaxoAsTCs U3 YCIOBUS TOTO € MPEBBIIIEHUS TPOBOJUMO-

ctu pezuctopoB R2, R3:

Co—C4> 100 100

> - ~1,6 nd.
2nf,R2(3) 2-3,14-100-10°-100-10°

Brei6upaem C2 = C3 =2 nd.

Paccunrtaem C3:
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35 1050 _ 50 560,

~2nf,R10 2-3,14-100-10°-510

Bri6upaem C2 = 180 nd.

3amanuMm Tok yepe3 R2 u Ry, I, = 0,5 MA.

Paccunraem pesucrop Rey:

CEpmn 1,5:107

™I,  0,0005

Bri6upaem R, = 3 Owm.

Ilpumem HanpspDKEHUE UCTOYHMKA CcMelieHus BapukanoB E, - =30 B. Paccuu-

TaceM COIIPOTHUBJICHHUEC PE3UCTOPpA R2:

E._-E ~1,3-107
R2 = 2om S 30713107 o 6
I, 0,0005

Bri6upaem R2 = 62 kOwm.
BrixogHoe HampspkeHHe TeHepaTopa ONpeessieTcsl HalpshKEHUeM Mexay Oa-
3001 U KOJIEKTOpoM TpaH3uctopa VT1, koTopoe A JaHHOTO TPaH3UCTOpA MPH AAH-

HOM pexkume coctanisier npumepHo 0,5 B.
3.2 Pacuer npenu3noHHOTO MUPOKONOJIOCHOTO aMIIUTYAHOTO IEMOAYISATOpa

B cucteme crabunmzamnuu aMIuIUTyAbl aBTOT€HEPATOpa, €CJIM €ro 4acToTa Iie-
pecTpauBaeTcs B MIMPOKUX Mpejiesiax, HEOOXOAUM IHUPOKOIOIOCHBIN TUHEHHBIN A/l
(metexTop).

JI71s1 moydeHusi BO3MOXXHOCTH U3MEHEHUsI CTa0UIU3UPYEMOT0 BBIXOHOTO Ha-
MpsKEHUs 0€3 HEeJTMHEHHON KOPPEKIIMU YPOBHS OMOPHOTO HAMPSIKEHUST HEOOXOUMO
UMETh JIUHEWHYI0 aMIUTUTYIHYI0 XapakTepuctuky AJl. Kpome toro, kosddunmert
nepenaun AJl nenecoodpasHo umets paBHbIM equnue (K = 1), 4ro mo3posnser yc-
TaHABJIMBATh TPeOYEeMbIl €r0 YPOBEHb HEMOCPEACTBEHHO 10 BEJIMYMHE OMOPHOTO Ha-
TIPSIYKEHUS.

CdopmynupoBaHHBIM TpeOOBaHMIM YIOBIETBOpsieT AJl, mpencTaBieHHBIH Ha

pucyHke 3.2.
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+En

Ro

UBbIX
Co

VT7 |

R1 R2 R3

VTS VT6

-En

PucyHnok 3.2 — IIpuHiunuanpHas cxema HMpoKonoJocHOro AJl

JleTekTop peanu30BaH Ha OCHOBE IIMPOKOMOJOCHOTO Iup(epeHInanbHOro
yeunurens ¢ yactorHozasucumoit OOC no toky B Tpansucrtopax VT1 u VT2 nud-
bepenmanbHoi nmapel. Tak kak B JIY cuUrHasibl Ha OTHOM U JIPYTOM BBIXOJIaX MPOTH-
BOIOJIOKHBI MO (paze, TO B KadyeCTBE BBIIPSIMUTENS] HCIOJIb30BAaHBl OUIOISPHBIC
tpan3ucTopbl VI3 u VT4 no cxeme ¢ OK, KOTOpbIe MOOYEPENHO OTKPBIBAIOTCS MPU
MOJIOKUTENIbHBIX TMOJYBOJHAX BXOJHOI'O CUTHAJNA., BHIMOJHASA (QYHKUIHIO TBYXIONY-
MIEPUOJTHOTO BBIIPSIMIIEHHUS.

[Tutanue Y Ttokom I, oGecneunBaercs I'CT Ha AMOAHO-TPaH3UCTOPHOMU
CTPYKType ¢ OunossipHbiMU Tpan3uctopamu VTS5 u VT6. [lnsg cornmacoBanus 1o mo-
ctosHHOMY TOKY ucnoisib3oBat Jipyroit I'CT B Buge JITC na BT VT6 u VT7. Bei6o-
pom Toka storo I'CT Iy’ m HomHuHana pesucropa Ry ycranaBnuBaeTcsi HyJleBOMl ypo-
BEHb Ha BbIxoJie A/l Ipu OTCYTCTBUM BXOAHOrO curtana. Kpome storo pezucrtop Ry,
OCYILIECTBIISISI CIBUT BBIXOJIHOT'O YPOBHSI, COBMECTHO € KOHAEHCATOPOM Cg BBIIIOJIHS-

cT Q)YHKHI/IIO (1)I/IJIBTpaI_[I/II/I BBIIIPAMIICHHOT'O HAITPSKCHUA.

AnbhepoBny AHApeit 26


ANDRON
Пишущая машинка

ANDRON
Пишущая машинка

ANDRON
Пишущая машинка
Альферович Андрей

ANDRON
Пишущая машинка


[Ipoussenem pacuer AJl ¢ momocoit mponyckanus f, = 250 MI't. Ecau npu-
HATh EMKOCTH KoJuIeKTOp-0a3a Tpan3uctopoB VT1, VI3 wm VT2, VT4 Cis = 2 nd

U eMkocTh MoHTaxa C,, = 1 nd, BEIXOJHASI EMKOCTb COCTAaBUT
Coux ® 2Csvri,vrs) T Cy = 2Csvro,vre) T Cy = 5 D,
a COIPOTHUBIICHUE HATPY3KU

1 1
R,= = 6 )
2nf. C 2-1-250-10"-5-10

CBBIX BBIX

~127,3 Om.

IIpy TakomM MajaoOM Harpy304YHOM COIIPOTMBIIEHUHU BIIMSIHUEM BXOJHOTO COIIPO-
tuBneHus Boinpsamutens Ha BT VT3, VT4 moxHo npeHeOpeyb.

Jlis orubaronieil B BUA€ NMOCTOSHHOTO WJIH MEJJIEHHOMEHSIOIIET0Cs. TOKa CO-
npoTuBieHne KoHaeHcaropa Cy BENMKO U B pOpMUPOBaHUU KO (UIMEHTA Tepeia-
YU BBIIPSAMUTENS, COBMEIIEHHOIO C KacKaJoM CIBUra yYpoBHS M BbIXOAHBIM DHY,

JUISL 9TUX TOKOB y4yacTByeT BHyTpeHHee comnportuBienue ['CT, cozgaromero Ttok Iy,

Ri,FCTi
1
Kc == °
1+ (p,T+RO /R rer
0
rIe
R _Uy 1+ R :
i,FCT 2 5
Uyl or, Rewry
I:) h21(VT7)

Rsvr7) ¥ hyvr7) — comporusiienue B nenu 6a3pl U KOXPPUIMEHT Iepenadd TOKa

TpaHsucropa VI7;

R =RI1//R2//R4.

6(VT7)

BTOpBIM SJICMCHTOM BBIXOJHOI'O ®HY saBnsercs BBIXOOHOC COIIPOTHUBJICHUC

Kackajia CIBUTa YpPOBHS (BBITTPSIMUTEIIS)
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Rppx :[h Ru + (p,T +RO]//Ri,FCT =R,.
21(VT4) 0

Koaddunment nepenaun 3toro GuibTpa MOXHO CUHWTATh PaBHBIM E€IUHUIIC
(K¢ = 1), Tak xax konnencarop Cy npu K = 1 3apskaercss UMITyJIbcaMu TOKa 710 aM-
IJIUTYJHOTO 3HAa4Y€HUA IepeMeHHOro HanpsikeHus: Uy, NeHCTBYIONIEro Ha Harpy3Ke.

s monmyueHust HeuckaxeHHou amrumntyabl Uy, Ha Beixoge Y xots Ob1 1 B
HE00X0JMMa TOCTOSIHHAsI COCTABJISIIOIIAsl TOKA TPAH3UCTOPOB U hepeHInaIbHOMI
napel VT1, VT2 [y/2 = U/Ryy, = 1,6 MA. OTcrofa, okpyrJisisi ¢ 3aracoM B OOJIBIIIYIO
cropony, noiny4daeM ['CT Ha tpan3uctope VTS5 [ = 20 MA.

Ucxons u3 tpedyemoro koddunuenta nepenaun Al
K, =K. K K y(1+m),

rae Ky — koappuuuent nepegaun 1Y ¢ OOC no Toky

o
K}Iy :ESRH,

MOJIYYMM HE00X0auMyto KpyTu3ny TpansuctopoB VT1, VT2 ¢ yuetom OOC

, 2K,

T (1+m)K KR,

kotopast, npu m = 1, K. =K, =Ky =1 u Ry = 124,7 Owm, cocrasmuser

S'~ 7,9 MA/B.
Hcnone3ys Beipaxkenne 1t AUX ¢ yuetom aeiicteust OOC

1 s
R3+%(f) 1+S(HR,

OnpeeIMM HOMUHANBI pe3UcTOpoB R, B ienu smutrepoB Tpan3zuctopoB VT1 u VT2:

S'(f) =

1 1 1 2

"3 8 S 1

0

C yuyeToMm Moiy4YeHHBIX BbIlIe MUGPOBBIX AaHHBIX R, = 124,7 OM, npu 3TOM
riyouna OOC B 1Y F= 1+ SR, == 49.
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YacToTa cpesa 1o napaMeTpy KpyTHU3HbI

1 f; Nr_af

— — T
= = ~ =1,
Iy, St /lt, —Stg T

f. =
5 2nC

5'>166'
rae S; — BHyTPEHHsS KpyTU3Ha TpaH3ucTopoB T1 u T2, koTopas cBA3aHa ¢ BHYTPEH-

HEU KpyTU3HOHU

r6'3 I0 ~

S=S = ~l
+1,, 20, T

i ’
r667

rac 1, — COIIPOTUBIICHUC SMUTTCPHOI'O IICPCXOaa.

ConpoTtuBieHue

I =k
66" H
CK

rae tx U Cx — COOTBETCTBEHHO MOCTOSIHHAS BPEMEHU M €MKOCTb KOJUJIEKTOPHOTO Tie-
pexona.
11
J171s1 BBICOKOYAaCTOTHBIX TPAH3UCTOPOB Tk = 107 c.

Torna npu emxoctu Cg =2 nd

r667

:T—K:5 Owm.
C

K

YacTorta cpesa no napamerpy KpyTtusnsl oyner fs = 0,5fr. C yuetom riyOunsl
OOC F =49, yactora cpesa no napametpy riryounsl ¢ OOC fy = fgF B nannom ciy-
yae MNpUOIMKAETCS K 4YacTOTE €IMHUYHOTO YCWICHHS BBIOPAHHBIX TPAH3UCTOPOB
fr=11Tm.

EMKOCTh KOppPEKTHUPYIONIUX KOHJACHCATOPOB, CHIDKAIONIMX YaCTOTHBIE HCKa-
KEHHUS B 00JIACTH YaCTOTHI Cpe3a U PACHIUPSIONIUX MMOJIOCY MPOMYCKAHUS EMOTYJIsI-
TOpa, HaWJeM M3 YCJIOBHS PaBEHCTBA aKTUBHOI'O COMPOTHUBICHHUS R, peakTuBHOMY
conpoTuBieHuto eMkoctu C, Ha yactoTe cpesa f. Harpy3ounoii nenu AJl:

1
> 2nf R, '

Hna R, =124,7 Om u f. = 250 MI'y emxocts C, = 5 1.
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Onpenenum HomuHaibl pe3uctopoB ['CT, obcnyxkupatomux AJl. C ydeTtom

00cyX1aeMBIX BBINIE peKOMeHAAIMi npuHuMaeM Tok I =0,2 MA, Torma mpu Toke
[ *

I, =20 MA ToOk TOKO3aJarouiel 1enu neiaecoodpasHo 3anare [ =2 MA, a HOMuHaN

pe3uctopa R2 = 1 kOwm. IIpu 3TOM HOMUHAIIBI PE3UCTOPOB

R1=R2I,/I, =100 Owm;

R3=R2I, /I, =10 xkOwm;

R4=(E; - U63(VT6))/IZ -R2,

KOTOPBIH TP HANPSHKEHUSIX UCTOYHUKOB nutanus B[ =E =+15 B u HanpsokeHun
0a3za-smurrep Tpanzuctopa T6 Us,vrs) = 0,65 B coctaBur R4 = 6,2 kOm.
HomuHan pe3ucTtopa B KacKajie CABUTa YPOBHS

EJrr[ - RHIO /2 - U63(VT3,VT4)
I '

0

R, =

0

s Hanpspokenus 0aza-smurrep VI3 (VT4) Usyyrsvrsy = 0,6 B
Ry =40,2 xOm.

[Ipunumas kosdduiueHT nepenaun Toka TpaHzucropos VT4 u VT7
hy1(vra) = ho1vry) = 100, momyyaem

Rsvr7) = 90 Om; Rirer = 77,3 MOM; Kc = 0,99948; Rppix = 40,2 kOm.

TpeOyembiii HoMrHaN eMkocTH KoHneHcaTopa @HY Cg ompenenum u3 ycio-
BUS UCKJIIOUEHHUS HEMHEWHBIX UCKaXEHUH MpHU IeMOysuuu curnaina ¢ AM camoi

BBICOKOM 3BYKOBOM yacToThl fyy = 20 kI'11;

c - 1 - 1
® 12f. R 12-20-10°-40,2-10°

M~ " BbIX

=103,6 ud.

Bxonnoe conpotunenne A/l

0

29
Rpxn = 2( I -+ RZ—))(th(VTl,VTZ) + 1)
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npu ko3¢ punuenrte nepenayn Toka TpaH3uctopoB VI1 u VT2 hyjyriyvr) = 100 6e3
yuyeTa conpoTusieHus B 1ienu 6a3pl VI1 He npesbimaeT Rpx g = 127,4 kOm u B 00-

JIACTH YaCTOTHI cpesa f, ABIIETCS KOMILIEKCHBIM.
3.3 Pacuer npeoOpazoBatesniss 4aCTOThI B HANPSHKCHHE

Knaccudecknii crioco® moiydeHus: JTMHEHHOW XapaKTEPUCTUKH MpeoOpa3oBa-
HUS YacTOThI B HANPSDKCHHE COCTOUT B TOJICYETE KOJWYCCTBA HOPMHUPOBAHHBIX ITO
TUIOMIAAN HMMITYJILCOB, C(OOPMHUPOBAHHBIX MO (POHTY WM CHaay MpeoOpa3yeMoro
CUHYCOMJAIBHOTO CUTHAJIA, C MOMOIIbI0 mHTEerpatopa. CTpykrypHas cxema ITYH,
peam3yeMoro o JaHHOMY CIoco0y, oKa3aHa Ha pucyHke 3.3, a.

Ncxonnplil cuHycouaanbHbIid curHai (pucyHok 3.3, 6) ¢ nmoMortiso popMupo-
BaTeNs |, pealn30BaHHOTO Ha OCHOBE aMILTUTYTHOTO KOMIIapaTopa, mpeodpas3yercs B
UMITYJIbCHOE HalpsDKeHUe (PUCYHOK 3.3, B). 3aTeM U3 3TUX UMITYJILCOB MTOCPEICTBOM
npeoOpaszoBatens 2 B BUAE, HAPUMEDP, MOHOCTAOMIBHOTO AJIEMEHTA IMOJIy4aloT KO-
POTKHE, HOPMHPOBAHHBIE IO JITTUTCIIBHOCTH, UMITYJIbChI, KOTOPhIC B MHTErpaTrope 3
MIPEBPAIIAIOTCS B IMTOCTOSTHHOE HAIPSDKCHHE, MTPOIOPIIMOHATIBHOE KOJUYECTBY MOCTY-

Marmux UMITYJIBCOB, T. €. HACTOTC BXOAHOTO CUTHAJIA.

oy e | : ~2 frmy
2 —0g—t
U =
6 \\//_\ E
Us
e ‘|
0 = i
U
I :]-l i [
U A T '
l
hi Lk
e . *:
f_1K_ _'_:| &

Pucynok 3.3 — [Ipeobpa3oBarenb 4aCTOThI

a — CTpYKTypHas cxema, 0-11 — TuarpaMmbl, MOSICHSIOUIUE €ro paboTy
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OTOT c1ocod MPeKpacHO paboTaeT Ha OTHOCUTENbHO HU3KUX M CPEJHUX YaCTO-
tax. C MOBBIIICHHWEM YacTOThI JO COTEH Merarepi] (opMupoBaHHE KOPOTKHX HM-
MyJILCOB (PUCYHOK 3.3, T') CTAHOBUTCS MPOOJIEMaTUIHBIM.

Ha BpIicOokux "acTorax omnepaius GOpMUPOBAHUSI KOPOTKHUX, HOPMUPOBAHHBIX
MO JJIUTEIbHOCTH UMITYJIbCOB MOXKET OBITh 3aMEHEeHa ornepanuen auddepeHuupoa-
HUSl HE HOPMHUPOBAHHBIX IO JJIUTEIBHOCTH UMIYJIbCOB (pUCYHOK 3.3, 1), peanusye-
Mol Ha ocHoBe npoctoil RC-uienu. Ilonydaemoe mpu 3ToM KojnuecTBO npoaudde-
PEHIIUPOBAHHBIX HMMITYJIbCOB MOXKHO TpeoOpa3oBaTh B HAMPSKEHHUE C TOMOIIBIO
MPOCTEHIIIET0 HWHTErpaTopa B BHJE JBYXIOJYNEPUOIHOTO BBIIPSAMUTENS (pUCY-
HOK 3.4, a).

Ha Bxon ITYH (pucynok 3.4, a) mocTymaroT NpSIMOYTOJIbHbIE UMITYJILCHI (pU-
CyHOK 3.4, B), oJly4aeMbI€ U3 CUHYCOMJIAJIbBHOTO cUTHaia (pucyHok 3.4, 0), KOTOpbIC
nocpeacTBOM nuddepeHupyromei 1enu, cocrosime u3 kouaeHcaropa C u pesu-
ctopa R, mpeBpamatorcs B npoauddepermporannbie (pucyHok 3.4, 0) u moctymna-
10T B JBYXIOJIYIIEpUOAHBIN BeIIpsIMUTEND Ha Auonax VD1 u VD2 u koHaeHcatopax
C1, u C2. B atoii cxeme npoaudpepeHIIupoBaHHbIE UMITYJIBCHI OTPUIIATEIHLHOM TTO-
JSPHOCTH HakarmBarorca depe3 nuon VDI, B konaeHcarope Cl, a UMIyJbChI MO-
JIOKUTEIBHOM MOJSIPHOCTH B CyMME C HAKOIUIEHHBIM MOTEHLUAJIOM B KOHJIEHCATOPE
Cl, nogBoasarcs uepe3 aquon VD2 k konaeHcaropy C2, KOTOpbIM HAKaIIMBAET IO-
TEHIMaJ C YABOCHHBIM 3HAYEHUEM YCPEIHEHHBIX 3a MepUo/ mpeodpa3yemMoro CurHa-
na T=1Vf(U) u HanpsbkeHUi YETHBIX U HEUETHBIX NpoauddepeHIIMPOBaHHBIX M-
nyJnbcoB (pUCYHOK 3.4, 0).

[TIpoussenem pacuer I[MTUH gns makcumanbHOM 4YacToThl fyaxe = 250 Ml
(Tx = 1/fyake = 4 He). Hus aToit yacToThl TpeOyeTcsl MOCTOssHHAs BpeMeHu audde-
pennupyromei nenu T = Tn/6 = 0,67 HC.

Hcxonst u3 naHHOM MOCTOSTHHOW BPEMEHH, 3aJjaeMCsi HOMUHAJIbHBIM 3HAYCHU-

eM emkocTu auddepenmupyromieit nenu C = 10 nd, Torga HomuHan pesuctopa R

R=1/C~= 67 Om.
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C C1 VD2

T LR m e

JUL c2
VD1 —— Rep
@
a)
8]
1
L \’_iun
T 31[' 61 t
Iy
0)

Pucynok 3.4 — IIpeoOGpa3oBateiib 4aCTOTHl UMITYJIbCOB B HANIPSIKEHUE

a — MpUHIMIUaNIbHas cxema, 0 — popMa nmpoaudPepeHInpOBaHHOTO CUTHATIA

[locTosiHHyIO Bpemenu 3apsana konaeHcatopa Cl BeiOupaeM B TpH pasza 00Jib-
e OCTOSIHHOM BpemeHu AuddepeHuupyomeit nenu t3= 31= 2 HC, TOT/la €MKOCTb
kougeHcaTopa Cl = 31/R = 30 n®. YUToOsI CylIeCTBEHHO HE CHUXATh KO3(PPUIIUEHT
nepenaun [TUYH, npuaumaem emkocts koHaeHcatopa C2 = 5C1 = 150 n®d. IIpu stom
IIOCTOSIHHAs BpeMeHH paspsaa T, = RC1//C2 coctaBut 1, =1,7 HC, a moCTOAHHAs Bpe-
MeHH BbixogHOro ®HY 14 = RpC2 nnsa conpotusnenus Ry = 10 kOM 19 = 1,5 MKC,
4yTO 1o3BoauT pabotars [IYH B nuHEWHOM pexuMe A0 MUHUMAIbHOW YaCTOTHI
fMI/IH = SO/T(D = 33,3 MFLI

B kauectBe BbhixomHoro HampsbkeHus [TUH npunumaercs cpennee 3HaueHHe
HanpspkeHus: Ha KoHaeHcarope C2 3a aHaIU3UpyeMblid HHTEpBal BpeMeHH (MOJyTie-
pHOJI TpeoOpa3yeMoro CUrHana):

U,Cl

BhIX = m[(l —exp(-3t/1, ) +(1—exp(-3t/1, Jexp(-T/ 2’CP):|(1 +exp(-T/21,,).
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Fpa(bmc 3daBUCHUMOCTHU BBIXOJHOT'O HAIIPSAKCHHUC ITYH ot nepruoaa CJICA0BAHUA

BXOJHBIX HMMIyJIbCOB i1 ypoBHS HamnpsbkeHus U = 1 B mnpexncraBneH Ha pu-

CyHKe 3.5.
UBI)IX(T)’ B
0.15
0.14
0.13 \
0.12 T, HC
4 5 6 7 8 9 10

Pucynok 3.5 — I'paduk 3aBucuMOCcTH BBIXOHOTO Hamnpspkenue [THH

OT 1Iepuoaa CIacaJ0BaHNA BXOAHBIX UMITYJIbCOB

3.4 Pacuer popmupoBatens UMITYJIHCOB

Hns ¢ dexTuBHOM paboThl paccuuTaHHoro mnpeodOpazosarens [TYH neobxo-
auM (popMupoBaTenb UMIYJIbCHBIX CUTHAJIOB, KOTOPBIA UCXOAHBIA CHHYCOUAAIbHBIN
CUTHAJI IpeoOpa3yeT B UMITYIbCHBIN. B kauectBe GpopmupoBaTens ummyiabcoB (D)
MOXXeT ObITh ucrosnb3oBaH kommnapatop KP554CA3, cxema BKIIOYEHHS KOTOPOTO
MpecTaBiIeHa Ha pUCYHKE 3.6.

Ecnu Bpems 3aiepKu pacrpocTpaHeHus MHGOpPMAIMH B JIYUIIUX KOMIIapaTo-
pax COCTaBJIsIeT HECKOJIbKO HAHOCEKYH], HampuMmep T, = 5 HC, TO (opMUpOBaHHE
MPSIMOYTOJIbHBIX UMITYJIbCOB C YAOBJIETBOPUTEIHHOM (POPMOI BOZMOMKHO /10 YACTOT C
MEePUOJIOM Ha TOPSAJOK BBIIIE, T.€. MAKCHUMaJIbHAs 4acTOTa Mpeodpa3yeMoro curHaia

HE MOXeT mpeBbIaTh fyaxc < 0,1/1, =20 MI'm.
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+5B

Ue(t D> E

R2

Pucynok 3.6 — IIpunnunuansHas cxema GopMUpOBaTENS UMITYJILCOB

Ha komnapaTtope KP554CA3

B kauectBe ¢popmuponatenss umnyibco (OU) nis 3amanHoro quana3oHa yac-
TOT (COTHU Merarepil) 1ejiecooopa3Ho UCTIOJIb30BaATh IITMPOKOTONOCHBIN Y B pexu-

M€ OTpaHUYEeHHs CUTHAJIA, CXeMa KOTOPOro MpeJcTaBieHa Ha pucyHke 3.7.

E+
L] n
VD1
7N I
VT6

Uc(t) VT1

VT3 VT4

R3

E
n

Pucynok 3.7 — [IpunuunuansHas cxema GopMHpOBaTENs UMITYJIbCOB HAa ocHOBE J1Y
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[Ipu Tpebyemoil amIUIUTy/l€ BBIXOAHBIX MPSIMOYTOJBHBIX UMMYJbcoB Up =
=eUp = 2,718 B u Hanpsixenun 6aza-smurrep bT VT6 Ugyyre) = 0,7 B HanpsixxeHne
nutanud 1Y coctaBut Ucr = Uy, + Usyvre) = 3,418 B. B kauectse quona VD1 Moxer
ObITh ucToNib30BaH cTabmwutpoH KC147A ¢ ycpemHeHHBIM HanpsiKEHUEM CTaOWIIH-
3auun Ucr = 4,7 B, nuddepennmansupiv conpoTtusienneM Ry = 56 Om, TokoMm cTa-
ounuzanuu Ier = 10 MA 1 emkoctbio Cpq = 590 n®.

Conpotusnenue Harpy3ku 1Y mis MmakcuManbHOM 4acToThl fyaxc = 250 MI'ng
1 Harpy304Hoi eMKocTH Cpgpix = 5 nd

1 1
" onf.C, 2-3,14-250-10°-5-1072

=127,30m.

C yuerom ko3(pduimenta cyxeHust nojockl npomnyckanus y =0,644 npu n = 2
(y :\R/E —1)-RH ~ 82 Owm, npu stom Tpebyemblii Tok ['CT Ha Tpansuctope VT3
Iy = U/ Ry = 33 MA, a TpeOyemas yactora eauauunoro ycwienus bT nuddepeniu-
anpHo# mapel VT1, VI2 mpu 1, =5 Om, fr = fssvrivro) Lol / (2(pT) >0,865 I'T1.

C nenbro cHrkeHus BoixonHoro conporusieHus ®U tok I'CT va Tpan3ucrope

VTS5 BbeiOupaem I[) =10 MA, a TOK TOKO3ajaromield 1enu Ha TpaHzuctope VTS —
I, =5 MA. Torna, 3aiaBasick HOMHHaJIOM pe3uctopa R2 = 1 kOwm, mony4yaem HOMH-
Hasl pesuctopoB R1 = R21; /I, = 150,7 Om u R3 = R21/I;, = 500 Om. Ilpu Hampsi-
KEHMHM MCTOYHMKA nuTaHus E =15B u Hanpsxenun 6a3a-sMUTTEp TpaH3HCTOpA
VT4 Ugyvrsy) = 0,65 B HOMMHAI pe3ucTopa

R4=(E; ~ Ug, )/ 1) ~R2~1,8 kOm.

Kosddumment nepenaur moBTOpUTENs HampsikeHUss Ha TpaHzucTope VT6
MOXHO 3anucaTh ¢ yuyetoMm Harpy3ku B Buae ['CT Ha Tpanzuctope VTS5 u nosHoro

conpotuienus guddepenupyromieir RC nenu

Zy =127t C)’ +R* =92,2 Oni;
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K, = 1 ,

L9
1+Ij/(zﬂ//R

0

i,rCT )

rae Rircr — BHyTpenne conpotusneHue I'CT Ha tpan3ucrope VTS, onpenensemoe B

COOTBCTCTBHH C BBIPAKCHUCM

R _Ui 1+ RS
i,I'CT '
| @, Reors)
I:) h21(VT5) +1

ITpu conportusnenuu B nenu 0asbl TpaHzucropa VTS Regyrsy = R1/R2//R4=
=122,4 Om, ko3dduuuente mepenadn ToKa 3TOro TpaHzucropa hyyrsy = 100 n

U’, =200B Buytpennee comnpotusierne ['CT Rircr = 2,6 MOwm, a ko3 duumeHT

nepenayu nosropurens Ky = 0,973.

Brixonnoe conporuBienne G
R
Ryuxn = h 1 T
21(VT6) + 0

ITpu koxpdunuente nepenaun Toka tpanzucropa VI6 hyiyre = 100 BhIXOA-

n P ]//Rm.

Hoe conpotusieHue Ry, ., =3,4 Om.
Homunan pesucropa B nienu crabunurpona VD1 mMoxeT ObITh omnpezeseH mo
bopmye
+
E,-U

=1 _—€T 5270 Owm.
I, +1;

CT
MoutHoCTh paccesHus Ha pe3uctope Rer

. 2
Pppc =(Ef —Ugr) /R ~0,5 Br.

[Tockonpky ®U mpenmnonaraercs Jisi UHTETPAILHOTO HCIOJHEHHS CTaOWIIU-
TpoH VD1 u pesucrop Rer menecoob6pazHo BeiHecTu 3a mipeaensl MC, 4ToObl He

yXyALIaTh TEMIIEPATYPHBIN PEKUM.
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3.5 Pacuer HCTOYHMKA OMOPHOTO HANPSHKEHUS

B mpoexTtrpyeMOM HCTOYHUKE CHUTHAJIOB I11€7€CO000pa3HO MPUMEHHUTH CXEMY
ncroyHuka omnopHoro HampstkeHus (MOH), B koTopom mpeoOpazoBaHue TEpMOCTa-
OMJIBHOTO TOKa CTOKa [y mojieBoro TpaH3mcTopa ocyuiecTBisiercs ¢ nomoiuipio OY B

pexume HeuHBeptupyroiei OC (pucynok 3.8).

a

R NR

Pucynok 3.8 — Ilpunnunuansnas cxema MOH ¢ macmtabHbiM
npeobpazoBaHrueM TepMocTaduiibHOrO Toka croka [IT B HanpsikeHue

Ha ocHOBe HenHBepTUpyromen OC

B st1oii cxeme pexxum TepmocTabmibHOTO ToKa Iy, 3amaercst pesuctopom Ry B

COOTBETCTBHH C (POPMYJIION:

CxeMa MCTOYHHKA OMOPHOTO HATPSIKEHUS, MPEJCTABICHHAs Ha pUCYHKe 3.8,
II03BOJISIET CYIIECTBEHHO IOBBICUTH KO3 dunmeHT ¢puapTpannu Ky 3a cuer nuranus
ctokoBol nenu [IT TepmocTabunu3upoBaHHBIM ONOPHBIM HamnpsbkeHuem Uy, popmu-
pyeMbIM ¢ nomoibio HemHBepTupytomeit OC OV, eciin TOIbKO €ro HOMHHAJIbHOE

3HAYCHUC YAOBJICTBOPACT YCIOBUIO!
U, =1 ,R,(1+N)>U

31.0TC?

rae N — JeMiCTBUTEILHOE MOJOKUTEIBRHOE YHUCIIO.
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B cBs3u ¢ TeMm, uto B nanHoii OC onopHoe Hamnpsikenne Uy U OTIIMYHBIE OT HY-
751 HanpsbkeHust Ha o0oux Bxoaax OV coBnaaaroT HO nojsipHocTH, OY MOXHO MOJ-
KJIFOYaTh K OJHOMY MCTOYHHUKY IUTAaHHUS C TOW K€ IOJSAPHOCTHIO HAIPSKEHUs, Ha-
npumep E,,". TIpu 3ToM HEOOXOMUMEI CIBUT ypOBHEH HATIPSKEHHI HA BXOJAX U BbI-
XOJI€ CO3J]aeTCsl UCKYCCTBEHHO MyTEM COeAMHEHHsI BTOporo BeiBoja E, ¢ oOuieit mu-
HOM.

s pacuéra MOH BriOepem Tpansuctop KII302A ¢ mapamerpamu:

IC.MaKC = 24MA7 U3I/I.OTC = -SB) UCI/I.MaKC = 20B7 U3I/I.M3.KC = 20B7

U, =80B; a=2/3 %/°C; p =-2,2 MB/°C.

PaccuuThiBaeM TOK CTOKa, COOTBETCTBYIOUIUN TEPMOCTAOMIBHON TOYKE CTOKA,

o ¢hopmyiie:

2
2 2-(-2,2-107° 1073
IC() :(ﬁj . IC.MaKC — ( ) . 24 10 — 0942 MA

a) U | 000667 (=5)

3U.0TC

HaxoauMm kpyTH3HY TOKa CTOKa 1Mo opmyJie:
S, =31, =3-0,42=1,26 MA/B.
HaxomuMm conportuiieHue pesucrtopa Ry, yuutsiBas tpedyemoe Uy = 10 B, mo
bopmyie:

R Uy __ 10
* I, 0,42-107

=24 xOwM .

Haxomum riiyouny OOC B pexume TepMocTabmimzanuu Toka croka [IT mo
bopmyie:

E,=1+S,R, =14+1,26-10-24-10° =31.
Torpa onpenenum BHyTpeHHee conpotuienuu MOH o ¢popmyie:

n _R, 24000

=774 OMm .
R 31

Haxonum cobctBennyto npoBoaumocts 1T o ¢popmysre:
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I, 0,42-107

=15,25MxCwMm |

Torpa onpexnensem ruckomoe BHyTpeHHee conporusienue I'CT no ¢popmyne:

° _F 31

. = = =6 MOwMm .
i.I'CT gzz 5,25 . 10—6

s obecnieuenus HopManbHOro (pyHkimonupoBanus MOH na ocnose IIT Ha-

MPsAKCHUC ITUTAHUS En HOJDKHO YAOBJICTBOPATH YCIIOBHIO!

U -U 20+5

+
E ~ 3U.MaKC 3U.0TC __

" 2

~12.5B.

Ipumem By = 15B.

Torna ko dunmeHT puapTpanuu OyaeT HaAXOIUTHCS 10 hopMyJie:

K, = Rircr _ 6000000 _, o

R, 24000

Tenepb paccunTaeM HOMHUHAJIBI PE3UCTOPOB CXEMBI HAa PUCYHKE 3.8.

Homunan R paccuutsiBaetcs no popmyiie:

N R =22 4100 - 440m.
N 1,2

R

rae kodddunuent N HaxoauM 1o hopmyiie:

N0 g 1? ——1=1,2.
I.,-R, ~ 0,42-107-24-10

Comnpotunenue NR Haxoaum 1o dpopmyie:
NR=(N+DR,=(1,2+1)-24 =53 xkOm.

Ucnonszyem OV K574Y[1lc mapamerpamu Ry,x =1 kKOM, Ry, =1 MOwm,
Ko = 10°, Ey = +15B.
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3.6 Pacuer cymmaropa CUrHajaoB

st ocymectBienuss AM c riay6unoit 0...100% k ycTraHOBIEHHOMY Hampsixe-
Huto Uy, KoTopoe onpenensieT TpeOyeMblil ypoBeHb OPMUPYEMBIX CUTHAJIOB, J00aB-
JSIOT ¢ MTOMOIIBI0 CYMMATOpa COOTBETCTBYIOIIMI YPOBEHb MOAYJIMPYIOIIETO HANps-
xenus Ug oT reHepaTopa 8 (cM. pucyHok 2.1). B cOOTBETCTBHM ¢ peKOMEHAAIUSIMHU

[1] BBIMOJHUM CyMMAaTOp CUTHAJIOB Ha ocHOBe nHBepTupytomiein OC (pucyHok 3.9).

R1 R3

Pucynok 3.9 — IIpuHuunuanbHas cxema HHBEPTUPYIOIIETO CyMMaTopa

Bei6bupas R3 = 10 xOm, nonydaeM A peaiu3aiui eAMHUYHOro Koddduim-
€HTa YCWIEHUS CIeaylolne BennurHbl pe3uctopoB: R1 = R2 = 10 xOm. Bennunna
pesuctopa R4, KoTOpsIil BKIIOYEH Il CHHXKEHMsI TOKOBOTO jpeiida, BeiOMpaercs u3
ycnoBus R4 = R1 // R2 // R3. Ero Bennunna paBHa R3 = 3,3 kOwm.

IloncrpauBaromiee NeHCTBUE TOJCUCTEM IIPOCKTUPYEMOTO HCTOYHUKA OCHOBA-
HO Ha cpaBHeHUM npeolOpazyeMbix B AJl u I[TYH curnanos, nponopuroHaabHbBIX aM-
IUIUTYZI€ U 4acToTe, ¢ ONOpHbIMU HanpsokeHussMU Uy n Uy UCTOYHMKOB 7 U 3 COOT-
BETCTBEHHO C OOpa30BaHMEM PAa3HOCTHBIX CUTHAJIOB. Pa3HOCTHBIE CUTHAJIBI IOCIIE
YCWICHHUSI B CPAaBHUBAIOIIMX YCTPOUCTBAX 9 M 5 U3MEHSIOT COCTOSIHUE YIPABISIEMO-
ro resepartopa | Tak, 4TO €ro aMIUINTYJa ¥ 4acTOTa OCTAKOTCS HEM3MEHHBbIMU. B Ka-
YeCTBE CPaBHUBAIOUIMX YCTPOMCTB MCIOJb3yeM cTaHaapTHbii OY 06e3 oOpaTHoi

CBs3H.
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3.7 PacueT ynpaBisieMoro aTTeHI0aTopa

HckmounTh BIMSHUE TEMIIEpaTypHOro (gakropa Ha paboTy MacIITabHOTO Tpe-
oOpa3oBares HaMpsKEHUSI MOXKHO, UCTIONb3Ys B PEXKUME YIPABIIEMON MPOBOAUMO-
CTH J1Ba MAEHTUYHBIX N0 mapaMmeTpam IIT, BBINOJHEHHBIE B €JUHOM TEXHOJOTHYE-
CKOM IIMKJIE Ha OJHOW momyioxkke. B anekTpoHHo-ynpaBiasiemoMm MII, npencrasies-
HOM Ha pucyHke 3.10, HIeHTUYHOCTh 00s3aTeNIbHA TOIBKO MO HANPSXKEHUIO OTCEUKH,
C COXpaHEHHMEM 3aKOHa M3MEHEHHus Apyrux napamerpoB B oboux IIT, tak kak 1T
YIPABJISIOTCS 110 HAIPSIKEHUIO 3aTBOP-UCTOK OJHUM U TEM K€ HAIPSKEHUEM, BbIpa-
6ateiBaecMbiM OY1 coBmecTHO ¢ IIT1 u pesucropom R1 nox Bnusauem onopHoro E;
u ynpasistomero Uy Hanpsokennid. OY?2 ¢ IIT2 u pesucropom R2 cocrtapnsior co6-
ctBeHHO MII.

B macmrabHom npeoOpazoBaterne, mokazaHHOM Ha pucyHke 3.10, mpuMmeHeHa
paszenbHas JIMHeapu3alus BhIXOAHBIX XapakrepucTtuk odoux I1T. Pesucropst R 1e-
necoobpazHo peanmzoBaTh coBMmecTHO ¢ IIT1 u IIT2 Ha ogHON MOIOXKKE B BHJEC

TPaH3UCTOPHO-PE3UCTUBHON MUKPOCOOPKHU.

f 0OVY3 O¥4 ]

Ri Irm1 R R T2 R:

e

E;

oVl Sy, )

Pucynok 3.10 — IIpyHuunuanbHas cxema ynpapisseMOro aTTeHIaTopa
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4 OCOBEHHOCTH PEAJIM3AIINN ITPUHIIUITNAJIBHOM CXEMBbI

B coorBeTcTBHM € 3aJaHMEM MPEAIONaracTcsl peanu3anus TPOECKTUPYEMOTO
MCTOYHHUKA B MHTETPaJbHOM HUCIMOJHEHHH. C 3TUM OOCTOSITEIHCTBOM CBSI3aHA IMPO-
OsieMa obecnieueHusl 33JaHHOTO TEMIIEPATYPHOTO PEKUMA CXEMBI.

[Ipu pacuete dhopmupoBaTess UMITYJIbCOB, BXoasmero B cocraB [TYH, okaza-

JIOCh, YTO MOIIHOCTh paccestHus Ha pe3uctope Rer = 270 OM B nienu cTabUIMTpoHa

VDI tuna KC147A cocrapuser npu Ef, =15 Bu Ucr=4,7 B.

Poac = (E+

II

~Ug, ) /Ry 0.5 Br.

[Tockonbky ®U mpennonaraercs Ajs UHTETPAIBHOIO HMCIOJIHEHUS CTAOMIH-
TpoH J[ u pe3uctop Rer nenecoodpazHo BeiHecTH 3a npeaensl MUC, 94ToObl HE yXy/I-
11aTh TEMIIEPATYPHBIN PEKUM.

Paccuutannpii MIOH mno3BosisieT MmodayduTh TeMIlepaTypHbIM KO3PULIHEHT
(TK) onopnoro Hanpsixenusi Uy, HomuHanbHO paBHbI Hymto (TKy, = 0), mpu ycmuo-
BHUH, YTO 3HAYEHHS BCEX MAPAMETPOB CXEMbl TOYHO COOTBETCTBYIOT pacueTHbIM. Ha
MIPaKTUKE W3-32 OTKJIOHEHUs napaMeTpoB cxeMmbl MOH oT pacdyeTHbIX cpelHHUX 3Ha-
YEHUM MOJy4yaeMblii HOMUHAIbHBIN HYyJeBOM TKy, = 0 He SBISIETCA TaKOBBIM, XOTS
IIPU ATOM MOKET OCTaBaThCsl BECbMA MaJIbIM.

Crporo roBops, u Tok croka B TCT Ij 3aBUCUT OT TeMIiepaTtypsl. DTO O3Haya-
€T, YTO, TOYHO YCTaHaBIMBasi COOTBETCTBYIOIIMMA TOK CTOKA, MOXKHO JOOUTHCS TOJIb-
KO nuddepeHmaibHON KOMIIEHCAMU TPU OJTHOM 3HAYEHUU TeMIIepaTyphl, a B IHUa-
Ma3oHe TeMmeparyp OyJeT NOABIATHCS HECKOMIIEHCUPOBAHHBIA OCTATOK.

MOXHO NPEINON0KNUTh, YTO OCHOBHBIM MCTOYHUKOM TEMIEPATypHOW HecTa-
OWJIBHOCTH SIBISICTCSI OTHOCUTENIBHOE OTKJIOHEHHE (OR() OT pacyeTHOro cpemHero
3HA4YEHUS CONMPOTUBIIEHUS pe3uctopa Ry, ¢ momompto kotoporo B cxeme MOH ycra-

HasnuBaeTcsa HanpsbkeHue B TCT Usyy.
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JIns peanu3yemMoro B MHTETPAJIbHOM BHJE OTHOCUTEIBHOTO OTKIOHEHMS
ORy < £ 1,0 % npu ucnons3yembix npu pacuere MOH napamerpax I1T octatounsiit
TK onopuoro nanpsixenus TKy, < + 0,03 %/°C [2], yto Bnoane pomyctumo. [Ipu
OoJiee KeCTKUX TpeOOBaHUAX K 00CykKaaeMoMy napaMmeTpy octaTouHbli TKy, Moxk-
HO CHM3UTh, TPUMEHSA JIA3€PHYIO TOATOHKY HOMHHAIa pe3uctopa Ry.

[Ipu peanuzanuu TpaH3UCTOPOB B cxemax ympasisieMoro reHeparopa (bT u
IIT) Tpebyercst, uTOOBI B pabovyeM AHANa30HE YAaCTOT HE MOSBISIIUCH JTOMOJTHUTEb-
Hble (a3oBbie caBury (¢ = 0). Tak Kak MPOEKTUPYEMBIN UCTOYHUK CUTHAJIOB TIpeaHA-
3HA4YeH JJIs1 paOOThl HAa BBICOKMX YacTOTax (IECSITKU Merarepil), TO TPaH3UCTOPHI B
cxemax YI', AJl u [TYH nomkHBI OBITh BEICOKOYACTOTHBIMH C YaCTOTOH €JUHHYHOIO

ycwienus fr > 1 ',
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3AKJIIOYEHUE

B xypcoBoM mpoekTe B COOTBETCTBUU C TEXHMUECKUM 3aJaHHEeM pa3paboTaH
MHUKPOSJIEKTPOHHBIA UCTOYHUK BBICOKOYACTOTHBIX MOJYJIUPOBAHHBIX MO aMIUIUTYIE
CUTHAJIOB C TIOBBILIEHHOM CTAOUILHOCTBIO MapaMeTpPOB.

Jlist peann3anuu 3a1aHHBIX XapaKTEPUCTUK (POPMHUPYEMBIX CUTHAIOB 00OOCHO-
BaHA CXEMa MCTOYHUKA CUTHAJIOB HA OCHOBE YIPABIISIEMOTO 110 YACTOTE U AMIUIUTY/IE
reHepaTopa ¢ CUCTEMaMHM JIMHEAapU3alui XapaKTEPUCTUKH YIPABJIEHUA 10 YaCTOTE U
CTaOWIIM3AIMY AMIUIATYbIL.

BeinonHen pacuet cxem ynpasisiemoro reseparopa, ITYH ¢ ¢popmuposarenem
MMIIYJIbCOB, mHpokonoiocHoro A/l (nemonynaropa), MIOH u cymmaropa curHanos.
PaccMoTpeHbl 0COOEHHOCTH MPAKTUYECKOM peaau3alii CIIPOSKTUPOBAHHOIO UCTOY-
HUKa B MUKPO3JIEKTPOHHOM MCIIOJIHEHUU.

Bce pacuersl BBINIOTHEHBI C TOMOIIBIO CIIENUATU3UPOBAHHOIO NAKETa KOMITb-
torepHoit matematuku MathCAD 14. I'paduueckuii maTepuan MOATOTOBIEH C MO-
MOIIIbIO TIPOTPAMMBI JIJIs1 OBICTPOTO YEPUEHUS INEKTPUUECKUX U CTPYKTYPHBIX CXEM

sPlan 7.0.
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