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AHHOTauusa

AHHOTAIIUA

[TpuBeneno onucanne y4eOHON MPOrpaMMbl aHAJIOTO-IIU(PPOBOTO U
PaZIMOYacTOTHOTO CXEMOTEXHUYECKOro MojenupoBanus uSpice. I[Ipo-
rpaMma UMeeT HeOOoJbIIoN 00BheM, paBHBIA mpuMepHo 10 merabaiiT (B
apXuBe), YCTAaHABIMBAETCS MPOCTHIM KOMMMPOBAHUEM B 33JJaHHYIO MAIKy,
UMeEeT PyCCKui uHTepdeiic u pyKoBOACTBO MOJB30BaTeN C (halaoM mo-
MOIIIM Ha pyccKoM si3bike. OOO3HAUEHHUS PATUOIIEMEHTOB COOTBET-
ctBytor ECKJI. Pabora mporpamMmbl mpoBepeHa B OINEpPallMOHHBIX CH-
cremax Windows 7/8/8.1/10/11.

B pykoBojcTBe mosib30BaTens aHbl 3aJlaHUS Ha MOJEIIUPOBAHUE
TUIIOBBIX JIEKTPOHHBIX YCTPOMUCTB M AJIEKTPUUECKHUX IIENeH, MpeIHa3Ha-
YEHHBIX JIJIS1 U3Y4YEHUsl Y4eOHOro MaTepHalia 1o JUCHUILIUHE «DIEKTPO-
HUKAa M CXEMOTEXHUKa». B CBs3M ¢ BO3pacTraromieil akTyaJlbHOCTBIO HC-
MOJIb30BAHUSI B TEXHHUKE BBIYUCIUTEIBHBIX YCTPOWCTB MEPBBIMU TOCIIE
3aJIaHUi IO MOJYTPOBOAHUKOBBIM TPUOOpaM JaHbl 3aJJaHUSI HA MOJICITH-
poBaHue MUQPPOBBIX YCTPOUCTB. 3alaHMsI HA MOJEIMPOBAHUE AHAJIOTO-
BBIX U aHAJOTO-IIU(POBBIX IEKTPUUECKUX IIETIEH OMUCAHBI B 3aKJIHOYH-
TEIHHOU IJ1aBe PYKOBOJICTBA MOJIb30BATES.
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MpeaucnoBue

1. MpeancnoBue

VY4ebHas mporpaMMa MaIlIMHHOTO MOJETHPOBaHHS USPICE 3HAKOMHT C CO-
BPEMEHHBIMU METOAAMH MPOEKTUPOBAHUS PAJUO3JIEKTPOHHON ammapartypsl. [Ipu
TOM pPa3BUBAIOTCA YMEHHS U HaBBIKM HCCIIEIOBATENBCKON pabOThl, HHTEHCU(DU-
UPYETCS] HHIMBUIyallbHAsl paboTa CTYIEHTOB.

MoenupoBaHre Ha KOMIBIOTEpAX MO3BOJISIET U3YyYUTh KaK MPUHIIMIBI JCH-
CTBHS AJICKTPOHHBIX YCTPOWCTB, TaK U B3aUMOJICHCTBUE MEXKIY PAa3IUYHBIMU Ya-
CTSIMH CJIOKHBIX YCTPOHCTB. [Ipu 3TOM yMeHbIIAIOTCS 3aTpaThl Ha CO3AaHKEe 1a00-
pPaTOPHBIX CTEHJIOB M Y4YEOHBIX Ja0OpaTOpHii, a CTyIEHTHI 3HAKOMSTCS C Oosee
pa3HO00pa3HOM AIEMEHTHOW 0a30M, UCIIOJIBb3YEMOM B AIEKTPOHHBIX YCTPOUCTBAX.

HmeeTcst MHOTO KHHT, TTOCBSIIIEHHBIX MPOTrPaMMaM CXEMOTEXHHUECKOTO MO-
nenupoBanud [1-10]. B 3Tux KHUrax cofep:kurcs OOJbIIOE KOJIMYECTBO MpPUME-
POB HCTIOIB30BAHUS PA3TMYHBIX MOJACTUPYIOIINX MMPOTPAMM H OMUCAHBI pe3yibTa-
Thl MOJEJIIUPOBaHUS OOJBIIOIO YHCIA CXEM C HCIOJIb30BAHUEM PAa3HOOOPA3ZHBIX
AIIEMEHTOB.

OcHOBHas 1IeJIb HANKMCaHUSl JAHHOTO PYKOBOJCTBA MO MOJEIMPOBAHUIO HA
uSpice 3aKIr0YaeTcsi B TOM, YTOOBI IOMOYb CTYJIEHTY OCBOMTH OCHOBHBIE BOIIPOCHI
Kypca MO 3JIEKTPOHUKE M CXEMOTEXHUKH C HCIIOJIb30BAHUEM OTHOCHUTEIIBHO He-
OOJIBIIOE YKCTIO U30PAHHBIX, METOJAMYECKH OTPAOOTAHHBIX 3aJIaHUN 110 MOJEIUPO-
BaHWIO0 0a30BBIX DJIEKTPOHHBIX CXEM U JJICKTPUUECKUX IEMNeH, SBISIONINXCS, KaK
MpaBUJIO, OCHOBOM JIJIsi CO3aHUsI COBPEMEHHBIX MHTETPaAIbHBIX cxeM. Kpome 3To-
ro NPUBEIEHHBIN HAOOP 3aJaHUil 10 MOJETUPOBAHUIO MO3BOJSET MOJIB30BATENISIM
YCBOUTH OCHOBHBIEC NMPUEMBI paOOTHI C MPOrpaMMaMi CXEMOTEXHHUECKOTO MOjIe-
aupoBaHusi. OTMETHUM, YTO B PYKOBOJICTBE HCIOJB3YIOTCS (OPMYIIbI, PUCYHKH,
TaOHILIBI U T. 1. U3 KHUTH [12] (C pa3pelieHns aBTOpOB).

Bce 3aganus Ha MOIeTMPOBaHUE, ONMCAHHBIE B PYKOBOJCTBE, SIBISIOTCS MHO-
rOBapUaHTHBIMU (TIPENIIONaraeTcs, 4ro B rpymme He Oojsee 25 cryneHtoB). Kak
paBuio, B 3a/IaHUU MPEyCMOTPEHO BBIITOJIHEHHE HEOOJBIIOT0 aHATUTHYECKOTO
pacyeTa, pe3yiabTaTbl KOTOPOIO CPABHUBAIOTCS C MAIIMHHBIMU PacyeTaMH.

3amaHus coAepKaT OCHOBHYIO U JOTMOJIHUTENIbHYIO YacTu. J[OMONMHUTENbHbIE
MYHKTHI 33JJaHUsl TTIOMEUEHBI 3Be30ukamMu. OCHOBHAS YacTh 3aJaHUSI PEKOMEHIY-
eTcst JUIsi 00S3aTENIbHOTO BBIMONHEHUS. JlomoMHUTeTbHBIC MYHKTHI 3aJaHUS HC-
MOJIB3YIOTCS JJIs1 YITyOJIeHHOU MpopaboTKH yueOHOro MaTepuaa.

B pykxoBoacTBe Hymeparusi (popmys, pUCYHKOB M TaOIUI] BHYTPH KaKIOU
rJIaBbl (paszena), a TakKe BHYTpU Kaxaoro naparpada 3ajJaHuii Ha MOJEIUpoBa-
HUE HaunmHaeTcs 3aHOoBO. [Ipu ccpuike Ha hopMyTy, pUCYHOK WIIM TabJIUIly U3 IpY-
roro naparpadga iy Ipyroi rjaBbl yKa3bIBalOTCS COOTBETCTBYIOIIME HOMEpA IJ1aB
u naparpados.



PykoBoacTBO nonb3oBartens

2. CTpyKTYypa nporpamm
CXeMOTEeXHUYeCKoro
MoAesniMpoBaHUA

CTpykTypHas cxema TUIIOBOM MPOrpaMMbl CXEMOTEXHUYECKOTO MOJIETUPOBaA-

HUs pescTaBieHa Ha puc. 1. Kpatko onuiiem OCHOBHBIE 4aCTH POTrPaMMBI.

Ormmcadme
CXEMEI

baza
NaHHBIX Coctaenemie

IEMEHTOE YPaEHe HHHA LIETIH
LIETTH

Uncnennoe
el €HIte
YpaBHeHHMH

Brron
pPEe3VIIL TATOR

Puc. 1. CtpykTypHas cxema nporpamMmmbl MOAECIUPOBAHUS

baza oannvix snemenmos CONEPKUT CBEIACHUS O PAJAMOIIEMEHTaX — PE3H-
CTOpax, KOHJEHcATOpaxX, KaTylIKaX WHIYKTUBHOCTH, AUOJAX TPAH3UCTOPAX, MUK-
pocxeMax u T. . Kaxpiil aieMeHT B 0a3e JaHHBIX MPEACTAaBISICTCS YKBUBAJICHT-
HOM cxeMoil u HabopoM mapameTpoB. B mporpamme uSpice wuCHONIB3yIOTCS
MOJIKJIFOYaeMble BHEITHUE OWOIMOTEKH 3eMeHTOB. BHemHue OMOIMOTEeKH JIETKO
peNaKTUpPOBaTh, B HUX MOXKHO OBICTPO T00ABUTH HOBBIC DJIEMEHTHI, U3MEHHUTH
rpadguueckoe n300paxkeHre u T. A. [Ipu MOoSIBICHUH HOBBIX PAIHMO3JIEMEHTOB C MO-
MOIIIBIO TTPOTPAMMBI USPice MOKHO OBICTPO MOATOTOBUTH HOBYIO OUOIMOTEKY.

Onucanue cxemwvl YCTPOUCTBA B MporpaMme uSpice 6asupyercs Ha rpaduye-
CKOM BBOJIC CXEMBI, IIPU KOTOPOM Ha IKpaHE MOHUTOPA PUCYIOTCS YCIOBHBIE 000-
3HAYCHUS DJIEMEHTOB, BBOJATCS WX Ha3BaHUA (THIBI) U OCHOBHBIC IMapamMeTpBhl.
DNEeMEHThl COCIMHSIOTCS WACAIbHBIMU MPOBOJAHUKAMU. BHyTpeHHEe omucaHue
CXEMbl aBTOMAaTUYECKH CO3/Ia€TCS B BUJE TEKCTA, COACPIKAIIETO CTPOKHU C TOCIIe-
JIOBATEJIbHBIM TEPEYNCIICHHEM HCIOJIb3YEeMbIX JJIEMEHTOB, HOMEPOB y3JI0B, K KO-
TOPBIM TIOJIKJTFOUYEHBI 3JIEMEHTHI, U JOTOJHUTEIHHOW WH(MOpPMAIUER O THUTIE dIie-
MEHTa, €ro mapaMmerpax U T.T. Hymepamus y3710B CXeMbI MPOU3BOIUTCS



CTpykTypa nporpamMmm MmogenvpoBaHusi

aBTomatndecku. Koprycy (3a3emiieHnto) cxemsl npucBauBaetcs Homep 0. TekcTo-
BOC OIMMCAHHUE CXEMBI 3aT€M UCIIOIB3YETCsI PU MOJISITUPOBAHUH YCTPOMCTBA.

Cocmasnenue ypasnenuti yenu 0a3upyeTcs Ha WCIOIH30BAHUHM ypaBHEHUH
DJIEMEHTOB M ypaBHEHUH coequHeHUH. [[1s1 yMEHbIIICHNS Yncia ypaBHEHUH B TIPO-
rpaMMax MaIllMHHOTO MOJICIUPOBAHMS HCIIOJIB3YIOTCS METOJIBI y3JIOBBIX HAIpsKe-
HUI ¥ KOHTYPHBIX TOKOB (ITOCIIECIHUA METOJ HCIOJIB3YETCS PEXKe M, B OCHOBHOM,
JUTSL aHAJIM3a TOACXEM CO CBS3aHHBIMHU KaTYIIKaMU WHIYKTUBHOCTH). AJITOPUTMBI
COCTaBJICHUsI ypaBHEHUH IIEMM OTHOCHTEIHHO MpOCThl. Hampumep, mporecc co-
CTaBJICHUS Y3JIOBBIX YPaBHEHHH IEMH COCTOUT W3 TMOCIEAOBAaTEIBHOIO Tepedopa
BCEX Y3JIOB CXEMbI (MCKJIIOYasi HYJICBOW Y3€I-KOPITyC) M y4eTa MPOBOIUMOCTEH
BCEX DJIEMEHTOB, MOAKIIOYEHHBIX K 3TUM y3iaM. [lapameTpsl 351eMEeHTOB, HEOOXO-
JUMBIE JIJISl 3a1UCHU YPaBHEHUH, 3allpalliuBaloTCsa U3 0a3bl JaHHBIX.

Pewenue ypasnenuii yenu mpoBOAUTCS C UCTOIB30BAHUEM YUCICHHBIX METO-
JOB. [ yMEHbIIIEHUSI BBIYUCIUTENBHBIX 3aTPaT YPaBHEHUS PEIIAIOTCS OTACIBHO
JUTSL pa3HBIX BUJIOB CUTHAJIOB U PEXHUMOB 1ienieil. Hanbosee yacto ucnonb3yroTcs
pacuerT Ierei Ha MocTosTHHOM Toke: pexkum Operating Point (OP) — pexxum pabo-
yeid Touku, U pexum Direct Current (DC) — pexuM OCTOSSHHOTO TOKa MPU Bapu-
alluu MapaMeTpPOB MCTOYHHUKOB. PacueT 4acTOTHBIX XapaKTEPUCTHK MPOBOJAUTCS
NPy MaJjbIX 10 aMIUIATYJIe TApMOHHUYECKHX BO3JCHCTBUAX B pexkume Alternative
Current (AC). /It aHamM3a MepexoaHbIX MPOIIECCOB UCTIONB3YETCS PexuM T ransi-
ent (Tran, Tr). B mocienHemM ciay4ae TOKM W HANPsDKEHUS MOTYT HM3MEHSTHCS
CJIIOXHBIM 00pazoM. X aMmMTyibl MOTYT TOCTUTAaTh OOJIBIIUX BETUYHH, IPU KO-
TOPBIX BO3HUKAET HETMHEHHBIN peKuM paboThl ycTpoicTBa. J{si pemeHust Helu-
HEWHBIX YpaBHEHUU U3 0a3bl JAHHBIX JOTOJHUTEIHHO 3aMpaliuBalOTCA HEJIWHEH-
HBIE XapaKTEPUCTUKU JIEMEHTOB.

Bv1600 pe3ynemamog B COBPEMEHHBIX MPOTpaMMax MAIIMHHOTO MOJEIHPO-
BaHUSI OCYIIECTBIISIETCS B Tpadpuueckom (rpaduku, uarpaMMbl, pUCYHKH | T. I1.) U
TEKCTOBOM BHj€. [loyueHHbIe NaHHbIE MOKHO BBIBECTH Ha DKpaH MOHHUTOpA, Ha
MPUHTEP WJIU 3aucath B (paii.

B Hacrosiiee Bpemsi MCHOJIb3yeTCs OOJBIIOE YHCIO Pa3sHOOOpPA3HBIX MPO-
rpaMM MammHHOTO MojenupoBanus [1-10]. Huxe Oynet paccmoTpena mporpamma
uSpice [12], obecreunBaromas nuQppPoO-aHAIOrOBOS MOJICIUPOBAHKHE ¢ Tpadudye-
CKUM BBOJOM CXEMbI. [l M3ydeHus OCHOB AJIEKTPOHUKHU JOCTATOYHO HCIIOIB30-
BaTh y4€OHYIO BEPCHUIO MPOTPAMMBI, KOTOPYIO MOKHO HAWTH B UHTEPHETE.

C moMmoImIpi0 mporpamMmel USPICe MOXXHO CO3[aBaTh W MOIEIMPOBATH Kak
MPOCTHIE, TAK M CJIOXHBIC IU(POBBIE M AHAJIOTOBBIC AJIEKTPOHHBIE YCTPOWCTBA,
yCTpoicTBa MU(PPOBOH 00paOOTKM CUTHAIOB M PaJMO4YacTOTHBIE cXxembl. Jljis pa-
00ThI IporpaMMm Tpedyercs oneparmonnas cuctema Windows 7/8/10/11.
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3. NMporpamma uSpice

3.1. UHTepcpenc nporpammbl uSpice

Inasnoe okno npocpammsl uSpice mokazano Ha puc. 1. [Iporpamma mmeer
rpadudeckuii naTepdeiic nonp3oparens B ctiie MDI (Multiple document inter-
face — muoromoxkymentHeii uHTepdeiic Windows). ['maBHOEe OKHO TPOTpPaMMBI
COJZICPKUT MEHIO KOMaH]I, TIaHeJIhb MHCTPYMEHTOB (3HAYKOB), OKHO CXEMBI, JHAJIO-
TOBYIO ITAHEIb BBIOOpA 3JIEMEHTA U3 OMOJIMOTEK 3IEMEHTOB H CTPOKY COCTOSTHUSL.

{5 uSpice - [12_L®_analog.dsn] — O *
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Puc. 1. 'maBHOE OKHO TIporpaMMBbI uSpice

OKHO cxembl 3aHUMAET B IIEHTPE HAUOOJBIITYIO 00JIaCTh ITABHOTO OKHA MPO-
rpamMmbl. B 3TOM OKHe, MCTIONB3YsT PAIMOAIEMEHTHI U COSAMHUTENbHBIE TTPOBO/IA,
CO37AI0T U PEAAKTUPYIOT DJIEKTPUUECKHE CXEMbI UccaeayeMbix meneit. Ha puc. 1
mokaszaHa cxema nudpoBoro ¢GunsTpa 3-ro mopsiaKa.

Juanozosas nanenv 6plo0pa s1emeHmog Mo yMOTYAHUIO PACIIONaraeTcs clieBa
oT okHa cxembl. C MOMOIIBIO TOW MaHENIH BhIOMpaeTcs Tpebyemas OnbInoTeKa u
3aTeM W3 OMOJIMOTEKH BHIOMpAeTCs HYXKHBIN paauodneMeHT. M3o0paxeHue BbI-
OpaHHOTO PaJMO3JIEMEHTA MOSBIISICTCS B OT/ACIBHOM OKHE TUAJIOTOBOM MaHenu (Ha
puc. 1 u300pakeH yMHOXUTENb 1uppoBoro ¢Gunbtpa). JnamoroByio maHenb BbI-
0opa 2JIEMEHTOB MOKHO MEPEMECTUTh Ha HOBOE€ MECTO WJIH YIAJIHTh.

Mento komarO HAXOAUTCS B BEPXHEH 4acCTH TJIABHOTO OKHA MpOrpaMMbl. Pa-
0oTa ¢ mporpamMmoii, KaKk MpaBUjI0, HAYMHAETCS ¢ BRIOOpA MyHKTa MeHI0 Daiin u ¢
3arpy3kd W3 TanKd MPUMEPOB OJHOTO W3 (PailioB, C OMHUCAHUEM CXEMBI PaJHO-
3JIEKTPOHHOTO YCTPOMCTBA.

8



Mporpamma uSpice

Ilanenv uncmpymenmos (namenb 3Ha4K08) PACIONAraeTCs HIXKE OKHA MEHIO
KOMaHJl. 3HaUKU TMaHenu AyOaupyroT Hambojee 4YacTO HMCHOJb3yEeMble KOMAaH/IbI
MeHI0. B npaBoii yacTu maHeld HHCTPYMEHTOB PacIoJiaraloTCsl 3HAUKU aKMUBU3a-
Yuy pa3INYHbIX PEKUMOB pacyeTa CXEMBbI.

[Iporpamma uSpice ABISETCS CIOXKHBIM MPOJIYKTOM, C OOJIBIIUM YHCIOM
yCTaHaBJIMBAEMbIX MapaMEeTpPOB U peKUMOB paboThl. [lociie mMHCTAIALIUU TIPO-
rpaMMbl OOJIBIITMHCTBO MAPaMETPOB M OMIUMN YCTAHOBJIEHBI 10 YMOJIYAHUIO TakK,
yTOOBl 00ECHEYUTh HUCCIEAOBAHHE OOJBIIMHCTBA THUIOBBIX  AJIEKTPOHHBIX
yCTpoMcTB. B nanpHeieM npu aHaiuze ydeOHBIX CXeM OYIyT OMHUCHIBATHCS
TOJIKO OCHOBHBIE IIIard, U3MEHSIOIIME COCTOSHHUE Iporpammbl. He ynmomsinyTbie
napameTpbl JOJHKHBI OBITh PABHBI TApaMeTpaM MO0 YMOITYAHHUIO.

3.2. Co3paHue cxemMbl Lenu

[Ipy mpOEKTUPOBAHUM CXEMBbI OOJIBIIMHCTBO IEHCTBUN BBINOJHIETCS C HC-
M0JIb30BAaHUEM JIEBOM KHOINKHU MbIH. [IpaBas KHONKa MCHONB3yeTCs AJid BhI30BA
KOHTEKCTHOI'O MEHIO CBOMCTB AJIEMEHTOB.

JInst co3manus eny HeoOXO0UMO MPOU3BECTH CIEAYIOIIHNE IEUCTBUS:

— HaTH 1 BBIOpaTh HEOOXOUMBIE PAaTUOIIEMEHTHI;

— Ppa3MECTHUTh 3JIEMEHTHI Ha pad04YeM MPOCTPAHCTBE OKHA CXEMBI;
— COEIUHUTH AIEMEHTBl TPOBOJHUKAMU;

— YCTaHOBUTbH 3HAUYECHHE MMAPAMETPOB JIEMEHTOB.

[Iporpamma uSpice coepKUT OONBIIYIO AJIEMEHTHYIO 0a3y B BHje OMOJMO-
Tek. B 6ubnmorekax omnucaHbl HanbOOJEe YacCTO HMCIOJIb3YEMbIE PAaJUOIJIEMEHTHI:
PE3UCTOPBI, KOHACHCATOPHI, KATYIIKHA, UCTOYHUKH TOKA W HANPSLKEHHS U T. [
[TaccuBHBIE 37IEMEHTHI PE3UCTOPBI, KOHACHCATOPBI M KATYIIKU WHIYKTUBHOCTHU HC-
MOJIB3YIOTCSl 0€3 yyeTa Mapa3uTHBIX MapaMeTpoB, T. €. MACCHUBHBIC BJIEMEHTHI B
nporpamMme uSpice SBIISIOTCS UACANTbHBIMU 3JIEMEHTAMU.

[Touck 1 BBIOOP pPaaMO’JIEMEHTOB MPOU3BOAUTCS C MOMOIIBIO MbIH. [Ipu
BBIOOpE paJO3JIEMEHTA B OKHE Ha MaHenu OMOIMOTEK pUCyeTCs YCIOBHOE rpadu-
yeckoe 0003HaueHue aneMeHTa. bynbre BHUMaTenbHbl. [Ipyu BEIOOpE MCTOUYHUKOB
4acTO UCTOYHUK TOKA OIIMOOYHO MCHOJB3YIOT BMECTO UCTOUHMKA HAMPSKEHUSA U,
Ha000poT. OmMOKM BO3HUKAIOT MPU BHIOOpPE JIMHUMU NEpelayu ¢ MOTePSAMH U JIH-
HUH niepenaun 0e3 MoTepb: Y JMHUU C MOTEPSMU Ha 3HAYKE YCIOBHOTO Tpaduye-
CKOrO H300pakeHusT uMeeTcss o0o3HaueHue pesucrtopa. Yacto BCTpedaroTCs
OomMOKHU TIpU BbIOOpE THIA TpaH3ucTopoB. Hampumep, BMecTo P-N-p-TpaH3ucTOpa
BbIOMpaeTcs N-P-N-TpaH3UCTOP U HA0OOPOT.

3HaYeHUs MapaMeTPOB JIEMEHTOB MOXET OBITh 1EJI0T0 TUIa (Hampumep, 12
unu —57), ¢ miaBariie Toukon (Hampumep, 3.45) wiM ¢ TiaBarpoIieil TOYKOM ¢
UCIIOJIb30BAHUEM MAaCHITAOHOIO MHOXHUTEJNS, COOTBETCTBYIOIIErO CTENEHU 4YKCIia
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necatb (Hampumep, le-2 wiu 2.6e3), a TakkKe C IJIaBalolled TOYKOM, CONMPOBOXK-
Jarolencs CMMBOJIAMU MacIITaOHBIX KO3(PPHUIIMEHTOB, TPUBEACHHBIMU B Ta0. 1.

Tab6mamma 1

Muoorcumens Cumeon Hwms
10" f femto
1012 p pico
10° n hano
10° u micro
10° m milli
10° K kilo
10° MEG mega
10° G giga
10* T tera

Macmtababie K03(QGUIIMEHTHI JOJKHBI CJIEIOBATh Cpasy 3a YUCIOM Oe3 Mpo-
0esioB uiu apyrux pazaenurencii. CUMBOJIBI, CIEIYIONIUE Cpa3y 3a YKCIOM U HE
SBJISTIOIIMECS] MacIITaOHBIM KO3 PuImeHToM, urHopupyrorcsi. Hampumep, uucia
100V, 100.0, 1e2, 1.0e2 u 0.1K npenctaBisitor co00il 3anuch HAMPSHKEHUS BEIU-
yuHoi 100 BonbT. B Tabmnuiie BhIllIe HCTIONB3YIOTCS CTPOYHBIE U 3arjaBHbIC OYKBBI.
OpnHako npu MOJIETUPOBAHMM BCE 3arjaBHble OyKBBI MPEOOPa3yrOTCs B CTPOUHBIE.
[ToaTOMY TIpH HUCTIOIB30BAaHUHU MACIITAOHBIX KOA(P(ULIHUEHTOB Oy/1bT€ BHUMATEIb-
Hbl. Hanpumep, uucno 10F Oynetr cooTBeTCTBOBaTH €MKOCTH BeMMUUHOM 10 dem-
todapan, a He 10 dapan.

B cocraB cxembl 00s3aTeIbHO BKIIIOYAETCS KOpmyc (3a3emieHue). bes atoro
AJIEMEHTA MPABUJIBLHBINA PacyeT CXEMbl HE rapaHTUpyeTcs. 3HA4OK KopIlyca, B OT-
JUYUe OT APYTUX JIEMEHTOB, BBIBEJICH Ha MTaHEJIb HHCTPYMEHTOB ITPOTPAMMBI.

Pa3mernienne 371€MEHTOB B OKHE CXEMbI OCYIIECTBISIETCS MBIIIbI0. BeiOpan-
HBII 3JIEMEHT '"3axBaThIBaeTcs" U "YyCTaHABIMBAETCS'" B HYXKHOE MECTO OKHA CXEM
IIPA HAXKaTOW JIEBOW KJIABUILE MbIMW. J[JIg1 BpalleHus 3JIEMEHTa HUCHOJIb3YHOTCA
3HAYKHU Ha MaHeJu WHCTPYMEHTOB. Bce AeMeHThI B OKHE CXEM JIOJIKHBI OBITh pas3-
MeIeHbl 0e3 nepeceueHuil u HanoxeHui. [lepemenienne sneMeHTa Ha HOBOE Me-
CTO MPOU3BOJAUTCS HOBBIM '3aXBaThIBAaHUEM" U MEPEIBUKEHUEM MIPU HAKATUU Jie-
BOW KJIABUIIIU MBILIN.

CoenuHenue BBIBOJOB BCEX 3JIEMEHTOB APYT C APYTrOM OCYILIECTBISETCSA IPO-
BOJHUKaMU. JlomycKaeTcs COEMHEHHUE SJIEMEHTOB JIPYT ¢ APYroM KacaHUEM KOH-
1IOB BBIBOJIOB.

JIns co3nanus MPOBOJHUKA HAXOJMM KOHEI[ BbIBOJA (KOHTAKT) MEPBOTO 3Jie-
MEHTa, HAUMHAEM JIBU)KEHUE MBIIIBIO B BRBIOPAHHOM HANPaBJIECHUU U MOSIBUBIIUICS
MPOBOJAHUK MPU HAXKATOW JIEBOM KJIABUIIIE MBIIIK MTOMEIAEM Ha KOHTAaKT BTOPOTO
aneMeHTa. ToNbKO MOocIie 3TOr0 IUIaBHO, 0€3 PHIBKOB OTITYCKAeM JIEBYIO KJIABUIILY
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MblIiHd. COeTMHUTEIbHBIE MPOBOAHUKN MOXKHO, 3aXBAThIBAsI MBIIIBIO, IEPEMECTUTH
Ha HOBOE MecTO. Hemb3s OCTaBIsATh B OKHE CXEMbI 3JIEMEHTHI, HE MOAKIIOYEHHBIE K
JPYTUM DJIEMEHTaM, — HEHUCIOJIb3YEMbIE 3JIEMEHTHI I0JKHBI OBbITH Y/1aJICHBI.

VYcraHoBKa mapaMeTpoB JIEMEHTa OCYIIECTBISIETCS HAaBEIEHUEM Kypcopa Ha
AJIIEMEHT, HAXKATHEM JICBOM KHOMKH MBIIIKH U BHIOOPOM COOTBETCTBYIOIIETO MyHK-
Ta B aBTOMAaTHUYECKHU MOSABIISIIOLICICS auanoroBod manenu. Hambonee dacto mnpu
YCTaHOBKE IMapaMeTPOB AJIIEMEHTOB BCTPEUAETCs OLIMOKA B pa3MEPHOCTH IMapaMeT-
pa: KMJIO BMECTO Mera, TMKO BMECTO HaHO U T. TI.

BaxxHy10 poJib B cCXeM€ UTParOT METKH, YCTAHOBUTH KOTOPbIE MOKHO, UCTIOJb-
3ysl 3HAYOK ¢ OyKBOW M Ha MaHeId MHCTPYMEHTOB. B OCHOBHOM METKH MCHOJB3Y-
I0TCS I YKa3aHUS Y3JIOB, HAMPSHKEHUS B KOTOPBIX OYIyT BHIBEJICHBI Ha IE4YaTh
MOCJI€ MPOBEAECHUA pacueTa cxembl. Ha3BaHMA METOK yKa3bIBAIOTCA B OKHAX BUIOB
aHanM3a Mpu nevyaTu rpadukoB U BbIBojE Tabmuil. VMst METKU TOJKHO HAYMHATb-
Csl C JIATUHCKOW OyKBBI. OJIMHAKOBBIE METKU MOXHO MCIIOJIb30BATh VISl YKa3aHUS
y3JI0B C OJIMHAKOBBIMU TMOTEHI[MATaMH, 0€3 COCAUHEHUSI ITUX Y3JIOB C TTOMOIIBIO
MPOBOJHUKOB. OJIMHAKOBBIE METKH TPEOYeTCsl TaKkKe YKa3bIBaTh ISl CBS3BIBAHUS
yacTel CXEMBbl, Pa3MEIIEHHON Ha HECKOJIBKUX JIMCTAaX, UIIA JIJIs1 CBSI3bIBAHUS CXEMBbI
¢ noacxemMon. OTMETUM, YTO IIPU UCIOJIb30BAHUHM OJUHAKOBBIX METOK MOKET I10-
ABJISITECS OKHO C MPEYIPEHKICHUEM.

Metku pa3meniaroT Ha MPOBOJAHUKAX (TOYHEE, HA MPOBOJHUKAX PA3MEIIAOT
MaJIeHbKUM KPACHBIN MPSIMOYTOJIbBHUK METKH) UJIM Ha KOHIIAX BBIBOJIOB 2JIEMEHTOB.
TekCcT METKM MOXHO pacCloJ0XKUTh TOPU3OHTAIBHO WIIM BEpTHKadbHO. Ecim B
KOHIIE TEKCTa METKU UMeeTcs 1udpa (4ucio), TO MOcie YCTAHOBKU MEPBON METKU
udpa (4ucio) METKH aBTOMATHYECKH YBEIIMUYMBACTCS HA €IUHUILY.

VY aneHue 31€MEHTOB U MPOBOJIOB MPOU3BOJUTCS IMOCIE HABEACHHUS HA HUX
Kypcopa, Ha)KaTusl MpaBoil KHOMKHU MBIIIKK U BBIOOpA MyHKTa MEHIO "Yganuts'.
Boeinenuts rpynmy 3J€eMEeHTOB MOXKHO, UCTIOJNIb3YS MBIIIb U ONEpaIuio "BoITATHBA-
HUS IPSIMOYTOJIbHUKA". DTa Onepalus MPOU3BOJAUTCS C HAXKATOU JIEBOUM KIIaBUIIEH
Mmbl. [lociie BeIeneHrs TPyNy AJIEMEHTOB MOXKHO yIaliuTh, HAKAB KIIABHIILY
Delete, mepemMecTUTh Ha HOBOE MECTO HJIH CKOITUPOBATh B Oydep.

YBenuueHue Wik yMEHbIIIEHUE H300paKeHUsI CXEMbl OCYIIECTBIISETCS TIOCIIe
BbIOOPA COOTBETCTBYIOUIMX MyHKTOB MeHI0 "Bua" wnu npu Haxkatuum kinaBui Page
Up, Page Down, unm mociie UCMOJb30BaHUS 3HAUYKA JIYIbl Ha JIMHEKE 3HAYKOB
nmporpamMmbl. B mocienHeM ciydae yBeIHMUYECHHE pa3MEpOB M300paKeHHsI TOJTyda-
€M, Ha)KUMas JICBYIO KJIaBHUIIy MBIIIN, & YMEHbIIIEHUE, — Ha)XKuMas MPaByIO Kiia-
BUIITY MBIIITH.

JI71s1 yCTaHOBKYM JTOMOJIHUTEIBHBIX TApaMETPOB OTOOPAKEHUSI CXEMBI UCTIONb-
3yercst MeHio "l[lapamerphl”. C MOMOIIBIO 3TOW JUATOTOBOM MAaHEId MOXHO YCTa-
HOBUTH OTITUHU aHAIN3a, CETKY B OKHE CXEMBI, IPUBSI3aTh H300paKEHUS SJICMEHTOB
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K CeTKe (PEKOMEHJyeTCs), U3MEHUTh 1[BE€Ta, UCIOJIb3yeMble B Mporpamme, pazme-
CTUTh BU3UPHBIC JIUHUM, YCTAHOBUTH PEXKUMbI aBTOCOETUHEHUS 3JIEMEHTOB (pEKO-
MEH/yeTCs) U aBTOMAaTUYECKON PaCCTAHOBKH Y3JIOB B CXEME U T. [I.

B nporpamme uSpice y4acTku OOJIBIION CXEMBI MOXKHO NpeoOpa3oBaTh B
AIIEMEHT-TIOJICXEMY. DJIEMEHT-TIOJICXEMA PUCYETCs, 0OBIYHO, KaK HEOOJBIIION Mpsi-
MOYTOJIbHUK C BbIBOJaMH. VCMOiIb30BaHUE MOJCXEM MO3BOJSET MOJYYUTh KOM-
MaKTHYIO CXEMY CII0)KHOT'O YCTPOMCTBA.

3.3. PacyeT uenu

B mporpamme uSpice ucnonb3yeTcsi 0OObIUHBIN 1711 OOJBIIMHCTBA MPOTPAMM
MOJICTTUPOBAHUS TOPSAOK aHadu3a CXeMbl — BBIOOP PEKUMOB aHAIM3a C TIOMO-
IO MEHIO "AHanu3" UM ¢ MOMOIIBIO COOTBETCTBYIOIIMX 3HAYKOB HA IMAHEU WH-
cTpyMeHTOB. [IporpaMmma uSpice mo3BOJSIET MPOBOAUTH YETHIPE OCHOBHBIX BHA
aHanus3a:

— HCCJeAOBaHUE MEPEXOAHBIX MpoIieccoB (pexxuM Tran, 3HAYOK Tr ),
— PpacyeT cXeM METOJIOM KOMIUIEKCHBIX aMILTUTY/ (pexkum AC, 3Ha4OK AC ),
— pacdeTt pabo4nx TOYEK Ha MOCTOSHHOM Toke (pexxkum OP, 3Ha40K 0p ),

MHOT'OBapUaHTHBIN pacyeT Ha MOCTOSTHHOM Toke (pexkum DC, 3Hauok DC ).
Kpome sToro ¢ momoripio mporpaMMmbl uSpice MOXHO MPOBECTU pacyeT Ko-
s Punrenta rapmonnueckux uckaxenuit (KI'M), mposectu mudpoByro 06padboTKy
CUTHAJIOB C MOMOIIBI0 JUCKpeTHOTro mpeodpaszoanus dypre (AI1D) u OGpicTporo
npeobpazoBanus Dypoe (BIID), a Takke HaiiTu orubaronyro u pa3zy aHAIUTHYE-
CKOT0 CUTHaja. YKa3aHHbIE pacyeThbl MPOBOJATCS MOCIE MUCCIEAOBAHUS MEPEXO-
HBIX MIPOLIECCOB BO BPEMEHHOM 001aCTH.

JIyist crapTa 3TUX BUJIOB aHAJIN3a UCIIOJIb3YEM:

— 3HA4YOK KM, pacuet KI'H,

— 3Hauok M , mpoeaenue AI1D,

— 3Hauok B , 3armyck bI1®D,

— s3mauok ‘M pacueT aHanutudeckoro curuana (AC).

[Tocne HaxkaTHst OTHOTO U3 YKa3aHHBIX BOCBMHU 3HAYKOB TOSIBIISICTCS COOTBET-
CTBYIOIIIAsl JUAJIOTOBasl TIaHelb ¢ TapameTrpaMu pacueta. [locie 3anoaHeHus naxe-
U naHHBIMU QopmupyeTcs *.cir dailn 3amaHus, coaepKaniuil onucaHue 1eny u
JUPEKTUBHI ISl MPOBEJECHUS pacyeTa. JToT *.cir (haiin 3anuchiBaeTcs B TOT Ke Ka-
Tajor, KyJa 3amucbiBaeTcs ¢aiin *.dsn, comepxamuii rpaduyeckoe omnucaHue
CXEMbI Ienu. 3aTeM MOATOTOBJIEHHBIM *.cir (ailn mepemaercs MOANpPOrpamMme
uXSpice, KoTopasi MPOBOAUT pacyeT LEeNU W MPEJCTABISACT BBIXOAHBIC daHHBIC-
BEKTOpA B BUJIC TaOIUIl U TPAPHKOB.

B Tabn. 1 npencrapieHbl onepaiyu, KOTOPbIe MOXHO BBITIOJIHATH MOCIE pac-
YETOB HAJl MOJYYeHHBIMU JJAHHBIMU-BEKTOPaMHU.
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Taomuna 1
Onepayusi Onucanue onepayuu Hao 6eKMopom M
abs(m)  |AGcomroTHas BeMYMHA BEKTOpA
db(m) 3navyenus 20*1g(mag(m))
exp(m)  |DxcnoHeHIMaIbHas QYHKIUS OT KOMIIOHEHTOB BEKTOpa
log(m)  |decsTuunblii Jorapudm OT KOMIIOHEHTOB BEKTOpa
log10(m)
In(m) HaTtypasbHblii torapu¢m oT KOMIOHEHTOB BEKTOpa
sqrt(m)  |[KaapaTHBIH KOpeHb OT KOMITOHCHTOB BEKTOPA
sin(m) CunycouganpHas QyHKIUS OT BEKTOPa
cos(m)  |KocuHycouaanbHast QYHKIUS OT BEKTOPA
tan(m) TaHreHc ot BeKTopa
atan(m)  |ApKTaHreHC OT BEeKTOpa B Tpaaycax. Eciu M KOMITJICKCHBIN BEK-
TOp, TO BBIYUCIIACTCS apKTaHTeHC OTHOIIeHuS im(m)/re(m) B nua-
na3oHe ot —180 mo +180 rpagycos
norm(m) |[HopmupoBaHue BekTopa K 1 (HauOoJbIlas aMILIUTyJa OJHOTO U3
KOMITOHEHTOB BeKTOpa OyAeT paBHa 1).
rnd(m)  |Kaxkzas KOMIIOHEHTa €CTh CIy4ailHOe HaTypalbHOE YHCII0, 3HaYe-
HHE KOTOPOTO HAXOJIUTCS B Auana3one oT O 0 aMIUIUTY/IbI HCXOI-
HOW KOMITOHEHTBI
pos(m)  |KommnoHeHTa BekTOpa paBHa 1, eciy 3HAUCHHE MCXOTHON KOMIIO-
HEHTBI OoJibIiie HyJIsI, 1 0 B IPOTHBHOM CiyJae
mean(m) |Cpeanee apudMeTHUECKOE OT 3HAYCHUI KOMIIOHCHTOB BEKTOPA
sum(m)  |[Yucio, paBHOE CyMMe 3HaYCHUI KOMIIOHEHTOB BEKTOpa
vecmax(m) [Yucio, paBHOE MaKCHMMAaJTbHOMY W3 3HAYCHUN KOMIIOHCHTOB BEK-
Topa
vecmin(m) |Ywucio, paBHOE MUHMMAJIBHOMY M3 MOJTYJICH KOMIIOHEHTOB BEKTOpa
vector(n) |Co3manue BexTopa JAIMHOMN N ¢ KommonenTamu 0, 1, ..., N - 1. Ecu
N — BEKTOP, TO UCITOJIB3YETCS €r0 NEPBBIN dJIeMEHT. Eciu N He sB-
JSIETCS. HATYpPabHBIM YHMCIIOM, MCIIOJB3YEeTCS OINepanus OKpyTJie-
nus floor
mag(m)  |MoayJib WK aMIUTATYa KOMIIOHEHTOB KOMIUIEKCHOT'O BEKTOpa
magnitude(m)
ph(m) HauansHbie (a3l KOMIUIEKCHBIX KOMIIOHEHTOB BekTopa. Ecnu me-
phase(m) |pemeHHas UNItS He 3amaHa, TO (a3a pacCUMTHIBACTCS B pajauaHax,
ecnu UNits umeer 3nauenue degrees, To (asza paccCUMTHIBACTCS B
rpagycax
j(m) MHuMast eIMHUIA | YMHOKAETCS Ha KOMIUICKCHBIN BEKTOP
real(m)  |BemecTBeHHAs 4acTh KOMIICKCHOTO BEKTOpa M
re(m)
imag(m) |MHuMmas 4acTh KOMIUIEKCHOIO BEKTOpa M
im(m)
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unitvec(m) |Co3gaHue eJUHUYHOTO BEKTOPA
length(m) |[nuHa BexTOpa
gd(m) ['pynmoBast 3aepkKa JJisi KOMIUIEKCHOTO BEKTOpa M
rad(m)  |[IpeoOGpa3oBanme IrpaayCcoB B paaIuaHbl
deg(m) |I[IpeoOpa3oBaHre pagraH B IPagyChl
interpolate(m) (MuaTepnosAiius BEKTOpa ¢ MUCIOIb30BAHUEM JAaHHBIX JJIs TEKYIIEih
neuatu. Mcnonb3yercst mepeMenHas polydegree — creneHb WH-
TEPIIOJUPYIOIIETO MOJHHOMA.
deriv(m) |Beuucienue mpous3BOAHON. JlaHHBIE TPEIBAPUTEITHHO WHTEPIIO-
JIUPYIOTCSL.

OnepauHH, IMPCACTABJIICHHBLIC B Ta6J'II/II_[e, KaK ITpaBnJIO, MOKHO IMPUMCHATH K
Y3J0BBIM HAIIPSIKCHUAM HMJIM TOKaAM 4€PC3 MCTOUYHHUKHN HAIIPSIKCHUA IIPU PCAAKTH-
POBaHHH BbIXOJHBIX IICPECMCHHBIX-MCTOK.

3.3.1. PacuyeT nepexoaHoro npouecca (pexum Tran)

Pacuer nepexoaHbIX MPOLIECCOB B DJIEKTPUYECKOM LIENU IPEANOIIAraeT moJry-
YEHHE BBIXOJHBIX HANPSDKEHUN WM TOKOB Kak (PYHKLIMH BpPEMEHHU B 33JaHHOM
BPEMEHHOM Jpana3oHe. Tak Kak pajno3JIeKTPOHHbIE LIENHU B IporpaMMe uSpice B
o0lIeM cllydyae OMMCHIBAIOTCA HEIMHEMHBIMU AU PEepeHLnaTIbHbIMU YpaBHEHU -
MU, TO PacyeT IIEPEXOTHOI0 MpoLecca IPOBOJUTCS € UCIIOIb30BAaHUEM YUCICHHBIX
METOZ0B MHTErpupoBaHusd. [Ipu 3TOM UCHIONB3YyETCA METOX TpAINEeLUN WU METOL
Iupa.

Ilepen HayasioM pacyera MEPEXOAHBIX IIPOLIECCOB 0 YMOIYAHUIO ITPOU3BO-
IUTCS pacueT pabounx TOYekK (CTaTMueckoro pexuma). [IpeaBapurenbHblil pacyer
pabounx TOYEK MOXKET ObITh OTMEHEH, — BMECTO HEro MOXKHO 3a/1aTh HYJIEBbIE
HayaJbHbIE YCIOBHS WIM HAYAJIbHBIE YCIIOBUS, OIIPEAEIIEMBIE TI0JIb30BATEIIEM.

OTtMeTuM, YTO MIAar YMCJIEHHOIO MHTETPUPOBAHMS NPHU pacyeTe NEPEXOAHBIX
IPOLIECCOB MOXKET CYIIECTBEHHO MEHSTHCS, TaK KaK OH KaKIbli pa3 BbIOMpaeTCs
CUCTEMOW aBTOMATUYECKH, UCXOMs U3 YCIOBUM MUHUMU3ALMU BPEMEHH BBIUUCIIC-
HUW ¥ JonycTUMBIX norpemHocTteil. C nomomnibio napamerpa TMAX MoxHO orpa-
HUYUTh MAKCUMAJIBHYIO BEJIMYUHY aBTOMAaTUUYECKHA YCTAaHABIMBAEMOIO 11ara UHTE-
rpupoBanusi. OtmeruM, yto eciau omnuuss TMAX He 3agaHa, TO B Oporpamme
uXSpice aBTOMaTHYECKH HCIOJIb3YeTCS MHHHMAJIbHOE M3 JIBYX IOCTOSIHHBIX
TMAX1 u TMAX2, rne TMAXI = (TSTOP — TSTART)/250 u TMAX2 =
TSTEP/5. B nocinenHeM COOTHOLIEHUH YYUTHIBACTCS, YTO MOTpPeOyeTcs, Mo Kpaii-
HEl Mepe, MATh TOYEK C JAHHBIMH, YTOOBI JTOCTOBEPHO OTOOPAa3UTh BBIXOIHbBIE
JAHHBIE.

MuHUMaTBHBIN [IAT UHTETPUPOBAHUS B IIporpamMMe uXSpice aBTOMaTHIECKU
BbIOMpaeTcss HauOobmuM U3 AByX 3HaueHui: TMAX*1e-12 u le-21. Ecau npu
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pacyeTe 1Iar UHTErpUpoBaHUsl OyJeT MEHbIIE JIF0OOW M3 YKa3aHHBIX BEJIUYUH, TO
BBIYHCIICHUS] PEKPAITAIOTCS U MOJIH30BaTENb MOJydaeT cooOIIeHne 00 OmMOKe.

3.3.2. PacyeT 4acTOTHbIX XapakTepucTuk (pexum AC)

YacToTHBIE XapaKTEPUCTUKHA OIMCHIBAIOT U3MEHEHUsI KOMIUIEKCHBIX aMIUIH-
Ty HaOpsDKEHWH WM TOKOB, WM WX OTHOILEHUA JAPYT K JIPYry NpU W3MEHEHUU
4aCTOThl FapMOHUYECKOro curHana. [lepen Hayanom pacdyera 4aCTOTHBIX XapakTe-
PUCTHK IO YMOJIYAHUIO MTPOU3BOAUTCS PACUET CTATUYECKOIO PEXKHUMA CXEMBI. ITO
TpeOyeTcs A onpeneiaeHuss padounx TOYEK HEMHEHHBIX 3JIEMEHTOB U pacdera
ux quddepeHINaTbHBIX (TMHAMHUYECKHX ) ITApaMETPOB.

[Tocne 3TOro nongydeHHas JMHENHAs MOJENb CXEMbl aHAJIM3UPYETCS B 3a7aH-
HOM YacCTOTHOM JHMAala3OHE C HCIOJIb30BAHMEM METOJa KOMIUIEKCHBIX aMILIH-
TyA. o KaXaom BBIXOAHOW TIEPEMEHHOM PACCUMTHIBAIOTCS aMILIUTYAHO-
yactoTHas (AUX) u ¢azouacrornas (DUX) xapakTepuCTUKH.

3.3.3. PacyeTt paboumnx To4yek (pexum OP)

Cratudeckuil pexxuM pabOThl AIEKTPUUYECKOM cXeMbl (padoune TOUKH WIH
PEXKUM MO MOCTOSTHHOMY TOKY) YCTAHABJIMBAETCS IMOCJE OKOHUYAHMS MEPEXOIHBIX
MPOIIECCOB, MPOTEKAIOIIUX B CXEME Tocie BKiItoueHus nutanus. [Ipu pacuere cra-
TUYECKUX PEKUMOB BCE KATYIIKU UHAYKTUBHOCTH B DJICKTPUYECKON CXEME 3aMbl-
KAIOTCSl, @ BCE KOHAEHCATOPhl Pa3MbIKAIOTCH.

3.3.4. MHoroBap1aHTHbIA pac4yeT Ha NOCTOAHHOM TOKe
(pexwnm DC)

B orimume oT pacCMOTPEHHOTO BBIIIE pacyeTa paboynux TOYEK IPH MHOTOBA-
PHUAHTHOM pPACYETE HA MOCTOSIHHOM TOKE IPOBOJMTCS OINPENEIECHUE CTATUYECKUX
PEKUMOM IIPH MOIIArOBOM M3MEHEHHH (BapHallli) HAIPsLDKEHUH WM TOKOB OJHO-
IO WJIM JIBYX BIOPAHHBIX HCTOYHHUKOB.

3.3.5. PacueT KoachcpuumeHTa rapMOHUYECKUX UCKAXKEHUN

Koaddumuent rapmonnyeckux uckaxenuit (KI'M) xapaxkrepusyer creneHb
oTnuuusi (HOPMBI aHATU3UPYEMOTO CHUTHajga OT (OPMBI HUJICATHHOTO TapMOHWYE-
CKOro currayia. ®opma rapMOHMYECKOTO CHUTHAJIa MCKAKACTCS B HEJIMHCHHBIX I1€-
IISIX, COJICPIKAITUX JIEMEHTHI, TapaMeTPhl KOTOPBIX 3aBUCAT OT MPOTEKAIOIIHUX TO-
KOB WUTH MPHUJIOKEHHBIX HAIPSHKCHU.

JI71s1 OLIEHKY TapMOHUYECKUX MCKaKECHUH HEOOXOAMMO MPEBAPUTEIIBHO MPO-
BECTHU CIICKTPAJIbHBIN aHAJU3 UCCIIEyeMOT0 CUTHAJA, T. €. PACCUUTATh aMIUTUTYY
OCHOBHOM (TIepBOI) rapMOHUKH A; ¢ dactoroit f; m N — 1 aMIumTy M BBICIIUX Tap-
MOHHK: Ay, Az, ..., A, ¢ gactoramu fp, f3, ..., f,, coorBeTcTBeHHO. KO3 dprmment
TapMOHUYECKHUX UCKAKECHU (B MPOIEHTAX ) PaCCUUTHIBAETCS IO popmyiie
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KFI/I:loo\/A22 +A3;+"'+A“2 .

JUtsi mosydeHHsl NpUEeMIJIEMOM TOYHOCTHM OOBIYHO YHCIO PaCCUUTHIBAEMBIX
rapMoHHK N > 9. Uem MeHbIIIE aMIUTUTY bl BBICIIUX TapMOHUK Ay, Ag,..., A, OTHO-
CUTEJIBHO aMILIUTY/Ibl OCHOBHON FapMOHHMKU A; B CIEKTpE CUTHaIA, TEM OJIMKE

dbopma wmcciemyemMoro curHaia K (opmMe TapMOHUYECKOTO CHUTHAIa M MEHBIIE
KT'H.

3.3.6. iInckpeTHOe npeobpasoBaHme Pypbe

Huckpernoe npeodpazoBanue dypoe (JAIID) mo3Bonsger npeactaBuTh Auc-
KPETHBIN CUTHAJI HA KOHEYHOM HMHTEPBaJie BPEMEHHU | B BUJE CYMMBI JUCKPETHBIX
FapMOHUYECKUX CUTHAJIOB

N-1 |
s(k) = Y C, exp( j2nk).
n=0

3neck S(k) — orcuers uccnemyemoro curuana, kK — Homep orcuera, C, —

KOMIUJIEKCHAs aMIUIUTyAa N-i rapMoHuKH, N — 00beM BEIOOPKH.

IIpu nposenenun JIID mist yMmMeHbLICHUS BIMSHUS PAa3pblBOB CUTHAIA Ha
KOHIIaX MHTEpBaia | HMIMPOKO MCIOJIB3YIOTCS OKOHHbIE (PYHKIMHU. B nuamoroBom
OKHE MOKHO YKa3aTh IIE€CTh Pa3HOBUIHOCTEH, HAMOOJIEE YaCTO MUCIIOIb3YEMbIX Ha
npakTUKe OKOHHBIX (yHKImiA: hanning, hamming, bartlet, blackman, gaussian u
kaiser. TTpuueM st ABYX MOCTACIHUX OKOH yKa3bIBaE€TCsl BCIIOMOIATEIIbHBIN Tapa-
meTp A. Jlng okHa ["aycca mapamerp A M3MeHsIeTCs, KaK MPaBUJIO, B JUANIA30HE OT
1 no 10 (mo ymonuanurto 3). Ins oxna Kaitzepa mapamerp A BbIOUpaeTcs, Kak mpa-
Bui10, ot 0 10 100 (1o ymosruanuio 3).

[Ipu ucnons30BaHUM OKOHHBIX (DYHKIIMA y4UThIBaeTCS KOd(DPuImeHT ocnald-
JieHus [3, paBHBIM OTHOIICHUIO TIOCTOSIHHOM COCTaBIISAIONIeH A, 3a1aHHONH OKOHHOM
(GYHKIIUY K TIOCTOSTHHOM COCTaBIIsioIIeH Ag MPSIMOYTOJILHOTO OKHA,

A fw.
B=A le()

B cinyuae AMCKpETHOro CHEKTpajIbHOIO aHajau3a MUCHojab3yeM N OoTcueToB
okonHou ¢ynkiuu W(K), k=0, 1, 2, ..., N1, B3ITBIX 4epe3 MPOMEKYTOK BPEMCHH
A, paBHBII  TEpUOAY  JIHUCKPETU3ALMUU. Torma  uHTEpBan  a”anu3a
T = N*A u uHTerpan B 3allMCaHHOM BbIIIE€ BBIPAXKEHUH IS [3 3aMEHSETCS] Ha CyM-

My
B=%Z WA =4 > w(k) .

T
o
T
o
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AMIUIMTYIBl CIIEKTPAIBHBIX COCTABIIIOLIMX MPH MCHOJBb30BAHUH YKa3aHHBIX
BBIIIE OKOHHBIX (DYHKIMA YMEHbIAOTCS. JJiT KOMIEHCAIUU 3TOTO YMEHBIICHUS
nocie JITID kaxapiii cieKTpalbHBIM OTCUET yMHOXKaeTcs Ha 1/P.

Pe3ynpTaThl pacdyeToB MPEACTABISIIOTCS KakK (PU3WYECKUA OJHOCTOPOHHUMN
CHEKTP (TOJIBKO TO TOJIOKUTEIIbHBIM YacTOTaM). AMIUIMTYbI CIEKTPAIbHBIX CO-

CTaBJIAIONIUX Ha rpaduke onpenestorcs cooTHomenusmu: A, = C,, eciim n = 0,
n=N2uA,=2C,, eciiu 0 <n<N/2.

3.3.7. bbicTpoe npeobpaszoBaHune dypbe

C nomompio ObicTporo npeodpazoBanusi Oypbe (BIID) mis AuCKpeTHOrOo
CUTHaja, 33JJaHHOTO Ha KOHEYHOM WHTEpBaJie BpEMEHHU |, OMPEENIeTCs CIEKTP B
COOTBETCTBHH CO cienyroumei Gopmysoi

) N-1
C, =4 s(k)exp(—j 2 k).
k=0

3nech C, — KOMIUIEKCHAs aMILTATYaa N-if rapmoruku, N — 00beM BBIGOpKH,

s(k) — orcueTsl uccieyeMoro curuaia, K — Homep oTcueta curHaia. s pacdera
CHEKTpa HCHOJIb3YIOTCS OBICTPBIE QJITOPUTMBI, YUYUTHIBAIOIIUE MEPUOJIUYHOCTD
KOMILJIEKCHOM SKCIIOHEHTHI B MPUBEAEHHOU BhIlIe (hopmyne. B otinuune ot AIID
o0beM BbIOOpku N npu ucnosib3oBanuu bII® qoikeH ObITh paBeH CTENEHU JBOM-
KH.

[Ipu BII® nns ymeHblIeHMs] BIUSHHUS pPa3pblBOB Ha KOHIIAX MHTEepBana [
TaK)K€ MCIOJB3YIOTCSI OKOHHbIE (PYHKIMU. B NMamoroBoM OKHE MOXHO YyKa3aTb
HIECTh YaCTO MCIOJb3YEMbIX Ha MPAKTUKE OKOHHBIX (PYHKIMH, YKa3aHHBIX BBILIE.
st ucnonb3yemMoil OKOHHOM (DYHKLIMM PAacCUMTHIBAETCA KOAIPPUUUEHT ocnadiie-

HUA [3, paBHBIH
N-1

=42 w(k),

=0

=

riae W(K) — otcuersl okonHou ¢yHkimu, K =0, 1, 2, ..., N-1. ITocie BII® kaxpii
CIIEKTpaJIbHBIM OTcUeT Aenuthes Ha [3. Hampumep, mis oxkna Kaiizepa nmpu mapa-
metpe A, paBHbIM 3, koapduiuent 3 pasen 0,68417.

CrekTpalibHbIN aHaIU3 TPOU3BOAMUTCS MOCIE 3aBEPIIEHUS pacyeTa Mmepexoi-
HOTO Tporecca. Pa3pelienre 1o 4actore u BpEMEHHON MHTEpBaJl aHaIU3a CBSI3aHbI
npu ucnosb3oBanuu BI1® cootHomenuem F = 1/T.

[Ipu ucnonb3oBaHuM B mporpammax mojenupoBanust bII® Bo3HukaeT HEOO-
XOJIMMOCTh MPOBEJCHUSI HHTEPHOJIALMHA BXOJIHBIX JaHHBIX, TAK KaK pacyer mepe-
XOZHOIO Ipoliecca MPOBOJUTCS C NEpeMEHHbIM Iarom, a Juis BII® tpebyercs
paBHOMEpHAs IUCKPETU3alus C I1aroMm, paBHbIM nepuony auckperusanuu Td. Ilo
YMOJIYAaHUIO MHTEPIOISALUSA NMPOBOAUTCA NOJMHOMOM | crenenu. Ecnu creneHs
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UHTEPIOJIUpYIolero nouHoMa P > 1 u uncino ponogHuTenbHbix Touek M > 0, To
B rpaUuecKnX OKHaX MEXAY KaxJoW Mmapod TOYEK MCXOIAHOro rpaduka ao0aB-
nstorest M Touek MHTEpIONMPYIONIEro MoJIMHOMA. byibTe BHUMATENbHBI, Tpu M
> (0 He peKOMEHYeTCs MCIOIb30BaHUE CTOJIOYATOrO rpaduka, Tak KaK K CHEKTPY
N00aBIIAIOTCS JOMOJHUTEIbHBIE MUHTEPIOJISIIMOHHBIE KOMIIOHEHTBI, OTCYTCTBYIO-
e B aHaIM3upyeMoM curHane. CTeneHb HHTEPIOIUPYIOUIEro MOJIMHOMA BbIOU-
paem u3 nuanazona 1...8 (mo ymomuanuio 1), a yucio Touek M — ot 0 go 10 (1o
ymordanuio 0).

Pe3ynbTaThl pacueToB MPEACTABISIIOTCS Ha rpadukax Kak (U3MUYECKUN OJHO-
CTOPOHHUH CIEKTP C MCIOJIB30BAHUEM TOJBKO MOJOKUTEIbHBIX YaCTOT. AMILUIH-
TYJIbl CHEKTPAIBHBIX COCTABJISIIONINX HA TpapUKe OMPEAEIISIIOTCS COOTHOIICHUSIMU:
A,=C,eciun=0,n=N/2uA,=2C,, eciu 0 <n < N/2.

3.3.8. PacyeTt aHanuTU4eckKoro curHana

Ananmutndeckuid curHan (AC) ucnonb3yercst i OJJHO3HAYHOrO Ofpejesie-
HUSI aMIUTATYJbI U (a3bl MOyIrpoBaHHOTO curHana. s nmonydenuss AC k uc-
XoaHOoMYy curHainy U(t) mpuMeHnsercs npeodpazoBanue ['mipdepTa

u (t) = j “(‘) dr

3mech U (t) — curHai, coOnpssKEHHBIH MO OTHOLICHHIO K MCXOIHOMY KoJeba-
Huio U(t). AHATUTHYECKHIA CUTHAIT ONPEAEsieM B BUAC KOMILICKCHOM (DyHKIIMK

2(t) =u(t) + jur(0).

Orubaromas Ua(t) MOIyTupoBaHHOrO CHTHajla OJHO3HAYHO OIPEACIISICTCS

kak moxyns Z(t)
U, (1) = U+l (),

a rmostHas aza — KaK apryMEeHT KOMILUIEKCHOTO CHTHAJIa
DA(t) = arg{z(1)}.

[Tocne pacyera momHOM ¢a3bl 3a1aeM Y9acTOTy Wp Hecymiero kouebanus. Kak
MPaBHJIO, YaCTOTa (9 BEIOMPAETCS] PaBHOW IEHTPAIBHON 4acTOTE B CIEKTPE MOIY-
JUPOBAHHOTO CUTHANIA. 3HAs YacTOTy Oy U MOJHYIO (a3y, MOIyIHM MEePEMEHHYIO
HavyaJIbHYIO (pa3y curHana

Pa(t) = Da(t) — oot — @o.
31eck (g — MOCTOSIHHASI HayanbHas (pa3a MOAYJIMPOBAHHOTO CUTHAJIA.

Ecnu mis momynupoBanHoro curHana U(t) ompesesneHo mpeoOpa3oBaHHe
®ypbe U(jo), TO IS CONPSHKEHHOTO CUTHAJIA MTOJTyYUM

U:(joo) =-Jsign(e) u(jo),
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rae Sign(®) — ¢GyHKius 3Haka, paBHas +1, ecid yacTora o OOJBIIE HYJIS, PaB-
Has 0, eciu yacrora paBHa 0, u paBHas —1, eciu yacToTa ® MeHbIe Hys. [Ipe-
obpazoBanne ®Dypbe Ui aAHATUTHYSCKOTO CHTHAJa HAXOIUM KaK CyMMY
Z(jo) = u(jo) + ju(jo). Mcrmons3ys BeIe 3anucanHyr0 Gopmyny 1t U(jo) , mo-
JTY4IUM

Z(jo)=2u(j®), ® > 0,

2(jo)=u(jo), © =0,

z(jw) =0, o < 0.

OTH BBIPAXXEHHSI MOYKHO MCIOJB30BATh JIJISl MOJIYYEHHS TUCKPETHOIO aHAJIU-
TUYECKOI'0 CHUTHaja ¢ MOMOoIIbio ObicTporo mpeodOpa3zoBanus dypwe. g 3toro
BHauaJie, ¢ nomoibio bIIP, paccunteiBaeM CIEKTp UCXOAHOTO AUCKPETHOIO CHT-
Haja. 3aTeM NMPUPaBHUBAEM HYJIIO CIIEKTPAIbHBIE KOMIIOHEHTHI B 00JIACTH OTpHULIa-
TEJIbHBIX 4acTOT (Tpu ucnoyib3oBaHuu BII®D oTpunatenbHbIM YacTOTaM COOTBET-
CTBYIOT HOpMHpoBaHHbIE 4acTOThl OT N/2+1 o N — 1). AMIIUTYABI TapMOHUK C
yactoramu oT 1 no N/2 yBenmnuumBaem B nBa pasza. IIpumenssi obparnoe BIID
(OBII®), HaxoauM KOMILJIEKCHBIM JAUCKPETHBIA CHUTHAJ, COOTBETCTBYIOIIMI aHa-
JUTUYECKOMY CUTHANIY, a 3aT€M aMIUTUTYly U a3y MOAYJIHMPOBAHHOIO CUTHAA.

[Ipn npoBenenun pacueroB AC ¢ ucnons3oBanueM bII® mmeercs BO3MOXK-
HOCTb OILICHKH MOTPEUTHOCTH, BHOCUMOM mpeoOpazoBanueM [ mibbdepra. CpeaHioro
KBaJPaTUYECKYIO MOTPEMIHOCTh MPH YCIOBUU HOPMAJIBHOTO PACHPENEIICHHS OLIH-
00K HaxoauM 1o GopmyJie

6= 5 3 (U(k) -~ (K))?

3nech U(K) — otcuetsl ucxomnoro curHana, U'(K) — oTcueTsl BeleCTBEHHOM
coctasisironieil AC, noaydeHHo nocie onpenaesieHus crnekrpa AC U npuMeHEeHHs
OBII®. Dta NOrpenHoOCTs BEIBOAUTCS B OKHE MOJMPOrpaMMbl uXSpice s Kax-
JIOTO aHAJIM3UPYEMOTr0 CUTHAaA.

3.3.9. PacyeT KOMNJIEKCHOro MoAyNIMpPoOBaHHOro CUrHana

[Ipy cxeMOTEeXHMYECKOM MOJEIMPOBAHUU PAJUOYACTOTHBIX YCTPOWCTB Ma-
paMeTphl HECYIEro KoieOaHusi U MOAYJIUPYIOIIMX CUTHANIOB, a TAKXKE XapaKTepu-
CTUKHA MOJIYJISITOPOB U JAEMOIYJATOPOB, KaK MpaBUJIO, 3aJaHbl. B 3TOM ciydae
yA00HO KCMOJIb30BaTh KOMIUIEKCHBIN MoayiupoBaHHbii curHan (KMC) [12]. B
ATOM Cllydyae TOJIbKO MPHU UCCIEIOBAHUM BBIXOJIHBIX CHUTHAJOB aBTOTE€HEPATOPOB
WIM TpPU aHajdu3€ BHEIIHMX (Hampumep, 3aJlaHHbIX B BUJAE (alIOB) CHUTHAJIOB
HYKHO MCIOJIb30BaTh aHAIMTUYECKUI CUTHAJ.

KommnekcHplii MonynupoBaHHblid curHan U, (t) omuchIBaeTCs CleAyIONINM

BBIPAKEHUEM
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0 (6) =Uy (De™™*

rne U, (t) =U, (t)e'*® — xommiekcnas orubaromas, Ux(t) — orubaromuasi,
ox(t) = @(t) + o — HauanbHas paza KMC, ¢(t) — nepemenHas HadajibHas (asa,
(o — MOCTOsIHHAsT HauyajbHas ¢aza (HadanpHas ¢asza Hecyllen), wy— YacToTa
Hecymield. Ha mmpuny cnekrpa komriekcHoi orubatronieit KMC He HaknanbiBaeT-
Csl OrpaHUYEHUH, BOSHUKAIOIIUX TIPHU MUCIOJIb30BaHUM aHAIUTHYECKOTO cCurHaia. B
JIBYCTOPOHHEM CIIEKTPE KOMILUIEKCHOM OruOaronieil MOTryT COAEp>KaThbCs COCTaB-
JISOIIIME, YAaCTOThl KOTOPBIX BBINIEC YAaCTOTHI Hecyie. KommiiekcHas orubatoias
MCTOYHUKOB CHUTHAJIOB OJHO3HAYHO OMMCHIBACTCSI XapaKTEPUCTHUKAMU aAMILIUTY -
HBIX, ()a30BbIX, YACTOTHBIX U T. 1. MOJYJISITOPOB.

st ucnionszoBanust KMC B nmporpaMMax cXeMOTEXHUYECKOTO MOJIEIUPOBa-
HUSI 3aIUIIIEM €TO B BUJIC

L]K (t) =Ug (t) + ju| (t) ’

rae Ug(t) u uy(t) — BemecTBenHas u MmauMas coctassionue KMC. B cBoro oue-
peab komiuiekcHyto orudaromyro KMC npeactaBuM B BUE€ CyMMbI CHH(pA3HOU
(CM) u kBanpatypsoii (KM) cocTaBmsironmx

U () =a(t) + jb(t)

Torma BemecTBeHHbI Ur(t) W mMHMMBIA U(t) MOIyIHMpOBaHHBIC CHUTHAJIBI
MOYKHO 3aIlicaTh B BUJIE
Ug (t) = a(t) cos(m,t) —b(t)sin(m,t)

u, (t) = a(t) sin(wyt) + b(t) cos(ew,t)

Ot PopMysIBl UCTIOJIB3YIOTCS B MporpamMme uSpice AJis MOTydeHUsT MOIYJIH-
POBaHHBIX CUTHAJIOB CO CJIOKHBIMHU BUJIAMHU MOIYJISIUU.

Jlns penieHust oOpaTHOM 3aJaull — BBIJEICHUS KOMIUIEKCHOW OTrMOaroien,
noctatouHo KMC yMHOXUTB Ha 9KCIIOHEHTY C OTPHUIATEeIbHBIM MHUMBIM MOKa3a-
TeJIeM

U (1) - €7 =[U, (e’ Je ™ =U, (t)

OTMeTuM, 4TO Takoe JETEKTUPOBAaHUE B OOIIEM cliyyae J1aeT KOMIUIEKCHYIO
Oru0arollyo, OTIIMYAIOIIYIOCS OT KOMIUIEKCHOM Orudaroniel aHaaIuTH4YeCKOro
CUTHAJIA.

B mporpamme cXeMOTEXHHYECKOIO MOAEIUPOBAHUS KOMILIEKCHOE YMHOXeE-
HUE B BBILICIIPUBEICHHOM BBIPAXKECHUU 3aMEHSIEM Ha OIEpalliy C BELIECTBEHHBIMU
1 MHUMBbIMH dacTsamu. s BemectBenHow a(t) m mummoit b(t) cocramrmsrommux
KOMIUIEKCHOM Oru0arolel NojgyyuM ciieayomue GopMyJibl

a(t) = ug (t) cos(m,t) +u, (t)sin(w,t)
,
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b(t) =u, (t) cos(emyt) —Ug (t)sin(eyt)

Oty GopMyIbl B IporpamMme uSpice UCIONb3YIOTCS ISl MOCTPOCHUS JIETEK-
topoB KMC. Takum oOpazom, nipu aerektupoBannu KMC tpebyercst B oOiieM
clly4ae MCIOJIb30BaTh KaK BEUIECTBEHHYIO, TaKk U MHUMYIO cocTaBistone KMC.
[Ipy 5TOM MOKHO BBIJEIUTH BHICOKOYACTOTHYIO MOMIYJISIUIO TIPU OTHOCUTEIHHO
HU3KOM 4acTOTE HECYIIEH, T.e. peain30BaTh OJHO U3 BAXXHBIX MPEUMYIIECTB IIpe-
craBiieHus curHajos B Buie KMC.

3.3.10. PacyeT uncpoBbIX ¢punbTPOB B aHanoroBou odénactu

[udpossie dbunpTpsl (LUD), kak U aHAIOTOBBIE LIETIH, UMEIOT HEMPEPHIBHBIC
XapaKTEPUCTUKU B 4aCTOTHOM oOnactu. [loaToMy, HECMOTpsS Ha AMCKPETHBINA Xa-
paktep paboThl HUPPOBHIX (PUIBTPOB, UX aHATIU3 MOKHO MPOBOJIUTH C UCIOJIB30-
BAaHHUEM CIICIIMAJIBHBIX aHAJIOTOBBIX 3JIEMEHTOB.

B nporpammax cxemorexuudeckoro mozaeaupoanus OrCad, PSpice, Micro-
Cap u ap. takoe moaenupoBanue [{d ocHOBaHO Ha KCIONIB30BAHUU MPEOOPA3OBa-
Hus Jlamaca M COOTHOIIEHUS, CBS3BIBAIOIIEM KOMIUIEKCHYIO TMEPEMEHHYIO Z-
npeobpasoBaHus U S-00macTs npeobpasosanus Jamnaca: z=e"*"
puoa muckperusanuu. HemoctaTok Takoro crnocoba — HEOOXOIUMOCTh BBIUKCIIE-
HUs 00paTHOTO TMpeoOpa3zoBanus Jlammaca U MOSBIECHUE B CBSI3U C OTUM HapyIlie-
HUM puduHHOCTH [12].

, e Td — te-

B mporpamMmMe USpiCe UCMONB3yeTCsl KOAOBas MOJECTb 3JIEMEHTa, OCYIIECTB-
JISTFOIIETO HETMOCPE/ICTBEHHYIO 3a/IEPKKY BO BPEMEHH IPHU pacyeTe MEepPeXO0IHOTO
IpoIiecca M pacueT COOTBETCTBYIOMIETO (ha30BOTO CABHTA B YACTOTHOM OOJIACTH.
DT0 MO3BOJIAET UCKIIIOUUTh HEJOCTATKH, BOSHUKAIOIINE MTPU HCTIOIB30BAHHUH TIPE-
obOpa3oBanus Jlamaca.

s monenmupoBanus [P ¢ moMoIipo aHAIOTOBBIX 3JIEMEHTOB co3iaHa Ouo-
mroteka «I1OC-aHanoroBeie 3JIEMEHTHI», BKIIOYAIOIIas ceMb dyieMeHTOB: Delay,
Multiplier, Summer-2 input, Summer-3 input, Summer-4 input, Summer-5 input,
[udposoii ¢punaerp-Polynomial. C ucnonb30BaHHEM 3THX 3JIEMEHTOB MOYKHO MO-
JETUPOBATh PabOTy CIOKHBIX ITUGPOBBIX QUITHTPOB.

Jlst aHayM3a 9acTOTHBIX XapaKTEPUCTHK U MEPEXOIHBIX MPOIIECCOB B CIIOXK-
HBIX TIOJIMHOMHAIILHBIX ITUPPOBBIX QHUIBTpax pa3paboTaH JWHEHHbIH Omok Z_Xfer.
KoaddunmenT nepegaun TMHEHHOTO 0JI0Ka B Z-00JIaCTH 3a7a€TCS B BUJIC

-m -2 -1
K,Z2 " +..+K,z2°+kz " +k,

K(z) = gain
-n —(n-1) -2 -1 !
d,z"+d, ,z +..+d, 27 +d;z7 +d,
riae gain — nocrosiHHas, Ki — ko3 uIMeHTH moMHoMa B yuciautene, i =0, 1, ...,
m, d, — ko3 dunuenTsr nonuHOMa B 3HaMeHatene, P =0, 1, ..., n. Koadduuuent

do B dopMmysie He 0KEH ObITH paBeH Hy/r0. KoMIUIeKcHas TiepeMeHHas Z U 4a-
CTOTa BXOJIHOT'O CUTHAJIa ® CBA3aHbl COOTHOILLIEHUEM
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z=g,
3nece w=2nf/f,, fy— wacrora auckpermsanuu B repuax. bBinok z_xfer

BKJITOUeH Kak aneMeHT «lludposoit ¢punerp-Polynomial» B cocraB OubimoTexn
«I1OC-aHanoroBsi€ JIEMEHTHI.

3.3.11. PacueTt undcpoBbix chunbLTPOB B 06nacTy,
ynpaBnsieMou coobITusiMu

JlJis MOeTMpOBaHusl YCTPOMCTB MUPPOBO 00paOOTKH CHTHAIOB B MOAIMPO-
rpamMMe UXSpice, kak U B apyrux XSpice-mporpaMmax, KpOMe aHAaJIOrOBBIX U
IUPPOBBIX Y3JIOB MPEAYCMOTPEHBI ClIeNUaIbHBIN y3ei Real, a Takxe uHTEpdEHChI
digital-real u real-analog, 6moxu real_delay u real_gain.

Wutepodeiic analog-real, orcyrcrByromuii B mporpamme XSpice, ObII CO31aH
1 UXSpIce B 001acTH yIpaBisieMol COOBITHSAMH KaK KOJ0Bas MOJIEINb MOJIb30Ba-
tens. HoBerit anement analog-real sxmrouen B cocras .dll daiina, koToperit aBTO-
MaTHYECKH MOIKIII0YACTCS TOCIIe CTapTa MoArporpaMmbl uXSpice.

C ucnonb3oBanueM 3eMenta analog-real mis monxenuposanus LI® B o6a-
CTH, yIpaBisieMoil coObITusIMH, co3naHa oubnuoteka «l1OC-uudpoBbie d1eMeH-
ThI». bubanoTeka BKIoyaeT ueThipe 3ementa: Converter Analog-Real, Converter
Real-Analog, Real-delay u Real-multiplier. OtmeTum, 49T0 cO31aBaTh 3JEMEHT
«Cymmatop» st noctpoerus: L{® B qaHHOM ciiydae HET HEOOXOIUMOCTH, TaK €To
poiis urparoT y3isl Real cxembl.

C moMmoIIIbI0 MporpaMMbl USPICe B 001aCTH, YIPABIsSEMON COOBITUAMH, MOXK-
HO aHAJIM3UPOBATH CIOXKHBIE I poBbie PubTpel. HemocTaTok ananmsa B o01acTu
COOBITUIT — HEBO3MOXXHOCTh MCTOJB30BaHus pexknma AC M aHaiIM3a 4aCTOTHBIX
XapaKTEPUCTUK NUPPOBHIX GUIBTPOB B IIUPOKOM AHANazoHe 4acToT. B atom ciy-
Yae YaCTOTHBIE XapPaKTEPUCTUKU IUGPOBBIX (PUIHTPOB MOXKHO pacCUMTATh MPHU
WCIIOJIB30BaHUN OMOJIMOTEKH aHAJIOTOBBIX dJIeMeHTOB L[ D.
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4, 3apaHna Ha moaennpoBaHue
3NIeKTPOHHbLIX NPUOOPOB U
LU pPOBbLIX YCTPOUCTB

4.1. MNapamMeTpbl 1 XapaKTePUCTUKHN
nonynpoBOoAHUKOBbLIX ANOA40B

1. Jlns uccnenoBaHus BOJIbT-aMIICPHBIX XapakTepucTHK (BAX) moaymnpoBo-
HUKOBOT'O JIMO0JIa UCIIOJIb3yeTCsS CXeMa CO CTaOMIIMTPOHOM, TTOKa3aHHas Ha puc. 1.
Jliis mpoBeieHus nccienoBanus Beioupaem auo tuma “Diode - BV”, nins kotopo-
rO 3aJlaeM HanpsiceHue aagunnozo npooos BV = 2 + H/2, rne H — HoMep Bapu-
aHTa (Homep 1o >XypHany rpynnsl). Hanmpumep, Ha puc. 1 y auoma D1 ykazano
HarpsbkeHue npodost BV =5 B.

B cxeme Ha puc. 1 umeeTcs KOHTPOJIBHBIA pe3uctop R1 ¢ MagsiM conmpoTuB-
neHueM, paBHbIM 1 OM. Takoi pe3ucTop MpakTHUYECKU HE OKa3bIBAaeT BIMSHUS Ha
paboty nuona. HamnpspkeHue Ha KOHTPOJIBHOM PE3UCTOPE M3MEHSETCS MPOTOPIIH-
OHAJIFHO MPOTEKAIOIIEMY Yepe3 U0 TOKY U YUCISHHO PAaBHO BEJIMYHHE 3TOTO TO-
Ka.

[~
o

d_zener

O Ik

= —
o O

1]

Puc. 1. Cxema qys uccnenoanusi BAX u gauHaMuueckux napameTpoB
MOJIYIIPOBOIHUKOBOTO IMO/AA

[Tpu npsiMoM BKJIIOUEHUU AMOJA NpsiMoe HanpspkeHue V1 uzmensiem ot 0 10
1 BonwTa ¢ marom 0,01 B. ITpu o6patHoM cmenieHun Hanpsbkenue V1 uzmensiem
or— (BV + 1) B 1o 0 B ¢ mrarom 0,01 B.

Cxemy, NOKa3aHHYIO Ha pUC. | MOKHO MCIIOJIB30BATh ISl pacuera JMHAMUYe-
ckoro (auddepeHuanbpHOro) CONpPOTURICHUS Aoa. croas3yeMblil B 3TOM cxe-
M€ MCTOYHUK MOKET BbIpaOaThIBATh KaK MOCTOSIHHOE, TaK W MEPEMEHHOE Harpsi-
xeHusa. Hampumep, Ha puc. 1 HCTOYHMK cO37aeT OOJBIIOE MMOCTOSIHHOE
HanpspbkeHue 1,0 B u rapMoHnuYecKkoe HanpsyKEHUE ¢ MaJlol aMIUIUTYIO0W, PaBHOU
1 MmB nis pexxuma AC.

Ucnonb3ys pexxum AC, MOXKHO paccuuTaTh MEPEMEHHBIN TOK, MPOTEKAIOLIUN
yepe3 AUOJ U ONpPEAeIUTh JUHAMUYECKOE CONMPOTUBICHUE AUOAA, T. K. B PEKUME
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AC HenmuHEWHBIM MO aBTOMATHYECKHU 3aMeIaeTcs JMHEHHON MOJIeNblo, mapa-
METPbl KOTOPOW PACCUUTHIBAIOTCS ISl BRLIOpAaHHOM paboyeil TOUKK Ha MOCTOSTHHOM
TOKE.

2. Ucnonb3ys pexum DC u uzmensis HanpsbkeHue uctouHuka V1 B auana-
30He OT 0 710 1 BOJIbTA, MOYYUTh BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY HCCIIEyeMO-
ro IMo/ia B cliydae npsmMoro BkiatoueHus. [Ipumepnsiii Bun BAX npusezaeH Ha puc.
2. BriOpaTh camocTosTENBHO pabovyylo TOUKY HUOAa NMPU HANPSLKEHHUSIX Ha JTHOJIE
ot 0,5 1o 0,9 BosbT. Hanpumep, Ha puc. 2 pabodasi Touka A BbIOpaHa Mpy HaMpsi-
xenun U, = 850 MB u ripu ipsiMoM Toke, paBHOM npuMepHo |, = 27 MA.

Paccuutate 1o ¢opmynam cTaTUYECKOE U AUHAMUYECKOE COMPOTUBIICHUS
nuosia B pabodeil Touke mpH mojade npsMoro Hampspkenus. Hanpumep, nis auo-
na, BAX kotoporo npuBesieHa Ha puc. 2, CTAaTUYECKOE COMPOTUBIIEHHUE paBHO Rcr
= Ua/ 14 = 31,5 Om, a mtuHaMI4YecKoe CONMpOTUBIIEHHE paBHO Ry =~ AU/Al = 14,3
Om.

b = —jfv1]
40

30—
27

I I

e -
| |

-
I I

SRR EEE R B
|

|
A

[
=
I
I

——— e

-
_!___

I
Au

m —

I
| I
- — -t - -
I I
I
I

0 rereetre—e————————————

n.n 100 200 300 400 500 GO0 700 800 ggn 900 1000
rB

Puc. 2. [Ipumep BAX noaynpoBOAHUKOBOTO THO]1a

3. U3menss Hanpspkenue ucrounnka V1 B nuanasone ot — (BV + 1) B 1o 0 B
c miarom 0,01 B, monxyuutrs BAX uccnemgyemoro auoaa npu oOpaTHOM CMEILIEHUH.
CpaBHUTH 3a7jaHHOE HanpspKkeHue mpobost BV u nanpsixenue npo6osi, moaydeHHOe
npu MozaenupoBanuu. OTan4Ke STUX HApsOKEHUE He TOJKHO npesbimarth 0,5 B.

W3mensst nanpspkenue nctounuka V1 B auamasone ot — (BV — 0.5) B 1o 0 B
c marom 0,01 B, monyunts BAX uccnenyemoro nuona 6e3 npo6osi. Haittu o6pat-
HBIA TOK Ipu 0OpaTHOM HampshkeHuu, paBHoM — (BV — 0.5) B, u paccunrats s
paccMaTpUBaEMOro Cllydasl CTaTUYECKOE CONMPOTHBIIEHHE Auoa. CpaBHUThH CTaTH-
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YEeCKHUE COMPOTUBIIECHUS MPHU MNPSIMOM U OOPAaTHOM HANPSDKEHHUSX U MPOBEPUTH
CBOMCTBO OJJHOCTOPOHHEW MPOBOJUMOCTH JTUOJA.

4*. YCcTaHOBUTH B CXe€M€, N300paKeHHOM Ha puUC. 1, MOCTOSIHHOE HANPSKEHUE
V1, paBHBIM BbIOpaHHOMY BbIlIE TpsiMoMy cmenieHuto U,. Hampumep, noctoss-
HOE HaIpsKEHUE UCTOYHUKA Ha puc. | ycTtaHoBieHO paBHbIM 850 MB. TeM cambim
B cxeMme OyJeT 3ajaHa padoyasi TOUKa, aHAJIOTrM4YHas pabodeil Touke, MoKa3aHHOU
Ha puc. 2.

YCTaHOBUTH aMIUIMTYAYy NEPEMEHHOTO HampsikeHus: uctouHuka V1, paBHoit
1 MB. B pexxume AC Ha vacroTax 1...5 k'l onpeaenuTs ¢ MOMOIIBI0 USpice am-
IUIUTYAY MEPEMEHHOIO TOKA 4Yepe3 AUOA M €ro AUHAMHYECKOE COIMPOTUBJICHUE.
[Ipu 5TOM y4ecThb, YTO IEPEMEHHBIA TOK YEPE3 AUOJ U IEPEMEHHBIN TOK Yepe3 HC-
TouHMK V1 oguHakoBbl. YacToTa mepeMeHHOro CUTrHalla BhIOpaHa OTHOCHTEIHHO
HU3KOM JUIsl TOTO, YTOOBI MpEeHeOpeUb TOKOM 4Yepe3 eMKOCTh auojia. CpaBHUTH pe-
3yJbTaThl KOMITBIOTEPHBIX PACUY€TOB M pacyeToB 1o (opmysaMm, MPOBEACHHBIX
BBIIIIE.

5*. B cxeme Ha puc. 1 BMecTo uctounnka V1 BKiIounTh Sine source — uc-
TOYHUK TAPMOHUYECKOTO CUTHAJIA C aMIUIUTYy10M 1 BonbT u yactorou 1...5 k['u. B
pexume Tran, paccuutaTh opMy HANpsHKEHUS HA KOHTPOJIbHOM pesuctope R1.
OO0bsicHUT 3G (DEKT BBIMPSIMIICHUS TOKA, MOJy4yaeMbIil ¢ momoIbio auojaa. [lon-
KIIFOUUTD MapajuienbHo pe3uctopy R1 koHmeHcaTtop ¢ OOJbIION €MKOCThIO U TO-
JYYUTh HA BBIXOJI€ MPAKTUUYECKH MOCTOSIHHOE BBINPSAMIICHHOE HAIPSIKEHUE.

6*. M3MeHssa compoTUBIEHUE KOHTPOJbHOTO pesuctopa R1 B cxeme puc. 1,
uccnenoBath ero BiusHue Ha BAX nuona. [Ipu kakom cOnpOTHBIEHUN KOHTPOJIb-
HOTO pe3uCTOpa HEOOXOAMMO YUUTHIBATh ero BiusHue Ha BAX nuona? C kakoi
1EJIbI0 Ha MPAKTHUKE MOCIEA0BATENIBHO C JUOJIOM BKIIOUAIOTCS JOOABOUYHBIE PE3U-
CTOpBI?

7*. HaliTu eMKOCTh Juo/a MpHU mojade oOpaTHOTO HAMpPsHKEHHS, HE MPEBBI-
MIAIOIIETO HampsbKeHue mpo0os. st u3MepeHus eMKOCTH 4acTOTa BXOJIHOTO CHT-
Haja J0JKHA OBITh YCTAHOBJIEHA TaKOW OOJBIION, YTOOBI eMKOCTHOE COMPOTUBIIC-
HUE A10J1a OBIJI0O MHOTO MEHBIIIE aKTUBHOTO COTIPOTHUBJICHUSI TUOA.

4.2. NMapamMeTpbl U XapaKTepPUCTUKN OUNONSIPHbIX
TPaH3UCTOpPOB

1. Jns uccnenoBaHusl MapaMeTpoOB M XapaKTEPUCTUK OUMOJIAPHOTO N-p-N-
TPaH3UCTOPA UCIOJIb3YEM CXEeMY BKJIIOUeHHUs ¢ oOumuM smutrepom (O3), mpuse-
JIeHHY10 Ha puc. 1. BeixogHsle BoibT-amnepHble Xxapakrepuctuku (BAX) tpanzu-
CTOpa MOJyYUM IIPU U3MEHEHUHU ITOCTOSHHOIO TOKa 0a3bl, BEIUUYUHY KOTOPOTrO 3a-
JTa€M C [TOMOIIBIO0 UCTOYHUKA TOKa 1.
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Hanpsixenue Ha 6a3e paBHO HampspkeHUto B y3ie ml (puc. 1). Hanmpsixenue
Ha KOJUIEKTOPE 3aJaeTCsl C MOMOIIbBIO MCTOYHUKA MOCTOSIHHOrO HampsbkeHus V1.
Tox 6a3wr u3mensieM B mpeaenax 0...250 MKA, a HanmpspKEHUE Ha KOJJIEKTOpe —
ot 0 1o 10 BOJIBT.

Cratuueckuii Ko3(pGUUIMUEHT TMepegaud Toka 0a3pl TpaH3UCTOpa pPaBEH
Ber=(3 + I)*H, tne I' — Homep rpymmbl, H — HOMep BapuanTa. Hampumep, B
cxeme Ha puc. | UCTOIB3yeTCsl TPaH3UCTOp, Y KoToporo PBer = 25. MccnenoBanue
BbIXOJHBIX BAX, B OCHOBHOM, IIPOBOJIUM B aKTMBHOM DPEXHUME pPabOThl TpaH3U-
cTopa.

Bl ®
|

:

Puc. 1. Cxema st uccinenoBanus BeIXOIHBEIX BAX
OUITOISIPHOTO TPAH3UCTOPA

Hcnonb3yst 3a1aHHbBIA BBINIE CTAaTUYECKUM KOAGPUITMEHT nepenayn Toka 0a-
3bl, HApUCOBaTh BbIXOHbIE BAX Tpan3ucropa. [Ipu 3TOM HamnpskeHne Ha KOJUIEK-
tope uzMensieM ot 0 1o 10 B, a Tox 6a361 — oT 0 70 250 MKA c marom 50 MKA.
Hanpsixenue HachlleHUs] Ha KOJJIEKTOpE BbIOpaTh paBHbIM npumepHo 0,5 BOJb-
TaM.

2. CoOpaTh 2JEKTPUUECKYIO CXeMY, U300paXKeHHYIO Ha puUC. 1, B OKHE cXeM
nporpammsel USpice. M3mensist HanpsbkeHre Ha koiuiekTope oT 0 10 10 B ¢ manbim
marom 0,01 B u Bapeupys Tok 6a3b1 oT 0 10 250 MKA ¢ marom 50 MKA, OJTy4YUTh
BBIXO/IHBIE BOJIbT-aMIIEPHBIE XaPAKTEPUCTUKHA MOJEIUPYEMOTO TPAH3UCTOPA.

Ucnons3ys nonyyenHsie BAX, onpenenuTs craTuyeckuii Ko3PQUUIUEHT Te-
penadu Toka 6a3bl Bery MOJAETUPYEMOTO TPAH3UCTOpPA B paboueill TOUKE MpU TOKE
0a3bl, paBHoM 100 MKA, ¥ TpU HAOpPsDKEHUM Ha KOJUIEKTOPE, PaBHOM 5 BOJIBT.
CpaBHUTH cTaTudYecKuid KOA(OUIIMEHT nepeaaun Toka 0a3bl ety MOACIUPYEMO-
ro TPaH3UCTOpPA C 3aJaHHBIM CTAaTHYECKUM KOOI UITMEHT Tepesayu Toka 0asbl
Ber.

3. ns uccnenoBanusi BXoAHbIx BAX TpaH3ucTopa B cxeme ¢ OOLIUM IMUT-
TEpOM coOpaTh CXemy, MoKa3zaHHylo Ha puc. 2. Hanpsbkenue Ha 6aze 3amaercs
MOMOIIBIO UCTOYHKKA HamnpsukeHus: V2. HanpsbkeHue 3Toro MCTOYHUKA U3MEHSET-
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ca ot 0 1o 0,75 B ¢ marom 0,01 B. Hanpsbkenue Ha KOJUIEKTOpE 3aJ1aeTcsi C Mo-
MOIITBI0 UCTOYHHKA TIOCTOSTHHOTO HanpspkeHus V1. HanpsiokeHnue 3Toro MCTOYHUKA
paBHO 10 BOJIBT U HE U3MEHAETCH.

1 B

Puc. 2. Cxema 114 uccienoBadus BXOOHBIX BAX, cTaTHYECKUX U
JTUHAMHYECKUX BXOHBIX COIMPOTHBJICHUN OMIIOJISIPHOTO TPAH3UCTOpa

Hcnonesys pexxum DC u usmenss Hanpspkenne nctounuka V2 ot 0 mo 0,75 B
¢ marom 0,01 B, monyuuts Bxonnyro BAX uccnenyemoro tpansucropa. Ilpumep-
HbIM BUJ BXogHoM BAX npuBeneH Ha puc. 3.
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Puc. 3. Bxonnas BAX OumnonsipHoro TpaH3ucTopa B cxeMe

¢ OOIIUM SMUTTEPOM

Bri6pars pabouyto Touky Ha BxoaHod BAX mpu HampsikeHuu Ha 0ase, paB-
HoMm 0,7 B. Takas pabouas Touka (P.T.) moka3zana Ha puc. 3.

Paccuurare mo ¢dopmynam cTaTHU4EeCKOE M JUHAMHYECKOE BXOJHBIE COMPO-
TUBJICHHs TpaH3ucTopa B cxeme OO B BbiOpaHHOU padoueii Touke. [{nst BAX u pa-
00Yell TOYKe, MOKa3aHHBIX HA pUC. 3, BXOJTHOE CTATUYECKOE COMPOTUBIIEHUE TPAH-
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sucropa paBHo Rer = 0,7/0,2e-3 ~ 3,5 kOM, a TMHAMHUYECKOE COITPOTUBJICHHE PaB-
HO Ry~ Au/Ail = 20e-3/140e-6 = 143 Om. OOpatuTe BHIMaHUE HA TO, YTO TUHAMHU-
YECKOE CONMPOTHUBJICHUE CYIIECTBEHHO MEHBIIIE CTATHUECKOTO COMTPOTUBIICHHUS.

4*, CxeMy, MOKa3aHHYIO Ha PUC. 2, MOKHO MCIIOJb30BATh JUIsI MAIIMHHOTO
pacyeTa TMHAMHUYECKOr0 BXOJHOTO CONMPOTUBIICHUS TpaH3ucTopa. Mcnonb3yemblii
B OTOW CXEM€ HCTOYHHK MOKET BbIpaOaThIBaTh KaK IMOCTOSHHOE HAIPSKEHUE, TaK
U TIepeMeHHoe HarpsbkeHue. Hampumep, Ha puc. 2 UCTOYHHK CO3/a€T OOJIbIIOE
noctosiHHoe HarpsbkeHue 0,7 BOJIBT M rapMOHUYECKOE HAIpPSHKEHUE C MAJION aM-
uTyaou, papaot Uy, = 1 MB. I'apMoHnYeckoe HanpsiKeHUE UCIIOIb3yeM ISl HC-
CJIeIOBaHUs IMHAMUYECKUX rapamMeTpoB cxembl B pexkume AC. Kak uzBectHo, npu
MaJOM BXOJHOM MEPEMEHHOM HAIPSHKEHUU XapaKTEPUCTUKU TPAH3UCTOpA HA Iie-
PEMEHHOM TOKE JINHEAPU3YIOTCS.

PaccunTath ¢ momoineo mporpaMmMel USpice B pexunme AC BXOTHOU mepe-
MEHHBIN TOK |, Ha HU3KOM yactoTe 1 K[’ U paccyuTaTh BXOJIHOE JUHAMHUYECKOE
CONPOTHBIICHUE MojenupyeMoro tpausucropa Ry = Up/ln. CpaBHUTE BXOmHOE
JUHAMUYECKOE CONPOTUBIIEHUE Ry v MOIEIMPYEMOTO TPAaH3MCTOpPA C PACCUUTAH-
HBIM BBILIE BXOJHBIM JINHAMHUYECKUM COIPOTHUBICHUEM Ry

5*. BKJIIOUUTh B CXeMy Ha puc. 1 BMECTO OUIIOISIPHOTO TPAaH3UCTOPA MOJIEBOM
TPaH3UCTOP C yhpaBisgomuM P-N-nepexogom Tuma N-Channel JFET. Bxoanoe
HaAMPsHDKEHUE OTCEYKH ITOr0 TPAaH3UCTOpa, MPH KOTOPOM TOK CTOKA CTAaHOBHUTCS
PaBHBIM HYJI0, ycTaHOBUTH paBHbIM VTO = — 0,5%H, rne H — HOMep BapuaHTa.

JIns nostydeHust BeIXoAHbIX BAX 3TOro TpaH3ucTopa BO BXOJAHOW LIENU BMeE-
CTO UCTOYHHKA TOKa TPeOyeTCsl BKIIOYUTh MCTOYHHUK MOCTOSHHOTO HAIPSIKEHUS,
TUTFOC KOTOPOT'O HYXKHO TIOJKJIIOYHTH K 3aTBOPY TpaH3ucropa. [lpu atom Oyner pe-
M30BaHO YIPABICHUE TOKOM CTOKa MOJIEBOTO TPAH3UCTOPA C MOMOIIBIO DJICK-
TPUYECKOTO TOJISI.

N3menss Hanpsbkenue Ha ctoke oT 0 mo 10 B ¢ marom 0,01 B u Bapeupys
HanpsbkeHue Ha 3aTBope oT VTO o 0 B ¢ marom |[VTO|/S, mony4uTsh BBIXOJIHBIE
BOJIT-aMIIEPHBIE XapAKTEPUCTHUKH TOJIEBOTO TPAH3UCTOPA.

6*. B akTHBHOM pexxrMe pabOThI TOJIEBOTO TPAH3UCTOPA C YIPABJISIFOIITUM -
N-TepexoJ0M Ha €ro 3aTBOP MOJIaeTCs 3amuparoiiee Hanpspkenue. [loatomy Bxon-
Has TPOBOJAMMOCTH TOJICBOTO TPAH3UCTOPA HA MOCTOSTHHOM TOKE MPEHEOPEKUMO
Mana. OHAKO MpHU To/laye Ha BXOJ| TPAH3UCTOpa MEPEMEHHOTO CHUTHAJIa MOXKET
BO3HHMKATh YBEITUYCHHBIM TEPEMEHHBIA BXOJHOW TOK, OOYCIIOBJIEHHBIN BXOJHOMN
€MKOCTBIO TOJIEBOTO TPAH3UCTOPA.

YcranaBnuBas aMIUTUTYly TEPEMEHHOTO HANpsDKEHHS Ha 3aTBOPE TpaH3H-
cropa paBHOl 1 MB (aHamorm4HO HCClIeIOBaHUIO B II. 4*), onpeneIUuTh Ha YaCTOTE
1 MI'm amMmuTymy BXOZHOTO TOKAa M PACCUUTATh BXOJHYIO €MKOCThH ITOJIEBOTO
TPAH3UCTOPA C YIPABISIONIUM P-N-MEPEXOI0M.
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HccnenoBanre MpoBEeCTH MPHU MOCTOSIHHOM 3aIlMparoIeM HanpsiKEHUU CMe-
nmieHus, paBHbiM —0,25 BoibT. HampspkeHue OTCEUYKHM TpaH3UCTOpa YCTaHOBUTH
paBHbIM VTO B cootBeTcTBUU ¢ 1. 5*. [locTOossHHOE HaMpsHKEHHWE Ha CTOKE TpaH-
3UCTOpa JOJDKHO OBITH paBHO 5 B. PacueT BXOJHOro TOKa MPOBOJIUM B PEKUME
AC, 3agaBasi 4acTOTy BXOJHOIro curHana B nuanazone ot 0,5 MI'u mo 1,5 MI'n u
yCTaHaBJIMBas JTUHEHHBIM MacIITad Mo OCH 4acToT.

4.3. MapameTpbl U XapaKTepPUCTUKU NOneBbIX
TPaH3UCTOpPOB

1. HccnenoBanue mnapaMeTpoB M XAPAKTEPUCTUK IOJIEBBIX TPAH3UCTOPOB
IPOBOJUM JJIsl IIMPOKO HCIIOJIB3YEeMOW Ha MPAKTHKE CXEMbl BKIIOUEHHS TPaH3U-
ctopa ¢ o0muM ucrokoM (ON) (puc. 1). [Ipu pacuere BBIXOIHBIX BOJIBT-aMIIEPHBIX
xapaktepuctuk (BAX) mocrosiHHOE HanpssKEHUE HA 3aTBOPE 3a/1a€M C TTOMOIIIBIO
MCTOYHHKA HanpspkeHus V1. HampsokeHue Ha CTOKe TpaH3UCTOpa paBHO Hamlpshke-
HUIO Ha UCTOYHHKE V2.
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Puc. 1. Cxema s uccnenoBanus BbixoaHbix BAX mosieBoro Tpan3uctopa ¢

HHAYOUPOBAHHBIM KaHAJIOM

B uccienyemoil cxeMe UCIOIB3yEM II0JIEBOW TPAH3UCTOP C U30JUPOBAHHBIM
3arBopoM (M/II-Tpan3uctop) ¢ WMHAyLMpPOBaHHBIM N-kaHasoM Tuna NMOS -
VTO. ITapametp tpansucropa — ranpsicenue omceuxu VTO Toka cTOKa TpaH3U-
cTopa, yctaHapiuBaeM paBHbiM VTO = 0,1*H, rne H — HOMep BapuaHTa.

Hampumep, B cxeme Ha puc. 1 ucnons3zyercs nojeBoi Tpanzucrop M1, y ko-
Toporo Hanpspkenue otcedku VTO pasHo 1 B. [Ipu BXogHOM HampsiKeHUM Ha 3a-
TBOpe, paBHOM VTO, TOK CTOKA TpaH3UCTOpPA MPAKTUIECKU PABEH HYIIIO.

Ha npakTtuke xpome Hanpspkenust otcedku V1O ucnonb3yercs nopozosoe
Hanpsicerue Uy, OTKPBIBAHUSA TPaH3UCTOPA. [JI1 MaJIOMOIIHBIX TPAaH3UCTOPOB 3TO
HanpspKkeHue npumepHo Ha 0,5 BoabTa 0OJbllle HANPSKEHUS OTCEYKU, a UMEHHO
Unop = VTO + 0,5. T. e. npu pocTe HaNpspKEeHHs Ha 3aTBOPE OTKPHIBAHWE TPaH3U-
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3apgaHua Ha mogenupoBaHue

CTOpa MPOUCXOAUT HE Cpa3y Mpu AocTHxKeHUH HanpspkeHus VTO, a Toiabko Torna,
KOT/Ia BXOJHOE HAIIPSYKEHUE B BOJIBTaX OyJIeT NPUMEPHO PaBHO Uy, = VTO +0,5.

Wcnons3ys 3agaHHbIN BhIIIE apaMeTp — HarpsbkeHue orceuku V1O, Hapu-
coBaTh BbIxoJiHbIe BAX Tpan3ucropa. [Ipu 5ToM HampsiKeHUEe Ha CTOKE U3MEHSIEM
ot 0 1o 15 B, a nanpsbxkenue Ha 3atBope — oT 0 10 5 B ¢ miarom 1 B. Hanpspxenue
HACBIIIEHHUS JIJIs1 IPOCTOTHI BEIOPATH MOCTOSIHHBIM U PABHBIM IIPUMEPHO 1 BOJIBT.

JIJist onipenieNieHust ToKa CTOKA nepedamoyHyto 80Jibm-aMNepHyio XapaKmepu-
cmuKy TpaH3UCTOPa MPHU BXOJIHOM HAIPSKEHUU HA 3aTBOPE, MPEBBIIIAIONIEM I10-
pPOTOBOE HAMNPSIKEHUE, alllTPOKCUMUPYEM IMOJTMHOMOM BTOPOU CTENEHU:

_ 0, u, <VTG;
I, = 2 1)
a(u, —VTO)?, u, > VTO,
rae i.— TOK CTOKa, U, — BXOJHOE HAmpsHKEHHE Ha 3aTBOPE TPAH3UCTOPA,

a=0,510"° A/B®> — koa¢duupent. Hanpumep, ams tpansucropa M1 Ha puc. 1,y
kotoporo VTO = 1 B, npu HanpsbkeHUH Ha 3aTBOpe 5 B momyuuM Tok cToka 8§ MA.
OtmeruM, yto dopmyina (1) ucronb3yercst Ipu yCIOBUH, YTO HAMPSHKEHUE HA CTO-
K€ TpaH3UCTOpa OO0JIbIIIE HAMIPSKEHUS HACKHIIIICHHUS.

2. CobOpathb AMEKTPUUECKYIO CXeMY, H300paKEHHYIO Ha pUC. 1, B OKHE CXEMBbI
nporpammel USpice. B pexxume DC, uzmensis Hanpsbkenue Ha ctoke oT 0 1o 15 B ¢
ManbiM marom, paBasiM 0,01 B, 1 Bapbupys HanpsibkeHue Ha 3atBope ot 0 10 S B ¢
mrarom 0,5 B, MOIy4YuTh BBIXOAHBIE BOJIBT-aMIIEPHBIE XapaKTEPUCTUKUA MOJEIUPY-
€MOr0 TPAH3UCTOpPA.

Hcnons3ysa nomydennsle BAX, onpenenuTs MoporoBoe HampsKEHUE Uy, M
paccuyuTaTh JJIsi MOJICTUPYEMOTO TPAH3UCTOpa HAMPSKEHUE OTCEYKU O PopMmyie
VTOy01 = Unop — 0,5. CpaBHuTh Hampspkenue orcedkn VTO,,, Momenupyemoro
TPaH3UCTOPA C 3aJaHHBIM HanpsbkeHuem orceuku VTO.

3. JluHaMHYECKON KpymusHou mpau3ucmopa S Ha3bIBaeTCsS OTHOIICHHE Ma-

JIOTO MPHUPAIICHHUS TOKA CTOKA K BBI3BABIIEMY €r0 MajJoMy M3MEHEHHUIO Harpsike-
Hus Ha 3aTBope. uddepenuupys (1), npu u, > VTO nomyuum

A _saq, -vTO). )
u3
Paccuuraiite mo dopmyne (2) KpyTU3HY S HCCIEAyeMOTo TpaH3UCTOpa MpHU

S =

HANpsKEHUH Ha 3aTBOpE, paBHOM S B.

[Tonmyunte nepeaaTouHy0 BOJIBT-aMIIEPHYIO XapaKTepUCTUKY I (U,) MoJieBo-
ro Tpansucropa B pexkume DC. [t 3TOro m3MeHsiTe HampsbkeHWe Ha 3aTBOPE OT
0 1o 5 B ¢ maneim marom, pasasiM 0,01 B, a HanpsbkeHne Ha cToke 3aaite Guk-
cupoBaHHbIM U paBHBIM 10 BosbTam. [lo momyyennoit BAX mnpu HanpsbkeHUM Ha
3aTBOpE, MPUMEPHO paBHOM 5 B, HallTH KpyTU3HY S, MOJEIUPYEMOI0 TPAH3UCTO-
pa. CpaBHHUTE KPYTU3HY S, pacCUUTaHHYIO M0 hopmyiie (2), U KPyTU3HY S, TOJIy-
YEHHYIO MPU MOJEIMPOBAHUH MTOJIEBOTO TPAH3UCTOPA.
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4%, JIAHAMUYECKUM CONPOMUBIEHUEM MeHCAY CMOoKoM U ucmokom R, Tpan-
3UCTOpPA HA3bIBAETCSI OTHOILICHUE MAJIOTO MPUPALICHUS HANPSKEHUS Ha CTOKE K
MOSIBIIAIOLIEMYCS MAJIOMY U3MEHEHHIO TOKA CTOKA TpaH3ucTopa. B cooTBeTCTBUM C
M. 2 TOJIYYUTE BBIXOJHBIE BOJBT-AMIEPHBIE XAPAKTEPUCTUKU MOACIHPYEMOIO
TpaH3ucTopa. [Ipu BXogHOM HanpshkeHuU, paBHOM S B, onpenenure Ha TMHEHHOM
yuyactke BAX BOnu3u HampsbkeHus Ha ctoke, paBHoMm 10 B, compotuBnenue R,
ME¥K]ly CTOKOM U UCTOKOM TPaH3UCTOPA.

CxeMy, MOKa3aHHYIO Ha pucC. 1, MOXHO MCIIOJB30BaTh JJIs1 MAIIUHHOTO pac-
4yeTa TMHAMUYECKOTO COMPOTUBIICHUS MEKY CTOKOM M UCTOKOM R, TpaH3HCTOpa
Ha NepeMeHHOM Toke. Mcrnonb3yeMblil B 3TON cxeme UCTOUHUK V2 MOXKeT BbIpaba-
THIBATh KaK MTOCTOSIHHOE HAIPSKEHHUE, TaK U IEPEMEHHOE HANPSKEHUE. Y CTAaHOBU-
T€ JUIsl UCTOYHUKA V2 KpoMe HMCXOJIHOTO OOJIBIIOTO MOCTOSHHOTO HAIPSKEHUS,
paBHoro 10 B, gononauTensHo, aMutyny, paBuyto Uy = 1 MB, 1t rapmonunye-
CKOro HampsikeHus. Kak u3BeCTHO, IPU MAJIBIX TEPEMEHHBIX HANPSHKCHUSAX Xapak-
TEPUCTUKHU TPAH3UCTOPA HA IEPEMEHHOM TOKE JIUHEAPUZUPYIOTCSL.

Omnpenenure ¢ MOMOIIBIO MporpaMmbl USpice B pexxume AC aMIUTUTY/Ty BbI-
XOJTHOTO TIepeMeHHOro Toka |, Ha Hu3koM yactote 1 k'l U paccuuTaiiTe BHIXO-
HOE JITMHAMHUYECKOE COMPOTUBJICHUE MOJCITUPYEMOTro TpaH3ucTopa Re, y = Un/lpn.

HccnenoBanre NpoBECTH MPU NOCTOSIHHOM HANPsKEHUU Ha 3aTBOPE, PABHOM
5 B, 1 npu MOCTOSTHHOM HaIpsHKEHUU HA CTOKE TpaH3ucTopa, pasHom 10 B. Pacuer
aMIUTUTYBI TOKA |, ipoBoiuM B peskume AC, 3a1aBasi 4aCTOTY BXOJHOTO CUTHAJA
B quamna3one oT 1 k' 1o 4 x['11 m ycraHaBiauBash TMHEHHBIM MaciiTad 1Mo OcH 4a-
CTOT.

CpaBHUTE BXOAHOE IWHAMUYECKOE COMPOTUBIEHUE R, MOJEIUpyeMOTo
TPAH3UCTOPA C PACCUUTAHHBIM BBIIIE BBIXOJIHBIM JTUHAMUYECKUM CONPOTUBICHUEM
Reu-

5%, OcoOeHHOCTh KOHCTPYKITMHU TOJIEBOTO TPAH3UCTOpPA, — €r0 MeTajuIhye-
CKHI1 3aTBOp OTAEISAETCA OT MOJYNPOBOJIHUKOBOIO KaHalla BBICOKOKAYECTBEHHBIM
IUAAEKTpUKOoM. [103TOMy Ha MOCTOSIHHOM TOKE BXOJIHAsI MPOBOJUMOCTD MOJIEBOTO
TpaH3ucTOpa Mpenedpexnmo mana. OIHAKO MpU Mojade Ha BXOJ TPaH3UCTOpa Tie-
PEMEHHOTO HAIpPSHKEHUSI C BBICOKOM YaCTOTOM BO3HHUKAECT MEPEMEHHBIA BXOJIHOM
TOK, 00YCJIOBJIEHHBIN €MKOCTBIO 3aTBOP-UCTOK C,; TTOJIEBOT0 TPAH3UCTOPA.

VYcranaBnuBas amIUIMTYJly MEPEMEHHOIO HAMpSHKEHUS Ha 3aTBOPE TPAH3MU-
ctopa paBHoil Uy, = 100 mB, onpegenuts Ha yactote Fy =1 MI'n ammutyny
BXOJIHOTO TOKa |, ¥ paccuuTaTh BXOJIHYIO eMKOCTh C,, TOJIEBOTO TPAH3UCTOPA.

Kak u3BecTHO, amrumMTyma Toka depe3 eMKocTh C,,, PpacCUMTHIBAETCS TIO
dbopmyre

U

BX

I, =—=
" 1o,C,
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3apgaHua Ha mogenupoBaHue

I7I€ My — YacTOTa BXOJHOTO CHUTHAJA B paJiiaHax Ha CEKYyHIY, paBHas 27tF ., Fuy
— YacToTa BXOJHOrO cuTHajia B repuax. CienoBarenbHo, eMKocTh C,, MoJjieBOro
TPaH3UCTOPA OMPECIAETCS BIPAKCHUEM

|

_ BX
Co U, 2nF,
HccnenoBanre npoBECTH MPU MOCTOSIHHOM HaNpsHKEHUHM HA 3aTBOPE, PABHOM
5 B. IlocTosiHHOE HaINpsOKEHUE Ha CTOKE TPaH3UCTOpa JOKHO ObITh paBHO 10 B.
Pacuetr BxomHOro TOKa nmpoBoauM B pexknume AC, 3aaBas 4acTOTY BXOJHOTO CHUT-
Haja B auarnaszone ot 0,5 MI'n no 1,5 MI't u yctanaBiuBas JTUHEHHBIA MaciiTad
110 OCH 4acCTOT.

4.4. IneKTPOHHbIe KI4YM Ha TPaH3McTopax

1. Mccnenyem 31eKTpOHHBIN KJIHOY Ha MOJEBOM TpaH3uctope (puc. 1). B cxe-
Me KJTro4da Mcroiib3yeM mnosieBoid Tpansuctop tama NMOS - VTO-I, e 1" = 1, 2,
..., 5 — HoMmep rpynnsl. Hanpsxcenue omceuku VTO TOKa CTOKa TpaH3UCTOPA
ycranaBnmuBaeM paBHeiIM VTO = 0,1*H, rne H — HOMep BapumanTa. TpaH3ucTop
MMEET U30JUPOBAHHBIN 3aTBOP U MHAYLUPOBAHHBIN KaHal N-tuna (puc. 1).
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Puc. 1. Cxema nns uccnenoBanust BeIxoaHbIXx BAX nosieBoro Tpansucropa

CxeMa, moka3zaHHas Ha puC. l,ucronb3yercsl s MOJyYEHHS BBIXOIHBIX
BOJIbT-aMIIepHbIX XapakTepucTuk (BAX) noneBoro tpan3ucropa. Hanpsikenue Ha
CTOKE 3a/1a€TCsI C MMOMOILBI0 HCTOYHHMKA IMOCTOSIHHOrO HampsikeHus V1. Iloctoss-
HOE HaNpsDKEHHE Ha 3aTBOPE 3a/a€M C MOMOUIbI0 MCTOYHMKA HampsbkeHus V2. B
CXeMe Ha pHc. | mOKa3aH MOJIEBOW TPAH3UCTOP, Y KOTOPOTO HANPSKEHUE OTCEUKH
VTO pasuo 1 B.

Co0Oparh IMEKTPUUECKYIO CXeMy, M300paKeHHYIO Ha puc. 1, B OKHE CXeM
nporpammbl USpice. B pexxume DC, nsmensis HanpsbkeHue Ha ctoke oT 0 10 5 B ¢
MaJibIM [arom, paBHeIM npumepHo 0,01 B, u Bapbupys HalpsHKEHUE Ha 3aTBOPE OT
0 o 5 B ¢ marom 0,5 B, noJlyuuTh BBIXOJIHBIE BOJIbT-aMIIEPHBIE XapPAKTEPUCTUKHU
MOJEJIUPYEMOT0 TPAH3UCTOPA. 3aMETUM, YTO MPU YBEIMYECHUH HANPSKEHUS HA 3a-
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ANeKTPOHHbIe NpUbopbLI U LUcpoBbLIE YCTPOUCTBA

TBOpPE OTKpPbIBAaHUE TPAH3UCTOPA IPOUCXOJUT HE Ccpa3y INOCIe TOCTUKEHUS
HanpspkeHusa V1O, a npu NOABICHUU 10p0206020 HANPAX#CEHUSA Upgp, PABHOTO B
BOJIBTAX Uy, = 0,5+VTO.

VYBenuunuTh pazMep OKHa ¢ BBIXOJHBIMH BAX M cKONMpPOBaTh MOJYYEHHBIE
BAX B okHO rpaduueckoro peaakropa Paint. Hanectu Ha Beixogusie BAX naepy-
30UHYI0 NpsAMYI0 TS CONPOTUBIICHHS HArpy3ku, paBHOM 5 kKOM. Omnpenenutsb
HarpspKeHUs Up U Uj, COOTBETCTBYIOIIME JIOTUYECKOMY HYJIIO U JIOTUYECKOM €lIH-
HUILIE Ha BBIXOJIEC KJIF0Ya, COOTBETCTBEHHO. 3J1€Ch U aJiee JIJIsl IPOCTOTHI MOJIAraeM,
YTO BXOJHOE HAMNPSHKEHUE, COOTBETCTBYIOIIEE JOTUYECKOMY HYJIIO Ha BXOJE, PaB-
HO HYJIO, a2 BXOJHOE HAIPSIKEHHE, COOTBETCTBYIOIEE JIOTUYECKON EOUHHUIIE Ha
BXOJI€, PABHO 5 BOJIbTaM.

I
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Puc. 2. Cxema kitoua 1151 MPOBEPKU HAMPSIKEHUM, COOTBETCTBYIOIINX

JIOTHYCCKOMY HYIIIO U JIOTUYECKOM CAMHUIIC

2. JIyis IpOBEPKH MOJYUYEHHBIX BBIIIE HAPSLDKEHUM Ug U U; cOOpaTh AJIEKTpH-
YECKYI0 CXEMY, M300paKEHHYIO Ha pHUC. 2. YCTaHOBUTH HANpsDKEHUE HA BXOJE
KJtoua, paBHoe 5 B, u B pexxume OP HailTh HanpspkeHre M2, Ha BBIXOJIE, COOTBET-
cTBytolee jornyeckomy 0. 3aTeM yCTaHOBUTH HAIIPSIKEHHWE HA BXOJE KIKOYa, PaB-
Hoe 0 B, u B pexxume OP HaliTu HampsikeHue M2; Ha BBIXOJI€, COOTBETCTBYIOIIEE
JIOTHYECKON 1.

CpaBHUTDH HaMpsKEHUST M2y, M2, ¢ HANPSDKEHUSIMU Ug U Uy, PACCUUTAHHBIMU
C UCIIOJIB30BaHUEM BBIXOAHBIX BAX moJIeBOro TpaH3UCTOpa U HATPYy30YHOM Ipsi-
MOH.

3. Jluid nostyd4eHusl epeKIIF0YaTeIbHON XapaKTEPUCTUKU JIEKTPOHHOIO KIIO-
4a Ha MO0JIEBOM TPaH3UCTOpE coOpaTh cxemy, ITOKa3aHHYIo Ha puc. 3. Hanpskenue
Ha 3aTBOPE TPAH3MCTOpa 3aJAeTCsl C IOMOIIBI0 HCTOYHUKA HampsokeHus V2.
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Hanpsixenue storo ucrounuka mmensieM ot 0 1o 5 B ¢ ManbiM 11arom, paBHbIM
npumepro 0,01 B. C nomonipio HICTOYHUKA TOCTOSIHHOTO HanpsbkeHust V1 3amaer-
csi (PMKCUpPOBAHHOE HANpsDKeHHE Ha KoJuiekTope. Hampspkenue ncrounuka V1 3a-
JTa€M PABHBIM 5 BOJIbTAM U HE U3MEHSIEM.

Ucnons3ys pexxum DC u n3MeHsisi HanpsbKeHWe BXOAHOTO UCTOYHMKA V2 ot
HyJsg 10 5 B ¢ mManeim marom, paBubiM npumepHo 0,01 B, monyuuTs nepexitoda-
TEIbHYIO XapaKTEePUCTUKY Hccheayemoro kitoua. [lo mepexnroyarenbHOM Xapak-
TEPUCTUKE OMPENETUTh HANPSHKEHUS Uyg M Uy, COOTBETCTBYIOLIUE JIOTHYECKOMY
HYJIIO U JIOTUYECKON €AMHUIIE Ha BBIXOJIE€ KJIF0Ya, COOTBETCTBEHHO.

2

Il
m e E00k
I B[

=i

Puc. 3. CxeMa 31€KTpOHHOTO KJTt0Ua ISl HOJIYyUYEHHUS

NEPEKITI0UATETbHON XapaKTEPUCTUKH

CpaBHUTDH HaMNpPsHKEHUS Uy U Uy, TIOTYYEHHBIE C UCTIOIB30BAHUEM MEPEKITIO-
YaTeJILHON XapaKTepUCTUKU, U HANpsiKeHUs Uy U Up, TTOJTYyYEHHbIE C MCIOJIb30Ba-
HUEeM BBIXOJHBIX BAX mojieBOro TpaH3UCTOpa MpPH MOCTPOCHUU HATPy304YHOM
IIPSMOM.

4*, UccnenoBaTh BIAUSHUE COMPOTUBIICHUS HArpy3Ku Ha HampspKeHue U;, co-
OTBETCTBYIOIIEE JIOTUYECKON eMUHMIIBI. {15 3TOro moaath Ha BXOJA CXEMbl, U300-
pPaXXEHHOM Ha puc. 3 BXOJAHOE HANpPsHKEHUE, paBHOE HYIIIO, U UCTIOJNB3Ys pexxkum OP
OTIPENICNIUTh HAMPSDKEHUS M2, paBHBIC Uy, TPU Pa3HBIX COMPOTUBIICHUSIX R, Harpy-
304HOTO pe3uctopa R2, u3MeHsANMXCs, Hanpumep, CIeAyIuM oopazoM: 2,5
kOwMm, 5 kOm, 10 kOm, 20 kOmM, 50 kOm, 500 kOm. JlaHHbIC 3aHECTH B TaOJIHUILY.
[ToctpouTtsh rpaduk 3aBucumoctu Ui (Ry).

[Tonarasi, 4T0 MHUHUMaJIbHOE HAIPSIKEHUE, COOTBETCTBYIOIIECE JIOTHUUYECKOM
€JMHUIIBI, PABHO MPUMEPHO 2,5 B, HATU MUHUMAJIBHOE IOMYCTUMOE COMPOTHB-
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JIeHUE Harpy3ku Ry, TPU KOTOPOM HA BBIXOAE COXPAHSAETCA JIOTMYECKasi eIUHU-
a.

Ucnonb3ys hopmyiny 3akoHa OMa, paccuuTaTh ¢ UCIOIB30BAHUEM KaJIbKYJIs-
TOpa OJHO U3 HANPSLKEHHWM Up, TPUBEACHHOE B MOJYyYEHHOH BbIlie Tadnuie. [lpu
pacyeTe COMPOTUBIECHUEM 3aKphITOro Tpansuctopa M1 B cxeme puc. 3 MOXKHO
npeHeopeyb.

5*. OnpenenuTh OCHOBHBIE CTATUUECKUE MapaMeTphl KiIt04a Ha OUIOJIIPHOM
TpaH3ucrope. s 3TOro yCcTaHOBUTH B CXEME 3JIEKTPOHHOIO KJIloya Ha puc. 3
BMECTO II0JIEBOIO TpaH3ucTopa OumossgpHbiid Tpansuctop tuma NPN - beta, ¢ u3-
MEHSAEMbIM KO3 (UIMEHTOM Mepenaur Toka 0a3bl. CtaTudeckui Kod(ppuiueHT
nepeaadr Toka 0a3pl OUMOJAPHOTO TPAH3UCTOPA YCTAHOBUTH PaBHBIM [Pcr= 5*H.
3necb H— HOMep BapuaHTa.

VYcraHoBUTH HanpsbKeHHWE Ha Bxojie kirova, paHoe 0 B, u B pexxume OP
HaWTH HampsDKEHHE M2; Ha BBIXOJIE, COOTBETCTBYIOIIEE JIoruyeckoi 1. YcraHo-
BUTH HANpPsDKEHHE Ha BXOJeE Kitoua, paBHoe 5 B, u B pexxume OP HaliTu Hanpsoke-
HUE M2( HAa BBIXOJIE, COOTBETCTRYIOIIEE JIorrnueckomy ().

CpaBHUTDH TOJIyYCHHBIC HAMIPSHKEHUST M2p 1 M2; U HanpsbKeHUs Ug U Uy, pac-
CUMTAHHBIC paHee /I KIoYa Ha TOJIEBOM TPAH3UCTOPE MPU COMPOTUBICHUU
Harpy3ku, paBHoM 500 kOwm.

6*. IlonyynTh TEepPEeKITIOYaATENbHYI0 XapaKTEePUCTUKY KIII0Ya HA OUTIOJIIIPHOM
TpaH3uctope. JJis 3TOro B cxeme 3JIEKTPOHHOTO KJIF0Ya Ha pHC. 3 yCTaHaBIMBAaEM
ounonspubIi Tpansuctop Trma NPN - beta. Cratuueckuii ko3 duimeHT nepenadn
TOKa 0a3bl OMIOJSPHOTO TPAH3UCTOPA YCTAHOBUTH paBHBIM Pcr= S*H. 3aecy H
— HOMEp BapHaHTa.

Hcnons3ys pexxum DC u u3MeHsiss HanpsbkeHUe BXOJAHOTO MCTOYHMKA V2 OT
Hyqs 10 5 B ¢ mansim marom, paBHeiM npumepHo 0,01 B, nonyuuts nepexmitoua-
TEJIBHYIO XapaKTEePUCTUKY KJtoua Ha OunoisipHoM Tpansuctope. [lo mepekitoua-
TEJIHLHOW XapaKTEPUCTUKE OMPENCTUTh HAMPSIKEHUS Uy U Uy, COOTBETCTBYIOIINE
JIOTUYECKOMY HYJTIO Y JIOTUYECKOM €IMHUIIC Ha BHIXOJIC KIJIF0Ua, COOTBETCTBEHHO.

CpaBHUTDH HaIPSIKEHUS Uy U Uy, TIOTYYEHHBIE C UCIIOJIH30BAHUEM TIEPEKITIO-
YaTEIHbHOU XapaKTEPUCTUKH, U HATIPSDKCHUS M2y 1 M2, MOJTYyYSHHBIE C UCIOJIB30-
BanueM pexxnma OP. OTMeTuTs npenMyInecTBa U HEJOCTATKU KITFoua Ha OUTIOsIp-
HOM TPaH3UCTOPE N0 CPABHEHUIO C KITFOYOM Ha MOJIEBOM TPAH3HUCTOPE.

4.5. AmHaMmn4yeckue napamMmeTpbl 3NEKTPOHHbIX
Knoyeun

1. UccnenyeM quHaAMUYECKHE TTapaMETpPhl JICKTPOHHOTO KJII04Ya Ha IOJIECBOM
TpaH3ucTope. B cxeme kitoua Ha puc. | MCOIB3yeM MOJICBOM TPaH3UCTOp U3 OMO-
muotexku «MII-tpanzuctops» Tuma NMOS - VTO-I, rne I'=1, 2, ..., 5 — Ho-
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Mep Tpymmbl. VICronb3yeMblid TPaH3UCTOP UMEET W30TMPOBAHHBIN 3aTBOP M MHAY-
IIUPOBAHHBINA KaHaJ N-THIIA.

Hanpsioicenue omceuku VTO Toka cTOKa TpaH3UCTOpa YCTaHABIMBAEM paB-
HeiM VTO = 0,1*H, rne H — Homep BapuanTta. Hanpumep, B cxeme, MpUBEICHHON
Ha puc. |, ucmonp3yercs mojeBoil Tpanuctop M1, y KOoToporo HampspKeHUE OT-
ceuku VTO pasno 1 B (Homep Bapuanta H = 10).

3aMeTHM, 4TO B MPEACTABICHHBIX HUXKE CXeMaX OTKPBIBAHME TPaH3UCTOpa
MIPOUCXONT MPH TIOJja4u YBEIHMUEeHHOTO 10 cpaBHeHHIO ¢ VTO, Tak Ha3pIBaeMOTO,
nOpo206020 HANpsdiceHusi OTKPBIBAaHUS TPAH3UCTOpPA, PaBHOTO B BOJbTaX

Unep = 0,5+VTO.
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Puc. 1. Cxema s ucciaenoBaHus BIUSHUSA BXOJHON €EMKOCTH IIOJIEBOT'O

TPAaH3UCTOPA Ha MEPCXOAHBIC ITPOLCCCHI B KIIIOYC

B oxHe cxem mporpamMmbl USPICE coOpaTh 3JICKTPUUECKYIO CXEMY KIIoua,
n300pakeHHyto Ha puc. 1. Ha BXoae kitoua BKIIOYUTH UCTOUYHUK V2, TEHEpUPY-
FOIIMI KOPOTKHUM TNPAMOYTOJIbHBIM HMMITYJbC. AMIUIMTYyAa UMITyJibca paBHa 5 B,
JUTMTENIbHOCTh uMIyJbca paBHa 500 He. g ynoOcTBa Mccie0BaHUsl HA4alo UM-
nyJibca 3ajaepxkuBaeM Ha 100 He. [ Toro yToObl HAOMIOAATH PEAKIIHUIO TOJIBKO Ha
OJIUH MMITYJIbC, YCTAHABIMBAEM YBEIUYEHHBIN MMEPUOJ MOBTOPEHUSI BXOJHBIX UM-
IIyJIbCOB, PABHBIN 2 MKC.

JUINTENbHOCTH MEPETHErO U 3aJHETO (PPOHTOB BXOJAHOIO MMITYJIbCA OCTABIISA-
€M paBHbIMH 1HC 10 ymMoa4aHuio. B 3TOM ciyyae Ha BXOJ€ NMOJYyYUM PAKTHYECKH
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UJCIbHBIA MPAMOYTOJIbHBIM HUMITYJIbC, TPU BO3JAEHCTBUU KOTOPOTO YAOOHO
Ha0II0AaTh U3MEHEHHE (DOPMBI UMITYJILCOB Ha BBIXOJIE KJIHOYA.

Jlnst u3MepeHusi TOKa CTOKa TPAH3UCTOpa B CXEMy KJIIOYa BKIIIOYEH KOH-
TPOJIbHBIN pe3uctop R2 ¢ ManmbiM compotuBiiennemM, paBubiM 1| Om. Hanpsbxenue
Ha 3TOM PE3UCTOPE YKUCIECHHO PABHO TOKY CTOKA TPAH3UCTOPA.

ComnpotuBiieHHe BHEIIHEH Harpy3ku R3 ycTaHOBIEHO OOJBIINM, PaBHBIM
500 kOM. DTOT pe3ucTop UMUTHPYET OOJIBIIOE BXOAHOE COMIPOTUBRIICHUE MTOJIEBOTO
TpaH3UCTOpa CJIEAYIOIIEr0 Kackajga M MPaKTUYECKU HE BIMSET Ha TNEPEeXOIHbIe
MPOILIECCHI B CXEME.

2. UccnenoBarh BIUSHUE BXOJIHOM €MKOCTH IMOJIEBOTO TPaH3UCTOpPA Ha Mepe-
XOJTHBIE TIPOLIECCHI B AJIEKTPOHHOM Kitoue (puc. 1). Mcnonb3yeMsblit B cxeme TpaH-
suctop M1 tuma NMOS-VTO-I" uMeeT OTHOCUTEIBHO OOJIBIIYI0 BXOJHYIO €M-
KOCTb, paBHYIO C,y = (10+5*") n®d, rae I'— HOMEP TPYIIIIHI.

Hcnonb3ys pexum Tran u ycTaHaBiIMBasi BpeMsi aHAJIM3a, PaBHBIM MIPUMEPHO
1,5 MKC, MOJy4UTh 3aBUCUMOCTH HampspkeHud M1, m2, m4 ot Bpemenu. s ana-
an3a GOpMbI TOKA CTOKA PEKOMEH]IyeTCsl B OKHE TpadUKOB OJJHOBPEMEHHO BBECTHU
BemmuuHy 1000¥(m4—m3), rae (M4-m3) — najeHue HanpsHKEHUS Ha KOHTPOJIb-
HOM pe3uctope R2, 4uclieHHO paBHOE TOKY CTOKa TPaH3UCTOpA. Y MHOXKEHHE Ha
1000 3nmech ucnonb3yercs s yaoOcTBa HaOmoeHusT GOpMBbI TOKa CTOKA Ha Tpa-
¢dbuKax, COBMECTHO C HAMpPSHKEHUSMH, KOTOpPbIE PACCUUTHIBAIOTCS B BOJbTax. B
ATOM cllydyae U3MEHEHHUIO HANPSHKEHUS HAa OJWH BOJIBT HA TakuX rpadukax Oynaer
COOTBETCTBOBAaTh U3BMEHEHUE TOKA CTOKA, paBHOE | MA.

OnpenenuTh MO TMOJYYCHHBIM Tpadukam 3adepiicky omipwvleanus t,, Onu-
menvHOCmb nepeone2o Gpornma tyy U 3a0epoicky pacnpocmpanenus t, 1 Mone-
JUPYEMOTO KITro4a. 3aJepKKy OTKpbIBaHHs t, ompeaenseM, Kak Bpemsi OT Hayaia
BXOJIHOTO UMITYJIbCa JJO MOMEHTA IOSBIICHUS MOJOKUTEILHOTO TOKa cToKa. J[iu-
TEJILHOCTh NEPENHEr0 (POHTA ly; BBIXOJHOIO MMITYJIbCA HANPSIKEHUS H3MEPIEM
Ha rpaduxke o ypoHsm 0,5 B u 4,5 B. 3anepxky pacnpocTpaHeHUs ©U3MepsieM Ha
rpaduike BBIXOJHOTO HAIpPsOKEHUS, KaK BpeMs OT Hadasila BXOJHOTO MMITYJIbCa IO
MOMEHTA, KOTJIa CIaj] BBIXOJHOTO HAIMPSHKEHUS JOCTUTHET YPOBHS, paBHOTO 2,5 B.

CpaBHUTH TIOJyYEHHBIE B PE3yJIbTaTe MOJCIUPOBAHUS JUHAMUYECKUE TMapa-
METpBI C TTapaMeTPaMH, PACCUYUTAHHBIMHU T10 TIPUBEACHHBIM HIKE (hOpMYyJTIaMm.

3aoepoicky omKpbleanusi pacCUUTHIBAEM 10 GpopMmyiie

t =7 _In| ———|,

—-u

v} op

r1ae Ty = R.C,; — NOCTOsIHHAsE BpeMEHU BXOJHOM 1enu, R, — BHyTpeHHee corpo-
TUBJIEHHWE Te€HepaTopa, paBHOE compoTuBieHuto pesuctopa R4, C,, — BxonHas
€MKOCTh MEXJYy 3aTBOPOM U HCTOKOM TpaH3UCTOpA, paBHas MPUMEPHO
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(10+5*) n®, E,— HampsokeHue mnuraHus, paBHoe 5 B, U,, — mOporosoe
Harnpspkenue, papHoe 0,5+VTO.
JITMTeNbHOCTH TIepeHero PpoHTa ompeersieM mo Gopmyre

t —7 In By Uy
nd ~ UBX )
II - u3H
rac U,y, — HapsDKCHUC HACBINICHHUA Ha 3aTBOPE, IIPH KOTOPOM TOK CTOKA JOCTUTa-
€T HACBIIICHHUA U IICPCCTACT PACTHU (OHPCHCHHCTCH 110 Fpa(bI/IKy HJIA TOKa CTOKa).

3aodepoicky pacnpocmpaHrenus pacCUUThIBaEM 10 popMyIie
p
.
3p 3 '
2

VYKka3aTb BO3MOKHBIE NMPUYUHBI PACXOKICHUSA PE3YJIbTATOB, PACCUUTAHHBIX
1o opmyJiam, ¥ TaHHBIX, TOJTYYEHHBIX TIPU MOJICIIMPOBAHUH.

3. JIns uccneioBaHus BIMSHUS BBIXOJIHOW €MKOCTH TOJIEBOTO TPAH3UCTOPA U
€MKOCTH Harpy3Kd Ha TEpEXOJIHbIC MPOIECChl B AJIEKTPOHHOM KIIOUE cOOpaTh
cXeMy, MOKa3aHHyIo Ha puc. 2.
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Puc. 2. Cxema JJIA UCCJIICA0OBAaHUA BIINSIHUA BI)IXO)IHOI71 €MKOCTH ITIOJIEBOT'O
TPAH3UCTOpa U EMKOCTH HArpy3KHu Ha MEPEXOAHBIC ITPOIECCHI B KITIOYEC
BeixonHasa emkocTh C.,; MEXKIY CTOKOM U HCTOKOM MCHOJIb3YEMOIO MOJIEBOTO
Tpan3uctopa paBHa npumepHo 10 n®d. EmkocTts BHemHel Harpy3ku C, BbIOpaHa
paBHOM BXOJHON eMKOCTH C,, MOJIEBOTO TPAH3UCTOPA, — MPEAIOIaraeTcs, 4YTo B
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KaueCcTBE HArpy3Kd Ha BBIXOJIE KJF0Ya BKIIFOUEH AHAJIOTUYHBIN KJIIOY Ha MOJEBOM
Tpan3ucrope. Ha puc. 2 nokazana eMKoCTh Harpy3ku, paBHas 20 nd (BapuaHT st
2-oui rpynmbl). Ha 3aTBOp TpaH3ucTOpa BO3ACHCTBYET KOPOTKHM MPSMOYTOIbHBIN
UMITYJIbC, ONTUCAHHBIN B 1. 2.

Hcnonb3ys pexum Tran u ycTaHaBiMBasi BpeMsi aHAJIM3a, PaBHBIM IPUMEPHO
1,5 MKC, TTOTyYUTh 3aBUCUMOCTh HampsbkeHud M1, m2, m4 ot Bpemenu. [1ns aHa-
au3a (GopMbl TOKa CTOKa B OKHe rpadukoB BBoguM BeaumunuHy 1000*(m4-—m3).
YMmuoxenue Ha 1000 npu UCOIB30BaHUM BEPTUKAIBLHOM OCH B BOJITAX MO3BOJISI-
€T OIpEACIUTh TOK CTOKa B MIJIJTMaMIIEpax.

Haiiti 10 mosy4eHHbIM Tpadukam amniumyody écniecka Al, B Hadaie UM-
MyJibca TOKa CTOKa. DTOT BCIUIECK O0YCIIOBIIEH pa3psioM KoHaeHcartopa C, depes
OTKPBIBAIOIIMICS TPAH3UCTOP KIIHOYa.

OnpenenuTs U1 MOAEIUPYEMOTO KIII04Ya OIUMeNbHOCHb 3a0He20 Gpporma ty,
BBIXOJIHOTO MMIYJIbCca HarpsbkeHus no ypoBHsMm 0,5 B u 4,5 B. Pacuernas nnu-
TEJIBLHOCTH 33JHET0 (PpOHTA ompenesnsiercs o popmye

th, =2,27

BBIX !

TJI€ Tyux — ReCyix — MOCTOSIHHAS BPEMEHHU BBIXOJIHOM 11€TTH, R, — COMPOTHUBIICHUIO
pesuctopa R1, Cyx — pe3ynbTUpYIONIAsl BHIXOAHAS €MKOCTh, paBHAs CyMME €M-
KOCTH MEXIY CTOKOM U UCTOKOM U eMKOCTH Harpy3ku: Cp = Coy + C,. CpaBHUTH
NOJYYEHHYIO IIPU MOJEIMPOBAHUU JIIUTEIBHOCTS t,4 C paCYETHON UIUTENBHOCTHIO
3aj1Hero (ppoura t}, .

4. 151 ucciaenoBaHMs BIUSHUAS EMKOCTH MEX]Y 3aTBOPOM M CTOKOM IOJIEBO-
ro TpaH3ucTopa (MPOXOAHOW EMKOCTH) Ha MEPEXOJHbIE MPOLECCHI B JIIEKTPOHHOM
KITIF04Ye coOpaTh cXeMy, MOKa3aHHYI0 Ha pHUC. 3. 31eCh ISl HArJIAIHOCTH UCCIEO-
BaHMUSI MEXIY 3aTBOPOM M CTOKOM TPAaH3UCTOpPA BKIIOUEH JOMOIHUTEIbHBIN
BHEILIHUN KOHAEHCATOP, EMKOCTh KOTOporo paBHa 3 nd. CoOCTBEHHass BHYTpPEH-
HSI1 €eMKOCTh MEXKIY CTOKOM M 3aTBOPOM HCIIOJIb3yEMOTr0 MOJIEBOIO TPAH3UCTOpA
paBHa npumepHo (1+0,5*) n®, rne I" — Homep rpymnmbl. CienoBareibHO, pe-
3yJILTUPYIOIIAsl IPOXO/IHAsE eMKOCTh OyneT paBHa C,. = (4+0,5*1) n®.

Hcnonb3ys pexum Tran U ycTaHaBiIMBasi BpeMs aHalu3a, paBHBIM TPUMEPHO
1,5 MKC, TTOTyYUTh 3aBUCUMOCTh HanpsbkeHud M1, m2, m4 ot Bpemenu. s aHa-
nu3a popMbI TOKa CTOKA B OKHE TpadukoB BBoauM BenuuuHy 1000*(m4—m3).

[TosiBneHne MNpPOXOJHON €MKOCTH OO0YCIaBiIMBaeT MOSIBICHHE HEOOJbIIOTrO
BCILJIECKAa HA rpaduKe BBIXOJHOTO HANPSLKEHMS, JUISIIErocs AJi CXEMbl Ha puC. 3
npumMepHo oT MoMeHTa BpemeHu 100 Hc no mMomenta Bpemenu (170...200) Hc.
DTOT BCIIeCK OOYCIOBIIEH MPSMbBIM MPOXOKJACHUEM BXOJHOTO MMITYJIbCA HaIpsi-
XKeHUs yepe3 eMKOCThb (., Ha BBIXOJ KiIt04a. TPaH3UCTOP B 3TU MOMEHTHI BPEMEHHU
IPAKTUYECKH 3aKPBIT U TOK, IPOTEKAIOUMil yepe3 KoHaeHcaTop C,., B TPAH3UCTOP

39



3apgaHua Ha mogenupoBaHue

HE OTBETBIIAETCS, a BECh MOCTYIAET Ha BbIXoA. OnpenenuTe no noJxy4YeHHbIM Ipa-
bukam amniumyody ecniecka HanpsaxceHus AU, Ha CTOKE TPaH3UCTOpA.
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Puc. 3. Cxema s uccieoBaHus BIUSAHUS €EMKOCTH MEXY 3aTBOPOM H
CTOKOM TIOJICBOTO TPAH3UCTOPA Ha MEPEXOAHBIC MPOIECCHI B KITFOUE

AHanoruyHbBI HEOOJBIIONW BCIUIECK, TOJILKO OTPHUIATEIBHOW MOJISPHOCTH,
BO3HUKAET HA Tpaduke Toka cToka. OH AJTUTCS AJIsi CXEMbl, PUBEJICHHON Ha PUC.
3, npumepHo oT MomeHTa BpeMenu 100 e 10 momenTa Bpemenu (170 ... 200) Hc.
Tok uepe3 emkocTh C,. OyJET HaMpaBieH MPOTUB TOKA CTOKA, KOTOPHII MOSBISET-
Csl MPU OTKPBIBAaHWUU TpaH3ucTOpa. [103TOMYy OH MMEET OTpPUIATENBHYIO MOJISIp-
HOCTh. HaiiTu mo mosrydeHHbIM TpaduKaM OTPHULATEIbHYIO aMHIUMYOY 8CNIECKd
moka Al TOKa CTOKa TpaH3UCTOpa.

5%, Onpenenuth 3aIep>KKy OTKPBIBAHUS, JUTUTEILHOCTh MEepeIHEr0 (GpOHTA U
3aJIep KKy pacIpoCTpaHEHUs JJIsl KTF0Ya Ha BRICOKOYACTOTHOM OWITOJISIPHOM TpaH-
3uctope. s 3TOro yCTaHOBUTBH B CXEME 3JEKTPOHHOTO KJIFO4a Ha pUC. 1 BMeCTO
MOJICBOTO TpaH3ucTOpa Ounossipusiid Tpanzuctop Tuna NPN - beta, ¢ usmensieMbim
kodurmenTom nepenaun Toka 6a3pl. Craruueckuii KodhPuUIMeHT nepegaun To-
Ka 0a3bl OMITOJIIPHOTO TPAH3UCTOPA YCTAHOBHUTH PaBHBIM Ber = (3 + I)*H. 3necs H
— HOMEp BapuaHTa, I — HOMEp TPYIIIbI.

Hcrnionp3ys pexum Tran u ycTaHaBIMBas BpeMs aHAIIM3a, PABHBIM MTPUMEPHO
1,5 MKC, MOTYYUTHh 3aBUCUMOCTH HampspkeHuit ml, m2, m4 ot Bpemenu. s ana-
au3a (GOpMBI TOKa KOJIJIEKTOpA TPAaH3HCTOpa PEKOMEHIYETCS B OKHE BBIXOJIHBIX
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IIEPEMEHHBIX OAHOBPEMEHHO BBecTH BeimuuHy 1000*(m4-m3), roe (m4—m3) —
najicHUEe HaIpsDKEHUsT Ha KOHTPOJbHOM pe3uctope R2, yuciieHHO paBHOE TOKY
KOJUIEKTOpa TpaH3ucropa. YMHoxeHue Ha 1000 3nech ucnonb3yeTcs ais yao0cTBa
HaOMoAeHUsT (POPMBI TOKA KOJIJIEKTOPA, COBMECTHO C HAMPSHKEHUSMH, KOTOpHIE
pacCUMTHIBAIOTCSA B BOJbTaX. B 3TOM ciyyae M3MEHEHHWIO HaIpsKEHUS Ha OJIMH
BOJIBT Ha TakuX rpadukax OyAeT COOTBETCTBOBATh M3MEHEHHUE TOKa KOJUIEKTOPA,
paBHoe 1 MA.

OnpenenuTh MO MOJYYEHHBIM Trpadukam 3adeporcky omipwvleanus t,, Onu-
menvbHoCmb nepeone2o Gponma tyy U 3a0epoicky pacnpocmpanenus t, 1 Mone-
JUPYEMOTo KiIro4a. 3aJep>KKy OTKpbIBaHH t, ompejaenseM, Kak Bpemsi OT Hayaia
BXOJHOTO MMITYJIbCa IO MOMEHTA MOSBJICHUS MOJOKHUTEIBHOIO TOKA KOJUIEKTOPA.
JIITenbHOCTD epenHero GppoHTa tyy BBIXOAHOTO HMITYJIbCA HANPSKEHHU U3MEpS-
em Ha rpaduke no ypoBHsim 0,5 B u 4,5 B. 3anepxxky pacrpocTpaHeHuUs: U3MepsIeM
Ha rpaduKe BBIXOJHOTO HANPSHKEHHUS, KaK BpeMsl OT Haydaja BXOJHOTO MMITYJIbCa
JI0 MOMEHTa, KOTJla CIaJl BBIXOJHOIO HAMNPSIKEHUsI JOCTUTHET YPOBHS, PAaBHOTO
2,5B.

CpaBHUTH TOJyYEHHBIE B PE3yJIbTaTe MOJEIUPOBAHUS JUHAMUYECKUE IMapa-
METpBI KJTF0Ya Ha OUMOJIAPHOM TPAH3UCTOPE C aHAJIOTMYHBIMU MapaMeTpaMu, pac-
CUMTAHHBIMU JUIsI KJIF0Ya Ha MOJIEBOM TPaH3UCTOPE.

6*. Onpenenuts orumenvHocms 3a0He20 ponma t, U OnumenvHocms 6bi-
X00H020 umnyavca t, Ui Kiltoua Ha BBICOKOYACTOTHOM OHUIIOJISIPHOM TPAH3UCTOPE.
15t 3TOro yCTaHOBUTH B CXEME JIEKTPOHHOTO KJIF0Ua HA pUC. 2 BMECTO IMOJIEBOTO
TPaH3UCTOPa BICOKOUACTOTHBIN OMmonspHbIi Tpansuctop tuna NPN - beta, ¢ us-
MEHSEMbIM KO3(P(GUIIMEHTOM mepenayn Toka 0as3pl. CtaTtudeckuil kod(duimeHt
nepegadyd  Toka 0as3bl  OWMOJIIPHOTO  TPAH3UCTOpA YCTAHOBUTH  PaBHBIM
Ber= (3 + IN*H. 3nece H — HOMep BapuaHTa, [ — HOMEpP TPYIIIBI

B cxeme kiroya K BBIXOJIHOM €MKOCTH MEXIY KOJUIEKTOPOM M 3MUTTEPOM
TpaH3UCTOPa 0OABISIETCS €MKOCTh BHENTHEH Harpys3ku, paBHas 20 nd (eMKoOCTh
koHgeHcatopa C1). Ha 6a3y OumossspHOTO TpaH3UCTOpa KIIF0Ya MOCTYIAeT KOPOT-
KWW MPSIMOYTOJIbHBIA UMIYJIBC, ONMUCAHHBINA B 1. 2. [[1s ynoOcTBa uccienoBaHus
JUTUTEIIbHOCTh UMITYJIbCA MOYKHO YMEHBIIIUTb.

Hcnonp3ys pexum Tran u ycTaHaBIMBasi BpeMs aHalu3a, paBHBIM TPUMEPHO
1,5 MKC, TOTYy4YuTh 3aBUCUMOCTh HampsbkeHuit M1, m2, m4 ot Bpemenu. J[ns aHa-
au3a (GopMBI TOKa KOJUIEKTOpa B OKHE rpadukoB BBoauM BenumuuHy 1000*(m4—
m3). YMuoxenne Ha 1000 npu “Ucnosib30BaHUH BEPTUKAIBHOM OCH B BOJIbTaX M03-
BOJISIET OTPECIIUTh TOK B MIJIJTHAMIIEPaX.

OmpenenuTs Ui MOAEIAPYEMOTO KIII0Ya JIMTENIBLHOCTD 3aJHEr0 (poHTa Ly,
BBIXOJIHOTO UMITyJIbca 1o YpoBHsM 0,5 B 1 4,5 B 1 1JIMTebHOCTh BBIXOJIHOTO UM-
nyJibCa HarnpshkeHus t, mo ypoBHIo, paBHOMY 2,5 B.
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OTMETUTH HEAOCTAaTOK KJIF0OYa Ha 6I/IHOJI}IpHOM TPaH3UCTOPC, SaKJIIO‘{a}O[[II/Iﬁ-
C4d B BOBHUKHOBCHHUHU CYHICCTBCHHOI'O YBCIMYUCHUA MJIMTCIIBHOCTHU BBIXOJHOI'O UM-
IIyJibCa IIO0 CPABHCHHUIO C IJIMTCJIIbHOCTBIO BXOIAHOI'O HMIIYJIbCA. OHpCI[CJ'II/ITI) B
IMPpOLCHTAX YBCIMYCHUC IJIUTCIIbBHOCTU BBIXOJHOI'O HMMIIYJIbCA II0 CPABHCHHIO C
JJINTCIIbHOCTBIO BXOJHOT'O UMITYJIbCA HAIIPSAIKCHU .

CpaBHI/ITI) JIINTCIIBHOCTL 3aJHCTO (1)pOHTa HMITYJIbCAa Ha BBIXOAC KJIFOYa Ha
6I/IHOJIHpHOM TPAH3UCTOPC U AJIUTCIIBHOCTD 3aHCTO (1)pOHTa HMITYJIbCAa Ha BBIXOC
KJIF0O49a Ha IMOJICBOM TPAH3UCTOPC.

4.6. CUHXPOHHbIN RS-TpUrrep

1. B okHe cxem mporpamMmbl USPICE coOpaTh ANEKTPUYECKYIO CXEMY CHH-
XpoHHOTO RS-Tpurrepa co cratmueckoi cuuxpoHusamueit (puc. 1). B cxeme wnc-
MOJIb3YHTE BCTPOCHHYI0 MoAeIb « Trigger-RS - static» u3 oubnuorexn «lludponsie
aneMeHThD». i rucciieqoBanus padoThl TPUITEPA HA €ro BXO/AbI MOAANTE UMITYJIb-
cel oT reHepaTopoB V1, V2, ..., V5. JInUTeNbHOCTH UMITYJIHCOB, UX MEPUOIBI MO-
BTOPEHMS U 33J€P>KKH YCTAHOBUTH B COOTBETCTBUH C IparikaMu, MOKa3aHHBIM Ha
puc. 2. lllar mo BpemeHu Ha puc. 2 paBeH A = H + 25*(I"— 1) mukpocekynu, rue H
— HOMEp BapHuaHTa (paBHbIIl HOMEpY 10 XypHaily), [ — HOMEp IpyMIbl.
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Puc. 1. Cxema st uiccienoBanusi paboThl CHHXpOHHOTO RS-Tpurrepa

N3 ananu3a rpadukoB Ha puC. 2 CIEAYET, UTO UCCIEAOBaHNE paOOThl TPUTTE-
pa HauMHaeTcs ¢ mojadu ot reeparopoB V1 u V2 UMIynbCOB NPUHYIAUTEIHHOM
ACMHXPOHHOW yCTaHOBKM TpPUITEpa CHayaia B eIMHUIY (HauuHas c t = A), a 3aTeM
B HOJb (HaumHas ¢ t = 2A). 3atem oT reHeparopa V4 momaercs CHHXPOUMITYIIBC
JUTMTENBHOCTHIO 8A, pa3pelniaromuii ycTaHoBKY Tpurrepa B 1 pu curnane set = 1
1 cOpocC TpUrrepa B HOJIb Ipu curHase reset = 1.
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Puc. 2. Bpemennas muarpamma paboTsl CHHXpOHHOTO RS-Tpurrepa

11A  12A 13A 14A 15A

OtmeTuM, uTo, HauMHas ¢ t = 6A, Ha BXOoJlax TpUITEpa BOZHUKAET 3alpeIeH-
Hasi KOMOMHAIUS YIIpaBJsSIOMUX curHajioB: Set = 1 u reset = 1. B atoMm ciydae Ha

BBIXOAAaX HCIIOJIB3YCMOI'O TPUITCPA YCTAHABJIMBAIOTCA HCOIIPCACIICHHBIC COCTOA-

HUs1, 0003HaueHHbIe OykBOUM X. HampsbkeHus Ha BbIXOAaX TPUTTEPA B 3TOM CIIydyae
paBHbI ipuMepHO 2,5 B.

IMpu t = 11A cunxpocurtan Clk = 0 u Tpurrep nepexoauT B peKUM XpaHCHHUS

HYJIS.
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Hcnonb3ys BpeMEHHYIO AMarpaMMmy, 3anucarh TaOJIMIly epexo 0B CHHXPOH-
HOro RS-Tpurrepa, yduTbiBasi, 4TO0 B UCXOJHOM COCTOSIHUM Ha OCHOBHOM BBIXOJIE
Q Tpurrepa yctaHoBjieH HOJIb (Tabm. 1) .

2. Ha ocnoge anemenToB U-HE, cobpath 31eKTpUUeCcKy0 CXeMy CHHXPOHHO-
ro RS-tpurrepa co craTuyeckoi CHHXpOHU3AlMEH, MOKa3aHHYIO Ha puc. 3.
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Puc. 3. Cxema cunxponHoro RS-tpurrepa Ha snementax U-HE

Cxema RS-tpurrepa Ha puc. 3 11 IPOCTOTHI HE UMEET aCHHXPOHHBIN BXO S’
JUI YCTAHOBKM TpHrrepa B 1 ¥ acuHXpoHHBIN BXxoa R’ mis copoca tpurrepa B 0.
I'eneparopst V1, V2 u V3, BKIIIOYEHHBIE Ha €r0 BXOJaX, IOJDKHBI UMETh TaKue JKe
napameTpsbl, kak u rerepatopsl V3, V4 u V5 Ha cxeme puc. 1 (ckonupyiTe HyX-
HbIE TEHEPATOPBI U3 CXEMBI Ha pUC. | B cxemy Ha puc. 3).

JIJist oy4yeHus: HyJIeBOIO0 HA4YaJIbHOTO COCTOSIHMSI HA OCHOBHOM BbIxojae Q
TpUrrepa ycraHoBute 3HaueHus mapamerpoB Delay, Time Rise u Time Fall ame-
MeHTa A3, paBubimu 0,5 He. B aTOM citydae anemenT A3 Oyaet 6osee ObIcTpoIeii-
CTBYIOIIIUM TI0 CPAaBHEHUIO C 3JIEMEHTOM A4 M Ha BBIXOJIE TPUTTEPA MPHU HYJIEBBIX
HaYaJIbHBIX YCIOBUSX YCTAHOBUTCS HOJIb.

VYcranaBnuBas BpeMs aHaluza, paBHoe 15A (kak Ha puc. 2), NOJy4YHUTh Bpe-
MEHHYIO AuarpaMmy paOoTsl CHHXpOHHOTO RS-Tpurrepa Ha snementax M-HE. Ha
ATOW JuarpaMme, B OTIWYHE OT IUarpamMMmbl Ha puc. 2, OyJayT OTCYTCTBOBATh Ipa-
¢ukn ns curnanoB S’ u R’. CpaBHUTH MOJMYyYEHHYIO JUArpaMMy C BPEMEHHOM
qyarpaMmMon Ha puc. 2.

Hcnone3ys BpemMeHHYI0 nuarpamMmy RS-tpurrepa Ha snementax U-HE, 3a-
MUIINTE YKOPOUEHHYIO Ta0IHIly IEPEeX0J0B CUHXpOHHOTO RS-Tpurrepa (Tadm. 2).
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Tabmura 2
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reset

3. Ucnonwiys anementsl UJIN-HE u U, coOpaTh 31eKTpUYEeCKyI0 CXeMy CHH-
XpOHHOTO RS-Tpurrepa co craTu4eckod CUHXpOHM3AIUEH, TOKa3aHHYI0 Ha puc. 4.
['eneparopsl V1, V2 u V3, BKIIOYEHHBIE Ha €r0 BXOJaX, IOJDKHBI UMETh TaKUE Ke
napameTpsbl, Kak U reHeparopsl V1, V2 u V3 Ha cxeme puc. 3 (ckonupyuTe HyX-
HBIC TEHEPATOPBI U3 CXEMBI Ha PHUC. 3 B CXeMy Ha puc. 4).
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Puc. 4. Cxema cuaxponHoro RS-tpurrepa na snementax MJIM-HE u U

Jlyis momydeHusi HyJeBOTO HAa4aJlbHOTO COCTOSIHHS Ha OCHOBHOM BbIxone Q
TpUITEpa YCTaHOBUTE 3HaueHUs napamerpoB Delay, Time Rise u Time Fall ae-
MeHTa A3, paBubiMu 0,5 He. B aTOM citydae anemenT A3 Oynet 6osiee ObIcTpoaeii-
CTBYIOIIMM TI0 CPAaBHEHMIO C IeMEHTOM A4 U Ha BBIXOZE TPUITEPA MPHU HYJIEBBIX
HAYaJIbHBIX YCIOBUSAX YCTAHOBUTCS HOJIb.
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YcranaBnuBasi Bpemsi aHanu3a, paBHoe 15A (kak Ha puc. 2), NOTYy4UTh Bpe-
MEHHYIO IHarpaMmy padoThl CHHXpOoHHOTO RS-Tpurrepa Ha anementax MJIN-HE u
. Ha sToii 1uarpamme, B OTJIIMYKE OT AMArpaMMbl Ha puc. 2, Oy1yT OTCYTCTBOBATh
rpaduku i curHasioB S’ U R’. CpaBHUTH MOJIYYCHHYIO JMarpaMMy ¢ BPEMEHHOM
qyarpaMmMon Ha puc. 2.

Ta0muma 3

t, MKC clk set reset Q Qi

0 0 1
3A~
4A~
6A~
8A~
10A~
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Hcrnonb3ys MOMydyeHHYI0 BPEMEHHYIO JHarpammy, 3amucarh YKOPOUEHHYIO
TaOJIMILy TIEPEXOJOB CHHXPOHHOTO RS-Tpurrepa, BBIMOJHEHHOTO Ha 3JIEMEHTax
WJIN-HE u U (taba. 3).

4%, BaxxHBII IapaMeTp TpHUITepa — 3aJepxkKa pacrpocTpanenus t, (puc. 5).
[Tapamerp t, onpenensercs no yposHto 0,5 0T aMIUIUTYABI HMITYJIbCOB, KaK BpeMs,
Ha KOTOPOE CUTHAJIBI HA UCIIOIh3YEMBIX BBIXO/IAaX TPUTTEPA 3aMa3IbIBaIOT OTHOCHU-
TEIHHO (PPOHTA YNPABIISAIONIETO UMITYJIbCA WU (PPOHTA CHHXPOUMITYJIbCA Ha BXOIE
TpUITEpA.

Puc. 5. Onpenenenue 3a1epKK1 pacipoCTpaHEHUS

st onpeneneHus 3aiepKKA YOOoOHO, HaNpUMEp, CpPaBHUBATH IEpPEIHUMN
GpoHT uMITyJibca Ha BXoje Set u nepeaHuil GpoHT UMITyJIbca Ha Bbixoae Q Tpur-
repa.
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@u3NUeCcKU 3a/iepKKa paclpOCTPAHEHHUs ONPEAENSAETCA, B OCHOBHOM, UHEP-
LHOHHOCTBIO TPAaH3UCTOPOB, U3 KOTOPBIX CTPOSTCA Tpurrepel. Ha puc. 5, a noka-
3aH CHTHAJ, CO3/1aBa€MbIil BXOJHBIM I'€HEPATOPOM U MOCTYIMAIOIINI Ha BXOJ TPUT-
repa. 3ana3pIBaloOlMil CUTHANI Ha BBIXOJIE TpUTTEpa MOKa3aH Ha puc. 95, 0

Hcnonp3ys nporpamMmy USPICe W 3a/1aBas YMEHBIICHHBIH BPEMEHHOW MHTEP-
BaJl aHaju3a, BOJIM3U (DPOHTOB BXOJHOIO M BBIXOJHOTO MMITYJILCOB, HAAUTE 3a-
JIEP’KKU paclpoCTpaHEHUs B TPUTTEpax, BeIMOJHEHHBIX B 0a3uce N-HE u B 6a3uce
NJIN-HE. CpaBHUTE 3TH 3aJ€PKKH PACIIPOCTPAHCHUS.

5*. Ilpu BO3EHCTBUM OYE€Hb KOPOTKUX YIPABIISIOUIMX UMITYJIBCOB Ha BXO/IbI
TpUITEpa BO3HHKAET HEYCTOMYMBOCTh B €ro padoTe, KOT/la COCTOSIHUE HAa OJHOM
BBIXO/IE€ WJIM COCTOSIHUSA Ha 00OMX BBIXOJAaX TPUTTEpPaA MEPECTAIOT U3MEHSATHCS WU
U3MEHAIOTCA Ha KOPOTKOE BPEMS U TYT K€ BO3BPAIIAIOTCA B UCXOTHOE COCTOSTHUE.

VYMeHblIasi JIMTEIbHOCTh YIPABISIOMIETO MMITyJIbca HAa BXxoAe Set wim Ha
BXxojie reset tpurrepa, BeimojHeHHoro B 0asuce M-HE umu B 6asuce MJIM-HE,
HaWTH HEYCTOWYUBOCTH B paboTe TpUrrepa.

JIns ynpolieHHsT HWCCIEAOBAaHUS BIMSAHUS ToJbKo amutensHoctd (Width)
BXOJIHOTO MMITYJIbCa PEKOMEHIYeTCs JUIMTeNIbHOCTH TepeaHero (Rise) u 3amHero
(Fall) ¢poHTOB ycTaHOBHTH, KAK MUHUMYM, Ha MOPSIOK MEHBIIUMHU IO CPaBHE-
HUIO C JNIUTEJIbHOCTHIO UMITYJIbCA.

JI1st cpaBHEHUS TIOJIyYUTE BPEMEHHYIO JAMArpaMMy MPaBHIBHO (PYHKIIMOHU-
PYIOLIEro TpUITEpa MpHU MoJavye UMITYJIbCa, JJIUTEIbHOCTh KOTOPOTO MPUMEPHO B
MOJITOPA, JIBa pa3a OoJIbIIe JUIUTEILHOCTH UMITYJIbCa, TPU KOTOPOM BO3HHKAET He-
KOppekTHasi paboTa Tpurrepa.

CpaBHUTE IIUTEIBLHOCTh HMMITYJIbCA, IPU KOTOPOMl BO3HUKAET HEYCTOWYU-
BOCTh B paboTe TpUTTEpa, U BpeMs 3aJCP>KKH PacIIPOCTPAHECHUS CUTHAJA B TPUTTE-
pe.

6*. Ucnonssysa snementet UJIN-HE, cobGpath snekTpudeckyro cxemy acuH-
XpoHHOTO RS-Tpurrepa, mokazannyro Ha puc. 6. Jlusg moiydeHHs HYJIEBOTO
HAYaJIbHOTO COCTOSIHHMS HA OCHOBHOM BbIXOJie¢ Q TpHUITepa yCTaHOBHUTE 3HAUYCHUS
napameTpoB Delay, Time Rise u Time Fall anemenrta Al, paBasivu 0,5 He. B aTom
cirydae aaeMeHT Al Oyner Gosiee ObICTPOACHCTBYIOLIUM IO CPABHEHUIO C AJIEMEH-
TOM A2 ¥ Ha BBIXOJE TPUITEpa MPHU HYJIEBBIX HAYAIBHBIX YCIOBHUSIX YCTAHOBUTCS
HOJIb.

B npencraBneHHOlN Ha puc. 6 cxeMe 3aJep>KKU BHOCUMBIE TPUTTEPOM 3aBUCST
OT 3aJ€PKEK pacrpocTpaHeHuss curHaioB B aneMeHTax MJIM-HE. PaccuutsiBas ¢
MIOMOIIBIO MPOrpaMMbl USPICE BpeMEHHBIE TUarpaMMBbl JJIsi aCHHXPOHHOI'O TpPHT-
repa, ONPEACNNTh 3aJEPKKA PaCIpOCTPAHEHUSI B TpUITEpEe MpH 3amucu 1 u npu
copoce B HOJIb. CpaBHUTH MOJTYyUYECHHBIE 33JICPKKHU B TPUTTEPE U 3aJ€PKKHU paclpo-
ctpanenus B anemenrax UJIN-HE.
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Puc. 6. Cxema acuaxponnoro RS-tpurrepa na snemenrax UJIM-HE

[Ipu pacuerax 3amepKeK paclpOCTPAHEHUs IJIsi MPOCTOTHI MOKHO YCTaHO-
BUTh MaJIBIMU JUIUTEIHHOCTH MEPEIHETO U 33JIHETO (PPOHTOB YHPABISIOMINX UM-
MyJIbCOB U JIMTEIBHOCTU MEPETHErO U 3aJHETO (PPOHTOB, BHOCUMBIE 3I€MEHTAMHU
NIJIN-HE Ttak, 4ToObI 3TH AJIUTEILHOCTH OBLIM, KAK MUHUMYM, Ha TOPSJIOK MEHb-
e, yeM 3ajiepkku B aniementax MJIN-HE.

7*. Ucnonb3ysa naHHele Taba. 2, HapucoBaTh KapTy KapHo u 3anucath B MU-
HUMaJIbHOW Au3bIOHKTUBHOU (opme (MIID) noruueckoe ypaBHEHHE ISl BHIXOJI-
HOH sormueckoii mepemennoir Q; = f1(Q, C, S, R), omuceiBaromee CHHXPOHHBIH

RS-Tpurrep, BeinonHeHHbIH Ha snementax V-HE (puc. 3). 3necs Q° — HoBOE J1O-
TMYECKOE COCTOSTHUE TPUTTEpa Ha OCHOBHOM BBIXOJe, Q — TIpeapIayIiee CoCcTos-
HUE TpHUITEepa Ha OCHOBHOM BbIXoje, C — Jiorndeckoe cocTosiHue Ha Bxoxae ClK
TpUITEPa, S — JIOTHYECKOE COCTOSIHWE Ha BXxoje Set Tpurrepa, R — mormueckoe
COCTOSIHHME Ha BXOJe eset tpurrepa.

AHaJIOTUYHO, UCTIONB3YsI AaHHBIE Tabi. 3, HapucoBaTh KapTy KapHo u 3anu-
caTh B MUHMMAaJIBHOW JAM3BIOHKTUBHOH (hopme sormueckoe ypaBHeHne Q, = f,(Q,

C, S, R), onuceiBaroiiee CHHXpOHHBIA RS-Tpurrep, BBHITOJTHEHHBIA HA 3JIEMEHTaX
WNIIN-HE u W. CpaBHUTH aBa JOTUYECKUX YpaBHEHHUS ISl CHHXPOHHBIX RS-
tpurrepos B 6azucax U-HE u NJIM-HE.

4.7. D-Tpurrep co ctTaTU4eCKOM CUHXPOHU3aLuen

1. B okHe cxem mporpamMmbl USPICE coOpaTh AIEKTPUYECKYIHO CXEMY CHH-
XpoHHOro D-Tpurrepa co craruueckoil cuHxpoHuzamuei (puc. 1). B cxeme wc-
HOJIL3YHTE BCTPOCHHYIO MOeNb « Trigger-D - staticy u3 oubmmotexu «L{udpoBbie
DIIEMEHTBDY.

Jnis uccnenoBanusi paboOThl TpUTTEpAa HA €r0 BXOABI MOJAHBI UMITYJIBCHI OT
renepatopoB V1, V2, V3 u V4. JInuTenbHOCTH UMITYJIBCOB, UX MEPHUOIbI TTIOBTOPE-
HUS U 33JePKKU HEOOXOIMMO YCTaHOBUTH B COOTBETCTBUU C TpaduKaMHu, MOKa-
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3aHHBIM Ha puc. 2. Illar mo Bpemenu Ha puc. 2 paBeH A = H + 25*(1"— 1) mukpo-
CeKyHII, Tie H — HoMep BapwaHTa (paBHBIA HOMEpY IO XypHaiy), ' — HOMEp
TpYTIIIHL.

data =

+
+

clk

i

:U| (‘)D| 0

=
2
223
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2

clk

data

] I
0 A 2A 3A 4A 0 3A 6A  TA BA 9A 10A 11A 12A 13A 14A 15A

Puc. 2. Bpemennas aquarpamma paboTsl CHHXpOHHOTO D-Tpurrepa
N3 ananuza rpadukoB Ha puC. 2 CIAEAYET, YTO UCCIIe0BaHUE PA0OThI TPUTTE-
pa HaYMHAeTCs ¢ mojayu ot reHeparopoB V3 u V4 uMmnyiabcoB MPUHYIUTEIHLHOM
ACMHXPOHHOM YCTaHOBKH TpUITEpa CHavajla B €AMHUIYY (HauuHasg ¢ t = A), a 3aTem
B HOJIb (HauuHas ¢ t = 2A).
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3areMm ot reneparopa V1 nomaercs curHan data = 1 (Hauunas ¢ t = 4A). Ox-
Hako Jiormueckas 1 Ha Bbixoge Q Tpurrepa BO3HHKAET TOJNBKO C MPUXOJOM CHH-
xpoumityiibca CIK = 1, HaunHas ¢ MOMEeHTa BpeMeHH t = 4A.

C momenTa Bpemenu t = 8A ot rereparopa V1 nmonaercs curaan data = 0. Jlo-
rudecknii 0 Ha Beixome Q Tpurrepa BO3HHMKAET TOJIBKO C MPUXOAOM CHHXPOHUM-
nynbca Clk = 1, HaunHas ¢ MoMeHTa BpeMeHH t = 9A.

OtmeruM, yTo y D-Tpurrepa He BO3HUKAET 3alpElICHHBIX KOMOWHAIUI
BXOAHBIX curHaoB. [Ipu Ik = 0 Tpurrep nepexoauT B pekuM XpaHCHUSI.

Taomumna 1
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Hcrnions3yst BpeMeHHYIO AUarpaMmMy, 3alucath YKOPOUEHHYIO TaOJuIly Tepe-
XOJIOB CHHXPOHHOTO D-Tpurrepa, yduThiBasi, YTO B UCXOJHOM COCTOSTHUU Ha OC-
HOBHOM BbIX0/ie Q Tpurrepa yctaHosiieH HOJIb (Tabi. 1) .

2. Ucnonwzys anementsl U-HE u uaBepTOp, cOOpaTh SJIEKTPUUECKYIO CXEMY
CUHXPOHHOTO D-Tpurrepa co CTaTHYECKON CHUHXPOHHU3AIMEH, TMOKa3aHHYI Ha
puc. 3. Cxema D-tpurrepa Ha puc. 3 mjs npocTOTbl HE UMEET ACUHXPOHHBINA BXO/I
S miist yctaHOBKM TpurTepa B 1 U acHHXpOHHBIN BX0oJ R 1151 copoca tpurrepa B 0.

I'enepatopsl V1 u V2, BKIIIOUEHHBIE HA €70 BXOAaX, IOJ>KHBI HMETh TAKUE KE
napaMmeTpsbl, kak ¥ reHepatopbl V1 u V2 Ha cxeme puc. 1 (ckonupynte HYKHbIE
reHepaTopbl U3 CXeMbl Ha puc. | B cxeMy Ha puc. 3).

JIJist momy4yeHus: HyJIeBOIO0 HAYaJIbHOTO COCTOSIHHSI HA OCHOBHOM BbIxoze Q
TpUrrepa ycranoBute 3HaueHus mapamerpoB Delay, Time Rise u Time Fall ame-
MeHTta A4, paBubimu 0,5 He. B aTOM citydae anemenT A4 Oyaet Gosiee ObICTpOACH-
CTBYIOIIUM TIO CPABHEHHIO C 3JIeMEHTOM AS u Ha Bbixoje Q Tpurrepa mpu HyJie-
BbIX HAYaJIbHBIX YCIOBUAX YCTAHOBUTCS HOJIb.

VYcranaBnuBas Bpems aHanuza, paBHoe 15A (kak Ha puc. 2), MOJy4YHUTh Bpe-
MEHHYIO AuarpamMmy paboTsl cuHxpoHHOro D-tpurrepa na snemenrax M-HE. Ha
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ATOM AuarpaMmMe, B OTJIMYHME OT JUarpaMmbl Ha puc. 2, OyAyT OTCYTCTBOBATh Ipa-
buku g curdanoB S v R. CpaBHUTH MOJIYYEHHYIO AMarpaMMy ¢ BPEMEHHOM Jua-
rpaMMoi Ha puc. 2.

data

n A2 Ad

clk

+ L | & b—ngi
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0
/50 1

Puc. 3. Cxema cunxponHoro D-tpurrepa Ha snemenrax N-HE
Y HUHBEPTOpE
Hcnons3yst BpeMeHHyto quarpammy D-tpurrepa Ha snementax U-HE, 3anu-
IIUTE YKOPOUEHHYIO TaOJIHILy IEpeXoA0B cMHXpoHHOro D-tpurrepa (tadi. 2).

Tabmanma 2
t, MkcC clk data Q Qi

0 0 1
IA~
5A~
1A~
8A~
OA~
11A~
12A~
13A~

o

=== =1 = =)
= R

3. Cxemy Ha puc. 3 MOXXHO MHUHUMHU3HPOBATH, YMEHbIIIAs YUCIOM JIOTHYE-
CKHX 3JIEMEHTOB. JIerko 3aMeTHUTh, UTO Ha BBIXOJE BEPXHETO JIEBOTO AemeHTa U-
HE Ha puc. 3 npu clk = 1 momydaercst uuBepcus BxogHoro D-curnanma, a mpu
clk = 0 Ha BeIxoze HHKHero jeBoro anemenTa M-HE wHa puc. 3 Bcerma momyyum 1.
CrnenoBateslbHO, HHBEPTOP B CXEME Ha PUC. 3 MOKHO HCKJIIOYUTh U HCIOJIb30BAThH
Tosbko 3neMenTsl U-HE. Ucnone3ys Tonbsko snementsl M-HE, cobpate Munnmu-
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3UPOBAHHYIO JJIEKTPUUECKYIO CXeMYy CHUHXpoHHOTro D-Tpurrepa co cratuueckoi
CUHXPOHU3AIIMEH, TOKa3aHHYIO Ha puc. 4.

data

+ Al A3

clk

+ A2 g, i

G -

==

a

Puc. 4. Cxema cunxponHoro D-tpurrepa Ha 4-x anemenrtax M-HE

I'enepatopsl V1 1 V2, BKIIIOUEHHBIE HA €70 BXOJaX, IOJDKHBI UMETh TaKUE e
napaMmeTpsbl, kak ¥ reHepatopbl V1 u V2 Ha cxeme puc. 3 (CKONMUPYWUTE HYKHbBIC
reHEepaTOPhl U3 CXEMBbI Ha pUC. 3 B CXeMy Ha puc. 4).

TabOmura 3
t, MKC clk data Q Qi

0 0 1
4A~
5A~
1A=~
8A~
OA~
11A=
12A=
13A~

o

=== = =)
= == G

Jlsig mosTyyeHusl HyJIeBOrO0 HA4YaJbHOTO COCTOSIHUSI HA OCHOBHOM BbIxoJe Q
Tpurrepa ycranoBute 3HaueHus mapamerpoB Delay, Time Rise u Time Fall ame-
MeHTa A3, paBubimu 0,5 He. B aTOM citydae anemenT A3 Oyaet 6osee ObIcTpoIeii-
CTBYIOILIMM IO CPABHEHHUIO C JIEMEHTOM A4 U Ha BBIXOJE TPUITEpa MPHU HYJIEBHIX
HaYaJIbHBIX YCIIOBUSX YCTAHOBUTCS HOJIb.

VYcranaBnuBas BpeMs aHaluza, paBHoe 15A (kak Ha puc. 2), NOJy4YUTh Bpe-
MEHHYIO AuarpamMmy paboTsl cuHxpoHHOro D-tpurrepa na snemenrax M-HE. Ha
ATOU AMarpaMmMe, B OTJIMYUE OT JUarpammbl Ha puc. 2, OyayT OTCYyTCTBOBaTh rpa-
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¢buku 11t curHanoB S U R. CpaBHUTH MOJyYEHHYIO JUarpaMmy ¢ BpEeMEHHOM JTna-
rpaMMoi Ha puc. 2.

Hcnone3ysl MOMYYCHHYIO BPEMEHHYIO JHarpaMMy, 3alicaTh YKOPOUEHHYIO
TaOIUITy TIEPEeX0JI0B CHHXPOHHOTO D-Tpurrepa, BBIIOJHEHHOTO TOJBKO Ha 3Jie-
menTax U-HE (ta6m. 3).

4%*. BaxxHblii mapaMeTp TpUrrepa — 3aJepkka pacnpocTpaHeHus t,. Ousuue-
CKH 3aJiepKKa paclpoCTPaHECHUS OMpPENesieTcs, B OCHOBHOM, WHEPIIMOHHOCTHIO
TPaH3UCTOPOB, U3 KOTOPBIX cTpositcst Tpurrepsl. [lapamerp t, ompenensiercs mo
ypoBHIO 0,5 OT aMIUIMTYIbI UMITYJIBCOB, KaK BpeMsi, HA KOTOPOE CHUTHAJIBI HA HC-
MIOJIb3YEMBIX BBIXOJIaX TPUTTEpa 3ama3IbIBal0T OTHOCHTEIHHO (DPOHTA yIPaBISAIO-
IIETO UMITYJIbca WU (POHTA CUHXPOUMITYJIbCA Ha BXOJIE CXEMBI (puc. 5).

st ompeneneHust 3aJ€pKKU yT0OHO, HampuMep, CpPaBHUBATH MEPEIHUIMA
¢bpoHT ummyIbca Ha Bxoje ClK (mpu set = 1) u nepeaHuit GpOHT BOSHUKAOIIETO C
3aJIep KKOI UMITyJibca Ha Bbixojie Q Tpurrepa.

Ha puc. 5, a mokaszaH curHai, co3/1aBaeMblii BXOJHBIM T€HEPATOPOM U TIOCTY-
naromuii Ha BXxoj CIK Tpurrepa. 3amasapiBaroniuii curaai Ha Beixoge Q Tpurrepa
MOKa3aH Ha puc. 9, 0

Puc. 5. Onpenenenne 3aaepKKu pacCipoCTPaHEHUS

Hcnonk3ys mporpammy USPICe U 3a7aBasi yMEHbBIICHHBI BPEMCHHOW UHTEP-
BaJl aHaju3a, BOJM3U (DPOHTOB BXOJHOTO M BBIXOJHOTO MMITYJILCOB, HAAHUTE 3a-
JEPKKHU paCIPOCTPAHEHUS B TPUTTEPE, BHIMOJTHEHHOM Ha HMHBEPTOPE U HA DJIEMEH-
tax U-HE (puc. 3), a Takxke B Tpurrepe, BHIMOIHEHHOM TOJIBKO Ha 4-X 3JIeMEHTax
U-HE (puc. 4). CpaBHUTE 3TU 3aA€PKKU PACIPOCTPAHECHUSI.

5*. Wcnonbe3ys naHubie Tabd. 2, HapucoBaTh KapTy KapHo u 3anmucaTth B MU-
HUMAaJLHON AN3BIOHKTUBHON (popme (MIID) normdeckoe ypaBHEHHE IS BBIXOJ-
Hol noruueckoit mepemennoir Q° = f(Q, C, D), onuceiBaromiee CHHXpOHHBIN D-

TpUTTEp, BHINIONHEHHHIH Ha dnemenTax U-HE u unseprope (puc. 3). 3mech Q" —
HOBOE JIOTHYECKOE COCTOSITHUE TPUTTEpa Ha OCHOBHOM BhIXoje, Q — mpeabiayiiee
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COCTOSIHUE TPUTTEPA HA OCHOBHOM BbIX0A€E, C — JIOTMYECKOE COCTOSIHUE Ha BXOJIE
clk tpurrepa, D — noruyeckoe cocrosiHue Ha Bxoje data Tpurrepa.

[IpeoOpa3zys ¢ ucnoyib30BaHUEM TEOPEMBI Jie MopraHa cymMmy B MOJYy4YE€HHOM
JIOTUYECKOM YPAaBHEHUU B MIPOU3BEACHUE, MOJIYYUTh JJOTHUECKOE YPAaBHEHUE TPUT-
repa Opna. CxeMy Tpurrepa Opia (puc. 6) cocTaBbTe Ha OCHOBE CXEMbl MUHUMH-
supoBaHHOTO D-Tpurrepa Ha 4-x snementax M-HE. Ilpu 3ToM coxpanute mapa-
MeTpel reHepatopoB V1 um V2 u mapamerpsl sneMeHtoB Al, A2, A3 u A4.
OOparute BHUMaHUE Ha TO, YTO B CXEME TpUITepa Dpiia MHBEPCHBIN BBIXOJ] HE MC-
MOJIb3YETCA.

data

+ EIM Al A2
4.0
I 20y & 2 b e
— 1ed
200
_ | 40w
0
clk
v A3
+o A &
® 250 B
1n
—1n
100
| 20w

Puc. 6. Cxema Tpurrepa Opna

VYcranaBiauBas BpeMs aHaliuza, paBHoe 15A (kak Ha pucC. 2), MOJYy4YUTh Bpe-
MEHHYIO AuarpaMmmy paOoTel Tpurrepa Jpia. CpaBHUTH MOJTYYEHHYIO AUArpaMMy
C BPEMEHHOU IuarpaMmMoil MUHUMU3HPOBaHHOTO D-Tpurrepa Ha 4-x snementax M-
HE.

6*. Ilpu BO3AEHCTBUM OYE€Hb KOPOTKUX YHPABISIIOUIMX UMITYJIBCOB Ha BXO/IbI
TPUITEPA BO3HUKAET HEYCTOMYMBOCTH B €ro padboTe, KOrjJja COCTOSHUE Ha OJIHOM
BBIXOJIE MJIM COCTOSIHUS Ha 00OMX BBIXOAAaX TPUITEpPa MEPECTAIOT U3MEHATHCS WU
U3MEHSIOTCSA Ha KOPOTKOE BPEMS U TYT K€ BO3BPAILAIOTCSA B UICXOJHOE COCTOSIHUE.

YMeHbIas JUTMTEIBHOCTh YIpaBIstoniero umiyibca Ha Bxoae Clk D-
TPUITEPA, BBIIIOJIHEHHOIO Ha 4-x snemeHTax M-HE, HaliTn HeycTOMYMBOCTH B pa-
0oTe Tpurrepa.

JIns ynpoIleHHsT UCCIENOBAaHUS PEKOMEHIYETCS JUINTEIBHOCTH MEPEIHETO
(Rise) u 3anuero (Fall) ppontos ummynbcoB Ha Bxoxe CIK ycraHoBHUTh, Kak MHHU-
MyM, Ha MOPSAO0K MEHBIIMMU IO CPABHEHUIO C JUIMTENBHOCTHIO UMITYJIbCA.

JUtst cCpaBHEHUS MTOIYYUTE U COXPAHUTE KOPPEKTHYIO BPEMEHHYIO JUArPaMMy
MPaBUIBHO (YHKIMOHUPYIOLIETO TPUITEpa MpH IMojade uMITyiabca Ha Bxoj ClK,
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JUTUTEJIbHOCTh KOTOPOTO MPUMEPHO B TMOATOPA, JBA pa3a OOJbIlIe JIUTEIbHOCTH
UMITYJIbCA, IPU KOTOPOM BO3HUKAET HEKOPPEKTHAs paboTa TpUrrepa.

CpaBHUTE [JIMTENBHOCTh HUMITYJIbCA, IIPU KOTOPOM BO3HUKAET HEYCTOMYU-
BOCTh B paboTe TpUITepa, U BpeMs 3aep>KKHU paclpoOCTPaHEHUS CUTHAJA B TPUITE-

pe.

4.8. AByxcTyneH4yaTbin RS-Tpurrep

1. B okHe cxeM mporpaMMbl USPICe coOpaTh 3JIEKTPUIECKYIO CXEMY JIBYXCTY-
neH4atoro RS-tpurrepa ¢ nuHamMu4eckor cMHXpoHu3anuen (puc. 1). B cxeme wuc-
IOJIL3YHTE BCTPOCHHYIO MOJeib « Trigger-RS - clk-fall» u3 oubnmorexn «Iudpo-
BBIE DJIEMEHTBD».

st P

_I_
+

e | 7T L
] _EI_ |
bt
clk [
I R
+ —
E reset I =5 T'—“Ql
- A
0 + Wi + W5
dr @
5.0 5.0
o o

Puc. 1. Cxema s uccnenoBanust paboTsl ABYXCTYIIEHUATOTO
RS-tpurrepa

Jlnst uccnepoBanusi pabOThl TPUITEpPA HA €ro BXOJIbI MOAANTE MMITYJIbChl OT
reHepatopoB V1, V2, ..., V5. JInuTeapHOCTH UMIYJIBCOB, X MEPUOJBI MOBTOPE-
HUS U 33/IEPKKHU HYKHO YCTAaHOBUTH B COOTBETCTBUHU C IpaUKaMH, MOKA3aHHBIM
Ha puc. 2. [llar mo Bpemenu Ha puc. 2 paBeH A = H + 25*(I"— 1) MUKpOCEKyH/I, T/Ie
H — HoMep BapuaHTa (paBHbI HOMEpY MO KypHaiy), [ — HOMEp TPYyMIIbL.

W3 ananuza rpadukoB Ha puc. 2 ClenyeT, 4To paboTa TpUrrepa HaYMHAETCs C
nojayn ot reHeparopoB V2 u V5 UMOyIbCOB NMPUHYIUTEIBHOM aCHUHXPOHHOMN
YCTaHOBKM TPUITEPA CHavyasla B €AUHULLY (HaunHas ¢ t = A), a 3aTeM B HOJIb (Ha4Yu-
Has ¢ t = 2A). Ot reneparopa V3 Ha Bxoja C Tpurrepa nojaroTcsi CHHXPOUMITYJIb-
cbl. Tpurrep u3MeHsI€T CBOE COCTOSIHUE I10 33 JHEMY (PPOHTY CUHXPOMMITYJIbCOB. B
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MoMeHT BpeMmeHu t = 4A nipu set = 1 u reset = 0 mo 3agHEMy GPOHTY CHHXPOUM-
nyJibca B TpUrrepe ycranapnupaercs 1, a mpu t = 8A, koraa set = 0 u reset = 1 no
3aiHeMy ()POHTY CHHXPOUMIIYJIbCA B TpUrrepe ycraHaBiauBaetcs 0.

B

]
Q z 0 ?_ I B g - % o UM L -n\—ﬁﬁ—

clk

reset

set

1] I
0 A 2A  3A 4A 0 S5A 6A  TA BA  9A  10A 11A  12A 13A 14A 15A

Puc. 2. BpemenHnas aquarpamma paboTsl ABYXCTYIEHUATOr0 RS-Tpurrepa

Otmetum, uTo, HaunHas ¢ t = 5,5A, Ha Bxogax TpuUrrepa BO3HUKAET 3arpe-
HIeHHasl KOMOMHALKS YIpaBJsSomuX curHayioB: set = 1 u reset = 1. B atom ciyuae
Ha BBIXO/IaX MCIOJIb3YEMOTO TPUITEPA YCTAHABIMBAIOTCS HEONPEIEIEHHBIE COCTO-
ssHUs, 0003HaYeHHbIe OykBoM X. HampsokeHus Ha BbIXO/aX TPUTTEpPA B 3TOM CITy-
yae paBHbI IpUMeEpHO 2,5 B.

Tabnuma 1
clk set reset Q Qi

0 1

t, MKC

0

(@)

A~
2A~
A~
6A~
8A~
10A~
12A~
14A~

OO0l |O|R,|O| W
OO0 |0O|0O|O|R,|O|O| O
e e e ool o
PP IO O, PO OO
R OOk OIO|O

ITpu t = 8A, xorna set = 0 u reset = 1 o 3agHemMy (HPOHTY CUHXPOUMITYJIbCA
Ha OCHOBHOM BbIXoJie RS-Tpurrepa ycranaBiauBaetcst HOJib. [Ipu t = 10A, xorna
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set = 0 u reset = 0 mo 3agHemMy GpOHTY CUHXpoUMIyJibca B RS-Tpurrepe ycranas-
JMBAETCA PEKUM XPaHEHUS HYJIA.

Hcnonb3yst BpeMEHHYIO JUarpaMMmy Ha puc. 2, 3anucaTh YKOPOUYEHHYIO Ta0-
JUIy nepexosioB RS-tpurrepa, yduThiBasi, 4TO B UCXOJJHOM COCTOSSHUM HA OCHOB-
HOM BbIxozie Q Tpurrepa ycranosied Hob (Tabi. 1) .B Tabnuue 3Hak L o3Haua-
€T MoJjavuy 3aJIHETO (PPOHTA CUHXPOUMITYJIbCA.

2. Ucnonb3ys anementsl U-HE u nHBepTOp, COOpaTh SIEKTPUUECKYIO CXEMY
JIBYyXCTyneH4yaToro RS-tpurrepa ¢ 1uHaMU4YecKOW CUHXPOHU3AIMEH, TOKa3aHHYIO
Ha puc. 3. Cxema RS-Tpurrepa Ha puc. 3 ajs IPOCTOTHl HE UMEET aCUHXPOHHOTO
BX0J1a S' 1711 yCTaHOBKM Tpurrepa B 1 U acuHXpoHHOTo BXxoAa R' st copoca Tpur-
repa B 0.

+ A2
E” A1 AG Ad .
/ 50 & & &
L j — j —
N A5 5 AT 5 ._.:Qi
2 & &
@ a reget
L5 |

0 0
&0 1 %;

el

clk

Puc. 3. Cxema aByxcrynenuaroro RS-tpurrepa na snemenrtax M-HE
U UHBEPTOpE

['eneparopst V1, V2 u V3, BKIIIOYEHHBIE HA €T0 BXOJaX, JOJDKHBI UMETh Ta-
KM€ K€ rmapaMeTpsl, kak u reHeparopsl V1, V3 u V4 na cxeme puc. 1 (ckonupyiite
HY>KHbIE T€HEpATOPhI U3 CXEMBI Ha pUC. 1 B cxemy Ha puc. 3).

JIst moydeHus HyJIEBOTO HAa4YaJbHOTO COCTOSIHMSI HA OCHOBHOM BbIxoje Q
TpUITEpa yCTaHOBUTE 3HaueHus mapamerpoB Delay, Time Rise u Time Fall aie-
MeHTOB A2 u A4 paBubimu 0,5 He. B 3TOM ciydae snementsl A2 u A4 Oyayt 60-
jee OBICTPOJEHCTBYIONIMM IO CpaBHEHHIO ¢ yeMmeHTamu A6 u AS. Ha Bwixome
TpUTTEpa B 3TOM CJIydae MPH HYJEBbIX HAYAIbHBIX YCIOBUSX YCTAHOBUTCS HOJIb.

VYcranaBnuBas Bpems aHaluza, paBHoe 15A (kak Ha puc. 2), MOTy4YHUTh Bpe-
MEHHYIO TuarpaMMy padoThl IByxcTyneHuatoro RS-tpurrepa na snemenrax 1-HE
u nHBeprope. Ha aToii muarpamme, B OTIMYME OT AMArpaMMBbl Ha puc. 2, OyayT OT-
CYTCTBOBATh TpaduKu JUIsi aCHHXPOHHBIX CUTHAIOB S 1 R. CpaBHUTH MOTYYECHHYIO
JyarpaMMy ¢ BpEMEHHOM IHarpamMoil Ha puc. 2.
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3. Hcnonp3ys BpeMEHHYIO IUarpaMMy IBYXCTymeHudaToro RS-tpurrepa, co-
OpanHoro Ha snemeHTax M-HE u uHBepTOpe, 3amuimTe YKOPOYCHHYIO TaOIHILY
nepexo0B RS-tpurrepa (tadi. 2).

TaOmuma 2
set reset Q Qi

0 0 1

{, MKC
0

8A~

10A~
12A~
14A~

Al ol 2
N = =1 =)
—lo|lo|lk|k|o

4%, BayxHplil TapaMeTp TPUITEpa — 3aJepiKKa pacupocTpanenus t,. Pusnude-
CKH 3aJIep’KKa PACIPOCTPAHCHUS OIPEINEISACTCS, B OCHOBHOM, MHEPLUOHHOCTBIO
TPAaH3MCTOPOB, U3 KOTOPBIX CTposATcs Tpurrepbl. Ilapamerp i, onpezaensercs 1o
ypoBHIO 0,5 OT aMIUIMUTYJbl UMITYJIBCOB, KaK BpEMsl, HA KOTOPOE CHUTHAJbl Ha HC-
MOJIb3YEMBIX BBIXOJIaX TPUITEpa 3ama3blBal0T OTHOCUTENIBHO (DpOHTA YIPaBISAIO-
IIEr0 UMITYJIbCa UK (PPOHTA CUHXPOUMITYJIbCA Ha BXOJIE CXeMBI (pHC. 5).

Upy

A
Eq
0,5Eq
t
-
0
lipmrx
En
0,5Eq
-

Puc. 5. Onpenenenue 3a1epKK1 pacipoCTpaHEHUS

Jlnisa ompeneneHus 3afepKKu yaoOHO, HaTpUMep, CPAaBHUBATH 3aHUIA (PpOHT
cuHxpoumitysibca Ha Bxone CIK tpurrepa (mpu set = 1 u reset = 0) u nepeaHwmii
(pOHT BOHHUKAIOIIETO C 3aIePKKOM UMITylIbca Ha Beixoqe Q Tpurrepa.

Ha puc. 5, a nokazan 3aaHuii PpOHT CHHXpPOCUTHAJIA, CO3/IaBa€MbIN BXOHBIM
rereparopom V2 u nocrymnaronuii Ha Bxoz CIK Tpurrepa. 3ana3apiBaromnmii CUrHa
Ha BbIxojie QQ TpuUrrepa nokasaH Ha puc. 5, 0

Hcnonp3ys nporpammy USPICe W 3aj1aBas yMEHBIICHHBI BPEMEHHOU HHTEP-
BaJl aHayiM3a BOJMU3U (PPOHTOB BXOJHOIO M BBIXOJAHOTO MMITYJIbCOB, HaWIUTE 3a-
JIEP’KKY pacCIpOCTpPAHEHHs] B JABYXCTyneH4YaToM RS-Tpurrepe, BBIIIOJHEHHBIX Ha
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ocHoBe 35ieMeHTOB M-HE u mHBepTOopa. CpaBHUTE 3Ty 3aJE€pKKYy pacHpoCTpaHe-
HUSA U 3a]1epKKH B dsiemeHTax M-HE.

5*. Tlpu BO3AEHCTBUM OYE€Hb KOPOTKUX YHPABISIONIMX WIM CUHXPOHU3HUPY-
IOIIMX MMITYJIbCOB MOXKET BO3HUKATh HEYCTOMYMBOCTH B pabOTe TpUITEpa, KOTia
COCTOSIHUSL Ha €r0 BBIXOJAX MEPECTAIOT U3MEHATHCS WM U3MEHSIOTCA HA KOPOTKOE
BpEMsI U TYT K€ BO3BPALIAIOTCS B UCXOAHOE COCTOSIHUE.

YMeHblIas JUIMTEIbHOCTh CHHXPOUMITYJIbca Ha BXoje ClK mByxcrymenvaroro
RS-Tpurrepa, BoinoaHeHHOTO Ha 3neMmeHTax M-HE u unBepTope, HalTH HEeyCTOM-
YUBOCTH B pabOTE TpUrTepa.

Jns ynpouieHHus: MCCIENOBaHUS PEKOMEHAYETCS JIMTEIBHOCTH NEPEIHETO
(Rise) u 3annero (Fall) pponror ummynbcoB Ha Bxoze ClK ycraHOBUTH, Kak MUHH-
MyM, Ha MOPSAAOK MEHBIINMU MO CPABHEHHUIO C JJIUTEIBHOCTHIO UMITYJIbCA.

J{nst cpaBHEHUS MOJYYUTE U COXPAHUTE KOPPEKTHYIO BPEMEHHYIO JUarpaMMy
NPaBUIbHO (YHKIIMOHHMPYIOIIETO TPUITepa Mpu mojade Ha Bxon ClK mMmysbca,
JUTUTEIIbHOCTh KOTOPOTO MPUMEPHO B IMOJITOPA, JIBA pa3a OOJbIIE JIUTEIBHOCTH
UMITYJIbCa, IPU KOTOPOM BO3HUKAET HEKOPPEKTHAsI paboTa Tpurrepa.

CpaBHUTE IIUTEIBLHOCTh HMMITYJIbCA, IPU KOTOPOMl BO3HUKAET HEYCTONYU-
BOCTh B paboTe TpUrTepa, U BpeMs 3aJCp>KKHU paclpOCTPaHEHUS CUTHAJA B TPUTTE-

pe.

4.9. QewmncppaTtop

1. CocTaBuTh CXE€MY CABOEHHOI'O HEMOJIHOTO Jemudparopa — KOMOWHAIU-
o"Hoit cxemnl (KC), umeromieit 5 BxonoB u 1 Beixoa. CurHan Ha BeIXoJe A -
paTopa J0JKEeH ObITh PAaBEH JIOTMYECKOM €IMHULIE B JIBYX CIy4asx: KOrJa JBOWY-
HOE YKCJIO Ha BXOJE paBHO HOMEpYy BapuaHTa H, a Takxe Korga BXOJHOE YHUCIIO
paBHo H + I, rine " paBHO HOMepy rpynnsl (I'=1, 2, ...).

Hanpumep, cxema JUHEMHOrO CIBOCHHOIO HEMOJHOTO nemmrdparopa ¢ 4
Bxonamu aiig H = 1 u I' = 1 npencraenena Ha puc. 1. Jlornueckue curHaiabl Ha
Bxoael MO, ml, ..., M3 KOMOWHAIIMOHHOW CXEMBI MOCTYIMAT OT reHepaTopa G,
BbIPa0ATHIBAIOIIETO BO3PACTAIOIIYIO MTOCIEI0BATENBHOCTh JBOMUHBIX uncen 0000,
0001, 0010, ..., 1111. BpemeHHO! TPOMEKYTOK MEKTY CMEHOM YUCET YCTAHOBJIEH
paBHbIM | MKc (dactora guckperuszauuu paBHa 1 MI'm). Ha BHyTpeHHe#l miuHe
JAHHBIX Aemudparopa GOPMUPYIOTCS CUTHAIIBI T€HEPATOPA U UX UHBEPCHH.

Jlornyeckast GpyHKUIMS KOMOMHAIIMOHHOW CXEMBbI, TOKa3aHHOW Ha puc. 1, 3a-
MMCaHHasi B COBEPIICHHOW JU3BbIOHKTUBHOW HOpMajibHOM (opMe, MMEeT BUJL:
out = x3- x2-X1- X0+ x3-x2- x1- X0, rae X0 =m0, x1 = ml, ..., x3 = m3. Cienosa-
TEJbHO, JIoruueckas 1 Ha BbIxoJie aemmdpaTopa MOsSBISETCS MPU MOCTYIIEHUH OT
reHeparopa aecsatuuHbix yucedn 1 u 2 wim uucen 0001, u 0010, B ABOMYHOM KOJE.
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aut=x0w1 w2 w3+l ¥2%3 WMo wl oWl w2 X2 k3 w3 5 A
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Puc. 1. [Ipumep cxemsl nemmdparopa ¢ 4 BXogaMu

out

Ha puc. 2 npencraBineHa BpeMeHHas JuarpaMmma, WLTIOCTPUPYIOIast padoTy
YeThIpeXpa3psiAHOro Aemudparopa, cxema, KOToporo npusejieHa Ha puc. 1. Jloru-
YECKUM E€MHUIIAM Ha pUC. 2 COOTBETCTBYIOT BHICOKHE YPOBHM HANpsHKEHUS, PaB-

HBbIE IPUMEPHO 5 BoibTaM. Jlornueckre HynM Ha pUC. 2 IPEACTABIECHB HU3KUMH,

MPaKTUYECKU HYJEBBIMHU, YPOBHSIMHU HampspkeHus. [[ns ynoOctBa HaOmroaeHUs

BXOJHBIC U BBIXOJHBIC HAITPSIKCHHA CABUHYTHI APYTI OTHOCUTCIIBHO ApYyTra.

O m o Mmoo Mmoo o o= om W

-]

B

out
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Puc. 2. Bpemennas nuarpamma paboTs aemmdparopa ¢ 4 BXogaMu

16
MK

O6paTI/ITe BHUMAaHHUC HaA TO, YTO OTMCTKH Ha BpCMCHHOfI OCH B MKC COOTBET-

CTBYIOT ACCATHYHBIM 4YHMCJIaM Ha BBIXOAC IcHCpaTopa G nocite IMPOXOXKACHUA CO-

OTBCTCTBYIOIICTIO YMCJIa TAKTOB. HaanMep, nocie 1 Mkc Ha BBIXOAC IreHcparopa

BO3HHUKAET JIECATUYHOE 4ucio 1, mocie 2 MkCc — uncio 2 u T. A. Camasa BepxHsd
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KpHUBasi, COOTBETCTBYIOIIAsl CUTHAJIY Ha BBIXOJE Aemudparopa, MOKa3bIBAET, UYTO
JIOTUYECKasl €IMHUIA HA BBIXOJE€ BO3HUKAET TOJBKO IPHU MOJAa4€ HAa BXOJH JIBOUY-
HBIX yucen 0001, u 0010,.

2. B cooTBeTCTBUM C 33/IaHHBIM BAPUAHTOM 3allMCaTh B COBEPIICHHON U3 b-
IOHKTUBHON HOpMaJIbHOM (popMe JIOTHYeCcKyI0 (PYHKIMIO, OMUCHIBAIOIIYIO paboTy
nstupaspsgHoro aemmdparopa. Codpate cxeMy IsTUpa3psAAHOro Aemudparopa u
NOAKIIOYUTh €€ K MSATUPA3PSIAHOMY T€HEepaTopy HMITYJIbCHBIX CHUTHAjIoOB. YOe-
JUTHCS B MPABUIIbHON paboTe KOMOMHAIIMOHHOM cXxeMmbl. MoienupoBaHue mpoBe-
CTH B pexume Tran, 3ajaBasi yBeIUYEHHOE BpeMs aHalIKM3a, PAaBHOE MPUMEPHO
35 MKC.

3. HUcnonb3yst Teopembl anreOpbl JOTUKA MPOBECTH MUHUMH3AIUIO JIOTHYE-
CKOM (pYHKIIMU, ONMUCHIBaIOEH 3adaHHblid aemudparop. Llenp Munumuzanum —
YMEHBIIUTh YUCJIO JIOTUYECKUX AJIEMEHTOB W (WJIM) YHUCIO BXOJIOB JIOTMYECKHX
aJieMeHTOB. Peain30BaTh MOMYYEHHYI0O MUHUMAIbHYIO (GOpMY JOTHYECKON (yHK-
. CpaBHUTH JIOTMUECKHE CHUTHAIBl HAa BBIXOJAX MCXOJHOTO nemudparopa H
nemudparopa ¢ MUHUMU3UPOBAHHON CTPYKTYPOH.

Hampumep, orudeckyro GyHKIMo out = x3- X2 - XL- X0+ x3-x2- x1- x0, oru-
CBHIBAIONIYIO JACmU(paTop ¢ YETHIPbMS BXOJAaMH, C HCIIOJIb30BAHUEM MeEOpeMbl
oucmpubymuenocmu NepenuIneM B Bujae out = x3-x2-(xL- X0+ x1-x0). 3ameTum,
YTO BBIPAXKEHUE B KPYIJIBIX CKOOKAX COOTBETCTBYET AJIEMEHTY MCKIIOYAIOIee
WNJIN. MunuMusupoBaHHas CTpykTypa nemmdparopa 4x1 mpeacrtaBieHa Ha
puc. 3.

out=x3-x2-(x1-x0+x1-30)

Al

G |Do m0 - - e g | out
D1 lull |
D2 i |
pyl N3 A

}

25

5.0

1e-9 A

169 1

Te-B

Puc. 3. [Ipumep MUHUMU3UPOBAHHOI cxeMbl aemudparopa 4x1

B HEKoTOpBIX ciiydasix, B 3aBUCUMOCTH OT HOMEpa BapHUaHTa 3a/IaHUsl, MOXKHO
UCIIOJIB30BaTh meopemy cKleusauusi. B 3TOM ciaydae OJHY W3 BXOJHBIX JIOTHYE-
CKUX TIEPEMEHHBIX OT reHepatopa G Ha cxeMy MUHUMHM3UPOBAHHOTO JEHIH(PATO-
pa MOKHO HE MO/1aBaTh.

Ecnu He ynmaercs nMCmob30BaTh TEOPEMBI TUCTPUOYTUBHOCTH M CKIICHMBAHUS,
TO TOrJa PEKOMEHAYETCA UCNOIb30BATh meopemy oe Mopeana. B 3ToM citydae He-
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CKOJIbKO MHBEPTOPOB U KOHBIOHKIIMIO 3aMEHSIEM TU3bIOHKIIUEH U OJTHUM UHBEPTO-
poM.

4*, OCHOBHOM JMHAMUYECKUH TapamMeTp KOMOWHAIIMOHHOM CXeMbl — 3a-
nep:kka pacrpocrpanenus t,. Ilapamerp t, onpenensercs no yposHto 0,5 ot am-
IUTUTYbl UMITYJIBCOB, KaK BpEMs, Ha KOTOPOE CUTHAJ 3ama3/lbIBaeT MPH MPOXO0XK-
JICHUU 10 KOMOWHanMOHHOW cxeme (puc. 4). 3amMeTHM, 4YTO TpPHU JIUHEHHOM
BO3pACTaHUU HANPSHKEHUN UMITYJIBCOB 3aI€PKKY pacPOCTPAHEHUSI MOXKHO TaKXKe
OMPENEINTh MO0 MHUHUMAJIBHBIM WIH 10 MaKCHUMaJbHBIM YPOBHSM HaNpsKEHUS
UMITYJIbCOB.

Puc. 4. Onpenenenue 3a1epKKH pacpocTpanenus t, mpu cpaBHEHUN

BXOJTHOTO Ugy ¥ BBIXOJTHOTO Ug,,x UMITYJIBCOB

@uU3NYECKH 3a/IepKKa PACIPOCTPAHEHHUS ONPENENAETCA, B OCHOBHOM, MHEP-
LIAOHHOCTBIO TPAH3UCTOPOB, M3 KOTOPBIX CTPOSATCS JIOTMYECKHE 3yeMeHThl. Ha
puc. 4, a MOKa3aH OJAWH U3 UMITYJIbCOB, CO3/1aBAEMbIN BXOJIHBIM I'€HEPATOPOM M
MOCTYMAIOMIMK Ha BXOJ AemrdpaTopa. 3ana3apBalouIiil UMITYJIbC Ha BBIXOJE Jie-
mudpaTopa NokazaH Ha puc. 4, 0.

Hcnonp3ys nporpammy USPICe W 3aj1aBas yMEHBIICHHBI BPEMEHHOU HHTEP-
BaJl aHaJIM3a, BOJIU3U BXOJHOTO M BBIXOJHOTO UMITYJILCOB, HAWIUTE 3a/1€PKKH pac-
NPOCTPAHEHUSI B MCXOJHOM M B MUHHMHM3UPOBAHHOW CXEMax HCCIEAYEMBIX Jie-
mudparopoB. CpaBHUTE ITH 3aJACPKKHU PACIIPOCTPAHEHUSI.

5*. B HEKOTOpBIX CiTy4yasix B BBIXOJIHOM CUTHaJe Aemudparopa HaOI0aeTcs
apTeakT — Mapa3uTHbIA KOPOTKUI UMIYJbCHBIA CUTHA A C aMIUIMTYIOM, paB-
HoM mpumepHo 2,5 B (puc. 5). Ha puc. 5 napa3utHbiii KOpOTKUN UMITYJIbC MOSIBIIS-
€TCS B MOMEHT BPEMEHHM, PABHBIN 8 MKC.

JIJist movicka MpUYMH NOSIBJICHUS apTedaKkTa peKOMEHIyeTCsl BHaUalle onpee-
JUTh OJIHY U3 JBYX KOHBIOHKIMI B MCXOAHOW CXeMe JIemudparopa, Ha BbIXOJE
KOTOpOW BO3HUKAET apTedakT. KOHBIOHKIINIO, HA BBIXOJI€ KOTOPON HCCIIELYEMBIi
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apreakT He BO3HUKAET MOXKHO yIaIuTh (TIepe]] yIaIeHHEeM COXPaHUTE CXEMY HC-
XO0JIHOTO Jemudparopa).

Memx.D
1

L f

0 2 4 E 8 10 12 MEC

Puc. 5. Tlone3nsrii (I1) u mapasutHbIid (A) CUTHAIBI HAa BEIXOJIE Jemudparopa

Kak mpaBuio, apredakT nmosBiseTcs Npu OAHOBPEMEHHOM IOJave Ha 3iie-
MeHT W mepenHero u 3aHEro (PpOHTOB MMITYJIbCOB. 3aJaBasi YMEHbBIIEHHBIN Bpe-
MEHHON MHTEpBaJl aHajIu3a BOJIM3M BPEMEHU NOSIBICHUS apTe(akTa U yCTaHaBIIH-
Basg JIB€ METKM Ha MPOBOJHUKAX BHYTPEHHEH IIMHBI JAHHBIX, HAUAUTE (QPPOHTHI
JIBYX HMMITYJIbCOB M JIBa BXoAa 3iemMeHTa M, o0ycnaBnuBaromMX BO3ZHHUKHOBEHUE
aptedakTa.

OTKIIFOUUTE OT APYIHMX BXOAOB dJIeMeHTa M MpOBOAHUKH, COEAUHSAIONINE 3TH
BXOJbl C BHYTpPEHHEW IIMHOW MaHHBIX, M TMOJAWTe HAa OCBOOOJMBIIMECS BXOJbI
HaIpsHKeHUe, COOTBETCTBYIoIIee Jornyeckoi 1. Ilposeprre Hamuue apredaxra B
MOJIy4YeHHOW YIPOLIEHHOM cXxeMe HU(pPpOBOTro yCTpOICTBaA.

W3meHsiss oauH WM JIBa THapaMmeTpa 3JIEMEHTOB LHM(PPOBOro YCTpPOICTBA
(marmpumep, mapamerpsl Time Rise, Time Fall, Time Delay u 1.11.), ycrpanuts mo-
SBJICHUE MTAPA3UTHOTIO CUTHAJA Ha BBIXOAE cxeMbl. [IpoBecTH aHamOrM4HbIE U3MeE-
HEHUs NapaMeTpoOB B UCXOJHOM cxeMme naemudparopa U yOeauTcs B OTCYTCTBUU
aptedakra.

6*. CuHTe3upoBaTh cXxemy aemudparopa, UCIOIb3ysl TOJIbKO AIeMeHThl -
HE (NAND) ¢ nByms Bxogamu.

Jlnst mpocToThl M A OOecredyeHHs] B3aUMO3aMEHSIEMOCTH PEKOMEHIYEeTCs
MOCJIEA0BATENBHO 3aMEHUTh BHAYAJIE OJIMH MHBEPTOP, a 3aT€M OJMH 31eMeHT U u,
HakoHel, 31eMeHT MJIM Ha cxembl, cocTosme Toabko u3 »jeMeHtoB M-HE.
JanpHelire 3aMeHbl MOYKHO IPOU3BECTH, UCTOJIb3YsI KOMMPOBAHUE U BCTaBKY Ya-
CTH CXEMBI.

7*. CuHTE3upoBaTh cxeMy nemudparopa ¢ AByMs BbIXOAaMU. ENWHUYHBIN
CUTHAJ HA IMEPBOM BBIXOJAE MOSBISETCS MPU OMMCAHHBIX BBINIE JABYX CIIy4asx:
yucio Ha BxozAe paBHo H wiu H + I, rne " paBHO HOMepy Trpynnbl. CUrHan, pas-
HBII JIOTUYECKOW | Ha BTOPOM BBIXOJE, MOSIBISETCS MPU MOCTYIUIEHUH HA BXOJ
yucen H+ 2 + 7.
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4.10. YeTblpexpa3paaHbIN CHETYUK

1. Ucnonb3ys uetbipe JK-Tpurrepa, COCTaBUTh CXEMY CYMMUPYIOIIETO CUET-

yuKka ()14 TPYIIbl C HEYETHBIM HOMEPOM) WIJIM BBIYMTAIOLIErO CYETYHMKA (IS
IPYNIbI ¢ YETHBIM HOMEpOM). Mojyinib cueta cuetunka paBeH M = <H>i3 + 2, rne
H — Homep BapuaHTa.

Cryaentsl ¢ Homepamu BapuantoB | < H < 13 ucnons3ytor JK-tpurrepsi,
cpabaThIBaromue 1o 3aHeMY (POHTY CHHXPOUMITYJIbCA, a CTYICHTH ¢ HOMEPAMHU
BapuaHTOB H > 13 ucnosb3yroT TpUITEpsl, CpadaThIBAIOUIUE IO IEPEAHEMY (PPOH-
Ty CHHXPOUMITYJIbCA.

MuHMManpHOE MOKa3aHUE CYMMHPYIOIIETO cueTdynka paBHO (. Makcumanb-
HOE MoKa3aHue cymmupytomiero cuetynka pasHo (M — 1). Copoc Tpurrepon Tako-
ro CYETYMKa B HYJEBOE COCTOSIHHE JOJDKEH MPOUCXOIUTh IMPHU MOSBICHUU Ha
MTHOBEHHUE KOJa, COOTBETCTBYIOIIEro Moayino M. Jlns cOpoca cueTunka B Hyie-
BOE€ COCTOSIHUE HMCHOJb3YeTCsd KOMOMHAIIMOHHOE YCTPONCTBO MU JOMOJIHUTEIIbHbBIE
R-Bxoapl TpurrepoB. KoMOMHAIIMOHHOE YCTPOMCTBO, yIpaBisioliee padoToit
CUYETUMKA, MOYKHO BBIIIOJIHUTH HA OCHOBE AJIeMeHTa M ¢ HECKOJIbKUMU BXOJaMHU.

MakcuMalibHOE MOKa3aHUE BBIYUTAIONIETO CYETYMKA paBHO 15 (4eTwipe JBO-
nuHble equHuIBl 1111, = 15;5). MuHMMaIbHOE TTOKa3aHHWE BBIYMTAIOMIETO CUCTUH-
ka paBHO (16 —M). YcraHoBKka TpPUITEPOB CUETUYHMKA B €IMHUYHBIE COCTOSHUS
JIOJDKHA TPOUCXOJIUTh TMPHU TOSIBIIGHUM Ha MrHoBeHue koaa (16 —M — 1). Jlns
YCTAaHOBKH BCEX TPUITEPOB CYETUMKA B €JAMHUYHOE COCTOSHUE HCIONb3YIOTCS
KOMOMHAIIMOHHOE YCTPOMCTBO M JOIMOJHUTEIbHBIE S-BXOHBI TpurrepoB. KomoOu-
HallMOHHOE YCTPOICTBO, MOKHO BBITIOJHUTH C UCIIOIb30BaHUEM 3ieMeHTa U ¢ He-
CKOJIBKUMH BxoJgaMu. OTMETHM, 4TO ISl IPUBEAECHUS, KAK CYMMHUPYIOIIETO, TaK U
BBIYMTAIONIETO CYETYMKOB CHOBA B HYJIEBBIE WM €IMHUYHBIE COCTOSIHUS Ha BXOJ
CYeTUMKa HEOOXOMMO MOJIaTh POBHO M UMITYJIbCOB.

Hamnpumep, Ha puc. 1 npuBegeHa cxema CyMMUPYIOIIETO CYETYUKA, BBINOJ-
HeHHas Ha nByX JK-tpurrepax A2 u A3, cpabaTbiBalomIMX MO 33aHEMY (PPOHTY, C
Moaynem cyeta M = 3. BXogHOM cUrHai Ha 3TOT CUETYUK MOCTYMAaeT OT reHepaTo-
pa aBouuHbix curHaioB Al. Ha Bxoael J u K TpurrepoB mojaercs jgoruyeckas
equuua (Hanpsbkenue, paBHoe 5 B). KomOunanmonnoe ycrpoiictBo A4 BbITIOIN-
HEHO C MCIIOJIb30BaHUEM dyieMeHTa M ¢ nByms Bxomamu. Ha BbIXomax cuerdmka
MO 1 M1 MoxHO HaOIrOIaTh TOIBKO uKcia 0, 1 u 2.

[Ipu nosiBIeHMM HAa MTHOBEHHUE Ha BBIXOJAX CUETYMKA JECATUYHOrO yucia 3
(nBomyHOTrO yncina 11,) komOuHaIMOHHAs cxeMa A4 reHepupyeT eIMHUILY U TTOKa-
3aHUS cuyeTyrKa OOHYJAIOTCS. CUeTYMK HaYyMHAET HOBBIM LMK paboThl. BpeMeH-
Hasi Auarpamma paOoThl cueT4yHrKa NpuBeAeHbl Ha puc. 2. Kak BuguMm, i npuse-
JIEHUsl CYETYMKa CHOBA B HYJIEBOE COCTOSIHUE TpeOyeTcs Ha €ro BXOJ MOJaTh
POBHO 3 UMITyJIbCa.
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Jlnst ynoO6cTBa HAOMIOIEHUS BXOJHBIX M BBIXOJHBIX HANPSDKEHUA B CXeMe K
HanpspkeHusM MO, M1 u M2 npubapieHsl nMocTosiHHbIe Hanpspkenus 10, 20 u 30
BOJIBT COOTBETCTBEHHO.

rrild il
Y = | ¥ T
A1 J J
G oo 41 C C
1 4
0.5e-6 — ?
0.0 R
25 r T ’7 (l)_
5.0 -
1e-9
1e-9
¢ 24
2
— &

Puc. 1. Cxema AByXpa3psAHOT0 CYMMUPYIOIIETO CUETUHKA
¢ moayiem cueta M = 3
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Puc. 2. BpemenHnas auarpamma paboThl ABYXpa3psAHOrO CYETUHKA

2. TlpomonenupoBath pabOTy YeThIPEXPa3psIHOTO CUETYHKA C TOMOIIBIO
nporpammbl uSpice. [lepuon muckperusanuu, paBHbii mapamerpy Time Delta re-
Heparopa G, ycraHoBuTh paBHbIM 0,5 mMkc. Yactora BxomHoro curHaia f,, npwm
sToM Oynert paBHa 1 MIm.
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OOparute BHUMAaHKE, YTO B 3TOM CIIy4ae BpEeMsl B MUKPOCEKYHJIaX, MPOILEe/I-
Hiee ¢ Hayaja aHaju3a CXeMbl, OyJIeT YMCIEHHO PAaBHO YKCIy UMITYJIbCOB, TOCTY-
NUBIIKMX HAa BXOJ cueTynka. Hampumep, cpaszy mociie 1 Mkc Ha puc. 2 Ha BXOJ
CYeTUMKa MOCTYNUT 1 UMIyJbC, mocie 2 MKC — JBa uMnyibca u T. 1. [loxyuute
JUTSL 3aJIaHHOM CXEMbl BPEMEHHBIE JUarpamMMbl paOdOThI cueTYMKa U yOeauTech B
COOTBETCTBHUH MOJTYUYAIOIIETOCS MOIYJISI CUeTa 3aIaHHOMY MOJIYJIIO CUETa.

3. Ucnonw3ys kapty KapHo miis KOMOMHAIIMOHHOM CXE€MbI CYETUHKa, MpOBe-
CTU MUHUMMU3AIIUIO JOTUYECKON (PYHKIIMN KOMOUHAIIMOHHOM CXEMBI.

Hampumep, xapra KapHo 1151 cxembl cOpoca CyMMUPYIOIIETO YeThIpexpas-
psAHOrO cueTurka ¢ moaysneMm M = 2 npuBeneHa Ha puc. 3. MajJeHbKUMH YHUCIIaMU
B KPYTJBIX CKOOKax B TaOJUIIE MPE/ICTABICHbI IECATUYHBIE IIU(PPHI, COOTBETCTBY-
IOIIIKE YEThIPEXPa3psiIHBIM JBOMYHBIM Hupam. Ha puc. 3 OykBa X cOOTBETCTBYET
HEOIIPEICIICHHBIM JTOTHYECKHM 3HaueHusM. OBalI Ha KapTe comepkut 2° = 8§ sde-
ek. Kak Buanm, B oBaJie HE U3MEHAETCS TOJIBKO M;. MUHMMU3HPOBAHHOE JIOTHYE-
CKO€ YpaBHEHHE JJIsI CYMMUPYIOIIETO CYETYMKA MOJIYYUM B BUAE: Y = M;.

Peanusyiite MunuMansHyto ¢opmy jorudeckor ¢yHkuuu. CpaBHUTH JIOTH-
YECKHE CUTHAJIbl HAa BBIXOJAX HMCXOAHOTO CYETYMKA U CUETYMKA C MUHUMH3HUPO-
BaHHOM CTpyKTypoil. OOpaTuTe BHUMaHUE, YTO MPHU aHAJIN3€ MUHUMHU3UPOBAHHOTO
BBIYUTAIOMIETO CUETYNKA HEOOXOMMO YCTAaHOBUTD HYJIEBbIC HAYAJIbHBIC YCIIOBHUS.

WMo 0 [ o1 | 11 | 10
mz, My

00 Ow | Ow (X?_l(h

01 Xy | Xo (| X | Xe

11 Xay | Xay [|Xas) | Xaa

0 | X0 | Xo Ko | X

Puc. 3. Kapra Kapuo nist cuetunka ¢ mogynem M = 2

4*. CurHanel Ha BBIXOJAX CUYETUYMKA MOSIBISIOTCA C 3ama3/bIBAHUEM OTHOCH-
TEJIbHO BXOJHBIX CHUTHAJIOB. 3ama3blBaHUE OOYCJIOBJICHO 3aJ€pP:KKaMU B TPUITE-
pax. [Ipuyem y mociaeaoBaTeNbHOrO CUeTYMKa 3ama3blBaHuEe CUrHajga OyaeT Mak-
CUMAaJIbHBIM Ha BBIXOJE CTapIIEro pa3psja CUeTUrKa, T. K. B 3TOM CJIy4ae BXOHOM
CUTHAJI OT reHepaTopa MPOXOJAUT MAKCUMAJIbHOE YHUCIO TPUITEepOoB. DU3HUECKH
3a/iepKKa pacHpOCTPAHEHUS OINPEACIIIEeTCS, B OCHOBHOM, HHEPLUUOHHOCTBIO TPaH-
3UCTOPOB, U3 KOTOPBIX CTPOSITCSI TPUTTEPHI CUETUUKA.

BaxxHble mapamMeTpbl c4eTYMKAa — 3aJ€P’KKU pacnpocTpaHeHus ty, t,, by, 1
T.J. KOTOPbIE OMPENENSIOTCS KaK 3aJeP>KKU TMOSIBJICHUS UMITYJIbCOB Ha BBIXOAAX
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mO0, m1, m2 u t.n. Hanpumep, napamertp t,, onpenensgerca no ypossto 0,5 oT am-
TUTUTY/IbI UMITYJIBCOB, KaK BpeMsi, Ha KOTOPOE CUTHAJ 3ara3/iblBaeT Ha Bbixoje MO
P MPOXOKACHUHU OJJHOTO TPUTTEPA CUETUUKA.

Ha puc. 4, a noka3zan 3aniHuili (POHT MEPBOTO HUMIYJIbCA, TEHEPUPYEMOTO
BXOJIHBIM reHepaTtopoM. Mmnynbc Ha Bbixoge MO mepBoro cieBa TpUITEpa CUET-
YyiKa, COOpaHHOTO HAa TPUITEpax, cpabaThIBAIOMIMX MO 3aAHEMY (POHTY CHHXPO-
UMITyJIbCa, NIOKa3aH Ha pHc. 4, 0. 3axepika pacnpocTpaHeHus t,) MokasaHa Ha
puc. 4, 6. B nmanHoM ciydae 3aj7iep)kKa ONpENesieTCs OTHOCUTEIBHO 3aJHErO
(GbpoHTa BXOAHOT'O UMITYJIbCA.

Hcnonp3ys nporpamMy USPICe W 3a/1aBas yMEHBIICHHBIH BPEMEHHOW MHTEP-
BaJl aHaJIM3a, BOJU3H BXOTHOTO M BBIXOJIHOTO UMITYJIHCOB, HAMAUTE 3aJIEPKKY pac-
IpocTpaHeHus ty) U 3aepKKy pacpOCTPaHEHUs Ul CTapIIEro paspsaja Ha BBIXO-
JIe CYETYMKA, HA KOTOPOM BO3HUKAET eAnHUIa. CpaBHUTE 3TU 3aJCPIKKU.

‘m
En
0,5Ent- -
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AMO )
Egl 1 _
0,5Ent- -~
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0l > e
fp[l
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Puc. 4. Onpenenennie 3aep>XK1 pacCIpoCTPAHEHUS JJI MJIQJIIIEr0 pa3psjia Ha

BbBIXOA€ CUCTUHMKA

5*. YBenuuuBas 4acTOTy BXOJHOTO CHUTHala, UCCIEN0BATh ObICTPOAEHCTBUE
cuetunka. HaliTu 4acTtoTy, mpy KOTOpPOW CUETUYMK HaYMHAET padOTaTh HEKOPPEKT-
Ho. Kak mpaBuiio, mpy 3TOM BO3HHMKAIOT U3MEHEHHS aMIUTUTYAbl UMIYJIbCa, WU
€ro 3aJepKKU, WIK €ro JjauTelbHocTu Oosee ueM Ha 30% mpeBsllIaronue mnapa-
METpPbl HEUCKAKEHHBIX UMITYJIbCOB.

6*. CocTaBUTh TaOJUILy COCTOSIHMIM CUETUYMKA W BBIJCIUTH B ATON TabsmIle
HOMEP UMITYJIbCA, COOTBETCTBYIOIINNA YCTAHOBKE TPUITEPOB CUETUMKA B UCXOJIHOE
HyJIeBO€ cocTosiHhe. OnpenenuTh o Tabiuile COCTOSIHUN KO3IPPUIUEHT AeIeHUS
4acTOTHI BXogHOro curaana n = f,, / f,..

7*. OOpaTuTe BHUMAHUE, YTO B HEKOTOPBIX CIy4yasX CUCTYMK HAUMHAET Ipa-
BUJILHO pab0OTaTh TOJIBKO MOCJE NEPBOro LKKIIA, KOTJA XOTs Obl OJUH pa3 oTpado-
TAIOT BCE TPUITEPBI CXEMBI. DTO OOBSACHAETCS TEM, YTO B Iporpamme uSpice npu
3aIlyCKe aHaJIM3a CXEMbl MEpPBOHAYAJIbHBIE COCTOSIHUS TPUITEPOB MOKET OBITH HE
OIIPEENICHO.
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C moMOUIpI0 TOMOIHUTEIBRHOIO TEHEPATOPA JIOTUYECKUX CUTHAIOB, BKIIFOYAs
B cxemy anemenTsl MJIM u U, opranuzoBaTh nepBOHAYAIBHBIN COPOC TPUTTEPOB
CUYETUMKa B HYJIEBOE COCTOSIHUE U MPaBUIIBHYIO MOCIEAYIONIYI0 paboTy CUETUHKA.

4.11. MaTnpa3pagHbIN CHETUYUK

1. Ucnonb3ys nsate JK-TpUrrepoB, COCTaBbTE CXEMY CYMMUPYIOIIEro (s
rpynn 1 u 2) wim BeruuTaromero (st rpyni 3 U 4) cuetdnka. s moctpoeHus
CUYETUMKa CTYIEHTHI | U 3 Tpynn UCIONb3YIOT TPUITEPHI, CpadaThIBAIOLIUE O 3a]-
HeMy (DPOHTY CHHXPOUMITYJIbCA, & CTYACHTHI 2 U 4 TPYNN UCIOIB3YIOT TPUTTEPHI,
cpalaThIBaOIIME IO NEPEIHEMY (POHTY CHHXPOUMITYJIbca. MOAyb cuera CYeT-
yuka paseH M = H + 3, rne H — HoMmep BapuanTa.

MuHMManpHOE MOKa3aHUE CYMMHPYIOIIETO cueTdynka paBHO (. Makcumanb-
HOE MOKa3aHue CymMMupymlero cuetynka paBHo M — 1. COpoc TpurrepoB cueT-
YhKa B HYJIEBOE€ COCTOSIHUE JOJDKHA MPOUCXOIUTH MPH MOSBICHUA Ha MTHOBEHUE
Koja, paBHoro M. [Ins cOpoca cyeTdyWka B HYJIEBOE€ COCTOSIHHE HCIOJIb3YHOTCS
KOMOWHAIMOHHOE YCTPOMCTBO M JOMOJHUTENbHBbIE BX0Abl R Tpurrepon. Komou-
HallMOHHOE YCTPOMCTBO, yIpaBisiollee padOTON CYETUMKA, MOKHO BBIMOJIHUTH C
HCIIOJIb30BaHUEM JieMeHTa M ¢ HECKOJIbKMMU BXOJIaMHU.

MakcumanbHOE MOKa3aHWE BBIYMTAIOLIErO cyeT4yrka paBHO 31 (IATh JBOMY-
HbIX enuaui 11111, = 31;y). MuHNMaNbHOE TTOKAa3aHUE BBIYUTAIOIIETO CUCTYHKA
paBHO 32 — M. YcTaHoBKa TpUITEPOB CUETUYMKA B €AMHUYHBIC COCTOSHUS JOJKHA
MPOUCXOUTh TP TMOSBICHUHA Ha MrHoBeHHne koma 32 — (M + 1). Jlnsg ycraHOBKH
BCEX TPUITEPOB CUETUMKA B €AMHUYHOE COCTOSTHUE MCHOJB3YIOTCSI KOMOWHAIIMOH-
HOE YCTPOWCTBO M JOMOJHUTENbHBIE BXOAbl S TpurrepoB. KomOuHammoHHOE
YCTPOMCTBO, MOKHO BBINOJIHUTH C MCIOJb30BAaHUEM 3JieMeHTa W ¢ HECKONbKUMU
BXOJIaMHU.

Hampumep, cxeMa CyMMUPYIOIIETO0 CYETUYHKA, BHIMOJHEHHAs HA OCHOBE TPeEX
JK-Tpurrepos, ¢ MojyJieM cueTa, paBHbIM 6, oKa3zaHa Ha puc. 1. BxoaHoil curnan
Ha CUETYMK MOCTYMaeT OT reHeparopa ABoMuHbIX curHanoB G. CpabaTbiBaHue
TPUITEPOB BO3HUKAET MPH Nojaue 3aJHero GppoHTa cuHxpoumnyibca. Ha Bxoasl J
u K tpurrepoB nojaercs jorudeckas eiuHuIa (HanpsbkeHue, paBHoe +5 B oT uc-
TouHuka V1).

KomMOuHannonHoe ycTpoilcTBo A5 BBINIOJIHEHO C MCHOJb30BAHUEM 3JIEMEHTA
N ¢ tpems Bxomamu. Ha Beixogax cuetunika MmO, M1 u m2 MoxxHO HaAO/IIOAATH
TOJIBKO JIecATUYHBIE ynciaa oT 0 10 5 BKIIOYUTENBHO.

[Ipy mosiBNEeHMM Ha BBIXOAAX CUETYMKA JECSITHUYHOIO uuciaa 6 (ABOMYHOTO
gucna 110,) koMOMHALIMOHHAs CXeMa FeHepUpyeT €ANHUILY U TIOKa3aHUs CUETUMKA
IPAKTUYECKU MTHOBEHHO OOHYJISIIOTCS. C HyJEBOrO COCTOSHUS CYETUMK HAUMHAET
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HOBBIM 1K paboThl. BpemenHas nuarpamma paOOThl CU€TYMKA MPUBEICHBI Ha
puc. 2.
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Puc. 1. CxeMa Tpexpa3psaHOTO CyMMUpYIOIero cuetynka (M = 6)
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Puc. 2. Bpemennas nuarpamma paboTsl cueT4nKa

st obecrieueHus MpaBUILHON pabOThI CUETUMKA MPEBAPUTEIIBHO COCTABLTE
JIOTUYECKOE ypaBHEHHUE, OIUCHIBaIOIee pPadOTy KOMOWMHAIIMOHHOW CXEMBI.
Hanpumep, 1ns cxembl Ha puc. 1 3TO ypaBHEHHUE BBIVISIAUT MPOCTO:
Y = m2-m1-ﬁ), rae Y — BeIXOAHOM curHai cxembl M, m2, m1 u m0 — joruue-
CKME CHTHaJbl HA BXOJIaX CXEMBbI JJOTMYECKOTO YMHOXeHus. Yucno 110 B qeonu-
HOM KOJI€ JIJI1 CYMMHUPYIOIIEr0 CYETYMKA PABHO YUCITY, IIPU KOTOPOM JOJKHA Cpa-
OaThIBaTh KOMOMHAIIMOHHAS CXeMa, COpachiBasi B HOJIb MIOKA3aHUS CYETUMKA.
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JIiist mATHPa3psIIHOTO CyMMHUPYIOIIETO CueTdYrnka Moayiib cuera M = (H + 3)
HE0OXO0IMMO 3alucaTh B ABOMYHOM KOJI€ M 3aTE€M IEPEBECTH 3Ty 3alUCh B COBEP-
HMICHHYIO JU3BIOHKTHUBHYI0 HOPMAJIbHYIO (DOpMY, 3aMeHsis JTOTUYECKHUE €IIMHUIIBI
CUrHaJlaMi 0€3 MHBEpPCUM, a JIOTUYECKUE HYJIU — CHUTHajlaMu ¢ MHBepcuei. NH-
BEPCHUIO CUTHAJIa MOXHO OO€CIeUuTh, MOAKIIOYas BX0A cXxembl M kK MHBEpCHOMY
BBIXOJly TPUITEPA, WJIM BKJIKOYAs AOMOJHUTEIbHBIE HUHBEPTOPHI. 7151 BRIUMTAIOLIE-
ro NATUPA3PSAIHOTO CUETUMKA AHAJIOTMYHBIE AEHCTBHS HAJI0 IMPOBECTU ISl YMCIIA
32— (H+3)-1.

2. [IpomoaenupoBath pabOTy cUE€TYMKA C MOMOIIBIO MporpaMmbl uSpice. Ile-
pHOA AMCKpETH3aIMK, paBHbIN napametpy Time Delta reneparopa G, ycTaHOBUTH
paBHbIM 0,5 Mkc. YacroTa BXOAHOTO curHana fy, mpu 3Tom Oynaet paBHa 1 MI1.

OOparute BHUMAHKE, YTO B 3TOM CIIy4ae BpPeMsl B MHUKPOCEKYHJIaX, MPOIIIE/I-
iee ¢ Hayaja aHaju3a CXEMbI, OyJIeT YMCIEHHO PAaBHO YHCIY UMIYJIbCOB, MOCTY-
NUBIIMX Ha BXOJ cyeTunka. Hampumep, cpa3y mociie 1 MKC Ha puc. 2 Ha BXOJ
CYETYMKA MOCTYNUT | MMIyIbc, mocae 2 MKC — JIBa UMITyJbca U T. 1. [lomyuute
JUTSL 33JIaHHOM CXEMbl BPEMEHHBIE JUarpaMMbl paOOTHI CUETYMKA U yOEIUTECh B
COOTBETCTBHHM IOJIYUYAIOLIETOCA MOAYJISA CUETa 3aJaHHOMY MOJIYJIFO CUETA.

3. Ucnonb3ys kapTel KapHo, mpoBeanTe MUHUMM3AIUIO JOTUYECKON (PYHK-
U KoMOMHaAIMOoHHOM cxeMbl. Hanpumep, kapta KapHo nist cxembl cOpoca cyM-
MUPYIOIIETO cueTyuka ¢ Moayiaem M = 6 npuBeaeHa Ha puc. 3.

X1, Xo
Xa, Xa, X5 00 01 11 10
000 0 o 0w 0 0

001 0 @ 0 ) (X ) 1 (6)]

011 Xay | X a3 LX as) | X

010 Xe | Xo | Xay | X o

100 Xaey | Xan | Xagy | Xas

101 Xeo | X @ p( @) | X (22)]

111 Xes | X b( ey | X (30)J

110 Xy | Xesy | Xen | X )

Puc. 3. Kapra Kapro mas cymmupyroriero cueryrika (M = 6)
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MasneHbKMMH YHCJIaMU B KPYTJIBIX CKOOKaxX B TaOJUIle MPEICTaBICHBI JECS-
TUYHBIE YHCJIa, COOTBETCTBYIOIINE MATUPA3PSIAHBIM JBOUYHBIM unciaMm. Ha puc. 3
OykBa X COOTBETCTBYET HEOIpPEACICHHBIM 3HaueHHSAM. JIBa oBajia Ha KapTe Co-
JepkaT 1o 4 SYeHKH U pacroiararoTes Ipyr Haja apyrom. Kak Buaum, B oBajiax He
HU3MEHSAIOTCA TOJIBKO X, U X;. CrenaoBaTebHO, MUHUMH3UPOBAHHOE JIOTHYECKOE
YpaBHEHHE JIJII CYMMHUPYIOIIETO CUYETYHKA MOJYIUM B BHJIEC: Y = XoXj.

Kapra KapHo 1151 BeIYMTAIOIIEro cueTyrka ¢ MmoayieM M = 6 mpuBeacHa Ha
puc. 4. B aToM ciydae ycTaHOBKAa TPUITEPOB CUCTUMKA B €AMHUYHBIC COCTOSHUS
JIOJDKHA MPOUCXOIUTh MPHU MOSBIICHUH Ha MTHOBeHHE Koxaa 2510 = 11001,. Munu-
MHU3UPOBAaHHOE JIOTHYECKOE YPABHEHUE CXEMBI ITOJIyYUM B BUIE: Y = X, X, .

CpaBHHTE JIOTMYECKUE CUTHAJIBI HA BBIXOJIaX MCXOJHOTO CYCTUYMKA U CUCTUH-
Ka C MHUHUMHU3UPOBAHHON CTPYKTypou. YOeauTech, 4TO s CYMMHUPYIOIIETO
CYETUYMKAa MOYKHO OCTaBHUThH TOJIBKO BXOJbI KOMOMHAIIMOHHONW CXEMBI, IOIKIIOUEH-
HbIC K OCHOBHBIM BBIXOJIaM TPHITEPOB, a ISl BRIYUTAIOMIETO CUYETUYMKA, — ITO-
KIJTFOUCHHBIMHU TOJIEKO K HHBEPCHBIM BBIXOJIaM TPUTTEPOB.

X1, Xo

Xa, Xa, X5 00 01 11 10

000 \ Xo | X (1), Xe | Xo

001 Xy | Xo | Xy | X
011 Xay | Xay | Xas) | X
010 Xe | Xo|| Xay | Xao
100 Xae | Xarf | Xagy | Xas
101 X | X @y| Xea | X @
111 Oeg | Oo) | Oy | Oco

110 l Xey | 1 (25)\ Oy | O e

Puc. 4. Kapra KapHo ans Berunrarorero cueryrka (M = 6)

4*. CurHayipl Ha BBIXOJ]aX CUETUMKA IMOSBISIIOTCS C 3alla3/IbIBaHUEM OTHOCH-
TEJIbHO BXOJHBIX CUTHAJIOB. 3ama3/bIiBaHie OOYCIIOBJICHO 3a/€pKKaMU B TPUITE-
pax. [Ipuyem y mocneaoBaTeabHOro CUETYMKA 3ama3/bIBaHUe CUTHaiIa OyJeT Mak-
CUMAJIBHBIM JUISL BBIXOJA CTApILIEro paspsAa CYETYMKA, T. K. B OTOM Cllydae
BXOJHOM CUTHAQJI OT I'€HEpaTopa NPOXOJUT MAKCUMAJIbHOE YUCIO TpUrrepos. du-
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3UYECKH 3aJIep’KKa PACHPOCTPAHEHUS OMpPEENsIeTCsl, B OCHOBHOM, WHEPIMOHHO-
CTBIO TPAH3UCTOPOB, U3 KOTOPBIX CTPOATCSI TPUTTEPHI CUECTUHKA.

BaxxHble mapamMeTphl c4eTYMKa — 3aJ€P’KKU pacnpocTpaHeHus ty, t,, by, 1
T.J. KOTOPBIE OMPEAEISAIOTCS KaK 3aJepP>KKU TMOSIBJICHUS MMITYJILCOB Ha BBIXOJAaX
mO, m1, m2 u t.n. Hanpumep, napamertp t,, onpenenserca no yposHto 0,5 oT am-
IUTUTYIl UMITYJICOB, KaK BpEMsi, Ha KOTOPOE CUTHAJI 3ara3jibiBaeT Ha Bbixoje MO
U MPOXOKACHUHN OJTHOTO TPUTTEPA CUETUHKA.

Ha puc. 5, a mokazan 3aaHuii (pOHT MEPBOTO HMIYJIbCA, TEHEPUPYEMOTO
BXOJIHBIM reHepatopoM. Mmmynbc Ha Beixoge MO mepBoro cieBa TpUITEPA CUET-
YHKa [I0Ka3aH Ha pHc. 5, 6. 3axepkka pacrnpocTpaHeHus 1, mokasaHna Ha puc. 5, O.
B nanHOM ciydae 3ajepikka ONpesesieTcs OTHOCUTENBHO 3aHET0 (pOHTA BXOJ-
HOTO UMITYJIbCa, T. K. JK-Tpurrepsl cpabaTbIBalOT MO 3aIHEMY (PPOHTY CUHXPOUM-
nmyJibca.

Hcnonp3ys nporpammy USPICe W 3a1aBas yMEHBIICHHBI BPEMEHHOW HHTEp-
BaJI aHAJIM3a, BOJU3U BXOJHOTO U BBIXOJTHOTO MMITYJILCOB, HAMINUTE 3aJEPKKY pac-
npocTpaHeHus t,) U 3a7ep KKy pacIpOCTPAHEHUs Ul CTAapIIEro paspsAaa Ha BHIXO-
JI€ CYETYMKA, HA KOTOPOM BO3HUKAET eAHUIA. CpaBHUTE 3TU 3a/I€PKKHU.

0l » e

If pl
6)

Puc. 5. Onpenenenue 3a1epKKU pacipOCTPAHEHUS ISl MIIAJIIIETO pa3psaa Ha

BBIXOJ€ CUCTUHKA

5*. YBenuuuBas 4acTOTY BXOJIHOTO CUTHaja, UCCIEI0BaTh OBICTPOJCHCTBUE
cueturka. HaliTu yactoTy, mpu KOTOpPOW CYETUMK HAYMHAET pabOTaTh HEKOPPEKT-
HOo. Kak mpaBuiio, mpu 3TOM BO3HHMKAIOT M3MCHCHHS aMILIUTYJIbI UMITYJIbCa, WM
€ro 3aJIepKKH, WIK ero JjauTesbHocTU Oosee yeM Ha 30% mMpeBbIlIaloNIUe mnapa-
METPBI HENCKKCHHBIX HMITYJILCOB.

6*. CocTaBuTh TaOJMIly COCTOSHUM CUETUYMKA W BBIJCIUTH B ATOM TabJMIle
HOMEpP UMIYJIbCa, COOTBETCTBYIOIIUN YCTAHOBKE TPUITEPOB CUETUMKA B UCXOTHOE
HyJIeBO€ (MU €IMHUYHOE) cocTosiHue. OnpenenuTh 1Mo Tadauie COCTOSTHUN K03 (-
(HUIMCHT JeJIeHUs YacTOThI BXOqHOro curHana N = f, /...
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7*. OOpaTuTe BHUMAHUE, YTO B HEKOTOPBIX CIy4yasX CUETYMK HAUMHAET Ipa-
BUJILHO paboOTaTh TOJIBKO MOCJE MEPBOTO IIUKJIIA, KOTJa X0Ts Obl OJUH pa3 oTpado-
TalOT BCE TPUITEPHI CXEMBI. ITO OOBIICHSAETCS TEM, YTO B IporpaMme uSpice npu
3aIyCKe aHaJn3a CXEMbl MePBOHAYAIBHBIE COCTOSHUSI TPUTTEPOB MOXKET OBITh HE
OTIPEJIEIICHO.

C nomol1pi0 TIONOJHUTEIFHOTO TeHEepaTopa JOTMYECKUX CUTHAJIOB, BKIIOYAs
B cxeMy anemeHT MJIM, oprann3oBath nepBoHayaibHbIA cOPOC (MJIM YCTAaHOBKY)
TPUITEPOB CUETUYMKA B HYJIEBOE WM €IUHUYHOE COCTOSHUSI M MPaBUJIBHYIO IO-
CJIEIYIONTYIO pa0OTy CUETUHKA.

4.12. PeBepCUBHbLIU CHETUYMUK

1. PeBepcuBHBIN cueTyuK cocTaBisieM U3 yeTelpex JK-tpurrepos, cpabaTbi-
BAIOIIMX 110 33aAHEMY (POHTY CUHXPOUMITYJIbca. MOAy/b CUETA CUETUHKA B PEKU-
M€ CyMMHPOBaHUS Ui TPyIIsl ¢ HomepoMm [ (I'=1, 2,...,5) paBer My = 2*[" + 2
7t BapuanToB ¢ 1 mo 13 BxmountensHo u My = 2*["+ 3 17151 BApUaHTOB C HOMe-
pamu Oobie 13.

MuHuManpHOE NMOKa3aHWE CYMMHpPYIOLIETo cuerdrka paBHO 0. Makcumanb-
HOE MOKazaHue cymmupymomero cuetynka pasHo (M; — 1). COopoc Tpurrepos
CUETUMKa B HYJIEBOE€ COCTOSHUE JIOJDKEH MPOUCXOJUTH MPHU MOSBJIECHUU HA MIHO-
BEHHE KOJa, cooTBeTcTBYIomero M. Jlyig cOpoca cyeTurka B HyJIEBOE COCTOSIHUE
UCITOJIb3yeTCsl KOMOMHALIMOHHOE YCTPOMCTBO M JIONMOJIHUTENbHbIE R-BXOMBI TPUT-
repoB. KoMOMHAIIMOHHOE YCTPONCTBO MOKHO BBINIOJHUTH HA OCHOBE 3jemeHTa 1
C HECKOJIbBKUMHU BXOJIAMH.

Mopynb cueTa cyeTyMKa B peKUMe BbluuTaHus paBeH M, = <H>;3+ 2, rne H
— HOMeEp BapuaHTa. MaKkcUMalbHOE MOKa3aHUE BBIUMTAIOIIETO CYETYHKA PABHO
15 (uetbipe aBonuHble eauHUILI 1111, = 15;5). MuHUManbHOE TTOKAa3aHWE BHIUU-
TaroNIero cyeTyrka paBHO (16 — My). YcTaHOBKA TPUITEPOB CYCTYMKA B UCXO/IHBIC
€AMHUYHbBIE COCTOSIHUS JOJKHA MTPOUCXOJAUTH MPU MOSBJICHUH HA MTHOBEHHE KOAa
(16 — M, —1). [yig yCTaHOBKHM CYETYUKA B CIMHUYHOE COCTOSIHHE UCIIOJIB3YETCSI
KOMOMHAIIMOHHOE YCTPOMCTBO U JIOMOJHUTEIbHBIE S-BXOAbI TpUITEpOB. KomOU-
HAIlMOHHOE YCTPOMCTBO, yIpaBJsiollee pad0oTON BHIYUTAIOIIETO CUETYUKA, MOKHO
BBITIOJIHUTH Ha OCHOBE 3JiIeMeHTa U ¢ HeCKOIbKUMH BXOAaMHU.

Hamnpumep, Ha puc. 1 npuBeneHa cxeMa peBepCUBHOIO CYETUHKA, BBITIOJIHEH-
Has Ha AByX JK-tpurrepax A2 u A4, cpabaThiBatomux no 3agHeMy (GpoHTy, ¢ MO-
JyJIeM cyeTa JUisi CyMMHUPYIOIIEr0 CUeTYMKA, PAaBHBIM 3, U C MOAYJIEM cyeTa JJis
BBIYUTAIOIIETO CYETUMKA, PABHBIM 2.

BXoaHON MMITyJIbCHBIM CHTHAJI Ha 3TOT CUETYMK ITOCTYINaeT OT IeHepaTopa
nBonuHbIX curHasioB G. Ha Bxoasl J u K Tpurrepos nospaercst jorudeckasi €JuHu-
1a. YIPaBIAOINNA CUTHAJ, IEPEKIIIOYAOIINN PEKUMBI CYMMUPOBAHUS U BbIYATA-

73



3apgaHua Ha mogenupoBaHue

HUS, IOCTYMAeT Ha Bxoa MX. s nmepexitoueHus: pexxuMoB paboThl UCIIONIb3YETCS
mynbTUIIEKcop A3. Ecmu mx = 0 (puc. 1), To cyeT4nk paboTaeT B PEKUME CyM-
mupoBaHusi. Eciin mX = 1, To cueT4rK NepexoAuT B PEKUM BEIYUTAHUSI.
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Puc. 1. Cxema nByXpa3psgHOro peBEpPCUBHOIO CUETYUKA

B pexume cymmupoBanus [t cOpoca Mmoka3zaHui CYeT4YUKa B HOJb UCIOJIb-
3yeTcst KomOuHaImonHoe ycrpoiictBo A8. Ha Beixogax cueTurika MO u M1 B 3TOM
cilydae MOKHO Habmo1ath Tosbko uncna 0, 1 u 2.

ml

i

gen o

00 04 08 12 16 20 24 28 32 36 40 44 48 B2
MK
Puc. 2. BpemenHnas auarpamma paboThl CUETYHKA
B pexxuMe cymmupoBanus (Mx = 0)

IIpu nosiBneHMH Ha BBIXOJAX CYETYMKA AECATUYHOrO yucia 3 (IBOMYHOTO
gucna 11,) komOuHanmoHHasi cxema A8 reHepupyeT eIMHUITY U TTOKa3aHHs CUeT-
YUKa MPAKTUYECKH MTHOBEHHO OOHYJSIOTCS. CUETUNK HAYMHAET HOBBIM ITUKII pa-

00Tel. Bpemennas nuarpamMMa paboThl CYMMHUPYIOIIETO CUETUYHMKA MPHUBEACHBI Ha
puc. 2.
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st Toro, 4ToOBI 35IeMEHT A8, OCYIIECTBISIOMNN COPOC TPUTTEPOB B HOJIb,
HEe Melaja paboTe cueTUyrMKa B PEKUME BBIUUTAHUS MCIIOJIB3YIOTCS HHBEPTEpP A6 U
anemeHT A9. Ilocnennuii oTkiatouaer 37eMeHT A8 oT R-BXOJOB TPUITEPOB IMpHU
nojayve Ha YMPaBJSIIOMIANA BXOJ MX JIOTMYECKON €THMHHUIIBI.

B pexxume BbIYMTAHUS JI1 YCTAHOBKU €IMHUYHBIX MOKAa3aHUM CUETUYMKA HC-
nojb3yercs koMOuHarmonHas cxema A6. Ha Beixogax cuetunka m0 u ml B pe-
JKMME BBIYMTAHUS MOKHO HAOJIOAaTh TOJIBKO unciia 3 u 2. [Ipu nmosBieHun Ha BhI-
XoJlax cyeTyuka necsatudyHoro uywmcia 1 (kox 01,) xomOuHarmoHHas cxema A6
TreHEepUpPYeT SMHUITY W TOKa3aHUs TPUTTEPOB CUETUMKA MPAKTUUYECKH MIHOBEHHO
CTAHOBSTCS paBHBIMHM eauHuIle. CUeTUMK HAuYMHACT HOBBIM HUKI paboThl. Bpe-
MEHHas Auarpamma paboThl CUETUYMKA B PEKMME BEIYMTAHUS MPUBEJICHA HA PHUC. 3.

i i L a— i -r[ i 7 L i i W
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gen
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0o 0.4 0.g 1.6 20 24 28 3.2 3.6 4.0 44 445 5.2

rEC
Puc. 3. BpemenHnas quarpamma paboThl cHeTUHKA

B PEKHMME BBIYMTAHMS (MX = 1)

Jlnst Toro, 4ToOBI 351eMeHT A6 He Meman padoTe CYETUUKA B PEKUME CYMMHU-
pPOBaHUS HCIIONB3YETCS AMEMEHT A7, KOTOPBI OTKIIOYaeT 3meMeHT A6 oT S-
BXOJIOB TPUITEPOB MPH MOIaY€ Ha YIPABISAIOMIUNA BXOJ MX JIOTUYECKOTO HYJIS.

2. Jlns obecnieyeHust MpaBUIIbHOM pabOThl PEBEPCUBHOIO CUETUMKA C 33JaH-
HbIMHU MoayisiMu My u M, TpeOyeTcst mpeaBapUTEIbHO COCTAaBUTh JIBA JIOTMYECKHUX
YpaBHEHMS, OMUCHIBAIOIINX pabOTy KOMOMHAITMOHHBIX CXEM cOpoca cueTuuhKka B
HOJIb M YCTAHOBKH CUETUHKA B €IMHUYHOE COCTOSTHUE.

st cyeTdrka, paboTaloOIEro B peKMME CyMMUPOBAHUS, 33a/IaHHBIA MOJYJIb
cuera M; He0oOXoAMMO 3amKcaTh B IBOMYHOM KOJI€ M 3aT€M NEPEBECTH 3TOT KOJ B
ypaBHEHUE B COBEPIIECHHON JU3BIOHKTUBHON HOpMaibHOU (popme, 3aMeHssl JIOTH-
YeCKHe €UHUIIbI CUTHaJaMu 0€3 MHBEPCUM, a JOTHYECKUE HYJIU — CUTHAJIAMH C
uHBepcuei. MHBepcHio CurHajia MOKHO 00ecreuuTh, MOAKIYas BXoa cxeMbl U k
WHBEPCHOMY BBIXOJY TPUITEPA WIIM BKIIFOUAs! OMIOJHUTEIbHBIE HHBEPTOPHI.

Hampumep, 1715 cxemsl Ha pucC. 1 JOrmyeckoe ypaBHEHHE B PEKUME CYMMH-
pOBaHMsI BBINVISLIUT IPOCTO: Y = M1*MO, rae Y — curHan Ha BbIXOZE daeMeHTa A8,
M1 u MO0 — BxoHbIe (0€3 MHBEPCHIT) JJOTUYECKUE CUTHAJIBI Ha BXO/IaX CXEMBbI JIO-
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rUYECKOro yMHOXxeHus. Uucno 11 B JBOMYHOM KOAE I CUETYMKA B PEKUME
CYMMHPOBAHHS paBHO YHUCITY, TP KOTOPOM JIOJKHA cpabaThiBaTh KOMOMHAIIMOH-
Hasi cxema ¥ cOpachIBaThCSl B HOJIb MOKA3aHUS CUETUHKA.

JIiist cuetunka, paboTaloIIero B PeKUME BHIYMTAHU S, HEOOXOAMMO 3aIucaTh B
JBOMYHOM KoJie JecsaTuyHoe uncio (16 — M, — 1) u 3aTem mepeBecTH 3TOT KOJ B
ypaBHEHHUE B COBEPIIECHHON NU3BIOHKTUBHOW HOpMabHOU (hopme, 3aMEeHss JIOTH-
YECKUE €IMHUIIBI CUTHAJIaMU 0€3 MHBEPCUM, a JOTUYECKUE HYJIM — CUTHAJIAMHU C
uHBepcuei. MHBepcrio curHaia Mo>KHO 00€CreuuTh, MOAKI0oYas BXoa cxeMmbl U k
WHBEPCHOMY BBIXOAY TPUITEPA, WM BKIIOYAs TOMOJIHUTEIbHBIE HHBEPTOPBI.

Jltst cxeMsl Ha prc. 1 3T0 ypaBHeHHe uMeeT Bu Z=ml*m0, T/e Z — CHrHan
Ha Bbixojie 3neMeHTa A8. Yucio 01 B IBOMYHOM KOJI€ B CUETUHKE B PEKUME BbI-
YUTaHUS TOSBIISICTCS HA MTHOBEHHUE, O0yClIaBliuBasi YCTAHOBKY CUETUMKA B €lIH-
HUYHOE COCTOSIHUE.

[IpomoaenpoBath pabOTy YETHIPEXPa3PSAIHOTO PEBEPCUBHOIO CUETYHKA C
MIOMOIIIBIO TTporpamMmbl uSpice. [lepuos aAuckpeTH3anuy, paBHbIH mapamerpy Time
Delta renepatopa G, ycranoBuTh paBHbIM 0,5 Mkc. HacToTa BXOAHOTO curHana fg,
npu 3ToMm Oyzaet paBHa | MI'. O6paTuTe BHUMaHue, 4TO B 3TOM CiIy4dae BpeMs B
MUKpPOCEKYHaX, TpOoIIeAlIee ¢ Havyajla aHalin3a CXEMbl, OyJeT YUCICHHO PaBHO
YUCIy HWMIYJIbCOB, MOCTYNHMBIIMX HAa BXOJ cueTunka. Hampumep, cpa3y nocie
1 MKC Ha puc. 2 Ha BXOJ CYETUYHKA IMOCTYNMUT | UMITyJIbC, TIOCIE 2 MKC — JIBa UM-
nmyJibca u T. [I.

[Tony4ynTe BpeMEeHHbBIEC AUarpaMMbl pabOThl PEBEPCUBHOTO CUETYUKA B PEKHU-
Me cymmupoBanus (MX = 0) u B pexkume BeiuuTanus (MX = 1) u yobenurech B co-
OTBETCTBUU MOJYYEHHBIX MOIYJIEH CUETa 3aIaHHBIM MOJYJISIM CUETA.

3. Ucnionw3ys kapTel KapHO /17151 KOMOMHAIIMOHHBIX CXEM CUETYMKA, POBECTHU
MUHUMU3AIUIO JIOTHYECKUX (DYHKIIMM, OMHUCHIBAIOIINX Pad0Ty KOMOMHAITMOHHBIX
cxeMm. Peanusyiite MuHUMaNbHBIE (POPMBI JIOTHUECKUX (QyHKIHN. CpaBHUTE JIOTH-
YECKHE CUTHAJIbl HAa BBIXOJAX HMCXOAHOTO CYETYMKA U CUETYMKA C MUHUMHU3UPO-
BAaHHOU CTPYKTYpPOU.

OOparute BHUMaHHE, YTO MPU aHAIN3E MUHUMHU3UPOBAHHOTO BHIYUTAIOIIECTO
CYEeTUMKAa BO3MOYKHO MOHAAO0UTCS BMECTO aBTOMAaTUYECKOTO pacdyeTa HadadbHBIX
COCTOSIHUM CUETYMKA YCTAHOBUTH HYJIEBbIE HAYAIbHBIE YCIOBHSI.

4*, CurHaibpl Ha BBIXOJAaX CUYETYMKA TOSIBIISIOTCS C 3ama3/IbIBAHUEM OTHOCH-
TEIHHO BXOJHBIX CHUTHAJIOB. 3ama3jbIBaHUE OOYCJIOBJICHO 3aJiepKKaMu B TPUTTE-
pax u MyJabTUILIEKcopax. [Ipudem y mociienoBaTeibHOTO CUETUMKA 3alla3bIBaHUE
CUTHaJIa OyJIeT MaKCUMaJIbHBIM Ha BBIXOJIE CTApIIEro pas3psiia CYeT4yuKa, T. K. B
ATOM CJIy4ae BXOJHOW CUTHAJI OT T€HEpaTopa MPOXOAUT MAKCUMaJIbHOE YHCIIO
AJEMEHTOB cxembl. DU3nuecKku 3a7epKKa pacrpoCTpaHEHHUs ONpeneIisieTcs, B OC-
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HOBHOM, HWHEPUMOHHOCTBbIO TPAH3UCTOPOB, U3 KOTOPBIX CTPOSATCS TPUITEPHI U
MYJIbTUILIEKCOPBI CUETUHKA.

Ba)kHble mapaMeTphl CUETYMKA — 3aIEp:KKH pacrupocTpaHeHus by, 1, tp u
tp3, KOTOpBIE ONPENENSAIOTCS KaK 3a1€PKKH MOABICHUS MMITYJIbCOB Ha BbIxoaax mo,
ml, m2 u m3. Hanpumep, napamerp t,, onpeznensercs no yposHio 0,5 oT ammiu-
TyJIbl UMITYJIbCOB, KaK BPEeMsi, HA KOTOPOE CUTHAJI 3ama3pIBacT Ha Bbixoae MO npu
MPOXO’KJIEHUU OJTHOTO TPUTTEPA CUETUUKA.

Ha puc. 4, a noka3zan 3aaiHuii (POHT MEPBOTO HUMIYJIbCA, TEHEPUPYEMOTO
BXOJIHBIM reHepaTtopoM. Mmnynbc Ha Bbixoge MO mepBoro cieBa TpUITEpa CUET-
4yrKa, paboTarolIero B pexxuMe CyMMHPOBaHMs, TTOKa3aH Ha puc. 4, 6. 3amepxka
pacrpocTpaHenus ty) nokasana Ha puc. 4, 6. B jaHHOM ciaydae 3ajep>KKa onpeze-
JISIETCS. OTHOCUTEBLHO 3aHETO (DPOHTA BXOAHOTO UMITYJIHCA.

Hcnonp3ys nporpamMy USPICe U 3a1aBas yMEHBIICHHBIH BPEMEHHONW HHTEP-
BaJl aHaJIM3a, BOJM3HU BXOAHBIX M BBIXOJIHBIX MMITYJILCOB, HAIUTE 3aJI€PKKU pac-
npocrpanenus ty, t,1, t, 1 t,3 Ha COOTBETCTBYIOIUX BBIXOJAX CUYETYMKA, IIPU €TI0
paboTe B pexKMME CyMMHUPOBAHUS U B PEKUME BEIYUTAHMUS.

0 >l

'i!‘ Fn:lI
6)

Puc. 4. Onpenenenue 3afepKKU pacIpoCTPaHESHUS sl MIIAJIIETO pa3psaa Ha

BbIXOJ€ CUCTUHKA

5*. VYBenuuuBas 4yaCTOTy BXOJHOTO CHTHAJa, UCCIENOBAaTh OBICTPOJCHCTBHE
CUETUMKA B PEKUME CYMMUPOBAHUS U B peKUME BbIYMTaHMs. HailTu cambie mep-
BbIE BBICOKHE YAaCTOTHI, MPU KOTOPHIX CUETUYMK HAYMHAET PadOTaTh HEKOPPEKTHO.
Kak mpaBuiio, mpu 3TOM BO3HUKAIOT U3MEHEHHS aMIUTUTYbI BBIXOJIHBIX UMITYJIb-
COB, WJIM UX 33JICPXKKH, UM MX JJTUTEIIbHOCTEH O60see yeM Ha 30% mpeBbImIaroniue
napamMeTpbl HEUCKAKEHHBIX BBIXOIHBIX UMITYJIHCOB.

6*. CocTaBUThH JIB€ TAOJIMIIBI COCTOSIHUI CUETUMKA, pAOOTAIOIIETO B PEXKUME
CYMMHPOBAaHHSI U B PEKHUME BBIUWTAHUA. BBIIETUTh B ATUX TaOIUIaX HOMEpa
BXOJIHBIX UMITYJIbCOB, COOTBETCTBYIOIINX YCTAHOBKE TPUITEPOB CUETUMKA B HYJIE-
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BO€ WIHM B €IMHUYHOE COCTOSHUS. OnpenenuTh 1Mo TabauiaM cocTOsSTHUM Kodpdu-
IUCHT JCJICHUS YaCTOThI BXOAHOTO curHana Ny = f, / . 118 peskuma cymmupo-
BaHUA U KOA((UIUEHT JAeICHUS YaCTOThI BXOJHOI0 curnana N, = f,, / f,,» s pe-

’KUMa BBIYMTaHUS. BBIXOIHBIC YaCTOTHI ONPEACIIUTD Ha BBIXOAC CTapIIEro pa3psaa
M3 cyeTuHrKa.
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5. 3apgaHunAa Ha mogennpoBaHue
aHanoroBbIX U UNpPO-aHANOroBbIX
YCTPONCTB

5.1. YpaBHEeHUA 35IeMEeHTOB U YpaBHEHUSA COeaANHEeHUN

1. Ha puc. 1 u puc. 2 npencraBieHsl MIEKTPUYECKUE CXEMBI LIENIEN, COIEp-
JKaIllMX JBAa UCTOYHUKA U Tpu pesuctopa. Pesucrop R3 — Harpyska. Llens Ha puc.
1 ucnonp3yeTcsi CTyAAGHTaMU TPYIIBI C HEYETHBIM HOMEPOM, a LIeTb Ha puc. 2 —
CTYJE€HTaMHU I'pyNIbl C YeTHBIM HOMEpOM. B Tabi1. 1 ykazaHbl napameTpbl 3J€MEH-
TOB cxeMbl. B 310i1 Tabnuue H — Homep BapuaHTa.

R1 R2 R3

1 > ]
L | L 1

E1 E2

¥ v ol 9

1

0 0
Puc. 1. PesuctuBHas 11€06 C Puc. 2. Pe3uctuBHag uerns ¢
HMCTOYHUKAMH HANPSKEHUS UCTOYHMKAMH TOKa

2. Paccuntarh ¢ MOMONIBIO MPOrpPAMMbl MAITUHHOTO MOJEIUPOBAHUS PE3U-
CTUBHYIO IIeMTb Ha TOCTOSSHHOM Toke (pekum OP). HaiiTu HanmpspkeHHs Ha Bcex
AJIEMEHTax LEIH.

3. Paccuurtarh HampsbkeHHs Ha pe3ucTopax mo ¢gopmynam 3akoHoB Oma u
Kupxroda, a 3aTem cBepUTh pe3ynbTaThl "pyUHbIX" pacueToB HANPSHKEHUM ¢ 1aH-
HeiMH DOBM. [lonyckaeTcst oTHOCUTENbHAs MOrpeHocTh He 6omee 10%.

4*. N3mensiss BenuuuHy (M NpU HEOOXOAMMOCTU MOJISIPHOCTh) TOKA WIIU
HaIpPsHKEHUS! 00HO020 U3 UCTOYHUKOB CXEMBI, IOOUTHCS TOTO, YTOOBI HAIPSKEHUE
Ha Harpy3ouyHoM pe3uctope R3 yMeHbHIWIOCH B JBa, TpU pasza (CIeAoBaTENbHO,
BKJIIOYEHHE B CXEMY BTOPOIO MCTOYHHMKA HE BCET/a JIaeT YBEJIMUYEHUE TOKA 4Yepes
Harpy3Ky, a Ha000pOT, MOXKET YMEHBIIUTh 3TOT TOK).

5*. B cxeme Ha puc. 1 yganuts pesuctop R2 u uctounuk E2. Pesuctop R1 B
ATOM cllydyae MOKHO paccMaTpHUBaTh KaKk BHYTPEHHEE COMPOTUBIICHUE JIs UCTOY-
Huka El. YBenuuuTh cOnpoTHBIIEHHWE HArpy304HOro pe3ucropa R3 mpumepHo B
JIECATh pa3. YMeHblIas 3aTeM 3TO COMPOTUBIICHHUE, MOJTYYUTh MAKCUMYM MOIIHO-
CTH, BbIIEJsIEMON Ha Harpy3ke. OnpeaenuTb CONPOTUBIECHUE HATPY30UHOIO Pe3u-
cropa R3, npu koropoM B Harpy3ke R3 BeiaensgeTcss MakCuMaibHas MOIIHOCTb.

B cxeme Ha puc. 2 ynanuth pe3uctop R2 u MCTOUHUK J2 ¥ COEIMHUTH MPaBBIii
BbIBOJI pe3uctopa R3 ¢ kopmycom. Pesuctop R1 B 3TOM ciyyae MOXHO paccmart-
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pUBaTh KaKk BHYTPEHHEE CONMPOTUBIIEHUE AJII UCTOYHMKA Toka J1. YBenuuuts co-
IPOTUBJIEHUE pe3ucTOopa R3 mpuMepHO B AecATh pa3. Y MEHbIIas 3aTEM 3TO COMPO-
TUBJICHUE, TOJIYYUTh MAaKCUMYM MOIIHOCTH, BBIJIETsieMON Ha Harpy3ke. Haiitu
CONMpOTHUBJIEHUE pe3ucTopa R3, mpu KOTOPOM MOLTHOCTH B HArPYy3Ke MaKCUMaJbHA.
Y06enuTnes, 4TO BENMYMHA BHYTPEHHETO COMPOTHUBICHUS R; ompenensier compo-
TUBJICHUE HArPy3KH, MPU KOTOPOH MOIIIHOCTh B HArpy3Ke MaKCHUMaJlbHA.

6*. IIpeoOpazoBaTh B UCXOJAHON IIEMU UCTOYHUKH HAIPSKEHUS B UCTOUYHUKH
ToKa (puc. 1) WM UCTOYHUKHU TOKA B MCTOYHHMKHU HaIpsikeHus (puc. 2). 3ameHsis
JIBA MCTOYHUKA OJHUM DJKBUBAJCHTHBIM HCTOYHUKOM, paccuuTaTh Ha OBM wu
"Bpyunyto" (o dopmyne 3akoHa Oma) HanpspkeHue Ha Harpyske. CpaBHUTH pe-
3yJbTaThl "pydyHOro" pacdera ¢ pe3ysibTaTaMyd MOJEIUPOBAHUS.

Tabmuma 1
H Ry, Ro, R, Ji, J2, Es, E>,
KOM kKOM kKOM MA MA B B
1 1 2 3 3 2 1 2
2 1 1 1 1 -1 5 1
3 5 7 6 -6 4 6 5
4 2 3 7 4 1 -1 -1
5 2 1 5 -1 2 2 8
6 2 3 4 1 2 -4 1
7 2 1 1 6 1 1 3
8 3 9 2 1 -8 2 -2
9 2 4 5 6 3 1 -1
10 1 2 3 -2 1 -5 2
11 3 3 4 -1 -9 7 4
12 2 4 8 3 -7 1 -3
13 1 2 1 -4 1 1 4
14 2 5 2 3 4 -2 7
15 2 4 5 -2 3 1 5
16 1 6 2 2 3 2 -3
17 3 1 6 3 -4 2 3
18 1 2 1 1 2 -1 3
19 1 2 3 -3 1 1 1
20 2 2 1 3 -1 6 1
21 3 1 1 1 4 4 -1
22 2 4 9 1 8 -1 8
23 2 2 1 -3 1 1 7
24 2 7 3 1 -5 1 9
25 2 5 4 -2 3 2 5
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5.2. MeToa4 KOMMNMEKCHbLIX aMnnuTyA

1. Cxembl UccaeAyEeMbIX JEKTPUUYECKUX LENeld IpUBEAeHbl HUXKE Ha puc. 1.
CryaeHTBI TPYIIbl ¢ HEYETHBIM HOMEPOM HCIOJIB3YIOT JBE CXEMbI C HEYETHBIMH

HOMEpaMHU, a CTYACHTBI I'PyHIbl ¢ YETHBIM HOMEPOM — JBE CXEMbl C YETHBIMU
HOMEpaMHU.
R c = L
— L R
- R
84— -— b
1) 2) 3) 4)

Puc. 1. Cxemsl RLC-nieneit
Ha Bxone 1enu HeoOX0AMMO MOAKIIOYUTh UACAIbHBIA UCTOUYHUK TapMOHU-
geckoro HampspkeHust (AC Voltage) ¢ kommiekcHoit ammutyaoii E_=2e!” B
(amruMTyna HanpsbkeHus paBHa 2 B, a HauanpHas daza — Hym0). K BbIXOIHBIM

3aKMMaM LENH JJIs1 TPOCTOTHI HArPy304YHbIN PE3UCTOP HE MOIKIKOYAETCH.
[TapameTpsl 2JIEMEHTOB CXEMBI IIeTH YKa3aHbl HIDKE B Ta0. 1.

Taomumna 1
Howep R, xOMm L, M['H C, nd
TPYIIIBI
HeuetHniit 2H 4H 10H
YeTHbIN 20/H 30/H 100/H

2. Paccuutath ¢ nomonipto OBM B pexume AC amMmiauTyabl U HayajdbHbIE
(a3bl HANPSDKEHUH Ha BBIXOJAX AJIEKTPUUECKHX LIeTIel B IIMPOKOM JHAra3oHe ya-
cToT, Hanpumep ot 1 ' 1o 100 MI'm.

Jis omHOM M3 1iemeil caMOCTOSTENbHO BBIOpaTh 4yacToTy F; HMCTOYHMKA
HaANpsDKEHUs Tak, YTOOBI HAOIIOAAJICS CyIeCTBEHHBIH, He MeHee 10 rpaxycos, da-
30BBIM CIIBUT' MEXAY BXOJHBIM M BBIXOJHBIM HAaIIPSIKEHUSMH. Y MEHBLIUTH JHaria-
30H aHAJIM3UPYEMBIX 4acTOT TakK, 4ToObI BbIOpaHHas yactoTta F; momana B cepenu-
HYy WIM Ha Kpad [Wana3oHa, 3aHOBO pAacCUUTaTh BBIXOJHOE HAIPSIKEHUE MU
3aMycaTh KOMIUIEKCHYIO aMIUTMTYAY Hanps>KEHUsS! Ha BBIXOJIE BBIOPAHHOM IIETIH.

3. Ilo ¢popmynaM mMeTofa KOMIUIEKCHBIX aMIUIUTYJ PacCuMTaTh «BPYUHYIO»
BCE KOMIUIEKCHbIE aMIUIMTY/Abl TOKOB U HANpsHKEHUM B BHIOPAHHOM LIeTIM HA 4Ya-
crore F;. CpaBHUTH pe3ynbrarsl "pyuHbIX" pacueToB ¢ qaHHbIMH OBM. JlonycTu-
Masi morpemHocTs He 6onee 20%.
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4*, C nomompio OBM nnsa BTOpoi 1ienu HaWTH 4dactotry F, mcTrouHumka
HaINpPsDKEHUS Tak, 4TOObI HaOII0aICs CyIllecTBeHHbIN, He MeHee 10 rpamycos, da-
30BBIM CABUT MEX]y BXOJHBIM U BBIXOJIHBIM Hampsbkenusmu. Ha wactore F;, pac-
CUMTaTh "BpYy4HYIO" KOMIUIEKCHBIE aMIUIUTYAbl TOKOB W HAIpPSKEHHM Ha BCEX
3JeMeHTax BTOpou 1enu. CpaBHUTH pe3yJsibTaThl "pydHBIX" pacdyeToOB C JaHHBIMU
OBM.

[Touemy Ha BBIOpaHHOW YACTOTE CyMMa aMILUIUTY]l HANpsOKEHWH Ha MacCUB-
HBIX 3JIEMEHTAX LIETH HE paBHA aMIUIATYE HAMIPSKEHUS] ICTOYHHUKA?

5*. YBenuuuBasi UM yMEHbIIAasl YaCTOTY CUTHAJIa, HAUTH MaKCUMAaJIbHBINA (a-
30BBIM CIBUT, BHOCUMBIN 1enblo. [Touemy 3TOT casur He npebimaet 90 rpagycos?

5.3. AHann3 cNoXHbIX Leneu

1. HanpaBneHnHslil rpad pe3ucTUBHOM LienH NpuBeaeH Ha puc. 1. Ha pucyHke
JUTS KaXKI0W BETBHM yKaszaH ee Homep K, rme K =1, 2, ..., 6. ConpoTHBIICHUS pe3H-
CTOPOB B BETBSIX C HEUETHBIMU HOMepamu paBHO H Owm, a conmpoTUBIEHUS pe3u-
CTOpPOB B BETBSIX C YETHBIMH HOMepaMu paBHO 2*H Owm, rie H — Homep BapuaHTa.

Puc. 1. HanipaBnennslit rpad pe3sucTUBHOM 1enH

B ogny BeTBb ¢ HOMEpPOM ke = 1 + <H>g, rne <..>p — CHMBOJIBI B3ITHS BhIUE-
Ta 0 MOAYJ0 P, mOCIen0BaTeNbHO C PE3UCTOPOM BKIIFOUAETCS UCTOYHUK MOCTO-
aaHoro Hanpsbkenus ¢ DJIC, pasnoit E = 2H BonsT. Hanpasnenue ctpeiaku uctou-
HYKa HaIpsOKEHUS COBIIAIAET C HAIMPABICHUEM COOTBETCTBYIOLIEH BETBHU Ha PUC.
1.

B npyroit BetBu ¢ HOMepom K =1+ <H +2>; mapamienbHO pe3ucTopy
BKJIFOYAETCSI ICTOYHUK MOCTOSIHHOTO TOKA. TOK 3TOro uctouHuka pasen | = H A, a
HaIlpaBJICHUE COBNAJAET C HAIIPABICHUEM BETBHU.

2. Paccuutath nenb 1o ¢opmysinam 3akoHoB Oma u Kupxroda uimu mMetoaom
y3JIOBBIX HarpsbkeHu. OnpenenuTs HanpskeHus U, Ug, Us Ha BeTBsIX 1, 4 1 6, co-
OTBETCTBEHHO.

3. PaccuuTarh ¢ IOMOLIBI0 KOMIIBIOTEPA U MPOTPAMMBbI MAIIMHHOIO MOJEIIHN-
poBanus B pexume OP HanpspkeHUs Ha BCEX BETBSAX B CII0)KHOM PE3UCTUBHOM Iie-
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1y, u300pakeHHou Ha puc. 1. OnpeaenuTs HanpsoKeHUs Ha BeTBsIX 1, 4 u 6. Cpas-
HUTbH pe3yJIbTaThl "pyUHBbIX" pacyeToB ¢ JaHHBIMU DBM.

4*. Ucnonw3ys mporpaMmy MOJEIUPOBAHUS, TBAXKIbl U3MEHUTH HCXOJHYIO
CXEMY U TOJIyYUTh JIB€ HOBbIE CXEMBbI IIeNU. B mepBoiif U3 3TUX HOBBIX IENeH Hc-
KJIFOUMUTh UCTOYHUK HANpsDKEHHS (MCIOJIb3ysl KOPOTKOE 3aMbIKAHKE), a B JIPYToi
— HUCKJIIOYUTh MCTOYHMK TOKa (MCIOJIb3Ys pa3pbiB BETBH). B HOBBIX cxeMax BbI-
OpaTh OJMH U3 PE3UCTOPOB CXEMbI Ry, KOTOpHIN HE COENUHEH MapauIebHO WM
MOCJIEIOBATEIBHO C UICTOYHUKAMU TOKA WJIM HAMPSKEHUSI.

C nmoMo1po TporpaMMbl MOJIETTUPOBAHUS B IEPBOM HOBOW CXEME PacCUUTATh
HanpsDKEHUE Uy, Ha pe3ucTope Ry, a BO BTOPOM HOBOM CXEM€ PacCUMTaTh HaIps-
KCHHE U; Ha TOM ke pesucrope Ry. IIpumeHsas npuHOMI Cyneprno3uuuu (Hauo-
KEHHUs), pACCUUTATh PE3YJIbTUPYIOLIEE HAPSKEHNUE U, Ha pe3uctope Ry.

CpaBHUTB HANPSKEHUE U, C pe3yJIbTaTAMU PaHee IMPOBEIEHHOIO MAIIMHHOTO

pacueTa HampsDKeHUS Ha K-0ii BETBU IIETIH.

5*. IlpeoOpa3oBaTh MCTOYHUK HAMpPSIKEHUS B HCXOJHOM CXEME B JKBHBA-
JICHTHBIM HCTOYHHUK TOKA MM UCTOYHUK TOKA B HCXOJHON CXEME B HKBUBAJICHTHBIN
VMCTOYHUK HaIpspKeHHs. PaccunTaTh ¢ TOMOIIBIO MPOrpaMMbl MAIIMHHOTO MOJIE-
JMPOBAHUs HANPSDKEHUs Ha BETBAX |, 4 © 6 B HOBOM PE3UCTUBHOM LIETIM U CPaB-
HUTH UX C PaHee MOJTYYECHHBIMH PE3yJIbTATAMU.

6*. BeiOpaTh B HICXOAHOW CXE€ME B KaU€CTBE HArpy3Ku pe3uctop Ry, KOTOpbIi
HE COCOWHEH MAapAJUIENbHO WM TOCIENOBATENBHO C MCTOYHMKAMHM TOKA WIIU
HanpspkeHus. Mcrnonb3ysi METoJ XOJIOCTOrO XoJa (MM KOPOTKOTO 3aMbIKaHUA),
HalTU TMapameTpbl U HM300pa3UTh SKBUBAJIICHTHBIM T'€HEPATOp AJi BBIOPAHHOTO
Harpy304HOro pesucropa. PaccuuTaTh C NOMOIIBIO KOMIIBIOTEPA TOK YEpPE3
Harpy3Ky B OKBHBAJIEHTHOU cxeme. CpaBHUTh TOKH YEPE3 HArPy3Ky B UCXOAHOU U
DKBUBAJICHTHOM CXEMax.

5.4. YacTOTHbIEe XapaKTepucTukm ounbLTpoB

1. Cxembl GUIBTPOB HU3KUX M BBICOKMX YAacTOT MpuBeAeHbI Ha puc. 1. Cry-
JIEHTHI TPYIIbI ¢ HEYETHBIM HOMEPOM HCIOJIB3YIOT JIBE€ CXEMbl C HEYETHBIMH HO-
MepaMHu, a CTYJIEHThI TPYMIbI C YETHBIM HOMEPOM — JIBE CXEMbI C YETHBIMH HOMeE-
pamu..

2. Paccuutath no ¢GopmyiaaM mapaMmeTpbl CXeMbl (PHIBTpAa HU3KUX YacTOT
(®HY), a 3ateM cxeMmsbl (punbTpa Bhicokux yactoT (OPBY), ecau rpaHuyHbIE 4acTO-
Thl (PUIBTPOB HUBKUX M BBICOKMX YacTOT OAMHAKOBHI W paBHbl H kl'u, rne H —
HoMep Bapuanta. [Ipu pacderax Ha BXojae QUIbTpa MOAKIIOYUTH UACANbHBIA HC-
TOYHUK HaIpspKeHUs. [OTONMHUTEIbHYIO BHEIIHIOK HArpy3Ky K GUiIbTpy AJs Mpo-
CTOTBI HE MOJKIIIOYATb.
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3. Paccuutarh ¢ MOMONIBIO MPOrPaMMbl MOJICTUPOBAHMS AMILTUTYIHO-
yacTOTHBIE XapakTepucTuku (AUX) m dazo-yactoTHhIe XapakTepucTuku (DUYX)
IBYX GUIBTPOB, 0uH U3 KoTopbix — ®HY, a BTopoit — ®BY. OTmeTuTh rpa-
HUYHbIE YacTOThl (GuiIbTpoB. CpaBHUTH 3aJaHHBIE U TMOJYYEHHBIE C MOMOIIBIO
OBM rpanunynbie yacToThl. Jlomyckaercs norpeurHocts He 6osee 10 %.

R C R L
C R L R
040 O —O O —O
2) 3) 4)

1)

Puc. 1. CxeMbl pUIBTPOB HU3KUX U BBICOKUX YaCTOT

4*, HWccnenoBaTh C TMOMONIBIO MPOrPaMMbl MOJIETUPOBAHMS 3aBUCHMOCTH
IPaHUYHOM YaCTOTHI OT MapaMeTPOB JIEMEHTOB (GuibTpoB. HailTu conpoTuBieHus
PE3UCTOPOB, MIPU KOTOPOM T'PaHUYHBIE YACTOTHl (DUIBTPOB YBEIMUMUBAIOTCS IPHU-
MEpHO B JIBa pasa.

5*. Brmtounts B cxemy ®HY unn ®BY nocnenoBaTteabHO ¢ BXOJAHBIM dJie-
MEHTOM JOTOJHUTEIbHBIA PEAKTUBHBIN JIEMEHT: KaTYyIIKy WM KOHAEHCATOP TaK,
9TOOBI TOJIYYUTh CXEMY IOCJIEAO0BATEILHOTO KO0JIEOATEIHLHOTO KOHTYypa — IMpO-
cTeimiero nojocoBoro ¢unsTpa. Mcnonb3ys GpopMmyny ajis pe30HAHCHOW YacTOThI
K0J1€0aTeIbHOTO KOHTYpa, pacCYUTaTh HWHIYKTUBHOCTh WJIM €MKOCTh JOOaBIICH-
HOTO PEaKTUBHOTO AneMeHTa. [Ipu 3ToM pe3oHaHCHas YacToTa KOHTypa (OHa xKe
[IEHTPAJIbHASI YaCTOTa MOJ0COBOTO (GPUIbTpa) MOJKHA OBITH paBHA YKA3aHHOW BBI-
e rpasnyHor yactore @HY unu OBY.

Paccuutats ¢ momompio 9BM AUX mnonocoBoro ¢unsTpa. YMeHslas (Uiu
YBEJIMYUBAs) CONMPOTHUBIICHUE PE3UCTOPA MOJOCOBOr0 (PHIIBTPA, TOTYUYUTh MOJOCY
HpPOMyCKaHus, TpuMepHO paBHyr0 H/5 kI

6*. Cobparh 3arpaxgaromuid GuIbTp ¢ MEHTPATHHOM YaCTOTOU, paBHOU pe-
30HAaHCHOM Yactote mosiocoBoro ¢unsTpa. Uccnemorate AUX 1 ®UX 3arpaxna-
forero GpuibTpa. ONEHUTH TIOJIOCY 3a/ICPKUBAHMS.

5.5. MNMpoueccbl B AJSIUHHbIX JIMHUAX

1. Ins nmepenaun curHana ucnodib3yercs aiuuHHas auHus Ol ¢ ManbiMu noTe-
psmu (puc. 1). Iloronnele mapameTpbl IJIMHHOW JMHUM W CONPOTHUBIECHHE R;
Harpy3ku R1 nmanbel B Tabn. 1 (yka3zaHHoe B cxemMe Ha pUC. | CONpPOTHBIECHHE
Harpy3ku, paBHoe 20 OM, HYy’)KHO U3BMEHUTbh B COOTBETCTBHUHU C JAHHBIMU Ta0JI. 1).

Jnuna nuauk paBHa lg = (20+H) metpos, roe H — HoMep BapuaHTa. AMILIHU-
TyJla HaNPsDKEHNs CUHYCOMAAIBHOIO IeHepaTopa Ha Bxone JuHuu paBHa 10 B, a
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gactota — 10 MI'1y (mepuox xonebanuii T = 100 HC). DTH napaMeTpsl reHepaTopa
V1 oanHAKOBBI AJI BCEX BapUAHTOB.

m1‘ 2

1 +

10 A F1
" ) 10es \ 4 20

L 01

a o

Puc. 1. BJ'ICKTpI/I‘-IeCKaH IICIIb C OTPC3KOM JUIMHHOM JIMHUU

Tabmua 1
Howmep Co, Lo, Ro, Go, Ry,
IPYIIIBI n®d/m MKI'H/M Om/m Cm/m Om
Heuernsrit 10 0,1 0,001 0 25*H
YeTHbIN 1 1 0,01 0 250*H

2. OnpenenuTs ¢ TOMOIIBIO MPOrpaMMbl MOJISTUPOBAHUS B pexKuMe Tran am-
IUTUTYy HallpsSOKEHUST Ha Harpys3ke U 3aJ€pKKY T BBIXOJHOTO HANpPsLKEHHS] OTHO-
CUTEJILHO BXOJHOTO. 3Has 3aJIep>KKy T U nepuoj konedbanuit T = 100 He, paccuu-
TaTh HayalbHYIO (pa3y BBIXOJHOTO HaIpsDKEHUs, Npearnosiaras, 4yTo HaudajbHas
(aza BXOJHOr0O CUTHaJa paBHA HYJIIO.

3. Paccuutath 1no QopmysiaM KOMIUIEKCHYIO aMIUIUTYJy HalpsyKEeHUs Ha
Harpy3ke. CpaBHUThH pe3yJbTaThl MAIIMHHOTO MOJEIMPOBAHUS M JIaHHBIE, MONY-
YeHHbIE TT0 (hopMYyJIaMm.

4*. VccrnenoBaTh 3aBUCMMOCTH aMILIUTYJIbl YCTAHOBHUBIIETOCS BBIXOIHOIO
HaIpspKeHUs: OoT JUIMHBL JTUHUKM. HauaTe uccienoBaHue ¢ JJIUMHBI JTUHUHU, PaBHOU
10 m. Kpome 3amaHHO# BbIlIe UTHHBI |g, NCTIOIB30BATh TAKXKE JUIMHY JTMHHUU, PaB-
HYIO YETBEPTHU JIJIMHBI BOJIHBI B JUIMHHOW JuHUU (A,/4), M JJIUHY, PaBHYIO TOJIO-
BUHE JJIMHBI BOJHBI B JIUHUHU (A,/2). [louemy nipu JjiviHe, KpaTHOM MOJIOBUHE JJIH-
Hbl BOJIHBI B JIMHUM, aMIUIMTYIbl BXOJHOTO U YCTAHOBMBIIETOCS BBIXOJHOTO
HaIpsHKEHUH TPUMEPHO OJIMHAKOBBI?

5*. HccnepoBaTh 3aBUCUMOCTbh aMIUIMTYIbl YCTaHOBUBILETOCS BBIXOJHOTO
HaIpsHKEHUs! OT CONPOTHUBIICHUS HAarpy3Kd, U3MEHsISI CONPOTHUBJICHUE MOCIEAHEH
ot Hyns 10 10 kOm. B uccrnenoBanue BKIIOUYUTH CIIydail, KOrja CONpPOTUBICHUE
Harpy3ku paBHO 3aJJaHHOMY B Ta0id. 1 CONMpOTHUBIEHMIO, a TAaKXKe Ciy4yai, Korja
CONMPOTHUBJICHUE HArpy3KH PaBHO BOJHOBOMY compoTuBiieHuI0. [louemy npu co-
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NPOTUBIIEHUN HAarpy3Kd, PaBHOM BOJIHOBOMY COINPOTHUBJICHUIO JUHUU, HA BHIXOJE
JUHUU YCTaHABIIMBACTCS aMIUIUTY/Aa, MPUMEPHO paBHAs aMIUIUTY/IE€ BXOJHOTO
HarnpsHKEHUs?

5.6. MeTtoa nHterpana dypbe

1. Ha nuneliHyro nens BO3AEHUCTBYET NPSAMOYTOJIBHBIA UMITYJIBC. AMIIIUTYAA
uMnyJibca paBHa H BoibT, qauTenbHOCTh UMIyJbca T = H MKc (Tpynma ¢ HedeT-
HbIM HOMepoM) mwin T = 10H He (rpymma ¢ yeTHpIM HoMepoM). 3aech H — HOMED
BapuaHTa. CxeMbl 3JIEKTPUYECKUX LIENeil MpUBEIEeHbI Ha puc. 1.

R1 Ic 1+ .

R1| |r3 c R2 C R1 R3 a1
T R2 i

1) 2) 3) 4)
L
RL 3L E R1
R1 R2 L
R R1
5) 6) 7) 8)
L L
]
R1 'L @m R2 ﬂRl R3 o
9) 10) 11) 12)

Puc. 1. Cxemsbl uckaxarommux RLC-ieneit

Howmep paccuutbiBaeMmoii cxembl paBeH K = (KH>;,+ 1), rne <H>;, — BbIueT
o moaynto 12. ITapaMeTpsl 371eMEHTOB CXeM yKa3aHbl B Ta0II. 1.

Tabmuma 1
Howep L, mxI'H C, ud Ri, xOm Ry, Om R3;, xOm
TPYIIIBI
Heuernbrit 250H 1000H 0,5 10 80
YeTHbIi 5H 5H 1 20 100

2. PaccunTaTh ¢ IOMOIIBIO MTPOrpaMMbl USPICE CHTHAN Ha BBIXOJE AJICKTPH-
yeckol 1ienu. CrenaTh BBIBOJ O BIUSHUU LIENU HA UCKa)KeHUE (POPMBI UMITYJIbCA.
[Ipumeuyanue. B mnporpamme MopaenupoBaHusi uSpice i yaoOCTBa
HAOJIOICHUS PEAKIUU 1IENU CJIEeYET UCIOIb30BaTh HCTOYHUK MEPUOJIUYECKH T10-
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BTOPSIONIMXCS TIPSIMOYTOJIBHBIX MMITYJIbcOB Pulse source, ycraHaBiuBas yBeJH-
YEHHBI BPEMEHHOU MPOMEXYTOK MEXIy umnyibcamu. [Ipu 3ToM Kk Havaiy oue-
pEIHOr0 MMITyJibca MEPEXOHbIE MPOLECChl B IIEMU JOJDKHBI 3aKOHUMUTHCS. Jliis
3TOT0, KaK MPaBHJIO, TOCTATOYHO mapamerp Period wcroynuka yctaHoBUTH B 10
pa3 0oJblle IMTEIbHOCTH T uMiTyibea (Period = 107).

3. PaccuuTaTh BBIXOJAHOW cUTHAI 1o (popmynaM merona umHTerpaina dypse.
Jl1st ynponieHus: pacueToB MOKHO MPEHEOpeyb MalIbIM CONPOTUBIEHUEM PE3UCTO-
pa R2 u, Ha060pOT, CAUIIKOM OOJBIIMM COMPOTUBICHHUEM pe3rucTtopa R3 oTHOCH-
TENBHO conpotuBieHus pe3ucropa R1. ITo maru Toukam (t=0, t=1/2,t=1,t=21
u 1 — o) mocTtpouth rpaduk BbIXOJHOTO curHana. CpaBHUTH “pydHble” M Ma-
IIMHHBIC PE3YJIbTATHl PACUETOB.

4*, Cobpath cxeMmy, BKIIOYAIOIIYI0 TPU KaCKaJHO-COCTUHEHHBIX YE€ThIPEXIIO-
JtocHUKA. [IpormycTuTh uyepes 3Ty CIO0XKHYIO 1eNb 3aIaHHbIA UMITYJIbCHBIN CUTHAJL.
PaccuuTaTh ¢ MOMOIIBIO KOMIIBIOTEPA BHIXOJHOW CUTHAJN M CJENaTh BBHIBOJ O BJIM-
SSHUM CJIO)KHOCTH 1T HA MCKaXKEHHs CUTHaJa. BO CKOJIBKO pa3 M3MEHSETCs aM-
IUTUTYJIa ¥ JUIUTEIIbHOCTh UMITYJIbCA MPU JOOABICHUH BTOPOTO U TPETHETO YEThI-
PEXIOIIOCHUKOB?

5*. VI3MeHssl eMKOCTh WM MHAYKTUBHOCTh PEAKTUBHBIX JIEMEHTOB MCXO/I-
HOM IIeNH, MOJYYUTh CYIIECTBEHHOE HCKa)keHUE (OPMbI MPSIMOYTOJBHOTO HM-
MyJibca — YMEHBIIICHUE B JIBa, TPU pa3a aMIUIUTYbI WIH JTTUTEIBHOCTA UMITYIIb-
ca.

OnpenenuTh mapaMeTpbl PEaKTUBHBIX JIEMEHTOB, MPU KOTOPHIX, HA0OOPOT,
UCKKEHUS OPMBI UMITYJIHCOB HE3HAUUTEIIBHBI.

6*. Paccuurarpy 1o opmynaM MOJyJib CHEKTPAIbHOW TMJIOTHOCTH BXOIHOTO
umiyinbca 1 AUX nienu. Hapucosats rpapuku AUX u criekTpaibHOM IIIOTHOCTH
ammuutya. Onpenenuts tun Guibtpa (PHY, ®BY). ChnenaTth BBIBOJ 0 XapakTepe
BiusiHuY Bujia AUX Ha nckakeHre (pOpMbI BBIXOJHOTO CUTHAJA.

7*. WUccnenoBaTh BIMSHHE COMPOTUBIEHUS pe3ucTopa R1 Ha wuckaxeHue
dbopmbl umynbca. [Ipu kKakoM COMPOTUBICHUU ATOTO PE3UCTOPA aMILIUTY/IA WIIH
JUTUTEIIbHOCTh UMITYJIbCOB YMEHBIIIAETCS B J1Ba pa3a’?

5.7. MeTtoa npeobpa3oBaHua Jlannaca

1. Ha Bxox NMHEHHON LENHU MOCTYMAET MPSIMOYTOJbHBIA UMITYJbC. CXEMBI
uenen npuBeaeHsl Ha puc. 1 maparpada 5.6. Homep paccunTsiBaemMoii cxeMbl pa-
BeH K = (KH>p, + 1), rme <H>;, — BBIYeT no moaynto 12, H — Homep BapuaHTa.
BxoaHOW MpsSMOYTOJIbHBIA HMITYJIbC (MMITYJIbCHOE HAMNPSKEHUE) OMHCHIBACTCS
BepakeneM S (t) = A-[1(t) —1(t-1-10°)], rme A — ammuuTyna UMMIYJIbCA, PaB-

Hast H BosbT, 1(t) — eMHUYHBIA CKA4OK HaNpsoKeHUs. J[JTUTEIIEHOCTh MMITYJIbCa
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JUTSI BCEX BapUaHTOB OJMHAKOBA U paBHA 1 MKc. [TapaMeTpsl 3JIEMEHTOB CXEM yKa-
3aHbI B Ta0JI. 1.

2. PaccuMTarh C MOMOIIBIO IPOrpaMMbI USPICE CHTHAl Ha BBIXOJC DJICKTPH-
yeckoi nenu. CrenaTh BBIBOJ O BIMSHUM LIETH HA UCKaKeHUE (DOPMBI UMITYJIbCA.

[Ipumeuanue. B mnporpamme moxaenupoBaHusi uSpice mia yaoOcTBa
HAOJIFOICHHS PEaKIUH IICIHU CIICTYyCeT MCIOIb30BaTh HCTOYHUK MEPHUONYCCKH I10-
BTOPSIOIINXCS MPAMOYTOJbHBIX UMIIYIbcoB Pulse source. Eciau ummynbcbl OyayT
CJIeIOBATh C OOJBIIMM MTPOMEKYTKOM BPEMEHH MEXKy HUMH, TO PEaKIHs Ha BO3-
JEHCTBHE OJTHOTO MMITYJIbCa OTACISICTCS OT PeakIMi Ha Jpyrue UMIyibchl. Kak
IIPaBUIIO, JUISI 3TOTO JOCTATOYHO IEPHOJI IIOBTOPCHUS UMITYJIBCOB YCTaHOBUTH B 10
pa3 OoJiblie JIUTEeILHOCTH UMITyJIbca. B TaHHOM 3aJlaHiK PEKOMEHIYETCS TIEPHO/T
CJIeOBaHUS UMITYJILCOB B3SITh paBHBIM 10 MKC.

Tabmuma 1
Howmep L, M['H C,nd Ry, kOM | Ry, xOmMm R3, kKOm
TPYIIIBI
HeuertHsrii 2H 1/(5H) 3H H/3 20H
YerHblit 5/H H/3 4/H 0,02 5H

3. PaccuuraTth 1o (opmysiaMm BBIXOJIHOM CHUTHAJl METOJIOM IMPeoOpa3oBaHUs
Jlannaca. Ilo 3...5 ToukaM nmocTpouTh rpaduk BeIXogHOTO curHaia. CpaBHUTH pe-
3yJbTaThl “pPYYHBIX W MAIIMHHBIX PACYETOB.

4*. Paccuntath ¢ nmomoibio OBM curnan Ha BBIXOJE AJIEKTPUYECKOW LIETIH,
COCTABJICHHOW M3 TPEX KAaCKaJHO-COEAMHEHHBIX MUCXOJIHBIX YETBHIPEXITOIOCHUKOB.
Cnenatb BBIBOJ O BIMSHUH CJIOKHOCTH LIETIM HA UCKAKEHUE UMITYJIBCOB.

5%*. VI3MeHsAs1 eMKOCTh WM MHAYKTHUBHOCTh PEAKTUBHBIX 3JIEMEHTOB MCXO/I-
HOH 1IenM, MOJYYUTh CYIIECTBEHHOE MCKa)XeHUE (OPMbI MPSIMOYTOJBbHOIO HM-
IyJIbCA — YMEHBIICHUE B JIBA, TPU pa3a aMIUIUTYAbl WU JJIMTEIBHOCTH UMITYJIb-
ca.

6*. Paccuurtarh 1o gopmynaaM MOAYJb CIEKTPAIHHOW MJIOTHOCTH BXOJHOIO
curHasia 1 AUX nenu. Hapucosats 1o 4...5 Toukam rpaduxku AUX u criekTpainb-
HoM moTHocTU. Onpenenuts tun ¢unstpa (PHY, ®BY, 110, 3®). Caenarb BbI-
BOJ O BIMsiHUU Buaa AUX u thna ¢uiabTpa Ha XapakTep HUCKaXEHUN BBIXOJHOTO
CUTHAaJA.

5.8. ®opmMa 1 cneKkTp MogynMpoBaHHOro cUrHana

1. DOnekrtpuueckass LEeNb C TEHEPATOPOM aAMILIUTYIHO-MOAYJIMPOBAHHOIO
(AM) curnana u pe3uCTUBHOM Harpy3Koi mpuBe/ieHa Ha puc. 1.

Awmmuntyna Hecyieit paBHa 2 B. Yacrora Hecymeit fc = SH kI’ nnst rpynmst
¢ HeueTHbIM HOMepoM win fc = 100H kI'11 1ist rpynmbl ¢ 9eTHBIM HOMEPOM. 371ech
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H — Homep BapuanTta. YacToTy MOIyIsliMM yCTaHOBUTH paBHoi fy = fc/S5, a ko-
s purnmenT AM — paBHBIM 1.

B pexume Tran nonyuuTs rpaduk 3aBUCUMOCTH HampsbkeHus AM-curHana
OT BPEMEHHU U MPOBEPUTH MPaBUILHOCTh YCTAHOBKM YaCTOTHI HECYIIEH, YaCTOTHI
MOyJISAIuU U Kodpdunuenta AM.

2. Ucnonw3ys myHKT MeHio "AHanuz/®ypbe ananuz — JII1D", B quamoroBoi
naHesnau napameTpoB Oypre-aHanu3a yCTAHOBUTh YaCTOTY OCHOBHOM rapMoHuKH F,
paBHO# vactore moxyssiuu fy, yacrory Fmax — pasuoii (20...25)*F. BeiOpats
muHelnHbli (Lin) macmtad no BepTukanbHOM ocu. OcTalibHble mapaMeTpsl Dypbe-
aHaJKM3a OCTABUTH M0 YMOJIYAHUIO.

[Toy4uTh ¢ MOMOIIBIO MPOTPAMMBI USPice aMITUTY/IHBIN CIIEKTP HUCCIEAye-
MOT'O CUTHAJIA.

1

20 R1
@ 1.0 Th
200

(2

Puc. 1. Dnexkrpudeckas 1enb ¢ MICTOYHUKOM AM-curnana

3. PaccuutaTh no opmynaM aMIIMTyHbIN ciekTp AM-curnana. CpaBHUTh
pe3yabpTaThl "py4dHbIX" pacyeToB ¢ JaHHbBIMU DBM.

4*. UccnenoBath Gpopmy U criekTp AM-curnana npu ymeHblieHUn Kodhdu-
nueHTa AM B ABa pa3a U NpU YBETUYEHUH YaCTOThI MOAYJSILMHU B MOJTOpA, 1BA
pa3a. Cnenatb BBIBOABI O BIUSHUU YKa3aHHBIX MapaMeTpoOB Ha (OpPMY U CIEKTP
AM-curnana.

5*. 3aMeHUTh B cXeMme puc. | MCTOYHUK CUTHalIa — MOAKIIOYUTH K PE3U-
CTUBHOM Harpy3ke HUCTOUYHHUK (azomonynupoBanHoro (dOM) curnana. Yacrory
Hecylelt @M-curnana yCcTaHOBUTh PaBHOM 4acToTe Hecyuied AM-curnana. Am-
IUTUTYy HECYIIeW yCTaHOBUThH paBHOM 1 BoibT. YacToTy MOIYJNSIIUU BBICTABUTD
paBHo# fc/5, a uamexkc ®M — pasubiid 2,41. HMcnonb3ys pexxum Tran, mojryduTh
BpeMEHHOU rpaduk (pa3oMOAyIMPOBAHHOIO CUTHAA.

6*. Ucnonb3yst nyHKT MeHio "Ananmuz/ @ypee ananuz — AIID", nonyuuts c
MOMOIIIBI0 TTporpaMmbl uSpice criektp ®M-curnana. B nuanororoit maHenu ycra-
HOBKH napameTpoB Pypbe-aHaIM3a YCTAHOBUTH YaCTOTY OCHOBHOM TapMOHUKH F,
PaBHOM YacTOTE MOIYJISALNH, 4acToTy Fmax — pasHoii (20...25)*F. Beiopars su-
HelHbpli (Lin) macmTab mo BepTUKaIbHON OCH.
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7*. Paccuutarh 1o ¢opmysiaMm aMIuIMTyJIHbIA cnekTp PM-curnana. Cpas-

"

HUTH PE3yJbTaThl "pyuyHbIX" pacueToB U rpaduK aMmIUIUTYAHOTO CIEKTpa, MOJIY-
YeHHBIN ¢ moMoIbio OBM.

8*. TloBTOpuTh UccnenoBanust GopMel u cnekrpa OM-curnana npu u3MeHe-
HUU UHJEKca (Pa30BOM MOIYISIIMU U YaCTOThI MOLYJAIUH. [loaydnuTs JOMOJIHHU-
TeapHO 2, 3 rpaduka qis cnektpoB @M-curHaia npyu ymeHbllIeHUH uHjaekca M
B JIBa, TP pasa M IMPHU YBEJIWYECHUH YaCTOThI MOAYJISLUU B oaTOpa paza. Caenarth
BBIBOJIbl O BJIMSIHUM MHJAEKCA U YacCTOThl MOAYJSAIMU Ha (opmy U criektp OM-

CHUTHAJIA.

5.9. KomnnekcHoe 1 aHanuTn4yeckoe npeacraBrieHUs
AM-curHana

1. Cxema n1s MCCleIOBaHUs KOMIUIEKCHOTO M aHAJIMTUYECKOTO MPEICTaBIIe-
HUSA MOAYJMPOBAHHOIO CHTHaja MpuBeneHa Ha puc. 1. B aToil cxeme snemenT al
— TeHEepaTop KOMIUIEKCHOTO MOJYJMPOBaHHOrO curHana. Ha ero BepxHem BbIXO-
ne ’re” moJiy4aeM BEIIECTBEHHBIM MOAYJIMPOBAHHBIA CUTHAJN, 4 HA HU)KHEM BBIBO-
ae “im” — mauMyto coctapisronryio KMC.

Curnan c renepatopa KMC nonaerca Ha gerekrop KMC (anement a2). C
BBIXOJIa “@m” JeTeKTopa CHUMaeM OTHOAOIIyI0 MOAYJIMPOBAHHOIO CUTHAJIA, a Ha
BbIBOJIC “Ph” MOXHO TOCMOTPETh CHTHAJ, COOTBETCTBYIONIUH H3MCHEHUSIM
HavyanbHOU (hazet KMC.

ail a2
rel__tni re| Det |sil—
Al KMS [0l
kS
am|_ 417
] — lig phl__{M4
gen_am det_kms
1.0 1.0
2000 2000
0.5
1000

Puc. 1. FeHepaTop N OCTCKTOP KOMIIICKCHOTO MOAYJIIMPOBAHHOI'O CUTHAJIa

Boinensas mbimbto reneparop KMC, ycTaHaBiMBaeM aMmIUIMTYly HeCyllen
AM-curHana paBHOW OJHOMY BOJIbTY, KOdhdumuenT AM pasabiM 0,5, gacToty
Hecymelt fc paBnoit SH kl', rne H — Homep BapumanTta. IlepBoHadanpHO ycTa-
HaBJIMBACM OTHOCHUTEIBHO HU3KYIO YacToTy MoayJsiuuu fy = fc/5 = H k[

2, a. lna metku M1 Ha puc. 1 B pexxume Tran paccuntbiBaeM GopMy Belile-
cTBeHHOro AM-curnana. IIpu 3ToM pexkomeHayeTcs BpeMs aHajiu3a yCTaHOBUTh
pPaBHBIM JIByM TepuoJiaM Ty MOIyIUpylomiero curHana, rae Ty = 1/fy. Anamusu-
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pys nosy4eHHble TpaduK, TPOBEpsSEeM MPaBMIBHOCTh YCTAHOBKH YacTOTHI HECY-
1Ieil, 4acTOThl MOAYISAIMU U Koddduirenta AM.

2, 6. Beibupas nyHkt meHio "AnHamu3/®Dypre ananuz — HAIID", B nossisio-
miefcs TUajoroBoi MmaHenu ycraHaBiauBaem oObeM BeIOOpkH N = 1000, gacToTy
OCHOBHOM rapMoHMKH F paBHO# yactore Moxyssuu fy, dacrory Fmax paBHoi
20*F u nuuneinpiil (Lin) MacmTad no BepTUKaibHOM ocu. OCTallbHbIE TapaMETPhI
dypbe-aHann3a OCTABIISIEM 110 YMOJIYAHUIO.

Jnst MmeTkn M1 paccuMThIBAEM C MOMOIIBIO MPOrpaMMbl USpice aMILUIUTY/I-
HBIM CIIEKTP UCCIEAYEeMOro CUTHala. AHATU3UPYs MOJTYYeHHBIN Tpaduk, yOeauTh-
Csl B KOPPEKTHOCTH PACIIOJIOKEHUSI HA OCH YaCTOT OOKOBBIX COCTaBIIAIONINX AM-
CUTHaJa ¥ B MIPABWJIbHOCTH BEJIMYHMH UX AMIUIUTY/I.

2, B. Jlna metku M1, ucnonb3ys MyHKT MeHIO "AHanus/Pacuer ananuTuue-
ckoro curxana" (WM HaKMMasi Ha 3Ha40K - ), B IOSIBJIAIONIEHCS AUATIOTOBOM Ma-
Helnu napameTpoB pacyeta AC yCTaHOBHUTH BpeMs aHallu3a, paBHbIM 2Ty, 00beM
BeIOOpKH N = 8192, yacTory Hecyiei, paBHO# fc. OcTanbpHbIC TapaMeTphbl aHAIH3a
OCTaBUTh MO ymoi4aHuio. [lonyunts ¢ momomibio npeodpazoBanusi [nibbepTa
rpaduku ana orudaroiiedd u HadyanbHOU (aszbl AC. OnpenenuTs 4acToTy MOIYIs-
uu 1 ko3 dunuent AM. [IpoBepuTh X COOTBETCTBUE UCXOTHBIM JaHHBIM. Y Oe-
JUTHCS, YTO paccuuTaHHast HadanbHas (aza AC npuMepHO paBHA HYIIIO.

2, 1. Paccuntars orubaromryro u HadanbHyto ¢azy KMC. Beigensst MbIibio
anemeHT a2 — nerektop KMC, ycTaHaBianBaeM nmapameTpbl BHYTPEHHET0 TeHepa-
TOpa JETEKTOpa: aMIUIMTYJly yCTaHaBiauBaeMm paBHOl 1 B, a wacroTy Hecyuen
paBHo#t fc. B pexxume Tran paccuuThiBacM HampspKEHUS B y3JlaX ¢ METKaMu M2 u
M3, T. €. CUTHAJIbI, COOTBETCTBYIOIIME Orubaromieil u HavaabHOU (paze. Bpems
aHaM3a, KaK U B MPEABIAYIIUX pacueTax, Hy>)KHO YCTaHOBUTH paBHbIM 2 Ty. Ompe-
JEUTh 4acTOTy MOAyisiuu, kKoddduimuenT AM u HavansHyio (dazy. [IpoBeputh
UX COOTBETCTBHE UCXOHBIM JAHHBIM.

CpaBHuBas pe3yJbTaThl UCCIAEAOBAHUM TIO M. 2, B ¥ 1. 2, T, yOEIUTHCS, UTO
npu HU3KOoH gactore moxyisiiuu (fy < fco) mapamerpsr Moy mupoBaHHOTO CHUTHAIA
MPU AHAJTUTUYECKOM U KOMILIEKCHOM MPEACTABICHUN MPAKTUYECKH UICHTUYHBI.

3, a. YCTaHOBUTH YJIBTPABBICOKYIO YACTOTY MOJYJISIMU JJisl T€Heparopa Ha
puc. 1, pasuayro fy = 6H x['1, mpu koropoii fy > fc. Ocranpabie MapameTpsr AM-
reHepaTopa OCTaBUTh O€3 U3MEHEHUSI.

Jlnst mepemennoit m1 B pexxume Tran momyuntsh rpadux AM-curnana. [pu
ATOM PEKOMEHJYEeTCsI BpeMsl aHallh3a YCTAaHOBUTH PaBHBIM 2/H MUJUTMCEKYHI, T]IE
H — "omep Bapumanta. OOpaTtuTe BHUMaHUE HA CIOXKHYIO (OPMY YIBTPAITUPOKO-
nonocHoro AM-curnana.

3, 6. Boibupas nyskt menio "Ananuz/®Pypwe ananuz — D", npoxonTpomnu-
poOBaTh HEM3MEHHOCTh, paHee yCTaHOBJIEHHBIX 00bema BbiOOpku N = 1000, yacrto-
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Tbl OCHOBHOM rapmonwku F (H kI'm), wacrorel Fmax (20*H xI'u), muHeiHOTrO
Mmaciraba (Lin) mo BepTukaabHoi ocu. st MeTku M1 moayduTh GU3NYECKU aM-
IUTUTYJHBIM CIIEKTP MCCIIEyeMOr0 CUTHANA. Y OCAUTHCS B MOSBICHUU HECUMMET-
puyHoro criekrpa AM-curnana, B KOTOPOM 4acToTa HI)KHEW OOKOBOM cOCTaBiisi-
IOIIIEH CIBUHYTA OTHOCHUTEIBHO YaCTOTHI Hecyler He Ha 6 k', a Ha 4H xI'11.

3, B. I meTtku M1, ucnonb3ys MyHKT MeHIO "AHanuz/Pacuer aHamuTuye-
CKOro curHana" (Miau HaKumasi Ha 3Ha4OK e ), B IOSIBIISIFONIEICS THAIOTOBOM Ma-
Henu napamerpoB pacdyera AC IMPOKOHTPOJIMPOBATH HEM3MEHHOCTh, PAHEE yCTa-
HOBJICHHBIX BpPEMEHU aHallu3a, paBHOM 2/H MWIIUCEKYyHJ, oObeMa BBIOOPKHU
N = 8192, yactoThsl HeCyIeH, paBHOI fe.

[TonyuuTs ¢ oMokt nmpeodpazoBanus [mibdepTa rpaduku orudaromein u
HavyasibHOU (pa3el AC. YOeauthes, yto orudaromnias AC He sSBIsSETCS rapMOHHYE-
CKUM CHTHAJIOM C 4yacToToil 6/ kIl 1 HE COOTBETCTBYET MCXOJHOMY OIKMCAHUIO
AM-curnana. Yoenurcs B nosiBlieHUH (Ha30BOM MOIYJIAIIUH, KOTOPOi HE OBLIO B
ucxonHoMm AM-curnae.

3, r. Paccuurars orubariiyto U HadalabHYyI0 a3y yJIbTPalIupOKOIOJIOCHOTO
KMC wucnons3ys gerekrop KMC (anement a2 Ha puc. 1). He usmensas panee
yCTaHOBJIEHHBIX MapameTpoB aetekropa KMC, B pexume Tran Haxoaum Hamps-
KEHUS B y3JIax ¢ METKaMu M2 1 M3, T. €. CHUTHAaJbI, COOTBETCTBYIOIINE OTHOaro-
e u HavanbHOU (haze. Bpems ananmza, Kak U B IPEIbLAYIIUX pacdyeTax, Hy>KHO
YCTaHOBUTH paBHBIM 2/H muinucekyHa. OnpenensieM 4acTOTy MOIYJISIHNH, KOd(]-
¢unmenT AM u HavanbHyiO a3y U MpoBepsieM MX Ha COOTBETCTBUE MCXOIHBIM
JAHHBIM.

CpaBHuBas pe3yibTaThl UCCIIENOBAaHUM 1O 1. 3, B U 1. 3, T, yOeKaaeMcs, 4To
IpHU yIbTPaBLICOKOH YacToTe Moaysiuu (fy > fc) ornbaromme u HadanbHbIC (Ba3bl
MOZYJIMPOBAHHOTO CUTHAJIA MPU aHAJTUTUYECKOM M KOMIUJIEKCHOM MPE/ICTABICHUU
CYILIECTBEHHO Pa3JINYarOTCSl.

4*  Wcnonp3ys nporpammy Excel (wimu nporpammer MatlLab, Mathcad u ap.),
paccuuTaTh 1o QopMysiam orubaroinryro U HadanbHy0 ¢dazy AC. CpaBHHUTH pe-
3yJbTaThl AHATIMTUYECKUX PACUETOB W TpaduKH, MOJYYCHHBIC C MOMOIIBIO TPO-
rpamMmbl USpice.

5*. 3aMeHHUTH B cxeMe pHC. | UCTOYHUK CUTHaIA, — BKIIOYUTH B CXEMY HC-
TOYHUK (Pa30MOIyIUpOBaHHOTO curHaia. Yactoty Hecymer ®M-curnana ycraHo-
BUTh PaBHOM yacToTe Hecylel AM-curnana. AMIUIMTYy HECYLIEH YCTaHOBUTH
paBHO# 1 BombTy. YacToTy MoOIynsimuu BeICTaBUTH paBHOM fc/5. [lepBoHavanbHO
uHjaekc M yCcTaHOBUTH paBHBIM 2. YOEIUTHCS, YTO OTHOAIOIINE U HaYaIbHBIC
¢dazpr ®M-curnana npu aHATUTHYECKOM U KOMIUIEKCHOM TIPEICTABICHUH TIPAKTH-
YECKU UICHTUYHBI.
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YBenmnuuBasa uaaekc @M, HAUTH TAKOE €ro 3HAYEHUE, IPU KOTOPOM TOSBIISI-
IOTCS CYIIIECTBEHHBIE Pa3IMYMsl HAYaJIbHBIX (a3 U OTHOAIONTUX MOYJIMPOBAHHOTO
CUTHAJIa TIPU aHAJIMTUYECKOM M KOMILUIEKCHOM TipeacTaBieHuu. Kak mpaBusio, pas-

JUYUA CHUTAIOTCA CYIICCTBCHHBIMHA, CCJIM IIApaMCTPbl OTJIIMYArOTCA Oosice ueM Ha
10%.

5.10. YeunuTtenb Ha OMNONSAPHOM TPaH3MUCTOpe

1. 3amana ogHa U3 TPEX CXEM MPOCTEHIIEr0 YCHIIUTENs: OOLIUN SMUTTEP
(03), obmas 6a3a (Ob) unu o6mwmit komutekTop (OK) [12]. Tun ycunurens u ero
XapaKTepUCTHKH OMUCaHbl B Tabm. 1.

Tabmuna 1
Howmep 03 OB OK fo, Ry, Tun
TPYMIbI MI'n | xOm | Tpan3ucropa
. _ _ _ n-p-n
Heuernsrit | <H>;=0 | <H>;=1 | <H>3;=2| H/2 H/4 (KT315)
Yernpiii | <H>3=2 | <H>;=0 | <H>=1| 1H | H/2 b-np
(KT326)

B tabn. 1 6ykBa H — HOMep BapuanTta, Ry — CONpOTUBIIECHUSI BHYTPEHHEH U
BHEIIIHEH Harpy3ok, <H>3; — Bbrder mo moayiio 3, fy — yvacTora BXOJHOTO CHT-
Haja.

Hamnpsixkenue ucrounuka nutanusi E, ycranosuts paBusiM 10 B. [ns mone-
JMPOBAHMS MCTIOJIB30BaTh N-P-N-TpaH3UCTOP (IPyIia ¢ HEYETHBIM HOMEPOM) HIIU
p-n-p-Tpan3uctop (rpymma ¢ 4eTHbiM HOMepoM). B cxemax O3 u Ob ycraHOBUTH
HaYaJIbHOE HAMPSDKEHHE CMEIEHUST MEXTy 0a30i M SMUTTEPOM, PABHOE MO MOJY-
mo 0,6 B. Tlpu HE0OXOIMMOCTH CaMOCTOSITEIbHO YTOUHUTh BEJIUYHHY HAmpsoKe-
HUS CMEIIEHUS MEXKIy 0a30i U SMUTTEPOM TaK, YTOOBI TOCTOSIHHOE HAIpPsHKEHHUE
MEXIy KOJUIEKTOPOM U IMUTTEpOM ObLI0 paBHO 5 £ 3 B.

B cxeme OK ycTaHOBUTH MOCTOSIHHOE HampspDKEHHWE Ha 0a3e TpaH3UCTopa
PaBHBIM NPUMEPHO TOJOBUHE HANPSIKEHHS MHUTAHUs, T. €. puMepHO S5 B. EMKoO-
CTH Pa3leIUTEIHLHOTO U OJOKHPOBOYHOTO KOHJIEHCATOPOB, a TaKKE€ WHIYKTHB-
HOCTh ApPOCCENIE PaccCUUTaTh CAMOCTOSATENbHO, YUWUTHIBAasl, YTO COMPOTHUBIICHUS
pa3IeUTENPHOTO U OJIOKHPOBOYHOTO KOHJACHCATOPOB HAa YaCTOTE CUTHAJA B Jie-
CsiTh M 00JIiee pa3 MEHbIIIE BXOJHOTO COMPOTUBIICHUS U COMPOTUBIICHUSI HATPy3KH
KacKaJia, a CONPOTUBIICHUE APOCCENsl Ha YacTOTE CUTHAja, HAIIPOTHB, B JECATh U
Oosee pa3 00JbIlIe BXOJHOTO COMPOTHUBIICHUS KacKaa.

[Ipu uccnenoBaHUM aMIUIUTY/1a IEPEMEHHOTO BXOJAHOTO CUTHAIA HE JI0JHKHA
npesbimath 0,1 B (pekomennyercs yctaHoBuTh 1 MB). B aTOoM ciydyae momyyum
JMHEWHBIN PEeXUM paObOThl YCUIUTEIS.
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2. Ucnionw3ys npu aHanuse pexxum AC, HaliTu ¢ momoipio OBM Ha 3anas-
HOH 4acTOTe KOMILIEKCHbIE KO3()(UIMEHT yCUleHHs 10 HampsbkeHuto K, BXon-

Hoe Z,, W BBIXOJHOE Zg; . CONPOTUBIEHHUS ycuiauTeas. OTMETHM, 4TO JUIA OIpe-

JACICHUA Z HCO6XOI[I/IMO C06paTI> HOBYIO CXEMY, B KOTOpOﬁ HCTOYHHK CHUTHaJIa

BBIX
TMepeMeIIeH ¢ BX0/1a Ha BBIXOJ] YCUIIUTEIIS, @ BXOIHBIEC 3a5KHMBbI 3aKOPOYEHBI.
3. Paccuurats no popmynam K, Z,, u Zg,,, UCCIETyEMOrO yCUIUTENS, €C-

U TIapaMeTphl OUIOJSIPHOTO N-P-N-TpaH3ucTOpa ciemyronme: g, = 1500 Owm,
=40 xOm, S =25 MA/B, a mapameTpsl OUTIONIIPHOTO P-N-P-TPaH3UCTOPA PABHBI
s, = 1800 Om, r,= 50 kOm, S = 15 MA/B.

CpaBHUTH pe3yabTaThl, MOJTYYEHHBIE C MOMOIIBI0 DBM, n pe3ynbrarsl, pac-
curTaHHble IO popmysaM. OOpaTuTe BHUMaHUE HA TO, YTO HEKOTOPBIE MOKa3aTe-
JU YCWINTENS NPU MOJIETUPOBAHUM MOTYT CYIIECTBEHHO OTJIMYAThCS OT pacyeT-
HbIX. JTO OOBSCHSETCS TE€M, YTO (PAKTUYECKHE MapaMeTpbl HCIOJIb3YEMOIO B
CXeMe€ TPAH3UCTOPa MOTYT OTJIMYATHCS OT 3aJaHHBIX I, U S.

Haiitu o nosydeHHbIM BhlIle rpadukam (pa3oBblil CABUT, BHOCUMBIN yCHIIH-
teneM. CpaBHUTH MOJIYYEHHOE 3HaUY€HUE (DAa3bl C PpACUETHBIM.

4*. MccnenoBarh ¢ MOMOILBIO MPOrpaMMbl MojenupoBanus AUX ycunurens
B ILIMPOKOM JAHana3zoHe 4acToT. HaliTh BEpXHIOI U HUKHIOIO TPAHUYHBIE YACTOTHI.
CpaBHHTB TPaHHYHBIC YACTOTHI U 33/IaHHYI0 4acToTy fy curnana.

5%*. C noMOUIbI0 aHATUTUYECKUX COOTHOLIEHUN OMpPENENUTh HOBBIE MapaMeT-
pBI DJIEMEHTOB CXEMbI, PU KOTOPBIX KOA(DPUIIMEHT YCUIICHUS YCUIIUTENS YBEJH-
YMBAETCSA WM YMEHBIIAETCS MPUMEPHO B ABa pa3a. MI3MEHUTh mapameTpbl CXEMbI
Y TIPOBEPUTH KOADPUIIMEHT YCUICHUS YCUITUTENS C MOMOIIBIO MPOrpaMMbl MOJie-
JUPOBAHUS.

6*. 3MeHs1s pexXuMbl U ITapaMeTpbl 3JIEMEHTOB CXEMbl YCHIIUTENS, TOOUTHCS
YBEJIMYEHUS (MJIM YMEHBIIEHHS) B JIBA pa3a BXOJHOI'O M BBIXOJHOTO COMPOTHUBIIE-
Hui. HaliTu 351eMEeHTBI CXeMbl, OKa3bIBAIOIINE HAUOOJbIIEE BIMSIHUE HA BXOJHbIC
U BBIXOJHBIE COPOTUBIICHUS YCUIIUTEIIS.

5.11. Pe3ancTUBHbLIA yCUNNUTENb Ha NONEBOM
TpaH3ucTope

1. Cxema pesuctuBHOro (amepuoaudeckoro) ycuiaurtens Ha MJII-
TpaH3UCTOpe TpuBeaeHa Ha puc. 1. [lapamerpsl ycuutens: pabouas yacrora fo
CONPOTUBJICHUE BHYTPEHHEN HArpy3ku R¢ M COMpPOTUBIEHUE BHEIIHEW HArpy3Ku
Ry manel B Tabi. 1. B Tabnuie H — HoMep BapuaHTa.

Jnsg MopenupoBaHus TpyIla C HEYETHBIM HOMEpoM wucronsdyer MJII-
TpaH3ucTop C N-kaHaioMm Ttuma 2p305. ['pynmna ¢ 4eTHBIM HOMEpPOM BbIOMpaEeT
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MII-tpan3uctop € p-kanainom tuna 2p304. B nmociaeaHem ciaydae B cXemMe Ha puc.
1 HeOOXOAMMO U3MEHUTH MOJISIPHOCTH UCTOYHUKA MUTAHUS HAa MPOTUBOIOJIOXKHYIO.

[Ipu uccaegoBaHUK PEKOMEHIYETCSl YCTAHOBUTh MAIYI0 aMIUIMTYly BXOJIHO-
ro curHasna U;, paBayto 1...10 MB, mipu koTopoit oGecrieunBaeTcs TUHEHHBIA pe-
UM pabOThl YCUITUTEIIS.

., 10B

1
R¢
10 ud
M1 I
10 ud
D Ry | U3
U, 1 MOu 10

Puc. 1. Cxema pesnuctusHoro ycwinrens Ha M/III-tpan3ucrope

Tabmuma 1
Homep fo, k' Rc, OM Ry, kOm L
TPYIIIBI TpPaH3UCTOPA
HeueTHrblit H 2000+200H 200 N-KaHaJ
YeTHBIN H+25 3000+200H 250 p-KaHaI

2. Haittu c¢ nomompio DBM komIiuiekCHbIE KOI(PGUIIMEHT YCHIICHUS TIO
nanpsokenmio K, Bxomraoe Zgy 1 BbxomaHoe gy COINPOTHBICHUS YCUIIUTEIIS.
s onpenenenust Zg,,, HeoOXoauMo coOpaTh HOBYIO CXE€MY, B KOTOPOM Hc-

TOYHUK CHUTHAJa TMEPEeMEIIeH ¢ BXOJa Ha BBIXOJ YCHJIUTENS M BKIIFOYEH BMECTO
Harpy3o4Horo pesucropa Ry. OcBoOomuBIIMECS BXOJHBIE KIEMMbBl 3aKOPOTHUTH.
HccnemoBanre MpoOBECTH B JWAIla30HE YacTOT, HAUMHAS C 3aJaHHOM B Tabn. 1 u
3aKaH4YMBasi 4acToTOM, mpuMepHO Ha 20% Oosbie 3amanHoi. Pexomenayercs mc-
[I0JIL30BATh JIMHEWHBINA MAcCIITA0 110 OCU Y4acTOT.

3. Paccunrarh mokazaTen HCCIETyeMOTO YCUIIUTENS, €CIIU MapaMeTphl Mo-
JIEBBIX TPAH3UCTOPOB ¢ N-kaHajom ciuenytomue: I3y =400 kOm, rcp=50 xkOwm,
S =2 MA/B, a mapaMmeTphl TOJIEBOTO TPAH3UCTOPA C P-KaHAJIOM paBHBIL: I3y = 500
KOM, ey = 60 kOMm, S =1 MA/B. Jlis pacueTa UCIOJIH30BaTh U3BECTHBIC aHAJIUTH-
YECKHE COOTHONICHUs Ui Oo0JacTh cpeaHux yactoT [12]: K :—SZCH, e

Zey =1 U1y +1/R.+LIR,), Zpy =Ty U Zpy i =1/ @/ R.+1/1,,).
OOpaTuTe BHUMaHUE Ha TO, YTO PE3YJbTaThl “pyUHBIX’ PACUETOB MOTYT CY-

IMECTBEHHO OTJINMYAaTbCA OT pE3YyJIbTATOB MOJACIHNPOBAHUA, T. K. (I)aKTI/I"IGCKa}I KpYy-
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TU3HA U COMPOTUBIICHHE 3aTBOP-UCTOK HCIIOJIB3YEMOr0 B CXEME TPaH3HCTOpa MO-
I'YT CYIIECTBEHHO OTJIMYATHCS OT 3aJaHHBIX S U 3. Kpome Toro, Ha pe3ynbTaThl
MOJICTMPOBAHUSl YCWJIMTENSE MOTYT OKa3blBaTh BIMSHHUE Mapa3UTHbIE E€MKOCTH
TPaH3UCTOPA.

4*. NccnenoBarh ¢ MOMOIIBIO MporpaMMbl MojenupoBanuss AUX ycunurens
B IIMPOKOM JIMana3oHe 4acToT. HaliTu BEepXHIOI0 M HIXKHIOIO TPAaHUYHbBIC YACTOTHI.
CpaBHHTb 'paHHYHBIC YACTOTHI U 33/IaHHYI0 pabouyro yacToTy fy curnana.

5%*. C noMoUIbIO MPUBEJICHHBIX BBIIIEC AHATMTUYECKUX COOTHOIICHUH onpeie-
JIUTH HOBBIE MMAPAMETPHI SJIEMEHTOB CXEMbI, TPU KOTOPBIX KOADPUIIUEHT YCUTICHUS
yewiutenss OO 1Mo MOAYII0 YMEHBIIASTCS UM YBEJIMYMBAECTCS B MOJITOpA, IBa pa-
3a. I3MeHUTh mapamMeTpsl CXEMBI U IPOBEPUTHh YMEHBIIICHUE WA YBEIUYEHUE KO-
s uieHTa yCUICHUS! YCUIIUTENS C TIOMOIIBIO IPOTPaMMBbl MOJISTTUPOBAHMSI.

6*. V3MeHsist pexxuMbl U TTapaMeTPhl AJIEMEHTOB CXEMbI, TOOUTHCS yBEJIUYe-
HUs (WM YMEHBIIEHHS) B JIBa pa3a BXOJHOTO U BBIXOJHOTO COMPOTHUBIICHUN YCHU-
nutens. HailTu a5ieMeHThI cXeMbl, OKa3bIBaIOIINE HauOOJIbIllee BIMSIHUE HA BXO/I-
HBIE U BBIXOJIHBIE COPOTUBJICHUS YCUITUTEINS.

5.12. Pe30HaHCHbLIN yCUnNuTenb Ha OMNONAAPHOM
TpaH3ucTope

1. CxeMa pe30HAHCHOTO YCWJIMTENS C OOMIMM 3MHUTTEPOM Ha OUIOJISPHOM
TPAaH3UCTOPE MTOKA3aHa Ha puc. 1.

10B
.

2r

1008® +—
I VQI 100rd
11 RH
Uy 30k lKﬁ 100s® L1200k | U2
: +—

Puc. 1. Cxema pe30HaHCHOTO YCUJIUTENS Ha OUIOJIIPHOM TPaH3UCTOPE

Pe3onancHas yacTora KoJjiebaTeIbHOTO KOHTYpa B KOJIEKTOPHOM IIeNu paBHa
fp = H/2 MI'y st rpynmel ¢ HedeTHbIM HoMepoM win  fp = (12 + H/2) MI' mist
IpyNIbl ¢ YeTHBIM HOMepoM. 31ecb H — Homep BapuanTa. [ns MopenupoBaHus
ucnonbizyercs: Tpansucrop KT315. ConpoTtusnenue pesuctopa Ry B mapasmienb-
HOM KoJie0aTeIbHOM KOHTYpe paBHO Rk = 2 kOM.

Pexomennyercs n1oOpotHOCTh KOHTYpa Q BbIOpaTh paBHOM 10...20. MHIyK-
TUBHOCTb KaTylIKU L 1 eMKocTh KoHJieHcaTopa Cy ycunurtens HeoOX0auMo pac-
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CUHUTATh CAMOCTOSATEIBHO, HCIIONIB3Ys opMyiy it goopotHoctH Q = Rey/p, Tae
Ry =1/@/r_ +1/R.+1/R,) —  CONPOTUBJIEHME  CYMMapHOM  Harpysku,
I' = 50 KOM — compoTUBIEHUE KOJJIEKTOP-dMUTTEp Tpan3uctopa KT315, Rk —
CONPOTHUBJIEHUE PE3UCTOpPA B NApAIIEIBHOM KOJEOATEIbHOM KOHTYPE, PaBHOE
2 kOm, Ry — compoTtuBieHne BHeUIHEH Harpy3ku ycuiautens, paBHoe 200 kOw,
p = wpLy = L/wpCyx — XapakTepuCTHUECKOE CONMPOTHBIICHUE KOHTypa, Wp— pe-
30HAHCHAs YaCTOTa KOHTYpa B paJiuaHax Ha CeKyHIy, paBHas p = 27 fp.

OtmeTtum, 4910 I, 1 Ry B 25 pa3 u B 100 pa3, COOTBETCTBEHHO, OOJIBINE, YeM
conpotuBieHue Rg. Iloaromy, nomyckass morpemHoCcTh onpenenaeHuss JoOPOTHO-
CTH, PaBHOM HECKOJbKHM IPOLEHTaM, MO>HO HCIIOJIb30BaTh COOTHOIICHHE
Rcn = Rk = 2 kOm. OnHako, pacuet Ly u Cy pekoMeHIyeTcs IpOBOIUTE C TOYHO-
CTBIO /IO IBYX, TP€X 3Hauamux Uu@dp, T. K. B IPOTUBHOM CIy4ae MOKHO HE MOJIY-
YUTh PE30HAHC B MapauIeIbHOM KOJIeOATeIbHOM KOHTYpE Ha 3a/IaHHON 4acTOTe.

2. Ilomyunts ¢ momompro OBM aMInUTyIHO-4aCTOTHYIO XapaKTEPUCTUKY
(AYX) pe3onancHoro ycunutens. PekoMeH1yeTcs UCoJib30BaTh JUHEHHBIN Mac-
mTad Mo 4YaCTOTHOW OCH M HEOOJIbIION AMAaNa30H aHAU3UPYEMBIX YacTOT BOJIU3U
PE30HAHCHOM YaCTOTHI.

Omnpenenuth pe30HaHCHYIO YacToTy fp; yemmurens. [IpoBeputs coOTBETCTBHE
pe3oHaHCHOUM uacToThl fp; 3amanHO# wactote fp Momemupyemoro ycunwmrens. [o
nonydeHHot AUX Haiitu mosiocy npomyckanust Af ycunmurens mo yposnto 0,707.
Haiitn noGpotHoCcTh Q; MapamiensHOro KOHTypa MOACIUPYEMOTO YCUIIUTES, Je-
as gactoty fp Ha monocy Af. IIpoBepHUTh COOTBETCTBUE BHIOPAHHOM TOOPOTHOCTH
Q ¥ mosTy4eHHOU MPU MOAEIUPOBAHUU JOOPOTHOCTH Q.

3. Paccuutath KO3(PUIMEHT yCUIEHUS PE30OHAHCHOTO YCUJIMTEN Ha PE30-
HAHCHOM YacTOTE, €CJIM MapaMeTpbl TpaH3ucTopa clenyrmnme: g, =500 Owm,
I'o=50 kOm, S =30 MA/B. lnsa pacuera moayns koddduimeHTa yCuieHus: ycu-
JUTENsT Ha PE30HAHCHOM YacToTe HUCHONB3yWTe cienyromyw dopmyry [12]:
Ky = SR » rae COIIPOTHUBIICHUE CyMMapHOH Harpy3Ku
Ry, =1/@/r, +1/R,+1/R,). CpaBHuTE pe3y]bTaThl, MOJy4YEHHbIE 1O (HOpMY-

JlaM, U pe3yJbTaThl, MOJYYEHHBIE C MOMOIILI0 DBM.

OOparure BHUMaHUE HA TO, YTO PE3yJbTaThl “pPyUYHBIX’ PAcCU€TOB MOTYT CY-
HIECTBEHHO OTJIMYATHCS OT PE3yJIbTaTOB MOACIUPOBAHUS, T. K. (paKTUUYECKAS] KPY-
THA3HA U CONPOTUBIICHUE KOJJIEKTOP-IMUTTEP UCIIOIB3YEMOTO B CXEME TPAH3UCTO-
pa MOTyT OTJIMYAThCS OT 3aJaHHBIX. Kpome TOro, MoaenmpoBaHUE YCHUIIATEISA
IIPOBOJAMUTCS Ha OTHOCUTEIIBHO BBICOKMX YaCTOTaX, Ha KOTOPBIX CKa3bIBAIOTCS Ia-
pa3uTHBIE EMKOCTH TPAH3UCTOPA.

4*. C nOMOILbIO PUBECHHBIX BbIIIE AHATUTUYECKUX COOTHOIIEHUN Onpeie-
JUTH HOBBIE ITApaMETPhI JIEMEHTOB CXEMBbI, IPU KOTOPBIX KOI(PPHUIMEHT yCUIICHUS
pe3oHaHCcHOrO ycunutenss OO Ha Pe30HAaHCHOM 4acTOTe 10 MOYJIIO YBEIMYUBACT-
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Csl WJIM YMEHbIIIAeTCsl IPUMEPHO B JiBa pa3a. MI3MeHUTh mapameTpbl CXeMbI U TIPO-
BEPUTh YMEHBIIICHUE WIH yBeJIMUeHUE KOG DUIIEHTa YCUICHUS YCUIIUTENS C 10-
MOIIIbIO IPOTPAMMBbI MOJICIIUPOBAHUSI.

5%*. 3amenuts Tpanszuctop KT315 B cxeme ycuiauTenst Ha UI€adbHbI TpaH-
suctop. Ilomyunts ¢ nomouipio 9BM aMIumMTyJHO-4aCTOTHYIO XapaKTEpUCTUKY
(AYX) pe30HaHCHOIO YCHIIUTENSl C UIealbHBIM TpaH3ucTopoM. OmnpenenuTb HO-
BYIO PE30HAHCHYIO 4acToTy fpy yeumutens. UeM MOXXKHO OOBSICHUTH Pa3HUILY MEXK-
ny yacrotramu fp; u fpr? Micnonb3ys popmyity aist pe3oHaHCHOM 4acTOThI KojieOa-

TenpHOro kourypa f, =1/ (Zm/LKCK ), OLICHUTH BBIXOAHYIO €MKOCTh TPaH3UCTOPA

KT315.

6*. IlogaBasg Ha BXOJ ycuiauTens (pazoMoOIyIMPOBAHHBIN CUTHAN, MOJIYYHUTh
Ha BBIXOJI€ YCUJIMTENS CUTHAJI C MAPAa3UTHOW aMIUIUTYAHOW MOIYJIALMEN (SIBJICHUE
npeoOpa3zoBanuds ®M — AM). Kak npaBuiio, aiisi nmoiayyeHus: HAaMOOJNbILIEro Mpe-
oOpazoBanust ®M — AM uacroTa Hecylieil MOLYJMPOBAHHOIO CHUTHala JOJIKHA
HaxoauThCsA Ha CKIIoHE AUX ¢ MakCUMalbHOM KPYTU3HOW, a JE€BHALMS 4aCTOTHI
MOJAYJIUPOBAHHOTO CUTHAJIA JOJDKHA OBITh BbIOpaHa paBHOW NMPUMEPHO YETBEPTH
MIOJIOCHI MPOIYCKaHUS YCUIIUTETIS.

5.13. Ycunutenb Ha onepauyuoHHOM ycunurtene

1. 3agaHbl HEMHBEPTUPYIOMINI YCHUITUTENb JJIsI TPYIIIBI ¢ HEYETHBIM HOMEPOM
VI MHBEPTUPYIOMINI YCUIUTENb JIJIsl TPYIIIBI C YeTHBIM HOMepoM. [IpakTuyeckas
cXeMa HEHMHBEPTHUPYIOIIETO YCUIIUTENA Ha ornepannoHHoM ycuiutene (OY) npu-
BeJICHA Ha puc. 1.
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Puc. 1. Cxema HenHBepTHUpyrolero ycunurens Ha OY

Cxema unHBepTUpylOUIEro ycunutens [12] oTrnuyaercs TeM, YTO HUCTOYHUK
BXOJHOI0 curHana V1 nojkirodaercs K MHBEPTUPYIOLIEMY BXOAY Y€pe3 pe3UCTOP
R3, a ocBoOoauBIIMIicS JEBBIN BBIBOJ pe3ucTtopa R4 coeamHseTcs ¢ KOPIycoM.
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Jliis monenupoBanus BeiOpate OY tuma k140ud7. Moaynu ko3¢hGUIIMEHTOB yCH-
JICHUs! yCUIIUTENEH T0DKHBI OBITh paBHBI H — HOMepy BapuaHTa.

Ucnonb3ys dopmyny miga kodh@dUIMEHTa YCUJICHUS HEUHBEPTHUPYIOIIETO
yeunutens Ky = 1+R1/R; win dhopmynny st koddduiirenTa yCUieHUs HWHBEPTH-
pymomero yeunurenas Ky = —Ry/Rs, rie Ry — conpotusienue pesuctopa R1, Rz —
conpoTuBieHue pe3ucropa R3, caMocCTOSTEeNbHO paccuuTaTth TpeOyemMoe COIpo-
TuBJIeHUE pe3uctopa R1 B cxeme ycunurens. [Ipu pacderax conpoTuBIIEHUE pe3u-
ctopa R3 pexomenayercs B3sTh paBHbIM 1 KOM, Kak nmoka3aHo Ha puc. 1.

Conporusiienue pesuctopa R4 B cxeme T0IKHO ObITH PaBHO COIMPOTHUBICHUIO
pesuctopa R3. Harpy3ounslit pesuctop R2 Ha BbIXOAE yCHIUTENS UMEET COIpPO-
tuBnieHre 20 kOM. Ha onepaninoHHBIN yCUIUTEIh HEOOXOAUMO MOATh JIBYIIOJISIP-
HOe HampsbkeHue nutanusd, paBHoe +10 B u -10 B (ucrounuku V2 u V3, cootBeT-
CTBEHHO).

2. Haiitu ¢ nomompio 9BM koadhpuiieHT yCcuineHus 1no Hanpss>KeHUIO WH-
BEPTUPYIOIIETO U HEWHBEPTUPYIOIIETO YCHIMUTENEH B 00JaCTH HU3BKUX YaCTOT
(manpumep, Ha yactotre 10 I'm). [lpu >TOM ypoBEeHBH BXOJHOTO HAMPSHKEHUS HE
noibkeH npesbimath 0,1 B (pekoMenayeTcs nmojgaBaTh HaNpsHKEHUE ¢ aMILUTUTYAON
1 MB). OOpaTuTe BHUMaHUE HAa WHBEPCUIO (Pa3bl MPU YCUICHUH TapMOHHUYECKOTO
CUTHAJIa B MHBepTUpYIolIeM ycuiurtene. B pexume AC omnpenenuts rpaHUYHYIO
YaCTOTY YCHUJIUTEINS B 00JACTH BBICOKHX YacTOT.

3. Paccunrtarh no npuBeaeHHBIM BhIle popmyaM KOdhPUITMEHTH! YCUICHUS
WHBEPTUPYIOIIETO W HEWMHBEPTHUpYIOUero ycunutenei. CpaBHUTH pPe3yJbTaThbl
MaITMHHOTO ¥ aHAJIUTUYECKOTO (TI0 hopMyIiaMm) pacyeToB.

4*. C moMOIIbI0 MPUBEICHHBIX BBIIIE (DOPMYJT pacCUUTATh HOBBIE MTapaMeTPhl
AJIEMEHTOB CXEMBbI, IPU KOTOPHIX KOADDUIIMEHT YCUIICHUS] YCUIIUTEIS TI0 MOJIYJIIO
YBEJIMYMBACTCS WM YMEHbIIIAECTCA B JIBa pa3a. MI3MeHUTh mapaMeTpsl HCCIIeTyeMO-
ro YCWIWTENS U MIPOBEPUTHh YMEHBIIICHUE UK YBEIMYeHUE K0P PUIIUECHTA yCUlle-
HUS YCWJINTEIS C TTOMOIIBIO MPOTPAMMBbI MOJICTTUPOBAHMUSI.

5*. Cobpatp morapuMUUECKUl YCUITUTENb-OTPAHUYHUTENb, BKIIIOYAs B MU
oOpaTHOM CBsI3W MapauiedbHO pe3uctopy R1 BcTpeuHo-mapaiienbHO Ba AUOMA.
Conpotusnenue pesucropa R1 ycrtanoButh paBHbiM 3 kKOm. HacToTy BXOAHOTO
rapMOHUYECKOIO CUTHANIA yCTaHOBUTH paBHoM 100 I'.

B pexume Tran mocTpouTh aMIUIMTYIHYIO XapaKTEPUCTHKY Jiorapudmude-
CKOTO YCUJIMTENIS-OTPaHUYUTENS, T. €. 3aBUCUMOCTb aMIUIUTYAbl BBIXOJTHOTO CHT-
Haja OT aMIUTMTYbI BXOJJHOTO TAPMOHUYECKOTO CUTHAJIA, YBEIMYHUBAS aMILTUTY Ty
BxoaHoro curHaia ot 100 mB 10 500 mB ¢ marom 100 mB. Y6eauTscst B Hanmuuum
peXrMa OTPaHUYCHUS AMIUIUTYbI BEIXOJTHOTO CHTHAJIA.

6*. CoOpatb cxemy uHTerpaTopa Ha OVY. J[ns sToro 3amenuts pesuctop R1 B
Ieny OTpHUIaTeNbHOU oOpaTHOU cBsi3u Ha KoHmeHcatop Coc [12]. TlocrosHuas
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BpeMeHH uHTerparopa paBHa T = R3Coc. [IpuHIMas MOCTOSIHHYIO BpeMEHU paBHOMN
T = H Mc, paccuntath BenmnunHy Coc — €MKOCTH KOHACHCATOpa B IIeM 00paTHOMH
CBSI3H.

[Monmyunts AUX mHTErpatopa B obsmactu yactot ot f; = 1/(10001) go f, = 1/t.
Y06enuThes, 9TO ¢ pOCTOM YacTOTHI KOA(D(PHUIIMEHT mepeadun MHTErpaTopa yMEHb-
nraeTcs. Y cTaHaBIMBasH JTOrapu(MUYECKUN MacITad 1Mo BEepTHKAIBHON OCH, OTpe-
JENIUTh 3aKOH YMEHbIIEeHHs 3HaueHnii AUX.

[Tomath Ha WHTErpaTop rapMOHHUYECKHU curHai ¢ yactoroil fo=1/(1007) u
onpeaenuTh (Ga30BbIA CABUT MEXTY BBIXOIHBIM M BXOJIHBIM CUTHAJIAMH.

[TomaTe Ha MHTETPATOP MOCIEAOBATEIHLHOCTD MOJIOXKHUTEIBHBIX MPSMOYTOJb-
HBIX UMIYJIbcOB ¢ YactoToil fy = 1/(100tT) U MIMTENBHOCTHIO UMITYJIbCA, PABHOM
MOJIOBUHE JUTUTEILHOCTH MIEPHOJIa, U UCCIE0BATh BHIXOIHON CUTHAJ UHTETPATO-
pa, U3MEHSSI MOCTOSTHHOE HAMPSKEHUE CMEIIEHUSI BO BXOJIHOM CUTHAJIE.

7*. Cobpatb cxemy auddepenimaropa Ha OV ¢ MOCTOSHHOW BpPEMEHHU, pPaB-
HOM TMOCTOSIHHOM BpeMeHU UHTerparopa (cMm. myHKT 6). MccnenoBaTh XapakTtepu-
ctuku nuddepenmnuaropa. [Homyunts AUX nuddepennmaTopa u peakiuo Ha BO3-
JIEUCTBUE TTOCIIEIOBATEIHLHOCTH MPSMOYTOJIbHBIX UMITYJIHCOB.

8*. MccnenoBarh 3aBUCUMOCTh TPAHUYHOM YaCTOThI YCUIIUTENSI OT COMPOTHB-
JIeHUs1 B 1ienu oOpaTHOU cBs3u. Kak M3MEHsIeTCs MO0Joca YCHJIMBAEMBIX YacTOT
py yBeTUYCHUHU KOA(P(UIIMEHTA OTPUIIATEIEHON 00paTHOM CBs3U?

5.14. YMHOXUTeSIb YaCTOTbl HA OMNONAPHOM
TpaH3UCTOpe

1.Cxema HENIMHEWHOMN IIeNMU — YMHOXKHUTEJS YacTOThl Ha OUTOJIAPHOM TpaH-
3UCTOpE MOKa3aHa Ha puc. 1. OOyuaromuecsi TPyIIbl ¢ HEYETHBIM HOMEPOM HC-
MOJIB3YIOT yKa3aHHBIM Ha cxeme N-p-n-tpanzucrop tuma Kt315, a oOydaromiuecs
IPYIIbI ¢ YSTHBIM HOMEPOM HCIOJB3YIOT P-N-p-Tpansuctop tuma Kt326. B mo-
CJIEIHEM cllydae TpeOyeTcsl U3BMEHUTh MOJIIPHOCTh KOJUIEKTOPHOTO HCTOYHUKA TTH-
TaHUsI HA TPOTUBOMOJIOKHYIO.

YacTtoTa BXOJHOTO CHTHaNA, MOJaBaeMoOro OT reHeparopa, paBHa: F, = 30H
k11 (st Tpynmel ¢ HeYeTHBIM HOMepoM) U Fy = 1+ 0,2H Ml (ans rpynmsl ¢
YETHBIM HOMEpOM). 3aech H — HOMep BapuaHTa. AMIUIMTY/1a BXOJHOTO TapMOHHU-
YecKoro curuania pasia | B.

Koaddurment ymMHON)EHUS N YMHOKUTENS YaCTOTHI JIGKUT B TUATIA30HE OT 2
10 4 u paccuutbiBaeTcs 1o ¢opmysne N = <H>3;+ 2, rne TpeyrosiabHble CKOOKU
03HAYaIOT BBIYET 10 Moyito Tpu. [lepen pacuerom Ha IBM HeoOx0auMO 10 yKa-
3aHHBIM UCXOJIHBIM JJAHHBIM OMNPEIAEIUTh UHIYKTUBHOCTh KATYIIKU Ly M €eMKOCTb
koHAeHcaropa Ck konebaTenbHOro KOHTYpa, BEIHYHMHY JOOPOTHOCTH KOTOPOTO
pexkoMeHayeTcs BeioOparh 3 AuanazoHa 20 < Q < 40. JIoOpoTHOCTh mapauiebHO-
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ro KOHTypa B JaHHOU cxeme paBHa Q ~ Rk/p, rie Rk — comnpoTuBieHue noTeps B
KOHType, paBHoe 2 KOM, p=./L,/C, — XapakTepuCTHYECKOE CONMPOTHBIICHHE
KoHTypa. Pacuer nnayktuBHOCTH Ly 11 emrocTu Cyx peKOMeHIyeTcsl TPOBOJIUTH C
TOYHOCTBIO JIO JIBYX, TPEX 3HAYaIUX HUPP, T. K. B IPOTUBHOM CITy4yae MOKHO HE

IMOJIYUYUTH PC30HAHC B IIApaJIJICIIBHOM K0JICOaTEILHOM KOHTYpPC Ha SaHaHHOfI qa-
CTOTC.
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Puc. 1. CxeMa yMHOXXHUTEJSI 4aCTOTHI HA OUTIOJIIPHOM TPAH3UCTOPE

2. B pexxume Tran nomayuuts ¢ moMortisio 9BM rpaduku BXOIHOTO U BBIXOJ-
HOTro curHanoB. CpaBHUBas 5T rpaduku, yOeAUThCs B MPaBUIBHON padoTe
YMHOKHTEIISI YaCTOTHI.

3. PaccuuTaTh aMIuMTyy BBIXOJHOTO CHUTHAJA, UCTOIB3Ysl METOJ TPUTOHO-
MeTpudeckux ¢Gopmyi. s 9TOro mepegaTouyHyr BOJBT-aMIIEPHYIO XapaKTepH-
CTUKY TPaH3UCTOPA allPOKCUMHUPYEM CIISTYIOIINM MTOJIMHOMOM YETBEPTOM CTere-
HU: i, =a, +au+au’+a,u’, tme i,— Tok KoyekTopa TpaHsucTopa, U -—
BXOJIHOE HATIpsikenue, a, = 10 ° A, a, =10 ° A/B, a; =2:10 ° A/B°, a, =10°
A/B*,

[Ipu pacuerax y4ecTh, YTO YAaCTOTA BBHIXOJIHOTO CHTHAaja COBIAJAET C PE30-
HAHCHOM YacTOTOW KOHTYpa M YTO BHEITHEE COMPOTHUBJICHHE HArpy3ku Ry kacka-
Ja BBIOpAHO MHOTO OOJIBIIE COMPOTHUBJICHHS] PE3UCTOpPA B KOJJICKTOPHOU IEMHU
ymMHOXuTeNsA. [loaTomy cymmapHOe CONMPOTHBIIEHNE HArpy3KH Kackaja IMpaKkTude-
CKH PaBHO CONPOTHUBJICHUIO pe3uctopa KoHTypa (2 kOm). CpaBHUTH pe3yibTaThI,
MOJIy4eHHBIC TT0 (hOpMYyJIaM, U PE3yNbTaThl, paccuuTaHHbie HA DBM.

4*, PaccunTaTh C TOMOIIBI0O KOMIBIOTEpPA HAMPSIKEHUE Ha KOHTPOJIBHOM pe-
3UCTOPE B IIETH IMUTTEPA TPAH3UCTOPA U YOSIUTHCSI B BOSHUKHOBEHUH KOCHHYCO-
UJATBHBIX UMITYJILCOB TOKA SMUTTEpa TpaH3ucTopa. OOBICHUTE IPUUMHY UX BO3-
HUKHOBEHHS U OTJIMYME UX (DOPMBI OT TapMOHHYECKOU (POPMBI BXOTHOTO CHTHAJIA.
Hcronb3ys 3aqaHHBINA BBIIIE MOJMHOM, PACCYUTATh aAMIUIUTYAY HUMITYyJIbCOB TOKA
AMUTTEPA TPAH3UCTOPA.
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5*. YMeHbIas aMIiuTyay BXxojHoro Hamnpspbkenus ot 1,1 B 1o 0,1 B (¢ mia-
rom 0,1 B), CHITh aMITUTYIHYIO XapaKTEPUCTUKY YMHOXKUTENSI YaCTOThI, TO €CTh
3aBUCUMOCTh AMIUIATY/Ibl BBIXOJHOTO CUTHANAa OT aMIUIUTY/bl BXOJIHOTO CUTHAJIA.
[TocTpouTh rpaduk aMIUIMTYIHOW XapaKTEPUCTUKU. Y OCIUTHCS, YTO MPU YMEHb-
[MIEHUHW aMIUTUTYIbl BXOJHOTO CHUTHAJa HaIPSKEHUE HA BBIXOJE YMHOXKHUTENS pPe3-
KO ymeHblnaercs. OnpenenuTh BXOJHOE HAMNPSHKEHUE, MPU KOTOPOM aMIUIUTYAA
BBIXOJTHOTO CHUTrHaja OyAeT MeHee | MKB M YMHOXXHUTENIb YacTOThl CTAHOBHTCS
PAKTUYECKU HE pabOTOCIOCOOHBIM, TaK KaK BBIXOJHOE HANPSKEHHE CPABHUMO C
YpOBHEM IITyMa.

6*. YMeHbllIas 4aCTOTY BXOJHOTO CHUTHaja, MOJYYUTh YBEJIMYEHHBIE, IO
CPaBHEHUIO C 3aJaHHBIM, KOA(hOUIIMEHTHl YMHOXKEHHMs, paBHble N = <H>3+ 3,
N=<H>3;+4 u n = <H>;+5. B Tabnuiy 3aHectu 3Ha4eHUs KOADPUIMEHTOB
YMHOKEHHUSI U COOTBETCTBYIOIINE aMILTUTY Il BBIXOJHBIX HANpPsOKEHUN. YOeIUuTh-
Cs B TOM, YTO YMHOXHUTEJIh YAaCTOThl Ha TPAH3UCTOPE C POCTOM Kod(hPuimeHTa
yMHOKeHUsI paboTaeT MeHee 3P dexkTuBHO. OnpeneanTh, HACKOIbKO YMEHBIIACTCS
aMIUTUTY/Ia BBIXOJTHOTO HANPSDKEHUS TPU YBEIMYCHUH KO (GUIIMEHTa YMHOKECHHUS
mo N =<H>;+5,

7*. BrarounTh Ha BXOJIe KacKaja JBa IMOCIEIOBATEIbHO COCAMHEHHBIX HC-
TOYHHUKA MEPEMEHHOro HampspkeHusi. C MepBOro MCTOYHMKA IMOJATh Ha KacKa
curHaji rerepoauna ¢ gacrorou f. = 11F, .n u ammmmrynoit 0,8 B ...1,1 B. ¥V BTO-
pPOT0 UCTOYHHKA YCTAHOBUTH YACTOTY BXOAHOTO curHaina pasHout 10F.n, a ammim-
tyny — 0,2 B ...0,3 B. Tlonyunth Ha BBIXO/€ Kackajga KOMOMHAIIMOHHYIO TapMoO-
HUKY, 4aCTOTa KOTOPOM COBIAJAeT C PE30HAHCHOW YacTOTOM KOJIeOATEIHHOTO
KOHTypa. OnpenenuTb aMITUTy 1y KOMOMHAITMOHHOM TAPMOHUKH.

5.15. YaBouTernb 4acTOTbl Ha NOJZIeBOM TPaH3UCTOpe

1.CxeMa yMHOXKUTEJISI 4aCTOThI Ha TIOJIEBOM TPaH3UCTOpE MOKa3aHa Ha puc. 1.
OOyuaroiuecs rpyIibl C HEYETHBIM HOMEPOM HCIOJIb3YIOT YKa3aHHBIM Ha CXEMe
N-KaHaJIbHBIN TpaH3ucTop Tuna 2p305, a oOyyarouuecs rpynbl ¢ YeTHBIM HOME-
pPOM — P-KaHaJIbHBIN TpaH3ucTop tumna 2p304.

[Ipu ucnonb30BaHUM P-KaHAJIBHOTO TpaH3UCTOpa TpeOyeTcs U3MEHUTh IO-
JSPHOCTHh CTOKOBOI'O MCTOYHMKA MTUTAHUS HA TIPOTUBOIOJIOKHYIO.

Moaynb HanpsKeHus oTceukH Juisi Tpanzuctopa paBeH V1O = 1 B. Yactora
BXOJHOTO CHUTHajla, IMOJaBaeMoro oT reHeparopa, paBHa: F,,=30H Il (mms
rpynmsl ¢ He4eTHbIM HoMepoM) U Fi, = 0,5+ 0,1H MI' (s rpynibel ¢ YeTHBIM
HOMepoM). 31eck H — HoMep BapuaHTa. AMIUIMTY/Aa BXOJHOTO TapMOHHYECKOTO
curHazia pasHa 3 B.

Koadpdunment ymHOoKeHHs ymMHO)uUTENd paBeH N = 2. [lepen monenupoBa-
HUEM HEOOXOIMMO IO YKa3aHHBIM HMCXOJHBIM JIaHHBIM ONpPEAENIUTh WHIYKTHB-
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HOCTh KaTymku Ly u eMkocTh KoHaeHcaTopa Cy KonebaTebHOrO KOHTYpA, BEIH-
YUHY JOOPOTHOCTH KOTOPOT0 peKOMEHIyeTcsl BhIOpaTh n3 auaraszona 20 < Q < 40.
Kak m3BecTHO, MOOPOTHOCTH TapauIETLHOTO KOHTYpa B JIAHHOM CXEeMe paBHa

Q ~ Rk/p, rne Rk — compoTtuBieHHe IOTEph B KOHTYpe, paBHoe 3 KOM, p — Xxa-
PaKTEPUCTHYECKOE COMPOTUBICHNE KOHTYPa, paBHoe p =0, L, =1/, C, . Ucnoms-

3ysi mocaeanue (GOpMyIIbl, MOTYIUM

R
L=Re. =2
Qo, R,
rJe (), — PE30HAHCHAs YacToTa KoJIeOaTeIbHOTO KOHTYpPa, paBHas o, = 21Nk,
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Puc. 1. CxemMa yMHOXXHUTEJISI 4aCTOTHI Ha MOJIEBOM TPAH3UCTOPE

Pacuer nngykruBHocTH Lk 1 emkoctu Cy peKOMeHIyeTcsi MPOBOAUTH C TOY-
HOCTBIO 10 TpeX 3HaYaumx uu@p, T. K. B IPOTUBHOM CIIy4ae MOXHO HE MOJIYYHTh
PE30HAHC B MApAJJIETILHOM KOJI€0ATEIbHOM KOHTYpE Ha HY>)KHOHM 4acTOTe.

2. B pexxume Tran noayuuts ¢ nomonisio 9BM rpaduku BXOIHOTO U BBIXOA-
HOro curHanoB. CpaBHUBas 3T rpapuku, yOeIUTbCs B MPaBUIBHON padoTe
YMHOKHTEJISI YaCTOTHI.

3. PaccuuTaTh aMIUIUTYyAy BBIXOJHOTO CUTHAja, UCMOIb3Yysl METOJ TPUTOHO-
MeTpuueckux ¢opmyn. s 3TOro mepegaTouyHyr0 BOJBT-aMIIEPHYIO XapaKTepH-
CTUKY TPaH3UCTOpa allpOKCUMUPYEM CIEAYIOIIMM MOJUHOMOM BTOPOMl CTENECHH:
i, =a, +au-+a,u’, rae i, — TOK CTOKa TpaH3HuCTOpa, U — BXOAHOE HANpsHKECHHE,
a =10 °A,a,=510 *A/B,a,=10"* A/B%

[Ipu pacderax y4decThb, YTO HAaCTOTA BBIXOJHOTO CHTHaja COBIAJAET C pe30-
HAHCHOM 4acTOTOM KOHTYpa M YTO BHEIIHEE CONMPOTHUBIICHHE HAarpy3ku Ry kacka-
Ja BBIOpaHO MHOTO OOJIbIIE CONMPOTUBIIEHUS PE3UCTOPA B COCTaBE KOJIE0ATEIBHOIO
KOHTypa yMHOXkwUTeNns. [loaromy cyMMapHOE CONpPOTUBIIEHWE HArpy3Kd Kackaja
IPAKTUYECKU PaBHO CONPOTHUBIIEHUIO pe3uctopa KoHTypa (3 kOm). CpaBHUTSH pe-
3yJIbTaThl, IOJIyYE€HHBIE 110 (OpMYJIaM, U PE3yJIbTaThl, T0JIydeHHbIE Ha OBM.
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4*. PaccuuTaTh C MOMOUIBIO KOMITbIOTEPA HANPSKEHWE HA KOHTPOJIBHOM pe-
3UCTOPE B IIEMHU MCTOKA TPAH3UCTOpA U YOSAUTHCS B BOZHUKHOBEHUH KOCUHYCOM-
JANbHBIX UMIYJIBCOB TOKA UCTOKA TpaH3UucTOpa. OOBSICHUTE MPUUUHY UX BO3HHUK-
HOBEHUS U OTIMYHUE UX (POpMBbI OT (HOPMBI TAPMOHUYECKOTO BXOJIHOTO CUTHAJIA.
Wcnonb3ys 3aaHHBINA BBIIIE MOJMHOM, PACCUUTATh AMIUIUTYAY HUMITYJIbCOB TOKa
UCTOKA TPAH3UCTOPA.

5*. YMeHbllas aMIIuTyAy BXoJHOTo HarpsikeHust ot 3 B 10 0,3 B (¢ marom
0,3 B), CHATh aMIUIUTYAHYIO XapaKTEPUCTUKY YMHOXKHUTEIS YAaCTOThI, TO €CTh 3a-
BUCHUMOCTb aMILTUTY/IbI BBIXOJHOTO CHTHAja OT aMIUIUTYAbl BXOJHOTO CHUTHAaja.
[TocTpouTh rpaduk aMIUIMTYIHOW XapaKTEPUCTUKU. Y OCTUTHCS, YTO MPU YMEHb-
IMIEHUHM aMIUTUTYIbl BXOJHOTO CHUTHAJa HAIPSKEHUE HA BBIXOJE YMHOKHUTENS Pe3-
KO ymeHblnaercs. OnpeneanTh BXOJHOE HANpsDKEHHE, MPU KOTOPOM aMILIUTY/a
BBIXOJTHOTO CHUTrHaja OyAeT MeHee | MKB M YMHOXXHTENIb 4acTOThl CTAHOBUTCS
IPAKTUYECKU HE pabOTOCIOCOOHBIM, TaK KaK BBIXOJHOE HANPSKEHHE CPABHUMO C
YpOBHEM IITyMa.

6*. YMeHbllIass 4acTOTY BXOJHOTO CHUTHaja, MOJYYUTh YBEJIMYEHHBIE, IO
CpPaBHEHUIO C 3aJaHHBIM, KOOPPUIIMEHTH YMHOXKEHUS N, paBHbIe 3, 4 u 5. 3aHecTu
B TaOJIMILy 3HAYEHUSI KOA(PPUIIMEHTOB YMHOKEHUSI (HAaUUHAsI C N, paBHOTO 2) U CO-
OTBETCTBYIOIIUE AMILUTUTYIbI BBIXOJIHBIX HANpsDKEHUM. YOeIuTbcsi B TOM, 4TO
YMHOKUTEIb YaCTOThI Ha TPAH3UCTOPE C POCTOM KOd(PPHUIIMEHTa YMHOXKEHHS pa-
6otaer meHee 3(dexkTuBHO. OnpenenuTb, HACKOIbKO YMEHBINACTCS aMIUIUTY/a
BBIXOJTHOTO HAMPSHKEHUSI PU YBEJIMUECHUH KOd(PPUITMEHTAa YMHOXKEHHUS 0 N = 5.

7*. BrrounTh Ha BXOJI€ KacKaja JiBa MOCIEIOBATEIBHO COCAMHEHHBIX HC-
TOYHHMKA TEPEeMEHHOro HampsikeHus. C mepBOro MCTOYHMKA TOJaTh HA KacKaj
curnaji rerepoauna ¢ yacroror f. = 11F,n u ammmurynoit 3 B. YV BToporo ucrou-
HUKA YCTaHOBUTH YaCTOTY BXOJHOTO curHama paBHou 10F N, a ammautyny —
0,5 B. Tlomyunth Ha BBIXOJI€ KackaJa KOMOMHAITMOHHYIO TAPMOHUKY, YACTOTa KO-
TOPOM COBIIaJIaeT C PE30HAHCHOM YacTOTOM KoJjiebarelbHOro KoHTypa. Ompene-
JUTH aMIUTUTYTy KOMOWMHAITMOHHON TApMOHUKH.

5.16. ABTOreHepaTop Ha onepauuoHHOM ycunurtene

1. Dnektpuueckas cxema RC-aBroreHeparopa, BBHIITOJIHEHHOTO Ha OMeEpaly-
ornHoM ycunurene (OY), npuBenena Ha puc. 1. OnepalliOHHBIN YCUIUTENb HA PUC.
1 oxBaueH 1nenblo nojoxuTeabHOM oOpatHoi cBsizu (IIOC), coctaBieHHOU U3
JIBYX OJIMHAKOBBIX PE3UCTOPOB R M IBYX OJMHAKOBBIX KOHJeHcaTOopoB C, a Takxke
1eTblo oTpuliatesibHOM oOpaTHo# cBs3u (OOC), obpazoBanHoi guoaamu D1, D2
u pesucropamu R1 u Roc. Hemuneitnas OOC npenHa3HaueHa AJisi OrpaHUYSHUS
aMIUIUTYZIbl BO3HUKAIOIIMX aBTOKosieOaHuil. IlomoxkurenbHass oOpaTHas CBA3b
00yClIaBIMBaeT CaMOBO30YKIEHNE aBTOI€HEpaTopa.
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Yacrora kosiebanmii aBrorenepatopa paBua fo = H xI'i. B cxeme aBTorene-
paTtopa MCIOJIBL3YHTE OmepalMoHHbId ycunuTens tuna k140ud7. CompoTuBieHue
pesuctopa R1 BeiOpaTh paBHbIM 1 KOM. JlJ11 IpOCTOTHI MCTOIB3YHTE UJI€ATIbHBIC
nuonbl. [lapamnensHo auogam D1 u D2 BkIlloueH BCrioMOraTelabHBIM PE3UCTOP C
conpoTuBieHueM Roc = 2,5 kOwm.

i

!
o =

D N

Puc. 1. Cxema RC-aBroreneparopa Ha OY

2. Tlo 3agaHHOI 4YacTOTe KOJeOaHMWI aBTOreHepaTopa PacCUUTaTh €MKOCTH
kougeHcatopoB C B nenu [IOC npu yciaoBUM, 4TO COMPOTUBIICHUS PE3UCTOPOB R
paBubl 1 kKOwm. [{11g pacueTa UCMONB3yUTe CIenyonyro GopMyIy Juisi 4aCTOThI KO-
nebanuii RC-aBToreneparopa: wg = 1/RC, rae wy = 27 fo.

3. IMomyuuTs B pexxume Tran mporiecc BOSHUKHOBEHUS M YCTaHOBJICHUS KOJIe-
Oanuii B aBToreHeparope. OnpenenuTsb, UCIOJIb3YsI YCTAHOBUBIIMICS PEKUM, OC-
HOBHBIE TIOKAa3aTeNd aBTOTCHEpAaToOpa: 4YacTOTy M aMIUIMTYAY aBTOKOJICOaHUH.
CpaBHHTH YaCTOTYy aBTOKOJICOAHHIA ¢ 3a1aHHOM YacTOTOH fo.

OTmeTuM, 4TO Ha MPAKTUKE MPUUMHOMN JUIsl BOSHUKHOBEHHUS aBTOKOJICOaHUI
SBJITFOTCSL IIIYMBI, TTIOMEXH, MEPEXOAHBIC MPOIECChl, BOZHHUKAIOIINE TPHU TMOJaue
HaIpsHKEHUST TUTaHus, U T. A. {15 BOBHUKHOBEHHSI aBTOKOJI€OaHUI MPU MOJIEIH-
pPOBaHUU HEOOXOIUMO B IUAJIOTOBOM MaHENH pekuma 1ran yka3aTh HCIOJIb30Ba-
HUE HYJIEBBIX HayaJbHBIX ycioBui. [Ipu 3TOM MomenupyeTcs peanbHOE BKIIOUE-
HUE YCTpPOWCTBA, TMpPU KOTOPOM BO3HUKAIOT TEPEXOAHBIC  IPOIIECCHI,
oOyCIIaBIMBAIONME CAMOBO30YKIEHNE aBTOT€HEPATOPA.

AHanmu3upys Ha4aJo Mmporiecca BOSHUKHOBEHHS aBTOKOJIEOAHUMN, OTIPEEITUTh
JUTUTEIIBHOCTD TIEPEXO0THOTO MPOIIecca YCTAaHOBJICHHS aBTOKOJIE0aHN. 3a HyJIeBOH
MOMEHT BpeMeHHU Oepercs MOMEHT Hadajna aHanum3a. Kak mpaBuiio, kojiebaHue
CUMTACTCS] YCTAHOBUBIIIMMCS, €CITM €70 aMILTUTY/1a OTIUYACTCSI OT CTAIlHOHAPHOM
aMIuIUTy 16l He OoJiee ueM Ha 10%.

4*, YMeHbIIIasg COMPOTHUBICHHE BCIIOMOTATEIBHOTO pe3ucTopa Roc, BKIIO-
YEHHOTO MapajuIeTbHO JUO/IaM CXEMBbI, MOJYyYUTh CPBIB caMOBO30Yyx)aeHus1. Ompe-
JEUTHh TPAHUIHOE CONPOTHUBIICHHUE Roc rp pe3uctopa Roc, COOTBETCTBYIOIIEE CPBI-
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BY CaMOBO30YXICHHUS, TPU KOTOPOM POCT aMIUIMTY/bl OTCYTCTBYET HJIA CMEHSET-
Cs  yMEHbIIEHWEM aMmIUIMTyAbl KoseOanui. Paccumrate mo  dopmyie
Krp = 1+Rocrp/R; rpannunbiii K03()GUIMEHT YCHICHUS HEHHBEPTHUPYIOLIETO YCH-
JIUTEJS], YUUTBIBAsA, YTO CONpOTUBICHUS q1u010B D1 n D2 B MOMEHT camMOBO30YX-
JICHUSI OYEHDb BEJIMKH U UX MOKHO HE YUYHMTHIBaTh, TAK KAK HAIPSKEHUS B CXEME B
MOMEHT CaMOBO30YXICHHS €lIe 0YeHb MaJIbl U AUOJbI 3aKPbIThl. CPaBHUTH MOJTY-
yeHHbI Krp 1 TeopeTudeckoe yciaoBue camoBo30yxaenusi RC-aproreneparopa.

5*. Orkmounts nens [IOC ot aBToreneparopa. IlogaBass rapmMoHHUYECKHA
CUTHAJ HAa HEMHBEPTHUPYIOLINKN BXOJl YCUIUTENS, OJIYYUTh HA YACTOTE aBTOKOJIE-
0aHMl HA BBIXOJIE TAKYIO K€ aMIUIUTYAy BBIXOJHOIO HANPSKEHUS, KaK U B Cllydae
aBToKosieOanuii. PaccunTtath KOI(PPUIIMEHT YCUICHUS YCUIIMTEINS, COOTBETCTBY-
IOIIMI CTAallMOHAPHOMY COCTOSIHMIO aBTOreHepartopa. lIpoBepuTh COOTBETCTBHE
MOJIYYeHHOTO KO3(PPUIIMEeHTa YpaBHEHHUIO CTAIIMOHAPHOCTH aBTOT€HEpaTopa.

6*. O6paTtute BHUMaHKHe Ha TO, 4To BXoJ uenu [1OC pacnonaraercst y Bbi-
XOJIHBIX 3aXKUMOB ycuiutens. OTkmounTs BXxoa 1enu 11OC oT BBIXOIHOTO KOH-
TakTa aBroreHeparopa. [loakmounTte Kk BXoAHBIM 3akumaM nenu [10C ucrounuk
rapmMoHudeckoro HamnpspkeHusi. B pexume AC paccumtate AUX nenu I1OC.
Haiitu yactoty kBazupe3onanca u kodpduiment nepenayu nenu [10OC Ha yactoTe
KBa3HpPE30HAHCA.

5.17. Uncpo-aHanoroBbin npeodpasoBaTtersib

1. Cobparh cxemy TpexpaspsiiHOTO IUM(PO-aHATIOrOBOrO IpeoOpa3oBaTes
(ITAIT), mocTpoennoro Ha ocHoBe nenouku R-2R (puc. 1).

11k S4B R2 1k -2B R3 1k -1B
] . | . ] -
— | — | — ] |
41 g i i i
1 R4 =] RE R7
¥ 2k 2k 2k 2k
-
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- ' ' ' RA 2k
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Puc. 1. Cxema tpexpazpsanoro LIAII
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[ITar xBanToBanus paBeH A = 45H mB. 3aecs H — HOMep BapuanTa. Paccuu-
TaTh U YCTAHOBUTH TpeOyeMoe onopHoe Hamnpsbkenue V1. OOpaTtute BHUMaHUE Ha
TO, 4TO B cxeme LIAIl ucnonb3yercs HHBEPTUPYIOMIMM yCHIIUTENb Ha ONEpaIlOH-
HoM ycunutene (OY) um mosromy Ha nenouyky R-2R mopaercsi oTpuuateiabHOe
HanpspkeHue. Ha Beixoge OV Hanpspbkenue OyaeT nmojoxkuteabHbiM. Hanpumep, Ha
puc. 1 mokazaHo ONMOpHOE HampsikeHue, paBHoe MuHyc 8 B. Illar kBaHTOBaHuA
npu 3ToM paBeH 1 B. Ympasnstomue curnanst Ha LHAIT (puc. 1) nocrynator ¢ re-
HepaTtopa G JBOMYHBIX KOJOB. /[BOMYHBIE CUTHAIBI YIPABISIIOT TEPEKITIOYATEISIMU
K1, K2 u K3. B ucxogHom noJio>xeHUM MepeKroyaTeseid, Ioka3aHHOM Ha puc. 1,
HaIpsHDKEHUE Ha BXOJ| yCUIUTENs He mojaercsd W Ha Bbixoge LIAIl mampsoxeHue
PaBHO HYJIIO.

Ecau na mumHe BXOaHBIX JaHHBIX mosBisgercs koa 001 (m0=5B, m1=0B,
m2 =0 B), To cpabatsiBaeT nepekiouarens K3. Ha Bxox OV uyepes pesuctop R6
noctymnaer HampsibkeHue —1 B u Ha Beixoge IIAIl Bo3HHMKaeT MHBEPTHPOBAHHOE
HanpsbkeHue 1 B, paBHoe miary kBaHToBaHus A.

me

ml

mil

0

KT

Puc. 2. Bpemennas auarpamma padotst LIATT

Ha puc. 2 npeacraBieHbl CUTHAbI HA BXOAHOM IIMHE JAHHBIX M HA BBIXOJE
[HAII, cxema koTOpOro npuBeneHa Ha puc. 1. Ha untepBasie BpeMeHU OT HYJS A0
8 Mkc renepatop G BBIZAET MOCIEA0BATEIILHOCTD YBEIMUNUBAIOIINXCS 10 BETUYNHE
JTBOUMYHBIX KOJI0B. [ToaTOMY Ha ATOM MHTEpBasie HAOIIOMAEM POCT HAMPSIKEHUS Ha
BbIx0Jie IIAIT oT 0 710 7 BOJIBT C 11arom 1 BOJIBT.

2. B coOTBETCTBMM C HOMEPOM BapHaHTa YCTAHOBHUTH 3aJJaHHBIN IIar KBAaHTO-
BaHUS W TOMY4YUTh npaBwibHyI0 padoty L[AIl 3anectn B Tabnuily yBeTHMYHUBaIO-
1Mecs MO BEJIMYMHE BXOJHBIE JIBOUYHBIE KOABbl U COOTBETCTBYIOIIME UM BBIXOJI-
HbIC HAmpsDKCHWS. BBIXOMHBIE HAMpsHKEHUS  ONMPENeNuTh 1Mo  rpaduky,
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aHAJIOTMYHOMY rpaduKy, MOKa3aHHOMY Ha puc. 2. IIpoBepuTh BeIMUMHY IlIara
KBaHTOBaHUS A U MaKCUMAaJbHYIO BEJIMYUHY BhIXOAHOTO HampsbkeHus AL, pas-
HyI0 Upmax = (2°—1)A, rne p — paspaanocts LIATL.

3. HoaxiounTh NapawieIbHO Pe3ucTopy B Lenu oOpaTHoU cBsa3u OY KOH-
neHcatop. B arom ciywae ycunutens Ha OY CTaHOBUTCS aKTUBHBIM (UIBTPOM
HU3KUX 4acToT. OnpeaenuTb eMKOCTh KOHAEHCATOpa, MPU KOTOPOH B BBIXOJHOM
CUTHAJIe TIPU U3MEHEHUHU BXOJIHOTO Koja OyayT MPaKTHYECKH OTCYTCTBOBATH Pe3-
KHE€ CKauKU BBIXOJHOTO HAMPSKEHHUS.

4*, Jlna uccnenoBanusi OpictponeictBus LIAIl BKIOYHTH B CXeMy BMECTO
uneanpHoro OV peanbubiii OY, Hanpumep, k140ud7. Otkmounts ot IAIT nBa
IIPOBOJTHUKA IIMHBI IAHHBIX, OCTABUB TOJILKO cUrHaj ¢ Beixoaa DO reneparopa G.

VYBenuunBas 4acTOTy BXOJHOTO CHTHaja mojyuuTh Ha Bbixoje LIAII ucka-
KEHHBIN UMITYJIbC HampsikeHus. Kak mpaBuiio, M3MEHEHUE aMIUTUTYbl UMITYJIbCA,
WIM €ro 3aJep>KKH, WIH €ro JUIUTeIbHOCTH Ooisiee ueM Ha 30% 1o CpaBHEHUIO C
napamMeTpaMu HEHMCKaKEHHOTO MMITyJIbCa cuMTaeTcs HapyuieHueM pabotsl [IAIL
Onpenenursb IIUTENBHOCTD MEPETHEr0 (PPOHTA UCKAKEHHOTO0 UMITYJIbca. DTa JJIH-
TEJIHHOCTh NMPUMEPHO paBHA OCHOBHOMY AuHamuueckomy mapamerpy LAIT —
BPEMEHH YCTAHOBJICHUS BBIXOIHOIO HampshkeHus ty.,. B LIAIl Ha ocHOBe Henoyku
R-2R  Bpems ty,; B OCHOBHOM OIIpefensieTcss ObICTPOAEHCTBHEM OIEPALUOHHOIO
YCHIIATETIS.

5*. CoctaButh cxemy uerbipexpaspsaanoro [AIl ¢ ynpaBieHueM curHagamu,
MOCTYMAIOIIUMH OT TeHepaTopa JOTUYECKUX ypoBHEH. [1oayunTh npaBUiIbHYIO pa-
6oty uetbipexpazpsaHoro [IAIL

5.18. AHanoro-uncgpoBomn npeobpasoBaTesib

1. CoOparp cxeMy MOapaJUIeIbHOTO JBYXPAa3psIHOIO aHaJoTOo-IU(PPOBOTO
npeoOpazoBarens (ALII). [Byxpa3psnubie ALl Ha mpakTKe MOTYT UCIOJB30-
BaThCs sl OOHAPYKEHHSI UMITYJIbCHBIX CHUTHAJIOB, TAK KaK B ATOM Cily4ae 0oJib-
moe yucio paspsanoB He Tpeoyetcs. [llar kBantoBanust AIL{Il yctaHOBUTH paBHBIM
A = 45H mB.

Hampumep, cxema neyxpaszpsiaHoro ALl ¢ marom KBaHTOBaHUS, paBHBIM
1 B, nokazana Ha puc. 1. Ha Bxoa AIIII ot ucrounuka V1 nogaercs TECTOBBIN M-
7000pa3HeI cUrHal ¢ aMIuiuTy0H, paBHoi 4 B. B AIIIl ucnons3yroTcs uctou-
HUK OIOPHOI0 HampsbkeHus V2, Tpu npenu3noHHbix pesuctopa R1, R2, R3 ¢ onu-
HAaKOBBIMHM CONPOTHUBIICHUSMH, paBHbIMH 1 KOM, Tpu kommapatopa Al, A2, A3 u
koMOuHanmoHHasi cxema — mmmdparop CD. udparop CD BeimosHeH B Buue
noacxembl H1. Illar kBanTOBaHUS, paBHbIM 1 BOJIBTY B cXeme Ha pucC. 1, ycTaHaB-
JIMBAETCs] BBIOOPOM OIOPHOTO HampsbkeHus V2 paBHbM 3 B.
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BpeMenHnbie 3aBUCMMOCTH, WiuocTpupytomnie padoty AL, nmpuBenens! Ha
puc. 2. Ha Bxoa ALIIT B mpoMexxyTke BpeMeHu oT 0 Mc 110 4 MC MOCTynaeT JIUHEU-
HO BO3pacTarollee MuiIoo0pa3sHoe HampsikeHue. Tak Kak aMIUIMTyAa Muiioo0pas-
HOro uMIyJibca paBHa 4 B, To B MOMEHTHI BpeMeHHU, paBHbIe 1 Mc, 2 MC U 3 Mc,
BXOJIHO€ HampsiKeHue paBHO cooTBeTcTBeHHO | B, 2 B m 3 B. CnenoBarensHo,
HaynHas ¢ 1 Mc, 3aTeM mociie 2 MC M HaKOHell Tociie 3 Mc, Moce0BaTeNIbHO cpa-
OaTeiBaroT kommnapaTopbl Al, A2 u A3, BeipabaThiBasi Ha CBOMX BBIXOJaX JOTHYE-
ckue 1.
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Puc. 1. Cxema napamienbHoro asyxpazpsaHoro AL

Ly |
o L .

1] 50 100 150 200 250 300 350 400 450 500
MK

Puc. 2. Bpemennas nuarpamma pa6otsr ALTT

ITocne 4 mc BXOJHOC HAIIPSXKCHHUC IMagacT A0 HYJIA W BCC TPHU KOMIIapaTopa
BO3BpallarOTCA B HCXOJHOC COCTOSAHHUC, BI)Ipa6aTBIBaH Ha CBOHUX BbBIXOO4X JIOIHMYC-
CKHUC HYIJIN.
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Hynmu u equnuipl ¢ komnaparopoB nocrynatot Ha mudparop CD, koTopsiit
npeoOpa3yeT BXOJIHbIE CUTHAJIBI B JIoruueckue ypoBHH Y0 U Y1 Ha IBYyXpa3psiiHON
muHe naHHbiX Ha Beixojae ALl M3 ananuza KpuBBIX pHC. 2 CleayeT, 4TO Kak
TOJIBKO BXOJIHOE HampsbkeHue npesbicuT 1 B, ypoBau YO u Y1 cTaHOBATCS paBHBI-
MU 1 u 0, COOTBETCTBEHHO, ¥ Ha IIMHE JIAHHBIX MOSBISETCSA ACCATUYHOE YHUCIIO 1.
Ecnu yBenmumBaroiieecss BXOJAHOE HaIpsiKEHUE CTaHOBHUTCS Oosbiiie 2 B, To Ha
IIMHE JTAHHBIX MOosBIsieTca ABOMYHbIA Koj 10. Hakoner, ecnu BXoJHOE HampsiKe-
Hue npeBbimaeT 3 B, To Ha MIMHE TaHHBIX MOSBISETCS JBOMYHBIN Kox 11.

2. llIudparop CD c Tpemst BXoJaMu U JBYMS BbIXOJaMU MPOEKTUPYETCS Kak
otnenbpHas noacxema. [IpeaBapuTebHO pEKOMEHYETCsl 3alUCaTh JIBE JIOTHUECKHE
GbyHKIMU JUTsT MITAJIIIETO U cTapiiero paspsaa munbl JaHHbeix ALl B coBepren-
HOW TU3BIOHKTUBHOW HOpMaIbHOU opMe. DTH TorudecKre PyHKIIUU UCTIONIb3yeM
JUTSI CHHTE3a CXeMBbI IudpaTopa.

Beioupas nynkr wmeHwoo «[IpaBka\Co3nath 3JEMEHT-TIOJACXEMY», PHCYEM
yCIIOBHOE rpaduyeckoe 0003HaUeHHE MH(paTopa U CO31aeM €ro MoJICXeMy C HC-
M0JIb30BAaHUEM METOK Y BXOJIOB M BBIXOJIOB IHU(paTOpa B COOTBETCTBUU C pUC. 1.
B cxemy mmdpaTopa BkIIIOUaeM HEOOXOAMMBbIE 0A30BbIE JOTUUYECKHE SJIEMEHTHI.
Cxemy mumdparopa coxpansiem B Buje ¢aiina.

B ocnoBnyto cxemy ALl nmogcxemy-mmdpaTtop BKIIOYaeM, BHIOUpAs MyHKT
MeHio «IIpaBka\BcTaBUTh 3JIEMEHT-TIOACXEMY.

3. Hanpsbxkenue omopHoro uctoyHuka B cxeme ALl ycTtaHOBUTH paBHBIM
3*45H w™B. Tlogkmounts k Bxoay ALIII renepatop nuiooOpa3HBIX UMITYIBCOB C
aMIUTUTYI0ON UMITYJIbCOB, paBHOM 4%*45H mB. JlnutensHOCTh MUI000pa3HOTO UM-
nyJibca PEKOMEHAYeTCS BhIOpATh paBHOUM 4 MC, a TIEpHO]I TOBTOPEHUS UMITYJIHCOB
— 10 mc. Y6eautncs B mpaBuiibHOM pabore ALl HaGnronas mocaeaoBaTenbHYIO
CMEHY JIOTMYEeCKUX ypoBHEH Ha Bbixoje AIIIl mpu cOOTBETCTBYIOIIMX YPOBHSIX
BXOJIHOTO curHana. [Ipu Mamnoif amminutyae nmuiooOpa3HbIX UMITYJIECOB PEKOMEH-
nyetcs rpadK BXOJHOTO CUTHAJIA BHIBECTH B OT/ICIILHOM OKHE.

4*, Bximtounth Ha BXojie ALl HCTOYHWK MOCTOSSHHOTO HAIPSKEHUS. Y BEJIU-
yuBas OT HyJa HampsbkeHue Ha Bxonae AL, momyduTh 3aBUCUMOCTH KOJIa Ha BBI-
X0JIe OT BXOJHOTO HampspkeHus. [IpoBepuTh BeIMUMHY IIara KBaHTOBAaHHS A U
HaflTH MaKCHMalbHOE BXOmHOE HampskeHHe Upa = (2°—1)A ALIIL 3anectu B
TaOJIMITY BCE YBEITMUMBAIOIIHUECS TI0 BEJIMYMHE TBOMYHBIC KO/bI Ha Bbixoae AL u
COOTBETCTBYIOIINE UM BXOJHBbIC HampspkeHus. [locTpouTs cTymeHdaTbiii rpaduk
3aBUCUMOCTH BBIXOJHOTO KOJIa OT BXOJHOTO HAMPSKCHUS.

5*. YMeHnbInas nepuo]i Nioo0pa3HbIX UMITYIbCOB U JJIUTEITLHOCTh UMITYJIb-
ca, HAWTH YacTOTy, MPU KOTOPOM HAPYIIAETCS MPABHIBHOE MpeoOpa3zoBaHUE
BXOJ/IHOTO aHAJIOTOBOTO HAMPSOKCHHSI B BOMYHBIA KOJ. Kak mpaBuio, mpu 3ToM
BO3HHMKAIOT M3MEHCHUS aMIUTUTYbI UMITYJIbCA, WU €r0 3aJCPXKKH, WA €T0 JJIH-
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TeabHOCTH Oosiee yem Ha 30% mnpeBbllIAIONIME MapaMeTpbl HEUCKAKEHHBIX HM-
myJbCOB. OIIEHUTh CKOPOCTh HAPAaCTaHUs BXOJIHOIO CHUTHAja B BOJIbTaX HA CEKYyH-
1y, TIPU KOTOPOH BO3HUKAIOT cOou B padote ALIIL.

6*. Ilonkmounts Ha Bxone ALl reHeparop rapMOHUYECKOTO CUTHANIA C aM-
IUTUTYAOW, MPEBBIIIAOIICH MOJOBUHY OMOPHOrO HampspkeHus npuMepHo Ha 10%.
[Ipyyem K rapMOHMYECKOMY CUTHANy JOOABUTH IMOCTOSTHHOE HAIPSKEHUE CMEIlle-
HUSI, paBHOE IMOJIOBUHE OTIOPHOTO HAMPSDKEHUs. Y BEMUYMBas 4acTOTy KOJIEOAHUH,
nosyuuth coou B padore ALIl. OmpenenuTs MakCUMalbHO JOIMYCTUMYIO pabo-
yyto yactoty ALIIL

7*. Bxmtounth B cxemy ALl BMecTo uacanbHBIX KOMMIApaTOPOB peasibHbIC
komrmapatopbl, Hanpumep K521CA1 u mpoBeputh dyHkimonupoanue AlLILL
Onenuts O6bicTponiericTBue ALl ¢ peansHBIMU KOMIIApaTOpaMHu.

5.19. AnckpeTHoe npeobpa3oBaHune dypbe

1. OT reHepaTopoB HA PE3UCTUBHBIE HATPY3KU C COMPOTUBIICHUSMH, PABHBIMU
1 xOwm, noxath paznuyHble N0 (OpPME CUTHANIBL: OCTOSHHOE HANPSIKEHHUE, TapMO-
HUYECKUW CUTHAJ, MOCJIEN0BATENbHOCTh MUI000PA3HBIX UMITYJIBCOB U, HAKOHEI,
MOCJIEIOBATENBHOCTD MPSMOYTOJIBHBIX UMITYJIBCOB (pHC. 1).
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Puc. 1. CxemsI nieneit 11t BccaeI0OBaHusI CIIEKTPOB MOCTOSTHHOTO HATIPSKCHHUS
(a), rapmonmnueckoro curHana (0), mocienoBaTeIbHOCTH MTUI000Pa3HBIX
UMIYJIHCOB (B) U TIOCIIEIOBATEILHOCTH MPSMOYTOIBHBIX UMITYJIECOB (T)
YacTtora rapMOHMYECKOTO CHUTHAJIA M YacTOTa CJIEAOBAHMS MUIO00pPa3HBIX U
IPSIMOYTOJIBHBIX MMITYJIbCOB paBHa F = H kl'u. 3nece H — HOMep BapuaHTa. Be-
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JUYUHY TOCTOSHHOTO HAMpPsHKEHUs, aMIUIUTYAy TapMOHUYECKOrO CUTHAJIa U aM-
IUTUTYBI THJIO00PA3HBIX M MPSIMOYTOJBHBIX UMITYJIBCOB YCTAHOBUTH PaBHBIMH H
BoJbT. JlmurenpHocTh (Width) muaooOpa3HOro M MpsIMOYTOJbHOTO HWMITYJIBCOB
ycTaHOBHTH paBHOM 20% oT amutensHOCTH nepuoaa T = 1/F.

B pexxume Tran paccuutath hopmMy curHaioB B y3iaax ml, m2, m3 u m4. [Ipu
ATOM PEKOMEHIYETCs BpeMsl aHalu3a YCTAaHOBUThH PaBHBIM ABYM TieprojaMm | 3a-
JAHHBIX MEPUOJMYECKUX CHUTHAJIOB. AHAJIM3UPYs MOJyYCHHbIE IpaduKH, MpoBe-
PUTH MIPABUIHLHOCTh YCTAHOBKH MMapaMeTphl aHATU3UPYEMbIX CUTHAJIOB.

2. Paccuurary mo (opmynaM aMIUIUTYyAHBIE CIEKTPbI BCEX HCCIEAYEMBbIX
CUTHAJIOB, MPUYEM JUIsl TIOCIIEIOBATENBHOCTEH MIIOO0PA3HBIX U MPSMOYTOJIbHBIX
UMITYJIbCOB PACCYUTATh TOJIBKO MOCTOSHHYIO COCTABIISIONIYIO U aMIUIUTYbI Mep-
BbIX 3...5 rapMOHUK.

3. Beibupas nyHkT MeHI0 "Ananu3/®Pypbe ananuz — JID" (wim Haxxumas Ha

3HauoK A% ), B TOSIBJISIIOLLEHCSA TUAJOrOBOM MaHENIH YCTaHABIMBAEM OOBEM BbI-
6opku N = 1000, yactory F ocHOBHOI rapMOHUKH paBHOI yacTote F rapmonuye-
CKOTO CHrHaja, yactoty Fmax pasuoit 20*F, nunerinbiit (Lin) macmrabd no BepTu-
KanbHOM ocu. OcranbHbie MapaMeTpbl Dypbe-aHain3a OCTaBIsieM MO0 YMOITYAHHUIO.

J1J1st BceX 4eThIpeX MCTOYHUKOB CUTHAJIOB B OTJEJIBHBIX OKHAX PACCUYUTHIBAEM
C MOMOIIIBIO MPOTPAMMbI USpice aMILTUTYIHbIE U (ha30BbIe CIEKTPHI. AHATU3UPYS
dbopMy ucCCIeayeMOro TapMOHUYECKOTO CUTHANA, MTOJYYCHHYIO BBIIIE, OOBSICHUTh
nosiBJieHUE B (Da30BOM CHEKTPE TapMOHUYECKOTO CUTHAIA HadaabHOU (hasbl, paB-
Hoit —90°.

JIJisi TOCTOSIHHOTO HAaNpsDKEHHsI U 71l TAPMOHMYECKOTO0 CUTHAJIA OOBSICHUTH
MOSIBJICHUE COCTABIIAIONIMX (DA30BOT0 CIEKTpa Ha YACTOTaX, OTIMYHBIX OT HYJIEBOU
YaCTOTHI ¥ OT YaCTOThI TAPMOHUYECKOTO CUTHAJIA, COOTBETCTBEHHO.

4*, Jlnsg TpsIMOYTOJBHBIX HMITYJIbCOB HCCJIENIOBATh 3aBUCHUMOCTH CIIEKTpa
CUTHAJIa OT aMIUTUTY/bl, YacCTOTHl U JUIUTEILHOCTH MPSIMOYTOJBHBIX UMITYJIHCOB.
JIyist 9TOTO yKa3aHHBIE MapaMeTphl PEKOMEHIYETCS YMEHBIINUTh, a 3aTEM YBEIIH-
YUTh OTHOCUTEIHHO MCXOIHBIX 3HAYCHH B JIBa pasa.

5%*. Paccunrtath ¢ MOMOIIBIO USPICE aMIUIMTYIHBIA U (Da30BbIA CIIEKTPHI 3a-
JTAHHOM BBIIIIE TIOCIICOBATEIHLHOCTA MPSMOYTOJIBHBIX HMITYJIBCOB, YCTaHABIMBAS
amutensHocTh (Width) mpsMoyronbHOTo MMIyJIbca, paBHOHW MOJOBHHE JJIHTEb-
HOCTH niepuona T.

CuHTE3upOBaTh NPSIMOYTOJBHBIE HMITYJIBCHI, CYMMHUPYS TOCTOSHHYIO CO-
CTaBJISIOIIYIO, TIEPBYIO, TPETHIO U MATYIO TAPMOHUKHU. [[71s1 7TOTO BKJIFOYHUTH B CX€-
My TOCTEI0BATEIbHO COCIMHEHHBIE TEHEPATOP MOCTOSIHHOTO HAMPSHKCHUSI U TPU
reHepaTopa, BhIpaOaThIBAIOLINX MEPBYIO, TPETHIO U IMATYI0 FTAPMOHUKU C PACCUH-
TAHHBIMH BBIIIIE AMIUIUTYAaMHU U Ha4aJIbHBIMU (azamu. B kadecTBe Harpy3Ku s
ATUX TE€HEPATOPOB UCIIOJIb3YHTE PE3UCTOP ¢ conpoTuBieHuEM 1 KOM.
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[Ipumeuanue. B mporpamme USpICe reHepaTopbl rapMOHHYECKUX CHTHA-
JIOB BbIpA0aThIBAIOT CUHYCOU b, a ¢ noMolbio I1® Obu1 paccunTad 0JIHOCTO-
POHHMI (PU3MYECKUI CIIEKTP C UCIOJIb30BaHUEM KOCHUHY cOoB. [loaTtomy s mo-
Jy4eHUs KOCHUHYCOB HayalbHbIe (pa3pl reHepaTOpOB FapMOHUK HYKHO YBEIUYUTH
Ha +90 rpamaycos.

Hcnonb3ys pexum Tran, cpaBHUTH (OPMY CHHTE3MPOBAHHBIX UMITYJIBCOB C
dbopMoii UCXOHOTO CUTHAJNA. BKIltoUast TOMOJHUTEIbHBIN reHepaTop U YUUThIBas
CEIbMYI0 TapPMOHUKY, OTMETUTh YBEJIMYCHHE MPAMOYTOJIBHOCTH CUHTE3UPYEMBIX
MMITYJIbCOB HANIPSIKEHUS.

6*. TlogaBas OoT reHeparopa rapMOHWYECKUI CUTHAJ M yCTaHABIWBas Jora-
pudMuUecKuii MacmTab Mo BEPTUKAIBHON ocu B AenubOenax (dB), momyuuts am-
IUTUTYJHBIN CHEKTP TapMOHUYECKOTO curHana. OOBSCHUTH NMPUYUHY MOSBICHHUS
OOJBIIOr0 YHCIA Mapa3UTHBIX MajbIX MO aMIUTUTYJE TapPMOHHUK B aMIUIUTYIHOM
CIIEKTpE CUTHaJIA.

7*.YcTaHOBUTH 4acCTOTYy TapMOHUYECKOro curHaia pasuout 1,3*H kl'u. Uc-
none3ys qus 11D panee ycranoBieHHyro 4dactory F, paBHyro H kl'1, momyyuts
HOBBIM aMIUIUTYHBIM CIEKTP FApMOHUYECKOTO curHaia. OObsICHUTH NPUUYUHY T10-
SIBJICHUSI OOJIBIIIOTO YKCJIAa TAPMOHUK B aMIUTUTYTHOM CIIEKTPE CUTHAJIA.

5.20. UndpoBon cpunbTtp

1. Ucnonw3ys snementsl Oubanorexu "LIOC-ananoroseie 3neMeHTsl" cocra-
BUTH CXeMY LIM(PPOBOro PuiibTpa, NOKa3aHHyIO Ha puc. 1.

In o Dt

1 \

ay

-
g2 | L%

Puc. 1. Cxema nmudposoro puibTpa 2-ro mopsiaka

Bpewms 3anepxku T 371€MEHTOB MaMSTH OCTaBUTh YCTAHOBJIEHHBIMU 110 YMOJI-
gauuto (T =1 mkc). Jna uudpoBbix GuiIbTpoB Bpems 3aIepKKH B dJIEMEHTaX Ia-
MATH paBHO mepuonay nuckpermzamuu t3 =T =1 mkc. CnenoBarenbHO, 4acToTa
auckpernzanuu paBHa fp = 1/ty=1 Ml

Koaddunments ymHoxxureneit ¢puiabTpa npuBeaeHs! B Tadu. 1 (B Tabmune H
— HoMep BapuaHTa). OOpaTuTe BHUMaHUE, YTO HEKOTOPbIe KOA((OULIMEHTHI B 3TOU
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TabyiMile B 3aBUCUMOCTH OT HOMepa H OyayTt paBHbl Hymo. [loaToMy cooTBeT-
CTBYIOIIUE YMHOXHUTEIH (M, BO3MOXKHO, HEKOTOpPHIE JIEMEHTHI MaMITH) B CXEMY
MO>KHO HE BKJIIOYATh.

Tabnuma 1
Howmep

TpyIIIbL a1 a2 by b,

Heuernbrii -1H 1-(D" _t 1+(-)"
3 0,5+H 3

H H H H

YeTHbIi ) 1+(D° (Y 1-(=1)

2 4 2+H 4

2. Paccuutath ¢ momompio nporpammbl uSpice AUX u ®UX uudposoro
bunbTpa. s atoro ucnonszyite pexum AC. YCcTaHOBHUTE aMIUIUTYy T€HEpaTo-
pa V1 B pexume AC, paBayio | B, 1 ykakxute METKH Ha BXOJI€ U BbIXO/i€ PUIIbTpa
(na puc. 1 metku In u Out, coorBeTcTBeHHO). OOpaTUTe BHUMAaHUE, YTO MPHU pac-
YeTe MAaKCUMAJIbHYIO YaCTOTY HY’KHO YCTAaHOBUTH PABHOM IMOJIOBUHE YaCTOTHI JIHC-
KpEeTU3aIuH.

3. Haiitn “BpyuHyI0” NHCKPETHBIA KOMIUIEKCHBIM KOA(DQPUIIMEHT mepenaydu
(cuctemnuyro Qynkiuio) u AUX nudposoro gunbrpa. [loctpouts rpadgux AUX,
UCIIOJIb3Ysl 3HAYEHUS PACCUUTAHHOTO "BPYUHYIO" KOMIUIEKCHOTO Kod(duimenTa
nepeayn Ha HyJEBOM 4acToTe M Ha 4acToTax, paBHbIX 0,25f; u 0,5f;, rme f; =1
MI'.

[To moctpoennoit AUX caenarb BbiBoA o THMe Iudposoro dpunsrpa (GPHY,
OBUY, [1® unu PO).

CpaBauth AUX 1iudpoBoro GpuiabTpa, MOJTYICHHYIO C TOMOIIBI0 KOMITbIOTEpa
u AUX, nmoctpoennyto "Bpyunyr". Jlomyckaetcst morpemnocts He 6omee 10%.

4*, PaccuMTath C MOMOIIBIO MTPOTrpaMMBbI USpice MEPEXOIHYI0 XapaKTePUCTH-
Ky mudpoBoro GuiIbTpa, Kak peakiuio GuibTpa Ha €IUMHUYHBIN CKa4OK CHUTHAJA
Ha BXojne ¢uibTpa. [IpoBepuTh “BpydHYyIO” TpH, YETHIpE MEPBBIX OTCUETA IMOJY-
YEeHHOM TMEepeXOoJHON XapakTepucTuku mudpoBoro ¢uibrpa. Caenath BBIBOI O
cBs3u AUX 1 BpeMEHHBIX XapaKTePUCTHK ITU(POBOTO HUIBTPA.

5*. PaccunTaTh ¢ MOMOIIBI0 TIPOTPaMMbl USpice MUMIYILCHYIO XapaKTepHu-
cTUKY nudpoBoro GpuibTpa, Kak peaknuio GribTpa Ha KOPOTKUMA TPSIMOYTOIBHBIN
UMITYJIBC ¢ AUMHUYHON aMIUIUTYAOU (IJIUTETFHOCTh BXOJHOTO UMITYJIbCA JOJDKHA
OBITH B HECKOJILKO pa3 MEHBIIE TIepro/ia quckperusaiun). [IpoBeputs “BpydHyro”
TPH, YETHIPE TIEPBBIX OTCUETA TOJYUYCHHONW UMITYJIbCHOU XapaKTEPUCTUKHU UPPO-
Boro ¢unbTpa. Crenats BEIBOA O CBsi3 AUX 1 BpeMEHHBIX XapaKTEPUCTHUK I (-
poBoro (GuIbTpa.
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MpunoxeHne

NMpunoxeHue. KpaTtHble n AonbHLbIE

npucTaBKu
[IpucraB- | MHo- Pycckoe 3apyOexHoe TTpumepsi
Ka XKUTeNb | 0003HaueHne | o0O03HaYeHUe
KBETTa 10% Q 7 QC, 7 xBeTTaKyjI0H
pOHHA 107’ R 6 Rg, 6 pornarpamm
HOTTa 10% % Y 5 U6ut, 5 norradur.
3eTTa 10% 3 Z 4 30aiT, 4 3eTTA0ANT.
JKCa 10" C) E 3 D0aiiT, 3 sxcabair.
reTa 10" I1 P 2 I1owuT, 2 reTabuT.
Tepa 10* T T 1 TBT, 1 TepaBarr.
rura 10° r G 2 I'Tu, 2 rurarepua.
Mera 10° M MEG 3 Mowm, 3 meraom.
KHWJIO 10° K K 4 kB, 4 xnIOBOJIBTA.
MUJLTA 10°° M m 1 MA, 1 Mmunamrep.
MUKPO 10°° MK u 2 MKC, 2 MUKPOCEKYH/IbI
HaHO 10°° H n 3 ul'H, 3 HaHOTEHpH
MUKO 10°* 1| p 4 n®, 4 nukodapaabl
bemTo 10" ¢ f 5 dc, 5 heMTOCEKYHT
aTTo 108 a a 9 aKun, 9 arrokysnon
3enTo 104 3 y 10 3¢, 10 3entocekyH
HUOKTO 10 u y 6 ur, 6 noKTOTrpaMM
POHTO 10 r 7 rm, 7/ poHTOMETP
KBEKTO 10°%° q 8 gm, 8 KkBeKTOMETp
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