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Kak ebi6pamb u npoeepume cxemy?

Kak mnpaBwio W HauuHawoImMe, W ONBITHBIE JIOOWUTENH, CIEAys IpaKTUKe MNpo(hecCHOHANOB,
IPEINOYUTAIOT CO37aBaTb CBOM CXEMBbI, 0a3MpysACh Ha TE€X, YTO HAXOJIAT B KHUIAX, JKypHajax, a
cerogHss U B VHTepHeTe Ha MHOTOYMCIIEHHBIX PaJuOIIOOUTENbCKUX caiiTax. Cxem MHoro. Kax
BBIOPATH Ty, YTO HY)KHO, M YOIUTHCS B OTCYTCTBHHU JAOCAIHBIX OIEYATOK, CIIOCOOHBIX pa304apoBaTh
KOHEYHBIM PE3YJIbTaTOM?

Ha npumepe pasHbIX cXeM, KOTOpbI€ s COOMpAlOCh B3sTh Ha caiTe «PaluoTeXHUK», s XOuy
pacckasark, Kak s IoIomelt Obl K BEIOOPY CXeMbI. DTO HUCKOJIBKO HE 03HAYAET, UTO 51 JIydlle IPYyTUX
3HAl0, KaK 3TO c/ieNaTh. ITO HE 3HAYMT U, YTO €CIIM Bbl HHAYE MOJIXOJUTE K BEIOOPY, TO Bl HEMPABHI.
3nech KaX/blil BOJIEH MOCTyNaTh, KaK HAXOAUT HY)KHBIM, KaK €My YJ0OHEe, KaKk €My «YIOTHEe».
PagnonoOuresnst oKpykaroT JI0OMMble KHUTH U JKypHaJIbl, IpUOOpPHI, KOTOpPBIE HE C Heba ymamiu, a
ObUIM KYIUIEHBI Ha COBCEM HE JIMIIHHUE J€HbIU, U UHTEPECHI, KOTOPbIE MOT'YT MEHSTHCS, a MOTYT U
COXpaHAThCA JUIMTENIbHOE BpeMs. Bce 3To 1 co3aeT TOT yIOTHBIN MUPOK, I7i€ JIIOOUTENb YyBCTBYET
cebs «ioma». I He CTOMT MOMONHATH CBOM apceHall, MyCTh M HOBBIMH, HO BBI3BIBAIOIIUMU
HanpspkeHue U JuckoMdopt cpeactBamu. OCOOEHHO TOrAa, KOIa pe3yiabTaTbl HOBOBBEJCHUMN
HACTOJIbKO HEPa3IMYUMBI, HACKOJIBKO 3TO BOOOIIE BO3MOXKHO.

Tak 4T0, BCe, 0 YeM s X04y PaccKaszaTh, OTHOCUTCS TOJILKO K MOEMY TOIXOY, H COBCEM HUKOMY
He o0s3arennbHO. MHe Tak ynoOHee, BOT U BCeE.

IlepBoe, ¢ vero s Hayays Obl BBIOOP CXE€Mbl — IOCTApaJics MOHATH, KaK paboTaeT Kaxkias W3
HOAXOAALINX 110 Ha3BaHMIO U onucanuio. M nomxua padorars. JINYHO MHE IOMOTaeT A0 MOKYNKH
JieTanel U U3rOTOBJICHUS MEYaTHOM IJIaThl pacCMOTPETh paboTy cxeMbl 3a kommbioTepoM. He Bce
MOJKET IOJIydaTbCsl B 3TOM Ipouecce. He Bcerma mporpamma IMOJHOCTBEO Q€T OTBETHI HA BCE
Bonpockl. Ho, paboTast ¢ mporpammoii, BOJIbHO WJIM HEBOJIBHO 3a/lyMbIBACLILCS O JETANSX, [IPEKIE
YIYLUICHHBIX.

CxeMbl, 0 KOTOPBIX MOUIET pedb HUXKE, NOA0OPaHbI JOCTATOYHO ClydaiiHO, BEIOOp 00YCIIOBIIEH,
HOpOM, HACTPOEHUEM M TOToJ0H, a He MPOAYMaHHOM MeToaukoil. S He Oyay cpaBHMBaTH pa3HbIE
CXEMBI, pelIalolIie OJHYy U Ty e 3aJauy, AJisi CpaBHEHHUs 00s3aTeNIbHO JOKEH ObITh KOHKPETHBIN
Ha0Op «BBOAHBIX», KOHKPETHBIN NIepeueHb YCIOBUM, KOTOPHIM JIOJDKHO YIOBJIETBOPSTH pelieHne. A
TaKux Ha60pOB B pa3HbIX ClIydasaX MOXCT OBITH OYE€HL MHOTO. Tak 4To BO3ACPIKYCh OT CPAaBHCHUA
U OLCHKH, & €CJIM B IIOPHIBE HETOJOBAHMSI IIO3BOJIO 3MOLMAM BBIIUIECHYTHCS HapyXy, Tak 3TO
TosbpKo AMouuu. He Oonee Toro.
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Aemomamuka e 6bImy — pe2ysiimop cemeeo20 HanpsiKeHus
C cauma cxem.net
B. Anyes, Mooenucm-Koncmpyxmop Ne4, 1990 e., cmp.21

B nocneonee epems 6 nauem oOvimy 6ce uauje npuUMeHsAIOmMcs 1eKmpOoHHblE YCMPOUCMEd
0714 NIABHOU pe2ynuposKu cemeso2o Hanpaxcerus. C nomowbio maxkux npubopos
YIpAeIAom ApKoCMolo C6EHEeHUs JIaMN, MeMnepamypou 31eKmpoHazpe6amebHblx
npubOpPos, Hacmomou pawjeHus 1eKmpooguzamenell.

Tlooasnarowee 6ONLUUHCMBO PeSYNAMOPO8 HANPANCEHUS, COOPAHHBIX HA MUPUCMOPAX,
obnadarom cywjecmeeHHbIMU HeOOCMAMKAMU, 0ZPAHUYUBAIOWUMU UX 803MONCHOCMU. Bo-
nepsbIX, OHU BHOCAM 0OCMAMOYHO 3aMemHble NOMEXU 8 INeKMPUUECKVIO cemb, Ymo
HepeoKo OMpUYameibHo CKa3vl8aemcs Ha pabome menesu3opos, paduonpuemMHuUKos,
MacHumoponos. Bo-6mopuix, ux MoNCHO NPUMEHAMb MOALKO OISl YNPAGIeHUsl HASPY3KOU ¢
AKMUBHBIM CONPOMUBIEHUEM — INEKMPONIAMNOU UIU HASPEBAMETbHBIM dNeMeHMOM, U
Heb3sl UCNONL308AMb COBMECIHO C HA2PY3KOU UHOYKIMUBHO20 XapaKkmepda -
anekmpoogucamenem, mpancropmamopom.

Medicoy mem 6ce smu npobiemvi 1e2ko pewiums, coopas 1eKmpoHHOe YCMPOUCmeEo, 8
KOMOPOM POl pe2yIupyoue2o 21eMeHma 6blNoaHAN Obl He MUPUCMOp, ad MOWHBIL
MPAH3UCTOP.

TpansucmopHulii pe2yisaimop HanpadCeHUus COOePHCUNM MUHUMYM PAOUOITIEMEHMO8, He
BHOCUM NOMEX 8 INEKMPUUECKYIO Cemb U pabomaem Ha Haepy3Ky KaK ¢ AKMUGHbIM, MAK U
UHOYKMUBHBIM conpomusienuem. E2o mooicno ucnonvzosams 015 pecyiuposku apkocmu
c8euenUst IIOCMPblL Ui HACMOIbHOU TAMNbL, MEMNEPAMYPbL HAZpesa NASLIbHUKA WU
ANEKMPONIUMKU, CKOPOCIU BPAUJEHUSL INeKMPOOBULAMENs BeHMUNAMOPA UU Opelu,
Hanpsicenust Ha 0bMomKe mpauncgopmamopa.

Yempoiicmeo umeem cnedyrowue napamempul. ouanazon pe2yiuposku Hanpsicenus-om (0
00 218 B; makcumanvbhas MOWHOCMb HA2PY3KU NPU UCHOTb308AHUL 8 Pe2yTupyrouell yenu
00H020 mpaH3ucmopa — He oonee 100 Bm.

Peeynupyrowuii snemenm npubopa — mparnzucmop VT1 (puc.1.1).
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Puc. 1.1

Jluoonwuii 6nox VD1-VD4 6 3aeucumocmu om ¢haswvl cemegoeo moxka Hanpasisem e2o Ha
konnekmop unu smummep VT1. Tpaucpopmamop T1 nonusxcaem nanpsicenue 220 B 0o 5-8
B, komopoe svinpamnsiemcs ouoonvim onoxkom VD6- VD9 u cenasxcusaemcs
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konoerncamopomCl. [lepemennniii pesucmop R1 ciyscum 0ns pe2yiuposKu eiuduHl
Ynpasusaoue2o HanpaxceHus, a peaucmop R2 oepanuuueaem moxk 6azvl mpansucmopa.
Juoo VD5 zawuwaem VT1 om nonadanus na e2o 6a3y HanpsiceHuss OmpuyameibHou
nonapHocmu. Yempoticmeo noocoeounsemcs k cemu eunkou XP1. Pozemxa XS1 cryscum
07151 NOOKAIOUEHUST HACPY3KU.

Peeynamop oeiicmeyem credyrowum oopasom. Ilocrne sxaouenus numarus mymonepom Q1
cemesoe Hanpsidcenue nocmynaem 00Ho08peMeHHo Ha 0uoodvl VD1, VD2 u nepsuunyio
oomomxky mpancgopmamopaTl. [Ipu smom svinpsmumens, cocmosuutl u3 OUOOH020 OIOKA
VD6- VD9,konoencamopa Cl u nepemennoeo pezucmopa R1, hopmupyem ynpasnsiowee
Hanpsjcexue, KOMopoe nocmynaem Ha 6a3y mpansucmopa u omxkpuvieaem e2o. Eciu 6
MOMEHM 6KNIOYEHUs pe2YIAMOpa 8 Cemu OKA3al0Ch HANPAXCeHue OmpuyamenbHou
NONAPHOCMU, MOK Ha2py3Kku npomexkaem no yenu VD2 -omummep-rxoanexmop VTI1-VD3.
Ecnu nonapnocms cemesoco Hanpsdcenus noioicumenbHas, moxk npomexkaem no yenu VDI
- konnexkmop-amummepVT1-VD4. 3nauenue moka Hazpy3xku 3a8uUcum om 6eIudUHbL
ynpasasrowe2o nanpsaxcenus Ha 6aze VT1. Bpawas osuscox RI1 u usmenss snauenue
VIPABNAOWe20 HaANPINCeHUs, YIPAGIAOm 8eludunou moka koniekmopa V11.9mom mok, a
c1edosamenvbHo, U MoK, NpomeKawull 8 Hazpyske, byoem mem OonvuLe, 4em 8bluie YPOBEeHb
ynpasnaowe2o HanpsiceHus, u Haobopom. Ilpu Kpaiinem npasom no cxeme nNOLOHCEHUU
0BUNCKA NEPEMEHHO20 PEe3UCTOPA MPAHZUCTIOP OKAHCEMCsl NOHOCMbI0 omKpbuim u "0o3a"
NleKMpOIHep2UU, HOMpeOdisieMas Hazpy3Kot, 6yoem coomeemcmeo8ams HOMUHANbHOU
senuyune. Ecnu osusicox R1 nepemecmums 6 kpatinee nesoe nonodxcenue, V11 oxasxcemces
3anepmulmM U MOK Yepe3 Ha2py3Ky He nomedemn.

Ynpaenas mpanzucmopom, moi hakmuuecku pezynupyem amniumyoy nepemeHHo2o
Hanpsaxjcenus U moxa, oeticmeayrowux 8 Hazpyske. Tpanzucmop npu smom pabomaem
HEeNpepvleHOM pedcume, O1a2o0apsi yemy makou pe2yiamop Juuer HedoCmamkos,
CBOUCMBEHHBIX MUPUCTIOPHBIM YCIMPOUCTEAM.

Tenepw nepetioem k Koncmpykyuu npubopa. J{uoonvie 610ku, KoHoencamop, pesucmop R2 u
o0uoo VD6 ycmanasnusaomces Ha MOHMANCHOU naame pazmepom 55x35 mm, 8blnoiHeHHou
u3 onveupoeanHno2o cemuHakca ui mexkcmoauma moawunou 1-2 mm (puc. 1.2).
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Puc. 1.2

B ycmpoticmee mooicno ucnonvzoeams ciedyrowue demanu. Tpauzucmop - KT812A(b),
KT824A(b), KT828A(b), KT834A(b,B),KT840A(b), KT847A4 unu KT856A. /{uoonvie bnoxu:
VD1- VD4-KI]410B unuKL{412B. VD6- VD9 - K[J405 unu KI{407 c nt0bvim 6yKkeenHbiM
unoexcom,; ouodVD35 - cepuu J[7, 1226 unu /237. I[lepemennsiii pesucmop - muna CI1,
CIIO 1B mowmnocmoio ne menee 2 Bm, nocmosnnwuii - BC, MJIT, OMJIT,
C2-23.0xkcuomwiii konoencamop - K50-6, K50-16. Cemesoti mpancgpopmamop -TB3-1-6 om
namnoswvix paouonpuemnukos u ycunumeneti, TC-25, TC-27 — om menesuszopa "FOnocms"
unu 11000t Opy2ol MAIOMOWHDLI C HANPANXCEHUEM 8MOPUYHOU oomomKu 5-8 B.
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Ilpedoxpanumens paccuuman na maxcumanvhviti mok 1 A. Tymonep - T3-C unu arobdot
opyeou cemegou. XP1 — cmanoapmuas cemesas sunxa, XS1 - pozemxa.

Bce anemenmul pecynamopa pasmewjaiomes 8 n1acmmacco8om Kopnyce ¢
eabapumamul50x100x80 mm. Ha sepxnetl nanenu kopnyca ycmaHasiuearomcs mymonep u
nepemMeHHbIl Pe3UCMOp, CHAOICEHHbLI 0eKopamueHoll pyuxou. Pozemka 0ist nookouenus
HazpysKu U 2He300 NPedoXpanumeins Kpenamcs Ha 00OHoU U3 60ko8wvix cmenok kopnyca. C
MO J#ce CMOPOHbL COeNlano omeepcmue 071 cemegozo wHypa. Ha one xopnyca
VCMAHOBIeHbl MPAH3UCMOP, MPAHCHOpMamop u MOHmadicuas niama. Tpanzucmop

HEOBXOOUMO CHABOUMb PAOUAMOPOM ¢ RIOWAObIO paccesHus He menee 200 cv’ u
MONUUHOLL 3-5 MM.

Peeyﬂﬂmop HeE HnyC()aemc}l 6 HAJlasxcusaruu. Hpu npasuibHoOM MOHmMAs;NCe U UCNPABHBIX
0emansax on HaYuHaem pa50mamb cpasy nocijie 6KJ1I04Y€HUs 6 Cenlb.

Tenepo HeckonbKO peKoMeHOayuii mem, Kmo 3axouem yCo8epuieHcmeo8ams YCmpoucmeo.
Uszmenenus 6 0CHOBHOM KAcaomcs yeeiuderus 8bIx00HoU MowHocmu pezynamopa. Tax,
Hanpumep, npu ucnoav3osaruu mpansucmopa KT856 mownocmo, nompebnsemas
HazpysKkol om cemu, moxcem cocmagnams 150 Bm, ona KT834 - 200 Bm, a ona KT847-250
Bm. Ecnau neobxooumo ewe b6onrvuie yseauuums 8bIX00HY0 MOWHOCMb Npubopa, 8 Kavecmee
pezynupyouje2o d1emMeHma MO*CHO NPUMEHUMb HECKOIbKO NAPAILLEIbHO 8KII0UEHHbIX
MPAH3UCTNOPOB, COCOUHUE UX COOMEEemMCmayouue 8b1600bl. BeposimHo, 6 amom ciyyae
pe2ynsmop npuoemcs cHaboOums HeOOIbUUM BEHMUNAMOPOM OJisl O0lee UHMEHCUBHO20
B030VUIHO20 OXNANCOEHUS NOTYNPOBOOHUKOBLIX Npubopos. Kpome moco, OuooHwitl 610K
VDI1-VD4 nompebyemcs 3ameHums Ha yemvipe 60jee MOWHbBIX 0U00d, pacCUUMAHHbIX HA
pabouee nanpsidcenue e menee 250 B u senuuuny moka 6 coomsemcmauu ¢ Nompeonsemor
Hazpyskou. [[na smoii yenu noooudym npubopwt cepuit [{231-/[234, 1242, /[243, /[245-
11248. Heobxooumo 6yoem maxkawce 3ameHums VD5 na bonee mowublil OU00, paccuumanmslii
Ha moxk 0o 1 A. Taxoice 601buiuLl MOK O0NIHCEH 8b10EPAHCUBAMb NPEOOXPAHUMEND.

lMpobyem pazobpambcs

He T0, 4T0OBI OBLITM COMHEHUS, OTHIO/Ib, M CTAThS JOCTATOYHO MOAPOOHO OMUCKHIBAET pabOTy CXEMBI,
HO MpeXae, YeM MPUCTYNaTh K Mox0opy JAeTaned W maiike, XOo4eTcs MOJydIle MOHATh, KaK BCe
MIPOUCXOJUT B YCTPOMCTBE. Y MEHS €CTh HECKOJIBKO MPOrpaMM, KOTOPbIE JOJKHBI IOMOYb C 3THUM,
€CJIM MEHsI HE YCTPOUT OJHA U3 HUX, S HUCIOJB3YI0 JPYTyl0, U JaK€ MHTEPECHO MOCMOTPETh, KaKk
paboTaeTr Kak/as U3 HUX C OJTHOM M TOH Ke CXEMOM.

PaccmoTpeB cxemy, s TpPHUIIOMHHAIO, YTO OYEHb MJAaBHO BCTpPEYa]d MOXOXKYIO, KOTOpas
UCTIOJIb30BAIaCh B KaueCTBE JJIEKTPOHHOTO mpenoxpanurtend. llpm ucnpaBHOM Harpyske
TPAH3UCTOP TOJHOCTHIO BKIIIOUAJICS M K Harpy3Ke MOCTYIAIO MTOJTHOE CETeBOE HANpsHKEHHE, a KO
YCTPOWCTBO CIEKEHUE 32 TOKOM Harpy3Kd OOHapy>KMBAJIO CYHIECTBEHHOE MPEBBIIICHUE 3TOTO TOKA
HaJl 33/IaHHBIM 3HAUCHHEM, TPAH3UCTOP 3aKPhIBAJICSI, IPUHUMAsI Bce HANPsKEHUE «Ha ceds». Cxema
Obl1a PU3BaHA 3aMEHUTH OOBIYHBIN NMPETOXPAHUTENb, U JOTOJIHUTH OOBIYHBIN MPEIOXPaHUTENb.
CMBICIT TaKoro IONOJHEHHS B TOM, YTO OOBIYHBIM MPEAOXPAHHUTENb NpPEIHA3HAYEH JUIS 3alUTHI
CETEBBIX MPOBOJIOB OT MEPETPY3KHU, a BaC OT HEMPHUATHOCTEH, CBI3aHHBIX C KOPOTKHM 3aMbIKaHUEM
B IMUTAIONIECH CETH, IPH HEHCIPABHOCTH YCTPONCTBA, TEJIEBU30pa WIN pajuoNpUeMHNKa. B 3amaqy
NPEIOXPAHUTEISI HE BXOIUT 3AIIUIIATh CAMO YCTPOWUCTBO, MOITOMY NMPEIOXPAHUTENb BBIXOIUT M3
CTposi (cpabaThIBaeT, IEperopaeT) He cpasy, a uepe3 HeKoTopoe Bpems. Torna kak, B yCTpOHCTBeE, a
YK€ TOTZa MCMOJIb30BAJIOCh MHOTO TPAH3UCTOPOB M MHMKPOCXEM, B YCTPOWCTBE NPH MEperpy3ke
TPaH3UCTOPBI MOTYT BBIXOAUTH M3 CTPOS O4YEHb ObICTpO. UTOOBI 3TOrO HE MPOM3OIILIO, CIEAYeT
YCKOPUTH paboTy MpeIoXpaHHUTENs, 4TO U OBLJIO MPEAToKEeHO pa3paboTunkoM cxeMbl. OcoOeHHO
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ya00eH Takoil OBICTPOACUCTBYIOIIUN MpEAOXpaHUTENb B y4eOHBIX 3aBEICHUSX, A€ MPOBOIATCS
naboparopHbie pabOTHI C AMEKTPUICCKUMH CXEMaMH, KOTOpPbIe cOOMparoTcs yqamumucs. OmuoKky B
MOHTAaK€ CXEMbI MOTYT IOBJI€Yb 32 COOOM BBIXOJ U3 CTPOS JIA0OPATOPHOTrO OOOPYNOBAHUS AAXKE MPU
HaJUYUM aBTOMAaTOB OTKJIIOUEHMSI IMOTPEOUTENsl, a 3JICKTPOHHBIA KIFOY MPEJOTBPALIAET TaKou
ucxof. Bepuemcs k cxeme. Mue yno0OHee TpaHC(HOPMUPOBATH CXEMY, KaK 3TO ITOKa3aHO JaJee.

Pain Mpaska Pacnonoxedwe Beraska [poert HcTpymeHTel hogenwposadwe Bua Cnpaska
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Puc. 1.3. [ToBTOpenue cxemsl B Qucs

Hanpspxkenue Ha «iamnouke» (R1) npu Hanpsokennu 6arapeiiku V3 = 1 B nonyugaercs 10 B. Ho,
U3MEHsIsl HanpshkeHne V3, MOJKHO NOTYYUTh APYToil pe3ynbTar.
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Puc. 1.4. Hanipsixkenue Ha tamnouke npu HanpsbkeHun V3 = 1.5 B

Takum oOpaszom, Tpansuctop T1 urpaer poiab ympaBiasieMOro CONPOTUBIEHUS, YeM OoJbIle

HanpsbKkeHHe Ha ero 0ase (uem Oosblie TOK 0asbl), TEM MEHBIIE CONPOTUBJIEHHE, TEM OOJIblIe
HamnpspkeHue B Harpyske. To, yTo OMMIONSPHBIA TPaH3UCTOpP 3JIEMEHT TOKOBBIM, M ynoOHee
paccMaTpuBaTh TOK 0a3bl, a HE HampsDKeHHE Ha 0a3e, MOXKHO IMOAYEPKHYTh, 3aMEHUB HCTOYHHUK
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IIOCTOSIHHOTO HAIpsDKEHHUs V3 Ha MCTOYHMK ITOCTOSHHOIO TOKA. B 3TOM Cilydae MOXHO OTKa3aTbCs
oT comnpoTuBieHus R2, 3amaua KOTOpOTO OrpaHUYHTh TOK 0a3bl. MICTOYHHMK MOCTOSHHOTO TOKa (He
HalpsDKEHUs!, a TOKa) MMEET JIOCTaTOYHO OOJbIIOe BHYTPEHHEE CONPOTHUBIECHHE M 00ECreYrBaeT
3aJJaHHbII TOK 0a3bl, HE3aBUCHMO OT CONPOTUBIICHUS HATPYy3KH.

Pain [paska Pacnonoxedve Betaska [poexkT MHcTpymenTsl Monenuposadwe Bun Cnpaska
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Puc. 1.5. 3amena ucTouHMKa HaPsHKEHHS B 0a30BOM eI HA KICTOYHHUK TOKA

AHAJIOTMYHO NPEIbIAYIIEMY OINBITY MOXKHO U3MEHUTh 3HaYeHUe ToKa ucrounuka I1 go 100 MA u
MOJIYYUTh HANPSKEHUE HA BBIXO/IE IPYTOW BETUYUHBI.
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Puc. 1.6. Pe3ynbraT n3MeHeHHs TOKa 6a3bl peryaupyomIero TpaH3ueTopa

K mogpenupoBanuio cxembl B mporpamme Qucs MHe ocraercss 100aBUTh, YTO B CBOMCTBax
MOJICTUPOBAHUSL TIEPEXOJHOTO Tpolecca s yOpajn HauajdbHYH HHUIUAIN3ALUI0 HAa TOCTOSHHOM
Toke (mapamerp initialDC MOXHO THOCTaBUTh B COCTOSIHME Y€S W NO, B MOCJEIHEe s €ro u
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MIEPEBOXKY).

MeHnst HEeMHOro cMyIlaeT BHJ IEPEMEHHOTO HANpPsDKEHUS Ha BCEX Juarpammax, Kpome
nocienHeil. CuHyconaanbHbli curHai Jaubo odpesaercsd, MO0 IpeBpaliaeTcs B MPsIMOYTOJIbHbBIE
UMITYNbCHI, KaKk Ha pUcyHKe 1.5. MOXHO NMpOBEpUTH 3TO B APYroil Imporpamme, 4ro s U HAMEpeH
caenatb. Mou COMHEHMs OTHOCATCA K 0a3e MHOTHX MpPOrpaMM MpH CUMYISIIMM  PabOThI
anektpuuecko cxembl SPICE. PasHble mnporpaMmbl  HCHOJB3YIOT pasHbie BEPCUU  3TOTO
YHUBEPCAIBHOTO CUMYIISTOPA, UCIOIB3YIOT CBOU anropuTMsl. BHauane nmycts Oyner SwWCAD III.

ol LinearTechnology/lTs picefSwitcher€@ADII= pow regl.asc
®arn  PeaakThp Mepap Bua M P WHeTpymenTel  OkHa  Crpaska
ER=a N QoaR Bl Eaw| t2EM 88 Ly P38 0D Au op

pow_regl . asc ] pnw_regl.raw]

-] DI x]

10ms 20ms 3 ] 40ms 100ms|

pow_regl.asc !E m

v

SINE{D 100 50)

ran 100m

Puc. 1.7. I[loBropenue npenpiayiiero sxcnepumenTa B nporpamme LTspice (SWCAD II1)

IIpn Toke mcrounumka Il paBHOM 0.2 MA HCKaKEHMS TOXKE€ MMEIOT MECTO, XOTA s MOCTapaycs
BbIOpaTh TPaAH3UCTOpP C JOMYCTHUMBIM HampsHKEHHEM SMUTTEp-KOUIeKTop paBHbIM 150 B, a

aMILIUTYRy NepeMeHHoro HanpspkeHus: orpannuni 100 B. [Ipu Toke B 2 MA XapakTep HanpsKeHUs
MEHSETCS.

oms 10ms 20ms 30ms 40ms. s0ms 60ms Foms s0ms oms 100me

Puc. 1.8. Xapakrep HanpsKeHUs NIPU YIPABISIOIEM TOKE 2 MA

Takum 00pa3zoM, Korjga TPaH3UCTOP MOJHOCTBIO OTKPBIT, @ pa3Hble TOKHM IIOJIHOTO OTKPBIBaHUS
TPaH3UCTOpPa MOTYT 3aBUCETh OT CTAaTHYECKOTO KO3(PQUIMEHTa yCUJICHHUS, TOrNa HarpsKeHHe
NPaKTUYEeCKH CHHYCOMJAIbHO, MHaye ero ¢opma uckaxkeHa. Ho xapakrep HCKakeHUH B IBYX
nporpaMMax pasiuydeH. 3aBHCHUT JHM 3TO OT MoOJeled TpPaH3UCTOPOB, OT MPOTpPaMM WM 3TU
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WCKKCHHUS TOSABATCS M B peanbHOi cxeme? Camplii MPOCTOH CIOCOO BBIACHHTH 3TO — COOparTh
cXeMy Ha MakeTHOU miare. Ho MHe XoTenock Obl BBISICHUTH BCE J0 COOpPKH, TeM Ooliee, uTo s He
mo0mr0 paboTarh ¢ HanpspKkeHussMu Oostbie 5-12 B. He mro06it0, XOTS M IPUXOIUTCST HHOT/A.

[TopoGyeM pa3pemuTh 3T COMHEHUs, COOpaB cXeMy ellle B OJJHOI U3 mporpamm, Proteus.

pow! regul’=lISIS'Professional =
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Puc. 1.9. PaGotsl cxembl B iporpamme Proteus npu ynpasisitoniem toke 0.2 MA

Bunumbie nckaxxeHust MOTYT ObITH 00YCIOBIIEHBI TEM, UTO YIPABISIOLUIUI TPaH3UCTOP, BCE-TaKH,
HE PE3UCTOp, U €ro CBOMCTBA MOTYT 3aBUCETh OT HANPSHKEHUS] HA KOJJIEKTOpPE, ONPEAesIsieMOro
peryaupyeMbIM HampsbkeHueM ucrouyHuka V1. OkoHuaTenbHash IMpoBEpKa BO3MOXKHA TOJIBKO Ha
MaKETHOM I1aTe, HO s BIIOJIHE TOTOB JIOBEPUTHCS MPOTPAMMaM.

CoOCTBEHHO, 3aueM IporpaMMbl U cXxeMmbl? MHe XO0Tenoch ObI HEMHOTO TTIOTOBOPUTH O TOM, YTO
HE Tak OBIBACT C yCTPOMCTBAMH, CO CXEMaMH, KOTOPbIC MOBTOPSCIIL WM Pa3padaThiBacIlb CaM.
OOBIYHO, HAaYMHASI C MAKETHOM TUIATHI, Thl MPOXOJUIIL TOT )K€ IMyTh, KOTOPHIH S XO04y MPOUTH C
IIporpaMMaMi CUMYJISILIMU DJIEKTPUYECKUX LETIEH.

OdeHb 4acTO TPAH3UCTOPHI BBHIXOJIAT U3 CTPOS TaK, UTO MEepecTaeT padoTaTh MEepexoa SMUTTEP-
6a3za. Ecniu npoBepuTh 3TOT Mepexo C MOMOIIbI0O MYJIBTUMETPa, TO OH BeAeT ceOs B TOYHOCTHU TaK,
Kak BeleT ceOs CONMPOTUBICHHE BEIUYMHON B HECKOIBKO OM (WM AeciATKOB oM). [lompoOyem
3aMEHHUTH IEPexX0] TPAH3UCTOpA CONMPOTHUBICHHUEM B HECKOJIBKO OM, Y/IajJUB HMCTOYHHK 0a30BOTO
TOKa.
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Puc. 1.10. PaGoTbI cxeMbI Iipu BBIXO/I€ U3 CTPOsi 0A30BOTO TMEpEexoaa TPaH3UCTOpa

Uro ke, TOK B «JIaMITOYKe» OyneT OnpeAensaThCs TOKaMH YTEUKH TPaH3UCTOpa, OyIeT OYeHb Mall,
a, CleoBaTeIbHO, U HAIPSHDKEHHWE Ha Harpyske OyneT odueHb masio. B peanbHoli cxeme (puc. 1.1)
MOJIOKEHHE PEerynsaTopa, pe3uctop R1, He OyaeT BIUsATH HA SIPKOCTh CBEUCHHUS JIaMIIbl, OHA HE OyJeT
CBETUTCH.

Kcrarn moxokas kaptuHa OyzieT HaOMIOAAThCs MPU HEMCIIPABHOCTH IIEMH, CO3/IAr0IIeH 0a30BhIN
TOK YNPABISAIOLIETO TPaH3UCTOpa, He OyneT HampsbkeHus Ha pesuctope R1 (puc. 1.1), He Oymer
HamnpsOKeHUsT Ha Harpyske. Eciu HeumcnpaBHOCTh MHUTAOLIEro OJ0Ka BBI30OBET YMEHbBIICHHE
YIPABISIOLIET0 HANpPSKEHUsI, TO ITO MPUBENET K YMEHBUIEHHIO 0a30BOrO TOKa M YMEHBIIEHHUIO
HanpsHKEHUs Ha HarpysKe.

Eme omHuM M3 4acTO BCTpEYaroIIMXCs MOBPEXKIACHUN TpaH3UCTOpa ObIBaeT mpoOoil sMHUTTEp-
KOJUUIEKTOp, KOTJJa MYJABTUMETP MOKAa3bIBAE€T CONPOTHUBIICHHE B HECKOJIBKO JIECATKOB WJIM COTEH OM
IIPU IPOBEPKE TPAH3UCTOPA, W BEIWYMHA HTOTO CONPOTHUBIICHHUS HE MEHSETCS IIPU CMEHE
MOJISIPHOCTH TMOJIKIIIOYEHUS BBIBOJIOB K MpUOOpPY. UTOOB! yBUAETH pe3yabTaT TaKOro MOBPEXKICHUS
3aMEHUM TpaH3ucTop pezucropoMm R2 =100 Om.
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Puc. 1.11. Ocumorpamma HanpspKEHHsI Ha Harpy3Kke Ipu mpodoe TpaH3ucTopa

IIpu Takoif HEUCHPABHOCTHU JIAMIIOYKA MOXET CBETUTHCS, HO €€ SPKOCTh IEePECTaHEeT
YIOPaBIATHCS, CBEYEHUE JIAMIIOYKHA OOYCJIOBJIEHO COOTHOILIEHHWEM BEJIMYUH COINPOTUBICHUS
OpoOUTOr0 TpaH3UCTOpa M JaMIoyku. EciM compoTHBI€HHE JIAaMIOYKHM MHOTO MEHbLIE, 4eM
IPOOUTOrO TPAH3UCTOPA, TO JIAMIIOYKA U CBETUTHCS HE OY/ET.

Ecnu nuoast mocta D1-D4 BbIOpaHbl HENMpaBWIIBHO, TO OHU TOXE MOTYT BBIMTHU U3 CTPOS, U
Oynyr BecTH cebd MOJOOHO MPOOUTOMY TpaH3UCTOPY. 3aMEHUM JiBa U3 JHUOAOB B CXeMe
pesuctopamu conpotuieHueM B 100 Om. Bei6op WMEHHO ATHX ITHOMOB HHYEM HE OOYCJIOBIICH H
ciydaeH. MoxHO nepeOpaTh Bce BapUaHThI M YBUIETb, KaKk BeJEeT ce0s cXema B KaKJOM Cilydae.
HexkoTopsle mporpamMmsbl MO3BOJISIIOT BBOJUTH B CBOMCTBAaX 3a/JaHHBIE HEHCIIPABHOCTH, HO 3TO HE
MEHSET CYIIHOCTH IPOUCXOMAILEIO, a BBITOAA OT UCIOJIB30BAHUA IPOrPAMMBI TOIBKO B TOM, YTO
HET HEOOXOIUMOCTH, CKaKeM, NMPOU3BOJIUTH HAMEPEHHYIO MOJOMKY KOMIIOHEHTA, WM MPOBEPSATh
MOIITHOCTh HEOOXOMMOTO IS «IIOIMEHBD) PE3UCTOPA.

Ho ecnu Bac uHTepecyeT, Wiu ecTb HEOOXOAWMOCThb, IPOBEpPKa BCEX BO3MOXHBIX CIIy4acB
BBIXOJ]a M3 CTPOSi KOMIIOHEHTOB YCTPOMCTBA, €CTh CMBICI COCTABUTH NPEABAPUTENBHBIN CIHCOK,
KOTOpBIM B AanpHeiineM u Oyner mpoBepeH. lIpm 3TOM MOXKHO Y4YecThb HE TOJNBKO OJUH BUJ
HEHCIIPAaBHOCTH, HO BCE BH[bI, CKaXEeM, U MpoOOs JUOoAa, NPUBOIAIIETO K TOMY, YTO OH
IpeBpalaeTcss B pe3ucTop, U mpodosi, mpuBoAsmero Kk oOpsiBy auoxaa. IloBeneHue ycrpoiicTa
MOJKET 0OKa3aThCs PA3JIMYHBIM IIPHU Pa3HBIX XapaKTepax MOBPEXKICHUSI.
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Puc. 1.12. IloBenenne cxemsl mpu mpoOOE AMOAO0B

Kak BuAHO M3 oOcCHMIIIOIpaMMBbl, TOK OT HMCTOYHMKA IEPEMEHHOIO HAIpPSUKEHHs OOXOAUT
YIOPaBISIOUIYIO 1eMb, a HalpsDKeHWE Ha pe3ucrope Harpy3ku R1 ompenensercs cooTHoOIIEHUEM
COIIPOTHBIICHHS HArpy3KU U MPOOUTHIX TMOAO0B. BHelIHe pe3ynbTaT MOKET BBIVISIETh aHAJIOTUYHO
IPEIBIIYIIUM SKCIIEPUMEHTAM, TO €CTh, <JIaMIIOYKa» MOXET IOpeTh (MJM HET, 3TO 3aBHCHUT OT
COIIPOTHBIICHHS ), HO PETYJIHPOBKA OTCYTCTBYET.

MOXHO TIPOIOIKUTH IKCIIEPUMEHTHI 110 IPOBEPKE MOBENEHUS yCTPOICTBA MIPU BOSHUKHOBEHUHU
HEUCIPAaBHOCTEH, HO MEHs OOJbllle WHTEpEeCyeT elle OJWH AacleKT — pETYIHpPOBKa SPKOCTH
«JIaMIIOYKW» CBSI3aHA C PACCEMBAEMOMl Ha TPAH3UCTOpPE MOIIHOCTHIO. Brlnensemoe Temio
OTBOJIUTCA PaJNaTOpOM. A Kak BeJuKa 3Ta MouHOCTh? Tem Oojee, 4TO B pa3HBIX peKuMax, MpU
pa3HbIX nojoxeHusax perymnsaropa R1 (puc. 1.1), 3Ta MomHOCTB, BUIUMO, pa3iInyHa.

[Iporpamma Qucs 1O3BOJNSET JIETKO J00aBUTh U3MEPUTENM TOKa W HANpsKEHUS K
HHTCPCCYIOUM MCHS JJICMCHTaM BHGKTpHHeCKOﬁ OCIH, TMO3BOJIACT AOIMOJHHUTL 3TH U3MCPCHUA
YpaBHCHHUEM, KOTOPOC MEPEMHOXKUT IMOJTYUCHHBIC 3HAYCHUA TOKA W HAIIPSKCHUA. PCSYJ'II)TaT 9TOro
JeMCTBUSL MOXKHO OTOOpa3uTh Ha Auarpamme. Bot Mmoaudukanus cxemsl.
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Puc. 1.13. Momudukanus cxemsl B mporpamme Qucs /17151 HaOIIOIEHHS 32 pacCenBaeMoi Ha
TPaH3UCTOPE MOLTHOCTBIO

A Tak BBINIAOAT OCHMUIOTPAMMBbI HANpsDKEHUS, TOKA M MOINHOCTH Ha YIPaBISIOLIEM
TPAH3HUCTOPE.
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Puc. 1.14. OcumuiorpaMMbl IPEAbIAYIEH CXEMbI
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HwxHss ocumuiorpaMma OTHOCUTCSL K MOILIHOCTH, paccenBaemoil Ha Tpansuctope T1. Ilo stoit
OCIMJUIONPAMME MOXKHO ONPEISIUTh MAKCUMAJIbHYIO PAaCCEeMBAEMYIO0 MOIIHOCTh WJIM CPEIHION0 3a
nepuos. MakcuManbHasi MOIIMHOCTh TNPU TaKOM TMOJIOKeHHH peryiastopa R1 (puc. 1.1) He
npesbimaet 0.5 BT, To ecTh, MOITHOCTb, KOTOPYIO JIETKO «IIEPEKUBET» MOLIHBIA TPAH3UCTOP AAKE
6e3 temnooTBoga. Ho cuTyamusi CylmiecTBEHHO W3MEHHUTCS, €CJIM MBI «IIPUTacUM» JIaMITy: INpU
YMEHBIIEHUN aMIUIMTYIbl MEPEMEHHOTO HampshkeHuss Ha Harpy3ke no 50 B ocuumiorpammel,
AQHAJIOTUYHbIE MPEABIAYIIUM BBIIAIAT YxXe HHade. [l 3Toro J0CTaTOYHO H3MEHUTh TOK
ucrtounuka [1 1o 10 MA, cierka «3akpsiB» Tpanzuctop T1.
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Puc. 1.15. OcuunnorpaMmsel Ipy YMEHBIIEHUH YIIPABIISIONMIETO ToKa 10 10 MA

Ecnu npenpiaynime sKkciepuMeHTsl MEHSI HHTEPECOBaJId OOJbllle B KaU€CTBEHHOM IUIaHe, S MOT
UCIIOJIb30BaTh «HEHAIJICKAIIUE)» 3HAYEHUS PE3UCTOPOB, TPAHZUCTOP C HEONPEIACICHHBIMU
napaMeTpamMy, TO MaKCHUMajlbHas MOIIHOCTh paccenBaHus Ha TpaH3zuctope 150 BT momkHbI
34aCTaBUTb MCHA 3a1yMaTbCA.

B mepByro ouepenb 3TO OTHOCHTCS K COMPOTHBICHHIO HArpy3KH, «JIaMIIOUKe», KOoTopas OyaeT
cBeTUThCS. [Ipy MOIIHOCTH ONMU3KON K peabHON €€ COMPOTUBICHUE JTOHKHO OBITH 0KoJo 1 KOM.
3arem cienoBasio Obl MO3a00TUTHCA O NMPUMEHEHHH JUOMOB, CIOCOOHBIX BBIIEPKAaTh 0OpaTHOE
HaNpsDKEHUE TPU 33JaHHOM HANpsDKEHUM MCTOYHWKA NMUTaHUs. M, HakoHel, cieayeT moaooparh
TPAH3UCTOP C JIONMYCTHMBIM HAIPSIKEHUEM KOJUICKTOP-OMHUTTEP, KOTOPOE€ HE MEHBIIE, YeM
aMILTUTY/A HAMPSKEHUsI UCTOYHUKA V1.

Bce HeoOxonumble KOMIIOHEHTHI B mporpamme Qucs MOXHO HailTu B pasaene «bubnuomeka
KOMNOHeHmo6» TIyHKTa «Mucmpymenmol» OCHOBHOIO MeHIO. He Bce KOMIIOHEHTBI HMMEIOT
pa3BEpHYTHIM CHMCOK MapamMeTpoB, HO BHIOPATh HYXHBIE U3 JUIMHHOTO CIUCKA JOCTYIHBIX BIIOJHE
BO3MOXKHO.

ITocne 3aMeHbl 3HaueHUs pe3ucropa R1 nmpuxoauTcss HEMHOIO U3MEHUTH CBOMCTBA €I1I€ OJHOTIO
KOMIIOHEHTa — «Moodenuposanue nepexoono2o npoyeccay», KOTOPBbIA s HECKOJIBKO pa3 MEHsI B
OpeAbIAYIINX —Cchoy4yasx. A 3aKaHUYMBAeTCS TMPOLECC HACTPOWKH CHUMYISLIUU  TOAOOPOM
YIPABIAIOLIETO TOKa UCTOUHUKA [1, B JaHHOM ciy4ae st 0CTaHOBWIICA Ha 3HaueHuu 1 MA.
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Paiin [paska Pacnonoxenwe BeTaska MpoekT HoTpymeHTel hMogenwposanve Bwa Cnpaska
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Puc. 1.16. Cxema perymnsaTopa HalpspKEHUS IOCIIE IPOBEACHHBIX 3aMEH

Juarpamma mokasbIBaeT, UTO HaIPsDKEHUE Ha HArpy3Ke OKOJIO TPETH MUTAIOUIET0 HalpsHKEHUS,
4TO, B CBOIO OYepelb, MOXET O3HauaTh CJlaboe CBEUEHHE <«JIaMIIOYKKW» U BIIOJHE OLIYTUMOE
pacceMBaHME MOUIHOCTH Ha TpaH3ucTope. JluarpamMmbl (CBEpXy-BHHU3) HAalpsKEHUs, TOKa H
MOIITHOCTH, paccenBaeMoi Ha TpaHzuctope T1, BBINIAIAT Teneps CIeAYOMHUM 00pa3oM.

1001

Pre.vt

0 0.00200040.0060.008 0.01 0.0120.0140.0160.018 0.02 0.0220.0240.0260.028 0.03
time

0.05

Pri.lt

0 0.0020.00400050.008 0.01 0.0120.0140.0160.018 002 0.0220.0240.0260.028 0.03
time

0 0.0020.0040.0060.008 0.01 0.0120.0140.0160.018 0.02 0022 0.0240.0260.028 0.03
time

Puc. 1.17. OcuusiorpaMMbl HalpsKEHUS, TOKa U MOILTHOCTH TpaH3ucTtopa T'1
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OTH AMarpaMMbl JOJKHBI CHATH 00ECIIOKOGHHOCTh IO MOBOJY paccerBaeMOW Ha TpaH3HCTOpe
MOIIHOCTH. Ternepp MakCUMallbHasi MOIIHOCTh HE INpeBblaeT 8-9 BT, a Takyro MOIIHOCTb MOXKHO
pacceaTb C IOMOULIbIO OOBIYHOTO paauaropa. JlONMOJHUTENbHO BMJI HANPSIKEHUsS HAa Harpyske
CTAHOBMTCSI IIOXOXK HA MOJTYYEHHBIN B APYTrUX IPOrpaMMax, 4To O3HaYaeT — HYKHO 1103a00TUTHCS
0 IIPAaBUJIBHOM BBIOOpPE BCEX 3JIEMEHTOB CXEMBbI, €CJIM XOYellb MOJYyYUTh MPAaBUIbHbBIE PE3YIIBTATHI.
BrpoueMm, 3T0 OBLIO SICHO € CaMOI'0 Haydaa.

Nrak, MOXHO CKa3arb, 4TO BBIMIPHIINI OT NPUMEHEHUS TPAH3UCTOpPA BMECTO THUPHUCTOpA B
perynsrope HampspKeHHs JenaeT radapuThl YCTpPOHCTBa OoJiblile, HO B HACTOALIEE BpPEMsl €CTh
TEHJICHIMSI TIOMEIIaTh MOAOOHBIE YCTPOMCTBA, €CIM TOBOPHTH MMEHHO O PETYIHPOBKE SPKOCTH
CBETa, B CWIOBBIX MIKadax, e radapuThl HE CTOJIb BaKHBI, A2 U (WIBTPHI, KOTOPbIE MOTYT
noTpeOOBaThCS B CITydae THPUCTOPHOTO YIPABICHHUS, MOTYT CONM3UTH rabapuThl 000MX YCTPOMCTB.

JlanbHelme SKCIEPUMEHThl C YCTPOMCTBOM MOXKHO ObLTO OBl 0003HAUUTH B CIEAYIOIIMX
HaTpaBICHUSAX: 3aMeHa TpaHchopMmaropa sl TMONYYCHHUS YIPABISIONICTO HAMPSDKEHUS YEM-TO
MeHee radapuTHBIM, 3aMeHa YIPaBJICHHS TOKOM 0a3bl TPaH3UCTOpa C MOMOIIbIO MOTEHIIMOMETPA
4eM-To 0oJiee KOMIIAKTHBIM M HAASKHBIM U T.J. HOo 3TO ckopee MHTEpEeCHBbIE HKCIEPUMEHTHI, YeEM
HeoOxoaumble. CxeMa Takasi, Kakasi OHa €CTh, M COBEPILIEHCTBOBATh €€ 0CO00M HEOOXOUMOCTHU HET.
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Aemomamuka e 6bimy — yonuHumens 4y

C catima cxem.net
IIpucnan Cepezeri, 2. Kpemenuye

Yempoticmeo  npeonasnaueno 0ns ynpasienus CHYyMHUKOBbIM MIOHEPOM U3  Opy2oll
KomMHamol. Oma npobiema 803HuKaem, k020a mioHep 0OUH, a menesu3opos 06a uiu OoIvuLe

6 PA3HbBIX NOMEU,CHUAX.

Ilpuemmnyro uacmo ocmasnaiom 6031e CHYMHUKOBO20 MIOHEPA, HANPAGIASL C8emoouoo 8
oxouwiko e2o UK npuemnuxa, a nepeoarowyyro emecme ¢ OUCMAHYUOHHBIM YAPAGIEHUEM
VHOCAM 8 Opy2yl0 KOMHAMY, 20e CHOUum menesusop.

L | | =
Iu: . i 33 Icn

10 ngy

-

R T KT 3994 I H7k

}Il == KKTEHA
anp If‘]ssn 1500

<]5v

htip:/fexem.net

Puc. 2.1

Ilepeoamuyux ynpasnisemcs UK npuemnuxom npomsiuiiennoco npouzgoocmea muna TSOP
co ecmpoeHnbim 0emooynamopom Hecywetl (36 kly) . Ilpu nepeoaue ucnonvzyemesa 100%
AM .To ecmw, ecnu 1 (necywas ecmv), nepedamuux exatouen, eciu () (Hecyweti Hem),
nepeoamuux eviknoueH. OKOHeuHblll KACKAO nepeoamuyuxa HNpUOmKpblm 6 pexcume
monuanusi mokom 15 MA. Anmennvl npueMHuKa U nepeoamyuxa — 4YemeepmbEOIHOBbIE
ompe3sxu nposooa (16 cm).

dase

http:/fexem.net

Puc. 2.2
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Ilpuemnux — ceepxpecenepamop c 8ecbma Xopouieli NOBMOPAEMOCMbI0 (U320mo8ieHo 3
9K3eMNIspa cosepuieHHo 0e3 npoonem Ha uacmomwvl 433,92 u 418 MIy na CMJ]
leMeHmax) u OMIUYHOU uyscmeumenbHocmolo. Eeo nacmpoiika ceooumcs K noooopy
emKocmeu  Mexcoy  KOMNEeKMOPOM U IMUMMEPOM  MPAH3UCmMopd U eMKOCmu U
UHOYKMUBHOCMU — KONeOamenbHo20  KOHmypa U  KAmywku C6Aa3u C  AHMeHHOU.
Konmponuposamu cuenan, npunamolii RpUeMHUKOM, MOACHO ¢ 8bixooa nepsoco OV (1 evi600
LM 358), nooxarouus 6x00 xoumponvnoco YHY . Bmopou OV, exooswuil 6 cocmas
MUKPOCXeMbl — NOP02080€ YCMPOUCMB0, ¢ He20 HA mavmep uoem yxce Yugposol CusHa.
Tatimep 6occmanasiuéaem no Npuxody 6blCOKO2O YpoeHs Hecywyto wacmomy 36 xly u
ynpasusiem mpanucmopom, 3adxcuearowum UK ceemoouoo.

Pasz6opka «nonemoe»

[TepBslii mar He ONEMET OPUTHHATIBHOCTIO — €CJIM Bbl MOXKETE pa3o0paTh UTO-TO HAa PUCYHKE 2.2,
TO S MOTY TOJBKO JOTajbIBaTbCs, YTO Ha CXeMe H300pa’KeHbl TPAH3UCTOPHI, OINEPALMOHHBIE
ycuwutenu Mukpocxembl LM 358 u Ttaiimep 555. Hu HOMHHaIbBI pe3uCTOpPOB, HHU THIIbI
TPaH3UCTOPOB MHE He AOCTYIHbI. [103TOMy nepBblIif mar — oOpateHue Ha cailt cxem.net. 1 stot
miar ycrnexa He npuHocuT. M3o0paxenue TouHo Takoe xe. [IpuxoauTcst uckaTb OpUruHai, KOTOpbIi
oOHapyxkuBaeTcs Ha cTp. 12 B xypHane «Pammo» Ne6 3a 2007r. B crarbe C. Ilerpycs
«Pagmoynmuuautens UK ITJIY criyTHUKOBOTO TIOHEpa». Pe3ynbrar He CTONb KpacHuB, HO 3aTO MOYHO
IIPOYUTATH CXEMY.

2502712

= DA3 7BLOS
i PR I ST N
R1 E [I]Rﬁ 1l c12 i
Az0¥ L2 275 01 Mp—m MKX 63 B ?SE ;} RELBE =
G1100 ~
\@USheas) R15 75 -
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6@ HLY
. | Te c10 I LMN1361C
¢z | YL |cs 500 | DA2 NESSSN i 3
Al B k —&{s a1 )8 6@7&”
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1} I—& o= 7
= uf! ) VT2
R6
e 120K

Puc. 2.3. YnyumenHoe n300pakeHne MpeablIyed CXeMbl

Hauynem ¢ npuemnuka UK curnano. Mukpocxema TSOP1736, eciu oHa ucnpaBHa, NPUHUMAET
WK curnainel, npeoOpas3yst UX B OAHOMOJIAPHBIE NMPSIMOYTOJIbHBIE HMITYJIBCHI C aMILTUTYHOH 5 B, ee
JIETKO 3aMEHMTh MPU MOJEIUPOBAHUHA MCTOYHUKOM IPSMOYTOJIbHBIX UMITYJABCOB. A BOT 3aJar0INN
re’eparop... Jlaneko He Bceraa aTa cxeMa MOAJAETCS MOAEIUPOBAHUIO, 1aJIE€KO HE BCE MPOTrpaMMbl
EDA wumeroT KBapueBbIE PE30OHATOPBI, & €CIM WU HMMEIT, TO MHE KaXeTcs, CKopee s
WCIIOJIb30BaHUsI MX IPU Pa3BOAKE IEYAaTHOW IUIAThl, Ye€M IMpPU CHUMYJSALMH, a PE30HATOPBHI Ha
MTOBEPXHOCTHBIX AKyCTHYECKHMX BOJHAX S HE BCTpe4yaJl HU B OAHOW M3 mporpamM. [[ymaro, B
OTHOILIEHUH 33JJAI0LIET0 FeHepaTopa JIydlle MOJTHOCThIO JOBEPUTCS aBTOPY CTaTbH, KOTOPBII B 3TOM
XOpouIo pa3zdupaercs, a B MporpaMMe 3aMEHUTh €r0 MCTOYHHUKOM MEPEMEHHOTO HaNpsKEHUs, U4To
Oomee Bcero OTBEUaeT JIOTWKE paboThl mporpaMMbl. B 3Tom ciydae mopmens npuemnHuka WK
CUTHAJIOB JIOJIKHA BBIVISAECTh KAK-TO TaK.
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Puc. 2.4. [lpuemuuk MK curnanos B nmporpamme Qucs

UTo0Bl OXUBUTH MOJACIUPOBAHUE MPHUIIOCH BHECTH CTOJIb CYIICCTBEHHBIE W3MEHEHUS, YTO
MOJIE€JIb TIOJIYYMJIaCh OYEHb JIAJIEKOM OT McXogHOM. YacToTa 3ajaroliero reHeparopa yMEHbIINIACH
10 500 xI'1q (310 ¢ 434 MI't!), wactora UK ummynscoB yBenuuuiachk, BMoOABOK, €CIIA B HCXOTHOM
cxeme Tpanzuctop T1 BKiIIOUan 3aallIMi T€HepaTop, TO B MOJEIH OH TOJBKO MEHSET PEXHUM
paboThl BBIXOJHOTO Kackaja ycuieHus. He nymaro, 4To Takoe MOAEIMpPOBaHUE AAET OOJjblle, YeM
MPOCTOE Pa3MIsAbIBAHME CXEMBI, HO HE TyMalo, YTO y JIOOUTENs €CTh BO3MOKHOCTh HCIIOJIb30BATh
U JOJDKHBIE M3MEPHUTEIbHBIC MPUOOPHI, YTOOBI M3MEPUTh W YBUIETh BCE MPOLECCHI MCXOTHOU
cxeMsl. [1o 370t mpuurHe XOTenoch Obl U3BJIEYh MAKCUMYM TOJB3bI U3 MPOIecca MOACTUPOBAHUS.
Ecmun ¢ mmskouacrorHor (MK) uacteio cxembl Bce Oosiee WMIM MEHEE SICHO, €CIIM 33 alolIuid
TEHEPATOp MPUXOAUTCS MPUHUMATH TAKHM, KAKOB OH €CTh, TO C KacCKaJOM YCHJIEHUS BBIXOJIHOTO
CHUTHaJIa MOXHO, BCE-TaKH, TPOBECTH HECKOJIBKO YKCIIEPUMEHTOB 110 MOJICITUPOBAHUIO.

VY6paB u3 cxembl BCe JIMILIHEE, BEPHYB YaCTOTY 3aJIalo0Ilero reHeparopa kK 3Hadenuto 434 M,
MOJKHO INPOBEPUTH, KaK cxema OyneT padoTarh ¢ pe3UCTHUBHON HArpy3Kod, U YTO MPOU30MAET MpHU
3aMEHE PE3UCTOPA KaTYIIKONM MHIYKTUBHOCTH. A €CIIM Y4ECTh, YTO MHIAYKTUBHOCTb 3TOW KaTyIIKU
MBI HE 3HAaeM, TO MOJECJIIMPOBAHUE YK€ MPUOOPETAeT HEKOTOPbIN cMbICI. B mepBoM skcnepuMeHTe
nornpodyeM CpaBHUTh BBIXOAHON CHTHaJ MpH CONpOTHUBIEHMHM Harpy3ku 1 kOm u mnpu
WCIIOJIB30BAaHUU KaTYIIKW WHIYKTHBHOCTH, UIMEIOLIEH TAKOE K€ MHIYKTUBHOE COIPOTUBIICHUE.
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Puc. 2.5. [IpoBepka BbIXOAHOTO YCUIUTENS IpU Harpyske 1 kOm

OcuiorpaMma TOH e CXeMbI IPU 3aMeHe Pe3UCTOpa HHAYKTUBHOCTHIO 0.4 MKI H.

Puc. 2.6. Ocummnorpamma paOoThl yCHIIMTENS TIPH MHAYKTHBHOUM Harpy3ke 0.4 Mx['H

waveVt

5.4+

5.2

4.8+

A6

24+

le-7

Eme Oonee omyrmmasi pazHUIla BO3HHMKACT MpH 3aMeHe TpaH3uctopa 2N2369A, umeromiero
rpaHnyHyo yactoty ycuwieHus: 600 MI'u, Ha Tpan3uctop 2N2222 ¢ rpannyHoit yactoroit 300 MIm.
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S.2T

Puc. 2.7. Ocuminorpamma paboThl yCUIIUTENS IPH 3aMEHE TPaH3UCTOpa

Konewuno, eciam coOuparh cxeMy, TO MOJOOHBIE OTCTYIUICHHS OT PEKOMEHJIAlMi aBTopa
YCTPOICTBA MO BEIOOPY AJIEMEHTOB HE OJKHBI UMETh MECTO, HO HE JIyMalo, 4To JIF000M U3 TeX, KTO
MOBTOPUT CXEMY, MMEET BO3MOKHOCTh HAOIIO[aTh, K YEMY MOTYT IMPUBECTH HENPOAyMaHHbBIC
u3MeHeHus. Eiie ouH 1oe3Hbli 9KCIePUMEHT MOXKHO MPOBECTH, U3MEHHUB B/ MOJICTTUPOBAHHSL.

0
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Puc. 2.8. [lomyueHne aMIIIUTYJHO-4aCTOTHOM XapaKTePUCTUKH YCUIIUTEISA

Bce npoACJIaHHBbIC 3KCIICPUMCEHTBI HE CIWINKOM HAITISIAHO ACMOHCTPUPYIOT pa60Ty CXEMBbI, HO
IIOIIbITKAa ITOBTOPUTH CXEMY Ha MaKETHOM IIJIaTe MOMXKET IMPUBCCTU K HC MCHEC «HCHAITIAAHBIM»
pe3yibTaram. Z[eno B TOM, 4YTO Ha paauo 4YaCToOTC pa6OTbI YCTpOﬁCTBa Cro JIyuluic mpOBEPATH
HMCHHO C TCMHU DJJICMCHTAMH, O KOTOPBIX TOBOPUTCA B OIIMCAHWH, a CO6I/IpaTB MAaKE€T, HCIIOJb3YyA
PE3UCTOPBI U KOHACHCATOPHI IJII IMOBEPXHOCTHOTO MOHTAaKa, Ooiee TOrO, oe3 peKOMCHHOBaHHOﬁ
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IIEYaTHON IUIATHI, 3TO TOKE HE CaMO€ OCTPOYMHOE€ PELIEHHUE, IOCKOJIBKY Iapa3UTHBIE EMKOCTH U
WHJYKTUBHOCTH IPOBEPEHHONW aBTOPOM IUIATHI, U AHAJIOTMYHBIC HE IPOBEPEHHON MAaKETHOM WIH
OOBIYHBIX KOHJICHCATOPOB U PE3UCTOPOB, MOTYT OYEHb CHJIBHO HMCKA3UTh PE3yJbTaThl MPOBEPKU.
Hanpumep, €eMKOCTh BCEro B HECKOJIBKO MHUKO(apaa MEXKAY KOJUIEKTOPOM TPAaH3UCTOpa M 3eMilel
MOKET U3MEHUTH aMIUIMTYJHO-4aCTOTHYIO XapaKTEPUCTUKY YCUIIUTEIIS.

0.4

waven

0ZT

‘
166 1e7 Tef 1e8 Te10
acfrequency

Puc. 2.9. Usmenenne AUX kackaja rpu MOsIBICHUH Mapa3uTHON €MKOCTH

Pasuuna Mexnay »tTuM M npexnbiaymem ciaydaeM Ha dactore 400 MI'm mo HampsbkeHwuo,
IPUMEPHO, B [IBa pa3a, a 9TO CyIECTBEHHO. EMKOCTb, 100aBI€HHAs B CXEMY MEXK/Y KOJIEKTOPOM U
semiied — 5 nd. He tak yx mHoro. Ho, moCckosbKy s HE MPOBEPSAIO 3TO HA PEATbHOM MAKETHOU
IU1aTe, BCE 3TU KCIIEPUMEHTHI 32 KOMITBIOTEPOM KaxyTcs OecCMBICICHHBIMU Aaxke MHe. Ecnu...

Laiin [paska PacnonoxeHwe BeTaeka [poekT WHoTpymeHTel hMogenupoeaHwe Buwa Cnpaska
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Puc. 2.10. Cxema panuonpuemuuka UK ynnunurens

[TocmoTrpum, 4YTrOo MBI mHoOdy4aeM M3 <«A¢dupa» (KOMOMHAIMA HMCTOYHHMKA IPSMOYTOJIBHBIX
UMIYNbCOB V3 U aMIUIMTYAHO-MOAYJIMPOBAHHOIO V2), 1 4TO MOSBUTCS Ha BBIXOAE (METKA out).
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Puc. 2.11. Ocuuniorpammsel TOUEK in U out TPEABIIYIIEH CXEMBI

Takne ocunuiorpaMmel He MPOU3BOAAT XOPOUIETO BIIEYATICHUS. B nIepByro ouepenp s He yBepeH
B BbIOOpe MHIYKTUBHOCTH KaTyuiek TpaHcpopmaropa Trl. Ho, uytoObl He razmarb, MOXHO
nornpo0OoBaTh MOJYYUTh AMIUIUTYIHO-4aCTOTHYIO XapaKTEepUCTUKY KacKa/a.
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Puc. 2.12. AMIuIMTYIHO-4aCcTOTHAs XapaKTEPUCTUKA KacKaja

Yeunenne Ha uvactore 400 MI'nm oueHp Mano. V3MeHHB 3Hau€HUs] MHAYKTUBHOCTH, MOXHO
MOJTY4YUTh ApyTyro AUX.
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Puc. 2.13. AUX nocine n3mMeHeHuss UHAYKTUBHOCTH Tt

Ora AUX nonydena npu 3HadeHuu L1 = 0.1 mxI'w n L2 = 0.05 MxI'H. MonenupoBanue cxemsl
IIPU TaKMX 3HAUYEHUSX J1aeT ropaszio Jy4IIUid pe3ysbTar.
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Puc. 2.14. OcummiorpaMMsl TOCJIE U3MEHEHNS HHIYKTUBHOCTH

51 BHOBb HE MOTY NOCMOTPETh 3TO Ha ocuuwuiorpade, HO 3TU SKCIEPUMEHTHI JIMIIHUHM pa3
yOeXJaroT MeHS B HEOOXOAMMOCTH TOYHO COONIONATh PEKOMEHIAlMW, a €ecld JaXe Npu
COONIOIEHNH BCEX PEKOMEHIAIM YTO-TO HE MOJY4YaeTcsl, €CTb BO3MOXKHOCTH CJeNIaTh pa3yMHbIE
IIPEIIOIOKEHHS O IPUYMHAX HEYAuu.

Hns onpenenenuss nHAyKTUBHOCTH Karymiek L1, L2 u L3 paccunraem ux 3Hauenusi: L1 = 0.01
mklH, L2 = 0.002 mx['H, L3 = 0.11 mx['H. Kak BumHO, s ommbancs npyu NoACTAHOBKE 3HAYCHHIA, HO
IIPOBEpKAa MPH IMPABUJIBHBIX 3HAYEHUSAX WHAYKTUBHOCTH YXXE€ HE MEHSET HU KaueCTBEHHOW, HHU
KOJIMYECTBEHHOM KapTHUHBI HaOmiofeHuid. Bce monesHoe, 4To MOXKHO OBIJIO U3BJIEYDb W3 MPSIMOTO
MOJICTTMPOBAHUSI CXEMBI, IOX0XKE, OBLIIO CAeNaH0. A MEHS UHTEPECYET MPOJI0IIKEHHE CXEMBI.

[IpyunHa Takoro MHTEpeca OTCYTCTBUE MPUBBIYHOIO [JIsi MEHS JETEeKTopa B MPHEMHHUKAX
aMIUIUTYAHO-MOJYJIMpOBaHHOTO curHana. C BbIXO/a MEPBOrO KackaJa CUTHajJ 4epe3 HEKOTOPbIH
GuUIbTp MPUXOAUT HA MUKPOCXEMY OMNEpPAlMOHHOIO ycwiuTens. B ommcaHuu roBOpUTCs, YTO
CUTHAJI MOCJe MPOXOXKICHUS Yepe3 MPUEeMHBIN Kackaj ycunuBaercs. Hackonbko s 3nar0, LM358A
He OymeT ycwinuBarh curHan Ha yactore 434 MIn. C npyroit cTopoHbl, GUIBTP, COCTOSAIIUN U3
R4C4R6C6 (puc. 2.3), 10JIKEH CYILIECTBEHHO «IIOJIaBUTh» 3Ty YacToTy. Minu Het?

HpOH_IC BCCIO IMOCMOTPETHh aMIINTIUTYAHO-YAaCTOTHYIO XapaKTCPUCTUKY 9TOM YaCTH CXEMHI.
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Puc. 2.15. AUX uenu cBsi3u NPUEMHOTO M YCUIIUTEIBHOIO Kackaja

Kak st u mpennonaran, k yactore 50 MI'1 Ha BbIXO/I€ LIEMHM CUTHAJ CHUXKAETCS 10 HYJs. JTa Lelb

SIBHO CIIY)KUT ISl TIOAABJICHHS HeCylledl 4acToThl. Torja, YTo K€ YCWJIMBACT OIEPallMOHHBIN
YCUJIUTEINb?

EnuncTBeHHOE pasyMHOE MPEanoioKeHHe, KOTOpOoe S MOTy cAenarh (XOTd mpoie ObuIo Obl
3anigHyTh B kKypHan «Pammo» Ne2 3a 2007r, rme ecTh ele OJHa CTaTbCsl aBTOpA CXEMBbI,
Kacaromasicss IMEHHO PalO-MOYJICH), 9TO MPH HAJUYMH HECYIIEH 4acTOThI TOK, MOTPEOIIIeMbIid
MEPBBIM KaCKaJOM CYIIECTBEHHO OTINYAETCS OT TOKA B OTCYTCTBUU YACTOTHI (MJIM HA0OOPOT, YTO HE
CTOJIb TIOKa CYIIECTBEHHO).
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K coxanenuto MopenupoBaHUE HE MOJITBEPKIACT ATOrO MPEANOI0KEHHs, YTO JIUOO CBS3aHO C
MOJICTTUPOBAHUEM, JTHOO C TeM, YTO MpearnojokeHue HeBepHo. OcraeTcst MO0 MPEANOI0KHUTh, YTO
KacKaJl Ha MEepPBOM TPAH3UCTOPE UTPaeT poJib U MEPBOro Kackaja MPUEMHUKA, U JETEKTOpa, JTUO0
00paTuThCs K CTaThbe, B KOTOPOM MOApOOHEE pacCcKas3bIBaeTCsl O CBOMCTBaX NpueMHHUKA. BTopoii
BapHaHT MHE HPAaBUTCS OOJIbIIIE.

Ho u on He mnpunocutr Oonbmie wuHpOpManuu, 4YeM ecTb Ha cxeMe. EauHcTBeHHOE
MOATBEPKIACHHUE, KOTOPOE y/aeTcs HATH B CTaThe — TOK MEPBOrO Kackaja NpUEeMHHUKa okosio 120
MKA, TP MOJICTMPOBAHUM OH ToJIy4ascs paBHbIM 122 MKA. UTo 3k, 51 caenan BCe, 4TO MOT, MyCTh
JIpyrue craenaroT Oonbie. XOTs, MOKHO PacCMOTPETh pabOTy KoMmIapaTopa Ha BTOpPOU IOJOBHHE
Mukpocxembl LM358A u paboty rereparopa Hecymier yactorel UK curnama. B mporpamme Qucs
HET TOTOBOTO KOMIIOHEHTa TaiiMepa 555, ero MOKHO coOpaTh W UCIOIB30BaTh KaK IMOJICXEMY, HO S
UCIIOJIB3YI0 APYTYIO Iporpammy, a B Qucs paccMOTpUM paboTy KoMmapaTopa 1o NpuuruHe TOro, 4TOo
monenu LM358A He okazaioch HU B OJHOW U3 JIOCTYIHBIX MHE ITPOTPaMM.

Paiin [paska PacnonoxeHwe BeTaeka MpoekT MHoTpymeHTel hMogenupoeaHwe Buwa Cnpagka
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Puc. 2.16. Komnaparop cxemsl npueMHuka Ha OY

UToOBl «spYe» BBIIEIUTh CYIIECTBO Tpollecca, S HUCIOJB3YyId Ha BXOJE HCTOYHUK
CUHYCOUJANBHOTO curHama. Cxembl MOAOOHBIE TOM MPUMEHSIOTCS JOCTATOYHO YacToO, TaK YTO
COBCEM He 00s3aTE€JIbHO PAacCMaTpHUBATh KOHKPETHYIO MOJIENIb ONEPAllMOHHOTO YCHUJIUTENs, XOTS
HEKOTOpPBIE OCOOCHHOCTH MOTYT ObITh. WTak. OmepalMOHHBI YCHIWTENb HE HWMEET Ienu
OTPHUIIATETFHON 00paTHOM CBSI3M, TO €CTh, pabOTAaET ¢ MaKCHUMaIbHBIM yCHJIeHHEeM. VIHBEpCHBIH
BXOJ] MOAKJIIOYEH K MUTAOIIEMY HalpsDKEHUIO 4yepe3 AenuTtesb. Kak TOIbKO cUrHaja Ha MpsIMOM
BXOZIE TIPUMET 3HAY€HWEe, MPU KOTOPOM Ha BXOJaX TOSBISIETCS PA3HOCTHOE IOJIOXKHUTEIHHOE
HampspKeHWe, Ha  BBIXOJE  ONEPAllMOHHOTO  YCHJIMTENSl YCTAHABJIMBAETCS  MAaKCHUMallbHOE
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HOJOXKUTENIbHOE HampspkeHue. [lomoxurenbHas oOparHas cBsA3p uepe3 pesuctopsl R1 m R2
CHOCOOCTBYET YCKOPEHUIO MepeKiodeHus. [Ipyn u3MeHeHnH MoIsIpHOCTH Pa3HOCTHOTO CUTHAja Ha
BBIXO/IE YCTAHABIMBAETCSl MaKCHMaJbHOE OTpHMLATEIbHOE HampspkeHue. llpm ogHO moisipHOM
nutanuu OY 3TOMy OTBEUYaeT HaIPsDKEHUE pAaBHOE HYIIO Ha Bbixone. CIOBOM, €IMHCTBEHHOE, YTO
MHE XOTEJIOCh BBIIEINTh, 3TO MIPEBPAILEHUE CUTHAIA HE MPSIMOYTOJILHOTO BHJIA B NMPSMOYTOJIBHBIMN.
W, nakonen, reseparop Ha taiimepe 555.
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Puc. 2.17. I'eneparop Hecywen yactorsl MK curnana

Ot1o mMozenupoBaHue BbITONHEHO B nporpamme SwCAD III. B kauecTBe MCTOYHMKA CHUTHAna,
npuxopsmero Ha Bxod RST Taiimepa 555 ucnonws3oBaH reHeparop meanzapa c¢ nepuogom 2 mC.
Curnan nabmronaercs Ha Beixoge OUT, kak u nonoxeHo. [Ipu BHICOKOM 3Ha4€HHU HAIPSHKEHUS Ha
BXOJI€ HauMHAeTCs Ipolecc reHepauuu Hecymed uyactotsl MK curhHana, mpu HU3KOM Hecymias
YaCTOTA BBIKJIFOUEHA.

MHe ocraercst TOJIbKO J00aBUTH, YTO UCTIOIB30BaHKE TaliMepa 555 — camoe mpocToe u yao0Hoe
pellieHre, a Mmpu MpOBEpPKE MakeTa MOXKHO MONMpoOOBaTh B Ka4E€CTBE H3JIYYAlOLIEro CBETOAMOA
OOBIUHBIN KpacHbIM MHAUKATOPHBIN cBetoauoy tuna AJI307, KOoTOpbIil jilerye HaAlTH B 3allaCHUKAX,
yeM MK cBetoauon. IIpu pazmenieHun psaoM ¢ MPUEMHBIM OKHOM YIIPABIISIEMOTO YCTPOMCTBA 3TOT
CBETOJIMOJ] BIIOJIHE MOXKET OKa3aThbCsl pabOTOCIIOCOOHBIM.
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AemomobunbHasi 3/1IeKmpoHUKa — ycmpolicmeo ornoeeuw,eHusi ¢
paduokaHasiom

[Ipenpinymas cxema IIOKa3ajach MHE OYEHb IIOJE3HOM M PAa3sHOrO poja IPUMEHEHUN B
moburensckoil npaktuke. Ho ocrancs ocagok oT Toro, 4to paboTy 3aJarolIero reHeparopa He
yaainochk nocMotpertsb. Jla u yacrora 434 MI'n... Ee yacTo MCHONB3YIOT B pa3HbIX YCTPOMCTBAX, A
caM TIONB30BAJICS ITYJBTOM YIPAaBJICHUS, paOOTAIOMMM C 3TOW YacTOW, HO U JIOMAlTHHX
HKCIIEPUMEHTOB, KaK MHE Ka)KeTCsl, MOKHO MCIIOJIb30BaTh PAaJHOKaHAJI Ha 4acTOTy ONM3KyI0 K 27
MI'1. Ha »Toii yactoTe paboTaroT paguoynpaBisieMble MOJAENH, M, HAJCIOCh, TOCYIapCTBECHHBIC
Oprasbl HaJ30pa HE CIMUIIKOM OTCIIEKHUBAIOT HCIIOJIB30BAHNUE ITOM YaCTOTHI.

[To BBIIIE MPUBENEHHBIM MPUYMHAM XOUY PAaCcCMOTpPETh paboTy elle OJHOM CXeMbl ¢ caiTa
«Panuorexnux». Ctarbsi OueHb MOPOOHAs, €CTh MHOIO IOJIE3HBIX PEKOMEHAALNUN, HO BCIO CTaThIO
NPUBOIUTH HE Oydy — HpU HEOOXOJMMOCTH €€ MOXKHO HaWTH Ha caidte. MHe ke MHTEpEeCHO
HOIBITAaTh CYACTbs ¢ MOJEIUPOBAHUEM JPYrOro 3aJar0lero reHeparopa, 1 HEMHOI'O IIOTOBOPUTH 00
UCTIOJIb30BAaHUHM NIEpeAaTUHKa AJI 11eieil He 0003HAauUeHHbIX B CTaThe.

C catima cxem.net

s pabomul oxpanuwix yempoticma ¢ onogeweHuem no paouoxkaunany Iocyoapcmeennvim
KOMUmMemom no paouodacmomam gvioeiena guxkcuposannas vacmoma 26,945 MI'y. A
umobdwvl 0becneuums 0Jist NepedamuuKa ee 8blCOKYIH CMadUuIbHOCMb 8 WUUPOKOM
memnepamypuom ouanazone(-40...+60°C), HeobX00uMo UCnoIb308aMb KEAPYEBYIO
CmabuIU3aAYUIo 4acmomel.

Ilepedamuux  cobpan no  Kaaccuueckou cxeme. Bvicokouacmomuvii — cucHan ¢
asmoezenepamopa Ha mpansucmope VT uepez npomexcymounwiii ycunumenv ua V12
nooaemcs Ha OKoHeunblll ycurumens VI14. YV npomesxcymounoco ycunumens KorleKMOPHbILL
KOHMYp HACMpaueaemcsi ¢ NOMowblo cepoeuHuxa xkamywku L2 Ha nepeylo 2apmMoHUKy
3a0arowezo eenepamopa. Kamywka L2 umeem Henonnoe 6kIoyeHue, ymo yseauyusaem
0obpomnocms koumypa. Ycunumeno na VI2 noseonsem ymenvuiumo GuusaHue uUsMeHeHUs
pedxcumMa OKOHEeYHO20 Kackaoda Ha pabomy 3a0arujeo asmocenepamopd, d makice
obecneuusaem 00CmMamouHblll ypO8eHb CUSHANA 01 pabomol yCUNUMEN] MOUWHOCU.
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Puc. 3.1. Cxema nepenarumnka Ha 27 MI'1q
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B mnepByro ouepeap ans MoaenupoBaHHsA (BO3MOXHO O€3yCHEIIHOro) paboThl 3aJaroliero
reHepaTopa ClEeAYyeT ONpEeAeIUTh MHAYKTUBHOCTh Karyliku L1. PacuetHoe 3HaueHue okaszanoch
paBHbIM 0.6 MKI'H, YTO 3aCTaBHJIO MEHS OJJ03pEBAaTh O HAJMYUU OLIMOKM B MOUX BBIYHCIICHUSX.
MOo’KHO IPOBEPUTH, OJTHAKO.
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Puc. 3.2. IIpoBepka kone0aTeIbHOr0 KOHTYpa

AMIUTUTYTHO-4YAaCTOTHAsI ~XapaKTEPUCTHKAa KOHTypa IIOXOKa Ha TpedyemMyro, pe30HaHC
MpUXOAUTCS Ha yacToty 27 MI'l1, BUIUMO, 3ps 51 3aCOMHEBAJICS B pacyeTax.

[Ipenpiayias moneITKa MOAEIUPOBAHUS 3aJAIOIIET0 TEHEPATOPa HAa KBAPLIEBOM PE30HATOPE HE
yBeH4anach ycnexoM. Korma-to, paboTasi ¢ IpoOIECCOPHBIM YCTPOMCTBOM, KOTJa IMOJ PYKOH He
0Ka3aJIoCh MOJXOJSIIET0 KBaplia JUisi TaKTOBOTO reHeparopa, s ucnoib3oBail LC xontyp. Ilozxe,
MOCJIe 3aMEHBI KOHTYpa Ha KBapIIEBBIN Pe30HATOP S HE MOT M30aBUTHCS OT BriedaTieHus, 4to LC
KOHTYPOM YCTPOHCTBO paboTaio nyuiie. Ho 3To BeuatieHwus.

CO CTYJICH‘—IeCKI/IX BpeMeH s IOMHIO, YTO JJIsA CTa6I/IHI/I3aHI/II/I YqaCTOThI I/ICHOHBSYIOTCSI KBapHeBI)Ie
pe3oHaropbl. OHAKO B MEPECTPOCUYHBIE TOABI, MyYUMBIH Oe31ebeM B MOJOAOCThIO, a 3TO ObLIO
BpEeMsi, O KOTOPOM s BCET/Ia TOBOPHJI, YTO pa0Ovre MecCTa eIle COXPaHWINCh, a padOThl HE CTAJO,
TaKk BOT, B T€ BPEMEHA 5l PEUIWI MPOBEPUTHh PabOTy HECKOIBKUX «KBAPIIOBAHHBIX» T€HEPATOPOB.
Tepmokamepsl 171 UCHBITAHUN MPH Pa3HBIX TemIepaTypax He ObLIO, a M3MEHEHHE IMUTAIOIIEro
HATPSDKEHUS HE OCTABISUIO YAaCTOTY HEM3MEHHOW. JTO He ObUIM AKCIEPUMEHTHI B YHUCTOM BHJE,
ckopee TpoObI, W, BO3MOXHO, HE Oe3 ommuOok. Bmecte ¢ Tem, ecnum He TpeOyeTcs BBICOKas
CTaOMILHOCTh YaCTOTHI IPU PA3HBIX TeMIieparypax, To 1 LC KOHTyp BIOJHE CIIpaBUTCS ¢ paboTOM.
a NMCHO BBHAY, qTo HpI/IMeHeHI/IC pa}II/IOKaHaHa B TOMAaIIHUX yc.]'IOBI/IﬂX, a UIMCHHO JId 3THUX ueﬂef/i
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MHE U XOTeJIOCh OBl pPaccMOTPEeTh PabOTy CXEMbl, MPOUCXOAUT MpHU HEOONBIIMX Iepernaaax
TEMIIEPATYP.

Kak MokeT BBIISAIETH CXeMa 33/Iarolero reHeparopa?

Paiin [paska PacnonoxeHwe BeTaeka MpoekT MHoTpymeHTel hMogenupoeaHwe Buwa Cnpagka
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Puc. 3.3. 3aparommii reneparop 0€3 KBapIeBOTO pe30HATOpA

Ho o6br4HO 3amaromue reHeparopbl He Takue. Co CTyIE€HYECKMX BPEMEH MHE 3allOMHUIIOCH
COUYETAHME CJIOB — «EMKOCTHAas TpexToukay. M 4To ke 310 Takoe?

N3 crateu Anapeeckoit T.M., PO, MIUDOM: «O600meHHyl0 CcXeMy aBTOT€Heparopa
TapMOHHYECKNX KoJIeOaHWW C HMCTIOIh30BAHMEM B KA4eCTBE AKTHBHOTO AIIEMEHTa OWIIONSIPHOTO
TPAaH3UCTOPA MOXKHO IMPEACTABHUTb B BUIIC»
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Puc. 3.4. O600menHas cxema (U3 cTaTbll AHAPEEBCKOM)

Ecnu BeIenieHHBIC 3aTMBKOM 37€MEHTHI ZK3 U 7203 — €MKOCTH, a ZKO — WHAYKTHBHOCTH (BCE
9TH BEJIMYMHBI KOMIUICKCHBIE), TO CX€Ma Ha3bIBAETCS €MKOCTHOW TPEXTOYKOH, €CIM HA00OpOT, TO
WHYKTUBHOW; ¥ B TIEPBOM NPHUOIMKEHUH DJIEMEHTHI MPUHUMAIOTCS YUCTO PEaKTUBHBIMU: ZC = -
jXe, Zi = jXy1. 3necy Xc = 1/2afC, a X, = 2nfL. [Ipu onpeneneHHbIX yCIOBUSIX, OamaHca aMILTATYT
1 (a3 Ha YacTOTE reHepaIuy, B CXeMe BOSHHKAIOT KOJICOaHUSI.

He Oymy mepeckas3pIBaTh CTaThiO, BBIKJIQJKH JIyYIle TOCMOTPETh B OpPUTHHANIE, MEPECKaKy
TOJIBKO, YTO KojeOaTenbHbIi KOHTYp OyneT oOpa3oBaH BCEMH JJIeMEHTaMu cxembl. M He Oymy
«YMHHYATBH», a TIPOCTO MEPEPHUCYIO 3Ty 000OIIEHHYIO CXeMY B KOHKPETHOM BHJIE.
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Puc. 3.5. Konkpernsanusi eMKOCTHON TPEXTOUKH

Ecam BBEI TOTOBEI MHE IMOBEPHUTH, TO 4 CaM YAUBIICH, UTO IIPOTHUB OOBIKHOBEHUS MOACITUPOBAHNEC
TreHepalun NpouuIo yCICuiHO.

He Bcerma momy4anoch y MEHS M C MOJECIMPOBAHUEM aMIUIMTYIHOM MOIYJISLUU CHUTHAJIA.
[ToBTOPHB Ty 4YacTb CXEMBI, KOTOpas OTBEYAET 3a MOAYIILHIO, s HCIOJIB3YH0 B KadecTBe
MOJYJIUPYIOIIETO CUTHAJIA IIPSIMOYTOJIBHBIE OIHOIIOJISPHBIE HWMITYJIbCBI, JJIUTEIbHOCTh KOTOPBIN
BbIOEpYy Takod, YTOOBI HE 3aTATMBaTh BPEMs MOJAEIMPOBaHUSA. A BbBIOOpP MPSMOYTOJIBHBIX
UMITYJIbCOB, CKaXXEM TaK, HaBesH Mpeablayiien cxemoid. Vnu, Hanpumep, TaKUMHU COOOpaKeHUSIMU:
npeyiaraeMasl  cxema IpefHa3sHadyeHa K HCIHOJIb30BAaHUI0 B KA4eCTBE MOAYIA OXPaHHOIO
ycTpoiicTBa. B 3TOM cityuae B KadyecTBE CUTHAJIa MOXKET BBICTYIATh HEKOTOPBIH KOJ|, KOTOPBINA OyneT
BIIOCJIC/ICTBUM PAcCIIN(POBBIBATLCS MNPUEMHBIM MOAYIEM. OTO IO3BOJUT M30€XkKaTh OLIMOOK
cpabarbIBaHUsl B YCIOBHSX PabOThl MHOTOYMCICHHBIX PAJHONEPEAATINKOB — 3TO U Tene(OoHHbIE
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anmnaparthl, U MyJAbTHI YIPaBICHUs UTPYLIKAMU, 1 MHOTOYHUCIICHHBIE ClIy>keOHbIe paarocTaniuu. He
JyMaro, 4TO BaM XOTEJIOCh Obl, OCHACTUB CBOH aBTOMOOWJIb WJIM Tapak OXpPaHHBIM YCTPOMCTBOM,
0e3 koHna Oerarb Ha ynuiy Houblo. Eciu cuctema Oyner cpalaTbiBaTh TOJIBKO MPU MOTYyYEHUU
CIEMAJIBHOTO KOJ1a, BaM peXe MPUIETCS IPOCHINAaThCs OT CUTHAJIA TPEBOTH.

Ha pucyHke HWKE HCTOYHUK MOIYIUPYIOIIETo curHaima ummeer repuoa 4 MKC W HadaabHYIO
sanepxkky (Td) 2 mMxC. Bpibop »TMX BpeMeH MoBiusia Ha BeIOOp koHaeHcatopoB C10 u Cl1,
KOTOphIE OYEHb OTIUYAIOTCS OT OPUTHHANBHBIX. HO BBIOOp 3HAYEHWI ASTHUX KOHICHCATOPOB
JTUKTYETCS TapaMeTpaMHi MOy TUPYIOIIETO CHTHAIA.
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Puc. 3.6. Monynauus Hecyiel IpsMOYTOJIbHBIMU UMITYJIbCAMU

Xora uyactora reHeparopa 27 MI'1 s He yBepeH, 4TO YyBUAeNn OBl CHUTHAlI Ha CBOEM
ocruiorpade, MHOTO pa3 BBIPYYaBIIEM MEHs, MMOCKOJIBKY MMOoca Mporyckanus y Hero 12 MI'm. A
HaOmoas CUTHaJ, HalpuMep, CTAHOBUTCS MOHATHO, 3a4eM B MPUEMHON YacTH YCTPOHCTBAa MOXET
ob1Th KOoMmapatop. Llens R8C11 — tunuusblil npumep 3apsaa-paspsia KOHAEHcaTopa — OyIeT
UCKaXaTb (POHTBI HMIYJIBCOB, a KOMIApPAaTop MpPEeBpPaTUT TOJYyYEHHbIE UMIIYJIbCHl B
MIPSIMOYTOJILHBIE.

Celiuac 04eHb 4aCTO B PA3HOTO poJa yCTPOMCTBAaX NPUMEHSIOT MUKPOKOHTpOJuIepsl. MHOTHE 13
mozenei umeroT BctpoeHHbli USART — ycTpoiicTBoO a1t paboThl € ceThi0. A C€Th, €CTECTBEHHO,
MOKHO OpPraHM30BaTh MPOBOJHYIO, HO MOXKHO HCIIOJIB30BAaTh U pajuoKaHal. Eciv B «MaKeTHBIX»
HKCHEPHUMEHTaX MPOBOJHOE COENMHEHUE AOCTATOYHO YAOOHO, TO JUIsl MPOBEPKH pabOThl CXeM B
YCIOBHSX, MPUOIIKEHHBIX K pealIbHbIM, «pa30pachIBaHuE» MPOBOIOB IO JAOMY HE BCErJa HaXOAUT
MOHMMaHKE y TOMalIHUX. B 3ToM ciryyae MOXKHO oJyMaTh O OECIPOBOAHOM KaHaJe CBSA3H.
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Cratbs, cxeMy mepefaTyrKa KOTOPOH S UCHOJIb30Ball, OYEHb MMOJPOOHO OMHUCHIBAET U paboTy, U
HaJIaJIKy, U AJIEMEHTHYIO 0a3y. Jlaxke eciiu Bbl HE COOMpAETECh OBTOPATH CXeMY, OYJIeT TIOJIE3HO ee
MIPOYUTATH.
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Ha4yuHarouwjum — esedeHue

Bce, uTo HamucaHo BbIIIe, U BCE, YTO OyJeT HAMMCAHO Jajbllie, MpeAHa3HauYeHO NI JI0uTeNneH u,
B OCHOBHOM, /Ui HAYMHAOIMUX. [lo3TOMY CaifThl, MHOOMTENhCKHE (OPYMBI, MPUBIEKAIOT MOE
BHMMAaHME MMEHHO pa3lielaMu il HauyMHaromuxXx. MHe O4eHb XO4YeTcsl MOHSATh, YTO MHTEPECHO
HAUMHAIOIIUM, YTO UM HEIMOHSTHO, YTO XOTENU Obl CO3/1aTh T€, KTO 3HAET 00 DIIEKTPOHUKE «IIO
HACJBIIIKe». MHOTHE paiuoNOOUTENbCKUE CAaWThl TIOMOTAIOT HAYMHAIOIIUM OBJAJIETh U MpUeMaMu
paboThl C DJIEKTPOHHBIMU YCTPOMCTBAMM, U PACCKA3BIBAIOT O TOM, KaK OHHM YCTPOEHBI, U
MpeIaraloT CXeMbl, KOTOPBIE JIETKO M OBICTPO MOXKHO COOPAaTh, 4TOOBI IMOYYBCTBOBATH Ce0s ropaszio
yBepenHee. Ha (opymax Bcerma €CTh ONBITHBIC CHEIUAIHUCTHI, TOTOBBIC MTOMOYb HAYMHAIOIINM C
BO3HUKAIOIIMMU MpobiaeMaMu. Y OJHHUX CIEIMAIUCTOB TEpIIeHHE He OeCrpeeNnbHo, Y APYTUX €ro
XBaTaeT Ha OECKOHEYHBIE MOBTOPCHUS B Pa3HBIX BapHAHTAX OTBETOB Ha OJHU M TE XK€ BOMpPOCHL. U
3TO XOPOIIO — €CIM Y HAaYMHAKIIMX XBaTaeT TEPIEHHUs 3a1aBaTb OJHU M T€ XKE BOIPOCHI, TO
JIOJIKHO K€ Y KOTO-TO XBaTaTh TEPIICHUSI HA HUX OTBEYATh.

51 He oTHOITY cebs K TEPIENUBBIM YUUTENAM. S HE CIOCOOEH OTBETUTH Ha JIt000i1 Bompoc. U He
CHOCcO0eH MOBTOPUTH OTBET, €CJIM OHAX/IbI YK€ OTBeyall Ha MoJo0HbIi Bopoc. Buaumo no stoit
IIPUYMHE 51 BCET/1a HACTOSATEIBHO PEKOMEHIYI0 HAUMHAIOIIKUM KpOME MaKEeTHOMU IUIAThl, NasyIbHUKA U
npubopoB ucnonb3oBatk nporpaMmmel CAIIP (EDA). Cerogust y MHOTUX ecTh Kommnbiotep. CeroaHs
€CTh MHOTO JOCTYIHBIX MPOrpaMM. A KOMITIbIOTEp (M IpOorpaMMa) HUKAaK HE CPaBHUTCS HU C OTHUM
YeJIOBEKOM IO TEPIUMOCTH K JIFOOBIM BOIIPOCaM U CLIOCOOHOCTH OECKOHEYHO MOBTOPSATH OAHO U TO
xe. Ml kKak MHE Ka)KeTcCsl, KOMIIbIOTEP MOXET (POPMUPOBATH Y HAUWHAIOLIETO OHO U3 TJIaBHBIX
YMEHUH — yMeHue 3a/1aBaTh BONpockl. JIF000il Xopo1o 3a1aHHbIN BOIPOC CONEPKUT B cede
«3apoApI» 0TBeTa. YTOOBI pasmisiieTh €ro, Hy)KHO IPUCMOTPETHCS, a UTO KaK HU IporpaMma
MO3BOJISIET O€3HAaKa3aHHO SKCIIEPUMEHTUPOBATH C JIIOOBIMU CBOMMM MPEITIOIOKEHUSIMU ?

B kadecTBe wWiuIOCTpanuu sI Xouy BbIOpaTh OAHY cCTaThblo W3 pasaena «Hauumnaromum» u
MI0Ka3aTh, KaK 3Ta CTAThsl BBIVISIAUT 3@ KOMIBIOTEPOM. S HE 3Hal0, HACKOJIBKO YJaYHO y MEHS 3TO
MOJTYYHTCS, HO TIONPOOOBATH CTOMT.

JIrobou cumeon ungopmayuu 6 yupposvix yCcmpoucmeax KoOupyrom 6 O080UUHOM KoOe,
NO2MOMY CUSHATLL MO2YI NPUHUMAMb MOIbKO 084 3HAYEHUA: BbICOKUL UNU HUSKULL YPOGEHD
HANPAdCEHUs, Haludue Ui Omcymcmeue umnyivea Hanpsaxcenus u m.o. ObszamenvHbim
ycnoguem npu 3mMoM SGNAEMC 803MOICHOCHb Y8EPEHHO20 PACNO3HABAHUS dNleMeHmamu
YUPPOBLIX cxeM 08YX 3HAYEHUN CUSHAL08, coomeemcmayiowux cumsonam 0 u 1, 8 ycrosusx
UBMEHEeHUs. meMnepamypbl OKpycalowel cpeovl, HANPAXCEHUs UCMOYHUKA NUMAHUS,
6030eticmeus Opy2ux 0ecmaouIu3UpYIouWux Gaxkmopos...

Oma cmamws 63ama c catima «llasnvHuky www.cxem.net, @ HANUCAHA OOHUM U3
mooepamopos gopyma — GIG.

N na caiire «llasnpHuk», 1 Ha caiite «PaguoTeXHUK» €CTh LEJbIM MK CTaTeM, HalmHCaHHBIX
STUM aBTOPOM JIJisi HaunHAMKX. COBETYIO MMOYUTATb.

A TIOCKOJIBKY B CTaThsIX JAOCTATOYHO MOAPOOHO paccKa3blBaeTcs 0 HU(PPOBBIX YCTPOMCTBAX, HET
HYXXJbl IOBTOPATBHCA. BMecTe ¢ TeM, €ciau MpeACTaBUThb, YTO IIEpe] HaMHM CTOMT 3ajada u3
«TIOJIPYYHBIX CPEJCTB» cOOpaTh HEYTO, YTO MPUTOTHO AJIs pabOThl ¢ HU(POBBIMU YCTPONHCTBAMHU, a
TaKoe€ MHOM pa3 ClIydaeTcs, TO 3a/1aud MOXKET 0Ka3aTbCsl NHTEPECHEE, YEM MOXKHO IIPEAIOI0KHUTh. A
UMEHHO TaKOW MpOIeCC IMPOUCXOAUT B TOJOBE Yy HAYMHAIOUIETO, €CIM OH OOJblle CKIOHEH
IPOBEPSATH, YeM JIOBEPsATh. ECliu OH He NpUHUMAaeT Ha Bepy BCE, UTO YUTAET, a TAKOE TOXKE OBIBAET, Y
HEro MOSBIISETCS MHOTO BOIPOCOB, CBSI3aHHBIX CKOpEE HE CYIIECTBOM LM(POBBIX YCTPOICTB, a C
CYILLIECTBOM €0 JJUYHOTO BOCIIPUATHS IIPOUUTAHHOIO UJIH YBUJIEHHOIO.

Te, KoMy yxe NPUXOAUIIOCH HaOMOAATh paboTy HU(POBBIX WM MPOLECCOPHBIX YCTPOMCTB,


http://www.cxem.net/
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Puc. 4.1. Bun curnana Ha BeIXOJIe TAKTOBOTO TeHEpaToOpa

Ho Tak i1 3TOT cUrHai BBINIIOUT B IEHCTBUTEIBHOCTH, €CIIM €r0 CO3/1aBaTh BHE CXEMOTEXHUKHU
UG POBLIX YCTPOHCTB? Vin OH BBIISIANT Tak?
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Puc. 4.2. Bun npsiMOyTONbHBIX UMITYJBCOB C 3aTSTHYTHIMU (PPOHTAMHU

B npunnumne, mo60i curHas B iudpoBoil TeXHUKE OyAeT UMETh TaKOW BHUJ MPHU ONPEACICHHBIX
ycnoBusix. M1 IMEHHO 1O 3TO# NpUYMHE B CTaThe, C KOTOPOH OBLT Ha4aT 3TOT pa3iel, TOBOPUTCS 00
YBEPEHHOM pAaCIIO3HABAHUU JABYX YPOBHEH HANPSKCHMUS.

B onHoll M3 mpeaplayniMxX CBOMX HCTOPUM, paccKasblBass O CHTHajlax, s MoceToBan (WiIu
cobupaics 3T0 cjaenarh), 4To B mporpamme Qucs HET MCTOYHHMKA TPEYTOJbHBIX HMITYJILCOB. Sl
HACTOJIbKO IPUBBIK K TOMY, YTO IPSMOYTOJbHbIE MUMIYJIBChl — 3TO MPSMOYIOJIbHBIE HUMIIYIbCHI,
HACTOJIBKO PEIKO 33yMBIBAIOCH, 1a M TO, €CJIM PEYb UJET O IOCTOBEPHOCTU CUMUTHIBAHHS LU(POBOMA
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I/IH(bOpMaI_II/II/I, 0 «COCTaBHOM» IIpUpPOAC 3TUX UMITYJIBCOB, UTO AAK€ HC ITOIBITAJICA IIOJYUYUTh HEYTO

B 3TOM pOJIC.
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Puc. 4.3. IIpssMOyrosibHbIE UMITYJIBCHI C OU€Hb 3aTIHYTHIMU (POHTAMU

N B mudpoBoii TEXHUKE, 1 0COOCHHO B MTPOIIECCOPHOM, O CYIIIECTBOBAHUM (PPOHTOB 00S3aTECIHHO
HY)KHO MOMHHUTH. [Ipeanonoxum, 4To Mbl mpuAyMand HU(POBON IEMEHT, KOTOPHIM HA3BIBACTCS
nHBEepTOpOM. CXema TaKoTo AJIeMEHTa OUY€Hb POCcTa. MBI MOXKEM €T0 UCIOb30BaTh, CKAKEM B TEX
CIIyJasiX, KOTJIa BCE BEHTHIU LU(PPOBBIX MHUKPOCXEM YK€ HCIOJIB30BaHBI, a HAM OYEHb HYKHO
WHBEPTUPOBATH CUTHAI.

Ha npakTtrke B mo0OHBIX CIIy4asiX MOCTYHAIOT, YTO HA3BIBAETCS «I10 MECTY», HHOT/IA JOOABIISIIOT
elle OJHy MUKpPOCXEMY, HEHCIIOJIb3YEMbIE BEHTHWIIM KOTOPOM, HAIIPUMED, «3a3€MJIISIOT» 0 BXOAY, a
MHOTIa JIEUCTBUTENBHO J00aBISAIOT TPAH3UCTOP JII MHBEPCUM CUTHaja. B KaxxaoMm ciiydae ecTh
CBOU «3a» U «IPOTUBY», KOTOPbIE MPUHUMAIOTCSI BO BHUMAHHUE TPH BHIOOPE PELICHHUS.

[Ipenmonoxum, OIHAKO, YTO Mbl TOJIBKO HauyMHaeM paboTy ¢ HU(PPOBOM TEXHUKOM, HO HEMHOTO
3HAKOMBI U C TPAH3UCTOPAMH, U C YCWIMTEIISIMU, U YTO HA HAIIEM CKJIaJ€ HET HUYETO MOAXOALIETO.
ITocTaBKM HOBBIX KOMIUIEKTYIOIIMX HAYHYTCS MTOCIIE TOMYYKH, a €€ €Ie XKAATh U KAATh.

3Hasi, 4TO TPAH3UCTOP, BKIIOYEHHBIH ¢ OOIIMM SMHUTTEPOM, UHBEPTHPYET BXOAHON CHUIHAJ, MbI
JIETKO pUCYyeM cxeMy Iu(ppoBoro nHBepTopa. [1OIKIIOUMB €ro K TAKTOBOMY I'€HEPATOPY MBI MOXXEM
Jaxke yOeIUThCs B TOM, YTO IMOJIyYEHHOE PEIIEHHE 3TO MHBEPTOpP, CUTHAJIBI Ha BXOJE M BBIXOJE
HaXOAATCS B IPOTUBO(dA3e, a CUrHAJ Ha BBIXO/IE€ PSMOYTOJIbHBIN, B YeM HET HUKAKUX COMHEHHUH.
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Puc. 4.4. [ludposoit ”HBEPTOP HA OHOM TPAH3UCTOPE

CoMHEHHs JOJKHBI IMOSIBUTHCS, €CIM TPAH3UCTOP HOJKIKOUUTH K HMCTOYHUKY TPEYTOJBHBIX
UMITYJIBCOB.
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Puc. 4.5. Curnan npu TpeyrojabHbIX BXOIHBIX UMITYIbCAX

B Tpan3ucropro-tpan3zucroprnoit snoruke (TTJI), ecaum Hanpsokenue Huxe 0.5 B, 10 310
JIOTMYECKUH HOJIb, a €ClI HampsikeHue Boie 2.4 B, To noruueckas equnuua. Jlro6oe HanpskeHue
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MEXly STUMH 3HAYCHUsIMHU He cylectByeT. Ho He B mpupozae. UToObl IpHOIH3UTECS K MPUPOJIE,
norpooyeM J00aBUThH €Ille OAUH TPAH3UCTOP.
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Puc. 4.6. Ucnons3oBanue tpurrepa LlmMuara ais hopMuUpoBaHUS UMITYIHCOB

Haxe crtonp mpoctas uudpoBas MHKpOCXeMa, KaKk HHBEPTOpP, BHYTPU YCTPOEHA CIIOXKHEE.
Bxonnoe nampspkenue mexay 0.5 B u 2.4 B cuumraercs HeompeleleHHbIM, MpH pa3paboTke
U(GPOBBIX MUKPOCXEM CTaparOTCs YMEHBUIUTH 3Ty HEONPEAEIEHHOCTDb 3a CYET OOJIBIION CKOPOCTH
YCTaHOBIIEHHS JIOTHYeCKUX ypoBHed. Ho, kak Obl HU ObLIa OHA BeJMKa, OHA OCTAETCS KOHEYHOH.
Maino Toro, BXOAHON CHUTHaj MOSIBISIETCS HAa BBIXOAE C HEKOTOPBIM 3aM03AaHHUEM, JJIUTEIBHOCTh
KOTOPOTO Ha3bIBAaCTCsl BPEMEHEM paclpoCTpaHEeHus curHaia. be3 ydera 3TMX oOcoOeHHOCTEH
paboThl HU(PPOBBIX MUKPOCXEM B CIOKHBIX CXEMaX MOTYT MOSBISATHCS OLIMOKH, MPOSIBISIOMIAECS
JoctaroyHo  npuxomimBo. [Iporpamma Qucs  1no3BoiseT  M3MEHUTb  BpeMs  3aJEPiKKU
pacupocTpaHeHHsl CUTHajla, 4ToObl, 3Has JTO BpeMsl Uil KOHKPETHOTO Tuma LIHU(pOBOi
MHUKPOCXEMbI, MO)KHO OBLJIO IPOBEPUTH pabOTy yCTPOUCTBA C yUYETOM ITOIO BPEMEHH.

be3 ydera BpeMeHM 3aJlepXKKW, HapUMEpP, MOXKHO OIIMOMTHCS B 3alMCH JAHHBIX, MOCKOJIBKY
CUTHAJl 3allUCHM MOXET TOSBUTHCA JO TOro, Kak Ha BXOA€ JaHHBIX OYJIyT YCTaHOBJIEHBI
«TIpaBUJIBHBICY JaHHbIE (PAaBUIIbHBIN JOrMUYECKUI YPOBEHbD).

[TocMoTpuM, Kak BBIIIAIAT CHUTHAJIBI Ha BXOJE€ W BBIXOJIE WHBEpPTOpa BHavdane Oe3 yuera
3a/ICPKKHU:



B.H. T'onono6os Or caiita k caiity 39

Qucs 0.0.13 - MNpoekT: beg_dig

@dainn [lpaska PacnonoxeHwe Bcrtaska [lpoekt WMHcTpymeHTol Mopenupoeawwe Bun Cnpaska
12 @EAFOS & 1Dxed QARG MNEDL ST/ REL BRI (N
beg_digbsch | beg_digb.dpl |
B l AnarpaMMs H -
[ =
b4
3 ~ @
2 s o Ha nocTomHHow Toke woRenupoBaie
q nepexogHoro npouecca
@
= EEm DC1
S T
g TabnuuyHas [uarpamma Type=lin
= Cmuta in out Start=0
(5] @ @ D Stop:E ms
S1
2 | Ovarpamma CMewaHHas Num=1 Y1
§ Cmura nonspHas-Cm
2 | (npoBogMMoC nTa 1L
3 ™)
¥
@ % i 054+
CmewaHHas TpexMepHas =
CMuTa-nonap AekapToBcka
Haﬂ ﬂ 0 1 Il 1 Il 1 Il 1 1 1
é_> 0 2e4 4e4 6e-4 8e-4 1e-3 0.00120.00140.00160.00180.002
== time
Kpyrosas BpemeHHAS
OwarpaMmMa auarpamma 1 L
g
B s
Tabnuua 3 0.5+
WNCTUHHOCTH
0__ 1 Il 1 Il 1 Il 1 1 1
0 2e4 4e4 6e4 8e4 1e-3 0.00120.00140.00160.00180.002 @
[« J [
HeT npegynpexgeHui 0 : 0 4

Puc. 4.7. [IpoxoxaeHue curuaiia 4yepe3 HHBEpTop 0e3 yuera 3aJepiKKU

Curnan Ha BepXHeW nuarpaMMe — 3TO CHTHaJl OT T€Heparopa Ha BXoje MHBepTopa. HinkHss
JyarpaMMa IO0Ka3blBaeT CHUTHAJl Ha BBIXOJE MHKPOCXEMBl. A BOT Kak OyIyT BBIIISAETH 3TH
CUTHAJIBI, €CJIM BpeMs 3aJIep>KKH ycTaHOBUTH paBHbIM 0.1 MC.
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time
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Puc. 4.8. [IpoxoxkieHre cCUrHaia ¢ y4eToM 3aJAep:KKU

Ha AuarpaMMme BHUIHO, YTO €CJIM CUTHAJI IMNEPCHHCH OaHHBIX GYHCT COBIMagaTb 1O BPEMCHHU C
CHTHAJIOM Ha BXOJ¢ MHBEPTOpPA, a 3a)MKCHPOBATh Mbl XOTUM CHTHaJ Ha BbIXOHe (MPUHUMAIOIIAI
YPOBEHB JIOTHYECKOTO HYJIS), TO OMIMOKa HEM30CKHA.
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C nmomompio nporpamm CAIIP MoXHO M3y4aTh paboTy W MPOCTHIX HMU(POBBIX YCTPOWCTB, U
JIOCTATOYHO CJIOKHBIX CXEM, M, YTO MHE KaXKETCsS BaKHBIM, MOXHO IOIBITATHCS MOHATH, B YEM
omunbKa, eciu coOpaHHOE YCTpocTBO He paboraeT. B mporpamme MOXXHO ObICTpee MEHSITh
napaMeTphl CXEMbI, YeM Ha MAaKETHOW IuIaTe, MOXKHO OBICTpee MOIU(PHUIIUPOBATH CXEMY, YeM 3TO

MoJIy4acTCsAa C MastyibHUKOM, U, BO3BMOKHO, 6BICTpee 3a/1aTb BOIIPOC, KOTOpBIfI YKE COOACPKHUT B cebe
OTBCT.
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Ay0uo03sieKmpoHUKa — MOHKOMIMNEHCUPOB8aHHbIU pe2ynisimop
2pomMKocmu

YacTto 11 NOCTPOEHUS TOHKOMIIEHCHPOBAHHOTO  PETYISATOpa TI'POMKOCTH  HCIOJIb30BAJIU
CHealIbHble TOTEHIIMOMETPbl C HECKOJbKMMHU OTBoAamH. He 3Haro, MOXHO JIM CErogHsi HauTH
TaKue MepEeMEHHbIE COMPOTUBIIEHUS, CETOJHS €CTh APYrHe PeLIeHus, T03TOMY MONpoOyIo BbIOpaTh
CXeMY, UCIIOIb3YIOIIYI0 OOBIYHBIE TOTEHIIHOMETPHI O€3 OTBO/IOB. ..

VBBI, Ha caiiTe ecTh Ha3BaHUE, ECTh ONMCAHUE CXEMbI, HO HET caMoil cxeMbl. [TonpoOyem HalTH
TJIe-HUOY/b €Ile... U sl HallIeJ MOIXOo/IIyro Ha www.radio-portal.ru.

Cam mo cebe BOMpPOC O TOHKOMIIEHCALMM PEryiasiTopa IPOMKOCTH O4YeHb HMHTepeceH. M3-3a
OTCYTCTBUSI KOMIICHCAIIUN OOJIBIIMHCTBO JIFOOUTENEH MY3BIKHA BKIIIOYAIOT CBOM YCTPOWCTBA TOYTH
Ha MAaKCHUMaJbHYI0 TI'DOMKOCTb, JOOMBAsChb «BEPHOTO» 3BYyYaHHUs JIOOMMBIX MY3bIKAIbHBIX
npousseneHuil. [Ipu 3ToM OHM 3a0bIBAIOT, UTO OT I'POMKOIO 3BYKAa OHHM CaMU OBICTPO YCTalOT, U
Torjga J000e My3bIKaJlbHOE MpOU3BeAeHUEe OyJeT 3BydaTh OTHIOAb HE Tak, Kak ciuexyer. Ho 3to
CJIIMIIKOM JUIMHHBIA pa3roBOp O BEPHOCTH 3By4aHHs, 3aTPArMBAIOIIMI BECh KpPYr BOIPOCOB
ayIMOICKTPOHUKHU. BepHEMCS K KOHKPETHOH CXeMe.

Hecxkonbko ci10B 0 TOM, 3a4eM OHa Hy)KHA. /(€10 B TOM, 4TO IIpU Pa3HBIX YPOBHSAX I'POMKOCTH
YeJIOBEYECKOE YXO I0-pa3HOMY CIBIIIUT HHU3KUE, CpPEAHHE M BBICOKHE YacTOThl. YTOOBI
CKOMIIEHCHUpPOBaTh 3Ty OCOOEHHOCTh HAIIETO BOCHPHUATHS K OOBIYHOMY PETYISTOPY IPOMKOCTU
«IIPUCTPAMBAIOT» YTO-TO, 4YTO C YMEHBIIEHHWEM TPOMKOCTH YBEIMYUBACT pa3pblB MEXAY
TPOMKOCTBIO HU3KHX, BBICOKHAX M CPEJHUX YaCTOT B MOJIb3y HOTPAHUYHBIX YACTOT.

Haunnatommii 1ro0uTens, KOTOPOro 3aMHTEPECYET 3TOT BOIPOC, B Hayaje MyTH CTOJIKHETCS C
BBIOOPOM CXEMbl W3 MHOXKECTBa Ipe/araeMblx. Yaiie Bcero Ha paguoIOOUTENIbCKMX CalTax,
CTapaHUsIMHU UX aJIMHHHCTPAaTOpPOB, CXEMbI CONPOBOXKAAIOTCA onucaHueM. Ho He Bcernma ymaercs
COOIOCTH B TOYHOCTH BCE MPEUIOKEHUS aBTOpA CXEMBI, U B UTOTE CXeMa MOXET paboTaTh JaJIeKo
HE TaK, Kak OHa 3aJyMaHa ee pa3paboruukoM. [[s1 mpoBepku ee paboThl MPUXOAUTCS BKJIAbIBATH
MHOTO TPyAa, HE CTOJIBKO, MOXKET OBITh, MPH COOpPKE, CKOIBKO MPHU MPOBEPKE, S TOBOPIO O CXEMe
TOHKOMIIEHCUPOBAaHHOTO PEryssiTopa — JAJs MPOBEPKU HY)KHO COCTaBUTH TAOIMIIbI HANPSKEHUS
BXOJIHOTO U BBIXOJTHOTO CHTHAJOB Ha HECKOJBKHMX YacCTOTaxX 3BYKOBOI'O JMAIla30HA U MPHU Pa3HBIX
HOJOKEHUSX TOTCHIIMOMETPA.

UroObI TIpoBEepHUTHh PabOTy HECKOIBKHX TAKUX CXEeM, HAJ0 JCHCTBUTEIHHO JFOOUTH TO, YeM
3aHUMaenibcs. M1 MHe KaKeTcs, YTO HCIONIb30BaHUE KOMITBIOTEpa MPHU BHIOOpE CXEMBI, MOXKET
YMEHBIIUTH KOJIMYECTBO HEYIAU.

Hwmxe mia Bcex cxem pesucrtopel R1 m R2 — arto perymsarop rpomkoctu. Ilpexne, uem
NEPEXONUTh K KOJTUUECTBEHHOM OLIEHKE CXEMBI, Mbl IPOBEPUM Kau€CTBEHHO €€ paloTy.

IlepBasi cxema MMOCTpOEHA Ha JIByX PE30HAHCHBIX KOHTypax. Ha mepBblif B3misin Bce BepHOo. B
ONMCAaHUM CKa3aHO, YTO TOCIeNoBaTeNbHbIe pe3oHaHcHble KoHTypbl CIL1 u C2L2 dopmupyror
HEOOXOIMMBbIE XapaKTEPUCTUKHU, IIPU ATOM PE30HAHCHBIE YacTOThl cooTBeTcTBEHHO 30 't 1 18 kI'm.
Jis MopenupoBaHUsT HEOOXOAMMO 3HAaYeHHWE MHIYKTUBHOCTH s Karymek L1 m L2, xotopeie B
ONHCAaHUM HE MpUBEICHbl. MOXXHO MOCTYMUTh JBOSKO: PACCUMTaTh 3HAYCHHWE MHIYKTUBHOCTHU II0
PE30HAaHCHOW YacTOTE WJIM PACCUMTATh 3HAUEHUE MHAYKTUBHOCTHU 110 MOTOYHBIM JAHHBIM, KOTOpBIE
B ONMCAHUM NpUBeACHBI. MOXKHO MonpoOoBaTh 00a BapuaHTa.

Hns pesonancHoit vactotsl 30 'y u kornencaropa 1 Mk® L1 = 28 I'H. DTO MEHS HECKOJIBKO
00eCKypakuio, MpU3HATHCA, TNO0 s omubOCs B pacuerax, Ju00 Kakas-To ommubOka B cxeme. J[is
Hayasla HApUCyeM CXeMY U MPOBEPHM PACYUET.


http://www.radio-portal.ru/
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Puc. 5.1. Cxema TOHKOMIIEHCUPOBAHHOIO PETYIISITOPA IPOMKOCTH

Jlis mpoBepkM pacueTra s XOuy MCIONb30BaTh HporpamMMmy Qucs, HO Mpexzae momnpodyem
paccuuTaTh MHIYKTHBHOCTH IO HAMOTOYHBIM AaHHBIM. Ha depputoBoM kombiie 2000HM 17,5x8x5
nposoznoM IIDJI 0.08 nHamarsiBaeTcst 2000 BuTkoB. Dopmyna sl pacdera MHAYKTUBHOCTH L =
(na*Sc*w?).(7.8*10**Icp), 3mech ceyeHMe M JUIMHA B CaHTHMETPax (CeYEHHME B KBaJIPATHEIX,
€CTECTBEHHO), @ (®» — KOJIMYECTBO BUTKOB. MHIYKTUBHOCTb NPH 3TOM MOJIydaeTcsl paBHOU 6 I'H.
[Topsimok BeMMYMHBI MOX0K. XOTSI MHE Ka3aJloCh, UTO MOJIYYUTh TAaKyl OOJbIIYI0 MHAYKTUBHOCTH
J0CTAaTOuHO TPpyAHO. CKa3bIBaeTCsl MaJIblil OIBIT paOOTHl C UHAYKTUBHOCTSIMHU.

ITepByro cxemy NpOBEPKH Ui pacueTa IO PE30HAHCHOM YacTOT€ MOXKHO HCIIONB30BaTh U IS
BBISICHEHUS] 4acTOThl pPe30HAHCA MPHU YCIOBHMHU, YTO MHAYKTUBHOCTh MEHbBIIE pacueTHOl B 4 paza
(ecnin oHA JEHCTBUTENIBHO MOCIIE HAMOTKH OKa)KETCSI MEHBIIIE).
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Paiin [paska Pacnonoxenwe BeTaska MpoekT HoTpymeHTel hMogenwposanve Bwa Cnpaska
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Puc. 5.2. Cxema mpoBepku pe3oHaHCHOM yacToThl KoHTypa L1C1

PacueT MHAYKTMBHOCTH IO PE30HAHCHOM YacTOTE€ MOATBEP)KAAETCSA, @ M3MEHEHHE YacTOThI
pe30oHaHCa MpH MCMONb30BAHUM MHAYKTHBHOCTH 6 IH (65 I'n) MOXHO KOMIEHCHpPOBATh
YBEJIMYEHUEM €MKOCTH KOoHJeHcaTopa 10 4.7 MK®D, Wi 0CTaBUTh PE30HAHCHYIO YacTOTy B paiioHe
60 I'm.

51 moka OTIIOXKY pelIeHre 3TOro BOIpoca Ha HEKOTOPOE BpeMs U 3aiiMyCh BTOPBIM PE30HAHCHBIM
koHTypoMm L2C2. Ecnu Mol pacdeT IO HaMOTOYHBIM JAHHBIM HE CIIMLIKOM IUIOX, TO M3MEHEHHUE
KoMyecTBa BUTKOB B 10 pa3 B CTOpOHY yMeHblIeHHs JA0KkHO B 100 pa3 yMeHbIIHUTH
MHAYKTUBHOCTB KaTymku. TakuM oOpa3zoM, MHAYKTUBHOCTH L2 = 0.06 't mnu 60 MI'H.

[TpoBepsisi MPaBUIILHOCTh YKCJIa BUTKOB BTOPOH KaTyHIKH s OOpallaroch K OIMUCAHUIO CXEMBI,
yoexxaatoch, uTo BTopas karymika umeeT 200 ButkoB mpoBoga I12J1-0.27, u... HUKOTJA HE HAJIO
CIEUINTh, & ONHMCAHHE CIENyeT YHTATh BHHUMATENIBHO... BBIACHHB BOIPOC C KOJIWYECTBOM BHTKOB
BTOPOW KaTYIIKH, sl BUXKY clenyrouuil tekct: «Konoencamop Cl - nenonsapuwiii muna K50-6. Ezo
MOJICHO 3aMeHUmb 08YMs NOJAPHLIMU KOHOencamopamu emxocmvro 20 MK®D, coeOuHus ux
BCMPEUHO-NOCTIE008AMENLHOY.

Ha cxeme xonpencarop Cl umeer emxocts 1 Mk®D, a 1gBa MOCIENOBAaTEIbHO COENMHEHHBIX
koHJeHcaropa 1o 20 Mk® nanyTt pe3ynbTupyromyo eMkocTh 10 Mk®! XoTs pe3oHaHCHas yacToTa
HE CTAaHOBUTCS NMpU UHAYKTUBHOCTH 6 I'H paBHO# 30 ['11, HO oHa cTtaHoBUTCA paBHOM 20 I'u! A 310
3aCTaB/sE€T MEHS MOBEPUTh, YTO MHIAYKTHBHOCTH KAaTyIIKM IO MOTOYHBIM JAHHBIM Sl paccuuTall
JIOCTATOYHO «OJIN3KO K TEKCTY». OCTaNOoCh BBISICHUTD, YTO MOJYYUTCS CO BTOPBIM KOHTYPOM.
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Puc. 5.3. Bropoii kouTyp L2C2 cxemsl perynsatopa

Asno He 18 k['. Ho ymenbmmB koHaeHcaTop 10 3HadeHus 1500 nd MOXXHO MOIyduTh OJIU3KOE
3Ha4YeHHE (Hanmpumep, noadupas 31o 3HaueHue B Qucs). OcTanoch MOCMOTPETh, KaK MOTYYCHHBIE
Pe3yJIbTaThl MOBIHAIOT HA OOIIYI0 KapTUHY TOHKOMITCHCAITUH.
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Puc. 5.4. YactoTHas xapakTepUCTHUKA PETYATOPA IPU CPEAHEM I10JIOKEHUH JIBUIKKA

He CKaxXy, 4YTO 3TO TOYHOC BOCHPOU3BCACHUC KPHUBBIX paBHOﬁ TPOMKOCTH, HO PETYIIATOP BIIOJIHEC
o0ecrieyrBaeT TOHKOMIICHCAIIUIO, 3TOTO MOXET XBaTUTh Ul NMPOBEICHUS SKCIEPUMEHTOB, MOXKET
6BITI>, KOro-To yCTPOUT MU KakK OKOHYATEIILHBIN BapHaHT, €CTb HEKOTOpasA BCPOATHOCTL, UTO IIPpU
peanbHON HpOBepKe OH OyJeT BBINIAJACTH €€ JIydlle, U, HAaKOHEI], €CIM TOH TOHKOMIIEHCAIUU
OKXETCSl HENOCTATOYHO, MOXHO IepedTH K OoJee CIIOXKHBIM pemeHmsM. B mobom cimydae
IpeABAPUTEIHLHOE UCCIIE0OBAaHUE CXEMBI MOCIYKHUT K 0ojiee TOUHOMY IMOHMMaHHIO Borpoca. Yto u
TpeboBanoCh J0Ka3aTh?
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WNHorga B momoOHOM paboTe BO3HUKAKD COMHEHHMA B caMoil mporpamme. JlocratouHo i
KOPPEKTHO OHa OIIMCBIBAECT PE3YIbTAaT IPOBEPKU. Sl M caM 4yTh BBILIE HANUCANL: «.. eCmb
HEeKOmopas 6eposIMHOCMb, YMO NpU peanbHol npogepke oH 0ydem 6biei0emsb ewe Jydule...».
Camplii JTyqIuii crocod pa3pennTb Takue COMHEHUsI — coOpaTh yCTPOHCTBO HA MAaKETHOH IIaTe U
IpOBEpUTH €ro paboty ¢ npudopamu. Ho ectb um apyroil BapuaHtT, B JaHHOM Cilydyae HE MEHee
WHTEPECHBIN, CPABHUTH PE3YJIBTATHI, IOJIY4YEHHBIE B Pa3HBIX IIpOrpamMmax.
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Puc. 5.5. Tot xe 3kcniepuMeHT B iporpamme Proteus
C y4eToM TOro, 4To B JaHHOM CJIy4ae pe3yabTaT B Jenudenax, NIoxKainy, IoXoxKe.

Ectp eme mnporpaMmbl, C MNOMOIIbIO KOTOPBIX MOXHO TMOJIYYUTh aMIUIUTYIHO-4aCTOTHYIO
XapakTepucTuKy. S peako oOpamaroch K BO3MOXKHOCTAM MporpamMmmbl Multisim, mporpamma
Joporasi, He BCEM JIOCTYyIIHA, HO ceifuac, pa3bIiCKaB CTapyr BEpCHUIO, KoTopas pabotaeT B Linux,

X0uy MpOBECTH TMPOBEPKY B 3TOM mporpamme, Onarogaps KOTOPOH JIaBHBIM-JIaBHO S
3auHTepecoBaics nporpammamu EDA.

Ceromusimasisa Bepcus Electronic Workbench, nymato, mHOTO GOrade, yem ofiHa U3 MepBbIX, HO U
Ta MOTJIa J1aTh OTBETHI HA OYEHh MHOTHE BOIMIPOCHI, MO3BOJISIIA IPOBEPUTH PabOTy MHOTHX cxeM. Bot
Kak OHa BOCTIPOU3BOAUT AYX TOHKOMIIEHCUPOBAHHOTO PETYISTOPA.
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Puc. 5.6. AMuTyqHO-4acToTHas xapakrepuctuka B EWB
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KomnbromepHasi aneKmpoHuKa — cu2Hasiu3amop HeucrnpasHocmu
Kynepa
A.Anoesckuii

Hcrounuk (cxem.net)

Yempoiicmeo  npeomasnaveno 0 nooauu  36yK08020  CUSHANA NPpU  OCMAHOBKE
seHmunAmopa, — oxaadxcoaweeo  yeHmpaivHulli - npoyeccop IIK  (m.e.  kynepa).
Cuenanuzamop 6xknouaemcs 6 paspwvlé Kabens Numanus Kyiepa, pasmepsl Nedamuoll niamaol
40x32.5 mm (Yymewaemcs 6 cnuueuHom Kopooke).

o4

Il
]
2nF

LD WBENAT
BF1 [

Puc. 6.1. Cxema ycrpolicTsa

Paboma ycmpoiicmea ocnosana na ocobennocmu gpopmol nompebnsaemozo Kynepom moka. C
pesucmopa R1 chumaemcs nanpsoicenue, nponopyuoHaIbHoe mokKy uepes Kyiep, ¢
AMIIUMYOOU UMNYIBCO8 0KONO 2B.

1,4

0.z

n.1

Puc. 6.2. Bun curnana, cHumaemoro ¢ garauka R1

Qunemp CIR2 nodasisem nocmosauHyo COCMAagIAIOWYI0 CUSHALA, Ymodbl 8 omcymcmaeue
umnynvcos mpansucmop VT1 ovin nonnocmoio 3axkpoim. Kasxcowiti umnynsc moxa (00uH
obopom Kynepa) na Kopomxkoe 8pems omxpvieaem mpanzucmop VT1, paspsocas
konoencamop C2. [locne okonuanus uMnyibca MpaH3uCMop 3aKpvl8aemcsl, KOHOeHCAmop
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C2 nauunaem nocmenenHo 3apsicamocs wepe3 R4, Ho npu nHopmanvHot pabome Kyniepa K
MOMEHMY npuxo0a ciedyrue20 UMNYIbed OH Ycnegaem 3apaoumscs He3HA4UmenbHoO, Ha
6xo0e 9 DD 1 nocmosanno npucymcmaeyem Huskutl yposetn. llpu obpulse, 3aKIUHUBAHUU UTU
3aMbIKAHUU KYepa UMNYIbCbl MOKA NPEKpaujarom nocmynams Ha 6Xo0 CUSHAIU3amopd,
mpanzucmop VT1 nocmosaurno 3axkpoim, u kondencamop C2 3apsidcaemcs (conpomuesierue
pesucmopa R4 noobupaemcs max, umoowvl ycmanosuguieecs Hanpsicenue Ha C2 ygepenHo
PACNO3HABANIOCH MUKPOCXEMOU KAK 8bICOKULL YPOBeHb). Bovicokutl yposens Ha 6xooe 9 DDI
paspewiaem pabomy cenepamopa, coopanno2o na éenmuasx DD1.1-DD1.4 u
Gdopmupyroweco npepvigucmolil 36yKo6ou cuenanr. Yacmoma 3eyka 3aeucum om C4 u R6
(npueedennvie Ha cxeme HOMUHALbI COOMEemcmeyom npuoruzumenvro 2 kl'y), yacmoma
npepwiearusi 38yKa - ¢ nomowvio C3 u R5 (no cxeme 9-10 I'y). B kauecmae uznyuamens
38K MONCHO UCNONL30BAMb NbE30INEKMPULECKULL KANCIONb (NOO0OHbII UCNONL3YEMbIM 8
9NEeKMPOHHBIX OYOUTbHUKAX U MeleOHHBIX annapamax).

Hacmpotixa cuenanuzamopa svinonusemcs 6 oéa smana. Cnauana noooopom Rl u C1
HeobX00UMOo 00OUMbCS YCmouuueo20 omrpvliéanus mpauzucmopa V11 nonosxcumenvHuimu
umnynvcamu moka kynepa. 3amem noobopom R4 u C2 ycmanasnusaemcsi Oonycmumbiii
UHMEPBAL MeXHCOY UCNYTbCAMU, NO UCEeYeHUY KOMOPO20 8KII0YAEMC sl CUSHAIUZAYUS.
Kenamenvno konmponuposamo ghopmy nanpsicenust Ha konoencamope C2 ¢ nomouyvio
ocyunnozpaga.

Pa3zbepem pabomy ycmpolicmea

MHe He MpUXOAMIOCH HAOMIOAATh BU TOKA, MPOXOJAILETo Yepe3 Kyiep. 34eCh MOKHO MOJIOKHUThCS
TOJIBKO Ha aBTOpa cTarbu. EcCiM y KOTro-To OCTalTCSd COMHEHMS, TO MX MOXHO pa3pelinuTh C
MOMOIIBIO KyJlepa, pe3uctopa u ociuuniorpada. M nobasmto, yTo y MEHs HET COMHEHUH U B paboTte
caMoro ycTpoiictsa. EqMHCTBEHHOE MOE€ JKeaHue — Jy4Ile OHATh paboTy BCEX y3JI0B CXEMBI.

Hns Bcex, m mobureneid U npodecCHOoHaIoB, paboTa ¢ JIO0OM CXeMOW JOKHA MPUHOCHUTH
HOBBIC 3HAHMs, OOOramarh JUYHBIA ONBIT. MOXXHO MHOTO YHUTaTh, ObITh B Kypce MOCIEIHHX
pemieHuii B cdepe CBOMX HMHTEPECOB, M 3TO 00s3aT€IbHO HYKHO [I€JaTh, HO OYEHb BaXHO
MPUMEHSTD MOyYEHHBIC 3HAHUS HA TIPAKTHKE.

Yem BHUMaTeIbHEE Bbl paccMaTpuBaeTe paboTy yCcTpoilcTBa, TeM OoJiblie 3aMedaeTe JeTalei,
KOTOpPBIE BIIOCJIEACTBUU MOT'YT OKa3aTbCs PELIAIOIUMHU IIPU IPUHATUU OKOHYATEJIBHOIO PEILCHHUS,
MOJXOJUT BaM cXeMmMa WIM HeT? OTU e JAeTalyd MOMOTYT BaM HaWTH NpUYUHY HEylaudu IpU
HaJI&XKMBAHUHU CXEMBbI, IOMOTYT OIPEJEIUTHCS B BIOOpE KOMIIOHEHT NP MX BBIHYXIECHHON 3aMEHe.

[TepBoe 3aTpynHEHHE CBA3aHO C MOIYYEHUEM HY)KHOM (OpPMBI UMITYJLCOB B mporpamme. To, 4to
JIETKO MOJYYUTh — 3TO NPSIMOYTOJIbHBIE UMITYIbChl. HO OHM HMKaK HE COOTBETCTBYIOT T€M, YTO Ha
pucynke Bbime. I[lompoOyem mnpoanddepeHIupoBaTe MNPSMOYTOJIbHBIE HMITYIbChI, H3MEHUB
CKBa)KHOCTb.
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Puc. 6.3. [lonydyeHne HyXHBIX UMITYJIbCOB B Iiporpamme Qucs

Taxme HUMITYJIBCBI OoJIbIIIe TOXOXKM Ha IMPUBCACHHBIC aBTOPOM CXEMBEI. 41 CICAYIOUM HIaromMm
6yI[CT I[O63BJ'ICHI/IC K CXEMC TpaH3UCTOpA C KOHACHCATOPOM Ha BLIXOJC. HOCKOJILKy yapapJIsArOmuM
HAIIPsSKCHUEM 6y21€T HaIpsH>KEHUE Ha KOHACHCATOPEC, MBI CMOXEM OIPEACIUTH IO BHIAY I3TOIO
HaIIPAKCHUSA ,uanLHeﬁmee IIOBCACHUC CXCMBI.

MOXXHO TIpeaBapUTENbHO MOCMOTPETh, KaK TMOBEAET ceOs HanpspkeHHEe Ha KOHACHCATOpe Npu
OTCYTCTBHM MMITYJIbCOB OT natuuka R1. CxeMa 3Tol MpOBEpPKH MOJYy4aeTCs COBCEM MPOCTOM — K
pesuctopy R4 (ocHoBHas cxema) moakirouaeM KoHaeHcarop C2 W Bce 3TO TPUCOEAUHUM K
UCTOYHHUKY CTYIEHYAaTOrO0 HampsbKeHUs (MCTOUYHUK HMITYJBCHOTO HANpSOKEHUS C  HadallbHBIM
HYJIEBBIM U KOHEUHbIM 12 B HanpsokeHuem).
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Puc. 6.4. Llens R1C2 npu orcyTcTBUM UMITYIBCOB OT JaT4MKa
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KpuBasi mokasbiBaeT 3aps] KOHAEHCATOpa 4epe3 PEe3UCTop, yepe3 IMOJ-CEKYyHIIbl HampsKeHUE
MOYTH JOCTUTACT HAMPSDKEHUS MUTAHUS, a MU(DPOBOM dIIEMEHT, MOJKIIOUYCHHBIH K KOHIACHCATOPY,
CKOpee BCEro, eIIe paHblile MOYYBCTBYET HAIMYUE eIMHUIBI Ha BXoze. Ho npu HalIMYum UMIynbCcoB
HanpsHKeHUE Ha KOHJEHCATOPE MOAEPKUBACTCS HA YPOBHE JIOTHYECKOTO HYJIA.

Qucs 0.0.13 - MpoekT: culer
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Puc. 6.5. Hanpsxenne Ha kongercatope C2 (0OCHOBHAs cXxeMa) NP HAJTMYUH UMITYIIECOB

Ocraercs mpoBepuTh padboTy MUGPOBON YACTH YCTPOUCTBA, €CJIM 3TO KOMY-TO HYXKHO. Bripouewm,
emie pa3 0ojee BHHMATEIBHO MOCMOTPEB HA OPUTHHANBHYIO CXEMY, S MOTY CKa3aTh, YTO HMMEET
MECTO HEUTO MOX0Kee Ha «omedarky». BeiBoa 1 mukpocxembl D1.1 u Touka coenrHeHus pe3ucrtopa
R6 ¢ xonnencaropom C4 Kak-TO «IMOABHUCAIOT» B BO3AYyXe. TO JIM OHU COEIUHSAIOTCS C BBIXOJAOM
MPEIbITYIIEro Kackaaa, TO I COEAMHEHbI TOJILKO MEXAY cOOO0ii...

[To kpaiiHeil Mepe, eciy Bbl pPelIUTE cpa3y PUCOBAaTb CaMOCTOSITENILHO MEYATHYIO IJary (XoTs
OHA €CTb B ONMCAHMHU), TO CIEAYET PELIUTh, KaK CIEJIaTh 3TO COSAUHEHHUE.

ITporpamma Qucs He »KejmaeT JIerko PeHIMTh BOIPOC € paboToM 3THX JBYX LU(POBBIX
TeHEePaTOpOB, HO €CTh BOBMOXKHOCTB «co0patThy cxemy B Proteus. B crapoii Bepcuu EWB s naxe e
XO4y HBITaThCA ATO J€N1aTh, HACKOJIBKO MHE IIOMHMTCS, OHA TOXE HE JIH0OMIa CMEIIEHUE JOTMKH U
aHaJIOTOBBIX Ipoueccos. Tak uro, B Proteus.
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Puc. 6.6. Pabora uudponoii yactu cxemsl B Proteus

Bot, cobcTtBeHHO, W Bce. MOXHO MMOAO0OpaTh PEKHUM CUTHAjda M TOH, MEHSS 3HAUYCHUS
PE3UCTOPOB M KOH/ICHCATOPOB, HO...

Sl He yBepeH, YTO BCE JIIOOUTENH COYTYT HEOOXOIUMBIM 003aBECTUCH TaKUM YCTPOHUCTBOM. A
HanpacHo. To 4To Kynep npoueccopa nepecrai padoTath MOXKET OOHAPYKUTHCSI HA cpa3y, XOpOLUIOo,
€CJIM CaM MPOLIECCOP MPU ITOM HE MOCTPAAAET, a IMOHATh, YTO KOMIIBIOTEP «BUCHET» H3-3a ILIOXOU
paboThI KyJepa, MOXXHO TOJIKO MMesl TeYaIbHBIA OmBIT. [I0poii, KOT/Ia OTKPBIBACIIh CHUCTEMHBIN
OJI0K, TIOKa €T0 OTKPBIBACIIIb, KYJIEep YMYAPSETCS «IPUUTH B ceOs» (MJIM MOHUMAET, YTO HENpaB) U
HAa4YMHAET KPYTHUTHCS, KaK HU B 4YeM HH ObiBasio. M Tebe He oCTaeTcss HUYEro APyroro, Kak cooparb
CHUCTeMHBI ONOK, peIIMB, YTO HEMpaB Tbl, NpPHUCTaBasg K KOMIBIOTEPY C KAKUMHU-TO
HE0OOCHOBAaHHBIMU TIOJIO3pEHUSIMU. M HE ocTaeTcss HUUero JAPyroro, Kak *AaTh CIEIYIONIEH cepun
CTPaHHOCTEH B paboTe KOMIBIOTEPA.

CnoBoM, O4€Hb NIOJIE3HOE YCTPONCTBO.
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MukpokoHmponnepbl — Adanmep deyxKaHaslbHO20 C8emoe8o20 WHypa

Aemop npoexma: Konosanosg B. A. (E-mail: odorant@mail.ru)
Hcmounuk (cxem.net)

Knonkoii ON-npouzeooumcs exnrouenue aoanmepa, a knonkou OFF, coomeéemcmeenHo,
svikatoyerue. Knonky ON yoepowcusame 0o 3axcueanus unoukamopa POWER oxono mpéx
CEKYHO, 8 IMO 8peMsl NPOU3BOOUMCSL COPOC OJisl YCMOUYUBO20 3ANYCKA (3APAANCAENICSL
emkocmbo 4.7x108). Ecnu neped sxntoueHuem numanus Haxicams u yoepircusams KHonky Si,
mo 3azopumcs unouxkamop MAX. Ceeuenue smo2o unoukamopa 2080pum o mom, Ymo
aamnouxu eopam Ha 20% myckiee. mom pexcum npeoHasHauen 0/ yeeludeHus CpoKa
cnyarcowl 1amnoyex. Tekywee cocmosiHue 3anOMUHAemcsl @ SHEP2OHE3ABUCUMOLU NAMAMU U
COXpaHsemcs npu NOCAeOYIOUUX BKIIOUEHUSX. [ OMKAIOYEHUS IMO20 PeNcumMd ciedyem
npuU 8KII0YEHUU NUMAHUSL NOBMOPHO YOepHCU8ams KHONKY S1.
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Puc. 7.1. Cxema ajantepa AByXKaHAJIbHOTO CETEBOIO LIHYpa

Cseuenue unoukamopa COMPARE 2oeopum o mom, Ymo 8Ka04eH KOMnapamop u npu
npesviuieHuu Hanpsaxicenus ¢ cemu 240 B npousotioem npunyoumenvbHoe OmMKI0UeHUe 6ce20
aoanmepa. /{ns omKIoueHus KOMRNapamopa Heobxooumo yoepicueams KHOnKy S2 nepeo
srxatoueHuem numanus. CocmosiHue KoMnapamopa He 3anoMuHaemcsl, npu Kaicoom Ho8omM
BKIIOUEHUU KoMnapamop 6yoem 6KI04AMbCs AGMOMAMUYECKUMU OJisl €20 OMKIAIOYEHUs]
npudemcs nosmopsams eviuieonucantvle oeticmaus. Hasicamuem na knonky Sl
NPOU3B00UMCS USMEHEHUEe CKOPOCMU 8bINOTHEeHUs. meKyuje2o d¢ppexma. Hzmenenue
CKOpPOCTU NPOUCXOOUM YUKIUYECKU, KAAHCO0Ee HOBOE Hadcamue NPpUBOOUmM K YMeHbULeHUIO
cKopocmu, a npu 00CMUNCEHUU MUHUMATLHOU CKOPOCMU CHOBA BKIIOYAEMCsl CaMas
svicokas ckopocmo. Tekywee cocmosiHue cKOpocmu pe2yiupyemcs u 3anoMuHaemcs.
He3asUCuUMo 015l Kaxicoo2o 3¢hghexkma. Ilpu nocredyowem exiovenuu adanmepa
80CCMAHABIUBACMCS NOCTeOHee 3HAUeHUe CKOPOCU 01 Kadc0020 3¢ gexma. Hasxcamuem
Ha kHonky S2 npoussooumcs 6b160p mekyuiezo sgpgpexma. [lpu kaxcoom wecmom
Haxcamuu 6yoem 3azopamuvcs unoukamop AUTO, ceeuenue 3mo2o unoukamopa 2080pum o
mom, 4umo 6ce d¢h@exmul bINOTHAIOMCS 8 ABMOMAMUYECKOM pexcume Opye 3a Opyeom. Tlpu
amom Kadxcovlil aghgexm nosmopsemcs no 100 pas. B npoepamme na ce200Hs 3a100ceHO
nsams 3¢hghexkmos. Kaowcowiil a¢hghexm mugamenvHo noooopan u npooyman. Bo eécex
aghpexmax e npoucxooum noiHoe 2auileHue 1aMnoyex O1a2o0aps yemy omcymcmeyem
Henpusmuoe mopzanue. B kaxcoom uz namu s¢pghexmos peanuzosana Oynxyus nepenusa.
Koneuno, ucnonvsosanue 6ce2o 08yx kaHanoe He 0aem 603MON*CHOCMU Peanru308amb
"Oecywyro 6onny", u mem He MeHee 8bleNILOUM 6Ce OUeHb KPACUBO.

Pesxcumor pabomul, nepexniouaemvie knHonkou S2:

0 — asmomam

1 — nepavlil KaHan NIAGHO 2acHem, a MOPOL NIABHO pazeopaemcs (U Haobopom,)
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2 — nepemuzusaHue

3 — naasHo pazeopaemcs u pe3Ko 2acHym (no ouepeou)

4 — nnasHo eacHym u pe3Ko paseopaomcsi(no ouepeou)

5 — o0umn kanan 2copum nocmosanHo, a 6Mopoll pe3Ko pasz2opaemcs U NiaAeHo 2acHem.

Bovi moswceme 3aepy3umse creoyiowue ¢haiinvl, OMHOCAWUECS K NPOEKMY.
flash_light.hex — ¢hbaiin npowuexu Muxkpokonmpoiiepa

flash_light.obj — obvexmuviii ghaiin npocpammol

flash_light.asm — ucxoonuk ynpaensaioujeii npocpammul

3azpyxaem ¢halnbl, u danbuwe...

BriOupas cxemy Uit 3TOTO pacckasa, s CTOJNIKHYJICS C HEKOTOPBIMH HEOKHUAaHHOCTAMHU. OpmHa W3
CXeM JomnoiHeHa hex-(aiijioM MpOIIMBKH B BHJC KapTHHKU. He CTOmb TpyaHO co3maTh U3 Hee
3arpy304HbIid (aiii, HO s 3HaK0 cedst, ommOoK OyrmeT OoJbINe, YeM MPaBWIBHBIX JaHHBIX. Jpyras
cxema cHaOXeHa OWHApHBIM (DaiiIoM, ¢ KOTOPBHIM Hallo pa30oHMparbcsi U pa3OMpPaThCs, HO TOJIBKO
TOTJa, KOTZA ATO OYEHb BAXHO /s TeOs. bonpmias dacTh cxeMm moapa3ymMeBaeT HCIIOJIb30BaHHE
KOHTpoJIepoB AVR, 1 s mogymai, 4To HecrpaBeUTMBO OTHOIIYCh K mporpamme Multisim (ceromus
non srunoi National Instruments), KoTopasi Toxke MOIACPKUBAECT PAdOTy C MUKPOKOHTPOJUICPAMH.
Opnaxo nocne 3arpy3ku npoOHoit 10 Bepcuu s He HalIen B CHUCKE MOAJIEPKUBAEMBIX YCTPOUCTB
MOAXOASAIINX MHKPOKOHTPOJUIEpPOB. CIIOBOM, HE CIIOKHIIOCH.

Ho oaun u3 Bompocos, 3a1aHHBIX Ha opyMe, 3aCTaBUII MEHS NIEPECMOTPETh Psijl CXEM Ha calTe
«PannoTexHuk», Kak BO3MOMKHBIX OTBETOB Ha 3a/JlaHHBII BONPOC, U B UTOrE€ s OCTAHOBMJI CBOM
BbIOOp /171 pa3znena « MUKpOKOHTPOJIIEPhD Ha CXEME, IPUBEJCHHOM BBIILIE.

Jlis 3HaKoMCTBa C HEH MOXKHO Cpa3y HapucoBaTh ee B mporpamme Proteus (moka ects Takas
BO3MOXHOCTb, M IporpamMma mnojjepxuBaeTr padory c¢ koHTpoiuiepom AT90S1200). A MoxHO
POBEPUTH €€ padoTy «uacTaMu». Hampumep, cyas no onucanuo, nocie Haxarus Ha KHOnky ON u
MPOXOXKJICHUSI MMITylIbca cOpoca MOJDKHO BKIIOUNTHCA pene Pl m cBommm kontaktamu Pl/1
6nokupoBarh KHONIKY ON. UToObI B 3TOM YOEAUTHCS Jake HE HYXKHO pelie, JOCTaTOYHO MPOBEPUTh
coctosHue BbIBoAa PBS mukpokoHTposiepa. Ecnu BbIBOA INPUHHMAET COCTOSHHE BBICOKOTO
JIOTMYECKOTO YPOBHS, TO 3TOT 3Tarl paboThl CO cxeMoi MOXKHO OyneT 3aBepunTh. [locne yero MeHs
uHTepecyeT nopeaeHue BbiBoa PB4 mpu nanuuuu cereBbix (50 I'1) UMIMyIbCOB CUMHXPOHU3ALINH,
c(OpMHPOBAHHBIX COOTBETCTBYIOIUMHU LiensiMU. boiee m1y0okoii mpoBepKH 5 IOKa HE IUIAHUPYIO.

Wrax. ®aiinbl MpOMIMBKY U MCXOIHOTO KOja 3arpyxeHsl. Pucyem nemb cOpoca B mporpamMme
Proteus, mpeaBapuTenbHO BBIOpAB MHUKPOKOHTPOJJIED W C TIOMOIIBIO JHANOra CBOWCTB ATOM
MHUKpOCXeMbl 100aBUB hex-daiin u3 3arpyxkeHHOro Habopa. MHe He BIOJHE SICHO TO, Kak
opraHum3oBaHa Iienmb cOpoca. Hackombpko s moHMMaro, akTUBHBIN curHan st BBoga RESET
MHUKPOCXEMbl — HHU3KHH JIOTMYECKUH YpOBEHb. TpaJWIIMOHHO CaMbIM NPOCTHIM 00pa3oM 3TOT
npouecc ¢opmupyercsi RC nensro. Ecnun mukpocxema TpeOyeT BBICOKOTO KayecTBa HMMITYIIbCA,
OTIpeJIeIEHHON JITUTETbHOCTH WM KPYThIX (PPOHTOB, 100aBisieTcs Henb (OpPMUPOBAHUS, CKAXKEM, B
BUJIE OJJHOTO WJIM JIByX BEHTWIEeH. B nmaHHOM ciydae MCIOIB30BaHO O0OpaTHOE BKIIIOYEHHE JHOJA.
MoskeT OBITh U TaK, XOTSl HE OYEHb MOHATHO 3a4eM? S He TOTOB K OTBETY Ha 3TOT BOIIPOC, HO FOTOB
HCIIOJIb30BaTh BMECTO JIMOJa OOBIYHBIN pe3uctop. Kpome Toro, s 3Ha10, 4T0 MHOTHE MPOrPaMMBbI
«u1oxo oTHOcATCs» K RC memnu, MOAKIIOYEHHOM K IUIIOCY NMUTAHUS, OTUETO S 3aMEHIO 3Ty 4YacTh
cxeMbl reHepatopoM ctynendaroro HanpspkeHus (VPULSE nmporpammsbl), B cBOHCTBaX KOTOPOTO
BEJIMYMHY BBICOKOTO ypoBHS ycTaHOBIO 5 B, mepuox 1000 cexynn u mmpuny umnynbca 100
CEKYH/]I, 4TO JIOJIKHO 00paboTaTh HHTEPECYIOUIUI MEHS IPOMEXKYTOK BPEMEHH.
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Puc. 7.2. Hauano npoBepku paboThl CXeMbI

Ha, Bxon RESET umeer nepBoHauanbHO HM3KHUH JIOTMYECKHH YPOBEHb, a 3aTEM INPUHUMAET
BBICOKHI, HO OKHJA€MbIII MHOIO BBICOKHMI YpOBEHb Ha BbIBoZe PBS5 Tak m He mosmnserca. Wnm =
YTO-TO JIeIat0 He JOJDKHBIM 00pazoM, WIIH...

EcTb myTh, KOTOPBIH MHE MPENCTABISETCS Pa3yMHBIM — IMPOBEPUTH PadOTY MHKPOKOHTPOJLIEPA,
UCTIONIB3YS MCXOJHBIN (haitn mporpammbl Ha accemOinepe. JlocTynHbI 1B MporpamMmBbl it paboThI C
MukpokoHTposiepoM AVR, 3to VMLab u AVR Studio. Obe npennazHaueHs! 1isi paboThl B cpefie
Windows, Ho VMLab Huuero He umeet NpoTUB UCIIONb30BaHuA B Linux.

3amenuB (aiin mabmona VMLab Ha MCXOAHBIM TEKCT MPOrpaMMBbl, MOCIE MEPBOI MOMBITKH 5
CTaJKMBAIOCh ¢ HEOOJBIION TPOOIEMON — TPAHCIISAIKS HE MPOXOAUT C COOOIEHUEM O TTOBTOPHOM
o0bsBneHnu peructpa r30.
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PD3
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PDL s exactly these values are taken by defzult
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PBO .DEF & =r23 AKKVMYAATOR
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=48 Code Maker .DEF ik =rz9 AMBTEPHATHEHRH AKKVMITIAT
= Making code. Using A5M tool chain
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= Target file "shem_0.hex" needs ta be re-buil:
- B avrasm32 -f1 shem_0.lis -m shem_0.map -d shem_D.obj-e sher || .DEF X =17 OEPEMEHHAA B NPONEXYTE I
= Assembling 'shem_0,asm'
= Induding 'C:\WMLABinclude) 1200def inc' -DEF DEL =r27 SAJEPWKA [OEPEX BKT.HEPEBO
9 |”‘ shemn_0.asm, line 66: Register already defined by the .DEF directive
& Building process not completed! .DEF DELL =rz8 3FAJEFPMKA [NEPEXN BEN.BTORC
= (Code has been modified
+- £ Run Time .DEF EF1 =ris
+-4d, Tools & Find in files

-DEF EFZ =r30 OEPEMEHHNE JNA S¥FEKTOR(
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<] | ) || o=\ om0/ <l B

r - - e
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Puc. 7.3. IlepBast mombITKa TPAHCISAIMKA UCXOAHOTO Kozia B iporpamme VMLab

Komatbcst B CBOMX IporpaMmax M cxemax s He JIFOOII0, a B 4y)KHX U NOJaBHO. BO3MOXKHO, 4TO
nporpaMma Hanucana u omiaxena B AVR Studio?

MHe npuXoAMIOCh CTAJIKUBATHCS C TEM, YTO CXOXKHE II0 HAa3HAUCHHWIO CpeIbl pa3paboTKH,
TPAHCISITOPBl WIM CUMYIISTOPBI, BEAyT ceOs HEe BCEraa OOMHAKOBO. Takoe MOBEACHHE MOXKET Ha
HEKOTOpPOE BPEMS 03aJa4ynTh, MOPON BBI3BIBAET SMOLMOHAIBHBIA B3PHIB, KOIJa XOUeTCS BCE
Opocuth. B 1HU TakuX HEynad BCe, KAXKETCs, IPOTUB TEOsL.

Jns paboter ¢ AVR Studio Tpebyercss CMEHHTH ONEPAlMOHHYIO CHCTEMY. A 3TO OTOABHIaeT
paboTy Ha JIeHb, KOTJa MOSBUTCS BO3MOXXHOCTH IPOBECTH MPOBEPKY Ha Ipyrom Kommbiotepe. C
JPYTOl CTOPOHBI, €CIIN YCIIOKOUTHCS, TO ICHb HE «CIIETAaeT MOTOIbD». .
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Puc. 7.4. Bropas nmomnpITKa TpaHCIISAIIMN UCXOTHOTO Koa B mporpamme AVR Studio

N 3pecy ommbku. YBeI. Ilpuxomutcs ¢ 3tuM cumrtarbes. He moHpaBmimack mepemeHHas X,
MPUIILIOCH TIOMEHATh Ha _X. He moHpaBmiioch Ha3BaHWE METOK Y W Out, YTO CIIPABEIIUBO — CJIIOBO
out 3ape3epBupoBaHo. [locie Bcex MpaBOK OCTANUCH TOJNBKO MPEIYNPEXKICHUS O MOBTOPHOM
OTIpe/ICTICHUN PETUCTPOB, OHU YK€ ompeneneHbl B (aitie mukpokoHTpoiiepa 1200def.inc, HO ¢
9TUM sI 1OKa TOTOB MHPHUTHCS, MOCKOJIbKY TPAHCIALUSA MPOXOJUT. A Tak Kak B MPOrpaMMe €CTh
OTJIaTYNK, MOXKHO €T0 3aITyCTHUTh.

Kak u oxxmpanocs, 3amyllieHHas IporpaMMa OCTaHABIIMBAETCS HA IPOBEPKE COCTOSHHS BBIBOIA
RESET, a 3arem nepexouT K mpoBepke nepexoaa (¢asbl uepes3 HOJb, U MOKa ATOTO HE MPOU30MIET,
IIPOrpaMMa He MPOJBUTACTCS JajblIlIe.

Bosppamiasice k mporpamme VMLab, ucnpaBuB Bce, YTO €l HE HPaBWIIOCH JUIS YCHEIIHOM
TpaHCHALMHU, g YyOexjaroch, uyto mnociae wumurauumu curHana RESET u cuHxponuzamuum c
HanpspbkenreM 50 ['r mporpamma BKiIro4aeT pesie Ha Bbixojae PBS.

Tenepp MOXHO BepHyTbCAd B Proteus. Sl BBISSICHWII, KaKM€ CHTHAJIBI MHE HYXHBI, B KakKOM
MOCJIEI0BAaTEIbHOCTH MIPOrpaMMa UX ONPAILINBAET, TENEepPb MNOSABWIACH HAAEK/IA, YTO C ITHUM HTATIOM
MIPOBEPKHU MOKOHYEHO.
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Puc. 7.5. 3aBepiueHue nepBoro sramna NpoBEPKH CXEMBbI

N 510 Tak. Ha BeIBOmEe PBS MukKpokoHTpoiuiepa MOSABISIETCS CUTHAJN JIOTMYECKOM €IWHMIIBI,
BKJTFOUarOImuii pene P1, koropoe cBOMMHM KOHTakTaMH OJIOKMPYET KJIABHUITY BKIIFOUEHHUS M TO/AeT
nuTarollee HanpsbkeHue Ha cxemy. Maso Toro, Ha BeiBoJe PB4, ynpasnsiomniemM oHO#N U3 Harpy3o0k
CXEMBI, €CTh YIPABISIONINE UMITYJIbCHl. Ha pucyHKe OHM MOKa3aHBI BO BPEMEHHOM IMPOMEXKYTKE
460-480 MC, a HWKE B TOM JK€ IPOMEXKYTKE BPEMEHHM BBINPSAMIICHHOE CETEBOE HAIpSIKEHUE.
MOXHO BUJETh, YTO MOMEHTHI BKJIFOUEHHUS MPUXOMITCS HA OMU3KHE K HYIIO 3HAUYCHHSI CETEBOTO
HAMPSHKEHUS, YTO COOTBETCTBYET MHHUMABHOW SPKOCTHU JIAMIT HAarpy3ku. Tak v JOMHKHO OBITh.

JanbHelimee pa3BuTHE COOBITHI 3aBHCHUT OT Ballel YBEpEHHOCTH B COOCTBEHHBIX cujax. 51
TOTOB OTIPABUTHCS 32 MOKYNKOH BceX HEOOXOIMMBIX JeTalieil, yBepeHHbIH, 4To Onarogapsi aBTopy
CXEMBI sl MOTY TOBTOPHUTH €€ U HaJaJAuTh, MOTY MOIU(GUIMPOBATh, IPUCTIOCOONB K COOCTBEHHBIM
HYXJ1aM, MOTY HalMcaTh HOBYIO BEPCHIO MPOrpaMMbl MUKPOKOHTPOJIJIEpA, BCE HEOOXOMMOE €CTh,
ecyu paboTa CXeMbI JOJKHA OYE€Hb CUIIBHO OTJIMYAThCSI OT MPEIOKEHHOM aBTOPOM.

Ecnu BB BrepBble mpHcTynaere K paboTe ¢ MHUKPOKOHTPOJUIEPAMH, TO MOXKHO HPOTOIIKHTH
paccMOTpPEHHE CXEMBI, HalpUMeEp, MPOBEPUB, YTO U3MEHHUTCS B paboTe CXEMBbI CIyCTs HEKOTOPOe
BpeMs. [y 3TOro JOCTAaTOYHO M3MEHHWTh BPEMEHHOH NMPOMEXYTOK CHMYISALIUH, CKaXKeM, BBIOUpast
unTepsain ot 10 ¢ 1o 10,04 c.
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Puc. 7.6. lnarpaMmmMbl pabOThI yIIPABIISIFOIIETO BBIBOJIA B IPYTOM BPEMEHHOM MHTEpPBAJIC

Ha AuarpaMmme BUJIHO, KaK YIPAaBJIAIOMUC UMITYJIBChbI CABUT'AKOTCS, OTKPbIBAA TPHAK BCC PAHBIIC
H paHbIIC, YTO JOJIKHO YBCIMYHBATL APKOCTH CBCUCHMUS JIAMII.

B mporpamme Proteus MOXXHO MPOBEPUTH U ITO, UCTIONB3Ys Tpuak. CIIOBOM, JallbHEHIIIass paboTa
3aBHCHT OT BAlllMX HAMEPEHUI M BO3MOXXHOCTEH, HO IJIaBHOE BBI CAENATN — YOSIUIHCh, YTO CXeMa
paboTaer.
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Kak ebi6pamb u npoeepume cxemy?

OrnucaHHBI MHOIO MOAXOA K BBIOOPY CXEMBbI MO3BOJISIET HE TOJIBKO M30€XKaTh HEHYKHBIX OIIMOOK,
HO W JIaeT TPEJBAPUTEIHHBIA OMBIT B MOCNIEAYIOIMEH paboTe ¢ MAaKeTHOH TUIATOW WIIM TOTOBBIM
YCTPONCTBOM.

MHorue KOHCTPYKIIMU CETrOJHS PAacCUMTaHbl Ha MPHUMEHEHHEe MHKpocxeM. Korma Mukpocxem
MaJlIo, MOXXHO Ha MaKETHOU IUIaTe YCTAaHOBUTL IMAHCJIBKU OJIA MHUKPOCXCM. Nmn MmoxHO KYIIUTb
MHUKPOCXEMBbl WMEHHO JIIS CO3JaHMsS MAaKETHOHM IUIaThl, a KOTJa MaKeT IPOJCMOHCTPUPYET
3aBEPIICHHOCTh U PAbOTOCTIOCOOHOCTh YyCTPOMCTBA, OOHOBUTH BCIO 3JeMeHTHYIO 0a3y. Ho maxe,
€CJIM y Bac €CTh Takas BOBMOXXHOCTh, XBaTUT JIM Y BAac TEPIICHHUSI MHOTO pa3 MEHITh MPH HaJIAJIKe
PE3UCTOPLI U KOHACHCATOPLI, OTIIaBAaTh BLIBOALI, '-ITO6LI IMMPOBECPHUTH TOK, U, INTABHOC, BCCT/Ia JIU BbI
Oyzmere ycrieBaTh MPOBEPUTH 3TO MIIM, KaK YaCTO BCTPEYACHIb B Pa3roBopax Ha (opyMmax, MpUIETCS
MHOTI'OKPAaTHO MCHATH CropeBHIMC ACTAJIH, NPCKIAC YEM 6YIIGT BbBIABJICHA IMPUYMHA HUX BbIXOJAa H3
CTPOSL.

KOHG‘IHO, BbI MOXCTC O6J'Ia)IaTI) OOrareimInM OIBITOM M BEJIUKOJIEITHON naMATBIO, KOTraa OJHOI'O
B3[VISIa HA CXEMY JIOCTATOYHO, YTOOBI YBHJIETh €€ paboTy B IEJIOM, YBHJIETh BCE ACTaIH H
YaCTHOCTH, U cpasy 0e3 mpod u ommbok cobpark moboe ycTpoiicTBo. Ecim 310 Tak, To 3a0yasre
BCE O YeM 51 TOBOPWI, 3TO HE Ball MyTh. ECiIM HET, TO, BO3MOXKHO, YTO-TO MOJE3HOEC B MOMX
pacckasax s ce0st BBl 1 OOHAPYKUTE.

VYnaun BaM M TEpIEHMS, €CIU Bbl TOJIBKO HAYMHAETE 3HAKOMCTBO C JJIEKTpOHUKOM. IIpoinmer
COBCEM HEMHOIO BPEMEHHU, U Bbl IIOMMETE, YTO LEelb I[OYTH BCEerga AOCTHKHMMA, a IIyTh,
IIPOJCIAHHBIA K HEW, IIPU MPABWIBHOM JABUKCHUM MOXET JOCTaBUTh HE MEHBILIE YAOBOJBCTBHS,
4eM OCO3HAHUE TOTO, YTO L€JIb JOCTUTHYTA.



