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Ecnv Bbl MpounTanu MEPBYHD UCTOPMUIO, €CN BaC yCTpamBaeT Noaxod K paavoniobuUTenbcTBy Kak K
3aHATUIO, NPUHOCALLEMY NOJb3Y U YA0BAETBOPEHUE, €C/IN Bbl COMNIACHbI C TOYKOM 3pEHMNs aBTOpPaA, YTO He
cnepyet cnewunTb, NOKa He ByayT ACHbI Lesb U CpeacTBa eé fOCTUKEHUA, TO NPOAUCTalTe 3TOT PaccKas,
KaK Bbl caenanu c npeablaywen nctopmeit. NMocmoTpuTe, CornacHbl M Bbl C TEM, YTO 34€Cb HAaNMCaHo,
noaxoauT I BaM MaHepa U CTUJIb U3N0XKEHUA, NOAXOAAT N Te UAEN, YTO JieKaT B OCHOBE pPacCKasa, u,
ecnn fa, Torga BEPHUTECh K Havany 3TOro NoBecTBOBAHMSA, YTOObl HauyaTb peasM3aumto CBOEro NepBoro
yCTpoicTBa.

He TaKk Ba)kHO, byaeTe M Bbl cOBUPATb YTO-TO M3 ONUCAHHOTO pPaHee MKW Yy Bac eCTb rOTOBbIA MPOEKT
CﬂyTHVIKOBOVI Ccuctembl cnexeHuma 3a BaWMMKN  TaNKaMMU. BnqueM, B nocneaHem ciaydae
noApasymMeBaeTca, UTO Bbl MOXKeTe pa3paboTaTb TaKylo CUCTEMY, a, 3HAUUT, Bbl OLIMBAMCL aipecom, Bam
B coceAHMI Kopnyc. A A Umen B BUAY, YTo Ntoboe yCTPOMCTBO, Kak 6bl OHO He 6bINI0 CNOXKHO UK NPOCTO,
pasbuBaeTca Ha 6onee npoctble 610KKU, paboTa KOTOPbIX MPOBEPAETCA W OTNAXKMBAETCA, a 3aTem
paccmaTpuBaeTcAa BOMNPOC O rabapuTax U KOHCTPYKTUBHbIX 0COBEHHOCTAX ycTpolicTea. Korga Bce 3Tu
BOMPOCHI Pa3bACHEHbI, HAUMHaeTCsa paboTa No co34aHMNI0 KOHCTPYKLUM.

B KauectBe npumepa COOPKM MNEPBON KOHCTPYKUMM A XOouy MPeanoxWTb cOo3daHue reHepaTopa
NPAMOYTO/IbHbIX MMMNY/IbCOB Ha 6a3e Tpurrepa 555. O HEM paccKasbiBanocb B NMepBON UCTOPUMU, C
paccKasa o Talimepe Ha4yHEM M ceivac.

'naea 1. Taiimep 555
Taﬁmep, KaK yCTpOﬁCTBO, OTCyUTbIBakOLLee 3a,[],aHHbIV1 UHTEPBAN BPEMEHUN, U3BECTEH OaABHO. A 3Hato
04HY MoJeb, KoTopas Ha3biBaeTcA «llecoyHble Yacbl». Bbl TOXKe 3HaeTe TaKyto MoAaeb.

Mo3)e ¢ nosBfeHMeM U pPa3BUTUEM 3SNEKTPOHWKU ANA peanus3aumm Talimepa WCMNOAb30BasMCh,
Hanpumep, KoHAeHcaTopbl. TOCMOTPMM Ha Paspsad KOHAeHcaTopa, NpeaBapuTeNbHO 3apAMKEHHOro Ao
HEKOTOPOro HaMpPAMKeHUA.

Bbl MoXKeTe npodenaTtb 3TOT OMbIT B «XMBOM BMae» U 6e3 MakeTHON naaTbl. Bo3bmuTe KoHAaeHcaTop,
Nydlle 3NeKTPoNUTMYECKUN, émKocTblo 1-10 MK® Ha 16 BonbT, 3apaauTe ero oT 6HaTapeikm 9 B,
npucoeguMHue 6atapeilky B MpPaBUAbHOW MNOAAPHOCTU. Y 31EKTPOAUTUYECKOTrO KOHAeHcaTopa
COBPEMEHHOTO WCMOJNHEHUA MWHYCOBOW BbiBOZA, OOO3HAYeH MNOJIOCKOM BAONAb KOPMyca CO 3HAYKOM
CKMWHYC». DNIEKTPOINTUYECKME KOHOEHCATOPbl MapKUPYIOTCA EMKOCTBIO M JOMYCTUMbIM HaMpPAXKeHNeM,
KOHZeHCaTopbl 3TOrO TUMA HEeNb3A BKAOYATb B LLEeMb, MMeoLyto 60bluee HanpaXeHWe, YeM YKa3aHo B
MapKMPOBKe KOHAEHcaTopa. 3apas KoHAEeHcaTopa NPon3onAET BbICTPO, 3aTEM OTK/OUUTE BaTapeiKy.

MoaKkntoumTe K 3apAXKEHHOMY KOHAEHCATOPY MY/NbTUMETP B pPEeXUMe W3MEPEHUA HanpAXKeHua C
AnanasoHom 20 B 1 cneguTe 3a Hanps»keHMemM. BxogHoe conpotueneHune mynbtumetpa 1 MOm (DT830)
6yLeT B 4aHHOM Cy4Yae COMPOTUBAEHMEM, YEPES KOTOPOE Pa3paKaeTCs KOHAEHCATOp.
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Puc. 1.1. Pa3pag KoHAaeHcaTopa NPy PasHbIX CONPOTUBAEHUAX HArPy3KU

M3meHeHune conpoTusBaeHUA R1 meHsAer BpemAa, Koraa HanpAaxeHmne Ha KOoHAeHCaTope CTaHOBUTCA

paBHbIM (MK BAN3KMM) HyAtO. TaK U3 KOHAEHCATOPa U MY/IbTUMETPA Bbl CAE/1a/IN NEKTPOHHbIN aHanor

NeCo4YHbIX YacCos.

OnbIT Cc pa3paA0M KOHAEHCaTOpa Ha MAaKeTHOH IjiaTe
YT06bl HE ObITb FO/IOC/IOBHLIM, YTOObI MOKa3aTb PeasibHYyl0 CXemy Talimepa, BCMOMHUM TO, YTO paHee

PaCcCKasblBasOCh O TPAH3UCTOPAX, U COBEPEM TaKyH CXemy:
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Bbikntoyatenb S1 — 310 KHoOMKa. Ecan eé HaxaTb,
TO KoHAeHcaTop C1 3apaanTca 4o HanpaxXeHua 9B
n cBeToamos, 3aroputca. Mpu oTNYCKAaHMM KHOMKK
HAYMHAeTCA pa3pAag, KOHAEeHcaTopa.

Yepes Kakoe-TO BpemA CBeTOAMOL, HAYHET

TYCKHETb, @ MNOTOM W coBcem noracHet. [lpwu
YKa3aHHbIX Ha Cxeme 3HayeHMAX 3TO NPOU3ONAET

CeKyHAbl Yepes yeTbipe.

MoaobHbI Talimep He AAET, KOHEYHO, TOYHOro
OTCYéTa BpeMeHM, HO 3TO, COrnacuTech, Takmep.

Puc. 1.2. MpaKTuyeckana peanmsaums npocreiiwero Taimepa
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Cxema Taiimepa 555
Taﬁmepbl LWWNPOKO NPUMEHAKOTCA CerogHA: OH eCTb B CTMpaﬂbHOﬁ MallnHe, B MMKpOBOI’IHOBOﬁ neyu, B
3J'IEKTpW-IECK0171 nanTe, B HApy4YHbIX YaCaxX N 1.n.

Korga-to Tanmepbl BbINOAHAANCD B BUAE OTAE/NbHOMO YCTPOMCTBA, U A HE UCKAKOYA0, YTO MUKPOCXEMY
555 3aaymbiBanm ana nogobHbIX YyCTPOMUCTB.
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Puc. 1.3. dnekTpuyeckasa cxema Tanmepa 555

CerozHA B NpoAarke ecTb U MUMMNOPTHbIE MUKPOCXEMbI TaliMepa, U oTeyecTBeHHbIN aHanor KP10006BU1,
Bbl MOXeTe BblbpaTb N06YI0 U3 3TUX MUKPOCXEM, BK/IOYAA CABOEHHbIN Tanmep, Hanpumep, NE5S56N, v
KOTOPOro B 04HOM Koprnyce ABa OAMHAKOBbIX Talimepa.

O pasnUuHbIX MPUMEHEHUAX MWKPOCXeMbl Bbl MOMXeETe MnpountaTb B KHure P. Tpelictepa
«Pagunoniobutensckme cxembl Ha MC Tna 555». OueHb MHTEPECHan U NonesHasa KHura.

B nepBoi UCTOpPUKM Mbl paccMoTpenun paboTy reHepaTopa NPAMOYrObHbLIX MMMYNbCOB HAa MUKPOCXEME
Talimepa 555. B 3TOM 4YacTM Mbl paccmoTpum cHBOpKy 3TOro reHepatopa, noapasymesas, YTO Balla
nabopaTopus NOKa OCHALLEHA TONbKO MY/IbTUMETPOM.

XoTa peyb MAET O nNalike YCTPOMCTBA, He MNoOKanelTe BpPemeHW, cobepute cxemy Ha bHecnaayHoM
MaKeTHOI naaTe, NpoBepbTe €€ paboTy M noabepuTe HYKHble AeTaNN, KOTOpble obecneyaT Bam HYKHYIO
YacToTy M BbIXOAHOE Hanpsa)KeHue. [larke oYyeHb NPOCTble CXeMbl MOTYT CTaTb MPUYMHOMN OrOPYEHUNA.
MycTb pefAko, HO Takoe 6ObiBaeT, YTO KynJieHHble AeTanuM OKasbiBatoTcA 6paKoBaHHbIMM. WX mpoue
3aMEHUTb Ha CTaaUN MaAKETUPOBaHMA, YeM MEHATbL Ha NiaTe Nocae Nanku.

BoT cxema, KoTopas bblaa paccMoTpeHa paHee:
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Puc. 1.4. Cxema reHepaTtopa NPAMOYTo/ibHbIX UMNY/1bCOB

Ona peanusaumm 3TOro yCTPOMCTBa Bam MOHAZO06ATCA BCE KOMMOHEHTbl CXeMbl, HaAelCb, Bbl
npuobpenu unx, Koraa YMTanu Nepeyto UCTOPUIO, ECAN HET, TO He CNeLunTe, JOUCTalTe 3TOT pacckas A0
KOHLA, a NOTOM ONpeae/IMTeCh B CBOUX HAMEPEHUAX.

I'naBa 2. [lasg/ibHUK, MaKeTHas IJiaTa 4 T./J.
HauyHém c TOro, YTO Bam I'IOHa,D,OGMTCﬂ MaKeTHaA nnata AnA namkm ,a,eTaneﬁ N, KOHe4yHo, NaAa/IbHUK. C
MaKeTHOM NnaTon, 8 Mory 1 owmnbaTtbes, Ayyle 0bpaTMTbCA K ycnyram Anmakcnpecc:

A_V TlOCMOTPETH HaZBaHHe Ha AHITIHIACKOM

v %% 100.0% nokynateneit noHpasunca 3toT Togap! (2 ronoca(os)) 6 saxasa(os)
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Puc. 2.1. MakeTHana nnaTta



B.H. T'os0s10608B OT oNbITOB K NIEPBOW peasn3aniu

Ecan A npaBWUIbHO NOHWMAO, Bbl NOAYYMTE NATb NAT, NOKa3aHHbIX Ha pUCyHKe. MoKa Bbl UCMO/Ib3yeTe
OZHY, HO M OCTa/ibHble Bam npurogaatca. MHorme HauynHawouwme nobutenn ctapatroTca BbINOJIHUTL CBOE
nepeoe yCTPOMCTBO Ha nedyaTHOM naaTe. A He peKoOMeHAYo 3TO AenaTb XOTA H6bl NOTOMY, YTO pa3BoAKa
neyaTHOM Nnatbl TpebyeT 3HaHMIA U ONbITa, @ NPOLECC €€ U3rOTOBNEHUA B AOMALUHUX YCAOBUAX MOXKET
npuHectn 6onblie Bpeaa, YeM MNOAb3bl. AKKYPATHO BbIMOJHEHHbIA MOHTA)X Ha MAKeTHOM naaTte
obecneunt Bam xopoLuyto paboTy ycTpOMCTBa, a, ecau Bbl ybepéTte naaTy B KOPOOKY, He 06s13aTe/IbHO 3TO
Oenatb, HO MOXHO U caenaTb, ecnu Bbl ybepéte nnaty B KOPOBKY, HUKTO He YBUAMUT, Kak OHa caenaHa.
Ho naanbHUK Bam noTpebyeTca.

C NanaNbHUKOM C/IOXHEe No ABYM MPUYMHAM: NaANbHUKOB OYEHb MHOTO, 3TO, BO-MEPBbIX, @ BO-BTOPbIX
eCcTb 4Ba TUMa NPOCTbIX Masa/bHWKOB. PaHblle Bce Nas/bHUKM MMeNuM MegHoe Kano, pabouyio
NMOBEPXHOCTb KOTOPOTrO HYXKHO 6bl10 NpeaBapuTenbHo 06ayauTb. CerogHa ano nas/ibHMKA 4acTo
M3roTaB/AMBalOT C MeAHbIM HAKOHEYHUKOM, MOKPbITbIM HUKeNem. TakoW NasabHUK NPOCAYKUT A0/blue,
He Tpebys, KaK paHblue, BPEMA OT BPeMeHM 3aumiLaTb pabodyto NoBepxHOCTb. Ho Takoi Nas/ibHUK He
«LennseT» Npuno, Kak 3To MPOUCXOAMAO0 paHbLie. M 3TO HECKONIbKO MEHSAET TeXHWUKY NaiKu.

Ecnu Bbl He yBepeHbl, YTO Balle yB/IeYEHME MPOANTCA A0ATO, BbibepuTe camblii AeLLEBbIMA MasNbHUK
moulHocTbio 25-40BT1. Ecnm ke Bbl HamepeHbl Npoao/iXKaTb paboTy ¢ pagMocxemamu, nocrapamnTecb
COM3MEPUTb CBOM KENAaHMUA CO CBOMMWN PUHAHCOBbLIMM BO3MOMKHOCTAMM NpK BbibOpe NasnbHUKA. U eLwLE,
nasanbHMK O4YeHb rpeeTcs, BamM nNoTpebyeTcAa MoAacTaBKa nog nasAbHUK. EE MOXKHO caenatb
CaMOCTOATENbHO, HO MOMHO KynuUTb. BCE 3aBMCUT OT BalWMX HaMepeHUn WU BO3MOXKHOCTen. [ns
HauYMHaKWMX He 0b6A3aTeNbHO MOKYNaTb Nas/ibHY CTAHUMIO MAWM ra3oBbliA NasanbHUK. U To, 1 gpyroe
XOpOoLWo, HO bosblie noaxoAnT Aans npodeccnoHanos.

MoBTOplOCb, BbIBOP MasNbHMKOB CeroAgHsA Be/MK, PaBHO KaK W MNOACTAaBOK ANA NasNbHUKa: OT
NpocTeilmnx B BMAE NPU3Mbl C Mpopesbio A5 NasibHWKA, 40 MOACTaBOK C npucnocobneHvem gns
KaTyLKM ¢ npunoem. NMocmoTpuTte, Hanpumep, NasibHUKK Ha AHAEKC-MapKeTe.

Kakoit 6bl nasnbHUMK Bbl He nNpuobpenun, ouvyeHb [OPOroM MAM OYeHb AelEBbli, NnocTapaiTechb
06paLLaTbCA C HUM aKKypaTHO. BKoyaiTe nNasnbHUK TONLKO Nepes, Nakoi 1 BblKAloYaiTe ero, Koraa
naika 3akoHuyeHa. He ocTaBnAiTe ero BK/AOYEHHLIM TO/IbKO MOTOMY, YTO Bbl, BO3MOMHO, eLlé
cobepéTecb NaATb. MpM TaKOM NOAXOAE Kafo NasjbHWKa ByaeT bbiCTpee M3HALWMBATLCA, a Y Bac ecTb
3aMeyaTenbHaA BO3MOXKHOCTb YPOHUTb HEHAPOKOM Nas/bHUK Ha cebs n obxKeubca. U To, 1 apyroe Bam,
YBEPEH, HE HYXKHO.

C moei Touku 3peHnA, eCan Bbl HamepeHbl N0N1b30BaTbCA NaA/IbHUKOM O0CTAaTOYHO 40110, TO MOXXHO
Bbl6paTb NaAaNbHUK U NOACTAaBKY I'IpVI6fIVI3VIT€J'IbHO TAKOro naaHa:
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Puc. 2.2. MaanbHUK 1 noacTaBKka Noa Hero

Ecnu Bbl KynuTe 3TOT Habop, TO B HEM ByAyT M aKceccyapbl 4N NalKK, KaKk To: Npunoi, KaHnudonb. Ecan
Bbl NpeAnoYTéTe NoKynaTb BCE NOPO3Hb, TO KYNUTE TOHKUIN NPYTKOBbIM npunoii NMOC-60, a B KayecTse
¢dnoca (Mx, BNpoYEeM, CEroaHa MHOr0) MOXKHO ucnonb3osatb JITU-120, HO ana Hero notpebyeTca
npucnocobaeHne gna HaHeceHus Kuakoro ¢atoca Ha nnaty. OHM ecTb B marasuHax. B Habope Bbl
nosyynte nuHuet. Ecam HeT, TO ero HyXHo byaeT KynuTb. M nocnegHee, 4To Bam NoHagobutcs ana
naikm — 3TO Kycayku-b6okopesbl. 34ecb MHOroe 3aBWUCUT OT MPUBbLIYKW. i MHOFO fNieT NoJsib30BasCcA
KyCauyKamMu, KOTOpble OT CTapOCTM «NOoy6aBUAN NPbITUY», BCAEACTBME YEro HEAABHO KyMnu/ HOBbIE.

KyCa4ku HOBEJTMPHbIE U3OENTUA NHCTP'

. -
/\\.VI MocMoTpeTs Ha3BaHWe Ha aHIMUACKOM

b e i 100.0% noxynareneii nonpasunca 3T

386,32 pyb6. /ur  ocranc

HocTaeka BecnnatHas JQocTaBKa B
Russian Federation cny:x06o# Chil
PacuéTtHoe epemA goctaeku: 15-50 aH
Konuuecteo: 1 wt. (126 wr. available)
O6uan 386,32 py6.

CTOUMOCTL

e comac

Puc. 2.3. Kycaukun-6okopesbl
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Al NPUBBIK K KyCauyKam C AJIMHHbIMW TOHKUMM KHOCMKAMM», N NOAXOAALME KyCauKM HaWwén He 6e3 Tpyaa.
CeroaHs, Korga 4acto NPUMEHAIOT NOBEPXHOCTHbIN MOHTaX, COBCEM He 0653aTe/IbHO MMeTb NoA06HblIe
KyCauKM, HO paHblUe 4/19 3aMeHbl MUKpocxem B Kopnyce DIP Takune Kycauku nogxoannu yylie BCero.

3aBepLlnTb 3Ty KOMMNO3ULMIO AO/KEH MOTOK MOHTA*KHOro nposoaa, 6e3 MOHTaXKHOro NPoBoAa Kakok
e MOHTaK?

Puc. 2.4. MoHTa»KHbIN NpoBoA,

I'1aBa 3. Hepen TeéM, KdK BK/IHYUTH IIaAJIBHUK
MeHs Kak-To cnpocunu: «Bbl coBeTyeTe He HauyMHaTb C NevyaTHbIX MAaT, HO Moyemy Bbl TaK 4acTo
roBopuTe O NPOorpamMmmax pasBoaKu NevyaTHbIX NaaT?».

[aBaiTe paszbepémca. Bbl HaUMHaETE C TOrO, YTO PUCYETE JIEKTPUYECKYIO CXemy ByayLlero ycTpoicTea.
3aTem Bbl nMWKUTe cneumMdPmUKaumIo, COCTaBasETe CMMCOK BCEX KOMMOHEHTOB. 3aTeM Bbl pUcyeTe To, Kak
6yayT MOHTMPOBATbCA BCE KOMMOHEHTbI (pUcyeTe MOHTaKHyl cxemy). Ha nobom ydactke 3toro
npoL,ecca BO3MOXHbI OLWNOKN. A OLUIMOKM MOTYT NPMUBECTU HE TOJIbKO K TOMY, YTO YCTPOMCTBO He byaeT
paboTatb, HO M K BbIXO4Yy KOMMNOHEHTOB M3 CTPOS, Aa WU K TPaBMaM, WU3BUHUTE. DNEKTPOSUTUYECKME
KOHAEHCaATOPbl MOTYT B3PbIBaTbCA, TPAH3UCTOPbI MU MUKPOCXEMbI MOTYT TaK HarpeBaTbCA, YTO UX MOMKHO
NCNo/1b30BaTb BMECTO Mas/bHUKA. ITUX HEMNPUATHOCTEN MOXKHO M36eXKaTb, NO/Ib3YHOCh YCAYramm Ballero
Apyra — KomnbloTepa.

1 YyacTo ynomuMHato NpPorpaMmMHyI0 cpedy paspaboTknm QucsStudio. He TonbKO noTtomy, 4to 3TO
6ecnnaTtHasa nporpamma. Mporpamma NO3BOAAET BaM «HapPUCOBATb» 3/IEKTPUYECKYIO CXEMY, NPOBEPUTb
eé paboTy, NOHATb Ha3HAYeHNEe BCEX COCTABAAIOLLMX U NOAFOTOBUTLCA K AafibHelwen paboTe. Cxemy Bbl
MOMKEeTe COXpPaHWUTb B BUAE PUCYHKa, YTOBbI pacnevyaTaTb Ha MPUHTEPE WAW OCTaBUTb KAapPTUHKOMN Ha
3KpaHe MoHUTOpa.

Ly

R=22k]

Puc. 3.1. MprHUMNManbHan 3NEeKTPUYECKaa CXema reHepartopa

9
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Ha anekTpryeckoi cxeme NonesHo NPoCcTaBUTb HOMepa BbIBOAOB (LLOKONEBKY MUKPOCXeMbI). Mo33Ke 3TO
NpPUroaMTCA, NMOCKO/IbKY Y MMKPOCXEMbl HET Ha3BaHWIA BbiBOAOB. Kpome Toro, cneayet yganutb V1
(pvcyHOK Bbille), Ha nnaTe H6aTapelikn He ByaeT, a NUTaHME U BbIXO, 3aMEHUTb NOPTamMK (ecTb Takow
KOMMOHEHT cpeau pe3ncTopoB U KOHAEHCAaTOPOB B NporpaMmme).

Tenepb MOXHO MCMNONb30BaTb CBOWMCTBO nporpammbl — eé I'IpVICFIOCO6!'IeHHOCTb AnAa CKBO3HOIO
NPOEKTUPOBAHUA.

& QuesStudio 2.4.1 - Project: PCB_Layout

File Edit Positioning Insert Project  Tools  Simulation  View Help

= =3 rﬁl Q Create PCB netlist Fi0

Create BOM F11
Coil Designer Ctrl+1
w | paintings § i
= Filter synthesis Ctrl+2
£ / /I A O 1 Line calculation Ctrl+3

Line Arrow Text Ellipse Rectangle Attenuator synthesis Ctrl+4

g Matching Circuit Ctrl+5

: @ W C _

=] Device control Ctrl+6
filled Ellipse filled Rectangle Elliptic Arc

Gerber Viewer Ctrl+7

its

Puc. 3.2. lNMepexog, K pa3soaKe nnatbl

PassBogka nnatbl ocyuwiectendetrca B nporpamme KiCAD, KoTopasa noaBnseTcA npuM MCNoJib30BaHMMU

KOMaH/pl, KOTOPYIO Bbl BUAUTE B MeHto Tools.

[E C/Usersivladimir/Desktop/he_41/generatorbrd - O X
File Preferences Dimensions Miscellaneous Postprocess 30 Display Help
Oe B & =] EFE h & | Copper (Paze Up) CE BN R

Track 17,0 ~ & Via 43,0 ~ | |Gnd 50,0 ~ ~
4 G
i e

T

KL

= %
-
- e
- o
- =
08 .
B -

[}
e B
& T
@ i}
ul @
& ¢
L 3
< >
Pads Vias Nodes Links Nets Connect NoConn
o o o o 0 o o

Z197 X 7.0000 ¥ 0.0500 x7.0000 y 00500 Inch

Puc. 3.3. 3anycK nporpammbl pa3BogKun Nnatbl

Moka nporpamma npenoctaBadAeT B BalWle pacnopAaxXeHue wabnoH YyepTerKa. Ho TeENEpPb MOXHO

3arpysuTb CNMCOK coeamnHeHnin (netlist).

|:| C:/Users/vladimir/Desktop/he_41/generator.brd

File Preferences Dimensions Miscellaneous Postprocess 3D Display Help
D E= Hﬂ V}E @ &l E) @ &) i E @ Copper
Track 17,0 v 2 | Via450 «| |Grds00 | Read Netlist

Puc. 3.4. 3arpy3ka netlist

10
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B nosBuBLIEMCS OKHe AManora BaM cinefyeT yKasaTb ¢ain c pacwupeHuem net, KOTOPbIM cO3AaH
nporpammoi QucsStudio, ncnonbsys kHonky «Browse Netlist Files».

Netlist Dialog X
Module Selection: Bad Tracks Deletion: Browse Netlist Files
(®) Reference (® Keep
_ . Read Current Nethst
(_) Timestamp (_) Delete
Footprints Test
Exchange Module: Options
[ Display Warnings Eebuild Board Connectivity
[[]Remove Extra Footprints Close |

Methist File:

C:/Users/viadimir Desktop/he_41/zeneratornet |

Read Netlist C:Users/viadimirDesktop/he_41/generatornet

Close

Puc. 3.5. lnanoroBoe oKHoO 3arpysku netlist

Tenepb pAoOM C YEPTEKOM MOABUTCA «KYYKa KOMNOHEHTOB», KOTOPaa Ha3blBaeTcA ratsnest.

D Ci/Users/vladimir/Desktop/he_41/generator.brd O b
File Preferences Dimensions Miscellanecus  Postprocess 30 Display  Help
CDed B @ &5 CE @6 # E& copperPa:Up) v E B ®

Track 17.0 |3 |Via450 ~ | | Gnd 30,0 ~ w
& &
ot 4

T
4 5
—
- E
w o+
¥ =
a0 ,
3 -
@ @&
B

&8 T
@ (
ul @
2 #
b 3f

Pads Vias Nodes Links Nets Connect NoConn

18 0 18 12 6 0 12

Z197 X 3.3300 Y-1.2500 x3,5300 y-1.2300 Inch

Puc. 3.6. MepBblit 3Tan co3gaHMa Naathbl

11
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Mepen npogo/KeHvem paboTbl HeobXogMMO HapucoBaTb NaTy: BbIOPATb aKTUBHBLIN  PEXUM,
HapWCoBaTb rPaHuLLbl NAATLI.

D Ci/Users/vladimir/Desktop/he_41/generator.brd

File Preferences Dimensions Miscellaneous Postprocess 3D Display Help

OeE B & = OE8E&E h & |Copper (Page Up) w
17 T oy Copper{Page Up)
Feacidli ] V| [Viad50 e Component (Page Down)
& Adhes_Cop
Adhes_Cmp

SoldP_Cop
SoldP_Cmp
SilkS Cop
SilkS Cmp
Mask Cop
Mask Cmp
Drawings
Comments
Ecol

=15 1= P

Ecol

B

Puc. 3.7. Bbibop aKTMBHOTO pexmma

B c:/userstviadimir/Desktop/he_41/generator.brd - m| X
File Preferences Dimensions Miscellaneous Postprocess 3D Display Help
Ded B @# & GEa@aE A & |Edges Peb -7 2]

Track 17.0 |2 |via4s50 v | Grid 500 ~ “
& ~ R
2 +
S %
1
-
= e
" &
28 =
g 2
@ o Add graphic line or polygon
& T
@ 1
ol @
& #
L el

v
< >
Pads Vias Nodes Links Nets Connect NoConn
4 0 4 18 L3 0 18
z197 X 12,7300 Y L4000 x12,7300 y 1,4000 Inch Add Graphic

Puc. 3.8. Bbibop cpeactsa prcoBaHuUs

HapwucoBaB nnaTty (Kak NpAMOYro/ibHUK, HanpMmMmep), MOXKHO PacCTaBUTb KOMMOHEHTI.

I:‘ C:/Users/vladimir/Desktop/he_41/generator.brd - O X
File Preferences Dimensions Miscellaneous Postprocess 3D Display Help
D B GI B (A =] ol E) = H#H @ Edges_Pcb o -.c'. g# %
Track 17,0 ~ ﬂ Via 45,0 ~ | | Gnd 50,0 ~ - | Mode Madule: Manual and Automatic Move or Place for modules

Puc. 3.9. Bbibop pexnma paccTaHOBKM KOMMOHEHTOB

Mocne Bbl60pa peXunma Wwen4yok npaBoﬁ K1aBUWN MbIWKKU NO «CK1agy KOMMNOHEHTOB» MO3BOJZIUT HaM
BK/TKOYUTb peEXNM aBTOMaTMYeCcKom PaCCTaHOBKU.

12
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ﬁ Footprint Pi (Component)

& Lock Module (L)

% Get and Move Footprint (T)
ﬁ’}‘ Glob Move and Flace L

Puc. 3.10. BKitoueHne aBTOMaTUYECKOM pacCTaHOBKM KOMMOHEHTOB

MoBTOPMB 3Ty OMepaLMio HECKOJIbKO Pa3s, MOMKHO MOAYYUTb aBTOMATUYECKYID PacCTaHOBKY BCex
KOMMOHEHTOB Ha nnaTe.

|:| C:/Users/vladimir/Desktop/he_41/generator.brd — O b
File Preferences Dimensions Miscellaneous Postprocess 3D Display Help
Dol B @ & aEage & |Edges Pob il
Track 17.0 ~ | |Via45,0 ~ | | Grid 50,0 ~ ~
& &
i "
I
£
= %
-
- E
w a-
= =
&
@ o]
B

& T
@ (
u ¢
# ¥
= 3

Pads Vias Nodes Links Nets Connect NoConn

24 0 24 18 6 0 13

Z48 X 3.7500 Y 0.9500 x3,7500 ¥ 0.9300 Inch

Puc. 3.11. PacctaHOBKa KOMIMOHEHTOB, BbINO/IHEHHAA aBTOMATUYECKMN

Echn Bac ycTpavMBaeT TaKoe pacnosIoXKeHWMEe KOMMOHEHTOB, BbIMNONHEHHOE, CKOpee BCEro, U3
COO6paXKEHNN Hauayylel KOMMAKTHOCTWU, TO MOMHO MepenTn K pasBoake. Ecam HeT, To, nosTopsAA
LLEeNYOK NPaBoM KNaBULWIKM MbIWKM NO KOMMOHEHTY, BblIOMpaiTe Aaa 3TOr0 KOMMNOHEHTA NepemeLleHme
(Move) 1 nepemewalite ero B Hy»xHoe mecTo. Hanpumep, MOXKHO PasMeCcTUTb BCE KOMMOHEHTbI CXEMb!
Ha nsiaTe Tak:

13
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|:| Ci/Users/viadimir/Desktop/he_41/generator.brd — [m] x
File Preferences Dimensions Miscellaneous Postprocess 3D Display Help
Del B & & Ra8E h & |Edges Pcb - iR
Track 17,0 © A |Via450 v Grid 50.0 v v
£ 4 &
i +
= %
-
b i
- &
e =
e .
3 -
¢
¥ B
& T
® i}
ul ¢
# ¢
o 3
< >
Pl Netlist path Laver Pads Stat Orient Module 3D-Shape
1 Pl Component 2 P 0.0 TESTPOINT connectors/t
Z48 X3,7500 Y 0.9500 %3,7300 10,9500 Inch

Puc. 3.12. Mpumep pacnono*KeHMa KOMNOHEHTOB

MHoraa He yAaéTcs pasMecTUTb BCE KOMMOHEHTbl Cpasy, OCTaBLUMECA MOMKHO MepeHecTM Ha naaty,
MCNONb3YyA MeXaHW3M nepemelleHUs: BblAeIUTb KOMMOHEHT LWEeNYKOM MPaBoM KNaBULLIM MbILWKK U

BbIGpaTb KOMaHAy:

P1
O
8
R1 l:l 4 _Lfé
il Reset Ve —_
7
Dis P3
Re 6| o0 1 &
R=10K |;_ " 3 & Lock Module (L) 35 Drag (6)
i % Rotate + (R)
& Trig 5 LM555 P4 Auto place Module @S‘ e
t O %Get and Move Footprint (T) A
CV_I_ 1 4 Glob Move and PI ,| &0 Flie ©)
C1 4 Cz = ob Move a ace W Edit

= Select Working Layer
&; Delete Module

5
C=33nF I C=100nF I

Puc. 3.13. NepemeLieHne OTAENbHLIX KOMNOHEHTOB

Mocne pasmeleHna KOMMOHEHTOB MOXHO MeperTu K pasBogke nnatbl. Mo ymonyaHuio nnata
OBYXCTOPOHHAA. Bbl MOXeTe NpeAnoyecTb TaKoM MOHTaX, HO NepPBbIA OMbIT Ay4lle NOAYYUTb, BbINOAHASA
MOHTaX OA4HOCTOPOHHMIA. [1nA 3TOro B OCHOBHbIX HacTpoliKkax (Preferences->General Options) ykaxkem

KOZIMYEeCTBO C/I0€B:

General Options

Display Polar Coord Mumber of Layers:
() Display

Puc. 3.14. Bbibop KonnyecTBa CN0EB Mean Ha naate

14
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BblBMpaem perMm pasBoaKK:

D C:/Users/vladimir/Desktop/he_41/generator.brd — O b4
File Preferences Dimensions Miscellaneous  Postprocess 30 Display  Help
D = U B & = =l Bl 2 # @ Edges_Pcb w 'f.'

Track 17,0 | A |Via450 v | Grid 500 v v

® ®

| Mode Track and Autorouting

Punc.3.15. Mepexos K pexxnmy pasBoaKM nevaTHON naaThbl

LLlenyok npaBoi KNaBULWW MbIWKU B 3TOM PeEXMME MO KOMMOHEHTY MO3BOJIAET 3amnycTUTb MnpoLecc
aBTOMATMYECKOWN Pa3BOAKM:

D Ci/Users/viadimir/Desktep/he_41/generater.brd — O pe
File Preferences Dimensions Miscellanecus Postprocess 3D Display Help
D = GI = = =) =) B it @ Edges_Pcb ~ '.‘"

Track 17.0 v | |Viad30 ~ | | Gnd 50,0 ~ ~

T Valus S_diverse of LM355

ﬁ Footprint LM355 (Component) 4

% Get and Move Footprint (T}
B Select layer pair

"
Iy

= Select Working Layer

o @
oo

i @l Center Reset Unrouted
&} Zoom in Global AutoRouter
k4 =} Zoom out Read Global AutoRouter Data
E Q Zoom Select 4 T T
=1 Auto ;
—'LC:)M @ Redraw g
Grid Select
& #
i 3t
v
Module Tex Type Display Laver Mirror W
LM3535 5_diverse Value Yes SilkS_Cmp No 0.0 0]

Z48 X2.7000 Y 2.5500 x 2. 7000 v 2.5500 Inch

Puc. 3.16. BkntoyeHne aBTOMaTUYECKOM pa3BOAKM NaaThl

Mo MpuyMHe HeyaayHOro Pacro/OMKEeHWA KOMMOHEHTOB UM M3-3a Bbl6Opa OAHOCTOPOHHEro MOHTa)Ka
pa3BO/lka MOXET 0Ka3aTbCA He NOJHOW. BOT NpMmMmep TaKoro MoOMKeHMs (A 3aMeHUN LBET AOPOXKEK C
3eN1EHOro Ha KpacHbIi, 4To6bl BbI10 Aydlle BUAHO, FAe AOPOXHKKM HE NOMAYUNIUCD):

15
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I:‘ C:/Users/vladimir/Desktop/he_41/generator.brd

File = Preferences Dimensions Miscellaneous Postprocess 3D Display  Help

[ € 82 Libs and Dir AERFE h & Copper (Page Up) Ml |

Tral | | |cudso0 v %

& General Options
ﬁ Display Options
A1y Font selection L4

By Language L4

R

_Jﬁ Save preferences
ﬁ Read preferences

H3~

@ Show Current Hotkey List
_Jﬁ Create Hotkey config file
& Reread Hotkey config file
[ Edit Hotkey config file

& Hotkey config location

o @
oo

BHRE® B £ =

Puc. 3.17. He nonHocCTblO pa3sBeaEéHHaA naaTta

HecKkonbKo coeaMHEHMIt nepecekaloT Apyr aApyra. [MOCKONbKY ceiyac noapasymeBaeTcA MOHTaM
N30/IMPOBAHHbIM NPOBOAOM, 3TO HE TaK Ba)KHO, HO €C/M BMOCNEACTBUM Bbl 3aJymaeTte caenatb
neyaTHyIo NAaTy, 3TO BaM NOBPeAMT. YTO MOMKHO cAenaTh B 3TOM cayyae?

MoKHO BbIbpaTb ABYXCTOPOHHWI MeyYaTHbIM MOHTAXK W MOBTOPUTbL BCe onepaunn. Ho A coseTyto
NMoBTOPUTb BCe oOnepauuu, nNonpoboBaB pas3mecTUTb BCE KOMMOHEHTbl MHaye. [loBTOpeHuMe — maTb

yyeHus!

Puc. 3.18. Pe3ynbTaT NOBTOPHOM pa3BoAKMU NAaTbl

16
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Kak BUAHO Ha PUCYHKe, He BCe CoeaMHEHUA YAaN0Chb MNOAYYNTb U B 3TOT pas. M A xody NOBTOPUTL eLé
pas, YTo pa3BoOAKa MeyaTHOM NnaTbl TpebyeT U ymeHus, U onbiTa. N Aeno He TO/AIbKO B pasmeLLeHnn
KOMMOHEHTOB [A/18 MOJlyYeHUss AOPOXKEK Ha Me4yaTHOW nnate, ecTb ewé M B3auMHOe BJUAHUE
KOMMOHEHTOB M3-3a Napa3nTHbIX CBA3EM, ecTb NapasmnTHble EMKOCTU U MHAYKTUBHOCTY...

Ho Tenepb y Bac ecTb PUCYHOK 6e30WnBOYHBbIX COeAMHEHWUIM, KOTOpPbIM M Bbln HyXeH. B paboTe c
nporpammoit passogkm KiCAD Bam MOMOXKeET PyKOBOACTBO K 3TON mporpamme. Ha mMoém caite ectb
nepesBoj PyKOBOACTBA, HO A BCTpeyan B MHTepHeTe 1 nepeBog K 6onee No34HUM BEPCUMAM NPOrpPamMmMbl.

I'IporpaN\N\a NO3BOJIAET BAM YBUAETDL TpéxmepHoe M3o6pa>+<eHme nAaThbl, YTO TOXKE O4YEHb NMNOJSIE3HO.

Puc. 3.19. TpéxmepHoe n3obparkeHune nnatbl

nepBbIVI BbIBO4 MUKPOCXEMbI OTMEYEH Ha naaTte KBaﬂ,paTHOﬁ I'II'IOLLI,ap,KOﬁ.

[na Tex, KTo npeanoymTaeT pycuduUMpPOBaHHble BEPCMM MpPOrpamm — ecTb nporpamma Qucs, ecTb
nporpamma KiCAD. O6e pycudunumpoBaHbl. Ho cxema, paspaboTaHHaa M npoBepeHHan B Qucs, A0MKHA
6bITb NepepucoBaHa B QucsStudio. M nyywe nposeputb eé paboTty 3aHoBo. A dannbl ana KiCAD moryt
MCNo/1b30BaThCA B PyCUPULIMPOBAHHOMN BEPCUMN.

BbINO/IHATL /I MOHTaXKHYHO CXEeMy BPY4YHYHO Ha Bymare, npozenatb v BClo paboTy B mporpamme —
BbIOOp 32 BAMMU.

'naBa 4. [lepBas nanka
I'Iepep, TEM, KaK CcAenatb nepsyto naﬁKy, €CTb CMbICN NOAYMATb HYXXHO /1M BaM yCTpOﬁCTBO, B TOM /N
BUAE Bbl XOTE/IN NONYYNUTb €ro?

B npeaplaylei UCTOPUM Mbl FTOBOPUAM O TOM, UYTO FEHEPATOP MOMKHO CAeNnaTb C NepekatvYeHUEM
pabouen yacToTbl, A06aBMB HECKONBKO KOHAEeHcaTopoB. Kpome Toro, xopowo 6bl caenaTb genutenb
HanpAXeHUs Ha BbixoAe. A Aenatb M reHepaTop (B NpeaplayLien uctopum 6bin onmcaH 6onee yao6HbIN
BapWaHT), A cYnTalo, YTo NpMbopbl He BbiBatOT AULHUMKU. Cxema 3TOro reHepaTopa A0CTaTOYHO NPOCTa,
yTobbl CAeNaTb CBOWM NepBbIl Wwar. CaenaiTe ero.

Ha mMoHTa*KHOW cxeme, KOTOPYIO Mbl MNOJIYYUN C MOMOLLbIO pa3BogKku B nporpamme KiCAD, nonyynnunce
He BCe AOPOKKU. Mbl MOXEM BbINOJIHUTL TE LOPOXKKM, KOTOPbIE NOJYYNIUCL, NPOBOLOM 6e3 U30aaLMUM,
a Te, YTO He MOAYYWUSIUCb, U30JAMPOBAHHBIM MPoBOAOM. MpoBog 6e3 U30AAUMKM MOXKHO caenatb w3

HeboblIOro OTpE3Ka Kabena c BUTbIMM napamu, KOTOpbIm 06bI4HO Pa3BoaAT KOMMNbKOTEPHbIE CETU.
17



B.H. T'os0s10608B OT oNbITOB K NIEPBOW peasn3aniu

[ymato, meTpa Takoro Kabens Bam XBaTUT Hagosro. OCTasocb BbITAWMTb MPOBOAA M CHATb C HUX
nsonaumnio. M, KOHeYHO, CHUMaTb M30AALMIO NIy4lle C 3apaHee 3aroTOB/IEHHbIX MPOBOAOB HYXKHOW ANA
MOHTaKa A/IMHbI.

MTaK, nnaTa makeTHaa U KOMMNOHEHTbI KynaeHbl, MTHCTPYMEHTbI €CTb B Ha/IMYNU. MOKHO HauyuHaTb...

B KayecTBe npumepa pPacCMOTPMM MaiKy pesuctopa. lepes Ha4vaaom nalikM BbIBOAbI pe3ncTopa
OONKHbI 6bITb OTGOPMATUPOBAHBI (COrHYTbI A0/MKHbIM 06pa3om). Pe3ncTopbl MOXKHO pasmellaTb Ha
nnate BEPTUKaJbHO MAW FOPU30HTaNbHO. B gaHHOM c/iyyae niata A0CTaTovyHO 60/bluas, MOXHO He
3KOHOMMTb MECTO, M PACMNoIOKNUTb PE3UCTOPbI FOPU3OHTA/bHO.

Puc. 4.1. Pe3aucTop c oTdopmMaTUpPOBaHHbIMW BbIBOAAaMM

M-o6bpasHaa dopma OTGOPMaTUPOBAHHOIO Pe3UCTOpa NO3BOJIUT €ro BCTaBUTb B OTBEPCTMA MaKeTHOM
naaTbl, HO pPACCTOAHME MeXAy BbIBOAAMW PE3UCTOpa AOJIKHO ObiTb PaBHO PACCTOAHUIO MeXay
OTBEPCTUAMM. BCTaBMB BbIBOAbl Pe3UCTOpPa B OTBEPCTUA, CAerka OTOTHWUTE KX, 4TOBbl pe3nctop He
BbINagas, KOraa Bbl NepeBepHETe naaTy. Pe3ncTop He 06A3aTeNlbHO KKNACTb» Ha NAaTy, byaeT Ayduwe,
€c/1 OH By[eT OTCTOATb OT NaTbl HA HEKOTOPOE paccToAHue. BKAouMTe nasanbHUK. HaHecuTe datoc Ha
KOHTaKTHYIO NAOWAAKYy C BbIBOAOM pPe3nUCTOpa, MCMOAb3yAa KUCTOYKY WAKW npucnocobneHne ans
HaHeceHusa ¢toca, KoTopoe Bbl Kynuau. MNogHecuTe MNPYTOK MPUMOA K MecTy Nalkm u Nas/ibHUKOM
pacniaBbTe HebO/MbLWOM y4acToOK npyTKa. MNaiKka gosxKHa ObiTb POBHOM, BaecTALLEeN, PaCMO/IOKEHHOM

r

TOYHO Ha KOHTAKTHOM NJoWwaaKe.

Puc. 4.2. MNepBas nanka

Mocne nalikM nMepBoOro BblBOAa MOBTOPWUTE BCE MPOLEAYpPbl ANA BTOPOro BblBoAa. Tenepb MOMHO
OTKYCWUTb JIULLIHME YACTU BbIBOAOB.

[Ios1e3HBIE COBEThI

TpeTbs pyka

Mpu navike NasnbHUKOM C AONTOBEYHbIM XaJloM Bam NOHaZobuTca «TpeTba pyka». Ecnn Bbl HamepeHbl
npoaoMKate paboTy € NaANbHUKOM, eCv Bawu GUHAHCbI BaM NO3BOAIOT, Bbl MOXETE KyNUTb Noie3Hoe
npucnocobaeHne ana pabotbl ¢ N1aTamm.

18
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Puc. 4.3. MpucnocobneHune gns namku

Ecnn y Bac eCTb COMHEHMA B YacTu TpaT, Ha AanaKkcnpecc npucnocobneHme ctomT 6onblwe 1000 py6., TO
ncnonbsyiTe ABa HeboONblIMX AepeBAHHbIX BpPycKa, KOoTopble NPUNOAHMMALOT NAaTy Hag, CTO/IOM TakK,
yTobbl AE€TanM He JIOKUAUCL Ha cTon. B Kpas 6GpycKOoB MOXHO BOWUTb ManeHbKME TBO3LUKMU C
OTKYLUEHHbIMM WAANKAMW; FBO3AMKM BO3bMWUTE AOCTaTOMHO TOHKWME, YTOObI OHM MPOLWAW B OTBEPCTUA
nnatel. B atom cnyyae nnata 6ydeT AOCTaTOYHO XOPOLWO MNoABelleHa Hag, CTO/IOM WM AO0CTaTOYHO
ycToiumea, 4Tobbl Bam 6b110 KOMPOPTHO MNaATb. MOXKHO NPOCBEP/IUTL YETbipe OTBEPCTUA MO Yraam
nnaTtbl, B KOTOpble CneAyeT BCTaBUTb BUHTbI C rakaMu TaKoM ANUHbI, 4TOBbl AeTann He Kacanucb
NOBEPXHOCTM CTO/1a. 3aKpenue nAaTy C MNOMOLbIO FaeK, Bbl MOAYYMTE CTOMKM, KOTOpblE MOXKHO
MCNO/b30BaTb MOBTOPHO NPU CAEAYIOLLEM MOHTAMeE.

IasgNbHUK C «J0JITOUTPAIOLLUAM >KAJIOM»

1 He MOHTA)KHWUK, U HUKOrga UM He Obl, NOSTOMY MOW COBETbl B 4YaCTUM MOHTa)Ka HOCAT 6onee
abCTPaKTHbIM, YeM KOHKpPEeTHbI xapakTtep. O4HAKo, Kak M Bbl, i N0Ab3yloCb MHTEpHETOM, rae MOXKHO
HalTN COBETbI HA BCE CIy4an XKU3HW.

A NPMBbIK NONb30BATLCA NAANBHUKOM C MEZHbIM KAaNOM, KOTOPbIA NPUXOAMTCA 4acTo NOMNPaBAATb C
MOMOLLbIO HaNWAbHWMKA, @ 3aTeM UCNO/1b30BaTb ME/KYIO HaXaauHyto bymary aasa Toro, Yytobbl 061yamuTh
’Kano NasnbHUKa.

KynuB nassibHUK C «40/FOUIPAIOLLMM XaloM», A CAeNaN HECKOIbKO MaeK C NOMOLLbIO «TPETbEN PyKM,
NaKku MNOAYYMAUCb BMOSIHE YAAYHbIMKW, a HasHadeHue rybKWM, KoTopasa MpuliAa B KOMMJIEKTe C
Nas/IbHMUKOM, A MOHA He B NOJIHOM Mepe. U 3ano cTaporo nas/bHMKa BPeMs OT BpeMeHU NPUXoANI0Ch
MOYUCTUTb — AOCTAaTOMHO 06pbIBKA TKaHW, 4TObbl 3TO caenatb. [NA TOW e Uenu, Kak A NoHA.,
npegHasHavanack U rybka. Ho...

Xopowunit coBeT o TOM, Kak paboTaTb C HOBbIM 15 MeHA Nas/ibHUKOM, A Hawén Ha calite DI HALT a:
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Ob6A3aTenbHO MouuTalTe, ecnn Bbl 063aBeNUCb NasNbHMKOM TaKoro Tuna. Bcé okaszanocb ropaspgo
npote, 4Yem A npegnonaran. [JoctaToO4HO CMOUYUTL 3TY TYOKY M MOYMUCTUTL PA30rPeTbIi NAASbHMK, YTOObI
MOXHO OblI0, KaK M paHblle, HabpaTb NPUNON Ha *Kano Ana navku. MNpu sTom nasanbHWK, HGnaro
KYNJEHHbI MHOW €Lé M C PeryiaTopom TeMnepaTypbl, NPOCAYKUT Aonro 6es perynsapHoit paboTsbl
HanUAbHUKOM.

HeypauyHasa naiika

Ecnu naiika He noJsiyumnacb POBHOM M KpacuBOW MAM AeTanb He BCTasia POBHO M KPacuBO, AOMKAUTECD,
KOrza nalika oCTbIHET, HAaHeCUTe HeMHOro GAtoca Ha NakKky, NPULEPKUTE NMUHLETOM BbIBOA, 1 MOBTOPUTE
nasNbHUKOM NaliKy. Bcerga ucnonb3yite NUHLET (MM NaccaTUKM KYTKOHOCBI») NpU Navike. [letanu npu
namKe HarpeBatoTCs OYEHb CU/IbHO, Bbl HE TO/IbKO He MonpaBuTe NalKy, HO U 0OOXKIKETECH.

Ecan Bbl MblTaeTecb cAenatb AeauteNb M3 HECKONbKUX COMPOTUBAEHMIA, Tak ObiBaeT, Koraa Het
NoAXOAAWMX PE3MCTOPOB, TO U3MEpPANTE PesynbTUPYIOLLEee COMPOTMBAEHME TOJ/IbKO MNOC/Ee TOro, Kak
Pe3nCTOpPbl OCTbIHYT. MPY HarpeBaHUM OHU MEHSAIOT CBOE COMPOTUBEHUE.

MpuunHOM OTKasa B paboTe 3N1EKTPOHHOro YCTPOMCTBA MOXKET CTaTb HeyAauyHas nalika. Ecau BbiBoAbl
paguoaeTanm OKUC/IUAUCL, a Takoe ObiBaeT, TO MPU NanKke npunoi obTeKaeT BbiBOA; MEepBOE BpPems
YCTPOMNCTBO paboTaeT HOpMaibHO, HO MO3XKe HauMHaeT BeCTn ceba HenpeacKkasyemo: oHo To paborTaer,
TO HeT. MNpK pasorpeBe KOHTAKT MOXKET BOCCTAaHAB/MBATbLCA, NPWU OCTbiIBaHUK nNponaaaTb. Koraa BbiBoA,
OCTaB/IEH A0CTAaTOMHO AJIMHHBLIM, Takoi AedeKT MOMKHO BbISIBUTb BM3yasibHO, OAHAKO, €CAU BbIBOA,
KOPOTKWUIA, @ NPUMNOM NMOSHOCTbIO MOKPbIBAET €ro, Naiika BbIrIAAUT O4YEHb KPACUBOW, U BbiABUTb AedeKT
NPy OCMOTPE OYEHb C/IOMKHO.

YacTo TaKylo MaiKy MOXKHO onpenenvTb TOrAa, Koraa nas/ibHUMKOM pacnnaBafeTca npunoi. Y naoxon
nalKun pacnnaBAeHHbIN NPUNON TOXKUTCA POBHBIM KPYXKKOM BOKPYT BbIBOAA, OCTaBAASA €r0 HETPOHYTbIM.
Y xopouuei naikn ocBo60AMTb BbIBOA, OT NPUNOA He TaK-TO M NPOCTO.

Y106b1 M3b6erKaTb NOAO0OHOM HENPUATHOCTW, BbIBOAbI 3aN€XKaBLUMXCA AEeTaneil MOXKHO nepes NamnKoM
NOYNUCTUTL IACTUKOM, MENKON HaKAAYHOW WKYPKOW MAM MOYUCTUTb CKanbnenem. Ty YacTb BblBOAQ,
KoTopas OygeT npunamsBaTbCA, MOXKHO NpeaBapuUTeNnbHO 06ayauTb, ucnonblya datoc. Mpu naiike
cnepyet ybeanTbCA, YTO NPMNOIN XOPOLLO /IEr HA BbIBOA AETANMN.

PacnoJioxkeHue geTajien

Korga mbl roBopuan 06 MCNosb30BaHUM NPOrpPaMmbl PasBOAKM MeYaTHOM Naathbl, YTOObI MONYYUTH
MOHTaKHYI0 CXeMY, Mbl FTOBOPUN O PAcMo/IOKEHWUM AeTanel TobKO B NiaHe NpoBeAeHUA COegUHEHUA,
Ho npu nepsbiXx OMbITax B M3rOTOB/IEHUWN YCTPOWCTB, 0COBEHHO Tpebylolwmx Hanaaku, pacnonaratb
OEeTann nydie TakK, 4Tobbl pacnosioXkeHue 6bi10 6AM3KO NO BUAY K 3NEKTpUYeckol cxeme. Tak Bam
6yneT nerye NPoBEPUTb U HACTPOUTb YCTPOWCTBO.
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Puc. 4.4. dneKkTpnyeckasa U MOHTAXKHaAA CXema yCTPOMCTBa
COFI‘IaCVITer, YTO TaK zierye NOHATb, rae U Kakne KOMMOHEHTbI.

Iopsagok MOHTaKa

YcTpoiicTey 6e3pa3nnyHo, Kak Bbl cOeAMHUTE BCE KOMMOHEHTbI, AMWb 6bl 3TO 6bI10 NpaBUAbHO. Ho
JiydLle MoCTyNUTb TaK: MPUNanTb BCE PE3UCTOPbI, MPMNAATb BCE KOHAEHCATOPbI, MPUNAATb MUKPOCXEMY,
COeAMHUTb BCe AeTanu, nocieaHMMW Npunass Bce BbiBOAbl, K GaTapeiike M BbixodHble. Mpu nalike
Pe3nUCTOPOB  MOXKHO WCMOAb30BaTb MOAJIONKY W3  MAOTHOrO KapToHa. [loaknagbiBaa eé
nociaenoBaTebHO MO4 BCE PE3MCTOPbl, Bbl rapaHTMPOBAHO MOAYYMTE, YTO BCEe OHU bByayT Ha
0AMHaKOoBOM BbicoTe. MOHTa ByaeT BbIrnAAeTh aKKypaTHee.

MuKpocxemy He o06A3aTenbHO MNpuKMMaTb K naate. [ocTatodHo, 4To6bl BblBOAbI MUKPOCXEMbI
BbIXOAWAWN U3 OTBEPCTUIA CO CTOPOHbI MaKMK.

anI’IaﬂB BCe AeTanum, anCTynaﬁTe K coeANHEeHUIO NpoBOAaMU, HAYMHAA C CaMbIX KOPOTKUX U NPAMDbIX.

Koraa MOHTaXK 3aKOHUYEeH, Yy Bac BO3HMKAeT XenaHue ybpaTb YCTPOWCTBO B Kopnyc. MOMKHO KynuTb
HefopOoroit Kopnyc B MarasuHe paguogetaneit. Ho B gaHHOM caydae A 6bl MOCOBETOBas OCTaBMTb
reHepaTop 6e3 Kopnyca — Kopnyc noTpebyeT AONONHUTENbHbIX 3/1IEMEHTOB 419 BbIBOA0B, HO He A06aBUT
HW HaZEXKHOCTU, HU ya06CTB. BMecTo Kopnyca cieayeT 3a4yMaTthCa, HaNnpUmMep, O TOM, YTO B NPaKTUKe
TPebytoTCA CUTHa/bl Pa3HOMO HaNPAXKEHUA...

I''1aBa 5. YTo elyé noMmecTUTh HA IJIATy?

JlestuTe /b HANPSXKEHUS

PaccmoTpum genutenb HanpsKeHuAa Ons ABYX 3HaA4YeHWU Ha Bbixode reHepaTtopa. lpu nuTaHuu ot
6aTtapeliku 9 B 6yaem cumtatb (HO Nydyle 3TO U3IMEPMUTL), YTO HaMpAXKEHUEe Ha BbiIXOAe reHepaTopa
6/1M3KO K 3TOMY 3HauyeHMuto. Bbl mMoxKeTe paccymTaTb Ae/MTeNlb HAa 2 WAW Ha 3, HO Mbl PacCMOTPUM
Aenuntenb HanpaxeHua Ha 10.

Denutens HanpAaXeHnAa nosydaetca 3 gsyx nocnenoBarte/ibHO COeAUHEHHbIX pe3ncTopos.
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R1

P2

R2

Puc. 5.1. lenntenb HanpaxXeHna

ToK, npoTeKatowmin Yepes oba pesnctopa, o6pasyeT NageHne HaNpPaKEHUA Ha KaxKAO0M U3 HUX paBHoe
npousBeAeHUIO TOKa Ha conpoTtusneHue (Om!), a cymma nageHwi HanpsKeHuin 6Oyaer paBHa
HanpsXeHWio Ha Bbixoge reHepaTtopa (Kupxrog!). MageHne HanpsaxKeHUa Ha peanctope R2 AoNXKHO bbITb
B A,ECATb Pa3 MeHbLLE HAMPAXKEHWUS HA BbIXOAE reHepaTopa, YTo AAET Ham ABa YpaBHeHUA:

Usbix = I*R1 + I¥*R2 = I(R1 + R2); UBbIx/I*R2 = 10 nau I*R2 = Usbix/10

Mbl BOMbHbI BbIOpaTb cymmapHoe conpoTtusaeHne R1 + R2, ncxoas u3 Hawux coobpaxkeHuin. byaem
cumTaTb, 4To 10 KOM BnonHe nogxogsallee 3HadeHMe. Mbl MOXem onpeaennTb TOK Yepes aenuTesb:

| = Usbix/(R1 + R2) =9/10000 = 0.9 mA
Torpa conpotusnieHne R2 bygeT pasHo:
R2 = Usbix/10*| = 9/10*0.0009 = 1000 Om
Pesnctop R1 =10 KOMm —1 KOm =9 KOm

He gymato, 4To BamM B 4@aHHOM C/ly4Yae HyXKHa o4YeHb 60/blian TOYHOCTb AeNEHNA HANPAXKEHUSA, MO3TOMY
Bbl MOXXETE UCMNO/1b30BaTb pe3uncTop conpotusaeHmem 9.1 KOm c pasbpocom B 5%.

Tenepb nocrtapaemca pewwnTb 3a4ady AOMOJHUTENbHOIO AeneHusa HanpaeHua Ha 10. Mo aHanorum c
npeaplaywmmMmn paccy*KAeHUAMM Mbl MOXKEM paccunTaTb pesuctop R3, HoO obpaTMm BHMMAHWE Ha TO,
yTO, B3AB pe3unctop R3 pasHbim 100 Om, mbl JOMKHBI NOAYy4MTb cymmy R2 + R3 = 1000 Om, yTto Aaér
3HayeHne 900 Om pgns pesuctopa R2, a nageHuwe HanpsKeHua Ha R2 6yzet 90 mB. U, HakoHeu,
pasgennm HanpaxeHue ewé pas Ha 10, nonyums 3HayeHue pesunctopa R4 pasHbim 10 Om, a 3HayeHue
pe3suctopa R3 pasHbim 90 Om. B rTore mbl NOAyYUM AennTeNb HaNPAXKEHUA TaKUM:
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Puc. 5.2. OKoHYaTeNbHbIV BUA, AeNNTENS HANPAXKEHUs AN reHepaTopa

Kak gesutesib HanpspKeHUA 0GYCTPOUTD Ha IiaTe?
Pacnasas pe3ncTtopbl Ha nnaaTte, Bbl MOXeTe WUCNO0Nb30BaTb pa3'béM, nogpasymesasd, 4Tto Bbl npu
MaKeTnpoBaHMKN UCNONb3yeTe 6eCI'IaF|‘-IHYIO MaKeTHYI0 nnarty, pa3'béM TaKoro tnmna:

Puc. 5.3. THe30 Ha nnaty

IHE3A 6o/blUe, YeM HY}KHO, KaK 3TO KayKeTca Ha nepsblit B3raag,. Ho...

MO3KHO MCNoab30BaTb AeNUTENb HAaNpPAXKEHMA He TOJIbKO A/1A 3Toro reHepatopa. Ecam Bbl nocnegosanu
COBETY NEPBO YaCTK, ecAu Bbl MCNOb30Bann moaynb Arduino Uno gna ocumnnorpada, To Bbl NOAYYUIN
Ha BbIBOAE 2 MOAY/A reHepaTop NPSAMOYroO/ibHbIX MMMY/AbCOB C 4actoto 1 KIy. Bbl cmoxkeTe
MCNo/Ib30BaTb 3TOT Ae/UTeNb HAaMpPAXKEeHUA u AnA gpyroro reHeparopa. MoXKHO Tak pacnopaantbea
rpebéHKoi c rHésgamu:
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PacnanB rpebE&HKy TaK, Bbl MOMKeTe Mnepemblykoi mexgy P7 wn Pl
NOAKAOUNTL AeNnUTENb K FreHepaTopy Ha naate. A nogkntouns K P1 apyroit
reHepaTop, CHMMATb HanpsXeHuA c genutena. [lpyron reHepatop AaéT
HanpAXeHue Ha Bbixode 5 B, u Bbl nonyymte HanpaxxeHua 500 mB, 50 mB 1
5 mB.

OcTaswmeca 3 rHe3aa ToXKe MOXKHO MCNO/1b30BaTh.

Echin Bbl nNOmMHWUTE, B NEPBOM 4acTM Mbl ToBOpUAN O GUAbTPAX U
PE30HAaHCHOM KOHType. 3TO MOXHO WCMNo/ab30BaTb, A00ABMB Ha nnaty
HECKOJIbKO KOMMOHEHTOB, YTOObl...

Puc. 5.4. Pacnaiika pa3béma a1a gennTens HanpaxeHus

BoT mogennpoBaHue cxembl, rae UCTOYHMUK MepemMeHHOro HanpAXKeHWA — reHepaTtop NPAMOYroO/bHbIX
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Puc. 5.5. Cxema BblAeNeHWA OCHOBHOM rapMOHMKM MPAMOYTObHbIX UMMYbCOB
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Ha Bbixoge NoJiyyaeTcs CUrHan oyeHb 6/M3Kuit No dopme K cuHycomze. KaTywKy MHAYKTUBHOCTU U
Kepammnyeckme KoOHZEHCaTopPbl MOXHO NOMCKaTb B BMKaliluem marasuHe paguogeTanei:

Apruryn: RLB1314-153KL, 15000 melH, +" Ectt B Hanuuuk bonee 100 wr. OTrpyzka co cknaga & Mockee 1-2 pabounx gHA.
Kop Tosapa: 31423 +" BoamodHa gocTaBka cerogHa
Mpownssogutens: Bourns

e — 35 py6. x 1 + = 35py6.

om 150 wm. — 25 pyb.
om 1500 wm. — ueHa no 2anpocy

LlBHﬂ W HANWuWe B MaraiMHax 2 Pacneuatats

OnucaHue

PagnancHesle BEIBOAHLIE HHAYKTHBHOCTH

NwanazoH paBounx Temnepatyp —20 “C... +80 °C.
PocT TeMnepaTypel B NpoLUecce 3kcnnyarausn, He Donee 20 °C.
| NwanazoH uHgykTueHocTei 1 - 32000 mel

TexHU4ecKve na pamMeTpbl

Cepur rlb

HomuHanbHaA MHAYKTMBHOCTE, METH 15000
Puc. 5.6. KatywKa MHAYKTMBHOCTU 15 mIH

Bxos w Bbixod ¢UAbTPA MOMHO NPUMNAATb K OCTaBWKMMCA BblBOgamM rpebEéHKM pasbéma. [pu
HeobxoAMMOCTU GUABTP MOXKHO NOAKNOUNUTL K FEHEPATOPY, @ BbIXOA K AENUTENI0 HANPAXKEHUA.

Ilosie3HbIE COBETHI

Ons nogknouyeHus 6atapelkn Tuna «KpoHa» MOXHO MOMUCKATb M KYMUTb TOTOBYHD TOKOCLEMHYIO
KO0 4KY. Ho mo»KHO u caenaTtb eé camocCToATeNbHO U3 CTapoﬁ 6aTape171KM. C NMOMOLbBbIO KyCa4yeK MOXXHO
aKKypaTHO pa3obpatb BaTapeiiky. Kopnyc, Kak npaBuio, XOpOoLWOo MNaseTcs, ero MOXHO MCMNoJ/b30BaTb
no3xe [AanAa Wn3rotos/seHNA, CKa*XemM, 3KpaHa K BbICOKOYaCTOTHOM KaTywKe HWHAOYKTUBHOCTU WN
GOTONPUEMHMUKY.

K Konogke BblBOAOB 6aTapelikM MOXKHO NoAnaATb ABa NPOBOAA, KOHLbI KOTOPbIX NpunaaTb K niarte
reHepatopa. Mo0/1b30BaTbCA TaKOW KOHCTPYKUMEN He o4vyeHb yAobHO, HO Aob6aBuMB TONCTbIA CAON Kied
«lMOKCMNoA» MAN TePMOK/Iena Ha KOMOAKY CO CTOPOHbI NaliKu, NPUKAENB K HeW KPbIWKY M3 NJOTHOrOo
KapToHa No ¢opme KoI0AKM, Bbl NOAy4YnTe yA0OHbIN coegmMHUTENb ANa BaTapeiiku.

Puc. 5.7. Kabenb gnsa nogkntoueHma batapenkm
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Ecnum y Bac Npm MOHTaXKe eCcTb BO3MOXHOCTb M HaMepeHME MCNONb30BaTb Pa3HOLBETHbIE NPOBOAA, TO
nocrapainTecb cpasy onpesenvTb Aaa cebs LUBETOBYO rammy: Hanpumep, NAC NMUTAHUA — 3TO KPACHbIN
nposoa, oblnin (3emns) — 3eNEHbIN UM YEPHbIA. Bnocneactsum byaeT nerye pasbmpaTtbca B MOHTaMXe,
a BEPOATHOCTb OWMOOK yMEHbLUNTCA.

N elwé, Bpema oT BpeMeHM BbIXOAAT M3 CTPOA pasHble BbITOBbIE YCTPOMCTBA: 3TO 3apaAHble YCTPOMCTB],
KOTOpbIe MPOLLE KYNUTb, YEM PEMOHTMPOBATb; 3TO CTapble niaeepbl MU NPUCTaBKK. He BbibpacbiBanTe
WX, €C/IN Bbl HAMEPEHbI 3aHUMATbCA PaAMoabUTENBCTBOM U Aanblie. OHM MOryT NpuroanTbca Anbo B
KayecTBe 3anacHbIX geTaneit, inbo Aas 3HaKOMCTBA C YCTPOMCTBOM.

I'1aBa 6. Kak pa6oTaeTt Taiimep 555

Al MHOro pa3 MoOBTOPAA, YTO A0 Havana COOPKKU YCTPOICTBA caeayeT XOPOLWOo NOHATb PaboTy M Bcero
YCTPONCTBA, M ero KomnoHeHToB. C Talimepom 555 3TO 3aTpyAHEHO A0CTAaTOYHO CJ/IOXKHOM AnA
HauYnHaWmMx cxemoi. OgHaKo nocTapaemca pa3obpatbca B Hel, MCNONb3yAa QYHKUMOHAMBbHYIO CXemy
Talimepa, eé Nerko MoXKHo HalTh B NHTepHeTe. O603HaYeHUs BbIBOLOB A MONOJHWA BUAOM, KOTOPbIW
OHM MMEeNIN B NPOrpaMmme MOLEeNNPOBaHUA.
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Puc. 6.1. PyHKUMOHaNbHAA cxema Talimepa 555 1 afleKTpuyecKas cxema reHepaTopa

[Ba KomnapaTopa No3BO/AIOT CPaBHUBATb HaNPAXKEHUA, 06pa3oBaHHbIe AeNUTENIEM U3 PE3UCTOPOB MO
5 KOM, C BHELHUMWN HanpsxXeHuamKn. Tak, ecniv HanpssKeHne Ha BbiBoge 6 npesbicuT 2/3 nuTatowero
HanpsXeHun (BepXHWUiW pPe3ncTop), TO Ha BbIXxoAe Komnapatopa 1 MoABUTCA HanpsaXeHWe BbICOKOro
YPOBHSA, KOTOpoe nepeBenér TpUIrep B YCTOMYMBOE cocToaHMe. Ecan Hanps)KeHne Ha BbiBoge 2
npesbicMT 1/3 nuTalowero HanpssKeHua (cpeaHuii pesnucTop), Ha BbIXoA4e KomnapaTtopa MOSABUTCA
HanNpAKeHne HU3KOro YPOBHS.

LUndposoit RS-Tpurrep mmeer gBa BXOAa, BXO4, YCTaHOBKM S m Bxon cbpoca R. Eciam Ha S Bxoge
YCTAHOBKWM MOAB/AETCA aKTUBHbIN YPOBEHb HANPAXKEeHUA (NOJIOXKMM, BbICOKMI), TO BbIXOA TPUITEpa
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nepexoamuT B BbICOKOE COCTOAHWE, Npu 3TOM Ha R Bxoae cbpoca AonxeH 6biTb MacCUBHbLIA YPOBEHb
HanpAXeHUs (HU3KKni).

Ecin mbl NOCMOTPUM Ha 3/IEKTPUYECKYIO CXEMY, TO YBUAUM, YTO BXOAbl 2 U 6 06beANHEHDI, TO €CTb, eC/U
Ha BbIxoZe KomnapaTopa 1 BbICOKMI YpOBEHb, TO Ha BbIXOAE KOMMNapatopa 2 HWU3KUA YPOBEHb, U
HaobopoT. Ho ecTb HEKOTOPOE 3HAUYEHME HAMNPSAMKEHMUA, KOTAa Ha Bbixode 060MX KOMNAPaATOPOB HU3KUI
YPOBEHb HanpaXKeHuA.

Mpy BKAOYEHUM MNUTAIOWETO HANPAXEeHUA Ha KoHgeHcaTope Cl Hanpa)keHWe HyneBoe, Ha BbIxoae
KOMnapatopa 2 BbICOKMIA YPOBEHb HaNPAMKEHMA, Ha BbIxoAe Kommapatopa 1 HM3KUI ypoBeHb
HanpseHua, Tpurrep cOpPoLLEH, Ha ero BbiIXoAe HU3KUI YpOBEHb HanpsxXeHua (byaem cumTaTb, HyneBoe
HanpsaxeHune). TpaHsnctop T1 3aKpbIT U He meLlaeT KoHaeHcaTopy Cl 3aparkaTbea yepes pesnctop R1.

Mo mepe 3apAAa KOHAEHCATOpa NPU HEKOTOPOM HanpsaskeHun (6onbem 1/3 nNMUTalOWEro HanpaxXeHns)
Ha Bbixo4e KomnapaTopa 2 MOABMTCA HU3KUI YpOBEHb HaMNPAXeHWA, YTO He WU3MEHUT COCTOAHUA
Tpurrepa.

Koraa Hanps)KeHue Ha KoHgeHcaTope Cl npeBbICMT HEKOTOpoe HanpaxeHwe (2/3 nuTaiowero
HanpAMKeHna), Ha BbiXxode Komnapatopa 1 MOABUTCA BbICOKWUIA YPOBEHb HaMNPAMEHUA, KOTOPbINA
NePEeKNOYUT TPUITEP, HA BbIXOLE KOTOPOro MOABUTCA BbICOKMI ypoBeHb HanpsaxKeHua. TpaHsucTtop T1
OTKpoeTcs.

Korga TpaHsnctop T1 OTKPbIBAEeTCHA, €ro CONpPOTUBAEHNE CTAaHOBUTCA HebonblWM, a KoHaeHcaTop C1
HAYHET pa3pAXaTbca yepe3 pe3nctop R4. Yepes HeKOTOopoe BpemAa HanpAXKeHuMe Ha KoHAeHcaTope
OOCTUTHET BE/IMYMHDI, KOTA4a BbIXo4 Komnapatopa 1 nepekntoumTcsa B HU3KOE COCTOSAAHWE, HO 3TO He
WM3MEHUT COCTOAHME TpUrrepa. A cnycTta eweé HeKoTopoe Bpema HanpaxkeHne Ha C1 cTaHeT Tak Mano, YTo
BbIXO4, KOMMNapaTopa 2 nepeiaéT B BbICOKOE COCTOAHME, YTO MEPEKAIOYNT TpUrrep. HM3Koe HanpaxeHue
Ha BbIXOAE TPUITepa BbIKAOYUT TpaH3McTop T1, cCONpOTUBAEHNE KOTOPOrO Pe3Ko BO3PacTaeT HACTO/bKO,
YTO TPAH3UCTOP He nomellaeT KoHaeHcaTopy Cl BHOBb HayaTb 3apAXaTbca 4yepe3 pesuctop R1. Bce
npoLeccbl NOBTOPAOTCA.

MosTopAtoWMeca pa3 3a pa3om npoueccbl 3apafa-paspana KoHaeHcatopa Cl nepekntovaloT Tpurrep,
BbIXOZ, KOTOpPOro 4yepes bydep coeaMHEH C BbIXOAOM Talimepa. Ha Bbixoge Talimepa dopmupytoTca
nepuoamyeckme nNPAMoyrosibHble UMNYIbCbl. KOTOpblE Mbl U UCMOb3YEM ANA NPOBEPKM PaboTbl ApYrux
YCTPOWMCTB.

Mbl paccmoTpenn, Kak GopmMupyeTca HanpsaxeHue Ha Bbixoge Takmepa 555. Bbl mornu BuaeTb 3TO
HanpAXeHWe Ha 3KkpaHe ocuunnorpada.

Ecnu Bbl ncnonbsyete mogynb Arduino B KadectBe ocuunnorpada, nam y sac ectb ocumnnorpad, Bbl
MOXKeTe MNOCMOTPEeTb, YTO MPOUCXOAMT M Ha KoHaeHcatope Cl. Bbl moxeTe 3To Habnwogatb M B
nporpamme MOAENNPOBaAHMUA:
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Puc. 6.2. BbiIxogHoe HanpaskeHMe reHepaTopa M HanpaXKeHue Ha KoHaeHcaTtope C1

B Hauane sToM MCTOpUM NpuUBELEHA OAHA M3 BO3MOMHbIX 3/IEKTPUYECKMX cXem Tammepa 555. OHa
BbIrNAANT CNOXKHO ANA NOHUMaHUA Ha4YUHAOLWUM. HO, yTOObI Hay4ynUTbCA YNTATb CXEMbI, HYXKHO Y4YUTbCA
NX YnTaTb. ITOMY 1 ByAET NOCBALLEHA C/eAYIOLLaa NCTOPUA.
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