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K yutatento

Kak u3BecTHO, KaXIbIi CXOOUT ¢ YMa Mo-cBoeMy. EcTh moau, CIBHHYThIe Ha COOMpaHHH
CIHMYEYHBIX STHKETOK WIIH MOHET, €CTh T€, KTO IPBIraeT C MapallioTOM, JIa3aeT 110 ropoi-
CKOH KaHalIM3alMH WIH CIyCKaeTcs Ha IUIOTax no ropHsiM pexkam CesepHoro Ypaia u
Cubupu. OnHa U3 caMBIX paclpOCTPaHEHHBIX Pa3HOBUAHOCTEH MOAOOHBIX MCHXHYECKUX
CIIBUTOB — PaAHOMIOOHTENBCTBO.

Korna-to paguomo6butend Oblnid AEHCTBUTENBHO TONBKO IOOHTENAMH pagHo» —
pocTo NMoTomy, uTo B 20-30-x romax XX Beka, KOraa MosBUIMCH NEpBble DHTY3HACTHI,
KpOME paJHO3JIEKTPOHUKH, MMOYTH HHUKAaKOH OpPYrod 3JIEKTPOHHKH HE CYIIECTBOBAJIO.
O, B Te BpeMeHa 3TO OBLIO XYTKO MpecTHXHOoe X006u! DTO ceifyac Mbl, He ycreB MpH-
BBIKHYTh K MarHMTOJIaM B Ka)KAOM aBTOMOOWIE U JBYM-TPEM TEJIEBU30pPaM B KaKIoH
KBapTHpe, KaK-TO HE3aMETHO 1 cebs oka3ajuch B MUpPe IIOOAIbHBIX 3JIEKTPOHHBIX
KOMMYHHKaLIMH. A TOra caMa BO3MOXKHOCTB CJTyIIaTh KOTO-TO € APYroro KoHua 3eMJIH
Ka3ajach 4YylOM, Maruyeckum jaedicTBHeM. B Te BpeMmeHa pagHomoOMTENH Hepeako
y4acTBOBAJIM B BaXKHEHIUUX COOBITUAX HapaBHe C MpodeCCHOHANAMH, WIH JaxXe oIe-
pexanH MX — AOCTaTOYHO BCIOMHMTH paauomoburens Huxonas 1lIMuara, nepeBeH-
ckoro xurens u3 Cepepo-/iBuHcko#t ryOepHun, kotopsiii B 1928 rogy nepebiM noAman
SOS skcneauuun HoGune, TeM caMbiM YCTaHOBHMB TMOCTOSIHHYIO CBSI3b C MTOTEPIEBIIUM
kaTacTpody 3kunaxeM Auprxabna «Aranusy.

Y 0oOBIYHBIX JIOZEH B T€ BpEMEHA Jaxke HaCTpOHKa Ha HY)XXHYIO CTaHLMIO IIPOCTOro J10-
MaIlUHEro NpUEMHHKKA, CTaBIIEro K TPUALATHIM roJaM YK€ JOBOJBHO OOBIUHBIM aTpH-
6yToM He TonbKO B Goratoii AMepuke, Ho 1 B CCCP, noHayany BbI3bIBajla HE MEHbIIE
BOIPOCOB, YeM cefyac yCTAHOBKA W HAacTpO#Ka cKafina Wi perucTpauus CBOEro akka-
YHTa B COLIHAJIbHOM CETH.

Ho noBonbHO 6bicTpo — HauMHas ¢ 1940-x romoB — 3MEeKTPOHHKA CTajla «IIHPOKO MPo-~
CTHpaTh PYKH CBOH B Jie/1a YEIOBEYECKHE». TepMHH «paaHOMIOOHTENBCTBOY» COXPaHHICS
Y 10 ceil ieHb, HO MO HHUM CTaJId NIOHUMATh YXK€ OTHIOAb HE TOJIBKO YBJICYEHHE PaaHo-
nepeaaTyMKaMH M NMpUeMHUKaMH. [lepBbiM IenoM BbIAENWIAcCh B OTACIbHOE Halpapjie-
HHM€E 3BYKO3aNHCh U BCE C HEH CBA3aHHOE: Pa3lINYHbIE YCHIMTENH, IKBaJaH3€ephl, aKyCTH-
YeCKHe YCTpOWCTBA. 3aTeM 3JIEKTPOHHMKa BTOPIJIach B 3JIEKTPOTEXHHKY H YMNpaBJI€HHE
pa3HbIMH MexaHu3maMH. [ToToM Hayancs KOMIBIOTEpHBIH OyM, H CTalo MOIHBIM BCE,
CBA3aHHOE ¢ WH(OPMALMOHHBIMH TEXHOJIOTHMAMH (BOOOLIE-TO B HHX, MO CIIPaBeIJIMBO-
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CTH, clefoBajlo Obl BKJIIOUHTH W pafMO C TeJIEBHACHHEM). 3aMETHM, YTO B Pa3sBUTHH
UT-otpacnu mobuTeNu Chirpajli He MOCJIEIHIO poJib — Tak, U3 yBnedeHus Ctupa Bos-
HAKa KOHCTpYMpPOBaHHEM HIPOBBIX MPHUCTAaBOK BbIpociia komnaHus Apple, Teneps oqHa
M3 CaMbIX M3BECTHBIX M JOPOTHMX KOMIIAHHWH Mupa. A W3 coolluecTBa Joburened npo-
rpaMMHMPOBAaHUA POOWIOCH TEUEHHE OTKPBITBIX HCXOAHHKOBY (Open Source), B cyuiecT-
BEHHOM Mepe onpenensomee naHawagrt coppemernoro UT-mupa.

B pe3synbTaTe NnepBOHAYaBHO €QUHAsA HayKa O NMPYMEHEHHHU 3JIEKTPUYECTBA B TEXHUKE
paszenwiack Ha MHOJKECTBO TE€UEHHUH, 3HAUNTENbHAsA HYacTh KOTOPBIX YK€ K COOCTBEHHO
3JIEKTPHYECTBY MMEET JIMIIb KOCBEHHOE OTHOLLIeHHe. Brinatomuiics cOBETCKUIA yueHBIH
Cepreii AnexceeBuu JlebeneB, oaMH M3 co3nartenel OTe4eCTBEHHOHW KOMIbIOTEPHOH
MPOMBILIUIEHHOCTH, HA4YHMHAJI C IPOEKTHPOBAHHS YCTOHYMBLIX JHEPTOCUCTEM (T. €. C YHC-
TO 3MIEKTPOTEXHHUYECKHX 3a7]a4), @ K KOHLYy CBOEH TBOPYECKOi 1eATeJIbHOCTH 3aHUMAJICH
yke npoOjieMaMH OMepalMOHHBIX CHCTEM Ul CBEPXMOIUHBIX BBIYMCIMTENBHBIX KOM-
TUIEKCOB.
B HacTosee BpeMs He 6onee ogHol nAToM YacTu obbeMa xypHana «Paavo», BeixoasLle-
ro B Hawew crpaHe ¢ 1924 roga, nocsfAWweEHO MMeHHO paguo. Cneaosano 6bl Npuaymath
WHOE Ha3BaHue, HO CMOBO «paauoniobuTenb» NPUXUNOCL U HbiHEe O3HauyaeT noboro, KTo
yBNnekaeTca anekTpoHukol. Mpaega, Tak TONbKO MO-PYCCKU — HanpuMep, B aHITMACKOM
A3blke BCe MHadve: B HeM radio ham (wnu Ha XaproHe npocto ham) ecTb NuLb «onepaTop
nobutenbckon paguocTaHuuuy», a ans moburtenel anekTpoHnkn (amateurs electronics) Bo-
obLe HeT HMKaKoro cneunanbHOro TepMuHa. Tonbko He aymanTe, YTo B AHrnuv wunu B LiTa-
Tax Takux nobutenei BoBce HET, NPOCTO TaM 3T0 Xo66u TPaaULIMOHHO UMENo HEeCKONbKO
WHOW cTaTyc. B nocneanue roabl 4icno takux amateurs Ha 3anage pacreT onepexarwnmm
TeMnamu — BO3HUKNU Jaxe uenbie oTpacnu NPOMbLILLNEHHOCTH, BbiNyCkalouue nonycba6-
pukaTbl U KOHCTPYKTOPbI O4nA noburtenen CO34aHUs CaMbIX pa3sHbIX ANEeKTPOHHbIX ua,qenmﬁ.
06 ogHOM U3 caMbixX APKUX NPUMEPOB 3TOro HanpasneHna — nnatgopme Arduino, ObicTpo
3aBOEBbLIBAIOLEN U OTEYECTBEHHYIO ayAuTOpwvio, NOMAET pedyb B NOCNedHuX rnaBax 3Tow
KHUrY. [pyrMmM OTNMYHBIM NPUMEPOM MOXET CTaTb KOHCTPYWPOBaHWE «UHTEeNneKTyanbHbIX»
po6oToB. B 6bITy, 3a Nnpeaenamu BOEHHbIX U NPOMBILLNEHHbLIX Chep NPUMEHEHUSA, NPUMEPSI
MacCcoBO BbiflycKkaeMbix poGOTOB NoKa lle MOXHO nepecyuTaTh NO NanbLam, 3aTo mobu-
TenbCKUX KOHCTPYKLMUA CO3RaHO HEUCHUCTIUMOE KOMIMHECTBO: MO OTAENbHLIM Pa3HOBUAHO-
CTAM «yMHbIX po60TOB» NPOBOAATCA AaXe YEMNMOHaThl MUpPa — COBCEM, Kak KOraa-Tto no
nobuTenbCKkow paguocBA3sK.

IloTroMy He yOuMBIAHTECH, UTO B ITOH KHHIE, aJpecOBAHHOW HAYMHAIOIIWM (M TIPOCTO
JKENAIOLIMM TOBBICHTh CBOIO KBATM(UKALMIO) pPagHOMIOOUTENsIM, O paaHo Bbl BooOlie
He NpouTeTe HHU clioBa. 3aTO AOBOJIBHO 4YacTo OyIyT YMOMSHYTHI KOMIBIOTEpPHl — IO
MpPHYMHAM, KOTOpPbIE BbI NIOHMeTe, MPOUMTaB 3Ty KHHUry. Tak 4To e Takoe paauoobu-
TENBCTBO?

Paguonio6utenbLCTBO — 4YTO 3TO Takoe?

YeM OT/IHYAETCS «IJIEKTPOHHOE» YCTPOHCTBO OT «dJieKTpHueckoron? O0a OHM HCIOJb-
3yIOT JIEKTPHUYECKYIO SHEPTHIO, OJHAKO JIEKTPHUYECKOE YCTPOMCTBO, Kak MpaBHIIO, HE
COAEPKUT HUKAKHX 3ayMHBIX LITYy4YeK, BPOJE TPAH3UCTOPOB MM MHKPOCXEM, — TpO-
CTEHIIUM TMPHUMEPOM DJEKTPHUYECKOTO (AIEKTPOTEXHHUUYECKOro) YCTPOMCTBA B 4YHCTOM
BHIE SBJIAETCA HACTOJNbHas Jlamna ¢ BblkiliodateneM. Ho Ta ke namma, cHaGxeHHas
peryJisaTopoM SPKOCTH WIH OE€CKOHTaKTHBIM CEHCOPHBIM BBIKITIOYATENIEM, SABJISETCS YiKe
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YCTPOHCTBOM 3JIEKTPOHHBIM. OJIEKTPOHHBIMH YCTPOHCTBaMH O CYTH CTJIM M AaBHO H3-
BECTHBIC JIIOMMHECLICHTHBIC JIaMIlbl — TENeph BO MHOIHE M3 HHUX BCTPOEHa JOBOJIBHO
cepbe3Has cXema, YNpaBJsiolias 3aIlyCKOM H CBEUYECHHEM. A B TaKHX CJIOKHBIX 3JIEKTPO-
TEXHUYCCKMX CHCTEMAaX, KakK, HamnpHMeEp, COBpEMEHHbI€ TI€HEpaTopbl 3HEPrHH WIH
YCTPOHCTBa 3/EKTPOIIPHUBOLA, 3MEKTPOHHYIO 4YacTh OT BJIEKTPOTEXHHYECKOH OTIENHTh
YK€ HEBO3MOXKHO.

OTy TEHIEHLMIO JIETKO NPOCHEANTh HAa NMPHUMeEpE 3BOJNIOLUHMH aBTOMOOHIIBHBIX 3JIE€KTpO-
CHCTEM, T/I€ MEPBOHAYAILHO FEHEPATOp JIEKTPOIHEPTHH COBMECTHO C BJIEKTPOMEXaHH-
YECKUM PETYJIATOPOM M aKKyMYJISATOPOM MpPEACTABIAIM cOOOH OTAENBHYIO BCIIOMOra-
TEJIbHYIO CHCTEMY, MpPH BBIXOJAE U3 CTPOS KOTOpOH aBTOMOOWIIb TEM HE MEHEE MOXKHO
ObIIIO 3aBECTH «pYYKOH» M 3aCTaBUTh mepeaBHrathcsi. HapacTaHwe konuuecTBa Jiek-
TPOHHBIX Y3JIOB B KOHLIE KOHLIOB CBA3JI0 JJIEKTPOTEXHHYECKHE KOMIIOHEHTHI (CTapTep,
reHepaTop, aKKyMyJIsTOp), 3IEKTPOHHBIE YCTPOMCTBA (JIEKTPOHHOE 3aXKHUIaHUE, JaT4H-
KH, KOHTPOJUIEPBI, BIUIOTh 0 GOPTOBOro KOMIBIOTEPA) H MEXaHHUYECKHE Y3JIbl (JBHIa-
Teb C TPAHCMHCCHEH) B HEPa3pBIBHOE IIeNoe, Te HU OJJHA U3 CHCTEM He MOXeET (yHK-
LMOHHpoBaTh 6e3 Apyrod. A HeKoTopele MocjegHHe MOJAENH aBTOMOOWIEH BBICLIETO
kacca akTHueckd yxe Ommke k poboTaM, a HE MPOCTO K aBTOMAILUMHAM, T. €. Npej-
CTaBIAOT COOOH CIOXKHEHIIMH 31EKTPOHHO-NPOrpaMMHO-MeXaHHYeCKui arperar (nmpu-
Mep — Mozienu «BoisBo», 06opynoBaHHbIe cucTemoit Drive Me).

3anaTHe paHOMOOUTENLCTBOM B Hallleil CTpaHe HeKOoTopoe BpeMs Hazaz, B 1960—-1980-¢ ro-
b1, 6BUTO HE MPOCTO MOJHBIM, @ OYEHb MOJHBIM. ITOMY CIIOCOOCTBOBAIO MHOTO MPHUYHH!
M OTHOCHTENIbHO BBICOKHMI YPOBEHb T€XHHYeCKOro o6pa3oBaHus, U GecruiaTHbIR JOCTYN
K KOMIIOHEHTaM (J1a-71a, KyIHTE B CBOOOHO# MpOAakKe YTO-TO 3IEKTPOHHOE OBLIO OYEHD
CJI0XHO, a BOT BBIHECTH ¢ 3aBoAa Wwin u3 HUM — Bcerna noxcanyiicra), M, HakoHew, TO,
YTO MPOMBILIIEHHOCTh ABHO HE CIIpaBJisyiach ¢ obecrneueHHeM MoTpeGHOCTH HaceeHHs
B (TIPOZIBUHYTBIX» OBITOBBIX NMPUOOpPax, a Ka4eCTBO TeX, YTO BBITYCKATHCH, Halle BCEro
OBbIJIO HIDKE BCAKOH KpHTHKHM. JlelneBne, NMydine W WHTepecHee GbUIO cAenaTh caMOMY.
[TosToMy B T€ BpeMEHa CTaTb MEJIOMAHOM B COBPEMEHHOM CMbICIE (T. €. «IIOOHTENEM
Ka4eCTBEHHOH 3BYKO3aMMCH») 03HA4YaNno (aKTHYECKH, UTO 4YesIoBeK OblN BBIHYXIEH CaM
M3y4aTh a3bl 3IEKTPOHUKH U OpaThbCs 3a Nas/IbHHUK.

ITonoxeHne, KOHEYHO, Pe3KO U3MEHWIOCH C MPUXOIOM B CTpaHY AELIEBOr0 M KaYyeCTBEH-
Horo mupnorpeda ¢ 3anaga v Bocroka, u Teneps y)xke BpsAA JIM KTO OyJeT caMOCTOATENb-
HO M300peTaTh, CKaXKEM, KapMaHHBIH Muieep-«aeCHabHUK». Ho, Kak HH CTpaHHO, paauo-
MOGHTENBCTBO HE TOJNBKO HE MOruGI10, HO jaXke pacLBesio — Mpekae BCero noToMy, 4ro
CTaJIM JOCTYNHBI, ITYCTh M 3a JI€HBIH, MPaKTHYECKH JTIOObIE, KaK UMIOPTHBIE, TaK M OTe-
YECTBEHHBIE KOMITOHEHTBI, M, YTO HEMAJIOBAXXHO, HCHUEpNbIBAIOLIAsA JOKYMEHTaLMs
K HUIM — B 70-e rozsl Mpoluioro Beka kaxkoii-Huoyap «CrnpaBo4HUK MO TPAH3UCTOPaM»
CMETAIH C MPHJIAaBKOB CO CKOPOCTBIO, KOTOPOH MOIIM OBl 1M03aBMIOBAaTh caMH GpaTbs
Crpyraukue. IlomynspHas ceTb 3/IeKTPOHHBIX cynepMapkeToB «Uun v Jlvn», opHEHTH-
POBaHHasi B OCHOBHOM Ha paaHooOuTesiel, HelapoM XBacTaeTcsi MIWIJIMOHOM MOCETH-
Tesen B rof. ..

Mynpsiii pumnsauH [Ty6mmii KopHenuii Tauur B cBoe BpeMs npomonBuit: «MoXkHO BOC-
XHIIATECSA JPEBHOCTHIO, HO CJIENOBaTh HY)KHO COBpeMeHHOCTH». OH 6Bl COBEPIIEHHO
npaB, HO caM OCTaJICi B BEKaX UMEHHO Onarojaps CBOMM MCTOpHYECKMM TpyAaM. «Boc-
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XHMLIEHHEe IPEBHOCTBIO» KaK HHYTO JpyTroe TMOoMoraeT «clieloBaTh coBpeMeHHocTH». Ha-
MIPHUMED, €CIIM TOKOMAaThCA B MCTOPHH HAyKH M TEXHHUKH, TO BBIACHACTCA HUHTEpECHasd
Belllb — [OYTH BCE 3MOXalbHble H300pETeHHs M OTKPHITUA HENaTMCh JWIETAHTaMH, a
€CJIHM U CTIEIHATHCTAMH, TO U3 Apyroii obnactu. Yaine Bcero 310 66U10 00YCIIOBIIEHO TEM,
YTO 10 HHX COOTBETCTBYIOIIMX HAIPaBJIEHHH MPOCTO HE CYILECTBOBAIO, H OHHM BBHIHYX-
JeHel ObUTH Bece M300petaTh «c Hyns». KpaitHwii cmywail Takoro «mo6GHTEnbCTBa» —
u3obpereHne Tenerpaga CamioanoM Mopse (puc. 1), koTopslii BooOlle He HMeN HUKaKO-
ro — Jaxe cCaMOCTOATENIbHOIO — TEXHHUYECKOro o0pa3oBaHUA U [0 Hayasna paboThl Haj
TenerpagoM ObLUT IPU3HAHHBIM XyJOXHHKOM, B TOM YHCJIE OCHOBATENIEM CYILECTBYIOLIEH
M TMOHBIHE Hbm-ﬁopxcxoﬁ aKaJieMHH gu3aifHa. BbliM U Apyrue, He MEHee UHTEPECHBIE

CITy4au.

Puc. 1. Camioan Mop3se (Morse, Samuel F., 1791-1872), asTonoprpeT, 1818 r.

B ob6nacTH 351eKTPOHHMKH CYLIECTBYET HeKass HepapXus 3HaHMMH, B KOTOPOH HESABHO MNOA-
pa3yMeBaeTcs, YTO IPH MEPEXOe OT OJHOM CTYMEeHbKH K CIIEAYIOLIeH 3HaHUA MpeabLIy-
IIEro YPOBHA YCBOEHBI B nosiHOH Mepe. Hanpumep, B paguomto6uTensckoi Juteparype
COpOKaJIETHEH JaBHOCTH BBl MOTJIM BCTPETUTH MOAPOOHelilee ONMCaHHe MPUHLMIIOB pa-
601l aHanOro-uHppoBeIX npeodpaszosateneit (ALIT), 6o ux coGupain U3 OTAENbHBIX
AeTanei, U 6e3 MOHHMaHHA MX YCTpOHCTBa Takas paboTa npocTo He Moria ObITh ycren-
Hoi. Ceifyac AIIIl BceM mOCTynHbl U B BHIEe 3aKOHYEHHBIX MHKPOCXEM, H B COCTaBe
MHKPOKOHTPOJUIEPOB, YIPABJAIOTCA OHH MpPOrpaMMHO, W, ka3ajioch Obl, NMOHMMaHHE
NPUHUMIOB MX (QYHKLHOHHPOBAHHA Y)K€ HHKOMY He TpeOyeTcs — mojaaBail Hy)XHblE
KOMAaH[Ibl B COOTBETCTBHH C MHCTPYKLHMEH, U Bce OyeT paboTars.

3TO BEPHO TOJBKO Ha MEPBBIA MOBEPXHOCTHBIH B3rnaa. Hukakve MHCTPYKLMH BaM He
3aMeHAT NTy6OKOro MOHMMAHMA TMPHHUMIIOB PaGoThI 37I€KTPOHHBIX KOMIOHEHTOB. [1pu
YCJIOBHH, KOHEYHO, YTO BBl XOTHTE MOAOHTH K MPOEKTHPOBAHUIO CBOMX YCTPOHCTB TBOP-
YECKH M YTO-TO M300pECTH CaMOCTOATENBHO, @2 HE TYMO CKOMHPOBaTh FOTOBYIO KOHCT-
pyxumio. B nocnennem ciyvae BaM 3Ta KHUra He norpefyercs — BIOJIHE AOCTaTOYHO
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COOPHHKOB paJHOIOOHTENECKHX CXEM, KOTOpble HbIHE NOCTYMHBI KaxkaoMy 4epez Hu-
TepHET. [l 0co60 JT€HHBBIX MHOTHMH (PHPMaMH BBIITYCKAIOTCSA TOTOBBIE KOHCTPYKTOPBI
¢ noapo6Ho# nowmaroBoi HHCTpyKUKEH. Ho BOT kak TOJNBKO BBl 3aXOTHTE YyXKyIO CXEMY
MPHCIIOCOOHMTE K CBOMM HY>KI1aM, MOAHGHUIIMPOBaTh WM XOTA OBl MPOCTO 3aMEHHTh AETa-
7 6onee NOCTYTIHBIMHM M COBPEMEHHBIMH, 63 MOHUMaHHA NMPHHIMIIOB paboThl BEI OKa-
XeTech B TYIHKE.

Boobme ropops, 6e3 psina GyHIaMeHTaNbHBIX 3HAHMI: OT WIKOJIBHON (HM3HKH N0 MOHH-
MaHH$ TOro, Kak paboTaloT BBIXOJHbIE KacKaabl LH(PPOBBIX MUKPOCXEM (@ 3HAYHT, U 3Ha-
HHMS TIPUHLMIOB paboThl TPaH3MCTOPOB U JAPYTHX KOMIIOHEHTOB), — HEBO3MOXKHO JaXKke
MPaBWIbHO TOJACOEJHHUTh CBETONHOX K MHKPOKOHTpoIUlepy. MOXHO CKONMpOBaTh
qy>oe MOAKITIOYEHHE, HO HUKOTJa HET YBEPEHHOCTH, YTO U CaM aBTOP CXEMBI BCE clesal
npaBUIIbHO. Pa3BHBas 3Ty MBICIIb, MOXHO yTBEpXKAaTh, 4TO 6€3 3HaHMA 3akoHa OMa Ha-
MUcaTh KOPPEKTHO paboTarouryio nporpammy ais Arduino MOXKHO TOJIBKO CITy4aifHO, H
MYCTb 3TO He MOKAXETCA BaM TaKHM YK GOJIBLIIMM MpeyBeTHHEHHEM.

nO3TOMy Mbl JaJuM COBET, KOTOprﬁ MOXKET IM0Ka3aThCA HECKOJIbKO HeokuaaHHbM. Ho
CHaydana nonpoGyﬁTe MBICJICHHO OTBETHUTH Ha OAHUH BOIPOC, KaKUM OBl HAHOTCKHM OH
BaM HHM nokasaics: «KakoBa BeTHYHHA TOKA B KOMHATHOM p03e'r1<e?» TO, 9TO 3TOT BO-
MpOC OTHIOAL HE CTOJIb MPOCT, KaK KAXKETCs, JOKA3BIBAIOT PE3YJIbTATHl OTBETOB Ha HEro,
MOJTY4YE€HHBIE IIOCJIE OIpOCa rpymniibl CTYACHTOB OOHOro TEXHHYCCKOIo By3a (HO CIICLHU-
aJIbHOCTH, HE CBSI3aHHOM HamnpsamMyro ¢ SHCKTPOTCXHHKOﬁ HIIHK BJleKTpOHPIKOFI), — H3 HE-
CKOJIBKHX A€CATKOB OIPOIICHHBIX TOJBKO IBOC CMOIJIH OaTh BPa3yMHT! €JIbHBIH OTBeET.

Hrak, ecnu Bbl, YHTaTEINB, 3aMAJIMCh C OTBETOM HJIM MPOCTO HE YBEPEHbI B HEM, TO BOT
o0elaHHbIH COBET, MPHYEM aJpecOBaHHBIN T1000MY HE3aBHCHMO OT BO3pacTa, — Ipex-
Jle YeM YHTaTh Jajiblile, BO3bMHTE yuyeOHMKH (H3MKH 32 ceIbMOH M BOCHMOM KJIacChl H
nepeyMTaiiTe IN1aBbl, NOCBALIEHHbIE dNIEKTpH4ecTBY. MoxeTe Takke 3aXBaTHTh M3 y4eO-
HHMKa JEBATOrO Kjacca IJaBy, NOCBAIIEHHYIO CTPOEeHHIO aToma. Eme myyue o6paTuThes
He K OOBIYHBIM K LIKOJIBHBIM y4eOHHMKaM, a U3y4YHTh COOTBETCTBYIOILHUE IJIaBbl H3 Yue6-
uuka I, C. Jlanncbepra [1], roe 10 ke camoe H3JIOXKEHO Kynaa Oosiee yBJIEKaTEIbHO H
noapo6bHo. XoT4 psAA 3JeMEHTapHbIX CBEAEHHI U NaeTcs B MEPBBIX IV1aBaX KHHTH, KOTO-
PYIO BBl IEPXKHTE B pyKax, BaM OyJeT MHOTO Jlerye YHTaTh ee JaJiblie.

Kak nonb3oBaTbLCA KHUron?

Heckonbko cioB 0 ToM, kak nojib3oBaThcs KHUroH. OHa paccyMTaHa Ha TeX, KTO JejlaeT
BCE CBOMMHU PYKaMH H A0Ma ([I0O3TOMY, HarpuMep, s Heé PEKOMEHAYI0 KOMIOHEHTH AJis
MOBEPXHOCTHOTO MOHT&)Ka — IUIAThI MOJ] HUX CBOMMH PyKaMH H3rOTOBUTEH JOCTaTOUHO
CJIOXHO, U elle TpyAHee UX OTNIaxuBaTh). i1 TeX, KTO y)ke MMeeT U3BECTHBIH ONBIT pa-
60THl 1 060pYIOBaHHYIO JOMALLIHIOK J1ab0paTOPHIO, NEPBBIE IT1aBbl MOXHO NPOITYCTHTH,
XOTA 2nagy 6 0 AMOJaX U TPAH3UCTOpaX s BCeE XK€ MPOYMTATh peKkoMeHayto. Knura otTim-
qaeTcs OT GOJIBIIKHCTBA HMEIOLIMXCS PYKOBOJCTB TEM, YTO [OYTH BCE ONMCAHHBIE B KHH-
re cxeMbl MoAPOGHO pacCMOTPEHBI luar 3a [IaroM, BKIIOYas CaMble MeENKHe AeTalH, —
Tak, YTOOB! MPHU NOBTOPEHHH KOHCTPYKLMH Y BaC He BO3HHKAJIO BOMPOCOB, 3aU€M HYXEH
TOT WJIX HHOMW PE3HCTOP U MI0YEMY €ro CONPOTHUBIIEHHE MMEHHO TaKoe.
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OnHako, 4To0Bl BOIPOCOB JAEHCTBUTENBEHO BO3HUKAIO KaK MOXXHO MeHbLE, NPH YTEHHH
KHHTH CclleyeT NMPOBEPATh BCE PACCY)KIEHHUS M pacdeThl ¢ KapaHAAlIOM M KallbKyJATO-
poM'. B mpoluecce yreHHs BaM, BEpOSTHO, MPHUAETCA BO3BPALIATLCA K YK€ OCBOEHHBIM
rnaBaM. Jloruka mocTpoeHHs KHHUTH MOJYUHEHA MPHHLMITY MOCTENEHHOTO YCIOKHEHUS
KOHCTPYKLMiA, HO B TO JX€ BPEMs LIHPOKO MCTIOJIb3YETCA METO/ ONEPEKAIOLIEro 3JI0xkKe-
HUS — CKaKeM, ONepallMOHHbIE YCHUIIUTENH U obpaTHas CBA3b NOAPOOHO paccMaTpHBa-
IOTCHl TOJIBKO B 2aee 12, HO MpHMepbl X HCIOIB30BaHUS Bbl CMOXETE BCTPETUTH YXKe
B 21aeax 9 v 10. OnbIT NOKa3bIBaeT, YTO TaKOM NMpUEM O4YeHb CHOCOOCTBYET YCBOEHHIO
HHOpMaLMM — Y€ HEMHOTO 3HAKOMOE JIerde U3y4atb noJpoOHO, YeM He3HAKOMOe BO-
Bce. C Apyroi CTOpPOHBI, He yAUBISHTECH, YTO 3BYKOBOH YCHIIUTEb NOAPOOHO paccMOT-
peH B 2nage 8, a MCTOUHMK MHTaHWA O HEro — TONbko B ciedytoweil. CeeneHus
M3 3THX [J1aB BO MHOTOM MEpeceKatoTcs MexAy coO0H, MoaToMy, mpexxae YeM OpaThes 3a
peasIbHbli YCUIIUTENB, BaM IIPUIETCS NpoyecTb 00e raBbl.

OrpoMHoe OONBIIWHCTBO KOHCTPYKLUMH, ONMCAaHHBIX B KHHIE, paCCYMTAHO Ha TO, YTOOBI
MX MCMOJIB30BaTh KaK FOTOBbIE 00pasiibl B APYTrHX MpoekTaxX. TakoBbl, HanpHMep, Mpak-
TUYECKH BCE MPOEKTHI U3 pasjiesia Mpo MHUKPOKOHTpoyuiepsl U Arduino. MeTeoctaHuus,
Hanpumep, TaM B3STa KaK MPaKTUYECKHH NpHUMep, MO3BOJIAIOLIHMI OXBaTHTb B OJHOM
IpOeKTe O4YeHb MHOIO MOJIE3HBIX Y3/10B, KOTOPble MOT'YT MCIOJIb30BaThCA B JIIOOBIX IpY-
rHX TIpWIOXKeHUsAX 3Toi ardopmel. [Ipy onvcaHHyu 3THX y370B aBTOp CTapayica Ipei-
CTaBUTH Kak MOXKHO OoJee. IHPOKYI0 KapTHHY MX pa3sHoBugHocTeit. Ho 310 kacaercs He
TOJILKO Arduino — B KHHre e€CTh LieJible IM1aBbl, MOCBALEHHBIE ONMUCAHUIO B OCHOBHOM
3aroTOBOK (Hampumep, 21aéa 12 npo onepauMoOHHbIE YCUIUTENH WM 21asa 17 npo npu-
MeHeHHe UUdPOBBIX MHKpOcXeM). B 3THX riaBax Toxe ecTh ONMMCaHHs OTJAENLHBIX 3a-
KOHYEHHBIX KOHCTPYKLIMH, HO U OHH CAEJaHbI C YIOPOM Ha TO, YTOOBI Pa3biACHUTE MPHH-
LMIIbl TIOCTPOEHHUS MOJOOHBIX CXEM, @ HE MPOCTO TYMO MOBTOPUTH MX IJISi KOHKPETHBIX
LieJiei.

KHura HecamMonmoctaToyHa — JUIt TOTO, YTOOB!I NMOBTOPUTH MHOTHE KOHCTPYKLUH, BaM
notpebyeTcs AOMONHUTENbHBIH CIPAaBOYHBIN MaTepHall, HalpuMep, Mo pa3BojIKe BBIBO-
JIOB TPaH3UCTOPOB WJIM UHBIX KOMIIOHEHTOB, a [UI paboThl C MOC/IEAHEN YaCThIO KHHIH,
MOCBALIEHHONH MHKPOKOHTpOJUIEpaM, 0053aTeNIbHO HY)KHO HMETh (PUPMEHHOE OMHCaHHe
MHKporpoueccopoB AVR 1 CUCTEMBI KOMaH[ /U1 HHX, & TaKKe CIPABOYHHUK MO A3BIKY
Arduino. CnaBa bory, y Hac Tenepb ecTb IHTepHeT, Tak 4TO MOXKHO M He 3a0UBaTh IIKad
CMPaBOYHMKAMH, HO KOE-4YTO BCE )K€ MOTpeOyeTcs UMETh H Ha MOJIKE WK, KAk MHHUMYM,
B 3JIEKTPOHHOM BHJI€ Ha CBOEM KOMIIBIOTEpE.

He Hy>HO paccMaTpuBaTh JI1o6yI0 CXeMy M3 3TOH KHHTH HITH W3 APYTHX MCTOYHHKOB, KaK
HeuTo Bpoje TekcTa U3 bubiaHu, KOTOpbIi HUKOMY He Mo3BOJIeHO H3MEHATh. Jlake peko-
MEHJalliM TIPOM3BOJMTE/IEH MO BKJIIOYEHHIO TOTO MM MHOTO KOMIOHEHTa €CTh BCEro
JMLb PEeKOMEHJALMH. MOXHO M HYXXHO 3KCIEPUMEHTHPOBATh, H3MEHsSS MapameTpsl
KOMIIOHEHTOB H MOATOHAA CXEMY K CBOMM YCJIOBHSIM, HEJTMLIHE W NOCMIOPUTB C aBTOPOM,
€CJIM TO HJIM HHOE PELICHHE KAKETCA Yepecdyp yClIOXKHEHHBIM. OIHAKO CTOMT AENaTh 3TO
pa3syMHO — €CJIH BBl 3aMEHHUTE PEKOMEHIYEMBIN OmnepanuoHHbIH ycunuteas MAX474

! OnHa HKKeM He 3aMeueHHas oMbKa B pacueTax BhLaepXala 4 M3/aHus STOH KHUTH, OKA Ha HEe HE yKasa
OAMH 0c000 BHMMATENBHBIA YHTaTENb. TaK YTO, €CIIH YTO-TO HENIOHATHO, NUIIKTE, Oyay o4eHs Graroxapen!
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TIOXOXKMM Ha HEro Mo BBIBOJAM, HO NpeJHa3HAUYCHHBIM COBEPLIEHHO Ul APYTHX LeneH
MAX473, To Mmoxete ObITh BECbMa YIAHMBIIEHbI pe3y/IbTaTaMH.

Kak pa3pabatbiBaTb 3J/IeKTPOHHbIE CXeMbI?

Y, HakoHel, pHCKYs YTOMHUTb YHUTATEJs, BCE XE CKAXKY HECKOJIKO CJIOB O TOM, KaK BO-
obwe ciexyer pa3pabaTeiBaTh W OTIaKUBaTh cxeMbl. Camblit 3¢ dekTHBHBIH MeTOx —
cOOpKa Hy>KHOH CXeMBbI U3 TOTOBBIX U 3apaHee OTJaKeHHbIX (parMeHTOB. JTa onepanus
aHaJOrM4Ha TOMY, KaK NpOrpaMMHCTBI COOUPAIOT MPOrpaMMbl U3 TOTOBBIX W 3apaHee OT-
naxeHHBIX OUGnHoTeuHBIX Mpouenyp. Kaxnas Takas npoueaypa ecTb «4EpHBIH ALIHK,
Yy KOTOPOrO MMEKOTCA BXObl U BbIXOIbl AJIsi OOLIEHHS ¢ APYTMMH 9acTIMH MPOrpaMMBl,
npy4eM B oOLIEM cilyyae Bbl JakKe HE 3HaeTe, Kak OHa YCTPO€Ha BHYTPH, — TOYHO TaK
Ke, KaK Bbl HE 3HaeTe, YTO MIMEHHO pa3MellaeTcs BHyTPH MUKpocxeMbl. Bel Oepere MuKk-
pocxeMy, MOJICOEAMHSETE K Hel BHELIHUE JIEMEHTHI B COOTBETCTBHU C PEKOMEHIALIUAMM
MIPOM3BOJUTENS M MOTyYaeTe roTOBbIH y3ell, KOTOPBIi COeAUHAETE C APYTHMH MOAOOHbI-
MH Yy3J1aMH.

MoBTOPUM, YUTO UMEHHO Ha 3TOW CTaAuV MOXHO CUMbHO «nNonacTtby, ecnu soobuie oTka-
3aTbCA OT MONLITOK MOHATb, kak paboTalT UCNoNb3yemble Yanbl, U NUWbL TYNO CNeAoBaTh
pekomMeHaaumuam nNpou3BoaUTENs, KOTOPbIE NO NOHATHLIM NPUYMHAM He UCHEPNbLIBAIOT BCEro
pasHoobpasus XU3HeHHbIX cuTyauui. Jlyywe Bcero, ecnu nponssoauTens npeanaraeT He
TONbLKO ONWUCaHWA KOMMOHeHTOB (datasheets), HO W pekoMeHAAUMM NO UX NPUMEHEHUIO
(application notes), — B 3TOM cny4ae ux COBCEM He BpPEeAHO u3y4uTb nepep NpoeKkTUuposa-
HueMm. lNpakTvka npefocTaBneHns pekoMeHAaUMi NpoussoauTenew No NPOEKTUPOBAHUIO
TUNOBLIX Y3N0B — [1aBHO YXe He UCKIloueHne, a NpaBuno, NOTOMy 3fieMeHTapHoe 3HaHue
TEXHWYECKOrO aHIMUACKOrO CTAaHOBUTCA obs3aTenbHbiM ycnosuem ana nioboro Gonee-
MeHee rpaMoTHOro paguonioburens. Ans obneryeHus NnpeogoneHusa 3Toro Nopora B KOHUe
KHWTW NpyUBeJeH Cnosapuk cneundguyecknx TepMUHOB 1 abbpesunaTyp (CM. npunoxeHue 4).

[1pu pucoBannu cxembl 00s3aTenbHO 0003HaualTe Ha Heil KOHKPETHbIE TUIBI M 3HAYEHHS
TMapaMeTpOB 3IEMEHTOB — He OTKJIA/BIBAMTE 5TO 0 BLITONHEHHS NPAKTHUECKOH ee OT-
nanku. M3aMeHWTb 3TH MmapameTpsl Bbl BCErJa CMOXKETE, HO BCE, YTO MOXHO MOCUMTATh,
HY)HO TOCYMTATh 3apaHee — 3TO COXPAaHUT BaM o4YeHb MHOro BpemeHd. Korna Bel Gepere,
HaKOHell, Mas/bHUK B PYKH, TO HE CJIEAYyeT cpa3y coOHpaTh BCKO CXEMY YCTPOKCTBA LIENH-
koM. PasGeiire ee Ha kak MOXKHO GoJlee MeJikHe CaMOCTOSATENbHO paboTaroIue y3/bl 1 OT-
N)KWBaiiTe KaX/IbIH y3e 1o oraensHocTH. He BepbTe neyaTHOMY CJIOBY M BCE pEeKOMEH/Ia-
MM U3 IUTEpaTypbl HPOBepsiiTe Ha MakeTax (B KOHLE KOHIIOB y Bac oGpa3yercs 6ubamo-
TeKa TaKMX CaMOCTOATEJbHO OTIAXKEHHbIX Y3JI0B, U Bbl Oyaere SKOHOMHUTb OIPOMHOE
KOJIMYECTBO BpeMeHH). OTnanus Bee, 0043aTeIbHO HAHECHTE Ha YEPTEX CXEMBbI MONyYeH-
Hble B pe3yJIbTaTe OTJIAfIKM TOYHBIE 3Ha4Y€HHs KOMITOHEHTOB (Te, YTO BCe elle TpedyroT
OKOHYATENbHOMN MOArOHKH «IT0 MECTY», 0003HaualoTCs 3Be304YKOM), MPOBEPhTE MPaBHIIb-
HOCTb COEJJMHEHHUS 3THX Y3/10B W pa3BOAKY MMTAHHSA W JIMILIb 3aTeM coOupaiiTe BCIO CXeMy
LIEJIMKOM — CHayasia Ha MakeTHoi muiate. M tonbko yGeauBiunck B paboTocroco6HOCTH
MaKeTa CXEMBL, [IEPEHOCHTE e Ha HACTOSILLYIO pabovylo IuiaTy.

B otnnune ot 6oNbLIMHCTBA paﬂifIOH}OGHTeJleKHX H3JIaHPlﬁ, PUCYHKH IUIaT B KHHUTC HE
NpHUBOOATCA, YEMY €CThb MHOIO IIPUYHUH: BO-NIE€PBBIX, MOBTOPUTH KOHCTPYKIHIO B TOYHO-
CTH C TEMH KOMIIOHEHTaMH, KOTOPLIC NPUBEACHBI B ONMMMCAHUH, KaK ITpaBUJIO, HE MMOTTy4a-
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eTcd, a 3TO H COBEPLIEHHO He TpebGyeTca. Bo-BTophIX, IMYHO I HUKOrA HEe MOBTOPAI
OIMyONMMKOBaHHBIX KOHCTPYKLHMH B TOYHOCTH, CTapasiCh YTyYLIHTh WIH YIIPOCTHTh CXEMY,
M B 3TOM KHHMIe BBl NOYTH BCET/a HaiifleTe peKOMEHIALMH M0 YIIYYIIEHHIO XapaKTepH-
CTHK WJIH PacIIMpeHHIO (pyHKLIMOHANBHOCTH OMMCaHHOro NpHbopa, Tak YTo MyOIHKaHa
PHCYHKa IU1aThl BooOlle TepsAeT cMbici. HakoHel, ecTh M elle oJHH MOMEHT, CKOpee
MCHXOJIOTHYECKHIf — pacKiaibiBas IUIaTy CaMOCTOATENIBHO, Bbl HAMHOTO JTydlle BHHKae-
Te B paboOTy CXeMEl, 1I0C/Ie YeTo OTIaJKa H PEryJIHpOBKa €€ 3HaAYHUTENIBHO YMpPOIIAIOTCA.
Moe riry6okoe yOexaeHHe COCTOMT B TOM, YTO IUIAaTy HY)KHO A€aTh CaAMOCTOSATENIBHO,
MOA BBEIOPaHHYIO0 KOHCTPYKLMIO H KOPITYC, @ HE MOATOHATh rabapHTsl MOJ MMEIOLLYIOCs
IU1aTy — B pe3y/bTaTe TaKoH MOArOHKH CaMoJeJIbHble KOHCTPYKIMH HHOTa MONyYaloT-
cq BecbMa ypomnuBbiMU. HckmodeHneM 6yyT cXeMBl Ha OCHOBE TOTOBBIX Y3J10B (TaKHX,
HanpuMep, kak Arduino U akceccyapbl K HeMy — cM. 21agsl 20-22), HO TaM pacKiajbl-
BaTh IUIAThl CAMOCTOSTENILHO Yallle BCETo U He Tpebyercs.

Ecnu Bbl pa3paGartbiBacTe cepbe3Hbiif MPHOOP, KOTOPBIM HOJDKEH CIy>KHTh TOJaMH, —
nocTapaiTech 3aJI0KUTh B pa3paboTKy BpeMs M JEHbI'H, HEOOXOANMBIE JUIS BBIMOJIHEHHS
ClIeQYIOLINX 3TamnoB:

O pa3paGoTka TeXHHYECKOro 3aJaHHs C BO3MOXKHO 6oJiee MOAPOOHBIM OMHCAHHEM Tpe-
Gyemoit pyHkunoHarsHocTH. He npeneGperaiite MenoyaMH, ocoGeHHO eciu Bbl pabo-
TaeTe «Ha CTOPOHY», a He Juli cebs — Tak, OyJer oueHb neyaibHO, ECIH BBl COOpaK U
npoBepwiM npubOp AOMa Ha CTONe, a TMOTOM BBIACHHTCA, YTO OH JOJDKEH paborarh
KPYIVIOFOAMYHO Ha YJIHLIE;

0O pa3paGoTka NpHANHENHAJIBHOH cXeMbI C OT/IAKOH OTIENbHEBIX Y3JIOB HAa MaKeTax;

Q

H3roTOBJICHHE NOJHOI'O MAKETA H €I0 OTJIaAKa,

O pa3paboTka oKOHYATEe/NLHOH NPHHRHNHAAIBHOR cXeMbl, oadop netanei u paspa-
60TKa MeYaTHONM ILIaThI;

0O m3roroBJieHHE ONBITHOIO 06pa3na H €T0 OTJIagKa, KOpPCKTHPOBKA MeYaTHOM ILIaTHI;

0 H3roToBJIeHHE OKOHYATEILHOr0 BAPHAHTA NEYaTHOH IUIaThl, KOPIMyCa M MOHTaX
npubopa.

OTAenbHO CTOUT OCTAHOBUTBLCA Ha COCTaBMIEHUN TEXHUYECKOrO ONUCAHUA U MHCTPYKUWUU NO
akcnnyatauun. A 3Halo, 4To BONbLIMHCTBO pa3paboTUMKOB UCKPEHHE HEeHaBMAWT 3TOT aTan
paboTbi (TO e OTHOCUTCA, YBbI, U K NPOrPaMMUCTaM), HO COBETYI0 ceba nepecunnTL U Hauu-
HaTb COCTaBNEHUE AOKYMEHTaLWu NPAMO cpa3y, OAHOBPEMEHHO C Ha4anoM NPOEKTUPOBAHMA.
3HaunTenbHana 4acTb u3 npoekToB no Arduino, umerowumxca B Cetn, CTpanaeT oTCyTCTBUEM
6onee-mMeHee BHATHOTO ONWUCAHUSA, AOBOMNLHO YACTO AAXKE HE MMEET NPUHLIMNUATBHON CXEeMbI.
YyTute, YTO MOAHAA HarNAOHaA CxeMa Ha Makerte, CO3AaHHan B nakeTax TMna Fritzing, Hu B
KOEM Cnyyae NpuHUMnuanbHylo cxemy He 3ameHseT! MopobHbie npoekTbl nouTh 6ecnoneaHsbt
NS UCNONbL30BaHWUA BHE PaMOK TOrO KOHKPETHOTO NPUMEHEHUA, ANA KOTOpOoro Gbinu co3aaHsl,
1 Aaxe Takoe UX UCMONb3OBaHNE BeCbMa 3aTPYAHEHO, — OTNaAKa CXeMbl, O KOTOPOW HUJero
He W3BECTHO, NpeBpalLaeTca B Cyliuin kowmap. He 6epute ¢ Hux npumep! Bo-nepsbix, npn
nonbITKE oNUcaTh CloBaMK «kak 3To paboTaeT» B pacyeTe Ha CTOPOHHero yutatens obbiHO
BCNNbIBAOT BCe HepoCTaTku U ynyuwleHus. JlagHo ewe nio6butenbckme Arduino-npoekTbl —
WHOTAA Ha NpUMEpPe HEKOTOPbIX BrONHE MPOMBILNEHHLIX U3AeNWiA GLITOBOW TexHWKM (Kak
M KOMMNbIOTEPHbIX NPOrPamMM, KCTaTh) OTYETNMBO BUAHO, YTO UX pa3paboTunku camu Hukoraa
M He NbITaNUCh B3rMAHYTL HA CBOE TBOPEHME C TOUKW 3PEHUA TOro, KTO 3TO OyaeT NpUMEHATL
Ha NpaKTUKe, a UHCTPYKLUMIO NO 3KCNnyaTauuu nucanu Hacnex COBEepLUEHHO Apyrve nioau.



K yumamenmio 19

Bo-BTOPBLIX, C YBEPEHHOCTLIO MOXHO CKa3aTb, UTO Yepe3 Nnapy neT Bbl HanNpoub 3abyaeTe, Kak
y Bac paboTan TOT U UHOW y3en, U nodemy BbibpaHbl UMEHHO Takue KOMNOHEeHTHI. [ToaToMy
HanucaHue TeXHUYECKON AOKYMEHTALIMM HY)XHO BaM CAMUM He MeHbLLE, YeM Nonb3oBaTegio.

IlpuBeneHHEBIH MAcaTbHBI BapHaHT NOCIEA0BATENbHOCTH pa3paboTKH PEeAKO OCYLIECT-
BHM Ha NpaKkTHKe — MO0 BpeMeHH He XBaTaeT, 6o aeHer, 1u6o Toro u apyroro. Ecte
OofHAa M3BecTHas (UpMa, KOTOpas 3aHHMaeTcs pa3pabOTKOH 3akKa3HBIX 3JIEKTPOHHBIX
YCTPOHCTB, — TaK TaM OepyT HECKOJIBKO KHJIOOAKCOB TOJBKO 32 HATHCAHHE TEXHUYECKOTO
3aganua. M onu npasel! Ho Ha npakTuke 4acTo mnoy4aercs Tak, YTO MaKeTHBIH nH6GO
OMBITHBIA 0Opa3ell CTAHOBHUTCA M OKOHYaTeNbHBIM M3lenneM. U Bce xke mo Mepe BoO3-
MOXXHOCTH He INpeHeOperaite STUMH NMPOMEXYTOYHBIMH 3TaraMH — MOBEPbTE, TaK M0-
JI4UTCS HAMHOTO OBICTpEE, YeM, 3aXMYPHBILHCH, COOpaTh Bce Cpa3y, a MOTOM B Jy4lllEM
ciryqae oGHapyHTh, YTO HHYEro He paboTaer, a B Xy/illieM — BBIBETPUBATh U3 KOMHATBI
OYeHb HETPHATHBIA U CTOMKHH 3amax ropesnoi riacTMaccel. YUYTHTE, YTO MOYTH HH OJHa
HEe3HaKoMas JI0Tojle cXeMa HHKoria He paboTaeT cpasy, — OyAbTe K 3TOMY TOTOBBI U
3apaHee HabepHTECh TEPIICHHUA.

Hrak, npucTynum.
FOpuii Pesuu, revich@lib.ru

* k%

ABTOp BBIp@KACT HCKPEHHIOW OJarofapHOCTh aAMUHHCTPAlldH HHTEpHET-MarasvHa
«AMrnepka» (amperka.ru) 3a noJiep)kKy MOArOTOBKH IJIaB, MOCBALIEHHBIX IIaTdopMme
Arduino.

CxeMbl, yepTexxH U poTorpadu KOMINOHEHTOB MOATOTOBJIEHEI aBTOpoM. Bee ocranbHeie
WLUTIOCTPALMM B3SThl W3 MCTOYHHMKOB, JOMyCKAIOMMX CBOGOMHOE KOMMPOBAHME, 3a HC-
KIIOYeHHeM ¢oTorpapuH NepBoro TpaH3UCTopa U3 2rasul 6 v noprpetra Knona lllesHona
u3 2nasvl 14, mobGe3Ho mpenocTaBleHHbIX aBTOpy Kopmopauueii Lucent Technologies
Inc./Bell Labs B nuue ee cotpyauuipl @panurckn Matteios (Francisca Matthews).
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OCHOBbLI OCHOB

Yem oTnU4aeTcs TOK oT Hanpslx(eva?

IbxeHTnbMeEHCKUI Habop
O6opyayem gomalwHiolo nabopaTtopuio

XopoLumit nasnbHUK — NONOBWHA ycnexa
MHCprMeHTbI N TeXHOJNIoOrnyeckue CoBeThbl

TpuroHomeTpuyeckas anekTpoHuka
O vacroTax, nepuoaax, MOLLHOCTH, NEPEMEHHBIX HaNPAXEHUAX U ToKax
W HEMHOro 0 curHanax

AnexTpoHuka 6e3 NonynpoBOAHUKOB
PeaVICTOpr, KOHAEHCaTOpPbl U CXeMbl Ha UX OCHOBE

N3o6peTeHune, KoTopoe NOTPACNO MUP
[LInoabl, TPAH3NCTOPbI M NPOCTENLLME CXEMbI Ha UX OCHOBE

OuwenomnsioLlee paaHooﬁpaame 3NeKTPOHHOro mupa
Pene, ctabunutpoHsl, cBeTOANOAbI. ..
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rmABA 1

Yem oTnnvaercs
TOK OT HanpsAXeHnA?

IMostomy-To MHe Gyzner nerye, facilius natans, B3ATE TeMy IO
MoeMy BbIGOpY, KOTOpast A1 3THX TPYAHBIX BOMpocoB Gorocno-
BUA ABIIACH GBI TEM e, YeM MOpaJlb ABMACTCA WA METaQH3HKH
u ¢pwiocodun.

A. lioma. « Tpu mywikemepa»

Hypaukuit Bonpoc, ckaxkete Bel? OTHIOAb. ONBIT MOKa3al, 9TO HE TaK Y2K U MHOTO JTIo/IeH
MOTYT Ha HETO OTBETHTh NMPaBWIHHO. M3BeCTHYIO MyTaHHIy BHOCHT M A3BIK: B BBIpaXe-
HUU «MMEETCA B NpOoAaXe UCTOYHHK MOCTOAHHOro Toka 12 B» cmbicn uckaxkeH. Ha ca-
MOM JIefie B 3TOM Cllydae MMeeTcs B BUIY, KOHEYHO, HCTOYHHUK HATIPSHKEHHA, a HE TOKa,
MOCKOJIbKY TOK B BOJIbTaX HE M3MEPAETCA, HO TaK rOBOPHTH He mpuHATo. Camoe Mpa-
BIWJIbHOE Oyner cka3aTh — «MCTOYHHUK MUTaHHA MOCTOSHHOTO HampskeHus 12 BonbT», a
HanucaTh MOXXHO M «HMCTOYHHK MHUTaHHA =12 B» rme cuMmBoi «=» 0003HAYaeT, YTO 3TO
HMMEHHO MOCTOSIHHOE HANpsDKEHHE, a He epeMeHHoe. BripoueM, U B 3TOH KHHIe MBI TOXe
HHorza OyaeM «olmnbaThes» — A3BIK €CTh A3BIK.

Yrob6sl pa3obpaTeCs BO BCEM 3TOM, IJIA Hayaja HAllOMHHM CTPOTHE ONpeAeneHHs U3
yueOHHKa (3a3yOpuBaTh MX — BechbMa mone3Hoe 3aHatHe!). HUrtak, mok, TodHee, ero
BEJIMYMHA, ecmb KONUYeCmEO 31eKmPUYeckoz0 3apsaod, npomexainujee yepe3 cederue
npoeodHuka 3a eounuyy épemenu: I = Qft. EnuHMIa Toka Ha3bIBaeTCA «ammep», H ee
pa3mepHocTh B cuctreMe CH — kysioHs!I B cekyHIy. 3HaHHe cero ¢akra NpUroAUTCsS HaM
NO3IHEe.

Kyna Gonee 3amyTaHHO BBIIJIAOUT ONpeleieHHe HATPOKEHUA: GENUNUHA HANPANCEHUA
ecmb pasHocmb INEKMPUYECKUX ROMEHYUANOE MENCOY OBYMA MOYKAMU HPOCMPAHCMEA.
H3mepsieTcs oHa B BOJIBTaX, U pa3sMEPHOCTb 3TOH €QMHHMLIBI H3MEPEHHS — JXKOY/Ib Ha
KyJIOH, T. e. U= E/Q. IloyeMy 3TO TaK, JIErKO MOHATh, BHUKHYB B CMBICJI CTPOTrOro ofpe-
JeNeHuss eqUHHULIbI HaNpDKeHH: | 601bm ecmv MAKAs pasHOCHb NOMEHYUAnos, npu
KOmopoi nepemewjerue 3apaoa 8 1 Kynon mpebyem 3ampamol SHepeuy, pagHoti 1 osxcoynio.

Bce 3T0 HarIsqHO MOXKHO IpeICTaBUTh cebGe, CpaBHUB NPOBOIHHK C TPYOOH, 0 KOTOpOH
Te4eT Boja (M 310 6yneT KOBOJIBHO TOYHAs aHanorus). [Ipy TakoM CpaBHEHHH BEJIMYHHY
TOKa MOXHO cebe MpeACTaBMTh, KaK KOJMYEeCTBO (pacxoj) mpoTeKarouleil BoAbl 3a ce-
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KyHIY, @ HanpsbkeHHe — KaK pa3sHOCTb JaBJIEHHH Ha BXoje U Beixoze TpyObl. Yaie Bce-
ro Tpy0a 3akaH4YMBaeTCA OTKPBITBIM KpaHOM, TaK YTO JaBJI€HHE Ha BBIXOAE paBHO aTMO-
chepHOMY JaBJIEHHIO, M €r0 MOXHO MPHHATH 3a Hy/1eBOH ypoBeHb. TOYHO Tak e B 3JIek-
TPHUYECKUX CXeMaX CYIIEeCTByeT oOLMiA npoBoA (WK «oblias MHWHA» — B MPOCTOPEYHH
JUTA KPaTKOCTH €€ YacTO Ha3bIBaIOT «3eMJIei», XOTA 3TO U He TOYHO — MBI ellle BepHeMcs
K 3TOMY BOIPpOCY M03[Hee), MOTEHIHal KOTOPOro NMPUHUMAETCS 32 HOJMb U OTHOCUTENIBHO
KOTOpOT'O OTCYMTHIBAIOTCS BCE HAIpshkeHUA B cxeMe. OGBIYHO (HO He Beeraa!) 3a oOLuid
MPOBOJ, MPUHUMAIOT MUHYCOBBIH BHIBOJ OCHOBHOTO HCTOYHHKA MTMTAHHSA CXEMBI.

Hrtak, BepHeMcs K Borpocy, c¢hOpMYIMPOBAaHHOMY B 3arojioBke, — TaK 4YeM e OT/IHYa-
€TCA TOK OT HanpspkeHUA? [IpaBUIIbHEIH OTBET OyJeT 3By4aTh TaK: TOK — 3TO KOJMHYECT-
BO 3JIEKTPHYECTBAa, a HallpsHKeHHE — MEpa ero NoTeHUHaIbHO#H 3Hepruu. HewuckyiueH-
Hblli B (u3NKe cobeceHUK, pasyMeeTcs, HAYHET TPACTH TOJIOBOM, MBITasACh BHUKHYTB,
¥ TOTJa MOXKHO 1aTh Takoe noscHeHue. [IpeacraBere cebe nmagaroummii kameHs. Eciin oH
MaJieHbKHii (KOJTMYECTBO 3JIEKTPHYECTBA MAJIO), HO MajaeT ¢ GONBLION BEICOTHI (BEIHKO
HamnpskeHHe), TO OH MOXKET HaJeNaTh CTOJIBKO K€ HECHaCTHi, CKOJNBbKO M GONbLIOH Ka-
MeHb (MHOTO 3JIEKTPUYeCTBa), HO NaJalolIMi ¢ Mo BBICOTHI (HaMpsyKeHHEe HEBEIHMKO).

CBfA3b TOKa U HanpsXXeHUs

Ha camoMm fene aHaorus ¢ kaMHeM HarjigHa, HO He TOYHa, — Tpyba ¢ TeKyLuei *ua-
KOCTBIO MOAXOAMT Kyaa Gonblie. J[eno B TOM, YTO HanpsikeHHE U TOK OOBIYHO CBA3aHHI
Mexay coboi. (CnoBo «0OBIYHO» A YNMOTPEOWI NMOTOMY, YTO B HEKOTOPBIX CITy4yasx —
B MCTOYHHMKAX HANpMKEHHA WIH TOKa — OT 3TOH CBA3M CTapaloTcs H30aBHTBCSA, XOTA
TOJIHOCTBIO HHKOTZA W He yznaercs.) B caMoM gene, eciiu BepHYThCs K Haiueii Tpyoe, TO
JIErKO TMpeICTaBHTh, KaK C YBEJIMUEHHEM AaBlIeHUA (HaNpsHKeHHA) YBEIUYHBAETC KOJH-
4YeCTBO TpoTeKatomie )KUIKocTH (Tok). MHave 3aueM HykHBI ObUTH OB Hacochl? Clioxk-
Hee MpeaCTaBUTh cebe HarIsaHO OOpaTHYIO 3aBHCHMOCTb — KaK TOK BJIMAET Ha Hanpsi-
xenue. J[Jig 3TOro Hy»KHO CHayasia IMOHATh, YTO TaKOE CONPOMuUBeHuUe.

Bmiote 10 cepenunsl XIX Beka pU3HKM He 3HAIH, KaK BBHITJIAIUT 3aBUCHMOCTH TOKa OT
HanpsbkeHUa. 3TOMy €CTh OfHa BaxkHas npu4uHa. ITonpobyiite caMu skCTIEpUMEHTATIBHO
BBIACHMTbD, KaK BBITTIAIUT rpaduk 3ToH 3aBHcHMMOCTH. CxeMa 3KCrepHMeHTa NpHBeeHa
Ha puc. 1.1, a npuMepHBIe pe3yabTaTel — Ha pHc. 1.2. [loka3aHHbie Ha rpaduke pe3ysb-
TaThl BECbMa MPUOIU3UTENbHBI, T. K. PeaIbHbIH BUI KPHBOH CHIBHO 3aBHCHT OT TOT0, KaK
HMEHHO BBIMOJTHEH MOAONBITHBIA MpoBoAHHK («I1» Ha puc. 1.1), — MIOTHO WM peaKo OH
HAMOTaH, Ha TOJICThIH MacCHBHBIH KapKac WJIH HA TOHKHH cTakaH M3 Gymard, a Taloke oT
TeMIepaTypsl B KOMHAaTe, HAIHYMS CKBO3HAKA M €lI€ OT MHOXXECTBA APYTHMX MPHYHH.
HMeHHO Takoe HENOCTOAHCTBO H CMYINAIO (PU3MKOB — HE TOJNIBKO caMa KpHBas 3aruda-
ercs (T. €. TOK B 00lleM CTyyae HEMPONOPLMOHATIEH HANPSHKEHHIO), HO BUA M dopMa 3To-
ro 3arub6a BecbMa HEMOCTOAHHBI M MEHSIOTCA KakK NP M3MEHEHWUM YCJIOBHH BHeIIHeH
Cpeabl, TaK M AJ1 pa3IM4YHbIX MaTEPHAJIOB.

IMoHago6wics reunii ['eopra Oma (puc. 1.3), 4To6b1 32 BceMH 3THMH I€pPEBbAMH YBUIETh
HACTOAIIMH JieC — a MMEHHO IOHATh, YTO 3aBHCHMOCTb TOKAa OT HampsKEHHS ONUCHIBA-
eTcs dlieMeHTapHO mpoctoi dopmynoit: I = U/R, a Bce HeCypa3HOCTH, YNOMSHYThIE
paHee, MPOHCTEKAIOT OT TOTO, YTO BEJIMYMHA COMPOTHBIEHHA R 3aBHCHT OT MaTepHaia
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A - amnepmeTp
V - BonbTMETP
Perynupyemuii 1M - ucNbITYeMBIR NPOBOAHUK
WCTOUNMK NUTAHMS (20 M MeaHOM NPOBONOKK
0-36 B AvameTpoM 0,1 MM)
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Puc. 1.1. Cxema akcnepumeHTa no nposepke 3akoHa Oma
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Puc. 1.2. NMpumepHbie pesynbTaTh NpoBepku 3akoHa Oma

MPOBOIHHMKA M OT YCJIOBHMI BHEIIHeH cpelbl, B MEPBYIO o4yepenb OT Temneparypbl. Tak,
B HallleM SKCTIEPUMEHTE 3aru6 KpUBOH BHU3 MPOMCXOOUT MOTOMY, YTO MPH NPOXOKACHHH
TOKa MPOBOJHUK HAarpeBaercs, a COMPOTHBJEHUE MeAW C MOBHILIEHHMEM TeMIEpaTyphl
yBenuuuBaercs (npumepHo Ha 0,4% c KaxabIM rpagycoM H3MEHEHHMs TEMIepaTyphl).
A BOT caMa BEeJTMYMHA 3TOTO HarpeBa 3aBHUCHT OT BCETO, Yero yroiHo, — HaMOTaWTe Mpo-
BOJ NMOIUIOTHEE U 3aBEpPHHUTE ero B acbecT — oH OyneT HarpeBaTbcs CHIBHEE, a pa3Mo-
TaiTe €ro U MOMECTHUTE Ha CKBO3HAK — HarpeB pe3KO YMEHBIIUTCA.

B 3nak npu3nanus 3acnyr l'eopra OMa eAvHMIA M3MEPEHUS CONPOTUBIICHNSA TaK W Halbl-
BaeTca — oM (ohm no-anrnwmiicku). CornacHo ¢opMyrne, NpHUBEAEHHON B MpeABLIYLIEM
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abzaue, I OmM ecmb conpomusienue mako2o NPOBOOHUKA, Yepe3 KOMOpbll meyem MoK
6 1 A npu nanpaxcenuu Ha e2o konyax, paénom 1 B. O6paTHas cONPOTHBIIEHHUIO BETHYH-
Ha Ha3bIBACTCA HPOBOOUMOCMbIO N H3MEPAETCS B CHMEHCAX, Ha3BaHHBIX TaK B UeCTb ApY-
roro HEMELKOro Y4eHOro, JIEKTPOTEXHHKA M npeanpuHAMarens BepHepa ¢pon CumeHca:
1 Cm = 1/0M. B 37eKTpOHHKE MOYTH BCErAa ONEPUPYIOT HMEHHO BEJIMYHHOW COMPOTHB-
JIEHMsl, TAK YTO CHMEHCHI Mbl OCTABUM 111 (DM3HKOB.

Puc. 1.3. F'eopr Cumon Om (1787-1854) — Hemeukuit huank, yneH-koppecnoHaeHT bepnurckon AH.
OxoHuun 3pnaHackuit yHmeepcuTeT. MNpenogasan maremaTtuky, 3atem uanky B pasnuuHbIX TMMHA3UAX.
C 1833 ropa — npodeccop HiopHbeprckoi BoicLIeH NOMUTEXHUYECKON LUKONBI.

B 1849-52 roaax — pekrop MioHxeHckoro yHusepcuterta. Ynen JIoHaOHCKOro koponesckoro obujectea

3AMETKHU HA nonsx

ObpaTuTe BHUMaHUE, YTO HA38aHUE eAUHULLI U3MEPEHUS «OM» Mbl MULLEM CO CTPOYHOW
6ykBbl, a ee obo3HaveHue («OM») — ¢ nponucHoi. 310 obuiee npasuno — Bce obo3sHaqe-
HUA eAUHULL U3MEPEHUR, KOTopble 0bpa3oBaHbl OT haMUNUIA yYEHbIX, NULIYTCH C NPONUCHON
6ykebl: bk (mkoynb), BT (BaTT), B (BONbT), A (amnep). B To e Bpema 0603HaYeHUn eanHALl
W3MepeHuR, KoTopble He o6pasoBaHbl OT UMEH COOCTBEHHbIX, @ ABNAIOTCA 0ObIMHBIMKU CNO-
Bamu, NULLIYTCRA CO CTPOYHOM ByKBbI: C (CeKyHAbI), M (METpbI).

ComnpoTHBIIEHHE NMPOBOAHNKA 3aBUCHT OT €r0 r€OMETPUYECKHX Pa3sMEpOB — OHO YBEJH-
YMBAETCA NMPOMOPLHMOHANBHO JUIMHE W YMEHBINAETCA MPONMOPLHOHATIBHO TUIOLIAH Ceye-
Hus: R =p-L/S. Bonpmoe npakTH4ecKoe 3HauYeHHe HMeeT KO3((GHLHUEHT MpONMOPLIHO-
HaTbHOCTH, 0603HayaeMblil 6ykBo#i p (po), — Tak Ha3bIBaEMOE yOeIbHOe CONpOmuBneHue
Marepuaiia npoBoAaHUKa. [Ipu onpenenenHol Temneparype (o6suHo 6epetcs 20 °C) ata
BEJIMYMHA MOYTH MOCTOSHHA A Kakaoro Marepuana. «[loytu» g TyT HamMcan noromy,
YTO Ha CAMOM JieJie 3Ta BEeNMYHMHA CHIBHO 3aBHCHT OT XMMHUECKOH YHCTOTHI U Jaxe OT
cnoco0a M3rOTOBJICHHA MaTepHalia MpOBOJHMKA (Hanmpumep, GOpMHPOBAJICH JIH MPOBOA-
HHK LITAMITOBKOMH, MPOTSDKKOH HIM 3NEeKTPOXHMMHYECKHM HambUleHHeM). [ npoBoaHH-
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KOB CTapaloTcs YNOTPeOIATh OYeHb YHCThlE METALTHI, CKaXKeM, OObIMHBIA MEIHBIA pO-
BOJA HM3rOTaBJIMBAlOT M3 MEIH C KOJNH4YECTBOM npuMeceil He Gonee 0,1% (kak rosopsr,
C YHCTOTOH B «TPH HEBATKH»), — 3TO IMO3BOJIAET YMEHBUIHTH CONPOTHBIEHHE TaKOro
NpoBOJa M M36€XKaTh JIMIIHMX NOTEPh HA €r0 Harpes.

YaensHOe COMPOTHBIEHHE MPOBOJHHMKA, MO OMpEIENeHHIO, ecTh conpoTHBieHHe (OM)
NPOBOAHHKA eaMHMuHOM rwiomanu (1 M) 1 eauHuuHOM LHHBI (1 M), H €CJTH NOJCTABHTH
9TH BEJIMYHHBI B GOPMYITy, IPUBEIEHHYIO paHee, Bbl MOJYyYHTe pa3sMEPHOCTb VLA yIelb-
HOTO COMpOTHBIEHHA: OM-M>/M WM npocto Om-M. TIpaKTHUECKH B TAKHX €IHHHMLIAX H3-
MepATh YAeNbHOe CONPOTHBIIEHHE CTPAIIHO HEYJOOHO, T. K. U1 METAIIOB BEJTMYHMHA M10-
nMydaetcs KpaliHe MaJleHbKOM — TpelcTaBiseTe CONPOTHBIeHHe Kyba Menu ¢ pebpom B
1 M?! Ha npaktuke 4acto ynotpebnstor eauuuuy B 100 pa3 Gonpuie: OM-cM. JTa BenH-
YHHA YacTO MPHBOAHTCA B CIpaBOYHHKaX (CM., HampuMep, [2]), HO U OHa He C/IMIIKOM
ynoOHa uis pakTHYeCKUX pacyetoB. Tak kak guaMeTp MPOBOAHMKOB M3MEPSIOT OOBIYHO
B MHJLUTHMETPaX (a CEYeHHE, COOTBETCTBEHHO, B KBaIPaTHHIX MHLUTHMETPAX), TO Ha Mpak-
THKe HauGonee yqo6GHA CTapuHHas BHeCHCTeMHas eauHMia OM-MM’/M, KOTopas paBHa
COTPOTHBJIEHHIO MPOBOJHHKA ce4eHHeM B | KBaapaTHBIA MWUIMMETP H AnvMHOH 1 metp.
s Toro yToOsl BIpa3uTh OPUIHMATBHBIH OM:M B 3THX €IMHHLIAX, HYXKHO YMHOXHTb €r0
BeuunHy Ha 10° a 1s Om-cm — Ha 10*. Tlogrnszes B CMpaBOYHHMKE BEJIMUMHY YAE/b-
Horo conpotueienus Meau (0,0175 Om-Mm*/m npu 20°C), MBI IETKO MOXEM BBIYHCITHTS,
YTO COMPOTHBJIEHHE NTPOBOIHHKA C MTapaMeTpaMH, NpHBEAEHHbIMH Ha pHc. 1.1, cocTaBni-
et okosio 45 OM (nmpoeeprTe!).

Hano cka3ath, YTO 4€JIOBEUECTBO BECHMA IIPEYCIeNo B M3rOTOBIEHHH CIIELIHATIBHBIX Ma-
TepHAIOB, UMEIOINX KO3GOHLUEHT YNETbHOTO COMpPOTHBIEHHA, MalIO 3aBHCAIIMHA OT
TeMIiepaTypbl. TO NpeXAe BCEro CreLHanbHble CIUIaBbl — KOHCTAHTAH M MaHTaHHH —
TemrepaTypHblit k03pduimeHT conpoturneHus (TKC) KoTOpbIX B HECKOJIBKO COTEH pa3
MEHBLIE, YEM Y YHCTBIX METAUIOB. A Ui OOBIYHBIX CTAHAAPTHBIX YTJIEPOAUCTHIX HIIH
MetauiomieHouHblx pe3uctopoB TKC cocraenser npubnuzurensHo 0,1% Ha rpamyc,
T. €. IPUMEPHO B 4 pasa Jy4ile, yeM y MeaH (MpH4eM, OTMETBTE, YTO Y PEe3HCTOPOB OH
MOET OBITH KaK MOJIOKHTENbHBIM, TAK U OTPHULATENbHBIM, B OTIIHYHE OT METALIOB).
EcTh M cnenyanbHbie MPELM3HOHHBIE PE3UCTOPBI (CpeaH OTEYECTBEHHBIX 3TO, HAalIpUMED,
C2-29B, nposonounsie C5-54B u ap.), y KOTOPbIX 3TOT KOI(GQHIMEHT 3HAYHTETHHO
meHbite. ECTb U JpyrHe MaTepuansl, y KOTOPHIX TeMIepaTypHblii koadduuueHT, Haobo-
pOT, BeCbMa BEJIMK (HECKOJILKO MPOLIEHTOB Ha Ipagyc, ¥ NPH 3TOM, B OTJIMYHE OT METal-
JIOB, OTPHLIATENICH) — M3 HUX JAEJNAIOT TaK Ha3bIBaEMbIE mepMucmopbl, KOTOPhIE UCIIOJIb-
3yIO0T KaK YyBCTBUTE/IbHBIE JaTYMKU TeMIeparypsl (noapobHee o HUX cM. 2aagy 13). On-
HaKO Ui TOYHOrO M3MEDPEHHA TEMIEpPaTyphl BCE )K€ HUCMONB3YIOT YHCThlE METAIBl —
yallle Bcero IUIaTuHy ¥ Meab. K 3ToMy Bompocy MsI elie BepHeMcH.

PerynupoBaHue Toka
C NOMOLLbLIO CONMPOTUBNEHUA

ITo3HaKOMMBIINCH, TAKHUM 06p330M, C MOHATHEM COIPOTHBJICHHA H €ro ocoﬁemiocmMu,
BCIIOMHHM, 11 Yero Mbi BCe 3TO Aejiajin. AX Ja, MBI )K€ XOTCJIH MOHATH, KAK MPpakTH4C-
CKH NpEeACTaBUTh 3aBUCHUMOCTE HAIPsDKCHHA OT Toka! Ho Benp Mbl MOKa He YMEEM NIpo-
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U3BOJILHO W3MEHATH TOK B MPOBOJHMKE, Tak? HanpsokeHue U3MEHATH MPOCTO — HYKHO
B3Th PeryJHpYyeMblii MICTOYHHK MUTaHUA, KaK 3TO H300paxeHo Ha puc. 1.1, wiM, Ha Xy-
Joi KoHel, Habop Garapeek, NMpH MOCIEJOBATEbHOM COEAWHEHHMH KOTOPBIX (OXHOM,
IBYX, TPEX M T.1.) Mbl MOJYy4YMM HEKUil HaOOp HampsyKeHH#. A BOT UCTOYHMKOB TOKa
(MMEHHO TOKa, a He HanpsbKeHHUA) Mbl eLie He umeeM. Kak e ObITb?

v b
ap |||-—'—
|

i

!
R1100 Om R2 50 Om

bre = o - —_

Puc. 1.4. Cxema ANA U3y4eHUA CBOWCTS Lienu C ABYMSA Pe3UCTOPamMK

Brixona M3 3TO# CHTyallMH MOKa3aH Ha puc. 1.4 (3aMeTbTe, MBI OT CXEMaTHYECKOTO U30-
OpakeHHs MPOBOJHMKA, KaK KAaTyLIKM M3 JAJMHHOM MPOBONOKH, UMEIOLLEH HeKoe CoMmpo-
THUBJIEHHE, MEpeulid K CTaHAapTHOMY H300paKeHHI0 pPEe3UCTOPOB, KaK 3TO JeNaeTcs
B HAaCTOSILUMX DJJIEKTPUYECKUX CX€Max). 3[ech Mbl yke He UCIOb3yeM peryHpyeMblii
HCTOYHHK MUTaHUA — OH HaM He HykeH. IIutaercs cxema ot GaTapeu U3 Tpex rajibBaHU-
YeCKHMX 3JIEeMEHTOB, Hanpumep, THHopasMmepa D, coeinHeHHBIX mocieaoBarelbHo. Kaxk-
JbI TaKkoH 3/1eMEHT (€CIH OH ellle He ObUT B 3KCIUTyaTallMi) JaeT HanpsykeHUe MPUMEPHO
1,62 B, Tak uT0o cymMMapHoe HanpsbkeHue Oyzner noutd 5 B, kak v yka3zaHo Ha cxeme (nog
Harpy3Ko# M 1o Mepe UCTOLUEHHS IEMEHTOB HaNpsHKEeHHEe HEMHOTO YMajieT, HO omubka
B HallleM CJiy4yae He urpaet 60Jb1I0i ponH).

Kak paGoraet ata cxema? JlomycTuMm, YTO JBHXOK NMEPEMEHHOro pe3rcTopa (nogpobHee
0 HHX paccka3aHo B 21age 5) R1 BbiBeieH B KkpaiiHee mpaBoe (10 CXeMe) MOJIOKEHHE.
IlpocnenuM myTh TOKa OT IUIIOCOBOTO BBIBOJA Oataped: aMrepMeTp, BBIBOA JBHXKA
pesuctopa R1, kpaiinuii npaeeiii BeiBoa R1, pesuctop R2, MuHycoBblif BeIBOA GaTapeH.
IMomyyaercs, yto pesuctop R1 B cxeme kak Obl He yyacTByeT — TOK OT IUTIOCOBOTO BbI-
Boja Oarapeu cpa3y nonajgaet Ha R2 (amnepMertp, kak Mbl y3HaeM U3 21a8bl 2, MOXKHO He
NpUHHUMAaTh BO BHHMaHHE), U CXEMa CTaHOBUTCS (aKTHYECKH Takoi ke, kak Ha puc. 1.1.
YTo mokaxyT HAIK W3MepuTebHble NpUbopsl? BonbT™MeTp nokaxer HanpshkeHHe Oarta-
pen — S5 B, a noka3aHus aMnepMeTpa JIErKO BBIYHCIHTD 10 3akOHy.OMa: TOK B Li€H co-
craBut 5 B/50 Om = 0,1 A unu 100 MA. Ha Bcsikuii ciryyaii ewe pa3 HanoMHHM, YTO 3TH
3Ha4YeHUs NPHOJIM3HUTENBHbIE — peaJibHOE HanpshkeHHe 6aTapen HecKOJIbKO MeHbIle 5 B.

Tenepr nmoctaBum aBuxkok R1 B cpenHee nmonoxenue. Tok B Lenu Tenepp Hoimer or
wioca 6arapen yepes ammepMeTp, BblBOA ABikka R1, monoeuHy pesucropa R1, pesu-
ctop R2 u nanee, kak ¥ paHblile, BepHETC k MUHycy Oatapeu. Kak u3MeHsATCA Noka3aHUs
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npubopos? Panblie pesuctop R1 B npouecce He y4acTBoBas, a Tenepb y4acTBYET, XOTH U
nosnoBHHKOH. COOTBETCTBEHHO, oOllee CONMpPOTHBIEHHE Lenu craHer yxe He 50 Om
(oauH pesuctop R2), a 50 (R2) + 50 (monosuuka R1), T. e. 100 OM. AMnepMeTp NoKakeT
yxe He 100 MA, a 5 B/100 OM = 0,05 A win 50 MA — B 1Ba pa3a MEHbILIIE.

A BOT uTO nokaxet BosibTMeTp? Tak cpa3y u He ckaxkellb, He npaBaa au? [Ipunerca no-
CUMTATh, U IUIA 3TOIO PaCCMOTPUM OTAENIBHO YYaTTOK LieMH, cocToAwuid u3 R2 ¢ npuco-
€IMHEHHBIM K HeMy BoJibTMeTpoM. OYeBHIHO, YTO TOKY Y HAac JAeTbCA HEKyAa, — BCE TO
KOJIMYECTBO 3apsAa, KOTOpOe BBILUIO M3 ILTIOCOBOTO BBIBOAA OartapeH, mpoHaer uepes
ammepMerTp, yepe3 nonoBuHKy R1, yepe3 R2 u BepHercsa B Garapero'. 3Ha4MT, U Ha 3TOM
OTAENBHOM Y4acTKe, COCTOAlIEeM U3 oaHoro R2, Tok Gyzner paBeH ToMy, YTO MOKa3bIBaeT
ammnepmeTp — T. €. 50 MA. Tlomyuaetcs, kak 6yaro pezuctop R2 noaxmoueH Kk HCTOYHH-
Ky Toka! M 3TO mEHCTBHTENBHO Tak — MCTOYHUK HAMpMKEHUSA C IOCIENOBaTeNbHO
BKJIIOYEHHBIM pE3UCTOpOM (B HallleM ciiyyae mosioBuHkod R1) mpeacrasnser coboif
ucmouHux moxa (XOTA 1 IUIOXOM, KaK Mbl YBUIMM B JajbHeimeM). Tak KakoBsbl xxe 6ymyT
nokasanus BosibTMeTpa? OueHb npocto: U3 3akoHa Oma ciexyet, uto U=I-R, rme R —
COMNPOTHBIIEHHE HYXHOTO HaM y4acTka 1emny, T. €. R2, u B HaileM ciiyyae BOJBTMETp MO-
kaxeT 0,05-50 =2,5 B. Ota BenuunHa Ha3bIBaeTCA nadeHuem HANPAXNCEHUs, U B HaLIEM
ciTyvae — MaJiCHUEM HaIpsOHKCHHA Ha pesuctope R2. Jlerko moramatbes, Jake HE MOA-
KII04as BOJIBTMETP, YTO MaJeHHWE HanpskeHUs Ha pesucrope R1 Gyner paBHO® Toxe
2,5 B, npuyeM ero MO>KHO BBIYMCIIMTH ABYMS MyTSAMH: KaK pa3HHLy Mexay S5 B ot Gara-
peu ¥ nageHueM Ha R2 (2,5 B) wnm no 3akoHy OMa, aHayioru4Ho pacyety s R2.

A 4grto Gyzert, ecM BBIBECTH ABKDKOK IepeMeHHOro pesucropa R1 B kpaiiHee neBoe mo-
noxeHue? 51 cpasy npuBemy pe3yJbTaT: amMriepMeTp Nokaxker 33 MA, a BONbTMETp —
1,66 B. Iloxkaryiicta, mpoBepbTe 3TO caMOCTOATENbHO! ECIIH BBl MOMy4UTe TE XKe 3HaYe-
HH#, TO 3T0 OyneT o3Ha4yaTh, YTO Bbl YCBOWIM 3aKkOH OMa M Tenepp yMeeTe OTJIMYaTh TOK
OT HampsbkeHusi. A Gosiee CIOXKHBIMH CXeMaMH BKJIIOYEHHs PE3HCTOPOB MBI 3aliMeMcs
B 2naee 5.

ITpexxae yeM MoMTH Aanbliie, 4 XOUY OTBETHTh Ha BONPOC, KOTOPbIi, HECOMHEHHO, y Bac
y’ke BO3HHK: a KaK MOXHO ce6e MpeAcTaBUTh Pe3uCTOp B HaIlleit aHATOTHH C BOAOMPO-
BoAHOH Tpy6o#? Tok — pacxon BoAbl, HampsHkeHHE — JaBIE€HHE, a COMPOTHBIEHHE?
Okas3sIBaeTcs, 3T0 OYEHDb NIPOCTO, MAJIO TOrO, COOTBETCTBYIOLIAs BEJIMYHHA B THAPABJIHKE
Ha3bIBAETCA TOYHO TaK XKE€: COnpomuenenue nomoxy. AHaIoraMi pe3ucTopoB OyayT Bes-
KHE YCTPOHCTBa, YCTAaHOBJICHHBbIE Ha TpyOe: KpaHbl, 3aIBWKKH, My THI WIH NPOCTO Me-
CTHBIE Cy)XeHHs. OrnpeeneHHBIM CONPOTHBIIEHHEM obnafaer ¥ cama TpyOa, MpuueM 4eM
OHa TOHBIIE, TEM €€ COMPOTHBJICHHE BBILIE, B TOYHOCTH KakK M C MPOBOAHMKOM. M To4HO
TaK X, KaK Ha BKIIOYEHHOM B 3JIEKTPHYECKYIO LieNb PE3HCTOpE MPOMCXOIMT IMaJCHHE
HanpsUKEHHs, Ha 3THX THIPABIMYECKMX COMPOTHBICHHUAX NPOHCXOAMT MajieHHe JaBlie-
HMA, KOTOpPOE MPOMNOPLUHOHAIBHO BEJIMYHHE CaMOro COnpoTHBieHus. [IpHKpbIBas KpaH,

'Ha camoM fene 3T0 HE COBCEM TOYHO — YacTh TOKA, XOTA M OYEHh HEOOMbIIAf, BCE KE NMOMLET Yepe3
BOJNBTMETP, MUHYS R2. Ho Ha npakTuke STUM Bcerza npeHe6peraioT (MoApoSHOCTH CM. B rasge 2).
2 Y 310 He COBCEM TOYHO — aMIIEPMETP TOXKE MMEET HEKOTOPOE COMPOTHBIEHHE M MOXET GBITh NPEACTaB-

JIeH, Kak elle OJMH MocleNoBaTenbHeli pesuctop. Ho, kak M B cirydae ¢ BONBTMETPOM, 3THM Ha NPAakTHKE
npeHebperaior.
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MBI YBEJIHYHBAEM COTIPOTHBIIEHHE MOTOKY, U PacXoil BOABI YMEHBILAETCH, T. €. 3MECH MBI
MpPOU3BOJMM B TOYHOCTH TO € JAEHCTBHE, YTO M MNpPH SKCIIEPUMEHTAX C MepeMEHHbIM
PE3UCTOPOM B IJIEKTPUYECKOH LIETH.

NUCTOYHMKM HaNpsXeHUs U ToKa

B cxeMe Ha puc. 1.4 MBI MOJKEM BBLIEINTH, KaK MOKa3aHO ITYHKTHPOM, €€ 4acTb, BKJIIO-
yuB Tyna Oartapeiiky U nepemeHHbii pesuctop R1. Toraa atot pesucrop (BMecte ¢ co-
NPOTHUBJIEHUEM aMIIEPMETPa, KOHEYHO) MOXHO PacCMaTpUBaTh KaK 6HymMpeHHee CONpo-
mueneHyue UICTOYHUKA JJIEKTPUYECKOH SHEPrUH, KaKOBBIM BBIIE€JIEHHAA YacTb CXEMbI CTa-
HET 1A Harpy3k#, poib koTopoid Oynmer urpate R2. JIro6oif MCTOYHHK, KaK JIETKO
JIOrajaTbCs, UMEET CBOE BHYTPEHHEE COMPOTHUBIIEHHE (AJIEKTPOHLUMKH YacTo YHOTpeo-
JIAIOT BHIPAXKEHHE BbIXOOHOE conpomugneHue) — XOTA Obl MOTOMY, YTO y HEro BHYTpH
€CTh MPOBOAA ONpeAeJ€HHOH TOILIHHBL.

Ho Ha caMoM fiene He MpoBOAA CITy>KaT OrpaHH4HBarOIMM (akTopom. B 2nase 4 MbI y3-
HaeM, 4TO TaKOe 3/eKTPHYECcKas MOIHOCTb B CTPOrOM 3HAY€HHH 3TOrO TMOHATHA, a MOKa,
OMHPasACh HA MHTYHIIMIO, YUTATENh MOXKET COOOPa3UTh caM: YeM MOILLHee HCTOYHHK, TEM
y HEro MeHblle JODKHO ObITh CBOE BHYTPEHHEe CONpPOTHBIIEHHE, MHAaUe BCe HanpsKeHHe
«CANET» Ha 3TOM BHYTPEHHEM COMNPOTUBIIEHHH, U Ha [OJIIO HArpy3KH HHYEro He NOCTa-
Hetcs. Ha mpakTHke Tak M MPOHCXOAMT — €CH BBl MOMBITAETECH 3aITyCTHTh OT Habopa
6arapeek THna AA kakoi-HHOYAb 60bLIOH NPUOOP, NMHTAIOLIMIHCA OT UCTOYHHMKA C HHU3-
KHUM HarpsokeHHeM (BpOoZie HAacTOJNILHOIO CKaHepa WiIM HOyTOyka), TO mpubop, KOHEYHO,
He 3apaboTaeT, x0T (GopMaJIbHO HANpPSHKEHHA JOJDKHO XBaTaTh, — OJAHAKO 3TO HArps-
KEHHe «CANET» MOYTH A0 HYJNA. A BOT OT aBTOMOOMIBHOIrO akKyMyJATOpa, KOTOpbIii
ropasao MoLIHee, Bce MOTyYHTCs Kak Hafo.

Takoi MCTOYHMK, Y KOTOPOro BHYTPEHHEE CONMPOTHBJIEHHE MAJIO MO OTHOUIEHHIO K Ha-
rpy3Ke, Ha3bIBAIOT €ILE UOCWIbHLIM UCHOYHUKOM Hanpadcenun. OU3HKH MpeanoYuTaioT
HasBaHHe udearvblil ucmoynux 3C (3NEKTPOABWKYLUEH CHIBI), HO Ha MPAKTHKE 3TO
abCTpaKTHOE MOHATHE UCMOJIB3YETCA PEXKe, YEM MEHEEe CTPOroe, HO BCEM MOHATHOE «Ha-
npskeHue». K HUM OTHOCATCA B NEPBYIO O4epeb BCe HCTOYHHKH 3JIEKTPHYECKOro MUTa-
HMs: OT OaTapeek OO NPOMBILLIEHHOH ceTy. KeraTu, Ui CHIDKeHHs BHYTPEHHEro COMpo-
THUB/IEHHS BOBCE He 00fA3aTeNIbHO YBEIMYMBATh MOILHOCTH MCTOYHHKA HANpsDKEHHs A0
6ECKOHEYHOCTH — K TOMY ke 3 ¢eKTy NPUBOAAT CreLHaibHble MEPHI MO CTaOHIM3aLHH
HanpsDKEeHHs, ¢ KOTOPBIMH MBI TO3HAKOMUMCH B 21a6e 9.

Haobopot, uoeansnuiii ucmounux moxa, kak HETpyAHO moranatecsi, o0s3aH oOnanarts
6ecKOHEYHBIM BHYTPEHHHM COIPOTHBJIEHHEM — TOJBKO TOTZJa TOK B LIEMH COBCEM He
Oyner 3aBHUceTh OT Harpy3ku. [IoHATH, kak HCTOYHHK PEATLHOTO ToKa (He GECKOHEYHOTO
Majioro) MoxkeT 061anaTh 6ECKOHEUHBIM BBIXOAHBIM COMPOTHBIEHHEM, AOBOJIBHO TPYI-
HO, U B OBITY TaKkHe MCTOYHHKM Bbl He BcTperute. OAHAKO Y)ke OOBIYHEIA pe3ucTop,
BKJIFOYEHHBIN TIOCTIEOBATENRPHO C HCTOYHHKOM Hampsbkenus (He Toka!), kak R1 Ha
puc. 1.4, py yclioBHH, YTO CONPOTHBIIEHHE Harpy3ku Mano (R2<<R1), Moxer ciIyxHTb
Xopoleld Mozaenplo UCTOuHHKa Toka. Eue Ommbke k jkemaeMoMmy OYAyT TpaH3HCTOPBI
B OMPENEIEHHOM BKJTIOYEHHH, U MBI C 3TUM pa30epeMcs mo3aHee. A ¢ OMOILBIO 00paTHOM
CBAI3M U ONEPALMOHHBIX YCWIUTENEH MOXKHO NOOUTBCS M pe3ysibTaToB, OJM3KHMX K Teope-
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THYECKOMY HA€aTy, — IOCTPOHTh HMCTOYHHK TOKA KOHEYHOH BENMYMHBI C BBIXOIHBIM
COMPOTHRIICHHEM, BeCbMa OJIM3KHUM K 6ECKOHEYHOCTH.

HCTOYHMKH HampsOKCHHMA M TOKa 000O3HAyalOTCS Ha CXeMaX TaK, Kak MOKa3aHo Ha
puc. 1.5, a u 6. He nepemyTaiite — J0rMki B 3THX 0003HaYEHUAX HEMHOTO, HO TaK YX
NPUHATO. A TaK Ha3bIBaeMble 3KGUSAIeHMHble cxembl (MX €lle Ha3BIBAIOT CXeMami
3ameuyeHus) peaibHbIX HCTOYHHKOB MpHBeaeHbl Ha puc. 1.5,6 u 2, rae R, o6o3Hadaer
BHYTpPEHHE€e COTMPOTHBIEHHE UCTOYHHKA.

Rs

a 6 e 2

Puc. 1.5. ACTOYHWKN TOKa W HaNPRXEHWUNA: a — 0603HaueHne naeanbHOro NCTOMHUKA HanpsKeHus,
6 — o6o3Ha4eHne naeanbHoOro MCTOYHMKA TOKa;
68 — 3KBUBANIEHTHAA CXeMa PeanbHOro NCTOMHMKA HaNPAXEHUS,;
2 — 3KBWBaNeHTHaA CxeMa peanbHOro UCTOYHNUKA ToKa

Teneps Ham mpuAETCS OTBIIEYBCA OT CXEM M pa30o0paThCs C TeM, kak obopynopaTh cebe
pabouee Mecto. TeopeTuueckne 3HaHHUSA — 3TO BRKHO, HO Ha MPAKTHKE BCE NMO3HAETCA
KyJa JTyd1le.
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HXeHTNbMeHCKUn Habop

O6opyayem aomauwHo0 nabopartopuio

3arem oH cxoomy Ha HabepexHyio Xenesnoro Jloma w oraan
MpUAENAaTh HOBBIA KIHHOK K CBOEH wnare.

A. [ioma. « Tpu mywxemepa»

Ckaxy cpa3y: eCiii y Bac cpeau A0OpbIX pOACTBEHHHKOB HET OJIMIapXxoB, TO obopymo-
BaTh JIOMAIIHIOK TaGOPaTOPHIO IO NOC/IEAHEMY CJIOBY TEXHHKH M HE NbITAHTeCh, — OHa
BCTAaHET B TAKyIO0 CyMMY, YTO JOMAIIHKeE elle Aonro 6ymyT Bam 310 BcnomuHaTe. [ToTromy
AeNaiTe BCE MOCTENEHHO — KOHEYHO, OYEHh 3aMaHYMBO KyMUTh LU(POBYIO U3MEPHU-
TENBHYIO CTAHLMIO (MyJIBTHMETP, 3aMOMHHAIONMI OCLMIOrpad, reHepaTop CHrHaIoB
M T. M. B OTHOM ()MIAaKOHE) CTOMMOCTBIO MPHUMEPHO KaK MOAEP)KaHHBIA UMIIOPTHBIH aBTO-
MOOHMIIb B XOPOIIEM COCTOSHHMH, HO, YBEPSAIO, UTO WU fAeia 3To Heobsa3aTenbHo. EcTs,
OJIHAaKO, BEIIH, O€3 KOTOPEIX HE 0OOHTHCDH, BOT MX-TO Mbl H MPHBE/IEM, a 3aTEM PaCCMOT-
pUM MO OYEPEIH.

Htak, BOoT Mablii JuKEeHTJIBMEHCKMHA Habop paguontoOuTens:
O MyneTHMETp;

0 HMCTOYHHK MUTAHMA MOCTOSHHOTO TOKA (B2 OAMHAKOBBIX OJHOTIONSPHBIX WM OAHMH
JBYTOJSAPHBIHA, MHOTAA TPeOYETCA U TPEeTHil HCTOYHHK);

O ocumnnorpad;
O reHepaTophbl MPAMOYTONBHBIX H CHHYCOMIATIBHBIX CHIHAJIOB.

YKa3aHHOTO JOCTATOYHO, YTOOBI MOBTOPUTH BCE MPUMEPHI U3 3TOM KHHUI'M, OHaKo B 06-
IEM CJTy4ae MOXET MOHAJ0OUTECA W MHOe 06opyaoBaHUe (HalpUMep, €ciy Bbl cobHpae-
TECh 3aHATHCA PaJHONPUEMOM WM TeneBuneHrueM). Ho Mbl ocraHoBUMcs Ha 3ToM. Ilpu-
YeM HCTOYHMKH TNMTAHHA U FEeHepaTophl HECNIOXKHO CHeNaTh caMoMy (TeHepaTophl —
AaKe MpeanovTHTenbHee, T.K. OHH 00OHIyTCs BaM B JIeHb TPYJa M COTHIO-APYTylo pyo0-
neii, TMOTpayeHHBIX HA KOMIOHEHTHl, a paborate OynyT He Xyxke, a B HEKOTOPBIX
OTHOLUEHHAX JaKe JIyHllle NPOMBIIUIEHHBIX, U OKaXyTCs MHOTO yA0oOHee B HUCIOJIb30Ba-
HuHM). B nanpHeiilemM MeI Bce 3TO caenaem, a noka pacCMOTPHM TO, YTO MMEETCA B IPO-
JaxKe.
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3AMETKH HA noasix

BHUMATENDbHbIA YATaTENb MOXET 3amMeTWTb, YTO B CNWUCKe HeT vacTtoTomepa — npubopa
ANA naMepeHus YyactoTel konebaHun. B oBbiuHOM NpakTuke OH AeNCTBUTENLHO He TpebyeT-
csi. Bo-nepBbix, €r0 C ycnexoM 3aMeHsieT ocuunnorpad, — Aaxe C NOMOLbIO NPOCTOro
aHanoroBoro ocuunnorpadga MOXHO OUEHUTbL nepuoa konebaHui C AOCTAaTOMHOW ANA
NpaKTUKX TOYHOCTBLIO U NPUTOM HAMHOIO HarnsigHee, Yem 3TO MOXET caenaTb Mobown YacTo-
ToMep. Bo-BTOpPbIX, DYHKLMIO U3MEPEHUS 4acTOTbl UMEIOT MHOTME COBPEMEHHbIE MYNbTU-
MeTpbi. U HakoHel, oTkanubpoBaHHbIE NO TOYHLIM 3HAYEHWAM BbIXOAHOW YaCTOThI reHepa-
TOpbl CUrHanoB pa3Hon hopMbi AenatoT YacTOTOMEP YXK U BOBCE HEHYXHbIM. TeM He MeHee
ecnu OH U noHapobutca, To B 3agavax, rae TpebyeTcs 3HaTb 3HAYeHWe 4acToTbi C TOM-
HOCTbIO HaMHOro 6onbLuen, YeM MOTYT AaTh YNOMSIHYTbIE TOMbKO YTO CpeAcTBa (OT AECATLIX
honen npoueHTa Ana Ludposbix NpubopoB A0 eAWHUU NPOUEHTOB ONA MySbTUMETPa W
camogenbHOro reHepaTtopa U3 2raebl 12). A nopobHelih 06pa3uoBbiii Npubop, ANa KOTOPOro
B CTPOKe «LeHa» 06bIMHO yKa3biBaeTCs «No 3anpocy», NOKynaTb ANs AomallHel nabopato-
puK Tak xe Heuienecoobpa3aHo, kak npuobpeTtaTb B MMYHOE NONb30BaAHUE ANEKTPUYKY.

MynbTuUmeTp

Ero elue 4acTo Ha3bIBAaIOT MO CTapUHKe TecTepoM. [lokynats HykHO 00s3aTensHO LMp-
poBoii M He camblii JewieBblid. Ha peiHKe MOJIHO MMHHATIOPHBIX KHTaHCKMX MYJbTHMET-
POB CTOMMOCTBIO B HECKOJIBKO COTeH pybiied — ux nokynatb He Hamo! Kak npasuiio,
OHM paboTalOT NMPUMEPHO HEAEMIO, a TIOTOM €C/IM HE pa3BaIMBAIOTCA, TO MPOCTO MNepe-
cTaloT noka3piBaThb. Ho caMbli ri1aBHBIM UX HENOCTATOK — JaKE HE HHU3Kad HaJeXKHOCTb,
a HeJOCTaTOYHAsA TOYHOCTh, KOTOpPas MOXET OBbITh JOBOJILHO Jalieka OT AEKJIapHPYEMBIX
B OITMCAHHH BEJIMYHH.

B marasunax tuna «Yun u Jun» Wid Ha paauopblHKax ecTh 60nbiuoi BeIOOp NMpHIMY-
HBIX yHHBepCaIbHBIX MYJIbTHMETpoB. Hac MHTepecyeT cpennuii LieHOBOH IMana3oH —
BBICOKas LieHa 03HAYaeT, YTO B MPUOOpE HATMYECTBYIOT HE CIIMIIKOM aKTyaJibHble HaBO-
POTBI: CBA3b C KOMITBIOTEPOM, TIAMATh WJIH €LIE YTO-TO B 3TOM poje. Bribrparh HykHO Mo
KONMU4ecTBY QYHKLMIA U AHana3oHaM H3MepeHHH. YkaxkeM riaBHble QyHKIMH, 6e3 koTo-
pbIX He 000HTHCH (B CKOOKaX — JKesaTe/bHbIe THANa3oHbl):

O u3MepeHHe NOCTOSHHOIO HarpsbkeHus (2 MB—600 B);

O usMmepeHHe NOCTOAHHOro Toka (2 MA-10 A);

O usMepeHHe nepeMeHHOro Hanpsukenus (1-700 B);

O wu3MepeHHe nepeMeHHOro Toka (20 MA—-10 A);

O usmepenue conpotusienus (100 Om—10 MOM, pyHKLMS «IPO3BOHKHY).

Bce octansHble GYHKIMH, KaK TOBOPAT KOMIBIOTEPILMKH, ONLIMOHANBHBI, HO NpeHebpe-
raTh MIMH He ciedyeT (pacnoJiaralo Mx Mo CTeNeHH NPaKTHYECKO# Hy>KHOCTH):

O u3MepeHHe EMKOCTH;

0 u3MepeHHE 4acTOTHI;

0 wu3MepeHHE HHIYKTHBHOCTH;

O u3MepeHHe TIapaMeTPOB TPaH3UCTOPOB;

O wu3MepeHHE TEMIEPATYPHI.
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MyneTHMeETpBl paboTaloT, Kak MpaBwio, OoT 9-BonbToBO# Garapeiiku B THIOpasMepe
«Kpona». Barapeliky XBaTaeT HaJ0/Iro, OQHAKO y HEKOTOPBIX Mozeiei 6bU10 3aMeueHo,
YTO MPU CHWKEHHUM HANpPSDKEHUS MUTaHHA HHXE AOITyCTHMOrO MYJIbTUMETD HE BBIKIIIO-
YyaeTcs, a HAYMHAeT BpaTb. JTO MOXKET CTATh UCTOYHHKOM HEMNPHATHOCTEN M KPYIHBIX
Heopa3syMeHHH, M03TOMY 5l COBETYIO Cpa3y I0CJjie MOKYNKH pa3OpHThCA Ha CaMylo 10po-
ryto wenouHyio (alkaline) 6arapeiiky ¢pupMms! Duracell, Varta wnu Energizer, rapantupo-
BaHHBIA CPOK XpaHEHHs KOTOpPOH cocTaBiseT 6—7 ner. B mocnemHue roabl NOABWIHCH
nuTHEBble aHasiorH «KpoHbI», KOTOpble NMPHMEPHO BTPOE AOpPOXKE WIENOYHBIX, HO AJIs
9TOM LleNIM OHM MONOHMIYT elle JIy4lle — Y JIMTHEBBIX CPOK XpaHeHHUs NOXOAMT mo 10—
12 netr. D10 OyneT HEIUIOXMM BIIOXKEHHMEM JACHET, YUMThIBas, 4ro OaTapeiika B MyNbTH-
MeTpe B OCHOBHOM XPaHHTCA. DTOT COBET, KCTaTH, OTHOCHTCS He TONABKO K MYJIbTHMET-
paMm, a BooO1ie k Ji060# TexHHKe, KOTopas J0J/bKHA JONro MUTAThCs OT rajbBaHHYECKUX
3/IEMEHTOB, — CKaXX€M, K ITyJIbTaM YTPaBJICHHUA TEJI€BU30PaMH.

COBET

Mpy nokynke MynbTuMeTpa obpaTute BHUMaHWE Ha HanuuuMe PYHKUUWM aBTOBbLIKNIOHYEHUR
(ans ak3emnnspa, U3obpaxeHHOro Ha puc. 2.1, 0 NpUCYTCTBUU TakoW (PyHKUMW FOBOPUT
Hagnucb «Auto power off»). BONbWMHCTBO COBPEMEHHBIX MyNbTUMETPOB €€ UMEIOT, HO MO-
XeT 6biTb, NPU HEKOTOPOM OnbiTe obpaLleHus C HUMW Bbi NpeanoYTeTe, YToObl ee He 6bino:
TaKkoW MynNbTUMETP UMEET NPUBbLIYKY BbIKNIOYaTbC nocpeamn paboTbl kak pas B TOT MOMEHT,
KOrAa y Bac 3aHaTbl pyku. o kpailHeWh mepe, nepes NOKYNKOM CTOMT O3HAKOMUTLCA C OMu-
caHueM TOro, kak peannsoBaHa 3ta yHKUUS.

CnabbiM MecToM BceX MYJBTUMETPOB ABIAETCA GYHKUUA U3MEPEHHA TOKa, T. €. PeKUM
amniepMeTpa. Eciim BBl TBOpHECKM H3Y4WIH 27agy I, TO AOIDKHBI JIErko cooOpa3uTs,

Zkézinswpi(.;uu\_u NPN - PNP
* L el

Pt Puc. 2.1. TWNOBOH MynETUMETP

2 v C AONONHUTENLHOW hyHKLMEH

U3MepeHns eMKocTu
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4TO aMNEPMETP, BKJIIOYaeMbIH BCEraa MoC/efoBaTENbHO C HAarpy3koH, NOMKEH MMETh
OY€Hb MaJleHbKOE COOCTBEHHOE (BHYTpPEHHee) CONPOTHBIIEHHE, HHaue Ha HeM oOpa3syeTcs
OonblIOE MaJEHUE HANPSHKEHHS, YTO BHECET HCKKEHHUS B M3MEpSEMYIO BEJIHUHHY TOKa.
Eciy BbI Bee € HE MOHIM MpPebIAYINYIO (pa3y, TO BEpHUTECH K pUc. 1.4 1 nepepucyii-
Te €ro Ha JIMCTOYKe OyMaXKKM TaK: BMECTO aMrepMeTpa HapucyiTe pesuctop R (koTo-
peiii GyzneT npeacTaBiATh YMOMAHYTOE BHYTpEHHEE CONMpPOTHBIICHHE aMIlepMeTpa), a Iie-
pemeHHbIR pe3ucTop RI1 uckmouuTe. Bol noyurTe MoYTH TOYHO TaKylO K€ KapTHHKY,
KaK ¥ paHblle, ToJibko BMecTo R1 y Bac temepb ectb Ra, M Bce pacuers! OymyT cosep-
IICHHO aHAJIOTMUYHBIMH: 4YeM Gosblie Ra, TeM MeHbllee NnafieHHe HAaNMpsDKEHHS MOKaKET
BOJIETMeTp Ha R2, U TeM MeHble GyneT o6uiuii Tok B uenu. ITo OYeHb IUIOXO, T. K. 06a
npubopa AO/DKHBI TONBKO M3MEPATh, HO HUKAK HE y4acTBOBAaTh B MPOLIECCAX, MPOHCXO-
ASWMX B 1enH. B npuHLMnIe NoJHOCTBIO H30eXXaTh BIMAHHA aMIIEPMETPa HE yIaeTCs, HO
NoTy4aeTcs cAeaTb BHYTPEHHEE COMPOTUBIIEHHE aMIIEpPMETpPa AOCTaTOUHO MaJjlbiM, YTO-
Obl ipeHebpeyb ero BIAHAHUEM.

BoT 3T0-TO 3aMeuaresibHOE CBOMCTBO aMNepMeTPOB OAHOBPEMEHHO M ABJSETCA MX ca-
MBIM €1a0BIM MECTOM — AOCTaTOYHO IEpermyTaTh U BKJIIOUHTH aMIIEPMETP HE MOC/IeN0-
BaTEJNIbHO, a MapajUIeNbHO UCTOYHUKY MUTaHUA (MOJ0OHO BOMBTMETpPY Ha puc. 1.1), kak
4epe3 HEro, B MOJTHOM COOTBETCTBHH C 3akoHOM OMa, 1motever OrpoOMHBIN TOK, OrpaHu-
YEHHBIH TOJILKO BO3MOXHOCTAMH HMCTOYHHMKa. J[eHCTBUTENBHO — XapaKTEpPHOE COIpO-
THUBJICHHE aMIIEPMETPa MPH HW3MEPEHHH OONBIIMX TOKOB COCTaBJIAET IOPsAJKa HECKOJb-
KHX MWITHOM, YTO JlaXKe TIPU S5-BOJBTOBOM MCTOYHMKe AaeT Tokd B 1000 A u 6onee! Ha
CaMOM JieJ1e HUKAKOH OOBIYHBIM MCTOYHMK MUTaHWA (BKJIKOYas Aaxke ObITOBYIO JIEKTPO-
CEThb) TAKOIO TOKA OTJATh HE CMOXKET, HO TOrO, YTO CMOMXKET, OyJeT JOCTaTOYHO, YTOOLI
npubop cropen.

OnHako He oT4aMBaiTeCh — OOBIYHO B XOPOLIMX MYJIBTHMETPAX Ha 3TOT Cily4yad BHYTpH
CTOMT IUIaBKUI NpeOXPaHUTENb, @ CAMBIX «MPOABHHYTHIX)» — JaXK€ CaMOBOCCTAaHABJIH-
Batoluica. [Toatomy ecnu Bai npu6op BAPYr nepecTtan Moka3biBaTh TOK (2 Bbl MOXETE U
HE 3aMETHUTh, KaK CIy4aiHO MOACOEAMHHIM €ro B PEeXXHME W3MEPEHHA TOKa K BbIBOAAM
NHTAaHUA), TO MPEXKIE BCErO OTKPOHTE €ro W MPOBEpbTE 3TOT CaMblii NPEIOXPAHUTEND.
KcTati, MMEHHO A TOTO, YTOOBI JOMOMHUTENBHO 3aLIMTHTE MYJIBTUMETD OT OMHUCAHHBIX
HEMpPUATHOCTEN, KIEMMY Ul MOAKIIOYEHUS LIyNna B pe)KMME M3MEpEeHMs TOKa Bceria
JenaloT OTACIBHON OT JPYTHX.

Tenepbp HeMHOro o pexxume BonbTMETpa. OT BOJNIBTMETpa, Ha000pOT, TpebyeTcs MaKCH-
MaJIbHO BBICOKOE CONPOTHBIIEHHE, HHAY€ YacTh TOKa OyAeT NPOXOAUTb YEPE3 HETO, T. €.
MHMMO H3MEPAEMOrO Y4acTKa, YTO 3KBHBAJIEHTHO YMEHBLIEHHIO CYMMapHOro CONPOTHB-
JIEHHS 3TOTO y4acTKa (rmoapo6Hee O napaniensHOM BKIIOYEHHH PE3HCTOPOB MBI NOrOBO-
pHM B 2naee 5, a IOKa, YTOOBI MOHAThH Cka3aHHOE, MOTIAAUTe elle pa3 Ha puc. 1.4). Urak,
4TOOBI BOJIBTMETP HE BHOCHI HMCKaKECHHS, €r0 COMPOTHBJIEHHE JAENAIOT MaKCHMAalbHO
6onpmm. M 310 XOpowo: no kpakHeld Mepe, HET TAaKOH OMACHOCTH CXKe4b NPUOOP, Kak B
cllyyae aMIEpPMETPa, — €CJIM Bbl BKJIOYUTE MYJIBTUMETP B PEXXUME BOJILTMETPA B LIEMb
MOC/IEIOBATENBHO C MCTOYHMKOM MHUTAHHS, TOK MPOCTO He TIOWHET (TOouHee, MOWMET, HO
OYEHb MaJICHbKHH). 3aTO BOJILTMETP MOXKHO MCTIOPTHTB, €CJIM BKJIFOUHTB €T0 Ha Npeen B
1 B, a noacoeannuts k cetd 220 B. Hano cka3arts, 4To 0OGBIYHO COBPEMEHHBIE BOJILTMET-
Pbl BBIIEPXKHBAIOT TAKOE M3JE€BATENLCTBO, HO JIy4llle BCE Xe HE PUCKOBATh M COOMIOIATh
clieyollee npaBHiIo:
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ObssaTtensHo 3apaHee yCTaHaBI'IVIBaﬁTe an60p Ha TOT AMana3oH, B KOTOPOM Bbl coﬁupae-
Tecb Npou3sBoauUTb namepeHus! Ecnu npumepHoe 3HavyeHue BenuyuHbl 3apaHee HeusBecCT-
HO, TO cneayeT yCTaHOBUTL an60p Ha MaKCUManbHbI ANANa3oH.

BnpoueM, ecnu GpUHAHCOBBIE BO3ZMOXHOCTH MO3BOJISAIOT, TO MOJKHO U NPUOOPECTH MYyJIb-
THMETP C aBTOMATHYECKMM BbIOOPOM MPEIENIOB H3MEPEHHA, — B 3TOM CJIy4ae BaM NpH-
netcs 3a00TUTBCS TOJBKO O TOM, YTOOBI HE MEPENYTaTh, YTO UMEHHO BbI cOOpaIUCh H3-
MepATb. TOK WM HampsbkeHHe. TakuMH ¢YHKUMAMHM Bceraa o6JiafaloT HACTOJbHBIE
MYJBTUMETPBI, U OHH, KOHEYHO, [l HAIUMX Lesiell BO BCEM MpeaNoOYTHTENbHEE YHUBED-
CaNlbHBIX, — ecJIM OBl TONBKO HE LIEHa, KOTOpas /Ul CaMbIX JIeIleBBIX MOJeNeil HauuHa-
eTcs OT 5 ThIC. py6uneil.

KcTatu, a MOXXKHO JTH 0OOHTHCH OJJTHMM BOJILTMETPOM, €CJIH BAPYT aMIIEpMETP Cropet He-
o6patuMo? BrionHe MoxHO. CoopyauTh aMmepMeTp W3 BONBTMETpa — Tapa ITyCTSIKOB
(xaK, KCTaTH, 1 Ha06OpPOT — MpocTO OOBIYHQ 3TOro He Tpebyercs). s 3TOro HyXHO
3aMacTHCh TOYHBIM PE3UCTOPOM C HOMUHAILHBIM 3HAYEHHEM COTIPOTHBIIEHHS, HAIPHMED,
poBHO 1 OM (3TO NMOAOHAET AJA W3MEPEHHA TOKOB B €AMHHLBI-AECATKU-COTHU-THICAYH
MHJUIHAMIIEP, YTO €CTh OObIYHOE 3HAYEHHE JUIA HALMX CXeM, [Ji1 TOKOB B IPYrUX Auana-
30HAaX HyXeH OOJNBIIMH WJIM MEHbLIMH HOMHHAT). MomHOCTL 5TOro pesucropa A0JDKHA
ObITh KaK MOXXHO BhIllIe — He MeHee 1-2 BT, a ecnin nocranere MowmHocTeio B 10 BT, TO
3T0 OyAET NPOCTO NMpPEeKpacHo.

COBET

Ecnu He cmoxeTe npuobpectn Takon pe3uctop, TO B KpalHem cnydae MOXHO ero u3roto-
BUTb cCamocCToATeNbHO. Jlyywe BCero vwcnonb3oBaTb HUXPOMOBYIO NPOBOMOKY TOMLMHOMK
0,2-0,4 mm. U3 nopobHon NpoBONOKKU paHbluUe Aenanuce cnnpany Anst OTeYeCTBEHHbIX YTIo-
roB W 3NEKTPONNMUTOK, @ Talkke NasNbHUKOB, HO Celdac, KpOME pa3Be YTO NasfibHUKOB, Bbl
TaKkoro B NpoAaxe He HalgeTe U 3anyacted K 3TOMy aHTukBapuaTty Toxe. lpowe Bcero
npuobpecTtu Takyio NPOBONOKY B WHTEPHET-Mara3uHax, TOPrylWmMX akceccyapamm K anex-
TPOHHbLIM CuUrapeTaMm — W3 Hee AenalTca cnupanu ucnapurenein. Boabmute kycok atoin
NPOBOJSIOKW NoANUHHee (KaK MUHUMYM, HECKONBLKO MEeTPOB) U U3MepbTe ero ConpoTuBneHne
(ero-To Baiw MynbTUMETP €Lle He noTepsan cnocobHocTb U3mMepATL?). BenuuuHa ata cocra-
BUT Nnopsagka HeCKONbKUX AECATKOB OM. 3aTem pacTsiHUTe U MaMepbTe pyneTkon aAnuHy. Mo-
AenvB 0aHO Ha Apyroe, Bbi NOMy4YuTe conpoTueneHue nposonoku B Om/m. Octanock oTMme-
pPUTL (KaK MOXHO TOYHEE) HYXHbIN KYCOK, COOTBETCTBYIOLMIA OQHOMY OMY (CKOpee BCero no-
ny4uTcs nopsiaka 4—12 cm), cBepHyTb €ro CnupanbkoW, HaMOTaB Ha KapaHzaw WU 3aTeM
aKKypaTHO CHSIB, — W CONpPOTUBNEHUE (NPUYEeM AOCTAaTO4HO TOYHOE) roToBO. YTo6bl OHO
6bino Gonee aonropeyHbIM, cneayeT B3sATb NOOOW KPYNHbIA PE3UCTOP AOCTAaTOMHO BbICOKO-
ro conpoTuBnexHusn (6onee HECKONLKUX COTEH OM), HAMOTaTb Ha HEro aTOT OTPE30K HUXpOMa
Tak, 4ToObl BUTKM He Kacanucb Apyr Apyra, U Tyro 06epHyTb ero KOH4YMKU BOKPYr UMEIOLLVX-
CSAl BbIBOAOB. 3aTeM ux crneayeT NponasTb C MOMOLLBIO KMCNOTHOro ¢hritoca (CM. enasy 3).

Tenepb BKJIFOUMTE 3TOT OJHOOMHBIH PE3UCTOP MOCAECNOBATEIbHO B USMEPAEMYIO LICTID,
a MapajuieJIbHO €MY TNOAKIIOHYHTE BOJIBTMETP, KaK IOKa3aHO Ha pUC. 2.2. BennuuHa Toka
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Puc. 2.2. Cxema u3mMepeHus BENUUMHbI TOKa C NOMOLLLIO BONbTMETPA
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B LI€INMH 6y;le'r YHMCJICHHO paBHa IOKa3aHASIM BOJIbTMETpa (CCIIPI BOJIbTMETP YCTAaHOBJICH Ha
AHnamna3oH B BOJIbTAX, TO, 3HAYUT, TOK B aMIepax, €ClIi B MHWJUIMBOJIbBTAX — TO B MHUJLIH-
amnepax). I[yMalO, Bbl JICTKO COO6p&3HTC, no4yeMy 3TO TakK, H CaMU CMOXETE NPpUAYMaThb,
KaK MOACYHTATH HAIPAKEHHE, €CJIIH PEIUCTOP UMEET HOMHUHAIL, otnuyarouiica ot 1 Om.

COBET

OpHOBpeMeHHO C MyNbTUMETPOM npuobpeTuTe noaxoasiuue AN HEro 3aXuMbl «KpPOKO-
Avnb» (C 3anacoM — OHuW nerko TepsaTca). C HUMKU cuTyaumsa o6bIYHO Takas: Yalle BCero
CTaHAapTHbIE OTEYECTBEHHbIE «KPOKOAUIbI» HE NOAXOAAT, a8 «POAHLIE» UMNOPTHLIE CNULL-
KOM rpOMO3JKMUe U OYEHb MNOXO AepXaTcs Ha uamepseMoM nposoae. B aTom cnyvae peko-
MeHayeTcA Nubo, ecnm BO3IMOXHO, NOAOTHYTL OTevecTBeHHble, YToObl OHU AepXanuch Ha
MUMMNOPTHOM Lyne, NMBo NPOCTO OTKYCUTb MMMOPTHbIE HAaKOHEYHWUKW OT NMPOBOAOB N 3aMe-
HUTb UX OTEYECTBEHHBIMMU LUTEKEPaMU, Ha KOTOPbIX «KPOKOAWUN» AEPXKUTCA OYeHb KPenko.
Mpu 3aTom Bbl NUwWaeTeck (OUPMEHHOrO 3a0CTPEHHOrO LUyNa, HO ero Nerko U3roToBuTb u3
«Kpokoauna», npuyem oH ByaeT Aaxe nyyle OpUrMHanNbLHOrO — MSIOTHO 3aXMUTE C no-
Mouiblo nnockorybues (a ewe nydile nponasiTe MOLWHLIM NaANbHUKOM) B «Kpokoavne»
TONCTYIO LBEWHYIO UINY U HAaTAHUTE Ha Hee usonupyoLylo kemMbpukoBylo Tpybky, ocTaBus
cB0OGOAHLIMUA TOMbKO HECKONbKO MMISIMMETPOB KOHYMKA UMbl (4TOGbI NNOTHO AepXanoch,
nyylue ncrnonb3osaTb TePMOYCaaouHbIA keMBpuk). CaM «KpPOKOAWN» TOXKE HYXKHO M30NnUpo-
BaTb — MOXHO WCNONb3oBaTb 6onee TONCTbIM TepMoycaAouHbii keMBpuk unu obmotatb
NVNKON 3NacTUYHON NOMUXITOPBUHUIIOBOIR NEHTON (HO He ckoTyem!). 3ToT xe Wyn yaobHo
ucnonb3oBaTk ANna ocuunnorpada.

bonee noapobHO 06 0COOEHHOCTAX NPOBEJEHHSA U3MEPEHHH B Pa3sIHUHBIX CIyYasX Mbl
MOTOBOPHM B COOTBETCTBYIOLIMX TI71aBaX, a celyac MpoAo/mkuM obcyxaats obopynosa-
HHeE Hallei 1abopaTopHH.

UCTOUYHUK NUTaHUA

JIaGopaTopHBIii HCTOYHHK NUTAHHA, KaK 5 Y)ke TOBOPHJI paHee, He MPECTaB/sAET 0COObIX
TpyAHOCTeii cienath camoMy (cM. 21agy 9), HO BbI TIOKa 3TOro He yMeeTe, a XOTs 6bl OlMH
HCTOYHHK TNOHaZOOMTCA Cpa3y — HanpuMep, WIS TOro, 4To0 OTIAgUTh COOCTBEHHBIE.
[MoaTomy ero cnemyet npuobpect. MoxHO, KOHEUHO, MPHOOPECTH H TPH UCTOUHHKA, HO
K COGCTBEHHOPYUHOH COOpKE A NMPH3BIBAIO HE CTOJIBKO B LIEJIAX SKOHOMHH JIEHET, H AaXKe
He U3 NeJarorMyeckux coobpaxkeH!H, HO elle ¥ IOTOMY, YTO COOpaHHbIH HAMM HCTOYHHK
6yneT MIMEHHO TaKMM, Kakoi Ham Hajgo. Ecnu MynbTHMETpBI (0 KOTOPBIX Mbl FOBOPHIIH
B MpPEBITYINEM pa3jenie) U ocuwuiorpadsl (0 KOTOPLIX MOMIAET peyb Aalee) He UMeeT
HHKaKOro CMbICIa cOOMpaTh CaMOMY, IOTOMY YTO JTy4LU€e H JelleBie POMBILLIEHHBIX BbI
HaBEPHsKA HE CIENAETE, TO HCTOUYHHKH MMUTaHUs M TeHepaTOpbl — COBCEM APYroe JeIo.

3aMeTHM, YTO BO BpeMs OTJIAJAKH MPOCTHIX YCTPOHCTB Arduino, He comepalux MHOTro
NOTPeOIAIOIMX KOMIOHEHTOB, MOXKHO BOOOIIE 000MTHCH O€3 OTIeIBHOr0 HCTOYHHKA —
U1aTa nuTaeTcs oT komietotepa yepes nopt USB. Kak BpeMeHHBI! BBIXO H3 NOJIOKEHHS
MOJKHO PEKOMEHIOBATh MCTOYHHKHU, BCTPOEHHBIE B CETEBYIO BHIKY ¢ (HUKCHPOBAaHHBIM
HanpsbkeHWeM Ha BeIxoze. Eciu Bel 3aHMMaeTech OHUM nuiibe Arduino, To 111 Hayana
paboThl TONBKO OJMH TaKOH UCTOYHUK H MOHANOOHUTCA — CTaOHIIN3HPOBAHHBINA WIH JaXke
HecTaOWIN3UPOBAHHEIN Ha HampsbkeHue 7-9 B u Tok 1-1,5 A, ¢ KpyrieIM pazbeMOM
JuaMeTpoM 5,5 MM Ha Beixozne (puc. 2.3, cresa). I[lono6HbIH UCTOYHHK CliexyeT MOKYNaTh
y T€X e MPOAABLOB, 4TO TOPryloT Arduino-mMomynsamu: B «Yune-Ilune», «Amnepke»




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































