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K yutatento

Kak u3BecTHO, Kaxplil CXOUT ¢ yMa Mo-cBoeMy. EcTh mtoau, CIBUHYThIE Ha cOOUpaHUK
CMHUYEUHBIX STHKETOK WJIH MOHET, €CTh T€, KTO MPbIraeT ¢ MapalitoToM, Jia3aeT Mo ropoj-
CKOM KaHalM3allMK WK CIyCKAaeTCsl Ha MoTaxX Mo ropHeiM pekam CeBepHoro Ypasia u
Cubupu. OHa U3 caMbIX PacnpOCTPAaHEHHBIX PA3HOBUIHOCTEH MOAOOHBIX MCUXUYECKUX
CIBUTOB — PaHOIIOONUTENBCTRO.

Korga-tro paguonoOuTenu OblIM IEWCTBUTENBHO TOJIBKO <JTIOOMTEIAMU pPagio» —
npocto noromy, uto B 20-30-x rogax XX Beka, KOr/a MosSBUINCH MepBble YHTY3HACTHI,
KpOM€ paJiu03JIeKTPOHUKHM, MOYTH HUKAKOW APYroi 3JeKTPOHMKH HE CYLIECTBOBAJIO.
O, B Te BpeMeHa 3TO ObILJIO KYTKO MpecTH:kHoe X000u! DTo celiuac Mbl, He yCHIeB MpH-
BBIKHYTh K MarHUTOJIaM B KaXKJJOM aBTOMOOWJIE U JIByM-TPEM TeleBU30paM B KaXKAOH
KBapTHpe, KaKk-TO He3aMeTHO i cebsl oka3zajauch B MHUpe II00albHBIX 3JEKTPOHHBIX
KOMMYHHUKaLMi. A Toraa caMma BO3MOKHOCTB CIIyLIAaTh KOTO-TO C APYroro KoHua 3emiu
Kaszajlachb 4yJOM, Mard4eckuM JelicTBueM. B Te BpeMeHa paavonoOuTeNd HepelKo
Y4acTBOBAJIM B BKHEHIINX COOBITUAX HapaBHE ¢ NMpodeccuoHallaMi WK J1aXe onepe-
JKaJM X — JOCTAaTOYHO BCMIOMHUTH paguontodurens Hukonas LlMuara, nepeBeHckoro
skutens u3 Ceeepo-JlBuHckoi rybepHun, kotopsiid B 1928 romy nepeeiM moviman SOS
skcnearuu HoOuite, TeM caMbIM YCTaHOBMB MOCTOSIHHYIO CBSI3b C MOTEPIEBIINM KaTa-
cTpody sKunaxxkeMm Aupmxkadns «MUranus».

VY 0OBbIUHBIX JIO/ICH B T€ BpeMeHa Jake HACTPOIKa Ha HY)KHYIO CTaHLIMIO MPOCTOTO JI0-
MalIHero NMPUEeMHHKa, CTaBIIEro K TPUALATHIM IroJaM Yy»Ke JAOBOJIBHO OOBIYHBIM aTpH-
OyToMm He Tonbko B Ooraroit AMepuke, HO U B CCCP, moHauaiy BbI3bIBaJia HE MEHbIIIE
BOMPOCOB, UeM celiuac ycTaHOBKa W HacTpoiika WhatsApp wiu peructpaius CBOero
aKKayHTa B COLlMaJIbHOM CETH.

Ho noBonbHO ObicTpo — HaumHas ¢ 1940-x rof0B — 3IEKTPOHMKA CTajla «IIUPOKO IMPo-
CTUpaTh PYKH CBOM B JieJia YeJIoBeYeCKHUe». TepMUH «paguoItoOUTENbCTBOY COXPAaHHUIICS
M TI0 Ceii IeHb, HO TOJI HUM CTajli MOHUMATh YKE€ OTHIOJb HE TOJBKO YBIIEUECHHE paJHo-
niepegaTIMKaMy U MprUeMHUKaMu. [lepBbIM JeioM BeIenuiIach B OTIENIbHOE Harpasiie-
HHYe 3BYKO3AaIMCh U BCE C Hel CBsI3aHHOE: pa3jIMuHbIe YCUIIUTENH, SKBaJlal3ephl, aKyCTH-
YecKHUe YCTPOWCTBA. 3aTeM RJIEKTPOHHKA BTOPIJIACh B DJIEKTPOTEXHUKY W yMpaBJICHHUE
pa3HbIMU MeXaHu3MaMu. [IoTOM Hayajicsi KOMIBIOTEPHBIA OyM, W CTajlo MOJAHBIM BCeE,
CBSI3aHHOE C MH()OPMAILMOHHBIMU TEXHOJIOTHUSIMH (BOOOIIE-TO B HUX MO CIPAaBEIIUBOCTH
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cnenoBasio Obl BKIIIOUMTH M Paavo C TeleBHIAeHHEeM). 3aMeTuM, 4To B pa3Butun MT-
oTpaciu JOUTENN ChIrpalii He MOCIIEeIHIO PoJlb — TakK, U3 yBieueHus: Ctua BosHsika
KOHCTPYMPOBaHUEM MIPOBBIX MPUCTABOK BbIpocia kommnanus Apple, Tenepb oqHa u3 ca-
MBIX M3BECTHBIX M IOPOTHUX KOMMAaHWI MUpa. A U3 coolluecTBa JtoduTeneil mporpaMmmu-
POBaHHUS POAMIIOCH T€YEHHE «OTKPBITHIX MCXOAHHWKOB» (Open Source), B cyliecTBEHHON
Mepe onpeesstonlee JaHamadt coppemenHoro MT-mupa.

B pesynbrare nepBoHayasbHO €MHAas HaykKa O MPUMEHEHHMH 3JIEKTPUYECTBAa B TEXHHUKE
pazzenuiach Ha MHOXKECTBO TEUEHHH, 3HAUMTENIbHAS YacTh KOTOPBIX YK€ K COOCTBEHHO
3JIEKTPUYECTBY UMEET JIMIIBb KOCBEHHOE OTHOLICHHE. BhINaroImuiicss COBETCKUN yUeHBIN
Cepreit AnekceeBnu JleGeneB, OJUH M3 co3JaTeNiell OTEUECTBEHHOW KOMIIBIOTEPHOM
MPOMBILUIEHHOCTH, HAYMHAI C TTPOEKTUPOBAHUS YCTOMUNBBIX SHEPTOCUCTEM (T. €. C YHC-
TO 3MEKTPOTEXHUUECKHX 3a/]a4), a K KOHLy CBOE€H TBOPUECKOH NesTeTbHOCTH 3aHUMAaJICs
yKke MpobiieMaMy OMepPalMOHHBIX CHCTEM JJisl CBEPXMOLUHBIX BBIYUCIMUTEIBHBIX KOM-
TUIEKCOB.

B HacTosiLee Bpems He 6onee ogHONM NSATON YacT o6bema XypHana «Paguo», Bbixoasie-
ro B Hawew ctpaHe ¢ 1924 roga (B nocnegHue roabl — B 3NIEKTPOHHOM Buae, cM. http://
www.radio.ru), NocesiLLleHo MMeHHO paano. Crnepgoano 6bl NnpuayMaTb MHOE Ha3BaHUE, HO
CMNOBO «pagmnoniobuTenb» NPUXUMOCE U HbiHE O3HaYaeT Noboro, KTo yBrNeKaeTcs 3reKkTpo-
Hukon. Mpaeaa, Tak TONbKO MNO-PYCCKU — HaNpUMep, B aHIMUACKOM A13blKe BCE MHAYe: B HEM
radio ham (unn Ha >xaproHe npocto ham) ecTb nuwb «onepaTop nBUTENLCKON paguo-
CTaHuuu», a ansa nobutenemn aneKTPOHUKM BOOOLLE HET HUKAKOro CneumanbHOro TEPMMHa,
yalle BCEero Mx MMeHylT obwmM Ansi BCeX AOMaLLHUX macTepoB cokpalleHvem DIY (Do It
Youself, «cgenai cam»). Tonbko He gymanTte, 4To B AHrnumM unu B LLiTatax Takux nobute-
nein BOBCE HET, NPOCTO TaM 3TO X000M TPaAMLMOHHO UMENO HECKONbKO UHOM cTaTtyc. B no-
cneagHve rodbl YACMO Takux nobuTenen Ha 3anage pacTeT onepexawwwyMmyi Temnamm —
BO3HMKMNW AaXe Lenble oTpacny NpoMbILLNEHHOCTU, BbiNyckatowwme nonydadbpukatbl U KOH-
CTPYKTOpPbI AN NiobuTenemn co3aaHus cambiX pasHbIX NEKTPOHHbIX n3genuin. O6 ogHoM n3
caMbIX SIPKUX NPUMEPOB 3TOro HanpasneHus — nnatcdopme Arduino, NPOYHO 3aBOEBAaBLLEWN
OTEYECTBEHHYIO ayAMTOPUIO, MOMAET pedb B NOCNEAHUX rnaBax 3Tow KHUrKM. [pyrum oTnmu-
HbIM NPUMEPOM MOXET CTaTb KOHCTPYMPOBaHNE «UHTENIEKTyanbHbIX» poboToB. B ObITy, 3a
npeaenamMmm BOEHHbIX Y MPOMBILLNEHHBLIX Cc)ep NPUMEHEHNS, NPUMEPbI MacCoBO BbiMyckae-
MbIX pOoBOTOB MOKa ellie MOXHO NnepecyuTaTtb MO nanbLam, 3aTo NIoOUTENBCKUX KOHCTPYK-
UMiA Co34aHO HEMCUUCITMMOE KOMNUYECTBO: MO OTAENbHLIM PasHOBUAHOCTSIM «YMHbIX pobo-
TOB» MPOBOAATCA AaXe YEeMMUOHATbl MMpa — COBCEM Kak KOraa-To Mo nobuTenbckon pa-
[NOCBA3N.

OTmeTUM Takke NosiBMeHWe CTpPeMUTenbHO Habupatowen LWMPOKYH0 NOMNYNAPHOCTb «rpax-
JaHCKoM Haykm» (citizen science) — MHOXeCTBa OTAENbHbIX UL, U KOMMEKTUBOB, A06po-
BOMbHO 3aHMMaLWmuxcs c6opoMm n/unu aHanus3om AaHHbIX MO Pa3NUYHbIM NPOEKTam, npea-
cTaBnsAoWwmum obLLeCTBEHHbIN MHTepec. Cama BO3MOXHOCTb MOSIBNEHMS TPaXX4aHCKOW HayKu
obycrnoBrneHa pa3BUTUEM 3NEKTPOHUKU — MOSBIIEHUEM [AELUEBbLIX U AOCTYMHbLIX CpPeacTB
n3mepeHun, cbopa, AOCTaBKM K aHanm3a nx pe3ynbTaTos.

[Toromy He ynuBmsiiTech, YTO B 3TOW KHHTE, a/[peCOBAHHON HAYMHAIOLIUM (M TTPOCTO XKe-
JIAFOIIMM TOBBICUTh CBOIO KBalM(UKAIIMIO) paJHOIIOOUTENAIM, O Paro Bbl BOOOLIEC He
MPOYTETE HU CJIOBA. 3aTO JIOBOJLHO YacTO OyyT YMOMHHATHCS KOMIBIOTEPhl — M0 TIPU-
YUHAM, KOTOpbIC BbI IMOMMETEe, MPOYUTAB ATy KHHTYy. Tak 4YTo ke Takoe pPaguoiIroOH-
TEJIbCTBO?
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PagunonioobutenbCTBO — 4YTO 3TO TaKoe?

UeM oTiiMyaeTcs «3JIEKTPOHHOE» YCTPOHCTBO OT «ajeKTpuyeckoro»? Oba oHU MCTONb-
3YIOT JIEKTPUYECKYIO SHEPrui0, OJHAKO 3JIEKTPUYECKOe YCTPOMCTBO, KaK MPaBWIIO, HE
COICPXKUT HHMKAaKWX 3ayMHBIX IITY4YeK, BPOJAE TPAH3UCTOPOB WIIM MHUKPOCXEM, — Ipo-
CTEWIIMM TPUMEPOM DJIEKTPHUYECKOrO (AIEKTPOTEXHUUYECKOT0) YCTPOHCTBA B YHCTOM
BHUJIE SIBIISETCS HACTOJbHAS JlamMma ¢ BbIKIOdaTerqeM. Ho Ta ke mamma, cHaO)keHHas
PeryJisiTOpoM SIPKOCTH MJIM OECKOHTaKTHBIM CEHCOPHBIM BBIKITIOYATEIIeM, SIBIISICTCS YKe
YCTPOMCTBOM 3JICKTPOHHBIM. DJIEKTPOHHBIMH YCTPOMCTBAMH TMOCTEIIEHHO CTajH JaBHO
H3BECTHLIC JIIOMUHECUEHTHBIE JIaMIIbl — B HHX BCTPO€Ha BECbMa CEPbE3Has CXEma,
YNpaBJIsIoLIas 3aIyCKOM U CBEYEHHEM, a JIOBOJIbHO OBICTPO 3aMEHHUBILINE MX CBETOAMO-
HbIe HICTOYHHMKHU CBETA SBJISIOTCS AJICKTPOHHBIMU YCTPOHCTBAMHU OT POXKICHHUS. A B TaKMX
CJIOKHBIX JJICKTPOTEXHUUYCCKUX CUCTEMAx, KakK, Harpumep, COBPEMEHHLIE TI'€HEPATOPLI
SHEPIrUU UM YCTPONCTBA JIEKTPONPUBO/A, SNEKTPOHHYIO YacTh OT 3JIEKTPOTEXHUYECKOU
OT/ICJIUTH y’KE HEBO3MOXKHO.

DTy TEHACHLMIO JIETKO MPOCIEJNTh Ha MPUMEPE DBOJIIOLIMK aBTOMOOMWIIBHBIX BJIEKTPO-
CHCTEM, T/l MEPBOHAYAILHO FEHEPATOpP SJIEKTPOIHEPTHH COBMECTHO C 3JIEKTPOMEXAHH-
YECKHUM PETYJIATOPOM M aKKyMYJSITOPOM TPEICTaBIISIM COOOM OTAENbHYIO BCIIOMOTa-
TEJNBHYIO CHCTEMY, MPU BBIXOJIE U3 CTPOsi KOTOPOH aBTOMOOWIIb TeM HE MeHee MOXKHO
ObLIO 3aBECTH «PYUYKOW» M 3aCTaBUTh IepeaBUraThesi. HapacraHue KoJMuecTBa 3J1€K-
TPOHHBIX Y3JIOB B KOHIIE KOHIIOB CBS3aJI0 3JIEKTPOTEXHHUUYECKHE KOMITOHEHTHI (cTapTep,
reHepaTop, aKKyMyJISATOpP), SJIEKTPOHHBIE YCTPOUCTBA (DJIEKTPOHHOE 3aKUTaHHE, TaTuM-
KW, KOHTPOJIJIEPhI, BIUIOTh A0 OOPTOBOrO KOMIBIOTEpA) U MEXaHMYECKHE Y3Jbl (JBUra-
Tellb ¢ TPAHCMHCCHEN) B HEPA3pbIBHOE IIEJIOE, IJIe HU OJIHA W3 CHCTEM HE MOXET (yHK-
[IMOHMPOBaTh Oe3 Apyroil. A HEKOTOpbIEe TMOCIEIHHE MOIETH aBTOMOOHIIEH BBICIIErO
Ki1acca akTHYEeCKH Yyxke Oymke K poboTam, a He MPOCTO K aBTOMAIlMHAM, T. €. Mpeji-
CTaBJISIOT COOOM CIIOKHENIINI 3IIEKTPOHHO-MIPOrPaMMHO-MEXaHUYECKHI arperar.

3aHsTHE PaaUOIOOUTEILCTBOM B Halllel CTpaHe HekoTopoe Bpems Hazaz, B 1960—1980-e ro-
161, OBUIO HE MPOCTO MOJIHBIM, @ OYeHb MOJIHBIM. DTOMY CIIOCOOCTBOBAJIO MHOTO MPUYMH:
Y OTHOCHUTEIFHO BBICOKHI YPOBEHb TEXHHYECKOTO 00pa30BaHMs, M OeCIUTaTHBIA JOCTYII
K KOMITOHEHTaM (J1a-/1a, KYITUTh B CBOOOAHOM MpoaKe YTO-TO BJIEKTPOHHOE OBUIO OUeHb
CJIOJKHO, a BOT BbIHECTH ¢ 3aBoa unu u3 HWMM — Bcerna nmoxanyiicta), U, HakoHell, TO,
YTO MPOMBIIUIEHHOCTh SIBHO HE CIIpaBIsLIach ¢ o0ecrieueHHeM MOTpeOHOCTH HaceleHHs
B «IMPOJABHUHYTBIX» OBITOBBIX MPUOOpPAX, & KAUECTBO T€X, YTO BBIMyCKaIUCh, Yallle BCETO
ObLIIO HYDKE BCAKOM KpUTHKH. [leienie, Jiydlle U MHTEpecHee ObLIO clienaTh camoMy.
[TosTomMy B Te BpemeHa cTaTh MeJIOMaHOM B COBPEMEHHOM CMEICIe (T. €. «Io0uTeneM
KaueCTBEeHHOU 3BYKO3alMCH») 03HA4ao (pakKTUUYEeCcKH, UYTO 4YelIOBeK ObLT BBIHYKACH caM
H3y4daThb a3bl 2JICKTPOHUKH U 6paTbC$[ 3a MnasJIbHHUK.

ITonoxeHue, KOHEYHO, pe3Ko U3MeHuI0ch B 1990-e rosipl ¢ MpUXOAOM B CTpaHy AELIEBO-
ro U KauecTBeHHOro muprnorpeba ¢ 3anana u Boctoka, u Teneps yke Bpsij Jid KTO Oyaer
BCEPhE3 CAMOCTOATENILHO M300peTaTh, CKa)KeM, KapMaHHBIN Iieep-«aeOunbHuK». Ho,
KaK HH CTPaHHO, PaJMONIOOUTENILCTBO HE TOJILKO He MOTHOJI0, HO Ja)Ke paciBeno —
MIpeXKe BCEero MOTOMY, YTO CTalM JOCTYIHEI, MyCTh W 3a JICHbI'H, MPAKTHYECKHU JIIOObIE,
KaK UMIIOPTHBIE, TaK U OTEYECTBEHHbIE KOMIIOHEHThI, U, YTO HEMAaJOBaXKHO, HUCUEPIIbI-
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Barolias JokyMeHTauus k HUM — B 70-80-e rombl mpouuioro Beka KakoW-HUOY/b
«CrpaBo4HHUK MO TPaH3UCTOpPaM» CMETalIM C MPUJIABKOB CO CKOPOCTbIO, KOTOPOW MOTJIH
Obl Mo3aBuaOBaTL camu Opatesi CTpyraukue. [1oaToMy HaXoaATCs SHTY3UACTBI MOCTPOK-
KM Ja)ke COOCTBEHHOIO IJIaHIeTa, a 00pa3LoM JIFOOUTEIBCKOrO KOHCTPYUPOBAHMS MPH-
HATO CUMTATh HACTOJBHYK) METEOCTaHIMIO, YTO Ja)Ke CTaJ0 CBOEOOpa3HbIM MEMOM:
«umo Ovl HU Oellal oOUmMeNb INeKMPOHUKY, Y He20 NONYYAIomca aubo uacwl, 1ubo me-
meocmanyusy (moapoOHee 00 3TOM HanpaBlieHUH cM. 2iagy 20).

Mynpsiii pumiisand [Tyonmii Koprennii TaiuT B cBoe Bpems mpoMoiiBrin: «MOKHO BOC-
XUIIATHCS JPEBHOCTHIO, HO CJIEIOBATh HY>KHO COBpeMeHHOCTH». OH ObUT COBEPIICHHO
npas, HO caM OCTaJicsl B BeKaX MMEHHO OJiarojiaps CBOMM UCTOPUYECKUM Tpynam. «Boc-
XUIIIeHHE APEeBHOCTHIO», KAK HUYTO APYroe, MoMoraeT «cliefjoBaTh coBpeMeHHocTH». Ha-
TpUMep, €ClId TMOKOMAThCS B MCTOPUM HAYKW M TEXHUKH, TO BBIACHSETCS WHTEpecHas
BElllb — TOYTH BCE SMOXaNIbHbIE M300PETEHUS! U OTKPBITHS JCNaUCh NUIETaHTaMH, a
€CJIM Y CHeLMaTUCTaMu, TO U3 APYyroi odsactu. Yaie Bcero aTo ObL10 00YCIOBICHO TEM,
YTO [0 HUX COOTBETCTBYIOIMX HAIpPABIEHUI MPOCTO HE CYIECTBOBAJIO, U OHU BBIHYXK-
JeHbl ObUTH Bce M300peTaTh «c Hyis». KpaliHuii ciydail Takoro <« ioOUTEeNbCTBa) —
uzo0petenue tenerpada Camroanom Mop3se (puc. 1), KOTophlii BoOOIIE HE UMeST HUKAaKO-
ro — Jla)ke CaMOCTOSITeITbHOTO — TEXHWYECKOTro 0O0pa3oBaHUs U 10 Havdayia paOoThl HaJl
TeserpadoM ObLT MPU3HAHHBIM XYAOKHHUKOM, B TOM YHCIIe OCHOBATEJIeM CYIECTBYIOMIEH
Y TIOHBIHE Hbm-ﬁopxcxoﬁ akaJieMuu au3aiiHa. bbulM U Apyrue, He MeHee UHTEPECHbIe
cly4au.

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

B 00nacTu 3MeKTpOHUKH CYIIECTBYET HeKas uepapxus 3HaHWM, B KOTOPOH HESBHO MO/I-
pa3yMeBaeTcs, 4ToO MpH Mepexojie OT OJAHOW CTYMEHbKH K CIICAYIOIICH 3HAHUS MPebIIy-
IIIEr0 YPOBHS YCBOEHBI B TOJIHOM Mepe. HampuMmep, B paaroiroOUTENbCKOM JIMTEpaType
COpOKaJIeTHEW TaBHOCTH Bbl MOTIJIM BCTPETHTH MOAPOOHEHIee ONMUCAHWE TMPUHIIMIIOB
paboThl aHanoro-undpoBeix npeobpazopareneit (ALIT), 60 ux coOupanu U3 OTAEIbHBIX
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nertaseii, U 6e3 MOHUMaHUs MX yCTpOicTBa Takas paboTa MPOCTO He MorJia ObITh YCTell-
Hoii. Ceituac ALIIl BceM JOCTYMHBI W B BHJE 3aKOHYEHHBIX MHKPOCXEM, M B COCTaBe
MHKPOKOHTPOJIICPOB, YIPABISIOTCS OHHM MPOrPAMMHO, M, Ka3aloCh Obl, MOHUMaHUE
NPUHLMIOB MX (DYHKIMOHUPOBAHHUS YK€ HHUKOMY He TpeOyeTcsi — mojaBail Hy)KHbIe
KOMaH/Ibl B COOTBETCTBUH C HHCTPYKIHUEH, U Bce OyeT padoTaTh.

OTO BEpHO TOJBKO Ha MEpBBIA MOBEPXHOCTHBIN B3risaA. Hukakve WHCTpYKLIMM BaMm He
3aMeHST TITyOOKOro MOHWUMAaHUs TPUHIIMIIOB paboThl 3JIEKTPOHHBIX KOMMOHEHTOB. [Ipu
YCIJIOBUH, KOHEYHO, YTO BBl XOTUTE MOJOMTH K MPOEKTUPOBAHUIO CBOMX YCTPOICTB TBOP-
YeCKH M YTO-TO M300pEeCTH caMOCTOATENIbHO, a He TYMO CKOMMPOBaTh IOTOBYIO KOHCT-
pykiMio. B mocnienHeM ciyuae BaM 3Ta KHUra He moTpedyeTcsi — BIOJIHE J0CTaTOYHO
COOPHMKOB PagUOIIOOUTEIBCKUX CXeM, KOTOpble HbIHE AOCTYIHBI Kaxaomy uepe3 MH-
TepHeT. J{ns 0co60 NeHUBBIX MHOTUMHM (PUPMaMH BBIMTYCKAIOTCSl TOTOBbIE KOHCTPYKTOPBI
¢ noapoOHOM mowaroBoi HHCTpyKuue. Ho BOT Kak TONBKO BbI 3aXOTHTE UY)KYIO CXEMY
MPUCTIOCOOUTH K CBOMM HYKIaM, MOAU(UIIMPOBATH WK XOTs ObI MPOCTO 3aMEHUTH JleTa-
mu Oosiee NOCTYNMHBIMU WIIM COBPEMEHHBIMH, 0€3 TOHUMAaHUSI TMPUHLMIOB padoThl BbI
OKa)KeTeCh B TyIHKE.

3AMETKU HA 015X

B coBpeMeHHOW 3neKTPOHNKE OYE€Hb PACNPOCTPAHUIICA MOAYMbHBIN NOAX0A, KOrga Bbl Ha-
OupaeTe roToBble MOAYMU-KUPMNYUKU, COEAUHSIETE UX CTaHAApPTHbIMKU NpPOBOAaMU-Nepe-
MbI4KaMU C KOHTPOIIEPOM U Nory4yaeTe roToBbIA NpubOp, AN KOTOPOro OCTAETCS TOMbKO
Hanucatb nporpammy. Ml nagHo 6bl 3TO ObINO OPUEHTMPOBAHO TOMLKO Ha nbuTenei, HO
Takon Noaxo4 AO0BONbHO ObICTPO CTAHOBUTCS OCHOBHBLIM U B cpefe NpodeccrMoHanoB. 310
NMOPOAMIIO LIeSIoe MOKONIEHNE NHXEHEPOB, NMPEKPACHO pa3bupatomnxcs B TOHKOCTSX sA3blka C
n Python, Bo cperiMBopkax Ans MmawmHHOro obyyeHms unn 6ubnmorekax Ans BbINOMHEHNS
rPOMO3AKUX MaTEMATUYECKMX onepaunii Ha cnabbix BeMMCAUTENbHBLIX Nnatdopmax. M Obl-
CTpPO OOHapyXMBaeTCs, YTO Takue MHXEeHepbl He CrocobHblI 3h(heKTUBHO CNpPOEKTUpPOBaTh
nMTaHue YCTPOWCTBA, HE YMEIOT rpaMOTHO MOAKMIOYMTE CBETOAMOA U 0OBACHUTL ero pabo-
Ty, He pa3bupaloTcsi B METPONOMUKN N HE CMOCOOHBI OLIEHUTbL NPAaBUMNBbHOCTL NOKa3aHwuii AaT-
YMKOB — B 0OOLlEM, AEMOHCTPUPYIOT MOSIHOE HEMOHWMaHWEe CyTU MpOTEeKaloWmx B CXeme
npoLeccoB, HECMOCOOHOCTb MX BbICTPOUTbL ONTMMarbHbiM 0Bpasom. [lcuxonornyeckn aTo
MOHSAITHOE SIBMEHUE: UX YYUIU NPOrpaMMMpPOBaHMIO, MO3TOMY OHU BOCMPUHUMAOT MOAZynu
KOHTPONNEPOB, AATYMKOB WU UCMONHUTENBHBIX YCTPOMNCTB MOAOOHO MporpammHbiM 6ub-
nMoTeKkam: ecTb BXOAbl U BbIXOAbl, ONMCaHbl NpaBuna B3aMMOAENCTBUSI C HUMW, ECIIN 3TU
npaeuna cobniogalTcsi, TO BCE AO/MKHO paboTaTb aBTOMaTMyecku. MM HeBooOMeEK, 4TO
3MNEKTPOHMKA — 3TO He pasfen nporpaMMmMpoBaHus, rae BCe CTPOro AeTEPMUHUMPOBAHO U
pacnucaHo. [MpaBaa, oHM 3HAIOT, YTO U B NPOrpaMMUPOBAHUN 3TO TOMbKO HEAOCTUMXMMbIN
ugean, HO NMOYEMY-TO Hanpoyb 3abbIBAlOT, YTO B 3MEKTPOHMKE TaKMX HeaeTEePMUHMPOBAH-
HbIX MOMEHTOB ropasfo GonbLue, 1 MHOrAa OHW nexar ganeko 3a npegenamu cobCTBEHHO
Haykm o6 anekTpuyectBe. Mol elwle Byaem no xoay usnoxeHus pasbupaTb nNpumepbl pas-
NNYHBIX HENEMOCTEN, NOPOXAEHHBIX NOAOOHBIM NPOrPaAMMUCTCKMM NOAXOA0M K 3MEKTPOHU-
Ke. A noka 3ameTVMM, YTO UMEHHO Ha pelUeHue 3adaun npeoporieHnss NogobHoW O0AHOCTO-
POHHOCTU U HanpaBneHa 3Ta KHuUra.

BooO6iue roeops, 6e3 psaaa ¢pyHIaMeHTaIbHBIX 3HAHWI: OT LIKONBbHOM (PM3WKHK 10 MOHH-
MaHHMs TOro, KaK paboTal0T BBIXOJHbIE Kackabl LU(PPOBBIX MUKPOCXEM (& 3HAUMT, U 3HA-
HUsI TIPUHIUIOB paboThl TPAH3UCTOPOB U JIPYTMX KOMITOHEHTORB), — HEBO3MOXKHO JIaXke
MPaBWJIBHO MOJCOEIWUHHUTH CBETOAMOA K MHKPOKOHTpOsiepy. MOXHO CKOMHPOBAThH 4y-
JKO€ MOAKIIIOYEHNe, HO HUKOI/1a HEeT YBEPEHHOCTH, YTO M caM aBTOp CXEMBI Bce cielal
NpaBWIbHO. Pa3BuBas 3Ty MbIC/Ib, MOXKHO YTBEPIK/IaTh, 4TO Oe3 3HaHUs 3akoHa Oma Ha-
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nucaTh KOppeKkTHO pabotarouryro mporpamMmy uis Arduino MOXKHO TOJIBKO CIIy4aiHoO,
¥ ITyCTh 3TO HE MOKAKETCS BaM TaKUM YK OOJBLINM IMpeyBeINYSHUEM.

[ToaTomMy MBI AanUM COBET, KOTOPbII MOXKET MOKa3aTbCsl HECKOJIBKO HeoxuaaHHeIM. Ho
cHavalla MonpoOyiTe MBICIEHHO OTBETHTh Ha OJMH BOMPOC, KAKUM Obl WJIIMOTCKUM OH
BaM HU Mokazaics: «KakoBa BeqM4HMHa Toka B KOMHATHOH pozeTke?» To, 4uTo 3TOT BO-
MPOC OTHIOAb HE CTOJIb MPOCT, KaK KaXKeTcs, JOKa3bIBAIOT pe3yJIbTaThl OTBETOB HA HETO,
MOJTyYeHHBIE TOCiie OTpoca TPYMIMbl CTYJI€HTOB OJHOTO TEXHUYECKOro By3a (IO Crelu-
ANBbHOCTH, HE CBI3aHHOW HAMPSAMYIO C 3JIGKTPOTEXHHUKOW WM 3JIEKTPOHUKOK), — M3 He-
CKOJIBKMX JIECATKOB ONMPOLIEHHBIX TOJBKO JBOE CMOIJIM JaTh Bpa3yMHUTEIbHBINA OTBET.

Utak, ecnu Bbl, UATaTENb, 3aMSUTUCh C OTBETOM WM MPOCTO HE YBEPEHbI B HEM, TO BOT
o0eIaHHbIN COBET, MPUUEM aJPeCOBAHHBIN TH0OOMY HE3aBUCHMO OT BO3pacTa, — IMpex-
Jie YeM 4MTaTh Aalibliie, BO3bMUTE YYeOHUKU (PU3MKH 3a CEIbMON M BOCBMOM KJIaCcChl U
l'[epe'-l]dTaﬁTe rjiaBbl, MOCBAILIECHHBLIC SJICKTPUYECCTBY. MoskeTe Takke 3aXBaTUTh U3 yqe6-
HUKa JIEBATOTO KJlacca riiaBy, MOCBSIIEHHYIO CTpOeHUIO atoma. Ere sydiie o6paTuthes
He K OOBIYHBIM HIKOJIbHBIM Y4eOHHKaM, & U3yUUTh COOTBETCTBYIOIUE T1aBbl U3 yueOHU-
ka I'. C. JlanacGepra [1], rae To ke camoe U3JIOKEHO KyJa OoJiee YBIEKaTeIbHO U MO/~
pobHO'. XOTs ps BIeMEHTapHBIX CBEJICHHUH U JTaeTCs B MEPBBIX TJ1aBaX KHUTH, KOTOPYIO
BbI JIEPIKUTE B PyKax, MOC/Ee 03HAKOMJIEHUS C OTUM YYeOHUKOM BaM OyJeT MHOrO Jjerde
YUTaTh €€ JaJiblile.

Kak nonb3oBaTbCA KHUromn?

Heckomnbko coB 0 TOM, Kak MoJb30BaThCsl KHUro. OHa paccudTaHa Ha TeX, KTO JeaeT
BCE CBOMMH pyKaMu W Joma (II03TOMY, HalpuMep, s CTaparoch HE PEKOMEHI0BaTb KOM-
MOHEHTHI AJIs1 TOBEPXHOCTHOTO MOHTa)kKa — TUIAThI IO/ HUX CBOMMH PYKaMH U3rOTOBHUTD
JNOCTaTOYHO CJIOXKHO, W elle TPyAHee WX OTJIaXKHUBaTh, cM. 2ragy 3). [nsa Tex, KTo yxe
UMEeT M3BECTHBIN OMBIT paboThl U 000PYAOBAHHYIO JIOMAIIHIOK J1a00PaTOPHIO, NIepBbie
TJIaBbl MOYKHO TIPOMYCTHUTh, XOTS 271a6bl J—7 O NUCKPETHBIX KOMIIOHEHTaxX s BCe K€ Mpo-
YUTaTh peKoMeHayto. KHura otnuuaercs oT G0JbIIMHCTBA UMEIOLIMXCS PYKOBOACTB TEM,
YTO TMOYTHU BCE OMKMCAHHbIE B KHUTE CXEMbl MOJAPOOHO paccMOTpEeHbI Iar 3a Uiarom,
BKJIFOYasi cCaMble MeJIKUe JIeTalld, — TakK, YTOObI MPH MOBTOPEHUHM KOHCTPYKIIMHU Y Bac He
BO3HHMKAJIO BOIIPOCOB, 3a4eM HYKEH TOT WJIM MHOW Pe3UCTOp U MOYEMY €ro COMpOTHBIIe-
HUE UMEHHO TaKoe.

OnHako, 4TOOBI BOMIPOCOB AEWCTBUTENBHO BO3HUKAIO KaK MOXXHO MEHbLUE, MPH YTEHUH
KHUTH ClieyeT TPOBEPATh BCE PACCYXAEHHS U pacueThl ¢ KapaHAAIIOM M KaJlbKyJsITO-
poM>. B mporiecce 4YTeHUsl BaM, BEPOSTHO, MPUICTCS BO3BPALIATHCS K y)KE OCBOCHHBIM
riasam. Jlormka mocTpoeHus KHUTH MOAYMHEHA MPUHLUMITY MOCTENEHHOTO YCIOKHEHUS
KOHCTPYKLIMi1, HO B TO K€ BpeMsl LIMPOKO MCTIONB3YeTCsl METO/I OMepesKarollero u3Jioxe-

! TlepBoe m3nanme sTOr0 yyeGHMKA BEINIO B CBET Ha pybexke 1940—1950-X T0O0B, OH MEpEeN3IacTCs 0 CHX
HOp U BXOJUT B HA0OP PEKOMEH IyeMOii JINTepaTypbl B COBPEMEHHOI CpeHEH HIKOJIE.

? HukeM He 3aMedeHHAs OlMOKa B pacyeTax BHIIEpIKANa UETHIPE M3JaHUS STOM KHUIH, TIOKA HA HEE HE yKa-
3aJ1 0IMH 0c000 BHUMATEIBHbIN YuTaTelb. Tak uTo, €cii 4TO-TO HEMOHATHO, — NHUIIKUTE, Oy1y OueHb Oiaro-
napeH!
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HUSI — CKa)KeM, OTepallMOHHbIe YCUJIMTENHM W oOpaTHas CBA3b MOAPOOHO paccMaTpuBa-
I0TCS TOJIBKO B 2i1age 12, HO MpUMepbl UX MCMOJIB30BaHHS BBl CMOXETE BCTPETHUTH Y)Ke
B 2nagax 9 v 10. ONbIT MOKa3bIBaET, YTO TaKOH MpPUEM OYEHb CIMOCOOCTBYET YCBOCHHUIO
MH(pOpMaLIMK — YK€ HEMHOTO 3HAKOMOE Jierde M3y4aTh MoJpOoOHO, YeM HE3HaKOMOE BO-
Bce. C ipyroii CTOpOHBI, HE YIUBIISHTECh, YTO 3BYKOBOM YCHIIMTENh IOAPOOHO paccMoT-
peH B 2rase 8, a UCTOYHMK THTAHMS IS HEro — TOJIBKO B clienyroieit. CBelieHus w3
3THX TJIaB BO MHOTOM MEpEeCceKaroTcsi MeXxy coOOH, Mo3ToMy, Mpexae uyeM Oparbes 3a
peasbHbII yCHITUTEINb, BaM MPUAETCS MPOYECTh 00€ IIIaBbl.

OrpomMHOe OONBITMHCTBO KOHCTPYKIHIA, OMTUCAHHBIX B KHUIE, PACCUUTAHO HA TO, YTOOBI
WX MCIMOJIb30BaTh KaK rOTOBbIe 00pasiibl B IPYrHX MpoekTax. TakoBbl, Harpumep, mpak-
THYECKU BCE TIPOEKThI U3 paszjiesia Mpo MHUKPOKOHTposuiepbl U Arduino. MeteoctaHus,
HarnpuMep, TaM B3ATa B KQUEeCTBE YHUBEPCAIBHOIO MPAKTHYECKOTrO MPUMEPA, MO3BOJISAIO-
[Iero OXBaTUTh B OJHOM MPOEKTEe OYEHb MHOTO TOJE3HBIX Y3JI0B, KOTOpbIE MOTYT HC-
MOJIb30BATLCS B JIFOOBIX JPYruX MPHIOXKEHUAX 3Tok mnatdopmel. [Ipu onucaHuu 3THX
Y3JI0B aBTOpP CTapajics MPeACTaBUTh KaKk MOXHO 0oJiee HIMPOKYIO KApTUHY UX Pa3HOBU/I-
Hocteit. Ho 1o kacaercst He ToibKko Arduino — B KHUT€ €CTh LIE/IbIE TJIABBI, MTOCBAIIEH-
Hble OMUCAHUIO B OCHOBHOM 3aroTOBOK (Hanpumep, 2raéa 12 npo onepanyoHHbIe YCHIIH-
TeNU WK 21aea 17 npo npuMeHeHue UQPOBBIX MUKpocXeM). B 3Tux rmaBax Toxe ecThb
OIMMCaHUsA OTHACJIbBHBIX 3aKOHYUYCHHBIX KOHCprKUMﬁ, HO U OHU CHCJIaHbI C yHOpOM Ha ToO,
‘-lTO6bl pa?{bﬂCHI/ITb F[pl/lHLll/IHbI HOCTpOeHl/IH HOIlO6HbIX CXEM, a HC HpOCTO TyHO IMOBTO-
PUTh UX JIJIs1 KOHKPETHBIX TIETICH.

Knura HecamomocrarouHa — At TOro, 4YroObl MOBTOPUTh MHOIME KOHCTPYKLMH, Bam
notpedyeTcs AONOJIHUTENBHbBIN CIIPaBOYHBIA MaTeprall, HalpuMep Mo Pa3BOAKE BHIBOIOB
TPaH3UCTOPOB WJIM MHBIX KOMIIOHEHTOB, a Jisi paboThbl ¢ MOC/IeAHEH YacTblO KHUTH, TO-
CBSILLIEHHOH MMKPOKOHTpOJJiepaM, 0053aTelIbHO HYXKHO HMEThb (UPMEHHOE OMucaHHue
MukporpoueccopoB AVR M cucTemMbl KOMaHI U1 HUX, & TaKXKE CIPABOYHUK MO A3BIKY
Arduino. CnaBa 6ory, y Hac Terniepb ecTb IHTepHeT, Tak 4TO MOKHO M He 3a0MBaTh MIKag
CMpaBOYHMKAMH, HO KOE-UTO BCe k€ MOTpeOyeTcs] MMETh M Ha MOJIKE WM KaK MUHUMYM
B 2JIEKTPOHHOM BHJI€ HA CBOEM KOMITBIOTEPE.

He Hy»xHO paccMmaTpuBaTh JIFOOYIO CXeMY M3 3TOM KHUTH WM U3 IPYTUX UCTOUHUKOB Kak
HEeYTO BpPOJe TeKCTa W3 bubmauu, KOTOpbIii HUKOMY He MO3BOJIEHO U3MEHsTh. Jlaxe peko-
MEH/JAlMK TPOU3BOAUTENEN MO BKJIIOYEHHIO TOTO MM MHOTO KOMIIOHEHTa €CTh BCEero
JIMUIb peKOMeHAaluuu. MOXXHO U HYXKHO DKCIIEPUMEHTUPOBAThb, MU3MEHSS MNapaMeTphbl
KOMTIOHEHTOB M TIOJITOHSSI CXeMY K CBOUM YCIIOBHSIM, HEJIMIIHE W TIOCTIOPUTH C aBTOPOM,
€CJIM TO WJIM MHOE pellieHHe KayKeTCs uepecuyp yCIoKHeHHbIM. OTHaKO CTOUT JIeNaTh 3TO
Pa3yMHO — eclid Bbl 3aMEHHUTE PEKOMEHIyeMblid onepauuoHHblil yecunurens OP177 no-
XO0KMM Ha Hero 1o Ha3BaHuio ycumteseM OP2177, To MoxeTe ObITh BeCbMa YIUBJICHBI
pe3yJIbTaTaMH.

Kak paspabatbiBaTb 3NeKTPOHHbIE CXeMbl?

W, HakoHell, pUCKYSl yTOMHTb YUTATEIs, BCE XKe CKaXy HECKOJIBKO CJIOB O TOM, Kak BO-
obuie crenyer paspabarbiBaTh M OTJIaKUBaTh cXeMbl. CaMblii 3QQeKTUBHBIA MeTO] —
cOOpKa HY>KHOM CXeMbl U3 TOTOBBIX M 3apaHee OTJIaXXEHHBIX (pparMeHTOB. JTa oneparust
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aHaJIOTMYHA TOMY, KaK MPOrpaMMHCTBI COOUPAIOT MPOrpaMMbl U3 TOTOBBIX U 3apaHee OT-
JaKeHHBIX OMOJIMOTeUHBIX mpouenyp. Kakaas Takas npouenypa ecTb «4ePHBIN UMK,
Yy KOTOPOTO UMEIOTCS BXOJBI M BBIXOMBI I OOIEHNs C IPYTUMH YacTSAMH TPOTPaMMBl,
MpuyeM B OOIIeM ciIy4ae Bl Jlayke He 3HaeTe, Kak OHa YCTPOEHA BHYTPH, — TOYHO TaK
JKe, KaK BbI HE 3HaeTe, YTO MMEHHO pa3MellaeTcs BHyTpU MUKpocxeMbl. Bbl Gepete MUk-
pocxeMy, TIOJICOeIMHIETE K HEel BHEITHUE DJIEMEHTHI B COOTBETCTBUM C PEKOMEHIAIIASIMHU
MIPOM3BOAMTENS U TMOJIydaeTe FOTOBBIN y3ell, KOTOPbIM COeAUHSIETe ¢ APYTUMH NOJ00HbBI-
MU y3JIaMH.

[TOBTOPMM, YTO MMEHHO Ha 3TOW CTagMM MOXHO CWUIIbHO «MOMacTb», ecrnn BooOLle oTka-
3aTbCH OT MOMbLITOK MOHSATh, Kak paboTalT Ucnonb3yemble y3nbl, U NUlb TYNo criegoBaTtb
pekoMeHAaLMAM NPOU3BOAUTENS, KOTOPbIE MO MOHSITHLIM MPUYNMHAM HE UCHEPNbLIBAIOT BCETO
pasHoo6pa3sus XKMU3HEHHbIX CUTyauuii. Jlydwe Bcero, ecnu NpousBoAMTENb NpeanaraeTt He
TONMbKO OnMcaHus KOMMOHeHTOB (datasheets), HO 1 pekomeHgauuMn MO KX MPUMEHEHMIO
(application notes), — B 3TOM crny4ae ux COBCEM He BPEAHO U3y4uTb Nnepes MpoeKkTMpoBa-
Huem. [NpakTvka npefoCTaBneHVUst pekoOMeEHZAUMA MPOU3BOAUTENEN MO MPOEKTUPOBAHMIO
TUMNOBLIX Y3/0B — [aBHO YXXE& He WUCKIIYEHME, a NpaBumo, NOTOMY 3fIEMEHTapHOEe 3HaHUE
TEXHUYECKOrO aHrIIMNCKOro CTaHOBUTCS obOsA3aTenbHbIM ycroBueM ans nioboro Gonee-
MEeHee rpamMoTHOro paauontduTtens.

Ipu pucoBaHuU cxeMbl 0053aTeIbHO 0003HAYANTE HA HEW KOHKPETHBIC THIIbI U 3HAYECHHS
napaMeTpOB 3IEMEHTOB — He OTKJIajbIBaiiTe 3TO A0 cTaauu oTiaaku! M3mMeHuTs 3TH na-
paMeTphbl Bbl BCErjia CMOXETe, HO BCE, YTO MOXKHO MOCYMTATh, HY)KHO TMOCUMTATh 3apa-
Hee — 9TO COXPAaHHUT BaM O4eHb MHOTrO Bpemenu. Korma Bbl Oepere, HaKOHELl, MasIbHUK
B PYKH, TO He CIlIeayeT cpa3dy coOMpaTh BCIO CXeMy yCTpoicTBa LeukoM. Pa3Oeiite ee Ha
KaKk MO)KHO 0oJiee MeJKHhe caMOCTOSTENIbHO paboTaroIIre y3/Ibl U OTIaKUBANWTE KaKIbli
y3el 1o OTaenbHOCTH. He BepbTe meuaTHOMY CJIOBY M BCe PeKOMEHIALIUH U3 JIUTepaTyphl
NpoBepsiiiTe Ha MakeTax (B KOHIIE KOHIIOB Y Bac oOpa3zyeTcs OMOJIMOTEeKa TaKUX CaMOCTOSI-
TeJIbHO OTJIAXKEHHBIX Y3JI0B, U Bbl Oy/eTe SKOHOMHTH OFPOMHOE KOJIIMYECTBO BPEMEHH).
OtnanuB Bee, 00s13aTeIbHO HAHECUTE Ha YePTeXk CXEMBbI MOJTyUeHHbIe B pe3ysibTaTe OTiIaj-
K{ TOYHbIE 3HAYEHHSI KOMIIOHEHTOB (Te, 4TO BCe elle TPeOyIT OKOHYATEbHOM MOArOHKH
«MO MecTy», 0003Ha4yaroTCsl 3BE3JI0UKOM), MPOBEPbTE MPABUIILHOCTb COETUHEHHS 3THX
Y3JI0B M Pa3BOJIKY MHUTAHUS W JIMIIb 3aTeM cOOUpaiTe BCIO CXeMy LIEIMKOM — CHavaJjia Ha
MakeTHOH miate. Y Tosbko yOemuBIIMCh B pabOTOCMIOCOOHOCTH MaKeTa CXeMbI, EPEHOCH-
Te ee Ha HACTOSLIYIO pabouylo uiary.

B otnnune ot GonbLIMHCTBA paaHOIOOUTENIbCKMX M3JaHWH, PUCYHKHM TUIAT B KHUrE He
MIPUBOAATCS, YEMY €CTh MHOTO MPHUYMH: BO-MIEPBbIX, MOBTOPUTH KOHCTPYKLIMIO B TOUHO-
CTH C TEMH KOMIIOHEHTaMH, KOTOpbIE MIPUBEACHBI B OMMUCAHNH, KaK MPAaBUIIO, HE MOJTy4a-
eTcs, Aa 9TO W COBEpLICHHO He TpebyeTcs. Bo-BTOpPBIX, JIMYHO 51 HUKOTJA HE MOBTOPSII
OIMyONIMKOBaHHbBIX KOHCTPYKLMH B TOUHOCTH, CTapasch yJIYULIUTb UM YIPOCTUTb CXEMY,
¥ B 3TOM KHHUTE BBI MOYTH BCErAa HaWIETe peKOMEHIALMHU MO YJIYYIIEHUIO XapaKTepH-
CTHMK WM PacUIMPEeHUIO (PYHKLIMOHATBHOCTH OMUCAHHOro NMpUOopa, Tak 4To myOiavKauus
pUCYHKa IaTel BooOLle TepseT cMbicia. HakoHew, ecTh M elie OJUH MOMEHT, CKopee
MICUXOJIOTMYECKHUI — packiiabpiBas MjaTy caMOCTOSTeIbHO, Bbl HAMHOT'O JTy4llle BHUKae-
Te B pabOTy CXeMbl, MOCJIe Yero OTIajJKa U PEeryJiMpoBKa €e 3HAUYUTeIbHO YIpPOIIAIOTCS.
Moe rnybokoe yOekaeHHe COCTOMT B TOM, YTO IUIAaTy HYKHO JAeJlaTh CaMOCTOSITEJIbHO,
noj BHIOpaHHYIO KOHCTPYKLIMIO M KOPITyC, @ He MOJArOHATh TabapuThl MO/ WMEIOLLYIOCs
maTty — B pe3yJibTaTe TaKOW MOArOHKH CaMOJEIbHbIE KOHCTPYKLIMM WHOT/AA MOTYy4aroT-
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csl BecbMa ypoiuiuBbIMU. MckiroueHreM MOryT ObITh CX€Mbl Ha OCHOBE I'OTOBBIX Y3J10B
(Takux, HanpuMmep, kak Arduino u akceccyapbl K HeMy — cM. 2agul 19—21), HO TaM pac-
KJIaJpIBaTh MJIaThl CAMOCTOSITEIBHO Hallle BCero U He TpedyeTcs.

Ecnu BBl pazpabatbiBaeTe cepbe3Hblil MPUOOP, KOTOPBIM AOMKEH CIY>KUTh FOJaMH, —
nocTapaiTech 3al0KUTh B pa3paboTKy BpeMs U J€HbIM, HEOOXOAUMBIE ISl BBIMOJIHEHUS
CJIEAYIOIIMX 3TAIIOB:

O pa3padoTKa TEXHHMYECKOTo 3aJaHHsl C BO3MOXKHO OoJiee MOoApOOHBIM ONMKUCAHHUEM Tpe-
Oyemoii gyHkioHanbHocTH. He nipeHeOperaiite MenoyaMu, OCOOEHHO eciid Bbl pabo-
TaeTe «Ha CTOPOHY», a He i cebs — Tak OyJeT oueHb MevaiabHO, €CId Bbl COOpasu
W TPOBEPUITH MPUOOP JOMa Ha CTOJIe, a MOTOM BBISICHUTCS, YTO OH JIOJDKEH paboTaTh
KPYTJIOTOJIMYHO Ha YITULIS,

O pa3pabdoTKa NPUHIUNHAJIBHONH CXeMbI C OTJIQJKOW OTJENIbHBIX Y3JIOB Ha MaKeTax;
0 u3roToBJeHHE HOJHOIO MAKeTa U €ro OTJIaJIKa;

O pa3paboTka OKOHYATEIbHON NMPUHIHNHAIBHOW cXeMbl, MoAOOp neTaneil u paspa-
00TKa Me4yaTHOH MaThbl;

O u3roToBJiIeHHE ONBITHOIO 06pa3ua H €ro OTJIaAKa, KOPPEKTUPOBKaA rneyaTHOM IJIaThI;

d

H3roTOBJICHHE OKOHYATEJILHOr0 BAPHAHTA TE€YAaTHOM IUIAThI, KOPIyca M MOHTaXK
npudopa.

OTaenbHO CTOUT OCTaHOBUTBLCS Ha COCTaBMEHWU TEXHUYECKOTO OMUCaHWS U MHCTPYKLUMU MO
akcnnyataumn. A 3Hat, 4YTo GOMbLUMHCTBO pa3paboTyYMKOB MUCKPEHHE HEHABUAAT 3TOT aTan
paboTbl (TO e OTHOCUTCS, YBbI, K K MPOrpamMMKUCTaM), HO COBETYIO cebs nepecunnTe N Ha4un-
HaTb COCTaBMNEHUE AOKYMEHTaLMK NpsiMo cpasy, OAHOBPEMEHHO C Ha4YanoM NPOEKTUPOBaHWSI.
3HaunTenbHas YacTb 13 npoektoB no Arduino, nmetowmxcsa B Cetun, cTtpagaeT OTCYyTCTBUEM
bonee-MeHee BHATHOMO OMMCaHWs!, AOBOJSIbHO YacTo AaXe HE MMEET NPUHLMMINANBbHOW CXEMBbI.
YuTuTe, 4TO MOAHas HarnsgHas cxema Ha MakeTe, co3gaHHasi B nakeTtax Tuna Fritzing, Hu B
KOEM cryyae npuHUMNuansHyo cxemy He 3ameHuT! MoaobHble NpoekTsl NoYTH BecrnonesHb
Ansi UCMOMb30BaHUSI BHE PAMOK TOTO KOHKPETHOrO NPUMEHEHWS!, AN KOTOPOro Obinu co3aaHbl,
N Jaxe Takoe UX UCMOorMb3oBaHME BECbMa 3aTpyAHEHO, — OTrajka CXEMbI, O KOTOPOW HUYErO
He W3BECTHO, MpeBpaLlaeTcs B cywui kowmap. He 6epute ¢ Hux npumep! Bo-nepsbix, npu
NOMbITKE ONUCaTh CROBaMK «KaK 3To pabGoTaeT» B pacyeTe Ha CTOPOHHEro YnTaTtens obblMHO
BCMMbIBAIOT BCe HedocTaTkM U ynyuieHusi. JlagHo ewe mobutenbckne Arduino-npoekTsl —
WHOrAa Ha NpYMEpEe HEKOTOPbIX BMOMHE MPOMbILUMEHHbIX U3AENUIA BbITOBON TEXHUKU (KaK w
KOMMbIOTEPHbIX MPOrpaMMm, KCTaTu) OTYETIIMBO BUAHO, YTO UX paspaboTymku camu Hukoraa u
He MbITanucb B3rMsiHYTb HA CBOE TBOPEHME C TOYKN 3PEHUS TOTO, KTO 3TO OyAET NPUMEHNATb Ha
MpakTUKe, a MHCTPYKLMIO NO 3KChryaTauumn nucanmu Hacrnex CoBepLUEHHO Apyrue noan. Bo-
BTOPbIX, C YBEPEHHOCTbIO MOXHO CKasaTb, YTO Yepes napy feT Bbl Hanpoyb 3abyaeTe, kak
y Bac paboTan ToT Unu NHON y3en 1 noyemy BbibpaHbl UIMEHHO TakMe KOMMOHEHTbI. Mo3aTomy
HanucaHue TEXHUYECKOW AOKYMEHTaLMN HY>XXHO BaM CaMUM HE MEHbLLIE, YEM NOMb30BaTENHO.

[TpuBeneHHbIN HeaTbHBI BapUAHT MOCIEIOBATEIBHOCTH Pa3paboTKH PEAKO OCYUIECT-
BUM Ha NMpaKTUKe — MO0 BpeMEHH He XBaTaeT, JTMO0 JeHer, 1100 Toro u apyroro. Ects
oJHa u3BecTHas (pUpMa, KOTOpas 3aHUMaeTcsl pa3pabOTKOM 3aKa3HbIX AJIEKTPOHHBIX YCT-
poiicTB, — Tak TaMm OepyT HECKOJIBKO AECSITKOB ThICSU pyOsiel TOJbKO 3a HarvcaHue TeX-
HHUYECKOIr'o 3aaaHusd. W onn HpaBBI! KOHeqHO, Ha MPaKTHUKE 4acTO IOJyHaeTCsd Tak, 4TO
MaKeTHbII 1100 OMBITHBINA 0Opasell, eciii ero He TpeOyeTcsl THPaXKUPOBATh, CTAHOBUTCS U
OKOHYaTeNbHBIM u3lenreM. U Bce e mo Mepe BO3MOXKHOCTH He MpeHeOperaite STUMU
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NPOMEXYTOUHBIMHM 3TaraMu — TOBEpbTE, TaK MOJIYYHUTCS HaMHOro ObicTpee, uem, 3a-
JKMYpMBLIKCH, coOpaTh Bce cpasy, a MOTOM B JIyUllleM cilydyae oOHapy>KUTb, YTO HUYEro
He paboTaeT, a B Xy/AlLUeM — BbIBETPUBATb W3 KOMHAThl OUYeHb HEMPHUSATHBIH U CTONKMIA
3arax ropesyiol MmiacTMacchl. YUTHUTE, YTO TOYTH HA OHA HE3HAKOMas OTOJie cXxema HH-
KorJa He paboTtaet cpasy, — OyJbTe K ’TOMY FOTOBBI M 3apaHee HabepHuTeCh TEePIICHHUS.

Psin TONMKOBBIX M TIOAPOOHO apryMeHTHPOBAHHBIX COBETOB MO pa3padOTKe 3JIEKTPOHHBIX
YCTPOWCTB UMTaTeNIb MOXKET TaKkKe HalTU B cTatkbe [35].

OTKyaa B3iTb MH(hopMaLuio,
KaK rpaMOTHO HAaWUTU 3aMeHy U rae npuoodpecTm

[pexne yem nepeiiTi K COOCTBEHHO KOHCTPYHUPOBAHUIO JEKTPOHHBIX CXEM, XOpOLIO Obl
3HaTh, Kak MoA0OpaTb KOMIOHEHTbl. OMNBIT MOKa3bIBAET, YTO PAJOBBIX HAYMHAIOLIMX
panuonoOuTeneil 0ObIYHO CTaBUT B TYMHUK OTCYTCTBHE YKa3aHHOTO Ha cCXeMe KOHJeHca-
topa 100,0x6,3 B, Tpansuctopa KT680A wnu auona 1N4001, 1 OHM HAUMUHAIOT PHITH
3eMJII0 B TIOMCKaX 3HAKOMBIX W Mara3WHOB, IJIe MOYKHO MMEHHO TaKoOd MpHOOpecTH.
B OosblIMHCTBE CiTydaeB KOMIOHEHThI CIIOKOMHO 3aMEHSIFOTCS aHAJIOTHYHBIMH.

Yro KacaeTcs KOMIIOHEHTOB, YIOMSHYTBIX B 3TOW KHHUre, TO Ui OOJBIIMHCTBA U3 HUX
COOTBETCTBYIOIME aHAJIOTH YKa3aHbI M0 X0y M3JIOKeHHsS (9TO KacaeTcs, B YaCTHOCTH,
BCEX OTEUECTBEHHBIX MUKPOCXEM M TPAH3UCTOPOB — HEKOTOPbIE U3 HUX ceilvac ClIoJKHee
npruoOpecTy, YeM HX 3apyOexkHble aHaioru). O 3aMeHe PEe3UCTOPOB M KOHJIEHCATOPOB
TaKke MOAPOOHO paccKas3blBaeTcs B COOTBETCTBYIOIIMX TIiIaBaX. XOPOLIMM TOJCIIOPhEM
I IoAdOpa aHaJlorOB MHKPOCXeM M TPaH3UCTOPOB MOXKET CIIyHTh mopran Radio-
hobby.org (https://radio-hobby.org).

CripaBouHyI0 HH(POPMALIMIO O KOMIIOHEHTaX BCerla MOXKHO HaliTH Ha calfTe UX MPOU3BO-
auTens. OTo KacaeTcs JaXke TAKMX KOMITOHEHTOB, KaK pe3UCTOpbl U KOHAEHCATOPHI, XOTH
OOBIYHO WX XapaKTEPUCTHKH JUTS PACTIPOCTPAHEHHBIX THUIOB OJMHAKOBBI, OT MPOU3BOIM-
TeJIsl HE 3aBUCAT U MOXKHO OIPAHUUYUTBHCS CBENECHMSIMMU U3 21a6bl ). JIOKyMEHTaLMIO He-
pPeIKo MOXKHO HaiiTH Ha calTaX TOPTYIOLIMX OpraHu3alyi, XOpolIMM OOUIUM CrpaBOY-
HUKOM JIJISl MOA0Opa KOMIIOHEHTOB MOXKET CIIY>KHUTh Katanor marasvHa «Yum u Jlum»
(www.chipdip.ru).

B npunoowcenuu 1 npuBeneHbl CBeEHUS O MAPKUPOBKE PE3UCTOPOB LIBETHBIMHU MOJIOCKa-
MU, a TAKXKE O CaMbIX pacClpOCTPAHEHHBIX PsIaX HOMHUHAJIOB KOMIIOHEHTOB ¢ 5%-HOH U
10%-Ho# TouHOCTBIO. B npunooicenuu 2 Bl HailieTe XapaKTEpPUCTUKU OCHOBHBIX THIIOB
rajJbBaHUYECKHX DJIEMEHTOB M WX o0o3HaueHus. B npunooicenuu 3 conepxurcs tabnuua
3apyOeKHbIX U oTedecTBeHHbIX MUKpocxeM KMOII-tuna, 4ro momoxert BamM noaodpathb
HY>KHYIO pa3HOBHIHOCTb MUKPOCXEMBI U3 Pa3IMYHbIX COBMECTUMBIX CEpPHil.

UroOb1 pazobpatbes B «oamawumaxy (datasheet — Qaiin TeXHUYECKOH TOKYMEHTAIIVH,
B OYKBaJIbHOM TEpeBOJie 03HAYaeT «TalJHla JaHHBIX»), HAJI0 3HATH a3bl TEXHUYECKOTO
anrauiickoro. Jlist obneryeHus 3Toro mpoiecca B npuiodcenuu 4 naercs nepeBo HeKo-
TOPBIX YaCTO BCTPEUAIOIIUXCS TEPMUHOB C aHTJIMHCKOTO Ha pycckuil u obpatHo. B npu-
JI0JIceHuy 5 TIpUBEACHbI TIPUHATBIE 0003HAYEHHS M NpaBWIIa HANMCaHUs eIMHUILL U3Mepe-
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HMS, a TaKkke rpaguyeckre yCJIOBHbIE 0003HAYEeHHs pacrpoCTpaHEHHBIX KOMIOHEHTOB.
Haxkonen, B npunoscenuu 6 n3noxeHsl crnocoObl nporpaMMmupoBanus miat Arduino Mini
u Pro Mini, a Taioke ciocoObl 3anucu Arduino-3arpy34uka B HOBbIe KOHTPOJIIEPbI.

LleHsl Ha KOMITOHEHTHI B HACTOsIIEe BpeMsl MOTYT OYeHb pasznu4arbcsi. Bor mepedeHp
HEKOTOPBIX M3 TPOBEPEHHBIX WMHTepHeT-MarazuHoB: «Yum u [Jum» (www.chipdip.ru),
«OnextpoHuyk» (electronshik.ru), Dip8.ru (www.dip8.ru), Tixer (tixer.ru), «Amrmepka»
(amperka.ru), iArduino (iarduino.ru), «Ksapuy» (quartzl.com) u ap. CiaeayeT npeaoc-
Tepeub HaUMHAOIMX OT Oe3myMHoli nokyrku Ha AliExpress (aliexpress.ru) — npu yna-
Ye 3TO MOXKET 3HAUMTENIbHO CHU3MTh CTOMMOCTh, HO C TaKOMW e BEPOSTHOCTHEO MOXHO
HapBaThcs Ha OTKPOBEHHYIO XaJTypy, MOAMEHY wiu Opak. PacmpocTpaHeHHBIH TpreM
CHIDKEHHSI CTOMMOCTH Y MEJIKMX MOCTaBIIMKOB M3 Knrtas — mpogaska KOMIIOHEHTOB, OT-
OpaKOBaHHBIX MPOU3BOJIUTENIEM B TIPOLIECCE TECTUPOBAHUS, CPEIH KOTOPBIX MOTYT MomMa-
JaThCsl KaK BIIOJIHE TOJHBIE, TaK M COBEPIICHHO Hepabouue 3k3eMIuisipbl. [loatomy nyd-
1I€ MojaraThcsl Ha OTeYeCTBEHHBIE MCTOUHUKH — IMYCTh JJaKe OHHU MPOCTO MepPenpoaaroT
TOBaphbl, MPUOOPETEHHBIE ONTOM Ha TOM e Ali, HO Bce-TakM eCTb KOMY B ClIyyae 4ero
MpeIbsABUThH MPETEH3UU, HE BTATUBASACH B MHOTOMECSYHYIO TIEPEITUCKY.

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

* ok %k

ABTOp BbIpa)kaeT MCKPEHHIOK OJIaroJapHOCTh aAMHUHHUCTPALMM HWHTEpHET-MarasuHa
«Amnepkay» (amperka.ru) 3a noajep>KKy MOATOTOBKH TJIaB, MOCBAUICHHBIX IaThopme
Arduino, a Takke OpraHu3aTOpPy JETCKUX KPYIKKOB, YBI€YEHHOMY 3HTy3uacTy u3 OpeH-
Oyprckoii obmacti @anmo AKCyIToBY 3a MOMOLIb B TIOATOTOBKE 21a6bl 23 0 KOHTpOJUIEpe
LGT8F328P — kuTaiickom aHasnore Arduino.

CxeMbl, yepTexu U Gororpadun KOMIOHEHTOB MOArOTOBJIEHbI aBTOpOM. Bee ocrasnbHbie
WIUTIOCTPALMM B3AThbl U3 MCTOYHUKOB, OOIYCKalOIHUX CBO60)IHOC KOIMUpOBAaHUE, 3a HC-
KJIo4YeHHeM ¢oTorpaduu nepBoro TpaHsuctopa u3 eiagel 6 u noprpera Kiona lllennona
u3 enaevl 14, mobe3HO TpenocTaBieHHbIX aBTOpy Koproparmeit Lucent Technologies
Inc./Bell Labs B nune ee corpyanuipl @panuncku Matthio3 (Francisca Matthews).

B apxuBe mo anpecy: http://revich.lib.ru/AVR/ZE7-AVR.zip, Bbl HalifeTe TEKCThl U
npuMephl OOJBIIMHCTBA MPOrpaMM, 00CYkKIaeMbIX 6 2rasax 19—23 3toii kHUru. Bee cxe-
MBI, IPOTPaMMBbI M OTZEJIbHbIE aJTOPUTMBI, TOMEUIEHHbIE Ha 3TUX CTPaHMLIAX, MPOBEpe-
Hbl Ha MakeTax, U UX paboTOCMOCOOHOCTb FApaHTUPYETCsl MPU COONIIOJEHUN YKa3aHHbBIX
JU1 HUX YCJIOBUH.
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OCcHOBbI OCHOB

Yem oTnmyaeTcs TOK OT HANPSXKEHUA?

I[bxeHTNnbMeHCcKniA Habop
O6opyayem gomaluHol nabopaTtoputo

XopoLUunin NasinbHUK — MOMoBKUHA ycnexa
|/|HCprMeHTbI N TeXHONorn4yeckne coBeThbl

TpuroHomeTpuyeckas anekTpoHUKa
O yacToTax, nepnmogax, MOLLHOCTU, NEPEMEHHbIX HANPSXKEHNAX 1 TOKax
¥ HEMHOrO 0 curHanax

OnekTpoHuka 6e3 NonynpoBOAHUKOB
PesucTopel, KOHAEHCATOPbI U CXEMbI Ha UX OCHOBE

N306peTeHne, KOTOPOE NOTPACITO MUP
)J,I/IO,CI,I:I, TPaH3UCTOPbI N npomeﬁu.me CXeMbl Ha X oCcHOBe

OwenomnsitoLee pasHoobpasne aneKkTPOHHOro Mupa
Pene, cTabunuTpoHbl, CBETOANOAbI. ..






rmABA 1

Yem oTnnyaetca
TOK OT HanpsXeHus?

IToatomy-To MHe Oyner nerde, facilius natans, B3iTb Temy MO
MOeMy BBIOOpY, KOTOpas Ul 3TUX TPYAHBIX BOMPOCOB OOrocmio-
BUS SIBUJIACHh OBl TEM JKE, YEM MOpallb SBJISETCS Ul METaU3UKI
u unocodum.

A. Troma. « Tpu mywixemepay

Hypauxwuii Boripoc, ckaxkere Bbl? OTHIONB. OTIBIT MOKAa3ajl, YTO HE TaK Y>K U MHOTO JIFO/IeH
MOTYT Ha HEero OTBETHTH MPaBWIbHO. M3BECTHYIO MyTaHWILy BHOCHUT U SI3bIK: B BBIpaXe-
HUM «MMeeTcs B MpoJaxke UCTOUHHMK MOCTOSIHHOro Toka 12 B» cmbicn uckaxeH. Ha ca-
MOM JieJie B 9TOM Cliy4ae MMeeTcsl B BUIY, KOHEYHO, UCTOUYHHMK HAIpsOKeHUs, a He TOKa,
MOCKOJIbKY TOK B BOJIBTaX HE W3MepsieTcs, HO Tak rOBOpUTH He mpuHsATo. Camoe mpa-
BUJIbHOE OyIeT cKa3aTh — «HMCTOYHHMK NMHWTaHUS MOCTOSHHOTO HANpsDKeHHs 12 BOJBTY,
a HarmcaTh MOJKHO M «MCTOYHMK NUTaHus =12 By rae cumBosl «=» 0003HayaeT, 4To 3TO
WUMEHHO MOCTOSTHHOE HarpsbKeHKe, a He TiepeMeHHoe. BripoueM, U B 3TOl KHUTE Mbl TOXKE
yuHoraa 0yJeM «oum0OaThes» — A3bIK €CTh SA3bIK.

UroObl pa3obpaTbcs BO BCEM 3TOM, AJs Hayajla HalOMHHUM CTPOTHe OMpeleieHUs W3
yueOHHKa (3a3yOpvBaTh MX — BecbMa mojie3Hoe 3aHsTue!). Urtak, mox (TouHee, ero
BEJINUMHA) eCmb KOAUYeCmeo DJIeKMPUYecko20 3apsoa, Npomexanujee yepes ceyeHue
npogooHuKa 3a eounuyy epemenu: I = Q/t. Equnniia Toka Ha3bIBaeTCs «amriep», U ee
pa3mepHocTh B cricteme CHM — KyloHbI B CeKyH1y. 3HaHHE cero (aKTa MPUroUTCsi HaMm
Mo3/IHee.

Kyna Gonee 3amyTaHHO BBITJISAWT OIpeJeliCHUE HATPSKCHUS: GeIUYUHA HANPIHCEHUSA
ecms pasHOCHb 2NeKMPUUeCKUX NOMEHYUAN08 MeHCOY O8YMA MOUKAMU NPOCMPAHCMEA.
H3mepsieTcs oHa B BOJIbTaX, M pa3MEpPHOCTb STOW €AMHHUIBI W3MEPEeHHS — JKOYJb Ha
KynoH, T. e. U = E/Q. [loueMy 3T0 TaK, JIeTKO TIOHATh, BHUKHYB B CMBICJI CTPOTOTO OITpe-
JeJIeHUs] €AUHULIBI HaIlpsDKeHUs: [ 80 ecmb maxas pasHOCHb NOMEHYUANL08, NPU KO-
mopotl nepemeuyerue 3apaoa 6 1 Kynon mpedyem sampamel suepauu, pasHoii 1 0sicoyio.

Bce 3T0 HarnsaHO MOXKHO MpeACTaBUTh cebe, CpaBHUB MPOBOJHMK ¢ TPYOOid, IO KOTOPOi
TeveT Bosa (M 3To OyaeT NOBOJNBHO TO4HAs aHajiorus). [Ipu Takom cpaBHEHHH BETMUUHY
TOKa MOXKHO ce0e MpeJCTaBUTh Kak KOJIM4ecTBO (pacxoi) MpoTeKarollel BObl 32 CEKYHY,
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a HarpsbKeHHe — KaK pa3HOCTh JIaBJICHWH Ha BXoje U Beixoze TpyObl. Yarie Bcero Tpyda
3aKaHYMBAETCS OTKPHITHIM KPAHOM, TaK YTO JAaBJICHUE HA BBIXOJE PABHO aTMOC(HEPHOMY
JIABJICHUIO, U €r0 MOXKHO MPUHSATH 3a HYJIeBOH ypoBeHb. TOYHO Tak ke B SJEKTPUUECKUX
CXeMax CYLIECTBYET OOLIMi MPOBO (MK «0O0LIas KUHaY» — B MPOCTOPEUHH AJIs KPaTKO-
CTH €€ YacTO Ha3bIBAIOT 3eMJIeH, XOTs 3TO U HE TOUHO — MBI €Ille BEepHEMCSI K STOMY BO-
MpOCy TO3/IHEee), TOTEHI[HAl KOTOPOTO MPUHUMAETCS 32 HOJIb YU OTHOCHUTENIEHO KOTOPOTO
OTCUMTHIBAIOTCS BCe HampsikeHus B cxeme. OObuHO (HO He Beerna!) 3a oOmuid mpoBo
MPUHUMAIOT MUHYCOBBIN BBIBOJI OCHOBHOTO MCTOYHHKA TTUTAHUS CXEMBI.

Urak, BepHeMcs K Borpocy, c(hopMyJIMPOBaHHOMY B 3arojioBKe, — TaK YeM >Ke OTJvYa-
eTcs TOK OT HanpsbkeHus? [IpaBunbHbII OTBET OyIeT 3By4aTh TaK: TOK — 3TO KOJIMYECT-
BO 3JIEKTPUYECTBA, a HAIpsHKEHHe — Mepa ero NMoTeHUMallbHOW SHepruu. HeuckyiueH-
HbIA B QU3UKEe coOECeqHMK, pa3yMeeTcs, HaYHET TPSACTH TOJIOBOM, MbITasicb BHUKHYTD,
W TOIJIa MOXKHO JIaTh Takoe nosicheHue. [IpencraBbre cebe magaroiuii kameHb. Eciiu o
MaJIeHbKHI (KOJMUYECTBO AJIEKTPUUYECTBA MAaJI0), HO MaJaeT ¢ OOJbIIONW BBICOTHI (BETUKO
HanpsHKeHUE), TO OH MOXKET HaJeslaTh CTOJIbKO e HeCcuacTHH, CKOJNbKO M OOJbLIOW Ka-
MeHb (MHOTO 3JIEKTPUUECTBa), HO MaJaloLKii ¢ MaJIOH BBICOTHI (HAMPsKEHHE HEBEIIMKO).

CBs3b TOKa U Hanps>xXeHus

Ha camom nesne aHanorus ¢ KaMHeM HarjisifHa, HO He TOYHA, — TPy0a ¢ TeKyIIel *Kuj-
KOCTBIO MOAXOJUT KyJa Oosblie. Jleno B TOM, 4TO HanpsbKeHUe U TOK OOBIYHO CBSI3aHbI
Mexay coboi. (CloBo «OOBIYHO» s YHNOTPEOHI MOTOMY, YTO B HEKOTOPBIX Clydasx —
B MCTOYHHMKAX HAIpPSOKEHUS WM TOKa — OT 3TOW CBS3W CTaparoTcs M30aBUTHCA, XOTS
MOJIHOCTBIO HUKOTJIa U He ynaetcs.) B camom nene, eciii BepHYThCs K Haied TpyoOe, To
JIETKO TIPEJICTABHUTh, KaK C yBEJIMYCHUEM JIaBJieHUs (HANpsHKEHUs) YBEITUIUBACTCS KOJIH-
YEeCTBO MpoTeKarolie xuaKocT (Tok). MHaue 3adem HykHbI OblTH Obl Hacochl? ClloK-
Hee MpeJCcTaBUuTh cebe HarIAAHO OOpaTHYIO 3aBUCUMOCTbh — KaK TOK BJIMSET Ha Harps-
skeHue. [[Jis 3TOro Hy»KHO cHauaa MoHSTh, YTO TAKOE CONPOMUGIeHUe.

Brnots 1o cepenuubl XIX Beka GU3MKM He 3HANHM, KaK BBIMISAOUT 3aBUCUMOCTb TOKA OT
HanpspkeHus. DTOMY ecTh OJlHa BaykHas nmpuumuHa. [lonpoOyiiTe caMu 3KceprMEHTaIbHO
BBISICHUTB, KaK BBITJIAAWT Tpaduk dToH 3aBUcHMMOCTH. CXema HSKCIepUMEeHTa MpHUBEeHA
Ha puc. 1.1, a mpumepHble pe3ynbTaThl — Ha puc. 1.2. [TokazaHHble Ha rpaduke pe3yb-
TaThbl BeCbMa NPUOIM3UTENbHEI, T. K. peaJibHbIA BUI KPUBOM CHUIIBHO 3aBUCHUT OT TOTO, KaKk
MMEHHO BBIMOJIHEH NOA0MNbITHBIN npoBoaHUK («I1» Ha puc. 1.1), — MIOTHO WM peaKo OH
HaMOTaH, Ha TOJICTBIII MaCCUBHBIIM KapKac WM Ha TOHKWI cTakaH W3 Oymaru, a TaKkxke oT
TEMIIEpPATypbl B KOMHATEe, HAJMYHUA CKBO3HAKA M €IIe OT MHOXKECTBA APYTMX MPHYMUH.
HNmeHHO Takoe HEeMoCTOSHCTBO U CMYLLAIO (PM3MKOB — HE TOJIbKO cama KpuBas 3aruba-
eTcs (T. €. TOK B 00LIeM cllydae HEMpONopLUHOHaJieH HaNpsHKeHHUI0), HO BUA U opMa 3To-
ro 3aruba BecbMa HEMOCTOSIHHbI M MEHSIOTCSl KaK MPU W3MEHEHWH YCIIOBHI BHELIHEH
Cpelbl, TaK U JUIsl pa3IMYHBIX MaTEPHAJIOB.

[MonapoOuncs renuii 'eopra Oma (puc. 1.3), 4ToOBI 32 BCEeMH 3TUMU I€PEBbSIMHU YBUAETh
HACTOSIINI JIeC — a UMEHHO MOHSTh, YTO 3aBUCHMOCTh TOKAa OT HAMPSKEHUS ONUCHIBA-
eTcsl 3leMeHTapHo mnpoctoii dopmysoit: [ = U/R, a Bce HeCypa3HOCTU, YIOMSHYTbhIS
paHee, MPOUCTEKAIOT OT TOTO, YTO BEJIMYMHA COMPOTHBIEHHUS R 3aBUCUT OT Marepuania
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A - amnepmeTp
V - BONLTMETP
Perynupyembiit n- ucnblryen:mﬁ NPOBOAHMEK
MCTOMHMK NUTAHNA (20 M MeaHOI NPOBONOKK
0-36 B AvameTtpom 0,1 mm)

Puc. 1.1. Cxema akcnepumeHTa no npoBepke 3akoHa Oma
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Puc. 1.2. NpumepHble pe3ynbTaTbl NpoBepkn 3akoHa Oma

MPOBOJIHMKA M YCJIOBMI BHEIIHEH cpenbl, B MEpBYIO ouepelb OT TemmnepaTypsl. Tak,
B HalleM 3KCIIEPUMEHTE 3aru0 KpUBOW BHU3 MPOUCXOIUT MOTOMY, YTO MPH MPOXOKAECHUU
TOKa TMPOBOAHMK HAarpeBaercs, a COMPOTUBICHHWE MEOU C TOBBILICHHEM TeMIepaTyphbl
yBenuuuBaetcst (npumepHo Ha 0,4% c KakIbIM IpaaycoM W3MEHEHHs TeMIepaTypbl).
A BOT cama BeJIMYMHA STOTO HarpeBa 3aBHCUT OT BCErO, Yero yroaHo, — HaMOTalTe Mpo-
BOJ MOTJIOTHEE W 3aBEPHUTE €ro B acOecT — OH Oy/AeT HarpeBaTbCcsl CHIIbHEE, a Pa3Mo-
TalTe ero U MOMECTUTE Ha CKBO3HSIK — HArpeB Pe3KO YMEHbIIUTCS.

B 3Hak npuszHanus 3acayr ['eopra OMa eavHULa W3MEpEeHHs COMPOTUBIIEHUS TAaK U Ha3bl-
BaeTcs — oM (ohm mo-aHrnuiicku). CornacHo ¢opmylie, MIpUBEIEHHON B MpeablayLieM
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abzaue, /I Om ecmb conpomusnienue MaxKo2o NPOGOOHUKA, Uepe3 KOMOpbLll meuem mox
6 1 A npu nanpsoicenuu Ha e2o konyax, paenom 1 B. O0paTHas cONPOTHUBIECHUIO BEJTUYH-
Ha Ha3bIBAeTCs NPOGOOUMOCHILIO VI U3MEPSIETCS B CUMEHCaX, Ha3BaHHBIX TaK B YeCThb ApY-
roro HEMEIKOTr0 YYeHOTO, SJIEKTPOTEXHHUKA U nipeanpuHumarens BepHepa ¢pon CumeHca:
1 Cm = 1/0OM. B aniekTpoHHKe MOYTH Beerja OneprpyroT MMEHHO BETUUHUHON COMPOTHB-
JIEHHS1, TaK YTO CUMEHCHI Mbl OCTaBUM /7151 PU3HUKOB.

Puc. 1.3. F'eopr CumoH Om (1787-1854) — HemMeUkuii dusnk, YneH-koppecnoHaeHT bepnuHckon
akagemun Hayk. OkoHunn OpnaHackuin ynusepcuTtet. [penogasan matemaTuky, 3aTem usnky
B pa3nuyHbix rumHa3usx. C 1833 roga — npodeccop HiopHOEpPrckoii BbICLLEN NONUTEXHUYECKOI LLKOMbI.
B 1849-1952 rogax — pektop MioHxeHckoro yHuBepcuteTa. UneH JloHaoHCKoro koponesckoro objecTea

3AMETKHN HA nonsix

ObpaTnuTe BHMMaHWE, YTO Ha3gaHue eAVHULI U3MEPEHUS «OM» Mbl MULLEM CO CTPOYHON
OykBbl, a ee 0bo3HavyeHue («OM») — ¢ nponucHoi. 3To obLliee nNpaBuno — Bce obo3Have-
HUS1 € AMHUL, NSMEPEHUSI, KOTOpble 06pa3oBaHbl OT haMUMiA yYEHbIX, MALWYTCS C MPOMUCHOW
oykebl: [Ix (axoynb), BT (BaTT), B (BONbT), A (amnep). B To e Bpemsi 0603Ha4eHMsT €ANHNLL
n3MepeHusi, KoTopble He 0bpasoBaHbl OT UMEH COBCTBEHHBIX, @ ABNSIOTCA OObIYHBIMU CIO-
BaMMu, MULLIYTCHA CO CTPOYHON ByKBbI: C (CEKyHABI), M (METPbI).

CormpoTuBiieHHe MPOBOAHMKA 3aBUCUT OT €ro reOMeTPUUYECKHUX pa3MepoB — OHO yBEIH-
YMBAETCS MPOMOPLMOHATIBHO JUIMHE M YMEHBIIAETCs MPONOPLMOHANBHO TJIOMAAHN ceve-
Husi: R=p-L/S. Bonbllioe mpakTHUecKoe 3HAUeHHE MMeeT KOX(QQHIMEHT MpPONOpIHO-
HaJIbHOCTH, 0003HauaeMblii OYKBOM p (o), — TaK Ha3bIBAEMOE YOelbHOe CONPOMuUGIeHUe
MaTtepuaia npoBoaHuka. [Ipu onpenenenHoit Temneparype (o6sraHO 6epetcs 20 °C) ata
BEJIMYMHA TTOUTH TMOCTOSHHA JUTs Kaxkaoro Matepuana. «[loutu» g TyT Hanucan moromy,
YTO Ha CaMOM Jiefie 3Ta BEeJIMYMHA 3aBUCUT OT XMMHUYECKOH YMCTOTHI M aXKe OT crocoda
W3TOTOBJICHUSI MaTepuayia TMPOBOJHMKA (HampuMep, (GopMHpOBaCsS JH TMPOBOJAHUK
IITAaMITOBKOM, TIPOTSKKOW WIJIM SIIEKTPOXMMHYECKUM HarmblieHneM). s MpoBOXHUKOB
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cTapaloTcs ynoTpeOJisiTh OYeHb UYKMCThIE METAJUIbl, CKAXKeM, OObIUHBIA MEIHBIH MPOBOJ
W3rOTaBJIMBAIOT U3 MeJIU ¢ KoJindecTBOM rpumeceid He Oosiee 0,1% (kak roBopsr, ¢ 4uc-
TOTOM B «TPU JIEBITKW»), — 3TO MO3BOJISIET YMEHBIIUTh COMPOTUBJIEHHE TAKOTO MPOBOAA
¥ n30eKaTh JIMIIHKX MOTeph Ha €ro Harpes.

VYaenpHOE COMPOTHUBIEHHE MPOBOIHMKA MO OMpeAeNieHHI0 ecTb compoTtuBieHne (Om)
MPOBOJHUKA €IMHUYHOM Tuiomaau (1 M?) 1 exuHraHOM JTHEBI (1 M), B €CIM MOJICTABUT
9TH BEJMUMHBI B QOPMYJTY, IPUBEACHHYIO paHee, Bbl MOJyYUTe pa3MEepHOCTh AJS yaelb-
HOro conpotueienus: OM-M*/M i npocto Om-M. [IpakTHUECKM B TAaKMX €IMHHLAX
M3MEpATH Y/EIbHOE COMPOTHBIIEHHE CTPAIIHO HEYJOOHO, T. K. Ul METAJUIOB BEeJIMYMHA
nojy4aeTcs KpaliHe MaJleHbKOW — MpeAcTaBlisieTe CONPOTHBIeHUE KyOa Meau ¢ pedpom
B 1 M?! Ha npakruke yacto ynorpebnstor enunuiry B 100 pa3 6ompme: Om-cM. OTa Be-
JIMYMHA YacTO MPUBOAUTCSA B CIIPABOYHUKAX (CM., Harpumep, [2]), HO U OHAa He CIIUIIKOM
yaoOHa Ji1s MPaKTUYECKUX pacyeToB. Tak Kak AMaMeTp MPOBOJHUKOB U3MEPSIOT OOBIYHO
B MUJJTUMETpax (a ceueHue COOTBETCTBEHHO B KBaJApaTHBIX MUJUIMMETPax), TO Ha Mpak-
THKe Hamboee ynoOHa CTAPMHHAS BHECHCTEMHas eauHMIa OM-MM>/M, KOTOpas paBHA
CONPOTHUBJICHUIO NPOBOAHUKA CEYEHUEM B | KBaapaTHBIA MUJUIMMETP M IJMHOU 1 meTp.
s TOoro uToOb! BeIpa3uTh 0puLMaIbHbI OM-M B 3THX €AMHULAX, HY>KHO YMHOXHTb €ro
BEJIMYMHY Ha 106, a mg Om-cM — Ha 10, [Moarnsaer B copaBOYHUKE BETUYUHY YyEIb-
Horo conpotusieHus meau (0,0175 OMm-MM*/M ripu 20°C), Mbl JIETKO MOXKEM BbIUUCIIUTD,
YTO CONPOTHBIIEHUE MPOBOJHMKA C MapaMeTpaMu, MpUBEJeHHbIMU Ha puc. 1.1, cocTaBns-
eT okouso 45 Om (mposepebTe!).

Hano ckazathb, uTo yenoBeuecTBO BecbMa Mpeycresio B U3rOTOBJICHUHU CIELMaNbHbBIX Ma-
TEpPUaAoB, UMEIOLIMX KO3(QQULMEHT yAeIbHOro CONPOTUBIEHUS, Majlo 3aBUCALIMHA OT
Temreparypbl. ITO TpeKIe BCEro crelyanbHble CIUIaBbl — KOHCTaHTaH U MaHTaHUH —
TemrnepaTypHblii koapuurenT conporusieHns (TKC) KoTopbIx B HECKOJIBKO COTEH pa3
MEHbLIE, YeM y YHCTBIX METANJIOB. A 1J1sl OOBIYHBIX CTAHAAPTHBIX YIJIEPOAUCTBHIX WM
MeTayuiorieHouHbIX pesrctopoB TKC cocraenser npubmausurensho 0,1% Ha rpamyc,
T. €. IPUMEpHO B 4 pa3za Jiyylle, YeM y MeAM (MpUueM, OTMEThTE, YTO Y Pe3UCTOPOB OH
MOXeT OBbIThb KaK MOJIOKUTETIbHBIM, TaK M OTPULATENIbHBIM, B OTJIMYHE OT METAJJIOB).
EcTb 1 cnenuanbHble NPeLIM3MOHHBIE PE3UCTOPBI (Cpeld OTEYEeCTBEHHBIX 3TO, HAPUMeEp,
C2-29B, mpoBonounsie C5-54B u np.), y KOTOpPBIX 3TOT KOA(P(HUIHEHT 3HAYUTETHHO
MeHblie. EcTb U apyrue mMarepualibl, y KOTOPBHIX TeMnepaTypHblii ko3dduuuent, Haobo-
POT, BecbMa BeJIMK (HECKOJIBbKO MPOLEHTOB Ha IPaayc, U MPHU 3TOM, B OTJIMYME OT MeTa-
JIOB, OTpHLIATENIEH) — U3 HUX JIeJIal0T TaK Ha3bIBaeMbIE MepMUCHOpbl, KOTOPblE UCTIONb-
3YIOT KaK YyBCTBHUTEJIbHBIE NaTYMKHU TeMmmeparypsl (mogpodHee O HUX cM. 2nagy 13).
OpnHako 1 TOUHOTO W3MEPEHHs TeMIepaTypbl BCe K€ UCTIONb3YIOT YUCThIE METalIbl —
yalle Bcero MnjaThiHy U Meab. K 3ToMy Bonpocy Mbl elie BepHeMcs.

PerynupoBaHue Toka
C MOMOLLLIO CONMPOTUBIIEHUSA
[To3HaKOMUBIIIUCH, TAKUM OOpa30M, C MOHATHEM COMPOTHUBIICHUS W €r0 0COOEHHOCTSAMM,

BCIIOMHUM, AJId 4Y€ro Mbl BCE€ 5TO ACJIaJIH. Ax Aa, MbI K€ XOTCJIU MOHATH, KaK MpaKThu4ie-
CKM NPEACTAaBUTb 3aBUCUMOCTDb HaIIPSAKEHUA OT toka! Ho Beap MBI MoKa He YMEEM IIpPO-
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W3BOJIHO M3MEHATh TOK B MPOBOAHMKE, Tak? HarpsskeHne U3MEHSATh MPOCTO — HYKHO
B3ATh peryaupyeMblii MICTOYHHMK MUTAHUs, KaK 9TO u300pakeHo Ha puc. 1.1, uam, Ha Xy-
oW KoHell, Habop Oarapeek, MpW MOCIENOBAaTEIbHOM COEJUHEHUM KOTOPBIX (OJHOM,
IBYX, TpeX W T./.) Mbl TMOJXY4YMM HEKWH HaOOp HampsoKeHWH. A BOT MCTOYHHMKOB TOKa
(MIMEHHO TOKa, a He HaNpsbKeHHs ) MBI elille He nMeeM. Kak ke ObITh?
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S | y
R1 100 Om R2 50 Om

Puc. 1.4. Cxema Ansa nsy4eHusi CBOWCTB Lienn ¢ ABYMsi pe3ncTopamu

Brixon u3 aToii cuTyanmu mokasaH Ha puc. 1.4 (3aMeTbTe, MBI OT CXeMaTH4YeCKOTO M30-
OpackeHHsl MPOBOJHUKA KAaK KATYUIKW U3 JUIMHHOM MPOBOJIOKM, UMEIONIeH HeKoe compo-
TUBJICHUE, MepellId K CTaHAAPTHOMY H300PaKEHUIO PE3UCTOPOB, KaK 3TO JeJlaeTcs
B HACTOSIUIMX AJIEKTPUUECKHX CXeMaxX). 3JeCh Mbl y>KE€ He UCIIOJIb3yeM peryaupyemblii
UCTOYHUWK NUTAaHUS — OH HaM He HyxkeH. [IuTaercst cxema ot 6artapen U3 Tpex rajibBaHu-
YECKHX DJIEMEHTOB, Hampumep Turnopasmepa D, coeauHEHHBIX MocienoBateibHo. Kax-
JIbIH TaKOM 3JIeMEHT (eclTi OH ellle He ObUT B AKCITTyaTalllK) AaeT HaNpsKeHHe MPUMEPHO
1,62 B, Tak 4to cymMMapHoe HarmpsbkeHue Oynet noutu 5 B, kak v ykazaHo Ha cxeme (1011
Harpy3Koi ¥ 1o Mepe MCTOUICHUS DJIEMEHTOB HAIPsHKEHWE HEMHOTO YIa/eT, HO omubKa
B HallleM cJTy4ae He UrpaeT OOJIbIION poJin).

Kak pabotaer sta cxema? JlonycTuM, 4TO ABMIKOK MEPEMEHHOIo pesucTopa (rnoapodHee
0 HHUX pacckazaHo B 2rage 5) R1 BbiBeseH B kpaiiHee mpaBoe (1O cXxeMme) MOJIOKEHHUe.
[Ipocneaum myTh TOKa OT MJIKOCOBOrO BhIBOAA OaTapeu: aMmepMeTp, BbIBOA ABHXKKA pe-
suctopa R1, kpaitnuii npasbliii BeiBoJ R1, pesucrop R2, mMuHycoBbiii BbIBOI Oarapeu.
[Nonyuaercs, uto pesuctop R1 B cxeme kak Obl HE yyacTBYyeT — TOK OT IUJIFOCOBOIO BblI-
Boza Oarapeu cpa3y nonaaaeT Ha R2 (amnepmeTp, Kak Mbl y3HaeM U3 21d6bl 2, MOXKHO He
NpPUHUMAaTh BO BHUMaHHUE), U CXeMa CTAaHOBUTCS (paKTHYECKU TaKoM ke, Kak Ha puc. 1.1.
YTo mokaxkyT HalllM U3MepUTeNbHbIe MPUOophl? BonbTMeTp nokaxeT HanpsbkeHue Oara-
peu 5 B, a mokazaHus amnepmeTpa JIErko BBIYMCIMTE MO 3akoHy OMa: TOK B LIENH cocTa-
BuT 5 B/50 Om = 0,1 A, unu 100 MA. Ha Bcsikuii ciydaii ele pa3 HarloMHHUM, YTO 3TH
3Ha4YeHUs MPUOIU3UTENIbHBIE — peaibHOe HanpsbkeHre OaTtaper HeCKOJbKo MeHble 5 B.

Tenepp noctaBum aBmxok R1 B cpeanee monoxenue. Tok B Lenu Tenepb MOHIET OT
rtoca Oarapen vepe3 amIrepMeTp, BbIBOA JBWKKa R1, monosuHy pesucropa R1, pe3u-
ctop R2 u nanee, kak u panbLie, BepHeTcs K MUHYCy OaTapeu. Kak nu3meHaTcs mokaszaHus
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npubopor? Panbiie pezuctop R1 B npoliecce He y4acTBOBal, a TeNepb Y4acTBYeT, XOTs U
nojioBuHKONW. COOTBETCTBEHHO, O0lllee COMPOTHBJICHHE IIeNU cTaHeT yxke He 50 Om
(onun pesuctop R2), a 50 (R2) + 50 (monoBunka R1), T. e. 100 OM. AMniepmMeTp NOKaKeT
yxxe He 100 MA, a 5 B/100 Om = 0,05 A, unu 50 MA — B 1Ba paza MeHbIIIE.

A BOT uTO nokaxeTt BoibTMeTp? Tak cpa3y u He ckaxellb, He npapna au? [Ipuaetcs no-
CUMTATh, W JUUISl 3TOTO PaCCMOTPHUM OTAETFHO Y4acTOK LIeTH, cocTosimui u3 R2 ¢ npucoe-
OUHEHHBIM K HeMYy BOJIbTMETpoM. OueBHAHO, YTO TOKY y HAC JEThCS HEeKyaa, — BCe TO
KOJIMYECTBO 3apsiia, KOTOPOE BBILIJIO M3 TUIIOCOBOTO BbIBOAAa Oaraped, MpoWaeT uepes
amriepmeTp, yepe3 nosioBuHKY R1, yepe3 R2 u BepHeTcs B Garapero'. 3HauMT, U Ha 3TOM
OTAEJBbHOM y4acTKe, cocTosLieM U3 ogHoro R2, Tok OyneTr paBeH TOMY, UTO MOKa3bIBACT
amniepmeTp — T. €. 50 MA. [lonyvaercs, kak Oynro pezuctop R2 moakimoueH K UCTOYHH-
Ky Toka! M 3TO AeHCTBUTENIBHO Tak — HWCTOYHMK HAMpsDKEHWs C TOC/eIOoBaTeNbHO
BKJIFOUEHHBIM pe3ucTOpoM (B HalleM cliiyyae rnojoBuHKoi R1) mpencrasnser coboit uc-
moynux moxa (XOTs W TUIOXOMW, KaK Mbl YBUJIUM B JajbHelliem). Tak KakoBbI ke OyayT
nokaszanus BojikTMeTpa? OueHb mpocTo: u3 3akoHa Oma cienyet, uto U= IR, tne R —
COIPOTHUBIIEHHE HYKHOTO HaM y4acTka LienH, T. €. R2, u B Halem ciydae BOJIETMETp MO-
kaker 0,05-50=2,5 B. OTa BenmunHA HA3BIBACTCS HAOeHUEeM HANPAdICEHUs, N B HAIIEM
cllyyae — MaJiecHUeM HamnpsbkeHus: Ha pesuctope R2. Jlerko moragartecs, naxe He Moa-
KJItoYas BOJBTMETpP, YTO MajieHHe HampshkeHus Ha pesucrope R1 Oynmer paBHO® Toxke
2,5 B, mpuuem ero MO>KHO BBIMHCIIUTD JABYMS MyTAMHU: Kak pa3HHIly Mexay 5 B or Gara-
peu u nagenueM Ha R2 (2,5 B) unu no 3akony OmMa, aHajioruyHo pacuety ajs R2.

A 4to OyzerT, eciu BbIBECTH JBHXKOK MepeMeHHOro pesuctopa R1 B kpaiiHee neBoe mo-
JnoxxeHue? S cpazy mpuBedy pe3ysbTar: ammepMmeTp nokaxker 33 MA, a BOJbTMETP —
1,66 B. IToxxanyiicta, npoBepbTe 3T0 camocTosTesibHO! Eciiu Bbl MOMyUYUTe TE Ke 3Haue-
HUsI, TO 9TO OyAeT 03Ha4aTh, YTO BBl YCBOWJIM 3akoH OMa U Ternepb yMeeTe OTINYaTh TOK
OT HampsbkeHHus. A Oosiee CIOKHBIMH CXE€MaMH BKJIIOUEHHS] PE3UCTOPOB MBI 3aliMeMCs
B 2nage 5.

IIpexne yem MoMTH nanelie, 1 XO4y OTBETUTh HA BOIMPOC, KOTOPbIHA, HECOMHEHHO, Y Bac
y’Ke BO3HMK: a Kak MOKHO ce0e MpeICTaBUTh PEe3UCTOpP B Hallleil aHaJIOrMu ¢ BOJOMPO-
BoIHOW TpyOoi? Tok — pacxon BoAbl, HalpsHKeHHWE — JaBlieHHE, a COMPOTHBIIEHUE?
Oxka3zbIBaeTcs, 3T0 OYEHb NMPOCTO, MAJIO TOTO, COOTBETCTBYIOLIAS BEJIMYMHA B THAPABIMKE
Ha3bIBAaeTCsA TOUHO TaK XKe: CONpomueienie nOmoKy. AHanoraMu pesucTopoB OyayT Bes-
KM€ YCTpOWCTBa, YCTAHOBJEHHbIE Ha TpyOe: KpaHbl, 3aJBMXKKHM, MY(Tbl WM MPOCTO
MecTHbIe cyxeHus. OnpelieieHHbIM CONPOTHBIIEHWEM 00JIaJlaeT U cama TpyOa, mpudyeM
YeM OHa TOHbLUE, TEM €€ COIMPOTHBJIEHUE BbILIE, B TOUHOCTH KAaK U C NMPOBOJHHUKOM.
U TouHO Tak ke, KaKk Ha BKIIOYEHHOM B 3JIEKTPHUUYECKYIO LEMb PE3UCTOPE MPOUCXOAUT
MajeHue HanpsHKeHHd, Ha 3TUX THAPABINYECKHX COMPOTUBIIEHUSAX MPOUCXOINT MaJcHHe
JIaBJIEHUS, KOTOPOE MPONOPLMOHAIBHO BEJIMYMHE CaMOro conportusieHus. [IpukpbiBas

"Ha camoM Jene 3TO He COBCEM TOYHO — 4YacTh TOKA, XOTS U OYEHb HeGOIIbLIAS, BCE e MOWIET uepes
BOJILTMETpP, MUHYsSI R2. Ho Ha npakTuke 3TMM Beerna npeHedperatoT (HoApoOHOCTH CM. B 2nage 2).
% M 5T0 He COBCEM TOUHO — aMIIEPMETP TOXKE UMEET HEKOTOPOE COLPOTUBIIEHHE U MOKET ObITh IPEICTABIEH

KaK elle OJUH IOCleNoBaTeNbHblil pe3uctop. Ho, kak ¥ B ciaydae ¢ BOJBTMETPOM, 3TUM Ha IPAKTHUKE
npeHeOperator.



