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NpeaucnoBue

He Hano camomy BeinunuBath kyOuku Jlero. Cnenyer 3HaTh,
KaKie OHM OBIBAIOT, IJ€ X KYNUTh, U YMETh OBICTPO COOH-
paTtb U3 HUX. DTO COBEPIICHHO MHBIE HABBIKH, YeM pa3padoT-
Ka UrpyIIeK C HyJIs.

A. Cebpanm, oupexmop «noexca» no mapkemunzy

Kak BbI nymaere, nmouemy oOy4arouiuii mpoekt Arduino nprodOpen GeHOMEHABHYIO H3-
BecTHOCTh? C TEXHMUYECKOW TOUKH 3PEHMs, 3TO BCEro JMLIb 3aypsiAHbIA MUKPOKOHTPOJI-
nep Atmel, cMOHTUpPOBaHHBIA Ha HECJOXKHOHM IUlaTe ¢ pa3beMaMd B COMNPOBOXKACHUH
rpocToii cpeapl paszpadbotku mporpamm Arduino IDE. Kaxapiéi npousBogutess MUKpO-
CXEM BBIMYCKAaeT OTJIAJIOUHbIE TJIAThl U CPEICTBA pa3pabOoTKW MPHIIOKEHHUH, HO OOBIUHO
MMM TOJIb3YeTCsl JIULLIb Y3KUH KPYyT NpodeccoHaoB.

[Ipuunna ycnexa Arduino B ToM, 4TO U3 00ydaroLIero NpoeKTa OH MPEBPaTHIICS B niaim-
gopmy i MoOUTENbCKOro TBopuecTBa. C0XKHO MPOBECTH YETKYHO T'PAHHMILY, 32 KOTO-
poii cpeAcTBO pa3pabOTKHU M OTIAAKKU cTaHOBUTCS Tatdopmoii. Chopmyupyem rias-
Hble TpeOoBaHUs K miatdopme 11t O0y4eHHsl U JIIOOUTENbCKOTO TBOPUECTBA:

MMpoCcTOoTa AJid NOHUMaHUuA HOBUYKaMH, CTapT C HYJIA,
HH3Kasg He€Ha CTapTOBOI'O KOMIIJIEKTA,
pacmiupsaeMoOCTb U JOMOJHACMOCTD,

JIOCTaTOYHBIN 3amnac MPOU3BOAUTEIIbLHOCTH,

BOBJICYEHHOCTb CTOPOHHUX HpOHSBOHHTeHCﬁ M OHTY3HUAaCTOB,

* & & & o o

O6H.II/IpH06 COO6H.I€CTBO CIVWHOMBIIIIJICHHUKOB.

[IpocToTa ocBOEHHUS M TMOKOCTPH aIMapaTHO-MIPOrpaMMHOI0 KoMmIuiekca Arduino mo3Bo-
JIIOT HadaTh pabOTy C MPOCTHIMHU MPOSKTaMH JaXke B MIIAJIIEM IIKOJIBHOM BO3pacTe.
3areM JOOUTENh DIEKTPOHWKHA MOXET BMACTh B PACTEPSIHHOCTh — KyJa JIBUTAThCS
Janblie? Muraroue CBETOAUOAb], JaTUMKH BJIAXKHOCTH M BBIKJIFOYATENIM JIJAMIIOYEK JaB-
HO OCBO€HBI. X0YETCA YEro-TO HOBOr0 M HEOOBIYHOro. PaHO MM mo3aHO JIF0OUTENb BCTa-
eT mepe BEI0OOPOM M3 JIBYX CJICIYIOIINX albTepHATHB:

4 yrayOnsaTbh CBOM HaBBIKM B Y3KOH o0siacTH, pa3pabaTbiBas cieLuprUecKre MPOeKThl U
ocBauBas 0coOble MPUEMbl MPOrPaMMHUPOBAHUS;
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4 ocBauBaTh HOBbIE TIAT(OPMBI ¢ Oonee MHUPOKMMH BO3MOXKHOCTSMHU M Ha JIPyroM
000pyIOBaHUH.

Ha camom nene, mooicro u nysicno covemams 06a nooxooa. Jlanee B KHUre Mbl MOKaXKeM,
KaK dTO CHEJATh.

VYenex Arduino He gaer mokos pa3paboTuMKaM HOBBIX TBOPYECKHUX MPOEKTOB. B 3Toii
KHHUTe MBI U3y4UM HECKOJIBbKO MPOrpaMMHO-aNNapaTHBIX MIaTGOPM A TFOOUTEIECKOTO
TBOpuecTBa. OHU CYLIECTBEHHO pa3iiMyaroTcs MexXIy co0oil — Kak TeXHWYeCKH, Tak U
KOHLIENTyanbHO. TeM He MeHee, OHM OTIIMYHO Y>KHMBAIOTCS BMECTE, IOTOMY UTO CBS3aHbI
oOuiell uaeei: JIerkuid ctapT ¢ HyJsl M OBICTPBIM POCT MOJIE3HBIX HaBBIKOB. BocrpuHu-
Maiite 3TH niaatgopmel, Kak CTYNEHH JeCTHHULIbI, BEIYyIlIel BBEpX.

OTIICHBHOFO YIIOMHWHAHUA 3aCTy>KUBAIOT COBPEMEHHLIE BUPTYaJIbHbIC CPEACTBA AJIA JIHO-
outenbckux paspaborok. CylIeCTBYIOT AaKe OHJIalH-1abopaTopuHu, MO3BOJISIOIIME Ma-
KETHPOBATh YCTPOWCTBA B OKHE Opaysepa, MOJKJII0YaTh K HUIM W3MEPHTEbHbIE PUOOPHI
W MPOBOJAUTHL BUPTYAJIbHBIEC 3KCIIEPUMECHTEI. Takue CECPBUCHI YAa4YHO AOIIOJIHAKOT arra-
paTHYO 4acTh MaaThOpM U MO3BOJISIOT OCBAMBATh a3bl AJIEKTPOHUKHK 0€3 JIMLIHUX 3aTpat
BPEMEHH M JieHeT. B 5TOi KHUre MbI Tak)Ke paccKakeM O CPeCTBaX BUPTYaTbHOTO MaKe-
TUPOBaHMS M Pa3pabOTKH /IS JTIIOOUTENEH IIEKTPOHHUKH.

C xoporueii oOyyarouieid riaTGopmMoii MoJIb30BaTeNb BBIXOIUT JAJICKO 32 paMKHU CTaH-
JapTHBIX MPOEKTOB, MPEIUIOKeHHBIX pa3paboTunkamu mardopmel. Hanpumep, Ha 6aze
Arduino Mega OblJ1 co3/1aH NIPOEKT MOJIETHOTO KOHTpoJIIepa i KBaapokontepos. K He-
My N00aBHIIM aKceJIepOMETPhbl U THPOCKOMBI OT UrpoBoit npuctaBku Nintendo Wii, u mo-
JY4WIICS TIPOSKT YHHMBepcallbHOTO KoHTpoyutepa MultiWii mis nerarommx moneneid. Ha
ocHoBe tuiatel Arduino Nano 0wl pazpaboTaH MOIYJb IUCIUICHHON TeleMeTpuH JJis
asuamojienied MinimOSD. O6a mpoekTa AaBHO KMBYT CaMOCTOSTENBHON JKU3HBIO, HO
IUTst paboTHI ¢ TIporpaMMaMi To-TipeskHeMy rcrodibzyeTes cpena Arduino IDE. [Toatomy
Mo0o# TOoNb30BaTeNb, HEMHOTO 3HaKOMBIH ¢ Arduino, 0e3 Tpyma MokeT OOHOBHUTH H
Ja’Ke U3MEHUTD MPOLIUBKH dTHUX YCTPOUCTB.

CoOTHOIIEHHE LEeHbl W KauecTBa 3JIEKTPOHHBIX KOMIIOHEHTOB HMEET 3HauyeHue [is
nobuTeneit 3eKTPOHUKH, OCOOEHHO €CJIM OTO WIKOJBHUKHU U cTyAeHTbI. [loaToMy B omnu-
CaHMAX TNPHUKJIAJHBIX MPOEKTOB Bbl HalifileTe peKOMEHIALMH MO BbIOOPY ONTHMAIBHOTO
Habopa snemeHToB. UMeliTe Takke B BUIY, UTOo n3aareiabcTBo «bXB-IlerepOypr» pery-
JISIPHO BHIMTycKaeT HOBbIe HAOOPHI 3JIEKTPOHHBIX KOMIIOHEHTOB AJIsi TEXHUYECKOTO TBOP-
yecTBa'.

Kak paboTtaTb ¢ 3TOM KHUrOn?

B kHure mcnoyib30BaH MOIIArOBBIN nepexoa «0T MpoCTOro K CJI0KHOMY» KakK B LICJIOM,
TaK W BHYTPHU TEMATHYECKHUX TIJlaB, MOCBALICHHBIX Ppa3jIN4YHbIM HJ'[aT(bOpMaM. O,HHaKO
€CJIM NOJTHOCTBIO paCcKpbIBATh BCE€ TOHKOCTH HaCTpOﬁKH W UCMOJb30BaHUs MX KOMITIOHECH-
TOB, TO KaXXJad rjiaBa MpeBpaTuTcd B CaMOCTOATECIIbHYIO KHUTY. HOSTOMy rjiaBa Ha4MHa-

' Cwm. http://www.bhv.ru/books/list_covers.php?get=rubrics&id=233.
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eTcs C MMHUMAaJIBHOTO PYKOBOJCTBA M0 CTapTy € HyJISl U COMPOBOXKIAETCS HECKOJIbKUMHU
NPOEKTaMH Pa3HOM CIOXKHOCTH, WUIIOCTPUPYIOLIMMHU BO3MOKHOCTH miardopmbl. [lo-
MyTHO PacKpbIBAlOTCS HEKOTOpPble OCOOEHHOCTH, PEIKO YNOMHUHAeMble B PYKOBOACTBAX
JUTSE HAYMHAOLIUX.

bnaronmaps Takod cTpykType, Bbl MOXeTe€ HayMHaThb YTEHHWE KHHUIH C JIIOOOro MHTepe-
CYIOLIETo Bac paszenia JuO0 M3ydaTh WX MapajuieibHO, paboTas HaJ KOMIUIEKCHBIM TpO-
eKkToM. B mmoboM citydae, nporpecc B MUpPe 3JIEKTPOHUKH CTPEMUTEINEH, U JIaXKe 3a BpeMs
MOJArOTOBKM KHWIM K TeyaTh MOTYT Mpou3oWTH Oosblive M3MeHeHus. PaccmarpuBaiite
3Ty KHUTY, KaK MyTEeBOAUTEIb MO MHUPY TEXHHUUYECKOrO TBOPUYECTBA, U OyIbTe TOTOBBI
K MOTPSICAIOIIUM BOOOPaKEHHUE TOCTHIKEHUSIM COBPEMEHHOM 3JieKTpoHuKH. Sl Oymy Gna-
roflapeH 3a OT3bIBbl M TMOXKENaHHUs, KOTOpble 00s3aTeNbHO YUTy NpU MOATOTOBKE clie-
ayrouux u3nanuid. [lummre Mue no aapecy: valeriy.yatsenkov@gmail.com.

* %k 3k

3aBepias MpeaucioBre, X0Uy OTMETHTh, YTO B PYCCKOM SI3bIKE HET IMOJIHOIIEHHOTO aHa-
JIoTa aHTJIMIACKOMY CJIOBY maker. Y 3TOTO CJIOBa MHOTO TIEPEBOJIOB: TBOpEIL], CO3/1aTelb,
TBOpYECKas JIMYHOCTh, OAT. B TexHUYeckoM KOHTEKcTe OHO 00O3HAYaeT Jirojel, KOTo-
pble B yIIOBOJILCTBHE ce0e M Ha paJlocTh OKPYIKAIOIIUM pa3padaThiBalOT M BOIUIOLIAIOT
pasnuuHble NpoekThl. MHbIMH croBamu, maker — 3TO KpeaTUBHBIA JFOOUTENb-CaMO-
JeNbIIMK. BO3MOXKHO, KOTJIa-TO B PYCCKOM S3bIKE NPWKHBETCS (OHETHYecKas KallbKa
«MelKep», HO B 3TOW KHHIe sl UCTIONB3YIO CJIOBO Ji0Oumens, moapasymMmeBas JIOOUTEINs
TEXHUUECKOro TBOPUECTRA, PAIUOIOOUTEN WM HOBUYKA B MUPE DJICKTPOHUKH.






rmABA 1

NMnaTtdopmbl Ana TBopUYecTBa
N o0y4yeHus

B manexom getcTBe s HAUMHAN U3Y4YE€HHE DIIEKTPOHUKU C KOHCTPYKTOPOM «DJIEKTPOHHBIE
KyOukn». OH COCTOSUT M3 OCHAUICHHBIX KOHTaKTaMH IJIACTMACCOBBIX KYOMKOB, BHYTPH
KOTOPBIX HaXOAMIMUCh TPAH3UCTOPHI, PE3UCTOPBI, KOHAEHCATOPHI U MPOYHE 3JIEKTPOHHBIS
KOMITOHEHTHI (puc. 1.1). Pa3Mernas kyOuku mo cxeme, MOKHO ObUIO coOpaTh MHOTO pas-
HBIX YCTPOWCTB, BIUIOTb A0 pPaJUONpPUEMHHKA. Takod KOHCTPYKTOP MOXKHO CYMTATh
MpeIKOM MOJyJIbHOM oOydaroieii miaThopMbl. AJIBTEPHATUBON «3JIEKTPOHHBIM KyOU-
KaM» ObLJIM CKpOMHBIE HaOOpbI pafuroeTalieil, U3 KOTOPhIX Mbl COOMpAId METIOANYHbIC

Puc. 1.1. KoHcTpykTop «OnekTpoHHble kybukux» (http://www.yaplakal.com/forum2/st/550/topic983074.html)
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JBEpHbIE 3BOHKH, JAaTYUKH BJIAKHOCTH W TIPOYME HECIOXHbIe ycTpoiicTBa. s paspa-
OOTKH W OTIAaJIKh COOCTBEHHBIX MPOEKTOB CIE0BAIO 001aaTh U3PSAAHBIMA 3HAHUSIMU U
HaBBIKAMH.

Bce u3meHmnoch mociie Npuxo/ia Ha PbIHOK JICIIEBBIX U MOLIHBIX MHKPOKOHTPOJUICPOB.
PaHbl1ie Mbl COOMpPATH FOTOBBIE CXEMbI U3 MHOXKECTBA Pa3IMuHbIX paauozaeTaieil. Tenepsb
aKLIEHT TBOPUYECTBA CMECTUJICS HA MPOrpaMMUpoBaHue (PYHKIMH YHHBEPCATBLHOTO MPO-
LeCCOpHOro 6J0Ka, K KOTOPOMY MOAK/IIOYAIOTCS T€ WM HMHbIE BHELIHHE YCTPOMCTBA.
B GonbluvHCTBE CilyuyaeB maiika He TpeOyeTcs — MOIYJIH COSTUHSAIOTCS MEXIy coOOoM
MPY NOMOUIU CTAHAAPTHBIX Pa3bEMOB WJIM MOHTUPYIOTCS Ha OTJaAo4uHoM miare. He Hago
0ecroKOUTbCs U 0 (PYHKIHMOHATIBHOW M BIICKTPHUUECKOW COBMECTHMOCTH MOJYJiel, 00
3TOM 103a00TUITHCH Pa3pabOTHYHKU U TPOU3BOJUTEH 00OPYAOBAHHS.

MoysibHBIN OAXOA PEe3KO CHU3WJ BXOAHOM Mopor 3HaHWil Ajisi HoBUYKoB. [Ipencrasu-
TeJIU TPAAULIMOHHON MHXEHEPHOM LIKOJIbI MHOIA CYMTAIOT yueOHbIe MiaaT(opMbl Ipo-
(dhaHaMert U NMpeHeOPEIKUTEIBHO OTHOCATCS K «apayMHIIMKaM» 3a UX MOBEPXHOCTHbBIC
3HaHUs. BeposTHO, HeKoTOpbIe MPOeCCHOHANBI UCTIBITHIBAIOT JOCAAY OT TOTO, YTO AJIEK-
TPOHHWKA Y NIPOTPAMMHPOBAHUE TEPAIOT MUCTHUECKUH Opeost 3HaHWH 1Sl n30paHHBIX.

S He BXKY MPOOJIEMBI B TOM, YTO paboTa ¢ JTFOOUTENTBCKUMH MPOSKTaMH JIaeT MOBEPXHO-
cTHble 3HaHus. ClleyeT MPpaBUIBHO OIPEIeIUTh 00JacTh WHTepecoB. [t MHOTMX uuTa-
Tejed dJEeKTPOHUKA U MPOrpaMMUPOBAHUE TaK U OCTAHYTCS YBJIEKaTeNIbHBIM pa3Blieye-
HueM no Bedepam. [lonyueHue cucmemnwvix GyHIaAMEHTaIbHBIX 3HAHMM — 3TO 3ajaya
CHeLMabHOrO BhICILIEro oOpa3oBaHMs, a He X000u. PasymeeTcs, ecnu peub MAET O MPO-
(heccHOHANIBHOM JEATEILHOCTH, TO NMPUMEHATh B HEll JHOOMTEIbCKUI MOAX0M NeHCTBH-
TEILHO OyNIeT TypHBIM TOHOM. Sl UMEIO B BHIY TaK Ha3bIBAEMOE «TPSI3HOE TTPOSKTHPOBA-
HUe» 0e3 ydyeTa MHIYCTPHAIbHBIX CTAHJAPTOB, TOMEXOYCTOMYMBOCTH U MPOUYUX Tpebo-
BaHWH K TIpodeCCHOHANBHOMY MPOAYKTY. Ho eciii BBl XOTHUTE WHTEPECHO WU C MOJIb30H
MIPOBECTH CBOOOHOE BpeMs WM O0yUYWTh IIKOJHLHHUKOB OCHOBaM Oynyiied npodeccud,
TO HET HUYEro Jiydlle, 4YeM o0ydJaroliue miaThopMbl, B KOTOPbIX COYETAIOTCS 3JCKTPOH-
HOe 00opymoBaHWe W mporpaMMupoBaHue. IMeHHO TakuM muiaTdhopmaM MOCBsIIEHA 3Ta
KHUTA.

1.1. He 6onTtecb akcnepMmeHTUpOBaTL!

BriOupas nnatdopmy s oOyueHus: UM Xo00H, Mpekae Bcero, onupaitech Ha CBOM
CerofiHsIIHMEe MOTpeOHOCTH W 0a3oBble HaBbIkM. He OoiiTech, 4TO CIHMIIKOM MPOCTOE
obopynoBaHue ObIcTpo McyepnaeT ceds U OyAeT HaIrpacHo JiekaTh Ha nonke. brnaronaps
MOMYJIbHOM CTpyKType, nake 6a3oBoe 0OOpyAOBaHHME MOKHO IOJITO AOMOJHATE U U3Y-
qatb. [IpnoOpeTeHHble paHee HaBBIKM U 00OPYIOBaHHE CIIOJHA MPUTOATCS BaM TpH pa-
60Te ¢ npyrumu miarhopmMamu.

[Tnatdopmbl 1 MOy paclIMpeHHs COBMECTUMBI MEXIY COO0OH HaMHOro Jydiile, 4em
3TO MOXET TMOKa3aThCs HEOMBITHOMY Mojib3oBaTemo. [loatomy kymnenHsie s Arduino
JaT4YNKH, MHIUKATOPBI MM UCTIONTHUTEIbHBIC MEXaHU3MBI BBl CMOJKETE JISTKO MPUMEHHTh
Ut HoBOM Tuatdopmel, Oyas To Raspberry Pi wnmm Omega2. B paBHOl Mepe 3TO OTHO-
CHTCSI K TIOJTyYeHHBIM paHee 3HAHUSIM M HaBbIKaM.
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ITo kpurepuio mpolLeccopHO yYacTH TIATGOPMBI MOKHO YCJIOBHO pa3[esUTh Ha J/iBa
OonbLIMX ceMeicTRa:

1. ba3oBble ycTpoicTBa HA OCHOBE MUKPOKOHTPOJJIEPOB MAJIOH U CpeAHEl MOLIHOCTH.
[IporpamMmmupytoTcss Ha ypoBHE MPOLUMBKH MHUKPOKOHTposuiepa. B3aumoneicTByroT
C MPOCTBIMU TEPpUPEPHUIHBIMU MOAYJSAMH (CEHCOPbI, MHAMKATOPBI) M PEILalOT OTHO-
CUTEJIbHO HECJIOJKHbIE 3a/1auH.

2. bazoBble ycTpolicTBa Ha OCHOBE 0OoJiee MOIIHBIX MpoleccopoB. PaGoratoT moxa ynpas-
JIEHUeM TPaJMLIMOHHBIX onepaliioHHbIX cucteM (Linux, Android, Windows loT Core)
Y TIPEJICTaBJISIOT CO00M KOMITAKTHBIM KOMMbBIOTEp. B3anMoaeicTBYIOT Kak C BHEIIHH-
MH MOJYJISIMH, TaK ¥ C JPYTUMH KomrbloTepamu. [103BOJISIIOT pa3pabarbiBaTh U BbI-
MOJIHATE CJIOXKHBbIE MPOrpaMMbl Ha SI3bIKAX BBICOKOTO YpOBHs. YacTo vMeroT BUaeo-
MOJICUCTEMY, MOT'YT MOAKIIOUATHLCS K TEJSCBU30PY UIH KOMITBIOTEPHOMY AMCILICHO.

XapakTepHbIM MpUMEPOM I1aTdopMbl iepBoro Tuna spisercs Arduino, pabdoTatowas Ha
0aze MUKpOKOHTposiepoB kKoMnaHuu Atmel. [l 910l nnaTdopmbl BelycKaeTcs LWUPO-
YallIMid aCCOPTUMEHT MOAYJIEH pacliMpeHus, JOMyCKaloWMUX cOOPKY M OTIaiKy Jro0Ou-
TeNbCKUX KOHCTPYKLMI Oe3 maiiku. B ncxomnHoMm Buae oGopyaoBaHHe 3TOM MiaThOPMBI
MaJlo TOJXOJUT JIJIsi BCTPaMBaeMbIX MPUMEHEHHUH Harolo0ue EeHTpa YIpaBICHUS «yM-
HBIM JOMOM)» — CJIMLIKOM HEHAJe)KHA U HEYKJITIOXKa KOHCTPYKLIMS, COCTOSINAst TOJTBKO U3
MakeTHbIX mar. OTnanounsle miathl Arduino MOXHO YCTEHTHO MCIONb30BAaTh IS Tec-
TUPOBaHMS MPOTrPaMMHOro obecreueHus U KOHCTPYKLUMH KOMIOHEHTOB «YMHOTO JI0May
C MOCJEAYIOIIMM TIEPEHOCOM MPOLIUBOK B CMIEHMAIEHO U3TOTOBJIEHHbIE YCTPOMCTRA.

B kauectBe mpumepa miaTgopmMbl BTOpOro TWMa MOKHO mpuBecTH Raspberry Pi. Oto
MOJTHOLEHHBIH MHUKPOKOMITBIOTEp C OMepalMoHHONW M (painoBol cucTeMaMu, HO OCHa-
LICHHBIN anmnapaTHbIMU MOPTaMu BBOJA/BBIBOJA M BUAeomnoacucTeMoit. K HeMy MoxkHO
MOJKIIOYaTh UCTIONIHUTEIbHbIE YCTPOHCTBA M BHEILIHUE MOIYJIH.

Hexkoropble miaathopmbl 3aHUMAIOT MPOMEXKYTOUHOE mMoJioxkeHne. Hanpumep, ato Gec-
npoBojaHas riardopma s «ymHoro noma» NodeMCU. OnHa ocHallleHa BCTPOSHHBIM
UHTEpIpeTaTopoM s3bika Lua u daiinosoii cuctemoit. B To ke Bpems, ans ycTpoiicTB
9TO# MaTGopMbl MOXKHO co3/1aBaTh rporpamMmel B cpesie Arduino IDE, a MHOTHE Moy H
MpeaHa3Ha4YeHbl JJIsi MAKEeTHOTO MOHTaXa.

[Tnardopmbl Takke MOKHO YCIOBHO pa3iii4aTrh MO CTETMIEHW MOIYJIbHOCTH. MOTyJTbHBIH
MOAX0J B OONbIIeH WM MEHbIIEH CTETNeH! MPUCYIIl TPAKTHUYECKH BCEM JIFOOUTEIIbCKUM
margopmam. brarogaps MOaybHON KOHCTPYKIMM OOecrieurBaeTcsl pacluIupsieMoCTb H
HHU3Kas CTOMMOCTh HAa4YaJbHOTO Habopa KOMIMOHEHTOB. Hy Hble MOy MOXKHO MPHOO-
peTarh Mo Mepe HEOOXOAMMOCTH. DTH MOAYJH MPHUHATO TaKXKe Ha3bIBaTh wuiunoamu (OT
aHTJI. shield — HaBecHas MOHTa)KHAA IIjiaTa).

JlumepoM Mo KOJIMYECTBY pacIUUpSIOMIMX MOAyJeH seisercs riardopma Arduino. s
Hee BBIMYCKAIOTCS BCE MBICIMMbIC BapUaHThl BHEIIHWX YCTPOMCTB — OT OJWHOYHOM
JIAMIMOYKH WJTM KHOMKH JI0 LIBETHOTO rpadudeckoro mucrmies u npuemHuka GPS. MoxHo
c/ieaTh BBIBOJ, YTO YeM MpOIle «AApo» MIaTGopMbl, TeM Oosbiie GyHKIMOHATBHOCTH
BO3JIaraeTcs Ha MOJKIoYaeMyro nepudepuro. Ito cnopHoe 00001IeHHe, HO B LIEJIOM OHO
BEPHO OTpaXkaeT MoJIoKEeHHUe Jell.
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1.2. CoBMeCTUMOCTb Ha YpOBHe nepucepumn
U NPOTOKONOB

B 6onbIIMHCTBE MOJYJIEH MCMONB3YIOTCS CTaHAapTHBIE MPOTOKOBI M KaHalbl 0OMeHa
nandbiMu (UART, SPI, I’C, 1-Wire, Wi-Fi, Bluetooth). [TosTomy onHu U Te ke nepude-
puiiHbIE YCTPOWCTBA MOTYT MCIIOJIb30BAaThCsl B MPOEKTAX Ha OCHOBE pasHbIX MIaThopM.
TpyaHOCTH MOTYT BO3HHUKHYTH M3-3a OTCYTCTBHSI Ha HEKOTOPBIX IIAaT(GOpMax roTOBBIX
O6ubMoTeK yCTpoicTB. B 3TOM ciiydae BaM MpUAETCs MOTPYAUTHCS HEMHOTO OOJblile,
4yTOOBI MOHATh, KaK yCTpOeHa W paboTaeT OMONMOTEKAa STOr0 YCTPOHCTBA Ha JPYyroi
miatdopme, a 3aTeM TMEPEHECTH MPOrpaMMy Ha HOBOe 00OpyaoBaHHe. DTO OJWH U3 MPHU-
3HAKOB Balllero TBOPYECKOro pocTa.

YerpoiicTBo Ha ocHoBe Arduino camo no cebe MOKEeT cTaTh BHEIIHUM MOJYJIeM sl 60-
nee MolHOM miardopmel. Hanpumep, Ha ocHoBe muiathl Arduino MOXKHO HM3rOTOBHTH
MHOTO()YHKLIMOHAIbHBIA BBIHOCHOW MOJIYJIb METEOCTaHLHMH, KOTOpPbI OyneT u3mMepsrTh
TeMIeparypy, BIaKHOCTb, JaBlieHHe, ocBellleHHocTh U 1o Bluetooth unu Wi-Fi nepena-
BaTh JJaHHbIC LEHTPATbHOMY Y31y Ha ocHoBe Raspberry Pi. B sTom cnyvae Haiinetcs
NpUMEHEHHEe He TOJbKO OOOpYJIOBaHMIO, HO M HaBbIKaM TMPOrpaMMHpPOBAHUS B Cpe-
e Arduino IDE.

1.3. O6wme cpencrea pa3paboTku
N A3bIKN NPOrpaMMmnpoBaHUSA

Cpena pazpabotku nporpamMm Arduino IDE u a3k Wiring/Processing, Ha koTopoM mu-
LIyT rnporpamMmsl Ui Arduino, CToJIb ke MOMYJIIPHBI ¥ NPOCTHI, Kak U 000pyAOBaHUE, HA
KoTOpoM OoHHM pabotaroT. [TosToMy peanuzaiuio cpeibl pa3pabOTKH MOXKHO HAWTH B ca-
MBIX HEOXHJaHHbIX MecTax. Hampumep, nognepikka si3bika Processing B ctusie Arduino
IDE ectb B cneunanbHoMm pactuupeHuu cpedbl Visual Studio 2015 gns Windows. Bei
MOXeTe HamucaTb NporpaMmy Ha MPUBBIYHOM JJis Bac MPOCTOM s3bike Processing u
BBITPY3UTh €€ B MHKpokommbioTep Raspberry Pi3 ¢ onepaumonHoit cucremoir Win-
dows 10 IoT Core. Ilocne sToro Bam ocTaHeTcs OAWH IIAr 0 MPOTPaMMHMPOBAaHHWS Ha
s3pike C++. CoBceM HeJaBHO CUMTAJIOCh, YTO TPYIHO MPUAYMAaTh OoJjiee HEMOXOKHE cpe-
Ibl IPOrpaMMHPOBaHUsl U ycTpolicTBa. Ho cipoc poxkaaeT npejioskeHue.

MoxkHo nocTynuTh npoiie U ycraHoButb Arduino IDE qyis OC Linux Ha MEKPOKOMITBFO-
Tep Raspberry Pi, uToObl MCMONB30BaTh €ro, KaK YHUBEpPCAIbLHOE CPEACTBO pa3paboTKH
B JIOMAIIIHEeH JJabopaToOpHH.

OOmue A3bIKM MPOrpaMMHUPOBAHMS TaKXkKe OOJIEr4yaroT Mepexo]] MeXAy MiaThopMaMu.
Kpome ysxe ynomsiHyToro sizbika Processing, sBistomierocs Bapuanueit C++, Bbl MOXKeTe
nUcaTh MPOrpaMMbl Ha CKPUIITOBOM si3blke Lua, KOTOpbIi MpUMEHseTCs TaKe TMpH pa3pa-
6otke mnpunoxenud s OC Android. MoxHo cmenuts npomunBky NodeMCU Ha
MicroPython, uToObl ocBouTh s13bik Python, a 3arem mporpamMMupoBaTh Ha HeM IS
Omega2 u npyrux ycrpoicTs. [TogpoOHee 06 aToM OyIeT cka3aHO B CIEAYIOLINX TlaBax.
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1.4. O6na4yHble cepBUCbl OOMeHa AaHHbIMU

Kpome npsimoro ¢usudeckoro ooMeHa JaHHBIMU MeXy MiarGopMaMH Bbl MOXKETE WC-
HOJIB30BATH 0OIauHble cepsuctl. Uto 310 Takoe? OOnavHbIii cepBUC MPeaCcTaBIIsieT co00i
cepBep B MiHTepHeTe, Ha KOTOPOM pabOTAIOT CieMAIbHbIC IPOrPAMMBI, 8 TAKXKE UMEeTCs
MPOCTPaHCTBO IJId XpPaHCHHA MOJIb30BATCIIbCKHUX JaHHBIX. OGBI'—IHBIﬁ MOJIb30BATECJIb HE
3HAeT, TJie PU3NUECKH HAXOJATCS CepBEphbl U YCTPOHWCTBA XpaHeHUs TaHHbIX. C ero TOUKH
3peHusi, 0OOMEH JIaHHBIMH TPOMCXOUT ¢ HEKMM BUPTYaJbHBIM «MH()OPMALIMOHHBIM 00J1a-
kom» MHTepHeTa.

Bamme yctpolicTBo MoxkeT coeiMHAThCS Yepe3 HIHTepHeT ¢ 00JauHbIM CEPBHCOM, YTOOBI
repesiaTh cepBepy JaHHbIe AJ11 00paboTKH U XpaHeHHs, TUO0 TOTYyYUTh KOMaHbl U JaH-
HbIE C Balllero KOMIMbIOTEpa WK miaHimeTa (puc. 1.2). Kaxxgoe ycTpoicTBO, MOAKIIOYECH-
HOe K 0oOJaKy, Moyiyd4aeT yHHWKAJIbHOe UMsI WM HoMep W mnaposib. OGpa3HO roBops, 00-
JIAYHBIN CepBUC WrpaeT JIBE POJIU: MOCPEJHUKA B OOMeHe JaHHBIMH M HOTapuyca, KOTO-
PpBlii 3aBepsieT NOMIMHHOCTb COEIMHEHUH.

Puc. 1.2. BsaumogeiicTBne yCTpoicTs ¢ 06nayHbIM CepBUcomM

VYcrpolicTa, B3aMMOAEHCTBYIOIIME ¢ 0OJauHBIM CEPBUCOM, MOTYT OBbITh pa3dopocaHbl Mo
BCeMy 3eMHOMY Liapy. HeoOxonumo uMeTs b Aoctyn B MHTepHeT B Hy)KHOE BpeMsi.
HHorna, B 0coOBIX ciydasx, JaHHbIE MEpeAaroT Nnpu nomoiu SMS uian B cooOLIeHUIX
AIIEKTPOHHOM MouThl. DYHKIIMOHAILHOCTH 00JIAYHOTO CepBHCa HE 3aBUCHUT OT TOTO, KOM-
MOHEHT KakoW M3 TuiaTgopM K Hemy oOpamiaeTcs. YCTpoicTBa Mojib3oBaTeNneil MOTYyT
OBITh CAMBIMH Pa3HBIMH, HO JIOJDKHBI TIepe/iaBaTh W MOJy4aTh JIaHHBIE B 3apaHee OroBO-
penHom dopmare cepBuca (API, Application Programming Interface, ¢opmar oOmena
MEKTY MPUIIOKESHHUSIMH).

Ceprep oOpabaTbhiBaeT U KOMITIOHYET JaHHbIE JJis1 MpeAcTaBieHus B ynoOHoM Buiae. Ha-
MpuUMep, 3als Ha CTpaHMIly OOJIAYHOrO CepBHCa CO CTAl[MOHAPHOTO KOMIMBIOTEpA WU
cMapTQoHa, Bbl MOXKETE MOCMOTPETh CTATUCTHKY MOTPEOICHHUS DIEKTPOIHEPTHH «YMHO-
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ro JIOMay WJIM IarpaMmMmy ckopoctu Oera B KoJiece Bailero Jrodumoro xomska. [1pu stom
nojicyeT npobera Xomska OyJeT BBINOJHATH YCTPOWCTBO Ha OCHOBe ImiaThl Arduino u
OMTHYECKOrO JaTYhKa BpallleHHs, a pacCMaTPUBaTh OTYET CEpBHCA MOXKHO Ha JHUCILIEE,
noJIKJIt0YeHHOM K Raspberry Pi.

1.5. OHnanHoBbIe nadopatopun
U cpeacTBa pa3paboTku

OGavHble CEpBUCHI MCIOJIB3YIOTCS HE TOJBKO Ui yrpaBieHus MHTepHeTOM Berieit
(IoT, Internet of Things) u c6opa naHHBIX ¢ AaTYMKOB. HaGuparoT nonynspHOCTh OHIak-
HOBbIE JlabopaTopuu st pa3pabOTKH U MaKETHPOBAHHUS JFOOUTENBCKUX MPOEKTOB. Takue
CEPBHCHI COYETAIOT B ceOe BO3MOKHOCTH OOJaYHOM TEXHOJOIMHU U KOMITBIOTEPHBIX CH-
MYJISITOPOB 3JIEKTPOHHBIX cxeM. Eciii paHblie i pa3paboTKH CXEMbI M ITeYaTHOM MaThl
YCTPOMCTBA HY)KHO OBIIIO YCTaHABIMBATh MPUIIOKEHHE HA CTALIMOHAPHBIM KOMIIBIOTED, TO
Ternepb MOKHO BECTH pa3pabOTKy M BHPTyalbHOE MaKETHPOBAHHE, a TAK)Ke 3aIlyCKaTh
CUMYJISIIMIO CXeMbl M JJake MPOLIMBKM KOHTpOJUIepa B OKHe Opaysepa. B HekoTOpbIX
OHJIaliH-TabopaTOpUsAX €CTh BUPTYyasbHbIC M3MEPUTENbHBIE MPHUOOPHI, KOTOPbIE MOXKHO
«TMOAKITIOYATH» K CXEME.

Pazymeertcs, B mepByro ouepenb co3qaroTcsi oOnadHble cpelpl pa3paboTKW Ui caMblX
MO JIAPHBIX MJIaTPopM, Takux kak Arduino u Raspberry Pi.

[IpoekThl MoJib30BaTelIel COXpaHAIOTCSA B 00JIaKe U IOCTYIHBI U3 JIIOOOr0 MecTa, Iie €CTh
Hurepuet. B GonbiMHCTBE ciyyaeB obecrieyrBaeTcs HE3aBUCUMOCTh OT OTePalliOHHOM
CUCTEMBI KOMITbIOTepa. MOKHO OpraHW30BaTh COBMECTHYIO pabOTy B KOMaHje, YICHBI
KOTOpOM pa30pocaHbl MO BCEMY MHUPY, MM OMyOJIMKOBATh MPOEKT Ha CBOEH CTpaHMLIEe
B COLICETH.

k ok ok

B a10ii rmaBe MbI cXemaTHYeckd OOpPUCOBAJIM HEKOTOPbIe BapHUaHThl B3aMMOJCHUCTBHUS
Y COBMECTHOT'O MCIOJIb30BaHUsI YCTPOMCTB, YTOOBI MOKa3aTh: ueM OoJibliie MmiatdopM Bbl
OCBOWJIM M Y€M CHJIbHEE OHM Pa3IM4aroTcs, TeM Oorade BOSMOXKHOCTH Ul TBOPUECTBA.
B cnenyrommx rnaBax Bbl M3y4WTe TPHEMbl pabOTHI ¢ TMOMYJSIPHBIMU IUIaTGOpMaMu
Y CepBUCAMMU.



rmABA 2

CoBeTbl AN HaYMHaKLWUX

Bbl MokeTe HauaTh HM3yueHHME JIOOMTENILCKUX MPOEKTOB C TOTOBOro Habopa Aerane,
HO PaHO WJIM MO3JHO CTOJIKHETECh ¢ HEOOXOAMMOCTBIO MPHOOpeTaTh AOMOIHUTENbHbIE
MOJTyJIM, MAaKETUPOBATh COOCTBEHHBIE pa3pabOTKH U COMPATATh UX MEXKY coboii. B aToii
rJlaBeé Mbl pacCMOTPUM OOLIME BOMPOCHl MAKETUPOBAHUS, BJICKTPONUTAHUS U COMpshKe-
HUSl pa3InYHbIX 3JIEMEHTOB JIIOOUTENbCKUX KOHCTPYKLHH.

2.1. YHuBepcanbHble OTNagoyHble
U MaKeTHble nnaTbl

Haubonee nonynspHbl ABa THNA M1aT AJ1s OTIaJKKM U MaKETUPOBAHUS DJIEKTPOHHBIX YCT-
POMCTB: becnaeunvie (namenvHvie) N neyammnvie. llpuMepbl MakeTHBIX IUIAT JlaMeIbHOTO
TWTA TIpYBEeHbI Ha puc. 2.1, a TIaT meyaTHOro TUna — Ha puc. 2.4.

BHyTpu y GecniaeuHbIX MaKeTHBIX TUIAT HAXOJATCS yNPYrue MIaCTUHYAThIE KOHTAKThl —
Jlamenu, U3roToBJieHHbIe U3 (ocdopucToit OpoH3bI, MOKPLITON HUKeNneM. CBepxy JaMenu

Puc. 2.1. MakeTHas nnaTta namenbHOro Tuna (a) u ee BHyTpeHHee yCTPoUCTBO (6)
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HaKpbITH TpadapeTom ¢ oTBepcTUsIMUA. OTBEpPCTHS PacIoNoKeHbl HA CTAaHJAPTHOM pac-
CTOSIHUM 2,54 MM I10 TOPU3OHTAJIM U BEPTHKAIHA. B HUX MOYKHO BCTaBIISATh Kak rpebeHya-
Tble pa3beMbl MOJYJIEH, TaK U BbIBOJBI MUKpocxeM B koprycax tuna DIP. Kak BunHO Ha
paspese miaaThl, MO JBE€ LIMHBI MUTAHUS MPOXOAAT BJOJb JJIMHHBIX CTOPOH IUIAThI, a HA
Mojie Juld MOHTaKa JAeTajJieil KOpPOTKME LIMHBI PAcIOJIOXKEHbl IMONEPEeK W COCIUHSIOT
[pYMIIbI MO HSTh OTBEPCTHH.

B aHrnoszelMHOM MUpe Takue TUIaThl Ha3biBaloT breadboard (mocka ans pe3ku xyeba).
VY sToro tepMuHa 3aHsTHas UcTOpus. Jleno B TOM, YTO JAJsi MOJCITUPOBAHHS TEPBBIX
PamMoMIOONTENbCKUX KOHCTPYKLMH NEHCTBUTEILHO MPUMEHSIIN JepeBSHHbIE pa3aenod-
HBIE IOCKH, Ha KOTOpbIE UIypyNamMH MPUKPYUUBAIIM MTPOBOJHHUKH U paguoaeTany (puc. 2.2).

Puc. 2.2. Tak BbIrnaaen MakeTHbIe NnaThl HA KyXOHHOI pa3fenoyHoi gocke
(http:/lelectronics.stackexchange.com/questions/48516/why-are-they-called-breadboards)

JocTtouHcTBa OecniaeyHo MaThl:

4 [pOCTOTa M HAIIAAHOCTh MPU MAKETUPOBAHUM HECIIOMKHBIX CXEM;

YHHMBEPCAJIbHOCTB;

BO3MOKHOCTh MHOT'OKPAaTHOTO MaKeTHPOBaHUs O3 MOoTepH CBOWCTB WM Pa3pyIIeHNUS;

OTCYTCTBUE HEOOXOAMMOCTH B TIalKe;

* & & o

BO3MOKHOCTb 6I>ICTpO HN3MEHUTb CXEMY COGHHHGHHﬁ, I[OGaBI/ITB WA yAJAJIUTh KOMIIO-
HCHTBI.
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Henocratku OecniaeuHOM IU1aThI:
4 OoJIbIlIOe KOJIMYECTBO HEHAIS)KHBIX KOHTAKTOB B CXEMe, «IIIyMbI» B KOHTaKTax;
4 CuibHBIC B3aMHBIC IOMEXH B COSJIMHUTENIBHBIX MTPOBOJIAX;

4 CII0KHOCTh MCHOJIB30BAHHUS KOMIIOHEHTOB AJid TOBEPXHOCTHOI0O MOHTaXxa W Majiora-
6apI/ITHBIX KOMIIOHEHTOB;

¢ nyTaHuua " Gonbias BEPOATHOCTDb OLIUOKHU B COCJUHCHUAX MPU MAKETUPOBAHUUN
CJIOKHBIX CXEM.

becniaeunple miaaTel WaeallbHO MOAXOIAT JUIsl OBICTPOTO M HATJISAHOTO MaKeTHPOBAHUS
HECJIOXKHBIX YCTPOMCTB, HO HEMPHUMEHHMBI Ui OKOHYATEIbHONH COOPKH 3aKOHYEHHBIX
U3IETNN.

Jna coenuHeHnit MeXIy MOAYJISIMHA M KOMIIOHEHTaMH Ha JIaMeJIbHOM TijiaTe BaM TOTpe-
Oyercs HabOp crneLMabHBIX COEIMHHUTENBbHBIX MPOBOAOB. JTO ruOKHMe pa3HOLBETHBIC
MPOBO/Ia C pa3beMHOM YacThio Ha 000mX KoHIAax (puc. 2.3). HaBepHska BbI yxe BHIEIH
TaKe WK Mol0O0HbIE COETMHUTENH.

a

Puc. 2.3. PasnuyHble BapunaHTbl COEAUHUTENIbHbIX NPOBOAOB ANIA MaKeTUpOBaHNA

[IpoBoaa c pazbemamu THMa 1wTeKep-rHe3ao (puc. 2.3, a) NPUMEHSIOTCS IS MOAKITIOYe-
HUS BBIHOCHBIX MOJYJIEH WM KOMIIOHEHTOB, PACMOJIOKEHHBIX 3a MpeaesiaMd MaKeTHOM
mnatel. LlITexkepsl BCTaBISIFOTCS B THE3Jja MAKETHOM IUIATHI, a THE3Ja HaJeBaloTCs Ha
pa3beM MOAYNs WM BBIBOABI paauodsieMeHTa. [IpoBoga ¢ pazbemamu THIa THE3I0-
rHe3a0 (puc. 2.3, 6) MOTYT MCIIOJIB30BaThLCS IS COEAMHEHUST MOTyJIel Mex Iy co0oil Ha-
npsMyto, BooOie 0e3 MakeTHOW TuiaTel. Hambonee vacTo NMpUMEHSIOT MPOBOAA THIA
mrekep-mrekep (puc. 2.3, ) — ¢ UX IMOMOINBIO BBHITIOJHAIOT OONBIIMHCTBO COSMMHEHNIH
Ha MakeTHOM myaTte. Takux MPOBOMOB pa3HOM IJIMHBI W LiIBeTa B HAOOpe MOHKHO ObITh
Oonbie Bcero. B kpaiiHeM ciiydyae MOXKHO HCIIONIB30BaTh CaMoJieNIbHbBIE MPOBOJIA C 3a-
YULIEHHBIMU Ha 4—5 MM KOHLAMH. Xopollo noaxonsar orpe3ku nposoaa KCBB 4x0.4,
KOTOPBIH UCIOJIb3YETCS MPU MOHTAaXKE MOXKAPHO-OXPaHHOW curHanuzauumu. Ho Bce-Taku
JIydlie cpasy npuoOpectd OOoJbLIONH HaOOp FOTOBBIX COSAMHUTENIbHBIX MPOBOAOB. OHM
MPOCITy>KaT BaM MHOTO JIeT.
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Ecnu BBl yBneKIMCh TEXHUYECKUM XO00M, paHO WM TMO3AHO BaM MPHUAETCS HAyUWUTbCA
nastb. Ho ocBaMBaTh OCHOBBI 3JIEKTPOHHMKH Jiy4lle Bcero ¢ OecraeyHbIMU MaKETHBIMU
miaTtaM. 3TO COKOHOMUT MHOTO BpeMeHH W cuil. Jlaxke Mpyu HATMUMKM OOJIbILOrO OMBITA U
Xopoliel JoMalllHel MacTepckoill OecraeuHble TUIAThl OCTAOTCS YAOOHBIM CPEICTBOM
MakeTHpoBaHus. S paanoMH)KeHep, 3aHUMAaIOCh PAIUONIIOOUTENbCTBOM Oojiee TPUALATH
JIET ¥ MOTY W3roTaB/iMBaTh JI0OMa MeyaTHbIE I1aThl BHICOKOro kadecTBa. Ho Bce paBHO
MCTIONB3YI0 OecriaeyHble IUIaThl, KOTJa HY)KHO OBICTPO MaKeTHpOBaTh YCTPOMCTBO, cO-
CTOSsIIIee U3 TOTOBBIX MOAYJel W HeOOBIIOro KOJIMYeCTBA HABECHBIX KOMIIOHEHTOB. JTO
0c00eHHO yIOOHO B CHTYAIMsIX, KOT/Ia OCHOBHOE BHMMaHHUE CJIelyeT YIeIUTh pa3padoT-
K€ U TECTUPOBAHHUIO MpoluBKY. MHOrIa oka3biBaeTes, 4TO Wes He orpaBaana ceOs, iu
YCTPOMCTBO JIyullle BbIMOJHUTb Ha APYrod seMeHTHOH 6asze. B Takom ciyuyae naiika ma-
KETHOM MyiaThl U, TeM 0oJiee, U3roToBJieHUe NPOOHOH MeyaTHOM MmiaThl ObUTA Obl Harpac-
HOM TpaTou BpeMEHH.
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Puc. 2.4. NeyaTHble MakeTHbIE NNaThbI

MakeTHble MeYaTHbIE IUIAThl U3rOTABIMBAIOT II0 TOM K€ TEXHOJOTUH, YTO M OOBLIUHBIE
MeYaTHhIe TUIATHI, ¢ TOTOBBIMH OTBEPCTHSMH TOJI BBIBOJIbI 3JIEMEHTOB M KOHTaKTHBIMH
miomankamMu (puc. 2.4, a). lllar oTrBepcTHii, Kak MpaBWO, CTaHAAPTHBIHA, 2,54 MM
(0,1 mroiima). Takoe e MEKBBIBOJJHOE PACCTOSTHUE MPUMEHSETCS B pa3beMax IiaT U Mo-
nyneid Arduino ¥ MHOTHX JApyrux moayJieil. HekoTtopele MakeTHbIe TUIaThl OCHAICHBI
MOHTQ)XHBIMHU TJIONIAIKAMH O] MUKPOCXEMbI U JIUCKPETHBIE BJIEMEHTHI 11 TIOBEPXHO-
CTHOTO MOHTaxka. [[ns skenarommx pa3padarbiBaTh COOCTBEHHBIC pACIUPEHHsS B CTHIIC
Arduino BbINTycKalOT KOMOWMHHUPOBaHHBIE MakeTHble TwiaThl (puc. 2.4, 6). Kpome mpo-
CTpaHCTBA 11 MAKETUPOBAHUSI OHH UMEIOT YCTAaHOBJIEHHBIE IpebeHYaThie Pa3beMbl U 1O
rabapuTaM COBMECTHMBI C pazbeMaMu NonyspHbIX maT Arduino vnu Raspberry Pi. JIns
HOKyHKI/I B 33py6e)KHle I/IHTepHeT-MaFaL’;I/IHaX HUIIUTE Ie4YaTHbI€ MaKETHbIC IUIaThl I10
KJIOUEBBIM CJ10BaM Prototype PCB (Printed Circuit Board — neuaTtHas mnata). becrnaeu-
HbIE TUIATHI MPOAAIOTCS MO Ha3BaHueM Solderless Breadboard.

IleuaTHBle MaKETHBIC IUIATHI TOXKE HMEIOT JOCTOMHCTBA W HEJOCTATKH. I[OCTOI/IHCTBa
NIeYaTHBIX IJ1aT:

4 MOXXHO BBINWIWTH M3 OOJIBLION 3arOTOBKM MAaKETHYIO TUIaTy HY)KHOTO pa3mepa H
tdhopmbr;
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4 TIeyaTHbIEe MaKeTHbIE TUIATHI BBIITYCKAIOT B mnpoqaﬁmeM ACCOPTUMEHTE, YacTO C I'o-
TOBBIMH YCTAHOBOYHBIMH ME€CTaAaMH MO MUKPOCXEMbI U TPOYHNE KOMITOHEHTbBI;

4 masHble CO€AWHEHHN Ha HUX KOMIIAKTHbBI, aKKypaTHbI U HAACXKHbI;

4 B HEKOTOPBIX CIIy4asX MOXKHO OOOMTHUCH O€3 U3rOTOBJICHUS MOCTOSIHHOM II1aThI U T10-
MECTHTD B KOPITYC JIIOOUTEIILCKOTO YCTPOMCTBA CXeMy Ha MaKeTHOH TuiaTe.

HenoctaTku neyaTHbIX MiaT UMEIOT 3HaYEHHUE, MPEXkKIE BCEro, Ui HOBUYKA:
4 11 MOHTaXKa ieTajield TpeOyroTCsl HaBBIKY MANKK U MasiibHOe 000pyJ0BaHHE;
4 CKOpOCTb MOHTaXa MaiKol Y HOBUUKOB OOBIYHO HU3Kas;

¢ MpUunasHHbIC AETAJIU CJI0XKHO HMCMOJIb30BaTh MOBTOPHO, a UCIIOPUYCHHLIC A€TalIU TPYd-
HO 3aMCHATD.

s coequHeHnii Ha IeYaTHOW MaKeTHOM TuiaTe MCIOJB3YIOT pa3Hbie criocoOkl. Hekoro-
pble KOMIIOHEHTHI Y1aeTCsl COSJAMHUTL MEXKAY cOOOM HEMOCPECTBEHHO MPH MOMOIIM WX
BBIBOJIOB, MPOIyCKasl UX Yepe3 OTBEpPCTUs MIaThl U OTrudas B cTopoHbl. Ecnu coennne-
HUS HE TEePeCceKaroTCs, TMPUMEHSIOTCS OTHOKUIBHBIC JTy>KeHBIC MPOBOIHUKHU. B ocTab-
HBIX CJTydasix OOBIYHO MCTIONIB3YIOT THOKHE W30JUPOBaHHbBIE TIPOBO/IA.

2.2. MoHTaXHble NnpoBoAa ANA Nauku

Y MATKAX MOHTQ)KHBIX MTPOBOJIOB B BUHUJIOBOH M30JISALIMHU, KOTOPbIE OOBIYHO MPUMEHSIOT
paauoItoOuTeNd, eCTh Cepbe3HbIil HemocTaTok. [Ipu momnbiTke 3aiyIMTh U NpUNasTh 3a-
YUINEHHBIM KOHYMK MPOBOJIAa M30JIALUS COKpAIlaeTcs MO JUIMHE W TUIABUTCS OT HarpeBa,
OToJIsis M3JIMLIHUKA y4acTOK MPOBOJA. DTO AOCaJHOE SBJIeHHE O4YeHb MelraeT pabore u
rpO3UT 3aMbIKaHUSMH. [IpoGiieMy MOXKHO pelIuTh JBYMS CIIOCOOAMU: OMBITHBIM IyTEM
roo0paTh MPOBOAA, U3OJIALINS KOTOPBIX MJIOXO0 TUIABUTCS U HE CTATUBAETCs TMPU HAarpeBe,
JIMOO MCMONB30BaTh NPOBOJA B CIELMATIbHON TEPMOCTOMKON M30JISA1MKM 13 (hTOporiacTa
(MI'T®) wnu cunukona. [IpoBoaa B u3onsuuu W3 (TOpOIacTa PEaKO BCTPEUYarOTCs
B TIpojiake v oporo ctoat. OHM TakxkKe peIKo OBIBAIOT OKpAIICHBI B pa3HbIe 1[BETA.

ToHkHe MpoBOAa B CHIMKOHOBOM H3OJIALIMK HAEAIbHO MOAXOAAT I MaKeTUPOBaHUS U
MOHTa)Ka JTIOOUTENbCKUX KOHCTPYKIMA. OHU JIETKO 3aUUINAIOTCS U JIyAATCS, UX CHUITUKO-
HOBasi U3OJISILIUS He TIABUTCSA JaXke MPU CHIIbHOM HarpeBe. HeckosibKo JieT Ha3aj] TOHKHe
CUJTMKOHOBBIE MPOBO/IA CTOMITH BECbMa JIOPOro W PeAKO BCTpevanuch B nmpoaake. Ceiivac
Takye MpoBOJAa MOXHO HalTH B KMTaWCKUX M POCCHUMCKUX WHTEpHeT-marasuHax. [1pu-
YeM, Y POCCHHCKHX MPOAABLIOB LIEHBI 3a4acTyl0 HUke (HO acCOPTUMEHT MeHbliie). YTo-
Obl He OIIMOUTHCS B BEIOOPE MPOBOJIOB, CJIEAYET pa30dUpaThCs B UX MAPKHUPOBKE.

OnameTp npoBoga obo3HavaeTcs abbpesnatypon AWG (American Wire Gauge). UHorpga
yncnosoe 3HavyeHne AWG HasblBaloT kaiubpom nposoda. Nctopuyeckn 3HaveHne AWG
NPONCXOAMT OT TEXHOMOIMM MPOU3BOACTBA NPOBOSIOKM BONOYeHMeM. 3aroToBKy, KoTopas
obosHavaeTcs kak 0AWG, nocrnepoBaTenbHO NPOTArMBAIOT Yepesd psif yMeHbLUALWMXCS
KannbpoBaHHbIX OTBEPCTMI (BOMNokoB, chunbep). COOTBETCTBEHHO, YMCIIOBOE 3HAYeHue
AWG obosHayaeT konuMyecTBO npoTsArmBaHuii. Moatomy, yem Gonblie 3HavyeHne AWG,
TeM TOHble npoBoa. Hanpumep, obosHaveHne 24AWG (unun AWG24) cooTBeTCTBYET
AvnameTpy NpOBOAHWKA, KOTOPbIN NPOTSAHYNM Yepes CTaHAapTHble AMOBblE dUNbepsI
24 paza.
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MHOroXunbHble MOHTXHbIE MPOBOAA COCTOAT M3 OONBLIOrO KOJIMYECTBA CKPYUEHHbBIX
TOHKHMX MPOBOAHMUKOB (paboumx >kmi), mostomy kanubp AWG oTHocuTcs k obuiemy
auaMeTpy MpoBoisileidl kuibl. OTOENbHO B XapakTepPUCTHKAaX MPOBOJA YKasbIBAalOT
KOJIMYECTBO pabouuX >KWII U UX aAuameTp. Uem ToHbIe pabouue KHJIbI, TEM MSArde U
rubue MOHTaKHBIH TIPOBOJI B LIETIOM.

VYcpenHeHHbIe XapaKTepUCTUKH MHOTOXKHITBHBIX MPOBOAOB MO mmkane AWG npuBeeHbl
B TaOu. 2.1. JlaHHbIe U3 3TON TAOIUIBI MOKHO MCIIONB30BAThH MPH BHIOOpE MATKUX MOH-
Ta)KHBIX TMPOBOOB, KaK B CHJIMKOHOBOM, Tak ¥ B BUHWIOBOM W30JsLMK. B 3aBucumMocTH
OT TMPOU3BOAMTENS, AMAMETP PabOYMX HKWJI, MX KOJIWYECTBO U TOJILIMHA U3OJSILIMK MOTYT
HE3HAYUTEIIBHO Pa3In4aThCs.

B paguonoOuTenbckoil MpakTHKe JjIsi MOHTaKa M MaKeTHPOBaHHs YI0OHee BCero Mc-
noJib3oBaTh nipoBoaa 30AWG, 28AWG u 26 AWG. bosnee Toncteie TpoBoAa UCTIONB3YIOT
JUIs IMTaHUsl CWIIOBBIX Leneid. Hanpumep, B aiekTpuueckMx aBUaMoensax AJis MOJKIIO-
YEeHHUs! CHJIOBBIX JINTHH-TIONIMMEPHBIX Oatapell 00bIYHO MPUMEHSIOT MPOBOJAA KaTUOpoM
ot 18 mo 12AWG.

Tabnuya 2.1. PaamepHocmb 3nekmpuYeckux rposodos o wkane AWG
(oOuHoyHas paboyasi xuna 0,08 Mm)

Kanuép Kon-go OnameTtp BHewHmiA TonwmHa npensenbuf.lu
no AWG X0n NPOBOAHMUKA, AMAMETP, MM n3onauum, pabouun
MM ’ MM TOK, A
30AWG 11 0,30 0,8 0,05 0,8
28AWG 16 0,32 1,2 0,08 1,2
26AWG 30 0,44 1,5 0,15 3,5
24AWG 40 0,58 1,6 0,20 50
22AWG 60 0,72 1,7 0,30 8,7
20AWG 100 0,92 1,8 0,50 13
18AWG 150 1,20 2,3 0,55 22
16AWG 252 1,53 3,0 0,80 35
14AWG 400 1,75 3,5 0,90 55
12AWG 680 2,50 45 1,00 88
10AWG 1050 3,60 5,8 1,20 140
8AWG 1650 4,40 6,3 1,20 190
BAWG 3200 5,20 8,5 1,65 230

Ecnu Hy>xHO OBICTpO HaWTH MOAPYYHBIE MOHTa)KHBIE MPOBOJAA Ui MaKeTHPOBaHUS, a
MOKYTAaTh UX HEKOI'/1a, MOMPOOYHTe OYUCTUTh OT BHEUTHEH M30JISIMY TOHKUNH HEHYKHBIN
USB-kabenb, KOTOpbIMH OOBIMHO KOMILUICKTYIOT pa3jiMuHbie KUTalickue ramkerbl. Kak
NpaBuIo, TakuX kabenell co BpeMEHEM HAaKaIlUIMBaeTCs JioMa JOBOJIBHO MHOTO, U OHH
Jaexar 0e3 mena. XOpolIo MOAXOAAT KHIIbl Kabens OT HEUCIHPAaBHOM KOMITbIOTEPHOMR
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MBI — OHU TOHKHE U Msarkue. K COXXaJICHHIO, TaKHUE MpPoBOAa 4acTo OBIBAIOT paccuu-
TaHbl HA MOHTaK O00KUMKO B padbeMax U IJI0XO NMEPEHOCAT na1711<y.

2.3. MHCTpYyMeHTbI AnA NoAroToBKU NPOBOAOB

[Ipn mMakeTHpoBaHMH MalKOI Ha MeYaTHOH MjaTe KOHYMKW COEJUHUTEIbHBIX MPOBOAOB
NPUXOAMTCS 3auMILaTh JECATKH M COTHHU pa3. MIMeHHO 3Ta omepauus 3aHumaeT Gosiblie
Bcero BpeMeHH. s ObICTpOl M aKKypaTHOM 3aUMCTKM MOHTaXHBIX MMPOBOJOB MPUMEHSI-
10T MHCTPYMEHTHI Pa3InyHOM KOHCTPYKLUMH MO/ OOLMM Ha3BaHUEM cmpunnep (stripper).
[Ipumep Takoro ycrpoiicTBa MokasaH Ha puc. 2.5.

Puc. 2.5. CTtpunnep Ans 3a4MCTKU NPOBOAOB B BUHUMOBOW U CUIIMKOHOBOI N30NALMN

K coxanenuto, npoeccronasabHble CTPUIINEPh] CIAMLIKOM JOPOrUe, rPOMO3JKHME, 3aHHU-
MarOT MHOTO MecTa B paboueM CTOojIe M PEAKO MOAXOAST Ul 3aUUCTKM TOHKUX MOHTaX-
HBIX MpoBojoB kanubpa 28...30AWG. f naBHO M ycnmelmHO MPUMEHSIO CaMOoJeNbHOe
npucrocobsienue (puc. 2.6). OTo OouUeHb NMPOCTOE W KOMIAKTHOE YCTPOWCTBO MOYKHO
cAenaTh 3a OAMH Bedep M3 MOAPYUYHBIX MaTepHuasnoB. 11 ero U3roToBjIeHHUs BaM MOTpe-
OyroTcs:

4 crapblii MEeTAJUTMYECKUH MHUHIIET;

4 00JIOMKH 3aKaJI€HHOTO MOJIOTHA OT HO>KOBKH TIO METAILTY;

4 anMasHblii HandwIb WK pydHas OopMalllMHKa ¢ aTMa3HbIM JUCKOM;
¢ BuHT M2...M3 a1 peryaupoBKy;

4 nassnbHUK MOHOCTHIO 60...100 BaTT, NpUNOM, KUCIOTHBIN (utoc.

HsroroBbTe pabouune pexxyliue 1acTUHbI U3 HOXKOBOYHOro nosiotHa. [locrapaiiteck cpa-
3y KaK MO>KHO aKKypaTHee 3aTOUYMTh PexyllMe KPOMKH MoJ yrioMm okosio 30 rpaaycos.
Jlyduie Bcero aenaTb 3TO MPH MOMOLLM ajIMa3HOTO Haa(UIIs.
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VYKOpOTHTE MHMHLET MPUMEPHO HarojJoBUHY. C OIHOM CTOPOHBI MPOCBEPIUTE OTBEPCTHE
MO PeryJMpOBOYHBIM BUHT. ECTM HET BO3MOXKHOCTH Hape3aTb B OTBEPCTHM pe3bly,
Mpunasiire raiiky HyxHoro pasmepa. [lpunasiite pexyiuue niacTUHbI K OCTaTKaM TMHH-
ueta. OOparrTe BHUMaHHE Ha MPAaBUJIbHYIO OPUEHTALMIO TNIACTHH — OHM JOJKHBI pabo-
TaTh MO MPHUHLMITY HOKHHLL, TO €CTh NMPU CONMKEHUH COTIPUKAcAThCs TUIOCKUMHU CTOPO-
Hamu BbIpesa (puc. 2.6, a). UToObl peryTupoBOYHBINA BUHT HE MPOBOPAYUBAJICS CaMOTIPO-
W3BOJILHO, MCTIONB3YHTe MPYKUHY WK CTOMOPHYIO Taiiky (puc. 2.6, 6).

Ha 3TOM m3roToBiaeHue caMOAENbHOIO CTpUNIepa oKoH4eHo. OcTaeTcsl OTperyIupoBaTh
CMBIKaHHUe TIACTUH TaKUM 00pa3oM, 4TOObI OHM HaJpe3ai U30JISLMIO, HO He TIOBPEeXKIa-
JIM LIEHTPAJIbHYIO >KUITy TIPOBOJA.

a 6

Puc. 2.6. CamopenbHblil CTpUNNep AN 3a4MCTKN NPOBOAOB

2.4. ICTOYHUKM NUTAHUSA

K opranuzauuu 31eKTponuTaHus CBOMX YCTPOMCTB HEJb3sl OTHOCUTBCS JIETKOMBICIIEHHO.
Mmuorue npobiemsl B paboTe 31€KTPOHHOTO 000PyI0BaHHS BO3HUKAIOT MIMEHHO T10 TIpH-
YMHE HEKaYeCTBEHHOT0 UCTOUYHMKA MTUTAHUS:

4 HeIOoCTAaTOYHOH ero MOILIHOCTH;

4 3aHWKEHHOM WJIU 3aBBIICHHOM BBIXOJHOM HANPSKEHHUH;
4 nynbcalyy MUTAOIIET0 HAMPSHKEHKS;

4 [oMeX B LIENSX MTUTAHHUS.

ITombiTka COKOHOMUTDB, UCIOJIb3Yyd KYCTapHLIE WJIM HEKAYECTBEHHBIE MCTOYHWKH IIHTa-
HUA, OOBIYHO 3aKaHYMBAETCS HCTIOPYEHHBIM 060pyz[013aHHeM, KOTOPO€ CTOUT 3HAYUTEJIb-
HO AOPOKE UCTOYHUKA, a HA pEMOHT YXOAUT Goublie BPEMCHU, YEM Ha NOATOTOBKY IIpa-
BWJIBHOT'O 3JICKTPOMMHUTAHUSA.

B nobuTenbCKON 3MeKTPoHMKE OGLIMHO MPUMEHSIETCS NuTalolee HanpsbkeHuwe 5 B, Ho
€My Ha CMeHy B HOBbIX YCTPOMCTBAaX NpuxoauT HanpsbkeHue 3,3 B. 3To ctaHgapTHoe Ha-
NpskeHWe NUTaHUs GOMbLUMHCTBA COBPEMeHHbIX Mukpocxem. K coxaneHuto, ceivac ans
NUTaHWs MOGUTENbCKMX MPOEKTOB YacTo TpebyloTca 06a HanpskeHWsl, NOTOMY YTO B OA-
HOW KOHCTPYKLUMM 0ObEANHSIOTCS CTapble W HOBbIE KOMMOHEHTbI, HO HE BCE HOBbIE MOAY-
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nn cHabXeHbl BCTPOEHHbIM MCTOYHUKOM +3,3 B. lMonbiTka 3anutaTb Takoe YCTPOWCTBO
HanpskeHveM 5 B, paBHO kak U nepenonocoBka, NPMBOANT K MTHOBEHHOMY BbIXOAY HU3-
KOBOMbTHBIX MUKPOCXEM U3 CTpos. byabTe npeaenbHO BHMMAaTENbHbLI MPU NOAKMYEHNN
NUHUIA NnTaHus!

2.4.1. OcobeHHOCTM NUTaHuA oT nopta USB

Bapuant nuranus ot komnsiotepHoro nopra USB Hanbosee yacto BcTpeyaercs B JHO0OH-
TENbCKOM MpaKTHKe, 0COOEHHO BO BpeMs pa3pabOTKU U OTJaAKH ycTpoiicTBa. OH ynobeH,
KOrJa Bbl MOAKIIIOYAETE YCTPOMCTBO Yepe3 BCTPOECHHbIN WM BHeIHUN koHBepTep USB-
UART pns nporpammupoBaHus U HacTpoiiku. 1o omHOMY KaGenmo mpoucxoautT oOMeH
JaHHBIMU C KOMIMBIOTEPOM M MOCTYMaeT NUTaHHWe Ha YCTPOHUCTBO.

Ho noptet USB umeroT orpannueHus no npeaeibHOMY TOKY B Harpyske. 3a norpeouse-
MBIM TOKOM CJIEIUT XOCT-KOHTpOJIIep. OTO clielManbHasi MUKPOCXeMa Ha MaTepUHCKOM
TUTaTe KOMITbIoTepa, KoTopas oOecrneunBaeT paboTy moptoB. Cranmaprom USB mpemy-
CMOTpeHbl TpeaefbHble TOKH, noTpebisembie or mopta: USB 2.0 — mo 500 MA,
USB 3.0 — no 950 MA. ]Iy GonbIMHCTBA TFOOUTENLCKUX YCTPOWCTB 3TOTO BIOJHE J0C-
TaTtouHo. Ecnu e B ycTpoHCTBE MPUMEHSETCsl MOLIHBII MpoLeccop, CBETOAUOIbI, JeK-
TPOMOTOPBI, AUCIIJIEH, TO MPeaebHbIN TOK MOPTa MOXKET ObITh MPEBBILLIEH.

[Toptel USB cHa0keHbI 3alIUTOM OT 3aMbIKaHUi B Lienu nutanus. OOBIYHO 3TO camMo80C-
CMAanasIueaIoUticsi nNpeooXpanumessb, yCTAaHOBJIEHHBIH Ha MaTepuHcKoi miate. OH Boc-
CTaHaBJIMBAaET CBOM MPOBOJSIIUE CBOMCTBAa 4Yepe3 HEKOTOpOe Bpems Mocjie cpabaThiBa-
Hus. Eciau mocnie 3aMblkaHvs B Harpy3ke M MOBTOPHOIO BKJIIOUEHHS KOMITbIOTEpa Ha
pazbeMe MopTa He MOSBWIOCh MUTAIOLIEe HaMpsDKEHUe, He myrairech. OTKIIOUUMTE KOM-
neroTep U Aaite npepoxpaHuresnto 20-30 MUHYT Ha BOCCTaHOBJIEHHE.

[Ipu skcnepuMeHTax ¢ caMOJeNIbHBIMU YCTPOHCTBAMH, UMEIOLIMMH KOMOMHMPOBaHHOE
nutanue USB/6arapeu, BelMka BepoSITHOCTb CilydaiiHo mojathk Ha nopt USB Tak Ha3bI-
BaeMoe gCcmpeuroe HalpsHKeHHe MUTaHHsA. DTO MOXKET MOBPEANTh MAaTEPUHCKYIO TUIaTy,
ocobeHHO B HOyTOYkax! B kauecTBeHHBIX MOJYJISIX 3aBOJCKOTO MPOM3BOJCTBA yCTaHAB-
JIMBAIOT 3alUUTHO-PA3BA3bIBAIOILME JUObI, TOAKIIOYEHHbIE IO CXeMe, MPUBEACHHON Ha
puc. 2.7.

Batapeto noakirouatrotr k kinemme +VBAT, a mirocoByro JIMHHMIO NMUTaHUS OT pazbema
USB — k kiiemme +5V USB. B 3aBucuMocTH OT TOro, Ha Kakoi U3 KJIeMM MPUCYTCTBYET

+5V USB l%
[ >— L
—t— ]
+VBAT I%
) MuTaHue ycTpowcTea
GND GND
>— l I |

Puc. 2.7. 3almTHO-pasBA3bIBaOLLME ANOAbI B LENU NUTAHMS YCTPOWCTBA
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HanpspKeHUe MUTaHUs, TOK MpoTeKkaeT Jnbo yepes nuoa D1, nubo yepes D2. Ecnu nop-
KJIFOUMTh OJHOBPEMEHHO [IBA MCTOUHMKA, YCTPOHCTBO OyIeT MUTaTbcs OT TOTO M3 HUX,
Ybe HaMpsHKEHUE BhILLE.

OtHocuTenbHO mosisipHOCcTH Gatapen avon D1 Br/IOYEeH BCTPEUHO, MOITOMY HE MOJKET
MPOBOANTE TOK OT Oarapeu B mopt USB. Anamornyno, Hanpsbkenue nmoprta USB He mo-
JKeT NMoBpeaAnTb Oatapero Onaronapst nuogy D2. Kpome Toro, 3Tv qMOIBI 3aIIUIIAIOT YCT-
POMCTBO OT MEPENOIIOCOBKM MMUTAHUs — CaMOM YacTOM MPUYUHBI HEOOPATUMOMN TIOJIOM-
KM JIIOOUTENbCKUX yCTPOicTB. ECliM KOHCTPYKLIMS MCKITIOUAET MOACOeIMHEHHE IBYX MC-
TOYHHKOB OJHOBPEMEHHO, TO yCTaHaBIMBaeTcs oauH Auod. OH 3aluIinaeT ycTpoKWCTBO
OT TMePernoocoBkH, a mopt USB — oT ciyyaiiHol nojjauu BCTPEYHOTO HANPSKEHHS.

HecMoTps Ha TO, YTO B 3alUTHO-PA3BA3bIBAIOLLMX LIENSX MPUMEHSIOT crieypanbHble Ano-
Obl C MOHWXEHHbIM NageHnem npsimoro HanpsikeHusi (Low-Drop diode), HanpsikeHue no-
psaka 0,2—0,3 B Bce e nagaeT Ha norynpoBOAHUKOBOM nepexope anoga. Kpome Toro,
Ha USB-nopTax HEKOTOPbIX KOMMNbIOTEPOB MPUCYTCTBYET Crierka CHUXEHHOE HanpsiXeHue
nutaHus, okono 4,7...4,8 B. B Takom cny4ae ocTaBLUeecs HanpsikeHue nopsiaka 4,5 B
MOXET OKa3aTbCHA CMMLLKOM HU3KUM ANS NUTaHus ycTponcTtea. Hanpumep, nponssoauTe-
nn aBMamoenbHON 6OPTOBOI 3MEKTPOHUKM AN MMTaHWUSi NONETHbIX KOHTPOMNNEPOB YacTo
peKkoMeHAYIOT UCMONb30oBaTh UCTOYHUKU HanpshkeHnem 5,25...5,35 B, ytobbl kKOMneHcu-
poBaTb NageHue HanpsXXeHWs Ha guoAax. 3aHWKEHHOe HarnpshKeHWe NUTaHus NpuBoAUT
K HecTabunbHon paboTe yCTPOMCTBa U BbIpaXaeTCs B CaMONPOM3BOINbHON nepesarpyske
UNN «3aBUCaAHUN» MUKPOKOHTPOMIIEPOB M XaOTMUYHbLIX NMOKasaHusiXx AatydmkoB. Ha nouck
NpUYMHbl CO0EB MOXET YWTU MHOro BpemeHu. Ecnn yctpoiictBo 6€3 BUAMMBIX NPUYNH
BeAeT cebsa HenpeackasyeMo, HaYHUTE C NPOBEPKM KayecTBa NUTaHUS.

2.4.2. CeTeBble UICTOYHUKU NUTAHUSA

CranpaptHblii ceteBoii agantep (Wall Adaptor) ot noboro ramkera — 3TO BTOPOH MO
MOMYJISIPHOCTH HUCTOYHMK MUTaHUS JIHOOUTENbCKUX ycTpoiicTB. OH MOJHOCTBIO T'OTOB
K MCMOJIb30BAHUIO M MMEET 3alUUTy OT neperpy3ku. Cienyer Jviib yI0CTOBEPUTHCS, YTO
OH obecrnieunBaeT Ha BbIXo/e MMeHHO 5 B m nocraTounslit Tok. JXKenarenbHo MCmosnb30-
BaTh agantep ¢ rHe3nom USB, Tak kak 3TO MO3BOJIMT NPUMEHSATH CTaHAAPTHBIE MPOBOAA
111 IMTAHUS MHOTHX MOMYJISIPHBIX OTJIaJ0UHBIX MOIYJIEH.

He ncnonb3yinTe agelweBble Noadenku nof ceteBble agantepbl Apple — BHYTPU Y HUX
Haxo4saTCsl MPUMUTUBHbIE cxeMbl 6e3 kakon-nmbo s3awutel. OBpaTuTe BHMMaHue, 4YTo ce-
TeBble afjanTepbl OONbLUMHCTBA MNAHLWETOB BblAAKT HanpsikeHne oT 7 no 9 B. B atom
cnyyae BaM NoHago0uTCst JOMOSNHUTENbHbIN PErYNSTOP HAaNPSHKEHUS.

B cnyuyasx, korna TpeOyeTcs HECKOJBbKO MUTAIOLIMX HAMpshKeHWH, TM00 BBIXOAHOE Ha-
NpsDKEHWe UCTOYHUKA HE COOTBETCTBYET HY>KHOMY 3HAUEHMIO, MPUMEHSIIOTCS pa3jinvyHble
npeobpazosamenu Hanpadxcenuss. OHU MOTYT MOHMXKATh WM MOBBILIATE UCXOAHOE Ha-
npsokeHue. [lanee Mbl paccCMOTPUM pasfiMuHbIe BapUaHThI peoOpazoBaTeei.

JNlHeMHbIe cTaGunNusaTopbl HanpsXeHuUs

JluneiiHble cTaOMIM3AaTOPBI HAMPSKEHUS, 10 CYTH, MPEACTABISAIOT cOOOH peryiupyeMoe
COIMpPOTHUBJIEHHE C MCTOYHMKOM OOpa3LlOBOr0 HaMpsDKEHWs M LENblo OOpaTHOM CBSI3M.
Ecnu BxomHOE HanpshKeHUe pacTeT, TO POBHO B TAKOH ke CTereHH (JINHEHHO) BO3pacTaeT



