MHMUHUCTEPCTBO HAYKH U BBICIHIEI'O OBPA3OBAHUSA
POCCHUCKOM ®EJEPALINU
DenepabHOE TOCYAAPCTBEHHOE ABTOHOMHOE
o0pa3oBaTe/ibHOE y4YpeKAeHUe BbICIIEro 00pa3oBaHuUsd
«CEBEPO-KABKA3CKHWM ®EJIEPAJIBHBIIA YHUBEPCUTET»
HeBUHHOMBICCKHUI TEXHOJIOTHYECKUN HHCTUTYT (usmalr)

MGTOI[I/ILIGCKI/IC YKa3aHHUA 110 BBIIIOJIHCHHTIO J'Ia60paTOpHBIX pa60T
10 ANCHUIIIINHC «HpaKTI/IKYM I10 IIPOIrpaMMHPOBAHUIO IIPOMBIINIIICHHBIX KOHTPOJIJICPOB»

Hanpasnenue noarotosku 15.03.04 ABTomMaTu3anus TEXHOJOTMYECKUX ITPOIIECCOB M ITPOU3-
BOJICTB
KBanudukaius BeIlycKHIKA — OaKanaBp

Hesunnomeicck 2019



Metoauueckue ykazaHUs IpeIHA3HAuYeHbl JUIsl BBINOJIHEHMs JIaOOpaTOpPHBIX PadOT IO
aucuumiuHe «[IpakTuKym 1Mo nporpaMMHpOBaHUIO IPOMBIIIEHHBIX KOHTPOJUIEPOB) AJIs
CTYJIEHTOB HarpaBieHusi noarotoBku 15.03.04 ABromMaru3amus TEXHOJOTMYECKHX IPO-
LIECCOB U MPOU3BOACTB U COOTBETCTBYIOT TpeboBanusiM ®PI'OC BO HampaBieHus noaro-
TOBKHU 0aKaJilaBpOB.

CocraButens: crapumii npenojasatens kapeapst MCOA J1.B.CamoiineHko



Conepxxanue

JIa00paTOPHAST PAOOTA NOT ...ttt snee s 4
JTa00PATOPHAS PAOOTA NOZ ....eiiiiiiieiitiie e sttt ettt e et ettt e et e e sab e e s nbb e e e bb e e e snbe e e e nnneeeenes 6
JIa00PATOPHAS PAOOTA NO3 ...ttt sttt e sae e sar e e sane s 8
JTaG0PATOPHAS PAOOTA NOA ..ottt s s e e st e e s ba e e e anrnee e 10
JTaB0PATOPHAS PAOOTA NOS ....iiiiiiiii ittt ettt st e st e st e e s nrb e e e s ba e e e anrnee e 12
JIa00PATOPHAS PAOOTA NOO .....vviiiiiiiiiie ittt ettt et be e e nnnas 14

JTaB0PATOPHAS PAOOTA NOT .. uiiiiiiiiiiiiiiiie sttt ettt st e e s st e e s st e e e s rb e e e s bbe e e ansneeeas 16



JlaGoparopnasi pabora Nel
Hcnonb3oBanue Huu(ppoBoro BLIBOAA
Leab padoThl: 03HAKOMHUTHCS ¢ (PYHKIUAMU YIPABICHUS BHIBOIOM.

KparTkue cBeieHUs U3 TEOPHH
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Pucynok 1.1 — IlpuHuunuanbHas cxema

JIuCTUHT POTPaMMBI:

void setup()

// HacTpamBaeM TiH Nel3 B pexxuM BBIXOJa,
// T.€. B PeXKHUM HCTOUHHKA HAIIPSKESHUSI

pinMode(13, OUTPUT);
}

void loop()
// momaém Ha rH 13 «BBICOKHI curHam» (aHri. «highy), T.e.
// Be1maém 5 BobT. Uepes CBETOANO TIOOEIKUT TOK.
// DTO 3aCTaBUT €ro CBETUTHCS
digitalWrite(13, HIGH);
// 3apepxuBaeM (aHTII. «delay») MUKPOKOHTPOIIIEP B STOM
// cocrostauu Ha 100 MULTHCEKYHT
delay(100);
// momaém Ha nuH 13 «HU3KHEA curHam (aHri. «lowy), T.e.
// Beimaém 0 BOJIBT WJIK, TOYHEE, IPUpPaBHUBaeM MuH 13 K 3emite.
// B pe3ynbTaTe CBETOUO] TOTACHET

digitalwrite(13, LOW);

// 3aMupaeM B 3TOM cocTOSTHUH Ha 900 MUIDTHCEKYHT
delay(900);

// mocne «pazMopaxuBaHus loop cpasy ke HauHET UCTIOHATHCS
// BHOBB, U CO CTOPOHBI 3TO OYAET BHINIAAETh TakK, OyATO
// cBetoauon muraet pa3 B 100 mc + 900 mc = 1000 mc = 1 cex

3ananue Ha 1a00paTOPHYIO padoTy
CBeToauoa JOJDKEH CBETHITS MOJICEKYHJIBI, a May3a MEX]y BCIBIIIKAMU paBHA
OJIHOU CEKYHJE.
W3menuTe xoa mpuMepa Tak, YTOOBI CBETOMOJ BKIIOUAJICS HA TPU CEKYHJIBI TI0-
CJie 3aIyCKa yCTPOICTBA, a 3aTEM MUTAJl B CTAHJAPTHOM PEXKHUME.

Copaep:xanue oTyera



B oTtdere ykazarh 1mens paboThl, MPUBECTH pa3padOTaHHBIE CXEMY H JINCTUHT TPO-

IpaMMBI.
KoHTpoJibHbIe BOPOCHI
1. Yto OyneT, eciu MOAKIIOYHAT K 36MJIe aHOJT CBETOIMO0/1a BMECTO Kartoaa?
2. Yrto Oynet, eciau MOAKITIOUNTh CBETOAMO] C PE3UCTOPOM OOJIBIIIOTO HOMHUHAJA (HAMPH-
mep, 10 kOm)?

. Urto Oyner, eciii MOJKIIOYUTh CBETOANO 0e3 pe3ucTopa?
. 3aueM Hy>kHa BcTpoeHHast pyHkuus pinMode? Kakue mapameTpbl oHa mpuHUMAaET?

. 3auem HyxHa BcTpoeHHas Qpynkius digitalWrite? Kakue napameTpsl oHa npuHuMaet?

o 01 B~ W

. C moMo1IpI0 KaKoi BCTPOCHHON (DYHKITMM MOKHO 3aCTaBUTh MUKPOKOHTPOJUIEP HUYETO
HE genatb?

7. B xakux CAMHHNLAX 3a1aCTCA JIIUMTCIbHOCTD I1ay3bl JTJIA 3TOM Q)YHKHI/II/I?



JlaGopaTopHasi pabora Ne2
HUcnoas3zosanue INUM
Leab padoThl: 03HAKOMHUTHCS ¢ PyHKIUAMHU yrpaBieHus BeiBogoM ¢ [IINUM.

KparTkue cBeieHUs U3 TEOPHH

Pucynok 2.1 — IlpuHiunuanbsHas cxema

JIucTuHT IpOorpaMMmBbl:

// naém pasymHoe umMs 111 mrHa Ne9 o CBETOAMOIOM

/I (aurm. Light Emitting Diode wnu mpocto «LED»)

// Tak HaM He HY>KHO TIOCTOSHHO BCIIOMHHATE Ky/la OH TTOIKITIOUEH
#define LED_PIN 9

void setup()

// HacTparBaeM IIHH CO CBETOAMOIOM B PEIKHUM BBIXO/1a,
/I xak u paHble
pinMode(LED_PIN, OUTPUT);

}
void loop()
{

// BBITa&M HETIOJIHOE HANPSDKEHNE HA CBETOANO]

// (oH xe IIINM-curnain, o xxe PWM-curnan).

// MUKPOKOHTpOJIIEP MEePeBOANT YHCIO OT 0 10 255 K HANPSHKSHUIO
// ot 0 mo 5 B. Hammpumep, 85 — sto 1/3 ot 255,

// T.e. 1/3 o1 5 B, T.e. 1,66 B.

analogWrite(LED_PIN, 85);

// nepKuUM TaKyI0 IPKOCTh 250 MUAITHCEKYHT

delay(250);

// Beimaém 170, 1.e. 2/3 ot 255, uiau UHLIMH ciioBaMu — 3,33 B.
// bonbllle HANPSHKEHUE — BBIILE SIPKOCTD!

analogWrite(LED_PIN, 170);
delay(250);

// Bce 5 B — moiHbIi Hakan!
analogWrite(LED_PIN, 255);

// €M eme HeMHOTO Tiepe]] TeM, KaK HauaTh BCE 3aHOBO

delay(250);

3ananue Ha 1a00pPaTOPHYIO padoTy
OTKII0UNTE MUTAHKUE, OTKIIOUUTE CBETOMO OT 9-ro mopTa U nojakiaounTe K 11-

My. MI3MeHuTe nmporpammy Tak, 4ToObl cXxema CHOBa 3apaboTana



W3meHuTe KOJ MporpaMMbl Tak, YTOOBI B TEUEHHE CEKYH bl HA CBETOUO]I TOCIe-
JIOBaTENbHO MOAAaBaNIOCh yepenHéHHoe Hanpsixenue 0, 1,2, 3,4, 5 B
BospMmurte emie oauH cBetoauoa, pe3uctop Ha 220 OM u cobepute aHAIOTUYHYIO
CXEMY Ha 3TOU K€ MAKETKE, MOAKIIOYMB CBETOAHNOJ K MUHY HOMEP 3 U JAPYroMy BXOIY
GND, u3menute nmporpamMmy Tak, 4TOOBI CBETOAHMOIbI MHUTAIU B MPOTHBOGA3Y: MEPBHIii
BBIKJIFOYEH, BTOPOW TOPUT MAKCUMAJIBHO SIPKO U A0 MPOTUBOIIOIOKHOTO COCTOSIHUS
Copnep:xanue oryera
B oTtuere yka3zarb 1enp paboThl, IPUBECTH pa3pabOTaHHBIE CXEMY U JIMCTUHT MPO-
rpamMMBI.
KoHnTposibHbIe BOPOCHI
1. Kakue u3 ciaeayomux 1IeHTH(PUKATOPOB KOPPEKTHBI U HE BHI3OBYT OIIHOKY?
13pin
MOTOR_1
KOHTaKT_CBETOAMO/1A
sensor value
leftServo
my-var
distance_eval?2
2. YUrto mpowmsoiiaeT, ecau co3aath aupektusy #define HIGH LOW?
3. [ToueMy MBI HE CMOXEM PEryJIMPOBaTh SIPKOCTh CBETOAMO/IA, MOAKIIOUEHHOTO K MOPTY
7?
4. Kakoe ycpeqHEHHOE HAIpsHKEHHE MBI MOJYyYUM Ha MUHE 6, €CIM BbI30BEM (DYHKIIHIO
analogWrite(6, 153)?
5. Kakoe 3Hauenue napametpa value HyxHO nepeaaTts pyHkuuu analogWrite, yToObI mo-

JTY4YUTh YyCpeIHEHHOE HanpsikeHue 2 B?



JlaGoparopHnasi pabGora Ne3
CBeTHWIBHUK C YIIPABJIAEeMOil SIPKOCTHIO
esab paboThI: 03HAKOMUTHCS C IPUHILMIIAMHU aHAJIOTOBOTO BBO/IA.

KparTkue cBeieHUs U3 TEOPHH
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num -9 ) W I >|—
220 OM \\‘g

Pucynok 3.1 — IlpunnunuanpHas cxema

JIucTUHT POTpaMMBI:

// naém pa3yMHBIC UIMEHA JUIS IAHOB CO CBETOIHOIOM

// ¥ MOTEHIMOMETPOM (aHTJI potentiometer WK IPOCTO «Pot»)
#define LED_PIN 9

#define POT_PIN A0

void setup()

// TUH CO CBETOMOOM — BBIXOJI, KaK ¥ PaHBIIIC. ..
pinMode(LED_PIN, OUTPUT);

/[ ...a BOT IMH C IOTEHIIHOMETPOM JOJDKEH OBITh BXOJ0M
// (aHTI1. «input»): MBI XOTHM CYMTBIBATh HAIIPSHKEHUE,
// BBIIaBaeMoOe UM

pinMode(POT_PIN, INPUT);

}
void loop()

// 3asIBIIsIEM, YTO JIajiee MbI OyIeM HCIONB30BaTh 2 MIEPEMEHHBIC C
// nmeHamu rotation u brightness, 1 4TO XpaHUTh B HUX OyeM

// nenple yncna (aHri. «integer», COKpamEéHHO MPOCTO «int»)

int rotation, brightness;

// cauThIBaeM B rotation HanpsDKEHHE C MOTCHIMOMETpA:
// MUKpOKOHTpOJIep BeIgacT yncio ot 0 mo 1023

// IpOTIOPIIMOHANIBHOE YTITy ITOBOPOTA PYUKH

rotation = analogRead(POT_PIN);

// B brightness 3anuceIBaeM HOIyYSHHOE paHee 3HaYeHHe rotation

/I nenéunoe Ha 4. [IoCKOIBKY B IEPEMEHHBIX MBI ITOXKEIaIN XPaHUTh
// ienple 3HAYEHUS, IpOoOHas YacTh OT AeJeHHs OyAeT OTOpoIIeHa.

// B uTore MbI oIy4nM 1enoe yucio ot 0 go 255

brightness = rotation / 4;

// BBIIAéM pe3ynbTaT Ha CBETOIUO]
analogWrite(LED_PIN, brightness);

3aganue Ha J1a00paTOPHYIO padoTy




OTkJIIOYMTE MUTAHUE TUIATHI, MOJKIIOUMATE K MOPTY S emie oauH cBetoauon. Us3-
MEHUTE KOJ TaKuM 00pa3oM, yTOOBI BTOPOM CBETOIMOJ CBETHIICA Ha 1/8 OT ApKOCTH mep-
BOT'O

Copep:xanue oryera

B oTtuere yka3zarhb 1enp paboThl, IPUBECTH pa3pabOTaHHBIE CXEMY U JIMCTUHT MPO-

IPaMMBl.

KoHTpoJibHBbIE BOIPOCHI

1. MoxeM a1 MBI TipU COOpPKE CXEMBI MOJIKIIOYUTH CBETOIMOM U MOTEHIIMOMETP Hamps-
MY10 K pa3HbiM BxojaaM GND mukpoxoHTposuiepa?

2. B KaKkyi0 CTOpOHY HY>KHO KPYTHTh NMEPEMEHHBIN PE3UCTOp MJsl YBEIUYEHHUS SPKOCTU
cBeromoaa’?

3. Uro Oyner, ecnu creperh w3 mnporpammel ctpouky pinMode(LED_ PIN, OUTPUT)?
ctpouky pinMode(POT_PIN, INPUT)?

4. 3aueM MBI A€M 3HA4Y€HUE, MOITYYECHHOE C aHAJIOIOBOTO BXO/a NEpe] TeM, KaK 3a/1aTh

SIPKOCTB CBEeTOIMOAa? 4TO OyAET, €CJIM 3TOT0 HE C/IeNIaTh?



JlaGopaTopHasi pabora Ne4
YnpagieHue BBOJI0M/BbIBO0OM
Ieanb padoThl: 03HAKOMHUTHCS C TIPUHIIMITAMH BBOIA/BBIBOIA.

KparTkue cBeieHUs U3 TEOPHH
10 KOM
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Pucynok 4.1 — IlpunnunuanpHas cxema

JIucTUHT POTpaMMBI:

// maéM UMeHa IS IMHOB € ThE30IMUINANKOH (aHT1. buzzer) u ¢poto-
Il pesuctropom (auri. Light Dependent Resistor wiu npocto LDR)
#define BUZZER_PIN 3

#define LDR_PIN A0

void setup()

// IMH ¢ MbE30MUIATKON — BBIXOL...
pinMode(BUZZER_PIN, OUTPUT);

/[ ...a Bce OCTaJIbHBIE TIHBI ABJIAIOTCS BXOJaMH U3HAYAIBHO,

// BCSIKMIA pa3 pH NoAave MUTaHUS WM cOpoce MUKPOKOHTpOJIIIepa.
// TloaTOMY, Ha CaMOM JieJie, HaM COBEPIIEHHO Heo0s3aTeIbHO

// mactpamBate LDR_PIN B pexxum BXoJa: OH U TaK UM SBJIACTCS

}
void loop()
{
int val, frequency;

// cuMTHIBaEM YPOBEHb OCBEIIEHHOCTH TaK JKe, KaK ISt
// moteHIMOMeTpa: B Buae 3HadeHus ot 0 mo 1023.
val = analogRead(LDR_PIN);

// paccYUTHIBaEM YacTOTY 3BYYaHHUs IMHIIATKH B Teplax (HOTY),
// ucnonb3ys GYHKIUIO poeKuH (aHTi. map). OHa oToOpakaeT
// 3HaYeHHe U3 OJHOTO JAUAna3oHa Ha IPYTroi, CTPOs MPOMOPLHIO.
// B namem caydgae [0; 1023] -> [3500; 4500]. Tak MbI HOTy4IuM
// actoty ot 3,5 mo 4,5 x['m.

frequency = map(val, 0, 1023, 3500, 4500);

// 3acTaBisieM THH C MUIMIAIKOW «BHOPHUPOBATHY, T.€. 3BYy4aTh

// (anra. tone) Ha 3ajaHHON yactore 20 MuHceKyHA. [Ipu

// cniemyronmx mpoxojax loop, tone OyeT BbI3BaH CHOBA U CHOBA,

// ¥ Ha fenie MBI YCJIBIIIMM HEIPEPBIBHBIN 3BYK TOHAIBHOCTBIO, KOTOPast
// 3aBHCHT OT KONMYECTBA CBETA, MOMAJAI0IIEro Ha GOTOPE3UCTOp
tone(BUZZER_PIN, frequency, 20);

3aganue Ha J1a00paTOPHYIO padoTy



Y6epute U3 nporpaMmbl UTEHHUE JTATYMKA OCBEIIEHHOCTH M MPOIMUIIUTE a30yKOH

Mop3e no3siBHOU SOS: TpHU TOUKH, TPU TUPE, TPU TOUKH

M3menuTe Koa mporpaMMbl Tak, 4TOOBI ¢ MAJCHUEM OCBEIICHHOCTU 3BYK CTaHO-
BUJICS HIDKE (Hampumep, maaan ot 5 k' 1o 2,5 k')
M3meHuTe KO porpamMMBbl Tak, 4TOOBI 3ByK TEPMEHBOKCA pa3faBajicsi HE HEMpe-
pBIBHO, a 10 pa3 B CeKyH]ly C pa3IMYUMbIMU ay3aMu
Copnep:xanue oryera
B otuete ykazaTh 11€16 pabOThI, MPUBECTH pa3pabOTaHHBIC CXEMY U JIMCTUHT TPO-
IPaMMBl.
KonTpoabHbIE BONPOCHI

1. KakuM cONpOTUBIICHUEM JIOJDKEH 00y1aaaTh (POTOpPE3UCTOp, UYTOOBI HA aHAJIOTOBBIM
BX0/ OBLJIO0 1MOJIaHO HarpspkeHue 1 B?

2. MoXeM JId MBI PEeTyJIMPOBATh APKOCTH CBETOAMO/IA, TIOJIKIIFOYCHHOTO K 11-My mopTy, BO
BpEMsI 3ByUYaHUS MbE30MUILIATKH?

3. Uto u3meHuTcs B paboTe TEPMEHBOKCA, €CJIM 3aMeHUTh pe3ucTtop Ha 10 kOm pesucto-
pom Ha 100 kOm? [lonpoOyiiTe OTBETUTH 0€3 AKCIEpUMEHTA. 3aTeM OTKIIIOUUTE MUTa-
HUE, 3aMEHUTE PE3UCTOP U MPOBEPHTE.

4. Kakos Oyxet pe3ynstaT Bei3oBa map(30,0,90,90,-90)?

5. Kak Gyner paboTaTh BbI30B tone 0e3 yka3aHus JJIUTETbHOCTH 3ByYaHUS ?

6. M0>HO 711 YCTPOUTH MOIMGOHNYECKOE 3BYYaHHE C MTOMOIIIBIO (PyHKIIUH tone?



JlaGopaTopHasi pabora NeS
Ynpagiienne BbIBOAOM 10 COOBLITHIO HA BBOJE
Ieab padoThl: 03HAKOMHUTHCS C TIPUHIIMITAMH BBOA/BBIBOIA.

KparTkue cBeieHUs U3 TEOPHH

Pucynok 5.1 — I[lpunnunuanbHas cxema

JIucTUHT POTpaMMBI:

#define LED_PIN 13
#define LDR_PIN A0
#define POT_PIN Al
void setup()
{
pinMode(LED_PIN, OUTPUT);

}
void loop()
{

// cuuTHIBaEM YpOBEHb OCBEIIEHHOCTH. KCTaTh, 00BABIATH
// mepeMeHHY0 U MPHUCBAMBATH €if 3HAUEHHE MOXKHO Pa3oM
int lightness = analogRead(LDR_PIN);
// cUMTBIBaEM 3HAYEHHE C MOTCHIIHOMETPA, KOTOPHIM MBI PEryJIupyeM
// MOPOTOBOE 3HAUEHUE MEXK/Y YCIOBHBIMH TEMHOTOW M CBETOM
int threshold = analogRead(POT_PIN);
// 0OBSBIISIEM TOTUYECKYIO TIEPEMEHHYO U Ha3HAYaeM el 3HaYCHHUE
/l «TemMHO Ju ceituacy. Jlornueckue nepeMeHHbIe, B OTINYHE OT
// IEIOYNCIIEHHBIX, MOTYT COJICPIKATh JIMIIbH OJHO U3 JABYX 3HAUCHHIA:
// uctuny (aHri. true) wiu J1oxs (auri. false). Takue 3HaueHUs
// emi€ Ha3pIBAIOT OyJieBbIMHU (aHTJI. boolean).
boolean tooDark = (lightness < threshold);
// KCTIONTB3yeM BETBIICHHE TIPOTPAMMBI: TIPOIIECCOP HUCITONHUT OJHH H3
// 1ByX OJIOKOB KOJia B 3aBUCHMOCTH OT HCIIOJTHEHHS YCIOBHSI.
// Ecnn (aHri. «if») cImImkoM TeMHO...
if (tooDark) {
/I ...BKIIOYaeM OCBeLIEHUE
digitalWrite(LED_PIN, HIGH);
Telse {
// .. MHaUYe CBET HE HY)XEH — BBIKJIFOYaeM €0
digitalWrite(LED_PIN, LOW);
}
}



3aganne Ha J1a00paTOPHYIO padoTy

[lepenummure mporpamMmy 0€3 UCHOJIL30BaHUS mepeMeHHo# tooDark ¢ coxpanenu-
eM (pyHKIIMOHasa yCTpONCTRA.

JloGaBbTE B cXeMy eIle OJIUH CBETOJIMO. JlonmoJIHUTE MporpaMMy Tak, YTOOBI MpU
MaJICHUU OCBEILIEHHOCTH HUYKE MOPOTrOBOT0O 3HAUECHMS BKJIKOYAJICS OJMH CBETOAMO/, a MpHU
naJieHUU OCBEIICHHOCTH HIKE TIOJIOBUHBI OT MOPOTOBOTO 3HAUYECHUSI BKIIIOUAIIUCh 00a CBe-
TOAMO/A.

M3meHuTe cxeMy W MporpaMMy TakK, YTOOBI CBETOAMOJbI BKIIIOUAIUCH MO MPEK-
HEMY MPUHIUITY, HO CBETUJIUCh TEM CHUJIbHEE, YEM MEHbIIIE CBETa MajaeT Ha (OoTope3u-
CTOp.

Copep:xanue oruera

B otuere yka3zarhb 1enp pabOThl, IPUBECTH pa3pabOTaHHBIE CXEMY U JIMCTUHT MPO-

IPaMMBL.

KoHTpobHbIE BONPOCHI

1. Ecnmu MBI ycTaHOBUM (DOTOPE3UCTOP MEXIY AHAJOTOBBIM BXOJOM M 3€MJICH, Hallle
YCTPOMCTBO OyneT paboTaTh HA0OOPOT: CBETOAMO/ OYAET BKIIIOYATHCS MPU YBEIUUCHUU
Konu4decTBa cBeta. [louemy?

2. Kakoii pesynbrar paboThl YCTPONCTBA MBI TIOJYYUM, €CIIA CBET OT CBETOAMOAA OyaeT
najgaTh Ha Goropesuctop?

3. Ecnu MBI Bce k€ yCTaHOBUIIM (POTOPE3UCTOP TaK, KaK CKa3aHO B MPEABLAYIIEM BOIIPOCE,
KaK HaM HY>KHO U3MEHHUTb MPOTPaMMy, 4TOObI yCTPOMCTBO paboTasio BEPHO?

4. lonyctum, y Hac ecTh koj if (ycnoBue) {neiictBue;}. B xakux ciayuasx OyAeT BBIIOJ-
HEHO AcucTBue?

5. IIpu kakux 3HAYEHUSX Yy BbIpakeHue X +y > 0 OyeT uCTUHHBIM, eciu X > 07

6. O0s13aTeNbHO M yKa3bIBaTh, KAKME MHCTPYKIUU BBINOJHATH, €CJIM YCIOBHE B ONEPaTO-
pe if n1oxxuH0?

/. Yem oTinyaercs oneparop == OT orepaTopa =?

8. Ecniu MbI ucrnonb3yeM KoHCTpyKuuio if (ycioBue) neiictBuel; else aeiicTBue2;, MOXET

71 OBITH CUTYaIsl, KOTJa HU OJHO U3 AeHCTBUM He BhIMOMHUTCS? [Touemy?



JlabopaTopHasi padoTa Ne6
YupasJ/ieHne TaiMepoM ¢ BbIBOJIOM HA CEMUCErMEHTHBIA HHIUKATOP
Ieab padoThI: 03HAKOMUTHCSA C MPUHLIUIIAMH BBIBO/IA.

KparTkue cBeieHUs U3 TEOPHH

Pucynok 6.1 — [IpuniunuansHas cxema

JIucTUHT POTpaMMBI:

#define FIRST_SEGMENT_PIN 2
#define SEGMENT_COUNT 7
// mpeuke «0by» 03HAYAET, UTO LEI0E YMCIIO 32 HAM 3aIliCaHo B
// B nBOn4HOM Koje. EquHuIIaMu Mbl 0003Ha4MM HOMEpa CETMEHTOB
// vHAMKaTOpa, KOTOPBIC JODKHBI OBITH BKIIFOUEHBI I OTOOPAXKCHHUS
// apabckoit mudpsr. Beero mudp 10, mostomy B Maccuse 10 uucer.
// Ham mocrarouHo Bcero Oaiita (aHri. byte, 8 OUT) s XpaHeHus
// KOMOMHAIIMK CETMEHTOB ISl KAXKI0H U3 1.
byte numberSegments[10] = {

0b00111111, 0b00001010, 0b01011101, 001011110, 0b01101010,
0b01110110, 0b01110111, 0b00011010, 001111111, 0b01111110,
3
void setup()

for (inti = 0; i < SEGMENT_COUNT; ++i)
pinMode(i + FIRST_SEGMENT_PIN, OUTPUT);

}
void loop()
{

// ompenensieM 4uCio, KOTOpoe codbupaemMcst 0Toopaxarth. [1ycTs um

// ©yner HoMep TeKyLIel CeKyH/Ibl, 3allMKJICHHBIA Ha IeCATKe

int number = (millis() / 1000) % 10;

// moy4aeM KoJI, B KOTOpOM 3amugpoBaHa apadckas mudpa

int mask = numberSegments[number];

// A Kaxa0ro U3 7 CErMEHTOB MHAUKATOPA...

for (inti=0; i < SEGMENT_COUNT,; ++i) {
// ...ompenensieM: TOJDKEH JI OH OBbITh BKIItOUYEH. [[ist aTOTO
// cauteiBaeM OuT (aHr. read bit), COOTBETCTBYIOIINI TEKYIIEMY
/I cermenTy «i». UctuHa — oH yctanosieH (1), moxs — HeT (0)
boolean enableSegment = bitRead(mask, i);
// BKITIOWaeM/BBIKJIFOYAEM CETMEHT Ha OCHOBE ITOJTyYE€HHOTO 3HAYCHHS
digitalWrite(i + FIRST_SEGMENT_PIN, enableSegment);



3ajanue Ha 1a00pPaATOPHYIO PpadoOTy

W3menuTe Koa, 4T00bI UHAUKATOP OTCUUTHIBAI JECITHIC CEKYHIbI.

[Tomensiiite mporpammy Tak, YTOOBI BMECTO cuMBOja «0» 0TOOpa)aycs CHMBOJ
«A».

JlonoaHuTEe CXeMy M MPOrpaMMy TakUM OOpa3oM, YTOObI CETMEHT-TOYKA BKIIIO-
qaJIcsl Y IPOXOKACHNUN YETHBIX YHACEIT U BBIKIIIOYAJICS HA HEUYETHBIX

Copnep:xanue oryera

B oTtuere yka3zarhb 1enp paboThl, IPUBECTH pa3pabOTaHHBIE CXEMY U JIMCTUHT MPO-

I'PaMMBI.
KoHnTposibHbIe BOPOCHI
1. K KOTOpOl HOKKE HAIIEr0 CEMHCETMEHTHOTO MHAMKATOpPa HYKHO MOJIKIIIOYATh 3€M-
mo?

2. Kak MbI XpaHUM 3aKOAMPOBAHHBIE CUMBOJIBI IUDP?

3. Kakum o6pa30M MBI BBIBOAUM CHUMBOJI Ha I/IHIII/IKaTOp?



JlaGoparopHnasi pabora Ne7
YnpagiieHne aHAJOTOBbIM BBIBOJOM C NOMOIIbIO HM(PPOBOro BBOAA
esanb paGoThl: 03HAKOMUTHCS C IPUHIIUIIAMY BBOJIa U BHIBOJIA.

KparTkue cBeieHUs U3 TEOPHH

Pucynok 7.1 — IIpuHuunuanbHas cxema

JIucTUHT POTPaMMBI:

#define PLUS_BUTTON_PIN 2
#define MINUS_BUTTON_PIN 3
#define LED_PIN 9

int brightness = 100;

boolean plusUp = true;

boolean minusUp = true;

void setup()

pinMode(LED_PIN, OUTPUT);
pinMode(PLUS_BUTTON_PIN, INPUT_PULLUP);
pinMode(MINUS_BUTTON_PIN, INPUT_PULLUP);

}
void loop()

{
analogWrite(LED_PIN, brightness);
// pearupyeM Ha Ha)KaTHUsI C IOMOIILIO (DYHKIIUH, HATTMCAHHONH HaAMU
plusUp = handleClick(PLUS_BUTTON_PIN, plusUp, +35);
minusUp = handleClick(MINUS_BUTTON_PIN, minusUp, -35);
}
// CobcTBeHHast GyHKIHS C 3 mapaMeTpaMu: HOMEPOM ITHHA C KHOIIKOM
/I (buttonPin), cocrostanem mo nposepku (WasUp) u rpagarueit
// spkoctu npu Kinke Ha kHomKy (delta). dyukuust Bo3Bpaiaer
// (aHTI. return) oOpaTHO HOBOE, TEKYIEE COCTOSTHUE KHOITKU
boolean handleClick(int buttonPin, boolean wasUp, int delta)
{
boolean isUp = digitalRead(buttonPin);
if (wasUp && lisUp) {
delay(10);
isUp = digitalRead(buttonPin);
// ecnu OBIT KKK, MEHSEM SIPKOCTH B mpezenax ot 0 go 255
if (YisUp)
brightness = constrain(brightness + delta, 0, 255);

return isUp; // Bo3Bpaijaem 3HaYeHHE 0OPATHO, B BHI3BIBAIOLIMIT KO

}
3aganue Ha J1a00paTOPHYIO padoTy



HlopaboTaiiTe Ko TakuM 00pa3oM, YTOOBI AT H3MEHEHUsI IPKOCTHA HACTPAUBAJICS
B OJTHOM MECTE.
Cosnaiite eme ogHy GyHKIUIO U TIEpEAeNIaiiTe KO TaK, YTOOBI O/THA (PYHKITUS OT-
BeJasia 3a OTCIIC)KMBAHWE HAXKATHH, a Jpyras — 3a BBIYMCIICHUE SPKOCTH CBETOAMOIA U
BO3Bpaiana ero B analogWrite.
Copep:xanue oTyera
B oTdere ykaszarhb 1menb paboThl, IPUBECTH pa3pabOTaHHBIC CXEMY M JIMCTHUHT MPO-
IPaMMBL.
KoHTpoJbHBbIE BOIPOCHI
1. Yrto HEOoOXOMUMO AJIs OnpenesieHus COOCTBEHHOU (PYHKITHH?
2. UYrto o3HayaeT KIr04YeBOe CI0BO void?
3. Kak Beget cebs nmporpamma npu ynoMUHaHUU OJHOU MEPEMEHHOM C pa3HBIX CTOPOH OT

ornepaTopa npucBauBaHus =?



MHMUHUCTEPCTBO HAYKH U BBICIHIEI'O OBPA3OBAHUSA
POCCHUCKOM ®EJEPALINU
DenepabHOE TOCYAAPCTBEHHOE ABTOHOMHOE
o0pa3oBaTe/ibHOE y4YpeKAeHUe BbICIIEro 00pa3oBaHuUsd
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HeBUHHOMBICCKHUI TEXHOJIOTHYECKUN HHCTUTYT (usmalr)

MGTOI[I/I‘-ICCKI/IG YKa3aHUs 110 BBIIIOJJHCHHUIO ITPAKTHYCCKHUX pa60T
10 ANCHUIIIINHC «HpaKTI/IKYM I10 IIPOIrpaMMHPOBAHUIO IIPOMBIINIIICHHBIX KOHTPOJIJICPOB»

Hanpasnenue noarotosku 15.03.04 ABTomMaTu3anus TEXHOJOTMYECKUX ITPOIIECCOB M ITPOU3-
BOJICTB
KBanudukaius BeIlycKHIKA — OaKanaBp
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Metoauueckue yka3aHUsl NpeJHA3HAYEHbl JJI BBINOJHEHUIO MPAKTUYECKUX PAOOT IO
aucuumiuHe «[IpakTuKym 1Mo nporpaMMHpOBaHUIO IPOMBIIIEHHBIX KOHTPOJUIEPOB) AJIs
CTYJIEHTOB HarpaBieHusi noarotoBku 15.03.04 ABromMaru3amus TEXHOJOTMYECKHX IPO-
LIECCOB U MPOU3BOACTB U COOTBETCTBYIOT TpeboBanusiM ®PI'OC BO HampaBieHus noaro-
TOBKHU 0aKaJilaBpOB.

CocraButens: crapumii npenojasatens kapeapst MCOA J1.B.CamoiineHko
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IIpakTuueckoe 3ansaTue Nel

Iu¢pposBbie BHIBOABI

BoiBojpl minatdopmbl Arduino MoryT paboTaTh Kak BXOJbI UM KaK BBIXOJbI. JlaH-
HBIM TOKYMEHT OOBSICHSICT (yHKIIMOHUPOBAHKE BHIBOJIOB B ITUX pEeKMMax. Takxke HE00-
XOJIMMO OOpaTUTh BHUMAHHME Ha TO, YTO OOJIBIIMHCTBO aHAJIOTOBBIX BXOJ0B Arduino
(Atmega) MoryT KOHGUTYpHpPOBaThCA U pabOTaTh TakK k€ Kak W IU(pPOBBIE TMOPTHI BBO-
1a/BBIBOJIA.

CaoiicTBa mopTa BBO/BI/BBIBOJIA (pin), CKOHPUTYPUPOBAHHOTO KaK MOPT BBOJIA

BreiBoger Arduino (Atmega) cTaHmapTHO HACTPOEHBI KaK MOPTH BBO/IA, TAKHM 00-
pa3zoM, He TpeOyercs siBHOHM Aeknapauuu B GpyHkuu pinMode(). CkoHpurypupoBaHHbIe
MOPTHI BBOJA HAXOMSTCSI B BBICOKOMMIIETAHCHOM COCTOSTHUU. JTO O3HA4YaeT TO, YTO MOPT
BBOJIa JJA€T CJMILKOM MaJyl0 Harpy3ku Ha CXeMy, B KOTOPYIO OH BKJIFOUEH. DKBHBaJICH-
TOM BHYTPEHHEMY CONPOTHUBIICHUIO OyeT pesuctop 100 MOM noakiIroYeHHBIA K BBIBOLY
MUKpOcxeMbl. TakuMm o0pa3om, NIl IEpeBojia MOpTa BBOJIA U3 OJJHOTO COCTOSIHUS B JIPY-
roe TpedyeTcs MaJeHbKOE 3HAaY€HHE TOKa. JTO MO3BOJISIET MPUMEHSTHh BBIBOJBI MHKPO-
CXEMBI JIJISl TIOJAKIIOYEHUS] EMKOCTHOTO JlaTYMKa KacaHusi, (poToamnoja, aHaJIoOroBoro Jat-
YpKa CO CXeMOMH, moxoxe Ha RC-1ensb.

C apyro¥i CTOpOHBI, €CJIH K JAHHOMY BBIBOJLy HUYETO HE MOJKIIOUYEHO, TO 3Haye-
HUS Ha HeM OyJyT NMPUHUMATH CIyYailHble BETMYMHBI, HABOJUMBIC JJICKTPUUECKUMH TI0-
MEXaMH U €eMKOCTHOM B3aUMOCBSI3bIO C COCETHUM BBIBOJIOM.

[ToarsiruBaromye (Harpy304HbI€) PE3UCTOPHI

Ecnu Ha mopT BBOJIa HE MOCTYIAET CUTHAJ, TO B JAHHOM Clly4ae peKOMEHyeTCs
3a/1aTh MOPTY U3BECTHOE COCTOSHHME. DTO AeNaeTcs N100aBICHUEM MOATATUBAIOIINX PE3U-
ctopoB 10 kOM, MOAKITIOYAIOIIMX BXOJ JuO0 K +5 B (moaTsruBaroiye K MUTAHUIO PE3U-
CTOpBI), TM00 K 3emiie (MOATITUBAIOLIUE K 3EMJIE PE3UCTOPHI).

MukpokoHTpouiep Atmega MMeeT MPOoTrpaMMHUPYEMbIe BCTPOSHHBIE TOJTATHBA-
omue K nurtannio pe3uctopbl 20 kOMm. IIporpamMmmupoBanne JaHHBIX PE3UCTOPOB OCY-
HIECTBIISETCS CIEYIOUUM 00pa30oM.

pinMode(pin, INPUT); // Ha3HAYUTH BBIBOY MTOPT BBOJIA

digitalWrite(pin, HIGH);  // BK110UMTbh NOATATUBAIOIINNA PE3UCTOP



[TonraruBaronuii pe3sucTop NpomycKaeT TOK JOCTaTOUYHbIN JJI TOrO, YTOOBI CIIer-
Ka CBETWJICS CBETOJMOJ MOJKIIOUEHHBIA K BBIBOY, paboTaomeMy Kak mopt BBoga. Tax-
K€ JIETKOE CBEYEHUE CBETOAMOJOB O3HAYAET TO, YTO IIPU MPOTPAMMHUPOBAHUN BBIBOJ HE
OBLT HACTPOEH KaK MOPT BhIBOAA B yHKIIMU pinMode().

[ToaTsiruBatroe pe3nCTOPhl YHPABIAIOTCS TEMHU K€ pEerucrpamu (BHYTPEHHUE
ajpeca MaMsTd MUKPOKOHTpOJUIEpPA), YTO YHPaBIAOT cocTosHUAMU BeiBoja: HIGH umm
LOW. CrnenoBarenbHo, eciiy BbIBOJ paboTaeT Kak mopT BBoja co 3HadueHrneM HIGH, sto
O3HayYaeT BKIIOYCHHE MOATATHUBAIOLIETO K MUTAHUIO PE3UCTOPA, TO KOH(pUrypamus GpyHK-
nueil pinMode() mopra BeIBOJAa Ha JaHHOM BBIBOJIE MHUKPOCXEMbI IEPENAcT 3HAYCHHUE
HIGH. /lannas npouenypa paboTaeT U B 00paTHOM HampaBiICHHUH, T.€. €CIH BBIBOJ UMEET
3naueHne HIGH, To xoHurypanus BpIBOJla MUKPOCXEMBI Kak MOpTa BBOAAa (yHKUIHEU
pinMode() BKIIOYHUT MOATATUBAIOLIUI K TUTAHUIO PE3UCTOP.

[Ipumeuanue: 3aTpyTHUTENBHO UCIIOIB30BATh BBIBOJI MUKPOCXEMEBI 13 B KauecTBe
IIopTa BBOJA U3-3a MOJAKIIOYEHHBIX K HEMY CBETOAMOAA U pesucropa. [Ipu nogximroueHun
NOJTATUBAIOUIET0 K MuTaHuio pesucropa 20 kOm Ha BBoAe Oynet 1.7 B BmecTo 5 B, T.K.
ITPOUCXOJNT IAJICHUE HANPSIKEHNs Ha CBETOAMOJE U BKIFOUEHHOM IOCJIEIOBATENBHO pe-
sucrope. [Ipu He0OXO0IMMOCTH KCITI0JIB30BATh BBIBOJI MUKpPOCXeMBbI 13 kak nupoBoi opT
BBOJIa TpeOyeTCs NOJAKIIOUUTh MEXAY BBIBOJIOM U 3€MJIEH BHEIIHUI MOATITUBAIOLINI pe-
3UCTOP.

CpoiicTBa MopTa BBOJA/BbIBOJIAa, CKOH(PUTYPUPOBAHHOTO KaK MOPT BHIBOJA

BbIBOIbI, CKOH(UTYPUPOBAHHBIE KaK MOPTHI BBIBOJA, HAXOIATCS B HU3KOMMIIE-
JAaHCHOM COCTOSIHMM. JlaHHBIE BBIBOJBI MOTYT MPOITYCKaTh 4yepe3 ceOst JOCTaTOuHO 0OJib-
moil Tok. BbIBOABI MUKpocxembl Atmega MOryT ObITh MCTOYHUKOM (IOJOKUTEIbHBIN)
WU IPUEMHUKOM (OTpHUIaTeNbHbIN) ToKa 10 40 MA 1151 Apyrux yctpoicTB. Takoro 3Ha-
YEeHMsI TOKA JIOCTATOYHO YTOOBI MOAKIIOUUTH CBETOAMO[ (00s3aTesIeH MOCe0BAaTEIbHO
BKJIFOYEHHBIA PE3UCTOP), AATYUKHU, HO HEJOCTATOYHO sl OOJBIIMHCTBA PEJie, COJIEHOUI0B
U IBUTATENCH.

KopoTkue 3ambikanust BbIBOI0OB Arduino WM NOMBITKY HOJKIIOYUTH SHEPTOEMKHE
YCTPOMCTBA MOTYT MOBPEINUTH BBIXOIHBIE TPAH3UCTOPHI BHIBOAA UM BECH MUKPOKOHTPOJI-
aep Atmega. B 60ibIIMHCTBE CiTy4yaeB JaHHbIC IEUCTBUS MPUBEAYT K OTKIIOYCHHUIO BBIBO-

Ja Ha MHUKPOKOHTPOJIJICPC, HO OCTaJIbHAsA YaCTb CXCEMBI 6YII6T pa6OTaTB COrj1aCHO IIpoO-



rpamme. Pexkomenayercs K BbIxoJaM IIaTGOPMbI MOJKIIOYATh YCTPOMCTBA Yepe3 pe3u-

ctopsl 470 Om umn 1 kKOM, eciiu ycTpoicTBY He TpeOyeTcst OONbIIHNI TOK i pabOoThl.



IIpakTuyeckoe 3ansaTue Ne

AHAJIOTOBBIE BXO/bI

Onucanue mopToB, pabOTAIOUIMX KaK aHAJOTOBbIE BXOJbI, miaTdopmbl Arduino
(Atmega8, Atmegal 68, Atmega328, unu Atmegal280)

Amnanoro-nugpoBoit mpeoOpazoBaTeib

MukpokoHTposuiepbl Atmega, ucrnosibdyembie B Arduino, coaepxaT HIECTHKa-
HaJbHBIN aHanoro-uudposoii mpeodpazoBatens (ALIII). Paspemenune mpeobpasoBarens
coctaBiisieT 10 OUT, 4TO MO3BOJISIET HA BBIX0OJ€ TToy4yaTh 3HaUYeHus oT 0 10 1023. OcHOB-
HBIM MIPUMEHEHHUEM aHAJIOTOBBIX BXOJ0B OOJBIMMHCTBA MaTGopM Arduino sSBIsSETCS YTe-
HUE aHAJOTOBBIX NaTYMKOM, HO B TOXKE BpPEMS OHH HMEIOT (PYHKIIMOHAIBHOCTH BBO-
10B/BbIBO/IOB miupokoro mpumeHeHusi (GPIO) (to ke, yto u 1mudpoBble MOPTH BBO-
na/BeiBoma 0 - 13).

Takum oOpazoM, NMpuU HEOOXOJUMOCTH TMPUMEHEHHUS JOMOJHUTEIBHBIX TOPTOB
BBO/1a/BBIBOJIa UMEETCS BO3MOXKHOCTh CKOH(UTYpUPOBATh HEUCIIOIh3yEMbIE aHATIOTOBBIC
BXO/IBI.

[loxoneBka

BoiBogpl Arduino, COOTBETCTBYIOLIME AHAJIOTOBBIM BXOJaM, UMEIOT HOMeEpa oT 14
10 19. DT1o oTHOCUTCS TONMBKO K BhIBOZaM Arduino, a He K PU3UYEeCKUM HOMEpaM BHIBOJIOB
MUKPOKOHTpoJIIepa Atmega. AHaIOrOBbIe BXOJbl MOTYT MCIOJIB30BaThCSl KaK ITU(POBBIC
BBIBOJIBI TTOPTOB BBOJA/BBIBOJIA. Hampumep, Ko mporpamMMmbl Jijisi yCTaHOBKH BbIBoAa 0
aHaJIOrOBOT'0 BXO/1a HA MOPT BbIBOJA co 3HaueHrnem HIGH:

pinMode(14, OUTPUT);

digitalWrite(14, HIGH);

[ToarsrusBaromuye pe3ucTopsl

BriBO/IbI aHATOTOBBIE BXOJ0B MMEIOT MOATITHBAIOIINE PE3UCTOPHI padoTaroiye
Kak Ha IU(GPOBBIX BBIBOIAX. BKIIFOUEHNE PE3UCTOPOB MPOU3BOIUTCS KOMAHIOM

digital Write(14, HIGH); // Bkirounth pe3ucTop Ha BBIBOJIE aHATIOTOBOTO BXoja 0

MOKa BBIBOJI pabOTaeT KaK MOPT BBOJIA.

[ToxkmroueHne pes3ncTopa TMOBIUSET HA BEIUYUHY COOOIaeMyro (QyHKIueH

analogRead() nmpu ucnoyib30BaHMM HEKOTOPBIX AATUYUKOB. BOJBIIMHCTBO MOJb30BaTENEH



UCIIONb3YeT MOATITUBAIOLINIA PE3UCTOP MPU MPUMEHEHHH BBIBOJIA aHAJIOTOBOIO BXOJA B
ero 1udpoBOM peKUME.

[TonpoGHOCTH U MpeOCTEepPEKEHUS

Jlns BbIBOJA, paboTaBIIEro paHee Kak IM(POBONW MOPT BHIBOJA, KOMaHAA
analogRead Oynet paboTaTh HEKOPPEKTHO. B 3TOM citydae pekoMeHIyeTcss CKOH(UTYpH-
pOBaTh €ro Kak aHaJOTOBBI BXOJ. AHAJOTHYHO, €CJIM BBIBOJ paboTan Kak HU(pPOBOMH
nopt BeiBoga co 3HaueHrneM HIGH, To oOpaTHast ycTaHOBKa Ha BBOJ MOJKIIOYUT MOATS-
TUBAIOIIUI PE3UCTOP.

PykoBOACTBO Ha MUKPOKOHTpOJIIEp Atmega He peKOMEHyeT MPOU3BOIUTH ObICT-
poe MEePEeKITIOUeHNE MEXIy aHATIOTOBBIMHM BXOJAMHU ISl MX YT€HHSA. DTO MOXKET BBI3BATh
HAJIOKCHHE CUTHAJIOB M BHECTH MCKAXCHHS B aHAIOTOBYIO cucteMy. OHaKo mocie pado-
Thl aHAJIOTOBOr0 BXOAa B LU(POBOM PEXHUME MOXKET MOTPeOOBATbCSI HACTPOUTH MAy3y

Mexay uyreHueM ¢yHkuueit analogRead() apyrux Bxomnos.



IIpakTuyeckoe 3ansaTue Ne3

HIupoTHO-UMITYIbCHASA MOAYIALIUA

[[IupotHOo-UMnynbcHas moaysius, cokpamieHHo [IINUM (anria. PWM)

[Ipumep ucnosb3oBanus anagoroBoro Bbixoja (IIMM) nist ynpasiieHust CBETOIU-
omom jpoctyneH u3 MeHio File->Sketchbook->Examples->Analog nporpammsr Arduino.

[[npotHO-UMnynbcHas monynsauus, uinu [LHINM, 3To onepanus nonxydyeHus n3Me-
HSIIOILIETOCS] aHAJIOTOBOTO 3HAUYEHMSI TTOCPEICTBOM HIU(PPOBBIX YCTPOUCTB. Y CTPOICTBA HC-
MOJIB3YIOTCS JIJIS1 TOJIYYEHUS TPSMOYTOJIBHBIX UMITYJIBCOB - CUTHAJIA, KOTOPBIN MOCTOSIHHO
MEPEKITIOYAETC MEXTy MAaKCUMaIbHBIM U MUHUMAJIbHBIM 3HAYEHUSIMU. JlaHHBIN CUTHAI
MOJICIIUPYET HANPSDKEHHE MEXIY MaKCUMaldbHBIM 3HaueHueM (5 B) m munumanbubim (0
B), u3MmeHsq npu 3TOM JUIMTENIBHOCTh BPEMEHH BKJIIOUEHHA 5 B OTHOCHUTENBHO BKIIIOUE-
Hust 0 B. JnuTenbHOCTh BKIIOYEHHS MAKCHUMAaJbHOTO 3HAYEHHUSI HA3bIBACTCS IIUPUHOMN
uMIyJbea. [ moiiydeHus: pa3iiMuHbIX AHAJIOTOBBIX BEJIMYMH U3MEHSETCS LIUPUHA HM-
nynbca. [Ipy nocratoyHO OBICTPOM CMEHE NMEPHOJOB BKIIOYEHUS-BBIKIIOUEHHS MOMXHO
MOJAaBaTh MOCTOSIHHBIN curHan Mexay 0 u 5 B Ha cBeTOAMO, TEM CaMbIM yIIpaBiisisd sIPKO-
CTBIO €r0 CBEUCHHS.

Ha rpaduxke 3ei1eHble TUHUU OTMEYAIOT MMOCTOSIHHBIE BpEMEHHbIE Tiepruoabl. [lnu-
TEIILHOCTh TMIepHoJia 00paTHO npornopiimoHaibHa yactore M. T.e. ecnu wacrora LM
coctasisier 500 ', To 3eneHble TMHUU OyAyT OTMEYAaTh UHTEPBAJIBI JIUTEIBHOCTHIO B 2
MUJUTHCEKYH IbI KaK bl Bb130B Qynkimu analogWrite() ¢ macmradbom 0 — 255 o3naygaer,
yTo 3HaueHue analogWrite(255) Oyaet coorBeTcTBOBaTh 100% pabouemy Hukiy (OCTO-

sHHOE BKJIIOUeHUE 5 B), a 3Hauenue analogWrite(127) — 50% pabGouemy 1ukiy.



LiupoTHo-UMRynbCcHasa MoaynaLUua
0% pabou4ero uvkna - analogWrite(0)

25% pabouero Lukna - analogWrite(64)
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50% pabBouero uukna - analogWrite(127)
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Pucynok 3.1 — lllupotHO-umnynscHas monyisinus LLHIMM PWM.

Jlnst mpuMepa MOKHO B3SITh IIaT(OpMy M HayaTh TPSCTH €€ B3aja U Brepend. s
HaIllUX IJ1a3 JaHHOE JIBW)KCHUE IPEBpAIaeT B CBETALIMECS JIMHUA MUTAaHUE CBETOMMOJA.
HapamuBanue win yMeHbLIEHUE IIUPUHBI UMITYJIbCA HA CBETOAMOJAE OyAET yBEIUUMBATH

HJIM YMCHBIIATL CBCTAIUCECS JIMHUKU CBETOAHUOAA.



IIpakTuyeckoe 3ansaTue Ned

ITamsaTs B Arduino

B mukpokontpoiiepe ATmegal 68, ucronszyemom Ha miatgopmax Arduino, cy-
IIECTBYET TPHU BUJIA MAMSITH:

@nem-namsaTh: UCHOJb3YETCS ISl XPAHEHUS CKETYEH.

O3V (Cratuueckasi omnepaTuBHasi MaMsTh C MPOU3BOJBHBIM JTOCTYIIOM): MCIOJb-
3yeTcsi 1Ji XpaHEHUs U pabOThl MEPEMEHHBIX.

EEPROM (3Heprone3aBucumasi mamsTh): UCIOJIB3YETCs ISl XPaHEHUs] TTOCTOSH-
HOW nH(pOpMaLHU.

Onemwr-nmamate 1 EEPROM  gBisroTCA SHEProHE3aBUCMMBIMHA BHIAMU ITaMITH
(1aHHBIE COXPAHSIIOTCS MPU OTKIIOUeHUH TuTanus). O3Y sBiseTcs SHEPro3aBUCUMOM Ma-
MSTBIO.

MukpokonTpoiiep ATmegal 68 umeer:

16 K6 dbnenr-mamstu (2 KO ucnonb3yercst 171st XpaHEeHUS 3arpy34nKa)

1024 6aiita O3Y

512 6aiir EEPROM

Heobxoanmo 00patuTh BHHUMaHHE HAa Maiblii 00beM O3V, T.K. 00JbIIOE YHUCIIO
CTPOK B CKETYE MOXET IMOJHOCThIO ee u3pacxonoBaTh. Hampumep, cienyromas o0bsBiie-
HUE:

char message[] = "l support the Cape Wind project.";

3aHuMaeT 32 Gaiita u3 o6mero oovbema O3V (kaxablidi 3HAK 3aHUMAET OJIUH OaiT).
[Tpu Hamuuuu 00BIIOTO OOBEMa TEKCTa WJIM TaOJIUIl JJ1 BbIBOJIa HA JAUCIUICH BO3MOMXKHO
MOJTHOCTBIO UCTOJIb30BaTh JonyctuMbie 1024 6aiita O3Y.

[Ipu orcyTcTBUU cBOOOMHOTO MecTa B O3Y MOryT mpou3ouTH cOOM MPOrpaMMmbl,
HaIlpuMep, OHAa MOXKET 3alucaThes, HO He paborarh. [ onpeaeneHus TaHHOTO COCTOS-
HUS TpeOyeTcsl MPEeBPATUTh B KOMMEHTAPUHU WJIM YKOPOTUTH CTPOKH CcKeTda (0e3 M3MeHe-
Hus koja). Ecnu mocie aToro mporpamMma paboTaeT KOPpPEKTHO, TO Ha €€ BBIMIOJTHEHUE ObLT
3arpayeH Bech 00beM O3Y. Cy1iecTByeT HECKOJIBKO MyTeH peleHus: JaHHOU MpoOIeMbl:

[Ipu pabote ckeTrua ¢ MpOorpaMMoOil Ha KOMITBIOTEPE MOKHO NEpPeOPOCHUTH YacTh

JaHHBIX WX paCuC€TOB Ha KOMIIBIOTCP AJId CHHIKCHWA HArpy3KH Ha Arduino.



[Ipy HanMMUMKM TaGIUI] MTOUCKA WM JPYTUX OOJIBIITUX MACCUBOB MOYKHO HCIIOJIb30-
BaTh MUHUMAJIbHBIN TUI JAaHHBIX 1J11 XpaHeHUs 3HaueHui. Hanpumep, TUN JaHHBIX 3aHU-
MaeT aBa 0aiita, a byte - TOJIBKO OAWH (HO MOXET XpaHUTh HEOOIBIION AMana3oH 3HaYe-
HUH).

HeusMensieMble CTPOKHM U JIaHHBIE BO BpeMsi pa0OThI CKETYa MOXKHO XPAaHUThH BO
dbaenr-namsaTy. [ 3Toro He06X0AUMO UCToJb30BaTh Kitod PROGMEM.

s ucnonwzoBanusi EEPROM obparturech k 6ubnroreke EEPROM.



IIpakTuyeckoe 3ansaTue NeS

Hcnoab3oBanue npepbiBanuii B Arduino

YacTto mpu pabore ¢ MpoeKTaMH Ha MHUKPOKOHTpoOJUIepax TpeOyeTcs 3aIycKaTb
(GboHOBYIO (QYHKIIMIO Yepe3 paBHBIC MPOMEXKYTKH BPEMEHU. JTO YacTO pealn3yercs ycra-
HOBKOH amnmapaTHOro Tailmepa Juisl BIpaOOTKH MpEpbIBaHUs. DTO MpPEephIBAaHUE 3aMTyCKAET
nporpammy obpabotku npepsiBanuil (Interrupt Service Routine, ISR) st ynpapnenus
NepPUOANYECKUM TpephIBaHUEeM. B HacTosIIel cTaThe s OMHUCHIBAIO YCTAaHOBKY 8-OMTHOTO
Taiimepa 2 Juis BhIpaOOTKHU NpepbiBaHui Ha MUKpokoHTposuiepe ATMegal 68 Arduino. S
IPONIYCh MO 3Tanam, TpeOyeMbIM ISl yCTaHOBKU MPOTrpamMMbl 00paOOTKHU MpephIBaHUN U
BHYTpHU HEE CAMOM.

Arduino noapasymeaet mnpoieccop ATMegal 68. DTOT MUKPOKOHTPOJIED UMEET
HECKOJIbKO CHCTEM BBOJIa-BbIBOJIA, KOTOPBIE JIOCTYIHBI KaXJA0MY MOjb30Barento Arduino,
MMOCKOJIbKY OnOamoTexka Arduino obierdaet mx ucnojs3oBanue. K mpumepy, mudpoBoi
BBOJI-BbIBOJI, [IIIM, ananoro-miudpoBbie BXOAbI U nocheaoBaTeNbHbi mopT. ATMegal 68
TaK)kKe UMEET TPU BHYTPEHHUX allapaTHbIX TaiiMmepa. XoTs oubauoreka Arduino mo3so-
JS€T KCHOJIb30BaTh HEKOTOPHIE CBOWCTBA TaMEPOB, HEIb3s HANPSIMYIO HCIIOJIb30BaTh
TaiiMep AJid BBIPAOOTKH MEPUOANYECKUX MPEPHIBAHUIM.

Kak nojacka3piBaeT Ha3BaHUE, MPEPHIBAHUS — 3TO CUTHAJbI, IPEPHIBAIOIINE HOP-
MaJbHOE TE€UeHHEe Nporpammbl. [IpepbiBaHus OOBIYHO HCIOJB3YIOTCS JJIS aIllapaTHBIX
YCTPOMCTB, TPEOYIONUX HEMEJICHHON peaklny Ha MosiBJieHue coObIThuil. Hanpumep, cu-
crteMa nocnenoBaTtenbHOro nopra win UART (yHHBepcaabHbI aCUHXPOHHBIMA IpHEMOTe-
peaaTuyruK) MUKPOKOHTPOJLIEpA IOJKEH ObITh OOCITYKEH IIPH MOTYyYEHUH HOBOTO CUMBOJIA.
Ecnu sToro He caenarh ObICTPO, HOBBIN CUMBOJ MOKET OBITh MOTEPSIH.

[Ipu noctymiennn HoBoro cuMmBojia UART renepupyer mnpepsiBaHue. Mukpo-
KOHTPOJIJIEP OCTAHABIIMBAET BBIMOJIHEHUE OCHOBHOM MPOrpaMMBbl (Balllero MpUiIOKEHUs) U
MepecKakuBaeT Ha mporpammy oOpabotku mpepsiBanuii (ISR), mpeanazHaueHHyro mis
JAHHOTO MpepbiBaHUsA. B gaHHOM ciydae 3TO MpephIBaHHE MO MOJIYYEHHOMY CHUMBOJLY.
Ota ISR 3axBarbiBaer HOBbIM cuMBOoi M3 UART, momemnaer B Oydep, 3aTeM OuMILAET
npepbiBaHue U BbITIOIHAET Bo3BpaT. Koraga ISR BeImosiHSAET BO3BpAT, MUKPOKOHTPOJIIEP

BO3BpAIlaeTCs B OCHOBHYIO IPOrpaMMy W MPOAOIDKAET e€ ¢ TOYKH BbI30Ba. Bee 3To mpo-



UCXOJIUT B (JOHOBOM PEXKHMME U HE BIHMSET HANpPSMYI0 HA OCHOBHOW KOJI BAllleTO MPUIIO-
AKEHUSI.

Ecnm y Bac 3amyckaercss MHOTO TIPEPHIBAHHUN WM TIPEPHIBAHUS TEHEPUPYET OBICT-
POJICUCTBYIONIMIA TaliMep, Ballla OCHOBHAsl MporpaMma OyAeT BBIMOJIHATHCS MEJJICHHEE,
TaK KaK MUKPOKOHTPOJUIEP paclpeessieT CBOe MAIIMHHOE BPEMSI MEKJly OCHOBHOM MpPO-
rpaMMoOl U BceMHu (QYHKITUSIMH 00pabOTKH IIpephIBaHUM.

Bbl MokeTe 3agyMaTtbes, moueMy Obl HE MPOCTO MPOBEPSTH HOBBIA CUMBOJI BPEMSI
OT BPEMEHM, BMECTO HMCIIOJIb30BAHUS TAKOTO CIIOKHOTO Mpolecca npepbiBanus. JlaBaiite
BBIYKCIIMM MPUMEp, YTOOBI YBUIETh, HACKOJIBKO BaXKHBI MPOIECCHI MpephiBaHus. CKaxeM,
y Bac €CThb MOCJIEIOBATENIbHBIM MOPT CO CKOPOCTHIO mepenauud AaHHbix 9600 Oox. D10
03HAYaeT, YTO KaXKIBIM OUT cuMBoOJIa IockutaeTes ¢ yactoTor 9600 I'r mm oxono 10 kI,
Ha xaxnprit out yxonut 100 mkc. Oxono 10 6ut TpeOyeTcsi, 4ToOBI MOCaaTh OJIMH CUM-
BOJI, TAK YTO MbI MOJIy4aeM OJMH MOJHBIN CUMBOJI KAXIyI0 MIJTUCEKYHAY WM OKOJIO TO-
ro. Eciu nam UART OydepusoBan, Mbl JOHKHBI M3BJICUb MOCIEIHUN CUMBOJI J0 3aBEp-
[IEHUSI TpUeMa CIIEYIOIEro, 3TO AaeT HaM Ha Bcio paboty 1 mc. Ecnu nam UART He
Oydepu3oBaH, Mbl JOJKHBI U30aBUTHCS OT CUMBOJIA 3a 1 OutT wim 1 mxc. PaccMoTpum 1j1st
Hayaya O0ydepru30BaHHbII pUMeED.

MBI 1OJKHBI TPOBEPSATH MOTYyUYECHHUE OaiiTa ObICTpee, YeM KaXIyr0 MUJTUCEKYHTY,
9TOOBI MPEAOTBPATUTH MOTEPI0 JaHHBIX. [IpuMmenutensHo kK Arduino 3TO0 O03Ha4aer, 4ToO
Hama (QyHKIMS [UKIa JTOobKHA oOpamarbest st yreHus cratryca UART u Bo3moxkHO,
Oaifta nannbix, 1000 pa3 B ceKyHIy. DTO JIETKO BBIIOJHUMO, HO CUJIBHO YCIIOXKHHUT KO/,
KOTOpPBIM BaM HYKHO Hamucath. Jlo Tex mop, moka Bama GyHKUIUS IUKIa HE Tpedyer
Oosibiiie 1 MC 710 3aBepleHUs, BaM 3TO MOXET COMTU ¢ pyk. Ho mpencrtaBbTe, 4TO Bam
HYKHO OOCJIY>KHBaTh HECKOJBKO YCTPOMCTB BBOJA-BbIBOJA, WU UYTO HEOOXOAUMO pabdo-
TaTh Ha TOpa3fo OOMbINEH CKOPOCTH Nepeaaun. Buante, kakue HEMPUITHOCTUA 3TO BCKOPE
MOET MIPUHECTH.

C npepblBaHUSIMH BaM HE HYXKHO OTCJIEKHBATh MOCTYIUICHUE CUMBOJIA. ATapa-
Typa MOJIaeT CUTHAJ C TIOMOIIBIO0 TIPEePhIBAHUS, U Mporieccop ObIcTpo BbI30BeT ISR, 4T0OBI
BOBpEMSI 3aXBaTUTh CUMBOJ. BMecTO BbII€IEHUSI OTPOMHOM JIOJIM MPOIIECCOPHOTO BpeMe-
HU Ha npoBepky craryca UART, Bbl HUKOTIa HE NOKHBI MPOBEPATH CTATyC, BbI MPOCTO

yCTaHaBJIMBAaETEe allllapaTHOE MPEPhIBAaHKE U BBHIMIOJHAETEe He0OXoauMble aeicTBus B ISR.



Bama riaBHasg nmporpaMMa HampsiMyr0 HE 3aTparuBaeTcs, U OT alllapaTHOro yCTPOWCTBA
He TpedyeTcsi 0COOBIX BO3MOXKHOCTEH.

[IpepriBanue 110 TaiMeEpy

B Hacrosen ctaTtbe S COCpEI0TOUYCh Ha UCIOJIb30BAHUM MIPOTPAMMHOTO TaiiMe-
pa 2 i NepuoauYeCcKUX npepbiBaHul. IcXoaHast uaest COCTosuia B UCHOJIb30BAHUH 3TOTO
TaliMepa JUisl TeHepalluu 4acToThl OMEeHMI B 3BYKOBBIX IpoekTax Arduino. YToObl BhIBO-
IUTh TOH WM YacTOTy HAaM HYHO MEPEKI0YaTh MOPT BBOJIa-BhIBOJA HA COTJIACOBAHHOMU
4acToTe. DTO MOYKHO JAEJIaTh C UCIOJIb30BAHUEM LUKIIOB 33J€PKKH. ITO IPOCTO, HO O3HA-
YaeT, YTO Halll Mpoleccop OyIeT 3aHSAT, HUYETO HE BBIMOJHSSA, HO OKUJAas TOYHOTO Bpe-
MEHHU NepeKiIovYeHus BbiBoAa. C MCHOIb30BaHUEM MPEPBIBAHUS MO TaliMEPY MbI MOYKEM
3aHATHCA APYTUMU JIEJIaMU, a BBIBOJ MyCTh nepekiovaet ISR, koraa taiimep nomact cur-
HaJI, YTO BpEMS IIPHUILLLIO.

HaM Hy’>XHO TOJIBKO YyCTaHOBUTH TaiiMep, YTOOBI MOJaBajl CUTHAJ C MPEPhIBAHUEM
B HYXHO€ BpeMsa. BmecTo npokpyTku Oecroyie3HOTO LUK JUIsl 3aJep>KKU 0 BPEMEHH,
Hallla IJaBHas IMporpaMMa MOXKET JesaTh 4TO-TO IPYroe, HanmpuMep, KOHTPOJIUPOBATH
JaTYUK JBWKEHUS WIN YIPABJIATH 3JIEKTPONPUBOAOM. UTo Obl HU TpeOOBaANIOCh HAILIEMY

IIPOCKTY, OoJIbIIIE HAM HE HYXHO ITPOICCCOPHOC BpEM:A IJIA ITOJTYUCHHA 3a1CPIKCK.



IIpakTuyeckoe 3ansaTue Neb6

IIepemennsbie

[lepemenHasi — 3T0 MecTO XpaHeHHs! JaHHBIX. OHAa UMEEeT UMs, 3HAYCHUE U THIIL.
Hanpumep, nannoe o0bsiBIeHNE (Ha3bIBACTCS ACKIIapalfei):

int pin = 13;

CO3/aeT MEPEMEHHYIO C UMEHEM pin, 3HaueHueM 13 u Tunom int. 3arem B mpo-
rpaMMe UMEETCs BO3MOXHOCTh OOpaTUThCS K JAaHHOW MEPEMEHHON uepe3 UMs C LEJbI0
paboThI ¢ ee 3HaueHHeM. Hanpumep, B yTBEpKIEHUU:

pinMode(pin, OUTPUT);

uMeeTcsi 3HaueHue BbiBoJa (13), koTtopoe Oyner mneperaaBaTbcsi B (PYHKIHIO
pinMode(). B nanHoM ciiydae HET HEOOXOJUMOCTH HCIIOJIb30BaTh MEPEMEHHYI0. Y TBEp-
KIEHUE MOXET padoTaTh U B TAKOM BUJIE:

pinMode(13, OUTPUT);

[Ipeumy1iecTBO MEPEMEHHON 3aKIIOYAETCS B TOM, YTO HEOOXOJIUMO OMNpPEIEITUTh
3Ha4Y€HUE BHIBOJIA OJHAXKbl U MOTOM KCIOJIb30BaTh €r0 MHOTOKpaTHO. B mocnenctBuu
py U3MEHEeHUHu BhIBoJa 13 Ha 12 moctaTouyHo OyAeT MOMEHSTh TOJBKO OJHY CTPOKY B
MpoTrpaMMHOM Kojie. Takke MOKHO MCIOJIb30BaTh CIElUAIbHBIC UMEHA JJIsS TOAYepKUBa-
HUS 3HAYEHUs TIEPEeMEHHOU (Hamp., mporpamma, yrpasistomas cBeroanogom RGB, mo-
KET coziepkarh nepeMennbie redPin, greenPin u bluePin).

[lepeMeHHBIE UMEIOT APYTHE MPEUMYIIECTBA MEPE]l TAKUMHU 3HAYCHUSIMU KaK YUC-
10. meeTcss BOBMOKHOCTh M3MEHHUTh 3HAYEHUE TMEPEMEHHOM, HCIOJIb3YSl MPHUCBOCHUE.
Hanpumep:

pin =12;

M3MEHUT 3HAYEHUE MEePEeMEHHON Ha yucio 12. B maHHOM npumMepe He OoInpeens-
€TCS THUIl IEPEMEHHOM, T.K. OH HE MEHSETCS omepanuerd npucBoeHusd. MMsa nmepeMeHHou
MOCTOSIHHO CBSI3aHO C THIIOM, MEHsAETCs ToybKo 3HadueHue. [1] Ilepen npucBoeHueM 3Ha-
YeHUsI HEOOXOIUMO JEKIapupoBaTh NepemMeHHyto. [IprucBoeHre 3HaueHUs TEPEeMEHHOU
0e3 ee JeKIapalluy BBI3OBET cieayrolee coobiienue: error: pin was not declared in this

scope”.



[Ipy mpucBOEHUM OAHON NMEPEMEHHOM IPYroil MPOUCXOAUT KOIMPOBAHUE 3HAUE-
HUsI IIEPBOM IIEPEMEHHOM BO BTOPYIO. MI3MeHeHne 3HaueHne OAHOW IEPEMEHHON HE BIIMS-

eT Ha apyryto. Hampumep, nocie 3anucu:

int pin = 13;
int pin2 = pin;
pin = 12;

TOJIBKO pin uMeeT 3HaueHue 12, a pin2 eme paBeH 13.

Yro o3HauaeT cioBo "scope" B coobmienne 00 omudke, npuBeaeHHOM BhImie? OHO
OTHOCUTCS K YaCTU MPOTpaMMbl, B KOTOPOW MepeMEHHas MOXKET MCIOJIb30BaThCs - 00Ja-
cte BuaAUMOCTH. O0NacTh BUIUMOCTH OTPEIEseTCSl MECTOM ee Jekiapanuu. Hampumep,
HMMEETCSl BO3MOXHOCTh UCTOJIb30BAaTh IEPEMEHHYIO BO BCEH MpOrpamMme, €Ciiu 3aJieKiapu-
pOBaTh €€ B Hauaje MpOorpaMMHOro Kojaa. Takue mepeMeHHbIe Ha3bIBAIOTCS I100aTbHBIMH.
Hanpumep:

int pin = 13;

void setup()

pinMode(pin, OUTPUT);
void loop()
digitalWrite(pin, HIGH);

N3 npumepa BUIHO, YTO pin Ucnob3yeTcs B ooeux (yHkiuax setup() u loop().
O6e (pyHKIMU CCBUIAIOTCS HA OJHY NMEPEMEHHYI0, TaKUM 00pa3oM, U3MEHEHHUE €€ 3Haye-
HUS B OJHOM (DYHKITMM TOBJIUSIET Ha 3HAYEHUE B JIPYTOI:

int pin = 13;

void setup()

pin = 12;
pinMode(pin, OUTPUT);



void loop()
{
digitalWrite(pin, HIGH);
by
Oynkuuu digitalWrite(), Bo3piBaeMoit u3 loop(), Oyzaer mepegaHo 3Hauenue 12,
T.K. OHO OBLIIO MPUCBOCHO NEpeMeHHOM B PyHKIUU setup().
Ecnu nepemeHHas UCIOJIb3y€eTCsl TOJIBKO OAWH pa3 B (YHKILUHU, TO €€ JIEKIapupy-
10T B JIaHHOM 4aCTH MPOTrPpaMMHOTO KOJa, OrpaHuYeHHOM ckoOkamu Ppynkuuu. Hanpumep:
void setup()
{
int pin = 13;
pinMode(pin, OUTPUT);
digitalWrite(pin, HIGH);
by
B nanHOM mpumepe nepeMeHHas MOKET MCIOJIb30BaThCsl TOJIBKO BHYTPU (yHK-
uuu setup(). [Ipy HanvcaHum TaHHOTO KOJa:
void loop()

{
digitalWrite(pin, LOW); // wrong: pin is not in scope here.

by

OyJzieT BeIBEZIEHO coolleHue: «error: "pin' was not declared in this scope». [lannoe
cooOrieHre OyJeT BBIBOJUTHLCS, JaXKe €CIIM BbI 3aJIEKIIApUPOBAIIA MIEPEMEHHYIO TIe-TO B
MporpaMme, HO MbITAETECh €€ UCI0JIHb30BaTh BHE 00JIACTH BUJIUMOCTH.

[TouemMy He cnenath Bce nepeMeHHbIe Ti1o0anbubIiMu? Eciiu Hen3BecTHO T1e OyaeT
€Ille MCTIOJIh30BAThCS MEPEMEHHAsI, TO TIOYEMY €€ HaJl0 OTPaHUYUBATH OJHON (QYyHKITHMEH?
Kornma nepemenHas orpaHndena jierye HauTH UCTOYHUK €€ n3MeHeHus. Eciu nepemenHas
rJI00abHasl, TO €€ 3HAYCHHE MOXKET OBITh H3MEHEHO B JTIOOOM MECTE MPOrpaMMHOTO KOJa,
YTO 03HA4YaeT HEOOXOIUMOCTh MPOCIEIUTh €€ M3MEHEHHUE MO Bceil mporpamme. Hampu-
Mep, KOTJla IepeMEHHAasi UMEET HEKOPPEKTHOE 3HAUEHHUE, TO TOpa3io Jierdye HauTH MpUYu-

HY CCJI1 0011aCTh BUAUMOCTH OI'paHHUYCHA.



IIpakTHuyeckoe 3ansiTue Ne/

DOyHKIUU

Pa30buennie Ha cerMeHThl Ko/a (GYHKIMSIMU MO3BOJIAET CO37aBaTh YacTU KOJa, KO-
TOpbIC BBIMOJHAIOT OIpeneTeHHbIe 3aganus. [locae BIMOTHEHNUS MPOUCXOIUT BO3BpaT B
MECTO, OTKyJla OblIa BhI3BaHa (QyHKIUA. [[puunHOi co3gaHust QyHKIMKU sBISETCS HEOO-
XOJIMMOCTD BBITIOJIHATH OJIMHAKOBOE JIEUCTBUE HECKOJIBKO pa3.

s nporpammuctoB, padoraomux ¢ BASIC, ¢ynkuuun B Arduino mo3BOJSIOT
ucnoiib3zoBaTh nojmporpammel (GOSUB B BASIC).

Paznenenus kojga Ha QyHKIMK UMEET Psifl MPEUMYIIECTB:

OyHKINMY TO3BOJITIOT OPraHU30BaTh Iporpammy. O4eHb 4acTo MOMOTAIOT 3apaHee
COCTaBUTh KOHIIETIINIO POTPaMMBbl.

OyHKIMU KOJUPYIOT OJHO JAEHCTBUE B OJHOM MecTe mporpaMmsbl. /lanee HeoOXxo-
JUMO TOJIBKO OTJIaJUTh KOJA (PyHKLIHUU.

@OyHKIMK COKpAIIAOT IIAHCHI Ha MOSBIECHUE OMNUOKU MPU HEOOXOIMMOCTH U3Me-
HEHUS KOJa.

@OyHKIMU COKpAILlalOT TEKCT CKETYEH U JIeNal0T €r0 KOMIAKTHBIM, T.K. HEKOTOPbIE
CEKIIMHU UCTIOIB3YIOTCSI MHOTO pas.

@OyHKuMK 00JEer4aroT UCIOJIb30BAHKE KOJIa B IPYTUX IporpaMMmax Jenas ero Mo-
OyJbHBIM. B 3TOM ciiydae QpyHKuuu 00agaroT eme 0OAHUM HEOOJIbIINM MTPEUMYIIECTBOM,
aenas KO MPOTpaMMBbI JIETKUM JIJIsl YTCHUS.

CymectByroT aBe obs3arenbHble GyHKIIMKA B ckeTtdax Arduino setup() u loop().
Jpyrue QpyHKIUN TOMKHBI CO37]aBAaThCS 32 CKOOKaMu 3TuX QYyHKIMH. B crnemytomem npu-
Mepe OyzieT co3nana mpocTast QyHKIHMST YMHOXKEHUS IBYX YHCEL.

[Tpumep



Pucynok 7.1 — Cunrakcuc gpyukiuu Arduino

Ji1st BeI30Ba YHKIIUUA YMHOXKEHHUSI €M TepejaloTcs mapaMeTpbl JaHHBIX:
void loop(){
inti=2;
intj=3;
int k;
k = myMultiplyFunction(i, j); // k conepxut 6
by
Coznannyto GyHKIMIO HEOOXOIUMO 3aJeKJIapupOBaTh BHE CKOOOK JIFOOOU apyroit
¢bynkumn, TakuMm oobpazom "myMultiplyFunction()" MoxkeT cTosTh BbIlle WIH HUKE QYHK-
uuu "loop()".
Bech cketu OyeT BBITISACTH CASIYIONIMM 00pa3oM:
void setup(){
Serial.begin(9600);
by
void loop(){
inti=2;
intj=3;
intk;
k = myMultiplyFunction(i, J); // k conepxut 6
Serial.printin(k);



delay(500);
by
int myMultiplyFunction(int x, int y){
int result;
result=x*vy;
return result;
by
Cnenyromast  QyHkmust OyAeT CYUTBIBAaTH JaHHBIE C JaTdydka (yHKIMeH
analogRead() u 3arem paccuMThiBaTh cpefHee apudmMeTnueckoe. 3aTeM co3gaHHas (PyHK-
1ys OyJeT MacmTabupoBaTh JaHHBIE TI0 8 Outam (0-255) u MHBEPTUPOBATH UX. // TaTUYUK
MOAKIIOYEH K BhIBOAY ()
int ReadSens_and_Condition(){
inti;
int sval;
for (1=0;1<5; i++){
sval = sval + analogRead(0); // cencop Ha aHamoroBom Bxoie 0
by
sval =sval /5; // cpenuee
sval = sval / 4; // macirabupoBanue 1o 8 ouram (0 - 255)
sval = 255 - sval; // uHBepTHPOBaHNE BHIXOAHOTO 3HAUCHHSI
return sval;
by
Br130B (hyHKITUN OCYIIIECTBISETCS MPUCBOCHUEM €€ MIEPEMEHHOI.
int sens;

sens = ReadSens_and_Condition();
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