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BeedenHue

Hacrosiee yae6HOe mocobrie MOXKHO CUMTATh IEPBBIM IIATOM Ha My TH
OCBOEHHUS «IIPAKTUUECKOT0» MHKEHEPHOT'O MOJIeJINPOBAHU A, HA KOTOPOM
yJaiiuecs MO3HAKOMATCA ¢ OCHOBHBIMM MPUHITUIIAMU MOJEJIMPOBAHUS
¥ TIOCTPOEHMUSA 3JIEKTPOHHBIX CXEM, IIPOIrPAMMHUPOBAHUS MUKPOKOHTPOJI-
JIEPOB U POOOTOB.

[Tocobue pasneneHo Ha ABe JacTu. [lepBas MOCBsIeHA BOIpPOCaM
KOHCTPYUPOBAHUS 3JIEKTPOHHBIX CXEM, a TaKKe ITPOrpPaMMUPOBAHUS
JIOTUKA PpabOThl HEKOTOPHIX €€ KOMIIOHEHTOB, KaK Halpumep,
MHUKPOKOHTpOJUIepOoB Arduino. JlabopaTopHble pabOThI BBIIOJTHSIOTCS
B OecIIaTHOM BUPTyaIbHOU JtabopaTopuu https://circuits.io/lab/.

JlanHas BUpTyaJibHasA JlabopaTopus MO3BOJISAET CO3/laBaTh COOCTBEH-
HbI€ 3JIEKTPOHHBIE CXEMBI, HCIOJIb3Ys IMTUPOKUNA HAOOpP KOMIIOHEHT: OT
TPAH3UCTOPOB U CBETOAHOIOB, /10 CEpPBOMOTOPOB U Iu1aT Arduino, 1mo3Bo-
JISTIOIITUX 3aIPOTPaMMHPOBATh WHTEJUIEKTYIbHOE YIIPaBJIEHHUE dJIeMeEH-
TaMU cxeMbl. [lepBas yacTh mocoOus MO3BOJIUT 00YUIAOIINMCS ITO3HAKO-
MUTbBCS ¢ HU3KOYPOBHEBBIMHU BOIIPOCAMU POOOTOTEXHUKU: pabOTO C CEH-
copaMH, JaTYNKaMH, CEPBOMOTOPAMH, YCTPOUCTBAMU IUTAHUSA, MUKDPO-
KOHTPOJIJIEDAMH — CO BCEM T€M, U3 UErO BIIOCJIEACTBUU CTPOUTCS CIIOK-
Hasl, MHOTOKOMIIOHEHTHAsI MOJIeJib poboTa.

Bropas dacTh yueOHOTO 1mocobus mocBsIeHa 60Jiee BBICOKOYpOBHE-
BBIM BOIIPOCaM IIPOrpaMMUPOBAHUS MOBeAeHNs poboTta. 37ech OoJibiee
BHUMAaHUe yzesseTcsa He cOopy UHPOpPMAIUU € JATYUKOB U MOCBLIKH
CUTHAJIOB TNPHUBOZAM, a BOIPOCAM HHTEJUIEKTYJIbHOTO YIIPABJIEHUSA
MIOBeJIEHNEM po0OTa: IepeMeIeHUI0 B MPOCTPAHCTBE, HCCIIEIOBAHUIO
TEpPUTOPUU, OOHAPYKEHUIO KOJUIM3UNM U pearupoBaHUI0 Ha HUX,
B3aMMOJIEICTBUIO C OKPY:Kalolei cpenoil. Bece ymabopaTopHble paboThI
TaK)Ke IIPOBOAATCA B OeCIUIaTHOM BUPTYaJIbHOH cpejnie V-Rep, KOTOpyro
MO’KHO CKa4aTh ¢ caiita pa3paboruyrka http://www.coppeliarobotics.com.

V-Rep mpenocraBisgeT BUPTYJIBHYIO Cpely MOJeJIMPOBAHUA
C MHTETPUPOBAHHON cpefod pas3paboOTKH, KOTOpas MO3BOJIIET Kak
CTPOUTH PA3JIMYHBIE POOOTOTEXHUYECKHE YCTPONCTBA: OT MAHMUILYJISTO-
POB 710 CBOOOJTHO TIepeMEIAIINXCA Ha IUIOCKOCTH WJIM B BO3AYIIHO-
BOJTHOW cpefile poOOTOB, TakK U MOJEJIUPOBATh WUX IIOBEJEHUE.
B 6ubsnoTeke cHcCTeMBI €CTh OOJIBIIIOE KOJIMYECTBO YiKE 3apaHee
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6 Bsenenue

CO3JaHHbIX pO6OTOB, IIOBEAECHKHE BCEX Y3JIOB U KOMIIOHEHTOB KOTOPBIX
MOXKHO 3a/1aBaThb IIOCPEACTBOM CKPHUIITOB.

3agauyu yueOHOro mocobus

Obyuarowue:

— II03HAKOMUTB YYAIUXCA C OCHOBHBIMU NIPUHIIUIIAMU KOHCTPYUPOBa-
HUS U TPOTPAMMUPOBAHUS POOOTOB;
— cdopMHupOBaTh U Pa3BUTh aOCTPAKTHOE U JIOTHYECKOE MBIIIJIEHHE;

Pasesusarowue:

— pa3BUTh HaBBIK HANHUCAHUA KOMIIBIOTEPHBIX IPOTPAMM I
yIpaBJIeHUsI CJI0KHBIMH IIpOIleccaMH U sIBJIeHUsIMHU (Ha IpHUMepe
po60oTOB);

— cdopMupoBaTh yUeOHYI0O MOTUBAIIMIO U MOTUBAIUIO K TBOPUECKOMY
TIOUCKY;

— pa3BUTh TBOPYECKUH U PANUOHAJIBHBIA TOAXOJ, K peIleHUuI0
IIOCTaBJIEHHBIX 3371a4;

— pas3BuBaTh y 0OOydJaIOMIMXCS 3JIEMEHTHI TEXHHUYECKOTO MBIIIEHU ],
n300peTaTesIbHOCTH, 0Opa3HOE U IPOCTPAHCTBEHHOE MBIIILJIEHUE;

— Pa3BUTH JIOTUYECKOE MBIIIEHUE.

Tpe6OBaHI/IH K HpeI[BapHTeﬂbHOfI IIOATOTOBKE

J1151 ocBoeHUs Kypca obydaroniuecs A0 KHbBI UMeTh 0a30Bble HABBIKU
IIPOTPaMMHUPOBAHUA HA OJHOM U3 A3BIKOB BBICOKOTO YPOBHS, N3y4aeMBbIX
B mkosie. ITocobue cozep:KUT KpaTkoe omucaHue sA3blkoB Cu u Lua,
HCIIOJIb3YEMBIX B TEKCTE, HO OHO HEJIOCTATOUHO JIJIs JII0JIel, He UMEIOIINX
OIIbITA MPOTPAMMHUPOBAHUSA HA JIPYTUX A3BIKAX.

HeobxomnMo Takke WMeTh HadaJIbHbIE 3HAHUA BJIEKTPOTEXHUKU
B paMKax IIKOJIBHOTO Kypca (pU3UKU:

— (usnyecKre BeJINYUHBI: CUJIA TOKA, HAIIPSKEeHUEe U CONIPOTUBJIEHUE;
— TpubOPBHI [ U3MEPEHUSA STUX BEJIUUNH;

— 3akoH Oma;

— npaswia Kupxroda;

— TIOCJIeZ0BATEIbHOE U MapaIeJIbHOE COeIMHEHNE COIPOTUBIIEHUM.

Jlsisi u3ydeHUsA [IONOJHUTEJIBHOU JIMTEpPaTyphbl M JaJIbHEHUIIIETO
CaMOpa3BUTHA B JAHHOM HAIIPABJIEHUM JKeJaTeJIleH HaBBIK UTEHUA
TEXHUYECKOU JINTepPaTyphbl HA AaHTJIUNCKOM fI3bIKE.



BBenenue 7

[lesmeBass ayiuTOPUA U pa3BUBaeMble KOMOETEHIUU

Hacrosiimee yuebHOe mocobuwe ImpeHAa3HAYEHO JJIsl CTYAEHTOB
HaIlpaBJIEHUH «15.03.06 MexaTpoHHKa W POOOTOTEXHUKA», «02.03.02
dynnameHTasIbHAsA WHGOPMATUKa M WH(OOPMAIIMOHHBIE TEXHOJIOTHUH»,
«01.03.02 IlpukiagHasg MaTeMaTHKa W WHGOPMaTHKa», «09.03.03
[Mpuknagnasgs wHDOpMATHKa», a TakkKe JPYrUX HaIpaBJIeHUU
IIOATOTOBKY, HW3Y4YalolINX IIPOrPaMMUPOBAaHUE B KadecTBe OJIHOM U3
PO WILHBIX AUCITUILUTHH. MaTepuaJ mocooust MOKeT ObITh HUCIIOJIb30BaH
JUIsl OpTaHM3aluy y4eOHOH IPaKTHKU IEPBBIX KypPCOB, a TaKXKe IPH
IIPOBEAEHUH J1A00PATOPHBIX IPAKTHUKYMOB 10 IIPOrPAMMHPOBAHUIO.

YuyebHOEe mocobue moaroronsieHo B coorBeretBUu ¢ ®I'OC BO mo
IIePEYC/IEHHBIM BBIIIIE HAIPaBJIEHUSAM MOATOTOBKM M HaIpaBJeHO Ha
pa3BUTHE CJIEAYIONIUX KOMIIETEHITUHN:

1. no HanpasaeHuw nod2omosku 15.03.06 Mexampouuxka u pobomo-
mexHuka:

— CIocoOHOCTh K caMoopraHu3aIuu u camooopasopanuo (OK-7);

— CIIOCOOHOCTH pelaTh CTaHAAapTHHIE 33/jaUM ITPOdECCHOHATIHPHON
JlesITeJIbHOCTH Ha OCHOBe MHMOpMaIMOHHON u 6ubauorpaduye-
CKOH KYJIBTYPHI C IpUMeHeHneM HH(GOPMaIlHOHHO-KOMMYHHUKA-
IIMOHHBIX TEXHOJIOTHIH W C YYETOM OCHOBHBIX TPeOOBaHHUI HH-
dopmanmonnoi 6e3omacuoctu (OITK-6);

— CcIOCOOHOCTh yYacCTBOBAaTh B KAUECTBE HCIIOJHUTENSA B HAYYHO-
HCCJIE/IOBATENIbCKUX Pa3pab0TKaX HOBBIX POOOTOTEXHUYECKHUX
1 MexaTpoHHBIX cucteM (ITK-9);

2. N0 HanpasaeHurn noo020mMoskKu 02.03.02 dyHoameHMaAbHASL UH-
dopmamuka u UHGOPMAUUOHHBLE TNEXHOA02UU:

— CII0COOHOCTH K CaMOOpTaHu3aIuu 1 camooodpasopanuio (OK-7);

— CIOCOOHOCTHh NMPUMEHSTHh B MPOGMECCHOHAIBHON JeSTeIbHOCTH
COBpPEMEHHBIE SI3bIKU IIPOTPAMMUPOBAHUSA U SI3bIKK 0a3 TaHHBIX,
METO/IOJIOTHH CHCTEMHOU WHKEHEPUH, CHCTEMBI aBTOMATHU3a-
MY IIPOEKTUPOBAHUs, BJIEKTPOHHbIE OHUOJIMOTEKH W KOJIIEK-
I, CEeTeBbIe TEXHOJIOTUH, OMOJIMOTEKH M MaKeThl IPOrpaMM,
COBpeMeHHbIe TPOQEeCCUOHATIbHBIE CTAHAAPTHI NH(MOPMAILOH-
HbIX TexHosioruu (OITK-2);

— CIOCOOHOCTDH K pa3paboTKe aITOPUTMHUYECKUX U ITPOTPAaMMHbBIX
peleHuii B 001aCTH CUCTEMHOT'O ¥ TPUKJIAHOTO ITPOTPAMMUPO-
BaHMsA, MAaTeMaTHUYECKUX, HH(GOPMAIIMOHHBIX 1 UMUATAIIMOHHBIX



8 Bsenenue

MOJieJIeH, CO3/IaHuI0 NH(MOPMAIIMOHHBIX PECYPCOB II00AJIBHBIX
ceTel, 00pa30BaTEIbHOIO KOHTEHTA, IPUKJIAAHBIX 0a3 JIaHHbIX,
TECTOB M CPEJICTB TECTUPOBAHMS CHUCTEM M CPEJCTB Ha COOTBET-
CTBHE CTaHAapTaM U UcxoaHbIM TpeboBauusaMm (OIIK-3);

— CIIOCOOHOCTh MCIIOJIB30BAaTh COBPEMEHHbIE WHCTPYMEHTAIbHBIE
U BeIYUC/TIUTENbHBIE cpesicTBa ([TK-3);

— pemarpb 3a7auyu OpodeCcCHOHATbHON eATEeIbHOCTH B COCTaBe
HAyYHO-HCCJIEAOBATEIBCKOTO U ITPOU3BOJCTBEHHOTO KOJLIEK-
tuBa (I1K-4);

— CcIoCcOOHOCTh IPUMEHATH Ha IIPAKTHKE MEXKYHaPOIHbIE U IIPO-
dbeccnoHasIbHBIE CTAaHAAPTHI WH(GOPMAIIMOHHBIX TEXHOJIOTUH,
COBpPEMEHHBIE TapaAUTrMbl 1 METOI0JIOTHH, HHCTPYMEHTAIbHBIE
U BeIYHcIuTeIbHbIE cpencTBa (ITK-8);

3. no HanpasaeHurn nodz2omosku 01.03.02 IIpuxnaduas mamema-
muxa:

— CcmocoOHOCTh K camoopraHu3anuu u camoobpasoanuio (OK-7);

— cmocoOHOCTh MproOpeTaTh HOBbIE HAYYHbIE U MPO¢eCCHOHATb-
HbIE 3HAHMUsI, UCIIOJIb3YsI COBPEMEHHBIE 00pa30oBaTeIbHbIE U UH-
dopmanmonusie Texnosioruu (OIIK-2);

— CIOCOOHOCTDH K pa3pabOTKe aJITOPUTMUYECKUX U MPOTPAMMHBIX
peleHuii B 00J1aCTU CUCTEMHOTO U MPUKJIATHOTO IIPOrPaMMU-
pOBaHUsA, MaTeMaTUYECKUX, NH(POPMAIMOHHBIX U UMUTAI[UOH-
HbBIX MO/IeJIel, cO3/JaHNI0 NH(MOPMAITMOHHBIX PECYPCOB IJ100a/Tb-
HBIX ceTell, 00pa30BaTeIbHOTO KOHTEHTA, IPUKJIAJHBIX 0a3 1aH-
HBIX, TECTOB M CPE€JICTB TECTHPOBAHUSA CHUCTEM H CPEACTB Ha
COOTBETCTBHUE CTaHAApTaM U UcXOAHBIM TpeboBaHusaM (OITK-3);

4. no Hanpas.eHuoo nod2omosku «09.03.03 Ilpuxaaduas uHgopma-
muxa»:

— CIocoOHOCTh K caMoopraHu3aiuu u camoobpasopanuio (OK-7);

— cmocoOHOCTh pa3pabaThiBaTh, BHEAPATh U aJallTUPOBATh IPU-
KJIaJiHOe IIporpaMMHoe obecrieuernue (ITK-2).

ABTODHI BhIpaKaroT IpusHaTeabHOCTh CopokuHou Mpunae Baagumu-
POBHE 3a MOATOTOBKY MaTepuasa JJi IJ1aB TPEThero pasjiesia, a TAKKe
pelieH3eHTaM 3a IleHHble KpUTUYEeCKHEe 3aMedaHu .



Tema

chPOBHHble cucmemsol

1.1 OcHOBHBIE IIOHATHUA O BCTPOCHHBIX CUCTEMAaXxX

HNTak, 4TO Takoe BCTPOeHHbIE cHUCTeMBI? MOXKHO JaTh HPOCTOE
ompezieJieHre: BCTPOEHHBIE CHCTEMBI — 3TO KOMIIBIOTEDHBIE CHCTEMBI,
KOTOpDbIE COBCEM He IIOXO0KM Ha KOMIIBIOTEphl. B Takux cucremax
CJI0’KHOCTh KOMITBIOTEPA CKPBITA OT IOJIb30BATEJIA.

Ckopee Bcero y Bac eCTb KOMIIBIOTED, HATIpUMeEP, HOYTOYK UJIU UTO-TO
mozobHoe. M ckopee Bcero y Bac BO3HUKAIU CJIO0XKHOCTA B €r0
HCIoib30BaHUM. CKakeM, BbI XOTEJIM YCTAHOBUTh HOBOE MPOTPAMMHOE
obecrnieueHme, HO ITPOU30IIIe]T KOH(MIIMKT, U BBl HE CMOTJIU 3TOTO CJIeJ1aTh.
Tak nHOT/1a OBIBAET C KOMIILIOTEPHBIMU UTPaMU. BbI KyIIijin HOBYIO UTDY,
a oHa He paboTaeT, IMOTOMYy YTO €U Hy:KHa HOBas BEPCHUs JIpAHBEPOB
BHU/IEOKApTHI. BBl ycTaHaBvBaeTe HOBBIE JpaiiBepa, a y Bac IepecTaer
paboraTh sipyras urpa, paborasmiasi 0 3TOro, TaK Kak el He IMOAXOAAT
HOBbBIE JpaiiBepa. Vs HOBBIE ApaiiBepa MOTYT BOOOIlle He paboTaTh
C Bamed BUAEOKAPTOU W HY>KHO KYIIUTH €llle ¥ HOBYIO BHU/IeOKapTy. Bce
3TU MPOOJIEMbI BOBHUKAIOT U3-32 YHUBEPCATILHOCTH HAIUX «OOBIYHBIX»
KOMITBIOTEPOB — MbI HCIIOJIb3yEeM UX JJIs PEIIeHUsI OYeHb Pa3HBIX 33/1a4,
IpUYeM MbI IIBITAEMCH UX BCE PeIlaTh C IMIOMOIIbI0 OJTHOTO U TOTO Ke
BBIUMCJIUTEBHOTO YCTPOUCTBA.

Co BCTpOEHHBIMH CHCTeMaMU Bce He Tak. Kak mpaBmiio, BCTpOeHHAsA
CHCTEMA HCIOJIb3yeTCA JIJIA KaKOW-TO OHOU KOHKpeTHOH 3a7auu. Eciau
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10 1. BerpoeHHbIE CHCTEMBI

ATO Kamepa, TO OHA JOJI?KHA CHUMATh N300paskeHus wiu Buzeo. Ecau aTo
aBTOMOOWJIb — OH JIOJIKEH €37IUTh KaK aBTOMOOWIb. BHYTpU HUX MOXKET
HAXOJUTHCS CJIOKHAST KOMIIBIOTEPHAS CHCTEMA, HO TOJIPKO OHA BCTPOEHA
B YCTPOHCTBO M IIOITOMY €€ CJIOKHOCTh CKpbITA OT II0JIb30BaTeJIs,
KOTOpBIM 3HaeT, Kak paboTaTh C 3TUMU CHUCTEMAMU Uepe3 IPOCTOU
uHTepderuc.

Hanpumep, nudpoBas kamepa UCIOIb3YeET TOT ke nHTepdelc, UTo U
cTapas MeXaHU4YecKasg Kamepa — HY»KHO Ha)KaThb KHOIIKY U OHa C/IeJIaeT
dororpaduro. BHemHe nudpoBasg KaMepa yOpaBiseTcd TakK Ke, Kak
MeXaHUYeCKas, HO BHYTPH OHA yCTPOeHa ropasio 6oJiee CI03KHO, 3a CUET
Yyero I0JIb30BaTesIb MOJIy4YaeT JONOJTHUTEIbHbIE IpeuMyllecTBa. Emy He
HY>KHO OOJIBIIIE TPOSABJATH IJIEHKY, OH MOJKET cpa3dy K€ YBUJIETh
pe3ysJbTaT U Jaxke 0ojiee TOTO — TYT K€ Ha KaMepe BBIMOJHUTH €ro
IpeIBapUTEJIbHYI0 00pabOoTKy, KOTOPYIO paHbIlle MOKHO OBLIO cZesaTh
TOJIBKO Ha KOMIIbioTepe. Elle pa3 MOBTOPUM, UTO MPU 3TOM BCS 3Ta
CJIOKHOCTh CKpBITA OT TOJb30BaTeNs 3a IPOCTHIM U HOHATHBIM
uHTepdercom.

BerpoeHnHble cucTeMbl He BCer/ia B3aMMO/IENCTBYIOT € TI0JIb30BaTeEIEM
HETOCPEICTBEHHO — OHU MOTYT JIeJIaTh 3TO Yepe3 APYyroe yCTpoicTBo. UTo
aTo 3HaumT? JlaBaiite paccmoTrpuM USB HakKoOIWTE b, KOTOPBIN XPAaHUT
JaHHble. JTa Belllb, KAaK Mbl IIOHMMaeM, He B3aUMOJEWCTBYET
HETIOCPE/ICTBEHHO C YEJIOBEKOM, Belb y HAC JKe HeT padbeMa s
MOAK/IIOUEHUSI TAKOTO HAKOIMUTEJISI K CBOEMY TeJy WU Uero-TO BPOE
atoro! Mbl MOJIKJII0YaeM ero K KOMIBIOTEPY, X TIOTOM B3aUMOJIECTBYEM C
HUM 4epe3 KOMIIbIOTED, UTOOBI MOJIYYUTh AOCTYI K (aitiam. M1 310 He
IIPOCTO MUKpPOCXeMa MaMATU — B HAKONUTEJe eCTh MUKPOKOMIIBIOTED,
KOTOPBIH yrpasJseT ero paboroi. Takum o6pa3om, 3To To:Ke BCTPOEHHAs
CHCTEMaA, XOTSI OHA HEMTOCPECTBEHHO HE B3aNMO/IEHCTBYET C YEJIOBEKOM.

To xe camoe mMoOXeT OBITb M B APYTHUX YCTPOMCTBAaX, HAIPHMED,
aHTUOJIOKUPOBOYHAS CHCTeMa BHYTPU aBTOMOOWJISA. YeJIOBeK HaKMMaeT
Ha Ieaajb TOPMO3a, a Ieaaab TOPMO3a, B CBOIO OYepe/lb, CBs3aHA C
aHTUOJIOKUPOBOYHON TOPMO3HOUM CHUCTEMOH, TaKUM 0Opa3oM, UeJOBEK
B3aMMO/JIENCTBYET C aBTOMOOUJIEM, 4 B aBTOMOOWJIE B3aMMOJIEHCTBYIOT
ZIPYT C IPYTOM €T0 TOICUCTEMBI.

BaxxHOU 0COOEHHOCTHIO BCTPAUBAEMBIX CHCTEM, OTJIMUAIONIENH HUX OT
OOBIUHBIX KOMIIBIOTEPOB, fABJISIETCA TO, UTO B HX paboTe KIIIOUYEBBHIM
daxtopom sABisgeTca 3PEPEKTUBHOCTh. ITO O3HAUAET, UTO HE BCerja
JIOCTATOYHO IIPOCTO BBIMOJIHATH HY:KHYIO0 (YHKIIUIO, UTOOBI peliaTh
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3amauyy. MOKHO CKasaTh, 4YTO CHOCOO pelleHus [IOJIKeH OBITh
HecTaHZIapTHBIM. Hampumep, oH Jo/mkeH paborath OBICTPO, WU OH
JI0JI3KEH paboTaTh C HU3KUM DHEProInoTpedIeHueM, UJIN OH JI0JIKeH ObITh
nelieBbIM. 11 B 3TOM Ha caMoM jejie 3akjodaercs OoJibIas pasHUIA
MeXJy  pa3paboTKON  BCTpauMBaeMbIX CHCTeM U, HamIpuMep,
TPAINIIMOHHBIM JU3aHOM IIPOTPaMMHOT0 00ecrieueHus 1.

Koryia n3yuaioT mporpaMMHUpOBaHUe, TO B KaueCcTBe KOHEYHOU IeJIn
0OBIYHO CTABUTCA pellleHHe KaKON-TO KOHKPETHOU 3azauu. JlocTaTOuHO
HAIUCaTh KO, KOTOPBIN JIeJIaeT TO, YTO HYKHO, HaIIPUMEP, COPTUPYET
ciucok. Ilpm sTomM wuame Bcero He TpedyeTcs, YTOOBI aJITOPUTM
HCIIOJIP30BJI MUHUMAJIBHO BO3MOXKHOE KOJIMYECTBO MAMSATU, U UTOOBI
CIIMCOK U3 MIJIJIMOHA 3JIEMEHTOB COPTUPOBAJICA 3a 0.01 ceKyH/Ibl. IHOTAAa
TaKye OTPaHUYEHMs BaYKHBI U CTY/IEHTHI COOTBETCTBYIOIINX HATIPABJIEHUIN
MOATOTOBKU Ja)Ke M3y4aloT IleJble AUCHUIUIMHBI, IOCBAIIEHHBIE
3¢ PEeKTUBHBIM AJTOPUTMAM U CTPYKTypaM JaHHBIX, HO Ha MPaKTUKE B
OOBIYHOM IIPOTPAMMHPOBAaHHHU  peIlaeMble 33/[aull He  BCET/Ia
MPeTBABJIAIOT TaKUe IOBBIIIeHHble TpeboBaHUA K 3(PEKTUBHOCTU —
JIOCTAaTOYHO, YTOOBI TpOrpaMMa MpocTo paborasnia.

Ho pna BcTpoeHHBIX cucteM 5(GGEKTHBHOCTh OYE€Hb BayKHA.
HemocTaTouHO MPOCTO 3aCTaBUTh TaKylo cucTteMy paborath. OHa J0/IKHA
nesaTth 3T0 3GGEKTUBHBIM 00pa3oM. [IpuuMHON STUX OrpaHUYEHUN
SIBJIAETCA TO, YTO I OOJBIIMHCTBA STHUX YCTPONCTB OYE€Hb BAKHO
CHI)KeHUe UX ce0ecTouMOCTH, KaK HalpuMep JJis YCTPOUCTB
MIOTPEeOUTETbCKOM BJIEKTPOHUKU. n 3ke OT UX paboThl MOKET 3aBUCETH
)KU3Hb W 3JI0POBbE JIIOZIEH, €cd, Hampumep, TaKHhe YCTpPOHCTBa
HCIOJIB3YIOT BpauU UJIU BOEHHBIE.

PaccmoTpuM mepBBIfi IPUMEP — C MOTPEOUTETBCKUM YCTPONCTBOM.
JlomyctuM, BbI pa3pabaTbiBaeTe HOBBIUA TesedoH. /1A TakKuX yCTPOMCTB
IIPOU3BOJICTBEHHbIE 3aTPAThI, 4 TAKXKe 3aTpPaThl HA IIPOEKTUPOBaHUE, U
BpeMs BbIX0/]a HA PHIHOK ABJIAIOTCA IEPBUYHBIMU. Bbl X0TUTE 3apaboTaTh
JIEHbI'M Ha YCTPOMCTBE, MO3TOMY €TI0 CTOMMOCTH JOJIKHA OBITh HU3KOU,
BeJlb HUKTO He Oy/eT MOKyIlaTh HOBBIM TesedOH 3a CIHUIIKOM JIOPOTYIO
1leHy, TeM OoJiee, UTO y KOHKYPEHTOB OHA CKOpee BCero OyJleT MeHbIIIE.
Kpome Toro, Ba’kHa W CKOPOCTh BBIXOJIa Ha pBIHOK. Te ke camble
KOHKYPEHTBI C/IeJIal0T BCe, YTOOBI BBIITYCTUTh CBOU Tejied)OH paHbIIle Bac
¥ 3aBoeBaTh OOJIBIIYI0 YacTh PhIHKA. Bce 3TO HAKIIABIBAET JKECTKUE
OTpaHUYEHMs HA  «HAYUHKY»  Bamlero  TejlepoHa —  €ro
IIPOM3BOJIUTEILHOCTD, SHEPronoTpedieHne, 00beM MaMATH, KOJHIECTBO
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JOTIOJTHUTENIBHBIX QYHKIUN U T.A. CIIUIIKOM «TOJICTass» IIPOTpaMMHAs
HAYMHKA OyZleT TpaTUTh OOJIbIIE IMPOIIECCOPHOTO BpeMeHHU, paboTaTh
MeJIeHHee, a Oarapeiika OyzeT caauTbes panbline. C APyroll CTOPOHHI,
CJIUIIIKOM «TOIIIasi» MpOrpaMMHas HAUMHKA IPEBPATHUT Ballle YCTPOUCTBO
B «KUPIINY», IO KOTOPOMY B JIYUIIIEM CJIyuae MOKHO OYZET TOJIBKO JieJIaTh
3BOHKH, a 0 KAKUX-JINOO JOTIOJTHUTEIHPHBIX (PYHKITUAX MOXKHO OyZleT U He
MEeYTaTh.

C papyroil CTOpPOHBI, pacCMOTpPUM IipuMeHeHHe B MeaunuhHe. OT
MEIUIIMHCKOTO 000PY/IOBAHUS 3aBUCHT *KU3Hb JIIO/IEN, TTOATOMY 371€CH BbI
OosibIlie 3a00THTECH O TPOU3BOAUTESIHLHOCTH U HAJEKHOCTH, a HE O
KOHEYHOH IieHe. Eciiu 371eKTPOHHOE YCTPONCTBO KOHTPOJIUPYET PabOTy
cep/lia Yej0BeKa, JIydllle, YTOObI OHO OBLIIO HAJIE3KHBIM, JlasKe eCTU U3-3a
3TOTO OHO OyAeT CTOUTh Aopoke. OUEBUIHO, YTO IO HAAEKHOCTHIO
MIOHUMAIOTCSI HE TOJIbKO (PU3NUecKrue XapaKTEPUCTUKHU YCTPOUCTBA.
[IporpaMMHOe obeclieueHne MOA00HBIX YCTPOMCTB TOXKE JOJKHO OBITH
Ha/ie’kKHBIM. Hampumep, coBpeMeHHbBIN KapAUOCTUMYJIATOP «CJIyIIaeT»
CepZIeYHBbIN PUTM UesIOBeKa, aHAJIU3UPYeT ero U, ecjid B HeM BO3HUKAeT
rmaysa Wid Kakoe-au0Oo Jpyroe HapyllleHHe, HauMHAeT TeHepUpOBaTh
UMITyJbchl. Temeps ImpejicTaBbTe, YTO Oy/ZleT, €Cau MPOTrpaMMHOE
obecrieueHre KapAUOCTUMYJIATOPA HAYHET «IIPUTOPMAKUBATh» TaK JKe,
KaK 9TO MHOT/A JIeJIal0T MPOTrpaMMbl Ha HaIlleM KOMIIbIOTEPE, YCHUIIEHHO
«IIypIIa» MPU 3TOM JKECTKUM AUCKOM. Wn ere Xy»ke — BO3bMET U
3aBUCHET. Pe3ysipTaT, ymalo, Oy/ieT OueBHUIEH.

O6cynuMm oTyimuus B mporiecce pa3paboTKU BCTPOEHHBIX YCTPOUCTB U
OOBIYHBIX KOMITHIOTEPOB.

OpxuM u3 HanboJiee BaXKHBIX OTJIMYUM SBJAETCA TO, B OTJIMYUE OT
HACTOJIBHBIX U MOPTATUBHBIX KOMIIBIOTEPOB, KOTOPBIE MOTYT 3aIlyCKATh
IpOrpaMMBbl JIIOOOTO THIIA, BCTPOEHHBIE YCTPONCTBA, KaK ITPaBUJIO,
paspabarpiBaloTCA IOJ, KOHKPETHYIO 3aiady (miu HabOp CBA3AHHBIX
3a71a4). CoBpeMeHHbIe TesieOHBI ABIAIOTCA UCKII0UYEHUEM, IOTOMY UTO
OHU PA3MBIBAIOT 3TO pasyimyue. TemedOHbI HAUMHAINCH KaK TUITUYHBIE
BCTPOEHHBIE CHUCTEMBI, HO CETOJHSA OHHM ITPAKTHYECKU MPEBPATHUIINCH B
MIOJIHOIIEHHbIE  YHUBEPCAJIbHbIE KOMIBIOTEPHI. Tem He MeHee,
OOJIBIITUHCTBO YCTPOMCTB, TAKUX KaK KaMEPBI, SJIEKTPOHUKA aBTOMOOWMJIA,
ObITOBas TEXHUKA U TIpOUee CeJIaHbl 11 pellleHUs KOHKPETHBIX 3a/Iaull.
Hanpumep, kamepa — 4ToObl CHUMAaTh. 11 OHA /1e1a10T Bee, YTO CBA3AHHO
C 9TOU JIesITeILHOCThIO KaMephl, He JieJiast APYTUX Bellei. ITO CBONCTBO
SBJISIETCA OOIUM JUUIsI OOJIBPIIMHCTBA BCTPOEHHBIX CHUCTEM. DTO BaXKHO,
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IIOTOMY YTO 3TO M3MEHsET croco0d pa3paboTku ycrpoiictBa. Korza BbI
3HAETe, UTO OHO OyZIeT peliaTh TOJIBKO OJIHY 33/1a4y, BbI IPOEKTUPYETE €TO
JIJ1s1 9TOU KOHKPETHOU 33/1a4H, a HE Ha BCe CJIy4Yau KU3HM.

Takum o6pa3oM, pa3zpaboTka ¢oKycHupyeTcs Ha OJJTHOM NPUMEHEHUH,
B OTJIUNYME OT CHUCTEM OOIEro Ha3HAYEHUs, TAKUX KaK HOYTOYK WJIN
HACTOJIbHBI KOMIBIOTEP. YHHBEpPCAJIbHbIE HOYTOYKH U KOMIIBIOTEPHI
YacTO OKa3bIBAIOTCA OOJIee MOIIHBIMH, YeM HEOOXOAVMO JJIsl PelleHus
TOM 3a7]au, JJIsl KOTOPOU OHU UCHOJIB3YIOTCA. DTO MPOUCXOJUT IIOTOMY,
YTO OHH JOJDKHBI OBITh TOTOBBI paboTath C JIIOOBIM  THIIOM
BBIUMCJIUTEIbHBIX 3a7ad. Tak, HampuMmep, BO3bBMEM CTaHJAAPTHBIN
KOMIIBIOTEP, CKaKEM C YeThIpeXbAJAEPHBIM MPOIEeCCOPOM. Y Bac MOKET
OBITH YeTbIpexbsAiepHbId Core i7, KOTOpPHIM pabotaeT HA yactore 4 I'T.
Kak mpaBmjio, Bbl HE HCIOJb3yeTe BeCh BBIYMCIUTEIHHBIA IMTOTEHITAA
9TOM MalIMHBI. Bam coBceM He HY>KHO YeTbhIpe Ipolieccopa s 3ammycka
MS Word unu PowerPoint, He3aBUCHMMO OT TOTO, YTO BbI B HUX JIeJIa€TeE.
Bam Tak:ke He HY>kHO 4 ['T'1y 1714 3amycka 9TUX mpuiokeHui. Kommnbrotep
ycrHeBaeT c/iejlaTh MUUIMOHBI PAa3JIUYHBIX Olepanuil 0 TOro, KaK BbI
HaleuaTaeTe ouepefHylo OykBy. OTKpoOWTe, pajil UHTepeca, AUCIETYED
3aJla4 CBOETO HOYTOyKa W TIOCMOTPHUTE Ha IIPOLEHT WCIIOJIb30BAHUS
BpeMEHHU IEHTPAIHLHOTO Ipolieccopa. Kak mpaBuio (ecsiv BBl He UTPAeTe
B UTPY B JJAaHHBI MOMEHT U He peHziepute 3D-ciieHy), 60JbINass 4acTh
MPUJIOKEHUH CIOUT W TOJIBKO €IWHUIBI TOTPEOJIAIOT AECATHIE OJIH
nporueHTa (cam ucrneryep 3aaad, HanpuMmep). To ecTb 99% IPOIEHTOB
pecypcoB LIeHTPaJIbHOTO MpoIjeccopa He NCIIOIb3yeTcA!

Ho wmHOTrZa sTa MOITHOCTh BCe-TaKM Hy:KHA. Hampumep, eciu Bbl
obpabarbiBaeTe dotorpadum uim Bujeo. Takue NMPUIOKEHUS TPEOYIOT
BCIO BBIUMCJIUTEIBHYIO MOIITHOCTb, KOTOPasi eCTh B KOMIIbIOTepe. JIpyroi
IIPUMEP — BTO UTPHI CO CJIOKHOW TpaduKOH, TpeOyroline OTPOMHYIO
BBIUMCJIUTEIbHYI0O MOITHOCTh. [lo3TOMy, KOT/la BBl B HUX UTrpaeTe, BbI
HCIIOJIb3YeTe BCe BO3MOXKHOCTU Balllero kKommbioTepa. Ho B ocrasibHOE
BpeMs 5Ta MOIIHOCTb He UCII0JIb3YeTCH.

B aTOM CMBICI/IE YHUBEPCAJIbHbIE KOMITBIOTEPHI OUeHb Hed(h(HEKTUBHBI.
Ecyin BBl XOTUTE UTPaTh B HOBbIE€ UTPHI, BAM MPUAETCA KyIUTh JIOPOTOU
MOIIHBIA KOMITBIOTED C XOPOIIeN BUAeOKapToi. Viu, BbI MOKETE KYIIUTh
WUTPOBYIO MPUCTABKY, KOTOpPass CMOKET 3aIlyCKAaTh Te K€ UTPbI, MOXKET
OBITH Jlaske ObIcTpee, U OHa OyJeT JelleByie KomIbioTepa. [IpucraBky
MOKHO HCIIOJIb30BaTh TOJIBKO JIJISI UTP, HO OHA JIeJIAeT 3TO JIydllle, YeM
koMnboTep. To ecTh ee apxuTekTypa 06ojiee 3(ppeKTHBHA /I PEIIeHU
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naHHOU 3aauun. M 60JIBIIyIO0 YacTh BpEMEHHU BBI Oy/IETE UCIIOIH30BaTh €e
ecJId He Ha MOJIHYI0 MOIIHOCTbh, TO M0 KpaliHel Mepe Ha OOJIBIIIYIO YacTh
MOIITHOCTH, TaK Kak Oy/ieTe TOJIbKO UTPaTh HA HEH.

Takum oOpa3oM, KOHKpPETHOe NMPHUMeHEHNEe O3BOJISET MOBJIUATh Ha
rporiecc pa3paboTKu cUCTeMbl. Bbl MOKeTe BKJIIOUUTH B HEE TOJBKO T€
OJI0KU, KOTOpble JeHCTBUTEJbHO HeoOxonuMbl. biaromapss sTomy
CTAHOBUTCS BO3MOXKHOM 0Oo0Jiee BbhICOKass 3PPEeKTUBHOCTD KOHCTPYKITUU.
ITO 03HAYAET, YTO, ECJIU s 3HAI0, YTO MOe 060py0BaHUE IIpeTHA3ZHAYEHO
TOJIBKO JIJIST UTP, TO €CTh OIpeJieJIeHHbIe KOMIIOHEHThI, KOTOPbIe MHE He
HY>KHBI B MO€H KOHCTPYKITUHM. 3aueM IOKyIlaTh TO, YTO He TpedyeTrcs?
Paccmorpum ¢dortoanmapar. f 3Hat, 4TO 5Ta Bellb JOJIKHA [AeJaTh
HEKOTOphle BUABI 00paboTku ¢GoTo U BHAeo. fl 3HAIO, YTO HYKHO
YIIPaBJIATH OOBEKTHBOM M BCHBIIIKON. Ho Kamepe HUKOI/Ia HE TPUAETCS
peHzeputh 3D-rpaduky, pazmaBaTh okpy:katomuM Wi-Fi, mogkioyars K
cebe B 00CIY:KUBATh JECATOK IMepudepUuiiHbIX YCTPOUCTB U BBHITIOJTHSTH
MHOTO Jipyrux GyHKIUN. [IoaTOMy 51 MOTY IPOCTO BKJIIOUUTH TOJBKO TO
IIporpaMMHOe oO0OecIleueHre U allnapaTHbIE CPEeJICTBA, KOTOpPblE MHE
HY?KHBI JIJIs BBINIOJTHEHUS MOUX KOHKDETHBIX 3ajiau. M 3TO crenaer
YCTPOUCTBO JemieBye U 3ddeKkTrBHee. YBbI, HO 3a BCe HA/0 IIATUTh.
OOmiee mpaBWJIO HAaIled JKWU3HU, KOTOPOE BBINOJHAETCA W JJIs
BBIYHC/IUTEIbHBIX CHUCTEM — YeM 0oJiee YHHBEPCAJIbHOE YCTPOHCTBO, TEM
MeHee OHO 3 deKTruBHO, 1 Ha0O60poT. KoHEeuHO, Bpau O0IIed TPaKTHKU
3HaeT IMPo 3yObl 00JIbINE, YeM OOBIUYHBIN UEJIOBEK, HO Pa3Be BhI ITOU/IETE K
HeMy, ecId y Bac 3abosut 3y6? Her, Bbl IpeamourteTe
Y3KOCIIEITUATU3UPOBAHHOTO, M OT TOro Oosiee 3¢h¢EeKTUBHOTO i
peleHus JaHHOU 3a71lau 3yOHOTO Bpaya.

Eme opHuM OOJIBIIMM OTJIMUMEM BCTPAWBAEMBIX CHCTEM IIO
CPaBHEHHIO C OOBIYHBIMHU HACTOJIBHBIMH KOMITBIOTEPAMH U HOYTOYKAMHU
SABJISIETCST TO, 4YTO amiapaTHoe W IporpaMMHOe obeclieyeHue, Kak
IIpaBWIO, pa3pabaThIBalOTCS cOBMecTHO. Eciu, ckakeM, BBl XOTHTE
kynuTh Microsoft Word wtu ipyryio mporpaMmy, Bbl, OUE€BUTHO, MOYKETE
MIprOOPECTH ee OTAEIHFHO OT KOMITbIOTEpa. 1 ux cziesiamu JiBe COBEPIIIEHHO
pasHbie pupMmbl. Hanmpumep, Bail HOyTOYK MOKeT ObITh ciesiaH GUPMOU
Asus, a Word — ¢pupmoit Microsoft. OmHa pupma genaer o60py/ioBaHueE,
a Jipyrasi — mporpamMmusl. J[J1s1 BCTPOEHHBIX CUCTEMBI Bce HA000poT. Camy
TV-mpucraBKy U IIpOrpaMMHYI0 000JIOUKY JIJIsI Hee JieJlaeT O/HA U Ta Ke
KoMmaHusA. Mbl TOBOPUM «KaK IIPABUJIO», [IOTOMY UTO, KOHEUHO K€, U3
BCEro ecTh UcKIoueHus. Hanmpumep, komnanus Apple menaer Bce cama —
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U KOMIIBIOTEDHI, W HOYTOYKH, ¥ TeJIEBU30pPbI, U TeaedOHbl, U
OIepaIMOHHbIE CUCTEMBI, U OUCHBbIE TPUTOKEHMS, UHBIMU CJIOBAMU —
BEChH CIIEKTP YHUBEPCAJIBHBIX U BCTPOEHHBIX CUCTEM.

[Touemy ymoOHO fAenaTh BCTPOEHHBIE CUCTEMBI MOJHOCTHIO CAMOMY?
[ToroMy 4TO f MOTY cJiesiaTh 0OOpy/loBaHME HWMEHHO TaKHUM, KOTOpOe
HY>KHO J|JI 3allyCcKa UMEHHO TOTO IIPOTPAaMMHOT0 00ecrieueH s, KOTOpoe
MHE HYXHO. fl MOTy c/iesiaTh UX COOTBETCTBYIOIIMMU APYT APYyTy. Bech
IIPOITECC MMPOEKTUPOBAHUS CTAaHOBUTCA Oosiee 3 HeKTUBHBIM. MBI KyITiM
TOJIBKO T€ KOMIIOHEHTBI, KOTOPbIE HY>KHBI, YTOOBI IMOCTPOUTH CHUCTEMY,
KOTOPYI0 MBI XOTUM. MBI He OyZileM TOBOPHTH, JitoOas cucrema. Mbl
BO3bMEM TOJIBKO T€ KOMIIOHEHThI, KOTOpBblE HYKHBI I Halen
KOHKPETHOU cucteMbl. 11 MBI OyZileM mucaTh KOJI, KOTOPBIA HCIIOJIb3YET
TOJIBKO UX.

ATO OTIUYAET BCTPOEHHbIE CUCTEMBI OT CUCTEM OOIIEr0 Ha3HAUEHUH,
B KOTOPBIX HYKHO HMMeTh OOOpy/iOBaHME Ha BCe CJIydyau JKU3HU U
IIpOTpaMMHOe O0ecrieueHne /JIsI BCeX CIy4YaeB KU3HU, JaKe €CIU 3TO
roTpebyeTcs: BCEero JIUIIb OIMH pa3 B 3TOU caMOU JKHU3HU.

BOHpOCI)I AJIA CAMOKOHTPOJ A

1. BribepuTte BepHBIE yTBEPK/IEHUA:
a) BerpoeHnnas cucreMma HCIoJIb3yeTces 11 OJHOU KOHKPETHOH 3a-
Jauu.
b) BerpoeHHBIE cHCTEMBI BCEr/ia B3aMMOJIEHCTBYIOT HEIOCPE-
CTBEHHO C II0JIh30BATEJIEM.
c) OxHolf M3 0coOeHHOCTENl BCTPAaMBAEMBIX CHUCTEM SIBJISIETCS TO,
4TO I HUX OY€Hb BaKHA 5(PPEKTUBHOCTD.

2. OmnpenenuTte, Kakue W3 YEPT OOBIYHO IPHUCYITA BCTPOEHHBIM CH-
cTemMam:

a) Berpoennble ycTpoiicTBa OOBIUHO pa3pabaThIBAIOTCA JIJIA KOH-
KpEeTHOU 3a/1auu.

b) AtmapatHoe u TporpaMMHOe oO0OeclieueHue pas3padaThIBaeTcs
OT/IEIbHO.

c) Berpoennbie cucteMbl MHOTOGYHKITMOHAJIBHBI W YHUBEP-
CaJIbHBI.
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1.2 KoMmnmoHeHTHI BCTPOC€HHBIX CUCTEM

B aTOM paszesie Mbl IOTOBOPUM O CTPYKTYpP€E BCTPAUBAE€MBbIX CHCTEM.
KoHKpeTHO, MBI 00CY/TUM CTPYKTYPY allllapaTHBIX CPEJICTB, IOCMOTPUM Ha
€e pasJMyHble KOMIIOHEHTBhI, IIPUYEM OCHOBHOH KOMIIOHEHT —
MHKDPOKOHTPOJLIIEP — 00cy 1M O0Jiee IOAPOOHO B CJIEIyIOIIEM Pa3ielie.

Ha Puc. 1.1 cxemaTnuecku u3o0OpaskeHa oOmiasi cxema. BerpoeHHast
cucTeMa JI0JI’KHa IT0JTyJaTh IaHHbIE N3 BHEIITHETO MUPa, 00pabaThIBaTh X
1 3aT€M BBIBOJIUTD JIAHHBIE BO BHEITHUHM MUP. Tak 4To, B IIEPBYIO OUEPED,
OHa UMeeT HabOop JAATYMKOB IS MPHEMa JAaHHBIX. ITH JATUHUKHA MOTYT
mosyyaTb WHGOPMAIIMIO O BHEINIHEM MHUPE II0-Pa3HOMY, II03TOMY
CYII[eCTBYET MHOTO Pa3JIUYHBIX TUIIOB MOI00HBIX YCTPOUCTB.

| MWKpPOKOHTpOANEP | ,
\ , |
Jatumku | H ][ |
\ - : | J
[
| | IP-Agpo K———=) nNnNBmM | | 1
; /

McnonuutenbHble
MeXaHU3Mbl

Puc. 1.1: Yempotiicmeo ecmpoeHHbLX cucmem

CambI¥l POCTOM TUII JIaTYUKA — 3TO KHOIIKA WJIA YTO-TO ITOZI00HOE,
KOTOpasi TOJIydyaeT JaHHble B OYEHb IIPOCTOM BHe: HajKaTa HJIM He
Hakata. CHcTeMa MOXKeET TMOJydaTh U 3BYKOBYI HHMOPMAIHIO,
HCIOJIb3ysl MUKPOMOH. Bupeokamepbl — 3TO TOXKe JATYUKH, KOTOPHIE
noJjiyuaroT uHGpOpManui B Buje wuzobpakeHus. CeHCOPHBIA SKpaH
II03BOJISIET HE TOJIBKO BBIBOJAUTH, HO U IOJy4aTh HHPopManuw. M Ttak
Jlajiee — CyIiecTByeT 0OJIbIIIOe MHOKECTBO CaMbIX Pa3HOOOpa3HBIX THUIIOB
JIaTYNKOB, Yepe3 KOTOpble BCTPOEHHAs CHCTeMa MOXKET II0JIy4aTh
nHPOPMAIHUIO.

Utak, BxozsIiasa nHGoOpManus MocTyIllaeT B CUCTEMY U JIajibIlle OHa
TIOTIa/IA€T B €€ si/IpO, KOTOPOE 3aHMMAaeTcs ee 00paboTKoU. B KoHIle 3TOTO
Ipoliecca, KOTJa CHCTeEMa peIlnaa, 4YTO JejaTh ¢ IIOCTYIIHBIIEN
nHdopMaIiel WiIn Kakoe pellleHre Hy>KHOe IIPUHATH Ha ee OCHOBE, OHA
JI0JKHA BBIIATh KaKWe-TO pe3ysabTaThl. Yale Bcero 3TO O3HA4YaeT —
MMPOU3BECTU KAaKOU-TO JIEMCTBHE BO BHEIIHEM MHpE. IATO JIeJAeTCs C
TIOMOIIbI0 HCIIOJITHUTEJIPHBIX MEXaHHU3MOB WJIM IPHUBOAOB, KOTOpPHIE
IOKa3aHBI B IIPABOM YacTU cxeMbl Ha Puc. 1.1.
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VICIIOJTHUTETHHBIM MEXaHU3MOM MOJKET OBITh CBETOAMOJM, KOTOPBIH
MOKET TOPETh WJIM MUTATh. Hampumep, OH MOKeT CUTHTU3UPOBATh, UTO
BH7leOKaMepa 3alliChIBAeT WJIM UTO KOHUYaeTcs OaTtapeiika. Ho ectb m
ZpyTHE UCIIOJHUTEIbHbIE MeXaHU3Mbl. Hanpumep, BHyTpU KaMephl €CTh
MOTOPBI, C IOMOIIbI0 KOTOPBIX IIPOUCXOAUT ylIpaBjeHue 00beKTUBOM U
HaBeJIeHUE PE3KOCTH. ITU ABUTATENU SBJISAIOTCA HUCIOJTHUTEIHbHBIMU
MeXaHHU3MaMU, a UX JBUKEeHUE — 3TO BbIXO/, CUCTEMBI.

CylecTByeT MHOKECTBO Pa3JIUYHBIX THUIIOB HUCIIOJIHUTEIbHBIX
MEXaHU3MOB: JIMHAMHUKHU BOCIPOU3BOAAT 3BYK, JIAMIIBI ITO3BOJISIOT
cucTeMe BBIBOJAUTH CBET, YKPAH TaKyKe BBIBOAUT CBET, HO B 0OoJiee
JIeTaJIbHOM M «YIIPaBJIsIEMOM» BU/IE.

Tak 4TO, ecyin BbI TeNeph MOCMOTPUTE HA BCTPOEHHYIO CHUCTEMY, TO
YBUIUTE, UTO OHA HAXOJAUTCA TocepenuHe. OHA TOJy4YaeT JaHHbBIE OT
JATUNKOB, YTO-TO C HUMU JI€JIAE€T, a 3aTEM IOCHLIAET COOTBETCTBYIOIINE
CUTHQJI HA HCIIOJIHUTEJbHBIE YCTPONCTBA, YTOOBI 3aCTaBUTh MX UTO-TO
c/ies1aTh B peaJIbHOM MUpeE B OTBET Ha JJaHHbIe, KOTOpble OHA Iostyunia. B
9TOM CMBICJIE BCTPOEHHAsA cHcCTeMa o0eclieuuBaeT CBA3b MeEXKAY
JaTYNKAMU U UCIOJTHUTEIbHBIMU MEeXaHU3MaMH.

B 1ieHTpe BCTPOEHHOM CHCTEMBI HAXOAUTCS MUKPOKOHTpOJLIED. bostee
moApoOHO MBI OOCYyAWM e€ero B CleAylImux rIaBaXx. Kpowme
MHUKPOKOHTPOJIJIEPOB MOTYT OBITh W JIpyTHe KOMIIOHEHTHI. /[Ba u3 TeX,
KOTOpPbI€ BCTPEUAIOTCA JOCTATOYHO 4YacCTO, IOKa3aHbl Ha Puc. 1.1: 5T0 IP-
anpa u IIIIBM.

IP sT0 aHIIMiicKoe cokpaieHue oT intellectual property, To ecthb
VHTEJUIEKTyaIbHBIA TPOAyKT. [P-siipo mipesicraBiisier coOOW TOTOBBIE
OJI0KU JJ1s1 IPOEKTUPOBAHUS YCTPOMCTB, HAIIPUMEP, 3TO MOYKET OBITh
roToBas MHUKpPOCXeMa, KOTOpas BbINOIHsSET oAHY dyHKuuo. KoHeuHo
«OfIHy (YHKIHIO» HE HAZ0 MMOHWMAaTh CIAUIIKOM OyKBajibHO — IP-sapo
MOKET BBIINOJHATh HECKOJbKO (PYHKIMHI, HO 3TO TECHO CBSA3aHHBIE
dyHKIIMY, OpUEHTUPOBAHHbBIE HA KAKYIO-TO KOHKPETHYIO 3a7iauy. To ecTh
9TOT OJIOK He ABJSAETCS YHUBEPCAJIHLHOU  IIPOrPaMMHPYeMOM
MHUKDPOCXEMOUM 00Iero HazHaueHusA. HaobOpoT, 3TO MHKpOcCXeMa,
KOTOpasi MPOCTO yMeeT BBIMIOJHATh HEKOTOPBIA HeOOJBbIION Habop
CBA3AHHBIX MEXy co00 dyHKIUH. Takue ycTporcTBa MOTYT OBITh OUEHD
IIOJIE3HBI, © K TOMY K€ OHHU JlellleBbl NMPU IMPOU3BOACTBE B OOJIBIIHX
obbemax. IlycTh y Bac ecTh JOCTAaTOYHO OOIas CHCTeMa, WMeEIOIas
O0JIBIIIOE KOJIMYECTBOM PAa3JIMYHBIX IIOZICUCTEM, KaK, HamIpumep,
MOOMIBbHBIN TesiedoH. Bce coToBble TenedOHBI IO/KHBI BHIOJHATH
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OIIpe/ieJIeHHbIE QJITOPUTMBI  00pabOTKM 3ByKa. MOXKHO c/eiaTh
CIEUATBHYI0 MUKPOCXEMY, KOTOPas Oy/leT BBITIOJIHATD TAKYI0 00pabOTKyY
U ee MOXXHO OyJieT mpojaBaTh HmpousBoauTesisiM TejiedoHOB. Tak Kak
Tesie)OHOB IPOU3BOAAT OYE€Hb MHOTO, TO U MHKpOCXeM IOTpebyeTcs
MHOTO. YTOOBI CZ1ejIaTh OAHY TAKyl0 MHKpOCXeMy, IMOTpedyeTcs MHOTO
BpEMEHHU, TPyZa U JIeHeT U 3To O6bLI0 OBl KpaliHe HEBBITOJHO, a BOT €CJIN
HeOoOXO/IMMO TTPOU3BECTH COTHU THICAY WJIU JIaKe MUJUIMOHBI TT0I00HBIX
MHKpOCXeM, TO €e0eCTOMMOCTh KaXKJAOW M3 HUX CTAaHOBUTCA OYEHb
HU3KOU.

IP-axpa penaior [y pacopoOCTPAHEHHBIX 33/a4 — JJIA TeX, KOTOphIe
BO3HHUKAIOT CHOBAa M CHOBA M HA KOTOPBIE eCcTh OOJbINON crpoc. Eciu
KaKasa-To 33/laua BCTPevaeTcs TOJIbKO B OJJTHOU KOHKPETHOU CHCTEME, TO
JlUIs1 Hee He UMeeT cMblIcia siesathb [P-aapo.

PaccmoTpuM, HanpuMep, ceTeBble KOHTPOJUIepbl. OHU BCTpEUYarOTCA
BO MHOTHX cucTeMax. JIroboe ycTpoicTBO, KOTOPOE MOAKIIOUAETCA K CETH
VM HTEpHET, JOKHO UMETh COOTBETCTBYIOIEE YCTPOUCTBO. TaKyo Bellb
MOJKHO peayin30BaTh B Buje IP-Anpa — chnenuajm3upoBaHHOU YacCTU
anmapaTHbIX  CPeACTB,  o0eclleuuBaIOIIel  TOJBKO  (PYHKIIUIO
B3aUMOJIENCTBUA C KOMIIBIOTEPHOU ceThlo. /[pyroil mpumep — ayauo u
BHU/IEO KOZIEKH, KOTOPbIe 3aHUMAIOTCA KOJAUPOBAaHUEM ayZHO U BUJIEO0, UX
cKaTMeM ¥ PACIaKOBKOW. OTH OIepalriy BBHITIOJHAIOTCA B OOJIBIIIOM
Yyncsie BCTPOEHHBIX YCTPOMCTB, MO3TOMY 3TO Kak pa3 HpUMeEpP TaKOu
GyHKIIMY, KOTOPYIO MOXKHO ObLIIO ObI TOMeCTUTH B IP-sijipe.

Koryia BBl fies1aeTe BCTPOEHHYIO CHUCTEMY, TO OyZeT IIOJIE3HO HeE
«M300peTaTh BEJIOCUTIE», & BOCTIOJIb30BATHCA Y2Ke TOTOBbIMU I P-s1pamu.
Bbpl MoOKeTe IOCMOTpeTh KaTajaord (pupM, KOTOpble AenaroT IP-sanpa,
Hanpumep, Texas Instruments. Takue GuUpPMBI BBIIIyCKAIOT MHOKECTBO
CIeIaIN3UPOBAHHBIX MUKPOCXEM, U Bbl CMOXKETe HAWTHU TO, YTO BaM
Hy>kHO. Hampumep, ecsin TpebyeTcs peasn30BaTh C:KATHE 1O CTAHJIAPTY
MPEG, To y Texas Instruments Bbl HaliJleTe HECKOJIBKO J€CSITKOB
MHUKPOCXEM, KOTOPBIE €T0 JIeJIAl0oT, ¥ BHIOPATH MOAXO/IAIIYIO.

IP-aapa J0JKHBI B3aMMOJIEHCTBOBAaTh € MHUKPOKOHTPOJIJIEPOM,
KOTOPBIU ABJISIETCA IEHTPOM Bcell cucteMbl. OH ynpasiset [P-aapavu u
KOMaH/[yeT, KOTJla OHM JIOJDKHBl HAYWHATh paboTy, IepedaeT UM
nHdbopManmuioo W mnosydaeT pesyabrar. Hampumep, ecim IP-sazapo
BBITIOJIHAET CXKATHE BHUE0, TO MUKPOKOHTPOJIJIEP TOBOPUT €My, KOTZa
HAuUMHATh CXKUMATh JAaHHble M Kakue JaHHble CXumarb. g 3Toro
MUKDPOKOHTPOJUUIEP IlepefaeT eMy OIIpe/ieJIeHHYIO0 MOCJIe0BATEIbHOCTh
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CUTHAJIOB, a KOT/Ia MUKPOCXeMa 3aKaHYMBAET CBOIO PabOTy OHA IOCHLIAET
OIpe/leJIEHHbIE CUTHAJIBI MUKPOKOHTPOJUJIEPY, COOO0IAsA, YTO Pe3yJIbTaT
TOTOB.

Jlpyro#i BUJ, KOMIIOHEHTOB, KOTOPBIA NMPUMEHSAETCS BO BCTPOEHHBIX
CUCTEeMaX, OJTO IIporpaMMHUpyeMble I10Jb30BaTeJeM BEHTUJIbHEIE
Mmarpunpl, uiau [IIIBM.

Msr1 He 6ynem paccmatpuBaTh [ITIBM B 3ToM 1M0ocOOMH, IOTOMY UTO 3TO
JIOCTATOYHO CJIOJKHBIE, XOTS U UHTEPECHbIE YCTPOUCTBA, HO BbI JIOJIXKHBI
3HATB, UTO 3TO Takoe. [ITIBM — 3To anmapaTHbIe YCTPOHCTBA, a €CTU OBITH
TOUYHee — allllapaTHO IIPOrPpaMMUpPyeMble MUKPOCXeMBbI. UTO 3TO 3HAUUT?
OObIYHAsA MUKPOCXEMa COCTOUT U3 OTPOMHOTO KOJTMUECTBA MIOCTPOEHHBIX
Ha 6a3e TPAaH3UCTOPOB JIOTUYECKUX BEHTUIEN. BEHTH U, B CBOIO OUEPE/D,
COEIMHEHBl MEXKAY CO0OM OuYeHb CJI0KHBIMU MHOTOUHCIEHHBIMHI
CBA3AMH, 110 KOTOPBIM, COOCTBEHHO, U IYTEIIECTBYIOT YIIPABJISAIONINE U
WHQpOpPMaIUOHHbIE CUTHAJIBL. Cxema o0beTMHEHU S 9TUX
MHKPOCKOITTYECKUX YCTPOUCTB U O0YCJIOBIUBAET JIOTUKY BBITIOJTHAEMBIX
MHMKPOCXEMOU omepanuii, HO TOJIBKO 3Ta CXeMa «IlevaTaeTcs» Ha 3aBOJIE.
B cBow ouepenn IIIIBM Mo:kHO 00pa3HO CpaBHUTH ¢ HAOOPOM IOHOTO
MeXaTPOHHUKA, COCTOSAINEr0 M3 HECKOJIbKUX JeCATKOB TPAaH3UCTOPOB,
pe3UCTOpOB, JIAMIIOYEK, KHOIIOK, IIPOBOJZIOB, KJIeMM, OaTapeex,
KOJIECUKOB, TIPUBO/IOB W IPOYMX 3JIeMeHTOB. Vmess 3TOT HAGOp, BBI
MOKeTe coOpaTh W3 Hero ammapaTHOe YCTPONCTBO, KOTopoe Oyjer
BBINIOJIHATDH KaKYI0-TO 33/]a4y — HallpuMep, MallIvHKY, YMEIIYIO e3UTh
[0 MTOBEPXHOCTU. 3aTeM, eCJId BaM IOHAZOOUTCSA JIpyroe YyCTPOMCTBO,
HaIIpUMep, JIOJIKAa C MOTOPOM, KOTOpas CHOCOOHA IJIaBaTh IO BOJIE, BbI
pasbepeTe MaIIMHKY Ha COCTaBHBIE YACTH U NEPEKOMIIOHyeTe UX B
KopabsiuK. IJTO coBceM OOpa3HO MOXKHO IIPEICTaBUTh Kak IIpoliecc
aIapaTHOTO IIPOrpaMMUPOBaHKsA Habopa 10HOro Mexatponuka. [ITIBM
— 3TO CJIOKHAA, XUTPO YCTPOEHHAsA MHUKPOCXeMa, KOTOpasd I[03BOJIAEeT
MEHATh PUCYHOK B3aUMOCBS3€l CBOUX JIOTUUECKUX KOMIIOHEHT, T.e. 10
CYTU annapamuyo KoH@uaypayuro ycTpoucTBa. 3/leCh BAXKHO ellle pa3
MO/TUEPKHYTh, YTO peub UAET HEe O IIePelNpOoIIUBKE HPOrPaMMHOU
HAYHUHKU YCTPONCTBA, 2 00 U3BMEHEHHUH ero anapaTHOU CTPYKTYPHhI.

Yto 3T0 Ham pgaet? I'maBHOoe npeumyinectso IIIIBM B TOoM, 4TO OHU
paboratot 6bICTpee, UeM OOBIYHBIE MUKPOIIPOIIECCOPDI, BHITTOJIHSAIOIINE TE
ke (QyHKIMHU, HO nporpaMMHBIM nOyrem. I[IIIBM wMoxeT 3amMeHUTH
CIIEIMAJIN3UPOBAHHYI0O MUKpoOcxeMy, Takylo Kak IP-aapo. C IIIIBM He
TpebyeTcs pa3paboTKa U MPOU3BOJICTBO CIIENNATIBHON MHUKPOCXEMBI, TaK
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Kak MO>KHO B3AThb IIIIBM u 3amporpaMMupoOBaTh €€ Ha BBIIIOJIHEHUE
HY’KHOU 33/7jaud, a 5TO ropasjzio femiense. Crnenuajin3vupoBaHHBIE Ke
MHKPOCXEMbBI, B CBOIO Ouepeab, MOTYT paboraTh ere ObIcTpee, uem
[ITIBM, u oHu OyayT [elleByie, €CJM UX IPOU3BOAUTH B OOJIBIIHX
KOJIMUECTBaX, IMOTOMY YTO OHU He BKJIIOYAIOT B cebsA MeXaHU3MbI
nepekoHdurypupoBanus, kotopsie ectb B IIIIBM. Ho 3T0 060cHOBaHO
TOJIBKO JUUISI CIydash MHUKPOCXEM C IMHPOKO BOCTPEOOBAHHOM JIOTHMKOM.
HbIMU CJIOBaMU, BCe, KaK OOBIUYHO, 3aBUCUT OT pellaeMoU 3a/1auu, MoJ
KOTOPYIO BBI ToAi0MpaeTe Hanbosiee 3(ppeKTUBHYIO KOH(DUTYPaAIHIO.

Boonpocsl g4 CaMOKOHTPOIA

1. BpiGepuTe BepHbIE yTBEPIK/IEHUA:

a) BerpoeHHas cucrtemMa cama TeHepHUpPYeT JaHHBbIE, MTPOU3BOUT
pacyeThl ¥ BBIBOJIUT UX BO BHEIITHUU MUP.

b) Bcrpoennas cucrema MoJIydaeT JaHHbIE M3 BHEIIHETO MHUPa
¢ IOMOIIIBI0 Habopa JaTYHUKOB.

c) CBeToamo MOKET BBICTYTIATh B POJIU JaTUHKA.

d) CkaHep OTIIe4aTKOB MTAJIbIIEB MOKET BBICTYIIATh B POJIM JIATUHKA
JIJISI BCTPOEHHOU CHCTEMBI.

e) IP-aapa W3roTaB/JMBAOT 110 Yy3KOCHEUaIU3UPOBAHHbBIE
3a/1a4¥ KOHKPETHBIX CUCTEM.

f) IP-aapa — roToBbie OJIOKH TSI IPOEKTUPOBAHUS YCTPOUCTB.

g) Anajorom mporpammupoBaHus s [I[IBM  BwicTymaeT
U3MeHEHNE COeTUHEHUS 3JIEMEHTOB.

2. Yrto paboTaeT ObICTpee: MPOrpaMMa, BBITIOJIHAIONIASACH HAa 0OBIYHOM
Mukpomnpoieccope wiau III1IBM, peanusyooiias Ty e JIOTUKY, UTO U
mmporpamMma?

1.3 MUKPOKOHTPOJLIEPHI

B sTomM maparpade MBI TPOAOKUM TOBOPUTH 00 ammapaTHBIX
KOMIIOHEHTaX BCTPOEHHBIX CUCTEM, 3 UMEHHO O MUKPOKOHTPOJLJIEPAX.

MUKpPOKOHTpOJIJIEp ABJSAETCA IEHTPOM BCTPOEHHOU CHCTEMBI,
[I03TOMY B 3TOM yueOHOU MOCOOMU MBI y/IeJITMM MHOT'O BHUMAaHUS UMEHHO



1.3 MUKPOKOHTPOJLJIEPHI 21

pabore ¢ HuM. Ha Puc. 1.2 BbI BuauTe ofiHy u3 IutaT Arduino. 9To He
MHKDPOKOHTPOJIJIEP, 5TO IeYaTHas IUlaTa C MHOKECTBOM 3JIEMEHTOB,
CpeJll KOTOPBIX, IPHUCMOTPEBIIKUCH, BBl CMOKETE YBHUIETh OOJIBIIYIO
YepHyI0 MPsAMOYTOJIBHYI0O MHUKpocxeMy. BOT 5TO Kak pa3 W ecTh
MHUKDPOKOHTPOJIJIEP, KOTOPBIN BBITIOJHSET MPOTPaAaMMBbI, YIIPaBJSIOIITE
YCTPOUCTBOM.

Puc. 1.2: IThama Arduino

HTtaxk, paboTa JaHHOW MUKPOCXEMBI COCTOUT B TOM, UTOOBI BBITIOJTHATH
KOJl, U 3TO I[eHTp Bced cucreMbl. OH CUUTHIBAET JaHHble U3 JIPYTUX
KOMIIOHEHTOB, ¥ OH TaK)Ke YIIPABJIsIET JAPYTUMHU KOMIIOHEHTaMu. Yem
OT/INYaeTcs MUKPOKOHTPOJUIED OT MHKPOIPOIlECCOPa, KOTOPBIU
HCIIOJIb3YeTCs B OOBIUHBIX KOMHbIOTEpPax? MUKPOKOHTPOJIIIED OOBIYHO
MeHbllle U cjabee, YeM MHKPOIIPOIleccop, IO3TOMY, KOTZa TOBOPAT O
ITOCJIETHEM, TO UMEIOT B BUIy MHKpOCXeMy OT KoMmItanuu Intel mwoiu AMD,
yCTaHABJIMBAEMYIO B HACTOJIbHBIN KOMIBIOTEP WJIM HOYTOYK, U KOTOpas
paboTaet Ha OueHb OOJIBIIION CKOPOCTH.

MUKDPOKOHTPOJLJIED K€, KaK IPaBWJIO, CYIIECTBEHHO 0oJsiee CIaObIi.
[Tpu 3TOM € TOUKU 3peHus (PYHKIIMOHUPOBAHUSA OH JiejlaeT IPUMEPHO TO
’Ke camoe, HO TOJIPKO BO BCTPOEHHBIX cucremax. C 3TUM CBS3aHBI U
orpaHWYeHHs. Bce KOMITOHEHTHI BCTPOEHHBIX CHCTEM JIOJDKHBI OBITh
9HepProdhGEKTUBHBIMH U JENIeBRIMH W JJIs HUX, dYallle BCEero, He
TpebyeTcsi IPOU3BOAUTENBHOCTh KaK y IIporeccopa ¢ 6 fapaMu U
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yactoToul 4 I'Tm. Eciu Hy»KHO peasin30BaTh KOHKpemHoe B3auMOJIe-
CTBHUE C TIOJIb30BaTEJIEM, TO TaKasl IPOU3BOAUTEIHLHOCTb CKOPEE BCETO U HE
TpeOyeTcsi, TO3TOMY JIJII BCTPOEHHBIX CUCTEM OOBIYHO HYKEH JIEIIEBBIN
IIPOILIECCOP, TOTPEOIAIONTUN MaI0 SHEPTUU.

KakoBa mpou3BOIUTEIBHOCTh MUKPOKOHTPOJIJIEPOB B abCOJIIOTHOM
BhIpakeHUn? Ceiluac JAOCTATOUYHO YACTO HCIIOJIB3YETCS YaCTOTa OT 16
MHz, xoTs1 MOKeT OBbITh /Ia’Ke U MeHbIIle, HallpuMep, 8 wiu naxe 4 MHz.
ITO MOYTU B HECKOJIBKO COT pa3 MeJIJIEHHEN, UeM IPoIleccop 0OBIYHOTO
KoMmIlbloTepa. KoHe4HO, MOTYyT TIpUMeHATh U 0Oojiee  OBICTPBIE
MHKpocxeMbl — 710 500 MHz wmm nmaxxke mo 1 GHz. Oto Tpebyercs,
HaIIpUMep, JJ1s1 00pabOTKH BHAEOU300paKeHHH.

Jlpyroe otyimyue OT OOBIYHBIX KOMITBIOTEPOB COCTOUT B TOM, UTO B
OOBIUHBIX KOMIIBIOTEpPAX IIPOIECCOP U TaMATh — JTO OT/AEJIbHBIE
MHKPOCXEMBI, IPUYEeM OOBIYHO MAMSATh IIPeJICTaBIIsIeT COO0M HECKOJIBKO
MHUKpocxeM. MbI MOKeM MeHATh U J00aBJIATh MaMATh HE3aBUCHUMO OT
mporeccopa. B MHUKpPOKOHTpOJUIEpaX HaAuyaJbHOTO YPOBHA  BCE
00beIUHEHO B OJHY MHKPOCXEMY, TO €CTh II0 CBOEH CYyTH TaKOU
MHUKPOKOHTPOJUJIED — 3TO MHUHU-KOMIBIOTED, CAEJNAHHBIM Ha OJHOU
MHKpOCXeMe, Ha KOTOPOU HAXOAUTCSI W MHUKPOIIPOIIECCOP, U MaMsTh, U
ZIpyTre HeoOXO/IMMble KOMITOHEHTHI. KOHEUHO JKe, MaMATH y HUX TOKE
ropas/io MEHbIIE, YEM B HACTOJIBHBIX KOMIIBIOTEPAX, HO TAKOW BapuaHT
MOKET OBITh yI00€H, TaK KaK HY>KHO TOJIbKO MUHUMA/JIbHOE KOJIMYECTBO
BHEIITHUX KOMIIOHEHTOB, UTOOBI MUKPOIIpOIleccop Mor paboTtarts. B cambix
MIPOCTBIX CIy4asax TpebyeTcs TOJbKO MUTAaHUE.

B 0osee mNpPOUBBOAUTENBHBIX MHKPOKOHTPOJUIEPAX UCIHOJIb3YIOT
BHEIITHIOIO I1aMATh, KOTOpAs yCTaHABJIWUBAETCA OT/EJbHO. JTO MeHee
yZ100HO, HO 3aTO MO3BOJIAET BhIOPATh, CKOJIBKO MAaMATH HaM HY>KHO, He
IeperiaunBasl 3a He HY)XKHBII B KOHKPETHOM YCTPOMCTBE ee OOBEM.
OOBIYHO TaK JI€JIAI0T, KOI/Ia MHKPOKOHTPOJLIEPY 1T PabOTHI TpebyeTcs
TOCTATOYHO OOJIBIIION 00HEM ITAMSATHU.

MTak, MUKPOKOHTPOJUIED — 3TO WHTErPUPOBAHHAS MHKPOCXEMA,
KOTOpas BBINOJIHAET IporpamMmy. Ha Puc. 1.3 MHUKpPOKOHTpoJLIEp
BBITJISI/TUT HEMHOTO IO-/[PYyTOMY, UeM TO, YTO Mbl BUeIu paHblie. Ha
BTOM PHUCYHKE MbI 3arJISHYJIU BHYTPbh YEPHOU 00OJIOYKU U YBUMEIU TO,
KaK Ha caMOM JieJie BBITJIAIUT MUKpPocxeMa. ATO MaJIeHbKUU KpeMHUEBbIU
YUI, CHPATAHHBIN B 3aIIIUTHBIN KOPIIYC.

dotorpadusa Ha Puc. 1.3 mokaspiBaeT MUKPOIIPOIIECCOP IOCJIE TOTO,
KaK YuI ObLJT yCTAaHOBJIEH B KOPILYC.
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Puc. 1.3: Muxpoxonmpoanep

Cam xopmyc mpezcTaBiasgeT cobOW YepHBIM MaTepuas, KOTOPbIH
okpy>kaeT uutn. OH Hy>KeH, peK/ie BCETO, /IJId 3alUThI, 2 KPOME TOTO, JJI
OXJIQXKJIEHUsI MUKDPOCXEMBbI, TaK Kak IloMoraer Oosiee 3PPeKTUBHO
OTBOJIUTh TEIUIO. IDTO HEOOXOAUMO, IOTOMY UYTO BCE UHIIbI CHUJIBHO
HarpeBalOTCA BO BpeMsa paboThl. HacTOJNIBKO CHJIBHO, YTO €CJIU BBI
rornpobyeTe KOCHYThCSI OTKDPBITOTO UHIIa BO BpPeEMs €ro paboThl, TO
IIOJIYYNUTE TaKHe Ke OIIYIeHUA, KaK U OT PacKaJeHHOU JIaMIIOUYKH (110
KOJIMYECTBY BBIZIEJIAEMOr0 TeIlJla COBPEMEHHBbIE IPOIECCOPhl MOKHO
CPaBHUTH C OOBIYHBIMH 100 BATHBIMH JIAMIIOYKAMU).

Kpome Toro, Bbl BUJIUTE, YTO IO BCEMY MEPUMETPY UUIMA HAXOJATCA
KOHTaKTHbIE IUIOMIQJIKM. ITO TO, IIOCPEJICTBOM Yero MHUKpocxeMa
ob1aercs ¢ BHeITHUM MUPoM. OHH coeZIMHEHBI TPOBOJIOUKAMU C YUIIOM
U BbIBEJIeHbl Ha MaJIeHbKHE KYCOUKHM MeTajlyla Ha BHEIIHEN CTOPOHE
KOpITyca, TaK 4YTOObBl MOKHO OBLJIO NPUIAATh MHUKPOKOHTPOJLIIED
K OCTaJIbHBIM KOMIIOHEHTAM CHCTEMBI.

OOBIYHO MHUKDPOKOHTPOJIJIED CTABUTCA HA IMEYaTHYIO IJIaTy, MeJIHbIe
JIOPOKKH KOTOPOU COEIMHSAIOT €r0 C IPYTUMHU KOMIIOHEHTaMU CHUCTEMBI.
JJaHHasA MHKpocXeMa SABJIAETCSA ILEHTPOM CHCTEMBI, OHA IIOCHLIAET
KOMAH/IbI IPYTUM KOMIIOHEHTAM U IIOJIyJaeT OT HUX JIaHHbIe. YTOObI OHA
Moryia o0OpaboTaTh S5TH JlaHHBIE, €€ HYKHO 3aIporpaMMHPOBATh.
B otinume ot IIIIBM, anmapaTHyr apXUTEKTYpy MUKPONIpOoIleccopa
MEHATH HeJIb351. 3aTO B €ro IMaMATh MOXKHO 3aTPY3UTh IIPOTPAaMMY B BH/IE
Habopa MHCTPYKIINI, HAIIMCAHHBIX HA IOHATHOM €MY SI3bIKe, U IIOIIPOCHUTH
€ro ee BBITIOJTHUTb.
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Cy1ecTByeT MHOTO SI3BIKOB ITPOTPAMMUPOBAHMSI, HA KOTOPBIX MOKHO
IUcaTh MOJI00HBIE MPOTrpaMMbl. B paMkax 3Toro yuebHOro mocobus mMbl
Oynem  wmcmonb3oBaTh  A3bIK  CH A4 IPOTPAMMHUPOBAHUSA
MHUKPOKOHTPOJUIEPA, yCTAHOBJEHHBIM Ha Iiate Arduino (Puc. 1.2).
Kpome Cu ucCHosp3yloT W Jpyrue A3bIKU. lIpexkie ueM BBIIIOJHUTD,
IporpaMMmy, OU€BHU/IHO, HAJI0 T7le-TO COXpaHUTh. Ciie/loBaTeIbHO, BHYTPHU
MHKPOKOHTPOJUIEPA JI0JI’KHA OBITHh MAMATH /IS TporpaMMel. Celiuac 3To,
Kak MpaBuIo, (pJIsII-IaMATh, Takad ke, kKak B USB HakonuTesiax.

®s31I-naMAThL — 3TO YHEProOHEe3aBUCHUMAs MaMATh, TO €CTh TaKas, U3
KOTOPOU JaHHBbIE HE CTUPAETCA IOCJe OTKIouUeHus nurtaHus. Korma
[IUTaHUE NOABJISAETCA BHOBb, MUKPDOKOHTPOJIJIED HAUMHAET BBIIIOJIHEHUE
IpOrpaMMBbI ¢ CAMOT'0 HaJaJia.

Cne, Ha yeM ¥ Kak MUIIYT MPOTPaMMBbI JIIsI TTOAOOHBIX YCTPOUCTB?
OOGBIUHO BTO JleJIaloT HAa OOBIYHOM HOYTOyKe WJIM HACTOJIBHOM
KOMIIbIOTEpe. IJTO CBSA3aHO C TEM, YTO KaK y)Ke YIOMSHYTO paHee,
MHUKPOKOHTPOJIJIEPB] CPaBHUTEJIBHO Me/JjleHHble U cjabble. IlosTomy
[IpOrpaMMy HHUIIYT U KOMIIWJIUPYIOT Ha MOIITHOM KOMIIBIOTEPE, a 3aTeM
OKOHYAaTeJIbHASA BEPCUS CKOMIIMJIMPOBAHHOUN MPOrPaMMBbl JOI’KHA OBITH
3amucaHa B IaMATb MHUKPOKOHTpoJUiepa. [lelaeTcs 5TO ¢ IOMOIIBIO
CHEINAJIBHOTO YCTPOMCTBA, Ha3bIBAEMOT0 npozpammamopom (Puc. 1.4).

Puc. 1.4: IIpoepammamop

ATto HeboJbIIas MyaTa, Kotopas c¢ nomoibio USB mpucoennusercs
K KOMIIBIOTEPY, @ K PAacIOJIO}KEHHOMY Ha HeU CJIOTY IOJIKJII0YaeTcs
MUKPOKOHTpoJIep. EcCTh clieruanbHble MpOrpaMMbl Ha KOMIIBIOTEDPE,
KOTOpbIE CBA3BIBAIOTCA C 3TUM YCTPOMCTBOM U 3aIUCHIBAIOT Uepe3 HETo
mporpaMmy. JTO OJWMH U3  CIOCOOOB  3alpOrpaMMHPOBATH
MUKPOKOHTposuiep. C TakuM OpPOrpaMMaTOpPOM MUKPOKOHTPOJLIED
[IPOrPaMMHUPYIOT OTAEJIFHO, a IIOTOM YK€ YCTAaHABJIUBAIOT B CUCTEMY, T/l€
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oH Oyzmer paborarh. MHOT/Ia OBIBAaET TaK, YTO B YCTPOUCTBE YiKe
MIpeAyCMOTPEH CIEeUAJIbHBI pa3beM, U TOT/Ia MUKPOKOHTPOJLIIED
MIPOTrPaMMHUPYIOT MPsIMO B cucteMe. Ho B HallleM cirydae MbI He OyZieM Tak
7eyaTh, MOTOMY 4YTO MbI Hcmosb3yeM Arduino. /I Hee He HYyKeH
OT/IEJIbHBIN IIPOTPaMMAaToOp, TaK KaK OH y»Ke BCTPOeH B miary. MoKHO
mpocto B3saTh Arduino u, mogxaouuB ee k¥ USB mopty HOyTOyKa wMutu
HacTtosbHOTO IIK, porpaMmmMupoBaTs ee HeroCpeACTBEHHO.

BOl'IpOCBI AJIA CAMOKOHTPOJA

1. OTMeThTe BEPHBIE YTBEPK/IEHUS:
a) PaboTta MUKPOKOHTpOJLJIEPA COCTOUT B TOM, YTOOBI BBITIOJHATD
KO/I.
b) Mukporporieccop MeHblIIe U c1abee MUKPOKOHTPOJLIEPA.
c) IIpomeccop u maMsATh MUKPOKOHTPOJIEPA HAYAJIHPHOTO YPOBHSA
HaXOJATCS HA PA3HBIX MUKPOCXEMaX.
d) JIJ1s1 MOBBITIIEHU S IPOU3BOAUTETLHOCTA MUKPOKOHTPOJLIEPA UC-
ITOJIB3YIOT BHEITHIOIO ITAMSITh.
2. Kaxk HazpIBaeTcs yCTPOUCTBO, C TOMOIIbI0 KOTOPOTO OKOHYATETbHYIO
BEPCHUIO MPOTPAMMBI IIEPEHOCAT ¢ KOMITLIOTEPA HA MUKPOKOHTPOJI-
Jaep?

1.4 AHajgorossie u AUCKPCTHBIC CUTHAJIbI

B 5TO# yacTu MBI 00CYIMM aHAJIOTOBBIE U MTU(POBBIE CUTHAJIBL. PaHee
Mbl TOBOPWJIM O BCTPOEHHBIX CHCTEMax UM UX uUHTepderce
B3aUMOJIENICTBUA C OKPYKAIOIIUM MUPOM U BHUJIEJIM, UTO Ha BXOJE eCTh
HabOp CeHCOpOB, KOTOpBIE MoJydyaloT uHopMmanuioo u3BHe. CeHCOPBI
MOTYT OBITHh OYEHb IMPOCTHIMHU, TAKUMH KAaK KHOIIKA, a MOTYT OBITh U
CJIO’KHBIMU, KaK, HallpuMep, MUKPOQOH, JAaTYUK OCBEIIEHHOCTU WU
kamepa. C Jpyroili CTOpPOHBI, y BCTPOEHHOHW CHCTEMBI €CThb
HCIIOJIHUTEJIbHbIE MEXaHU3Mbl, KOTODBIMM MOTYT OBITh JIAMIIOYKH,
CBETOMO/bI, NUHAMUKM, SKpPaHbl WM 4TO-TO emie. M Te, m japyrue
obecrieynBaOT CBA3b BCTPOEHHOW CHCTEMBI C BHEITHUM (HU3UUECKUM
vMupoM. OHU U3MepAIT (U3NUEeCKHe IapaMeTphl WJIM Hao0OpOT,
MIPOU3BOJAT KaKue-TO (pu3nvyecKue AEUCTBUA, a PU3NUECKHEe CUTHAJIBI
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yale BCero ABJIAIOTCS aHAJIOTOBBIMU. B TO ke BpeMs AApO CUCTEMBI —
MHUKPOKOHTPOJIJIED — pabOTaeT B JIMCKPETHOM OKPYKEHUU — B MUPE
«HyJIEW U eIUHUIl» U 3HATh HE 3HAeT 00 aHAIOTOBBIX cUTHaIaX. [Ipexe
yeM UHQOpMAIUA U3 BHENIHEr0 MHUpa IIOCTYIUT HAa 00paboTKy B
MUKPOIIPOIIeCCOp OHA JOJIKHA ObITh 0UuU@POB8aHa, TO €CTh IiepeBeJieHa U3
aHaJIOroBOU (hOpMBI B IU(DPOBYIO.

B uwem e pasHuDAa Mexay STUMU (opMaMHU HpeJCTaBIECHUA
curHasioB? MOKHO IIPpUBECTU TAaKOe CpPaBHEHUE — Ppa3HUIA MEXIy
QHAJIOTOBBIMH U MU(POBBIMU CUTHAJIAMHU TaKasd ke, KaK Pa3HUIlA MEXKITY
JEeNCTBUTEJbHBIMIU U  IeJIbIMU  uncaamMu. Ecium  Bbl  TOMHUTE,
JeVCTBUTEIbHBIE YMCJIA SIBJIAIOTCS HEIMPEPBIBHBIMU, TO €CTh Ha JIIOOOM
WHTEpPBaJie, KAaKOW Obl BbI HE B3SJIU, CYIIECTBYET OECKOHEYHOE YHCJIO
Takux uuceys. C Apyroll CTOPOHBI, Bbl MOXKETE€ B3ATh CKOJIb YTOJIHO
0OJIBITION UHTEPBAJI, HO KOJTUUECTBO I1€JIbIX YK CEsI Ha HEM Oy/IeT KOHEYHO.
CobcTBEHHO, pa3HUIIA MEXK/Y aHAJIOTOBBIMU U IM(PPOBHIMU CUTHAIAMH,
IIO CYILeCTBY, UMEHHO B 3TOM.

JlaBaliTe paccMOTPUM KaKOU-HHOYZb «aHAJIOTOBBIN» TMIPUMED,
Harnpumep, ceT. IIpeAnosiokumM, Ha Hac NaJlaeT CBeT OT JIAMIIbI, U €ro
SIPKOCTh MOXKHO peryjupoBarh. Kak IpaBuio, APKOCTh CBeTa — 3TO
AHAJIOTOBBIN MapaMmeTp. MOKHO B34Th JIaMIly, HOJKJIIOYEHHYIO uUepe3
AUMMeEp, U CcAeJaTh ee HEMHOro spue WIN HEMHOIO TeMHee.
B 3aBucuMOCTH OT TOTO, HACKOJIBKO TOYHOE YyIIpaBJeHHe, MO>KHO
MIOJIYYUTh OYE€Hb MHOTO BO3MOXKHBIX 3HAYEHUU MEX]y IIOJIHOCTBIO
BBIKJIFOUEHHBIM U TOJHOCTHIO BKJIIDUYEHHBIM CBeTOM. TO 3Ke caMoe CO
3BYKOM. MOXHO TOBOPUTH T'POMKO, MOKHO THUXO. MOKHO TOBOPUTH
C IPOMEXKYTOYHOM  TPOMKOCTBbIO.  ['DOMKOCTP  MOXXHO  IIJIAaBHO
pPeryJinpoBaTh MEXAY MaKCUMaJIbHO T'POMKOUW M MaKCUMAJIbHO TUXOM.
ITO TOXKe aHAJIOTOBOe siBJieHUWE. Bce HempepbhIBHbIE SBJIEHUs HAIETO
Mupa (o KpaliHed Mepe MMEHHO TaK HUX BOCIHPHHHMAET YeJIOBEK) —
HaIlpuMep, BpeMs, pacCTOsAHNe, Macca, ApKOCTh, CUJIA, IaXKe BKYC U TOMY
O7I00HOE — ABJISTIOTCS] QaHAJIOTOBBIMH.

®u3uku, KOHEYHO, MOTYT BO3pa3uTh, CKA3aB, UTO HA CAMOM JeJie 3TO
He TaK, YTO MUP AUCKPeTHHIN. CyliecTBylolue Ha cyDATOMHOM YPOBHE
DJIeMEHTApHble YaCTUIl MOTYT HaxXOAUTHCA TOJIBKO B  CTPOTO
oIpe/leJIEHHBIX COCTOSIHUAX, U 3TO IUCKPETHBIU MUDP. BO3MOKHO, 3TO TaK,
HO /U1l HAIlIUX YeJ0BEUYECKUX YyBCTB MUP ABJIAETCA aHAJIOTOBBIM. MBI He
MOK€M BOCHPUHHUMATh COCTOSIHUSA OT/IeJIbHBIX 3JIEMEHTApHBIX YaCTHII,
II03TOMY HaM KaXeTcCsd, UYTO BCe MapaMeTphl MOTYT U3MEHATHCA IJIABHO.
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Ho rimaBHas mpobsiema gake He B 3TOM, 4 B TOM, YTO Pa3JIMIHBIX
3HAYEHU aHAJIOTOBOT'O CUTHAJIA MOYKET ObITh OU€Hb-OUE€Hb-0YEHH MHOTO,
HACTOJIbKO MHOTO, UTO y COBPEMEHHOU BHIUYUCTUTEIHHOU CUCTEMBI ITPOCTO
He XBaTUT PecypcoB paboTaTh co BceM ero MHoroobOpasueMm. C apyrou
CTOPOHBI, INCKPETHOE SBJIEHNE — 3TO TO, UTO MOXKET HAXOAUTCS TOJBKO B
dbukcupoBaHHOM  (CpaBHUTEJILHO, HEOOJIBIIIOM) YHCJIE  Pa3HBIX
COCTOSIHUM, HAIIPUMEDP, «€CTh» WIH «HET», KaK BBIKJIIOYATEIb CBETA Ha
CTeHe — OH WJIN BKJIIOUEH, WU BBIKJIIOUEH. B 5TOM ciiyuae ecTh Bcero JBa
YPOBHS SIPKOCTH.

JIpyruM NIpPUMepPOM MOTYT OBITh Yachl. BHIBAIOT IM(PPOBBIE YAaCHI,
KOTOpPBIE MOKA3bIBAIOT IUMPHI. A OBIBAIOT YaChl CO CTPEJIKAMH, U €CJIU
CTPEJIKU JBHIKYTCS IUJIAaBHO, TO CTPEJIKAa MOKET HAXOAUTHCSA B JIIOOOH
MIPOMEKYTOUYHOU ITO3UIIMH, B TOM BpeMs KakK IU(POBbIE YaChl MOTYT
ITOKa3aTh TOJIPKO IIeJIbIE Yachl, MUHYTHI, CEKYH/IbI.

Msbl TOBOPMM 00 B3TOM IIOTOMY, YTO BCTPDOEHHbBIE CHCTEMBI
B3aMMOJZIEICTBYIOT C pEJIbHBIM MHUPOM, KOTOPBIA, B paMKax HAaIIero
BOCIIPUSATHS, BO MHOTOM aHaIOroBbIH. IlycTh, Hampumep, Tpebyercs
JAaTYUK, KOTOPBIM W3MepsieT SPKOCTh CBeTa, W IyCTh OH Oyzer
aHaJIOTOBBIM, UTOOBI OBITH B COCTOSTHUH W3MEPHUTH HE TOJIPKO, YTO CBET
BBIKJIIOUEH VIV BKJIIOUEH, HO U CTeNEeHb ero ApKOcTH. [Ipobiema cocTout
B TOM, UTO, KaK y?Ke OBbLJIO CKa3aHO BBIIIIE, MUKPOKOHTPOJLIIEPHI ABJISIOTCS
nudpoOBbIe CHUCTEMAMH, TO €CTh OHH IMOHMMAIOT TOJIBKO ITU(MPOBBIE
JAHHBIE, WJIH €CJIN 60JIee KOHKPETHO — HYJIU ¥ € TUHUIIBL. J[J1s1 TOTO, YTOOBI
IporpaMMa Ha MHUKPOKOHTPOJIJIEpE MMesa BO3MOXKHOCTh UCIHOJIb30BATh
MHOpPMAIIUIO OT JATYUKOB, HYKHO UTOOBI aHAJIOTOBBIA CHTHAJ OBLI
mpeobpa3oBaH B nudpoBoe 3HaueHwe. M 3TO TO, I Yero HYKHO
aHasoro-mugpoBoe Mpeodpa3oBaHUE.

Mp1 He OyieM OZIPOOHO 0OCYKIAaTh CaM ITPOIIECC, TAK KaK OH SIBJISETCS
CPaBHUTEJIBHO CJI0KHBIM. /l0CTaTOYHO OHUMATh, YTO OEPYT aHAIIOTOBOE
BeIlleCTBEHHOE 3HaueHHe M IpeoOpasyioT ero B IeJioe YHCJI0, KOTOPOe
ABJIsIETCA npubaudiceHueM K UCXOTHOMY aHAJIOTOBOMY 3HaueHUI0. Beerga
€CTh KaKas-TO OIIMOKa, HO 3TO HOPMAaJIbHO, TaK KaK MBI MOKEM CZ€JIaTh
OIIMOKY HACTOJIPKO MaJIeHbKOU, UTOOBI OHA HAC yCTpauBasa.

Wrak, aHasoroBo-nudpoBoe mnpeobpazoBanue (cokpaimieHHo AIIIT)
TpeOyeTcsi Ha MHOTHX BXoAaX. Ha MHOTrmMX, HO He Ha BCeX, TaK KakK
HEKOTOpbIe U3 HUX MOTYT OBITh y)Ke NHU(POBBIMU, HAIIPUMED, KHOIIKH.
KHOIIKM ecTecTBEHHBIM 00pa3oM SBJIAIOTCSA IHUMPOBBIMU: KHOMKA HJIU
Ha’KaTa, WU OTIyIIeHA.
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Ha BbIXO/Ie — CO CTOPOHBI HCIOJHUTEJIbHBIX MEXAaHU3MOB, YacTO
MOKET TOTpeboBaThcsi o0bOpaTHOe Tmpeobpa3oBaHue U3 IUPPOBOTO
CUTHaJIa B aHaJoroBblii. Hampumep, MHUKPOKOHTDPOJIED OJKEH
BBIBOJIUTH 3BYK 4Yepe3 TPOMKOTOBODUTEIU. AKYCTUUECKHUE CHUCTEMBI
SIBJIAIOTCA QHAJIOTOBBIMU YCTPONCTBAMH, OHU HYK/IAIOTCH B AaHAJIOTOBOM
CUTHAaJIe, 2 MUKPOKOHTPOJJIEP BBIBOJIUT HYJIU U €JUHUIIBI, [IO3TOMY TYT
Hy>KHO TIpeobpasoBaHue Iu¢pPOBOTO CUTHAJIA B aHAJIOTOBBIM. Tak 4ToO
OYeHb YaCTO MOXKHO BUJIETh Ipeo0pa3oBaHNEe aHAJIOTOBOTO CHUTHAJIA B
un@poBON HaA BXOJle CUCTEMBI U IM(PPOBOTrO B aHAJIOTOBBIN HA BBIXOJIE.
PaccMoTpuM mpuMep TaKoro mpeodpa3oBaHUS.

HanpskeHue |
(AaBneHue)

P

7
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Bpemsa

Puc. 1.5: I[Ipumep aHan02080-uugdposo20 npeobpa3osaHus

[TycThb eCTh KAaKON-TO CUTHAJI, KOTOPBIU U3MEHSETCA CO BpeMeHeM, KaK
rnokaszaHo Ha Puc. 1.5. Hampumep, 3T0 3ByKOBas BOJIHA, ABJIAIOIIAACA
U3MeHeHUEeM /1aBJeHus co BpeMeHeM. Eciiu 5To unceThiil TOH, TO JaBjIeHue
OyzieT U3MeHATHCA 10 QYHKI[UH CUHYCA, KaK TTOKa3aHO IUIAaBHOU JIMHUEH.
ITo ocu Y Bajaerca paBjieHHe BO3/yXa, KOTOPOE BOCHPUHUMAETCH
MukpodoHom. Posib MukpodoHa COCTOUT B TOM, YTOOBI IpeoOpa3oBaTh
JaBJiecHUe B HaIpsDKeHHWe, KOTOpoe YyiKe OyayT BOCIPUHUMATh
9JIEKTPOHHBIE crucTeMbl. MUKPODOH BOCIIPUHUMAET /IaBJI€eHUE U BBIJIAET
HalpsKeHUe, KOTOpoe U3MEHAETCA TaK Ke, KaK U3MeHseTCs aBJeHue,
MO3TOMY OCh Y TMOJINKCAHA ellle U KaK HallpsKeHue.

Ho mocne wmukpodoHa 35TO Bce ellle aHAJOTOBBIA CUTHAI,
U300pakKeHHBI B BUJE TJIQJIKOW, HENMPEpPHIBHOW, KPACHOW JIMHUU Ha
rpaduke, IJIaBHO U3MEHAIOIIENCS BO BpeMeHU. 3HAaYeHM s 3TOTO CUTHAJIA
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— TO-TIPeXHEMY JeHCTBUTEIbHbIE UKC/Ia, BeJb HAIPSKEHHE MOKET
IPUHUMATD JII000€ MPOMEKYTOUHOE 3HAUEHUE MEXIy MAKCUMyMOM U
MHHHUMYMOM.

Ha 3TOll KapTHWHKE MOXXHO BHJIETh TaKKe TpaduK CTYIEeHYATOTO
JUCKPETHOTO  CUTHAJIa, KOTOPBIM MOKET TMPUHUMATh TOJIBKO
ompezie/IeHHbIE 3HAYEeHUs, N300pa’KeHHbIE B BHUJIE TOPU3OHTATHHBIX
JIMHUNA. OTU 3HAYEHUSA COOTBETCTBYIOT IEJIBIM YHCJIaM O, 1, 2, 3 U TaK
nanee. CoOCTBeHHO, IM(PPOBOM CUTHAT MOKET IPUHUMATh TOJIBKO TaKUe
3HAYEHUs], ¥ HE MOKET IPUHUMATh ITPOMEKYTOUHbIE.

Takum oOpa3oM, aHAJIOTOBBIN CUTHAJ C HEKOTOPOW IOTPENIHOCTHIO
npuoIMKaercs Mu@pPOBBIM CTyIIeHUYaThIM cUTHAIOM. Kak 3To menaercs?
JIJis1 9TOTO ¢ OIpe/ieJIEHHBIM HHTEPBAJIOM II0 BPEMEHU 3aIlMChIBAIOTCS
3HAQUYEHHUs AHAJIOTOBOTO CHUTHAJA, a TOUYHee OJIMKANIINE JUCKPETHBIE
3HAYEHUsI, KOTOPBIE Y HAC eCTh. IMEHHO 3TO JIeJIaeT aHAJIOTOBO-IIN(PPOBOE
npeobpa3oBaHUE.

B ciyuae oOpaTHOTO IpeoOpa3oBaHUs BCE MPOUCXOAUT HA0OOPOT —
MudpPOBOM CHUTHAJI IIOCBUIAETCA HA WCIOJHUTEJIBHBIM MeXaHU3M,
HaIIpUMeDp, Ha IMTHAMHUKU, KOTOPbIE U IPeo0pasyIoT ero, B JAHHOM CJTyJae
B 3BYKOBYIO BOJIHY.

Boonpocsl g1 caMOKOHTpPOIA

1. BpibepuTe AaTUYMKH, C KOTOPBIX MOMKET IIOCTYNaTh aHAJIOrOBast
nHoOpManuA:
a) Knomnka.
b) JlaTunk, N3MepSIOMUY YPOBEHD IITyMa.
¢) JlaT4HK OCBEIeHHOCTH.
d) Tpexmo3UIMOHHBIN ITEPEKTIOUATETD.

2. OmnpepennTe BepHbIE YTBEPKAECHUA:

a) MUKpDOKOHTpOJIJIEpBI PaboTaloT Kak ¢ MOU(POBBIMH, TakK
¥ aHAJIOTOBBIMH CUTHAJIAMH.

b) AnanoroBo-1udpoBoe npeobpa3oBaHue IpUOINKAET
QHAJIOTOBBIY CUTHAJ IU(POBBIM.

c¢) Ha wucnosHUTENbHBIA MeXaHU3M (HampuMmep, AUHAMUK)
IIOChLTIAeTCSA  CUTHAJ, MOAUQPUIUPOBAHHBIM €  IIOMOIIBIO
aHaJIOroBO-1I(PpOBOro Mpeobpa3oBaTeI.



Tema

AnnapamHoe o6ecneveHue

2.1 3JIeI{TpOHHI)Ie KOMIIOHEHTDbI

B sTOll TemMe MBI MOTOBOPUM O JOKYMEHTAallUU Ha 3JIEKTPOHHbIE
KOMIIOHEHTHI. PaccMoTpuM, K mpumepy, BOT 3TOT TPAH3UCTOP:

Puc. 2.1: Tpanaucmop

Ecsu HabpaTh B IOMCKOBUKE Ha3BaHUE 3TOTO TPAH3UCTOPA, MOXKHO HAUTH
ero OmNHCaHWe U TeXHUYecKyl JAokyMeHTanuio. IlepBas cTpaHuia
OIIMCAaHUS MOMKET BBIIVIAZIETh MPHUMEPHO TaK, KakK H300pakeHO Ha
Puc. 2.2. B mokymeHTanuu coAep:KUTCSA O4YeHb MHOTo WH(OpMAIUU,
KOTOPYIO B IIEpBOE BPEMS MOKET OBITh CJI0?KHO MOHSTD.
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Puc. 2.2: IIpumep cmpaHuysl ¢ onucaHuem mpaH3ucmopa

1860 doig PIadd vOF 'AD0S 045 09NOVHES

K Tomy ke MHOTHe KOMIIOHEHTHI IIPOU3BOAATCS 32 TPAHUIIEH U OITHCAHUS
€CThb TOJIbKO Ha aHIJIMHCKOM fA3bIke. VIHOTZIa MOKHO HAWTH €ro WU Ha
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PYCCKOM $I3bIKe, HaIIpuMep, Ha caiiTe www.chipdip.ru, Ho JaIie BCero oHO
OyZeT oOdYeHb KpaTKUM, COJIepKalllUM TOJIBKO CcaMble OCHOBHBIE
mapameTpbl. Ha Puc. 2.3, Hampumep, W300pa’keHbl IOJ CTPAHUIIBI
JOKYMEHTAIIUU Ha 14 Pa3JIUYHBIX TPAH3UCTOPOB, & €CJIU MOCMOTPETH
B QHIVIMUCKYIO BEpPCUIO, TO TaM Ha KaXJbIH TpaH3UCTOp OyAeT mo 14
crpanuil. [loaTomy Jydiiie yYUTh TEXHUYECKUU AaHTJIUNUCKUN SA3BIK, YTO, K
CUACTHIO, HE OYEHD CJIOKHO C/IeJIaTh, TAK KaK MHOKECTBO HamboJIee 4acTo
HCIIOJIb3YEMBIX CJI0B U3 00Js1acT MH(POPMAIUOHHBIX TEXHOJOTUHU, KaK U
JII000K  APYrod y3KOCHENHUATU3UPOBAHHOW cdephbl, CPaBHUTEIHHO
Hebospoe. Ecyti BBI TOJIBKO HaUMHAaeTe pa3bupaThCsi C 3JIEKTPOHUKOM,
TO BBI B/l JIU CMOKeTe MOHATH BCe, UYTO HAIIMCAHO B IOKyMeHTaruu. Ho
3TO HE CTpAIHO, Yallle BCErO IMOHUMATh BCE IEJMKOM Jake U He
TpebyeTcs.

IGBT TPAH3MCTOPBI Cifineon

IGBT tpanauctopsl dpupmel Infineon euinonHensl no NPT TexHonoruu,
KOTOpas Mo3eoNuNa 3Ha4YUTENLHO YNyHLWUTL paboune XxapakTepucTUkn S P 30 N 120

npuGopos.
1. Twun Tpanaucropa 1 2 3 4
IGBT TpaH3ncTOph! BIMyCKaloTCA B pa3Ho0bpasHbIX koprnycax. TexHono- BUP - IGBT

rust EmCon upmei Infineon nossonseT MHTErpupoBaTL B OIHOM KOpy- SR T BT ¢ o0paTasst IHOMOM
Ce TPaH3NUCTOp W BLICTPOASHCTBYIOLMI 0BpaTHbLINA ANOA,. 2. Tun xopnyca: D - TO-252AA, | - T0-262, B - TO-263AB, P (wm 2) - TO-220AB,
Juanazox pabounx Tokos 2-30 A, paboyee Hanpsixenune ao 1200 B. W - TO-247AC, 3 -TO-218AB

) 3. Toxk xonnexTopa, A
Juana3zon pabounx Temnepartyp: -55...+150°C. 4. Hanpsixenme KosunexTop-smuTTep (x10), B

g
g
§
g
El

YacToTHuIH Hanprxeuue
Ananason, | HanpPRX.

Haumenosanme e sMnTTep, B AR, B"vep n - Tun xopnyca CemeiicTeo
BUP212 | 34 2 125 70-220A8

BUP213 33 32 200 a1

BUP313 34 32 200

BUP314 10 1200 34 52 300

BUP311D 34 20 125 TO-218AB

BUP313D 34 32 200 IGBT ¢ o6paTHea monom
BUP314D | | 34 42 300

SGP30N60 TO-220AB

SGW30NG0 00 25 ® =0 TO-247AC |

SGPO2N120 1200 3.1 2 62 TO-220AB ol
SGPO7N120 30 1200 3.1 7 125 TO-220AB

SGW25N120 1200 3.1 25 313 TO-247AC

SKP15NG0 [ 600 | 23 15 139 T0-220AB | gucrponeficreyious IGBT
SKW25N120 1200 37 25 313 TO-247AC € o6paTHEM ionoM TO-218AB

Puc. 2.3: IIpumep doxymeHmauuu no mpaH3ucmopy

Wrtak, xakyio wuHGOpPMAIUI0 Mbl MOMKEM IIOYEPHHYTh U3
noxkymeHTaruu? OjHa BeIlb, KOTOpas BCErJla TaM €CTh, 3TO Pa3Mephl
kopmyca. Tak Kak pas3JUYHbIe KOMIIOHEHTHI BCTPOEHHBIX CHCTEM Bcerjaa
HY>KHO COEQUHSATH BMECTe, HWHKEHEPhl JOJIKHBI 3HaTh, KAaKOH y HHX
paszMep, YToObI MOKHO OBLJIO Pa3paboTaTh HOAXOASIIIYIO CXeMY ILIATHI.
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TO-247AD Package Outline
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Puc. 2.4: Yepmesxc mpaH3ucmopa

[ToaToMy, B JOKyMEHTallMd B 00s3aTeJIbHOM ITOPsAKE OYAyT yKa3aHBI
pasMephl, Kak, HallpUMeD, B UepTerke TpaH3ucTopa Ha Puc. 2.4. Hacro Ha
yepTeke pasMephl IIOKa3aHbl OyKBaMHU, a PsAAOM yKasaHa TabJuIa,
B KOTOPOH HAIIMCAaHO, KaKoil OyKBe KaKOH pa3Mep COOTBETCTBYET.
B kauecTBe eguHUI] HU3MEPEHHs OOBIYHO WCIIOJIB3YIOT U JIIOUMBI, U
MUJLTUMETPHI.

'abapuTbl KOMIIOHEHTOB Ba)KHbI, IIOTOMY UYTO, €CJIH, HAIpUMED,
HCIIOJIb30BaTh MAaKeTHYI IUIaTy C IIIaroM OTBEPCTHH, B KOTOpPHIE
BCTABJ/IAIOTCSI KOMIIOHEHTBI, B 2.54 MM, TO C Hell MOKHO OyJieT
HCIIOJTb30BaTh TOJBKO T€ KOMIIOHEHTHI, IIaT MEXKy HOKKaMHU KOTOPBIX
pPaBeH WM KpaTeH 2.54 MM, WHAUe WX MPOCTO HE IOJIYUYHUTCS BCTABUTD.
OueBUIHO, YTO BCE 3TO HAJO 3HATh JI0 IIOKYNKH COOTBETCTBYIOIIHX
neTaien.

Bo-BTOpBIX, €C/JIM HYKHO CIIPOEKTHPOBaTh OYE€Hb KOMIIAKTHOE
YCTPOHCTBO, TO Pa3Mephbl UCXOAHBIX 3JIEMEHTOB, OYEBHU/IHO, TOXKE OyAyT
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OYeHb BaXKHBI, TaK KaK TMPHUJETCSI BHIOUpPATh caMble MaJIEHbKHE
KOMIIOHEHTHI, YTOOBI YJIOKUTCSA B 33/ITaHHBIE Pa3MEPHI.

B pokymeHTanuu, KOHEUHO, ecThb W Jpyrad uHopmanusa. Tam
00s13aTeIbHO €CTh JJIEKTpUYEeCKWe U TeMIlepaTypHble IapaMeTphl.
TemneparypHble TapaMeTpbl MOTYT OBITH Ba)KHBI, €CJIU YCTPONCTBO
JIOJ’KHO paboTaTh 3UMOM Ha yJIHUIlE WX HA000pOT, OHO MpeHa3HAYEHO
JUUTsI IIPOU3BOJICTB € BBHICOKOU TeMIlepaTtypoil. Eciiu yeTpoiicTBO He OyzeT
HCIIOJIb30BAThCA B OKCTPEMAJIBHBIX YCJIOBUAX, TO TeMIlepaTypHBIE
XapaKTEPUCTUKU HE BaXKHBI.

JJIeKTpUYeCcKrue  MapamMeTpbl  BKJIIOYAIOT  TaKWe  BaKHBIE
XapaKTepUCTUKH, Kak, Halmpumep, B3HAYeHUs  MUHUMAJIbHBIX
Y MaKCUMAaJIbHBIX HANPSKEHUH U TOKOB, KOTOPHIE MOKET BBIJIEPIKATH
KOMIIOHEHT, a TaKKke paboune Mama3oHbl 3TUX BEJIMYUH. ITO BAXKHO,
IIOTOMY YTO HY?KHO, ObITh YBEDEHHBIM, YTO BCE KOMIIOHEHTBI COBMECTHUMBbI
[0 HampskeHUt0. Hampumep, MHUKPOKOHTposUiep paboraer Ha
HAaIIpsPKEHUM 5 BOJIBT U, COOTBETCTBEHHO, BBbIZJaeT BCe CHUTHAJIBI
C Hamps>KeHUEeM 5 BOJIbT, a KAKON-TO APYroil KOMIIOHEHT, HanipuMmep, 1P-
Aapo, paboraeT Ha ypoBHE 3.3 BoJIbTA. Takue KOMIIOHEHTBHI HeJIb3s
COEIMHUTD HATIPSIMYI0, OHH HE CMOTYT JPYT C IPyTOM pab0oTaTh, 1 MOKET
OBITH BOOOIIE «CropsAT». B 3TOM ciydyae IMOHAMOOATCA CIeI[UaJIbHbBIE
YCTPOMCTBA, KOTOPBIE OYAYT IMEPEBOAUTH YPOBHU HAMPSIKEHUS OT 5 K 3.3
BOJIbTaM U oOpaTHO. Vu Ke HY:KHO cpasy Moji0upaTh KOMIIOHEHTHI,
paboTarlye Ha OJHOM HaNpPsKEHUU.

Kaxk yxe ObLIO YIIOMSHYT, OOBIYHO B JIOKYMEHTAIlUX €CTh JiBa BUJIA
BJIEKTPUYECKUX XapakTepucTuk. OMH, KOTOPBIH Oy/IET yKa3aH B HAvaJe,
9TO MaKCHUMaJIbHbBIE JIOMyCTUMble 3HAUeHUs (Ha aHIIMKACKOM «Absolute
maximum ratings»). 9T XapaKTEPUCTUKU TOUYHO He HAJI0 MPEBBINIATD,
IIOTOMY YTO KOMIIOHEHT, CKOpee BCero, cpasy ke croputT. Hampuwmep,
TPaH3UCTOp C Puc. 2.1 He BBIAEPIKUT, €CJIU MOAATh 0OJIbIE 600 BOJIBT
MeXKly OZTHOU U3 Iap ero BhIBOAOB U OoJIbllle 20 Mexay Apyrumu. U oH
He MOXKET IIPOITycKaTh Oosbiie 80 amriep. 80 amIiep, 3T0, KOHEYHO, OUEHD
MHOTO, ¥ peub ujleT 00 0YeHb MOIITHOM TPAH3UCTOPE, HO, ECTTU TOK OyeT
elte OOJIBIIIE, TO OH OBICTPO IIEpETPEETCs U CTOPUT.

Bropoii  BUJA =~ 9JIEKTPUUECKUX  XAaPaKTEPUCTHK,  YKa3aHHBIX
B IOKYMEHTAIlUX, S5TO TaK Ha3blBaeMble paboume XapaKTEePUCTUKHU
KOMIIOHEHTOB, TO €CTh T€, C KOTOPBIMHU OHH MOTYT paboTaTh B IIITATHOM
pexKuMe.



2.1 DJIeKTPOHHBIE KOMITOHEHTHI 35

OOBeMBI U CIIOKHOCTh TEXHUYECKOH JOKYMEHTAIIUU CHJIBHO 3aBHUCST
OT caMUX KOMIIOHEHT, KOTOPbIE€ MOTYT ObITh OU€Hb pa3HbIMU. HeKkoTOphIe
U3 HUX OYEHb IPOCThle, KaK HAIPHUMEP, PE3UCTOPBI, KOTOPbIE MOKHO
omucaTh BCErO0 HECKOJbKMMH mMapaMeTrpamMu. Ho dYeMm ciokHee
KOMIIOHEHT, TeM OO0JIbIlle y HETO Oy/IET MapaMeTPOB U TEM CJIOXKHee Oy/IeT
moKymeHTarusa. Hampumep, MUKPOCXeMBI MOTYT OBITh OUEHbB CJIOKHBIMH,
U JIOKYMEHTAIlus Ha HUX MOXKET UMeTh pa3Mep B COTHU CTPaHMII.
B 4acTHOCTH MUKDPOKOHTPOJIJIEPHI — 3TO OUYEHb CJIOKHBIE MUKDPOCXEMEI,
JUIST OIHCAHHs KOTOPBIX TpeOyeTcsi He TOJBKO YyKa3aTh BHEIIHUE
IIapaMeTphl BpOJe pa3MePOB, HANPSKEHUSA U IIPOYHX XapaKTEPHUCTHK, HO
ellle W IIOJIHOCTHIO OIHCAaTh BHYTPEHHIOIO JIOTHKY Pa00OThI MHKPOCXEMBI,
YTO WHOTJA MOKeT 3aHMMAaTh OOJIbIIIe MEeCTa, 4YeM BCe BHEIIHHE
XapaKTEPUCTUKH.

K cuacTbio, B HacTosIeM yueOHOM IT0COOMH HaM He HY>KHO IJIyOOKOTO
TIOHUMAaHUS BCeX JleTajiell paboThl MUKPOKOHTPOJIJIEPA U IIOATOMY HaM He
rmotpebyercsi m3ydaTh ero OOBEMHYIO JIOKyMeHTaruio. Mbl Oyzmem
HICIIOJIB30BATh IJ1aTy Arduino, a iy1s Hee ecTh OMOJIMOTEKH, ITO3BOJISIONIHE
IIPOCTHIMH CP€JICTBAMH HCIIOJIb30BaTh BO3MOKHOCTH YCTAHOBJIEHHBIX HA
ATHX IUIaTaX MHKPOKOHTPOJLIIEPOB. XOTs, KOHEYHO, HY?KHO IOMHUTbD, YTO
OMOJIMOTEKM, CKpBIBasl JETAJH pPeau3alliy, Tak:Ke CKPBIBAIOT U BCE
MOTEHIIUAIbHbIE BO3MOKHOCTH. MOTYyT OBITh TaKue 3a7laddd, KOTOpPHIE
MOKHO PEIINTh C IIOMOIIbI0 MUKPOKOHTPOJLJIEPA, HO JJIsI KOTOPHIX HET
O6ubmoTeKu, Uiu 6MOINOTEKA pellaeT UX HEMHOTO He TakK, KaK HY»KHO.
BrIBaeT, UTO B MUKPOKOHTPOJLJIEPE KAKOU-TO KOMIIOHEHT MOKET paboTaTh
B Pa3HBIX PeKHMax, a 0NOIMOTEeKA IT03BOJISET UCII0Ib30BATh TOJIHKO OJIUH
u3 HuX. Vm 6ubroTeKa JieylaeT 3To0 MelJIEHHee, YeM, eCJTU YIIPaBJIATh
MHKPOKOHTPOJUIEPOM HampsaMmywo. I[lo3ToMy, B TIIOCJIEICTBUH BaM
0e3yCcJIOBHO HeOOXOAuMO OyAeT HAydUThCA IIOHUMATh STH OTPOMHBIE
PYKOBOJICTBA, HAYYUTHCA HAIPAMYIO paboTaTh ¢ MUKPOKOHTPOJLIEPOM.

Boonpocsl g1d caMOKOHTPOIA

1. BriGepuTe BepHbIE yTBEPIK/ICHUA:
a) OOBIYHO B [OKyMEHTAIlMd €CTh /JBa BUJA BJIEKTPUUYECKUX
XapaKTEPUCTHUK: MpejleJIbHbIE U paboune.
b) ¥V Bcex KOMIOHEHTOB IIar BHIBOIOB OJIMHAKOBBIH.
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¢) B mokymeHTanum cosiep:kuTcss nHGOPMAIUA 0 TEMIIEPATYPHBIX
U 9JIEKTPUYECKUX IIapaMeTpax.

2. B kakwmx ciyuasx Tpausuctop croput (Puc. 3.2 aToro paszgesna):
a) ITomaau 800 BOJIBT MEKAY OTHOM U3 Map BHIBOJIOB.
b) TemmepaTtypa okpy:katoeii ero cpeasl +30C.
¢) Tok uepes TPaH3UCTOP COCTABUJI 100 aMIIED.

2.2 MUKPOKOHTPO/LJIEPHI

B sTOM paszesne Mbl 00CYUM XapaKTEPUCTUKU MUKPOKOHTPOJLJIEPOB.
Koryia paspabaThIBalOT BCTPOEHHOE YCTPOMCTBO, TO OJIHO M3 IEPBBIX
pellleHui, KOTOPOe HYKHO IIPUHSATH, 3TO KaKOH MHKPOKOHTPOJLIED
HCIIOJTb30BATh JIJIS YIIPABJIEHUS CUCTEMOM.

He BbIOpaB MUKPOKOHTPOJLJIED, HETb3 HAYaTh TUCATH YITPABJIAIONTYIO
nporpammy. CxeMy UM TEeYaTHYIO IJIATy TOXKE HEJIb3sl HAdaTh J1eJIaTh,
IIOTOMY YTO He MOHATO Ja’kKe, KaKoe MUTAHUE HYKHO U KaKOW pasMmep
KOHTPOJIJIEPA U CKOJIBKO Y HETO HOKEK /1J1s MOJIKJTIOUEH M.

I8 3TOTO MOKHO TOCMOTPETHh B JIOKYMEHTAlIMI0 U TMOMIBITATHCS
IIOHATHh, KAaKOW MUKDOKOHTDOJUJIEp HMeeT Te XapaKTEPUCTHUKU U
BO3MOKHOCTH, KOTOPBIE HY:KHbI. Kak y>ke 6bLIO CKa3aHO B IIPEJbIAYIIEM
pasziese, HaM B paMKaX 3TOr0 y4eOHOTO IOCOOUSA TaKue pelleHus
IIPUHUMATDh He MPHUIETCs, IIOTOMY YTO MBI Oy/IeM HCIOJIb30BaTh ILIAThI
Arduino, a Ha HUX y»Ke eCTbh OIpeieJIeHHBIH MUKPOKOHTPOJLIED, KOTOPBIT
Mbl B OymeM wucnoab3oBatb. Ho eciu Bbl Oyzere paszpabaThiBaTh
HACTOSIIIIFE YCTPOMCTBA, TO BAM IIPUJIETCS PEIIATH U 3TY 337[a4Uy, [I03TOMY
Jajiee Mbl KpaTKO 0OCy/IMM, KakKve OCHOBHbIE XapAKTEPUCTUKHU HYKHO
YIUTHIBATD.

OpHa Y3 OCHOBHBIX XapaKTEPUCTUK — 5TO  Pa3pAAHOCTH
MHUKpDOKOHTposulepa. Uto oHa o3HauaeT? Kak u B OOJBIIMHCTBE
COBPEMEHHBIX BBIUUCIUTEIBHBIX CHUCTEM IMaMATh, C KOTOPOU paboTaer
MHUKPOKOHTPOJLJIEDP, JIOTHYECKU U CXeMaTHUYeCKHU OT/IeJIeHa OT Hero (XOTh
M MOXET HAXOAUThCA C HHUM HA OJHOM 4YHUIE), U I[OITOMY
MHUKPOKOHTPOJIJIED HE MOKET HANpPSAMYIO BBITIOJIHATH OIEpanuu ¢
JaHHBIMU, KOTOPblE B HEW 3amucaHbl (HAIpUMep, CKJIAAbIBATh). [[Jis
BTOTO €My HYKHO CKONHPOBATh 3TU JAaHHbIE B CIEIUAIbHbIE SUYEUKU
MaMsATH, KOTOpPble KAaK pa3 SABJAIOTCS HEIMOCPEACTBEHHOU 4YacThiO
MHKPOCXEMbI U Ha3BbIBAIOTCA pesucmpamu. Ilociie TOro, Kak omepamus
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OyzeT BBIIIOJIHEHA, JAHHBIE M3 PETHCTPOB, KaK IPABUJIO, KOIHPYIOTCS
obpaTHO B mamsTh. Tak cAelaHO MOTOMY, YTO PErucTpoBas IIaAMATh,
KoTOopasi paboTaeT Ha TeX K€ CKOPOCTSX, UTO U MHUKPOKOHTPOJLIED,
SBJIAETCA OYEHb JIOPOTOU, IIOITOMY ee He MOoXKeT ObITh MHOTO. C ZIpyToi
CTOPOHBI, OCHOBHAsI TIaMsATb, BbIHECEHHAs B CBOIO COOCTBEHHYIO
MHKDPOCXEMY, JleJIaeTCsl M0 HECKOJIbKO MHOM TEXHOJIOTHUH, UYTO MO3BOJISIET
ee CyIeCTBEHHO V/IEIIEBUTh U, COOTBETCTBEHHO, C/ieJiaTh ee OOJIbIIIe,
IpaBJia 3a BCe HAJ0 IUIATUTh, IMO3TOMY IIOJIOOHAsA IaMATh, XOTh €€ U
MHOTro, paboTaeT CyIIecTBEHHO MeJJjIeHHee, YeM pEerucTpoBas — B
JIECSITKM, a UHOTZIa U B cOTHU pa3! [103ToOMy OCHOBHOH ITMKJ PaOOTHI
COBPEMEHHOTO MHUKPOIPOIIECCOPAa BBIIVIAAUT CAEAYIOIUM 00pa3oM:
CKOIIMPOBAaTh HYKHbIE JaHHbIE N3 OCHOBHOHM IIAMATH B PETUCTPHI,
BBIIIOJIHUTH OIEparii0 HaJl PerucTpaMu, CKOIHUPOBATh pe3yJabTaT
00paTHO BO BHEIIHIOI NaMiTh WM IPOJOJIKUTHh BBIUMCIEHUSA HaJ
3HAUEHUSMH, BCe ellle HaXOIAIUMUCA B PETHUCTPAX.

JlaHHbBIE, KOTOPbIE HAXOATCSA B PETUCTPaX, KaK, COOCTBEHHO, U Be3ie
B KOMIIbIOTEpAX, MHpPEJCTaBJIeHbl B JBOMYHOM BH/IE, TO €CTb B BHJE
HyJIeH ¥ eTUHUIl, a PETUCTPHI, B CBOIO OUepeab, UMEIOT KOHKPETHBIU
paszMep, ONPeAeSIAIOIINI, CKOJIBKO JBOMYHBIX Pa3PJIOB U CKOJIBKO OUT
MOKHO B Hero 3amucatb. CoOCTBEHHO, Pa3psAAHOCTh U €CTh JaHHBIH
pa3Mep pervucrpa — KOJIU4eCcTBO OUT, KOTOPbIe MOKHO B HETO 3aIIUCATh.

Ecnu B3ATH, HampuMep, OYeHb MPOCTOH MHKPOKOHTDOJLIEP, TO OH
MOJKeT UMeTh Pa3psAAHOCTh 8 OUT (MHOTZa TOBOPSAT, YTO OH sBJIAETCS 8-
MU OUTHBIM). DTO 3HAUUT, UTO I 0OpabOTKU JTAHHBIX OH HCIIOJIbL3YET
perucTpol pa3amepom B 8 OUT. B Takoi perucTp MOKHO 3alHChIBATh YHCIIA
OT O JI0 255, IIOTOMY YTO 255 3TO caMOe OOJIBIIIOE YHCII0, KOTOPOE MOKHO
3amycaTh B JIBOMYHOM BUJE, HCIOJB3Ys 8 pas3psizioB. Tak UYTO Takou
IIPOIECCOP MOXKeT PpaboTaTh HEIIOCPEICTBEHHO TOJIBKO C YHCJIAMU,
3HaUeHHe KOTOPHIX He OoJibllle 255. Eciu HyKHO paboTaTh ¢ YHCIAMHU
OoJibIlle, TO Mda)Ke JJIA CAMbIX HPOCTBIX OIEepaIlil IPUAETCSA ITHCATh
nporpammy. Hampumep, sl CJI0XKeHHUS B3Ta IporpamMma OyJieT
CKJIAbIBAaTh CHaYaysia MiIajmue 8 OUT Yuceiaa, a II0TOM, YJYUTBIBAsA
BO3MOXKHBIH IepeHoc, crapmue 8 Our uucina. Ecau Bl He
IIporpaMMHpyeTe Ha accemOJiepe, a mporpaMMHpyeTe, HampuMmep, Ha
s3bike CHU, TO BaM, CKOpee BCero, He IMPHUJIETCA CaMUM IHCATh TaKyio
MIporpaMMy, TaK Kak ee JIJIs1 BaC CreHEPUPyeT KOMITHJISITOP, HO BCe PABHO
TaKOe CJIOJKEHHE OyJIET COCTOATh W3 HECKOJbKHX MEJIKUX OIlepaluii
Iporieccopa u Oy/ieT BBIIOJIHATHCA MelJIeHHee, YeM KOT/Ia OH H3HAYaIbHO
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rmeJs1 Ob1 OOJIBIIYI0 PAa3pSATHOCTh U MOT ObI YMECTHTD YHCJIA IEJTUKOM B
CBOUX PETHUCTPAX.

Jlpyroi#i pacmpocTpaHeHHbIH BapUAHT Pa3psAHOCTH — 3TO 32 OuTa. 32
OUTHBIN Ipolleccop paboTaer ¢ YncaaMu, KOTOPble MOXKHO IIPE/ICTaBUTh
IIOCJIEZIOBATEIPHOCTHIO M3 32 HyJIEH M eJUHUI] U MI03TOMY OH JIOJIPKEH
MMeTh TaKoU ke pasMmep perucrpoB. OH Takke JIOJDKEH UMETh
MeXaHU3MBbI, KOTOpBIE IIO3BOJIAIOT €My OBICTPO IepefaBaTh JTaHHbBIE
TAKOTO pa3Mepa B M U3 MaMATH. Tako! MPoIeccop MpHU MPOUYNX PaBHBIX
yCI0BHUAX OyzieT paboTaTh ObICTpee, eCcjiM HY:KHO oOpabaThIBaTh YHCJIa
0oJIblIIE 255.

Utak, paspsagHOCTh MHOTO€ TOBOPUT O IIPOU3BOAUTEIHHOCTU
nporeccopa. I'py0o roBopsi, yeM OOJIbllle Pa3psiTHOCTh, TEM BBIIIIE
MIPOU3BOJUTEHLHOCTh, TIOTOMY UYTO MOXHO o00Opaborath Oo0JibIle
nH@OpMaIUK 32 OJUH pa3.

Pa3zpsaaHOoCTh 3TO BCEro JIUIIb OAWH U3 (PAKTOPOB, KOTOPbIE
OTIPEEIAIOT ITPOM3BOUTEIHFHOCTD MHUKPOKOHTPOJLIEPOB 151
MHUKpoIporieccopoB. Takux (pakTopoB OYeHb MHOTO, UTO JIeJIaeT
CpaBHEHUE IPOU3BOJIUTEJIBHOCTH CJIOKHOM 3a7aueil, Ha KOTOpPYIO He
BCerza MOXKHO JaTh ONHO3HAYHBIN OTBeT. HO ecTh elie oAuH BaXKHBINA
mapamMeTp, KOTODPBIA BJIMSAET HA IPOU3BOJAUTEHBHOCTh. JTO TAKTOBAS
YacToTa.

TakToBas 4acToTa — 3TO CKOPOCTh, C KOTOPOH MPOIECCOP BHITIOTHSIET
O/IHY TPOCTYI0 MHCTPYKIIMIO. BepHee cka3aTh, 3TO KOJTUUYECTBO ITPOCTHIX
WHCTPYKIIUI, KOTOPBIE IIPOIleCCOP BBITIOJIHAET 3a 1 ceKyHAy. [Iporeccop ¢
TakTOBOM 4yacTtoToii 8 MHz BbImosHseT 8 MWIJIMOHOB Omepamuii B
CEeKYHJY, a ecJIx yacToTa Iporeccopa 1 GHz, To OH BBIIOJIHAET MUJLIIUAP/
omepanuii B CEKyHAY. 3/IeCh NPUHIHUIIHAIBHO IIOHATHE IIPOCTOMN
omeparuu. IATO JAJIEKO HE BCErJa COOTBETCTBYET OJHOMY OIlepaTOpy
s13bIKAa IIPOTPAaMMUPOBAHUA. JTO JlaKe HE BCET/IA COOTBETCTBYET OHOMU
omeparuu A3bIKa accemOsepa. Jlaxke ecjiv B3ATh IPOCTEUIITYIO OTIEPAITATI0
— CKONUpOBaTh 3HaueHWEe U3 AYEeUKM TNaMATH B  PETHUCTP
MHUKPOKOHTPOJIJIEPA, TO STOT MPOIIECC MOKET 3aHUMATh CPa3y HECKOJIBKO
TaKTOB €ro PaboTHL. ATO CBA3AHO C TEM, UYTO KaK y2Ke ObLJIO CKa3aHO BBIIIIE,
OCHOBHAasI MaMsATh paboTaeT CyIecTBEHHO Me/IJIEHHEE ITPOIeccopa 1 MoKa
3anpoc Ha WHGOPMAIIUIO JOUJIET JI0 Hee W JaHHbIe Oy/yT IepeIaHbI
HazaJl, IEHTPATbHBIH MPOIECCOPA YCIIEET COBEPIITUTH MHOTO TAKTOB. Vi,
HaIIpuMep, OBIBAIOT JOCTATOYHO CJIOKHBIE WHCTPYKIIUU, KOTOPBIE
BBITIOJTHSIOTCS HE 32 OJINH, a 32 HECKOJIBKO TaKTOB — CKa)KeM OIlepaluH,
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paboTarornye cpasy ¢ MAaCCBOM JIAaHHBIX U T.J1. KOHEYHO, B COBpEMEHHBIX
apXUTEKTYPaX MUKPOKOHTPOJLJIEPOB U MUKPOIIPOILIECCOPOB UCIIOJIb3yeETCA
OOJIBITIOE KOJIMYECTBO XHUTPHIX M CJIOKHBIX IPUEMOB, IO3BOJISIONIAX
IIOBBICUTh MPOM3BOJIUTEIBHOCTh CUCTEMBI, HECMOTPS Ha NOA00HBIN
IIEPEKOC B CKOPOCTAX Pa0bOThl PA3JIMYHBIX KOMIIOHEHT CHUCTEMBI U
CJI0’KHOCTU BBITIOJIHSAAEMBIX UHCTPYKIUUM. I109TOMYy MOKHO CUUTATh, UTO
TAKTOBas YacTOTa HAMPSAMYIO BIMAET Ha IPOU3BOJUTETBHOCTb CUCTEMBI,
U ecJIU HY»KHO, UTOObl MHCTPYKIIUM BBHITIOJIHAJINUCH OBICTpee, a 3HAYUMT,
IIporpaMMa BBITIOJTHSIJIACH ObICTPEe, TO Hy»KHA U 00JIee BhICOKAs TAKTOBAs
YacToTa.

WTak, ¢ TOYKU 3peHus IPOU3BOJUTEIBHOCTH, C OJJHOU CTOPOHBI €CTh
mpocThle 8-OUTHBIE MHUKDPOKOHTPOJIJIEPHI, paboTarolue Ha YacToTax,
HampuMmep, 4, 8, 16 MHz. C papyroéi CTOpOHBI, €CTh 32 OUTHBIE
MHKPOKOHTPOJIJIEPHI, KOTOpble paboTaloT Ha dYactoTax 500 MHz u
6ouibinie, 1 GHz. 910 0ueHb OosIbIIIasA pa3HUIIA B IPOU3BOAUTETBHOCTU, HO
1, OYEBU/IHO, B IIeHEe U, UTO He MeHee BaXKHO, B dHepromnoTtpedsienuu. g
KayKZI0M 3a/1auu HY>KHO BbIOMPATH MOAXOSIINY KOHTPOJLIED.

Bxoapl ¥ BBIXOZIBI MUKPOCXEMBI TOXKE€ OUeHb Ba’KHBI, © OHU YaCTO
SIBJIAIOTCSA Y3KUM MECTOM — PECYpPCOM, KOTOPOTO He XBaTaeT. MOKeT ObITh,
BBI CJIBIIIAJIN, YTO €CTh TAKOM 3aKOH Mypa. ITOT 3aKOH yTBEPKJAEeT, UTO
C K&KIBIM TOZIOM MHUKPOCXEMBbI CTAHOBATCS BCE CJIOKHEE U ObICTpee.
OnmHako, XOTS MPOU3BOAUTETBHOCTh OBICTPO PACTET, YHCJIO KOHTAKTOB,
yepe3 KOTOpble MHKPOKOHTPOJIJIED OOIIAeTcsi C BHENIHUM MUPOM,
ocTaeTcsi NPHUMEPHO OAWHAKOBBIM. KOHTAaKTBhl (MX eIle Ha3bIBAIOT
IIOPTaMU BBOJIA-BbIBOJIA), SABJISIOTCS B BUAY STOTO IIEHHBIM PECYPCOM.
I'py60 rOBOpsi, €cjii MHUKPOKOHTPOJIED JOJIKEH OBITh CBS3aH ellle
C MATHIO YCTPOUCTBAMH M KK 0€ U3 HUX TPeOyeT onpeziesieHHOe YHCII0
KOHTAKTOB JIJISI CBSA3H, TO HY?KHO CJIOXKHUTD MX YHICJIO /IJIs1 BCEX 5 YCTPOMCTB,
U TOJYyYNM MHUHUMAJIPHOE UHCJIO KOHTAKTOB, KOTOPOE JIOJI’KHO OBITH
y MUKpOcXeMbl. 1 3T0 MOKeT cpa3y OTCeATh MHOTO BapUaHTOB. Takum
o0pa3oM, YHMCJIO BXOZIOB M BBIXOJOB OIIPEJIEJISET, HACKOJIBKO Y/I0OHO
COeUHATh MUKPOKOHTPOJLJIEP C APYTUMHU YCTPOUCTBAMU U CKOJIBKO TAKUX
CBsA3€eU MOKET ObITh. ITO OUEHDb BAXKHBIN (HAKTOP.

[Toaaep:kKa KOMMYHHUKAIIMOHHBIX IIPOTOKOJIOB — JIPYTOM Ba’KHBIN
MOMEHT, KOTOPBIH ONMCHIBAET BO3MOXKHOCTU CBSI3U MHUKPOKOHTPOJLIEPA
C IPyTUMH KOMIIOHEHTaMu. [[JIs1 4ero Hy>KHbBI 3T MPOTOKOJIBI? Kak yike
OBLIO HEOAHOKPATHO CKa3aHO, MUKPOKOHTPOJLIED /IOJI?KEH 0OMEHUBAThCS
JAHHBIMU C APYTUMU KOMIIOHeHTaMu. OHU TlepeatoT IPYT APYTY MHOTO
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JAHHBIX, U JIeJIAaI0T 3TO CTPOTO OIpejieJIeHHBIM oOpa3om. Yarie Bcero
HEJIOCTAaTOYHO TPOCTO TepeAaTh O Wwin 1. Ecim Hy)KHO 0OMeHUBaThCs
OOJIBIITUM KOJIMYECTBOM JAHHBIX (2 MIOMUMO CaMHX JJAHHBIX €CTh €Ille U
yIpaBJsoline, CHHXPOHU3UPYIOIINe, KOHTPOJIbHBIE U IPOUKe CUTHAJIBI),
TO OOBIYHO YCTAHABJIMBAETCS IOPAJOK, B KOTOPOM OCYIIECTBJISIOTCS
KOMMYHHUKallMd. ATOT MOPAAOK, WIX HAOOp MpaBWJ, U Ha3bIBAETCS
IIPOTOKOJIOM.

CymrectByeT MmHOro tpoTokosioB: UART, i2C, SPI, USB u gpyrue. Msl
PaCCMOTPUM YaCTh M3 HUX IO37HEE. ITO OOIEeN3BECTHBIE ITPOTOKOJIBI,
HCIIOJIb3yeMble MHUKpPOCXeMaMU W JAPYTHUMU KOMIIOHEHTaMU, MPUYEM
OYEBHUIHO, OJHO YCTPOMCTBO He 00s3aTeJIbHO IOAJEPKUBAET UX BCE.
Hampumep, kakasg-ToO MHUKpOCXeMa JIJIsl CKaThsA 3ByKa MOXKeT paboTaTh
C UCTIOJIb30BAaHUEM TOJIBKO 12C, ¥ 3TO HY?KHO 3HATh U YUYUTHIBATH, [IOTOMY
YTO TOTZ]Aa U MUKPOKOHTPOJIJIED ZIOJI>)KEH MOAAEPKUBATH 12C, MHAUe OH He
CMOXKET CBA3ATHCA C ITOU MUKPOCXEMOU.

Tak 4TO TOAEPIKKA CTAHZAAPTHHIX MMPOTOKOJIOB — 3TO TOXKE BAKHBIN
rmapaMeTp. Ba’kHO He TOJIBKO TO, CKOJTBKO KOHTAKTOB JIJIST OOIIEHUsI eCTh,
HO ¥ KaKue MPOTOKOJIbI peajIn30BaHbl BO BCEX KOMIIOHEHTaX CUCTEMBI.

Eme ogHuM Ba)KHBIM KOMIIOHEHTOM MHKPOKOHTPOJLIEPA SBJISETCS
taiiMep. OH MOJKET WCIOJJb30BATHCA JIJII TOTO, UYTOOBI H3MEPSATH
MHTEPBaJIbl BpEMEHU WJIN CO3/IaBaTh 33/IEPKKY Ha OIpejieJIeHHOe BpeMs,
JUUTSL TOTO, YTOOBI TEeHEPUPOBATH CIIEIUATIbHBIE CUTHAJIBI /1 YIIPABJIEHUSA
IIPUBOIAMH, HO 00 3TOM MBI MOTOBOpUM IMo3:ke. OANH U3 BapUAHTOB
HCIIOJIb30BaHUA TaliMepa — onudpoBka 3Byka. Hampumep, Hy:KHO
3alMChIBaTh YPOBHHU 3ByKa (HampsbKeHHE ¢ MUKpPO(OHA) ¢ YacTOTOU
4 KHz. Ins 3TOrO0 HEOOXOAMMO, YTOOBI KTO-TO 3aIlyCKasl H3MepeHUe
B (puKkCcUpOBaHHbIE NHTEPBAJIBI BDEMEHU 4 THICAUU Pa3 B CEKYH/y. DTUM
KaK pa3 U 3aHUMaeTcs TaliMep.

[udpo-ananoroBele U  aHajJoro-rmudpoBele  IpeoOpa3oBaTesI,
0 KOTOPBIX MBI TOBOPHWJIM paHee B 3TOUM IJlaBe, TaKKe MOTYT OBITh
BCTPOEHBI B MUKPOKOHTPOJLIIEP.

Ene ovH Ba>KHBIN acleKT, KOTOPBIU CJIe/lyeT YYUTHIBATH IIPU BHIOOPE
MHUKPOKOHTPOJJIEPA — 3TO PEXUMBI HU3KOTO NOTpebsieHUsA HHEepPTUM.
Berpoennble cucremMbl yacTo paboraioT oT 6aTapeek, U BaXKHO, YTOOBI
YCTPOMUCTBO TOTPEOJIAIO KaK MOKHO MEHBIIE SHEPTUU U PpabOTAIO KAk
MO’KHO J0JibIlie. YTOOBI COKpPAaTUTh MOTpebIeHNe MTUTAHUA HCIIOJIb3YIOT
MHKPOKOHTPOJUIEPHI C PEXHUMaMH IIOHMKEHHOTO ITOTpebJieHus,
B KOTOPBIX HEUCIIOJIb3YEMbIE TMO/ICUCTEMbBI OTKJIIOYAIOTCA B T€ MOMEHTHI,
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KOTJIa OHU He HYKHbI. TaKkye cCucTeMbl yIIpaBJIeHUs IIUNTAHUEM MOTYT OBITh
OYeHb CJIOKHBIMH M MOJAJEPKUBATh HECKOJIBKO PEXUMOB (Hampumep,
OOBIYHBIHN, COH, TIYOOKHUH COH M Tak Aajyiee). Kak mpaBuio, 3TU U APyrUe
OCHOBHBIE  XapPaKTEPUCTHUKH  OIHMCAaHbl B HAaYajle  TEXHHUYECKOU
JIOKYMEHTAIlH, TaK YTO MOKHO OBICTPO IIOCMOTPETH U IOHATH, €CTh OHU
B 3TOM MUKDPOKOHTpOJUIEpe WId HeT. /s TOoro, 4roObl MOHSATH, KaK
MMEHHO OHH PabOoTal0T U KaK UX HCIIOJIb30BaTh, ITOTPedyeTcs y:ke Oosiee
ITOAPOOHO UBYYUTH JIOKYMEHTAIIHIO.

Bo3MokHO, OAWH W3 caMbIX BaKHBIX PECYpPCOB  JIFOOOTO
MHKDOKOHTpPOJIJIEpa — 5TO NaMsATb, YTOOBI XPaHUTh IMTPOTPAMMBI
U JaHHble. PaccMoTpuM, Kakue BUJIBI ITaMATU BeTpevaroTesa. Ha Puc. 2.5
Mbl BHIUM Hayaj0 JOKYMEHTAIlMU Ha OAWH W3 MHKPOKOHTPOJLIEPOB
ATmega ¢upmbl Atmel, KOTOpblE MOTYT HCIIOJIB30BaThCS Ha ILIaTax
Arduino.

At eL Atmel ATmega640/V-1280/V-1281/V-2560/V-2561/V

8-bit Atmel Microcontroller with 16/32/64KB In-System Programmable Flash

DATASHEET
Features

* High Performance, Low Power Atmel® AVR® 8-Bit Microcontroller
® Advanced RISC Architecture
— 135 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16MHz
— On-Chip 2-cycle Multiplier
* High Endurance Non-volatile Memory Segments
64K/128K/256KBytes of In-System Self-Programmable Flash
4Kbytes EEPROM
8Kbytes Internal SRAM
Write/Erase Cycles:10,000 Flash/100,000 EEPROM
Data retention: 20 years at 85°C/ 100 years at 25°C
Optional Boot Code Section with Independent Lock Bits

«In-Systom Pm%?mmi On-chip Boot Program
-rm'ﬁmw&ck w'rm oo tion P 9
for

y
. Endun{u:o: Up to 64Kbytes Optional External Mem: 0
* Atmel® QTouch’ Ilbra':y supxggrt P oy Spac
— Capacitive touch buttons, sliders and wheels
— QTouch and QMatrix acquisition
~ Up to 64 sense channels

Puc. 2.5: CmpaHuya ¢ dokymenmauueil Ha konmpoanep Arduino

3/1ech TOBOPHUTCS, UTO 3TO 8 OUTHBIN MHKPOKOHTPOJIJIEP U UTO OH MOKET
paborath Ha yacroTe a0 16 MHz. IIpormeccop ymeeT BBIIOJHSATH 135
Pa3JIUYHBIX UHCTPYKIIUH, OOJIbIIAsi YacTh U3 KOTOPHIX BBIIOJIHAIOTCA 3a
ONUH TaKT. BOJIBIIIMHCTBO OCTAJIBbHBIX ITAPAMETPOB OIMCHIBAIOT BHIbI
ITaMSITH, KOTOPHIE B HEM €CTb.

[Touemy ObIBaeT Tak MHOTO BUjIOB nmaMATH? OjlHA U3 TPUYUH 3TOTO
B HeoOXxoauMocTH OajaHca Meskay IleHOH W obbeMoM. EcTh pasHble
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CIIoco0BbI ¢/1esIaTh MaMATh, HO BCET/IA ITOJIyYaeTCs, YTO YeM OHa OBICTpeE,
TEeM JIOpOKe.

Camas ObIcTpas mamMsaTh — perucTpoBas. IIporeccop MOXKeT 3a OJUH
TAaKT IIPOYMTATh U 3anucaTh JaHHble W3 HECKOJIBKUX PEerucTpos,
HaIllpuMep, U3 AByX Win Tpex. Hanmpumep, OH MOKeT IPOYUTATh TaHHbIE
13 JIBYX PETUCTPOB, CJIOKUTHh UX U 3aIIUCATh B TPETUU PETUCTP, U OH 3TO
yCIIEBaeT BCE 3TO CAeJIaTh 3a OAUH TAKT.

Peructpsol ObICTpBIE, HO OHU JOPOTHE U IM03TOMY UX Majio. Hanpumep,
B 3TOM MUKPOKOHTpoJiepe ATMega 32 BOCbMUOUTHBIX PETHUCTPA OOIIETO
Ha3HA4YeHUsA. ITO Te PETrucrpbl, I[A€ MOXXHO XPAHUTh 3HAYEHU:
IIepeMEeHHBIX, C KOTOPBIMU paboTaeT mporpamMmma. ECTb elrie crieruaabHbIe
PETUCTPHI, UCTIOIB3YIOIIHEC IS TOTO, YTOOBI XPAHUTH PEKUMBI paOOTHI
IpoIeccopa, aJipec TEKYIel BBIIOJIHAEMON WHCTPYKIIUU U T.J., HO UX
HeJIb3s UCII0JIb30BaTh HAIPAMYIO /1J11 00pabOTKU JIAaHHBIX.

O4eBUIHO, UTO 32-X PETUCTPOB Mayio, YTOOBI XPAHUTH JIAHHbBIE
U nmporpamMmy. Mx XxBaTaeT TOJIbBKO JJi TOTO, YTOOBI OPraHM30BaTh
TEKyIIIUN IIpolecc BBIUMCIEHUM, 3amuchiBass B HUX HPOMEKYTOUHBIE
pe3ysbraThl. [lad XpaHeHUs OCHOBHBIX JIAHHBIX HCHOJIb3YeTCA
onepamugHas namsams (WK ee ellle Ha3bIBAIOT OCHOBHOM). B mporteccope
Ha Puc. 2.5 oHa HaszeiBaeTcss SRAM. Ee ropasmo 60sibIlie — TyT ee Lesbix 8
kwio6aiiT. OHa CyIeCTBEHHO JlellleBjie, HO U MezjieHHee. Kak yxke
rOBOPWJIOCH paHee, COBpEMEHHBIM IIpolieccopaM, KOTOPbIE UCIIOIb3YIOTCA
B HACTOJIBHBIX KOMIIbIOTEPAX, HY?KHBI COTHU TAKTOB, YTOOBI IPOYUTATH
3HaUeHUe U3 NaMATU. B Me/lJIeHHBIX MUKPOKOHTPOJUIEpaxX pa3HUlla He
TaK BeJINKAa, HO BCE PAaBHO HYKHO 0O0JIbllle BpeMEHU, YTOOBI ITPOYUTATh
naHHble u3 SRAM, yem U3 perucrpa.

Ipyras mnpobseMa ¢ MaMsAaThI0 3TO SHEPrOHEe3aBUCUMOCTb. PerucTpol
u SRAM TepAT CBOE COJAEPKUMOe, €CJIU BbIKJIIYUTH IUTAHUE.
OueBUZHO, UYTO B MUKPOKOHTpPOJIJIEPE ZIOJIXKHA MOCTOSAHHO XPaHUTHCS
IporpaMma, KOTOPYIO OH BBINIOJIHSIET, NHAUE MPONAJIaeT BCAKUU CMBICI
ero MCIIOJIb30BAHUA, TAK KaK IOCJE BKJIIYEHUSA MHKPOIIPOIeCCOpP He
OyzZeT 3HaTh, UTO €My JlesaTh. B OOBIUHBIX KOMIBIOTEPAX /I PEIleHUs
ATOH MPOOJEMBI HCIOJJL3YIOT TaK HA3BIBAEMYIO BHEWHIOW NAMSMb —
JKECTKHe JIMCKUA. B MHKPOKOHTpPOJUIEpAX C 3TOM IEJIBI0O UCIIOJIB3YIOT
(idII-IaMATh, KOTOpasi sBJseTCA TaKOU ke camou, kak u B USB-
Hakonuresisax. IIpaBga y Hee ecTb CBOM HeAOCTaTKu. Bo-mepBBIX, OHA
“MeeT OTPaHUYEeHHOE UM CJIO IINKJIOB IIepe3allvicy, U MOXKET UCHOPTUTHCA,
ecJii B Hee 4acTO YTO-HUOY/b 3aluChIBaTh. BO-BTOPBIX, JAaHHBIE B HEE
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3aIHUCHIBAIOTCS TOJIBKO OOJIBIIUMH (parMeHTaMH (3TO 00YCJIOBJIEHO ee
BHYTPEHHEN apXUTEKTYpOI), a03TOMY, OHA IMOAXOAUT JJIsi XpaHEHUS
IIpOrpaMMbl, HO HE OYE€Hb XOPOIIO TIOJXOJIUT, €CAU HYKHO XPAHUTH
KaKue-TO JaHHble, KOTOPBblE YAaCTO MEHSAITCA BO BpeMs pabOThI
YCTPOMCTBA U JJOJI’KHBI COXPAHATHCA MPU BHIKJIIOUEHUU TUTAHUS.

[TosToMy ecThb ellle YETBEPTHIA BUJI MaMATH, KOTOPHIN Ha3bIBaETCA
EEPROM. 910 TOXe 3HEproHe3aBUCHMas IIaMATh, HO OHA C/ieJIaHa II0
pyrou TexHosioruu. Ee MOXKHO mepe3anuchiBaTh OT/JEIbHBIMU OaliTaMu
U y Hee ropasjio 0osbiiie paboyux MUKJIOB 3aIMCH, TaK UTO €€ MOKHO
MEHSTh YacTO. B 4acTHOCTH, U3 UHCTPYKIIUU Ha Puc. 2.5 MBI BUJIM, UTO
(pJIpII-TaMATh JIomycKaeT 10000 MUKJIoB nepesanucu, a EEPROM — 1o
100000 1MKJI0B. HO OHa /0poKe M MOSTOMY ee MeHblle, yeM (JIdII-
MTaMSITH.

M3HauasibHO MOXKET OBbITh CJI0KHO IOHATH, CKOJIBKO MOTpebyeTcs
MaMSATH B Oy/IyIIIeM JIJIs KOHKPETHOT'O yCTPOUCTBA. XOTSI HEKOTOPbIE BEIIN
MOXKHO OIeHHTH. [lycTh, HapuMep, Hallla BCTPOEHHas cucreMa Oyzer
06pabaThIBaTh 3BYK JIIUTEJBHOCTBIO B 1 CEKyH/y U ¢ yacToTol 4 KHz, To
3TO 3HAUMT, YTO MOTpebyeTcss 4000 OaUT, ecyiu AJjId XPaHEHUSA KKI0TO
oTcueTa HCHob3yeTcs 1 6aliT. MokeT OBITh MOTpebyeTcss JBa TaKUX
oydepa — oguH 0OpabaThIBAaeTCs, a B APYTOU B ATO Ke BpeMs HET 3aICh
HOBOrO 3ByKa. Kpome »3TOro, mnoTpebyeTcsa maMATh II07] pPa3HBbIE
JIOTIOJTHUTEJIbHbIE TlepeMeHHble. OIEHUTh KO, MPOTPAMMBI CJIOJKHEE.
Ecsiu nucats nporpaMmmy Ha s3bike CH, TO CKOJIBKO OHA 3aiiMeT, 3apaHee
HenoHATHO. Eciu mporpamma mpocras, TO OHa 3aillMeT, HampuMep,
HECKOJIBKO KWJIODAUT, a 6oJjiee ciioxkHast U 0oJIbliias IporpaMma MOKET
3aHATD MOCJIE KOMITHJIAIIUY CYIIIECTBEHHO OOJIbIe. TO CTAHET IMTOHSATHO,
KorZila y»ke OoJjplllafg 4YacTh NporpaMMbl HamucaHa. IlosTomy MmoskeT
MOJIyYUThCS TakK, YTO B BBIOPAHHBIA TMPOIECCOP MpoTrpaMMa He
IIOMeEIIAeTcsl — TOTAA HY>KHO TOMBITAThCS HAMMMCATh IIporpamMMy Oosiee
KOMIIAKTHO WJIU HUCIIOJIb30BATh IIPOIIECCOP, B KOTOPOM OOJIBIIIE TAMSATH.

Bompocel g1d CcaMOKOHTPOJIA

1. BnibepuTe BepHBIE YTBEPKIAECHUS:
a) Ilpu BbIOOpPE MUKPOKOHTpOJUIEpPA IJIABHYIO POJIb UTPAET €ro
TAaKTOBasA 4YacTOTa, TOT/IA KAaK pPa3pAJHOCTh — MaJIOBaKHAsAd
JleTaJb.
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b) PaspsagHOCTh CHJIBHO BJIMSAET Ha MPOU3BOAUTEIHHOCTD
Ipolieccopa.

c¢) ITpon3BOAUTEILHOCTS MUKPOKOHTPOJLIEPOB PACTET MEIJIEHHO,
a YUCJI0O KOHTAKTOB JIJISI OOINEHMsS C BHEITHUM MHPOM PAacCTeET
6BICTpO.

d) ITpoTOKOJIBI HCIIOJIB3YIOTCS TPH OOMEHe MaHHBIMH MEKTY
MHUKPOKOHTPOJUIEPOM M IPYTHUMH KOMIIOHEHTAMHU.

e) Tatimep, ¢ po-aHaI0TOBbIE u aHayioro-nugpoBbie
nmpeoOpa3oBaHus, MMaMATh — BCE OTO MOXKET BXOJUTH B
MHKDPOKOHTPOJLJIED.

2. Kakue U3 CIIEYIOTITUX BHUJIOB MaMsATU SIBJISIIOTCSA
SHEPrOHEe3aBUCHUMBIMU:

a) OnepatuBHas nmamaTh (SRAM).
b) ®asm-namMaTh.

c) Perucrpsr.

d) EEPROM

2.3 IIporpaMmMupoBaHuE€ MUKPOKOHTPOJ/LJIEPOB

B »3TOoM pasgesie MBI OOTOBOPUM O HIPOTPAMMHUPOBAHUU
MHKDPOKOHTpPOJLIepoB. TouHee, kak oOpabaThIBaeTcs IMporpaMma mepes
TeM, KaK €€ BBITIOJTHUT MUKPOKOHTPOJLIIED.

KiTroueBbIM MOMEHTOM 3/IECh SBJISETCA TO, MHKPOKOHTPOJUIEP, KaK
BbI, HABEPHOE, JIOTaJ[bIBa€TECh, HA CAMOM JIeJI€ HE BHIMOJTHAET OYKBAIHHO
TOT KOJI, KOTOPBIH MUIIYT IporpaMmuctbl. CHauasa OH JIOJIXKEH OBITh
ob6paboTaH  TpAHCAATOPOM, a 3aTeM YKe OH  BBINOJHAETCH
MUKPOKOHTPOJIJIEPOM.

3aueM HY)KE€H 5TOT JOTNOJHUTENbHBIN 3Tan? OH HyKeH IIOTOMY, UTO
MHUKDPOKOHTPOJLIJIEp, KaK M JII0OOU Apyrou mpolieccop, He IIOHUMAaeT
sa3b1KoB Cu, wiu C++, Java, [1ackasb, [TuToH u y1to06ble ApyTHe A3BIKU, HA
KOTOPBIX OOBIYHO THUIINYTCA mporpamMMmbl. OH NOHUMAEeT U MOXKET
BBIIIOJIHATDH TOJIBKO CBOM COOCTBEHHBIA MAITMHHBIN S3bIK.

Bospmem mpomeccop Intel. OH moHMMaeT MamWMHHBIA A3BIK X86.
Jlpyrue mporieccopbl, HallpuMep, MUKPOKOHTPOJLIEphl Atmel, KoTopbie
CTOAT Ha I1aTax Arduino, TIOHMMAIOT CBOM MAIlITMHHBIHA A3bIK. PasjInuHbIe
ceMelCTBa IIPOIIECCOPOB UCIIOJIB3YIOT CBOU COOCTBEHHBIH A3bIK. UTO OH U3
cebs npeacTaBiisieT? ATO HAOOP MPOCTHIX UHCTPYKINM, 3aKOIUPOBAHHBIX
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B JBOMYHOM (popMaTe C IOMOIIBIO HyJIeH W eIUHHI. TaK UTO eCIU BbI
IIOCMOTPUTE HEIOCPEZICTBEHHO Ha MAIIUHHBIA KOJ[, TO BCE, UTO BBI
YBUIUTE — 5TO HYJIM U €IMHUIBI. ITO, KOHEUHO, PEJIKO KTO JleJIaeT, HO
ecJIu U JieJlaeT, TO OOBIYHO KO7| 3alHChIBAETCA B IIECTHAJIIATEPUUHOM
dopmaTe — Tak OH 3aHHMMAET MEHbBIIIE MeCTa U UyTh OoJsiee ya00eH i
BocnpuATus. Ho B J060M cilydyae MAIIUHHBIA SI3bIK HE BBITJISUT
YHUTAEMBIM JJI YeJIOBEKa, XOTs 3TO TO, YTO MAaIllMHA Ha caMOM JieJie
BBITIOJTHSIET.

JIois1 Toro, 4TOOBI c/AesiaTh IPOrpaMMbl 0ojiee yI000UYNTAEMBIMU HX
IIEPEBOJIAT Ha sA3BIK acceMOJiepa, KOTOPbIE CTOUT U3 KOPOTKUX U
IIOHATHBIX MHEMOHUYECKUX KOMaH/I, Bpoae ADD, SUB, MUL, MOV, JMP u T.x.
Hukakoil BhIpa3uUTeIbHON MOIITHOCTH acceMOyiep He J00aBJseT, TaK Kak
10 CYTH, 3TO OJHO3HAYHOE OTOOpa’keHHe U3 MaIIUHHBIX KOJIOB B CJI0BA.
OH cyIecTByeT TOJIBKO PajH yA00OCTBA UTEHUS MAIIUHHBIX KOZ[OB
yesoBekoM. Hampumep, BMecro 10110110 10111001 01100110
01010101 (wu B 1mecTHaAIaTepuYHOM hopmare — B6 B9 66 55) OyzmeT
HanucaHo ADD R1, R2, R3, 4TO 03HAYaeT CJOXKUTH 3HAYEHUA B PETHUCTPax
R2 1 R3 1 momMecTuTh pe3ysbTar B R1.

XoTh sA3bIK acceMOiiepa W HPUAYMaIN JJiA OOJerdeHus UYTeHUs U
3alMCy IIporpaMM, HO BCe-TaKM 3TO OYeHb HHU3KHWH YPOBEHb.
AcceMOJiepHBIN SI3BIK HA3bIBAETCS S3BIKOM C METKaMH, IIOTOMY UTO
HAIIPOTUB JII0O0U HHCTPYKITUH MOKHO ITIOCTaBUTh METKY, a 3aTEM IePENTU
K HEeU ¢ IOMOIIbI0 KOMAaH/T YCJIOBHOTO U 6e3yCJIOBHOTO mepexona (Bpojie
goto B BBICOKOYPOBHEBBIX sA3bIKax). [[pryeM Iepexo/ibl 10 MeTKaM — 3TO
eIMHCTBEHHBIN CII0COO OPraHU30BaTh BETBJIEHHSA U ITUKJIBI, TaK KaK B
MOAOOHBIX A3bIKaX HeT HU HukiaoB for mam while, Hu Bo3MOKHOCTH
00beIUHUTh WHCTPYKIIUHU B OJIOKM KOJIa KaK B CTPYKTYPUPOBAHHBIX
SI3pIKAX MPOrpaMMHPOBaHUA. MOXKHO ITHCATh KOJI HA A3bIKE accemMOJiepa,
HO 3TO TPYZHO, U MBI He OyJieM JejiaTh 3TO B JaHHOM mocobuu. MHorma
3TO HEOOXO0UMO, YTOOBI JOCTUUh MAaKCUMAaIbHON ITPOU3BOIUTEILHOCTH.
Mgl G6ynem paborarh ¢ s3blkamMu 0osiee BBICOKOTO ypoBHA — Cu, C++,
Python, Lua.

Takum oOpazoMm, mporpaMma, HaIllMcaHHas Ha S3bIKE BBICOKOTO
YPOBHs, 10JI?KHA OBITH IlepeBe/ieHa Ha MAIIMHHBIHN SI3BIK, IIPEXK/IE YEM €€
CMOJKET BBIIIOJIHUTH MHKPOKOHTpPoJuiep. CylecTByeT JiBa croco0a,
KOTOPBIMH 3TO MOXKHO C/IeJIaTh, B 3aBUCHMOCTH OT TOTO, ICIIOJIb3YETCS JIN
KoMNuAupyembvlll WIN uHmepnpemupyemvlil a3biK. Eciu UCIosb30BaTh
KOMITHJIUPYEMBIN S3BIK, TO IIPOTpaMMa Ha 3TOM s3bIKE Cpa3y IeIMKOM
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IIEPEBOZINTCS B MAIIMHHBIN KOJI. ITocsie Takoro mepeBoia Bbl IIOJIYUHUTE TO,
YTO HA3bIBAETCA UCIOJHAEMbIM (haljioM, COAEPKAIUM UMEHHO TOT KO/,
KOTOPBIH BBIIIOJIHSETCA KaXK/bl pa3 IpH 3alrycke mporpaMMbl. [IpumMepsl
KOMIIUJIUPYeMbIX A3bIKOB — Cu, C++, [Tackanb u gpyrue. Korga Mol Oyziem
HCIIOJIBb30BaTh ILIAaThl Arduino, mMbl OyzseM paboTaTh C YIIPOIIEHHBIM
A3BIKOM C++.

C npyroi cTOpOHBI, KpOMe KOMITWJIAIIUH, ECTh TaKXKe UHTEPIIPETAIHS.
B uHTeprnpeTHpyeMoi cpejie MHCTPYKIIUM Ha S3bIKE BBICOKOTO YPOBHS,
IIpeobpas3yroTcs B MAIIMHHBIN KO, Ka*KAbIH pa3 BO BpeMs BBIIIOJTHEHHUS C
IIOMOIIbI0 HMHTepupeTraTtopa. IIpuMepamMu TakKuX S3bIKOB SBJISETCS
[TuTon, Java, Lua u apyrue. Hegocratok nHTENIpeTUPYyEMBIX IIPOTPaMM B
TOM, YTO OHH pabOTAIOT CyIIeCTBEHHOU MeJJIeHHee, BeJlb IIPOIeccop
BBITIOJTHAET HE MX, a KOJ UHTEPIpeTaTopa, KOTOPBIU, B CBOIO OYepEb,
BBITIOJTHAET Bally nporpammy! CkoMOuanpoBaHHAasd ke IIporpaMMa, Kak
y>Ke ObLJIO CKa3aHO paHee, 3aHUMAET IeHTPaJIbHBIU IIPOIleCCOpP LETUKOM
U TIOJTHOCTBIO Oe3 BCAKMX MOCPeTHUKOB. Ho mMHTepmpeTamus UMeeT U
IIPEUMYIIECTBA, IIOCKOJIBKY OHa OCBODOOXKJAeT IpOorpaMMUCTa OT
olpejieJIeHHBIX 3ajau. Tak, Hampumep, eciu B CH BBl  XOTUTE
HCIIOJIb30BaTh JAWHAMHWUYECKUN  MacCHUB, BaM HYXHO BBI3BaTh
CIenmuaIbHyI0 (DYHKITUIO IS TOJIydeHUs IaMsATH, a 3aTeM He 3a0bITh
OCBOOOZUTH BTy MaMATh. IDTO OUYEHb CJIOKHO OTCJIEAUTH U CEJaTh
KOPPEKTHO B OOJIBIITUX ITPOTrPpaMMax, I03TOMY YaCTO BOBHUKAIOT OIINOKHY.
C ogpyroll CTOpPOHBI, B WHTEPNPETHUPYEMBIX A3bIKaX BBl IIPOCTO
HCIIOJIb3y€eTe TOTOBBIM JUHAMWNUYECKHUI MAaCCUB, @ UHTEPIPETATOP PEIIaeT
BCe 337lauMl C YyIOpaBjeHHueM namAThio. [losToMy Kakoll SA3BIK
HCIO0JIb30BaTh, KaK BCET/Ia, 3aBUCUT OT pellaeMou 3aJauH.

Bompocel gid caMOKOHTPOJA

1. Pacmosiokute B TOpSZIKE OT HHU3KOTO K BBHICOKOMY YPOBHIO
cJIeAYIONIe CIIoco0Obl HAIMCAHU KOa:
a) Kox na Cu, Java, Python.
b) MamuuHHBIA KOJI.
c) A3bIk accembirepa.

2. BpiOepuTe BepHBIE yTBEPIKIAECHUA:
a) Python sBiseTcs koMIuIpyeMbIM sI3bIKOM.
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b) NHCTPpYKIIMKM KOMITMJTUPYEMOTO SI3bIKA IEJTUKOM II€PEBOASATCS
B MaIlIMHHBIN KOJI TOJIBKO OJWH Pas.

c¢) IIpumep komnuiIupyeMmoro s3bika — C++.

d) Kon, HammcaHHBI HAa KOMIWJIMPYEMOM SI3bIKE, BBITIOJTHIETCS
Me/JIeHHee, UeM KOJi, HalHCAHHBI Ha WHTEPHPETUPYEMOM
A3BIKE.



PASAEJ 2. MOAEJINPOBAHUE S3JIEKTPOHHBIX
CXEM U ITPOI'PAMMUPOBAHUE
MHUKPOKOHTPOJIJIEPOB HA ITIPUMEPE ARDUINO

Arduino

3.1 IL1ar¢opma Arduino. Ilnara Arduino Uno

Arduino — 3TO BJIEKTPOHHBIH KOHCTPYKTOP ¥ yAoOHasA IwraTdopma
ObICTpOM Pa3pabOTKM HJIEKTPOHHBIX YCTPOMCTB /Jisi HOBUYKOB U
npodeccuonasnon. Ilnardhopma mosb3yeTcss OTPOMHOMN IOIMYJISPHOCTHIO
BO BceM Mwupe Osarozilaps  ymoOCTBY ©  MPOCTOTE  A3BIKA
MIPOrpaMMHPOBAHUSA, A TAKXKE OTKPHITOU apXUTEKTYpe U MPOTPAMMHOMY
Koay. YcTpoicTBO mporpammupyercs:i yepe3 USB 6e3 HMCIOIb30BaHUA
IIPOrpaMMaTOPOB.

MUKpPOKOHTpOJIJIEP HA IIaTe MPOTrPaMMUPYeETCs MPU IMOMOIIU A3bIKa
Arduino (ocHoBan Ha s3bikax Cu m C++) W COOCTBEHHOU CpeJbI
pa3paboTKu, KOTOpasi AOCTYITHA /IS OecIUIaTHOTO cKauynBaHUA. [IpOeKThI
YCTPOUCTB, OCHOBaHHBIE Ha Arduino, MOryT paboTaTh CaMOCTOATEIBHO,
b0 ’Ke B3aMMOJIEMCTBOBATh C TMIPOTPAMMHBIM oObecriedeHHeM Ha
komImbioTepe. [lnatel MoOryT OBITb  cOOpaHBI  ITOJIB30BaTEJIEM
CaMOCTOSITEJIPHO MJIH KYIJIEHBI y3Ke B cOOpe, MpuYeM UCXOHbIEe YEPTEKHU
CXeM SIBJIIOTCS OOIIEOCTYITHBIMHU, ITOJIb30BATEN MOTYT IIPUMEHATH UX
10 CBOEMY YCMOTPEHHIO.

48
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Puc. 3.1: IIpumepwt naam Arduino

B HacrosIee BpeMs BBINYIIIEHO HECKOJIPKO IIaT U3 cepuu Arduino,
HEKOTOPhIE M3 KOTOPBIX M300parkeHbl Ha Puc. 3.1. B manHoM yueOHOM
rmocobun Mbl OyAeM ucnosb3oBaTh Arduino Uno, HO paccMaTprUBaeMble
MIpUMEPHI IOJKHBI 3apaboTaTh Ha JI000N M3 HUX, C Y4ETOM HEKOTOPBIX
0COOEHHOCTEN MCITOIb30BaHU s BBIBOJIOB Y Pa3HbIX IUIAT, O KOTOPBIX OYZET
pacckas3aHo MO3XKe.

BospmmHeTBO  1wiat  Arduino moctpoeHbl  Ha  8-OMTHBIX
MHUKPOKOHTpoJuiepax ¢upmbel  Atmel. IIporeccopsl paboraioT Ha
TakTOBOM uactoTe 16 MHz. IlnaTel copep:kaT Bce HeOOXOAUMBIE JIs
paboThl MUKPOKOHTPOJIJIEpA KOMIIOHEHTBHI, BKJIIOUAsA CXE€Mbl MUTAHUSA
U KBapIIEBBIN pe3oHaTOP. Paboyee Hanps»KeHUE B OOJIBIIIMHCTBE CIyYaeB
5 BoJspT. IIporpamMMupoBaHMe MHKPOKOHTPOJIEPA MOKHO OCYIIIECTB-
JIATh, IIPOCTO IIOJKJIIOUUB €ro K KOMIIbIoTepy yepe3 nopt USB.

Ha niaTe ecTh pa3beMbl, HO3BOJIAOINE NOAKIIYATh BHEIITHUE CXEMBI
K OOJIBIITMHCTBY BBIXO/IOB MUKPOKOHTPOJIEPA. T PA3HEMBI MTO3BOJISIOT
HCII0JIb30BaTh IUMPOBbIE U aHAJIOrOBble BXOAbl U BbIXOJbI, IIINM
reHepaTophl, pasyjndyHble IudpoBble wuHTEpdelickl. laa Arduino
BBIIyCKAETCHA MHOXKECTBO IUIAT PpaCIIMPEHUs, KOTOPble II03BOJIAIOT
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HCIIOJIb30BAaTh IJIATYy KaK OCHOBY /I YIPaBJeHUs poOOTaMH,
MTOJKJIFOYATbCA K KOMIIBIOTEpHBIM ceTsaM uepe3 Ethernet wim Wi-Fi,
IpeBpalaTh ee B U(PpoBOU poToanIapar U TaK Jiajee.

Tak kak cpezna Arduino o4eHb HOMYJIAPHA, TO MHOTHE Pa3pabOTUNKH
MHUKPOKOHTPOJIJIEPOB /IEJIAI0T CBOM ILJIaThl, COBMECTUMBIMU C Hel. ITO
MTO3BOJIUT NPUMEHUTHh HaBBIKH, IOJIydeHHble Tpu pabore ¢ Arduino,
C IPYTUMH, B TOM YHCJIE TOpa3zio 6ojiee MOIHBIMU MHUKDPOKOHTPOJLIE-
paMu.

Undposbie

sxofabl/Bbixoabl KHonka cbpoca

CeeTtogmopg Nel3

AHanorosble

BXOAbi

NMutadue +9B

Puc. 3.2: [1nama Arduino Uno

IThama Arduino Uno, ndobpakeHHas Ha Puc. 3.2, moctpoeHa Ha Oase
MUKpPOKOHTposlepa ATmega328. Ilnardpopma unmeer 14 UTUQPPOBBIX
BXOJIOB/BBIXOJIOB (6 M3 KOTOPBIX MOTYT HCIIOJIb30BAThCS KAaK BBIXOZbI
IIIVIM), 6 aHaJIOrOBBIX BXOJIOB, KBapIlleBbIM reHepatop 16 MI'l, pazbem
USB, pazwem nurtaHus, padbeMm i nporpammaropa (ICSP) u kHOWKy
nepe3arpy3ku. [y Toro, 4roObl OHA 3apaborasia, ee He0oOXOAHUMO
MOAKJIIOUUTh K KOMIIbIOTEpPY IocpezcTBoM kKabesst USB, nubo mosath
nutaHue mpu nomoinu azantepa AC/DC muiu 6aTapeu.
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3.2 Cpeaa pazpa6orku Arduino

B sTOM pasjesie Mbl IO3HAKOMHUMCS CO cpeiod pa3paboTku Arduino
IDE (Integrated Development Environment — uHTerpupoBaHHas cpeza
pa3paboTKm). ATy cpeay HY»KHO HCIIOJIb30BaTh, ECJIU Y BaC €CTh peayibHast
1ata Arduino.

|
" - MEHIO b
@ sketch_may10a | Arduine 1.8.2 - /\ﬂ = | =l |_ﬂh

Pain lNpaska Cretd WMHorpymedtsr Momowe

sketch_may10a

veid setup() | 3 OTKPBIThIE (PAJIBI i

S/ put your setup code |

: <~ penaxrop Koza

void loop() | |
S/ put vour main code here, to run repeatedly:

COO0IIeHNA
KOMIIMJIATOPA

MOJK/IIOUEHHAa A
IraTa l

Arduino/Genuing Uno Ha COM1

Puc. 3.3: Obaacmu oxHa cpedvl paspabomxu Arduino

Crpoka meHI0 pezaktopa (Puc. 3.3) BKJIIOUAeT B ce0s Cieaylolue
IJlaBHblE 3JeMeHThl: (¢haiiy, MpaBKa, CKeT4, CEPBHUC M CIIpaBKa.
PaccmoTpuMm noapobHee KayKbIN U3 HUX.

B nynkTe @aiin MOXXKHO HAUTH KOMaH/bI, OTBEYAIOIIUE 3a CO3/IaHHe
HOBOI IIPOTPaMMGBI, 3aTPY3KH C IUCKA YKe CyIeCTBYIOIIEH, COXPAHEHHUS
ee H3MEHEHHH, a TakKKe KOMAaHIbl JJis 3arpy3KH IIPOrpaMMbl Ha
MHKDPOKOHTPOJLIED:

— «CosmaTb» — cO3/1aTh HOBYIO TIIporpamMmy (B JIaHHOU cpejie
IIPOTPaMMBbI HAa3bIBAIOTCS CKemMuamil);

51
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«OTKpBITh» — OTKPBITH CYIIECTBYIOIIYIO [IPOrPAMMY;

«ITamka co ckeTyaMu» — OTKPBITh IPOTPAMMY U3 33/IaHHOU IAIIKH;
«IIpumMepbI» — OTKPBITH IPUMED IIPOTPAMMBI;

«3aKpBITh» — 3AKPBITh TEKYIIee OKHO;

«CoxXpaHUTB» — COXPAHUTDb U3MEHEHMN;

«CoxpaHUTh Kak» — COXPAaHUTh IPOrpaMMy B HOBOM (aliie;
«3arpy3uThb» — 3arpy3uthb nporpammy B Arduino;

«3arpysurh ¢ IOMOIIBIO IIpOrpaMMaTopa» — 3arpy3uTh IpOrpaMmy
IIOCPEZCTBOM IPOTrpaMMaTopa;

«Hacrpotika meuatu» — HaCTpOMKa NPUHTEPA;

«IleuyaTp» — BBIBOJ, HA IleYaTh KO/Ia IIPOTPAMMBI;

«HacTpoliku» — HaCTPOUKHU peaKTopa;

«BopIxom» — BeIxon u3 Arduino IDE.

Ilyakr wmeHoo IIpaska COHEpP>XUT KOMAaH/bl, CBA3aHHbBIE C

pe/lakTUpPOBAHUE TEKCTa IMPOrpaMMbl, BKJIIOUAmOIIUEe B  cebs
KOIIUPOBaHUE, BCTABKY, HACTPOUKY OTCTYIIOB U MOUCK.

B pa3aeiie Cxemu pasMEmaroTCA KOMaHAbl [Jd YIIpaBJICHUA

KOMHI/IJIHI_[I/Iefl IIpOrpaMMBbI:

«IIpoBepuTh/ KOMIMIMPOBATH» — KOMIIUJIMPOBATH IIPOIPAMMY;
«ITokazaTp mAaNKy CKeT4el» — OTKPBITh CHCTEMHYI0 IalKy
C MporpaMMaMu;

«/IobaBuTh haityi» — 0OABUTH K IMPOEKTY (aill ¢ TaHHBIMH WJIN
MIpOrpaMMoOHu;

«MmmnoptupoBath OUOJIMOTEKY» — TMOJAKIIOUUTh K MpPOTpaMMe
6mOIMOTEKY U3 CIIUCKA yCTAHOBJIEHHBIX.

[TyakT meH0 Cepguc BKJIIOUAET B ceOs BCIIOMOTaTeIbHbIE QYHKITUU

77151 pabOoThI ¢ CAMUM MUKPOKOHTPOJLJIEPOM

«ABTOOPMATHPOBAHME» — ABTOMATHYECKAS PACCTAHOBKA OTCTYIIOB,
IIEPEHOCOB CTPOK H T.IL.;

«ApXUBUPOBAaTh CKETY» — apXuBallds IIallKM C I[IPOTrPaMMOH,
Y COXpaHEeHHe apXrBa B YKa3aHHOE MEeCTO;

«MoHUTOp TmOpTa» — OTKPHITh OKHO /I OOMeHa JaHHBIMHU
C MHKPOKOHTPOJLJIEPOM;

«IInara» — BBIOOP TeKyIeH miaTel (B HateM ciaydae Arduino Uno);
«IlocymetoBaTesIbHBIA  TIOPT» — BBIOOP TMMOpPTAa, K KOTOPOMY
MTOTK/II0YEHO YCTPOMCTBO;
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— «IIporpammarop» — BBIOOpP mporpammaropa (HamMu B y4eOHOM
IM0COOUH He UCIIOJIb3YeTCs);
— «3amucarh 3arpy3udik» — 3alHCh MPOrpPaMMbl  3arpy34ydKa

B MUKPOKOHTPOJLIED (TaKKe HaMU He UCIIOJIb3YeTCs).

Haxonen, meH0 Cnpaska COAEp>KUT TOJpOOHOE ONHCaHHEe Bcex
dyukmuii camoro pegakropa Arduino IDE, a Takke BCEBO3MOKHBIE
KOMAaH/Ibl U IPUEMBI PA0OTHI ¢ IIATHOPMOIA.

Ha naHesb MHCTPYMEHTOB BBIHECEHBI B BH/IE KHOIIOK HanbOJIee YacTo
HCIIOJIb3yeMble GYHKIUU cpeAbl. VX Ha3HAUeHHe ONMCaHo B TabuIe 3.1.

Tabauya 3.1: KHonku Ha naHeAu UHCMPYMeEHIMNOo8

KHonka Onucanue

[TpoBepuTh/ KoMIuinpoBaTh IporpaMmmy

3arpy3uTth nmporpammy B Arduino

Co3parp HOBYIO IIPOTPaAMMy

OTKPBITH CYIIECTBYIOIIYIO IPOTPAMMY

CoxpaHUTB IIPOTpaMMy

MOHI/ITOp IIocJIEA0OBATEJIBHOIO IIOPTAa

Hermocpe/icCTBEHHO TEKCT IMPOTPaMMbl CO3JAeTcs U PelaKTHUPYeTCs
B OKHE peJlakTopa Kofa. JTO OKHO IIPeJACTaBjseT COOOH THUITUYHBIHA
TEKCTOBBIU PEAKTOP C IMOJICBETKOU CUHTAKCHCA TPOTPaMMBbI.

B HmkHel yactu okHa Arduino IDE umeercs o61acTh, cay»Kamas a1
BBIBOJIA YBEJIOMJIEHUH U COOOIIeHuH 00 omubKax, BO3HUKAIOIIUX
B IIpoIlecce KOMITMJIAIUM MPOrPaMMbl WM BO BpeMsl 3arpy3KH
IIPOrpaMMBbl B MUKPOKOHTPOJLIIED.

3.3 OnsranH-amyasaTop Arduino

JIoist Toro, 4ToOBI BBINOJHATH YVIIPA*KHEHUS JAaHHOTO Y4eOHOIo
rmocobusi, He 005A3aTeIbHO MOKYIATh IJIATY (XOTS 3TO U MPEANIOYTUTET -
Hel, eCJIN y Bac eCTh Takas BO3MOKHOCTB). MBI OyZ1eM HCII0JIb30BaTh BEO-
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npuioxkenue Autodesk CIRCUITS, koTopoe I0O3BOJISIET MOEJIHPOBATH
Arduino u passimyHbIe 3JIEKTPOHHBIE KOMIIOHEHTHI IPSIMO B BeO-Opaysepe
0e3 HeoOXOAUMOCTH 3arpy3kKd U YCTAHOBKH 4Yero-imbo cebe Ha
KoMnbloTep. JlaHHasA cucremMa abCOJIIOTHO OecljlaTHAa W BCe, UTO BaM
HY>KHO /1711 pabOTHI C HEH — BBIXO/ B IHTEpHeT.

3axogum Ha cauT http://circuits.io © Ha’KUMaeM B BepXHEM IIPABOM
yrily KHONKy «Sign up for free». MOXXHO 3aperucTpupoBaThCS
HETIOCPE/ICTBEHHO B CHCTEME WJIM HCIOJIb30BaTh BO3MOXKHOCTb BXO/a
C IOMOIIIBI0 y3Ke HUMeWIUXcs y4deTHBbIX 3amuceir oT Google, Facebook
U IPYTHX CEPBUCOB.

YToOBI cO371aTh HOBYIO cxemMy, HakmMaeM KHOIKY «New Electronics
Lab». Bl monazieTe B peJaKTOP 3JIEKTPOHHBIX MOJIEJIEH, B KOTOPOM IOKa
€CTb OJIHA ITyCcTas MaKeTHAs IIaTa.

dTta mi1aTta COCTOUT U3 veTblpex obisacredl (cm. Puc. 3.4). Cepxy
¥ CHU3Y UYT II0 JIBa PsAJia OTBEPCTHH, NMPeIHA3HAYEHHbIX JIJIST CO3TaHUS
IIIMH TUATAHUA. Bce OTBEpPCTHS OMHOTO Psjia CBA3AHBI JIPYT C JAPYTOM.
[Ipenmnosiaraercs, YTO Yepes OJTHO U3 OTBEPCTUU K 3TUM IIITHAM ITOABOSAT
HaTpsKeHYe MUTaHUsA (MM0JI0KUTEIBHBIN WM OTPUIIATEIbHBINA KOHTAKT),
a 3aTeM, yepes JAPyTrue OTBEPCTHSA K MUTAHUIO MOKHO Oy/IeT MOAKII0YaTh
KOMITOHEHTBI Halllel CICTEMBI.

----------------------------------------------------------------
................................................................
................................................................
................................................................

----------------------------------------------------------------

................................................................
................................................................
----------------------------------------------------------------
................................................................

--------------------------------------------------

Puc. 3.4: IIpumep naamut

OTBepcTUA B KaXK/I0M M3 JIBYX ILIEHTPAJIbHBIX 00J1acTeil, HAIIPOTUB,
CBsI3aHBI BEPTUKAJIBbHO: OHU coeZlnHeHbI B psAzax A-B-C-D-E u F-G-H-1-J.
AT 00JIaCTH HCIOJB3YIOTCA JIJIA YCTAaHOBKU U IIOJKJTIOYEHUS
9JIEKTPOHHBIX YCTPOUCTB.

Yrobbl co37aTh CXeMy, HY»KHO B TIIEPBYIO Ouepellb J100aBUTH
KOMIIOHEHTBI. JIJIs1 3TOro HaXKMMaeM KHOIIKY «+ Components» B BepxHeM
IpaBoM yTJi1y 5kpaHa (Puc. 3.5).
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f=puwin]ppe) = = T —_—

o 2?2 9

P Start Simulation

Code Editor

Components

Puc. 3.5: Knonka «+ Components»

CHu3y MOSABUTCA MaHEJb, B KOTOPOU MOXKHO BBIOMpATh pa3/InUHBbIE
KOMIIOHEHTBHI, ITOEP>KUBAEMbBIE DMYJIITOPOM.

JlaBaiiTe BpiOepeM cBeTOAUOZ U OaTapelo U pa3MeCcTUM UX Ha Halllel
MakKeTHON IuiaTe. Eciu BBIBOABI (KOHTAaKThI) KOMIIOHEHTOB COBIAJyT
C OTBEPCTHUSAMH ILIAThI, TO BMYJATOP OyZeT CUuTaTh, UTO OHU TyJa
BCTaBJIEHbBI U €CTh KOHTAKT.

Ecnu BBIZIESIUTH MBINIBI0O KOMIIOHEHT, TO CIIpaBa CBEPXY ITOSIBUTCS
OKHO C ero cBoricrBaMu. C ero moMoInbs0 MOKHO, HAaIIpUMep, 3a/1aTh IIBET
CBETO/INO/Ia UJIU MIOMEHSATh COIPOTHUBJIeHNE pe3ucropa (Puc. 3.6).

oh M@ i) 4 4] Code Editor <+ Components P Start Simulation

--------------------------------------------------

Puc. 3.6: IIpumep oxHa co ceolicmeamu

Pacriosio’keHHbIE B JIEBOM BEpPXHEM VYIJIy KHONKU IIO3BOJIAIOT
YIIPABJIATH PEAAKTOPOM Mojiesu. VX onmcanue MpuBeJieHo B Tabiuie 3.2.

YTOoOBI COEIMHUTh KOMIIOHEHTHI IIPOBOIAMU, JIOCTATOYHO IIEJIKHYTh
MBIIIIBI0 HA KOHTaKTaX, KOTOPbIe HAZ0 COeMNHUTD. [losaBUTCS n3o0paske-
HHUe TpoBojia. Ecjm 1ieIKHYyTh IO BBIZIEJIEHHOMY ITPOBOJIY, TO Ha HEM
MOSIBUTCS TOYKA, C IIOMOIIBI0O KOTOPOU MPOBO/T MOXKHO U30THYTb.
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Tabauua 3.2: KHOnKu Ha naHeAu UHCMPYMEHIMOo8 Circuits.io

Knonka Onucanue
=% [ToBopaunBaeT KOMIIOHEHT
& Yniansger KOMIIOHEHT (MOJKHO TakyKe Ha)KaTh HA KJIABUIILY
<Delete> Ha k1aBHaType)
- YmenbpliliaeT MacmTab, Tak dYTOObI BCE KOMIIOHEHTHI
i IIOMECTHJINCH Ha SKpaHe (YBEJIMYUTh MacIITab HeTb3s)
< Ml [T03BOJISIIOT OTMEHUTH TPEJBIAYINEE JIENCTBUE U BEPHYTH

€ro 110c¢Jjie OTMEHDbI

JlaBaiiTe MOAKJIIOYMM CBETOAWOJ] MPOBOJAMU K IIINHE ITUTAHUS.
YT0oOBI TOCMOTPETH, KaK paboTaeT cxemMa, HAXKMUTE Ha KHOIKY « P> Start
Simulation» B mpaBoM BepxHeM yru1y sKpaHa (Puc. 3.7).

E The Unnamed Circuit H EEE E} = b ? l
o i 14 4] Code Editor <+ Components P Start Simulation

------------------

..................

.............................................................

-------------------------------------------------------------

..............................................................

................................................................
................................................................
................................................................
................................................................

................................................................

--------------------------------------------------

Puc. 3.7: IIpumep nodkaroueHus ceemoouoda

Yrto mpomsonuio? CHMYJIATOP ITOKA3bIBAET, UTO HAIl CBETOAUO[
neperopesi. CBETOAUOAbI HEJIB35A HATIPAMYIO MOAKIIOUATh K MCTOYHUKY
MMUTaHUs, 0COOEHHO HAIPSKEHUEM Q BOJIBT.

Ha sToM mnpumepe XOpOIIO BHUAHO OAHO U3 IIOJIE3HBIX CBOMCTB
HCIIOJIb30BAHUSA MOJieJIell — CKeub BUPTYAJIbHBIA CBETOJIUOJ MOKHO
COBEpIIIEHHO OecIIaTHO, W BaM He IOTpedyeTrcs OekaTh B Mara3wH 3a
HOBBIM. MoJIeJTMpOBaHUE MTO3BOJISET IPOBEPUTD MPABUIBHOCTD CXEMBI 710
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TOTO, KaK MbI IIOTPAaTUM CHJIBI 1 BpeMs Ha ee U3roToBJeHue. MO>KHO
IIPOBEPHUTH, 3apabOTAET YTO-TO WJIM HET, ITOIKCIIEPUMEHTUPOBATH C Pa3-
HBIMU KOMIIOHEHTAMHU U CIIOCO0AMU COeUHEHMS, U yKe TIOCJIe TOTO, KaK
MBI yOeJIUMCS, UTO Bce paboTaeT Kak HaZl0, MOKHO KYIIUTh KOMITIOHEHTBI
1 coOpaTh peajibHyIo CXeMY.

K coxxaneHnuto, Mojiesii paboTalOT HEAOCTATOUHO XOPOIIIO, UJIN, MOKET
OBITH JIy4llle CKa3aTh, YTO OHH pPabOTAIOT CJIWIIKOM XOPOIIIO,
1 MTOKA3bIBAIOT, KaK HAIlle YCTPOUCTBO paboTasio Okl B U€aIbHOM MUPE.
B peanrbHOM MUpe BCeT/la €CTh KaKHe-TO IITyMbl, IIOMeXH, HE3HAYUTEIb-
Hble OTKJIOHEHHUSI OT HJ/IeaJIbHOTO IIOBeJeHHUsl, KOTOPble B HEKOTOPHIX
CJIy4asXx MOTYT HOBJIUATH Ha pabOTy yCTpOHCTBA, KOTOPOE /0 3TOTO
0e3ympeuHo paboTayIo B AMYJIATOPE.

JlaBaiiTe McIpaBUM HaIIly CXeMY, YTOOBI CBETO/INO/ He Tieperopat. J{iis
3TOTO HAJI0 /00aBUTH B Hee pe3ucTtop Ha 430 Owm, mocJienoBaTebHO
COEIMHEHHBIN €O CBETOAMOAOM. /ljii WU3MEHEHHs IPOBOJIOB, HY:KHO
CHavasia BBIZIEJIUTH MIPOBOJ], a 3aTEM II€PETAIIUTD O/THY U3 €r0 KJIIOUEBHIX
TOYEK. YJAJIUTh MPOMEXKYTOUHYI0O TOUKY MOKHO BBIJIEJIMB €€ U HaKaB
<Delete> Ha x1aBuarype.

3amyctum cxemy. Temepp oHa paboTaeT HOPMAJIbHO, CBETOIAUOZ,
3aropeuicsa (Puc. 3.8).

................................................................
................................................................
................................................................
................................................................

----------------------------------------------------------------

Puc. 3.8: Paboma ceemooduoda

B BepxHeM IpaBOM yIJly 5KpaHa €CTh KHOIIKU, KOTOPbIE MO3BOJISAIOT
MEPEKITIOYATHCA MKy Pa3HbIMU PEXUMaMU PeIaKTUPOBAHUA MOJIEJIH.
OrnmcaHune KHOIIOK JaHo Hike B Tabune 3.3.
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Tabauua 3.3: KHonku nepexatoueHUs Mexcoy percumamul
pedakmuposaHus

KHonka

Onucanue

Mopesnp MakeTHOHM IUiaThl (ceriuac MbI paboOTaeM B 3TOM
pexKuMe)

QHGKTpI/I‘IeCKaﬂ IIPUHIOHIINAJIbHAA CXEMaA

PeylakTop neyaTHOM 1U1aThI (MOKHO C/IeIaTh CBOIO ITEUATHYIO
IJIaTYy)

Crircok KOMIIOHEHTOB (MOXKHO pacliedaTaTh Iepe;] T0X0I0M
B MarasuH)

&

CpoiicTBa mpoekTa (MOXKHO 3a7laTh Ha3BaHHeE, OIMCAHUE
U T.J.)

*a)

CrpaBka 1o cucreme

¢

Bamra sinuHada ctpaHuIia B cucreMe

JlaBaiiTe 3aryisHEM Ha CTPAHUILY ¢ IPUHIUIINAIBLHOU cxeMol. Ha Hel
Mbl BHUJUM CXEMY, COOTBETCTBYIOIIYIO COEIUHEHUAM, KOTOPBIE MBI
caesianu Ha MakeTHoU mare (Puc. 3.10). KoMmoHeHTHI MOKHO BpaIiaTh
U IepeMeliaTh MbIIIbI. EC/IM UX aKKypaTHO Pa3jI0KUTh, TO MOJIYYUTCA
BIOJIHE YUTaeMas cxeMa.

Bat,;
+ I
I ‘

I:"}‘l "?:: I::'l

Puc. 3.10: IIpumep cxemwl
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PemakTupoBath cxemy (Z00aBJIATh U yAaAATH KOMIIOHEHTHI U CBSI3HU
MEXIy HHUMH) B OTOM peKHMMe Heab3sd. K colkajleHUIo, HeIb3s
U TIepepacIpeieTUuTh PyKaMU COeTMHEHU S, OHU BCer/ia TPOKJIAbIBAIOTCS
aBTOMATHYECKH, II09TOMY CJIO’KHBIE CXeMBl MOTYT IIOJIydaThCs
JIOCTATOYHO HEPSILINBBIMU.

Kox s miat Arduino MoXKHO IHcaTh NMPSAMO B BebO-uHTepdelice
cpenbl Autodesk CIRCUITS. /I aToro Hy»kHO Ha)kaThb KHONKY «Code
Editor». dta dpyHKIUA OyAET IOCTYITHA TOJIBKO IOCse J0OAaBIEHUS ILJIAThI
Arduino uim Apyrux mporpaMMHPYEeMbIX KOMIIOHEHTOB B MO/IEJTb.

Hamucas nmporpaMmMy ee MOKHO 3aITyCTHTh, HakaB KHOIIKY « 1 Upload
& Run» B BepxHeH yacTu peaakTopa Koja. TaMm ke UMEeITCA U JIpyrue
KHOITKU:

— Libraries — moka3bpIBaeT o//iep>KUBaeMble SMYJIATOPOM OUOJIMOTEKH
Arduino ¥ o3BoJIAeT UX HOAK/IIOUNTD;

— Download Code — ckauaTh pa3pab0OTaHHBIN KO/ Ha CBOM KOMIIBIOTED;

— Debugger — ot1aiunkK Koj1a;

— Serial Monitor — nmokassIBaeT coo01eHusd ot Arduino.

3agaHue 3.1

Cobepure cxeMy, pacCMOTPeHHYIO0 BhIle. [IpoBepbTe ee paboTy.

3ajgaHue 3.2

Jlo6aBbTe B cxeMy MysbTUMETp. C IMMOMOIIBI0O KHOIKU MEPEKITIOUNTE
€ro B PEeXHUM aMIlepMeTpa U MOAKJIIOUHTE IOCJEA0BATEIBHO CO
CBETONOZOM. 3aIlyCTHUTE SMYJISIIUIO U IIPOBEPhTE TOK Uepe3 CBETOIUO/I,.
Pabounii TOK OOBIYHBIX CBETOIMOA0B HE IMMPEBBIIIAET 20 MA.

3.4 IIporpammupoBaHue Ha a3bike Cu
[TporpammupoBanue B cpezie Arduino ocyiecTsiisieTcs: Ha s3bike Cu

¢ MUHHUMAaJIbHBIM HaOopoM 3yieMeHTOB C++. B anpHelem Oyaem, aJis
KPaTKOCTH, HAa3bIBaTh HTOT S3BIK IMPOTPAaMMHpPOBaHUS SI3bIKOM CH.
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PaccMOTpuM OCHOBHBIE OCOOEHHOCTH CHHTAKCHCA STOTO SI3bIKAa, 3HAHUE
KOTOPBIX HEOOXOAUMO JIJII HAITCAHUSI ITPOTPaMM.

Kaxxzoe BhIpaskeHUE 3aKaHUYMBAETCS CHMBOJIOM TOUYKH C 3aIlfTOM.
Hanpuwmep:
a=b+ c;
Teso ¢yHKIMH U cocTaBHBIX omeparopoB (if, else, for, while)

BBIJIEJISIIOTCA (PUTYPHBIMU CKOOKaMH (aHajioruiyHO BeginEnd B sA3bIKe
Pascal). Harpumep:

if(a > 0) {
b = a+1;

}

CTpOKU BBIAEJISIOTCA IBOMHBIMY KaBbIUKAMM:

lcd.print("some text");

a CUMBOJIBI BBIJIEJIAIOTCA OAUHAPHBIMU KaBbIUKAMU:

symbol = 'a';

[TonksoueHre 6GUOIUOTEK OCYIIECTBIISETCS C TIOMOIIbI0 KOHCTPYKITUH:
#include <math.h>

KomMmeHTapuu B mporpaMMe HAUMHAIOTCSA JIByMS MPSMbBIMU CJIelIaMU:

// 3TO KOMMeHTapuu

OObsBIeHHE IepeMeHHON B si3bike CH OCYIIECTBJISIETCSI C ITOMOIIBIO
KOHCTPYKITUU BHU/IA:

TUN_MNepeMeHHOW UMA_MNepeMeHHOMn;
ITpumep:
int x, y; // obbABneHbl NepemMeHHble X U Yy, UMelwne uenblid TUrM
B mporpammax /11 Arduino MoKHO HCIIOJIb30BaTh CJIEAYIOIIHNE THIIBI 171
YHCJIOBBIX JAHHbBIX:

— byte — nesioe yucso ot @ 1o 255;

— int — mesoe ymncio ot -32768 110 +32767;

— word — 1eJjioe 4ucyo oT 0 10 65535;
— long — uenoe yncio ot -2147483648 1o 2147483647 ;
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— float u double — yncia ¢ waBawIlel TOUKOU, COOTBETCTBYIOT TUITY
float A oOBIYHBIX KOMIIBIOTEPOB, TUII double B HacTosIIIIee BpeMs
sKBUBasieHTeH float.

MaccuBbl B s13bIKe CH OOBSIBJISIIOTCS KOHCTPYKITHEH BU/IA:
TUN_3N1eMeHTa MMA_MaccuBal[pa3mep];

ITpumep:

int values[1@]; // maccue U3 AecAaTW Lesbix Yucen

B s3p1ke Cu mpelycMOTpPEH THII JJ1s1 XpaHEHHU ST CHMBOJIOB 1 CTPOK, TO TUII
char. CTpoku IpeAcTaBIsSIOT cO00H MaccuUBBI THUIA char, B KOTOPBIX
MOCTIETHUA CHUMBOJI UMeeT KOJ ©, 4TO O00O0O3HauaeT KOHeIl CTPOKH.
ITpumep:

char my_str[10]; // cTpoka He 6onee AEBATU CUMBOJIOB AJIMHOW

Tum boolean ucmosb3yeTes AJs IIPeACTaBIAEHUA JIOTHUECKUX 3HAUEHUH
true (ucrunHa) u false (y1oxxb). Kpome ToOrO, JII000O€ I1€J10€ 3HAUEHUE
MOXKeT HCIOJIb30BAaThCA KaK JIOTUUECKOe, IIPU 3TOM © O3HauaeT JIOXKb,
a JII000e HEeHyJIeBOe 3HAUEHHNE — UCTHHY.

[Toceauuii TUN JAHHBIX, KOTOPBIA Mbl PACCMOTPUM — TUII void. ATo
«IIyCTOM» THII, KOTOPHIA UCIIOJIb3YeTCsS MPU 00bsABIEHUU (DYHKIUH, HE
NPUHAMAKIIMX apryMEeHTOB WJW HE BO3BPAIAKINUX pe3yJbTaT
(aHasmormyHO IpoIlelypaM B si3bike Pascal).

Ykazanue ciaoBa const mepes oObsBJIEHHEM NEPEMEHHOH TOBOPUT
0 TOM, UTO €€ 3HAaUEHUE HE MOKET OBITh U3MEHEHO.

B sa3pike CH HCIONB3yeTCsl CTAaHJIAPTHBIM HAOOp MaTeMaTHU4YeCKUX
OIlIEpaTOPOB, BKJIIOUAKOIHUU +, -, * U /. JIJi1 BbIYKUCIEHUSA OCTaTKa OT
JleJIEHUS UCIIOJIb3yeTCs %.

Kpome ToOro, ectp uUX cIelMaJibHble KOMOWHAIIMU C OIEPATOPOM
MIPUCBaNBaHUA, IO3BOJIAIOIIAE COKPATUTD 3aIIUCh:

X += 4; // O3Ha4aeT X = X + 4

Takue GopMbI eCTh /IJ11 BCEX ONEPATOPOB.
JlJisi  yBesWYeHWsT U yYMEHBIIEHHs 4YHcIa Ha €eIUHHUIY eCTh
WHKPEMEHTHI U JIeKPEMEHTBHI:

X + 1
y -1

X++; // 0O3Ha4daeT X
y--3 // O3HayaeT y
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Habop omepaTopoB CcpaBHEHHs TOXK€ CTaHJAPTEH W BKJIIOYAeT
OmepaTopsl <, >, <=, >=. PaBeHCTBO 3aIMCHIBAETCA C IOMOIIBIO ABYX
3HAKOB PaBHO (==), a HepaBEHCTBO 3alKChiBaeTcs Kak !=. Jloruueckue
BBIPaKEHU MOYKHO BBIYUCIISITH C IOMOIIBIO OTIEPATOPOB «H» — &&, «AJIH»
— ||]. Jlormueckoe oTpuUIlaHHE 3aIUCBIBAETCA C  IIOMOIIBIO
BOCKJIMIATEILHOTO 3HaKa !.

YCJI0BHBIN OIIEpaTOP UMEET CJIEYIOIUN CHHTAKCHC:

if(ycnosue)
KOZ, BbINOJIHAEMbIA, €C/N YCJ0BUE WUCTUHHO

Ecyu B c/iyuyae HCTUHHOCTH YCJIOBUS HEOOXOAHUMO BBIIIOJIHUTH HECKOIBKO
OIIEpaTOPOB, TO OHHU OOBEAUHSIIOTCA B OJIMH 0JIOK C IIOMOIIbIO (DUTYPHBIX
CKOOOK:

if(ycnosue){
KOZ, BbINOJIHAEMbI, €CAn YyCNOBUE WUCTUHHO

}

[ToHas ¢popma yCJIOBHOTO OllepaTopa BKJIIOYAEeT OJIOK else, Kof B KOTO-
POM BBITIOJIHSIETCS, €CJIU YCIOBHE JIOXKHO:

if(ycnosue) {
KOZ, BbIMOJIHAEMbI, €CAN YyCNOBUE WUCTUHHO

else {
KOZ, BbIMNOSIHAEMbIi, €C/IU YyCNOBUE JIOXHO

Omneparop switch mo3BoJisieT ocylmecTBUTh BHIOOP OJHON M3 BETOK
KO/Ia B 3aBUCHMOCTH OT 3HaUE€HU YHUCJI0BOM IIEpeMeHHON, HalIpuMep:

switch(mode) {

default:

case 0:
Kog ONnA pexuma 0
break;

case 1:
Kog AnAa pexuma 1
break;

case 2:
Koa AnAa pexuma 2
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break;

[Ipu sTOM 3HaueHHe IMeEpeMEHHOU mode OompenesisieT, B KaKyl0 TOUKY
repenieT UCIOJHUTEb IIPOrpaMMbl BHYTPHU TeJia omepaTtopa. Jlasiblie
OyZyT BBIIIOJIHATHCS BCE JIEHCTBUS, €CJIN HE BCTPETUTCS break, KOTOPHIH
IIPEPBET JIaJIbHelIIIee UCTIOTHEHNE KOZla BHYTPHU switch.

Ecnu 3HaueHmne BhIpakeHUsI HE COOTBETCTBYET HU OJTHOU M3 METOK, TO
BBIIIOJIHAETCA KO, HAUUHaA ¢ MeTKU default. B janHOM nmpumepe us-3a
oTcyTcTBUs break nmocie default ynpasiieHure nomnajeTr B «A€UCTBUS I
pexuma 0».

[Mukn while mo3BoJigeT BBINOJIHATH KO A0 TeX IIOP, IOKA yCJIOBUE
BepHO. OH UMeeT CUHTAKCHUC:

while( ycnoswue )
KOZ, BbINOJHSAEMbIA B LMK/e

BoJiee cioxHBIM sIBJIsIETCA ITUKII for:

for (MHUUMaANM3auma; ycnoBue; war)
KOZ, BbINOJHSAEMbIA B LMUK/e

B sTOM 1uKje BbIpa)keHHe, YKa3aHHOe B OJIOKE «HMHUIIMATIA3ALUI»,
BBITIOJIHSIETCS OJWH pa3 Iepej HauaaoM Iuksia. OOBIYHO B HEM 33/1a10T
Havya/IbHble 3HAUEeHUS JJIS IIepeMEeHHBIX ITUKJIA. YCJIOBHE IPOBEPSAETCS
KaK/IbIM pa3 B caMOM Hadajie O4epeTHOW MTepaIluy INKJIa U €CJIU OHO
CTaHeT JIOXKHO, TO IIUKJI ocTaHaBauBaercs. «IIlar» BBIIOJHAETCS IIOCTIE
BBIIIOJITHEHUST Tejla IUKJIA W OOBIYHO yBeJUYHBaeT (MM yMEHBIIIAEeT)
IIepeMeHHble IMKIa. B OJIoKaX «HMHHIHATIM3AIUSI» W «IIar» MOYKHO
U3MEHUTh HECKOJIPKO IIePEMEHHBIX, €CJIM HalHcaTh COOTBETCTBYIOIIIVE
BBIPayKEHUSI Yepes 3aIsTyIO.

[Ipumep 1UK/Ia, BBHIUUCIAIOIET0 CyMMYy apuUd@MeTHUYECKOU
IIPOTPECCHUU:

int i, sum;

for(i = @, sum = @; i <= 10; i++)
sum += 1i;
Kop nmporpammbl Ha s13bike CH JOI3KeH OBITH 00513aTeTbHO Pa3bUuT Ha

bysxmun. s o0bsABIeHUs QYHKIUU HCIIOJIB3YETCA  CIIETYIONTHI
CUHTAKCHC:
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TUn_¢yHKunMmM uma_¢yHkummn( napameTpbl ) {
KOZA, BbINOJIHAEMbIN B paMmkax ¢GyHKLUM
return pesynbTaT_OQyHKUUU;

Tun ¢gyskium coobiiaer TN 3HaUeHUs, KOTOpoe Oy/ieT BO3BpaIllaTh
¢dyuknua. Haopumep, crasgapTHasg QYHKIUA COS, BBIUMCIAIONIAA
KOCHHYC, BO3BpaIlaeT 3Hadenue tumna float.

msa pyHKIIUYU MOKeT ObITH JII000H CTPOKOM, HAUMHAIOIIeNcs ¢ OYKBHI,
U cofieprKaliei ToJIbKO OYKBbI, UM PBI 1 CUMBOJIBI IOAUEPKUBAHU.

ITapameTpel — 3TO IlepeYeHb IIEPEMEHHBIX, KOTOpble IIPUHUMAIOT
3HaUeHUs, IepeaBaeMble B QyHKIHIO. [lepeMeHHbIe yKa3bIBAIOTCA Yepes
3aIATYI0, CHauasia MUIIYT TUI ITapaMeTpa, a 3aTeM — ero Ha3BaHUe.

YToObI BepHYTh 3HaueHHEe U3 (YHKIHUU MCIOJIB3YETCA OIEPATOP
return. OH HeMeJUIEHHO OpepbIBaeT BBINIOJIHEHUE (QYHKIUU, a ee
pe3yJIbTaTOM CTAaHOBUTCA 3HAUEeHHWEe YKAa3aHHOro 1mocie return
BBIPpAKEHMUA.

Ecsim yHKIMA HUUETO He BO3BpaIlaeT, TO TUN_QyHKLMN YKa3bIBAETCA
Kak void. Eciin pyHKIIMY He nepefaeTcd HUKAKUX apTyMeHTOB, TO MOKHO
HUYEero He MUCATh BHYTPU KPYTJIBIX CKOOOK WJIM MOXKHO HamuCcaTh Tam
CJIOBO void.

Hwuxe npuBeneH npumep (yHKIIUHA, CyMMUPYIOIEN ABa 4yncia TUIIA
int:
int sum(int a, int b) {

int result;
result = a + b;
return result;

Jloist BeI30Ba (PYHKIIMU HEOOXOAWMO HaAmHCaTh ee UMs U B KPYIJIBIX
ckoDOKaxX yKa3aTh uepe3 3alATyI0 3HaueHUs apryMeHTOB, HalIlpUMeD:

r = sum(3, 10);

B mporpammax Ha sa3bike Cu MOXHO OOBABUTH IIEPEMEHHbBIE 3a
npefenaMu  J00bIx  QyHKIMNA. Takue ImepeMeHHBble HAa3bIBAIOTCA
m1o0abHBIMU. VX MOXKHO HCHOJIB30BaTh B JIIOOBIX (YHKIUAX,
PAaCIOJIOKEHHBIX MOCIe OObsIBJIEHUs IlepeMeHHON. Hampumep, B 3TOH
nporpamMMe mnepemMeHHas led wucnosb3yercsi B QyHKIuAx setup()
u loop().
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const int led = 2;

void setup() {
pinMode(led, OUTPUT);

void loop() {
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);

BOHpOCI)I AJIA CAMOKOHTPOJA

1. Kakue u3 cieaymonux CTpOK He COOTBETCTBYIOT CHHTAKCUCY SI3bIKA
Cu:
a) int x;
b) int x, char u
c) int x, vy;
d) float int x;
2. Kakoe 3HaueHue MpUMeT IlepeMeHHas b mocsie BBIIIOJIHEHUS 3TOTO
KoJia:
int a = 2;
char b = ¢ ¢;
switch(a) {

default:
case 0:
b= ’;
break;
case 1:
b= °b’;
break;
case 2:

b= ('CJ;
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break;
}

3. Yemy Oyzer paBHO 3HaueHHe nepeMeHHON k B ¢dyHKImu setup()
B pe3yJIbTaTe BBIIOJIHEHUS CyIeAyIolIero 0JI0Ka KoJia:

int func (int b){

int a = 0;

if (b %2==0 || a> 0)
return a;

else

return (a+l);
}
void setup(){
int k = func(5);
}

4. CKOJIBKO pa3 BBIIIOJTHUTCSA TeJIO CJIEIYIOINEro IUKIa:
int i = 4;
while(i >= 0) {
i--5

}

3.5 CTpykTrypa cketua

B npenpiayiiieM pasziesie Mbl TOBOPUJIU O A3bIKe MPOTPaMMUPOBaHNS,
KOTOPBIN HCIIOJIb3yeTcs B Arduino. ATOT sI3bIK OYEHb MOX0K Ha A3bIK CH,
HO eCTh U HEKOTOPbIE OTJIUYHA.

Bo-nepBbIX, KOT/Ia TUIIYT IporpaMmmy s Arduino, oHa 00s3aTeThHO
70JKHA OBITh HAIlMCAaHA B OJTHOM (aiiyie, KOTOPBI HAa3bIBAIOT CKETY. B
MOZKET€ YaCTO BCTPETUTD TAKOE COUETAHHE CJI0B «CKeTd Ji1st Arduino», 3To
3HAYUT ITporpamma iyist Arduino.

EcTh oOT/IMUMe B CTPYKType CKeT4a OT CTPYKTYPhl OOBIYHOMU
nporpaMMbl Ha CH, W BBI3BAHO OHO PAa3JIMYUEM MeXaAy paboTou
IporpaMMbl Ha OOBIYHOM KOMIIBIOTEPE U BO BCTOPEHHBIX cucTeMax. Koraa
BBIIIOJIHAIOT IPOTPaMMy Ha OOBIYHOM KOMIIBIOTEPE, TO OHA 3aIlycKaeTcH,
BBINIOJTHSET KaKre-TO IENCTBUS, a MOTOM 3aBepiiaetcs. Ecau nporpammy
nuiryT Ha A3bike CH, TO 3a ee BBIIOJIHEHHE OTBeuaeT QYHKIUA main().
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IIpu 3amycke mporpaMMbl 3allycKaeTcsd MMeHHO 3Ta QyHkuusd. 13 Hee
IPOTPAMMHMUCT YK€ MOXKET BBI3BATh OCTaJIbHbIE (PYHKIUM ITPOTPaMMBbI
B TOM TIOPS/IKE, B KOTOPOM OHM JIOJKHBI BBITIOTHATHCA. Korma dyHKIms
main() Bo3BpalllaeT ympasJjeHe Cc IOMOIIBIO return, mporpamMma 3aBep-
H1aeTcs.

Ho s mporpaMmbl, YIpPaBJIAKOIIEd MHUKPOKOHTPOJUIEPOM, TaKoOe
IOBeJleHUe He uMeeT cMbIciaa. [loka Ha yCcTpoMCTBO MOAAHO IMUTAHUE,
MHUKPOKOHTPOJJIED JIOJKEH YIIPAaBJATh YCTPOMCTBOM, a 3HAYUT, OH
JIOJI’KeH BBITIOJIHATH CBOIO IporpamMmy. JTa IMporpaMMa HUKOTr/AAa He
3aBepIaeTcs caMa, OHA IepecTaeT paboTaTh, TOJIBKO €CJIU BBIKIIOUUTH
MUKPOKOHTPOJLIIEP.

[TosTomMy cTpykTypa mporpamMmbl s Arduino oTyimyaercs OT
CTPYKTYpbl OOBIUHOW TIporpamMMbl Ha s3bike Cu. B mporpamme s
Arduino He m013kHO OBITH (PYHKITUH main(), BMeCTO Hee JOI’KHBI OBIThH
nBe pyHkuu: setup() u loop().

[lepBas u3s sTux GyHkiui, GyHknus setup (), BbI3bIBAETCA OJIMH pa3
B CaMOM Hayajie BBINIOJIHEHUS IIPOTPAaMMBI cpa3y IIOCJe TOTO, Kak
MUKDPOKOHTpOJUIep BKIoumIn. OHa JOKHA TMOJITOTOBUTh MUKPOKOH-
TPOJIJIEP U BCE yCTPOUCTBA K paborTe.

OO6BIYHO B 5TOU (YHKIMU HACTPAMBAIOT MUKPOKOHTPOJLIED, HATIPU-
Mep, 3aJIal0T, KaKue ero BBIBOJIBI OYAyT HCIOJIH30BAaThCA KaK BXOJBI,
a KaKue — KaK BbIXO/IbI U TaK Jjajiee. B 3Toi PyHKIIMU MOKHO BBIBECTU HA
SKpaH MPUBETCTBUE JJI MOJIb30BATENA (€CTIU Y YCTPOUCTBA €CTh SKPAH).
Wiam KakuM-TO APYTUM 00pa3oM IIPUTOTOBUTH YCTPOHCTBO K paboTe.
MozkeT OBITh, HY?KHO YTO-TO BKJIOUHTH, MJIH HA000OPOT, YOEAUTHCSA, YTO
HUYETO JIUIITHETO MTOKA He BKJIIOYEHO.

Bropasa ¢pynknusa, yskuusa loop(), BEIIOJTHAETCA BCe BpeMs, MOKa
pabotaeT Hale ycrporictBo. Ecoim oHa 3aBepriutcs, To cpeaa Arduino
3aIyCTUT ee 3aHOBO. B 3TON (PyHKIMU KAaK pa3 U HYKHO Peayin30BaTh
aJITOPUTM paboThl yeTpoiicTBa. OOBIYHO B HEW OIIPAIIMBAIOT MOAKIIOUEH-
Hble K MUKPOKOHTPOJLJIEPY CEHCOPHI, WU CaMU BXOJIbl MUKPOKOHTPOJI-
Jiepa, aHAJIU3UPYIOT MHOJIyYeHHYI0 UH(GOPMALUI0 U BBIAAIOT KOMAH/IbI
HCIIOJTHUTEIbHBIM YCTPOHCTBAM.

MO3KHO CYUTATh, UTO I7ie-TO B Onbroreke Arduino y»xe ectb QYHKITHS
main(), koTopas ycTpoeHa IPUMEPHO TaK:

void main() {
setup();



68 3. Arduino

while(true)
Loop();

Takas GyHKIUA TaM AeUCTBUTEJIBHO €CTh, CKOPEe BCEero OHa yCTpOeHa
OoJiee CJI0KHO, OHA MOJKET JIeJIaTh ellle KaKue-TO JIeHCTBUs 110 yIpaBJie-
HHUI0O MHKPOKOHTPOJLJIEPOM, HO 00IIas CTPYKTypa UMEHHO TaKOBa. A HaM
HY>KHO HanucaTh JiBe pyHKIuu setup() u loop().

Kak # B OOBIYHBIX IPOTpamMMax, Mbl MOJKEM CO37aBaThb U JIIOObIE
npyryue cBou (GYHKIIUU M BBI3bIBaTh uX U3 setup() u loop(). Eciu B
JleJiaeTe YTO-TO IPOCTOE, TO MOKHO HAIMCATh BECh KOJ, MPOCTO BHYTPU
setup() u loop(). Tak crout caesnaTh, €CjIN BeCh UX KOJI IOMeEIAETCA
B HECKOJIBKO CTpOYeK. Ecyiu /iesaTh 4TO-TO CJIOKHOE, TO CTOUT Pa3OUTh
KO/l Ha OTJieJIbHbIe (DYHKITUU.

B mporpamme Arduino MoOKHO BBI3BIBATH CTaHAAPTHBIE (DYHKIIUH,
KOTOPBIE €CTh B OubOIoTeKe. Jlyis 3TOro He HY»KHO JJ00aBJIATh TUPEKTUB
#include. B oObiuHOM s13bIKe CH B5TO HYXKHO JeJaTh Jaxke JIA
cTaHAapTHHIX QYyHKIUH. O/THA U3 TAKOBBIX, KOTOPasi Oy/IeT 4acTo UCIIOJIb-
30BaThCsA, 3TO0 GyHKIUA delay( Bpema ), Aeawlias 3aJep:KKy Ha
yKazaHHOe BpeMs. Bpems 3aaeTcsi B MUJUIMCEKYH/AX, ITIO3TOMY, UYTOOBI
IIO/I0K/IaTh 1 CEKYH/Ty, HaJI0 HAIINCATh:

delay(1000);

EcTh ere HECKOJIBKO CTaHAAPTHBIX (YHKIIUH, KOTOPbIE MBI Oyzem
HCIIOJIb30BaTh, U KOTOpPbIE MOKHO Cpasy MHcaTh B IIporpaMme. OTH
dyHKIIMY yIpaBisoT 6a30BBIMU BO3MOKHOCTSIMH MUKPOKOHTPOJLIEPA, U
MBI UX PACCMOTPHUM, KOT/Ia OHH HaM ITOHA1005TCS.

Bosibiium  mipenmyIriecTBOM cpesibl Arduino siBiseTcsa ee OosibIias
MOIYJIIPHOCT. ~ MHOTHME  IIPOM3BOJUTENHM  BBIIMYCKAIOT  ILJIAThI
pacIIupeHusi, KOTOpble MOXKHO MOAKII0YATh K Arduino ¥ MCIIoIb30BaTh
BMecTe ¢ Hell. JI71s Toro yTo0bI TaKkue MaaThl ObLIO YZIOOHO UCTIOIb30BATh,
JUIT HUX TUIIYT OMOJIMOTeKH, cojaep:Kaliue yAoO0Hble (PYHKIUHU I
paboThI ¢ 3TUMU yeTpolicTBaMu. [TunryT Takue 6UGJIMOTEKN U TIPOCTO JJI
OTJIeJIbHBIX KOMIIOHEHTOB, KOTOpPbIE MO’KHO IIOJKJIIOUUTh K ILjIaTe
Arduino. Ms1 OyzmeM WHCIIOJIB30BaTh, HAIpUMEpP, OUOJIHOTEKY JIs
yIpaBJyIeHUS JKUAKOKPUCTALTTIECKIM SKPAHOM.

YToOBI HCMOJSIBL30BATh OHOJIMOTEKY, HY’KHO B Hadaje ITPOTPaMMbI
IIOMECTUTD JUpeKTUuBy #include:
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#include < wma_6bubnuotekmn.h >

Hanpumep, Oubsmoreka uiA pabOThl C JUCIJIEEM Ha3bIBAETCSA
LiquidCrystall, u yTOOBI ee UCIIOIb30BaTh, HAIO CHAUasIa Hal1ucaThb

#include <LiquidCrystal.h>

B sa3pike Arduino misa paboTel ¢ OUOIMOTEKAMH HCIIOJIB3YIOT
ayieMeHThI s13bIka C++. PaxkTuuecku, caMu OubOIMoTeKH muIryT Ha C++,
HO B CKeTY€e MO>KHO UCII0JIb30BaTh TOJIBKO OYE€Hb IIPOCThIe BO3MOKHOCTH
aToro fA3bvika. f3bpIk C++ M03BOJIAET co37aBaTh KJyacchl. Kitaccel — 5TO
II0JIb30BATEJILCKHUE THIIBI JAHHBIX, OIMCHIBAKOIIKME HAOOp mMoJen
U oIlepallii, KOTOpble C HUMH MOKHO JAejaTb. C IIOMOIIbIO 3TOTO
MmexaHuzma B C++ MOXKXHO c/ejiaTh, HalpUMeEP, KJacC «JIMCILIEeN»
U IEpeMEeHHYI0 TaKOTO THUIIa. Takue rnmepeMeHHble Ha3bIBAalOT 0O'EKTAMHU.
[ToroM MOKHO paboTaTh C STUMH «CJIOKHBIMH» IepeMeHHbIMU. UTOObI
cleyiaTh TaKyl IEepeMeHHYI0, ee HaJio OObABUTh, KaK OOBSIBISIOT
oObIUHBIE TIEpeMeHHble. Hampumep, miA pabOThl C AUCIUIEEM HAJIO0
cZiesiaTh nepeMeHHyo Tuna LiquidCrystall:

LiquidCrystal 1lcd(4, 5, 6, 7, 8, 9);

Tyt LiquidCrystall - 3TO Ha3BaHUeE TUIIA, €T0 MMUIILYT B JIOKyMEHTaI[UU
Ha Oubsuoreky. lcd — 5TO Ha3BaHHWe HAIlled I€pEeMEHHON, MOKHO
HCIOJIb30BaTh JII00OE MM, Kak yaoOHOo. Iludpbl — 5TO mapaMmeTpsl,
KOTOPbIE MepelaloTesi 00beKTy Npu co3aanuu. O ToM, Kakue IapaMeTpbl
HaJ[0 yKa3aTb, TOKE MUIIYT B JOKyMeHTauuu. 1Jisa aucmies sTo, Ha caMOM
7leJie, HOMepa BbIBOJIOB MUKPOKOHTPOJLIEPA, K KOTOPBIM OH IOJIKJIIOUEH.
[To3xe MBI pacCMOTPUM PabOTYy ¢ AUCILIEAMHU O0siee TTOAPOOHO.

[Toce TorO, KaKk MmepeMeHHas CO3/laHa, Mbl MOXKEM C Hel paboTaTh.
JIJI1 3TOr0 UCHOJIB3YIOT ClienuajibHble (QYHKIUNU, KOTOpPbIE JOCTYIIHBI
TOJIBKO JIJIsi 2TOM IiepeMeHHOM. Takume QYHKIUM eIlle Ha3bIBAIOT
«MeTOoZlaMU Kjiacca». BhI3bIBAIOT UX CIIEIYIONUM CIIOCOOOM:

UMA_nepemMeHHOM . uMA_pyHKuumn( napameTpsbl );

Hampumep, TekcT Ha AUCILIEN BBIBOAUT (QYHKIHUS print, u ee MOKHO
BBI3BATh CJIEIYIOMINM 0Opa3oM:

lcd.print("Hello!");

Tak Kak Mbl YKa3bIBaeM CHauajia UMs epeMeHHOH, To QYHKIUA print
BBI3BIBAETCSI MMEHHO [IJId O9TOM MNepeMeHHOU. MOXXKHO MOAKIIYUTH
HECKOJIBKO JINCIIEEB U CIEIATH JIs KaXK/IOTO U3 HUX CBOIO IIEPEMEHHYIO.
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Boonpocsl g1 caMOKOHTPOJIA

1. Kakwue pyHKIIUH 00s13aTETHHO JOIKHBI IPUCYTCTBOBATH B CKETYE JIJIST
Arduino?
a. setup()
b. main()
c. startup()
d. loop()
e.init()

2. BribepuTe BepHbIE YTBEPKAECHUS:

a.

b.

«Kiace» — 9TO TUI JAaHHBIX, & «O0BEKT» — 3TO 3HAYEHHE TAKOTO
THIIA.

Jlnd ucnosib3oBaHus JI0O60U CcTaHAPTHOU (YHKIHMU B Cpefie
Arduino, Haj0 B Hayasie MPOTpAaMMBbl HAIKCAThb JUPEKTUBY
#include u ykazaTb uMs OUOJTUOTEKU.

bubsinorexkn MUIIYT AJ1s yOPOINEHHUs PabOThl C Pa3IMIHBIMU
YCTPOHCTBAMU.

YTob6bl paboTaTh C ABYMs OJAMHAKOBBIMHU YCTPOWCTBAMH, JIA
KOTOPBIX €CTh OMOJIMOTEKa, HaAO OyZeT ABa pas3a IOJKIIOYUTD
3Ty 6ubIMOTEKY ¢ ToMOIIbI0 #include.

YTob6bl paboTaTh C ABYMs OAMHAKOBBIMHU YCTPOHCTBAMH, JIA
KOTOPBIX €CTh OMOJIMOTEKa, HAZI0 OyZET OAMH pa3 MOAKIIOUNTD
O0ubImoTeKy ¢ IoMoInbio #include u co3zmaTth ABa OOBEKTA
COOTBETCTBYIOIIETO KJIacca.
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4.1 Ilndposseie BbIxoabl. PaboTa co cBeToanoaomMm

OmHO U3 TpoCTeUIUX AeWCTBUN, KOTOPOE MOKET BBITIOJHUTD
MHUKPOKOHTPOJIJIEDP, 3TO ITEPEKTIOUEHNE COCTOSTHUS KOHTAKTOB ITU(MPOBBIX
BXO/I0B-BBIXOJIOB. JIF000# M3 IH(POBBIX BBIXOJ0B MHKPOKOHTPOJLIEPA
MOKHO IIPOTPAMMHBIM CIIOCOOOM IIEPEKJIIOYUTH MENKAY BBICOKHM
ypoBHeM (+5 V) u HH3KUM (0 V). C IIOMOIIBI0 TAKOTO IEPEKTIOUEHUS
IIPOUCXOJIUT YIIPaBJIEHHE ITPOCTHIMH YCTPOUCTBAMH.

[lepexstoueHue ocyiecTtBisercsa ¢yHkmued digitalWrite, BbI3OB
KOTOPOU MMeeT BU/I:

digitalWrite( HOMep_KOHTaKTa, YpOBEHb_CUrHana );

[TapameTp ypoBeHb_CMrHana MOXeT IIPUHUMATh ABa 3HadeHusda: HIGH
(BbIcOKUH, +5 V) mwiu LOW (Hu3kwuii). [TapameTp HOMep_ KOHTaKTa — 3TO
YHCJIO, COOTBETCTBYIOIIlee HOMepy KOHTaKTa Ha 1iate Arduino.

ObpaTuTe BHUMaHHE, YTO OJTHU U T€ K€ BBHIBO/IBI MUKPOKOHTPOJIJIEpA
MOTYT BBICTYIIaTh KaK B pOJIM LUQPPOBBIX BBIXOJOB, TAK U B POJHU
udpoBbIX BXOZ0B. [lo3TOMy mepes; UX HCIIOJb30BAHUEM HEOOXOIUMO
yKazaTh, B KaKOW PO OyZEeT WCIOJIb30BAThCA KOHTAKT: BXOJla WJIU
BBIXOZa. ATO JIeJIaeTcA ¢ IIOMOIbI0 QYHKIIUM pinMode:

pinMode( HOMep_KOHTaKTa, peXuMM_KOHTaKTa );
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Ee aprymeHT pexum_KOHTaKTa MOXKeT INpUHUMAThb 3HaueHuda: OUTPUT
(Bbixom) 1 INPUT (Bxoj). Takum o6pa3oM, 4TOOBI YCTAHOBUTH Ha BBIXOJIE
NO2 BpICOKUI YPOBEHb CUTHAJA, JIOCTATOUHO BBITIOJHUTDH CJIEAYIOIILYIO
IIporpamMmmy:

const int pin = 2;

void setup() {
pinMode(pin, OUTPUT);
digitalWrite(pin, HIGH);

void loop() {
}

OpgHo u3 HauboJiee MPOCTBHIX TSI MOAKIIOYEHHUS] HCIIOJTHHUTETHHBIX
YCTPOHCTB, KOTOPBIM MOXKHO YIIPaBJIATH C IIOMOIIBIO II(PPOBOro BHIX0/A,
3TO €8emodu00. DTO YCTPOUCTBO MPEACTABIISIET COOOH MOIYITPOBOTHUKO-
BBIH MPUOOP, CIIOCOOHBIN M3JIyYaTh CBET IIPH IIPOIYCKAHUH Uepe3 HEro
2JIEKTPUYECKOTO TOKA B MPAMOM HaIlpaByieHuU (OT aHOJIa K KaToxdy). Ha
Puc. 4.1 mokasaH BHENTHWM BHJ CBETOAMOJA W €ro 0OO3HAauYeHHEe Ha
2JIEKTPUUECKOU CXEME.

Puc. 4.1: BuewHuil suo ceemooduooa u e2o obo3HaueHue Ha
a/1eKmpu4ecKotl cxeme

JIJ1s1 TOTO 4TOOBI IIPAaBUJIBHO BKJIIOUUTDH CBETOJIHO/, B BJIEKTPUYECKYIO
IIellb, HeOOXOMMO OTJIMYATh KaToJ OT aHoja. CraesiaThb 3TO MOKHO IIO
TPeM MpU3HAKaM:

1) aHOJI CBETOAMOA UMeeT OoJiee NTUHHBIN IPOBOJHUK;
2) CO CTOPOHBI KaTo/1a KOPILYC CBETO/INO/Ia HEMHOTI'O CPe3aH,;
3) BHYTPH CBETOZMO/Ia KaTO/ IIIpe, YeM aHO/I.
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B coBpeMeHHON MHKpPO3JIEKTPOHUKE IMPUMEHSIOTC MUHUATIOPHbBIE
CBETOAUOABl I IIOBEPXHOCTHOTO MOHTaxka. Takue WHAMKATOPBI,
HanpuMmep, wumewrcs Ha Arduino Uno s wHGOPMHPOBaHUA
I10J1b30BATEJIAA O COCTOSAHUU CUCTEMBI.

BakHO OTMeTUTh, UTO pabouee HaNpsKeHUE MUTAHUS CBETOJINO/A
BapbupyeTcd OT 1.85 /10 2.5 BOJBT IPU PEKOMEHAyeMOU CUjle TOKa He
Oosee 20MA. YUTOOBI cHyla TOKA HE IMPEBBICHJIA 3TO 3HAUEHUE, IPHU
MOAK/IIOUEHUN CBETO/IMO/A K BBIXOJY MUKPOKOHTPOJUIEPA, KOTOPBIN
BBIJIAET HAMPSKEHHE 5 V, B IEb CIIeIyeT J00aBUTh MOCTIEA0BATETbHBIN
OTPAaHUUYMBAIOIIUN PE3UCTOP COMPOTUBJIEHHMEM OT 200 10 500 Owm.
B IpOTHBHOM CJIydae TOK Yepe3 CBETOAHOJ Oy/ieT CIIMIITKOM OOJIBIINM,
UTO MOKeT MOBPEAUTh KaK JUOJ, TaK U BbIBOJ, MUKPOKOHTpoJuiepa. Ha
Puc. 4.2 ipeacrasieHa seKTpUUecKasa cxeMa NOAKJIIUYEeHUs CBEeTOAUO0AA
k Arduino Uno, a Tak:ke Mo/iesIb COOPaHHOTO YCTPOUCTBA.
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D10 [—

D9 |—
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Puc. 4.2: daexmpuueckas cxema nooxkaoueHUs ceemoouoda u Mooend

cobpaHHo20 ycmpoiicmea
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[TompoOyeM «IOMHUTraTh» CBeTOAHOAOM. J[lyi1 3TOrO MBI Oyziem
IOCJIEZIOBATEIBHO 3aKUTAaTh €ro, nepenasasd Ha HOTy N22 curHas HIGH,
as3areM TaCuTh C TIIOMOINbI0 curHasia LOW. Mexay BRIKOUYEHHUEM
1 BBIKJIIOUEHHEM CBETOANOA 00A3aTeTbHO HYKHO ITOCTABUTD 3aJIEPIKKY
B HECKOJIBKO COTE€H MWUINCEKYH/], UHa4ye Mbl He 3aMeTUM MUTaHUA.
BcmomHuM, uto KOHTpoJuiep Arduino paboraer Ha 4yacrorte 16MHz,
II03TOMY OH MOKET BKJIIOUAThb U BBIKJIIOYATh CBETOAMO/ THICAYU pa3
B cekyHAy. [loslydyaeMm ciieyolnyo nporpaMMmy:

int led = 2;

void setup() {
pinMode(led, OUTPUT);

void loop() {
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);

AHaJIOTUYHBIM 00pa30M MOKHO ITOJIKJIFOUUTD €Ille OJUH CBETOJIHOT
(Puc. 4.3). /lna NOAKIIOUEHHs Cpa3y JBYX CBETOJIMONOB K 3eMJie
HCIIOJIb3YEM IIUHY ITUTAHUSA Ha MaKeTHOH ILJIaTe.

GND [——
D13
D12
D11
D10 [—

AREF
D9 |——

ARDUINO

Duemilanove Diecimila UNO R1/R2

3V

5V
GND2
GND1
VIN

— /RESET
— A0
— A1l
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Puc. 4.3: Cxema nodkarouenus 08yx ceemoouodos

NmeeM ciemyronui KOJ:

int led r = 2;
int led g = 3;

void setup() {
pinMode(led_r, OUTPUT);
pinMode(led_g, OUTPUT);

void loop() {
digitalWrite(led_r, HIGH);
digitalWrite(led_g, HIGH);
delay(1000);
digitalWrite(led_r, LOW);
digitalWrite(led_g, LOW);
delay(1000);

3agaHue 4.1

PeanmsyiiTe Ha 0Oa3e pa3pabOTaHHOH CXeMbl IIPOTPaAMMYy
«1Ipo0JIeCKOBbIE MassYKu». CBETOMAMO/IBI JOJIKHBI ITOIIEPEMEHHO MHUTAaTh
C UHTEPBAJIOM 0.3 CEK.
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3amaHnue 4.2

[Mogkmtounte kK Arduino Tpu cBeroamona (KpacHBIH, >KEITBHIH
U 3eJIEHbI) W pean3ydTe IPOrpaMMy, 3aCTABJIAIONIYI0 CBETOIUOZbI
3aropartbcs B pexkumMe cBeTodopa, HOBTOPSA CIeTyIOIINY [TUKJIT:
1) 3eJIeHbIA CBETOUO/T TOPUT 3 CEKYH/IbI;
2) 3eJIeHbIH CBETOUO]T MUTAET 3 CEKYH/IbI;
3) JKeJITBIA CBETOHO/T 3asKUTaeTCs Ha 1 CEKYH/LY;
4) KpacHbIH CBETOUO]T 3asKUTaeTCsl Ha 3 CEKYH/IbI.

4.2 BeiBoa nH(pOpMAIIH Yepe3 MOCIe10BaTeIbHbIN
IopT

Arduino MoskeT nmepeiaBaTh TEKCTOBBIE COOOIIEHMsI Ha IIEPCOHATbHBIN
KoMOblTEp. JIid TOro 4ToOBI 3THUM BOCIIOJIB30BAThCS, HEOOXOIHMO
B QYHKIIUH Setup HHUITHATU3UPOBATh II0CJIEA0BATEIbHBIN IIOPT YCTPOU-
cTBa:

Serial.begin(9600);

3HaueHUe 9600 03Ha4YaeT CKOPOCTh Ilepe/laull JaHHBIX B OUTaX B CEKYH/TY.
9600 — 3TO OZlHA U3 CTAHJAPTHBIX CKOPOCTEU MOCII€I0BATEIbHOTO IOPTA.
HemnocpencTBeHHO /711 BBIBOZA KOPOTKOTO COOOIEHUSA HCIOJIb3YeTCs
¢ynknua print:

Serial.print(“text”);
IIpumep nnporpaMmsi:

void setup() {
Serial.begin(9600);
Serial.print("Hello!");

}
void loop() {

}

Yrtob6sr yBuzeTh 3T coobmienus B Autodesk CIRCUITS BxtoumTe
Serial Monitor Ha maHen yIpaByieHUs HAJl PEAAKTOPOM KO7a.
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1 (Arduino uno) v 4 Upload &Run & Libraries @ Download Code #* Debugger ™R Sserial Monitor

froid setup() Hello! e ‘
{

Serial.begin(9600);

Serial.print("Hello!");

pinMode (led, OUTPUT);
} -

'Z'old loop() Send
}

Puc. 4.4: IIpumep pabomuwt Serial Monitor

Ecu BBI Hciosib3yeTe HacTosAIIyo raty Arduino u pezakrop Arduino
IDE, ucnoib3yiiTe uMeloiieecsi B HeM OKHO « MOHUTOP IopTa».

3amaHue 4.3

Hamnuiure mporpaMmy, KOTopasi Oy/IeT KaXkaAyl0 CEKYH/Y Iepe/laBaTh
yepes MoCjIeI0BaTeIbHBIN OPT YBEJTUUHUBAIOIIEecs Ha eINHUILY YHCIIO.

4.3 Ilndposbie BX0AbI, MIOAKJIIOUYEHHE KHOIIOK
U BBIKJIIOUaTeJIen

Buixatouamens — 3T0 1pubop, KOTOPHIM TO3BOJISET 3aMBIKaTh
Y Pa3MbIKaTh 3JIEKTPUUYECKYIO Ienb. CMeHa COCTOSAHUS BBIKIIOUATENS
MOJKET IMPOUCXOAUTHh PAa3HBIMHU CIIOCO0AMU, B 3aBUCUMOCTH OT THUIIA
YCTPOUCTBA.

MexaHuJyecKrue BBIKJIIOUATEIN HCIIOJIB3YIOTCS HEMOCPEACTBEHHO
yesioBeKoM. K TakoMy THITy OTHOCATCSI Pa3IMUHbIE TyMOJIEPDI, KHOIKH,
KJIAQBUIMN U PYOWJIBHUKU. OJEKTPOMATHUTHBIE U  3JIEKTPOHHBIE,
HAIIPOTUB, NMPUMEHSAIOTCH B aBTOMAaTHYECKUX CHUCTEMAaxX M yIPaBJISIOTCA
IIPY TIOMOIITH BJIEKTPUYECKUX CUTHAIOB. CaMbIM U3BECTHBIM 3JIEKTPOMAr-
HUTHBIM BBIKJIIOUaTesieM siBysieTcs pese (relay). [Ipuvepom 3s1€KTpoOH-
HOT'O BBIKJIIOUATEJISA MOKET CIIYKUTh mpan3ucmop (transistor).
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B Hameii pabotre MBI OyZleM HCIIOJIb30BaTh IIPOCTON MeXaHWYeCKUI
BBIKIIOUaTes b (pushbutton), KOTOpBIM 3aMBIKAaeT JBa CBOMX KOHTaKTa
npu Hakatuu. /g ymoOCcTBa MOHTa)ka HX YacTo JeJIaloT ¢ 4-MA
KOHTAaKTaMU, y KOTOPBIX BBIBOJIbI COEITMHEHBI ITOMAapHO.

Jlns ureHusa nmugpoBOro CUTHAJIA ¢ OJTHOTO M3 KOHTAKTOB Arduino,
HeoOXOMO BOCITIOJIb30BaThes PyHKIMel digitalRead:

pesynbTaT = digitalRead( Homep_ KOHTakTa );

[Toce BBI3OBa 3TOM (YHKIHMU MepeMeHHAs pe3ynbTaT Oy/leT XpaHUTh
YPOBeHb HIHU(PPOBOrO CHUTHAJIA, JETEKTUPYEMBII HA COOTBETCTBYIOIIEM
KOHTAKTe.

YToOBI UNTATh COCTOSTHHE KHOIIKH, €€ HY)KHO IOAKIIOYUTH TaKUM
obpa3oM, UyTOOBI MPU ee Ha)KaTHMHU Ha BXO/le ObLI BBHICOKUN YPOBEHD
HanpspkeHus (5 V), a npu ornyckanuu — Hu3kui (0 V). /s storo noa-
KJIIOYUM T0CJIeI0BATEIBHO MEXKAY IIMHOW MUTAHUA U 3eMJyed KHOIKY
U PE3UCTOP, a BXO/I MUKPOKOHTPOJLIEPA TTOIKTIOYNM TOCEPEIUHE MEKIY
HuMH (cMm. Puc. 4.5). Torza, ecoim KHOIKAa He Ha)KaTa, TO BBIXOJ, MUKPO-
KOHTpOJLIIepa OyZleT COeINHEH Uepe3 PE3UCTOP ¢ 3eMJIeN U OYZET UMETh
HU3KUH ypOBEHb, & €CJIU KHOIIKY Ha)KaTh, TO IOJIyYUTCS, UTO BXOJ]
COe/IMHEH C MUTAaHWEM U Ha HeM Oy/IeT BBICOKUI YPOBEHb.

[Ipu Takoil cxeme NOAKIIOUEHUS Yepe3 PE3UCTOP IOTEUET TOK,
KOTOPBIN 3aBUCHUT OT €ro CONMpOTHBIeHUsA. UTOOBI cxeMa He TOTpebIsiia
MHOTO JIMIIIHETO 3JIeKTPUYECTBA, BO3bMEM pPe3UCTOp I00O0JIbIIE,
Hampumep, 10 kOm.

AREF |——
GND

g ARDUINO
j/; Duemilanove Diecimila UNO R1/R2 P1 PIEZO,

GND1
— VIN

—— /RESET
— 3V
— A0
— A1l
— A2
— A3
— A4

RN




4.3 lludpoBbie BXO/IbI, TOAKIIOUEHNE KHOTIOK U BBIKJIIOUATEIIEH

=
-

COWP® =

RX W ARDUINO

Puc. 4.5: IIpumep nodxaroueHus pesucmopa
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Hamnumiem mporpaMMy Jj1si BBIBOJIa 3BYKOBOT'O CUTHAJIA TI0 HAYKATUIO
KHONKU. [[JiA 3TOr0 HCIOJIb3yeM ellle OJHYy KOMIIOHEHTYy — 3ymmep,
KOTOPBIN M3/laeT 3BYKOBOU CHUTHaJI, KOTJla Ha HEro II0JIaeTCsl BHICOKUM
ypoBeHb HanpsizkeHUA. [locsie 3amycka mporpaMMa HauMHAET MMOCTOSTHHO

IIPOBEPATH COCTOAHHE KHOIIKH. Eciin kHOmKa Haxarta,

BKJIIOUAETCA, a €CJIX OTIIYIIIEHA — BBIKJIIOYAETCA:

const int btn = 3;
const int buzz = 4;
byte val = 0;

void setup() {
// yCTaHOBKa 3-Tr0 KOHTaKTa B pexum BBOAA
pinMode(btn, INPUT);
// ycCTaHoBKa 4-ro KOHTaKTa B pexuM BbiBOAA
pinMode(buzz, OUTPUT);

void loop() {
val = digitalRead(btn);

// ycnoBue «HaxaTa KHOMKa»
if(val == HIGH)

// nepeBoj 3yMMepa B aKTUBHOE COCTOAHUE

digitalWrite(buzz, HIGH);

TO 3yMMep
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else
// nepeBog 3ymmepa B HEaKTUMBHOE COCTOAHUE
digitalWrite(buzz, LOW);

Tenepr MopuduIupyeM mnporpaMmy, 4ToObl Ha)KaThe Ha KHOIKY
[EPEKTIOYUAIO 3BYKOBOM CHUTHAJI, TO €CTh Ha’KMMaeM IEePBBIN pa3 —
3yMMep BKJIIOYaeTcs U paboTaeT, HAXKMMaeM BTOPOH pa3 — BBIKJIIOUAETCSA
U Tak jgasee. Iy 5TOro BBeAiEM JOTIOJIHUTENIBHYIO IIepeMeHHylo state,
B KOTOPO# OyZieM XpaHUTh TEKYIIEE COCTOSHHE 3yMMepa.

HaxkmmaeM KHONKY OJWH pa3: B IEPEMEHHYI0 COCTOSHHUA
3amuchiBaeTcd 1, Ha)KMMaeM BTOpOU — O, TpeTud — cHOBa 1 u T.1.
A 3ymmep OyieM aKTHBHPOBATH B 3aBUCUMOCTH OT TOTO, KAKO€e 3HAaUEHUE
XPaHUTCS B 3TOU IIepEMEHHOM:

const int btn = 3;
const int buzz = 4;
byte val = 0;

bool state = ©;

void setup() {
// yCcTaHOBKa 3-ro KOHTaKTa B pexuMm BBOAA
pinMode(btn, INPUT);
// yCTaHOBKa 4-ro KOHTaKTa B pexum BbiBOAA
pinMode(buzz, OUTPUT);

void loop() {
val = digitalRead(btn);

// ycnoBue CMeHbl COCTOAHUSA
if(val == HIGH) {

state = Istate;
delay(200);
}
if(state == true) // ycnoBue akTuBauuuM 3ymMmepa

// nepeBoj 3ymmMepa B aKTUBHOE COCTOsAHUE
digitalWrite(buzz, HIGH);
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else
// nepeBog 3ymmepa B HEaKTUMBHOE COCTOAHUE
digitalWrite(buzz, LOW);
}

ObpaTtuTe BHHUMAaHUWE Ha 33JIEPKKY B 0.2 CEKyHAbI Iocjie (puKrcaruu
Ha)KaTHsA HA KHOIIKY. JTa 3a/lePKKa HyKHA, YTOOBI UCKJIIOUUTD BJIUSHUE
TaK Ha3bpIBaeMoro dpebe3za konmakmos. Korma KHOIIKa HaXKUMAaeTcsd, ee
KOHTAKThl He Cpa3y IIepexofAaT B 3aMKHYTOe COCTOSIHVE, OHU yCIeBal0T
HECKOJIPKO Pa3 OYeHb OBICTPO 3aMKHYTHCA U PA30MKHYTHCSA, YTO MOXKET
OBITh BOCHPUHATO MUKPOKOHTPOJJIEDOM KaK HECKOJIbKO Pa3HbIX
HakaTUM. 3aJiep:KKa MO3BOJIET MPOIYCTUTh BpeMs, IMOKA KOHTAKT He
CTaOMJITN3UPYETCA.

3agaHue 4.4

Cpoemnaiite cxeMy, B KOTOpPOoH K Arduino mOAKIIOYEHO ABE KHOIKHU,
CBETOZINO ¥ 3yMMep. Hamwuiure mporpaMmy Tak, YTOOBI ITOC/IE HaXKaTHs
Ha OJHY M3 KHOIIOK, CBETOAWOJI HaUuMHAJl MHUTaTh, a 3yMMEP HU3/1aBaTh
IIepUOINYEeCKUl curHaja (JlaMmoyka ¥W 3yMMEpP JOJDKHBI paboTaTh
CUHXPOHHO: KOTJla JIaMIIOYKa TOPHUT, 3yMMep H3JaeT CHUTHaJ, KOrja
JIaMIIOYKa TOTyXaeT, 3yMMeEp TOKe BbIKIIO4aercsa). Oba cursama
BBIKJTIOUAOTCSA 110 HAYKATUIO BTOPOU KHOIIKH.

3agaHue 4.5

CnenaiiTe cxeMy W HAIMIIHNTE IIPOrpamMMmy JJIs TeHepaTopa CUTHAja
SOS. B cxeme [OKHBI IIPUCYTCTBOBATHh OJiHA KHOIMKA, CBETOAUNO.
u 3ymmep. [lociie HakaTuA Ha KHOIIKY, 3yMMep HauWHAaeT IepejlaBaTh
curHasn SOS. ITapajuiesibHO ¢ 3yMMEPOM CBETOAUOJT AYOJIUPYET CUTHAII
CBETOBBIMHU MMITYJIbCAMH. BBIK/IIOUaeTCA TEHEPATOP € IIOMOIIIBI0 BTOPOTO
Ha’KaTHA KHOMIKMH.

Hanomunauwue: curHan SOS mpezcTaBisieT co00H MOC/Ieq0BaTe b
HOCTh KOPOTKHUX W JJIMHHBIX CUTHAJIOB, UEPEAyIOIIUXCS CJeAyIOINM
ob6pa3oM: TpU KOPOTKHX, TPU JJUHHBIX, TPU KOPOTKHUX, May3a, TPU
KOPOTKHX, TPHU JJIMHHBIX, TP KOPOTKHX, 11ay3a, ...



82 4. ITudpoBoit BBO/I-BBIBO/I

3amaHnue 4.6

Cpesalite urpy Ha peakuuo. B cxeMme JI0JIKHBI IIPUCYTCTBOBATh JIBE
KHOIIKY, /IBa CBeTo/ino/Aa 1 3ymMmep. Ilocse 3amycka nporpaMMsl 3yMMep
HAUYMHaeT M3/IaBaTh KOPOTKUE UMIIYJIbChl Yepe3 HepaBHBIE IIPOMEKYTKHI
BpeMeHU. KakapIlli WUTPOK JO/KEH KaK MOKHO ObICTpee Ha)kKaTh Ha
KHOIIKY Ccpa3y Mocjie CUTHajia 3yMMepa. Y WUIPOKA, Ha)KaBIIIETO CBOIO
KHOIIKY IIEPBBIM, HA 2 CEKYH/IbI 3Q3KUTAETCA CBETOAUO/I.

3agaHue 4.7

CnenmaiiTe MoOJiesib KOZOBOTO 3aMKa. B cxeMe MPHUCYTCTBYIOT TPHU
KHOIIKM, 3€JIEeHBIM W KPacHbIM CBETOAUOMAbI, a Takxke 3ymMmep. I[locie
3allycka IIpOorpaMMbl TOPHUT KpacHbI cBeTo/ino/. Ilosb3oBaTestio
HeoOXOAMMO Ha’kaTh TPU KHOIIKHM B IPAaBHUJIBHOM ITOCJIEA0BATEIHHOCTH.
Ecnn KHOMKM Ha)KaThl NMPABUJIBHO, 3aropaeTcs 3eJIEHBIM CBETO/MO/,
B IPOTUBHOM CJIydae 3yMMep U3Ja€eT MATh JUTMHHBIX CUTHAJIOB.



Tema

HHiukayus

5.1 CeMmHucerMeHTHbIN HHAUKATOP

MBI y2Ke TO3HAKOMIJTHCH CO CBETOUOIOM, KOTOPBIH SIBJISETCSA OTHUM
U3 HamboJiee YacTO WCHOJb3YyeMbIX HHAUKATOPOB. (OOBIYHBIM
CBETOJMO/IOM JIETKO HWH(MOPMHPOBATh IOJIb30BATENA O KAKHUX-TO
OMHAPHBIX COOBITHSX, TO €CTh COOBITHAX, O KOTOPBIX Ba’KHO 3HATh,
HACTYIIWJIA OHU WJIM HET: BKJIIOUEHUH WM BBIKJIIOUEHUH KaKOro-janbo
YCTPOMCTBA, O MPEBHINIEHUH IIOPOTOBBIX 3HAUEHUH U TOMY HOJZ00HOM.

Ho uto, ecim TpebyeTcs coobOIIaTh MOJIH30BaTENI0 OOJIee CIIOMKHYIO
nHOpMAaIUIo, HAaIPUMeEp, YUCIOBYIO? J[pyrHMH CJI0BaMU, YTO €CJIH
IIpUOOP JOJIKEH COODOIIATh U3MEPsEMble 3HAYEHUSA ABHO, B BUJIE€ YHCET?
JI71s1 5THX 11eJIed B 3JIEKTPOHHUKE YaCTO HCIOJIb3yeTCs ceeMeHmHbill (wau
cemuceeMeHMHbIll)  c8emoduoOdHblll  uHOukamop. JITOT  HTpUbOop
IpejcTaBysieT cob0ii HabOp OOBIYHBIX CBETOAHO/IOB, PACIIOJJIOKEHHBIX B
BHJIe BOCBMEPKH TaKHUM 0OO0Opa30M, 4YTO, 3a:KHUTas HEKOTOPhIe M3 HUX,
MOKHO TIOJIYYUTH KOHTYPBI PAa3TUIHBIX IHPP.

KOHCTPYKTHBHO, CBETOAHOAHBIE HHAUKATOPHI IOJIPA3AessaioTCs Ha
IpuOOpPHl ¢ OOIMM KaToJIoM M C obmuMm aHozom. OOmui karton,
K IPUMEpPY, O3HAaYaeT, 4YTO BCE CBETOAUOALI BHYTPU WHIUKATOpPa
COeIMHEHbl BMeCTe KaTOJaMH, a UX aHOJAbI pa3BeJeHbl II0 OT/IeIbHBIM
KOHTakTaM. VIMEHHO TaKOW THUII WHJMKATOpa HCIIOJIb3YeTCs B HaIlleM
y4eOHOM ITOCOOUH.

83
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BHemrnuii Bua U 000O3HAUeHHE HA CXeMe CerMEHTHOrO0 HHAHKATopa
npejicTaBjeHbl Ha Puc. 5.1. Bce cerMeHTH mMpoOMapKUPOBaHbI OyKBaMU
JIATUHCKOTO ajihaBUTa, HAUMHAS ¢ a ¥ 3aKkaHuuBas g. Kak mpaBuio, cuer
BeAyT C CaMOr0 BEepXHEro cerMeHTa MO 4YacoBOU crpesnke. Touka
MapKHUPYETCs OT/IeJIbHO, cioBoM dot (Touka).

KpoMe KOHTaKTOB, COEITUHEHHBIX C CETMEHTaMU, Ha CXeMe BU/IHBI J[Ba
KoHTakTa com u oauH dot. CiioBo dot wmcrosbayercs Juiss 0003HAUEHUS
TOYKH, a com — 3TO o0mui katoy (niu aHozx). OH yacTo ObIBaeT BbIBEZIEH
B JIBYX MeCTaxX Ha MHJIMKATOPE.

Digit,

D,

Liiiiitl
gOTMMOOm>

11
(a]8)]
o0
<X
G

Puc. 5.1: CeemeHmHblll UHOUKATNOP

[TogkatoueHUe CeMUCETMEHTHOTO WHAUMKATOPA OCYIIECTBJISAETCH TaK
’Ke, KaK M OOBITHOTO CBeToArOo/Aa. Tak Kak B MHANKATOPE MIPUCYTCTBYIOT
7 TUOAO0B, TIOTPEOYETCA WCIOJIb30BaTh 7 BHIBOJIOB MUKDPOKOHTPOJIJIEPA
U 7 Pe3UCTOPOB.
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5.1 CeMHUCEerMeHTHBIH HHIMKATOP

Puc. 5.2: prvzep NnooKANUeHUS CeMUCe2MEHMHO020 uuawcamopa
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[IporpamMma, IIpuBeJleHHAsA HUXKe, OToOparkaer Iudpy 5, BKIOYas
CerMeHTHl a, f, g, ¢, d.

int
int
int
int
int
int
int

seg_a
seg b
seg c
seg d
seg e
seg f
seg_g
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. e
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void setup() {
pinMode (
pinMode (
pinMode (
pinMode (
pinMode(
pinMode(
pinMode(

}

digitalWrite(
digitalWrite(
digitalWrite(
digitalWrite(
digitalWrite(

seg_a,
seg b,
seg ¢,
seg d,
seg_ e,
seg f,
Seg_g,

void loop() {}

OUTPUT );
OUTPUT );
OUTPUT );
OUTPUT );
OUTPUT );
OUTPUT );
OUTPUT );

seg a, HIGH
seg f, HIGH
seg g, HIGH
seg ¢, HIGH
seg d, HIGH

)5
)
)
)
)
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3amaHue 5.1

PeanusyiiTe mporpamMMy, OCyIIECTBJISIONIYI0O aHUMAIIAIO CETMEHTOB.
[Tocne BKIIOYEHHA IUIAThI HAa WHAWKATOPE /OJDKHBI IO OYepenu
3aropaThbCs U MOTyXaTh CETMEHTHI B IMOPSA/IKE: BEPXHUU, IIPABbIN BEPXHUH,
MpaBbI HUXKHUW, HUXKHUU, JIEBBIU HUXKHUU, JIEBBIN BEPXHUU U T.J.

3amaHue 5.2

PeanusyiiTe cBeTodop ¢ 06paTHBIM 0TcueToM. /l06aBbTe B CO3JaHHBIN
paHee B 3aJaHUM 4.2 CcBeTO(GOp CEMHCETMEHTHBIM WHAWUKATOp, Ha
KOTOPOM OYZIeT BBIBOJIUTHCSI KOJTUUECTBO CEKYH/I, OCTABIINXCA O KOHIA
odyepeHOU das3bl ero pabOThl. YBEIUUbTE JJIUTETBHOCTh (ha3bl 0 9
CeKyH/I.

3agaHue 5.3

Peanmsyiite cekyHaomep. JIJisi 3TOro cobepure cXeMy C KHOIIKOU
U CETMEHTHBIM WHAUKaTOpoM. I[Ipu 3alycke ILIaThl Ha WHNKATOPE
BhIcBeunBaercs 0. [locse Ha)kaTHsA Ha KHOIIKY KaXKAyl0 ceKyHay Imdpa
yBeJIMUNBaeTcs Ha equHHILy. [Tocsie 9 cUeTYHK IMepexXoaUuT B © U CUHUTAET
nasbite. [Ipu BTOpoM Ha)kaTUM HA KHOIIKY CUET OCTAHABJIUBAETCH, a IPU
TPETheM Ha)KaTHU 3HaUeHUe Ha UHAUKATOpe copachiBaeTcs Ha 0. [lanbiine
BC€ ITOBTOPSIETCS 3aHOBO.

5.2 dKUAKOKPUCTAINIECKUH TUCIIEH

Campiii UHQOPMATUBHBIM U BMECTE C TE€M CAMBbIH CJIOXKHBIA BU/I
WHNKATOPOB — 3TO ducn.ieu. B HameMm ydyeOHOM mocoOHMM MbI OyneM
paboTaTh ¢ HCUOKOKPUCTAAAUHECKUM UHOUKAMOPOM, TPeACTaBUTEIeN
KOTOPOTO MO>KHO BCTPETUTh BO MHOTHUX 3JIEKTPOHHBIX YCTPOWCTBAX:
3JIEKTPOHHBIE YaChl, KAJIbKYJIATOPbBI, SKPaHbI CTAPhIX COTOBBIX TeJIE(OHOB
— BCE OHH HCITOJIB3YIOT oK00HbIe KK MHAMKATODHI.
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MpI Oy/1eM HCITOJIB30BATh AUCILIEH 16 X 2, UTO O3HAYHT, YTO OH YMeeT
oToOpakaTh 2 CTPOKH II0 16 CUMBOJIOB. BHEITHUM BUJ, JUCIUIES U €O
o0o3HauUeHHe Ha cxeMe IT0Ka3aHbl Ha Puc. 5.3.

la &=

W 5p—

RS 4f—

LA

g P b R e

QEE ugggmﬂ'mmhi-'

U5 rhntpnnonoad

. Fs ] —
ARBCOEFGH IJKLMNOP S N
UL =Y 2 12 3406 75 HELLO WORLD !
LCD 18 X 2

Puc. 5.3: BuewHuil sud ducn.ies u e2o 0003HaUeHUs Ha cxeme

HazHaueHne KOHTAaKTOB HHANKATOPA CJIEAYIOIIEE:
— GND - 3emuisa (MHHYC TUTaHUS);
— VDD - nuranue +5B;
— Contrast — peryssTop KOHTpacTa JUCILIE;
— RS - BBIOOp peructpa;
— R/W — HampaBiieHue Iiepeiauy JaHHBIX (3aIIUCh/YTEHUE);
— Enable — cunxponuzanus;
— DBo...DB7 — muHa JaHHBIX;
— Led- — xaToj moCBETKY;
— Led+ — aHoz mozicBeTKH.

CxeMa u BUJ, MOJIeJIU MMOAKIIOUEHUs JUCIIes ITOKa3aHbl Ha Puc. 5.4.
Kpome nopkiroueHuss WHGOPMAIIMOHHBIX CUTHAJIOB U NMUTAHUSA HY>KHO
obecreunTh peryJUPOBKY KOHTpacTa AucIies. [l 3Toro moJcoeuHsSI0T
moTteHIoMeTp 10 kKOm Takum o0Opa3oM, Kak IIOKa3aHO Ha CXeMe.
[ToympoOHee 0 MOTEHIIMOMETPaxX peub MOUJIET B cieaytolel riase. Eciu
HYy’KHa IOJ/ICBETKA JUCILIEs, TO ee MOAKIIOUAOT C IOMOIIbI0 KOHTAKTOB
LED- u LED+ uepe3 pe3ucrop He MeHee 100 OM.

Jl1st paboTsl ¢ KK aucriessMu 1o/IoOHOTO TUIIA PA3JIUYHBIX pAa3MEPOB
B cpenie Arduino IDE umeercs crienuasipHas 6ubanoreka LiquidCrystal.
Jlna Toro, 4ToOBl BOCIIOJIB30BAaThCA STOU OMOJIMOTEKOU B IpOrpaMMe,
HeOoO0XO0IMMO B Hauasle KOJla YKa3aTh CJIEAYIONIYIO TUPEKTUBY:

#include <LiquidCrystal.h>
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ITocse 3TOrO HA/I0 UHUIMATU3UPOBATH AUCILIEH, YKa3aB, KAaKe UMEHHO
BBIBO/IBI HICIIOJIB3YIOTCS JJIsl MOAKII0YeHus K Arduino:

LiquidCrystal lcd(4, 5, 6, 7, 8, 9);

I7ie IEPBBIH apTyMeHT — KOHTaKT RS, BTopoii — Enable, a ¢ TpeTtbero mo
mectoii — DB4..DB7. JIpyrue BoIBOABI AUCILIES MTOAKIIOUATh K Arduino He
TpeOyeTcs.

BbIBO/I TEKCTa Ha JIMCIUIEW OCYIIECTBJISETCS C IMOMOIIbI0 (QYHKIIUHN
print caemyromum o6pazom:

lcd.print( TekcT_wunu_nepemeHHas );

B xavecTBe aprymeHnTa QYHKIIMY MOKHO IlepeflaBaTh TEKCT, BbIJeJIEHHbIN
JIBOWHBIMU KaBBIUKAMU, JTUOO ITIepeMeHHbIE JIFOOBIX THUIIOB.

B Oubsmorteke mnpeaycMoTpeHa GYHKIUA i SIBHOTO YKa3aHUA
MO3UIINU BBIBO/IA:

lcd.setCursor( HOMep_KOMOHKM, HOMEp_CTPOKMW );

Tak, A7 BBIBOJIa CMMBOJIA BO BTOPYIO CTPOKY HOTPeOyeTCs BbHI3BATh
setCursor co cieayrIMMU 3HAaYeHUAMU apTyMEHTOB:

// KONOHKA C WHAEeKCOM O, CTpoka C uHaekcom 1
lcd.setCursor( 0, 1 );

[TorpoOyem BbIBecTH Ha Auciuiei coobienue «hello, world!»:

#include <LiquidCrystal.h>

// vHUUManu3auuma aucnnes
LiquidCrystal 1lcd(4, 5, 6, 7, 8, 9);

void setup() {
// napameTpbl aucnnesa: 16 CUMBONIOB, 2 CTpPOKU
lcd.begin(16, 2);
// BbIBOA Ha Aucnien TekcTa
lcd.print("hello, world!");

void loop() {
}
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3amaHue 5.4

PeanusyiiTe ceKyH/IOMED ¢ BBIBOJIOM BpEMeHU Ha JUCIUIel. /11 5Toro
nobaBbTe K cxeMme IOAKIIOUEHUs JUCIUIess ABe KHONKU. Hamumwmre
IIpOrpamMMy, KOTOpas MO OFHON KHOIIKE 3aIyCKAaeT W OCTAHABJIMBAET
CEKYHJIOMEpD, a II0 BTOpPOMl — cOpachiBaeT ero mnokasaHus B 0. Koraa
CEKyHJZIOMep 3allyllleH, Ha JIUCIUIee JOJDKHO OTOOpaKaThesA MPOIIIe/Iliee
C MOMEHTA ero 3aIrycka BpeMs B ¢opMaTe MUHY Tbl: CEKYHAbI.

3amaHue 5.5
PeanusyiiTe BbIBOA Oerymieir crpoku “Hello, world!”. Ilocie

110/IaYy MTUTAHUSA B IIEPBOU CTPOKE JUCILIESA JIOJIKEH TTOSIBUTHCSA IIepeMe-
IIAIOIUNCA CIIpaBa HaJI€BO TEKCT.



Tema

Paboma c aHasn0208bIMU cucHa1amMu

6.1 CeHcopsl. Pe3ncTuBHBIE CEHCOPBDI

B nipeApIyIUX Iy1aBax JJjisl OrpaHUYeHUs CUJIbl TOKA Yepe3 CBETOUO]
MBI UCIIOJIB30BAJIN pe3ucTophbl. Kak ObLJIO TOT/Ia OTMEUYEHO, CYIIECTBYET
MHO’KECTBO PE3UCTOPOB PA3HOTO HOMHKHAJIA, PACCUMTAHHBIX HA Pa3HYIO
MOIITHOCTh HArpy3ku. KpoMe OOBIYHBIX PE3HCTOPOB €CTh aHAJIOTUYHBIE
pubOphl, HO TOJBKO € HU3MEHSEMBIM COIPOTHUBJIEHUEM, KOTOPHIE
Ha3BIBAIOTCA NomeHyuomempamu (Wi peocmamamu).

Puc. 6.1: Peocmamult

91
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Ha Puc. 6.1 moKka3aHO HECKOJILKO U300paykeHUN PEOCTaToOB, €r0 000-
3HaUYEeHHe Ha 3JIEKTpUUYecKux cxemax u B mozessax Autodesk CIRCUITS.

JIJiss yero Hy»KeH IOTEHITUOMETP? Bo-MepBbIX, UCXO/I1 U3 OMMCAHUS
nmpubopa, €ro MOKHO WHCIIOJIb30BaTh /JIA 33JlaHUA  TpeOyeMoro
COIIPOTHUBJIEHUS B CJIydae, eCJId HeT MOAXO/IAIIEr0 Pe3ucTopa UiId HyKHa
TOUHAsA PEryJINpOBKa WJIM HACTPOUKA Y»Ke TOTOBOTO ycTpoicTBa. Bo-
BTOPBIX, C TOMOIIbI0 MOTEHITMOMETPA MOKHO CJleJlaTh PEryJIUpPyeMblIi
JleJIUTE b HAIPSIP)KEHUs — yCTPONCTBO, KOTOPOE ITO3BOJISET MEpeiaBaTh HA
Harpy3Ky TOJIbKO YacTh HampsXKeHUs OT UCTOYHHKA. B 5Tol riaBe MbI
OyZeM HCIOJIb30BaTh peocTaT UMEHHO B POJIH JIeJIUTE/A HaNpsKeHHUs,
BapbUPYs HAIPsKEHUE Ha OTHOM M3 aHAJIOTOBBIX BX010B Arduino. Takoit
peocTar sABJsSETCA IIPOCTEUINNM AaHAJIOTOBBIM JIATUMKOM, KOTOPBIU
COOOIIAeT yToJI TOBOPOTa BOKPYT CBOEH OCH.

Bo BpeMs pabOThI ¢ KHOIIKAMU MBI y3Ke MO3HAKOMUJIUCH ¢ PYyHKITUEHN
digitalRead, KoTopas yMeeT CUHUTBIBaTh IU(MPOBOM  CHUTHAJ
C OIIpe/ieJIEHHOTO BBIBOJIA KOHTpOJLIepa. Y 3TOU (PYHKIIUU CYILECTBYET
a”HasioroBas Bepcus analogRead, kKoTopast MOXKET JieJiaTh TO Ke camoe, HO
TOJIBKO /17151 aHAJIOTOBOT'O CUTHAJIA:

pe3ynbTaT = analogRead( Homep_KOHTaKTa );

ITocsie ee BbI30Ba B IIPOTpaMMe IepeMeHHas pe3y/bTaT OyAeT XpaHUTh
YPOBEHb AaHAJIOTOBOTO CHUTHAJIa, CUYHUTAHHBIH C COOTBETCTBYIOIIETO
KOHTakTa. Ilpu sToM, B OT/IMume OT UHUQPPOBOr0 CHUTHAIA, (PYHKIUA
analogRead BoO3Bpaiaer 4ucao OT O A0 1023, rae © O3HaA4daer
Hamnpsi>KeHue 0 BOJIbT, a 1023 — 5 BOJIBT. [IpoMeKyTOUHBIM HaNIPSAKEHUAM
OyZyT COOTBETCTBOBATDH IMPOMEKYTOUHbIE 3BHAUEHUS.

[Togkiroyath MOTEHIIMOMETP HAJA0 K aHAJIOTOBBIM BxozaM A@..A5
aTthl Arduino kak nokasaso Ha Puc. 6.2.

Hamuirem mnporpaMmy, KOToOpas Oy/ieT Uu3MepSATh IOJ0KEHUe
MMOTEHIIUOMETPA Pa3 B MOJICEKYH/IbI 1 OTIIPABJIATH €r0 Yepes Mocjea0Ba-
TeJbHBIU MOPT:

const int analog R = A@;

void setup() {
pinMode(analog R, INPUT);
Serial.begin(9600);
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Puc. 6.2: I[Ipumep nodkaroUeHus peocmama

void loop() {
int result = analogRead( analog R );
Serial.println( result );
delay(500);

OOparuTe BHUMaHHeE, UTO €CJIN BbI OyJieTe HUCIIOJIb30BaTh HECKOJIBKO
AQHAJIOTOBBIX JATYUKOB, TO MPHU ITOCTEA0BATEIbHOM UTEHUM ITOKA3aHUS
C HUX MOTYT CUMTHIBATHCA HEYCTOUYHUBO. IATO MOXKET MPOUCXOJIUTH
IIOTOMY, YTO JATUUKU BJUSAIOT APYT HA APyra B MOMEHT MEPEKITIOUEeHU
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AIIIl mexny pasHbIMM BXOJaMU. B TakoMm ciiydae MOKHO NHOKa3aHUA
C KaXKJI0TO BXOJ/Ia CUMTHIBATH JIBA pasa C 3a7ePrKKON MeXxAy 3aMepaMu
1 0TOpAaChIBATh PE3yIbTAThI IIEPBOTO UTEHUS.

3agaHue 6.1

PaspaboraiiTe cxeMy ¢ MOTEHIIHOMETPOM U KUJTKOKPUCTALTUIECKIM
BKpaHOM, KOTOopasi ObI BHIBO/IMJIA HA DKPAH TEKYIIlee 3HAUEHHE, UUTAEMOE
C IOTEeHIoMeTpa.

3anmaHue 6.2

PaspaboraiiTe cxeMy ¢ TIOTEHIIMOMETPOM M CEMUCETMEHTHBIM
WHIUKATOPOM, KOTOpasi ObI 0TOOpaXkasia HaIpsi>KeHNe Ha TOTEHITUOMETPE
B BoJsibTax. Hy’KHO MOKa3bIBaTh O/HY ITUMPY HANPSIKEHUs, TaK YTOOBI
IIOKa3aHUue © Ha aHaJOTOBOM BXO/le OTOOpaKajoch Kak «@» Ha
UH/IUKATOPE, a 1023 — KaK «5».

6.2 AHAJIOTOBBIT JAaTUUK TEMIIEPATYPbI
PaCHpOCTpaHeHHI)IM BapUAHTOM AJAaTYUKOB C aHAJIOTOBBIM BbIXOJO0OM

SIBJIIIOTCS JIJATUMKHU TeMIepatypbl. Mbl OyZeM WCIIOb30BaTh JAATUUK
TMP36, koTophIii n300pakeH Ha Puc. 6.3.

-,
o

‘%‘Qf
(7
L7y
b Ry
- -V

TMP36 ¥
pinout . .

Vo p~

Gnd

+Vs [
Vout [
GND [

[ ] L * @ 1

Puc. 6.3: AHano0208btil damuux memnepamypwvt TMP36
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HaszHaueHMe ero KOHTaKTOB CJIe/TyIOIIEee:
— Vs — nuraHue 2.7 - 5.5B (B Hamem ciayuae +5B);
— Vout — BbIXO/THOE HAIPSIXKEHME, 3aBUCHIIEE OT TEMIIEPATYPHI;
— Gnd - 3emus.

[TpuMep MOKIIOYEHUS IATINKA U300pakeH Ha Puc. 6.4.

BrixogHOE HAIpsi)KEHUE CeHCOpa 3aBUCHUT TOJBKO OT TeMIIEPATypbl
Y HEe 3aBUCUT OT HaNpsiKeHus nuTaHud. Jiasa Toro yTtobbl paccuuTaTh
TeMIIEPATYPY, Hy?KHO BOCIIOJIb30BaThCA (DOPMYJION:

Ve — 500
N 10 '’
rae V,,; — BBIXOJHOE HaNpsAKEeHUe NaTuMKa B MUJUJIMBOJIBTAX, 1 — TeMIIe-

patypa B rpagycax llesnbcusa. YuuTeiBas, YTO HAOPAKEHUIO 5 V COOTBET-
CTBYeT 3HaUeHUe 1023, [10JIy4yaeM CIIeAyIoNyo GOopMyJLy:

. 5000
B Reading * 1023~ 500

T = )
10
rae Reading — 3HadyeHUe, NOJIy4eHHOE B pe3yJbTaTe BbI30BA (PYHKIUU
analogRead.
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Puc. 6.4: IIpumep nodxaroueHUs AHA.10208020 0AMUUKA MeMNepamypbl

3amanue 6.3

PeanusyiiTe mporpamMmy, KoTopas KaKIyH CEKYHAY BBIBOJIUT
B IIOCJIEAOBATEJIPHBIN IOPT TEMIIEPATypy, HU3MEPEHHYI0 AaHAJIOTOBBIM
natTyukoM. Temiepartypa J0JI>KHA BEIBOJIUTHCA B rpajaycax Llenbcus.

Pexomenpamnus: /iyisi pacuyeToB UCIIOJIB3YUTE 3HAUEHHs C IJIaBaroIei
Toukou (float). ;s aToro ciemyer 3ajaBaTh KOHCTAHTHI B BUJIE
«5000.0».

3amanue 6.4

CobepuTe cxeMy, BKJIIOUAIOIIYI) CBETOJIMOJ, 3yMMeEp U JaTUYHK
TeMIlepaTypbl. IIpy NpeBBINIEHWH TEMIEPATYPhl 3aJJaHHOTO 3HAYEHUS
(manpumep, 25 C), OOKeH 3aropaTbCs CBETOAUOJT U II0JIaBaThCS
[IEPUOINYECKUE CUTHAJIBI 3yMMEPOM.

6.3 /laTuuk cBeTa

B sToM paszesie Mbl pacCMOTPUM ellle OUH aHAJIOTOBBINA JAaTYUK —
JaTYNK CBETA, KOTOPBIU Ha3bIBalOT ghomopesucmopom (Puc. 6.5).
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Puc. 6.5: ®omopesucmop

doTope3ucTop — BTO IPOCTON KOMIIOHEHT C JABYMs BXOJIaMH,
KOTODBIM M3MEHsET CBOE COINPOTHUBJIEHWE B 3aBUCHMOCTH OT yPOBHS
OCBEIlleHHOCTU. B orinuue oT aatyuka Temnepatypbl TMP36 dotope-
3UCTOP HE BBIJIAE€T HAIpsIKEHHE, 3aBUCAIEE OT HU3MEPSIEMOTO UM
nmapameTrpa. OH MOKET TOJIbKO U3MEHSATH CBOE COIPOTUBJIEHUE.

Urobbl cumTaTh MOKa3aHUA ¢doTope3ucTopa, HAJA0 CHadaia
IpEeBPATUTh U3MEHEHNE COTPOTUBJIEHNS B UBMEHEeHNe HanpskeHus. [1jia
3TOTO  HCIOJB3YIOT CXeMy, KOTopas HasbIlBaeTcsa deaumenem
HanpsiceHus. CoeIMHUM OZWMH BBIBOJ, (DOTOPE3UCTOPA C HAIPSIKEHUEM
MMUTaHUs, & KO BTOPOMY IMOJIKJTIOUMM OOBIYHBIA PE3UCTOP, COETMHEHHBIN
¢ 3emsieii. HampspkeHuss Ha pesucTopax OyayT MPOMOPIIMOHATBHBI WX
compoTuBjeHusAM. Harpumep, ecyii compoTuBieHre HOTOPE3UCTOPa 20
kOm, a o6bryHOro pesucropa — 10 kOm, TO HampsuKeHHe Ha
doTopesucrope OyzeT B ABa pa3a 60J1bIle, yeM Ha 0ObIYHOM. ECiH, Kak B
HaIlleM cJIyJae, HallpsiXKeHUe ITUTaHUs 5 BOJIBT, TO 5TH 3HAUEHUS COCTaBAT
3.33 u 1.66 BosbTa. IIpu M3MeHEeHUUW CONMPOTUBJEHUA QOoTOpe3ucTopa
HampspKeHUs1 OyayT MeHAThesA. COEAMHUB CPEHIOI TOYKY MEXKIY
PE3UCTOPaMH € aHAJIOTOBBIM BXOJIOM ILIaThl Arduino MOKHO U3MeEPSThb
HalpsPKeHWe Ha OOBIYHOM pe3ucTope U JieJlaTh BBIBOJIBI 00
OCBEIIEHHOCTH.

doTope3ucTophl, KOTOphle OOBIYHO HAYT B Habopax ¢ IUIaTaMu
Arduino, kak TpaBuJIO U3MEHSIOT CONPOTHBJIEHHE OT 200 KOm (1mosTHAst
TeMHOTa) 70 1 kOm (ApKOCTh 10 JIFOKC). IKCIEPUMEHTUPYS C IATIHUKOM,
MO’KHO 3aMETHUTD, UTO MTOKA3aHUA HA aHAJIOTOBOM BXOJI€ U3MEHSIOTCSA HE
JINHEWHO, 3TO 0COOEHHOCTh PabOTHI JaTUHKA.
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Puc. 6.6: IIpumep nodkaroueHus homopesucmopa

3anmanue 6.5

Peasu3yiiTe aBTOMaTUYeCKUU BBIKJIIOUATENbh cBeTa. lloaxatoduTe
K Iiate Arduino ¢oTope3nucTop U HECKOJIBKO CBETOAHOI0B. 3alIporpam-
MHUPYHUTE MUKPOKOHTPOJUIEP TaKUM 00pa3oM, 4YTOObI OH BKJIIOUAJI
CBETOAMOAbI MPH CHIKEHUH YPOBHA OCBEIeHUs U BKJIIOYAT UX, €CJIH
OIIATH CTAHOBUTCS CBETJIEE.

B sTol1 3alaue MoKeT OBITh PA3yMHO BBECTH JIBa OT/AEJIBHBIX IIOpOTa
OCBEIIIEHHOCTU — OJIUH, Ha KOTOPOM OCBeIlleHH€e BKJIIOUAEeTCsA, U JIPYTOu,
HEMHOT'O OOJIBIIINM, HA KOTOPOM BBIKJIIOYAETCA. ITO MOMOKET U30€e3KaTh
MHUTAaHUSA CBETA B CJIydae, eCJId SIPKOCTh OJIM3Ka K IOPOTOBOM, TaK Kak
ITIOKa3aHUs PeaJIbHOTO JaTUMKA BCET/IA COJIeP KaT HeOOIbIIIOH IITy M.



Tema

YnpaesaeHue anekmponpusodamu

7.1 IIpuBoabl. AHasI0OrOBBIE IPUBOABLI. PWM

Kak HamM yXe WU3BECTHO, MHUKPOKOHTPOJUIEp yMeeT paboTarh
HCKJTFOUUTEILHO C ITU(GPOBBIMH JJAaHHBIMU. OH JIETKO MOXKET BBITIOJTHATH
apudMeTHUecKre OIlepalliy HajJ, HUMU, IPUHUMAaTh U IepeaaBaTh
nu¢poBble CUTHAIBI. HampuMep, MbI MOKEM 3a:KeUb CBETOINO/, MO/IAB
Ha HEro IIOJIOKUTEJIbHBIM CUTHAJI, PaBHBIM HAIPSIKEHUIO ITHTAHUSA
KOHTpoJuIepa. JIJist Toro 4To0hl MOTACUTh CBETOAUO/I, IIPOCTO OTKJIIOUNM
ero ot nutanus. [losydaercs, i yIpaBIeHUs Mbl UCIOJIb3yeM TOJIBKO
HOJIb WIN €JUHUILY, UTO U Ha3bIBaeTcsA UGPOBBIM yIIPaBJIEHUEM.

Ho 4To pmesnaTh, ecjii HaM HY:KHO 3a)KeUb 3TOT CAMbBIA CBETO/IHO]
TOJIBKO Ha TOJIOBUHY sIpKOCTH? Min 3aImmycTuTh ABUTATE b Ha 30% €ro
MomHocTH? [[yi1  TOoro 4dYroOBI 3TO chAendaTh, HaM IOTpedyeTrcs
nmpeoOpa3oBaTh NHUMPOBON CUTHAJ B HEKOe TMO0/I00Me aHaJIOTOBOTO
CHUTHAaJIa C 33ITaHHBIM YPOBHEM HAIIPSKEHUS.

JIJIA 3TOU IIeJIM MOJKHO MCIOJIb30BaTh CHEUAIbHOE YCTPOMCTBO,
HaszbIBaeMoe uugpoaHanozoevim npeobpasosamenem (IIAII, DAC).
ITAII ymeeT reHepHpoBaTh HY:KHBI YPOBEHb HAIPSIKEHUS, KOTOPBIH
3a/laeTcsi MHUKPOKOHTpoJutlepoM B IudpoBoM Buze. OJIHAKO, TaKOU
criocod U306BITOYEH /1T MHOTHUX 3a7a4. Kpome Toro, ecyin motpebyeTcs
YIOPaBJIATh MOIIHBIM JBHUTATENIeM, IPUAETCS WCIO0Ib30BaTh OUYEHb
noporoi ITAII.

99
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Jlpyroii cmoco0® TreHepalMy CUTHajJIa C 3aJaHHBIM YPOBHEM
HaPsDKEHUS HA3hIBAETCS WUPOMHO-UMNYAbCHOU Modyaayuell (M,
PWM). 3rtoT cmocob6 mMO3BOJAET OOOUTUCH YHCTO HUGPPOBBIMU
yCTPONCTBAMH, UYTO 3HAYUTEJIPHO VIIPOIIAeT CXeMy W TeM CaMbIM
3HAYUTEIBHO YEIIEBIISIET IIPOIIECC CO3/JaHMs YCTPOHCTBA.

Vimess 5TOrO0 MeTOJ/la COCTOUT B TOM, UTOOBI ITOAaBATh SHEPTUI0 HA
aBuUrateyab (MM MCTOYHUK CBeTa) He IOCTOSIHHO, a C IepepbIBaMU:
KOPOTKO€e BpeMsI HallpsiKEHUE eCTh, a IIOTOM €r0 HET, IIOTOM OIAATh €CTh
U Tak pganee. Ecim mopaTh TakoW CUTHAJ HA JIaMIly, TO OHA Oyjer
CBETUTBHCS 0OoJiee TYCKJIO, UYeM ecjd II0/IaBaTh HAa Hee HallpsDKeHUe
MIOCTOSTHHO, B€J[b YaCTh BPEMEHH OHA He I0JIyJaeT 3JieKTpuduectBa. To ke
caMoe C JIBUTaTeJIeM — OH Oy/IeT KpyTHThCS MeJyieHHee. Peryinpys BpeMs
oJlaudl W OTCYTCTBUs HAIIPS’KEHHUs, MOKHO 3aCTaBUTh JIAMIIOYKY
CBETUTHCSI C PA3HOU SPKOCTHIO WJIU JIBUTATENIb KPYTUTHCA C Pa3HOU
CKOPOCTBIO.

LLupoTHo-MMnynbcHas MoaynAuuMa
0% paGodero umkna - analogWrite(0)
Sv

Qv

25% paBodero Uukna - analogWrite(64)

o .

Qv

50% pabBouero yukna - analogWrite{127)

Sv

Qv

T75% paboudero yuikna - analogWrite{191)

LU U UL

100% paboyero Lukna - analogWrite(255)

Sv

Qv

Puc. 7.1: CueHaabl WUpOMHO-UMNYAbCHOU MOOYASUUU

Ha Puc. 7.1 mokasaHbpl CUTHAJIBI HIUPOTHO-UMILYJIbCHON MOYJIAIUU.
OpHuM u3 OCHOBHBIX IapaMeTpoB IIIVM sBjisieTcd NpOLIEHT BpEMEHHU,
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B T€UE€HUE KOTOPOTO Ha BBIXO/I IIOJAETCS BHICOKHUU YPOBEHD HAIPSIXKEeHU .
Ha BepxHeMm rpaduke 3TOT NPOIEHT paBeH O, U HaIpsKeHUE BCeraa
ocTaetcsi Ha HyJieBOM ypoBHe. C TaKMM CHTHAJIOM JIaMIIOYKa He OyjieT
ropetb, a MOTOp OyaeT crosiTh Ha Mmecre. C JIpyrodl CTOPOHBI, CUTHAJI
C 3all0JTHEHHEM 100% pabouero IUKIa — 3TO MOCTOSIHHO BBIBEJIEHHBIN
BBICOKMUA ypOBeHb HamnpspkeHusA. OH  3aCTaBUT  MOJKIIOUEHHBIN
HMCIOJTHUTEJbHBIA MeXaHu3M paboTaTh Ha MaKCHMaJIbHOW MOIITHOCTH.
[IpomexyTOUuHblE 3HAUEHUS ITO3BOJIAT PETYJIUPOBATh, HACKOJIBKO SIPKO
OyZeT CBETUTHCS JIAMITIOUKA WJIH KaK ObICTPO Oy/IeT KPYTUTHCSA MOTOP.

Jlpyroit BaxkHbi napamerp IIIMM curnana — sto ero uyacrora. OHa
ompejesisieT BpeMs, KOTOPOe 3aHUMAaeT OJVH UK/ U3MEHEHUs CUTHAJIA.
Ha Puc. 7.1 5T0 BpeMsa IOKa3aHO 3€JI€HbIMH JIMHUAMU. Ecau Mbl
yIIpaBJISIEM CBETOJAMOZOM U YacToTa Oy/JeT CIUIIKOM HU3KOU, TO BMECTO
IJIAaBHOW PEryJIUPOBKU SIPKOCTH Mbl YBUIUM MUTAIONIUN CBETOANO/I, TaK
KaK CBETOJIMOAbI OueHb OBICTPO pearupyroT Ha BKJIIOUYEHUE
Y BBIKJIIOUEHUE ITUTaHUS.

C yrammoit HakayimBaHUs 3P deKT OyeT MeHee 3aMeTHBIM, TaK KaK OHa
U3JIydaeT CBET 3a CYeT HarpeBa HUTH, a HUTh OCTBIBAeT TOPas/io
MeJJIeHHee, YeM BBIKJIIOUAETCs CBeTOAUO 1. TeM He MeHee, Takol 3 deEKT
MOKHO Oy/JeT 3aMeTHTh W Ha OOBIYHBIX JIaMIIaX HaKaJIUBAaHHsA, €CJIH
CUJIbHO YMEHBIIIUTh YaCTOTY.

B Arduino uwacrora IIIMM paBuHa 500 kHz, uyto o3Hauaer, 4TO
WHTEpBAJI BPEMEHU MeXy JByMs 3€JIEHBIMH JIMHUSAMH pPaBEH 2
MUJLIACEKYH/IBI.

Yroosr BbImaTh IIIMM curHan Ha oaumH u3 IOpTOB Arduino,
HCII0JIb3YIOT QYHKIMIO analoghWrite:

analogWrite( Homep KOHTaKTa, ypOBeHb_CUrHana );

[Tocse BbI30Ba analoghrite Ha Beixoze Oyzer reHepupoBaThes [IINM
CUTHAJI C B33JJaHHOW IIIUPUHOM UMIIyJIbCA OO0 CJIEAYIOIIETO0 BBI30BA
analogWrite (uu BpI3oBa digitalWrite wim digitalRead Ha TOM ke
MIOPTY BX0/1a/BHIX0/1A).

YpoBeHb CUTHAJIA 33/Ia€TCA YUCJIOM OT O 710 255, Te © COOTBETCTBYET
0% 3amoJiHeHus, a 255 — 100%.

Heobxoaumo yuuThiBaTh, uTo reHepamus IIIMM curHana moazep-
’)KMBaeTCs He Ha BCEX BBIXOJIaX MUKPOKOHTpoJsuiepa. Ha GosbIIMHCTBE
iat Arduino (Ha 6a3e MukpokoHTposuiepa ATmega168 nimu ATmega328)
[IIVIM 1iozijiep>KuBaloT IOPTHI 3, 5, 6, 9, 10 U 11, a Ha r1aTe Arduino Mega
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mopthl 2-13. Ha Oosiee panHux Bepcusx matr Arduino analogWrite
paboTas TOJIbKO Ha MOPTax 9, 10 U 11. BeIBOJIBI, OAAEePKUBAIOIIE STOT
peKuM, Ha cxeMe Iu1aThl 0603HauaoT abopepuatypoit [IIMM uiu PWM.

OtMmeTruM, yTo pyHKIMA analogWrite HUKaK He CBsA3aHA C aHAJIOTO-
BBIMU BXOJaMHu U ¢ pyHKIHEH analogRead. B janHOM citydae coBnajieHne
€CTh TOJIKO B HazBaHUM. /Ij1s BbI30Ba analogWrite HeT HEOOXOAUMOCTH
yCTaHaBJIMBATh THII BX0/1a/BbIxo/1a GyHKITHEN pinMode.

PaccmorpuMm nporpaMmmy, yBeJTMYUBAIOIIYIO APKOCTh CBETOAUOAA. ITA
IporpamMmMa HCHOJIb3YETCS ¢ TAKOH JKe CXeMOU, KOTOpas UCIO0JIb30Bajlach
B CaMOM IIEPBOM IIPUMeEpPE MOJIKJIIYEHUA CBETOAUO0A.

int led = 2;

void setup() {

analogWrite( led, 0 );
delay(1000);
analogWrite( led, 32 );
delay(1000);
analogWrite( led, 64 );
delay(1000);
analogWrite( led, 128 );
delay(1000);
analogWrite( led, 255 );
delay(1000);

void loop() {
}

Obpatute BHUMaHme, 4To »sMmyaaTop Autodesk CIRCUITS =He
ITOKA3bIBAeT BKJIIOUEHUE CBETOAMOA HA HU3KUX YPOBHAX 3alOJTHEHUSA
1M curnaa.

3agaHue 7.1
PeanusyiiTe mporpaMmy, KoTopas OyzieT oOecleuyuBaTh ILJIAaBHOE

3aropaHue, a 3aTeM IUIaBHOE 3aTyXaHHE CBETOAUOJIa C IEPHOAOM 1
CEeKyH/Ia.
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3azmaHnue 7.2

CobepuTte cxeMy ¢ CBETOAMOAOM U IOTEHITMOMETPOM U peayin3yuTe
IIporpamMMy, KOTOpas OyAeT peryJupoBaTh SPKOCTh CBETOAHOZA Ha
OCHOBAHUM NOJIOKEHM S OTEHIIOMETPA.

7.2 YIIpaBJI€eHUE JJIEKTPUYECKUM ABUTraTeIeM

Ham yke HM3BECTHO, UTO MHKPOKOHTPOJLJIEP YCTPOMCTBO, KOTOPOE
oIepupyeT MaJIbIMU TOKAMH U HaNpsoKeHUAMHU. Tak OGOJIBIITUHCTBO
COBpPEMEHHBIX MUKPOKOHTPOJIJIEPOB PA00TAIOT C HATIPSKEHUSIMU 5 BOJIBT,
3.3 BosibTa JINOO elre MeHblle. [Ipu 5TOM cuiia Toka, MPOXOSIIETO Yepes
BBIBOJIBI MUKPOKOHTPOJLJIEPOB, OOBIYHO HE JO0JI?KHA IPEBBINIATh 20...40
MUJLTHAMIIED.

Takoro Toka JI0OCTaTOYHO, YTOOBI 3a3KeUb CBETOJIMOJ, WU BKJIIOYHUTH
gymMmep. OTHAKO /i1 YyIPaBJIEHUS 3JIEKTPUUYECKUM JIBUTATEIEM MOIIHO-
CTH MHKPOKOHTPOJLIJIEpa HEeI0CTaTOUHO. Jlaxke /i HEOOJIBIIIOro JIBUTA-
Teas mnoTpebyeTcs HampsikeHHe 5-6 BosbT M cujla TOKa B COTHU
Muwutramiep. Takasd Harpyska HeNpPeMeHHO VHHYTOXKHUT JII000U
MUKPOKOHTPOJLIED 34 JIOJIN CEKYH/IBI.

[TosaTomMy i1 ympaBjieHUs JBUTATeJIeM HY)XHO HCIOJIb30BaTh
JIOTIOJTHUTEJIbHBIE YCTPOMCTBA, KOTOPbIe OBl IIO3BOJIWJINA YIIPABJIATH
OOJIPIIIMMY TOKAaMH, IPOXOSIINMU Yepe3 ABUTraTeIb. B camMoM mpocTom
clyyae B POJIM TaKOrO KJIH04Ya MOXKHO HCIIOJIb30BaTh MOIIHBbIE TPaH3H-
cropel. OyiHAKO yAoOHEe HCIOJIb30BaTh CIEIUAJIbHbIE MHKDPOCXEMBbI-
ZpariBepbl iBUTaTE e, Takre MUKPOCXEMBI COJIEPKAT BCe HEOOXOIMbIE
KOMIIOHEHTHI JIJI1 KOMMYTAIlUXM TOKA ¢ IIO3BOJIAIOT YIIPaBJISIThH
HaIlpaBJIeHUEM U CKOPOCTBIO BpaIlleHUs IBUTATEJIA.

Msb1 OyzeM HcHosb3oBaTh MUKpocxemy L293D (Puc. 7.2), KoTopas
TO3BOJISIET YIIPABJATH Cpa3y JBYMs JBUTATEIsAMH C HampsiKeHUEM
MMATAHUA OT 4.5 10 36 BOJBT U HNOCTOAHHBIM TOKOM A0 600 MA. IATOTO
JIOCTATOYHO, YTOOBI YIIPABJIATH IBUTATEJIIMU HEOOIBIIIOTO poboTa.

MukpocxeMa IM03BOJISET YIPABJIATh Cpa3y ABYMs JIBUTATEISIMU, PU
9TOM €€ BBIXOJBI pacIpejie/ieHbl TaK, YTO C OAHOU CTOPOHBI HAXOAUTCS
ylpaBjieHHe OJHHUM JBHUTaTesJeM, a ¢ Apyrod — japyruM. Mx pabota
COBEPIIIEHHO HJIEHTUYHA, IMO3TOMY MBI PAacCMOTPHUM TOJIBKO OJHY €€
CTOPOHY.
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Us

—| Enablel Vss|—
=1 Inputl Inputd |—
=1 Output1 Output4|—
—|GND GND3|—
— GND1 GND2|—
=1 Output2 Output3|—
—1Input2 Input3 |—

— Vs Enable2 |— S TTTTTIEITE
: L2930

-
s T T T OTOTTTTN

Puc. 7.2: Muxkpocxema L293D

HecoMHEHHBIM ILTIOCOM JaHHONW MUKDPOCXEMBI SIBJISIETCS Pa3/ieIbHOE
IMMTaHUE ee JIOTHUECKOHN YaCTH, HaIPsiXKeHE KOTOPOTo JIEXKUT B MpeJiesiax
4.5-5 BobT (koHTakT VSS), M CHJIOBOH 4YacTH NUTAHUA [ABUTraTesiei
(konTakT VS). /lejjo B TOM, YTO MOIIIHBIE JABUTATEH CO3JAI0T IIOMEXH
B IIEIISIX IIUTAHUA, KOTOPhIe MOTYT IIPHUBOJUTH K cOOSIM U Mepe3alrycKaM
MUKPOKOHTpoJuIepa. [loaToMy kKejtaTesibHO pa3endaTh IUTaHue MUKPO-
KOHTpOJUJIEpA U JIBUTATEJIEN.

Pazbepem Temnepb BBIBOABI JJIsI yHpaBjeHUsA TMePBbIM (JIEBBIM Ha
cxeme) asurartesieM. BeiBoji ENABLEL1 — 3TO IJIaBHBIM BXOJ, YIIPaBJIEHUS
JIeBBIM KaHasioM. bes curnasna equaunnsl (mau [IIMM) Ha HeM, IBUTATE b
paboraTh He OyZleT BHE 3aBHCHUMOCTH OT TOTO, UTO IIOJIA€TCS Ha BXOJIbI
INPUT1 u INPUT2.

BeiBogbl INPUT1 u INPUT2 3a7ar0T HalpaBjaeHue BpallleHusd MOTOpa.
YToObI 3aCTaBUTh JIBUTATEIb BPaIAThCs B OJIHY CTOPOHY, HAJO IIOJATh
JIOTUYECKYIO eIMHUITYy Ha BhIBOJ, INPUT1, a Ha INPUT2 110/1aTh JIOTUYECKUU
HOJIb. [I711 cMeHBI HallpaBIeHUs HyKHO IToMeHATbh Mecramu: Ha INPUT1
nozars O, a Ha INPUT2 — 1.

IIpy nmopave OAMHAKOBBIX CUTrHAJIOB Ha INPUT1 u INPUT2 motop
BpalaTbcsl He OyJieT, Ce/loBaTeJIbHO, BpallleHHe MOKHO OCTAaHOBHUTH
b0 ToZjaueil JIOTUYECKOTo HyJsA Ha BBIBOZ, ENABLE1 mpu Jsrob6oi



7.2 YHpaBHeHI/Ie JJIEKTPUYECKUM JIBUTaTEIEM 105

koHpurypanuu INPUT1 u INPUT2, sim60 OAWHAKOBBIMU CHUTHAJIAMU Ha
INPUT1 u INPUT2, He n3MeHsAA YPOBHs CUTHaJIa Ha BeiBoge ENABLEL.

BriBosibl GND coeimHAIOTCS ¢ OTPpUIlATEeIbHBIM IMOJIOCOM MCTOYHUKA
nutanusa (3emuisa). OcraBmivecss BbIBOJbI OUTPUT1 m OUTPUT2 ciry:kaT
HEIIOCPEACTBEHHO 1A ITOAK/IIYEHUA MOTOPA.

Cobepem cxeMy, B KOTOPOU MOAKJIIOUNM O[MH JIBUTATEJH C TIOMOIIbIO
mukpocxembl L.392D (Puc. 7.3). O6patuTe BHUMaHUE, UTO JIJISI ABUTATENS
HCIIOJIb3YEeTCS OT/IeJIbHBIN NCTOUHUK MUTAHUSA, IIPU 5TOM «3eMJIsI» 060UX
HCTOUHUKOB coe/luHeHAa. Bxop ENABLE2, yHpaBidoOIIUU BTOPBIM
MOTOPOM, OTKJIIOUeH Osarofaps MOAKIIOUEHUIO ero K 3eMJie, TaK Kak
B OTOU cXeMe BTOPOU JABUTATEb He UCIOJIb3YeTCs.

(As)scL b——
(A4) SDA ——
AREF |—— Us
GND
—— UNUSED D13 EnableT Vss
RESET bil
— 1 33v = > ~D10 j_lnput'l Input4 [—
— 235 o Output1 Outputdf—
GNo B D8
—— GND Q T GND GND3
— VIN o C D7 [—
o= - — +—GND1 GND2
=7 L3 =
o |
— ﬁ% o NB% i Output2  Output3
—] A TX> D1 —— Input2 - Input3 =
— As (5CL) RX> DO |— P, Vs Enable2
~_ —
+ |

Puc. 7.3: IIpumep nodxaroueHuss mukpocxemol L293D
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Cienyroniasd nporpaMMa JeMOHCTPUPYET BKJIKUEHHE JBUTATENIA
c nomo1pio noxauu IIIMM curnasna Ha Bxoa ENABLE1:

const int m_enable = 2;// Bbixoa curHana ENABLE1
const int m_dirl = 3; // Bbixog Bbibopa HanpasneHusa INPUT1
const int m_dir2 = 4; // Bbixog Bblbopa HanpasneHua INPUT2

void setup() {
// KOHPUrypauma KOHTAKTOB Ha pexuM BbIXOAOB
pinMode(m_enable, OUTPUT);
pinMode(m_dirl, OUTPUT);
pinMode(m_dir2, OUTPUT);

// BbIOGOp HanpaB/ieHUA BpaWeHus
digitalWrite(m_dirl,HIGH);
digitalWrite(m_dir2,LOW);

// ynpasBneHue BpaweHuem c nomoub PWM
analogWrite(m_enable, 150);

}
void loop() A

}

[Ipu pe3koM BKJIIOUEHHUHU JBUTaTeIel Mukpocxema L.293D HaumHaeT
OYeHb CHJIbHO HAaTrpeBaThCs 10 IPUYHHE TOTO, YTO IPHU CTapTe cpa3y Ha
MIOJIHYI0 MOIIHOCTb, JIJII TOTO YTOOBI CABUHYTHCS C MECTa, MOTOP
MOTPEOJISAET TOK, XOTh U KPAaTKOBPEMEHHO, HO MUHHUMYM B 2-5 pa3 00JIbIIIEe
yCTaHOBUBIIIETOCSI pabouero 3HaueHus. [Ipu pe3koii cMeHe HallpaBJIEHUs
BpallleHUsI TTOSIBJISIETCS ellle OOJIBIINN CKAY0K TOKA, TaK KaK MIPUXOUTCS
HE TOJIbKO CIBUHYTH SIKOPb C MeCTa, KaK 3TO ObLIO B IIEPBOM CJIy4yae, HO
1 MOOOPOTH €r0 HHEPITHIO IBMXKEHUS B JIDYTOM HAIlpaBJIEHUH.

JIJ1s1 CHUDKeHUA 3TUX (aKTOPOB CJIEAYET PA3TOHATD JIBUTATEJIH IIJIABHO
— 4YeM JI0JIbIlle, TeM Jiydllle (B pa3yMHBIX mpejiesax). [Ipu m3aMeHeHHU
HAIlpaBJIEHUS BpaIlleHUS CJIelyeT AaTh IMPOMEKYTOK BpPEMEHH JJIst
CaMOCTOSITEJTbHON OCTAaHOBKM JBUTATEJIA (JI0JIU CEKyH/IbI), a 3aT€M CHOBA
IUIABHO Pa3rOHATH. [IPpUIOKHB Iajel] K MUKPOCXeMe, MOKHO ITI0YyBCTBO-
BaTh pasHuIly. [losKcrepuMeHTHDPYHTE W HAUAUTE 30JI0TYI0 CEPEeInHY
MEZKTy HarPEBOM U CKOPOCTBHIO pearupoBaHUSA JJIsI Balllel 3aauH.
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3amaHnue 7.3

V3MeHUTEe IIpOrpaMMy, HAIHWCAHHYIO BBIIIE, YTOOBI JABUTATEH
TorepeMeHHO Bpalllajics TO B OJIHY CTOPOHY, TO B ApyTyi0. [lepros cMeHbI
HaIlpaBJIeHUs — MATb CEKYH/I,.

3amaHue 7.4

PeanusyiiTe mJIaBHOE YIIpaBjieHHE CKOPOCTHbIO pPAabOTHI JIBUTATEJIA.
[Ipu BKJIIOYEHWHU [IBUTATEJh JOJKEH HauvaTh IUIAaBHO YBEJIMYUBATH
000pOTHI U 32 5 CEKyHJ, JIOCTUYh MAaKCUMaIbHONH CKODOCTH. 3aTeM OH
JIOJ’KeH TakKKe IUIABHO OCTAHOBUTHCA M HAudaTh BPAILATBCA B JIPYTYIO
CTOPOHY.

3azmaHue 7.5

PeanusyiiTe cxeMy /sl ynpaBjeHHs JBUXKEHHEM po0OOTa, KOTopas
JOJDKHA 00ecrnevyuTh YIpaBJieHue ABYMS JBUTATEISIMU U COJIEPKATh 4
KHOIIKH, HA’KaTHEM Ha KOTOPBIE OIIPe/IeJIsieTCs HallpaBJIeHHUe JIBUKEHUSA:

— TmepBas KHOIIKa — JIBUTaThes Biepest (06a MoTopa BIiepen);

— BTOpas — HOBOPOT HAPaBo (IIpaBbIii MOTOP BIIEPE/, JIEBBIN — HA3a/1);
— TpeThsI — MOBOPOT HaJIEBO (JIEBBIN MOTOP BIIEPE/, IPABbIi HA3a/M);

— YeTBepTas — IBUTaThcs Hazas (06a MOoTOpa BpalllaroTcs Ha3asm).

7.3 YnpaBJjieHue CepBONPUBOJaMU

E1e ofHUM 3JIEKTPOMEXaHUYECKUM HCIIOJIHUTEIBHBIM MEXaHHU3MOM,
YacTO MPUMEHSIOIIUMCA B POOOTOTEXHUKE U MOJIETUPOBAHUHY, SIBJISETCS
cepsodsuzamensv (cepsonpusod, cepsoMawiuHKa), U300paKeHHbIH Ha
Puc. 7.4.

B oryimunie oT OOBIYHBIX JBUTATEJIEH, CEPBOABUTATENIH YMEET ITIOBOPA-
YUBATh BaJI CTPOTO Ha 3aJ[aHHBIN YTOJI. DTO MOJIE3HOE CBOMCTBO CEpBOMa-
IIIMHOK YaCTO HCIIOJIb3YIOT B aBUAMOJEIUPOBAHUM IS YIIPABJIEHUS
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JJIEpOHAaMM, PYJIAMHU BbICOTbI 1 TOMY HOI[O6HBIM. MOHleIe cepBoaABHTIA-
TE€JIN MOXHO HCIIOJIbB30BaThb [JIA CO3JaHUA MEXaHHUYECKHUX PYK-
MaHHUILYJIATOPOB.

PepykTop

| ”"Mﬂ!lllh‘hu

i
sl
Aeuratens

I

BIOK YNPaBnsiolieli 3NeKTPOHMKY

Puc. 7.4: Cepsodsuzamentv

YcTpoeH Takoul JBUTATeN b JOCTATOYHO CJIOKHO. B BepxHell yacTtu
npubopa pa3MellaeTcs IIeCTePEHHBIN PEAYKTOP, KOTOPBIA MO3BOJISET
3HAUUTEJIPHO YBEJIMUUTh KPYTAIIUNA MOMEHT JIBUTATEJIsI IMOCTOSIHHOTO
TOKA 3a CUET CHI)KEHHs CKOPOCTH ero BpaieHus. Huke pacrnosiokeH
IIOTEHITMOMETP, 3a/jlaua KOTOPOTO — OIPEJIEATh Ha KAKOH yT0JI MOBEPHYT
BBIXOZTHOU Basl peAykTopa. HakoHel, B IiyOWHe KoOpIlyca HaXOJUTCA
HeOoJIbIlIasA IIaTa yIpaBJIEHHs, KOTOpas U JeJjlaeT CEPBOJBUTATED
YMHBIM. JTa IJIaTa MOCTOSHHO OTCJIEXKUBAET TEKYIIlee MOJIOKEHHE Bajla
1 KOPPEKTUPYET €ro B CJIydyae, eCiM Bajl IMBITAETCS YUTH U3 3a[JaHHOU
MMO3UITHH.

Yrupasasgerca cepBogsurareab ¢ nomoisio MMM cursana. Ho,
B OTJINYME OT OOBIUHOTO JIBUTATEJIS IOCTOSHHOTO TOKA, 371ECh YPOBEHD
[II1M 3azaeT He CKOPOCTD BpallleHus, a yroJ nopopora. Kpome toro, Tak
KaK CEPBOJIBUTATEJIb COJEPIKUT BCI0O HEOOXOMMYIO CHJIOBYIO BJIEKTPO-
HUKY, YIIPABJIATh UM MOKHO HEIIOCPEACTBEHHO C MOPTAa MUKPOKOHTPOJI-
Jepa.

B Arduino IDE wumeercs crnenuasbHas OuOJIHOTEKA I PabOTHI
c cepBoJIBUTATENSIMU — Servo. JIJ1s1 moAK/IIOUeHus JABUTaTes s Heobxo-
JIMO CO3aTh COOTBETCTBYIOIIUH OOBEKT:

Servo myservo;
3arteM B QyHKIIUU Setup BBITTOJHUTH €0 HHUINAJIN3AIUIO:

myservo.attach( HoMep_KoHTakTa );
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37ecb HOMep_KOHTaKTa — HOMEP HOKKW MUKPOKOHTPOJLJIEPA, K KOTO-
pOMY TIOAKJIIOUEH YIIPABJIAIONINU BXOJl CEPBOABUTATENA. DTOT KOHTAKT
JTOJI’KEH TIOJI/Iep:KUBaTh paboTy B pexkume PWM. [ToBopot Basia Ha yroi
ocyiecTiseTcsa QyHKIed write:

myservo.write( yron );

Yros 3agaeTcsa B rpajiycax 1 MOXKeT IPUHUMATh 3Ha4YeHHUA OT 90° 710 +90°
B 3aBUCUMOCTH OT MOJ[€JIA CEPBOJIBUTATEJIA.

Cxema mozkIOUeHusA CepBOZBUTATENA ITOKa3aHa Ha Puc. 7.5. B nan-
HOM CJIy4yae TOKe JIydllle MCIOJIb30BaTh OTAEJbHOE MUTAHUE [JIA
IIpUBOA.

Uy

[ 1
éAsg scL }b——
A4) SDA }—— 5
AREF |—— +
GND }——
—— UNUSED D13 }——
—— IOREF D12 |b——
— §E3S\FT ~D11 }——
— 3. ~D10 }——
| ?3\|\/1D % :—? ot Sl SERVO,
—1 GND *Nal
—1 VIN o C D7 }——
o —- ~D6 }b—— +V%
— A0 < 3 ~D5 }—— > o
— A1 w O D4 —
— i B 8
— A4 (SDA TX> D1 }b—— )
——] A5 (ScCL RX> DO }b——
\\ et
r N

o

\.

OO0

Puc. 7.5: IIpumep nodxaroueHus cepeodsu2amens
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Jlasiee mpuBe/ieH TpUMeEP MMPOTPaMMBbI, IEMOHCTPUPYIOIEN HACTPOU-
Ky OHMOJINOTEKH Servo U II0BOPOT OCH IIPHUBOA Ha QO I'PaJIyCoB:

#include <Servo.h>

Servo myservo,
int servo_pwm = 2;

void setup() {
// coobwaem, KyAa NOAKAWYEH NPUBOL,
myservo.attach( servo _pwm );
// noBopayvMBaeM Ban npuBoAa Ha +90 rpagycos
myservo.write( 90 );

void loop() {
}

3agaHue 7.6

Peasmm3yiiTe IporpaMmy, OOECIIEUHBAOIIYIO0 ILJIABHBIA HOBOPOT
CEPBOIBUTATEJIS MEXKAY KPAWHUMHU IT0JIOKEHUSIMU 32 5 CEKYH]/I.
3amaHue 7.7

Cobepure cxemMy C CEpBOJIBUTATEIEM M JIATYUKOM TeMIIEpPATYpPhl.

PeaynusyiiTe CTpeJIOYHBIM TEPMOMETP — CEPBOJIBUTATEb JOJIXKEH 3aHU-
MaTh [0JIOKEeHUe, 3a/laBaeMoe II0Ka3aHUueM TepMOJaTUrKa.



Tema

I2C u 6ubauomexka Wire

8.1 IITuua 12C

I2C sT0 cokpamenue ot «Inter-Integrated Circuit». B gaymekux 1970-x
roJlax IIOZ[pasjieJieHHe I10 MPOU3BOJCTBY MOJIYIIPOBOHUKOBBIX KOMIIO-
HeHTOB hupmbl Philips (Teneps 310 hupma NXP) noHsia HEOOXOUMOCTh
pa3pabOTKH W CTaHAAPTHU3aIlMHd IPOCTOTO IIPOTOKOJIA JUIA TMepeaaduu
JAaHHBIX MEXKJly MHUKpocxeMaMu. B pesysbTare OHH paspabotasu
IIPOTOKOJI, KOTOpbIii ceiituac HaszpiBarOT [2C wmimum TWI (Two-Wire
Interface). DTOT MPOTOKOJI IO3BOJIAET OOMEHHWBATHCS HHQpOPMAIIUEH,
HCIIOJIb3Ys TOJIBKO JIBa MPoBoJia, 06o3Hauaemble SDA u SCL (Puc. 8.1). ITo
IIEPBOMY TEPEJAIOTCA JIaHHBbIE, a BTOPOH HKCIOJIb3yeTCs JJIs CUTHasIa
CUHXPOHUBAIINH.

IIMuna I12C (Puc. 8.1) M0O3BOJISIET COEIUHATH CPa3y HECKOJIbKO
YCTPOUCTB. B ceTu AOJIKHO OBITH XOTSI ObI OJTHO 8edyuiee ycmpoticmeo
(Master), KOTOpOe WHUIHAJIN3UPYET Tepefadvy AAaHHBIX U TeHEPUPYET
CUTHAJIBI CHHXPOHHU3AIWU. JIpyrue yCTPOUCTBA SIBJISIOTCA 8e00oMbLMU
(Slave), oHM TepefaOT JAaHHBIE II0 3aIPOCY BEAYIEro. Y KasKAOTro
BEJIOMOTO YCTPOMCTBA €CTh YHHKAJBbHBIA aZ[pec, II0 KOTOPOMY BeAYIIIHI
1 oOparaercsa K HeMy. AIpec YCTPOUMCTBA YKa3bIBAETCA B JIOKYMEHTAIIH .
K oxgnoit mmHe [2C MoskeT ObITh MOAKJII0YEHO /10 127 YCTPOUCTB, B TOM
YKCIe HECKOJIBKO BeAyluX. K IIMHe MOKHO IIOAK/IIOYUaTh YCTPOKCTBA

111
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B IIpoliecce paboThl, OHA IIOAAEPKMBAET TAaK HA3bIBAEMOE «TOpSYEe
IIOIK/IIOYEHHE» .

VCC I-Jr_l < . 9 »
SDA il 9 ® o o
SCL l o ' 9 9
GND ! ! ! 1
Begywumi Bepombin Benombin Bepombin
(Master) (Slave) (Slave) (Slave)

Puc. 8.1: IITuna 12C

Kak Bugno u3 Puc. 8.1, imaun SCL 1 SDA g0KHBI OBITH COEIUHEHDBI
¢ nmutaureM VCC 4epe3 pe3ucTopbl. ITO HEOOXOAUMO JJIsT HOPMAaJTbHOM
paboter I2C. Ha marax Arduino (TouHee, Ha yCTAaHOBJIEHHBIX B HHUX
MHUKPOKOHTPOJIJIEPAX) TaKWe PE3UCTOPHI YK€ IPUCYTCTBYIOT, IMO3TOMY
y Hac He Oy/ieT Heo0X0IMMOCTH JOOABJIATH UX B CXEMY.

Arduino ucmosb3yer ajis paborbl mo umHTepdeiicy 12C aBa mopra,
KOTOpBble MOTYT HAaXOAUTbCA HA PAa3HBIX IUIaTaX B Pa3HbIX MeCTax.
Haubosiee pacrnpocTpaHeH BapUaHT, KOTIJIa AaHAJOTOBBIM MOPT A4
cootBeTcTByeT SDA, anasoroBsiii mopT A5 cooTBerctByeT SCL. Takas
cxeMa HcIoJib3yercs, HanmpuMmep, B Arduino UNO u Arduino Nano. /s
JIPYTUX MOJIEJIEH PACIOJIOKEHHE STUX ITOPTOB IMOKa3aHo B Tabsmurie 8.1.

Tabauya 8.1: PacnoaoxceHue nopmos SDA u SCL

Illrara ITva SDA | ITux SCL
Arduino Uno, Nano, Pro u Pro Mini Aq As
Arduino Mega 20 21
Arduino Leonardo 2 3
Arduino Due 20, SDA1 | 21, SCL1
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Il pabotel ¢ mpotokosioMm 12C y Arduino ects mraTHass 6ubmoreka
Wire, mo3Bossomas B3auMoaericteoBath ¢ 12C/TWI-ycrpoiicTBaMu Kak B
peXnMe MacTepa, TaKk W B PeXUMe BeoMOro. J[Jisi MHUIHAIU3aIuu
O6mOIMOTEKH UCIIOJIb3yeTcs PYHKIHA begin, KOTOpas MOKeT BbI3BIBATHCA
B JIByX BapHaHTax:

Wire.begin();
WIn
Wire.begin( agpec );

3nech agpec — nU@POBO azipec BEAOMOIO YCTpPOHCTBa, eciau Arduino
IIOJIKJTIOYAETCs K IIIMHE B POJIM BeoMoro. Eciiu ajgpec He yKa3bIBaTh, TO
Arduino 6yzeT paboTaTh Kak Macrep.

J1J1s1 TOrO YTOOBI MacTepP MOT IIepeaTh BEIOMOMY JaHHbBIE, OH JOJIXKEH
BbI3BaTh TpU GyHKIUHU. CHavasia OH BbI3bIBAET QYHKITUIO

beginTransmission(agpec);

apryMeHTOM KOTOpPOU fABJISETCA HOMEP BEeJOMOTO. 3aTeM OH HepeaaeT
caMu JIaHHbBIE:

write(3HayeHune);

ATy QYHKIMIO MOXKHO BBI3BIBAaTh HECKOJIBKO pa3. B KoOHIle mepenauu
MacTep BbI3bIBaeT (QYHKIUIO endTransmission, B MOMEHT BbI30BaA
KOTOPOU KaK pa3 U MPOUCXOAUT peasibHas OTIPABKa BCEX JAHHBIX.

Hampumep, 4TOOBI OTIIPaBUTh YCTPOUCTBY C aapecoM 55 OauT val,
HAaJ[0 BBITIOJTHUTD CJIETYIONINH KOJT:

Wire.beginTransmission(55); // nepepada gns ycTtpoucTtBa 55
Wire.write(val); // oTnpaBka 6ahTa val
Wire.endTransmission(); // 3aBepueHune nepepayu

Macrep MOKeT 3allpOCUTh BEJOMOIO Iiepedarb eMy AaHHble. [Iida
9TOr0 MacTep CHa4Yasia BbI3bIBAET (PYHKITUIO

requestFrom(agpec, pasmep);

KOTOpPOU TepelaeT afpec BeJIOMOT0 M YUCJIO 0AalT, KOTOpblEe OXKUAAET
puHATH. [ocite 3TOro Macrep MOXKeT IMOJIYYHUTh 110 OUepein Bce OANThI
OTBeTa, BbI3bIBaA (QyHKOUIO read. OyHkiua available BosBpamaer
YHUCI0 OAUT, KOTOPBIE IOCTYITHBI JIJIST YTEHUS.

Takum o0pa3oM, OOBIUHBIA KOJI YTEHHS JAHHBIX OT BEIOMOTO
BBITVIS/TUT CJIETYIOMINM 00pa3oM:
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// 3anpawuBaem 6 6aWT OT Begomoro #55
Wire.requestFrom(55, 6);
// BeAOMbln MOXeT MpUCNaTb MeHble, Yem MpPoCUIM
while (Wire.available()) {
// nony4aem oguH 6aWT KakK CUMBON
char ¢ = Wire.read();
// oTnpaBnaem nNpuHATbHIA 6anT Ha MK
Serial.print(c);

Pabora c 6ubsimoTekoit Wire B peskxrme BEIOMOTO ITPOUCXOAUT APYTUM
obpaszom. MacTep 3HA€ET, KOr/ia OH XOYeT YTO-TO MEPENATHh UIU TOJTYIUTh
Y OH MOJKeT MPOCTO BbI3BaTh He0OX0auMble QyHKIMU. OJTHAKO BEOMBIH
3apaHee He 3HaeT, B KAKOW MOMEHT OH IOJIyYUT JAaHHbIE WJIN 3alPOC OT
Macrepa.

[TosTOMy TpU HaNMCAaHWU MPOTPAMMBI /IJIsI BEOMOTO HEOOXOAHUMO
CHauvasa HamucaTh PYHKIMIO, KOTOpas Oy/ieT pearupoBaTh Ha AeWCTBUSA
MacTepa, a IOTOM 3apEeTUCTPUPOBATh ee B OubmoTeke Wire. bubimnoreka
caMa BBI30BET HAIlly (YHKIUI0O B TOT MOMEHT, Korjla 3aduKCHUpYeT
JIECTBUS MacTepa.

Takux GyHKIUN MoxKeT ObITh ABe. OHA HCIOJIb3YeTCA AJid IIprueMa
JIAaHHBIX (ecyTM OH mepenasl ux ¢ moMollbio beginTransmission/ send/
endTransmission), a BTopas — ecyii MacTep 3alPOCUJI JaHHBIE C TIOMO-
1bI0 requestFrom. Takue PpyHKIIMN HAa3bIBAIOTCSA PYHKIUIMUI-00pabOT-
YUKaMU.

PaccmoTpuM cHauvasia TiepBblii BapuaHT. IlepBbIM [ieJioM Hajo
HamucaTh QYHKINIO, KOTOopas Oy/leT IPUHUMATh AaHHbIE. DTa QYHKIUS
MOXKET UMETH JI000e UM, HO OHA JOJ’KHA I0JIyvyaTh OAUH apryMEHT —
yucao 0ailT, mepeflaBaeMbIX MacTEPOM, W HeE JIOJDKHA BO3BpalllaTh
HUKAKUX 3HaueHUU. BHyTpH Hee MOXKHO YUTATh JIAaHHBIE C IIOMOIIBIO
dynkuii available u read. Hanpumep:

void receiveEvent(int howMany) { // vma moxeT O6biITb Apyrum
while (Wire.available()) { // noka ecTb AaHHble
char ¢ = Wire.read(); // uuTaem oguH 6anT
Serial.print(c); // nepepaem ero Ha KoMmnblTep
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O6paboTumnk cienyeT 3aperucTpupoBaTh B (yHKIUM setup mpo-
rpaMMBbI ¢ IIOMOIIbI0 OnRecieve ciemyronum oO6pa3oMm:

// Hapo ykKasaTb uMA obpaboTyuka
Wire.onReceive(receiveEvent);

BTopoli BapuaHT, KOrJja BeJOMBIN JOJ?KEH OTIPABUTH JJAHHBIE II0
3alpocy MacTepa, peajm3yercss IMOXO0KuM obOpazom. CHauvasa Hy:KHO
HamucaTbh 00paboTUYUK, KOTOPBIN B JJAHHOM cJydae Oy/ieT UMeTh IMyCTOMN
CIIMCOK IIapaMeTpOB. BHyTpHU Hee J0CTaTOUYHO IIPOCTO BbI3BATh (PYHKIIUIO
send AJ1 OTHpaBKU JaHHBIX. ;KesaTeslbHO OTHPABUTH CTOJBKO OaMT,
CKOJIBKO OT Hac OKU/IaeT MacTep:

void requestEvent() {
Wire.write("datal2"); // oTBeT AAWHOW 6 6anT

}

Perucrpupyercsi Takoi o00OpabOTUMK 3ampoca ¢ IMOMOIIbI0 (QYHKIIUU
onRequest:

Wire.onRequest(requestEvent);

B Hacrosiee BpeMs  BBIIIYCKAETCA MHOMKECTBO  YCTPOMCTB,
pabotraronux 1o muHe [2C. 9To MOryT O6BITH IU(PPOBHIE JATYUKHU TEMIIE-
paTypbl, MUKPOCXEMBI IaMSTH, 3JIEKTPOHHBIE KOMIIACHI, JKUKOKPHCTAI-
JINUECKUEe JUCILJIEN, MUKPOCXEMBI-PAJJUOTIPUEMHUKNA U MHOTOE JPYTOeE.
Bce 5TM KOMIIOHEHTHI MOXKHO IIOAKJIIOYUTD K MHUKPOKOHTPOJLIEDPY,
HCIIOJIB3YS BCETO IBA BBIBO/IA, UYTO OUEHB Y/I00HO. J[JII MHOTHX U3 HUX €CTh
oubsmmoTeku 711 Arduino, KOTOpbIE CeIal0T UX HCIIOJIb30BaHHUE ellle
OoJiee J1erkuM, yeM paboTa uyepes 6ubanoreky Wire.

8.2 IIpumep ucnosb3oBanuna 12C B Autodesk CIRCUITS

K coxxanenuro, B smyastope Autodesk CIRCUITS et moneneit ayst 12C
ycrpoiicTtB. IToaToMy B HameM ydeOHOM MOCOOHU MBI OyJeM HCIIOJIb30-
BaTh ATy IIMHY JJIsl OPTaHU3AINH CBA3U MEXK/Ty IByMs Itatamu Arduino.
ITO TOXKE OYeHb HHTEpecHas M IIoJie3Has BO3MOKHOCTb, KOTOpas
IIO3BOJIUT IIPOJIEMOHCTPHUPOBATh PabOTy KakK B peXHUME MacTepa, Tak
U B PEKHME BEJIOMOTO.

Mp1 OyzieM KCIIOJIB30BATh IIPOCTYIO CXEMY, IOKa3aHHYI0 Ha Puc. 8.2.
B aToli cxeme ecTh ABe IuIaThl Arduino, K KOTOPHIM IOJKJIIOUYEHO II0
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cBerozmuony. K oaHOW w3 IUIaT, BBICTYIAWINENH B POJIM MacTepa,
noiKItoueHa kHonka. O0e 11aThl coefnHeHbl mMUHOU [2C uepe3 BBIBObI
A4 u As. 3emiia MUTaHUA IUIAT TakKKe oObequHeHa. Tak Kak B IJiaTax
Arduino mcnose3yoTcs BCTPOEHHBIE PEe3UCTOPHI i muHbI [2C, TO HeT
HeOoOXOUMOCTH COENUHSATh JIMHUM IIUHBI C MUTAaHUEM OTAEIbHBIMU
pe3ucTopamu.

g Y
5 g
EA
C] AREF  f——
5} GND |— Usrsusiave
FS > p13 |—
X p12 — o
D11 |— o
—| /ReseT o O D10 f— R 3
] =) - 1
=l :E S L= e [ —
= GND —
| cno= ER4 i > D13 [—
— GND1 = O D7 [— w D12
— vm g: — (@) p11 |—
/RESET o D10 [—
L c Bt 3v o C D9 [—
—| &2 = 3 — sv [T b8 |—
— A2 o D2 GND2 3 =
—1 a3 bl DL |— GND1 O D7 I~
o 3 B0 VIN (@) D —
m—LA° N D5 [(—
2R — a0 c D4 f—
~ — At z b3 f—
— a2 o D2 o Ry
— Az 2 D1 |— x
As = po f—
AS 5]
= a
&@Dl ¢ .
o

RX W= ARDUINO

Puc. 8.2: IIpumep nodxarouenus wiuwl 12C

[Ipu HakaTUU HA KHOIIKY MacTep Oy/leT 3a’KUraTh CBOM CBETOAMOI,
Y OTIIPABJIATH KOMaH/Iy, COCTOSAIIYIO U3 OZTHOTO cuMBosia « H» Bemomomy.
[Tpu OTIyCKaHWM KHOIKH MacTep BBIKJIIOYAET CBETOJHOM U OTIIPABJIAET
komaHay «L». Bemombiit Oy/ieT 3a:KUTaTh U BBHIKJIIOYATh CBOM CBETOAUO]
II0 KOMaH/aM OT MacTepa.

[Tpu mporpammupoBanuu ByX miaaT B cpene Autodesk CIRCUITS
HY’KHO BBIOMIPATh IUIATY, /I KOTOPOU MUIIIETCS MPOTrpaMMa, ¢ IIOMOIIBIO
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BBIIIA/IAIOIIEr0 CIIMCKA, HAXO/ISIIErocs B JIEBOI BEPXHEN YacTH peAaKTopa
koza (cM. Puc. 8.3).

BX M ARDUING — CE e

—————————————— .Dtlii.i.'

1 (Arduino uno) v /4 Upload &Run

1 #include <Wire.h>
JSfMaster - writes (sends) commands to =slaves

I %]

J/hddress of slave device on IZC bus
const int SLAVE ADDR = 3;

//pin number where button is connected
const int PIN BUTTCON = 3;

Puc. 8.3: Bvitbop naamwt 6 cpede Autodesk CIRCUITS

1 oy Ln o

PaccMoTpuM KoOZ, JIJIsT MacTepa:

#include <Wire.h>

const int SLAVE_ADDR = 5; // appec Begomoro Ha wuHe I2C
const int PIN_BUTTON = 3; // BbiBOJ C KHOMKON

const int PIN LED = 2; // BbIBOO CO CBeTOAMOAO0M

const char BTN_PRESSED = 'H'; // cooblueHne BKIWYUTb AUOS,
const char BTN_RELEASED = 'L'; // coobuweHune BbIKIWYUTE ANOL
int buttonState = 9; // COCTOSIHME KHOMKM

void setup() {
Wire.begin(); // 2Ta nnata HacTpauMBaeTCcsa MacTepoM
pinMode (PIN_BUTTON,INPUT); // HacTpolka BblBOAA ANA KHOMKY
pinMode(PIN_LED, OUTPUT); // HacTpoWka BbiBOAA A1A AMOA2

}

void loop() {
// 4uTaeM COCTOAHUE KHOMKMU
buttonState = digitalRead(PIN_BUTTON);

if (buttonState == HIGH) {
// BKJKW4YaeM CBOW AuOf,
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digitalWrite(PIN_LED, HIGH);
// nocbinaem KOMaHZy BeAOMOMY
Wire.beginTransmission(SLAVE_ADDR);
Wire.write(BTN_PRESSED);
Wire.endTransmission();

} else {
// BbIKJO4aeM auofn
digitalWrite(PIN_LED, LOW);
// nocbinaem KOMaHZy BeAOMOMY
Wire.beginTransmission(SLAVE_ADDR);
Wire.write(BTN_RELEASED);
Wire.endTransmission();

}
delay(30);

}

Teneps paccMOTPUM KOJT BEZJOMOTO:

#include <Wire.h>

const int LED = 2; // BbIBOA CO CBeTOAUOO0M
const int SLAVE_ADDR = 5; // agpec Begomoro Ha uwuHe I2C

void setup() {

Wire.begin(SLAVE_ADDR); // 3Ta nnaTta 6yaeT BeAOMbIM
Wire.onReceive(receiveEvent); // perucTtpauusa obpaboTuymnka
pinMode(LED, OUTPUT); // HacTpauBaem BblBOA cBeTOoAMOAA
digitalWrite(LED, LOW);

}

void loop() {
// 30eCb HUYero He NPOUCXOOMUT.
// Bca paboTa B obpaboTumke pdanbue.

}

// 3Ta ¢PyHKUMA BbI3bIBAETCA, KOrga npuxodAT AaHHble no I2C
void receiveEvent(int howMany) {
// UUKN YTeHUA JAaHHbIX
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while(Wire.available()) {
char ¢ = Wire.read(); // 4uTaem oauvH 6anT

if( ¢ == 'H" ) // pa3bupaem KomaHay
digitalWrite(LED, HIGH); // Bkaw4yaem guoz
else if ( c == "L" )

digitalWrite(LED, LOW); // Bbiknw4aem nuoz

3aganue 8.1

Cobepure cxemMy, B KOTOpoW /Be IuiaThl Arduino c¢ Tpewms
cBeTOAMOAaMU (KpaCHbBIH, JKeJIThIA U 3eJIEHBIN ) ObLTU COeTUMHEHBI IITMHOU
I2C. PeanusyiiTe paboTy B pexkume cBerodopa — OAHA IIaTa JOJIKHA
IIOKa3bIBaTh CHUTHAJIBI JUI OJHOU JIOPDOTH, a Jpyrasg — JJis
IIePIEeHINKYJISIPHON (ecyili HAa OJHOHM ILIaTe KPACHBIM, Ha BTOPOH —
3eJIeHbIi M HaoOopoT). PeanmsyiiTe ympaByiieHHe OJHOTO cBeTodopa
ApYyTUM 4Yepe3 OTHIpaBKy KomaHj Mo mwuHe [2C. OOMeH [10JDKeH
MIPOU3BOJUTCS B PEXKUME «MaCTEP MUIIIET, BEJOMbBIN UNUTAET».

3anaHue 8.2

CobepuTe cxemy u3 AByx 1iaT Arduino. K ogHOH 1taTe moAK/IIOUEH
KUJIKOKPUCTAJUTUUECKUU 5KpaH, a KO BTOPOU — JaTYUK TeMIIepPaTyphl.
[Tnatel coenmuenbl o muHe [2C. [lnata ¢ sxkpaHoM OyzieT BBICTYIIATh
B POJTM MacTepa, KOTOPBIN 3allpaliuBaeT JaHHbIe (TeMIepaTypy) y BeJlo-
MOTO U OTOOpaKAET ee Ha YKPAHe.



PASJEJI 3. MOAEJINPOBAHUNWE POBOTOB
B CPEAE V-REP

Tema

Cpeda modeauposaHus V-REP

9.1 MoaesmpoBaHue pOOOTHU3UPOBAHHBIX CHCTEM

Cpena Autodesk CIRCUITS mo3BosisieT MOAEIUpOBaTh pPadboOTy
BJIEKTPOHHBIX CXEM W MUKDPOKOHTPOJUIEpoB. C ee MOMOIIBIO MOKHO
paspabaThIBaTh U OTJIA’KUBAThH PAa3TUIHbIE 3JIEKTPOHHBIE CXEMBI, a TAKKE
IIPOrPaMMHPOBATh JIOTHKY PabOThI HEKOTOPBHIX €€ KOMIIOHEHTOB, KakK
HaIpUMep, MUKPOKOHTPoJIepoB Arduino. Ho Ha 3ToM ee BO3MOKHOCTH
3aKaHYMUBAIOTCA. B Hell MOKHO pa3paboTaTh, HAIPUMED, BJIEKTPOHUKY
JUIsT po0oTa, HO HEJIb3s IIPOBEPUTH, KAK 3TOT POOOT Oy/leT e3UTh WU
JIBUTATh MAHUITYJIATOPOM. B 3TON uacTtu y4yeOHOro mOCOOUSA MBI
MMO3HAKOMUMCA C CHUCTEMOW, KOTOpas IIO3BOJISIET OCYIIECTBIATH
MOJIEJTUPOBAHNE PEATHLHOTO (PU3UIECKOTO Mupa. Mbl 3aiiMmeMcs y»Ke He
peayim3anyiell HU3KOYPOBHEBBIX 33J1a4 BPOJE «KaK CAeJIaTh TaK, YTOOBI
3TOT MOTOP KPYTHJICS », a YIIpaBJIeHHNEeM Ha 60Jiee BBICOKOM YPOBHE — «KaK
caeaTh pobOTa, KOTOPBIM JBUIKETCS, YKJIOHSETCA OT IIPENsTCTBUH,
cIelyeT 3aJJaHHOM IeJTH».

CeroziHsI BO3MOXKHOCTH HCIIOJIb30BAaHUS POOOTOTEXHUKU OTPOMHBI.
Po06OTHI NCIOIB3YIOTCS Be3/le: HaunHasA ¢ udydeHus riaHeT COTHEYHOU
CUCTEeMBI U 3aKaHunBas yoopkoil nomemeHuii. O0beinHeHE B poboTax
Tpex MOJICUCTEM: aKTyaTopa, ceHcopa U OJioka ympaBjeHHs JejaeT UX
3(pPekTHBHBIMU B peaJbHOM MHpPE, HO VCJIOXKHSAET BUPTYAIHHYIO

120
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cumyssinuo. OTHUM U3 UHCTPYMEHTOB 10 MOJIEJTTPOBAHUIO POOOTH3UPO-
BAHHBIX CHCTEM SIBJIsIeTCA OecIUIaTHBIN MporpaMMHBIN komIuieke V-REP.
HapaBHe ¢ TpafiMIIMOHHBIMU MOAXOAAMU K MOJEJINPOBAHUIO, KOTOPHIE
ecTh U B JpYyrux TpeHaxkepax, V-REP nobaBisgeT HECKOJIbKO
JOTIOJTHUTEJIbHBIX.  JIaHHBI  TpeHakep oOJyiaflaeT  TEXHOJIOTUEHN
BCTPOEHHBIX CKPHUITOB, KOTOpble 3aMEHSAIT pal3jInyHble THUIIbI
KOHTPOJIJIEPOB B MMUTAIIUOHHOW MOJIEJIM, UTO MO3BOJIAET JlejIaTh 3TH
MO/IeJIN YPe3BbIUaiHO MOPTATUBHBIMU U MaCIITA0UPYEMBIMU.

BcTpoeHHBIE CKPUNTHI TPEACTABIAIOT co00M Haubosiee MOIITHYIO
OTJINYUTEIbHYI0 0cobeHHOCTh V-REP. OHu gensATci Ha OCHOBHOH
U louepHre CKpuUnThbl. OCHOBHOW IMKJI («OCHOBHOH CIl€HApHUIi»)
MOJIeJINPOBAHUSA ABJIsIeTCsl Lua-CKpUITOM, KOTOPBIM permraer oOIiue
dynkumoHanbHble 3a7auu. Hampumep, OH BBI3BIBAET Pa3HbIE
MOZICUCTEMBI I 0OpabOTKU KUHEMATUKH WU JUHAMUKH OOBEKTOB
MozienupyemMoro Mupa. OCHOBHOU ClieHapUil TaKKe OTBedaeT 32 BHI30OB
JIOUEPHUX CKPUIITOB KAaCKaTHBIM CIIOCOOOM.

JlouepHue CKpUITHI, B OTJIUYME OT OCHOBHOIO, IPUKPEIUISIOTCS
K KOHKPETHOMY OOBEKTY WM KOHKPETHOM 4YacTu MOJEeIUPOBAHUSA
B IIpoliecce MUKIA MojenupoBanus. OHU ABJIAIOTCA HEOTheMJIEMOU
YyacThio crieHapus o0beKTa, M OyAyT HMOBTOPATHCA BMecTe ¢ HUM. Kak
TaKOBOW JIOUEPHUH CKPUNOT TIpeJicTaBiasgeT coO0M MOpPTaTUBHBIN
¥ MacCIITaOupyeMbIil JIEMEHT yIpaBJeHUsA: B HEM €CTh OJIMH €IUHbBII
daiin, cogeprkaluii onpeeseHne MoeIU BMecTe ¢ ee QYHKIMOHAJIOM,
HeT 1po0seMbl COBMECTUMOCTA Ha Ppa3HbIX IargopMax, HeET
HEOOXOIUMOCTH B SIBHOU KOMIIWJISAIINU, HUKAKOTO KOH(JIMKTA MEXKIY
HECKOJIBKUMU BEPCUAMH OJHOM M TOU Ke Mojenau u Ap. JlouepHue
CKPUIITBI MOTYT OBITh 3allyllleHbl B IOTOKOBOM WJIM HE IIOTOKOBOU
peasiuzaiyu.

9.2 NHTepderic mporpammsbl V-REP

[Iporpamma V-REP cocToUT 13 HECKOJIPKUX COCTABHBIX YaCTEM:

— OKHO KOHCO/AU: BO BpeMs 3allyCKa IIPUJIOKEHUA IOABJIAETCA OKHO
KOHCOJIM, HO BO BpeMs MOJEIUPOBaHUsA OHO OyaeT cupsTaHo. [Ipu
HEOOXOIUMOCTH MOKHO WU3MEHUTh 3THU HACTPONKHU, BbI3BaB User

settings (HaCTpOWKU IIOJIH30BATEJISI) C IOMOIIBIO KHOITKH e . BaTtom
OKHE OTOOpa)kaloTCs 3arpy’kaemMble IUIAaTHHBI W UX IIPOIELYPbI
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WHUINAIu3aluu. Ero MOXKHO HCIIOJIB30BaTh TOJIBKO JJIsl BBIBOJAA
nHdopmMaruu (HalmpuMmep, ¢ IOMOINBI0 KOMaHA sA3bika Cu printf
win std::cout ¢ HCIOSIb30BAHMEM COOTBETCTBYIOIIETO ILIATHHA).
Bosee mospoOHO MpPO IUIAarMHBI MOXKHO y3HATh, HIPOUAA IO
caenymooIied ccblike: http://www.coppeliarobotics.com/helpFiles/
en/pluginTutorial.htm;

— OKHO NPUA0JXCeHUs WCIOJIb3YeTCs IJIsi TOTO, UTOOBI OTOOpaKaTh,
peNaKTUPOBATh U MOJIEIUPOBATD;

— 0uan0208ble OKHA SBJSAIOTCS IIPOMEKYTOUHBIM 3BEHOM MEXKIY
II0JIb30BaTEJIEM, CIIEHOH U 0OBEKTAMH CII€HbI 1 OKAa3bIBAIOT IIOMOIIb
BO B3aMMOJIENCTBUU MKy HUMH.

Ha Puc. 9.1 MOXHO BU/IETH KJIaccuuecKuU Buj mpuiokeHus V-REP:

KoHcons Crnncox 0bBeKTOBR
; CTpoka MEHI)  CLIEHbI I'UEH'mHTa_nE.Haﬂ MaHENb
HCTPY MEHTOR
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OkHO nhlﬁnpa |
MOJIENTH LTpmca COCTOAHMS ﬂua 1orosoe 0kHO Cuema  OByiacTH oTOGPAKEHNS

Puc. 9.1: OxHo npunoscerun V-REP

CocraBHbIe yacTu OKHa npuiokeHusa V-REP:

1. CTpoka MeHI0.

2. [TaHeTM UHCTPYMEHTOB — HMCIIOJIB3YIOTCA JIJISA OCTyIa K HauboJee
YaCTO HCIIOJIb3yeMbIM (GyHKITUAM ITporpaMmbl. Ha Puc. 9.2 nzobpakeHbl
KHOITKY, PACIOJIOKEHHbIe Ha TaHeJId WHCTPYMEHTOB, W HX KpaTKOe
OTIMCAHUE.

3. OkxHO BBIOOpaA MOJENU — SABJSAETCA BUAUMBIM IO YMOJTYaHUIO, HO
MOKET OBITh CKPBITO C IIOMOIIbI0 COOTBETCTBYIOIIEN KHONKU. B BepxHell
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YacTM OKHa oOToOpakaeTcsi CTPYKTypa IIallOK, a B HIDKHEH —
BCEBO3MOXKHBIE BHIBI MOeer (Cozepskaluxcsa B BHIOPAHHOI IallKe).
JI100yI0 M3 UMEIOIIUXCA MOJIeJIell MOXKHO IIPU 2KeJIJaHUU ITOMECTUTh Ha
CIIEHY.

4.CHrcok O00BEKTOB CIIEHBI — OTOOpakaeT JAPEBOBUIHYIO CTPYKTYPY
00'BEKTOB, B KOTOPYIO MOXKHO JI00ABJIATH 3JIEMEHTHI WU yAaIATh. UTOOBI
OTKPBITH OKHO CBOMCTB JIF0O0TO 00BEKTA, JOCTATOUHO JABAKIBI IIETKHYThH
II0 ero 3HauKy, JUII IPUCBOEHUSA OOBEKTY APYroro MMEHU — JABaYKIbI
IIEJIKHYTh 0 UMeHH. IleperackuBas OAUH OOBEKT K APYrOMY, MOKHO
YCTAaHOBUTH OTHOIIEHUS CBA3M MEXIy HUMHU (CZesaTh OZHOIO M3 HUX
«POJIUTETIEM » ).

5.Crpanunna. Kaxkpgaa cueHa MoXeT coAep:kKaThb JI0 8 CTpaHHUIL,
KOTOPBbIE, B CBOIO OUEPE/h, MOTYT BKIIOUATh 0€CKOHEUHOE YHCIIO O0JIacTei
oTOoOpakeHwusl.

6.006sactT OTOOpaXKeHUsI — WCIOJIB3YIOTCA I II0Ka3a OOBEKTOB
1 OKPY?KAIOIUX WX IMPEIMETOB, PACIOJIOKEHHBIX Ha CIlEHE, C ITIOMOIIHIO
KaMep, rpadUKOB WM BU/IE0/IATINKOB.

7. HDopMaIys — IpuBOAUTCS JJIsI KOHKPETHBIX 00bEKTOB WJIH IIPeJ-
METOB, TAaK)Ke ITOKA3bIBA€T COCTOSHUSA U IapaMeTpPbl MOZETIHMPOBAHUA.
BHemrHui B MOKeT OBITh M3MEHEH C IIOMOIIBI0 KHOIOK B BEPXHEM
JIEBOM YTJIy IIOJIA.

Bogenenne  Mpukpenuts / OTmenus/ BY3Yanusauna u nposepka
Haeurauus kamepsi No WenuKky Otkpenuts  Bo306HOBUTL AVHaMKU4eckoro
A | HanonHeHus
| 1 ——
| | |
J T e 07 S (& . N
% ‘*.‘5’7 <> [’:;—:—] L O, Z% C’g" \\9 Bullet 2.78
|
,,‘ ! !
M3meHeHue nosmumm, Mepesect BbiGop
macwrabuposaxue u uwHK B huamnyeckoro
noeopoT CUBNUHMM ABWXKa
MepeknioyeHne moaenupoBaHnA MoTokosoe  Bblbo
B pPeXWMe peanbHoro BpeMeHu yckopeHue P
t t t
D 51
Accurate (default) ~ | dt=50ms (default) [> ™ ﬁ%
v l ‘ ! Y v l
Hactpoiika BpemerHon war Crapt/naysa/cTon Hactpoitka Buayanusa- BbiGop
chusuyeckoro AsmxKa MOAENMPOBaHUA MoAenupoBaHva CKOPOCTW | juq BKN/BLIKN  CUEHBI
MOAENUPOBaHUA

Puc. 9.2: Menrw npoepammuvt V-REP
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8.0xHO oToOpakeHUs: HHPOPMAIINH, BHIOpAHHOI II0JIb30BaTEIEM —
HacTpamBaeMoe IIOJIb30BaTeJIEM OKHO, OTpakaroliee HeoOXOIuMYI0
nHPOPMAIUIO WU JINAJIOT C TOJIb30BaTEIEM.

9. BeruibiBatoiiee meHto (Puc. 9.3) — mosiBjiseTcs IpU MieTUKe MpaBoi
KHOIIKOU MBIIIIH.

g Hactpoiiku mopenupoeanua

CeoiicTea 0ObekTOB

Mo aynb BeMUCRIEHWI

08

Konnekuun

i)

CkpunTbl

2

Pegaktop cdhopmbi

Pegaktop nyTu
Pepnaktop uHTepdeiica

]

Buigenenune obvekToB
. Buibop mogenu

Wepapxua cuyeHbl

W

Cnowun

!.

)
&

)

3anucb

S HaCTpOMKM nonb3oearena

Puc. 9.3: Konmexcmuoe meHo npoepammsvt V-REP

BOI'IpOCI)I AJIA CAMOKOHTPOJA

1) Kak HasbIBaeTcss 06J1aCTh IPOTPaAMMBI, T7I€ MOKHO YCTAHOBHUTD CBSI3b
POIUTENTb-AETH MEXKIY 00'bEKTaMH CIIEHBI ?
a) O6sactu orobpaxkeHus (Views).
b) Crnucok o6bexToB ciieHbl (Scene hierarchy).
c) OkHo BbIOOpa Motesiu (Model browser).
d) Koncosp (Console window).

2) CKOpOCTb MOJIEJIMPOBAHUS YIIPABJISAETCS C IIOMOIIIBIO KHOIIOK:
a) CrpesikaMu Ha TOPU30HTAIILHOU ITaHEN UHCTPYMEHTOB.
b) 3HauKOM KWHOIUIEHKN Ha BEPTHUKAJIBHOU IMaHEIU WHCTPYMEH-
TOB.
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c) 3allYMKOM U Yepernaxoid Ha TOPU30HTAIHLHOU IMaHEN HHCTPY-
MEHTOB.

3) Kakwue no cuety (cseBa-HampaBo) U3 KHOIOK ITaHEJIM MHCTPYMEHTOB
Ha Puc. 9.4 oTBeUaloT 3a mojI0KeHne 00bEKTOB?

=] |9 .\"J

. % 7 2 E Y By (D r ey
c%; e 4L @ ~ = \.-Lf? GEJD nF ™ Bullet = |f

Puc. 9.4: IlaHeab uHcmpymeHmMos

9.3 Co3maHue nmpocroro pooora B cpeae V-REP

B KauecTBe MEPBOro ympa)kHEHUs Mbl MONPOOYyeEM CIIPOEKTUPOBATH
mmpocToro MobOwiabHOTO pobota Illabora, HWCIONIB3ys BO3MOMKHOCTH
nporpammbl V-REP. IITabot — 3To cokpaiiieHue OT ABYX CJIOB — «pPoOOT»
U «IlIap», TaK KaK HaIll poOOT Oy/leT UMeTh IIAPOBUIHYIO (popMy.

HaugaTh crout c Tesia Harero pobora. /lobaBiisieM IMPUMHTHB Iap
araMeTpoM 0.2 K crieHe [Add --> Primitive shape --> Sphere, X-size = 0.2]
u HaxkumaeM <OK>. CozzaHHBIN [IapUK MOABUTCA B BUJAUMOM CJIOE 1 10
YMOJTYaHUIO W Oy/IeT MOJBMIKHBIM M B3aWMOJIEHCTBYIOIIIUM, TO €CTb
CIIOCOOHBIM pearupoBaTh Ha CTOJKHOBEHUS C JIDYyTUMHU IIpeaMeTaMH
(obsamaromMM  CBOMCTBOM B3aMMOJIENCTBUA) MPU MOMOIU (PU3H-
YeCcKOTo JBMKKA. Eciu TpebyeTcss M3BMEHUTh CBOMCTBA OOBEKTA, MOYKHO

€ro BbIJICJINUTDb U HA’KaTb HA KHOIIKY o Ha IIaHeJIM HHCTPYMEHTOB « Scene

Object Properties», B mosiBuBIIEMCsI OKHe BBIOpaTh «Show dynamic
properties dialog» (cBotictBa «Body is respondable» u «Body is dynamic»
BKJIIOUEHBI).

HaunHaeMm MojenupoBaHue (€ IIOMOIIbI0 KHOIKH C TPEYTOJIbHUKOM
Ha ITaHeJ/IU CBepXYy ciipaBa win HaxkaB <CTRL>+<mpobesr> B OKHE CIIEHBI),
KOIHpPYyeM U BcTaBjsseM cosaaHHbIl 1mapuk [Edit --> Copy selected
objects] u [Edit -> Paste buffer] (mmum <CTRL>+<C>, <CTRL>+<V>): B
HUTOTE /IBa IIapUKa CTOJIKHYTCA W OTKATATCA APYT OT Apyra. OcTaHOBUTE
MoOJleJITUpoBaHe (KHOIKA C KBaJipaTOM) U CKOIUPOBAHHBIA IIIap

apToMaTudecku yaanurcs. C moMompio KHOIIKK Simulation settings "
MO?KHO YIIPaBJIATh HACTPOUKAMU MOZETUPOBAHUS.

Takke morpebyercsi, uToObI Teso Hamero Illabora Mo:kHO OBLIO
obpabaThIBaTh C MOMOIIBI0O MOJyJIEH pacueToB (HampuMep, minimum
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distance calculation module). /loctyn kK HeEMy BO3MOKEH Yepe3 KHOIKY
\7 ‘7‘

: : i
Calculation module properties ' .
[TpoBeprwTe, UTO ¥ 0OBEKTA MIAP OBLIU MOAK/IIOUEHBI TAKNE CBOMCTBA,
kak «Collidable», «Measurable», «Renderable» wu «Detectable»

[ (m?) |

(kHOmKa °, BKIazka «Common»). [IocTaBbTe ra/IOUKH, eCITH CBOHCTBA
He To/IKJIIoueHbl. Bo BkIaske «Shape» MOXXHO M3MEHUTh BHEIITHUU BU/T
IIapukKa.

llanee otkppiBaeM OKHO «Object/item position/orientation»

‘
afs |
3°)

C IOMOIIBI0O KHOIKM | ¢ | (Bkiaagka «Position/Translations»), B moJie
«Object/item translation & position scaling operations» BBOAUM
3HaUeHue 0.02 11 «Along Z(m)» u mpoBepsieM, 4To B 1oJie «Relative to»
BbIOpano «World». Kimkaem mo «Translate selection». Hammu gerictBus
JTOJI>KHBI IPUBECTU K TOMY, UYTO BCE BBIZIEJIEHHbIE O00BEKTHI MIEPEBUHYTCS
Ha 2 CM BJI0JIb aOCOJTIOTHOU OCH Z U MTaApUK HEMHOTO ITOHUMETCS.

B okHe «Scene hierarchy» gBakzbl KJIMKHHUTE MO Ha3BaHUIO IIAPUKA
u navite emy ums. Hanpumep, bubbleRob, n Haxkmute <Enter>.

Ha cnenyromem 1are mbl OyzeM J00aBJATh JaTYUK OJIU30CTH
(proximity sensor), utoObl Ham Illabor 3Ham o0 #OpUOIMKEHUU
K nmpernsTcTBusaAM: [Add --> Proximity sensor --> Cone type]. BoizoBute

(&
W

okHO «Object/item position/orientation» & ' (Briagka «Orientation/
Rotations»), B pasgene «Object/item rotation operations» BBeguTe 9O
B moJiax «Around Y(m)» u «Around Z(m)», k1ukaute «Rotate selection».
Jllamee Bo Bkiaake «Position/Translations» B mosie «Object/item
position» BBezuTE 0.1 B 110J1€ «X-coord» u 0.12 B moJie «Z-coord». Terepp
MaTIUK OJIM30CTH KOPPEKTHO NpUKpeIUieH K Hatemy [llaboty.

JIBasKZIbl KJIMKHUTE 110 3HAYKY JaTuyhkKa B OKHe «Scene hierarchy»
1 OTKpouTe ero cBoiicrBa. KimkHure «Show volume parameter»,
oTkpoeTcs OKHO «Detection Volume Properties». Beaute B moste «Offset»
3HaueHHe 0.005, «Angle» — 30 u «Range» — 0.15. BepHuTech K OKHY
CBOMCTB ceHcopa u BblOepuTe «Show detection parameters».
B oTKpbIBIIEMCSI OKHE ybOepuTe Trajiouky (ecau OHa CTOUT) HAIIPOTHUB
«Don't allow detections if distance smaller than» u 3akpoiite okHo. /lajee
IMOMeHsiTe UMs ceHcopa Ha bubbleRob_sensingNose, nBaXK/Ibl KJINKHYB
B OKHe «Scene hierarchy» mo 3Hauky cencopa.
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Jls Toro, 4TOoOBI MPUKPENUTH CEHCOP K POOOTY, BBIAEINTE 3HAUYOK
ceHncopa u, 3axkaB <CTRL>, 3Ha4ok pobora B okHe «Scene hierarchy»,
nanee [Edit --> Make last selected object parent].

B urore nam IIIabot Gy/ieT BBITVISAAETH CIEAYIONTAM 00pa3oM:

¥ V-REPPRO - test4 - rendering: 2 ms (7.9 fps) - SMULATION sTorreD - O [HESH
File Edit Add Simulaton Tools Plugins Add-ons Scenes Secret Help
7 N p o N —
Cﬁ’%& n':::%:;, i; @ [ﬂ]()j \j& (% ozg]o 1\5’11\“ 3 ‘2 Bullet ~ | »
Scene hierarchy x = Selected objects: 0
D{é} @ testd (scene 1) 7 Ul ]
&
Jd
¥ bubbleRaob
ﬂl}«‘ 9 bubbleRob_sensingNose
Ho-& =)
s

Puc. 9.5: IIpumep Illaboma

Jlayiee HaMm cirelyeT M03a00THUTHCS O BO3MOKHOCTH IIEPEIBHKEHUS
[MTabora npu nomonu KoJec.

Msbl co3maauMm oTAesbHyIo cieHy [File --> New scene]. PaboraTb
B HECKOJIBKHX CIIEHaX — 3TO JOCTATOYHO YAO0OHO, T.K. MOKHO CO3/aBaTh
OTZIEJIbHBIE 3JIEMEHTHI U pab0TaTh HaJ HUMHU.

Jlob6aBbTe Kk creHe 00beKT muauHAp [Add --> Primitive shape -->
Cylinder] ¢ mapamerpamm wuaMmepenuii [0.08, 0.08 (aBTOMaTHYeCKU
IIPOIHIIIETCSI), 0.02]. AHAJIOTUYHO IIIapy CTAaBHUM TaJIOUKy Yy CBOMCTB
«Collidable», «Measurable», «Renderable» and «Detectable».

B oxse «Object/item position/orientation» ycraHaBIMBaeM
abCOIIOTHYIO MO3UIHI0 B (0.05, 0.1, 0.04) U aOCOJIOTHYI0 OPUEHTAIIHIO
B (-90,0,0). MBI ITOJTy4HJIH JIEBOE KOJIECO M HA/IO IIEPEUMEHOBATh OOBEKT
B bubbleRob_leftWheel. Kommpyem Kojeco, yCTaHAaBJIMBAaeM IO
abcosrioTHOU ocH Y 3HaueHue -0.1 u gaem ums bubbleRob_rightWheel.
KomrpyeMm o6a KoJieca, BCTaBJIsIEM Ha IIEPBYIO CIIEHY.

Temneps nob6aBuM mapHup (1im MoTop) K Kosecam: [Add --> Joint -->
Revolute]. HoBble 00BEKTHI MOABJISIOTCA BCErjia B OJHOM MECTE CII€HbI
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¥ HaM MOoTpedyeTcs IeEPEHECTH MOTOP K IIEHTPY KOJieca: BhIZIEISIEM MOTOD
u jieBoe kosieco (¢ <CTRL>), 3axogum B «Position/Translations», cexius
[Object/item position --> Apply to selection]. Bo BkIagke
«Orientation/Rotations» cexmuu «Object/item orientation» HakuMaem
«Apply to selection».

[Tepeumenyiite moTop B bubbleRob_leftMotor. OTKpouTe €ro
cBoiicTBa (ABakIbl KJIMKHYB Ha 3HAUYOK y MOTOpa B OKHe «Scene
hierarchy»), nHaxkmute kHOMKy «Show dynamic properties dialog»,
OTKpoeTcsi OKHO «Joint Dynamic Properties», B HeM CTaBUM 2 TaJIOUKHU:
«Motor enabled» u «Lock motor when target velocity is zero».

AHaJIOTMYHO 100aBJIsieM MOTOP JiJIsl IIPABOTO KOJIeca U MPOJIeIbIBAeEM
C HUM Te JKe MpolLielypbl, Ha3biBaeM bubbleRob_ rightMotor.

Jlasee mpucoearHsIEM JIEBOE KOJIECO K JIEBOMY MOTOPY (BBIIe/IsIeM 00a
obbekTa, [ Edit--> Make last selected object parent]), mpaBoe — xk mpaBomy,
1 06a MmoTopa — k bubbleRob. B urtore nosyuurcs ciaenytomuii Illabot:

§f  V-REPPRO - test4 - rendering: 2 ms (8.0 ps) - SIMULATION STOPPED = O
File Edit Add Simulation Tools Plugins Add-ons Scenes Secret  Help

c{}o o 3 @ %P @ ar:u:» @‘“ ) Bulet ~ | »

Scene hierarchy » [= Selected nbhjects: 0
D{% L
testd (scene 13 1] [
i
= [ @ bubhleRoh
9 bubbleRokb_sensingMNose

zQ bubhleFob_leftbdotar
T bubbleRob_leftwheel

£/ bubbleRob_righthdatar
I bubbleRaob_right#wheel

@

Puc. 9.6: Illabom c xoaecamu
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3amyctuTe MogempoBanue. Pobot onpokunyscsa! [Touemy? I[Toromy
YTO MbI 3a0bUIM JIaTh €My TPETHI0 TOYKY OIIOPhI HA ILIOCKOCTb.
OcraHoBuTE MOJIEJIUPOBAHUE.

JlobaBUM MaJieHbKOe MOJep;KUBalolllee KOJIeCUKO c3au. B HOBoOM
crieHe no6aBbTe 1map (sphere) ¢ AmamMeTpoM 0.05 U yCTAHOBUTE €My
csorictBa «Collidable», «Measurable», «Renderable» u «Detectable»,
nanee nepeumenyite ero B bubbleRob_slider. B oxue «Scene Object
Properties» Haxkmute «Show dynamic properties dialog» u B mossBuB-
1meMcs OKHe B KauecTBe MmaTepuasia (Material) BeiOepute «noFrictionMa-
terial». UToObI CBA3ATH CEJTAHHBIN MIAPUK ¢ POOOTOM, JT00aBIAEM TATIUK
cuibl:  [Add --> Force sensor]. IlepemMeHOBBIBaeM ero B bub-
bleRob_connection u mogHuMaeM ero BBepx Ha 0.05 («Object/item
position/orientation», BkJamka «object/item position», «Z-coord»).
3akpemisieM IIapUK 3a JATYUKOM CHJIBI (KaK 3TO JieJIaJIl C KOoJiecaMu
¥ MOTOPaMH), KOITUPyeM 00a OOhEKTa M BCTABJISIEM B OCHOBHOH CIIEHE.
Jlajiee Ha/10 IEPEABUHYTD AATIUK CUJIBI HA -0.07 110 OCU X ¥ IPUKPEIUTH
K Testy poborTa.

Ecim Bel  3amycture  MozesnuMpoBaHHWE, TO  3aMETHUTE, YTO
MOJIEP’KUBAIOIIMN  IIADUK M TeJ0 PpoboTa IIOCTOSHHO —CJIErKa
CTAJIKUBAIOTCS JIPYT C PYTOM U KaK OBbI IPOKAT. ITO MPOUCXOAUT IOTOMY,
yTo B 00a o0bekta (bubbleRob_slider u bubbleRob) crankupaioTcs pyT
c ipyrom. UtoObl 3TOTO M36€e3kaTh, B [Scene Object Properties -> Show
dynamic  properties] (okHO  «Dynamics  properties») A
bubbleRob_slider yxaxkure 00001111 B kaudectBe «local respondable
mask» (ybepuTe rajouku Tam, rjie J0JKHBI OBITh 0), a misa bubbleRob —
11110000. [Tepe1 BBITIOJTHEHUEM 3THX JIEHCTBUI He 3a0yAbTe OCTAHOBUTD
Mmopeauposanue. [Jomken [llabot kak Ha Puc. 9.7.

[TpoBepbTe, uto y Bac mosyumiach Takasi ke uvepapxusi 00OBEKTOB
1 3amyctute MmozienupoBanue. Hamr [ITaboT mouTu He ABMIKETCSI, BE/Ib €T0
MOTOPBI 3a010KHPoBaHbl. OCTAHOBUTE MOJIETUPOBAHIUE.

CtabWIbHOCT, AMHAMUWYECKUX MOJEJIEH TEeCHO CBf3aHa C MaccaMH
¥ MHEPIMEN BOBJIEUEHHBIX HECTaTUUECKUX 00BHeKTOB. Ciie/lyeT MOMHHUTD,
YTO MACChl 00BEKTA U COEJUHEHHOTO C HUM MOTOPA MJIH JJaTYUKA CHJIbI HE
JIOJIKHBI OTJINYAThCs O0Jiee, UeM B 10 pa3, WHa4e CEHCOP WJIU MOTOP OyAyT
paboTaTh HEKOPPEKTHO.

[Tonpobyem wucnpaBuTh Haiiero pobora. Breibepute 2 Kojeca
U MOJJIeP>KUBAIOIINY IIapUK, U B OKHe «Dynamics properties» KJIUKHHUTE
3 paza «M=M*2 (for selection)».
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f V-REPPRO - test4 - rendering: 2 ms (7.9 fps) - SIMULATION STOPPED - O
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Puc. 9.7: IIpumep ycmoiiuusozo Illlaboma

B uTore Mmacca Kask1oro u3 BbIOpaHHBIX 0OBEKTOB YBEJTUUUTCS B 8 pas.
[IpogesariTe Te ke JEUCTBUA C MHEPITUAMU 3TUX 00BbeKTOB: «I = [*2 (for
selection)». 3amycTute MoieITMpOBaHUE: CTAOMILHOCTD JIOCTUTHYTA.

Jlasa oboux MOTOPOB B OKHe «Dynamics properties» ycTaHOBHTE
«Target velocity» (ckopocTh) paBHO¥ 50.

3amycrtute MmozaesmpoBanue: Tenepb [llaboT MoxkeT ABUTAThCA BIEPE]
U B UTOTe ymHajieT B mpomnacTb. OCTAaHOBUTE MOEIUPOBAHUE U BEPHUTE
«Target velocity» 3HaueHue 0 Jiyis1 060UX MOTOPOB.

O6bext bubbleRob saBisiercss 06a30BBIM i1  BCeX OOBEKTOB,
dopmupyromux mogzens Illabor. OnpenesnM KOJIEKIIUIO OOBEKTOB,
KOoTOphle mpenacrasadaT Illabora. [l 3TOro cieayer OTKPBITH OKHO

«Collection»: [Tools --> Collections] (M1 KIUKHYTH IO KHOIIKE ‘ﬂo;)
B mosiBuBiieMcs: okHe BbiOepuTe «Add new collection». Hopas
kosutekiusa nmossButcsa B «Collection list». Beigennre ee, B okHe «Scene
hierarchy» Bbeizesiure 00bekT bubbleRob, B OKHe KOJIJIEKITUN HaKMUTE
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«Add». Temeppr HaIIa KOJUIEKIIHS COAEPIKUT Bce OOBEKTHI JiepeBa
vepapxuy, HauuHawomerocsa ¢ bubbleRob. Jlnsa mnepernMeHOBaHUS
KOJUIEKIIUM [ABAKAbl IMEJKHHUTE II0 HWMEHU U BBeaure bub-
bleRob__collection. OKHO KOJUJIEKIIN MOKHO 3aKPBITh.

Bonpocsl 14 CaMOKOHTPOJIA

1. Kak HaspIBaeTcs CBOUHCTBO B OKHe «Dynamic properties», KOTOpoe
OTBeYaeT 3a IOJIBUIKHOCTh OOBEKTOB U CIIOCOOHOCTHh HCIBITHIBATH
rpaBUTAIAIO?

2. OmnpegenuTte crocobbl YCTAHOBKU JIJIA OOBEKTOB CBSI3U «POJIUTEIh-
JAETU»:
a) Menro [Edit --> Make last selected object parent]
b) ITociretoBaTENIBHO MIEJIKHYTH IO O0BEKTAM MBIIIBIO C 3a3KaTOM
KIaBuien <Alt>.
c) IleperackuBanue B okHe «Scene hierarchy» omHOro 06BeKkTa Ha

ZpyTOMU.

3. Bo CKOJIBKO pa3 MOXKET OTJIMYAThCSA Macca 00BbEKTa ¥ COEIMHEHHOTO
C HUM MOTOpa WM JAaTUYHKa CHJIBI, YTOOBI JAaTUYMK HJIA MOTOP
paboTaji KOpPEKTHO?

a) B 2 pasa,
b) B 4 pa3a,
c) B 8 pas,

d) B 16 pas.

4. B KakoM OKHe MOXHO M3MEHHUThH II0JIOKeHHE 00beKTa B IIPOCTPAH-
cTBE?

3agaHue 9.1

[TepemecTuTe CO37JaHHOTO B JJAaHHOM pazzese pobOTa Ha 1 BIIPABO
(OTHOCHTEIBHO caMOTO po0OO0Ta) W Ha 1 BIIEPE], HE U3MEHsA IMOJIOKEHUE
II0 BBICOTE, ¥ IOBEPHUTE Ha 120 TPAAyCOB BJIEBO BOKPYT CBOEU OCH.



Tema

IIpoepammupoeaHue 8 cpede V-Rep

10.1 31K Lua

Cpena V-Rep nogmepsxuBaeT paboTy ¢ pa3HBIMH SI3bIKAMU IIPOTPaM-
MHUpPOBaHUA. B yacTHOCTHU, MOKHO HCIIOJIb30BATh TaKUe A3BIKU Kak C++,
Python. Ho syurie Bcero ucmosib30BaTh A3bIK Lua, Tak KaK HMEHHO 3TOT
SI3BIK ABJIIETCA BHYTPEHHUM A3bIKOM CHCTEMBI V-Rep, 1 m03TOMY U3 HETro
JIOCTYIIHO OO0JIbIlIE BCETO BO3MOXKHOCTEN 110 YHIPaBJIEHUIO CPEJIOH,
IIpOrpaMMbl, HAIlCAHHbIE HA HEM, Jierdye BCero MHTErPUPOBATH B CU-
CTEMY.

Lua — wuHTepHpeTUPyeMbIN fA3BIK C AUHAMUYECKOU TUIHU3ALUEN
(mepeMeHHbBIE TOJYyYalOT TUIBI B MPOIECCE MPHUCBAUBAHUA 3HAUEHUN).
VHTepnpeTraTop fA3bIKa sBJSAETCA CBOOOAHO PaCHpPOCTPAHSEMBIM.
JlomyckaeTcsi UMIIEpAaTUBHBIN, 00'bEKTHO-OPUEHTHPOBAHHBIN U (QYHKITHO-
HaAJIBHBIM CTWJIM HamucaHus Kojla. Ilo BO3MOKHOCTSAM, UAEOJOTHU
U peayin3aIiu A3bIK OJIHKe Beero kK JavaScript, ogHako Lua oTiimuaercs
00J1ee MOIITHBIMH U TOpa3ao 00Jiee THOKUMU KOHCTPYKITUSIMI.

Cuuraercs, uto Lua — mpocTOH, JIeTKUM UM HOHATHBIUA A3BIK
IIPOTPAaMMUPOBAHUsA, KOTOPHIUM MOKHO UHTETPUPOBATH C IPOrpaMMaMmu,
HAIIMCAHHBIMU Ha JPYTUX A3BIKaX. YOeAuMcs B 3TOM, pacCMOTpeB 6a30-
Bble KOHCTPYKIINU A3BIKA.
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10.2 OCHOBHBIE€ KOHCTPYKIIUU

KomMmeHnTapuu

OpHOCTpOUHBlE KOMMEHTAPUH MUIILYTCA Yepes 2 Aeduca

-- my first lua app: hello.lua

--[[

A yepe3 2 peduca M 2 KBaApaTHble CKOBKM MuwyTCA
MHOFOCTPOYHbIE KOMMEHTAapUK.

--11]

HepeMeHHI)Ie, Be€eTBJI€eHHUE, TUKIJI

num = 42 -- Bce 4yucna c nnaBawlen TOYKOM.
s = 'walternate' -- HeusmeHsemble cTpoku kak B Python.
t = "double-quotes are also fine"

t

nil -- YHuyTOXeHume t; B Lua ecTb cbHbopwmuk mycopa.

-- Unknbl nuuyTca Tak (obaszaTtenbHoe do/end):
while num < 50 do

num = num + 1 -- OnepaTopbl ++ U -- OTCYTCTBYKT.
end

-- Mpumep ycnoBHoro onepatopa (o6s3aTenbHoe then/end):

if num > 40 then
print('over 40")

elseif s ~= 'walternate' then -- ~= o03HauvaeT He pasHO.
-- PaBeHCTBO npoBepseTCcs C MOMOWbH ==
-- OnepaTop == MNOAXOAWUT ANA CpPaBHEHUA CTpPOK.
io.write('not over 40\n') -- CTaHAapTHLIA BLIBOA

else
--Bce nepemMeHHble MO YMONYaHWUKW riobanbHble.
thisIsGlobal = 5 -- [lpeano4tuTteneH ropbaTeld CTUNb
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-- Cnocob cpenaTb JIOKaJIbHYH NepeMeHHYH:
local line = io.read() --YteHue cnepywuwen CTpokn TekcTa

-- KOHKaTeHauus NpouM3BOAUTCA C MOMOLUb onepaTopa
print('Winter is coming, line)
end

Heorpe/iesieHHbIe lepeMeHHbIE BO3BpaIaioT nil. Ciaeayroias cTpoka He
BBI30BET OLIUOKY:

foo = anUnknownVariable -- Tenepb foo paBHO nil.
aBoolValue = false

Tosbko nil u false Bo3BpainawT false; @ u ' ' Bo3BpaiawT true!
if not aBoolValue then print('twas false') end

Anasior ontepanuu a?*b: c u3 Cu:

ans = aBoolValue and 'yes' or 'no' --> 'no'

Huxna for:

karlSum = ©

for i = 1, 100 do -- [paHuusl Bkaw4YawTca (1 un 100).
karlSum = karlSum + i

end

YToOBI IBUTATHCS 10 IUKJIY 3a0M-HaIllepe, MO>KHO HCII0JIb30BaTh 100,
1, -1" (cHavasa muIIeTcss OTKyZa HauyHWHaeM, Jajiee — J0 KaKoro
3HAYEHM U IIar):

fredSum = ©

for j = 100, 1, -1 do
fredSum = fredSum + j

end

JIpyroii criocob 3a7jaHusI IIUKJIOB:

repeat
print('the way of the future')
num = num - 1

until num ==
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OyHKIIUU

function fib(n)
if n < 2 then return 1 end
return fib(n - 2) + fib(n - 1)
end

-- OyHKUMA MOXeT BO3BpallaTb CPa3y MHOrO 3HAYeHWN:
function bar(a, b, c)

print(a, b, c)

return 4, 8, 15, 16, 23, 42

end
X, y = bar('zaphod') -- Hanewataetca "zaphod nil nil".
Ternepp x = 4, y = 8, ocTaJibHbIe 3HaUYeHUs (15. .42) UTHOPUPYIOTCS.

®OYHKIUA MOTYT OBITh JIOKUIBHBIMU K TJI00QIbHBIMU. [Ipu BBI3OBE
(pYHKITUY C OTHUM ITapaMeTPOM CKOOKH He TpeOyIoTCs:

print 'hello' -- CpaboTaeT 6e3 owubok.

TabOmuI bl

Tabsunpl B Lua sBAAIOTCS €IHHCTBEHHBIM CTPYKTYPHBIM 3JIEMEHTOM,
OHH COYeTaloT B cebe CBOMCTBA MAaCCHBa, XAII-TAOJMHIBI («KIHOU»-
«3HaYEeHUE»), CTPYKTYPbl, 0ObEKTA.

Vcnonp3oBaHue TabIUI] B KQUeCTBe CJI0BapPew, 110 YMOTUYAHUIO KJTIOUHN
SIBJISTIOTCSI CTPOKAMMU

t = {keyl = 'valuel', key2 = false}

K xItrouam MOKHO MOJIyIUTh JOCTYII Yepe3 TOUKY:

print(t.keyl) -- Hanevataet ‘valuel'.
t.newKey = {} --[o6aBuT HOBYW napy KJ4-3Ha4YeHue.
t.key2 = nil -- Ypanut key2 u3 Tabnuupl.

Hcnonp30BaHue He CTPOKH B Ka4YE€CTBE KJII04a:

u={['@'#'] = "gbert’, [{}] = 1729, [6.28] = "tau'}
print(u[6.28]) -- HanewaTtaer "tau"
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KJIro4 COOTBETCTBYET 3HAUEHMIO UHCEJ WU CTPOK, HO UAEHTUYEH JJIst
TabJINIL:

a =u['@'#'] -- Tenepb a = 'gbert’.
b = u[{}] -- Kaxetcs, 4TOo 3HayeHue bymeT paBHO 1729, HO
OHO nil:

b = nil u3-3a TOTO, YTO IMOUCK 3aBEPIIUIICA HEYITAUHO, T.K. HCIIOJIb3yeMbIH
KJIIOYU He UJIeHTUYEeH 00BEKTY, B KOTOPOM XPaHHUTCA UCXOJHOE 3HAUEHHE
(13-3a UCII0Ib30BAHUA TAOJIHIIBI).

JI71s1 GYHKIMY ¢ OJTHUM OIIEPaTOPOM CKOOKH He TpeOyIoTCs:

function h(x) print(x.keyl) end

h{keyl = 'Sonmi~451'} -- Hanevataet'Sonmi~451".

for key, val in pairs(u) do -- Uukn no Tabnuue.
print(key, val)

end

HNcnonp30BaHUue CIMCKOB U MAaCCHBOB

Kitrouu B crmickax MMeroT TUII int:

v = {'valuel', 'value2', 1.21, 'gigawatts'}

for i = 1, #v do -- #v 370 pasmep v A9 CNUCKOB.
print(v[i]) -- WHAeKkcbl Ha4YyMHaAWTCA C eauHuUbl!
end

'list' — 310 He T, V — TabJHIIA C IOCJIELOBATEILHBIMHU I1€JI0UHCIICH-
HBIMH KJTI0UaMH, 00pabaThIBAEMbIMH KaK CIIHCOK.
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YnpaeseHue po6omamu

Tema

11.1 PydyHoe ynpaBJjieHue po6oToM

B 3Toif yacT® MBI HAydyuMCS MOJEJIUPOBATh CKOPOCTh poboTa
cmomompio «OpenGl-based custom Ul». YtoObl €ro OTKPBITH,

HCIIOJIb3YHTE KHOIIKY ‘@‘ Hakmute «Add new user interface» u BBesiuTe
3HaueHue 2 A ot «Client y-size», mamee <OK>. ITocepenuHe okHa
IIOSIBUTCSA CZleJIaHHAs 3arOTOBKa JIIsi nHTep(delica. IlepenMeHyiTe €ro B
bubbleRob_ui (Puc. 11.1).

C mnomompio KaaBuilin <shift> BbIziesiuTe BCe IyCThle KJIETKH
nHTepdeiica n kinkHUTe «Insert merged button», mocyiie yero moBepx
BBIODAHHBIX KJIETOUEK IIOSABUTCS OOJbIlIasg KHOIIKA. B Iosie cmpaBa
obpaTuTe BHUMAaHIe Ha 3HaueHue 1101 «Button handle» (paBHoe 3) — Bo
BpeMsi IIPOTPAMMMPOBAHHSA MOXKHO OOpPaTUThCA K OTOH KHOIIKE,
ucoab3ys 3T1o umcao (aHasor id). Ilpu kejlaHUM MBI MOKEM €rO
IIOMEHATb.

Jlanee BbIOepuTe B KadecTBe THIla KHONKH «Slider» (mose type).
KHomka craHer nmojieM mpokpyTku. CHUMUTE BhIZIEJIEHHE CO BCEX KJIETOK,
BbIOepuTe bubbleRob B mosie «UI is associated with». ITociennuti mar
JlaeT BO3MOXKHOCTh AaBTOMAaTHYECKOTO KOIIUPOBAHHUS M COXPaHEHUS
B cIydae, ecau bubbleRob komupyeTcs WJINM COXPAHSETCA B KauyecTBe
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Mozenu. YcraHoBuTe raysouky B 1mose «UI is visible only during
simulation» u 3aKpoiTe OKHO co3/1aHus HHTepdeiica.1

¥ V-REP PRO - test4 - rendering: 1 ms (7.9 fps) - USER INTERFACE EDIT MODE - =
Edit Secret

o P T Dy s s, I = e -

& 3@ %9 [Fs S B0 O
- L | | =1 1 il

Custam user interfacas >< =

Do 3] ResizableFloor_5_25
3] bubbleRob_ui

=

I.“‘&)

b0

Floor customizer

Puc. 11.1: OxHo OpenGL based custom UI

Ham Taxske morpeOyeTcsl HamucaTh HEMHOTO KOZa, KOTOPBIM OyaeT
KOHTpoJmpoBaTh nosezeHue [llabora. YToOb!I T06aBUTH IMTPOCTOU CKPUIIT,
acCOIMMPOBAHHBIN ¢ pob0oTOM, BhIZiesiuTe bubbleRob u menkuute [Add -
-> Associated child script --> Non threaded]. B manHOM cityuyae MbI
nestaeM He MoToKOBBIH (Non threaded) ckpumnrT, T.K. OH SIBJISAETCSA ITPOCTHIM
1 He Oy/IeT TOPMO3UTH MOJIETUPOBaHHUE.

CKpHUITHI MOKHO MOAU(MUIIMPOBATH, AO0OABJSATh U YAAJIATh, Ha’KaB

KHOIIKY i [Tools --> Scripts].

JIBaKIbl KJIUKHUTE TI0 IIOSABUBIIEMYCS 3HAUYKy CKDHIITAa BO3JIE
bubbleRob B okHe «scene hierarchy» — oTkpoeTrcs OKHO ¢ 106aBJIEHHBIM
cKkpuntoM. BcTraBbTe B pe/lakTOpe Koja cieayiomuil ¢pparMeHT U 3a-
KpoiiTe ero:
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-- 3To ycnosue cpaboTaeT TO/bKO B MepBbli 3anyck CKpUMTa
if (sim_call type==sim childscriptcall initialization) then
-- peckpuntop bubbleRob
bubbleRobBase =
simGetObjectAssociatedWithScript(sim _handle self)
-- panee peckpuntop bubbleRob accouunpyetca ¢ co3gaHHbIM
-- cnangepom CKOpoCTH:
ctrl = simGetUIHandle("bubbleRob_ui")
-- MNponucbiBaeTCcsa Ha3BaHue cnaigepa:
simSetUIButtonLabel(ctrl,0,simGetObjectName(
bubbleRobBase) .. " speed")
-- [ecKkpunTop NeBOro MoTopa
leftMotor = simGetObjectHandle("bubbleRob_leftMotor")
-- [ecKkpunTop npaBoro MoTopa
rightMotor = simGetObjectHandle("bubbleRob_rightMotor")
-- [ecKpunTop paTyuMka 6amM3ocTu
noseSensor = simGetObjectHandle("bubbleRob_sensingNose")
-- YCTaAHOBKAa MWHWMaJIbHOW U MAKCUMaNbHOW CKOPOCTMH
-- Kaxgoro M3 MOTOpOB
minMaxSpeed = {50*math.pi/180, 300*math.pi/180}
end
if (sim_call type == sim_childscriptcall _actuation) then
-- CYMTbIBaHME [aHHbIX CO Cjaigepa CKOpPOCTU:
speed = minMaxSpeed[1]+(minMaxSpeed[2]-minMaxSpeed[1])*
simGetUISlider(ctrl,3)/1000
simSetJointTargetVelocity(leftMotor,speed)
simSetJointTargetVelocity(rightMotor,speed)
end

3amyctute MojenupoBaHue. PoOOT pgosmkeH exaTh ObIcTpee, ecyin
IIepEeBOJIUTH IMOJIBYHOK B KpaliHee IIpaBoe IOJIOKEHUeE, U Me/JIeHHee --
€CJIU B JIEBOE.

3anmaHue 11.1

[TomeHnsaiiTe 3HaueHue moass «Button handle», ykazaB B Hew,
K npuMepy, nudpy 5. Kakum o6pa3om cieayeT Terepb U3MEeHUTD KOJI?
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3amaHue 11.2

JlobaBbTe 2 aHAJOTUYHBIX CJaiiflepa TakK, YTOOBI OJIMH K3 HHX
YIIPaBJISIJI CKOPOCTHIO JIEBOTO KOJIECa, a APyTou — mpasoro. B utore I[llabot
HAYYUTCS ITOBOPAYNBATh, 1 UM MOXKHO OYZIET YIIPABJISTb.

11.2 IlTaboT: 00be3:xaeM NpenATCTBUS

B 5TOi1 yacTu MBI HAyYHUM Hallero pobora o0be3:KaTh MPEISTCTBUA.
Ho cHauasa pemmm cJeyronyio 3a1a4y: Kak onpeesisiTh MUHUMaJIbHOE
paccrosaue mexay Illaborom u apyrumMu obwvexkramu? [ljisa 3TOroO
oTkpouiTe okHO «Distance»: [Tools --> Calculation module properties],

|

00 KHOITKa !ﬁ.”rﬂkﬂj n Bxiaagka «Distance cale». Ilenkanre «Add new
distance object» u BwrIOepuTe «[collection] bubbleRob_ collection - all
other measurable objects in the scene». IlepenmenyiiTe «distance»
B bubbleRob__distance u 3aKporiTe OKHO.

Eciim Bbl 3amyctuTe MOAeJMpPOBaHWE, TO HE YBUJUTE HHUKAKUX
OTJIUYWM, HO Temepb u3MepsieTca paccrosHue wMexzay Illaborom
u obbektamu. IIpobsemMa B TOM, YTO y HAac HET HUKAKUX OOBEKTOB,
paccTosiHhEe J0 KOTOPBIX MOXXKHO HW3MEPUTh — cJeAyeT a00aBUTH
npenATcTBrsA. Ho 3TUM MbI 3aliMeMcsl Uy Th ITO3KE.

Crnenyromum marom OyzieT qo0aBaeHue rpaguka, 4ToObl MOXKHO OBLIO
HaOJII0/IaTh PaCCTOSHHUE W TPAEKTOPHUIO JBMKEHUs pobora. s 3Toro
menkaem [Add --> Graph] wu cpa3sy mlepenMeHOBBIBaeM €ro
B bubbleRob_graph. 3akpemnssem ero 3a bubbleRob u ycranasiuBaem
abCOJTIOTHBIE KOOPAUHATHI B (0,0,0.005).

OTKpbIBaeM CBOWMCTBa rpaduKa JIBOMHBIM IIEJTYKOM II0 3HAYKY B
«scene hierarchy». Caumaem ranouky «Display XYZ-planes» u kiukaem
«Add new data stream to record», uYTOOBI CO31aTh OOBEKTHI,
3aIMMCHIBAIOIINE II0JIOJKeHHe pob0oTa B KOOpPAWMHATAX II0 TPEM OCSM.
B nosiBuBIiemcst okHe Beioupaem «Object: absolute x-position» s «Data
stream type» u «bubbleRob_graph» nnsa «Object / item to record».
B criricke OKHA CBOYCTB ITOSBUTCS HOBBIM 3JIEMEHT cIHcKa. IloBTOpsieMm
oIepanuio Jjisd KOOpAUHAT 10 Oocu Y U Z. MBI NOJIy4Yuyad 3 IOTOKA I
3alMCH X-, V-, Z-TPAaeKTOpHUi. [leperMeHOBbhIBAEM HX COOTBETCTBEHHO:
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Data B bubbleRob_x_pos, Datao B bubbleRob_y_pos wu Data1i
B bubbleRob_z_pos.

Jlob6aBUM ellle OAUH MOTOK — JIJIsl 3aIINCU MUHHUMAJIBHOT'O PACCTOSHUSA
MeKIy PoOOTOM M OKpy:KaoIIUMU IpeaMeramu: IenkaeM «Add new
data stream to record» wu BeIOMpaem «Distance: segment length» mnsa
«Data stream type» u «bubbleRob_distance» nna «Object / item to
record». [lepeumenyewm ero B bubbleRob_ obstacle_dist.

Jasee nys Bcex MOTOKOB Kpome bubbleRob_obstacle dist cHumaem
draxxok «Visible» B cexmum «Time graph properties», Takum obpazom
BUAUMBIM OCTAHETCA TOJHKO HHGOpPMAIUs O AUCTAHIUH. JOJIKHO
IIOJIyYUThCS B UTOT'€ OKHO Kak Ha Puc. 11.2.

Scene Object Properties Bl
Graph Common
Main properties
Explicit handling Object size [m] 0.100
v | Buffer is cydic Buffer size 1000
Display XYZ planes Remove all static streams/curves

Time graph / xy graph properties
v | Display arids Adjust background color
v Display grid values Adjust graduation/grid color

Data stream recording list

Add new data stream to record

bubbleRob_x_pos [bubbleRob_graph]
bubbleRob_y _ h

EoEbeReE Y s 2 as
bubbleRob obstade dlst [bubeeRob _distance]

Data transformations
Value = |Raw ¥ | x 1,000e+00 | + |0.000e+00

Moving average period 1

Time graph properties

Visible v | Show label v | Link points
Adjust curve color Duplicate curve to static
XY graphs / 3D curves
Edit XY graphs Edit 3D curves

Puc. 11.2: OxHo Scene Object Properties
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Janee pgobaBum 3D rpaduk, OTpaKalOIUH  TPAeKTOPHIO
nepeasrkenus [llabora: menkaem mo «Edit 3D curves», oTkpoeTcst OKHO
«3D curves» (Puc. 11.3), nanmee «Add new curve». B mosgBuBIIEeMcsa OKHE
BeiOMpaem «bubbleRob_x_pos» nna «X-value» u «bubbleRob_y_pos»
u «bubbleRob_z_pos» nna «Y-value» u «Z-value», COOTBETCTBEHHO.
[TepeumenoBsiBaeM Curve B bubbleRob_path. Bribupaem «Relative to
world» u ycTaHaBIMBaeM 3HaueHHeE ITUPUHBI JIUHUH, PABHOE 4, B II0JIE
«Curve width». 3akpriBaeM Bce OKHa, OTHOCAIIUECS K TpadUKe.

3D curves

3D curve properties
Add new curve

¥ Curve is visible v | Link points
v Display label Adjust color
Duplicate to static
Curve always on top Relative to graph
Curve width [pt] |4 @ Relative to world

Close

Puc. 11.3: OxHo 3D curves

JlJgs ogHOTO W3 MOTOPOB YCTaHOBUTE 3HadeHHWe ckopoctu (Target
velocity), paBHOe 50, 3amycTHUTe MOJIEJIMPOBAaHME U IPOHAOJIIIO/IAlTE
Tpaekropuio [Ilabora.

OcTaHOBHUTE MOJIEJINPOBAHKUE M BEPHUTE CKOPOCTh MOTOpPA, PAaBHYIO
HYJTIO.

Jlanee 00aBUM OKOIIKO JJisl OTCJAEKHBAHUSA HHMOPMAIINU
0 MUHUMAaJIbHOM PACCTOSTHUH: IIPABOU KHOIIKOH MBIIIIH IT[EJIKAEM I10 OKHY
cieibl [Add --> Floating view]. B OKHe wuepapxuu BbIZEIsIEM
bubbleRob_graph, B okHe «Floating view» IejkaeM IIpaBOM KHOIIKOU
MbIIH [View --> Associate view with selected graph]. Tenepb B 3ToM OKHe
Oyzmer orobpaskaTbcs HyKHasg HaMm uHopmanusa. Ho moka oHa He
oToOpakaercs... HaJI0 I00ABUTH NMPENATCTBUA!

Jlo6aBuM OOBIUHBIA NUJIMHAP C UBMEPEHUSAMU CTOPOH 0.1, 0.1, 0.2.
YToOBI MPY CTOJIKHOBEHUH OH OCTABAJICS HEIMOJ[BHKHBIM U HA HETO HE
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BJIMSJIA TPaBHUTAISA, HO IPH HTOM OH OCTaBajICA JAEUCTBYIOIIUM
MPEISITCTBUEM JUUII HECTATUUYHBIX OOBEKTOB, MBI OTKJIIOUUM CBOHCTBO
«Body is dynamic» B okHe «Dynamic properties». 1, kak 0OBIYHO,
cnenaem ero «Collidable», « Measurable», «Renderable» u «Detectable».

Oxpyxum Illaborta creHOM U3 NWJIMHAPOB. [[JIT 3TOTO BBIIEIUTE

:'""E_"I
. iaﬁml
CIeJIaHHBIM IWJIMHAD, HaXKMUTEe KHOIKY . ° | orkpoercs okHo. He

3aKpbIBasg OKHO, C IIOMOIIbIO JIEBOM KHOIIKM MBIIIN II€PEIBUTANTE
nuauHap. Ecu ofHOBpEMEHHO ¢ KHONKOW MBIIIM Ha)kKaTh KJIABUIILY
<Shift>, To munmuHap OyzeT mepeaBUraThes O60JIee IIABHO U C MEHBIITUM
maroM. Ilpu HeoOxomuMocTH ¢ HOMOINbI KiaaBumu <Ctrl> MokHO
ITOTHUMATD WJTH OITyCKATh IIPeAMETHI (C Ha’KaTOH JIEBOM KHOITKOUM MBIIIITH ).
[TocraBbTe cTOIOMK HA HeEKOTOpOM pacctosiHuu ot [llabora. C momoIipio
iaBuill <CTRL>+<C> u <CTRL>+<V> co3galiTe HECKOJBbKO KON
IWJINHAPA W OKPY;KHUTe HMH po0oTa. YoOHee BCEro 5TO JIesaTh,
HaOJII0/1as 3a CIEHOHN cBepXy (MCITOJIb3YUTE KHOIIKH YIIPaBJIE€HUS BUAOM

HAa CLIeHy & 3 WJIY CTPAHHUIA 6 ¢ TOMOIIBIO KHOIIKU ).

YcTraHOBUTE CKODOCTH JIEBOTO MOTOpa paBHOH 50 W 3aIlyCTUTE
MOJIEJTUPOBAaHME: OKHO C TpadUKOM OTpaKaeT PpacCTOSHUE 0
osmokaiiero mpensatcTBusa. OCTaHOBUTE MOJEJIUPOBAHUE U BEPHUTE
HyJIEBOE 3HAUEHHE CKOPOCTH.

Haiee cnenyet npesparuts [llabora B nesioctHy1o Mmozesns. Kitmkaure
1mo 3Hauky obbekTa bubbleRob, Bo Bkiaamke «Common» OTMETHTE
rasoukamu «Object is model base» u «Object/model can transfer or
accept DNA» — mosBuTCS OesbIi IyHKTUP BOKPYT BCEX OOBEKTOB.
BeiiesiuTe 2 MoOTOpa, JaTYMK OJU30CTH U TpadWK W BO BKJIAJIKE
«Common» mocraBbTe ramouky «Don't show as inside model selection»,
nocyie yero KiaukHUTe «Apply to selection» — 3TH 00BEKTHI Temepp He
0o0OBe/leHbI OeJIBIM ITYHKTHPOM. BbiennTe 2 MOTOpa M JAaTYUK CHJIBI
¥ B OTOM JK€ OKHE IIepecTaBbTe TaJIOUKy, KOTOpas CTOUT B KJIETKax
«camera visibility layer», Ha mo3unuio 10 (cuuTasi crrpaBa HaJIeBO CBEPXY
BHU3) — MBI IIepEBEJIM MOTOPHI M JATYUK B CKPBITBIN €10 (ciou 9-16
SIBJIAIOTCSL 110 YMOJTYAHHUIO CKPBITBIMHU). VI3MEHUTh HACTPOHKU CJIOEB

E

e J

MO>KHO I10 KHOIIKE wiu [Tools -->Layers]).

B 3aksioueHue BbIOEpUTE JATUUK OJIM30CTU, 2 KOJIECA, IOJIJIEPIKU-
Balolllee KOJIECUKO U rpadUK U MOCTaBbTE TAJIOUKY B moJie «Select base of
model instead» (cBoiicTBa 00BeKkTOB, BKIagka «Common», «Apply to
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selection»): Teneppb mpu KJInKe Ha Jiro00il o0bekT IllaboTa BhIzesseTcs
BeCh POOOT IEJTMKOM — C HUM IIpoIre paboTaTh, HEBO3MOXKHO CIyYalHO
YTO-TO B HEM U3MeHUTbh. OTAeIbHbIE 00BEKTHI BCE €Il MOKHO BBIZEIISTh
— b0 B okHe «Scene hierarchy», 1160 ¢ OTHOBpEeMEHHBIM HaKaTHEM
kinaBuin  <Ctrl>+<Shift>. B wurore IIlabor mo/keH BBIIVISZETD
CJIeYIOIUM 00pa3oMm:

¥ V-REP PRO - test4 - rendering: 5 ms (8.0 fps) - SIMULATION STOPPED - O
File Edit Add Simulation Toolz Plugine Add-ons Scenes Seaet Help

g, T =T G @ ) =
c{Lra & o o, 75 | R |00 @ ) Bulet + | »

Scene hierarchy *|8| | bubhleRab_ w

D{D} N Cylincer! 4 Time gr'i;:tph =] %
Cylinder1’ : :

Cylinderlb g :
Cylinderz TR, oo R e e SRR
Cylinder3 : :
Cylinderd
Cylinderh
Cylinclerb
Cylincler?
Cylinderd
Cylinderd

R = e e R e

bubhbleRob

Q@@ cocoo

wa
H*

=% simulation stopping... -

” Simulation stopped.

Puc. 11.4: Illabom 8 HOB8O01I cpede

CrnenyromumM AeldcTBHEM JI00AaBUM BHUJIEOIaTUHMK HA Ty K€ IIO3UIHIO,
YTO U AaTUMK Omu30ctH. [l sToro Beioepute [Add --> Vision sensor -->
Perspective type], mpukpemnuTe BHUIEOJATUYUK K JaTUYUKy OJIM30CTU
1 yCTAaHOBUTE MOJIOKEHUE BHJIeoaTYKa paBHOe (0,0,0) OTHOCUTEIBHO
ponutenbckoro obbekrta (Parent Frame) B okHe «Object/Item
position/orientation» (B obsactsix «Object / item position» u «Object /
item orientation»). VYmocTroBephTeCh, UYTO CEHCOP HEBHUIUM, HeE
BbIJIeJIAETCS O€JIbIM IIYHKTHPOM W NPU KJIHWKE 1O HEMY BBIJEeJISIeTCs
MOJIeJIb IIEJTUKOM (YCTaHOBHUTE COOTBETCTBYIOIIHE TAJIOUKU B CBOMCTBAX
00BEKTA).
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Jlsia majibHeUIell HaCTPOWMKHM 3alUTE B CBOMCTBA BHJIEOATUHKA,
yCTaHOBUTE 3HAUeHUe 1 B I10JIe, COOTBeTcTByIomeM «Far clipping plane»
(IMIUHADPHI JAOJKHBI OBITh BHYTPH Kyba «BHUIMMOCTH»), a JJs
«Resolution x» u «Resolution y» 3HaueHue 256. Jlajee IEJIKHUTE IO
kHomke «Show filter dialog». B Brimagarormem croucke Boibepute «Edge
detection on work image» u menkauTe «Add filter» (mo6aButs GUILTP).
[TocTtaBbTe ero Ha BTOPYIO MO3UWNHI0 (KHOIKA CO CTPEJKOH BBEPX).
JIBaXKbl KJIMKHYB 110 HOBOMY GWIbTPY YycraHoBute «Threshold»
(moporosoe 3HaueHue), paBHoe 0.2. Haxkmute OK. /[o6aBbTe OKOIIKO Ha
cueny (xauk mpaBod kHomkoil Mblmu [Add --> Floating view])
U acCOIUHMPYHTE ero ¢ BuaeomaTdukoM ([View --> Associate view with
selected vision sensor]| Ipu BbIZIEJIEHHOM BHUIEOJATUHKE). 3aIlyCTUTE
MozenupoBanue. Temepp MbI MoxkeM BuzeTh razamu Ilaboral
OcraHoBUTE MOJIEJIUPOBaHUE.

Hayuum Haiero po6ora o0be3:kaTh npensarcreus. [[is aToro oyaem
MOIMPUIIMIPOBATh CKPUNT, NIpUHAUIeKAmMUul o0bekTy bubbleRob.
CKpuITBI MOXHO MOJUMUIIMPOBATh, A00ABIATh U yAAIATb, HaKaB

KHOIIKY “ v [Tools --> Scripts].

JIBaKZIbl KJIMKHUTE IO 3HAUYKy cKpumra Boajie bubbleRob B oxHe
«scene hierarchy» — OTKpoeTcsi OKHO ¢ J100aBJIEHHBIM CKPHIITOM.
CkomupyiTe B PeJAaKTOp KOZa CJAEAYIIIHNA @parMeHT (IIOJTHOCTHIO
3aMEeHUB IIPEABIAYIINHN KOJT) U 3aKPONTE OKHO peJlakTopa:

-- 3To ycnoBue cpaboTaeT TO/NbKO B MNepBbii 3anyck CKpuUNTa
if (sim_call type==sim childscriptcall initialization) then
-- peckpuntop bubbleRob
bubbleRobBase =
simGetObjectAssociatedWithScript(sim_handle self)
-- panee peckpuntop bubbleRob accouunpyetcsa
-- C CO3JaHHbIM ClakepoM CKOpPOCTW:
ctrl = simGetUIHandle("bubbleRob ui")
-- nponucbiBaeTCcsa Ha3BaHuWe cnaigepa:
simSetUIButtonLabel(ctrl,0,simGetObjectName(
bubbleRobBase).." speed")
-- [ecKkpunTop NeBoro MoTopa
leftMotor = simGetObjectHandle("bubbleRob leftMotor")
--0eCcKpUnTop npaBoro MoTopa
rightMotor = simGetObjectHandle("bubbleRob_rightMotor")
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-- JecKkpunTop paTtymka 6a1M30CTH
noseSensor = simGetObjectHandle("bubbleRob sensingNose")
-- YCTAQHOBKA MWHUMANbHOM U MAKCUMaNbHON CKOPOCTMU
-- Kaxgoro u3 MOTOpOB
minMaxSpeed = {50*math.pi/180, 300*math.pi/180}
-- ONA onpepesieHUA HanpasneHuAa aBuxeHuA llaboTa
backUntilTime = -1
end

if (sim_call type == sim childscriptcall actuation) then
-- CYMTbIBaHME [HaHHbLIX CO Cjlalgepa CKOpPOCTHU:
speed = minMaxSpeed[1]+(minMaxSpeed[2]-minMaxSpeed[1])*
simGetUISlider(ctrl,3)/1000

-- bepeM faHHble C AaTyuka 6aM30CTH
result = simReadProximitySensor(noseSensor)
-- NpuU BO3HWUKHOBEHUWU Npobnem, BKJKWYAETCA OOpATHLIA XOA:
if (result > @) then
backUntilTime = simGetSimulationTime() + 4
end
if (backUntilTime < simGetSimulationTime()) then
-- npu OBUXeHUU Bnepepn BbibMpaeTca CKOPOCTb
-- COrfacHo cnaungepy
simSetJointTargetVelocity(leftMotor, speed)
simSetJointTargetVelocity(rightMotor, speed)
else
--[[ ecnn npousBoguMTCA ABUXEHME Ha3ahd, TO CKOPOCTb
yCTaHaBAMBAETCA Ha MUHUMYM U pobOT ABMXeTCHA
NO KPUBOW, CKOPOCTb JIEBOrO KOJIeCa YMEHbLAEM
B 2 pa3a W genaem oTpuuaTencHon (HanpaBneHue
ABUXEHUA - Ha3apj)
--11]
simSetJointTargetVelocity(leftMotor, -speed/2)
- CKOpOCTb MpaBOro KoJieca yMeHblaem B 8 pas3
-- W Jenaem oTpuuUaTebHOM
simSetJointTargetVelocity(rightMotor, -speed/8)
end
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end
if (sim_call type == sim_childscriptcall sensing) then
end
if (sim_call type == sim _childscriptcall cleanup) then
end

3amyctute MozenupoBaHue. Teneps Illabor gBuraercs, obGbes:kas
npenaTcTBusa! IlompoOyiiTe NOMEHATh CKOPOCTh pobOTa BO BpeMs
MOZIEJTUPOBAHUSA, CKOIIUPYUTE U BCTABbTE HA CI[EHY ellle OTHOTO poboTa,
MO3KCIIEPUMEHTHPYHTE.

Bo3MOXXHBI TOATOPMAaKUBAaHUSA MOJEJIUPOBAHUS H3-32 IIO/ICUETa
MHHHUMAaJIbHOTO PACCTOSTHUSA JI0 MPENATCTBUM (€0 MOKHO yOpaTh, CHAB
ranmouky «Enable all distance calculations» B okae «Calculation Modules»,
BKJIazKa «Distance calc.»).

Bonpocsl g1d caMOKOHTPOIA

1. Kakne u3 TyHKTOB HEOOXOAMMO OTMETUTHh JUIsI TOTO, YTOOBI
BBIOpDAHHBII OOBEKT MOT B3aWMOJIEHICTBOBAaTH € poboTamu,
HX CEHCOPaMH M OKPY KAIOIIUMH ITPeIMETAMMU:

a) Collidable (cr1toco6HOCTD K CTOJIKHOBEHUIO)
b) Renderable (BusyanmmsupyemocTb)

c) Detectable (0OHapy>k1BaeMOCTb)

d) Measurable (u3mepuMocCTb)

2. Kak Ha3bIBaeTCsI OKHO, B KOTOPOM MOJKET OTpaskaTbes rpaduk (mpu

ero 1o6aBjeHun)?
a) Graph view
b) Data view
c) Floating view

3. Kyna moBopauuBaer IllaboT, mocTpoeHHBI B 3TOH IJiaBe, IMPHU
CTOJIKHOBEHUH C IIPETSTCTBUEM ?

3agaHue 11.3

CkoppeKTUpyuTe KOoJl CKpunTa Tak, utrobsl [llaboT npu cTOTKHOBEHUMN
C IPEIATCTBUEM ITOBOPAUYUBAJI B IPYTYIO CTOPOHY.
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11.3 IIlaboT: ABM:KEeHH e M0 JUHUU

B nanHOM paszesie Mbl MOCTapaeMcsl PACIHIUPUTh BO3MOKHOCTH
[ITaboTa 1 106aBUTh CIIOCOOHOCTH CJIEAOBAHMS IO IIPOJI0KEHHOMY ITyTH
(JtmHUN).

3arpyaute (atia co clieHou ¢ co3maHHbIM paHee [IlaboTom.

CrepBa co3ziaauM IepBbIi U3 Tpex BuAeomaTdukoB: [Add --> Vision
sensor --> Orthographic type]. B cBolicTBax JaTuWka yCTaHOBHUTE
IapaMeTphl, COTJIaCHO OKHY Ha Puc. 11.5.

Scene Object Properties @

Vision sensor Common

¥ | Enable all vision sensors

Main properties

Explicit handling External input
Perspective mode Ignore RGE info (faster)
Use local lights ¥ | Ignore depth info (faster)

v | Show fog if enabled Packetl is blank (faster)
Render mode OpenGL -
Mear [ far dipping plane [m] 1.00e-02 | [/ |6.00e-02
Persp. angle [deq] / ortho. size [m] 00.0100
Resolution X /Y 1 /1
Entity to detect all renderable objects in the scene -

Adjust default image color

Apply to selection

Visual properties

Object size ¥ -¥ -2 [m] |0.010 - |0.010 - 10,010
v | Show volume when not detecting Adjust color (passive)
v | Show volume when detecting Adjust color (active)

Apply to selection
Image processing and triggering

Show filter dialog

Puc. 11.5: IIpumep ycmanosxu napamempos

YToOBI BHAEOMATYNK HAXOAWIICSI Ha IOy, B OKHE W3MEHEHUs
II0JIOKEeHUST 00beKTa ycTaHOBUTe 3HadeHus [180;0;0] misa «Alpha-Beta-
Gamma».

CymiecTByeT  HECKOJIBKO  BapHAHTOB  4YTeHUs  HHMOpManuu
¢ BUJeoJaTunkKa. Tak Kak CO3JaHHBIH JAaTUMK MMEET BCEro 1 IHKCEJ
1 JIETKO yIpaBJIsieM, TO MOKHO 3allpallliBaTh C HEro WHQOPMAaIHIO
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0 cpeiHEM 3HAUEHUH SIPKOCTU M300pakeHus1. B OoJiee CI0KHBIX CITydasix
MOKHO ITPOITyCKaTh HHGOPMAIHIO Yepe3 HECKOJIBKO (DUIBTPOB.

Tenepb CKOIIUPYEM U JIBAK/bl BCTABUM BUJIEOJATYUK, IEPEMEHYEM U
nosyuum 3 obbekra: leftSensor, middleSensor u rightSensor. YcranoBure
bubbleRob B xauecTBe UX POAUTEIIHCKOTO OOHEKTA.

[TogkoppeKTUpyeM pacloJIOKeHUe JaTUYUKOB. i1 3TOTO B OKHeE
M3MEHEHHUs II0JIOKEHUSI OOBEKTOB YCTAaHOBUTE CJIEAYIOIIUE 3HAUEHUS
(abGcosTtoTHBIE KOOPAUHATHI):

— JeBbid gatyuk (leftSensor): [0.2;0.042;0.018];
— cpenunii gatauk (middleSensor): [0.2;0;0.018];
— mpaBbH maTuuk (rightSensor): [0.2;-0.042;0.018].

Tenepp HW3MEHUM OKpYy:KEHUE. YJAJIUTE HECKOJbKO ITHUJIUHIPOB-
npenaTcTBull niepes [llabotom. CresaliTe TPONUHKY, 10 KOTOPOH OyzeT
caenoBaTh pobot. UToOBI OBLIO y/I00HEE, MEPEKTIOUNTECH HA BUJI CBEPXY

E:

(crpanuiia 6 ¢ momoibio KHomku | ). Jlanee [Add --> Path --> Circle
type]. IlepeiiiuTe kK OKHY U3MEHEHUsI MOJIOKEHUA 00BEKTA U BBITIOJIHUTE
OJTHO M3 IIPEJJIOKEHHBIX JIEHCTBUI:
— NOpu BbIAEIeHHON JimHUM, <Ctrl>+KJIHMK MBIIIM Ha OJHOH U3 ee
KOHTPOJIbHBIX TOUEK — TAKMM 00pa3oM BEI cMOXKeTe IIepeHOCUTh X
B HY>KHbI€E ITO3UIINH;

\7\
o | € o
— OpU BBIIEJIGHHOM JIMHMHU, MCIIONb3yS KHONKY .° ' mepeiauTe

B PEXUM PeJIaKTUPOBAHUA JINHUU U IPUJIAliTe el KeslaeMyo popMy.

M3beraiiTe ype3MepHO CHJIbHBIX U3THOOB B JIMHHUU, OHA HE JI0JI’KHA OBITh
U3BUJINCTOM.

Jlajiee B CBOMICTBAX JINMHUYU CHUMUTE TAJIOUKHU Y CJIEAYIONTUX TO3UITUN:
«Show orientation of points», «Show path line» u «Show current position
on path». U menkauTe KHOMKY «Show path shaping dialog». YcranoBure
ranouky y moissi «Path shaping enabled», B mone «Type» BwiOepuTe
«horizontal segment» u BBeguTe 4.0 B mosie «Scaling factor». YcranoBure
YEepHBIU IIBET JIMHUH.

Bce Bpojie 661 TOTOBO, HO OCTaJIaCch MPOOJIeMa: TaK KaK U IOJI, VM JIMHHUS
UMEIOT OJTHY U Ty 7K€ KOOPJIMHATY 110 OCH Z, TO HHOT/Ia BUJIEH I10JI, HHOT/IA
JIMHUS U MOXKET CJIyYUThCA KOHQIUKT, Korga Mbl myctuMm Illabora mo
TponuHKe. [ToaTOMY ITepeMecTrM JIMHHUIO IO KOOpAUHATE Z Ha 0.5MM.

[TocneauuMm 1marom OyzaeT mobaBienne ckpunta k bubbleRob, aTo6bI
OH B3H&JI, KaK €3[uTh II0 JIMHUHU. [[JII 3TOrO OTKPBHIBAEM CKPHIIT,
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PAaCIoJIOKEHHBIN OKOJIO MMeHU 00beKTa B Scene hierarchy, u 3amensiem
ero Ha cjeayonui ¢parMeHT Koja:

if (sim_call_type==sim_childscriptcall_initialization) then
bubbleRobBase =
simGetObjectAssociatedWithScript(sim _handle self)
ctrl = simGetUIHandle("bubbleRob ui")
simSetUIButtonLabel(ctrl,9,simGetObjectName(
bubbleRobBase).." speed")
leftMotor = simGetObjectHandle("bubbleRob leftMotor")
rightMotor = simGetObjectHandle("bubbleRob rightMotor")
noseSensor = simGetObjectHandle("bubbleRob_sensingNose")
minMaxSpeed = {50*math.pi/180, 300*math.pi/180}
backUntilTime = -1
floorSensorHandles = {-1, -1, -1}
floorSensorHandles[1]=simGetObjectHandle("leftSensor")
floorSensorHandles[2]=simGetObjectHandle("middleSensor")
floorSensorHandles[3]=simGetObjectHandle("rightSensor")
end

if (sim_call type == sim_childscriptcall cleanup) then
end

if (sim_call type == sim_childscriptcall sensing) then
end
if (sim_call type == sim_childscriptcall actuation) then

speed = minMaxSpeed[1]+(minMaxSpeed[2]-minMaxSpeed[1])*
simGetUISlider(ctrl,3)/1000
result = simReadProximitySensor(noseSensor)
if (result > @) then
backUntilTime = simGetSimulationTime() + 4
end

sensorReading = {false, false, false}
for 1 = 1,3,1 do
result,data=
simReadVisionSensor(floorSensorHandles[i])



11.3 [lIaboT: ABM>KEHUE IO TUHUU 151

if (result >= @) then
-- B data[1ll] copepxuTca cpegHee 3Ha4deHue
-- ApPKOCTM M306paxeHus
sensorReading[i] = (data[11l] < 0.3)
end
print(sensorReading[i])
end

rightV = speed
leftV = speed

if sensorReading[1l] then
leftV = 0.03 * speed
end

if sensorReading[3] then
rightvV = 0.03 * speed
end

if sensorReading[1l] and sensorReading[3] then
backUntilTime = simGetSimulationTime() + 2
end

if (backUntilTime < simGetSimulationTime()) then
simSetJointTargetVelocity(leftMotor,leftV)
simSetJointTargetVelocity(rightMotor,rightV)

else
simSetJointTargetVelocity(leftMotor, -speed/2)
simSetJointTargetVelocity(rightMotor, -speed/8)

end

end

Jl1s1 oTCyie)XuBaHUA pabOThI BUAEOIATINKOB JI00aBbTE HA CIIEHY OKHO
0oTOOparkeHus ¢ MOMOIIBIO BI30Ba KOHTEKCTHOTO MEHIO clieHbl [Add -->
Floating view] 1 KOHTEKCTHOe MeHIO OKoIlKa [View --> Associate view
with selected vision sensor].

Takke ceslyeT yJIaTUTh BCE JIMIITHUE JaTUUKU U3 TIPEABIIYIIEr0 KOAa
Ha Ballle yCMOTpeHMe. 3allycKauTe MojieJinpoBaHue!



152 11. YipaByieHHe poOOTaMu

3azmaHue 11.4

Vi3MeHUTE [IBET TUHUU Ha 3€JI€HBIH U MTOMEHSANTE COOTBETCTBYIOIINM
obpasoMm koj B ckpunte s Illabora, 4ToOBI OH pacIiio3HABaJI JIMHHUIO
ue3nmn no Heu. Ilofckaska: obpaTuTe BHUMAaHHE Ha IlePEMEHHYIO,
OTBEYAIOIIYyIO 32 IPKOCTD JIUHUH.

Boonpocsl g1d CaMOKOHTpPOJIA

1. C moMoIIpI0 KAKOTO MPUCIIOCO0IEHUs POOOTHI MOTYT PaclO3HaBaTh
JINHUIO, II0 KOTOPOH UM CJIEAyeT ABUTAThC?
a) Proximity sensor (1aTyuk 6J1M30CTH);
b) Vision sensor (BH€01aTUYHK);
¢) Force sensor (maTuyuK CHUJIBI).

2. 3aueM JIMHUS, IO KOTOPOU JIBMIKETCA POOOT, MPUIIOAHUMAETCA HAJ
«IIOJIOM» ?

a) Eciu ynpaBieHue 1mo Bujieo cpaboTaeT HeIOCTaTOUHO OBICTPO,
pPOOOT CMOXKET 3aIEeNMUThCS 32 JJUHUIO KOJIECOM U 3TO MOMOKET
eMy VAEPIKATHCSA Ha TPAEKTOPHUH.

b) Eciu siuHua OyzieT HaxXOAWTHCA BPOBEHb C IIOJIOM, TO €€
n300pakeHre Ha JaTdynke pobOTa MOKET TEepPEeKPhIBAThCS
U300pa’keHueM I10J1a.

c) Utob6bl HCHOJB30BATh JATUUK PACCTOSHUA I KOHTPOJIA
HaXOXKJIeHUs po00Ta Ha JINHUMU.
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2)1,3

3)1,2,3

4) Object/item position/orientation
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3) HaJIeBo
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1) 2
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