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Pabouas nporpamma coctaBinena Ha ocHoBe @I'OC BO no nanpaBieHUIO MOArOTOBKH

13.03.02 DnexkrTposHepreTMka W 9JEKTpoTeXHHMKa (ypoBeHb OakanaBpuara) (mpHka3s
Muno6pnayku Poccun ot 28.02.2018 r. Ne 144)

Pabouas mnporpamma paccmMoTpeHa ©W  ojoOpeHa Ha 3acenaHum  Kadeapsl
ABTOMAaTH3UPOBAHHOTO JIEKTPONPHBOJIA B MEXATPOHHUKH

13.02.2020, mporoxon Ne 6 Mﬁ/\@
3aB. kadeapoii ' A.A. Hukonaes

|
Pabouas nporpamma oio6pena metoaudeckoii komuccuein UDuAC

26.02.2020 r. mpotokos Ne 5
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JIner akryaauszanuu padoueil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanmszanuu B 2021 - 2022
y4eOHOM roy Ha 3aceqaHuu Kageapbl ABTOMaTH3UPOBAHHOI'O JIEKTPONPHBO/IA U

[Ipotokom ot 20 . Ne

3aB. kadeapoii A.A. Huxonaes

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u o100peHa s peanuzamnuu B 2022 - 2023
yueOHOM rojly Ha 3aceaHuu Kapeapsl ABTOMATHU3UPOBAHHOTO JIEKTPOIIPUBOJIA U

IIpotokom ot 20 1. Ne

3aB. kadeapoii A.A. Hukonaes

Pabouas nporpamma nepecmMotpena, o0cyxaeHa u ogoopena s peanuzauuu B 2023 - 2024
y4eOHOM ToJly Ha 3aceaHuu Kapeapsl ABTOMATH3UPOBAHHOTO JIEKTPOIIPUBOJIA U

[Iporokom ot 20 1. Ne

3aB. kadenpoii A.A. Hukonaes

Pabouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM rojly Ha 3aceqaHuu Kadeapbl ABTOMaTU3UPOBAHHOTO 3JICKTPOIPUBO/IA U

IIporokomor 20 . Ne
3aB. kadenpoit A.A. Hukonaes




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Hensimu ocBOeHUS AUCHUIIIMHBL (MOAYNs) «OCHOBBI MUKPOMPOLIECCOPHON TEXHUKN
SBISICTCA  Pa3BUTHE Yy CTYAEHTOB JIMYHOCTHBIX KAayecTB, a Takxke (OPMHpPOBAHUE
Mpo)eCCHOHANIBHBIX KOMITIETCHIIMA B coOoTBeTcTBUM ¢ TpeboBanmsimu DI'OC BIIO mo
HanpasieHuto 130302 DnexkTposHepreTHKa 1 MEeKTPOTEXHUKA.

2 MecTo THCHHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMMal

Jucuumnuaa OCHOBBI MUKPOIPOLIECCOPHON TEXHUKHU BXOAMUT B YaCTh y4EOHOTO IJIaHa
dbopMupyeMyr0 y9acTHUKaMU 00pa30BaTeIbHBIX OTHOIICHHI 00pa30BaTeIbHOM MPOTPAMMBI.

Jis  u3ydeHus  JAMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YMEHHMs,  BJaJCHUsA),
c(hOpMHUPOBAHHEIE B PE3YIbTATE U3yUCHUS TUCITUTUINH/ TPAKTUK:

CxeMOTeXHHKa

AnreOpa JIOTHKH U OCHOBBI TUCKPETHON TEXHUKH

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYECHUH AAHHON AUCLHUILIIMHBI OyayT
HEOOXOIUMBI JIJISl U3YYCHHUSI JUCIIUILTNH/TIPAKTHK:

CucTeMsl yrpaBiieHHsI JJIEKTPOIIPUBOIOB

3 Komnerenuun ody4aromierocs, (popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS) ¥ IJIAHUPYEMble Pe3yJIbTAThl 00y4eHust

B pesynabrare ocBoeHMS JUCHMIUIMHBL (MOAynsi) «OCHOBBI MHMKPOIIPOLIECCOPHOM
TEXHUKN» 00yJaroluiics J0KeH 001aJaTh CASAYIOIUMHI KOMIIETEHIUSIMU:

Kon nanukaTopa WNHaukaTop TOCTHKEHUS KOMIIETCHITUN

[1K-2 CnocoOHOCTH TOATOTOBHTH TEXHHYECKOE 3aJaHWe Ha pa3padOTKy CHUCTEMBI
3JIEKTPOIPUBO/IA

[K-2.1 OcymecTBisieT MOATOTOBKY TEXHUYECKOrOo 3a/laHus Ha pa3paboTKy
CHCTEMBI 3JIEKTPONPUBOJIA




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIs)
OO0mas TpyI0eMKOCTh JUCIUIUIMHBI COCTABISIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKkTHas padora — 69,8 akaj. yacos:
— aynuTopHas — 68 akaj. 4acos;
— BHeaynuTopHas — 1,8 aka. yacos

— caMOCTOsITeNIbHAS paboTa — 74,2 akaJl. 4acoB;

®dopma aTTecTallum - 3a4eT C OLEHKOMN

AynutopHas s s
o | xomTakTHAA pabora E z dopma TeKyLero
=
Pasnen/ Tema 3 (B axaz. yacax) £ Brg . KOHTPOIIA Kon
g 3 © | caMOCTOATENBHON | yCIEeBaeMOCTH H
JACIATUTAHBL P £ = ., | xommerenn
O g £ paboThI IPOMEKYTOUHON
Tlex. mab. | mpakT. =9 aTTeCTalHH
3aH. 3aH. | QO &
1. Beenenue
11 HUcropus [Ipourenue .
N VYcerHbli onpoc
MHUKPOIPOLIECCOPHOU 1 4 JIEKIIUOHHOTO MK-2.1
(cobecenoBanue)
TEXHUKU Marepuana
1.2 Cospemennsiii ortamn| 6
a3BUTHS lTpourenne YcrHBI orpoc
p 2 6 JIEKIUOHHOTO MK-2.1
MHUKPOTIPOLIECCOPHBIX (cobecenoBanue)
Marepuaia
CHCTEM
HWroro no pazaeny 3 10
2. SI3pik nporpammupoBanus C
IonroroBka k 3amura
2.1 Ocnosubie TepMuHLL 1 4 2 5 nabopatopHoi nabopatopHoi [K-2.1
TOHSITHS
pabore paboThI
Ionroroska k 3amura
2.2 Turmbl TaHHBIX 2 221 4 nabopatopHoOi nabopatopHoi [K-2.1
pabore paboThI
2.3 IlepemenHbIe, TToaroroBska k amura
KOHCTaHTHI, MAaCCHBBI, 4 221 nabopaTtopHOn nabopaTtopHOn [K-2.1
yKazareian 6 pabote paboTsI
IoaroroBka k 3ammra
2.4 CtpykTypbl 2 421 5 nabopaTtopHOn nabopaTtopHOr [K-2.1
pabore paboThI
IMoaroroBka K 3anmra
2.5 [TuKIBI, BETBICHUS 4 4/21 10 nabopaTtopHOH nabopaTtopHOH MK-2.1
pabore paboThI
IToaroroBka k 3amuTa
2.6 OyHKIUH 2 2/21 6 nabopaTtopHOH nabopaTtopHOH MK-2.1
pabore paboTHI
Wroro no pazaeny 18 |16/101 30
3. Cpena pa3paboTKu
nporpaMMHoro obdecnedenus Qt
Designer
. IToxroroBka k 3amura
3.1 Cosnanme u nactpoiika 4 2/21 4 1abopaTopHOI 1abopaTopHOI IK-2.1
MPOEKTa
6 pabote padoThI
IToxroroBka k 3amura
3.2 Ornnajxa IporpaMMBl 1 2 2 1abopaTopHO’ 1abopaTopHOI IK-2.1
pabote padoThI
Uroro no pazaeny 5 421 6

4.  Muxkpokonrpoiep AVR

Atmega8




4.1 Omucanue, CTPYKTypa,

[Ipoutenne

VYcTHbIi onpoc

2 4 JIOITOJTHUTEILHOM I1K-2.1
XapaKTEePUCTUKH (cobecenoBanue)
JIUTEPaTyphl
. IloaroroBka k 3amura
4.2 Pabora c nepudepucii 2 2 2 nabopatopHoOn nabopaTtopHoOn [K-2.1
KOHTpoJIIepa
pabote paboThI
Htoro no pasueny 4 2 6
5. Muxkpokonrpoiep ARM
STM32F407
IToxroroBka k 3ammra
51 Onmcamme, ctpykTypa, 2 2 8 1abopaToOpHOI 1abopaToOpHOI IK-2.1
XapaKTEePUCTUKH
pabote paboThI
. IToxroroBka k 3ammra
5.2 Pabora ¢ nepudepueii 2 4 6 1abopaToOpHOI 1abopaTopHOI IK-2.1
KOHTpoJIIepa
pabote paboThI
53 Cpena IMonroroBka 3amura
npoekTupoBanus  STM32 6 8,2 nabopatropHoOn nabopatopHon IK-2.1
CubeMX pabote paboTHI
Wroro no pasneny 4 12 22,2
Hroro 3a cemectp 34 |34/121 74,2 3a4eT ¢ OLEHKOH
Wroro no nucuumnnune 34 [34/1211 74,2 3a4eT C OLIEHKOM




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Js  peann3anuu  NpPelyCMOTPEHHBIX BHMJOB  yuyeOHOM paboTbl B KauecTBe
00pa30BaTeNbHbIX TEXHOJOTUM B MPENOJAaBAHUN JUCUUIUIMHBI «OCHOBBI MUKPOIIPOLIECCOPHOMI
TEXHHUKW» UCIIONIb3YIOTCS TPAIULMOHHAS U MONYJIBHO-KOMIIETEHTHOCTHASL TEXHOJIOTUU.

Jlekuuu TPOXOIAT B TPaIUIMOHHOW ¢dopme U B GopMme JeKIui-KoHCynbTanmii. Ha
JEKUUAX-KOHCYJIBTAUAX M3JI0KEHUE HOBOIO MaTepuana COINPOBOXKIAETCS IOCTaHOBKOMU
BOIIPOCOB U JUCKYCCUEH B [IOUCKAX OTBETOB HA 3THU BOIIPOCHI.

[Ipu BbINONHEHUU J1IAOOPATOPHBIX PAbOT CTYIEHTHI y4yarcs MPAKTHUYECKHMM HABBIKAMU
IIPOCKTUPOBAHUS U MOJIEIIMPOBAHUS YCTPOKCTB, PACCMOTPEHHBIX Ha JIEKIIMOHHBIX 3aHATHAX. [Ipu
3amuTe Ja0OpaTOPHBIX pabOT Hepes CTYAEHTaMM CTaBATCA 3aladd, TPeOYIOLIUe JOrHYecKoro
MBILICHHS, TPUHINAIIA 000OIIEHUS U COTIOCTABIICHUSL.

CamocrodrenbHas paboTa CTUMYJIMPYET CTYJEHTOB B MPOLECCE MOATOTOBKU JOMAIIIHUX
3a/laHui, MpU pELIEHUM 3aJad Ha J1a0OpaTOPHBIX 3aHATUSAX, NPU TMOATOTOBKE K HTOrOBOM
aTTECTALUU.

6 YueOHO-MeTOAUUECKOE 00eciedeHre CAMOCTOSITeJIbHOI PadoThl 00y4aOIIMXCS
[TpencraBneno B mpuioxeHun 1.

7 OueHOYHBIE CPeACTBA /1Jisl IPOBeeHHs POMEKYTOUHOI aTTecTAlMI
[IpencraBieHsl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecnedeHue TUCIUIITTHHBI (MOTYJIs1)

a) OcHoBHas UTEpaTYypAa:

1. Cmupnos, }0. A. OCHOBBI MUKPO3JEKTPOHUKH M MHKPOIIPOLIECCOPHOU TEXHUKU :
yuebHoe mocobue / FO. A. Cmupnos, C. B. Cokonos, E. B. TuroB. — 2-e u3zn., ucnp. —
Cankt-Ilerepoypr : Jlamp, 2013. — 496 c¢. — ISBN 978-5-8114-1379-9. — TekcT :
AIIEKTPOHHBIH // Jlanb : 3JIEKTPOHHO-OUOINOTEeYHAs cUCTeEMA. — URL:
https://e.lanbook.com/book/12948 (mara oOpamienus: 06.11.2020). — Pexum gocryma: s
aBTOPH3. MOJIb30BATENEH.

0) JlonosiHuTeIbHAS JTUTEPATYpA:

1. Cmuphos, 0. A. TexHuueckue cpeacTBa aBTOMaTH3alMM U YIpaBJIEHUs : yueOHOe
nocooue / FO. A. CmuproB. — 3-¢ usn., crep. — Cankr-IlerepOypr : Jlans, 2020. — 456 c. —
ISBN 978-5-8114-5413-6. — Tekct : 31ekTpoHHbIN / JlaHb : 3JIE€KTPOHHO-OMOIMOTEUHAs
cucrema. — URL: https://e.lanbook.com/book/140779 (mata oOpamenus: 06.11.2020). —
Pexum noctyna: st aBTOpuU3. MOJIb30BATENEH.

2. JIykunos, A. II. IlpoexkTrpoBaHre MEXaTPOHHBIX U POOOTOTEXHUYECKUX YCTPOMHCTB :
yuebHoe nocobue / A. Il. JlykunoB. — Cankr-IlerepOypr : Jlanp, 2012. — 608 c¢. — ISBN
978-5-8114-1166-5. — TekcT : 31eKTpOHHBIH // JIaHb : 3JEKTPOHHO-ONOIMOTeYHAs CUCTEMA. —
URL: https://e.lanbook.com/book/2765 (nara obpamienus: 10.11.2020). — Pexxum gocryna: s
aBTOPH3. NIOJI30BATEIICH.

B) MeToanyeckne yKazaHus:

[TpuBeneHbI B IPHIIOKEHUH 3.



https://e.lanbook.com/book/12948
https://e.lanbook.com/book/140779
https://e.lanbook.com/book/2765

r) [IporpammHoe obecneuenue u UHTepHeT-pecypceb:

IIporpammHoe o0ecnneuenne

Haumenosanue I10O No norosopa Cpok nercTBuUs JIUIEH3UU
MS Windows 7

Professional(mms  [/[1-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)

MS Office 2007 |\, 135 o1 17.09.2007 GeccpOTHO
Professional

7Zip cB000JIHO pacnpoctpansemoe 110 0CCCPOUHO
Borland Turbo C++|Ne112301 ot 23.11.2005 OeccpodHo

FAR Manager cB000HO pacrpocTpansemoe [10 OECCPOYHO

HpO(l)eCCI/IOHaJ'leI)Ie 0a3bl JAaHHbIX nmbopMaunongle CIIPaBOYHbLIC CUCTEMBI

HazBanue kypca

CchlIKa

DiexkTpoHHas 0a3a mepuoaAMYecKMX u3ganuii East View
Information Services, OO0 «UIBUC»

https://dlib.eastview.com/

HannonanbHas

(PUHLI)

MH(POPMALMOHHO-aHAIUTHYECKAs
cucreMa — PoccuiiCKknii MHIEKC HAYYHOTO LIMTUPOBAHUS

URL:

IMTouckosas cucrema Akagemust Google (Google Scholar)

MH(GOPMAIMOHHBIM Pecypcam

WNndpopmannonnas cucreMa - EnnHoe OKHO JocCTyna K

9 MaTtepuaJbHO-TEXHHYECKOE o0ecTedeHne TUCIUTIHHBI (MOILYJIs1)

MaTepHaano-TeXHqucxoe obecneucHue JUCIUITIIIMHBI BKJIIFOYACT:

Tun n Ha3BaHUE ayJUTOPHUH

OcHaleHue ayuTopun

VY4eOHble ayAUTOpUH IS
NPOBEICHUS 3aHATUHN JIEKIIHOHHOTO
TUTIA

MYJIbTUMEAUNHBIE CPEACTBA XPAHECHMUS,
neperayv U MpeacTaBiIeHUs] HHPOpMaIu

VYyeOHas aynutopus Ass
poBe/IeHUs 1a00paTOPHBIX 3aHATHI:
71a00paTOpHs aBTOMATU3UPOBAHHOTO
3IIEKTPONPUBO/IAa TOCTOSIHHOTO U
MIEPEMEHHOTO TOKa

kommbioTeps! Syntex mod-1+ LCD LG TFT19;
nabopatopHslii cten Nel;

nabopaTopHbIii cTeH ] No2;

crern LIOII-ITY «MccnenoBanue
ANEKTPOIPUBOJIOB ITOCTOSHHOTO TOKa»

Y4eOHble ayTUTOPUU JUISI TPYIIIIOBBIX
Y UHIUBUYAJIbHBIX KOHCYJIbTAIlM,
TEKYIIETO KOHTPOJIA U
MIPOMEKYTOUYHOM aTTECTALNHU

Jlocka, MyIbTUMEIUHHBINA TPOEKTOP, JKpPaH

VY4eOHble ayIUTOPUH IS
CaMOCTOSITEIbHOU PabOThI
o0OyJarmuxcs

[Tepconanbubie kKoMmbioTePHI ¢ T10 U3 m. §(r),
BBIXOZIOM B IHTEpHET U ¢ JOCTYIIOM B
AJIEKTPOHHYIO
nH(OPMAIIMOHHO-00pa30BATENBHYIO CPENY
YHUBEPCHTETA

https://elibrary.ru/project_risc.asp
URL.: https://scholar.google.ru/

URL.: http://window.edu.ru/




INPUJIOKEHHUE 1

Y4yeOHO-MeTOoAUYEeCKOe 00ecTieYeHrne CAMOCTOSITeIbHOI padoThl 00y4yaromuxcs

[To nucuuminnae «OCHOBBI MUKPOIIPOLIECCOPHOM TEXHUKNY» MPEyCMOTPEHA ayAUTOpHAs U
BHEAYJIMTOPHAsI CAMOCTOSITeNIbHAs paboTa 00yJaroImuXxcsl.

AynuropHas caMOCTOsATeIbHasi paboTa CTYAEHTOB MpeJIoiaraeT OTBEThl HAa BOIPOCHI Ha
71a00paTOPHBIX 3aHATUSIX MPU 3aIUTE padoT.

IIpumepHBIe BONPOCHI IJIsl YCTHOTO ONPOCA M 3aIMTHI JIa00PATOPHBIX PadoT:

1. YeM oTamyaercss MUKPOKOHTPOJUIEP OT MUKpoIIpolieccopa’?

2. HazoBuTe OCHOBHBIE y3J1bl M X HA3HAYEHHUE B CTPYKTYPE JIF0OOr0 MUKPOIIPOLIECCOPA.
3. Uto Takoe mMHa B MUKPOIIPOLIECCOPHON TEXHUKE?

4. HazoBute ABE OCHOBHBIC apXUTEKTYpPhl MUKPOMpOIlecCOpPoB. B yem ux ornuuns?

5. [Touemy coBpeMeHHbBIE MUKPOIIPOLIECCOPHI COAEPKAT HE OJTHO SAPO?

6. B wem 3akimovaercst mpobiemMa MaibHEHIIero pocTa TaKTOBOW YacTOTHI COBPEMEHHBIX
MHUKPOIIPOIIECCOPOB?

7. Kakue s3p1Kku nporpaMMHpOBaHUd B HACTOAIICC BPEMS HCIIOJB3YIOTCA JIs1 HAITMCAHUA
MporpamMm JJisi MUKPOTIPOIIECCOPOB?

8. UTo Takoe KOMIUIIATOP?

9. Onumure mNOCIENI0BAaTEIBHOCTh JEHCTBUM, BBIINOJHAEMBIX KOMIWIATOPOM, IIPH
IIPOrPaMMUPOBAHUH MUKPOIIPOLIECCOPA.

10. Kakue OCHOBHBIE THINBI JAaHHBIX OOLICTPUHATHI NPH HAMUCAHUM HPOTpaMM JJist
MHUKPOIIPOLIECCOPOB?

11. Onumute CTpyKTYpy mpoekTa Ha si3bike C++. UTo Takoe «3aroIoBOYHBIN (aitn»?
12. Kak 1 B KakOM MeCTe MPOorpaMMbl OOBSBIISIOTCS IepeMeHHbIe B s3bike C++7

13. Yto mnpoucxomuT mnpu OOBABICHHHM TepeMeHHBIX? UTO Takoe WHHITMATA3AIUS
IIEpEMEHHOMN?

14. Yrto Takoe maccus? Kakue Tuiisl MaccuBOB BEI 3HaeTe? Kak 3agaeTcs MaccuB?
15. Yro takoe ykazatens? Kakue ykazatenu ObiBatotr? Kak onu paboraror?

16. Uto Takoe cTpykrypsl B C++? Kak 00BSBUTE CTPYKTYpY?

17. Kakue nukinsl a3bika C++ Bl 3HaeTe? [IpuBeauTe ux CUHTAKCHUC.

18. Kakue BerBienusa B C++ Bbl 3Haere? [IpuBenure nx CUHTaKCHC.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Uro takoe pynkmuu B C++7?

Onumiute Mpoiecc co3nanus U KoHpurypupoBaunus npoekrta B Qt Designer.

Yewm orimmuaercs Qt Designer ot npyrux cpen paspadorku (IDE)?

UYeMm xapakTepu3yeTcsi CeMeHCTBO MUKPOKOHTposuiepoB AVR?

OO0bsicaute mpunnui padotel ¢ ALl konTpomtepa Atmegas.

OO0BsicHUTE TPUHITUT pabOTHI ¢ TalitMepoM KOoHTposuiepa Atmegas.

OO0BsicHUTE IPUHITUT pabOTHI ¢ TOPTAMH BBOIA/BbIBOIa KOHTposuiepa Atmegas.
Yem xapakTepusyercsi ceMeiCTBO MUKPOKOHTposuiepoB STM32F47?

OO0bsicaute punui padotel ¢ AL konTpomtepa STM32F407.

OO0BscHUTE TPUHIKI PAOOTHI ¢ TaliMepoM KoHTpoiepa STM32F407.

OObsicHUTe TPUHLIUIT paOOTHI C MOPTaMU BBOJA/BbIBOAA KoHTposuiepa STM32F407.

Kakumu nepudepuitHbiMu ycTpoiicTBamu obsagaet koutposuiep STM32F407?



HNPUWIOXKEHHUE 2

a) IlmanupyemMsble pe3yabTaThl 00yYeHHS M OLlEHOYHBIE CPeICTBA JIsl POBe/IeHUs MPOMeKy TOYHOMH

aTTecTalMu:
Kon HWuaukarop A0CTHKEHHSI
OueHouHBbIE CpeACTBa
HHANKaTOpa KOMIIeTeHIINT

IIK-2.1: Ocywecmgasiem no020mosKy mexHu4ecko20 3a0anusi Ha paspabomky cucmembl J1eKmponpueood

TIK-2.1 Ocy1ecTBaseT MOATOTOBKY
TEXHUYECKOTO 3aJaHus Ha
pa3pabOTKy CHCTEMBI
ANEKTPOIIPUBOAA

1. Yem ommnuaeTcs MUKPOKOHTPOJUIEP OT MHUKpomnpoLeccopa?

2. HazoBuTEe OCHOBHBIE Y3JIbI M MX Ha3HAYEHHE B CTPYKTYpE JII000T0
MHKPOIIPOIIECCOpA.

3. Yto TaKoe MIMHA B MUKPOIIPOIIECCOPHOM TeXHUKE?

4. HazoBuTe BE OCHOBHBIE APXUTEKTYPhI MEKPOIIPOLIECCOPOB. B em nx
oTIHuus?

5. IToueMy cOBpeMEHHBIE MUKPOTIPOLIECCOPHI COAEPKAT HE OIHO SAPO?

6. B gem 3akmouaercs nmpodiema JadbHEHIIEro pocTa TaKTOBOH 4aCTOTHI
COBPEMEHHBIX MUKPOIPOIIECCOPOB?

7. Kakue g3bIKH IPOrpaMMHUPOBAHUS B HACTOSIIEE BPEMs UCIIOIb3YIOTCS IS
HaMMCaHUs MPOrpaMM U MHKPOIPOLECCOPOB?

8. Uto Takoe KOMIUIATOP?

9. Onuummre NMOCIeI0BaTEIbHOCTh ICHCTBUH, BBITIOIHAEMBIX KOMIIIATOPOM,
IIPU IPOTPaAMMUPOBAHUN MHUKPOIIPOLIECCOopa.

10. Yem xapakTepusyeTcsi cCeMEeHCTBO MHUKPOKOHTpoiuiepoB AVR?

11. O6wscauTe npuniun padotsr ¢ ALl korTpomtepa Atmegas8.

12. O0BsAcHUTE IPUHIHUT paOOTHI ¢ TaiiMepoM KoHTposuiepa Atmegas.

13. OObsacHHATE MPUHIKT PadOTHI ¢ TIOPTaMU BBOJIA/BBIBO/IA KOHTPOJLIEpa
Atmega8.

14. Kakye oCHOBHBIE TUIIBI JAHHBIX OOLICTIPHHATHI [IPYU HAMUCAHUU
pOrpaMM JIJIsi MUKPOTIPOIIECCOPOB?

15. Onumute CTpyKTYypy npoekTa Ha s3bike C++. UTo Takoe «3aroioBOYHbBIN
Gaiin»?

16. Kak 1 B KaKOM MeCTe IIPOrpaMMbI OOBSBIISIIOTCS TIEPEMEHHbBIE B SI3bIKE
C++?

17. Yto mpoucxomut npu 0ObsBICHAN IepeMeHHBIX? UTo Takoe
MHULMANIU3a1Ms IepEMEHHON?

18. Uro Takoe maccuB? Kakune Tumsl MaccuBoB Bbl 3HaeTe? Kak 3agaercs
Maccus?

19. Yro Takoe yka3arens? Kakue ykazarenu OviBatoT? Kak oHE paborarot?
20. Yto takoe cTpykTypsl B C++? Kak 00BSIBUTH CTPYKTYPY?

21. Kakue nukist s3pika C++ Bbl 3HaeTe? [IpuBennTe X CHHTaKCHC.

22. Kakue BerBnenust B C++ Bbl 3HaeTe? [IpuBeanTe UX CUHTAKCHUC.

23. YUro takoe ¢pyHkIun B C++?

24. Yem xapakTepH3yeTcsi CEMEUCTBO MUKPOKOHTposuiepoB STM32F47?
25. O6bscuute npunimn padots! ¢ AL korTposutepa STM32F407.

26. O0bsicHUTE IPUHIIMIT pabOTHI C TaliiMepoM KoHTposutepa STM32F407.
27. O0bsicHUTE IPUHIMIT pabOTHI C MOPTaMH BBO/IA/BBIBOIA KOHTPOJLIEPA
STM32F407.

28. Kakumu nepuepuitHeIMU ycTpoiicTBaMu 001agaeT KOHTPOILIEP
STM32F407?

29. OnumuTe NpoLecc Co3Aanus U KOHGUTyprpoBaHUs IpoekTa B Qt
Designer.

30. YUem ormmaaercs Qt Designer ot apyrux cpen paspaborku (IDE)?

31. OnuuuTe npouece co3nanus U KOHGHUrypupoBanus mpoekra B STM32
CubeMX.

0) ITopsinok npoBeaeHNs MPOMEKYTOUYHOMN aTTeCTAMM, MOKA3ATEH U KPUTEPUH OLIEHUBAHUS

[IpomexxyTouHast aTTecTanusi no AucUUIUIMHE «OCHOBBI MUKPOIPOILECCOPHON TEXHUKH BKIIOUAET
TEOPETUYECKHE BOMPOCHI, IO3BOJSIONUIME OICHUTh YpPOBEHb YCBOCHHS OOYydYalOIIUMUCS 3HAHUH, U
MPAKTUYECKHE 3aJIaHUs, BBISBISIONINE CTETIEHb C(HOPMUPOBAHHOCTH YMEHUH U BIIAJICHHIA.

IHoka3aTesu M KPUTEPUM ATTECTALMH (324YeT ¢ OLEHKOI):

— Ha OIEHKY «OTJHYHO» (5 OamioB) — oOydYaromwmiics JEMOHCTPUPYET BBICOKHH YpOBEHBb
c(hOpMUPOBAHHOCTH KOMIIETCHIIMI, BCECTOPOHHEE, CHUCTEMaTHYeCKOe W TIyOOKOe 3HaHHWE Y4YEOHOro




MarepHaia, CBOOOIHO BBIMOJIHSAET MPAKTHUYECKHE 3aJjaHus, CBOOOJHO ONEpUPYET 3HAHUSAMH, YMEHUSIMHU,
MPUMEHSET UX B CUTYallUAX MOBBIIIEHHON CIIOKHOCTH.

— Ha OUEHKY «xopomo» (4 Oamna) — oOydarIMiics JIeMOHCTPUPYET CpPEIHUNU YpPOBEHb
c(OpPMUPOBAHHOCTH  KOMIIETEHLIMWA: OCHOBHBIC 3HAHMS, YMEHHUS OCBOEHBI, HO JIOIYCKAIOTCS
HE3HAYUTENbHbIE OINOKH, HETOYHOCTH, 3aTPYAHEHHUS [IPU aHATUTUYECKUX ONIEPALIUAX, [IEPEHOCE 3HAHUN U
YMEHHI Ha HOBBIE, HECTAHJAPTHBIE CUTYALIUU.

— Ha OLEHKY «YIOBJeTBOPHUTEIbHO» (3 Oama) — 0o0ydYaroumuiics AEMOHCTPHPYET IMOPOTOBBIN
ypOBeHb C(HOPMUPOBAHHOCTH KOMIIETEHIIUN: B X0J/i€ KOHTPOJIbHBIX MEPOIPHUSITHI TOMYCKAaIOTCS OUIMOKH,
HPOSIBISETCS OTCYTCTBHE OTHCNBHBIX 3HAHWW, YMEHUH, HABBHIKOB, OOYYAIOIIUICS HCIBITHIBAET
3HAYUTENIbHbIE 3aTPYAHEHHs] MPHU ONEPUPOBAHUHU 3HAHMSIMH W YMEHHSIMHU IPH HUX MEPEHOCE HA HOBBIC
CUTYallUH.

— Ha OIICHKY «HeY/0BJIeTBOPUTEJIbHO» (2 0ayuia) — o0yJaromuiicss IeMOHCTPUPYET 3HaHUS He Ooree
20% TeopeTHUecKoro Marepuaia, JONYCKAaeT CYIIECTBEHHbIE OIUMOKM, HE MOXET IOoKa3aTh
MHTEIJICKTYaJIbHbIE HABBIKW PEIICHUS MPOCTHIX 3a/1a4.

— Ha OIICHKY «HEeYIO0BJIETBOPUTEIbHO» (1 Oayun) — oOydaromuiicss He MOXKET IMOKa3aTh 3HAHUS Ha
YpOBHE BOCHPOMU3BENEHUS U 00bACHEHUS MH(OPMALIUY, HE MOXKET MOKa3aTh MHTEJUICKTYaIbHbIE HABBIKU
pelIeHus IPOCTHIX 3ajay.

OOyyaromuiicss 1OJy4yaeT OTMETKY <«3a4TEeHO» I[P YCJIOBUU BBIIOJHEHUS U  3alUThl BCEX

MpeaAyCMOTPCHHBIX na60paTopHHx pa60T Ha OLCHKY HC HUKEC «YAOBJICTBOPUTCIILHO. HpI/I 3a4€TC OLICHKA
CTaBUTCS COTJIACHO CPECAHCMY 63.J'Iy OLICHOK 3aIlluT J'Ia60paTOpHLIX pa60T.



MMPUJIIOKEHUE 3

3. OCHOBBI MUKPOITPOIIECCOPHOM TEXHUKH

JIABOPATOPHAS PABOTA Nel3

«Y cTaHOBKa M HacCTpoKKa cpensl paspadoTku Qt Creatory

Llens paboThl: MPOM3BECTH YCTAaHOBKY cpenbl paspaborku mporpamm Qt Creator m HacTpouTh
KOMIUICKT JIJIsl pa3pabOTKy MporpamMM Ha si3blkax mporpammupoBanus C/C++.

BBeaenue

Qt Creator — »T0 kpoccmiathopMeHHasi cpea pa3paboTKU MPOrpaMM, MOAISPKUBAIONIAS S3BIKH
nporpammupoBanus C, C++, Java, Python.

Qt Creator mozBosisieT pa3pabaTbiBaTh MPOrPAaMMBI JUISI CaMBIX pPa3IMYHBIX yCTPOMCTB: OT
MHKPOKOHTPOJIICPOB 10 MPHUBBIUHBIX omepannoHHbix cucreM (manee OC), takux kak Android, Windows u
Linux. [Tpu ucnonp3oBanuy rpaduueckux ieMeHToB npuiiokennit OC (KHOTKH, MOJIsl BBO/IA TEKCTA U T.JI.)
ucnonb3yercs onbdanoreka Qt, cogepkaniast He0OOXOAUMBIE 111 Pa0OTHI ATHX JIEMEHTOB (DYHKIIHH.

Ha kaxnyro OC winM KOHTpOJUIEp HEOOXOJMM COOTBETCTBYIOIIMKA HA0Op KOMIWISATOPOB H
OTJIAJYUKOB, COCTABISIOMIMX TaK HasbiBaeMblii Komnnexm ([Ipogunv) Qt. DTO MO3BONSET HANUCATh
nporpaMMy OJIMH pPa3, a 3aTeM CKOMIIWIMPOBaTh e¢ moja Ty wid uHyro OC, 4ro W Ha3bIBaeTCs
KPOCCIUIaT(POPMEHHOCTHIO.

Qt Creator uMeeT HECKOIBKO OSCIITATHBIX JIMIICH3UI ¢ OTKPBITHIM UCXOAHBIM KooM (Open Source).

ITopsinok BbINOJIHEHHS PadOTHI

Huns ckaunBanus Qt Creator meoOxoaumo nepeiitu mo ceeuike https://www.qt.io/offline-installers u
BbIOpaTh Bepcuto B 3aBucuMocTH oT OC.

[lo okOHUaHHMHM 3arpy3kd CIEAYET 3alyCTUTh 3arpyKE€HHbIH (ailll U BBIIOIHUTH WHCTPYKIHH
ycraHoBITHKA. [Ipy ycTaHOBKE MOTPEOyeTCs 3aperHCTPUPOBATRLCS B pasjeiie «Sign-up», mociie 4ero yka3arh
nyTh Ui ycTaHoBkH. OOIiee mpaBHJIO ISl BCEX CpeA pa3paboTKM — B MYTH HE JOJDKHO COAEPIKATHCS
PYCCKHX CHMBOJIOB.

Ha cnemyroniem skpaHe HY)KHO BBIOpaTh KOMIIOHEHTHI [UIsl YCTAaHOBKH coryiacHO paspsiaHoct OC, kak
noka3aHo Ha puc. 13.1.

Kommonent MinGW — sto kommuuisitop sizbika nporpammupoBanus C/C++ mis OC Windows.



https://www.qt.io/offline-installers

<« Ycranoeka Qt 5.14.1

Bbi6Op KOMMOHEHTOB
ﬂomanyﬁaa, BblGeDl’l‘Te KOMNOHEHTbI, KOTOPbIE Bbl XOTUTE YCTaHOBUTb.

Mo ymonyaHuio| | BuipaTh BCE | | Tb OTMETKY BbIBOPa CO BCEX KOMMOHEH

v g MinGW-builds 7.3.0
v _[m] Ot5.14.1 64-bit toolchain.
L] MSVC 2015 64-bit

[ MSVC 2017 32-bit
[ ] MSVC 2017 64-bit

[J UWP x64 (MSVC 2015)
[J UWP ARMVT (MSVC 2017)
[0 UWP x64 (MSVC 2017)
[J uwP x86 (MSVC2017)
[ Android
[ Sources
[ Qt Charts
[ @t Quick 3D (Technology Preview)
[J @t Data Visualization
[ Gt Lottie Animation (Technology Preview)
[ Qt Purchasing
[ Gt Virtual Keyboard
[] Gt WebEngine
[J Gt Network Authorization
[] Gt WebGL Streaming Plugin
[J @t Script (Deprecated)
[ @t Quick Timeline
v [m] Developer and Designer Tools
Qt Creator 4.11.0

gger Support
] MinGW 7.3.0 32-bit | 3ror Komonest
{MinGW 7.3.0 64-bit | | i saimer

trawberry Perl 5.22.1.3 npubmnsuTensHo
450.30 MB Ha

KECTKOM AUCKE.

omers
Puc. 13.1. BbiOOp KOMIIOHEHTOB Il YCTAaHOBKH
Ilocne  ycranoBkum  ciexyer  3amyctuts  Qt  Creator u  mepeliTM B~ MEHIO

Hncmpymenmor->Ilapamempol->Komnnexkmol, 4TOOBl yOEOUTHCSA B KOPPEKTHOM aBTOMATHYECKOU
HaCTpOWKEe KOMILJIEKTa, KaK ITOKa3aHo Ha puc. 13.2.

@ o
58 Napamerpe: - Qt Creator
GuneTp | i
B Kownnexs Komnnexs:  Mpodwwm Qt  Komnunatops  Ovnansmst  Qbs  CMake
[
D Cpema Hazsanve Aobasums
v AeroonpesenéHhbie T
Bl Texcroesii peaaxrop G Desktop Qt 5.14.1 MinGW 64-bit (o ymonyarimo)
Ocobuie Yaanums
M. FakeVim
CAENaTE 10 yHONSHIO
@ Cnpasxa
OUNBTP HACTPOEK...
{} Ce+
DUETD HACTPOEK N0 YHOMHAHHIO...
A4 &t Quick
2 Cbopra n zanycx Haseanwe: [Desktop Qt %{Qt:Version) MinGW 64-bit _ [iCE
M Orranunx Vins 8 daiinosodi arcrese: |
/' Dusaiep Tun yerpoiicrea: Desktop
Yerpoicreo: Tokanskeit K (no yronsarao ans Desktop) v | ynpaenense...
@ Python
i Kopers obpasa: L | | ofsop...
|E Awanusarop
C | MinGW 7.3.0 64-bit for C v
= KomnunaTop: Ynpasnerme...
B Kommpons sepci Ch+: [MinGW 7.3.0 64-bit for C+-+ -
Ycrpoiictsa Bes usmereni.
o P Cpena: M3menuTb...
[ 3acraeums komnmnsTop MSVC evigoants coobuenns & UTF-8
ﬁ Bcraska xoga
Ornagumk: GNU gdb 8.1 for MinGW 7.3.0 64-bit Vrpasnense...
@ AsoikOBLIA KAMEHT
Npodwns Qt: QU 5.14.1 MinGW 64-bit Ynpasnesse...
A Tecruposame Qt mikspec: J
BononHuTensHbie HACTPoiikM npodwna Qbs: MsMeruTb....
Nporpamma CMake: Ynpaenesme...
Fenepatop CMiake: <weT> - <mer>, Mnardopma: <wer>, UnCTpyMenTaphii: <HeT> VsMeniTs...
Kondurypauma CMake: CMAKE_CXX_COMPILER:S i % CMA.. | UsmenuTs...

Puc. 13.2. OkHO HACTPOUKHU KOMILIIEKTOB
Jlist Hanucanwust mporpaMM KoHTpoJuiepoB cemerictBa AVR B cpene Qt Creator HeoOXoauMo co31aTh U
HACTPOMUTH TaK HA3bIBACMbI KOMIUIEKT, BKIIOYAIOIINNA B ce0si KOMIUIATOPBI avr-gcc.exe ms s3eika C u
avr-g++.exe mis C++, a takxe otinamgunk avr-gdb.exe.



BTopbIM BaXHBIM ATaloM SIBJISETCS CO3JaHME M COOpKa MpoeKTa. BcTpoeHHBIE CpencTBa maxe
nocienqaux Bepcuit Qt Creator He MO3BOJIAIOT ATO CHENATh CTAaHAAPTHBIMA METOJIAMH 4Yepe3 MEHIO
@aiin-Hoswuii... [l nogo6HbIx neneit B Qt Creator mpenycMoTpeH Ipyroil MexaHu3M.

B camom Havane m3y4deHHs si3bIKa MporpammupoBanus CH TOBOPHIOCH, YTO HAIMCATh WCXOIHBIH
(aiia mporpaMMbl MOJKHO Ja)K€ B CAMOM IPOCTOM TEKCTOBOM NpWIIOKeHHH. Ho 3amycTHTh ¥ UCIIOIHUTH
(aiis ¢ UCXOAHBIM TEKCTOM HEITb3s, JIJISl 3TOTO €r0 HY)KHO CKOMITHIIUPOBATh.

CnenaTth 3TO MOXHO u3 KoMmauaHoOU ctpoku (s OC Windows 3amyck: Ilyck-Buinoanums cmd.exe),
HaIlMCaB B HEM:

gcc umsi_ucxonHoro (aiina.c -0 uMsi_ucroiHseMoro _(aiina

VYka3aHHas CTpOKa FOBOPUT ONEPALUMOHHON CUCTEME, YTO HYXKHO:
- 3aIyCTUTh KOMIUJIATOP gCC si3bika Cu;

- w3 ¢aima  ums_ucxoonoz2o ¢haina.C  caelaTh  WMCIOJHAEMBIH  (ailm ¢ uUMeHeM
UMS_UCNONHAEeMO020 _¢haiina.

Hamu Taxoke ObLT pacCMOTPEH MeXaHu3M si3bika CH, UCTIOIB3YIOIINI pa30HeHHe MMPOEKTa Ha Pa3HbIC
Gbaitsibl ¢ KICXOHBIMU TEKCTAMH C PACIIUPEHUEM .C U 3ar0JI0BOYHbIC (Daiiiibl ¢ pacumperueM .h.

Eciu Ob1 mporpaMma cojieprkaia HeCKOIbKO (hailiioB ¢ HCXOAHBIMU TEKCTAMH M 3ar0JI0BOYHBIC (haiiiibl,
coJiep Kalecs, HampuMep, B Manke mpoekra ¢ uMeHem include, To ckoMmuiaMpoBaTh €€ € MOMOIIBIO
KOMaH/IHOU CTPOKH MOKHO OBLIO ObI TaK:

gcc wumMmsa_ucxomHoro ¢ainal.C wuMsa ucxomHoro (aitna2.C -0 WMs_HCIOJIHsAEMOTro aiia
-1./include

CKOMIUIIMPOBATH CIOXKHBIN MPOEKT, COAEpKaluii Ooee JecsiTka pa3HbIX (aioB, U3 KOMaHIHOU
CTPOKH OYE€Hb HE IIPOCTO, OCOOCHHO €CJIM OH UCHOJIb3YyeT pa3IuyHble CTaHAapTHBIE OnbaroTeku CH.

JIrobast cpena pa3pabOOTKH BBIOJHSIET BCE DTHU ONEpAIlMH aBTOMATHYECKH, KOT/Ia MBIl HAKHMaeM
kHOnKy «Co6pamuby (Build). Bee myTtn k craHAapTHBIM OMOIHOTEKaM s13bIKa OOBIYHO HACTPAMBAIOTCS 10
YMOJTYaHUIO, & KOMIIIATOPHI YKa3bIBAlOTCS 1MO100HO KoMiuiekTam B Qt Creator.

Ho ecnm mporpamma co3jmaercs A Kakoro-1nbo MHMKPOKOHTPOJUIEpa, TO K CTaHAAPTHBIM
OuOIMOTEKaM 0053aTeNTbHO HYXXHO J00aBJIATh MCXOJHBIE M 3aroJIOBOYHBIC (Dailibl UMEHHO HJisi 3TOTO
KOHTpoJuiepa. B Takux ¢aiinax cogep>XxuTcsi MOJHBINA HHCTPpYMEHTapui Ui paboThl ¢ perucTpaMu, HOpTaMu
u nepudepueit KouTposuiepa. Ml UMEHHO 3TOTO IO YMOJTYaHUIO HET B COCTaBe OOJIBIIMHCTBA YHUBEPCATHHBIX
cpen, Takux kak Qt Creator.

ToT cambIil «Ipyroif MeXaHu3M», 0 KOTOPOM TOBOPHJIOCH B CAMOM Hadaiie, Mo3BoJsieT coo0mmuTh Qt
Creator Bce HaCTpOMKHU MPOEKTA: MOJIEb KOHTPOJIEpa, KOMIMISATOPHI, MyTH K OuOnIHoTekaM u daiinam c
UCXOJHBIMU KOJIAaMH, 3arojIOBOYHBIM (ailiaM mpoekTa U OubnuoTek KoHTposuiepa. HaspiBaeTcst Takoit
mexann3M Makefile, on BeimonHsieTcs crienmanbHON porpammoii make.

[To ymomuanuro B OC Windows oTcyTCTBYeT Takas mporpamma, T.K. Bce mporpammsbl B 3toir OC yixke
CKOMITMJIMPOBAHBI, UX UCXOAHBIN KOJ B OOJIBIIIMHCTBE CIy4aeB sBisieTcs koMmMmepyeckuM. Hagobnoctu st
OoubIIMHCTBA TOJIb30Bateneit Windows B cucreme coopku make Her.

B otnmume or Windows B OC Linux Bce mporpaMmsl, Kak U cam LiNUX, UMEIOT OTKPBITHIN HCXOIHBIN
KO/, a CUCTeMa COOPKU BXOJUT B OOJIBIIMHCTBO TUCTPUOBIOTUBOB IO YMOJIYAHUIO.

[Tpu ycranoBke Qt Creator Obuta Takke yCTaHOBIICHA cucTeMa cOOpKH M KoMmwsiimu st Windows
MinGW. B nupexropun MinGW coxaepskutcst daiin MinGW32-make.exe, KOTOpsIii SBISETCS HYXKHON HaM
cucteMoi cOopku 11 KOHTposuiepoB AVR.

CkomnupyeM 3TOT (aiia B Ir000e MecTo U nepeumMeryeM ero B make.exe. [Tomectum ero oOpatHo B Ty
xe manky MinGW. Jlo6aBum myTh k otoii nanke B «Ilepemennbie okpykenust Windowsy. Ilepesarpysum
KOMITBIOTEP. DTH JelcTBHS HeoOXoauMbl, uToObl Qt Creator Mor HaiiTh yrruimuty make.exe.



[Tocnie 3TOro HEOOXOIMMO TONTYYHTh y MpenoaaBaress apxus atmegal6 (Win).zip, pasapxuBupoBath
ero B manky c mpoektamu Qt Creator, 3anmyctute Qt Creator m OTKpBITH TPOEKT, BBIOpaB (aiin
atmegal6.creator.

B apxuBe comepxutTcs maOioH TpoekTa miia KoHTposuiepa ATmegal6. OcHOBHBIE HACTPONKH
Haxojstcs B (haite Makefile. B Hem cnenyer u3MeHuTh myTu K (aiiiam M mamnkam B 3aBUCHUMOCTH OT HX
PAacIoNIOKEHMs Ha KOMITBIOTEPE.

KonTposbHbIe BONpoCchI

1. Yro Takoe Qt Creator? Jlyis uero oH UCHOJIb3yeTcs?

2. ITouemy Qt Creator na3sIBatoT Kpoccriaar(popMeHHbIM?

3. Uto HeoOXomuMo caenarb, 4ToObl HammcanHas B Qt Creator mporpamMma Obuta COBMECTHMA C
pasubivu OC?

JIABOPATOPHAA PABOTA Nel4

«BBegenue B a3bik nporpammupoBanus C. [Ipocreiimas nporpamma

Ilenp paOoTHI: H3yyeHHE OCHOBHBIX TEPMHUHOB M TMOHSATHH s3bIka mporpammupoBanus C,
npuoOpeTeHNe HaBbIKOB HAlTMCaHUsI MporpaMMm Ha sizbike C.

BBeaenue

S3pik porpammupoBanusi C (Cu) Obu1 pa3pabotan cotpyanukoM koproparuu Bell Labs (mpexuee
nasBanue AT&T Bell Laboratories) [Isuarcom Putun B 1973 roay Asst HanmMcaHust ONEPAiiOHHON CHCTEMBI
Unix. [Tozxe C ObUT aIaTUPOBAH MO MHOXKECTBO IPYTUX MIAT(HOPM U OMIEPAMOHHBIX CHCTEM, TTOJYYHII B
CBOEM Pa3BUTUH HECKOJIBKO PENAKIMiA ¥ cTall OCHOBOM Juis si3bikoB C#, C++, Java.

SI3bIKM  MPOrpaMMHPOBAHUS MOXKHO  pa3feduTh Ha JBE TPYINbL: KOMIWIHPYEMBIE U
uHTepnpeTrpyembie. B unTepnperupyembix si3vikax (PHP, Perl, Python) xox mporpaMmbl BBIIOTHSIETCS €
MIOMOIIBIO CIEUATBHOM MPOrpaMMbI-MHTEPIPETATOPa MOCTPOUYHO. B KoMmumpyemsix si3bikax (C, C++)
BECh UCXOHBII KO TPOrpaMMBbI IIEPEBOJAUTCS B MAIIIMHHBIC KOJIbI C IIOMOIIBIO KOMIHIIsATOpa. [IporpaMmsi,
HANMCAHHBIC HA TAKUX S3bIKAX, BBIMOIHIOTCS 3HAYUTEIILHO ObICTpEE.

[IporpaMMbl MOXXHO THCaTh B JIOOOM TEKCTOBOM peIakTope, Hamboiee yIOOHBIMH H3 KOTOPBIX
seisiroTest Sublime Text 3, Notepad++, wiau ucmons30BaTh s 3TOT0 cpeny paspaborku (IDE — Integrated
Development Environment), nanpumep Qt Creator, NetBeans, Visual Studio Code. [dns xkommuismuu
UCXOMHBIX (DalIIOB ¢ TIporpaMMaMH U TTOJIyYeHHs 3aIryckaeMoro (aina Heooxoaum KoMmmisiTop. CambiM
nonyJsipHbIM  KommuiisitopoMm  siBiisiercs GCC, BXxopasimuii B OeCIUIaTHBIN IMakeT CPEICTB pa3padOTKu
nporpamm MinGW (s OC Windows).

s nHanucanusi nporpaMM Ha C MOTYT OBITh MCIOJIB30BaHbI BCE OYKBBI aHTJIHMICKOTO andaButa
(3ariaBHbIE U CTPOYHBIC), IIU(PBI U CIIEIHATBHBIE CHMBOJIBI (, . + - ¥ A& =~<>(){}[]|%!?2““:; /\
#).

[TporpamMMbl CTpOSITCS W3 TOANPOTPaMM, KOTOPbIE MPHHATO Ha3biBaTh (QyHKIHAMHU. S3bik C
IpeAIoaraeT CIeIyoUIyIo CTPYKTYpY QyHKIUI:

mun ums (apaymenmoi)

{

UHCMPYKYUU, Onepayull, 8bl306bl QYHKYULl u m.o.;



return suauenue;

¥

B mpuBeneHHO CTpyKType mun — HaMMEHOBaHHE HaOOpa BO3MOKHBIX 3HAYCHUH, BO3BpAIlacMbIX
¢yHkuueil B pe3ynbTare €€ BBINOJHEHHS, apeyMeHmyvl — TepelaBaeMble B (DYHKIHIO IEpEMEHHBIE,
HEoOXoauMBbIe [Tt ee paboThl, return — omepaTop, OCYIIECTBIISIONINA BHIXOM M3 (QYHKIMH. APTyMEHTHI
GyHKIIMM U 3HaYeHUE mocie return He sBISIOTCS o0s3aTenbHBIMU. CleyeT OTMETUTh, YTO HEKOTOPHIC
KOMITHJISITOPBI BBIAIOT MPEAYNPEKICHUE WU JaKe OMMOKY NPU OTCYTCTBHHM apryMeHTOB (yHKIuu. B
ITOM CJy4ae BMECTO apryMEHTOB YKa3bIBAlOT KIIFO4YeBOE cioBo VOId (oT aHri. «mycroit»). [Tocie return
3HAYCHUsI MOXET He OBITh B TOM Cilydae, eciid ()yHKIIMsI HE BO3BpAIllaeT 3HAYCHUE PE3yJbTara, MPU STOM
THII, YKa3aHHBIH TIepel IMeHeM () YHKIIHH J0JDKCH ObITh yKa3aH ciioBoM VOid. Teno ¢pyHkinu, Kak u 1100010
0J10ka MHCTPYKIMH si3bika C, 3aKirouaeTcs B GUrypHbie CKOOKH { }.

[Tpu BBIMOJHEHUH [TPOrPAMMBI IIEPBOM BBITIOJHSACTCS TIaBHAs QYHKIMS ¢ UMEHEM Main.

int main()

{
//Kon mporpaMMbl
return 0O;

}

[lpu HammcaHuu MporpaMmbl moj onepauuoHHyro cucremy Windows wmm Linux ¢yHkus main
JIOJDKHA UMETh THIT BO3BpaIaeMoro 3HadeHust iNt (1eJ0YrCIeHHbIH TUTT JaHHbBIX ), T.C. TOCJC BBIIOIHEHHS
nporpaMMa J0JDKHA BEPHYTH ONEPAIMOHHON CHCTEME Pe3yiIbTaT KOPPEKTHOTO 3aBEPIICHUS, B TPOTUBHOM
ciyqae OC ¢ukcupyer ommOKy mpuiiokeHus. B mporpammax, HalnuMCaHHBIX IJiI MUKPOKOHTPOJLIEPOB,
yacTo riaBHas GyHKIMsA uMeeT 3arooBok Void main(void) uz-3a orcyrerBus OC Kak TaKOBOIA.

B npuBeneHHOM nmpumepe TNaBHOM (QyHKINM yKa3aH KOMMEHTapuil Buaa «//Koo npoepammor». JIBe
KOCBIE YepThl 0003HAYaIOT KOMMEHTapuil 10 KOHIIA CTPOKH, T.€. BCE, YTO HAXOIUTCS TOCIe // 10 KOHIa
CTPOKU KOMIIIATOPOM OyJIeT MPOUTHOPUPOBAHO. 3HaKaMu /* u */ 0003HA4alOT HAYaJI0 U OKOHYaHHE OJI0Ka
KOMMEHTApHsI C MPOU3BOJIEHBIM KOJIMYECTBOM CTPOK.

Kaxxgast ”HCTpYKIIMSI TPOTPaMMBI TOJKHA 3aKaHUYMBATHCS TOUKOH € 3aIsITOM ).

®aiin, coaepkalrii UICXOAHBIA KOJI MPOTPaMMBI, JOJIKEH UMETh paciiupeHue «.c». Kpome daitnos ¢
UCXOJHBIMU KoJaMHu B si3bike C HCIONIB3YIOT 3arojioBouHbIe (hailyibl, mMeromue pacimpenue «.hy. B Hux
COJIEpIKaTCsl TOJIBKO 3arojIOBKHU (OMMCAaHUA) (PYHKIMMA, KOTOPbIE MOTYT ObITh UCIIOJIB30BAaHbI B IIPOrpaMMe.
Camu ke GYHKIUH coAepKaTcsi B OJHOMMEHHOM 3arolloBoYHOMY (Haiiiny ¢ pacmupeHueM «.c». s
MIOJIKJTFOUEHHS 3aroI0BOYHOrO (haiiima mpumenstor aupektuBy #include <waseanue ¢haiina.h> B camom
Hayvase Qaiiia ¢ HCXOIHBIM KOJIOM MPOTPaMMBL.

[TogoOHBIIT MeXaHW3M OYeHb yA00€H B OOJBIIMX MO O0BEMY KOJa MPOEKTaX, BHITJISAIUT OH, Kak
IoKa3aHo Ha puc. 14.1.
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A [Z] Functions.c
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E:I main.c

int main(void)

int ¢ = sum(2, 2); [int sumCint a, int b);

return 0; =
£ functions.c - brokwer [~ [O1][X|
int sum(int a, int h)
\g CeTes0e OKpYHEHHe int s;
s =a+ b;
return s;
Mannnfun X )

Puc. 14.1. Ctpyktypa (aiinoB B s3pike C

Hupexrusa #include coobaer crieruanbHO# Iporpamme, 00padaThiBaroOLIel TEKCT HCXOAHOTO KOJIa U
Ha3bIBAIOIIEHCA TPEMPOIIECCOPOM, UYTO B KOJAE colepx arcs (YHKIHH, OMUCAHWE KOTOPHIX HAXOIHUTCS B
¢aiine functions.c. Ipenporeccop BBIMOJIHAET 0OpabdOTKY HCXOAHOrO Koja o Kommuistopa. Kaxkmas
nupektuBa #include pasmenaercss ¢ HOBOM CTPOKH, IIO3TOMY B KOHIIE CTPOKH ¢ AupeKkTHBOM #INnclude 3nak
«;» HE CTaBUTCS.

OtMeTHM enie ofHy 0coOeHHOCTh nupekTHBHI #include, cocTosiyro B TOM, 4TO UM YKa3aHHOTO 3a
Hel 3aroJIoBOYHOro (haitna MoXKeT ObITh 3aKIIFOYEHO B KaBBIUKU MJIM B YIJIOBBIE CKOOKH. B mepBom cityuae
npenpolieccop OyaeT UCKaTh YKa3aHHBIN 3ar0JI0OBOYHBIN (Dailyl B IOKAJILHOM Marke MpoeKTa, a BO BTOPOM — B
narke cpejibl pa3paboTKu.

[Ipu BeIMOIHEHNM HporpamMmbl Ha puc. 14.1 nepeMeHHO# ¢ OyaeT NpUCBOEH Pe3yJIbTaT BHIIOJHEHUS
(GyHKIMK SUM, apryMeHTaMu KOTOpoit OyayT /Ba uncna 2 u 2.

CymectByeT OO0NbIlIOE KOJWYECTBO PEKOMEHJALMK IO CTUIIIO HalMCaHUS KOJAa IMporpamMMm. OTH
pPEKOMEH/IallMU TO3BOJIAIOT CHeNaTh KOJ MAaKCUMaJlbHO YJOOHBIM JUISi BOCHPUATHS, MOBBICUTH €ro
yuTaeMocTh. ClieIyeT 03HaKOMHUTHCS C MOJA0OHBIMU PEKOMEHIAMSIMHI CaMOCTOSTENbHO.

IMopsiiok BHINOJHEHUS PAOOTHI

1. Co3aTh HOBYIO MAIKY JUIs IPOEKTa. PeKoMeH TyeTcs He UCTIONIb30BaTh B ITyTH PYCCKUE OYKBBI.

2. Co3nath B Marnke TEKCTOBBIN (hailyl, ”3BMEHUTH €ro UMs Mo BarieMy ycMOTpeHHUIO U pacuiipeHue
«e.

3. Hamucats B (haiine crieayronuii JMCTUHT:

#include <stdio.h>

int main()

{
printf(“Hello World!”);
return O;

¥

4. CoxpaHHUTh U3MECHEHUS B (aiiie. 3amycTuTh KOHCOIb ([1yck->Buinoanums...->cmd.exe).

5. Tlepeiitu B manky npoekta (Cd [ums oucka] :\[ums nanxu]).

6. BemonHuth KOMaHay: QcC [umsa atina.c]/. Ilporpamma OyneT CKOMIMJIMPOBAHHA, €CITU HE
BO3ZHHKJIO OIIMOOK, U B IMaIKe C MPOrpaMMON aBTOMAaTUYECKH OyAeT co3maH Qaiir a.exe.



7. 3anyCTUTh B KOHCOJIM BHOBb CO3JIaHHBIN (aili: a [maccams Enter]. B xoHcomu OyaeT BBIBEICHO
Hello World!

8. IIpuBectu B oT4eTe 1Mo paboTe IUCTUHT IPOTPAMMBI, JONOJHEHHBIH KOMMEHTapUSIMHU.
KoHTpoJibHBIE BOIIPOCHI

1. Yto Takoe koMnmisTop? YeMm OTIMYAIOTCS KOMIMJIMPYEMBIE $I3BIKM IIPOrPAaMMHUPOBAHUS OT
UHTEPIPETUPYEMBIX ?

2. Yro takoe ¢ynkuus B s3pike C? B uem ornmume rnaBHOM (yHKuMu? OOBACHUTE CTPYKTYPY
GyHKIIHH.

3. Uto Takoe 3arosioBouyHbIi (aiin? KakoBo ero HazHaueHue?

4. Yro rtakoe aupektuBa #include? Jlns yero oma ucmosn3yercs? Kakwme crmocoObl yKa3aHHS
3aroJioBOYHBIX (haiiiioB Bel 3HaeTe? B uem ux oTimaus?

5. Kakue criocoObl Hanucanusi KOMMeHTapueB Ha si3bike C Bbl 3HaeTe?

6. Uto Ttakoe omneparop return? O0bsicHUTE €ro UCIOJIb30BaHUE.

7. Kakoii koMmuiasTop sBisercss Hambosiee pacmpoctpanenHbiM B OC Windows? Kak co3math
ucronHsgeMblii  ¢aitn ¢ momomnipio koucoan OC Windows? Kakoe uMs M0 yMOJYaHHIO MOJIydaeT
WCITOJTHAEMBIN (pailit mocie KOMIUISIIN?

JIABOPATOPHA PABOTA Nel5

«I/IsyquI/Ie THUIIOB JAHHBIX SA3BbIKa C»

HCJ'IB pa6OTI>II N3YUYCHUC OCHOBHBLIX THUIIOB [JAHHBIX, OIPCACICHUC TIOHATUA nepeMeHHoﬁ u
PasMEIICHUA IICPEMCHHBIX B ITaAMATH.

BBeaenue

Bce nannble, ¢ KOTOpBIMU pabOTaeT Mporpamma, XpaHsrcs B siuelikax ornepaTuBHOM nmamatu. Kaxnas
s4elika MmaMsATH UMeeT CBOM ajpec, Mo o0HO syelkaM TaOJHIIbl, HAXOAALUIMMCS Ha MEePEecedeHnn CTPOK U
cronbioB. Eciu mporpamma pabotaet moj omnepaimontoi cuctemoit (Windows, Linux), To mpu KaxmaoMm
3amycke 3TOM MporpamMMbl €€ JaHHble OyAYyT pa3Melarbcs B sdyeKkax MaMsATH C pa3HbIMU ajpecamy,
CBOOOTHBIMU B MOMEHT 3arrycka. [locie 3aBepiieHnst mporpaMMbl TYEHKH TaMSTH OCBOOOKIAIOTCS M MOTYT
ucnoinb3osarbest OC 1o He0OXO0IUMOCTH.

JlaHHBIE TIPEACTABISIOT COOON TBOWYHBIE KOIBI, KOJIMYECTBO OWT KOTOPBIX KPAaTHO BOCHMH, T.€.
oJHOMY OaiiTy. JlaHHBIE MOTYT UMETh pa3HyIo JUIMHY: 1 Gaiit, 2 Gaiita, 4 Gaiita.

Ilepemennvimy HA3BIBAIOT TAHHBIE, 3HAUYCHHUSI KOTOPBIX MOTYT MEHSATHCS B X0/1€ pabOTHI IIPOTPAMMBI.
Koncmanmer — 3TO naHHbIE, 3HaU€HHE KOTOPBIX IIOCTOSHHO, ONpEAEseTcs B Hayale BbIMOJIHEHUS
IIPOTPaMMBI X HE MOKET OBITh U3MEHEHO TPH €€ JTaTbHEHIIIeM BBITOTHEHHH.

OOpamaTtbcss K JaHHBIM IO ajpecy, KOTOPBI MpH KaXJOM 3allycKe MporpaMMbl MeEHSETCH,
HEBO3MOXXHO. [109TOMY NMaHHBIM MPHUHSITO JaBaTh WMS, a YTOOBI ONPENEIUTh UX JUIMHY H JOMyCTUMBIE
olepanyu HaJl HUIMU — THII.

S3pik C 4acTO HaA3BIBAIOT SI3BIKOM CO CTPOTOM CTATHMYECKOW THIHM3alUed. JTO 3HAYUT, YTO BCE
IEpEMEHHbIE JIOJDKHBI UMETh OIpPEJCNCHHBIH THI 10 KOMIWISALMHU, T.€. HE MOXKET OBITh JaHHBIX, THII
KOTOPBIX OyZIET OIpe/esieH MPH BBITIOJTHEHUH TPOTPaMMBI.

Wms nepeMeHHoM (MIeHTH(PHUKATOP) MOXKET COAepkKaTh OYKBBI aHIIIMHCKOTO ajdaBuTa, U(PHL, 3HAK
noquepkuBanus. [Ipudem onHa m Ta ke OyKBa, 3alMcaHHas B Pa3HbIX pPErucTpax (MpONUCHas WIN
cTpouHasi), OyJeT BOCIPUHUMATHLCS KaK pa3Hble HAeHTU(UKaTopsl. Hanmpumep, nepeMeHHbIe «A» U «a» —
JIBE pa3Hble epeMeHHble. MIMst He MoxeT HaunHaTbes ¢ LUdpsl. [IpUHATO 3anKChIBaTh UMEHA IEPEMEHHBIX
NO-aHTJIMICKA B CMEUIAHHOM pErHCTpe, HauumHas ¢ HuwkHero (mpaBwibHO — book, bookNumber,
uenpasmibHo — Kniga, nomerKnigi).



B s3pike C umeeTcss HaboOp 3ape3epBUPOBAHHBIX CJIOB, KOTOPBbIE HE MOTYT SIBISITHCS HAa3BAHUEM
nepeMeHHoit: auto, break, case, char, const, continue, default, do, double, else, enum, extern, float, for, goto,
if, int, long, register, return, short, signed, sizeof, static, struct, switch, typedef, union, unsigned, void,
volatile, while.

BbazoBblie UMbl JaHHBIX s13bIKa C CIEAYIOIHUE:

- char — uensie yncna ot -128 mo 127 (8 6ur);

- unsigned char — nensie unca ot 0 g0 255 (8 Our);

- short — nenbie yncia ot -32 768 1o 32 767 (16 6ur);

- unsigned short — iieneie yrcaa ot 0 10 65 535 (16 6ur);

- int — nenbie yncaa ot —2 147 483 648 mo 2 147 483 647 (32 6uta) aus 32- u Gosee -pa3psaHbIX
cuctem, u ot -32 768 no 32 767 (16 6ut) muid 8- n 16-OUTHBIX CUCTEM;

- unsigned int — apamoruaso int ot 0 g0 4 294 967 295 wu g0 65 535;

- long int — nienbie uncna ot —2 147 483 648 o 2 147 483 647 (32 6ura);

- unsigned long int — mensie yucna ot 0 10 4 294 967 295 (32 Oura);

- long long int — mensie yrcaa ot —9 223 372 036 854 775 808 mo 9 223 372 036 854 775 807 (64
ouTa);

- unsigned long long int — uensie yucna ot 0 g0 18 446 744 073 709 551 615 (64 6ura),

- float — BemecTBEeHHOE YHMCIIO C IJIABAKOIICH TOUKOW B Auamna3one +/- 3.4E-38 no 3.4E+38 (32 Oura);

- double — BemecTBeHHOE YKCIIO ¢ TUTIABaKONICH TOYKOW B Auanazone +/- 1.7E-308 no 1.7E+308 (64
ouTa);

- MMIEPEeMCHHAsI CHMBOJIBHOT'O THIIA XPAaHHUT KOJ cMMBOJa (OYKBBI, TU(PHI, 3HAKA U T.I.), 3AaHAMACT B
naMsTH 8 OHT, MpeacTaBiIseTcs ThumomM char.

Kak BWIHO, HEKOTOPHIE THITBI JAHHBIX 3aHUMAIOT Pa3HOE KOJMYECTBO MAMSTH B 3aBUCUMOCTH OT
wiatpopmbl. [l ciyuaeB, Korja HEOOXOIMMO TOYHO 3HATh pasMep Tuma B Oaitax, B si3pike C
peyCMOTPEH oreparop SiZeof(ums nepemennoti), BO3BpaIaONMi pasMep THIA YKa3aHHOHW B CKOOKax
IIEPEMEHHOM.

[Tpexae 4yeM UCIoIbh30BaTh IEPEMEHHYIO B IIPOTpaMMe, €€ HE00XO0IMMO OOBSIBUTH, T.€. YKa3aTh €€ THIT
U WM.

char a;
intb =10;

Hnuyuanusayueri iepeMEHHON HA3bIBAIOT MPHUCBOCHUE €W 3HAYEHUs. DTO MOXHO ClieNaTh MpU
OOBSIBIICHHH, KaKk C T[EPEeMEHHOW D B mpumepe Bbllle, WIM TMO3KE B KOJAE MPOTPAMMBI.
HennnnmanusupoBanHas IepeMeHHasi XpaHAT «MYCOP», OCTABLIMICS B TYEHKAaX ONEPATUBHOM ITAMSTH.

Crnenyer BbIOMpaTh TUI IEPEMEHHON C Y4eTOM €€ BO3MOXKHBIX 3HaueHHWi. Hampumep, nepemenHas,
XpaHAIIas KOJUYECTBO CTYAEHTOB IPYMIbI, HE MOKET NMPUHUMATh OTPULIATENIbHbIE 3HAYEHUS U BPS JIK
npeBbIcUT yuciio 255. [ToaToMy Helenecoo0pa3HO pacxo0BaTh ONEPATHUBHYIO MaMsATh, 0003HaYasi TaKylo
nepeMeHHyo Tumom int. Iy aToro aydiiie KCmob30BaTh TUI UNsigned char.

Ecnu nHMIManm3npoBath epeMeHHY0 3HaYeHUEM BHE uara3ona tuma (unsigned char a = 256;), to
Ha 3Tare KOMIWISILIMKA IpOoTrpaMMbl BO3HUKHET omnOKka. OJTHAKO MepernoIHeHUEe TUIa IEPEMEHHON MOXKET
IIPOM30MTH MPH BBINOJIHEHNH Iporpammsel. Hanpumep,

unsigned chara=255,b =1, c;
c=a+b;

B nmporpamme oObsBICHBI 8-OMTHBIE IMEPEMEHHBIE «@, D, C», ¢ BO3MOXKHBIM JHANIA30HOM 3HAYCHHI

0..255. Iloce BBIMOMHEHUS IPOTPaMMBI B IIEPEMEHHOM «C» He OyzeT 3HaueHue 256, Kak 3TO 0KUAAeTCs, a
Ooynet xpanutbes 0. CioXxuM B IBOMYHOM cucTeMe yucia 255 u 1.

1111 1111 (255)

0000 0001 (1)



10000 0000 (256)

Enununa camoro crapiiero paspsiia He momemniaerca B 8 OUT MEPEeMEHHON «C», MO3TOMY B HEW
ocTaHyTcsl TOJIbKO HynmH. Criemyer y4yuThIBaTh 3TOT (HakT, 4TOOBI H30€KaThb BO3MOXKHBIX KOJUIM3UN
IPOrpaMMBl.

Kak ymomuHasioch paHee, repeMeHHas Tha Char Moer ObITh MCIOJNB30BaHA Ui XPaHEHUS KoJa
CUMBOJa. THUIIManM3upoBaTh TaKylO IEPEMEHHYIO MOXKHO TaK:

charc=‘f;

B nepemennoit «C» Oymer xpaHuThes umciao 102, coorBercTByIoliee cUMBOIY «f» Tabmumbr ascii
(auri. American standard code for information interchange).

B s3pike C OTCyTCTBYeT JOTMYECKHI THIT JaHHBIX. BMecTo HEro Moryt ObITh HCHOJB30BaHBI
[EJIOYMCIICHHBIE TUITBI. 3HAYEHUIO «JI0Kb)» COOTBETCTBYET HOJIb, «MCTHHE)» — JIF000E 1IEJI0€ YHCII0, OTIMIHOE
or Hyns. OnmHako s yAoOCTBAa HANMHUCAHHS NPOrpaMM U HArMsSAHOCTH B si3bike C TPUCYTCTBYET
CTaHJIapTHBIN 3arooBouHblid (aiin stdbool.h, cogepskaruii Makpocsl, onpenensronue T bool, 3HaueHue
true (uctuna) u false (;oxsp). s ero moaKIFOUEHHS ClieyeT UCIOIb30BaTh AUpekTuBy #include.

Onepauuu u ux odbo3znadenust B C ciieayromnue:

+ — CJIOKEHUE,

- — BBIYUTAHHE;
* — YMHOXKEHUE;
| — nenenue;

% — OCTaTOK OT JAEJICHHUS;
++ — HHKpeMEHTUpOBaHuE (yBeIu4eHue Ha 1):

I++; // npubasumo Kk 3Hauenuro nepemennoll | eounuyy
++i; // npubasums k 3nauenuro nepemenHol | eOuHUYy

-- — IEKpeMeHTprpoBaHue (yMeHbIIeHrne Ha 1):

I--; // ymenvuumo 3nauenue nepemenHol | na eounuyy
--1; // ymenvuume 3Hauenue nepemennoll | Ha eOuHuyy

= — omepanus MPUCBOCHUS 3HAUCHIS,

== — cpaBHEHHE Ha PaBEHCTBO, BO3BpallaeT 1, eciiu cpaBHUBaeMble 3HaUE€HUs (onepanovl) paBHbL, 0 —
B TIPOTHBHOM CITy4ae;

> — Bo3Bpaulaer 1, ecau nepsblil onepan 60blIe BTOPOTo;

< — BO3BpamiaeT 1, eciu MepBbIi ONepaH ] MEHbIIIE BTOPOTO;

>= — Bo3Bpalaer 1, eciu nepBblit onepan] 00JIbIle UM PaBEH BTOPOMY;

<= — Bo3Bpamaer |, eciu MepBbIii ONepaH ] MEHBIIIE WM PaBEH BTOPOMY;

I= — Bo3Bpamaer 1, ecinu nepBblil ONepaHa HE paBEH BTOPOMY;

I — oTpumanmue;

&& — Bo3Bpamaer 1, eciau 06a ycioBusl paBHbI HCTHHE:

if ((@==b) && (b >0))...; Veciu a pasro b u b 6orbie 0

& — KOHBIOHKITHS, JIOTHIECKOE YMHOKEHHE;
|| — Bo3Bpamaer 1, eciiu X0Tst ObI OJTHO YCIIOBHE PABHO UCTHHE:

if ((@==hb)|| (b>0))...; Veciu a pasro b uru b 6orvue 0



| — TM3BIOHKIIKS, TOTHYECKOE CIIOKCHHUE;

N — MCKIIIOYarollee Uiu;

~ — lopa3psiiHas HHBEpCUsl (OTPULIAHUE);

<< — nOoOUTOBBIN CABUI BJIEBO HA 33JJaHHOE KOJIMYECTBO Pa3psI0B:

inta=3<<2;

>> — MOOUTOBBIN CABUI BIIPABO Ha 3a1aHHOC KOJIUYCCTBO pa3psaa0B.
ApI/I(bMeTI/I‘-IeCKI/Ie, JIOTMYCCKUEC U CABUI'OBBLIC OIICpallui MOKHO O6'beI[I/IHI/ITB C IPpUCBAaNBaHUCM:

a+=2, // pagnocunvbho a = a + 2
b &=3; // pasnocunvro b = b & 3
¢ <<=1, // pasnocunrvno ¢ <<'1

Baxnoil ocobeHHOCTBIO si3blka C SBISETCS MOHATHE 00aacmu SUOUMOCU NEPeMEHHbIX. ITUM
TEPMHHOM OIIPEIEISIOT OJIOKH MPOTrpaMMbl, B KOTOPBIX OOBSIBICHHBIC TIEPEMEHHbIE AOCTYMHBL. [losicHuM

9TO NPpUMEPOM C KOMMCHTAPUSIMMU:

int main(void)

{
unsigned char a; //06BABUNU NEPEMEHRYIO A, OHA
//0ocmynna 60 6cex 810MHCEHHBIX ONOKAX
//pynkyuu main
for (@=0;a<10; at+) /fyuxn na 10 nosmopenuil seisemcs
//8NONCEHHBIM NO OMHOWEHUIO K MAIN
{
unsigned char b; /ob6wseuru nepementyio b
b=a; //nepenucanu 3nadenue u3 a 8 b
} //KOHey Yukia
b=0; //owubka — nepemennas b docmynna
//monvko 6 mom 610Ke, 20e ona Ovlia
//obvsaenena, m.e. 8 yuxie for
return O;
h

Takum 00pazom, nepeMeHHbIe, OObSIBIEHHBIE B KAKOM-JINOO BJIOXEHHOM OJIOKE, JOCTYIHBI TOJIBKO
BHYTPH 3TOT0 0JI0Ka WJIK BO BIIOXKEHHBIX B HEr0O OJI0OKaX, HO HE 3a TpaHUIIaMH 3TOT0 OJ0Ka.

Bo3M0okHO 00BSIBICHHME W MHUIMANW3AIMS TEPEMEHHON Aaxke 10 riaBHON (yHkumu main. Takue
NepeMEeHHbIe TOCTYIHBI BO BceX (PyHKUMAX M Onokax ¢aiia mporpaMMbl U Ha3bIBAIOTCA 2100ATbHbIMU
nepemennvimu. Cienyer u30eratb HCIOIb30BAHMUS INI00ATBHBIX TEPEMEHHBIX, T.K. 0YE€Hb CII0KHO OTCIIEUTh
BCE M3MEHEHHS] TaKOW MepeMeHHOW Ipu OOJbIIOM KOJUYecTBE (YHKIUN MpOrpaMMbl, CIOKHO HAWTH
OIIMOKY B KOJIE.

Jlnst 3a1aHusl MIMEHOBAHHBIX KOHCTAHT B si3bike C MCIONb3yeTCs AUPEKTHBA mpernpoiieccopa #define:

#define UMSI KOHCTAHTDbI 3na4enue

B coo0recTBe pa3pabOTINKOB IPHHATO 3aIIHCHIBATD MMsI KOHCTAHTBI B BEPXHEM PETHCTPE C HIDKHUM
NOJYEPKUBAHUEM B KAYECTBE Pa3IEIUTEIS.

O0acTh BUAMMOCTH KOHCTAHTHI aHAJIOTUYHA 00JIACTH BUAUMOCTH IIEPEMEHHOM.

OTMEHHUTH KOHCTaHTY MOKHO C IMTOMOIIbIO TUPEKTHUBHI #uUndef:



#undef UM KOHCTAHTBI

IHopsinok BbINOJHEHHUS PAOOTHI

1. Co3pnaiiTe HOBBIN (hAIT AJIST POTPAMMBEI.
2. BaecuTte B HEro CiaeAyIOMIHM JIMCTUHT IPOrPAMMBI:

int main()
{
unsigned char a =15
intb =138;
if (a<b);
a=Dhb;

}

3. CKOMIUIMPYITE TPOrpaMMy. 3alHUIINATE BBIBOJ KOMITIIIATOPA 00 OMNOKaX.
4. BoIICHHTE CMBICI BCEX OIIMOOK MPOrpaMMbI, HCIIOJIB3Ys MOMCKOBYIO cuctemy (Google, Yandex).
5. VcnipaBbTe OMMOKH U T00EHTECH YCIIEIIHON KOMIMIISALIUY TPOTPAMMBI.

KOHTpOJIbeIe BOITPOCHI

1. Yro Takoe nepeMeHHas? UTo 3HaUUT OOBSIBUTH U HHULUAIU3UPOBATH IEPEMEHHYIO?

2. Yrto Takoe 007aCTh BUIUMOCTU MEPEMEHHOI?

3. Yro OyneTr XpaHUTHCS B IEPEMEHHOM, €CITU €€ O0OBSBUTH, HO HE HHUITUATM3UPOBATH?

4. Yto takoe nepenonHenue tuna? [Ipusenure npumep pe3yabTaTa NEpPEenoIHEHUS.

5. Kakwue nenouyucieHHbie TUMbI TaHHBIX Bbl 3HaeTe? CKOJIBKO MECTa B ONEPATUBHOW MaMSITH OHHU
3aHUMAKoT?

6. Jlo1st uero ucnosp3yercs moaudukarop unsigned?

7. Kakue BemectBeHHble TUIIHI si3b1ka C Bbl 3Haere?

8. C momMoI11b1o Kakoro orneparopa a3bika C MOXKHO TOUHO ONPENEIUTh pa3Mep TUIla IepeMEHHON?

9. ITouemy He cieayeT UCMOIB30BATh TNI0OATBHBIC IEpEeMEHHBIE?

10. Kak 3a1aTh ”MEHOBaHHYIO KOHCTaHTY? Kak ee OTMEHUTH?

JIABOPATOPHA PABOTA Nel6

«M3yueHne MacCUBOB»

[lenb paboOThI: 03HAKOMUTHCSI C MOHSITHEM «MAacCHB», €r0 CTPYKTYpOH, criocobaMu OOBSBICHUS U
UHHUIAAIA3al1HY, TPHOOPECTH MPAKTUUYECKHUE HABBIKU pabOTHI C yKa3zaTensiMu si3bika C.

BBenenue

[Ipy HamwcaHWM MPOTPAMM YACTO MPHUXOAUTCSA paboTaTh C OOJBIIUM KOIUYECTBOM OJHOTHITHBIX
JAaHHBIX. HCHOJ’IBSOB&HI/IC JJIS HOHO6HI)IX 3aaa4 O6I)IKHOBGHHBIX nepeMeHme HpI/IBe}IeT K YBeJ'II/I‘—IeHI/IIO
JIUCTUHTA HpOFpaMMBI, ‘-IaCTOMy HOBTOpeHI/IIO OJHUX N TCX XKEC ﬂGfICTBHfI, HO IJIA paSHI:IX HepeMeHHBIX. B
TaKUX CIydasx 3HAUYUTEIHHO YJ00HEE UCIIO0Ih30BaTh MACCHUBHI.

Maccug - 370 Habop 0OHEKTOB OAHOTO THUIIA, PACTIONIOKECHHBIX B OTIEPATUBHOM MAaMSTH HETIPEPHIBHO, K
KOTOPBIM MOKHO 00paIaThes 1Mo o0meMy iMeHH.

Dnemenmom maccusa Ha3bIBAIOT OOBEKT, PACTIONOKECHHBIN B TaMSTH B TPAHUIIAX MACCUBA. Y KaXJIOTO
3JIEMEHTA MaCcCHUBa €CTh CBOU adpec, COBMAAIONINN C a[peCOM HAYaJIbHON SYCHKHU MaMATH PACIIONIOKEHUS
9TOro 3JICMCHTA, I/lHaeKC, HBHHIOHIHP'ICH HOpSI,Z[KOBBIM HOMGpOM 3JICMCHTA B MAaCCHUBC, U 3HAUYCHHUC.



Hms maccusa - 00Ut A1 BCEX PJIEMEHTOB MacCUBa UACHTU(UKATOD.

Pazmep maccusa coBmagaeT ¢ KOJIMYESCTBOM JICMECHTOB MacCHBA.

Tun maccuea - TAI 3JIEMEHTOB MacCHUBa.

Jlnuna maccusa - KOJIMYECTBO OaMT, 3aHMMaeMOE OJHHM 3JIEMECHTOM MAacCHBa, YMHOXKEHHOE Ha
KOJINYECTBO JIEMEHTOB.

MaccuB MOXKET OBITh OOBSIBIICH CJICIYIOITUM 00pa3oM:

mun umsfpazmep] = {unuyuanusayus s1emenmos;};
Ilpumep:
char a[4] ={3, 12, 6, 9};

B npumepe o0ObsABIEH MacCHB C HMEHEM a, CoJepKaluii 4 sneMenTa tuna char (8 ouT), 3HaueHus
anementoB: a[0] = 3, a[1] =12, a[2] = 6, a[3] = 9. Hymepaiius 371eMEHTOB MacCHBa HAYMHACTCS C HYJIS.

Eciu BCe 371eMEHTBI MacCHBa MHHIMAIM3UPOBAHBI B MOMEHT OOBSBICHHUS MAacCHBa, KaK B IIPHMEpPE
BBIIIC, TO pasMEp MaCcCruBa MOKCT HC YKa3bIBaTbCA, T.C. MACCUB MOYKHO 6I)IJIO OBl OOBSIBUTH TAK:

char a[] ={3, 12, 6, 9};

Ecmu IIpyu HWHUAOUAIW3alluU YKa3aHbl 3HAYCHHA HE BCEX JJICMCHTOB, TO HX 3HAYCHHA 6yIIYT
ABTOMATHYCCKHU IIPUPABHCHBI K HYJIIO.

I/IHI/ILII/IaJII/I?;aIlI/I}I 9JICMCHTOB MacCCHUBa IpHU 00BIABICHUU H€O6$I3aTeJH)Ha, T.C. OOIIYCTUMO 00BSABUTH
MacCCHUB, YKa3aB TOJIBKO €ro TUII U UM C Pa3MEpOM:

char a[4];
MaccusBbl MOTYT OLITH MHOTI'OMCEpPHBIMHU, TOT'Ia UX 00BsBIIEHNE BBITJIAAUT TakK:

mun ums/pazmepl] [pasmep?2]...[pazmepX];

[Tpu pabote ¢ MaccuBamMu yA00HO MCTIOIB30BATh IIUKIIBI, KOTOPBIE OYAYT paCCMOTPEHBI B CIICTYIOIINUX
paszzaenax IUCIUILINHBIL.

HOpﬂ)IOK BbIIIOJTHCHHUA paﬁDTI)I

Co31aTh OJHOMEPHBIA MaCCHB.

OpraHu30BaTh BBOJ] 3JICMEHTOB MacCHBa ¢ KJIaBUaTypbl GpyHkmuei scanf().
HaHI/IcaTB (bYHKIII/IIO HaXO0XKXIACHUS 2JIEMCHTA MaCcCBa C MUHUMAJIBHBIM 3HAYCHUCM.
B oruere npencTaBUTh JIMCTUHT TPOrPAMMBbl ¢ KOMMEHTAPUSIMH.

NS

KonTpoJsbHbBIE BOPOCHI

Yro Takoe MaccuB?
C KaKoro 4ucjia HAYMHACTCS HyMepallus 3JIEMSHTOB MaccuBa’?
Kakue cioco0n1 00bsBIIeHNS MaccuBa Brl 3HaeTe?
O0s13aTeNBHO JIM YKa3bIBaTh pa3Mep MacCHBA MPHU €ro OOBSIBICHUN?
Yro Takoe MHUIHAIH3AIHAI MaccuBa?

s E

JIABOPATOPHA PABOTA Nel7

«U3ydenue cTpykTyp s3bika C»



[{ens paboOTHI: YCBOMTH Ha3HAUEHUE O0BEKTA «CTPYKTYpPa», U3YUUTh CIIOCOOBI OOBSABICHUS CTPYKTYD U
WHUILMAIU3ALNN UX T1OJIEN.

BBeaenue

Cmpyxmypa - 5TO TN JaHHBIX, PeTHA3HAYCHHBIN TSl 00bEAMHEHUS PA3HBIX 0OBEKTOB MO OJTHUM
UMEHEM, KOTOpOE SIBIISICTCSl munom cmpykmypsi. B kauecTBe 0OBEKTOB MOTYT BBICTYNATh MEpEMEHHBIE,
MacCCHUBBI, YKa3aTeNu U APYTHe CTPYKTYPHI.

YToObl MOHATH HA3HAYEHUE CTPYKTYPBI, PACCMOTPUM MPUMEP U CPABHUM pEATU3AINIO TPOTPAMMBI C
MCIIO0JIb30BAHUEM MPOCTHIX NIEPEMEHHBIX, MACCUBOB U CTPYKTYP.

[Tycte TpeOyercs HamucaTth MPOrpaMMy ISl XpaHEHHs] MapKH, MOJIENM, I[BETa M TojJa BBITYCKa
aBTOMOOWJISA, BBEIEHHBIX TIOJIb30BATEJIEM C KJIIABHATYPHI.

PeanusyeM nporpammy, UCHONB3YIOLIYIO IPOCThIE IEPEMEHHBIE, IUCTUHT KOTOPOM MOKa3aH Ha puc.
17.1.

| #include <stdio.h>

~ int main(void)

{

char manufacturer[20]; //MaccuB aneMeHTOB [Ns Ha3BaHWA NPOW3BOAUTENA OAWHOW Ao 20 cHMBONOB
char model[20]; //MaccuB aneMeHTOB [Ns Ha3BaHWA Mofdenu ANWHOW Ao 20 cuMBONOB
char color[10]; //MaccuB 3neMeHTOB ONS HA3BaHWA UBeTa ANWHOA Ao 10 cuMBOnoE
unsigned int year; //nepemeHHas gnA ropa BbiNycKa
printf("Enter manufacturer of the car: ");
scanf("%s", manufacturer); //BBOA, NMpousBOAUTENA
printf("Enter model of the car: ");
scanf("%s", model); //BBoa mopenwu
printf("Enter color of the car: ");
scanf("%s", color); //eBop uBeTa
printf("Enter year of manufacturing the car: ");
scanf("%d", &year); //BBOA, roga BbinycKa
|7 printf("%s %s %s %d\n", manufacturer, model, color, year); //BuiBop BCeli MHbOpPMaLWM Ha 3SKpaH
return 0;

Terminal -

File Edit WView Search Terminal Help

Puc. 17.1. JIuctuHr nporpaMMsl ¢ IPOCTHIMU NIEPEMEHHBIMU

B npuBeneHHoil mnporpaMMe BO3MOXKHAa paboTa BCErO0 C OJHUM aOCTPaKTHBIM OOBEKTOM
(aBTOMOOMIIEM), T.K. KaXbIi €0 IapaMeTp XPaHUTCS B OTJEJIbHOM, HE CBSI3aHHOMW C APYTUMHU, IEPEMEHHOM.

Ecnmu Takux OOBEKTOB HECKOJIBKO, MOXXHO OOBSIBUTH MAacCUBBI JJIsI XPAaHEHHUS OIHOTHITHOM
uH(pOpMallMK, Kak MOKa3aHO Ha cliefyroneM pucyHke. OJHAKO U B 3TOM CIIy4ae MAacCHBBI HE CBS3aHbI
MEXIy co00i, U, MPH JOMYIIEHUHU JOIMYECKON OIMOKH B IporpamMme, BO3MOKHa olnOouHas pabora c
3JIEMEHTaMH Pa3HbIX MACCHBOB.



| #include <stdio.h>

~ int main(void)

{
har manufacturer[2][20]; //maccue 3nNeMeHTOB ANA Ha3BaHWA NPOM3BOAWTENA ANWHOA Ao 20 CUMBONOB
i model[2][20]; //maccue aneMeHTOB NS Ha3BaHUs Mofeny ANWHoW o 20 cumBonoB
i color[2][10]; //MaccHB 3NeMeHTOB A0S Ha3BaHUA UBeTa AnWHOW go 10 cumeonos
unsigned int year[2]; //nepemeHHas gns rofa Bbinycka
printf("Enter manufacturer of the car: ");
10 scanf("%s", manufacturer[1]); //BBOA MpOW3BOAMTENA
printf("Enter model of the car: ");
scanf("%s", model[l]); //BBOA MOpeEnu
printf("Enter color of the car: ");
scanf("%s", color[1]); //BBOA UBETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &year[1]); //BBOA ropga Beinycka
printf("%s %s %s %d\n", manufacturer[1l], model[1], color[l], year[1]); //BuBoA BCeil MHPOPMaLWM Ha 3KpaH
return 0;
} Terminal =
File Edit View Search Terminal Help
of manuf
amry whit ]
<RETURN> to close this window. ..
ues F o

Puc. 17.2. JIluctunr nporpamMMsl ¢ HAOOPOM MacCHUBOB

CTpyKTyphl MO3BOJISIIOT TPAKTOBAaTh IPYIITY CBS3aHHBIX MEXIY COOOH OOBEKTOB HE KaK MHOXKECTBO
OTJIEIbHBIX DJIEMEHTOB, a Kak eauHoe uenoe. CTpykTypa MpeacTaBisieT cOOOM CIIOKHBIM THUIl JTaHHBIX,
COCTaBJICHHBIN U3 IPOCTHIX TUIIOB.

CtpyKkTypa 00BSBISETCS CIEAYIOIUM 00pa3oMm:
struct Tun_cTpyKTypHI {
T uMaoaemenTal ;

TUIT UMSADJIEMEHTa2;

tui umOnemenTaN;
o

Harnnmem nmporpammy i1 paCCMOTPEHHOTO paHee MPUMEPA, HO C UCIIOIb30BAHUEM CTPYKTYPBI.



#include <stdio.h>

* struct Car {
char manufacturer[20];
char model[20];
char color[10];

unsigned int year;

s
* int main(void)
{
struct Car car;
printf("Enter manufacturer of the car: ");
scanf("%s", car.manufacturer); //BBOA NMpown3BoAMTENnA
15 printf("Enter model of the car: ");
scanf("%s", car.model); //BBOR Mogenu
printf("Enter color of the car: ");
scanf("%s", car.color); //BBOR UBeETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &car.year); //BBOR roga BhiNycka
printf("%s %s %s %d\n", car.manufacturer, car.model, car.color, car.year);
return 0; .
} Terminal - °
File Edit View Search Terminal Help
Enter manufacturer of t ar: mazda
model of the ca
sues Fo color of the ca

the car: 2008

8 red 2008
<RETURN> to close this window...

Puc. 17.3. JIucTuHT nporpaMMsbl C UCIIOJIb30BAHUEM CTPYKTYPhI

B nmpusenenHoil nporpamMme o0bsiBlieHa CTpykTypa Tuna Car. Dta CTpyKTypa COCTOMT U3 YEThIpex
3JIEMEHTOB (T10JIEH CTPYKTYPHI): MPOU3BOAUTEND, MOJIENb, LIBET U I'OJ] BBIITYCKA.

B ¢dyHkium main o0bsBlieHa epeMeHHast Car, THIT KOTopoil HasbiBaeTcst Car. Bee mosst cTpyKTypbl
9TOW NEPEMEHHOM OTHOCSTCS TOJBKO K HeW. Takke MMeercs BO3MOXKHOCTh paboTaTh € MacCHBaMHU

CTPYKTYP.
#include <stdio.h>

v struct Car {
char manufacturer[20];
char model[20];
char color[10];
unsigned int year;

}s
* [int main(void)
{
struct Car car[4];
int 1i;
™ for (i = 8; 1 < 4; i++)
{
16 printf("Enter manufacturer of the car: ");
scanf("%s", car[i].manufacturer); //BBOA nNpouzBOAMTENA
printf("Enter model of the car: ");
scanf("%s", car[i].model); //BBOO MOpenwm
printf("Enter color of the car: ");
scanf("%s", car[i].color); //BBOAO UBETA
printf("Enter year of manufacturing the car: "};
scanf("%d", &car[i].year); //BBOO ropa BhinyckKa
}
printf("%s %s %s %d\n", car[l].manufacturer, car[l].model, car[l].color, car[l].year);
return 0;
}

Puc. 17.4. JluctuHr mporpaMmbl ¢ UCHOJIB30BAHUEM MACCUBA CTPYKTYP



OO0parlreHre K 3JIEMEHTY CTPYKTYpPBI OCYIIECTBIISIETCS Yepe3 TOUKY IMOCIe MMEHH CTPYKTYphl. VMs
CTPYKTYPHOH TIEPEMEHHOW MOXKET OBITh yKa3aHO MpPHU OOBSBICHUU CTPYKTYpbl. B 3TOM ciydae oHO
pasMeniaeTcs Mmociie 3aKphIBaIoIeH PUrypHOil CKOOKH }.

[Tpu 0OBSIBIICHUH CTPYKTYP, UX Pa3pelIaeTcsi BKIAIbIBATh OJHY B IPYTYIO.

JlocTyn K 3ieMeHTaM CTPYKTYphl MOXKHO OCYIIECTBHTH C MOMOINBIO YyKazateneil. s storo
HEOOXOIMMO WHHIIMAIM3UPOBATh YKa3aTellb aJIpecoM CTPYKTypbl. [lpm 3TOM oOpamieHne K MoysM
CTPYKTYPBI OCYIIECTBISIETCS YePEe3 CTPEIKY «->».

ITopsinok BbINOJIHEHHS PadOThI

1. Hanucatp nporpamMmy y4eTa KHUT, UCIIOJIb3Ys CTPYKTYpHI si3bika C.

2. VI3MeHuTh mporpamMmy TakuM 00pa3oM, YTOOBI 3aIlOJIHEHHE IMOJIeH CTPYKTYPbl OCYILIECTBISUIOCH
BBOJIOM C KJIaBUATYpBHl.

3. Yka3aTb KOMMEHTapHU K IPOrpamMMe.

KonTposbHbie BONPOCHI

1. Yro Takoe «cTpykTypa» B si3bike Cu?

2. B ueM oTiMuMe CTPYKTYpPhI OT IEPEMEHHOM WM MaccuBa?
3. B xakux ciayyasx npearnoYTUTEIbHO UCIIOIb30BaHUE CTPYKTYP?

JIABOPATOPHA PABOTA Nel8

«S13p1k iporpammupoBanus CH. Y CIOBHBIE ONIEPATOPBI»
[{enb pabOThI: YCBOUTH CHHTAKCUC M OCOOEHHOCTH UCIOIb30BaHUs YCIOBHBIX ONEpaTopoB s3bika Cu.
Beenenue
IIpn HanucaHuM IPOrpamMmsbl YacTO NMPUXOJUTCS CPABHUBATH 3HAYECHUS IEPEMEHHBIX U BBIIOIHATH
OJIHM WJIH JIpyrue NEHCTBHUS B 3aBUCUMOCTH OT pe3yjbTaTa CpaBHEHHs. B TakoM cirydae roBOpsT, 4TO
Iporpamma pasBeTBirgeTcs. /[ 3TUX 1nenel uCnoIb3yrT YCIOBHBIE OIIEPaTOPHI.
YVenoenwiii onepamop if

[Tonnas popMma onepaTopa BBITJISIAUT CIAEAYIOIIUM 00pa3oM:

if (Ycnosue)

{

biokOnepanmiil;
}
else
{

broxOnepannii2;
}

Ecnu Vcnosue wctunno, TO BbINONHUTCS brnokOnepayutil, a uHade (T.e. Ycnosue NOXKHO) —
brokOnepayuii2. bnok onepanuii MOKET COCTOSITh U3 OJTHOM OTepaIiiu, Tora Hajauare GUrypHbIX CKOOOK
HEeo0s3aTeBHO.

if (YcnoBue)
Omnepanusl;
else



Onepanusi2;

Ecnu He TpeOyeTcsi BBIOIHATH ICHCTBUS B CIydae JIOKHOTO 3HaYCHUs Vcnogust, To OJI0K else Moxer
ObITh HCKITIOYeH. HeronHast popma onepaTopa BBITISANUT TAK:

if (Yciosue)

{
¥

B mpumepe Huke 0ObBABISETCA MEepeMeHHas &, €l MPUCBOCHO 3HAa4YeHUE 7. 3aTeM NpoBepseTCs
ycaoBue: eciu a 6oinblie 0, TO BBIBECTH Ha 9KpaH 3HAYCHHUE IIEPEMEHHOM, NHaYe — 3HaUeHHe NepeMEHHOM +
10. Pe3ynbTat BHIOJIHEHUS IPOTPAMMBI — YHCIIO 7.

biokOnepanmiil;

main

* build-example-Desktop_C

File Edit View kmarks Settings Help

Puc.18.1. I[Ipumep ycaoBHOTO onepaTopa if

Omneparop if MoxeT OBITh BJIOKEHHBIM, T.C. IOCJIE BBIMOJHEHHUS IMPOBEPKH OJHOTO YCIOBHSI
IIPOBEPSAETCA CIAEAYIOLIEE.

if (Ycnosuel)
if (YcnoBue?2)
Onepanusil;
else
Onepanus?2;

OOpatum BHUMaHUE, YTO B TAKOM Cliy4ae omius else oTHocutcs k nocneanemy if.

Onepamop semenenus SWitch



B HEKOTOpBIX ClTydasx TpeOyeTcsi POU3BOANTH CPAaBHEHHUE HE C OJIHUM 3HAYCHUEM, a C HEKOTOPBIM HX
KoJM4yecTBOM. Mcrosb3oBanue [uist 3Toro omeparopa if Moxker okazaThesi He yIOOHBIM, C TOYKH 3PEHHUS
HAIMCAaHUs MPOrpaMMbl. BeIOpaTh OAMH M3 HECKOJBKAX BAPHAHTOB BBIMOJHEHHUS MPOrPAMMBI MOKHO C
IIOMOIIIBIO oreparopa Switch..case.

switch (LlemoeBripaxeHue)

{
case 3nauenuel: bnokOnepanuiil;
break;
case 3nauenue?2: banokOnepanuii2;
break;

case 3nauenuen: biokOnepanmiin;
break;

default: bnokOnepanuiilloYMonuanuo;
break;

}

JlanHblii oniepaTop paboOTaeT CAeAYIOLUIMM 00pa3oM:

1. Beruucnsercs [lenoeBwipasicerue;

2. IlonyueHHoe 3HaYEHUE CPABHUBACTCS CO 3HAUEHUAMU,

3. Ecnu 3nauenue HaliieHO, TO BBIIOJHUTCA COOTBETCTBYIOIIMI brokOnepayutl,

4. Ecnu 3nauenue He HaIEHO, TO BRIOIHUTCS brokOnepayuiillo Ymonuanuro.

brnok default moxer orcyrcTBOoBaTh, TOrAa eciu 3Hauenue HE HAMIEHO, HE BBIMTOJHUTCS HUKAKUAX

JIEUCTBUM.

Omnmus break ocyiiecTBiasieT BBIXO U3 ONepaTopa.

ITopsinok BbINOJIHEHHS PadOTHI

1. Hammucats mporpamMmy cpaBHEHHUS ABYX BBEIEHHBIX C KIaBUATyphl yucen. B pesynbrare paboThl
porpaMMa JI0J’KHa BBIBOJIUTh PE3YyIbTaT CPaBHEHHUS.

2. O0BsACHUTDH BBIOOP TOTO MM MHOT'O YCJIOBHOTO OIlepaTopa.

KonTpoJsbHBIE BOIPOCHI

1. Yto Takoe ycioBHBIN oneparop?

2. Kakue ycnoBHsle oneparopsl Bel 3HaeTe?
3. B kakoMm ciryuae mpeArnouTHTENbHEE UCTIONB30BaTh onieparop if, a B kakom switch..case?

JIABOPATOPHAS PABOTA Nel9
«SA3b1k porpamMmmupoBanust Cu. OnepaTopsl LUK
[lenb pabOThI: YCBOUTH CHHTAKCHC M OCOOCHHOCTH UCIIOIb30BaHUS ONEPAaTOPOB IMKIIA si3bika CH.
BBenenue

Luxnom Ha3bIBaeTCA OJIOK KO/A, KOTOPBIN JUIS PELICHNUS 3a/1a41 TpeOyeTcs MIOBTOPUTH HECKOJIBKO pas.



Hukn cocTtouT u3 O0Ka MPOBEPKH YCIOBUI M Tena Iukia. L{MKI BIMONHSAETCS 0 TeX IMOp, MOKa
3HayeHue OJI0OKa MPOBEPKU YCIOBUH MCTHHHO. Teslo IMKJIA COAEPKHT IOCIEI0BATEIbHOCTh OIEpaIuii,
KOTOPAsi BBIIOJIHAETCS B CIIy4ae UCTUHHOIO YCIIOBUS IIOBTOPEHUS LIUKJIA.

B s3bike Cu ciienyroniye BUbl IUKIIOB:

while — muKII ¢ mpemycaoBueMm;
do...while — muxin ¢ mocrycioBuem;
for — mapamerpuyeckuii MK (LHUKI C 33aHHBIM YKCIIOM [TIOBTOPEHHMIA).

Luxn ¢ npedycnosuem While
LMK HMEET CIIEYIOITYI0 KOHCTPYKIIHIO:

while (YcnoBue)

{
¥

Ecnu Venosue Boinomnusercs (BbIpaykeHUE, IPOBEPSIOLIEe Venosue, He paBHO HYJIIO), TO BBIIIOJIHAETCS
broxOnepayuii, 3axkmoueHHBINA B (UTYpHBIE CKOOKH, 3aTeM Ycrosue poBepseTCs CHOBA.

[TocnenoBarenbHOCTh IEUCTBUM, COCTOSINAS U3 IPOBEPKHU Ycnosusa u BoionHeHus: brokaOnepayuil,
MOBTOPSIETCS 0 TEX IOp, NMOKa BhIpAXKEHUE, MIPOBEPSIOLIee Venosue, HE CTAHET JIOXKHBIM (PaBHBIM HYIIIO).
HpI/I OTOM IMPOUCXOAUT BbIXOA H3 HHKJIA, U HNPOU3BOAWUTCA BBIIIOJIHCHUC OIICpAIlUHU, CTO?IHIGfI II0CJIE
orepaTopa IHKIIA.

biokOnepanuii;

build-example-

View Bookmarks Settings Hel

Puc. 19.1. Pe3ynbrat padots! nukia While

[Tpu noctpoenuu nukia while, B Hero He00OXOAMMO BKIFOYUTh KOHCTPYKIHH, H3MCHSIONIUC BETUYHHY
MPOBEPSEMOr0 BBIPAXKCHHS TaK, YTOOBI B KOHIIE KOHIIOB OHO CTaJiO0 JIOXKHBIM (paBHBIM HYI0). MHaue
BBHIMIOJTHEHUE IHKJIA OYyJEeT OCYIIECTBISATHCS OCCKOHEYHO (OSCKOHEUHBIM NHKI). BecKOHEWYHBIN UK
UCIIOJIL3YETCSI TIPH HANKMCAHWH TPOTPaMM MHUKPOKOHTPOJUICPOB, 03 OCCKOHEYHOrO ITUKIA KOHTPOJUIEP
OCTAHOBUTCS TOCJIE BBHITIOJHEHUSI OCHOBHOW (DYHKIIUH.



[Ipumep GecKkOHEUHOTO LUKJIA:

while (1)
{

biiokOnepanmii;
¥

Luxn ¢ nocmycnosuem do..while

O6mas ¢popma 3anucu:

do{
brnoxOneparnui;
} while (Ycnosue);

[uki do...while — 310 KK ¢ MOCTYCIOBHEM, /1€ KCTHHHOCTD BBIPAKEHHSI, TIPOBEPSIONIETo Yenosue,
MPOBEPSIETCSl TIOCIE BBIMONHECHUS broxaOnepayutl, 3aKIOYCHHOTO B (purypHbie ckoOkH. Teno mukia
BBITIOJIHSICTCSL IO T€X TOp, MOKa BhIpaKEHHUE, MPOBEpSIoNIee Ycrosue, HE CTaHET JIOXKHBIM, TO €CTh TEJO
[IMKJIA C TIOCTYCJIOBUEM BBITIOJIHUTCS XOTSI OBl OJIMH pas3.

Hcnonp3oBath nuki do...while mydiie B Tex ciydasx, KOrJa JO/DKHA ObITh BBIITOJHEHA XOTs Obl OJ1HA

UTepaIys, 1100 KOTJa MHUINAIN3ALUs 00bEKTOB, YIaCTBYIOIINX B IPOBEPKE YCIOBHS, IPOUCXOAUT BHYTPH
Tesa LUKIA.

main.c

'_l

* build-example-

(TR ]

File Edit View Bookmarks Settings He

4

Puc. 19.2. [TIpumep padotsr rukia do..while
THapamempuueckuu yuxa for
O6mas dhopma 3anucu:

for (Maunmanusanus; Y cnosue; Moaudukarms)

{
¥

biokOnepanmii;



for — nmapamerpuyeckuii nMKI (UK ¢ PUKCUPOBAHHBIM YUCIOM TOBTOpeHUit). st opranuzanuu
TaKOro LMKJIa HEOOXO0AUMO OCYIIECTBUTh TPU ONEPALIUU:

1. Mnuyuanuzayus — nprucBanBaHue napaMeTpy LUKIA HAYaIbHOIO 3HAUYEHUS;

2. Ycnosue — npoBepka ycioBus TOBTOPEHUS LIMKJIA, Yallle BCEro — CPaBHEHHUE BEJIMUMHBI TApaMeTpa C
HEKOTOPBIM I'DAHUYHBIM 3HAYCHUEM;

3. Moougpuxayus — n3MeHeHHe 3HaYE€HUs MapaMeTpa AJIs CIEAYIOIIEro NIPOoXO0KIACHUs Tella LIUKJIA.

OTH TpU ONepaliy 3aNHUChIBAIOTCA B CKOOKAX M Pa3/IeNsIOTCA TOUKOH ¢ 3amaToi «;». Kak mpasuio,

[IapaMeTPOM LIUKJIA SBJISIETCS LIEJIOYUCIICHHAs IEPEMEHHAS.

Wunnmanu3anys napamerpa OCYIISCTBISCTCS TOJBKO OAMH pa3 — Korga nukia for HaumHaer
BBITOJIHATHCS.

IIpoBepka Vcro6us nMoBTOpEHMs LUKIIA OCYLIECTBIISAETCS IEepe] KaXIbIM BO3MOKHBIM BBIIIOJHEHUEM
Tesna nukiaa. Korja BelpaxkeHue, mposepsitollee Yciosue CTAHOBUTCS JIOKHBIM (PaBHBIM HYIIIO), LUK
3aBepmaeTca. Moaudukanus mapaMerpa OCYIIECTBISIECTCS B KOHIIE Ka)KAOTO BBIMOJHEHHS Tela LUKJIA.
[TapameTp MOXKET yBEIUYMBATHCS MM YMEHBIIATHCS.

* build-example-D

File Edit View Bookmarks Settings Help

Puc. 19.3. [Ipumep pabots 1ukia for

B nmkiie for MoskeT KCIoib30BaThCsl ONEpaItus 3amsaTast IS Pa3IeIeHUs] HECKOIbKUX BBIPAKCHHA. DTO
IIO3BOJIACT BKIIFOUUTH B CHeHI/I(i)I/IKaHI/IIO OUKJIIa HECKOJIbKO MHUIHUAIUSUPYIOIIHUX HIINW KOPPEKTHUPYIOMIUX
BbIpOKEHUI. BBIpakeHUs, K KOTOPBIM TMPUMEHSETCS OIepalus 3armsras, OyayT BBIUHCIATHCS ClieBa
HAarpaso.



main.c b4 main() -= ir

'_l:

L BJ

* int main()
I
(int a
printf("

build-example-Deski

‘_;]-
5
6

L

File Edit View Bookmarks Settings Help

Puc. 19.4. ITpumep 1ukiia for co ciioKHBIM yCIIOBHEM

OOpatuM BHUMaHUE, YTO OOBSABIATH IEPEMEHHBIE MOKHO MPSMO BHYTPH LIUKIIA.

[ukna for MmoxeT OBITh BIIOXKEHHBIM aHAIOTHYHO oreparopy if.

B Tene mo00oro nukiia MOXXHO UCIIOJIB30BATh ONIEPATOPBI MPEpPhIBAHMS IHKIIA — Dreak u mpoaomKeHus
ukiaa — continue. Omeparop break mo3Bounsier BbIATH M3 IMKIa, He 3aBepmias ero. OmepaTop continue
MO3BOJIIET IPOMYCTUTh YaCTh ONEPATOPOB TeJa LIMKJIA U HauaTh HOBYIO UTEPALIUIO.

HOpﬂ)]OK BbIIIOJTHCHHUA paﬁoTI)I

1. Hanucars nporpamMmy 3allOJJHCHHUSA MacCCUBaA 4YHCJIaMW, BBCACHHBIMHU C KIIABHATYPbl, UCIIOJIb3Yysd
OIH U3 U3YUCHHBIX UKIIOB.

KonTpoJsbHBIE BOIPOCHI

1. Yro Takoe «IUKII» B SI3bIKE MIPOrPaMMHUPOBAHUA?

2. YeMm oObsicHsIeTCS YAOOCTBO HCIIOJIb30BAHUS IIUKJIOB [0 CPAaBHEHUIO C MHOTOKPAaTHBIM MTOBTOPOM
OJIHOM U TOM ke ornepanuu?

3. BricTpee nm paboTaeT mporpamma C HCIIOJIb30BAaHHEM IHKJIA, Y€M Takas e, HO C MOCTOSTHHBIM
MOBTOPOM JEHCTBUIL?

JIABOPATOPHA PABOTA Ne20

«SI3b1k mporpamMmmupoBanus Cu. YkazaTenn»

Lenb paboThl: U3yUUTh OOBEKT «yKaszaTeib» sA3blka CH, IpuoOpecTH HABBIKM €0 MCIIOJIb30BaHUS,
OCBOMTB OIIEPALIUIO B3ATHS aapeca.

BBenenue



Vkazamenem Ha3bpIBaeTCA NepeMeHHast, 3HaUEHUE KOTOPOU SBJISIETCS alpecoM JPYroi mepeMeHHOH.

Kak roBopuiioch paHee, Bce MEpEMEHHbIE PAcIOararTcs B onepaTuBHOW namstu. Ilamsate — 310
HEIIPEPBIBHASL MIOCIEA0BATEIBHOCTD ssueeK. Kaxasa sdelika uMeeT CBOM aipec — MOPSAAKOBBIA HOMED, U B
Hee MOXeT OBbITh 3alKcaH BCero oAuH OuT nHpopmauuu. [lepemenHas MoXkeT 3aHUMaTh pa3Hoe (HO KpaTHOE
8) KOIM4ecTBO OUT B 3aBUCUMOCTHU OT €€ TUla. Adpecom nepemenHou SBISETCS HOMEDP SYEHKU MaMsITH, C
KOTOPOH HauMHAETCsl PAcIlONIOKEHUE ITON MEPEMEHHON B ITaMATH.

VYkazarenb, SBISSICH NMEPEMEHHON, TAaK)Ke pacrojiaracTcs B ONEPAaTHBHOM MaMsATH, HO €ro pasMep
(UKCUPOBAH U 3aBUCUT OT pa3psIHOCTH cucTeMsbl. [l 32-pa3psagHbIX CUCTEM yKa3aTellb 3aHUMaeT 32 6ura
i 4 Gaiita maMsTH.

VYkazatenb 00bsIBIIAETCS CIEIYIOLUMM 00pa3oM:

TUTT *AMS;

Tun — 3TO TUII IEPEMEHHOM, aPEC KOTOPOU COAEPKUT yKa3aTelb.

[Tpumep:

int a; /obwssenena nepemennas a muna int

It *p; //obwssenen ykazamens ¢ umenem P Ha nepemennyro muna int

B mpuBeneHHOM mpumepe ykasareib P II0OKa HUKAK HE CBS3aH C NEPEMEHHOW a, TaK Kak OH HE
WHULUATU3UPOBaH. [ mHUIManm3anun ykaszarens B si3bike C MpeaycMOTpeHa orepaius B3sSTHs ajipeca,
KOTOpasi 0003HAYaeTCsl aMIepcanioM &, pacroI0KEHHBIM Mepe/l UMEHEM MepEeMEHHOM.

p = &a; //meneps ykazamenwv P cooepicum aopec nepemeHHol a

Ha pucynke 20.1 mpuBeaeH JUCTUHT MPOTPaMMBbI U pe3ynbTar ee paboTsl. B 5-it cTpoke 0ObsBIeHa
nepemMeHHas a, B 6-i1 — ykazaTenb p, B 7-i CTpOKE B yKazaTelb p 3alucaH aJpec epeMeHHou a. B cTpokax
8 1 9 ¢ momornkio Gyrkimu printf() u moaudukaropa %X BEIBOAUTCS ABYMsI CIIOCOOAMH apec MepeMeHHOH

aB HI€CTHa)IHaTCpI/I‘-IHOM BHIC.
#include <stdio.h>

* int main(void)
{ Terminal
char a = 4; | File Edit View Search Terminal Help
\r *p; al2455bf
& al2455bf
P = &aj; 4
pr‘intf("f;x\n“ . p) Press <RETURN> to close this window...
9 printf("%x\n",&a);
printf("%d\n", a);
return 0;

Puc. 20.1. Pe3ynpTat paboThl IPOrpaMMBbI C HCIIOIB30BAHUEM YKa3aTels

B s3p1ke C mmeeTcs oneparus moxydeHus 3SHaUYSHUS 110 apecy, KoTopas 0003Ha4aeTcs 3BE3I0UKON *.



#tinclude <stdio.h>

* int main(void) -
q Termi
| 5 = File Edit WView Search Terminal Help
char a =
char *p;
= &a;
P g .r, n ress <RETURN> to close this window. ..
printf("a
9 printf("a
pr il'lL‘—{”;'
' 0

Puc. 20.2. Ilpumep nonyyeHus aapeca nepeMeHHOn

B npuBeneHHoM nucTHHre B 8- CTpOKE Ha 3KpaH BBIBOJAUTCSA 3HAUEHUE IO aJIpecy, KOTOPBIH
coJiepKUTCs B yKazarene. B 9-if crpoke 3To ke 3HaueHHe 3anucato B 0ojiee SsBHOM BH/IE.

MM MaccuBa TakKe SBISETCA yKas3aTelleM, KOTOPBIM COACPKUT aapec MEPBOr0 AIEMEHTa ITOrO
MaccHBa.

#include <stdio.h>

* int main(void)
{ Tern
3[3J 1= {4, 2, l}, File Edit View Search Terminal Help
printf("%x\n", a);s 8785925
SR RS 1\ ) . 4
printf("%d\n",*a)
e Tt el 2 8785926
printf("%x\n",a+l);* B
printf("%d\n",*x(a+1)); §8755927
1¢ nyri F(Noy\ 0" : * 9
10 printf("%x\n ,d’*z) y:* Press <RETURN> to close this window...
printf("%d\n",x(a+2)) ;I8
turn 03

Puc. 20.3. Ims maccuBa siBisieTCsl yKa3zaTeneM

B nmanHOM mpumepe B 6-if cTpoke B KadecTBe aprymeHta (yHkmmu Printf() mcmomesyercs nms
MaccHBa, M, Kak BUJHO B pe3yJibTaTe BbIBOJA 7-i1 CTPOKH, OHO COBMAJaeT C aJpecoM IEpPBOTO AJIEMEHTa
MmaccuBa. B 8-if u 9-if cTpokax k aapecy mepBoro snemeHTa npubaBmian 1. Tak xak Tun maccuBa char,
KQKJIbIF €T0 3JIEMEHT 3aHUMaeT B aMsTH 1 6aiit. [IpubaBienne k anpecy eIMHUIIBI O3HAYaeT MPUOABICHUE
onHoro Oaiita. IlosToMy B BbIBOziE 8- M 9-i1 CTpOK copepikaTcst aApec U 3HAUYEHUE BTOPOTO BIIEMEHTA
maccuBa. AHanorndao ¢ 10-i u 11-# crpokamu. Ecnm Ob1 MaccuB mmen Tui iNt, KOTOPBIN 3aHMMacT B
namsTu 4 OaiiTa, TO npuOaBICHNE €MHUIIBI COOTBETCTBOBAJIO ObI MPUOABICHUIO K apecy YeThIpex OailT,
T.€. IUIIOC OJMH pa3Mep 3TOT0 K€ TUIA. ITO O3HAYAeT, YTO K yKazaTellsiM NMPUMEHUMBbI apupMeTHIECKHe
orepanuu.

ITopsinok BbINOJHEHHS PadOThI



1. Hanucats nmporpaMMsl IPUBEJEHHBIX BBILIE IPUMEPOB.
2. IIpoKkOMMEHTHPOBATh HaNKUCaHHBIE TPOrpaMMbl. OOBSICHUTH aJITOPUTMBI UX PAOOTHI.

KOHTpOJILHLIe BOITPOCHI

1. Yto Takoe «ykazarenab»? UTo Takoe «aapec» nepeMeHHoM?
2. B 4em npenMyIiecTBO UCTOIb30BaHMs yKa3aTeen?
3. Kak u 3auem HCIONb30BaTh yKa3aTesH MpH repeaade arpyMeHToB (pyHKIUU?

JIABOPATOPHAS PABOTA Ne21

«IIporpammupoBanme koHTposuiepa ATmegal6. Hactpoiika mopToB»

I_[eJ'IB paGOTHZ HU3YUUTHh 00BEKT «YKa3aTciib» SA3bIKa CI/I, HpI/IO6peCTI/I HAaBBIKHK €TI0 HMCIIOJIB30BAaHUNA,
OCBOUWTB OIICPALIUIO B3ATUA agpeca.

BBeaenue

[locne ycmemHoOW HacTpoiKM mpoekTa u3 JlabopaTtopHoi paboTel Nel3 u ero xkommuismuu 6e3
OIIUOOK, MOYKHO MTPUCTYIUTH K HATHCAHUIO POrPAMMBI.

Jlst Havyasma pa3depeM CTPYKTYpy MPOEKTa, H3y4HM OCHOBHBIE €ro (aiisbl u ux copepxanue. Haunem
¢ 3aronoBouHoro (aitma main.h, pacmonoxensoro B aupekropuu include u moaximoUeHHOrO B (haiiie
main.c.

['maBHBIM 3arooBOYHBIM (aiiiioM, yKa3aHHbBIM B Main.h, seisercs 3aronoBok i0.h, moakmoueHue
KOTOPOTO BBITJISIIUT TaK:

#include <avr/io.h>

B Hem cogepxarcsi JIUPEKTHBBI MpPENpolieccopa, ONPENENSIIONIMEe MOJEIb HCIOJIb3yEMOTo
KoHTpoJutepa. CaMo yka3aHHe MOJICITU PacIIoNokKeHo B (aiine mpoekTa atmegal6.config u BeIrIsUT Tak:

#define _ AVR_ATmegal6

DT0 yKa3aHHWE aBTOMAaTHYECKH NOAKiIo4aeT B (aiine 10.h 6mok else Bersnenus if mpempomeccopa,
KOTOPBIi ¢ moMoIIsio aupekTuBbl #include BkarouaeT B mpoekT 3arooBok iom16.h:

Puc. 21.1. Tlogkirodenue 3arooBoYHOTO (haiisia KOHTPOJIIepa

B 3aromoBounoM daitne 10m16.h comepkuTcs MONHOE ONMUCAHHWE IAMSATH, MMOPTOB, PETHCTPOB,
nepudepun Koutpoiepa ATmegal6. I[IpocMoTpeTs ero comepKuMoe MOXHO HaKaTHEM Ha HEM JICBOU
KHOITKOM MBIIIHN ¢ 3axaroi knasuineit Ctrl.



iom16.h - Qt Creato

Debug Analyze

iom16.h

main.n

main.c

Puc. 21.2. Onucanue nepudepun KOHTpOIUIEpa

Kak BumgHO M3 pucyHka 21.2 BbIe, BCE MMEHA TIOPTOB, BBIBOJIOB, PETHCTPOB U T.XI. SIBIISIFOTCS
OOBIYHBIMH TICEBIOHUMAMH YHCET, HO 3TH YKCIIa TOYHO COOTBETCTBYIOT aJpecaM PETUCTPOB B MaMSITH UITU
HOMEpaM OWUTOB B PETHCTPaX.

W cripaBisiTh COAEPIKUMOE BCTPOCHHBIX 3ar0JIOBOYHBIX (DaitioB, Takux kak i0m16.h, Hemb3s.

B »s10ii m mocnemayromux abopaTopHbIX paboTax OyaeM MucaTh MPOrpaMMy KOHTpoJUiepa s
pa3paboTaHHOTO paHee yCTPOUCTRA.

[Mepexarounmcs B daitm main.c u 100aBuM B Hero (QYHKIIHMIO HACTPOMKHU mepudeprr KOHTpoJUIepa,
Ha3zoBeM ee Setup. B oty dyHkuuioo nob6aBum HacTpoiky mopToB C u D Ha BBIBOA, Tak Kak 3TH MOPTHI
YIPABISIIOT aHOAMH M KaTOJIaMH 7-CErMEHTHOTO MHANKATOPA.

void setup()

DDRC = OxFF; //nacmpouixa nopma C na 61600
DDRD = 0xFF; //nacmpoiixa nopma D na 61600

}

s ynobctBa o0bsiBUM B (haiiie main.h rio0anbHBIi MacCUB M3 JECATH DJIEMEHTOB, KaKIbIH M3
KOTOPBIX OY/IET co/lep:KaTh KOMOMHAIIMY HYJIEH U €IUHUI], COOTBETCTBYIOMIMX ITUpaM Ha UHAUKATOPE.

unsigned char digit[10] = {0b11000000, //O
Ob11111001, //1
0b10100100, //2
0b10110000, //3
0b10011001, //4
0b10010010, //5



0b10000010, //6
Ob11111000, //7
0b10000000, //8
0b10010000%; //9

[Tockonbky 1 0TOOpakeHust HH(GOPMALIMKU HAMU UCTIONb3YeTCsl IMHAMUUYECKasi MHAWKALUS, CUTHAJIBI
yIpaBiIeHUsS KaToAaMH MHAMKATOpa OT KOHTPOJUIEpA MEPEAAOTCsl Ha BCE BBIBOJIbI KATOAOB BCEX PA3PsIOB
MHIMKATOpPa, a BKIIOUEHHUE OIIPENEICHHOIO Pa3psia ONPEAEIAETCS CUTHAIIOM COOTBETCTBYIOILEIO aHOA.

PasnenpHOE ynpaBieHue OWTaMM PEruMCTPOB IOPTOB KOHTPOJUIEpAa HE IPETYCMOTPEHO, UYTOOBI
YCTQHOBUTBH B COCTOSIHME 1 OIMH OMUT perucrTpa mopTa, HYyKHO IPOU3BECTH 3aIMCh BCEX OMTOB PErHCTD.
UroObl mpH ATOM HE MEHATh COCTOSHHE OCTAJIBHBIX OMTOB TOPTa, MOKHO MCIIONB30BaTh JIOTHYECKOE
CJIO’KEHUE, ITPU 3TOM 1 3amuiieM B TOT pa3psjl, KOTOPbIH HY)KHO YCTaHOBUTH B 1, a B ocTanbHble OUTHI - 0.
[Ipu cnoxxennu ¢ 0 cocrosiHue OuTa HE U3MEHUTCH, a ¢ 1 - craner paBHo 1. J{nst cOpoca 6uta B 0, ucmionb3yem
TOT K€ IPUHLUII, HO C OII€paluell YMHOKECHHUS.

B pa3paboTaHHOW NPUHIMIHATBHON CXEMEe YCTPOWCTBA KaTOJIBI JECATHYHBIX TOUYEK HHIUKATOPA
HOJKJIIOYEHbl K BOCbMOMY OuTy mopra C, HamuileM JBa Makpoca A BKJIIOYEHHMS M BBIKJIIOYECHUS
JECSITUYHBIX TOUEK:

#define DP_ON PORTC |= 0b10000000;
#define DP_OFF PORTC &= 0b01111111;

Teneps npu ykazanuu B nporpamme komanasl DP_ON rtekyiee cocrosiaue mopta C OyaeT Cl0KeHO
norudecku ¢ guciom 10000000, t.e. 8-if Out mopra craHeT paBeH 1, a OCTalbHBIC OMTHI OCTAHYTCS O€3
uzMeHenus. [Ipu DP_OF — BeimomHUTCS JIOTHYeCKOe YMHOXKEHHUE, §-i OUT cTaHeT paBeH 0, a ocTaabHBIC HE
NU3MCHJTCH.

Hanumiem aHanornyaple MakpOChI ISl BKIIFOUEHHUS M BBIKITIOUEHUS Pa3psI0B UHANKATOPA, COTJIACHO
IIOAKIFOYECHUIO Ha HpHHHHHHaﬂBHOﬁ CXEME:

#define DIG1_ON PORTD |= 0b00000001,
#define DIG1_OFF PORTD &=0b11111110;
#define DIG2_ON PORTD |= 0b00000010;
#define DIG2_OFF PORTD &=0b11111101;
#define DIG3_ON PORTD |= 0b00000100;
#define DIG3_OFF PORTD &=0b11111011;

Harmumiem B ¢aiiie main.c GyHKIMIO 11t 3a0IMCH YUCET B UHIIUKATOP:

void showDigit(unsigned char digitNumber, unsigned char value)

{
PORTC = digit[value];
if (digitNumber == 1) {DIG1_ON; DIG2_OFF; DIG3_OFF;}
if (digitNumber == 2) {DIG1_OFF; DIG2_ON; DIG3_OFF;}
if (digitNumber == 3) {DIG1_OFF; DIG2_OFF; DIG3_ON;}
b

DyHKIHMS HUYETO HE BO3BPAIIlAET B KAYECTBE Pe3ysbTaTa, II03TOMY ee TUI VOid, U B Hell OTCYTCTBYeET
orepaTop return. B kauecTBe apryMeHTOB (DyHKIIMU yKa3aH HOMEp pas3psaa, cuuras ¢ 1 cieBa, u mudpa ais
OTOOpaKCHHSI.

Temepsr B mporpamMme MOKHO BBI3BIBaTh B JII0O0M Mecte QyHkmuto ShowDigit u Ha wHIUKATOpE B
yYKa3aHHOM paspsie Oyner oroOpaxeHa ykazanHas nuudpa. Hampumep,

showDigit(1, 4);



B CAMOM JICBOM pa3psizie Oyaer BeiBeneHa nugpa 4.

ITopsinok BbINOJIHEHHUS PadOTHI

1. OTkpeITh 11a6s0H poekTa u3 JIP Nel3.

2. Hammcare mnporpamMmy KOH(MUIYpUPOBaHUSI IIOPTOB KOHTpoJuiepa M BbIOPAaHHOIO paHee
YCTPOMCTBA.

KonTpoJbHbIe BOopochl

1. Yro Takoe «1opT» MUKPOKOHTpouiepa?

2. O0bsicHUTE ANrOpUTM HacTpoiiku moproB ATmegale?
3. Kakue peructpsl B ATmegal6 numeroTcs it HaCTpOHKH OPTOB?

JIABOPATOPHA PABOTA Ne22

((I[I/IHaMI/IquKafl HWHAUKaIus»

Lenb paGOTHI: TOMYYHTH HABBIKM OPTAaHU3AIMHM JAMHAMHUYECKOW WHAWKAIMU TIPH OTOOpaKeHUH
UHpOpMaLIUH.

BBenenue

B npenpinymieit padore Mbl co3nanu ¢yHkiuuio ShowDigit, aprymMmeHTaMu KOTOPOU SIBJISIFOTCS HOMEP
paspsiia HHIUKaTOpa U oToOpakaeMasi Ha HeM nudpa.
[TonpoGyem Temnepsb BbIBECTH pa3Hble HUGPHI cpa3y BO BCe TP paspsiia MHAMKATOpa, HalpuMep, Tak:

showDigit(1, 3);
showDigit(2, 5);
showDigit(3, 4);

B pesynbrate Ha nHaUKaTOpe OyneT mudpa 4 B MocieaHeM pas3psjie, Ipu 3TOM MepBbIe J1Ba pa3psa
OyIyT BHIKIIFOUCHBI - TAKOB alropuT™ GpyHKIuu ShowDigit npy quHAMUYECKO HHIUKAIAN.

Puc. 22.1. PesynbTaT paboTh! pyHKIMHN BBIBOIA HHPOpMAIIUH



Urobbl uHpOpManus oToOpaxkanach OJHOBPEMEHHO B TpeX CETrMEHTaX HHAMKATOpa, HYKHO
JOCTaTOYHO OBICTPO BBIBOAMTH LUGPHI B pa3HbIC pa3psibl, IS ITOr0 MOXHO IOMECTUTh BCE TpPHU
BBIIIICYKA3aHHBIE CTPOKHM B BEYHBIH LIUKJI KOHTPOJLIEpa.

while (1)

{
showDigit(1, 3);
showDigit(2, 5);
showDigit(3, 4);

}

PesynbTar nocie KOMOWIALNY U 3aTPy3KHU:

Puc. 22.2. BeiBog nHbopMaIuu B pa3Hble pa3psiabl HHAUKATOPA B LIUKIIE

Ha wungukatope oToOpakeHbI He Te LU(PBI, T.K. HHAAKATOP MOMPOCTY «HE YCIeBaeT» 3a
KOHTPOJUIEPOM, paboTaroIieM Ha 9acToTe 16 MHUIMOHOB TAaKTOBBIX HMITYJIbCOB B CeKyHOy. JloO6aBum
3a/IepXKKy mociie Kaxaoi komanael ShowDigit.

Jlnst opraHu3alyu 3aepXKKH BOCIIONb3yeMcsl cTanaapTHoi ¢ynkuueit _delay _ms(n), aprymenTom n
KOTOPOH SIBIISIETCS BPEMsI B MHJUTMCEKYH 1aX. JJocTaTOuHO 3a/IepKKH 5 MC.

Oyukiums _delay_ms Moxer ObITh TOCTYIHA JUIsl UCTIOIB30BAHMUS IPU TOKIIIOYCHUH 3ar0JI0BOYHOTO
daiina:

#include <util/delay.h>
Ota CTPpOKa TMOAKIIOYCHHUA YKC COACPKUTCA B IIPOCKTC B (baﬁne main.h, JOITIOJIHHUTCIIbHBIC

MOAKTIOYEHUS HE TPEOYIOTCS.
PesynbTar noOaBieHUs 3aA€PKKU:

Puc. 22.3. PesynbTat no6aBieHus 3a1ep>KK1 BBIBOAA HHPOPMAITH



Oyukius  _delay mS wucmonb3yeT TaKTUPYIOIIMNA CUTHAJI KOHTpPOJUIEpa, MO3TOMY 3aJepiKKa,
OpraHu30BaHHas ATOU (PYHKIMEH, SIBISETCS OYeHb TOYHOM.

BreiBoguTh MHpOpMANHIO B KXABINA Pa3psl OTACIBHO, JOOABIAS KXKABIA pa3 3aJepKKy, HE OYCHb
yno0HO. beuto ObI Nydiie HanucaTh GYHKIHMIO, apryMEHT KOTOpOH He Iudpa, a 1enoe Ynucio, Coaepkaiiee
OT OJTHOTO IO TPEX pa3psaoB, a PyHKIHs ObI cama pa3zelisia YUCIO Ha UG PHI ¥ BEIBOANIIA KAKIYIO U3 HUX
B COOTBETCTBYIOILIMI pa3psi/l.

OObsiBuM pyHKIHIO WriteToDISp, ¢ 1eno4nciieHHBIM apryMEHTOM:

void writeToDisp(int data)
{

}

B (bYHKHI/II/I 00BIBUM U HHULIUAJIM3UPYEM HYJIIIMHA MAaCCUB TUIIA char N3 TPEX 3JICMCHTOB!
char str[3] = "000™;

B sToM maccuBe OyayT XpaHuThCs Koabl mudp. Bocmomsdyemest dynkimen sprintf s3pika Cu amst
KOHBEPTALIUU LIETIOTO YKCIia B CUMBOJIBL. DopmaT GyHKIIUU CIISTYIOIINN:

int sprintf( char *buffer, const char *format, ... )

Oyukums  Sprintf() wnmentnuna ¢ynkuun printf() 3a uckiIroYeHHEM TOro, 4YTO HMHGOPMAIHS
3alKCBIBACTCS B MACCHUB, aJpecyeMblii ykasarenem buf, a He B cTaHIapTHBIN MOTOK (HAmpuUMep, Ha SKPaH).
[Mporotun ¢pyHkIwME (T.€. ee 3aroyioBoK) Haxoautes B (aitne stdio.h, moakmounm ero ¢ momornsio #include B
Havase Qaiina main.h.

Jlo6aBum B ¢yHKImo WriteToDisp ctpoky:
sprintf(str, "%.3d", data);

Momudukarop .3d coolmiaer (QyHKIMH, YTO pe3yabTaT 3alUCH B MAacCUB JOJDKEH COJIEpXKaThb 3
paspsina menoro gucia. Ecinu 4nciio nmeeT MeHbIee KOJIMYECTBO pa3psiioB, HEAOCTAOIHNE pa3psiIbl OyaIyT
3aI0JTHEHBI HYJISIMH.

Tenepr mo0aBuM co3nanHywo panee Gynkuuio ShowDigit, B kauecTBe BTOpOro apryMeHTa KOTOPOit
HY)KHO yKa3aTh YHUCJO, KOTOPOE COOTBETCTBYET HU(pE pa3psna, KOJ KOTOPOH COAEPKUTCS B AIIEMEHTE
MaccuBa Str. 31ech BO3HHMKaeT HecooTBercTBhe: GyHKIMs ShowDigit momkHa MOJIYYUTH BTOPHIM
aprymeHToMm menoe yucio or 0 1o 9, a mepenarb el Mbl MOXKeM aSCii-KOJ CUMBOJIA, Beb UMEHHO OH
COJIEP)KUTCS B JieMeHTax MaccuBa. OOpaTuMcs K Tabiuie asCii CHMBOJIOB:

Decimal Hexadecimal Binary Octal Char

48 30 110000 &0 0
49 31 110001 61 1
50 32 110010 &2 2
51 33 110011 &3 3
52 34 110100 &4 4
53 35 110101 &5 5
54 36 110110 &6 6
55 37 110111 &7 7
56 38 111000 70 B
57 39 111001 71 9

Puc. 22.4. Taomuma ASCII



Kak BugHO 13 Tabnumsl, mudpa 0 umeer aecaruunbii kox 48, 1 - 49 ... 9 - 57. HyxHO mOHUMATh
pa3HUIly MEXAY YHCIOM, 0003HAUYaAIOIIUM KOJIMYECTBEHHYIO Mepy 4ero-inbo, u uudpoil, spisiomencs
CHUMBOJIMYECKUM OOO3HAYCHHEM 4YHCIia B HEKOTOPOH cucteMe o0o3HaueHui. UTOObI MOJYyYUTh YUCIO U3
cumBoiia B si3bike Cu, BbIUTEM alreOpandyecku CHUMBOJIbI, KOTOPbIE MPHUHATO YKa3blBaTh B OJMHAPHBIX
KaBblukax. Hampumep:

I6I - IOI
OTa 3anuch 3KBUBAJIECHTHA BbIUUTAHUIO 54 - 48, pe3ynbTar KoToporo 6. T.e. ecinu Hy)KHO MOJTY4YUTh
YHCIIO U3 CUMBOJIA, HY)KHO U3 3TOI'0 CUMBOJIA BEIYECTb aSCIi-KO HYJISL.

Job6aBum B ¢ynkuuto WriteToDisp crpoku:

showDigit(1, str[0] - '0");

_delay_ms(5);
showDigit(2, str[1] - '0");
_delay_ms(5);
showDigit(3, str[2] - '0");
_delay_ms(5);

Tenepb B BEUHBIN IMKJI OCHOBHOW MPOrpaMMbl MOXKHO HANUCaTh BCErO OJHY CTPOKY ¢ (yHKIHEH
writeToDisp(n), riae N - 1enoe MmoJIoKUTEIBHOE YUCIIO JJIS 3aIUCH B UHUKATOP.

JIABOPATOPHA PABOTA Ne23

«Pabota ¢ ALIIT xorTposmepa ATmegalty»

[{enb paboOTHI: yCBOUTH Ha3HAUYEHUE 00BEKTA «CTPYKTYPa», U3YUUTh CIIOCOOBI OOBSABICHUS CTPYKTYpP U
VMHULMAIN3ALHUN UX TIOJIEH.

BBenenue

[ u3MepeHMsi TeMIepaTypbl OKpPYXKAroIIEro BO3[yXa B COCTaB YCTPOMCTBA BXOJMUT JaTYHUK
temneparypbl KTY81/120, noakiarodeHHblii K KaHany (0 aHaAIOrOBO-IU(POBOrO MpeodpazoBaTess
ATmegalo.

[IpeoOpazoBarens KoHTpoiiepa mpenactaBisier coboir ALl mociemoBaTenbHOTO TPHUOIHMKEHUS,
UMeeT 8 He3aBUCHMBIX KaHAJIOB U oOecrieunBaeT 10-OUTHBIN pe3ynbTart.

st paboter ¢ ALIIT B8 ATmegal6 mpemxycMOTpeHBI crielaibHbIe PETUCTPHI, KOTOPHIE TOJIKHBI OBIThH
HacTpoeHbl nepea ucnoib3zoBanueM AILIL Ilpexne Bcero, Heo6xoauMo "cOOOIUTH" KOHTPOJUIEPY THIT
UCTOYHUKA OIOPHOIO HampsbKeHus mpeodOpasoBatens. [lpu mpoeKTHpOBaHMM MPUHLIMIIAAILHOW CXEMBbI
Hamu ObLIO BRIOpaHO mojakitodeHne BeiBoaa AREF Ha "3emmio" uepe3 koHmeHcatop.

B noxyMeHnTanuu kKoHTposuiepa Ha ctp. 217 mpencraBieH OJWH W3 peructpoB HacTpoiiku AILIII,
KOTOpbIi HazbiBaeTcss ADMUX.

Bit 7 B 5 4 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 I ADMUX
Read/Write RW RW RAW RW RW RAW R/W RW
Initial Value 0 0 0 1] 0 0 0 0

Puc. 23.1. Peructp ADMUX



[lecroit u cenpmoii 6utsl 3Toro peructpa (REFSO u REFS1) npennasnauens! 11 BIOOpa HCTOUHUKA
OIIOPHOTO HATIPSHKEHHUS.

Table 83. Voltage Reference Selections for ADC

REFS1 | REFS0 | Voltage Reference Selection
0 0 AREF, Internal Vref turned off
0 1 AVCC with external capacitor at AREF pin
1 0 Reserved
1 1 Internal 2.56V Voltage Reference with external capacitor at AREF pin

Puc. 23.2. Haznauenue 6utoB peructpa ADMUX

Kak BuaHO M3 TaOMMIbI, A1 HALIETO CIIydasl MOAXOIUT BTOpasi CTPOKA, T.€. UCIIOIb3YeTCsl OTIOPHOE
HanpsbkeHue ¢ BeiBojga AVCC, ipu atoM BeiBog AREF moakmouen yepes konaencarop.

[Isareiii 6ut peructpa ADMUX naspiBaetcs ADLAR (ADC Left Adjust Result) u npennasnaden st
BbIpAaBHMBAHUS pe3yJibTaTa IO JIEBOMY WJIM IIPaBOMY Kpalw PpErucTpoB pesyibTarta. Pesyibrar
npeoOpa3oBaHUsl BCerjga IMOMENIACTCS W XpaHUTca B AByX 8-OmtHbix peructpax ADCH u ADCL,
IpPEeACTaBIAIOIMUX cOo00M crapmmii 1 Miaamuil 6aiT pesynbrata. OnHAKO pe3ynbTaT NMpPeoOpa3oBaHMS
coctouT U3 10 OUT, a 3HAYUT, OH MOXKET OBITH PACIOJIOKEH B 3TUX JIBYX OaiiTax mo-pazHOMY:

ADLAR =0
Bit 15 14 13 12 1 10 9 8
- - - - - - ADCY | ADCS ADCH
ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 | ADCO ADCL
7 [5 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ADLAR =1

Bit 15 14 13 12 1 10 9 8
ADC9 ADC8 ADCT ADC6 ADCS ADC4 ADC3 ADC2 ADCH

ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Puc. 23.3. but ADLAR

[To ymonmuanuto 6mt ADLAR paBen Hymo, T.e. 8 OUT pe3yibTara MOMENIAIOTCS B MIIAIAIIAN OalT
ADCL, a nBa ocraBmuxcs Outa - B crapmuit ADCH. O6muit pe3ynabrat npeodpa3oBaHUs MOXKET ObITh
noctyreH B mporpamme win mo umeHam ADCH u ADCL, niu o ogaomy umern ADC.

butet MUX4..0 npenna3znadeHsl Ui BBIOOpa KaHaja U criocoba npeodpazoBanus. B camom nmpocrom
clTyvae, Korja BXOJHOW CHTHA TOJIKITIOYSH K OJTHOMY BBIBOAY KOHTpoJutepa, outel MUX4 n MUX3 nomxHbBI
OBITH paBHBI HYMIO, @ butamu MUX2, MUX1, MUXO0 Bei6upatot kanai ot 000 (kanan 0) go 111 (kanan 7).
Hroro 8 kanamos. ALIIT ATmegal6 moxker paboTrarh B Tak Ha3biBaeMOM IHU(HEPEHIIMATHEHOM PEXUME,
KOTJ]a M3MEpEHHE HANpSOIKCHUs MPOUCXOMUT HE MEXKIy KaHaJIoOM M OOIIeH TOYKOW, a MEXAy ABYMS
BBIBOZIAaMH KOHTpoJuiepa. i aTux 1eneit ucmnomiab3ytores outel MUX4 u MUX3.

B namewm cirydae npeobpazoBanue npocroe, ¢ ogHoro kaHana 0, mosromy Bce 6Tl MUX4..0 momkHbBI
OBITH PaBHBI HYJIIO.

Hactpouts peructp ADMUX moxHO Tak:



ADMUX = 0x40;
Opnnako nH(opMaTHBHEE OYAET MPOU3BECTH 3aIIUCh B IBOUYHON CHCTEME:
ADMUX = 0b01000000;

[Ipu TakoMm crioco0Oe 3amucu BUIHO, YEMY PABEH KaXKIIbI OUT perucrpa.
B cpene pazpaboTurkoB 6ojiee MOMyasspeH HHOM CIoco0 3armucu OMTOB B PETUCTD:

ADMUX |= (1 << RFS0);

B 3amucu BbIlIe Jloruyeckasl eAMHKULA CIBUIACTCS BICBO Ha 6 pa3psiaoB. MIMeHOBaHHAsh KOHCTaHTa
RFSO o6bsiBnena ¢ nomonipto #define B ¢aitne iom16.h u coorBercTByer uncity 6 B ATmegalé.

iom16.h

Puc. 23.4. Yacts nuctunra daiiia iom16.h

3arem cocrosinue peructpa ADMUX noruyecku CKiIagbIBae€TCsi CO CIBUHYTON Ha 6 pa3psoB BJIEBO
enunwuieit (0b01000000). Pe3yabTar TOrHUECKOTO CI0KEHHS 3alTUChIBaeTCs CHOBa B peructp ADMUX.

Takol cmoco0 3amucu HarIAIHO JEMOHCTPHPYET, KaKOW OWT WM3MEHSETCs, a camMoe TJaBHOE —
o0ecreunBaeT yHUBEPCAIbHOCTh IPOrPaMMBbI.

B pasHbix Mopensx koHTpoiuiepoB AVR OUTBI MOryT pacronaraTbCsi B Pa3sHOM MOPSJIKE.
Kondurypupyst peructp B SIBHOM BHUJE, T.€. KOHKPETHBIM YHCIIOM, MBI JI€JaeM MPOrpaMMy MPHUTOTHOU
TOJIBKO IS KOHKPETHOTO KOHTpOJUIepa, M Bpsx JU OHAa OyaeT BepHO padoTaTh B APYrod MOMIEIH.
Berpoennsie nmena 6urtos, Takue kak RFSO, ¢ Gosbiiell BeposTHOCTBIO OYAYT BCTpEYaThCsl M B APYTHX
MoJiesiX KoHTposuiepoB AVR, mycTh U COOTBETCTBYS IpYTMM HOMEpaM OUTOB.

BropeiM cnenmansHbM peructpom it pabotel ¢ AL sBnsiercs peructp ADCSRA - peructp
ynpasieHus u cocrosuus AL

Bit 7 6 5 4 3 2 1 0

I ADEN ADSC ADATE ADIF ADIE ADPS2 | ADPS1 ADPSO I ADCSRA
ReadWrite RW R/W R/W RAW R/wW RW R/W RwW
Initial Value ] 0 0 0 0] 0 0 0

Puc. 23.5. Peructp ADCSRA

bur 7 - ADEN - paspemenue padotst ALIT.

bur 6 - ADSC - ctapT enMHHYHOTO TTpeoOpa3oBaHMs.

bur 5 - ADATE - pa3perienne aBTo3amnycka mpeoopa3oBaHus Mo nepeHeMy GpoHTY Mpeodpa3yeMoro
BXOJIHOTO CHTHAJIA.



bur 4 - ADIF - mpusHak (¢ar) npepslBaHusl aBTOMaTHYECKH YCTaHABIMBAETCs B | 10 OKOHUAHUH

npeoOpa3oBaHus.
bur 3 - ADIE - pa3perienue npepbiBanus 0T mpeoOpa3oBaTes.
butsr 2..0 - ADPS2..0 - 6uThl BBIOOpA IEIUTENSI 4YaCTOTHI IPeoOpa3oBaTeis ONMPENSsSOT CKOPOCTh

paboTeI MpeobpazoBatess.

Table 85. ADC Prescaler Selections

ADPS2 ADPS1 ADPSO0 Division Factor
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

Puc. 23.6. Ilpennenurens ALIL

Jlo6aBuM clieyIoIIyI0 CTPOKY B GyHKIHIO Setup():

ADCSRA |= (1<<ADEN) | (1<<ADPS2) | (1<<ADPS1) | (L<<ADPS0);

Pab6ora AIIIl Gyner pa3pemieHa, yactota paboTel Oymer B 128 pa3 MeHbII€ 4acTOThI TaKTOBOTO
curxaina, npepsiBanus ot ALIT oTkiItoueHsI.

Crnenyroum marom padotsl ¢ AL siBnsieTcs Hanucanue QyHKIMU, 3aMlycKarolie npeodpasoBaHue
BBIOPAHHOTO KaHala ¥ BO3BpAILAIOLIEH pe3ynbTaT NpeoOpa3oBaHMUsL.

unsigned int readADC(unsigned char channel)

{
channel &= 0b00000111;
ADCSRA |= (1 << ADSC);
while ({(ADCSRA & (1<<ADIF)));
return (ADC);
}
BosBpamiaemoe ¢yHKIMel 3HaueHHWE — 1ET0€ MOJOKHUTEeNbHOEe 16-OuTHOE 4YHCIOo. APryMeHT

GyHKIINM, YKa3aHHBIA B €€ 3ar0JI0BKE B CKOOKax - HOMep mpeodpazyemoro kanamta AT

B mepBoit cTpoke monyueHHbIH (QYHKIMEH HOMep KaHajla JIOTMYEeCKH YMHOXKAeTCsl Ha 4HCiIo 7
(0Ob00000111), 9TOOBI OrPaHUYNTH BO3MOXKHBIE OIIMOKH MPU YKa3aHUK HOMepa KaHasia OoJbIie 7.

Bo BTOpoil cTpoke BBIMONHSAETCS 3amyck IpeoOpa3zoBanusa 3amucbio 1 B O6ut ADSC peructpa
yrpaneHus u coctossaus ALIIT ADCSRA.

TpeTbst cTpoka obecrieunBaeT nay3y BBIIOJIHEHHs MporpaMmbl Ha Bpems pabotsl ALl YUwuraercs
CTpOKa Tak: "MIOBTOPSITH MPOBEPKY YCIOBHS ITOKA PE3YJIbTAT JJIOTHYECKOI0 YMHOKEHHUSI COCTOSHUE PETUCTpa
ADCSRA wu cnBunyTOl BieBO Ha 4 paspsiga enunuiibl (6ut ADIF geTBepThiii MO0 HOMEpPY) paBeH HYNO".
[Iporpamma Oyzner moBTOpsATH MK While 1o Tex mop, moka ycloBHE NHKJIA JIOXKHO, T.e. TMOKa ¢iar
roroBHocTtu ADIF He cTaneT paBeH 1.

B nocnenHell cTpoke BO3BpallaeTcs pe3ynbTaT MpeoOpa3oBaHMsS — YHUCIO, MPONOPLUOHAIBHOE
HaNpsHKEHUIo Ha 37-M BBIBOJIE KOHTPOJLIEPA.



IMopsinok BbINOJIHEHHUS PadOThI
1. Harmucarp pynkuuu Hactpoiiku AL st pa3pabareiBaeMoro ycTpoiicTaa.
KoHTpoJibHbIE BOMPOCHI

1. Onmummre niporecc Hactporiku peructpoB AL korTpoepa ATmegalb.
2. Yto Takoe npenaenurens ALII?

JIABOPATOPHA PABOTA Ne24

«O06paboTka pe3yiabTatoB padboTsl ALIII»

[lenb paGOTHI: MONYYUTH HABBIKA PabOTHI C pe3yibTaTaMy aHaJIoro-uu(poBOro npeodpa3zoBaHUs U
MPHUBEICHUS UX K COOTBETCTBYIONINM (PH3NICCKUM BEITMIMHAM.

BBeaenue

Panee Oputa mpousBenena Hactpoirika ALIL, a Taxke co3maHa GyHKIHMS 3ammycKa MpeoOpa3oBaHUs U
HOJIy4YEHHUs pe3yiIbTarTa, MPeACTaBIAIONIEro co00i YnuciIo, NponopLUUOHAIbHOE BXOJHOMY HanpsbkeHuo. K
HACTOSIIEMY MOMEHTY (DYHKIHS HACTPOHKH KOHTPOJIEPA BBITISIUT TaK:

void setup()

{
DDRC = OxFF; //nacmpoiika nopma C na 661600

DDRD = 0xFF; //nacmpoiixa nopma D na 61600
ADMUX = (1<<REFSO0); //sb160p ucmounurxa onoproco nanpsicenus AL
ADCSRA = (1<<ADEN)|(1<<ADPS2)|(1<<ADPS1)|(1<<ADPSQ0); /srnwouenue ALl u

Hacmpo UKa Oenumersi yacmomal

}

Hanucans! ¢pyHkuun ¢popmupoBanus HUQpel Ha HHAUKATOPE M BHIBOJIA YUCIIA HA DKPAH:

void showDigit(unsigned char digitNumber, unsigned char value)

{
PORTC = digit[value];
if (digitNumber ==1) {DIG1_ON; DIG2_OFF; DIG3_OFF;}
if (digitNumber == 2) {DIG1_OFF; DIG2_ON; DIG3_OFF;}
if (digitNumber == 3) {DIG1_OFF; DIG2_OFF; DIG3_ON;}
}
void writeToDisp(unsigned int data)
{

char str[3] = "000";
sprintf(str, "%.3d", data);
showDigit(1, str[0] - '0";

_delay_ms(5);
showDigit(2, str[1] - '0");
_delay_ms(5);
showDigit(3, str[2] - '0";
_delay_ms(5);

¥



Hanucana gynkuus 3amycka npeoOpa3oBaHus U MOJYyYEHUS pe3yibTara:

unsigned int readADC(unsigned char channel)

{
channel &= 0b00000111;
ADMUX = 0x40;
ADCSRA |= (1<<ADSC);
while ({(ADCSRA & (1<<ADIF)));
return (ADC);

¥

Teneps HanumeMm QyHKIHUIO, TpeoOpasyromyto nonydeHHsnid or ALl pesymprar B Temmeparypy.
Oynkuus Oyner BoO3BpallaTh pe3yiabTaT B rpagycax lLlenbcus, a B KayecTBe aprymMeHTa B CKOOKax
npuHuMarth pesynsrar AL

int getTemp(unsigned int adcResult)

Bbruucnenust OyzneM Mpou3BOAMTH IOCIENIOBATEIbHO: CHayajga mnepecuutaeM pesyiabtar AL B
HaIpsDKEHUE, 3aTEM U3 IMOJIyYEHHOTO HAIPSKEHHs] BBIYMCIUM COINPOTUBICHHUE JaT4YMKa TEMIEPATYphI B
MOMEHT NpeoOpa3oBaHUs U 10 COIPOTUBICHHUIO BHIYNCIUM TEMIIEPATYPY.

OO0BsiBuM niepeMennbie Tumna float, T.x. ux 3HadeHus qpoOHbIE:

float volt, resist, t;

Beruncinm HanpskeHue:

volt = 5*adcResult/1024; //pacuem nanpsiocenus npuseden 6 nexyuu

Taxk kax JAaTYUK TEMIICPATYPHI ITIOAKIIIOYCH B HMYKHEM IIJICYEC ACIIUTECIIA HAITPAKCHU A (CM. J'IeKIII/IIO), €ro
COIIPOTUBJICHUEC BBIYHUCIIACTCA 110 BBIPAKCHUTO:

R2 = R1*Usgwix/(Usx - Ussix)
Hanumem cTpoky At BBIYUCICHHS] COMPOTUBIICHUS COTTIACHO ATOMY BBIPAKEHUIO:
resist = 2200*volt/(5 - volt);

B nanmcannoii ctpoke 2200 - 3TO compoTHBIEHHE pe3uctopa R1 BepxHero ruieda JemuTens
HanpspkeHus: B OM, 5 — BXOJTHOE HaINpsDKEHUE IenuTensi B BoabTax, paBHOE HATPSHKEHHUIO MMTAHUS CXEMBI.

Jns BBIYHMCICHUS TeMIlepaTypbl oOparumcst K nokymeHTanmu aatunka KTY81/120, B xoropoit
MPUCYTCTBYET Ta0JIUIIa COOTBETCTBHS COMPOTUBIICHUS TaTYNKA €T0 TEMIIEpaType:



Table 7.  Amblent temperature, comresponding resistance, temperature coefficlent and macimum expected
temiperature error for KTYE1H10 and KTY81/120

kamjeanp = 1 mA.
Amblent Temperature |KTY81/110 KTY81M20
temperature coefficient
rc) R (e Reslstance (51} Temperature |Resistance (51} Temperature
Mn  typ  [max  [*™'8 mn e (max  [emer(®
-85 &7 089 475 480 505 1302 470 480 510 402
-50 —58 098 S00 515 530 +2 82 495 515 535 +3.84
—40 —40 008 552 56T 582 +274 547 56T 588 378
=30 -2 083 [0t a24 &35 +2 55 [k B24 845 +3 82
—20 —q 091 (=5 B84 B08 +2 .35 862 B84 T05 +345
=10 14 088 T33 TaT TE1 +2.14 36 TaT TED +3 37
1] 3z 0485 802 815 828 181 a3 815 836 +3.08
10 50 083 874 886 808 167 BG5S 886 a0 12 88
20 &8 0.80 250 s a7z 141 a1 s ag2 1266
25 7 079 980 1000 1010 #1327 280 1000 1020 +254
1] 86 07a 1028 1040 1051 +1.38 1018 1040 1061 +2 568
40 104 075 1108 1122 1138 +1.64 1087 1122 1147 287
50 122 073 1192 1200 1225 +1.91 1180 1200 1237 +328
(1] 140 [ Jra 1278 12080 1318 +2.18 1285 1200 1332 +3 81
To 158 068 1360 1362 1416 1249 1355 1302 1430 +3 84
80 176 067 1462 1490 1518 28 1447 1450 1532 4.3
o 184 065 1550 1501 1623 312 1543 1501 1630 4686
100 212 083 1650 1696 1733 1346 1642 1696 1750 1505
110 230 061 1762 1805 1847 +383 1744 1805 18565 15 48
120 248 058 1867 1815 1963 +4.33 1848 1915 1982 507
125 257 055 1919 1870 2030 +4 68 1800 1970 2040 647
130 268 052 1870 20F3 2077 +5.07 1950 2023 20T +6 08
140 284 045 2065 2124 2184 1628 2043 2124 205 1851
150 302 0.35 2145 211 ZETT 1855 2123 21 a2 1143

Puc. 24.1. 3aBUCHMOCTb COIPOTUBJIEHUS JaTYUKA OT €T0 TEMIIEPATYPbI

BamnuieM cTosOIel Temmeparypsl (B rp. C) u conpoTuBieHus (cTosber Resistance Typ.) 8 MS Excel,
OCTpOUM TpaduK 3aBHCHMOCTH TEMIIEPATYPbl OT COMPOTHUBJICHHUS, N00ABMM JIMHUIO TPEHAA H €€
BBIP@YKEHUE:

Temp Resistance
-50 515 f(x) = — 3.74784322647B75E-05 »* + 0.207255947194391 x — 145.008053410173
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Puc. 24.2. Ucnons3oBanue MS Excel mis monmyueHus BIpaKeHUs
W3 nmonmy4eHHOro BhIpaXeHUs: J0OABUM CTPOKY B IIPOTPAMMY:
t = -3.7478*resist*resist*0.00001 + 0.2073*resist - 145.008;

BepneM 3HaueHue nepeMeHHOM t 1 3aBepIIuM HanvcaHue QyHKIHU:



return (int)t;

}

B cTpoke BbllIe UCTIONIB3YyETCs Onepanys IPUBEACHU TUIIOB. JleJI0 B TOM, YTO B IEpEMEHHOM t mocie
BBIUMCIIEHUsI OyJeT XpaHUThCS Liedas U JpoOHas 4acTb 3HaueHMs TemnepaTypbl. [ paspabaTrbiBaeMoro
YCTPOMCTBA TaKasi TOUHOCTh H30BITOYHA, IPOOHYIO YacTh MOXKHO OTOpocHTh. Eciii onycTuth ykaszanue (int),
TO B IIPOLECCE KOMIUIISILIMM BO3HUKHET OIIMOKa, T.K. (PyHKIMS OJKHA BEPHYTh LI€J0€ Yucio (mepes ee
UMCHEM yKasaH int), a B omeparope return Bo3spaiaercs apooHoe uuciio tuna float.

Teneps Ui BhIBOJA TEMIIEPAaTyphl HA WHIUKATOP B OCHOBHOW (DYHKIIMM MAiN 10 BEYHOTO IIMKJIA
MOXKHO yKa3aTh:

writeToDisp(getTemp(readADC(0)));

B ¢dynkuuio writeToDisp B kaduecTBe apryMeHTa MOJCTABIISACTCS PE3y/IbTaT BBIMOJHEHHUS (DYHKIIUH
getTemp, apryMeHTOM KOTOPOM B CBOIO O4Yepe/b ABIsieTCs pe3yabTaT padotsr ALIL.

Puc. 24.3. Pe3ynpraT BbIBOJA TEMIIEPATYphl HA 3KPaH

IMopsiiok BHINOJHEHUS PA0OTHI

1. lns pa3pabaThiBa€MOro yCTpOHCTBA HamucaTh (PyHKIMU IPUBEIEHUS pe3yibTaTa MpeoOpa3oBaHUs
K COOTBETCTBYIOIIUM (DPU3MUECKUM BETUIMHAM.

KonTpoJsbHbIe Bonpockl
1. O6BsicHuTh pUHIMI 00paboTKM pe3ynbTaToB padoTsr ALIIT.

2. OOBACHUTH TPEOOBAHUS TOYHOCTH BBIYHMCIICHUN 3HAYCHUN (U3MYECKUX BEJIMYMH T10 Pe3yJbTaTaM
npeoOpa3oBaHusl.



JIABOPATOPHA PABOTA Ne25

«Pabora ¢ Taiimepamu ATmegal6»

[{enb paboTHI: MOYYNUTh HABBIKK HACTPOUKH TaliMepoB KoHTposuiepa ATmegal6, a Takxke HamucaHus
byHKIMA 00pabOTKU WX MPEPhIBAaHUH.

BBenenue

Pance Obuta Hanucana ¢ynknus getTemp(unsigned int adcResult) mis BeIYHCICHHS TEMIIEpPATyphI
BO3/lyXa M3 3HAUCHUS, MOJYYCHHOTO B pe3ynbTaTe padboTsl ALIIl. dyHkus Oblia BhI3BaHA B OCHOBHOM
dbyukuuun main go seunoro nukiaa While (1), a 3HaunT, U3MEPEHHE U BBIBOJ TEMIIEPATYPhl Ha MHIHUKATOD
IIPOU30MAET BCETO OJIMH pa3, Juisi OOHOBJICHUS MIOKAa3aHUsI TEMIIEPATypbl KOHTPOJLIEP HYKHO [1€pe3arpy3uTh.
Takoil anropuT™M MOXKET HCIHOJB30BAaTHCS TOJBKO HAa BpEMs HAIMKCAaHUS MPOTrpamMMbl U €€ OTIajgku. B
3aKOHUYEHHOM YCTPOMCTBE TeMIIepaTypa AOKHA OOHOBIISATHCS MEPUOAUYECKU.

CymiecTByeT /1Ba BapHaHTa OOHOBJICHHS TEMIIEPATYPBbI:

1. B Beunowm ke while (1);

2. C moMoIIp0 TaliMepa/cueTynKa.

B niepBoMm cityuae npu MajoM oobeMe Koja B 1ukiie While oOHoBiieHHE OyIeT MPOUCXOAUTD CIUIIKOM
yacto. M3-3a Beicokoit ckopoctu paboTsl ALl mpu rpaHHUHBIX 3HAUEHUSAX peaIbHON TeMIIepaTyphbl BO31yXa
Ha WHAMKATOpE 3Ha4YeHHsi OyayT MeHsATbcs moctosiHHo. Hampumep, temmeparypa Bozayxa 25,999 rp. C
yepe3 HEeCcKoNIbKO MrHoBeHuil u3meHHTcs a0 26,001 rp. C. Ilpuuem Qu3mka naTtyvka TakoBa, 4YTO €ro
COTPOTHUBIICHUE MTOCTOSIHHO MEHSIETCSI B HEKOTOPBIX IpeiesiaX, IOATOMY B €0 JIOKYMEHTAILIUH JIJIsl KaXKI0TO
3HAUEHUs] TEMIIEPaTyphbl IPUBEICH TUaNa30H 3HAYeHUU compoTuBieHus. KoHTpomiep omudpyer kaxmoe
U3MEHEHUE CONpoTuBieHUs. W3 BbllIeCKa3aHHOTO CJENyeT, 4YTO H3MEpPEeHHE TeMIepaTyphl CIeayeT
MIPOU3BOAUTH PEKE.

Eciu 661 06beM mporpaMMHoro koja iukiaa While 601 g1octaTouHo GOJBIINM, TO H3MEPEHHE MOTJIO
OBl IPOUCXOJUTH CIMIIKOM MEJJIEHHO, T.K. B KOHTPOJUIEP BBITIOJHSET KOMAH/IbI IIUKJIA TTOCIIEIOBATEIHHO
IpyT 3a apyrom. Takoi moaxoJ] HeBEpeH, OCOOCHHO B TeX B CIy4asX, KOT/Ia HY)KHO TOYHO OTCJIEKHUBAThH
M3MEHEHUs aHAJIOTOBOT'0 CUTHAJIA.

HaubGonee mnpaBWIBHBIM peEIIEHHEM NpU U3MEPEHHH TEMIEpaTyphl SBISETCS HCIOIb30BAHUE
TaliMepa/CUeTYrKa M ero mpephiBaHus. JJOCTOMHCTBA 3TOTO C1IOc00a B TOM, UTO TakMEp/CUETUHK SIBIISICTCS
CaMOCTOSITENILHBIM YCTPOWCTBOM, OH pab0TaeT He3aBUCUMO OT Ipolieccopa KouTposuiepa. [loka koHTposiep
BBITIOJIHSIET CTPOKH MPOTPaMMbI OAHY 3a JPYrod, TalMep/CUeTYMK MPOJOJDKAET CUUTaTh TaKTOBBIE
MMITYJIbCBI, TOCTYIAIOIINE HA €T0 BXO/.

UtoOBI OpraHn30BaTh BHITOTHEHUE KAaKUX-THOO0 TEHCTBHUI KOHTPOJIIEpa MPH, HAPUMEP, TOCTHKCHUN
TakMEpPOM/CYETYUKOM HEKOTOPOrO 3HAYEHHS WU TPU COBEPIICHHHM MOJHOTO IMKJIAa CYeTa, CIeAyeT
HAaCTPOMTh NpephIBaHME MO TaiiMepy/cueTuuky. CucreMa MNpepbIBaHUN OMHMCAHAa B JIEKIUH, a oOlue
MPUHIIUITEI HACTPOUKH TaMEPOB/CYETUNKOB B JICKIUH.

Kak u ¢ moboi#t apyroit nepudepueii KOHTpoJuiepa, mepe] UCIoIb30BaHUEM TAMMEPOB/CUETIMKOB MX
HY)KHO HacTpouTb. BpibepeM s paboTel, Hampumep, Taimep/cuetauk 717. Oto 16-pazpsaHbii
TaliMep/cueTurK, T.e. ero cueTHbId peructp TCNTI1, B KOTOpoM U OyIeT CONEpKaThCA PE3yNIbTaT CUYETa,
COCTOUT M3 JIByX OaiT.

JIro6oii TaliMep/cueTuuk MOXKET paboTaTh B pa3IUYHbIX pexumax. s mocTaBieHHOM 3a1auu Oyaem
MCII0JIb30BaTh MPEPHIBAHKE 110 MEPENOJIHEHUIO TaiiMepa.

Kax m3BecTHO, M000# CUETUMK B PEKUME MPSAMOTO cueTa cuutaeT oT () 10 MaKCHMaJIbHOTO CBOETO
3HAYEHMs, 3aTeM CHOBa repexoauT K 0. B 3TOT MOMEHT ¥ BO3HUKAET MEPENOJHEHHE, T.€. M0 3aBEPIICHUN
MoJIHOTO IHKia cuera. Taitmep/cuerunk 77 ATmegal6 6yaer caurars ot 0000 0000 0000 0000 mo 1111
1111 1111 1111 (65 535 B necsaTuyHOM cucteme).

Kontponnep paboraer Ha wactore 16 MI'11, mepro oMHOTO UMITYJIbCa TaiimMepa/cuerunka 7/, ecnu
€ro TakTUpOBaTh Takoi udactoToi, coctaBuT 0,0000000625 cex. YMHOXUM 3TO YHUCIO Ha KOJIUYECTBO
3HAUYCHMUM TaliMepa/cueTunka 7/, MOTydruM BpEeMs €ro MOJHOTO IHKJIa cueTa, kotopoe coctaBut 0,004096
cek. Pazgenum 1 cek Ha 0,004096, nmomyunm 244 MONHBIX IUKJIOB cUeTa TaliMepa/cueTdrka 3a 1 CeKyHIy.



T.e. 3a 1 cexynay npepsiBaHue TaitMepa BO3HUKHET 244 pa3za. DTO W30BITOYHOE KOJIUYECTBO MpPEpbIBAaHUN
JUTSL U3MEPEHUS TEMIIEPATYPHI.

YMEHBIUTh CKOPOCTh paboThl TaiiMepa/cuyeTdynka MOXKHO, BKJIIOYMB B palbOTy MpeaeiuTesb
yacToThl. BeiOepem MakcuMmanbHOE 3HaueHue npennenutenss ATmegal6, koropoe cocrasiser 1024. Torna
4acToTa UMITYJIbCOB Ha BXO/I€ TaliMepa/cyeTyrka cocTaBuT 15 625 I'u. J{nurensHOCTh epro/ia UMITyJIbca B
aToM ciydae Oyxaer paBHa 1 / 15625 = 0,000064 cek. ITosHBINH UK cYeTa B 3TOM ciydae OyaeT paBeH
0,000064 * 65 536 = 4,1943 cex.

bynem wusmepste Temmneparypy 1 pas B cekyHay. s storo 3ammmem B peructp TCNT1
TaiiMepa/cueTunKa Takoe HayalbHOE 3HAYCHHE, YTOOBI BpeMs CUETa C 3TOT0 3HAYCHUS 10 NEPEHOTHEHUS
coctaBmwio 1 cekynay. Beraucnmm 3to 3Hauenue: 65 536 - 15 625 =49 911.

[puctynum k HanucaHuio nporpammel. B ¢pynkimro setup() mobaBum HacTpoiiky TaitmMepa/cyeT4nKa:

TCNT1=49911; //nauanvnoe snauenue cuemyuxa

Taiimep/cuetunk 7/ uMeeT HECKONBKO peructpoB HacTpoiiku. B perucrpe TCCR1A nactpauBaercs
IIOBEJICHNE TaliMepa B PEKMME CPAaBHEHHUs €r0 3HAYEHUS C 3aJaHHBbIM, YNPABICHHE BHEIIHMM BBIBOJIOM
KOHTpOJUIEepa, CBs3aHHBIM ¢ 7/. Jlns BBHIOpaHHOTO BBIINIE peXKMMa PAaOOTHI, STH HACTPONKU HE HYKHBI,
[I03TOMY 3aIllULIEM B 3TOT PETUCTP HYJIH:

TCCR1A = 0x00;
B peructpe TCCR1B nepBeiMu OuTamMu HacTpauBaeTcs npeaaenuTesb. Hactpoum 3tu OUTHI:
TCCRI1B |= (1<<CS10) | (1<<CS12); //oenenue uacmomeor ¢ 1024 paza
Paspermnm paboTy npepbiBaHus TaiiMepa/cueTdnka 7'/ 1o mepenoTHEeHHIO:
TIMSK |= (1 << TOIELY) ; /ernouenue ouma TOIE] ons npepwisariis
Pasperinm paboTy npepbIBaHU# KOHTPOJLIEpa:
sei(); // Bxniouenue 2106anbHbIx npepuléaHuil

Hanumewm ¢pynkuuto o6paboTku mpepsiBaHus o nepenonHenuto peructpa TCNT1 Taiimepa/cuetunka
TI:

ISR(TIMERL_OVF_vect)

{
TCNT1 =49911;

Temneps Npu BOZHUKHOBEHHUHU MPEPBHIBAHKS, KOHTPOJUIEP MPUOCTAHOBUT BhINOJIHEHHE Iukia While u
nepeiiier B QyHKIUIO MMpepbiBaHUs Taiimepa. B 3Toit QyHKIMM B cUeTHBIN peructp Taiimepa 7'/ cHOBa
3anuiercs 3Hadenue 49 911, u Taiimep TpoIOIHKUT CYET C HETO.

Bozosem Qynkuuio getTemp ans 3amycka ALl u mosnyueHust 3HaueHus: TeMiieparypsl. Pezynbrat
BBIMOJTHEHUS (DYHKIIMU MOMECTUM B MIOOANBHYIO TIEpeMeHHYI0 Int temp, i 9Toro o0bsBUM ee B (aiiie
main.h. be3 riobanpHON mHepeMEHHOH B JaHHOM Ciydyae HE OOOMTHCH, T.K. JOCTYNl K HEW JOJDKEH
BBITNOJIHATHCS U3 OCHOBHOHM IPOrpaMMbl M W3 IPEPBIBAHUA, HO IEpelaTh NEPEMEHHYIO B IIPEPHIBAHUE B
Ka4yeCcTBE apryMeHTa Helb3s. 3aKOHYMM HarvcaHue QyHKIUU TpepbIBaHUS:

temp = getTemp(readADC(0));
}

Teneps ocHOBHAs PYHKIMSA MAiN OyaeT BHIMISAACTh TAK:



int main()

{
setup();
while (1)
{
writeToDisp(temp);
}
return O;
}

B nukiie while GyzeT mocTOsIHHO MPOMCXOAUTH BBIBOJ 3HAUYCHUS MEPEMEHHOW temp Ha WHIUKATOP,
3HaYCHHWE JTOH IMEepeMEeHHOW OyneT M3MEHATHCS NPU KaXKIOM MpEephIBaHUHM OT Taiimepa/cuetunka 711,

KOTOpoe OyJeT MPOUCXOAUTh | pa3 B CEKyHIY.
IMopsinok BbINOJIHEHHS PadOThI

1. lns pa3zpabaThiBa€MOro ycTpoHCTBa HamucaTh (PyHKIUK HACTPOIKHU Taiimepa.
2. Opranu3oBaTh 3aITyCK aHAJIOro-U(pPOBOTO MPeoOpPa30BaHUSI 110 MPEPHIBAHUIO TaliMepa.

KoHTpoJibHbIE BOMPOCHI
1. Yto Takoe «raitmep» KOHTpoJuiepa?

2. Kakue BO3MOXKHOCTH IIPEIOCTABIISIOT TaliMepbl KoHTpoJuiepa ATmegal6?
3. B 4em npeumyIecTBO NCIOIb30BaHUS TAHMEPOB TI0 CPABHCHHIO C ITMKJIAMU?



