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JIucr akTyanu3anuu padoyed mporpaMMsl

Pabouast mporpaMMa repecMoTpeHa, 00Cy>KieHa ¥ ol00peHa zijist peanu3aiuu B 2021 - 2022
yueOHOM rojly Ha 3aceZlaHuu Kadespbl ABTOMAaTU3UPOBAHHOTO 3JIEKTPOTIPUBO/IA U

[TpoTokon ot ___ 20 . No
3aB. Kadepoii A.A. HukosnaeB

Pabouasi mporpamma repecMoTpeHa, 00Ccy»keHa 1 ogobpeHa A1 peanv3anuu B 2022 - 2023
yueOHOM rojly Ha 3aceZlaHnu Kadespbl ABTOMAaTU3UPOBAHHOTO 3JIEKTPOTIPUBO/IA U

ITpoTokon ot ___ 20 . No
3agB. Kadeapoii A.A. HukosaeB

Pabouasi mporpamMMa repecMoTpeHa, 00cykzieHa v oflobpeHa fyisi peanu3aiuu B 2023 - 2024
yueOHOM rofy Ha 3acejaHuu Kadeapbl ABTOMAaTU3UPOBAHHOTO 3JIEKTPOIIPUBO/IA U

[IpoTokon ot ___ 20 1. No
3aB. Kadepoii A.A. HukosaeB

Pabouast mporpaMmMa rnepecMoTpeHa, 00Cy»KieHa 1 o00peHa /151 peanu3aiuu B 2024 - 2025
yueOHOM TO/y Ha 3acejaHuH Kadeapbl ABTOMATU3MPOBAHHOTO 3JIEKTPOTIPUBO/A U

[TIpoTokon ot __ 20 . No
3aB. Kadepoit A.A. HukosaeB




1 Ilesi1 ocBOeHMA AUCLUILIMHBI (MOAYJIAA)

LlenssMu ocBoeHUs] AUCUUTUIMHBI (MOAY/s)) «OCHOBBI MHKPOIIPOLIECCOPHOM TEXHUKH»
SIB/IIETCSL  pa3BUTHE Y CTYJIeHTOB JIMYHOCTHBIX KauecTB, a Takke (opMUpoBaHUe
rpodecCHOHATBLHBIX KOMITETEHIIMM B COOTBETCTBUM C TpeboBaHusmu OI'OC BIIO 1o
HampasyieHHU0 130302 DneKTposHepreTUKa U 371eKTPOTEXHUKA.

2 MecTo AUCIMILIMHBI (MOAY/IsA) B CTPYKTYype 00pa3oBaTe/IbHOM NMPOrpaMmabIl

HOucturimHa OCHOBBI MUKPOTIPOLIECCOPHOM TeXHUKU BXOJUT B UaCTh yueOHOTO TilaHa
dbopmHpyeMy0 yuacTHUKaMu 00pa30BaTe/IbHbIX OTHOILIEHWI 00pa3oBaTe/lbHOM MPOTrPaMMBI.

I w3ydyeHUss  AMCLUIUIMHBI ~ HeOOXOAWMBbI  3HaHWS  (YMeHUs, BJa/IeHUs),
chopMHUpOBaHHbIE B pe3yJbTaTe U3yUYeHHUs JUCLIUTIIMH/ TPaKTHK:

CxemoTexHHUKa

Anre6pa JIOTUKY U OCHOBBI IUCKPETHOU TeXHUKU

3HaHus (yMeHUs], BaJieHus1), TIOyueHHble TIPYU U3yueHUU [JaHHOM AWCLUIUIMHBI OyAyT
HEOOXOAUMBI /ISl U3yUeHUsT TUCIUTTTMH/TIPAKTHK:

CucTeMbl yIipaB/eHUs 3/IEKTPONPUBOIOB

3 KomnereHuu odyuyamwierocs, GopMupyemMble B pe3y/IbTaTe 0CBOEHH

AMCLUIUIAHBI (MOAY/IA) U IUIAaHUpPYeMble pe3y/IbTaThl 00yyeHus

B pesynabraTe OCBOEHMs [JUCLMIUIMHBL (MOAy/si) «OCHOBBI MMKPOMNPOLIECCOPHOM
TeXHUKW» 00YYaroIIuics Jo/bKeH 00/1aiaTh CeyIOMUMH KOMITEeTeHIIUSMHU:

KO,Z[ NHAWKATOPa I/IH,ELI/IKEITOP AJOCTH>XXeHHA KOMIIEeTeHLIUU

[TK-2 CrnocoOHOCTh TIOATOTOBUTH TEXHHMUECKOe 3a/laHMe Ha pa3paboTKy CHUCTeMbl
3JIEKTPOIIPUBO/IA

[IK-2.1 Ocy1iecTBsieT TMOATOTOBKY TEXHHUUECKOTO 3aJaHus Ha pa3paboTKy
CUCTEeMBI 3/1eKTPOIpUBO/A




4. CTpyKTypa, 00béM U Coiep)kaHHe JUCHHUILUIMHBI (MO/YJIs)
OO1mast Tpy0eMKOCTb AMCLMITIMHBI COCTaB/sieT 4 3aueTHbIX eJuHUL] 144 akaj. yacoB, B TOM

qucsie:

— KOHTakTHasi pabora — 10,7 akaji. yacos:
— ayguropHas — 10 akaz. yacos;

— BHeayuTopHas — 0,7 aka/i. yacoB

— camocTosiTesTbHas paborta — 129,4 aka/|. 4acos;

dopma aTTecTaliy - 3aUeT C OLIEHKOU

AyautopHast o
KOHTaKTHast pabora E 3 dopma Tekylero
=
Paszen/ Tema g (s axap, wacax) E:: 2 Bz . KOHTPOLT Kop
> 8 © | camocTosiTeNIEHOM | yCTIeBaeMOCTH U
JUCLIATUIMHBI N E o .. | KomnereHI MK
g5 paboTs! TIPOME)XKYTOUHOH
nab. | mpakr. | 5 8 aTTecTa
JIek. & @ s
3aH. 3aH. | O &
1. Beenenue
1.1 Ucropus [Ipoutenue .
. YcTHBIM onpoc
MUKPOIPOLIECCOPHOU 10 JIEKLJUOHHOT'O [IK-2.1
(cobecemoranue)
TEXHUKHU MaTepuasa
1.2 Cospemennbii  rtar| 4
[Ipourenue .
pa3BUTHSA YcTHBIN onpoc
10 JIEKLIJUOHHOTO IK-2.1
MHKPOMPOLIeCCOPHBIX (cobeceoranue)
MaTepHasa
CHCTEM
Wroro no pasgeny 20
2. fI3bIk mporpamMmupoBanus C
TlogroroBka K 3awumra
2.1 OcHoBHbIe TepMHHLI 1 1 1 10 nabopaTopHOi JsabopaTopHOi MK-2.1
TIOHATHS
pabore paboTsl
TlogroroBka K 3awumra
2.2 Tumbl AAHHBIX 1 2/21N 10 nabopaTopHOi JlabopaTopHo#t MK-2.1
pabore paboTsl
2.3 [TepemeHHBIe, TTogroroBka K 3amumra
KOHCTaHTHI, MacCCHBBI, 2/21N 10 nabopaTopHOi JlabopaTopHO#t MK-2.1
yKa3areu 4 pabote paboThI
Mpoyrenne YcrHbli ompoc
2.4 CTpyKTypBI 5 | zomonHuTenbHOR p IK-2.1
(cobecenoBanme)
JIUTepaTypbl
Ipouretie YcTHBIM Onpoc
2.5 1uknel, BeTBIEHUS 10 | ;omoyHUTETEHOM P [1K-2.1
(cobecenoranue)
JIUTEPaTyphbl
Hpoxrerne YcrHbli oripoc
2.6 ®yHKLMU 6 JIOTIOJTHUTE/TbHOU p IK-2.1
(cobecenoranue)
JIUTEPaTypbl
Wroro no pa3geny 2 5/41 51
3. Cpena pa3paboTKu
nporpamMMHoro obecrieuenust Qt
Designer
o [Ipoutenue .
3.1 Co3gaHue U HacTpOMKa 10 | gononHurensHoit YcTHBIN ompoc K21
TpOeKTa (cobecemoranue)
4 JIUTEPaTyphbl
Mporenne YcTHBIN onpoc
3.2 OtyiagKa nporpaMmsl 5 JIOTIOTHUTETbHOU P [IK-2.1
(cobecemoranue)
JIUTEPaTyphbl
Wroro no pasgeny 15

4. MukpokoHTpo/uiep AVR

Atmega8




4.1 Omnucanue, CTPYKTypa,

[Ipourenue

YcrHbId ompoc

6 | momosHUTE/TEHOU IK-2.1
XapaKTepUCTUKU (cobeceoBanue)
JIUTEPaTypbl
o IIpoutenue .
4.2 Pabora c mepucdepueis 10 | gononmurensoii YcTHBIN ompoC K21
KOHTpOJLIepa (cobeceoBanue)
JIUTEPaTypbl
Wtoro no paszeny 16
5. Muxkpokontponniep ARM
STM32F407
IIpourenne .
5.1 OmnmcaHue, CTPYKTypa, 8 HOTOMHHTENLHOM YCTHBIM onpoc K21
XapaKTepUCTHKU (cobecenoBanue)
JIUTEPaTypbl
. [Ipourenue .
5.2 Pabora c mepudepueit 11,2 | ponosmurensHoii YCTHBIN onpoc MK-2.1
KOHTpOJI/Iepa (cobecemoBanie)
JIUTEPaTypbl
5.3 Cpena IToaroroBka kK 3aiuTa
npoekTupoBaHus  STM32 1 8,2 nabopartopHoii J1abopaTopHOit MK-2.1
CubeMX pabote paboThI
Wroro no pa3geny 1 27,4
6. KoHrtponb
6.1 KonTposb
Wtoro no paszeny
Wroro 3a cemectp 6/41 129,4 3aueT C OL[eHKOM
Wroro mo gucLuIiiHe 6/41 129,4 3aUeT C OI[eHKOU




5 O0pa3oBare/ibHbIE TEXHO/IOTUH

[ns  peanu3aliyd  TpPeAyCMOTPEHHBIX BUJOB yueOHOM pabOTbI B KauecTBe
oOpa3oBaTe/ibHBIX TEXHOJIOTHI B TMperofiaBaHuu AUCHUTUINHBI « OCHOBBI MUKPOIIPOL[ECCOPHOM
TeXHUKU» UCIIONb3YIOTCS TPAAULIMOHHAs U MOJY/IbHO-KOMITeTEHTHOCTHAsI Te€XHOIOTUMU.

Jlekijuu TIPOXOAST B TpaJuLIMOHHON (opme U B (dopme meKiuii-KOHCynbTalui. Ha
NeKIUSIX-KOHCY/IbTAl[UsIX U3/I0KeHWe HOBOTO MaTepHasia COTPOBOXKJAETCSl TIO0CTaHOBKOM
BOTIPOCOB U JIMCKYCCHel B TIOUCKaX OTBETOB HA 3T BOIIPOCHI.

[Tpy BBIMOMHEHUM J1TaOOPAaTOPHBIX PabOT CTY[EHThI y4yaTcsl MPAaKTUYeCKUM HaBbIKaMU
MIPOEKTUPOBAHUSI U MOZETUPOBAHUSI YCTPOMCTB, PAaCCMOTPEHHBIX Ha JIEKI[MOHHBIX 3aHSTHSX.
Ilpu 3aumre snabopaTOpHbIX pabOT Tiepef; CTy/AeHTaMW CTaBsITCA 3ajaud, TpeOyrolue
JIOTUYEeCKOTO MBIILIEHUS], TIPUHIIUIA 00001I[eHNUsT U COTIOCTaBJ/IeHUS.

CamocrosiTesibHast paboTa CTUMY/MPYeT CTY/IEHTOB B TIPOL[eCCe  TOATOTOBKH
JIOMAIIHUX 3aJjaHui, MPHU pellleHnH 3afiau Ha J1abopaTOpHBIX 3aHATHUSX, TPH TOATOTOBKe K
WTOTOBOM aTTeCTaruM.

6 YueOHO-MeTO/JUUeCKOe 00ecrieueHHe CaMOCTOSITe/TbHON PaboThl 00yUaroMXCs
IIpexncraBiieHo B npuno)keHuu 1.

7 O1jeHOYHbIe CPe/CTBA /ISl MPOBEeieHHs MMPOMEXYTOUHOM aTTeCTalHuu
[IpeacTaBieHbl B TIPUIOXKEHUH 2.

8 YueOHo-meToguueckoe U uWH(poOpManHMOHHOe o0ecreyeHHe JUCLUILUIHHBI

a) OcHoBHas MTEpaTypa:

1. CmupHoB, FO. A. OCHOBBI MHKPO3JIEKTPOHMKA U MHKDPOIIPOLIECCOPHOW TEXHUKH :
yuebHoe rocobue / FO. A. CmupHOoB, C. B. Cokonos, E. B. TuroB. — 2-e u3sg., ucrnp. — CaHKT-
[Tetepbypr : Jlanb, 2013. — 496 c. — ISBN 978-5-8114-1379-9. — TeKcT : 371eKTPOHHbIH //
Jlanb : 371eKTpoHHO-0MbMoTeuHast cuicreMa. — URL: https://e.lanbook.com/book/12948 (naTa
obpaitenusi: 06.11.2020). — Peyxum focTyTia: /i1 aBTOPH3. TI0JIb30BaTe/Iel.

0) Jomo/THUTe/IbHASA JIMTEpPaTypa:

1. CmuphoB, FO. A. TexHuueckue CpeJCTBa aBTOMATH3al[UM W YIIpaBJeHUs : yueOHOe
nocobue / FO. A. CmupHOB. — 3-e u3f., ctep. — CankT-IletepOypr : Jlanb, 2020. — 456 c. —
ISBN 978-5-8114-5413-6. — TeKcT : 3/1€KTPOHHBIN / JlaHb : 3/I€KTPOHHO-OMO/IMOTeUHast
cuctema. — URL: https://e.lanbook.com/book/140779 (mata obparmjerus: 06.11.2020). —
Pe>xum fioctyna: 151 aBTOPU3. MO/Ib30BaTeIeH.

2. JlykuHos, A. II. TIpoeKTHpoBaHHe MeXaTPOHHBIX U POOOTOTEXHUUECKUX YCTPOUCTB :
yuebHoe rocobue / A. I1. JTlykuHoB. — Cankt-IletepOypr : Jlanb, 2012. — 608 c. — ISBN 978-
5-8114-1166-5. — TeKCT : 3/IeKTPOHHBIM // JIaHb : 371€KTPOHHO-OMOIMOTeUHass cHUCTeMa. —
URL: https://e.lanbook.com/book/2765 (maTta obparenus: 10.11.2020). — PexxuM gocTyma: st
aBTOPU3. TI0JIb30BaTe/Iel.

B) MeToguueckue yKa3aHHA:

ITpuBeneHbI B IPUIOXKEHNH 3.


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

r) [IporpamvHoe o6ecieuenne u VIHTepHeT-pecypcChI:

IIporpammMHoe obecrieueHue

HanmeHnoBaHue .
o Ne norosopa CpoOK [elCTBUS JIULEH3UU

MS Windows 7
Professional(gis  |[1-1227-18 ot 08.10.2018 11.10.2021
KJ1aCCOB)
MS Office 2007 |\, 135 o1 17.09.2007 GeccpouHo
Professional
77ip cB00O0HO pacrpocTtpansemoe 1O 6eccpoyHO
E’Oﬂa“d Turbo C+ 110112301 or 23.11.2005 Geccpouro
FAR Manager cB00O0HO pacrpocTtpansemoe 1O 6eccpoyHO

IIpodeccuonanbHbIe 6a3bl JAHHBIX U MHGOPManH

OHHBIE CIIPABOYHBbIE€ CUCTEMbI

Has3BaHue Kypca

CcblIKa

OnekTpoHHas 0a3a mepuoaWueckux u3manuid East View
Information Services, OO0 «/IBUC»

https://dlib.eastview.com/

HarmonanbHast rH(GOPMalMOHHO-aHa/TUTHYeCcKast
cucteMa — Poccuiickuii MHZEKC Hay4yHOTO LIUTHPOBaHUS

URL:

(PUHLI)

https://elibrary.ru/project_risc.asp

ITouckoBas
Scholar)

crucreMa

Axkagemus

Google (Google

URL: https://scholar.google.ru/

MHGOOPMALIMOHHLIM pecypcam

WHudopmarmonHas cuctema - EfnvHoe OKHO fJocTyma K

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

9 Marepua/lbHO-TEXHHUECKOe o0ecrneueHne JUCIHMILITHHBI (MOY/15)

MaTepranbHO-TeXHHUYEeCKOe obecrieueHre JUCIUIUIMHBI BKTFOUAeT:

Tun 1 Ha3BaHUe dyJAUTOPUU

OcHaueHue ayiuTopuu

YyeOHbIe ayIUTOPHU AJIs1 TIPOBEeHUS]
BaHSATHHN JIEKLIMOHHOTO THIIa

MyJ/IbTUMe/IUMHbIE CPe/ICTBA XpaHeHus, repeiauun
Y Tpe/icTaB/eHus1 UH(opMaLuu

YueGHast ayJUTOpUS AJIsl TIPOBeIeHUsT
TabopaTOPHBIX 3aHSATUM: TabopaTopus
ABTOMAaTU3UPOBAHHOTO
5/1eKTPONPUBO/ia TIOCTOSIHHOTO U
repeMeHHOT0 TOKa

KoMrbtoTephl Syntex mod-1+ LCD LG TFT19;
mabopatopHbIii cTeH Nel;

mabopatopHsbIi cTeHz Ne2;

crenp LISTI-TTY «ccnenoBanue
9JIEKTPOTIPUBO/IOB IMTOCTOSTHHOTO TOKa»

YueGHBIE ayIUTOPUH [IjIsI TPYTIIIOBBIX
M UHUBU/ya/IbHbIX KOHCY/IbTaL[|M,
TeKylllero KOHTPOJIs U
MPOMeKYTOUHOM aTTecTaliu

Jlocka, My/IbTUMeIMHBIN POEKTOP, KpaH

YueOHbIe ayIUTOPHU TSI
CaMOCTOSITe/TEHON paboThI
00y UaroIIXCst

[TepconanbHble KoMIbIOTEPHI ¢ T10 u3 m. 8(r),
BbIX0ZIOM B VIHTEpHET U C JOCTYIIOM B
5/1IEKTPOHHYH0 MH(OPMAL[MOHHO-
00Opa3oBaTe/ibHYIO CpeJly YHUBepCUTeTa




ITPW/IOXEHME 1

YueOHo-MeTOAMYECKOE 00ecTieueHHEe CaMOCTOATETHHOU PadoThI 00yUarOIUXCS

ITo gucrmrvie « OCHOBBI MUKPOIIPOL[ECCOPHOM TEXHUKW» TIPeJyCMOTPEHa ayJUTOpHas U
BHeay/JJUTOPHasi CAMOCTOsITe/TbHast paboTa 00yUaroImyxcsl.

AynutopHasi camocTosiTenibHasi paboTa CTy/IeHTOB TIpeJTioiaraeT OTBeThl Ha BOIPOCHI Ha
71abopaTOPHBIX 3aHATUSX TIPU 3all{uTe paborT.

IIpuMepHBIe BONPOCHI /I/Is1 YCTHOTO OMPOCa U 3alUThI JIa00PaTOPHBIX PadoT:

1. YeMm oTyiuaeTcss MUKPOKOHTPOJIJIEP OT MUKpOIIpoLieccopa?

2. Ha3oBuTe OCHOBHBIE y3/1bl U X Ha3HaueHUe B CTPYKType 000ro MUKPOIpoLieccopa.
3. UTto Takoe I1IMHa B MUKPOTIPOL[eCCOPHOM TeXHUKe?

4. Ha3oBuTe JBe OCHOBHbIE apXUTEeKTypPbl MUKPOIIPOL|eCcCOpoB. B uem ux otnnyusa?

5. I[Touemy coBpeMeHHbIe MUKPOIIPOL|eCCOPBI CoZepyKaT He O4HO S/po?

6. B uem 3akrouaercsi mpobsiemMa JlanbHEMIIIero pocTa TaKTOBOM YaCTOTHI COBPEMEHHBIX
MHUKPOIIPOLIeCCOPOB?

7. Kakue s13pIKM MPOrpaMMHMPOBAHUSI B HacCTosilllee BPeMsl UCIO/b3YIOTCS /1 HalMCaHUs
NIporpaMM fij11 MMKpOIpPOLIeCCOPOB?

8. UTo Takoe KOMMIU/ISATOP?

9. Onummre nOC/Ae[0BaTeNbHOCTh [J€MCTBUM, BBINOJHSAEMBIX KOMIIWIATOPOM, IIpU
NporpaMMHPOBaHHUH MUKPOIIPOLIeCCOPa.

10. Kakue OCHOBHBbIE THUMbI [JAaHHBIX OOIIENPUHATHI MPU HAMMCAHUU TIPOTPAMM  JI7Is
MHUKPOIIPOLIeCCOpPOB?

11. OnuiMTe CTPYKTYpY NpoeKkTa Ha si3bike C++. UTo Takoe «3aro/ioBouHbIi haiiin»?
12. Kak 1 B KaKOM MecTe TIPOrpaMMbl 0OBSIB/ISIOTCS TiepeMeHHbIe B si3bike C++7?

13. Uro mnpoucxoautr mpu OOBABIEHUH TiepeMeHHbIX? UTO Takoe WHUIMAIU3aIUs
repeMeHHOM?

14. Yto Takoe MaccuB? Kakue TUIBI MaCCUBOB BHI 3HaeTe? Kak 3a/jaeTCss MaCCUB?
15. Uto Takoe yka3arenb? Kakue yka3arenu ObiBatoT? Kak oHu pabotarot?

16. Uto Takoe cTpykTyphl B C++? Kak 00BbSIBUTH CTPYKTYPY?

17. Kakuve tuk/ibl si3bika C++ Bbl 3Haete? [IpuBeuTe UX CUHTaKCUC.

18. Kakue BeTBsieHust B C++ Bbl 3HaeTe? [IpuBeuTe X CUHTaKCHC.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yro takoe pyHKIMU B C++7?

Onwimre mporiecc co3faHus U KOH(pUryprposanus npoekra B Qt Designer.
Yem otmmuaetcst Qt Designer ot gpyrux cpes pa3pabotku (IDE)?

UeMm xapakTepu3yeTcs CeMelCTBO MUKPOKOHTpoJiepoB AVR?

O6mwsicanTe nipuHLuI pabotel ¢ AIITT KoHTposUTepa Atmega8.

OO6mbsicHUTe TIPUHIUTT PabOTHI € TaliMepoOM KOHTpoJisiepa Atmega8.

OOmbsicHUTe TIPUHIIUTT PabOThI C IOPTaMH BBOZIA/BbIBO/Ia KOHTpOJI/Iepa Atmega8.
UeM xapakTepusyeTcsi CeMeHCTBO MUKPOKOHTpOJIiepoB STM32F4?

OO0bsicHrTe TpUHIUT padoTtsl ¢ ALIIT KonTposiepa STM32F407.

OOBbsicHHTE TIPUHLIUTT pabOoTHI C TaliMepoM KoHTposiepa STM32F407.
OOmbsicHUTe TIPUHITUTT PaOOTHI C TIOPTaMU BBO/Ia/BbIBO/Ia KOHTpOsUiepa STM32F407.

Kakumu nepudepuiinbiMu ycTpoiicTBamy 061aziaeT KoHTposinep STM32F4077?



ITPUW/IOXXEHMUE 2

a) H]IaHI/IPy'EMbIe pe3yjibTaTbl Oﬁy‘IEHl/lﬂ H OI€HOYHbIE€ CpeACTBa [A/id IIPpOBeJeHUSA HPOME)KYTO‘IHOﬁ

arrecranum:
Kop WnankKaTop AOCTHXXeHUS
O1eHOYHBbIE CPe/iCTBa
MHAMKATopa KOMIIETeHI[MHU
TIK-2.1: Ocywjecmensiem no020moeKy mexHuU4ecKo20 3a0dHUsl Ha pazpabomky cucmembl 31eKmponpusood

IK-2.1

Ocy1ecTBrser NoAIOTOBKY
TeXHUUYeCKOro 33/JaHus Ha
pa3paboTKy CHUCTEMBI
3/1eKTPOTPUBOZiA

1. UeM oT/iMyaeTCsi MUKPOKOHTPOJIJIEp OT MUKpOIIpoLieccopa?

2. HazoBuTe OCHOBHBIE Y3716l M UX Ha3HaueHHe B CTPYKTYpe J1t000ro
MHKPOIIpOLieccopa.

3. Uro Takoe IIMHA B MUKPOIIPOL|eCCOPHON TeXHUKe?

4. Ha3oBUTe /IBe OCHOBHBIE apXUTEKTYPbI MUKPOIIPOLIeCCOPOB. B ueM ux
oTIumsA?

5. IloueMy coBpeMeHHbIe MUKPOIIPOL[eCCOPBI COZleprKaT He OHO siApo?

6. B uem 3axstouaeTcs mpobsieMa JaabHeHIero pocra TakTOBOM YacTOThI
COBpEMEHHBIX MHUKPOIIPOLIeCCOPOB?

7. Kakue s13bIKM IPOrpaMMUPOBAHUS B HACTOSILL[ee BpeMsl UCTIO/b3YIOTCS [J1s1
HaruCcaHus Mporpamm JJisi MUKpPOIIPOL{e CCOPOB?

8. UTo Takoe KOMIUIATOP?

9. OruiumTe 10C/Ie/[0BaTe/IbHOCTD JeHCTBHH, BBITOMHEMbIX KOMIIU/ISTOPOM,
IpY IpOrpaMMHPOBaHUY MUKPOIpOLieccopa.

10. Yem xapakTepu3yeTcs CeMelCTBO MUKPOKOHTpo/1epoB AVR?

11. O6bsicHuTe ripuHLun pabots! ¢ AL KoHTposutepa Atmega8.

12. O6BsICHUTE TIPUHITUT PabOoThI C TaliMepOM KOHTpoJiiepa Atmega8.

13. O6BsicHUTe NPUHILUI PabOTHI C MOPTaMK BBOZA/BLIBO/IA KOHTPOJLIEpa
Atmega8.

14. Kakvie 0CHOBHBIe TUTTBI JAHHBIX OOLEMPUHSATHI IPH HalMCaHUK
MpOrpamm Jyisi MUKPOMPOLIeCCOPOB?

15. Onuimre CTPYKTYpy npoekTa Ha a3bike C++. UTo Takoe «3aro/loBOUHBIN
taiin»?

16. Kak 1 B KakoM MecTe IIpOrpaMMbl 00BSIB/ISIOTCS [1epeMeHHbIe B SI3bIKe
C++?

17. Uto mpoucxoauT npu 00bsBIeHUN IepeMeHHbIX? UTo Takoe
WHULMaM3aLusl TepeMeHHOMN?

18. Uro Takoe maccuB? Kakue TUIbl MacCMBOB Bbl 3HaeTe? Kak 3azaeTcst
MaccuB?

19. Uro Takoe ykasaresn? Kakue yka3arenu ObiBaroT? Kak oHu paborator?
20. Yto Takoe cTpykTypbl B C++? Kak 00bIBUTL CTPYKTYPY?

21. Kakue uukisl si3bika C++ Bbl 3HaeTe? [IpuBeguTe X CUHTAKCHC.

22. Kakue BeTBeHus B C++ Bbl 3HaeTe? [IpuBeiTe X CUHTAKCUC.

23. Uro Takoe ¢yHKIK B C++?

24. UeM xapakTepu3yeTcsi CeMeliCTBO MUKPOKOHTposuiepoB STM32F4?
25. O6wsicHuTe TiprHIOMN pabotel ¢ ALITT koHTposiepa STM32F407.

26. O0BsicHATE TIPUHIMI PaboTEI C TaliMepoM KoHTposutepa STM32F407.
27. ObbsicCHUTE TIPUHIMT PabOoThI C MOPTaMU BBO/Ia/BBIBO/IA KOHTPOJIIEPA
STM32F407.

28. Kakumu nepuepuiiHpIMy ycTpolicTBaMu 00/1a/jaeT KOHTPOJLIep
STM32F4077?

29. OnuMuTe IpoLecc co3iaHus U KOHGUTypUpOBaHus npoekTa B Qt
Designer.

30. Yem ormmyaercst Qt Designer ot apyrux cpef paspabotku (IDE)?

31. OnuiuTe mporjecc co3fianust ¥ KOHGUryprupoBaHus rpoekra B STM32
CubeMX.

0) ITopsajok MpoBejeHUsA MPOME)XYTOUHOM aTTeCTaliH, MOKa3aTe/Td U KPUTePUH OLleHUBaHUS:

[TpomesKyTOuHasi aTTeCTalys M0 AUCHUIUTHHe « OCHOBBI MUKDOTIPOLIECCOPHON TEXHUKH» BK/THOUAeT
TeopeTHUYeCcKre BOTMPOCH], TO3BOJISIIOIIME OLEHUTh YPOBEHb YCBOEHHsI OOyuaroI[UMWCSl 3HaHWW, U
MIpaKTUYeCKUe 3a/IaHusl, BBISB/ISFOIIME CTelleHb COOPMUPOBAHHOCTHA YMEHUH U BIIaJIeHUH.

IToka3aTenu U KPpUTePUH aTTeCTallUM (3a4eT C OLleHKOM):

— Ha OLEHKY «OT/MYHO» (5 0annoB) — o0OydYaroUMiiCs [JeMOHCTPUPYeT BBICOKUN YDPOBEHb




Cc(hOPMHPOBAHHOCTH KOMTIIETEHI[MM, BCECTOPOHHee, CHUCTeMaTHueckKoe W TyiyOOKoe 3HaHMEe Y4yeOHOTO
Marepuasa, CBOOOZHO BBITIOHSET MPAaKTHUECKHWe 3a/laHusi, CBOOOJHO OTMepHUpyeT 3HaHUSMH, YMEHUSMH,
TIPUMEHSIET UX B CUTYAIUSIX TIOBBILIIEHHOW C/IOXKHOCTH.

— Ha OLEHKy «xopomo» (4 6amwia) — oOydJaromuiics AeMOHCTPUPYET CpelHUN YpPOBeHb
CchOPMHPOBAHHOCTH  KOMITeTEHIIUM: OCHOBHBbIE 3HAHWs, YyMEHHSI OCBOEHbI, HO JIOMYCKAalTCsS
He3HauMUTe/IbHbIe OIMOKY, HETOUHOCTH, 3aTPYy/JHEHUS IPU aHA/TMTUUECKHUX OTlepaLivsiX, IepeHoce 3HaHUH 1
yMeHHI Ha HOBble, HeCTaH/IapTHbIE CUTYaI[HH.

— Ha OLIEHKY «Yy/AOB/IeTBOPHUTe/IbHO» (3 0Oasna) — obOydaroiuiics JeMOHCTPUPYeT TOpPOroBbIit
ypoBeHb C(hOPMHUPOBAHHOCTH KOMIIETEHIIWI: B X0/le KOHTPOJIbHBIX MEPOIIPUATHI IOMYCKArOTCs OIIMOKH,
TIPOSIB/ISIETCSI  OTCYTCTBUE  OT/[E/NbHBIX 3HAaHWM, YMEHWH, HaBBIKOB, OOYyUarOL[WICS WCIBITHIBAET
3HauMTe/IbHbIe 3aTPYJHEHUs TPH OMEePUPOBAHMU 3HAHUSMHM W YMEHHUSIMH TIpU WX TIepeHOCe Ha HOBbBIE
CHUTYaLUH.

— Ha OILIeHKY «HeyAOBJIETBOPUTEIbHO» (2 Oanna) — oOy4aroI[uiics JeMOHCTPUPYeT 3HaHUs He
bosee 20% TeOpeTUYECKOTO MaTepuasa, [AOMyCKAaeT CyIIeCTBEeHHbIe OIIMOKW, He MOJXKET TI0OKa3aTb
VHTEe/UIeKTya/TbHble HaBbIKW PeIleHus MPOCThIX 3a/[au.

— Ha OLIEHKY «Hey/oBjieTBOpUTeIbHO» (1 6ann) — oOyuaromuiicsi He MOJKeT MOKa3aTh 3HaHWS Ha
YPOBHEe BOCTIpOM3Be/IeHUs] U 00bsCHEeHUsT WH(OpPMAI|K, He MOXKeT T0Ka3aTh MHTE/JIeKTyalbHble HaBbIKH
peleHus MPOCTHIX 3a/jau.

OOyuaroLMiicsl TMOAyYaeT OTMETKY <«3auyTeHO» I[P YC/AOBHM BBITIOJIHEHWS W 3allJUThl BCEX
TIpelyCMOTPEHHBIX JTabopaTOpHBIX pabOT Ha OLIEHKY He HUWKe «yJOBJIeTBOPUTEe/LHO». [Ipu 3aueTe olieHKa
CTaBUTCS COTJIACHO CpefiHeMy Dasy OLIeHOK 3aIiuT J1labopaTopHbIX paboT.



INTPWIOXEHMUE 3

3. OCHOBBEI MUKPOIIPOIIECCOPHOM TEXHUKW

JIJABOPATOPHAS PABOTA Nel3

«YcTaHOBKa M HAaCTpoWKa cpefbl pa3pabotku Qt Creator»

Llens paboThl: MpOM3BECTH YCTaHOBKY cpefbl pa3paboTku mporpamm Qt Creator M HaCTPOWTH
KOMI/IEKT /7151 pa3paboTKX MPOrpaMM Ha si3blKax rporpammupoBanusi C/C++.

BBepenue

Qt Creator — 3T0 Kpoccriiat¢hopMeHHasi cpejja pa3paboTKu mporpamm, MoAjepKUBatolas sS3bIKU
nporpammupoBanus C, C++, Java, Python.

Qt Creator T103BOJIsSiIeT pa3pabaTbiBaTb TPOTPAaMMbI /Il CAMbIX Ppa3/lMUHBIX YCTPOWMCTB: OT
MUKPOKOHTPOJI/IEPOB 10 MPUBBIYHBIX OMNepaljMoHHbIX cucTeM (fanee OC), Takux Kak Android, Windows u
Linux. TIpu ucnonb3oBaHuM rpaduyeckdx 31eMeHTOB npuwiokeHut OC (KHOMKM, TMOJIsi BBOJA TeKCTa U
T.JI.) UCTIOb3yeTcst bubmmoTeka Qt, cosepykaiijasi HeoOXoauMbIe [7ist pAbOThI TUX 3/1eMeHTOB (DYHKITHH.

Ha xkaxzayiro OC wiu KOHTpos/ulep HeoOXOJUM COOTBETCTBYIOL[MIM HabOp KOMITWISATOPOB U
OTJIa]IUMKOB, COCTaB/SIIOIIMX TakK HasbiBaeMbli Komniekm (IIpoguab) Qt. DTO MO3BO/sIET HaMUCaThb
rnporpaMMy OJWH pa3, a 3areM CKOMIOWIMpOBaTh ee Tof Ty wWauM MHyr0o OC, 4TO U Ha3bIBaeTcs
KPOCCIUIaT()OPMEHHOCTEIO.

Qt Creator iMeeT HeCKOJIbKO OecCIIaTHBIX JIMIIEH3WH C OTKPLITBIM UCXOAHBIM KozioM (Open Source).

HOPH}]OK BbIIIO/THEHHUA paGOTbI

Ins ckaumBanusi Qt Creator HeoOX0OAMMO TIepelTH Mo CChlKe https://www.qt.io/offline-installers u
BbIOpaTh Bepcuio B 3aBUcHMOcTH 0T OC.

[To okoHYaHMM 3arpys3Kd CjeflyeT 3alyCTUTb 3arpy’KeHHbIM (ail U BBINOJHWATHL HWHCTPYKLUU
ycTaHoBIMKa. [Ipy ycraHoBKe mOTpeOyeTCsl 3aperMCTPUPOBATLCS B pasfiene «Sign-up», TOC/Ie Yero
yKasaTb MyTb [A7s ycraHOBKM. OOlllee TipaBW/IO [ BceX cpef, pa3paboTKu — B TYTH He [O/DKHO
COJIeprKaTbCsl PYCCKUX CUMBOJIOB.

Ha cniefytoiieM sKpaHe HY)KHO BbIOpaTh KOMIIOHEHTHI /JIsi YCTAHOBKU corjiacHO paspsiiHoctu OC,
KaK I0Ka3aHo Ha puc. 13.1.

KomnoneHT MinGW — 3T0 KOMNUAATOP A3blKa nporpammupoBanus C/C++ gns OC Windows.
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Puc. 13.1. Beibop KOMITIOHEHTOB /IJisl YCTaHOBKH

ITocne ycraHoBKM ciefyeT 3anycTuth Qt Creator v mepeity B MeHI0 IHCmpymeHmbl->Ilapamempbl-
>Komniekmbl, 94T00bI yOeJUTHCSI B KODPEKTHOM aBTOMAaTHYeCKOW HAaCTPOMKe KOMILIEKTa, Kak TI0Ka3aHo Ha
puc. 13.2.
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Puc. 13.2. OKHO HaCTPOWKHU KOMIIJIEKTOB
I71s1 HarTMcaHust TIporpaMM KOHTpoJuiepoB cemeiictBa AVR B cpefie Qt Creator He0OXOAMMO CO3/aTh
Y HAaCTPOWTh TaK Ha3bIBAEMbIM KOMIUIEKT, BK/IIOUAOIUI B Ce0sl KOMITUIATOPBI avr-gec.exe s si3bika C U
avr-g++.exe nnsi C++, a Takke OT/IauuK avr-gdb.exe.



BTOphIM Ba)XKHBIM 3TarioM SIBJSIETCSl CO3/laHMe U COOpKa MpoeKTa. BCTpoeHHBIE CpeACTBA Jake
nocnefHUX Bepcuil Qt Creator He TIO3BOJISIFOT 3TO CJe/laTh CTaHJapTHBIMU MeTo/jlaMU yepe3 MeHI0 Pailn-
Hoebiil... [15151 mo00HbIX 1iesieid B Qt Creator TipelyCMOTpP€eH [Ipyroi MeXaHH3M.

B camom Hauase u3ydeHHs si3blka NporpaMMypoBaHuss CH FOBOPWJIOCh, UTO HAamucaTb WCXOJHBIN
(ailin mporpaMMbl MOXKHO [laXke B CAMOM TIPOCTOM Te€KCTOBOM MpuioxeHUU. Ho 3amycTUTh UM UCTIOHUTD
(hbalin c UCXOZHBIM TEKCTOM HeJb3$, /111 3TOr0 €ro HY)KHO CKOMITU/IMPOBATh.

Cpenatb 3T0 MOXXHO U3 KoMaHAHOU cTpoku (ayiss OC Windows 3amnyck: ITyck-BbimoaHums cmd.exe),
HarcaB B Hell:

gcc UMsI_MCXoHOro_(aiina.c -0 UMsi_HCIionHsieMoro_datina

Yka3aHHasi CTpPOKa FOBOPUT OMNepaLiOHHON CUCTEME, UTO HY)KHO:
- 3aMyCTUTh KOMITUATOP gcc si3blka Cu;

- wu3 (¢aina  uMA_ucxooHoeo_cpailna.c  cAenatb  WUCIOJHSEMbIM  Qaill ¢ HMMeHeM
UMS1_UCNoMHAeMo20_galina.

Hamu Takke ObUT pacCMOTpeH MeXaHU3M si3blka CH, UCIIOJIb3YIOIIUM pa3brieHre TIpoeKkTa Ha pa3Hbie
(aiisibl C UCXOHBIMU TEKCTaMHU C pacCllIMpeHreM .C U 3ar0/I0BOYHbIe (paii/bl C paclupeHueM .h.

Ecmu Ol mporpamma cojiepkajia HeckKonbKo (haliJioB C MCXOAHBIMU TeKCTaMU W 3aroJioBOYHbIe
¢aiinbl, cozepskalyecsi, HarpuMep, B Tarke MpoekTa C WMeHeM include, TO CKOMIIMIMPOBaTb ee C
TOMOILIbI0 KOMaHJHON CTPOKU MOKHO ObUIO ObI Tak:

gce uMsi_ucxoaHoro_(aiial.c umsi_ucxogHoro_@aiina2.c -0 UMs_HCIonHseMoro_daiina -
I./include

CKOMIWIUPOBATh CJIOXKHBIN TPOEKT, COZiepXKallvii Oosiee ZiecaTKa pasHbIX (haityioB, U3 KOMaH[HOU
CTPOKH OUeHb He TIPOCTO, 0COOEHHO eC/Ii OH UCTIONb3YyeT pa3/iMuHble CTaHAapTHbIe 6ubmoTeku Cu.

JIrobast cpesja pa3pabOTKM BBITIONHSET BCE 3TH Olepaljid aBTOMAaTHYeCKH, KOr/la Mbl Ha)KUMaeM
KHOTIKY «Cobpamb» (Build). Bce niyTy K cTaHJapTHbIM OUO/IMOTEKaM si3bIKa OOBIYHO HACTPAaWBAIOTCS TI0
YMOJTYaHHIO, @ KOMITW/ITOPBI YKa3bIBalOTCS 10J00HO KomriekTaMm B Qt Creator.

Ho ecmu mporpamMma co3fiaetcsi [/s KakKOro-imbo MHKDOKOHTPOJUIepa, TO K CTaHJAPTHBIM
OubsimoTekaM 00si3aTeNTbHO HY>KHO I00aBJ/IATh MCXOZHbIE W 3aro/ioBOYHbIe (haliibl UMEHHO [ijisi 3TOTO
KOHTpoJulepa. B Takux ¢aiinax co/ep)KUTCs TIOMHBIM WHCTPYMEeHTapuil [ijii paboThl C perucTpamu,
noptamu ¥ Tiepudepueii KoHTposiepa. VI UMEeHHO 3TOro MO YMOJTYaHWIO HET B COCTaBe OOJBIIMHCTBA
YHUBepCa/bHbIX Cpejl, TaKUX Kak Qt Creator.

ToT cambIii «Ipyroii MeXaHHW3M», 0 KOTOPOM TOBOPU/IOCH B CAMOM HauaJie, TI03BOJIsieT coo0muTh Qt
Creator Bce HAaCTPOMKU TpPOeKTa: MO/ie/lb KOHTPOJI/iepa, KOMITU/ISITOPLI, TIyTH K 6ubsirorekam u Qaiiiam ¢
WCXOJHBIMUA KOJIaMH, 3aroJ0BOYHbIM (aiiaM Tipoekta M OMO/IMOTEK KOHTposuiepa. HasbiBaeTcsi Takoid
MexaHu3M Makefile, OH BBITIOJTHSIETCS CTIeLIMaILHOM TTpOrpaMMoit make.

[To ymonuanuto B OC Windows oTCyTCTByeT Takasi IporpaMma, T.K. Bce rporpammsl B 3Toii OC yrxe
CKOMITA/TMPOBAaHbI, UX UCXO/HBINA KO, B OOJIBILIMHCTBE Cy4aeB siBJsieTCss KomMepyeckuM. HazjobHocTH /171t
OospIIMHCTBA TI0/TB30BaTesieid Windows B cucteme cOOpKHM make HeT.

B ornune ot Windows B OC Linux Bce Iporpammel, Kak ¥ cam LinuX, AIMeIOT OTKPBITbIM UCXOHBIN
KOJI, a crcTeMa COOPKH BXOAUT B OOJBIIMHCTBO JUCTPUOBIOTHBOB M0 YMOJTYAHHUIO.

I[Tpu ycranoBke Qt Creator Obisia TakKe yCTaHOBJIeHa cucTemMa cOOpKY U KoMIwisiLuu aJisi Windows
MinGW. B pupekropuu MinGW cozepxxutcs ¢aitn MinGW32-make.exe, KOTOPbIN SIBISIETCSI HY>)KHOW HaM
cucremMoi cOopKH A1yisi KOHTposiepoB AVR.

CkornvipyeM 3TOT (haiin B roboe MecTo 1 neperMeHyeM ero B make.exe. Ilomectum ero o6paTHO B Ty
e manky MinGW. [JobaBum myTh K 3TOM Tarnke B «IlepeMeHHbIe oKpy>keHUsT Windows». [lepe3arpy3um
KOMIIbIOTep. DTH JielcTBUSI HeoOXoAuMbI, uTo0bl Qt Creator MOT HAUTH YTHINUTY make.exe.



ITocsie 3TOr0 HEOOXOAMMO TOIYUHTH Y TIpErofaBaresisi apxus atmegal6 (Win).zip, pa3apXUBHPOBaTh
ero B manky c mnpoektamu Qt Creator, 3amyctuTh Qt Creator W OTKDBITb IIPOEKT, BbIOpaB aiin
atmegal6.creator.

B apxuBe cojepxurcsi 1mab/soH TipoekTa Ayisi KoHTpossiepa ATmegal6. OCHOBHblE HACTPOUMKU
HaxozsaTcs B (paiine Makefile. B HeM crieflyeT U3MeHUTh MyTH K (aiiaM U MankaM B 3aBUCHMOCTH OT UX
PacIIo/IOKeHUsI Ha KOMITbIOTepe.

KOHTPOJ’H:HLIE BOITIPOCHI

1. Yo Takoe Qt Creator? [1Jis1 Uero oH UCMOJIb3yeTCs?

2. ITouemy Qt Creator Ha3bIBatOT KpOCCIIaT(OPMEHHbIM?

3. Uto HeobxoguMO cZieniaTh, 4To0ObI HamucaHHasi B Qt Creator mporpaMma Oblia COBMeCTMMaA C
pasHbiMu OC?

JIABOPATOPHAS PABOTA Ne14

«BBezenue B s13bIK NporpaMmmupoBanus C. [Ipocreliiias nporpamma»

Llens paboThl: W3yueHWe OCHOBHBIX TEDMHUHOB U TIOHSTHHM si3blKa TiporpammupoBanusi C,
nproOpeTeHre HAaBBIKOB HAMKCAHKS MPOrpaMM Ha sisbike C.

BBegenue

S3p1k niporpammupoBanusi C (Cu) 6w pa3pabotaH coTpygHUKOM Kopriopariyu Bell Labs (npexxHee
Ha3BaHue AT&T Bell Laboratories) [Isuaucom Putum B 1973 roay [/1s HanMcaHWs OrepaljiOHHOU
cucrembl Unix. [To3xe C ObUT afanTpOBaH MO MHOXKECTBO JPYTHX IIATGOPM U OTeparjuOHHBIX CUCTEM,
T0JIyYW/1 B CBOEM Pa3BUTHM HECKOJIbKO peJjakLiMi U CTaj OCHOBOM AJid s13bIKoB C#, C++, Java.

SA3bIKM NpOrpaMMMpOBaHMS MOJKHO pas3fie/luTb Ha [JiBe TPYIIbL: KOMIOWIUPyeMble U
vHTepripeTupyemMble. B unTepripetrpyemsbix sisbikax (PHP, Perl, Python) Koz 1IporpaMMbl BbITIOJTHSIETCS C
TOMOILBIO CTeLManbHOM MPOrpaMMbl-UHTepIIpeTaTopa NocTpoyHo. B kommummpyemsix sispikax (C, C++)
BeCb WCXOJHBbIM KOJ TIpOrpaMMbl T1€PeBOAUTCS B MalllMHHbIe KOJbl C TIOMOILBI0 KOMITUAJISTOPA.
[Tporpammbl, HarMCaHHBIE HA TAKWX $13bIKAX, BHITIOIHSAIOTCS 3HAUUTE/BHO ObICTpee.

[TporpaMMbl MOXKHO MHcaTh B Jit0OOM TeKCTOBOM pejakTope, Haubosiee yJ0OHBIMU K3 KOTOPBIX
sBrsitoTCst Sublime Text 3, Notepad+ +, Wy UCTIONB30BATh i 3TOrO cpeny pa3padbotku (IDE — Integrated
Development Environment), Hanpumep Qt Creator, NetBeans, Visual Studio Code. [nsi KOMIUISLUA
UCXOJHBIX (haiiIoB € TTporpaMMaMH U TOJTyUYeHusi 3aryckaemMoro ¢aiiia HeooxoauM KoMnuasTop. CaMbiM
TIOMY/ISIPHBIM - KOMITUWIATOPOM  siByisieTcst GCC, BXopsimyii B OecrilaTHBIM TaKeT CpeJCTB pa3pabOTKH
niporpamm MinGW (anst OC Windows).

st HarvicaHust riporpaMM Ha C MOTYT OBITh WCIIO/Ib30BaHbl BCe OYKBBI aHTJIMACKOrO andaBuTa
(3aryiaBHBIe ¥ CTPOYHBIE), LIUGPHI U CrieldanbHble CUMBOJBL (, . + - ¥ A& =~ <> () { }[]|% ! ? ““:;
_/\#).

[TporpamMMbl CTPOSITCS M3 MOANPOrpamMM, KOTOpble MPUHATO Has3blBaTh QYHKUUAMHU. fA3bIK C
rpeArnoJiaraeT C/ieJyrLy0 CTPYKTYPY (PYHKIMI:

mun ums (apeymeHmbl)

{

UHCMpYKYUU, onepayuu, 8b1308bl yHKyuli u m.o.;



return 3Hauexue,

B mpuBesieHHOW CTPyKType mun — HalMeHOBaHHe Habopa BO3MO)KHBIX 3HaueHHi, BO3BpalljaeMbIX
¢GyHKUMell B pe3y/ibTaTe ee BBINOJIHEHWS, ap2yMeHmbl — TepeJjaBaeMble B (YHKLUIO IlepeMeHHbIe,
HeoOXo/iluMble /151 ee paboThI, return — orepaTop, OCYILLECTBJISIOUINA BbIX0[ U3 (YHKLMHA. APryMeHThI
GyHKIMM ¥ 3HaueHHe TIoC/ie return He SIBASIOTCS 00si3aTenbHbIMU. CrielyeT OTMETHTh, YTO HEKOTOpbIe
KOMIWISITOPBI BBIIAIOT TpeAyTIpeXKeHre WIu Jjake OMMOKY TpH OTCYTCTBUM aprymMeHTOB (yHKIMU. B
3TOM CJ/lyyae BMeCTO apryMeHTOB YKa3bIBalOT K/IHUeBOe CJIOBO void (OT aHr/. «mycToi»). [locie return
3HaueHUs MOXKeT He ObIThb B TOM CJiyuae, ecyid (yHKL[USI He BO3BpalllaeT 3HaueHWe pe3y/bTara, IPU 3TOM
THII, YKa3aHHBIN Tiepe] UMeHeM (YHKIMM JO/DKeH ObITh ykaszaH cyioBoM void. Teno ¢yHKOMH, Kak U
moboro 6110ka MHCTPYKLUM si3biKa C, 3aKitouaeTcsi B GUrypHbie ckoOku { }.

[1pu BBINO/IHEHWY TIPOTPAMMBI [1€PBOH BBITIOIHSETCS TJ1aBHast (yHKLMS C UMEHeM main.

int main()

{
//Kop, TIporpaMMmel
return 0;

[lpy HamucaHuy MporpaMMbl MO/, OrepalyoHHyto cucteMy Windows v Linux QyHKUus main
JIOJDKHA UMETb THIT BO3BpalljaeMOro 3HaueHusi int (1jeJI0UMC/IeHHbIN TUTT JJaHHBIX), T.e. TIOC/Ie BBITIOJTHEeHHSs!
rporpamMma /10/bKHa BepHYThb OMepallOHHOM cucTeMe pe3y/bTaT KOPPEKTHOI'O 3aBepllieHHs], B IPOTUBHOM
ciyuyae OC ¢ukcupyeT ommbOKy TNMpuio)keHus. B rporpammax, HarMCaHHBIX [Jii MUKDPOKOHTDPOJL/IEPOB,
4yacTo ryaBHas PyHKLUs UMeeT 3arosioBok void main(void) us-3a orcyrctBusi OC Kak TakKOBOM.

B npuBeseHHOM TprMepe T1aBHOM (DYHKIMM yKa3aH KOMMeHTapui Buza «/Kod npozpammbi». [1Be
KOCble uepThl 0003HAUarOT KOMMEHTapHuil /10 KOHI]A CTPOKH, T.e. BCe, UTO HAXOJWTCS TOCsie // A0 KOHLa
CTPOKM KOMITUIATOPOM Oy/leT TMpOUrHOPUpPOBaHO. 3HaKaMu /* W */ 0003HayarOT Hayajo U OKOHUaHHe
6710Ka KOMMeHTapHsI C POM3BOJIBHBIM KOJTMUECTBOM CTPOK.

Kaxxziasi MHCTPYKLUsI IPOrPaMMBbl I0/KHA 3aKaHUMBATbCSI TOUKOM C 3arISITOM «;».

@aiisn, cofieprKaliuii UICXOIHBIM KO/ TPOrpaMMBbI, 1OJDKeH UMeTh paciivpeHue «.c». Kpome daiinos c
WCXO/IHBIMU KO/laMU B si3biKe C MCII0/Ib3YIOT 3aro/ioBOYHbIe (haiisibl, MMerolye paciiupeHue «.h». B Hux
COZlep’KaTcsl TOJBKO 3arosoBKy (omvcaHust) QyHKLMHM, KOTOpble MOTYT OBITh MCIT0/Ib30BaHbI B IIPOTPaMMe.
Camu ke (YHKLUUH COZep)KaTcsi B OZHOMMEHHOM 3arojioBOUHOMY (ailly ¢ paciivdpeHueM «.c». s
TMO/JIK/TFOUEHUsT 3ar0/I0BOYHOrO (paiiia MpPUMEHSIIOT JUpeKTuBY #include <HaszeaHue cpaiina.h> B camom
Hayasie ¢aiiia C UCXOAHBIM KO/IOM MPOrpamMMBl.

[Togo6HBIN MexaHW3M OueHb yZ00eH B OOJbIIMX MO 00BEMY KOZa TMPOEKTaX, BBIMVIJUT OH, Kak
MoKa3aHo Ha puc. 14.1.
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MnannfiHn

Puc. 14.1. Ctpykrypa ¢aiinos B s3bike C

[upekTtyrBa #include coob1iaeT crierjanbHOM rporpaMme, obpabarbiBaroliieii TeKCT UCXOJHOTO KOza
Y HasbIBalOLIeliCsl TIPenpoLiecCOpoM, UTO B KoZie cofiepKaTcsl (yHKLMHM, OMUCAHKe KOTOPBhIX HaXOJUTCS B
daiine functions.c. Ilperporjeccop BbINoHseT 00pabOTKy MCXOAHOTO KoZa o Kommuisitopa. Kaxzias
JupekTuBa #include pasmelijaeTcst C HOBOW CTPOKH, MIO3TOMY B KOHIIe CTPOKH C AupeKTUBOH #include 3Hak
«;» He CTaBUTCA.

OTt™meTuM eirle ofHy 0COOEHHOCTh AVPEKTUBHI #include, COCTOSIYIO B TOM, UTO UMs YKa3aHHOTO 3a
Hell 3arosI0BOYHOro aiina MokeT ObITh 3aK/IF0YEHO B KaBbIUKU WM B YIJI0Bble CKOOKH. B mepBom ciiyuae
Tiperiporieccop OyJeT UCKaTh YKa3aHHbBIN 3aro/I0BOYHbIN (haii/l B TOKAbHOM Marke MpoeKTa, a BO BTOPOM —
B Tarke cpe/ibl pa3paboTKu.

[1pu BBITIOSTHEHWHU TIPOTPAMMBI Ha pucC. 14.1 mepemMeHHOH ¢ OyZieT MPHUCBOEH pe3y/IbTaT BBITOTHEHUS
GbyHKLMM sum, apryMeHTaMu KOTopoi 6yayT ABa uncna 2 U 2.

CymiectByeT 0o/bllIoe KOTMYECTBO PEKOMEHJALMiA IO CTWII0 HalMCaHusl KoJja TMpOrpaMM. OTH
pPeKOMeHZalLM1 TI03BOJISIIOT CZle/laTh KOJ, MakKCHUMasjabHO YJOOHBIM [/1s1 BOCIHPUSITHS, TOBBICUTH €ro
yrtaeMocTb. Crie/[yeT 03HAKOMHUTBCS C TIOA0OHBIMU PEKOMEHAALUSIMUA CAMOCTOSITE/TBHO.

ITopsAj0K BHINOTHEHUsI PadoThI

1. Co3gaTh HOBYIO TAMKY /ISl IPOEKTa. PeKoMeH/IyeTcst He UCTI0/hb30BaTh B IYTH PYCCKHE OYKBBI.

2. Co3parh B Marike TeKCTOBBIN (aiisi, U3MeHUTh ero UMsi 1o Baillemy yCMOTpeHUIO U paciivipeHre
«.C».

3. Hanmcarts B (aiinie cyieAyroLyii TUCTUHT:

#include <stdio.h>

int main()

{
printf(“Hello World!”);
return 0;

4. CoxpaHuTb u3MeHeHus B ¢aiiie. 3anyCcTUTb KOHCOJb (I1ycK->BbInoAHUMb...->cmd.exe).

5. IMepetiTu B manky rpoekTa (cd [umsa ducka]:\[ums nanku]).

6. BoimosHUTE KOMaHAY: gcc [ums ¢palina.c]. Tlporpamma OyJeT CKOMITUIMPOBaHHA, €C/IA He
BO3HUKJIO OIIMOOK, U B TarKe C TIPOrpaMMOM aBTOMaTHUecKu OyeT co3ziaH ¢aiin a.exe.



7. 3amyCcTUTh B KOHCOJIM BHOBb CO3/IaHHBIN (haiin: a [Haxcamb Enter]. B KoHcomu OyZieT BbIBeeHO
Hello World!
8. IlpuBecTH B oTUeTE 10 PabOTe TUCTUHT TIPOrPaMMBI, ZOTIOTHEHHBI KOMMEHTapHsIMU.

KonTpo/ibHBIE BONIPOCHI

1. Yto Takoe koMmmnuaaTOop? UYeM OT/IMUYAIOTCA KOMIWIMpYeMble $3bIKHM MPOrpaMMHUPOBaHUS OT
WHTepIpeTUpyeMbIX?

2. Yrto Takoe ¢yHKIMsA B s3bike C? B uem ormmume r1aBHOM (QyHKIMU? OOBSICHUTE CTPYKTYPY
GyHKLMM.

3. Uto Takoe 3aro/ioBoYHbIN (paiin? KakoBo ero Ha3HaueHue?

4. Yrto Takoe aupekTtuBa #include? [Ins yero oHa wucnonb3yetcs? Kakue crocoObl yka3aHUs
3arosI0BouHbIX (paiinoB Bel 3HaeTe? B uem ux oTamuus’?

5. Kakue criocobbl HanucaHusi KOMMeHTapueB Ha si3bike C Bl 3HaeTe?

6. Uto Takoe omneparop return? OOBsICHUTe ero UCI0/Ib30BaHHe.

7. Kakoii kommuisiTop siBisieTcsi Haubosiee pacripoctpaHeHHbIM B OC Windows? Kak co3path
vcrnonHseMelid ¢aitn ¢ nomoupto KoHcomu OC Windows? Kakoe uMsi M0 yMO/IYaHUIO TOJy4yaeT
WICITIOJIHSIeMBIN (Daii moc/ie KOMITAISILUU?

JIABOPATOPHAS PABOTA Nel5

<<I/13y‘JEHI/Ie TUIIOB IdHHBIX A3bIKd C»

LIEJI]: paGOTbI: HN3ydyeHHue OCHOBHBIX THIIOB [JdHHBIX, OIpeae/JeHrue IIOHATUA HEPEMEHHOﬁ u
pa3melieHrs repeMeHHbIX B ITaMATH.

BBegenue

Bce faHHBIE, C KOTOpBIMU paboTaeT rmporpaMma, XpaHsTCs B sideliKax orepaTtiBHOU namstu. Kaxzas
syelika MamMsiTH UMeeT CBOW afipec, MoJ00HO siuelikaM TabJHLIbI, HAXOZASIIMMCS Ha TIepeceueHrH CTPOK U
cronbroB. Eciu mporpamMMa paboTaet mog omneparioHHOM cuctemoi (Windows, Linux), TO TIpU KaXKoM
3armycKe 3TOM TpOrpaMMbl ee JaHHble OyAyT pa3MeliaTbCsi B siyeliKax MamsTh C Pa3HbIMU afipecamu,
cBOOOZHBIMM B MOMEHT 3amycka. Ilocsie 3aBepieHHsi TPOrpaMMbl STUEMKHM TaMSTH OCBOOOXJAIOTCS U
MOT'YT UCI0/1b30BaThCst OC 1o Heo6X0IUMOCTH.

laHHble TIpe/CTaBSIOT COOOUM [BOWYHBIE KOZBI, KOJMUYECTBO OWUT KOTOPBIX KPaTHO BOCHMH, T.e.
ofHOMY OaiiTy. [laHHbIe MOTYT UMeThb Pa3Hyo AJMHY: 1 Gaiit, 2 Oaiita, 4 OaiiTa.

ITepemeHHbIMU Ha3bIBAIOT AAaHHbIE, 3HAUEHHSI KOTOPBIX MOT'YT MEHSITbCSI B X0OZie PabOThI IPOrPaMMBI.
KoHcmaHumbl — 3TO JaHHble, 3HaueHHe KOTOPBIX IIOCTOSIHHO, ONpeJieNisieTcss B Hauajle BbIIIOJIHEeHUs
MPOrpaMMBbI ¥ He MOXKeT OBbITh U3MEHEHO TPY ee AaTbHeHIeM BbIITOTHEHHH.

OOpamiatbCss K [JaHHBIM TI0 aZpecy, KOTOPBIA TIPHM KaKJOM 3amyckKe TPOrpaMMbl MeHSIeTCH,
HEeBO3MO)XHO. [103TOMy [aHHBIM TIPHHATO AaBaTh UMs, a YTOOBI OMNpeAenUTh UX AJUHY W [JOMyCTHUMbIe
orepaly HaJ, HUMH — THII.

Aspik C 4acTO Ha3bIBAXOT SI3BIKOM CO CTPOrOM CTaTWUYeCKOM TuIu3auyed. OTO 3HA4MT, 4TO BCe
riepeMeHHbIe JI0/DKHBI UMeTh OTpejie/ieHHbIN THIM /10 KOMIW/ISLUY, T.e. He MOXKeT ObITh JaHHBIX, THUII
KOTOPHBIX OyZieT orpe/iesieH MpU BITIOJTHEHUH MTPOTPaMMBbI.

Wwms nepeMeHHOM (MeHTU(UKATOP) MOXKeT coZiepKaTh OYKBbI aHIVIMHCKOTO andasuta, LUdpbl, 3HaK
noguepkvBaHus. [Ipuuem ofHa u Ta ke OykBa, 3amucaHHas B pasHbIX peructpax (MpOmnMcHas WM
cTpoyHasi), OyJeT BOCTIpUHMMAThLCS KakK pasHble uaeHTU(UKaTophbl. Harpumep, riepeMeHHbIe «A» U «a» —
[iBe pasHble niepeMeHHble. VIMs He MOKeT HauMHaThCAA € LUpbl. [IpUHATO 3anKchIBaTh UMeHa IiepeMeHHbIX
MO-aHIVIMMCKA B CMeLIaHHOM perucTpe, HauuMHasi C HWKHero (mpaBwibHO — book, bookNumber,
HenpaBuwibHO — Kniga, nomerKnigi).



B s3pike C wMeeTcss HabOp 3ape3epBUPOBAHHBIX CJIOB, KOTOpPbIe HE MOTYT SIBJIIThCA Ha3BaHUEM
repeMeHHOM: 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.

ba3oBble TuIIbI JaHHBIX fA3bIKa C ciepyrolume:

- char — nenbie urcna ot -128 o 127 (8 6ur);

- unsigned char — uenble uncia ot 0 go 255 (8 6ur);

- short — uenbie uncia ot -32 768 no 32 767 (16 6ur);

- unsigned short — njesibie uncia ot 0 10 65 535 (16 6uT);

- int — 1iesible urcia ot —2 147 483 648 no 2 147 483 647 (32 6ura) ans 32- u 6osee -pa3psiIHBIX
cuctem, U ot -32 768 no 32 767 (16 6ur) anst 8- U 16-OUTHBIX CHCTEM;

- unsigned int — aHanoruyHo int ot 0 7o 4 294 967 295 unu go 65 535;

- long int — 1jenble urcia ot —2 147 483 648 o 2 147 483 647 (32 6urta);

- unsigned long int — 1jesibie urcia ot 0 10 4 294 967 295 (32 6ura);

- long long int — uensie uncaa ot —9 223 372 036 854 775 808 no 9 223 372 036 854 775 807 (64
burta);

- unsigned long long int — 11esbie uncia ot 0 1o 18 446 744 073 709 551 615 (64 Owura);

- float — BetleCcTBEHHOE UKMCJIO C TI/IaBaroOIe TOUKOM B Aiuara3oHe +/- 3.4E-38 go 3.4E+38 (32 6ura);

- double — BelllecTBeHHOe UMCJIO C T/IaBarolleii TOUkoW B AuamnasoHe +/- 1.7E-308 mo 1.7E+308 (64
buTa);

- TIlepeMeHHasi CHMBOJIBHOTO TUTIA XPAaHUT KOJ, cuMBosia (OyKBbI, [U(pPEI, 3HaKa U T.[.), 3aHUMaeT B
namsitd 8 6uT, ripecTaBsieTcst TUTIOM char.

Kak BU/IHO, HEKOTOpbIe TUIIbI [IJaHHBIX 3aHMMAIOT pa3HOe KOIMUeCTBO MaMSTU B 3aBUCUMOCTH OT
nnargopmel. [l ciiydaeB, Korja HeoOXOAWMO TOUHO 3HaTh pa3Mep Tura B Oaiitax, B s3bike C
MpelyCMOTPEH oriepaTop Sizeof(umsi nepemeHHoll), BO3BPAIIAOIIMN pa3Mep THIA yKa3aHHOM B CKOOKax
repeMeHHOM.

[Tpexxie yeM UCIO/b30BaTh MIEPEMEHHYIO B MpoOrpamMme, ee He0OX0JUMO OOBSIBUTH, T.e. YKa3aTb ee
THUIT U UM,

char a;
intb=10;

HMuuyuanuzayueli iepeMeHHOW Ha3bIBAIOT TPUCBOEHHWE el 3HaueHWs. OTO MOXKHO Cjle/laTh TIpH
o0bsiB/IeHMM, KaK C TiepeMeHHOW b B Tmpumepe Bbillle, WA TIOPKEe B KOJe TMPOTPaMMBbI.
HeuHuimanusupoBaHHasi iepeMeHHasi XPaHUT «MYCOP», OCTABILWMNCS B sTUeiiKax OrepaTUBHOM MaMsITH.

Cnenyet BbIOMpaTh TUI IepeMeHHOM C yueToM ee BO3MOJKHBIX 3HaueHWi. Harpumep, mepemeHHasi,
XpaHslasi KOJIMUeCTBO CTY/IeHTOB IPYMIbl, He MOKeT NPUHUMATh OTpULIaTe/bHbIe 3HAUEeHWs U BpsJ, U
npeBbICUT unciio 255. [To3ToMy Hellesiecoo6pa3HO pacxo/j0BaTh OMepaTUBHYIO MaMsiTh, 0003Hauasi TaKyro
repeMeHHY0 TUIIOM int. [171s 3TOro Jiyullle UCI0/b30BaTh TUN unsigned char.

Ecnu uHUIManu3MpoBaTh TlepeMeHHYH0 3HaueHWeM BHe Juaria3oHa tumna (unsigned char a = 256;), To
Ha 3Tare KOMIHWISI[UM TIPOrPaMMbl BO3HUKHET OIrOKa. OfHaKO TieperioiHeH|e THIa ePeMeHHON MO>KeT
TIPOM30UTH TIPH BBITIOJHEHWH MporpaMMbl. Harpumep,

unsigned chara=255b=1, ¢
c=a+b;

B mporpamme 00bsiB/ieHbI 8-OUTHBIE TIepeMeHHbIe «a, b, C», C BO3MOXKHBIM [[Uaria30HOM 3HaYeHUM
0..255. TToce BBITIO/IHEHUS TIPOTPaMMBI B TIepeMeHHOM «C» He OyzieT 3HaueHue 256, KakK 3TO 0XKU/IAeTcs, a
Oynet xpanuTbcst 0. C10’KUM B IBOMYHOM cucTeMe yncia 255 u 1.

1111 1111 (255)

0000 0001 (1)



10000 0000 (256)

EpuHuila camoro crapiiiero paspsija He romelaetcsi B 8 OUT repeMeHHON «C», TI03TOMY B Hel
ocTaHyTcsl TO/MLKO Hymu. CrefyeT YuMThIBaTb 3TOT (pakT, UTOObI M30eXaTh BO3MOKHBIX KOJTU3UM
MpOrpamMMBblI.

Kak ymomMmuHa/moch paHee, repeMeHHasi TWIa char MoykeT OBbITb UCIIO/Ib30BaHA [ijIsi XpAHEHUs Koja
CHMMBOJIa. IHUI[ManU31MpoBaTh TaKyto MepeMeHHYH MOXXHO TakK:

char c = “f’;

B mepemeHHOU «C» OyzeT XpaHUTbCS uncio 102, cOOTBeTCTBYyHOIee CUMBOJY «f» Tabmuipl ascii
(anrn. American standard code for information interchange).

B s3pike C OTCYTCTBYyeT JIOTMUECKHM THI JaHHBIX. BMecTo Hero MOryT ObIThb HCIIOb30BaHbI
1[eJIOUCIeHHbIe THUIbl. 3HAUeHWI0 «JIOXb» COOTBETCTBYeT HO/b, «HUCTHHe» — Jroboe Iiesioe umcIo,
oT/MyHoe oT HyJisl. OfHaKo A/isi y100CTBa HarMcaHWs TIPOrPaMM U HarsiHOCTH B si3bike C TIPUCYTCTBYeET
CTaHZAPTHBIN 3aro/ioBouHbIi (aiin stdbool.h, copepskaiiyii Makpochl, orpejesisitole Tun bool, 3HaueHue
true (uctuHa) U false (y1oxkb). [171st ero MOJK/IFOUEHUs Cie/lyeT MCIO/Ib30BaTh JUPEKTUBY #include.

Oneparmu 1 ux o603HaueHus B C cieiyrorye:

+ — C/IOXKeHue;

- — BbIUMTaHUE;
* — yMHOXeHUe;
/ — nenenue;

% — OCTaToK OT JieJIeHUS;
++ — UHKpeMeHTHpOBaHue (yBenuueHue Ha 1):

i++; / npubasump K 3HaueHUIO nepeMeHHOU i eOUHULY
++i; / npubasumb K 3HaUeHUIO nepemeHHol i eOUHUYY

-- — leKpeMeHTprpoBaHye (YyMeHblleHWe Ha 1):

i--; / ymeHbWUMb 3HAUeHue nepeMeHHOl i Ha eQUHUYY
--i; // yMeHbWUMb 3HaueHue nepemeHHoOl i Ha eOUHUYY

= — orepayusi IPUCBOEHUSI 3HAUEeHUSI;

== — CpaBHEHMe Ha paBeHCTBO, BO3BpalllaeT 1, ec/iu cpaBHUBaeMble 3HaueHusi (onepaHobl) paBHbI, 0
— B IPOTUBHOM CJyuae;

> — Bo3BpaljaeT 1, ecsu repebiii orepaH/ 60Jbliie BTOPOTO;

< — Bo3Bpaujaet 1, ecu rnepeblii ONepaH/, MeHbllle BTOPOIo;

>= — Bo3BpalljaeT 1, ec/iv MepBbiii oriepaHz 0oJbllie UK paBeH BTOPOMY;

<= — Bo3BpallaeT 1, ec/u nepBblii OnepaH/, MeHbllle UM paBeH BTOPOMY;

= — Bo3Bpaillaet 1, ec/iv repBbIii OrlepaH/, He paBeH BTOPOMY;

! — oTpuLjanue;

& & — Bo3Bpairjaer 1, ecsiu 006a yC0BYsI PaBHBI UCTUHE:

if ((a==Db) && (b > 0))...; /ecau a pasro b u b boabiue 0

& — KOHBIOHKI[US, JIOTUUECKOe YMHOXKEHUE;
|| — Bo3Bpaiaet 1, ec/iu X0Ts1 ObI OHO YC/IOBHE PaBHO UCTHHE:

if((@==Db) || (b>0))...; /ecau a pasro b uau b 6onbuie 0



| — AM3BIOHKLIYS, JIOTUUeCKOe C/I0’KeHHe;

A — CKJTIOYaroILee Uiy

~ — riopa3psi/iHasi UHBepcus (OTpULiaHue);

<< — 1IOOUTOBBIN C/ABUT BJIEBO Ha 3a/laHHOE KOJIMUeCTBO Pa3psi/ioB:

inta=3<<2;

>> — 1T0OUTOBBIN C/ABUT BIPABO Ha 3a/laHHOE KOJIMUeCTBO Pa3psifioB.
ApudmeTnueckue, JTOTHUECKHe U CABUTOBbIE OTepaliii MO>KHO 00beAVHUTD C TTPUCBAaBaHUEM:

a+=2; //pagHocunbHo a = a + 2
b &= 3; // pagHocunbHo b = b & 3
¢ <<=1; // pasHocunbHo ¢ << 1

BakHoi 0co0eHHOCTBIO si3bIKa C SIB/ISIETCS TIOHSTHE 06/1acmu 8UOUMOCMU NepeMeHHbIX. DTUM
TEePMUHOM OTIpe/iesisitoT 0JI0KU MpOrpamMMbl, B KOTOPBIX 00bsIB/IeHHbIe TiepeMeHHbIe JOCTYMHBI. [ToscHuM
3TO [PUMEPOM C KOMMEHTapUAMMU:

int main(void)
{
unsigned char a; //00Bs18UNU NepeMeHHYIO d, OHA
//00CcmynHa 80 8cex 810H#CeHHbIX b10Kax
//pyHKyuu main
for (a = 0; a < 10; a++) //yuka Ha 10 noemopeHuli seasiemcs
//8N0H#CEHHBIM NO OMHOWEHUI K main

{
unsigned char b; //0bws8uIU nepeMeHHYI0 b
b=a; //nepenucanu 3HaueHue u3 a 8 b
} //KOHey yukia
b=0; //owubka — nepemeHHas b docmynHa
//monbKo 8 mom bs10ke, 20e oHa bbLia
//obwsienena, m.e. 8 yuksie for
return 0;

Takum o6pa3om, rnepeMeHHbIe, 00bsIB/IeHHbIE B KAKOM-/TMO0 BI0>XKeHHOM OJI0Ke, OCTYIHBI TOIbKO
BHYTPH 3TOr0 0/I0Ka UM BO BJIO>KEHHBIX B HETO OJI0Kax, HO He 3a TPaHUIIaMH 3TOro O/10Ka.

Bo3M0o)XKHO 00bsiB/IeHMe M WHULMAIU3alisl TlepeMeHHOM Ja)ke /10 ryiaBHOW ¢yHKUMK main. Takue
repeMeHHbIe OCTYTIHBI BO BCeX (YHKIMAX U Or0Kax ¢aiila mporpamMMbl U Ha3bIBAIOTCS 2100a/1bHbIMU
nepemeHHbiMu. Cnenyer wu3beratb HWCIOAb30BAHUSI T7100aMbHBIX T€PeMeHHbIX, T.K. OYeHb CJI0XKHO
OTC/IeITh BCe M3MEHEeHUsI TaKOW TlepeMeHHOM TPy OOJIbIIIOM KosinuecTBe (PyHKIWI MTPOTPaMMBbl, CI0’KHO
HaliTh oMOKYy B Kofie.

7151 3a1aHUs1 IMEHOBAHHBIX KOHCTAHT B si3blKe C UCI0/Ib3yeTCsl AUpeKTHBa IperpoLeccopa #define:

#define UM _KOHCTAHTGHI 3HaueHue

B coobijecTBe pa3pabOTUMKOB NIPUHSTO 3aMMCHIBATH MMsI KOHCTAaHTHI B BEDXHEM PETHCTPe C HIKHAM
Mo/luepKUBaHUEM B KaueCTBe pasze/uTes.

O6macTh BUAMMOCTH KOHCTAHThI aHAJIOTHYHA 00/1aCTH BUAWMOCTH TlepeMeHHOM.

OTMeHUTbh KOHCTAHTY MO’KHO C TIOMOIIIbIO TUPEKTUBEI #undef:



#undef UMSA_KOHCTAHTBI

HOPH,E[OK BbIIIO/THEHHUA paGOTbI

1. Co3patiTe HOBbIM (haiin A1 IPOrpaMMBl.
2. BHecuTe B Hero cjefyroLui JIMCTUHT IIPOrPaMMBI:

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

3. CKOMOUIMPY#Te TIPOrpamMMy. 3alUILINTe BBIBOJ KOMIHU/ISTOpPA 00 ombKax.
4. BbIsICHATe CMBIC/T BCeX OIIMOOK MpOorpamMmBbl, UCIO/b3Ysl MOUCKOBYHO crucTeMy (Google, Yandex).
5. VicnipaBbTe ommbku 1 j06eiTech yCrenHoH KOMITAISLAY TTPOTPaMMBbI.

KoHTpo/ibHBIE BONIPOCHI

1. Yro Takoe nepemeHHass? UTo 3HaUMUT OOBSIBUTH ¥ MHULIMA/TU3UPOBATH IT€PEMEHHYI0?

2. Yro Takoe 06/1aCTh BUIUMOCTHU TI€PEMEHHOM?

3. Urto OyzeT XpaHUTHLCS B TIepeMeHHOM, eC/Ti ee 00BSIBUTh, HO He MHULMA/IN3UPOBATh?

4. Yto Takoe IepernoyiHeHue Tura? I[IpyuBeanTe ripumMep pesyJibTara IeperoyHeHus..

5. Kakue njesiounciieHHble TUMbI JaHHBIX Bbl 3HaeTe? CKOJIBKO MeCTa B ONEpPaTUBHOM MaMsATH OHU
3aHUMaroT?

6. 1151 uero ucrnosb3yeTcs: MoaUdUKaTop unsigned?

7. Kakue BeljecTBeHHbIe TUIIBI s13bIKa C Bel 3HaeTe?

8. C nomoipro Kakoro onepartopa sisbika C MOXXHO TOYHO OIpefie/IuTh pa3Mep TUIla IlepeMeHHOM ?

9. ITouemy He cjiefiyeT UCTIOIBL30BATh TJI00a/bHBIE TIepeMeHHbIe?

10. Kak 3a7aTb IMEHOBAHHYIO KOHCTaHTYy? Kak ee OTMeHUTL?

JIABOPATOPHAS{ PABOTA Nel6

«/3yueHnre MacCUBOB»

Llens paboOThI: 03HAKOMHTBLCS C TIOHATHEM «MacCHB», ero CTPYKTYPOH, criocobamu oObsBIeHUS U
VHULIMAT3aLIMH, TPUOOPeCTH TIpaKTUYeCKre HaBbIKA pabOoThI C yKa3aTeasiMu sizbika C.

BBepenue

[Ipy HamMCcaHWUM TPOTPAMM YacTO TIPUXOAMTCS paboTaTh C OOMBIIMM KOJIMUECTBOM OJHOTHITHBIX
JaHHBbIX. Vcriosb30BaHue [yis TIOJ00HBIX 3a/jau OOBIKHOBEHHBIX TepeMeHHbIX TMPUBEJET K YBeJTUYeHHUIO
JIMCTHHTA NPOrpaMMbl, YaCTOMY MOBTOPEHHIO OJJHMX U TeX )Ke JeMCTBUM, HO J/Is1 pa3HbIX NepeMeHHbIX. B
TaKUX C/Tydasix 3HAUMTeIbHO YZ00Hee UCIT0/Ib30BaTh MaCCHUBHI.

Maccue - 310 Habop 0OBEKTOB OFHOTO THIIA, PACIIOJIOKEHHBIX B OMePaTUBHOMN MaMsTH HelpephIBHO,
K KOTOPBIM MOKHO 00parjaTbcsi 1o obiieMy UMeHH.

DneMeHmoM Maccued HasbIBalOT OOBEKT, pacrojioXKeHHbIM B MaMsATH B TpaHMLIaX MaccuBa. Y
Ka)KJOro 3/7ieMeHTa MacChBa eCThb CBOW adpec, COBMAJAOLIMN C agpecoM HauyalbHOM siUelKU TaMsTH
pacronoXXeHusi 3TOro 37eMeHTa, UHOEKC, SIBISIOLIUKCSA MOPSAKOBBIM HOMEDOM 3jieMeHTa B MacCuBe, U



3HaueHue.

Hms maccuea - obimuii A71st Bcex 3/1eMeHTOB MacCHBa UeHTH(HUKATOD.

Pazmep maccuga coBmiafiaeT C KOJIMUECTBOM 3/IEMEHTOB MaCCHBa.

Tun maccuea - TAN 3/1eMeHTOB MacCHBa.

Jnuna maccuea - KomuuecTBO 0alT, 3aHMMaemMoe OJIHMM 3JIEeMEHTOM MacCHBa, YMHOXKEHHOe Ha
KOJIMYEeCTBO 3/IEMeHTOB.

MaccuB MoKeT ObITb 0OBSIBIIEH CJIe[YIOIIMM 00pa3oM:

mun ums[pa3mep] = {uHuyuaruzayus snemeHmos};
IIpumep:
char a[4] = {3, 12, 6, 9};
B nipumepe 00BsIB/IEH MacCUB C UMEHEM d, COZiepKaiuii 4 3ineMeHTa Tuma char (8 6uT), 3HauUeHUS
sanemeHToB: a[0] = 3, a[1] = 12, a[2] = 6, a[3] = 9. HymMepa1jusi 351eMeHTOB MacCMBa HAUMHAETCS C HYJISL.
Eciu Bce 37eMeHThl MacCHBa WHUILMAIM3UPOBAHBI B MOMEHT OOBSIB/IEHUSI MacCHBa, Kak B TIpUMepe
BbIIIIe, TO Pa3Mep MacCHBa MOKET He YKa3bIBaThCs, T.e. MAaCCUB MOKHO Ob1/I0 ObI 0OBSBUTH TaK:
charal] = {3, 12, 6, 9};
Ecm npu wHMIMAMM3aliy yKa3aHbl 3HAUeHWs He BCeX 2JJIEMEHTOB, TO WX 3HaueHWs OyayT
aBTOMAaTHUYeCKU MPUPaBHEHbI K HYJIIO.
VHuiany3aiys 37eMeHTOB MacCHBa TMPH O0bSIBIeHWH HeoOsi3aTenbHA, T.e. JOMYCTUMO OOBSBUTH
MacCHB, YKa3aB TOJbKO ero THIl U UMsI C pa3MepoM:
char a[4];
MaccuBbI MOTYT OBITh MHOTOMEPHBIMH, TOT/Ia X 00bsIB/IEHHE BBIT/ISIIUT TaK:

mun ums[pasmepl][pazmep?2]...[pasmepX];

[Tpu pabote c MaccuBaMu yJ00HO UCITO/Ib30BaTh LIUKJ/TbI, KOTOPbIE OYAyT paCCMOTPEHBI B
CJIeyIOIUX pa3zesiax JUCLUIIIAHBIL.

HOPH,E[OK BbIIIO/THEHHUA paGOTbI

Co3p1atb OJHOMepPHBIN MacCHUB.

Opranur3oBaTh BBO/, 3/IeMEHTOB MacCHBa C K/1aBUaTypbl pyHKLel scanf().
Hanucatb QyHKLMIO HaX0X/eHHs 3/ileMeHTa MacCMBa C MUHUMa/IbHbIM 3HaUEHUEM.
B oTueTe npeACcTaBUTH IMCTUHT IPOrPaMMBbl C KOMMEHTapUSIMU.

AN

KonTpo/ibHBIE BONIPOCHI

YTto Takoe MaccuB?
C Kakoro ymc/a Ha4YMHaeTCs HyMepalys 3JIeMeHTOB MacCuBa?
Kakue criocobbl 00bsiB/IeHHs MaccrBa Bel 3HaeTe?
O06s13aTe/IbHO /I yKa3bIBaTh pa3Mep MacCHUBa MPH ero 00bsIBIeHNHN?
UTo Takoe MHULMaIU3aLusg MaccuBa’?

SARE I e

JIABOPATOPHAS{ PABOTA Nel7



«/3yuenue cTpyKTyp si3bika C»

Llesib paboOTHI: YCBOWTH Ha3HaUeHHEe 00BEKTa «CTPYKTYpPa», U3YUUTh CIIOCOOBI 0ObSIB/IEHUSI CTPYKTYP
Y UHULIMA/IM3aluY UX TTOJIeH.

BBepenue

CmpyKmypa - 3TO TUTI JJaHHBIX, TIpeJHa3HaueHHbIN /i1 00beArHeHHUs Pa3HbIX 0ObEKTOB 0| OIHUM
MMeHeM, KOTOpOe SIBJISIeTCS. Munom cmpykmypbl. B kauecTBe 00BEKTOB MOTYT BBICTYIIATh IepeMeHHbIe,
MacCHBbI, yKa3aTelu U pyrre CTPYKTYPhI.

YToObI MOHATH Ha3HaUeHHE CTPYKTYPbI, PACCMOTPUM TPUMEP 1 CPaBHUM pean3alifio0 TPOrpaMMBI C
WCII0/Ib30BaHMEM TPOCTHIX TepeMeHHbIX, MaCCUBOB U CTPYKTYD.

[Tyctb TpebyeTcs HamucaTh MPOTpaMMy [l XpaHEHHs MapKd, MOJe/id, IBeTa W Tofia BBIMyCKa
aBTOMOOWIS, BBE/IEHHBIX I10JIb30BaTe/IeM C K/laBUaTYpBhl.

Peanusyem nporpaMMy, MCMOJb3YIOLIYIO MIPOCThIe TlepeMeHHble, JIMCTUHT KOTOPOM MOKa3aH Ha pUC.
17.1.

| #include <stdio.h>

* int main(void)

{
char manufacturer[20]; //MaccuB anemMeHTOB [Nsi Ha3BaHUA MPOM3BOAUTENA [AWHOK Ao 20 cuMBONOB
char model[20]; //MaccMB 3nNeMeHTOB ANA Ha3BaHWA MOLeNW ANWHOW Ao 20 CUMMBOMOEB
char color[10]; //MaccuB 3NeMeHTOB ANA Ha3BaHWA UBeTa AAWHOW go 10 cumBonos
unsigned int year; //nepemeHHas gnA ropa BbNycKa
printf("Enter manufacturer of the car: ");
scanf("%s", manufacturer); //BBOA NpousBOAMTENA
printf("Enter model of the car: ");
scanf("%s", model); //BBOA Mopenwu
printf("Enter color of the car: ");
scanf("%s", color); //BBop uBeTa
printf("Enter year of manufacturing the car: ");
scanf("%d", &year); //BBOA rOpa BhIMyCKa

|7 printf("%s %s %s %d\n", manufacturer, model, color, year); //BuiBog Bcell MHOOPMaLWKM Ha 3IKpaH

return 0; )

} Terminal -

File Edit WView Search Terminal Help
Enter manufacturer of the car: nissan
Enter model of the car: cefiro

Enter color of the car: blue

Enter year of manufacturing the car: 1992
nissan cefiro blue 1992

Press <RETURN> to close this window...

L]

Puc. 17.1. JIuCcTUHT nIpOrpaMmel C IIPOCTBIMU NTepeMeHHbIMU

B mnpuBeseHHON TporpaMMe BO3MOXKHa paboTa BCero C OJHUM abCTPaKTHBIM 00BEKTOM
(aBTOMOOM/IEM), T.K. KaXKAbIA €ro TlapaMeTp XPaHUTCS B OT[eJbHOW, He CBA3aHHON C JIPYTUMH,
repeMeHHOM.

Ecmu Takux O0OBEKTOB HECKOJBKO, MOXXHO OOBSBUTH MACCHBBI ISl XPaHEHUS OJHOTHITHON
nH(pOpMaIy, KakK MOoKa3aHo Ha CleAyromeM pucyHke. OfIHaKO ¥ B 9TOM C/ydae MacCHBBI He CBSI3aHbBI
MeXX/ly COOOM, W, TIpH [IOMYLI[eHWH JIOTUUeCKOW OLIMOKM B MporpaMme, BO3MOXKHA OILIMOOYHas paboTa c
3/IeMeHTaMH pa3HbIX MaCCHBOB.



| #include <stdio.h>

* int main(void)

{
char manufacturer[2][20]; //maccue 3n1eMeHTOB ANA Ha3BaHWA NPOM3BOANTENA ANWHOW go 20 cumsonoB
- model[2][20]; //MaccuMB 3nNeMeHTOB [ONA Ha3BaHUA MOQENW ANWHOW fo 20 CUMBONOB
- color[2][10]; //Maccue aneMeHTOB [ONs Ha3BaHUA UBeTa AnuHoi go 10 cumBonos
unsigned int year[2]; //nepemeHHan gns roga BobiNycka
printf("Enter manufacturer of the car: ");
10 scanf("%s", manufacturer[1l]); //BBOA Npou3BOAMTENS
printf("Enter model of the car: ");
scanf("%s", model[1l]); //BBOA MOpenu
printf("Enter color of the car: ");
scanf("%s", color[1]); //BBOA UBeTa
printf("Enter year of manufacturing the car: ");
scanf("%d", &year[1]); //BBOA ropa BhiNycCKa
printf("%s %s %s %d\n", manufacturer[1], model[1], color[1l], year[1]); //BuBoj BCeit wHpopMaLuM Ha 3kpaH
return 0;
} Terminal - ¢
File Edit View Search Terminal Help
ues Fe

Puc. 17.2. JIucTUHT TIpOrpaMMbl C HAOOPOM MaCCHBOB

CTpyKTyphl T03BOJISIFOT TPAKTOBAaTh TPYIITy CBSI3aHHBIX MeXJy c000i 0OBEKTOB He KaK MHOXXeCTBO
OT/le/IbHBIX 371eMEHTOB, a Kak efuHoe Liesioe. CTPyKTypa IpeZcTaBisieT cOOOW C/I0KHBIM TUIM [JAHHBIX,
COCTaBJ/IeHHbIN U3 POCTHIX TUIIOB.

CTpyKTypa 00BsBIASETCS C/IeAYIONMM 00pa3oM:
Struct TAT_CTPYKTYPBI {
TUIT UMsIODIeMeHTal;

TUIT UMSIODIeMeHTa?2;

TUT UMsAOaeMeHTaN;
b

Hanuiem nporpaMmy /11 paCCMOTPEHHOI'O paHee IpUMepa, HO C UCI0/Ib30BaHUEM CTPYKTYPBI.



#include <stdio.h>

* struct Car {

har manufacturer[20];
ar model[20];

ar color[1@];

signed int year;

C
C

s
¥ int main(void)
{
struct Car car;
printf("Enter manufacturer of the car: ");
scanf("%s", car.manufacturer); //BBOO nNpowzBOAMTENA
15 printf("Enter model of the car: ");
scanf("%s", car.model); //BBOA Mopenu
printf("Enter color of the car: ");
scanf("%s", car.color); //BBOA UBETA
printf("Enter year of manufacturing the car: ");
scanf("%d", &car.year); //BBOA TrOpa BBINYyCKa
printf("%s %s %s %d\n", car.manufacturer, car.model, car.color, car.year);
return 0; =
1 Terminal SR
File Edit Wiew Search Terminal Help
Enter manufacturer of t
model of the ca
sues — ter color of the ca

of manufacturing the car: 2008

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

Puc. 17.3. JIuCTUHT TIpOrpaMmel C UCII0/Ib30BaHUEM CTPYKTYPbI

B npuBefieHHOUM mporpaMme oObsiB/ieHa CTPyKTypa Twra Car. JTa CTPYKTypa COCTOUT U3 UeThIpex
3/1eMeHTOB (T10J1el CTPYKTYPbl): POM3BOAUTEb, MO/Ie/Tb, LIBET U IO/ BBITTYCKa.

B dyHKiuM main oObsB/IeHa TIepeMeHHasi car, TUT KOTOpol HasbiBaeTcsi Car. Bce 1o/isi CTpyKTypbl
3TOM TepeMeHHON OTHOCATCSA TONMBKO K Hel. Takke HMeeTCss BO3MOXXHOCTh paboTaTh C MaCCHBAMU

CTPYKTYP.

#include <stdio.h>

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

}s
¥ int main(void)
{
struct Car car[4];
int 1,
22 for (i = @; 1 < 4; i++)
{
16 printf("Enter manufacturer of the car: ");
scanf("%s", car[i].manufacturer); //BBOL Npou3BOAMTENSA
printf("Enter model of the car: ");
scanf ("%s", car[i].model); //BBOA Mopenu
printf("Enter color of the car: ");
scanf ("%s", car[i].color); //BBOA UBeTa
printf("Enter year of manufacturing the car: ");
scanf ("%d", &car[i].year); //BBOA ropga Bhnycka
}
printf("%s %s %s %d\n", car[l].manufacturer, car[l].model, car[1l].color, car[l].year);
return 0;
}

Puc. 17.4. JIucTUHT TIpOrpaMmsl C UCIIO/Ib30BaHUEM MacCUBa CTPYKTYP



OOGparttieHre K 3/1IeMEHTY CTPYKTYPBI OCYIIECTBIISIETCSI Yepe3 TOUKY I0C/ie UMeHH CTPYKTYpbl. Vms
CTPYKTYDHOU TiepeMeHHOW MOXKeT ObITh yKa3aHO TIpM OOBSIBIEHWM CTPYKTYpbl. B 3TOM cjlyuae OHO
pa3MelraeTcs oc/ie 3aKpbiBaroIeit purypHoi cKoOKH }.

[Tpy 0ObsIBIEHUU CTPYKTYP, WX pa3pelllaeTcsi BKIaJbIBaTh OAHY B JPYTYIO.

HocTyn K 37eMeHTaM CTPYKTYPbl MOXKHO OCYLIeCTBUTb C TIOMOLIbH yKa3zaTejei. [lns 3Toro
Heo0X0/IMMO WHMLIMANM3UPOBaTh yKa3aTesb a/pecoM CTPYKTypbl. I[Ipu 3Tom oOpaiijeHue K TMOJisM
CTPYKTYPBI OCYIIECTBJISIETCS Uepe3 CTPEJIKY «->».

ITopsaj0K BHINOTHEHUSI Pa0oThI

1. HanucaTe miporpamMmy yueTa KHUT, UCII0JIb3Ys CTPYKTYPHI s3bIKa C.

2. VI3MeHUTh TIpOrpaMMy TakuM 00pa3oM, 4ToObI 3arojiHeHue T10Jiel CTPYKTYPbI OCYILeCTBIISIOCh
BBO/IOM C K/IaBUATYPBI.

3. ¥YKa3aTb KOMMeHTap1u K IporpaMMme.

KoHTpo/ibHBIE BOIIPOCHI

1. YTto Takoe «CTpyKTypa» B A3bike Cu?

2. B yem oT/iMuMe CTPYKTYpbI OT [lepeMeHHOM UM MaccuBa?

3. B Kakux ci1yvasix npefrioyTUTe/IbHO MCII0/Ib30BaHue CTPYKTYp?

JIABOPATOPHAS{ PABOTA Ne18

«SI3bIK nporpammupoBanus Cu. Y C/I0BHBIE OllepaTopb»
Lless paboThI: YCBOWTH CUHTAKCHC M OCOOEHHOCTH MCII0/IH30BaHMs yCI0BHBIX OT1epaTopoB si3bika CH.
BBegenue

Ilpy HanMcaHUM NPOrpaMMbl YacTO MPUXOAUTCS CPAaBHMBATh 3HAUEHUs NepeMeHHBbIX U BBINO/HATh
OJJHY WM [pyrHe [elCTBUSl B 3aBUCUMOCTM OT pe3yJibTaTa CpaBHeHHs. B TakoM ciiyyae roBOpSIT, UTO
rporpaMma pasBeTBJ/isieTcsl. Jl/1s1 3TUX LjeJieil UCIO/b3YI0T YCIOBHbIE OIepaTopkl.

Ycnoeubiii onepamop if
[NTonHas popma oneparopa BBITIANUT CAeYIOMIUM 00pa3oM:

if (YcnoBue)
{
brnokOnepauuiil;
}
else
{
brokOnepauuii2;

}

Ecmu Ycnogue MCTWHHO, TO BbINOMHUTCS baokOnepayulil, a wHaue (T.e. Yca08ue JIOXKHO) —
BaokOnepayuti2. bnok oreparyii MOXKeT COCTOSITb M3 OFHOU OTepaLjiy, TorAa Hamuuue (pUrypHbix CKOOOK
HeoOs13aTeTbHO.

if (YcnoBue)
Oneparumsl;
else



Oneparus?2;

Ecm He TpeOyeTcs BBITIOHAT [IeMCTBHS B CTyuae JIOXKHOTO 3HaueHus1 Ycaoeus, To 670K else MoskeT
ObITh UcKMoueH. HemomnHast oopma onepaTopa BBIT/ISIUT Tak:

if (YcnoBue)

{
bnokOneparuiil;

}

B mpumepe Hike OOBSB/IsSIETCS TepeMeHHasi a, el TIPUCBOEHO 3HaueHWe 7. 3aTeM IPOBepseTCs
ycoBue: ecny a 6osblie 0, TO BBIBECTH Ha 5KpaH 3HaueHUe NiepeMeHHOM, hHaue — 3HaueHue riepeMeHHOM
+ 10. Pe3y/ibTaT BBINO/IHEHUS [IPOrPaMMBbI — YKCIIO 7.

build-example-Desktop

Settings Help

Puc.18.1. [Ipumep yciaoBHOro oneparopa if

Omneparop if MoXeT OBITb B/IO)KEHHBIM, T.e. TIOC/Ie BBINIOJIHEHHS TIPOBEPKUA OJIHOTO YCJIOBUS
TIpOBepsIeTCs ClleflytolLiee.

if (YcnoBuel)
if (YcnoBue2)
Onepanumsil;
else
Onepatus2;

OO6paTyM BHUMaHKe, YTO B TAKOM CJIyuae OMLYsI else OTHOCHTCS K roc/ieiHemy if.

Onepamop eemeneHus switch



B HekoTOpBIX Ciy4asx TpeOyeTcsi MPOU3BO/IMTH CpPaBHEHHE He C OJHUM 3HaueHHeM, a C HEKOTOPBIM

WX KOJIMUecTBOM. VIcriosib30BaHMe [ijist 3TOTO oriepaTopa if MoXKeT 0Ka3aThCsl He YI00HBIM, C TOUKH 3peHust
HAlYCaHUsS TIPOrpaMMbl. BriOpaTh OfMH W3 HECKOMbKWX BapUAHTOB BBIMOJHEHHS! MMPOTPAMMBI MOXKHO C
TIOMOILLIBIO Oreparopa switch..case.

switch (LlenoeBbipakeHue)

{
case 3Hauenrel: bnokOnepanumiil;
break;
case 3HaueHre?: bnokOnepanmii2;
break;

case 3HaveHnren: binokOnepawmiin;
break;

default: BnokOneparuiilloYMonuanuio;
break;

aHHbIH oriepaTop paboTaeT cieyHOLUIM 00pa3oM:
1. Beiuucsisiercst LlesnoeBbipadiceHue;
2. IlonyueHHOe 3HaueHUe CPaBHUBAETCS CO 3HAUEHUAMU,
3. Ecrmu 3HaueHue Hali[ieHo, TO BBITIOJTHUTCSI COOTBETCTBYIOIIMIA baokOnepayuli;
4. Ecnu 3HaueHue He HalJieHO, TO BbIMOMHUTCS BiokOnepayutillo YmonuaHuto.
Bnok default Mo)XeT OTCyTCTBOBaTh, TOT[a eC/u 3HAYeHUe He Hal/|eHO, He BBIMOJIHUTCS HUKAaKUX

JIeACTBUM.

Ornuust break ocylijecTB/sieT BbIXO/] U3 OrlepaTopa.
ITopsa/ 0K BHINMO/THEHHS PAOOTHI

1. Harmucatp miporpaMMmy cpaBHeHMsl [JByX BBeJIeHHBIX C K/aBUATypbl uuces. B pe3ysbTaTte paboTh

rporpamMma /Io/KHa BbIBOJJUTh pe3yJ/IbTaT CPaBHEHUS.

pas.

2. OOBSICHUTDH BLIOODP TOTO WK MHOT'O YCJIOBHOTO OTepaTopa.
KoHTpo/IbHBIE BOTIPOCHI
1. Yro Takoe yCJIOBHBIH orepaTop?

2. Kakue ycioBHble oniepatopsl Bel 3HaeTe?
3. B KakoMm cityuae npeZnouTUTe/IbHee UCI0/Ib30BaTh Orieparop if, a B KakoMm switch..case?

JIABOPATOPHAS PABOTA Ne19

«5A3bIK TiporpamMmmupoBanrs Cu. OnepaTopbl LUK/Ia»
Llenb paboThl: yCBOUTb CUHTAKCUC U 0COOEHHOCTH MCTI0/Th30BaHUS OIepaTopoB 1KK/Ia si3bika CH.
BBepenue

Luknom Ha3biBaeTcst O/I0K KOZia, KOTOPBIN [/l pellieHrs: 3a[jaul TpeOyeTcsl TIOBTOPUTh HECKOJIBKO



Llvkn coctout u3 670Ka TPOBEPKH YC/IOBUM M Tena LWK/A. LMK/ BBIMO/HSETCS 0 TeX Top, TOoKa
3HaueHWe 0JiOKa TMPOBEPKH YCIO0BUI MCTUHHO. Tesio LMKIa COZEP)KUT TOC/Ie[0BaTe/IbHOCTh OTepaLyi,
KOTOpasi BbIMOJ/IHSIETCS B C/Tyyae UCTHHHOIO YC/I0BHS TIOBTOPEHMUSI LIUK/IA.

B s3bike CH cnefiyroiye BU/bl LIUKJIOB:

while — MK/ € IpeycoBUEM;
do...while — IuK/ C IOCTYyCIOBUEM;
for — mapameTpuueckuii UK/ (LUK C 3aJJaHHBIM YMCJIOM TTOBTOPEHUIA).

Lukna ¢ npedycnoguem while
LMK umMeeT CieAyIOIyI0 KOHCTPYKLUIO:

while (YcnoBue)
{
brokOneparuii;

}

Ecimn  Ycnosue BeINonHsieTCsl  (BblpakeHWe, IIpOBepsitolliee  Yc/n06ue, He paBHO HYJO), TO
BhINoJHseTCs bokOnepayuli, 3aK/It0UeHHbIHN B (UrypHble CKOOKY, 3aTeM Yc/108ue TIPOBepsieTCsl CHOBaA.

I[TocsieoBaTeILHOCTD /I€MCTBUIM, COCTOSIIAsE U3 TIPOBEPKU Yc108ust v BeIMonHeHUs1 baokaOnepayutl,
TOBTOPSIETCS 10 TeX TOp, M0Ka BbIpakKeHHe, NPOoBepsitolee Yc108ue, He CTaHeT JIOKHBIM (PaBHBIM HYJIIO).
ITpy 5TOM NPOMCXOAUT BBIXOJ W3 LMK/IA, W IIPOM3BOAUTCA BBINO/HEHHWEe OIlepaldy, CTOSIed I0cIe
orepaTopa LIUKJ/Ia.

build-example-
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Puc. 19.1. Pe3ynbtaT paboTh! 1uK/a while

[lpu mocTpoennu nWKAa while, B Hero HeoOXOAMMO BK/IIOUMTh KOHCTPYKIMH, HW3MEHSIOIIe
Be/IMUMHY TIPOBEPSIEMOT0 BhIP@KEHHS TaK, UTOObI B KOHIIE KOHI[OB OHO CTaji0 JIOXKHBIM (PaBHBIM HYIIIO).
MHaye BBITIOJTHEHUE LIUKIIA Oy/IeT OCYIIeCTBASTLCS OeCcKOoHeUHO (OeCKOHeuHbIH LUK/T). BeCKOHeUHbIH LUK/
WCTIO/Bb3YeTCsl TIPM HANMCAHUW TIPOTPaMM MUKDPOKOHTPOJIIEpoB, 6e3 OeCKOHEeUYHOTO I[MK/Ia KOHTPOJIIep
OCTaHOBUTCS M0CJIe BBITIOJTHEHUS] OCHOBHOW (DYHKLMH.



[Tpumep 6eCKOHEUHOTO LIMKIIA:

while (1)
{
brnokOnepauyi;

}
Luxa ¢ nocmycnosuem do..while
O61as dhopma 3anumcu:

do {
brokOnepauuii;
} while (YcnoBue);

Lk do...while — 3To TIMKJI C TIOCTYC/IOBUEM, T/le UICTUHHOCTh BhIPa)KeHMUsI, TIPOBEPSIIOIIEro Ycnosue,
TIpOBepsieTCsl TIoc/ie BhImosiHeHUs: BiokaOnepayutli, 3akmroueHHOTo B (urypHble ckoOku. Teno 1mukia
BBITIOJTHSIETCST /IO T€X TOp, MOKa BBIpa)XEHHe, MPOBepsitoliee Yc108ue, He CTaHeT JIOXKHBIM, TO eCTh TeJlo
[[UKJIa C TIOCTYC/IOBHEM BBITIOJTHATCS XOTsI ObI OZIVH Pa3.

Vcnonb3oBaTh UK/ do...while nyuriie B Tex cylydasix, KOT/a JO/DKHA ObITh BBITIOJTHEHA XOTs Obl O/[HA
uTepalus, JUM00 KOorja WHUIManu3alus OOBLEeKTOB, YUaCTBYIOIUX B TPOBEPKE YC/IOBHs, TPOUCXOJUT
BHYTPH TeJla I[UK/a.

main.c main() -= int

b 4 build-example-

- File Edit View Bookmarks Settings He

Puc. 19.2. TIpumep paboTsl 1juK/Ia do..while
IMapamempuueckuti yuxa for
Ob61ast popma 3anucu:

for (Mauumanu3anus; Y cnoue; Moaudukaiiys)

{
}

brokOneparuii;



for — mapameTrpuueckuii LMK/ (LMK ¢ (UKCUPOBAHHBIM YMCJIOM IMOBTOPeHWH). [Isi opraHusalu
TaKOro L[UK/Ia He0OX0IUMO OCYILIeCTBUTb TP OTepaL{iu:

1. MHuyuanuzayus — npyucBauBaHue rapaMeTpy L{MK/a HauaabHOTO 3HaUeHMUs;

2. Ycnosue — ipoBepKa yC/10BUsI TIOBTOPEHHUs LIMK/Ia, Yallle BCero — CpaBHeHHe BeJIMUMHbI llapaMeTpa
C HEKOTOPBbIM IPaHUYHBIM 3HayeHHeM;

3. Modugukayus — i3meHeHNe 3HauUeHUs TapaMeTpa /1 C/e/lyIoIero NpoXoXKjeHus Tesla [UKIa.

OTu TpU omepaLy 3alMChIBAIOTCSA B CKOOKAaX M Pa3fesisioTCs TOUKOU C 3amsaToi «;». Kak mpaBusio,
rapaMeTpoM LIMKJ/Ia SIB/ISIETCS LieJIOUMC/IeHHas TlepeMeHHasl.

VHuiyany3anusi rapaMeTpa OCYLIeCTB/sSeTCS TOAbKO OJMH pa3 — Korja LMK/A for HauvHaeT
BBITTO/THSITBCS.

[TpoBepka Yc106us MOBTOPeHUs LIMK/A OCYLeCTB/ISeTCs Mepes, KaXK/bIM BO3MOXKHBIM BbITIOJTHEHHEM
Tena Lukaa. Korga BelpakeHue, MpoBepsiollee Yc108ue CTAHOBUTCS JIOKHBIM (DPaBHBIM HYJIIO), LMK/
3aBepiiaercs. Moaudukalys rnapameTpa OCYLLECTB/ISIETCS B KOHL|e KaKOr'O BBITIOJIHEHUS Teja LMKIIa.
[TapameTp MOXXeT yBeJIWYMBATBLCS WM YMEHbLLIATHCS.

build-example-De
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Puc. 19.3. TIpumep paboThI 1IHK/Ia for

B uukie for MoXXeT MCTMOMBb30BATLCS OMepalysl 3arsaTas AJisi pa3zie/ieHrs HeCKOJIBbKUX BbIPayKEHUH.
OTo T103BOMIIET BK/IIOUUTH B  CrlelU(UKALMI0 [MK/JAa HECKOJbKO HWHUIMAJM3UDPYIOIIUX WA
KODPEeKTUPYIOL[UX BbIpaKeHWH. BbIpakeHHs, K KOTOPbIM TIPUMEHSIeTCS Orepaljusi 3amsiTas, OyayT
BBIUMC/ISTHCS C/IeBa Harpago.



main.c main{) -= int

—-

(int a =
printf ("

build-example-Deskt
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Puc. 19.4. TIpumep 1yK/a for co CI0XKHBIM YC/IOBHEM

OO6paTyM BHUMaHHe, YTO 00bSIB/ISIT TIePeMeHHbIe MOXKHO MPSIMO BHYTPHU L[HK/IA.

LIukn for Mo>xeT OBIT BJIOYKEHHBIM aHAJIOTMUHO OTiepaTopy if.

B Tene moboro IuKIa MOXKHO MCII0/Ib30BaTh OIEpaTOpPhbl TIpepbiBaHUs ILUKMa — break u
MpoZlo/DKeHUst 1LMKia — continue. Onepatop break 1o03Bo/ISieT BLINTH M3 LMK/, He 3aBepllas ero.
Omneparop continue 1o3BoJisieT MIPOMYCTUTh YaCTh OTIepaTOPOB TeJjla LIMK/Ia ¥ HauaTb HOBYIO UTEPALIMIO.

ITopsifoK BbINO/IHEHHUs PadOTHI

1. HamuvcaTte mporpammy 3aro/jHeHWsi MacCHMBa YMC/laMH, BBeJEHHbIMU C KJIaBUATypbl, WUCIOJb3YS
O/IVH W3 U3yYeHHbIX LIUKJ/IOB.

KoHTpo/ibHEIE BOIIPOCHI

1. YTo Takoe «LMK/I» B SI3bIKe IPOrPaMMUPOBaHUS?

2. UeM oOmbsicHsIeTCsl y,006CTBO MCII0/Ib30BaHUs LIUK/IOB TI0 CPABHEHUIO C MHOTOKPaTHBIM NTOBTOPOM
OJJHOU U TOU >Ke orepanyun?

3. BricTpee u paboTaeT mporpamMma C HCII0/Ib30BaHUEM LKA, YeM Takasl ’Ke, HO C IOCTOSIHHBIM
TOBTOPOM [J|€MICTBUM?

JIABOPATOPHAS PABOTA Ne20

«513bIK porpamMmmMmupoBaHus Cu. Ykasarenin»

Lless paboThI: M3yunTh OOBEKT «yKa3aTesb» si3bika CH, MPUOOpPECTH HaBLIKK €r0 UCII0JIh30BaHUS,
OCBOUTH OTepaLvio B34THs ajpeca.

BBeaenue



Ykazamesnem Ha3bIBaeTCs TIepeMeHHas, 3HaueHHe KOTOPOU SIB/ISIETCS a[pecoM JIPYTOU repeMeHHOMH.

Kak roBOpH/IOCH paHee, BCe MepeMeHHbIe pacriojiaraloTCs B OMEpaTHBHOM MaMsATH. [1amMsaTh — 3TO
HeTpepbIBHasH T0C/Ie/I0OBaTeIbHOCTD siueek. Kaxkziasi ssueiika MMeeT CBOM ajipec — MOPSIKOBBIA HOMeEp, U B
Hee MOXKeT ObITh 3amucaH BCero oAuH OWT uHpopmaiuu. IlepemeHHas MOXKeT 3aHMMaTh pas3Hoe (HO
KpaTHOe 8) KO/IM4eCcTBO OUT B 3aBUCHUMOCTH OT ee Tura. AOpecoM nepemeHHOU SIBJISIETCS HOMep STUelKu
MaMsITH, C KOTOPOH HAUMHAETCS PacriojIoXKeHHe TOM MepeMeHHOM B MaMsITH.

YKazaresb, SIB/ISISICH [€PEMEHHOM, TakK)Ke pacriojiaraeTcsi B OMEPAaTUBHOM IMaMsITH, HO €ro pasmep
(UKCUPOBAH M 3aBUCUT OT Pa3psZHOCTH CUCTeMbl. [Iisi 32-pa3psiZiHbIX CHUCTEM yKa3aTeslb 3aHUMaeT 32
buta mau 4 baiTa maMsATH.

YKa3zaTe/ib 00bsB/ISIETCS CIeAYIOIMM 00pa3oM:

TUI *UMSI;

Tun — 3TO TUI NNEpeMeHHOM, aZjpeCc KOTOPOH COLepP>KUT yKasaTe/lb.

IIpumep:

int a; //0b6®s1681eHa nepemeHHass a muna int

int *p; //06vs61€H ykazamenb ¢ uMeHeM p HA NepeMeHHyt0 muna int

B npuBeseHHOM MpuMepe yKa3aTelb p TMOKa HUKaK He CBsi3aH C [epeMeHHOM d, TaK KaK OH He
VHULIMaIM3UpoBaH. [lyig MHULMaIM3aluy yKasaTess B s3blke C IpeflyCMOTpeHa orepaljys B3saTUs ajpeca,
KoTopasi 0603HauaeTcst amriepcatzioM &, pacrioyio’KeHHbIM Tiepe]] MIMeHeM IepeMeHHOM.

p = &a; //menepb ykazame/b p co0epicum aopec nepemMeHHOU a

Ha pucynke 20.1 npuBezieH JIMCTUHT TIPOTPaMMbl U pe3y/bTaT ee paboThl. B 5-i1 cTpoke 00BsiBNeHa
repeMeHHas d, B 6-11 — yKasaresb p, B 7-d CTPOKe B yKa3aTe/lb p 3allMCaH ajpec repeMeHHOM a. B crpokax

8 u 9 c nomompo QyHKUuM printf() 1 moauduKaTopa %X BBIBOAWUTCS [ABYMsi Criocobamu ajpec
repeMeHHOM a B 1LIeCTHAa/ILlaTepPUYHOM BHJE.

#include <stdio.h>

* int main(void)
{ Terminal
char a = 4; File Edit WView Search Terminal Help
rhar 0 a12455bf
B P al12455bf

p = &a; 4
P rintf("%x\n" , p) - Press <RETURN= to close this window. ..

9 printf("%x\n",&a) ;
printf("%d\n", a);
recurn EI';

Puc. 20.1. Pe3ynbTaT paboThl MPOrpaMMBbI C UCTIO/Ib30BAHHEM yKa3aTesis

B s3bike C vMeeTcs orepaiusi TIoyueHust 3HaUeHusI TI0 afjpecy, KoTopasi 0003HauaeTcsi 3Be3/10UKON



#include <stdio.h>

’ I'I"IEI"TI"I{ = .I} Termi
{ Fis & File Edit View Search Terminal Help
nar =*p,
p = &a;
printf("s
9 printf(™
printf("s
' )
}

Puc. 20.2. Ilpumep nonyveHnus agpeca nepeMeHHOU

B mnpuBefileHHOM JIMCTHMHTe B 8-l CTpOKe Ha 3KpaH BBIBOAUTCS 3HaueHWe MO0 afpecy, KOTOpPbIA
COZlep’KUTCS B yKaszartese. B 9-if cTpoke 3To >Ke 3HaueHue 3aricaHo B 6osiee SBHOM BU/IE.

Wms mMaccrBa Takke SIBSIeTCSl yKasaTesleM, KOTOPBIM COZEp)KUT aZipec MepBOro 3jieMeHTa 3TOro
MaccuBa.

#include <stdio.h>

* int main(void)
{ Termn
3[3J o {4! 21‘ 1}! File Edit WViiew Search Terminal Help
printf("%x\n", a);*
printf("%d\n",xa);
printf("%x\n",a+1):*
printf("%d\n",x(a+l));
16 printf("%x\n",a+2):%
printf("%d\n",x(a+2));
irn 03

Puc. 20.3. Ims1 MmaccuBa sIBJIsIeTCS yKas3aTeneM

B pmaHHOM mipuMepe B 6-1 CTpoKe B KauecTBe apryMeHTa (GYyHKUUH printf() WCMONBb3yeTCsT UMs
MaccuBa, ¥, KaKk BHUJHO B pe3y/bTaTe BbIBOJA 7-W CTPOKH, OHO COBMajaeT C aipecoM IepBOro 3jeMeHTa
MaccuBa. B 8-i1 u 9-ii cTpokax K ajjpecy mepBoro 3jeMeHTa npubaBwiu 1. Tak Kak Tum maccuBa char,
KOKbIi ero s7eMeHT 3aHMMaeT B mamsatd 1 OGaiir. [IpubaBneHue K azpecy eAWHMLBI O3HadyaeT
niprbaBeHue ofgHOro baiita. [ToaToMy B BhiBoZie 8-i U 9-F CTPOK COZiepKaTcs afipec v 3HaueHHe BTOPOTO
j/ileMeHTa MaccrBa. AHanoruuHo ¢ 10-i u 11-ii ctpokamu. Ecim 661 MaccuB uMen THIT int, KOTOPBI
3aHMMaeT B namsatd 4 Oaiita, To mpubaB/ieHWe eJUHUIBI COOTBETCTBOBA/IO Obl MPHOAB/IEHUIO K aJpecy
yeTbIpex 0aWT, T.e. I/IIOC OAWH pa3Mep STOTO yKe TWMa. JTO O3HauaeT, YTO K yKas3aTessiM MPUMEeHUMbI
apu(meTHUeCKre Orepari.

HOPH[[OK BbIIIO/THEHHUA paGOTBI



1. HarvcaThk mporpammbl NpUBE/IEHHBIX BhIIlle IPUMEPOB.
2. IIpOKOMMEHTHPOBATh HaMMCAaHHbIe TTPOrpaMMbl. OOBSCHUTE aITOPUTMBI MX PabOTHI.

KonTpo/ibHBIE BONIPOCHI
1. Uto Takoe «yka3arteyb»? UTO Takoe «ajpec» rnepeMeHHOM?

2. B ueM npeumy11leCTBO UCMO/Ib30BAHUS YKa3aTeslen?
3. Kak ¥ 3aueMm MCro/b30BaTh yKasaTe/u MpU repejiaue arpyMeHTOB (PYHKLMU?

JIABOPATOPHASA PABOTA Ne21

«[IporpammupoBanue konTposiepa ATmegal6. HacTpoiika mopToB»

L[em: pa60TbI§ HN3YyUUTb 00BeKT «yKa3aTe/ib» A3bIKad CI/I, HpI/IOGPECTI/I HaBBIKHM €ro HMCII0/Ib30BadHMHA,
OCBOUTH OIepAlIO B3ATHA aJpeca.

BBegenue

[Tocne ycriemHoOW HaCTPOWKM TpoeKTa u3 jabopaTopHoit pabotbl Nel3 u ero kKoMmwisiuu 6e3
OLIMOOK, MO>KHO TIPUCTYTIUTh K HAITMCAHUIO TIPOTPAMMBI.

Insi Hayana pasbepeM CTPYKTYpy IpOeKTa, M3y4WM OCHOBHBbIe ero (aiibl U UX COfeprKaHue.
Haunem c 3aronoBouHoro catina main.h, pacrno/yio)xeHHOT0 B JUPeKTOpUU include v MOAKIHOUEHHOTO B
¢aitne main.c.

['naBHBIM 3aro/ioBOYHBIM (aiisioMm, ykKa3aHHBIM B main.h, siBjisieTcsl 3arofioBOK io.h, ToJkIoueHue
KOTOPOT'O BBITJISIIUT TaK:

#include <avr/io.h>

B HeM cozep)kaTCsi AMPEKTHWBBI TIPENpOLeccopa, ONpeAessionie MO/elb HCI0/Ib3yeMOro
KoHTpoJsuiepa. CaMo yKa3aHUe Mo/ie/id pacrosioxeHo B (atine rpoekTa atmegal6.config v BBITIAUT Tak:

#define _ AVR_ATmegal6__

OTo yka3aHue aBTOMAaTMuecKU MoAk/ItodaeT B ¢aile io.h 60K else BeTBieHus if mpenporeccopa,
KOTOPBIM C IOMOLLbIO AUPEKTUBHI #include BK/ItOUYaeT B MPOEKT 3arosoBoK iom16.h:

Puc. 21.1. TlogkntoyeHre 3aro/ioBOYHOrO (haiiia KOHTpoJIiepa

B 3arosnoBouHoMm ¢aiine ioml6.h comepXUTCA TO/IHOE OMMCAHWE TaMsITH, TOPTOB, PErUCTPOB,
nepucdepur KoHTposiepa ATmegal6. TIpocMOTpeTh ero Co/iep)KUuMoe MOXKHO HakaTheM Ha HeM JIeBOM
KHOITKOM MBIIIN C 3a)KaToi KiaBuieit Ctrl.



iom16.h - Qt Creato|
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main.c

Puc. 21.2. Onucanue niepudepry KOHTpPOJIIepa

Kak BHUgHO M3 pucyHKa 21.2 Bbillle, BCé MMeHa MOPTOB, BBIBO/IOB, PETMCTPOB W T.[. SIBJSIIOTCS
0OBIYHBIMU TICEBJOHUMAaMU YHCeJT, HO 3TH YKC/Ia TOYHO COOTBETCTBYIOT ajipecaM PerucTpOB B MaMSTH WU
HOMepaM OWTOB B perucTpax.

VcnipaBnisiTh CO/IeP’KMMO€e BCTPOEHHBIX 3ar0/I0BOUHBIX (aiiioB, TaKuX Kak iom16.h, Heb3s.

B 3Toli M mocienyomyx 1abopaTopHbIX paboTax OyzeM mucaTth TPOrpaMMy KOHTpOJUiepa [jist
pa3paboTaHHOTO paHee yCTPOMCTBA.

[Mepexmounmcsi B (aiin main.c u 106aBUM B Hero (PyHKIIMIO HaCTPOWKU Tepudepund KOHTPOJLIepa,
Ha3oBeM ee setup. B 3ty dyHKIMI0 mob6aBuM HacTpouky moptoB C U D Ha BBIBOA, TaK Kak 3TH TOPTHI
YIPaBJISIFOT aHOAAMU U KaTO/laMU 7-CerMeHTHOr0 UHAUKaTopa.

void setup()

{
DDRC = 0xFF; //Hacmpolika nopma C Ha 8b1800
DDRD = 0xFF; //Hacmpolika nopma D Ha 8bi800

}

Ins ynobctBa 00bsiBUM B (haiiie main.h rnoOambHBIA MacCUB U3 JECSITH 3JIEMEHTOB, KaXKAbIM U3
KOTODBIX OyZIeT cofiepkaTb KOMOWHALUY HYJ/Ield U eJUHHLI, COOTBETCTBYIOIIMX IIM(pamM Ha UHIUKATOPe.

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



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

[TockonbKy aJisi oTobpakeHWss MHGOpPMAlMM HaMHU MCIOJIb3YeTCs [JUHAMWYecKas WHAWKALs,
CUTHaJIbl yTIpaB/IeHUs] KaTo/laMu MHAMKAaTopa OT KOHTpPOJIJiepa MepesjaloTcs Ha BCe BbIBOZBI KaTO/0B BCEX
paspsiioB  MHJUKaTopa, a BK/IIOUEHWe OMpe/ie/IeHHOro  paspszia  OmpejesieTcss  CUrHaJoM
COOTBETCTBYIOLL|ETO aHO/a.

PasziesibHOe yripaBsieHHMe OWTaM{ PerucTpoB TOPTOB KOHTpOJIZIepa He TpeJyCMOTPeHO, uTOoObl
YCTaHOBHUTH B COCTOsIHME 1 ofWH OWUT perucTpa mMopTa, Hy)KHO TPOU3BECTH 3aliCh BCeX OWUTOB perucTp.
YroObl TpH 3TOM He MEHSTb COCTOSIHME OCTalbHbIX OWTOB TOPTa, MOXKHO HCIIOb30BaTh JIOTHUECKOe
C/I0)KeHHe, TIpY 3TOM 1 3amuiiieM B TOT pa3psif], KOTOPbIM Hy’KHO YCTaHOBUTE B 1, a B ocTasibHbIe OUTHI - 0.
IMpu cnoxenuu ¢ 0 coctosiHue GuTa He U3MeHUTCs, a ¢ 1 - craHer paBHO 1. [Ins cbpoca 6uta B 0,
WCTO/b3yeM TOT Ke MPUHLIMII, HO C orepaliyieil YMHOXKeHHsl.

B pa3paboTaHHOV NpPUHLIMIMAIBLHONW CXeMe YCTPOWCTBA KaTo/bl AECATUUHBIX TOUeK WHAMKATopa
MOJK/IIOYeHbl K BOCBMOMY Outy mopra C, HamuieMm /Ba Makpoca [Jisi BKIIOUEHWUS W BbIK/TIOUEeHUS
JIeCITUYHBIX TOYEK:

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

Teneps NpU yKa3aHuM B rporpamme koMaHibl DP_ON Tekyiiiee coctosiHue ropta C OyZeT C/I0XKeHO
norudecku ¢ yrcsiom 10000000, T.e. 8-if 6UT ropra ctaHeT paBeH 1, a ocTanbHBIe OWUTHI ocTaHyTCs 6e3
nusmenenust. [Ipu DP_OF — BBITIOJHUTCS JIOTUUECKOe YMHOXKeHHe, 8-1 OuT ctaHeT paBeH 0, a ocTanbHbIe
He V3MEeHSTCS.

Hanuiem aHasiornyHble MakpoCh! [/1s1 BK/IFOUEHMS U BBIK/IFOUEHUS paspsiloB MHAMKATOPa, COIJIaCHO
TMO/IK/IFOUEHUI0 Ha NPHHLUMITHUA/ILHOM 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;

Hanuiiem B datine main.c pyHKLUMIO JJ1s1 3alUCU YMCe B UHAUKATOP:

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;}
}

DyHKIMsI HUYero He BO3BpalljaeT B KaUeCTBe Pe3yJ/ibTara, M03TOMY ee THII Void, ¥ B Hell OTCYTCTBYeT
orieparop return. B kauectBe aprymeHTOB (pyHKI[MM yKa3aH HOMep pa3psifia, cuuTtasi ¢ 1 cieBa, ¥ Ljudpa
JJ1s1 OTOOpaskeHusl.

Tereps B MporpaMMe MOXXHO BBI3bIBaTh B JII000OM MecTe GyHKIMIO showDigit 1 Ha WHAMKATOpe B
yKa3aHHOM pa3psifie OyzeT oToOpakeHa yka3zaHHast 1pdpa. Haripumep,

showDigit(1, 4);



B CaMOM JieBOM pa3psiie OyeT BbiBe/ieHa Lindpa 4.

ITopsA 0K BHINOTHEHUS PadoThI

1. OTKpBITH 111a6/10H 1IpoekTa u3 JIP Nel3.

2. Hammcats mporpamMmy KOHGUTYpUPOBaHHsI TIOPTOB KOHTpOJUIEpa [/ BbIOpaHHOTO paHee

YCTPOMCTBA.

KOHTPOJILHBIE BOITIPOCbI

1. YTo Takoe «ropT» MUKPOKOHTpOJI/Iepa?
2. OObsICHUTE aNTOPUTM HacTpoKu noptoB ATmegal6?
3. Kakue peructpsl B ATmegal6 umeroTcs [i/1s1 HACTPOWKU ITOPTOB?

JIABOPATOPHASA PABOTA Ne22

«/JuHaMHUueckasi UHAUKALS»

Llens paboTHI: TOMYYUTH HABBIKM OpPraHW3alliM JUHAMUUYECKOM WH/WKALMU TPU OTOOpaKeHuu
rvH(bOopMaLUK.

BBegenue

B npeapiayieii pabote Mbl co3ganu GyHKUu0 showDigit, apryMeHTaMyd KOTOPOU SIBJISIFOTCS. HOMeED
paspsifia MHAMKaTopa 1 oTobpakaemasi Ha HeM 1udpa.
[TonpoOyeMm Terepb BbIBeCTH pa3Hble [U(PHI CPa3y BO BCe TPH pa3psifia MHAMKATOpa, HArpuMep, Tak:

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

B pe3sysibTaTe Ha uHAMKaTope OyneT mudpa 4 B ocaegHeM paspsifie, DU 3TOM TiepBbIe /[Ba pa3psija
OyyT BBIK/TFOUEHBI - TAKOB airopuTM QyHKUWHU showDigit ipy AUHAMUYeCKOW MHVKAL[UH.

Puc. 22.1. Pe3ynbTat paboThl GYHKIMY BbIBO/A MHGOPMALUN



Yrobel uHpopMaiusi orobpakanach OJHOBpPeMEHHO B TpeX CerMeHTaX WHAMKATOpa, HY’>KHO
JOCTaTOYHO OBICTPO BBIBOAWTH LMGPHI B pa3Hble paspsibl, AJsT 3TOTO MOXKHO TOMECTHUTb BCE TPHU
BblllleyKa3aHHbIe CTPOKU B BEUHBIN LIMKJI KOHTPOJL/Iepa.

while (1)

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

}

Pe3yanaT nocjie KOMITU/IALWK U 3alrPpy3KU:

Puc. 22.2. BeiBog, vHGOpMaLMKY B pa3Hble pa3psiibl UHAUKATOpa B LIUKIIe

Ha wHpaukaTtope oToOpakeHbI He Te LM(pBI, T.K. WHAWKATOD TIONPOCTYy «HE YCIeBaeT» 3a
KOHTpOJUIepoM, paboTaroiieM Ha 4actoTe 16 MWITMOHOB TAaKTOBBIX WMITYJBCOB B CeKyHAy. JobaBum
3a/IepKKy ToC/ie KaXk/[o¥ KoMaH/bl showDigit.

715 opraHu3aiuu 3a/lep>KKu BOCIIO/Ib3yeMCsl CTaHAapTHOM GyHKIuel _delay_ms(n), apryMeHTOM n
KOTOpOU SIBJ/IIeTCSI BpeMsl B MWIIMCEKYH/,axX. JloCTaTOYHO 3a/iep>KKU 5 MC.

Oyukius _delay_ms MoxeT OBbITh ZOCTYITHA /IJIs1 UCTIO/Ib30BaHUS TIPU TIOJK/TFOU€HUH 3aTr0JIOBOYHOTO
(atina:

#include <util/delay.h>
OTa CTpoKa TMOJK/IIOUEHHsl Yy)Ke COJIepP)KUTCS B TpoekTe B (aline main.h, [0NOMHWTE/BEHBIE

TIO/TK/TFOUEHUsT He TPeOyIoTCS.
Pe3ynbTaT J00aBIeHUS 3a/1ePIKKU:

Puc. 22.3. Pe3ynbTat fobaB/ieHNs 3a/jepKKU BbIBO/Ia MH(OPMAILUH



O®yukius _delay_ms wucnonb3yeT TaKTUPYIOLIWMA CUTHAa/J KOHTPOJUIepa, TO3TOMY 3ajlePrKKa,
opraHu30BaHHasi 3TOW (QyHKLIUeH, SIB/sIeTCsl OUeHb TOUHOM.

BbIBogUTh MHGOPMALIMIO B KaXKABIN pa3psi/i OT[e/IbHO, A00aB/sis KaXK/AbI pa3 3a/IePXKKy, He OueHb
yA00HO. Be1io ObI /Tydilie HamMcaTh GYHKIWIO, apryMeHT KOTOpoi He 1Kdpa, a 1ie/ioe YKCIIo, coAeprKaliee
OT OJJHOTO /IO TpeX pa3psi/ioB, a GYHKIUs Obl caMa paszesisiia YMC/I0 Ha LUGPBI ¥ BHIBOJWIA KaXKIYIO U3
HUX B COOTBETCTBYIOIIUIA pa3psi.

O6mBsiBuM pyHKIMIO writeToDisp, € 1le/I0urCc/IeHHBIM apryMeHTOM:

void writeToDisp(int data)
{

B ¢dbyHKIMY 00BIBUM YU MHULIMATU3KPYeM HYJIIMUA MacCHUB TUTa char u3 Tpex 371eMeHTOB:
char str[3] ="000";

B sTtom maccuBe OyayT XpaHUTbCsS Kofbl 1udp. Bocronb3yemcs dbyHkuumelt sprintf sisbika Cu st
KOHBEPTALUH 1{eJI0T0 YKC/ia B CUMBOJIbL. @OpMaT QyHKLUM C/ie/[y LUl

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

Oyukuus sprintf() vuaeHTUUHa QYHKUUUA printf() 3a WCK/IAIOUeHHWeM TOro, uto HHGOpMalys
3alMChIBaeTCs B MaCCUB, aZipecyeMblii yKa3arenem buf, a He B cTaHAApPTHBIN MOTOK (HarpyuMep, Ha 3KpaH).
[MpoTtotun dyHKIMY (T.e. ee 3aro/i0BOK) HaxoAuTcs B ¢aiine stdio.h, noaxourMM ero ¢ nomMoisko #include
B Hayvasie ¢arina main.h.

HNobaBuMm B dyHKLMIO writeToDisp CTPOKY:
sprintf(str, "%.3d", data);

Mopudukarop .3d coobmjaer (yHKIMM, YTO pe3y/jbTaT 3allCHd B MacCUB JIOJDKEH cofepykaTh 3
paspsizia Lesoro urcaa. Ecimm uncio uMeet MeHbIllee KOJTMYeCTBO Pa3psiioB, HeJJOCTAIOLIHe Pa3psibl OyAyT
3ar10/IHeHbl HYJISIMU.

Teneps 106aBUM CO37aHHYIO paHee QyHKIMIO showDigit, B KaueCTBe BTOPOTO apryMeHTa KOTOPOM
HY’)KHO yKas3aTb YMC/I0, KOTOpOe COOTBeTCTBYeT Li(pe pa3psifia, KOJ KOTOPOW COJEPXXUTCS B djeMeHTe
MaccuBa Str. 37ecb BO3HMKaeT HecooTBeTcTBUe: (yHKUMs showDigit [o/pKHa TOMYYUTh BTOPBIM
aprymMeHToM Liesioe yucio oT 0 1o 9, a mepefaTh ell Mbl MOXKeM dascCii-KOJ, CUMBOJIa, Be[lb UMEHHO OH
COZIepPKUTCS B 37ieMeHTax MaccuBa. ObpaTumMcst K Tabsviie ascii CUMBOJIOB:

Decimal Hexadecimal Bimary Octal Char

48 30 110000 60 0
49 31 110001 6l 1
50 32 110010 &2 2
51 33 110011 &3 3
52 34 110100 o4 4
53 35 110101 &5 5
54 36 110110 66 6
55 37 110111 &7 7
56 38 111000 70 B
57 39 111001 71 9

Puc. 22.4. Tabnuija ASCIT



Kak BugHO 13 Tabimunpl, mudpa 0 umeer gecatuuHbiid kog 48, 1 - 49 ... 9 - 57. Hy)kHO noHUMaTh
pa3HULly MeXXAy Urc/ioM, 0003HauaroliM KOJMYeCTBEHHYI0 Mepy uero-inbo, v Ludpo, sB/stoIIencs
CUMBO/IMUECKUM 0003HaueHWeM uHc/ia B HEKOTOPOU cucteMe 0603HaueHWH. UTOOBI TIOMYUMTH UMC/IO U3
cuMBosa B sisbike CH, BbIUTeM anreOpandyeckd CHMBOJIbI, KOTOpbIe TIPUHSITO YKa3biBaThb B OJWHAPHBIX
KaBbIukax. Hanpumep:

|6' - '0'

JTa 3alKcCh SKBUBA/IEHTHA BLIUUTAHUIO 54 - 48, pe3ynbTaT KOTOpOro 6. T.e. ec/iM HY)KHO MOIy4UTh
YMCJIO U3 CUMBOJIA, HY’KHO M3 3TOT0 CMMBOJIa BbIYeCTb aSCii-KOZ, HYJIS.
HNobaBum B dpyHKLHIO writeToDisp CTpOKH:

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

Tereps B BeuHbIM LMK/ OCHOBHOW MPOrpaMMbl MO>KHO HaMMCaTh BCEro OAHY CTPOKY C (yHKLUeu
writeToDisp(n), rae n - Ljesi0e MOJIOXKUTEeIbHOE YMCIIO JJ1s1 3alIMCH B UHVKATOP.

JIABOPATOPHAS{ PABOTA Ne23

«Pabora c ALITT kouTposiiepa ATmegal6»

Llesib pabOTHI: YCBOWTH Ha3HaUeHHe 00BEKTa «CTPYKTYpPa», U3YUUTh CIIOCOOBI 0ObsIB/IEHUSI CTPYKTYP
Y UHULIMA/IM3alY UX TTOJIeH.

BBepenue

[nsg w3MepeHHsi TemrepaTypbl OKpY’)KalolLllero BO3/JyXa B COCTaB YCTPOMCTBA BXOJUT JaTuuK
temreparypel KTY81/120, mopkmoueHHbI K KaHamy O aHasmoroBo-LiMdpoBoro TmpeoOpa3oBaTesis
ATmegalé.

[Tpeobpa3oBatesib KOHTposUlepa TipezcTaBiser coboii ALl mocnemoBaTeslbHOTO MPHUOIVKEHMS,
vuMeeT 8 He3aBUCUMBIX KaHa/OB U obecrieuriBaeT 10-OUTHBIN pe3ysibTar.

Inst paboter ¢ ALITT B ATmegal6 npefyCMOTpEHBI CIieljaibHble PETUCTPhI, KOTOPbIe 10/DKHBI ObITh
HaCTpoeHbI Tepes; ucrnosb3oBanreM AIIIL. TIpexzge Bcero, HeOOXOJUMO '"COOOLIUTH"' KOHTPOJIEPY THIT
WCTOUHMKA OTIOPHOTO HampsbKeHWsi mpeobOpas3oBaTess. IIpy NMpOeKTUPOBAHMH TPUHLUITHAIBHON CXeMbl
Hamu Ob110 BeIOpaHO MoK/IfoueHe BbiBoZa AREF Ha "3emiti0" yepe3 KOHZEHCATop.

B fmokymeHTanmy KOHTpoJulepa Ha CTp. 217 mpepcTaBjieH OJWH W3 PeruMcTpoB Hactpouku AT,
KOTOphbIN Ha3biBaeTcst ADMUX.

Bit 7 <] 5 4 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 MuUX2 MUX1 MUX0 I ADMUX
Read/Write RAW RW RW RW RW RAW RW RW
Initial Value 0 0 0 0 0 1] 0 0

Puc. 23.1. Peructp ADMUX



[Mlectoit u cempmoii Outbl 3TOro peructpa (REFSO w REFS1) mipemHa3sHaueHbl [jisi BbIOOpA
HMCTOYHUKA OTIOPHOTO HaTpsDKeHUs.

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. Ha3nauenne 6urtoB peructpa ADMUX

Kak BUHO 13 Tab/uULIbI, /71 HALero Caydasl MOAXOAWUT BTOpasi CTPOKA, T.e. WCTIO/Ib3YeTCsl OTIOPHOe
HanpspkeHue ¢ BbiBoga AVCC, nipu 3ToM BbiBOJ, AREF TIOAK/II0UeH Yyepe3 KOHIeHCaTop.

[Iarenii 6ut perucrpa ADMUX nasbiBaetcss ADLAR (ADC Left Adjust Result) n nipegHa3HaueH J71st
BbIDAaBHMBAHUS pe3ysbTaTa [0 JIEBOMY WM T[paBOMy Kpal perucTpoB pesysbTarta. PesysbTaT
npeoOpa3oBaHusl Bcerjla TOMeEIAeTCS W XpaHUTCA B AByX 8-OutHbix peruictpax ADCH u ADCL,
TIpeJICTaB/ISIFOIIMX CcO00M cTapiuvii U MulaZiuii 6aiT pe3ynbrarta. OfHAKO pe3y/bTaT Ipeobpa3oBaHus
coctout u3 10 6UT, a 3HAYNUT, OH MOYKeT OBbITH PacIio/IOXKeH B 3THX /IByX DOaifTax mo-pasHOMY:

ADLAR =0
Bit 15 14 13 12 1 10 9 8
- - - - - - ADC9 | ADCB ADCH
ADCT | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | 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
ADLAR =1
Bit 15 14 13 12 1 10 9 8
ADC9 | ADCB | ADC7 | ADC6 | ADC5 | 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 ymomuanuio 6utr ADLAR paBeH HY/O, T.e. 8 OUT pe3y/bTaTra TOMEIAIOTCS B MJIAZAIINAN OalT
ADCL, a gBa ocraBumxcs 6ura - B crapmwmii ADCH. O6umii pe3yabTaT mpeoOpa3oBaHUsi MOXKeT OBITh
JoctyreH B nporpamme win no umeHam ADCH u ADCL, vnv 1io ogHoMy umenu ADC.

butel MUX4..0 nipeHa3HaueHbl 1 BbIOOpa KaHaia 1 criocoba rpeobpa3oBanusi. B camoMm mpoctom
C/lydae, KOTJja BXOJHOW CHUTHa/I TIOJK/IIOUEH K OZHOMY BBIBOAY KOHTposuiepa, 6utel MUX4 u MUX3
JIOJDKHBI OBITh PaBHBI HYJIIO, a butamu MUX2, MUX1, MUXO BeioupatoT KaHan ot 000 (kanam 0) go 111
(xanan 7). toro 8 kananos. AIIIl ATmegal6 moxeT paboTaTk B TaK Ha3biBaeMoM v depeHIMaTEHOM
peXxuMe, KOrja M3MepeHHe HampsDKeHHUs TMPOUCXOJWT He MeXAy KaHajioM U oOIIeill TOUKOW, a MeXay
JIBYMSI BBIBOJJaMH KOHTpoJIIepa. st 3THX 1ieied ucrosb3ytorcs outel MUX4 u MUX3.

B Hamem cnydae npeobOpa3oBaHue IpOCTOe, C OfHOTO KaHazma 0, mo3Tomy Bce Outbi MUX4..0
JIOJDKHBI OBITH paBHBI HYJTIO.

Hactpouts peructp ADMUX MOXXHO Tax:



ADMUX = 0x40;
OpHako nH(popMaTHBHee Oy1eT MPOU3BECTH 3aITUCh B IBOMUHOM CHCTEMe:
ADMUX = 0b01000000;

[Tpu TakoM criocobe 3arycy BUAHO, YeMY paBeH KaXK/IbIi OUT perucrpa.
B cpezie pa3paboTurkoB Gosiee momy/sipeH UHOM criocob 3amuicu GUTOB B PETUCTP:

ADMUX |= (1 << RFS0);

B 3arvcu Bbillle jioruueckasi eIMHUIA C/IBUTAeTCs BIeBO Ha 6 pa3psifioB. MiMeHOBaHHasi KOHCTAaHTa
RF'SO obbsiBneHa c momolnpto #define B daiine iom16.h u cootBeTcTBYeT unciy 6 B8 ATmegalé6.

iom16.h

Puc. 23.4. Yactb nuctunra gaiina iom16.h

3arem coctosiHue peructpa ADMUX noruuecku CK/IaAblBaeTCsi CO CABUHYTOW Ha 6 paspsiZiloB BIE€BO
eaunHuLeit (0b01000000). Pe3yabTaT I0rMueckoro C0KeHus 3anuchbiBaeTcsi CHOBa B peructp ADMUX.

Tako#t criocob 3ammcy HarsiAHO [IeMOHCTPUPYeT, Kakod OWT W3MeHsieTcs, a camoe IJIaBHOe —
obecrieurBaeT YHHBEPCAIbHOCTb MTPOTPaMMBbI.

B pasHbIX Mofensx KOHTposiepoB AVR OWTBl MOTYT pacriosiaraTbCsi B Pa3HOM TIODSIAKeE.
KoHdurypupysi peructp B SIBHOM BH/le, T.e. KOHKDETHBIM UYHC/OM, Mbl JiejlaeM INpOrpaMMy MpPUTOJHOM
TOMBKO I KOHKPETHOTO KOHTpOJIZIepa, W Bpsif, M OHa OyzerT BepHO paboTaTh B /IPYroMl MOjenu.
BcTpoeHHble MeHa OWTOB, Takue Kak RFS0, c GoJibilieii BepOSITHOCTBIO OyAyT BCTpeuaTbCs U B JIPYTUX
Mo/iesisiX KOHTPoJu1epoB AVR, MyCTh U COOTBETCTBYS APYTMM HOMepaM OWTOB.

BropeiM crieljuasibHbIM peructpoM s pabotel ¢ ALIIT sBnsiercs peructp ADCSRA - peructp
yrpasyeHus U coctosiHusa ALIILL

Bit 7 & 5 4 3 2 1 0

I ADEN ADSC ADATE ADIF ADIE ADPS2 | ADPS1 ADPSO0 I ADCSRA
ReadWrite RwW RW RW RW RW RW R/wW R/W
Initial Value o 0 a 0 0 0 0 0

Puc. 23.5. Peructp ADCSRA

bur 7 - ADEN - pa3peiiiearie padoter ALIIT.

but 6 - ADSC - cTtapT eIUHUYHOTO TTpeobpa3oBaHusl.

bur 5 - ADATE - pa3pellleHde aBTo3amycka Tipeobpa3oBaHusi 10 mepegHeMy (DpOHTY
ripeobpa3yeMoro BXOJHOTO CUrHaJja.



bur 4 - ADIF - nipusHak (¢ar) npepbiBaHUsi aBTOMaTHUeCKU yCTaHaBIUBaeTCs B 1 10 OKOHYaHUU

ripeobpa3oBaHusl.
but 3 - ADIE - pa3speliieHue TpepbIBaHus OT IpeoOpa3oBarerisi.
butel 2..0 - ADPS2..0 - 6uthl BbIOOpa /ie/TUTe/Isi YaCTOThI MpeoOpa3oBartessi ONpefesisiioT CKOPOCTh

paboTsl mpeobpa3oBaTers.

Table 85. ADC Prescaler Selections

ADPS2 ADPS51 ADPS0 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. ITpeggenvrens ALIIT

NobaBuM ciieAyIOIIyI0 CTPOKY B GYHKLHIO setup():
ADCSRA |= (1<<ADEN) | (1<<ADPS2) | (1<<ADPS1) | (1<<ADPSO0);

Paborta AIIIT Gyger paspeliieHa, yactota pabotbl OyzeT B 128 pa3 MeHbIlle UaCTOTHI TaKTOBOTO
CurHasa, rpepbiBanvs oT ALIIT OTK/IFOUeHbI.

Cnenyromum marom pabotsl ¢ ALIT siBnsieTcst HarMcaHwe QYHKIMM, 3aITyCKarollei mpeobpa3oBaHye
BBIOpPAHHOTO KaHasla ¥ BO3BpaL[aloLl[eil pe3ysibTaT MpeoOpa3oBaHusl.

unsigned int read ADC(unsigned char channel)
{

channel &= 0b00000111;

ADCSRA |= (1 << ADSC);

while ({(ADCSRA & (1<<ADIF)));

return (ADC);
}

Bo3Bpaijaemoe (yHKIMel 3HaueHWe — Iiejioe I0JIOKHUTesbHOe 16-0MTHOe umcio. AprymeHT
(GyHKIMM, YKa3aHHBIN B ee 3arojioBKe B CKOOKax - HoMep ripeobpa3yemoro KaHamna ALITI.

B mepBoii cTpoke moay4yeHHbI (yHKIMeld HOMep KaHajaa JIOTMUeCKHM YMHOKaeTCs Ha uucio 7
(0b00000111), yTOOBI OrpaHUUYNTL BO3MOKHBIE OIIIMOKY TP YKa3aHUM HOMepa KaHasia OoJibiiie 7.

Bo BTOpOIl CTpPOKe BBITIOJHSIETCS 3amycK mpeobpa3oBaHusi 3amuckio 1 B 6utr ADSC peructpa
yripasJyieHus U coctosius ALIIT ADCSRA.

TpeTbsi cTpoKa obecrieurBaeT ray3y BBIMOJHEHHUS] TTPOrpaMMbl Ha BpeMsi pabotel ALITI. Uuraercs
CTPOKa Tak: 'TOBTOPSTh MNPOBEPKY YC/IOBUSA I[I0KA pe3y/abTaT JIOTUUECKOrO0 YMHOXKEHHUSl COCTOSIHHE
perrctpa ADCSRA v CABUHYTOM BieBO Ha 4 pa3psifia eauHuLbl (6uT ADIF ueTBepThIi 10 HOMepY) paBeH
Hysto". [Tporpamma Oyzet MoBTOpATh LKA while 1o TeX 1op, TIOKa yC/I0BUe I[UKJIa JIOXKHO, T.e. ToKa ¢iar
rotoBHOCTU ADIF He cTaHeT paBeH 1.

B mocnenHeli CTpoke BO3BpalljaeTCsl pe3ysbTaT IpeoOpa3oBaHUs — YWC/IO, TPOTMOPIMOHATIBEHOE
HanpspKeHUro Ha 37-M BbIBOZE KOHTPOJLIepa.



ITopsAj0K BHINOTHEHUSI PadoThI
1. Harmucars ¢ynkimy Hactporiku AIIIT fis pa3pabaTbiBaeMoro yCTpoicTBa.
KonTpo/ibHBIE BONIPOCHI

1. Onmmmre npouecc HacTpouku peructpos ALITT konTpostepa ATmegal6.
2. Yto Takoe nipegaenutens ALITT?

JIABOPATOPHAS PABOTA Ne24

«O0bpaboTka pe3ybTaToB paboThl ALITT»

Llesib pabOTBI: MOMYYUTh HABBIKA pabOTHI C pe3y/bTaTaMH aHa/IOro-I[U(ppPOBOro Mpeobpa3oBaHUs U
TIpUBe/IeHHUs] X K COOTBETCTBYIOLUM (PM3UUYECKUM BeTUUHHaM.

BBegenue

Panee Oblia ipou3sBezieHa HacTpoiika ALITI, a Takke co3maHa QyHKIMS 3arycka mipeoOpa3oBaHUs U
TIO/TyyeHust pe3y/bTara, IpefCTaB/IsIoIIero coboi unc/io, IpoNopLoHaNbHOe BXOJHOMY HamnpspkeHuro. K
HaCTOSIILIeMY MOMEeHTY (yHKLIMsI HACTPOMKH KOHTPOJI/Iepa BhIT/ISAUT Tak:

void setup()
{
DDRC = 0xFF; //Hacmpotika nopma C Ha 8b1800
DDRD = 0xFF; //Hacmpoiika nopma D Ha 8bi800
ADMUX = (1<<REFS0); //8bib0p ucmouHuka onopHozo HanpsixceHus ALITT
ADCSRA = (1<<ADEN)|(1<<ADPS2)|(1<<ADPS1)|(1<<ADPS0); //exawouenue AILlIl u
Hacmpolika Oeaumesi UaCMombl

Hanwucansl ¢pyHKIMM opMupoBaHus LG pbl HA UHAUKATOpe M BbIBO/A UMC/Ia Ha SKPaH:

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);

}



Harvcana QyHKIuMs 3ammycka rpeoOpa3oBaHus U TIOTyYeHUsl pe3y/ibTara:

unsigned int readADC(unsigned char channel)
{

channel &= 0b00000111;

ADMUX = 0x40;

ADCSRA |= (1<<ADSC);

while (I(ADCSRA & (1<<ADIF)));

return (ADC);

Ternepp Harumem (yHKUuIO, rpeobpa3syrouyto nonydeHHslid ot AL pe3ynbrat B Temmepartypy.
dyukius Oyzer Bo3BpallaTh pe3ysbTaT B rpagycax Llenbcus, a B KauecTBe aprymeHTa B CKOOKax
npuHuUMars pesysbTtar AL

int getTemp(unsigned int adcResult)
{

Boruriciienust OyJemM TPOW3BO/UTE I10C/Ie[0BaTe/bHO: CHauasaa TiepecuuTaeM pe3ysabTaT ALl B
HanpsDKeHUe, 3aTeM W3 TI0JyUeHHOTO HaTpsDKeHUsT BBIUMC/IUM COTIPOTHBJIEHHE [JaTUMKa TeMITepaTyphl B
MOMEHT TIpeoOpa30BaHus U TI0 COTIPOTUBJIEHHIO BLIUUC/TUM TEMITepPaTypy.

OO0mwsiBUM nepeMeHHbIe THma float, T.K. X 3HaU€HHsI JPOOHBIE:

float volt, resist, t;

Bbrunicium HarpsbkeHue:

volt = 5*adcResult/1024; //pacuem HanpsdiceHus npugedeH 8 AeKyuu

Tak Kak JaTuvK TemrepaTyphl MOAK/IIOUEH B HIDKHEM I/iede [le/IUTesisi HarpsDkeHus (CM. JIeKIi0),
€ro COMPOTHBJIEHHE BBIUMCIISIETCS TI0 BhIPAXKEHUIO:

R2 = R1*Usbix/(Usx - Ugblx)
HaruiiemM cTpoKy /151 BBIUMC/IeHUsI COMTPOTHB/IEHHUSI COTJIACHO 3TOMY BbIPa’KeHUIO:
resist = 2200*volt/(5 - volt);
B HammcanHou ctpoke 2200 - 5TO COMpOTHB/IeHWEe pe3ucTopa R1 BepxHero rieua JejdTess
HanpsbkeHusi B OM, 5 — BX0/IHOe HarpsbkeHue JienTesisi B BosibTax, paBHOe HanpshKeHUI0 TTUTAHUS CXeMBbI.

55 BBIYMCIEHUs] TeMIiepaTypbl obpaThMcsi K JoKymeHTauuu gatuvika KTY81/120, B KOTOpOM
MIPUCYTCTBYeT Tab/MIla COOTBETCTBHS COTIPOTUB/IEHUS JaTUMKa ero TeMIiepaType:



Table 7.  Amblent temperature, corresponding resistance, temperature coefficlent and masimum expected
temperature error for KTYS4M10 and KTYB1/120

lempeanp = TMA.
Amblent Temperature |KTY81H10 KTY81H20
temperature coefficlent
ey R (e Reslstance (52} Temperature | Resistance (1) Temperature
Mn  (Typ  Max  [*™TM fain Jyp [max [emr(®
—55 —&7 089 4758 490 505 +3.02 470 480 510 +4.02
—50 -58 048 500 515 530 +2 82 485 515 535 +384
—40 —40 008 552 567 582 +2.74 547 587 588 378
-30 -3 043 a0a B24 B38 +2 55 a03 24 845 +3 62
il - 081 B69 [0 608 1235 662 [0 TO5 345
—10 14 088 T33 TaT TE1 1214 T35 TaT TE9 32T
1] a2 0,85 802 815 828 101 Ta3 815 836 +3.08
10 50 083 ar4 886 898 167 885 886 00T 1288
20 [ 080 S50 81 arz +1.41 g1 81 asz +2 68
25 e o 00 1000 1010 +H 2T a8l 1000 1030 +2 54
30 86 o7a 1020 1040 1051 +1.39 1018 1040 1061 +2 68
40 104 0TS 1108 1122 1138 +1.64 1007 1122 1147 +2 a7
50 122 073 1182 1200 1225 181 1180 1200 1237 328
[21] 140 o 1278 1200 1319 1219 1265 1200 1332 361
o 158 069 1360 1302 1416 1249 1355 1362 1430 384
80 176 067 1462 1400 1518 128 1447 1480 1532 43
o 194 065 1554 1501 1623 +3.12 1543 1501 1630 +4 68
100 212 063 1650 1608 1733 +348 1642 1808 1750 +5.05
110 230 061 1762 1805 1847 +383 1744 1805 1865 +5.48
120 248 058 1867 1915 1963 +4.33 1848 1915 1982 .07
125 25T 055 1919 1970 2020 4 66 1840 1870 2040 54T
130 266 052 1970 2023 2077 507 1850 20E3 2007 16598
140 284 045 2065 2124 2184 1628 2043 2124 2205 851
150 302 035 2145 2211 2277 855 2123 2211 2208 1143

Puc. 24.1. 3aBUCMMOCTb CONPOTUBJIEHNUS aTUMKA OT ero TeMIieparypbl

3armiieM ctonbupl TemriepaTypsl (B Tp. C) u conporuBneHus (crosnbery Resistance Typ.) B MS Excel,
MOCTPOUM TpaUK 3aBUCHMOCTA TEMIIEPATypbl OT COTPOTUBJIEHUs, A00aBUM JIMHUIO TpeH/AA U ee
BbIpa)kKeHHe:

Temp Resistance
-50 515 fix) = — 3.747B4322647875E-05 x* + 0.207255047194391 x — 145.008053410173
-40 567
-30 624
-20 B84
-10 TAT
o 815
10 886
20 961 il
30 1040 e
40 1122
50 1209
B0 1299
70 1392
80 1490
a0 1591
100 1696

Puc. 24.2. icnonb3oBanue MS Excel pjisi ionyueHus: BbIpaXKeHUsT
W3 mo/ryueHHOT O BbIp@XEHUsI J00aBUM CTPOKY B MPOrPaMMY:
t = -3.7478*resist*resist*0.00001 + 0.2073*resist - 145.008;

BepHeM 3HaueHHe repeMeHHOM t U 3aBepIlrM HarvcaHue (HyHKLWH:



return (int)t;

}

B CTpoKe BbIllle UCTOJB3YeTCS OTepalysl TIPUBeZIeHHs] TUMOB. /e/lo B TOM, UTO B IepeMeHHOM t
1oc/ie  BbIUMC/IEHUs Oy[eT XpaHUTbCsA 1ieflass W ApoOHas uacTb 3HAYeHUs] Temrepartypbl. [lis
pa3pabaThIBaeMOro YCTPOMCTBA TakKasi TOYHOCTb W30BITOUHA, APOOHYI0 YacTb MOXKHO OTOpocuth. Eciu
OMYCTHUTH yKa3aHue (int), TO B Mporjecce KOMIMWISIIMK BO3HUKHET OIIMOKA, T.K. PYHKIUS JO/DKHA BEPHYTh
1jesioe yucIo (Tiepef ee UMeHeM yKasaH int), a B orepaTope return BO3BpaljaeTcs JpoOHOe 4ucio Tura
float.

Terepsb /7151 BbIBOJ@ TeMIlepaTypbl Ha MHJMKATOp B OCHOBHOW (PyHKLIMM main A0 BEYHOrO LMK/
MOYKHO yKa3aTh:

writeToDisp(getTemp(readADC(0)));

B ¢ynkuuto writeToDisp B KauecTBe apryMeHTa MO/CTaB/seTCsl pe3y/bTaT BbINOJHEHUsS (YHKLU
getTemp, apryMeHTOM KOTOPO B CBOIO Ouepe/ib sIB/sieTcst pe3ysibTaT paboTs! ALITL.

Puc. 24.3. Pe3ynbTaT BbIBOJA TeMIlepaTypbl Ha SKpaH

HOpﬂ}]OK BbIIIO/THEHHUA PaGOTbI

1. [na pa3pabaTbiBaeMOro YCTPOWCTBA HamucaTh (YHKUUM TIpUBEJeHUsT  pe3y/bTaTa
npeoOpa3oBaHusi K COOTBETCTBYIOLUM (PH3MUECKUM BeTUYHHAM.

KonTpo/ibHBIE BONIPOCHI
1. O6BsicHUTD TIPUHLIMIT 00pabOTKY pe3yabTaToB paboTsl ALITL.

2. OObsICHUTEL TPeOOBaHUS TOUHOCTH BBIUMC/IEHUH 3HaUeHUH (Pr3MUeCcKUX BeTMUMH T10 Pe3y/ibTaTaM
nipeoOpa3oBaHusl.



JIABOPATOPHAS{ PABOTA Ne25

«Paborta c Taiimepamu ATmegal6»

Llens paboThI: TOMYUYNTb HABBIKA HACTPOWKM TaiiMepoB KoHTposiiepa ATmegal6, a Takxke
HanurcaHus QyHKIUI 00pabOTKH UX TpepbIBaHUM.

Beepenne

PaHee Obula HamucaHa dyHkuusi getTemp(unsigned int adcResult) njis BIUMC/IEHUsT TEMITEPATYPhI
BO3/lyXa W3 3HaueHus, MOyueHHOro B pe3ysbrare pabotbl ALITI. dyHKius Obisa BbI3BaHa B OCHOBHOM
¢byHKUMK main 1o BeuHOro Ljukia while (1), a 3HauWT, U3MepeHre U BLIBOJ, TeMIepaTypbl Ha UHUKATOP
MPOM30MJeT BCEero OAWH pa3, /s OOHOB/IEHWs] TIOKAa3aHUSl TeMIlepaTypbl KOHTDPOJIJIep HY)KHO
repe3arpy3uTb. 1akol aaropuTM MO’KeT MCIO0JIb30BaThCsl TOJBKO Ha BpPeMsl HalyCaHUsl NPOrpaMMbl U ee
OT/a/IKW. B 3aKOHUEHHOM yCTPOMCTBe TeMIiepaTypa Jo/DKHA OOHOBISTHCS TIePUOUUECKH.

Cy1iecTByeT JBa BapuaHTa 0OHOBJIEHUsI TeMITepaTyphbi:

1. B BeuHowm 1juksie while (1);

2. C nomol1plo TaliMepa/cyeTuuKa.

B mepBoM ciyyae mpu MasoM obObeMe Kozja B Ijukie while oOHoBieHue OyieT TPOUCXOAWTH
CJIMIIKOM 4YacTo. M3-3a BBICOKOW CKOpocTd pabotel ALl mpy TrpaHUUHBIX 3HAueHUSX pealbHOU
TeMIiepaTypbl BO3/lyXa Ha MHAMKATOpe 3HaueHWs OyAyT MeHSThCSl MOCTOSIHHO. Hampumep, Temriepatypa
Bo3ayxa 25,999 rp. C uepe3 HecK0/ibKo MrHOBeHU uameHuTcs o 26,001 rp. C. [Ipuuem usmka gaTurka
TakOBa, 4YTO €ro COMPOTHB/IEHWE II0CTOSTHHO MeHsIeTC B HEeKOTOpbIX Mpefenax, [03TOMY B €ro
JIOKyMeHTaluy /Il KaXJ0ro 3HauyeHWsl TeMIlepaTypbl NpHBeJieH Auara3oH 3HayeHWHd CONpPOTUBJIEHUS.
KonTponnep ouudpyeT Kaxk[oe W3MeHeHHWe COMPOTUB/eHUs. VI3 BbllllecKa3aHHOTO CJefyeT, uTo
v3MepeHHue TeMIlepaTypsl cjieflyeT IIPOU3BOJUTH pexe.

Eciii 661 06B6M TTPOrpaMMHOTO KOZia IIMK/Ia while G6bUT 0CTaTOUHO OOJIBIIIMM, TO U3MepeHHe MOTJIO
ObI TIPOUCXOIUTH CJIUIIKOM MeJJIEHHO, T.K. B KOHTPOJUIED BBITIOHSET KOMAH/bI LIMK/IA TI0C/Ie/I0BaTebHO
Ipyr 3a apyrom. Takol moaxos HeBepeH, 0COOeHHO B TeX B C/IydasiX, KOT/la HY)KHO TOYHO OTC/IeXKMBATh
V3MeHeHHs aHaJIorOBOT0 CUrHasa.

Hanbosiee TIpaBUIBHBIM pellleHWeM TP W3MePeHWM TeMIlepaTyphbl SIB/SeTCS UCIOJb30BaHHe
TaliMepa/CueTurka M ero npepbiBaHus. JJoCTOMHCTBa 3TOro criocoba B TOM, UTO TaliMep/CUeTUUK SIBJISIETCS
CaMOCTOSITe/IbHBIM ~ YCTPOWCTBOM, OH paboTaeT He3aBUCMMO OT Tipoljeccopa KOHTposuiepa. Iloka
KOHTPOJI/IED BBITIOJIHSAET CTPOKU IpOrpamMMbl OJHY 3a APYroM, TaliMep/CYeTUMK MpOJOJ/DKaeT CUMTATh
TaKTOBbIe MMITYJIbChI, TTIOCTYIIAOLLE Ha ero BXOJ,.

YTtoObl OpraHu30BaTh BBITIOJHEHHE KaKWUX-TM0O [JelCTBUM KOHTpOJUlepa TIIpW, HamnpuMep,
JIOCTDKEHUM TaliMepoM/CYeTUYMKOM HEKOTOpPOrO 3HaueHWsl WM TPU COBEpLIeHUU TOJHOTO L[MK/a CYeTa,
cleflyeT HaCTPOWUTH IpepbiBaHWe M0 TalWMepy/cueTurKy. CucTema IpepblBaHMM ONMCaHa B JIEKLUH, a
00111vie TIPUHLIATIBI HACTPOWKU TaMepOB/CUETUMKOB B JIEKLIUH.

Kak u ¢ mo06oii gpyroi nepudepueil KOHTPOJIIEpa, Mepe/; UCI0/Ib30BaHUEM TaliMepOB/CUETUMKOB UX
HY)KHO HacTpouTh. Bbibepem nns paboTbl, Harpumep, TaiiMep/cueTuuk T1. 3Tto 16-pa3psiiHbIA
TaliMep/CUeTuUuK, T.e. ero cueTHbld peructp TCNT1, B KoTopoM U Oy/ieT cozep)KaThCs pe3y/bTaT Cuera,
COCTOUT U3 BYX OallT.

JIroOoti TaliMep/cueTurK MO>KeT paboTaTh B Pa3/IMUHBIX peXkuMax. [/t mocTaB/ieHHOW 3azaun OyzeM
WCII0/1b30BaTh TIpepbIBaHUe T10 MeperoHeHNI0 TaliMepa.

Kak u3BecTHO, /000i CUETUMK B pe)kKMMe TPSIMOTO cyeTa cuuTaeT oT 0 0 MaKCHMaIbHOTO CBOEro
3HaueHus1, 3aTeM CHOBa mepexouT K 0. B 35TOT MOMEHT 1 BO3HUKaeT MeperojiHeHue, T.e. TI0 3aBepLIeHUN
MOJTHOTO THMK/a cueTa. Takimep/cuetunk T1 ATmegal6 Gynet cuntath oT 0000 0000 0000 0000 ;o 1111
1111 1111 1111 (65 535 B AecITUUHOM cUcCTeMe).

KonTtposiep paboraet Ha uactoTe 16 MI'11, mepuo/ oHOTO UMITyJIbCa TaliMepa/cueTunka 11, eciu
€ro TaKTUpOBaTh TakoW uacTtoTou, coctaBuT 0,0000000625 cek. YMHOXXHUM 3TO UYMC/IO Ha KOJIMYECTBO
3HaueHWM Taiimepa/cueTurka 11, moslyuMM BpeMs ero IOJHOTO LKA cyeta, kotopoe coctaBut 0,004096
cek. Pa3genum 1 cek Ha 0,004096, nonyunm 244 NoaHbIX LMKJIOB CYeTa TaiiMepa/cueTumrka 3a 1 CeKyHAY.



T.e. 3a 1 cekyH/ly TipepbIBaHHe TaiiMepa BO3HUKHeT 244 pa3a. JTo u30bITOYHOE KOJTMUYECTBO TPephIBaHUN
[I/1s1 U3MEpeHus1 TeMIepaTyphl.

YMEeHBIIUTbL CKOPOCTh PabOTHI TaliMepa/CueTurka MOJKHO, BK/IFOUMB B pabOTy mpejje/vTesb
yacToThl. BeiOepeM MakcrMasibHOe 3HaueHue npeajaenutenss ATmegal6, kotopoe coctapnser 1024. Torga
yacToTa MMITyJ/IbCOB Ha BXOZle TalMepa/cyeTurKa cocTaBuT 15 625 I'l. [IUTensHOCTh Neprozia UMITy/IbCa
B 3TOM cJiydae Oyziet paBHa 1 / 15625 = 0,000064 cek. [To/iHBIM LUK/ CueTa B 3TOM C/Iydae OyJeT paBeH
0,000064 * 65 536 = 4,1943 cek.

bygem wu3mepsars Temmneparypy 1 pa3 B cekyHay. [ storo 3anumem B peructp TCNTI
TaliMepa/CueTUMKa Takoe HauaJbHOe 3HaueHue, uToObl BpeMs CueTa C 3TOrO 3HAa4yeHHUs [0 TieperoTHEeHUs
coctaBwio 1 cekyHay. Berurcivm 5710 3HaueHue: 65 536 - 15 625 = 49 911.

[TpucTynUM K HarmMcaHuio TIporpaMMbl. B dyHKImio setup() mobaBUM HaCTPOWKY TaiiMepa/CueTumKa:

TCNT1 =49911; //HauanbHOe 3HAUEHUe cuemuuKkda

Tanmep/cueTurk T1 ¥MeeT HeCKOJIbKO PerucTpoB HacTpouku. B pernctpe TCCRIA HacTpauBaeTcs
MOBeJleHre TaliMepa B pe)XMMe CPaBHEHHSI ero 3HaueHusl C 3aJaHHbIM, YIIpaB/ieHHe BHELIHMM BbIBOJOM
KOHTpOJITIepa, CBsi3aHHbIM € T1. [Ins BbIOpaHHOTO BbIIIEe peXMMa pabOoThl, 3TH HACTPOWKK He HY’KHBI,
[1I03TOMY 3allMllieM B 3TOT PervucTp HyJIu:

TCCR1A = 0x00;
B peructpe TCCR1B mniepBbiMy OMTaMy HaCTpauBaeTCs TipeAeuTe/ib. HacTpoum 3Ty OUTHI:
TCCRI1B |= (1<<CS10) | (1<<CS12); //denenue wacmomni 8 1024 pasza
Pasperim paboTy npepbiBaHus TaiiMepa/cueTurka T1 10 TieperoTHeHUIO:
TIMSK |= (1 << TOIE1) ; //ekaroueHue buma TOIE1 015 npepblgaHusi
Pasperim paboTy rnpepbiBaHK KOHTPOJIIepa:
sei(); // BkatoueHue 2106a1bHbIX NpepbleaHul

Hamuimem  ¢yHKuMio  006paboTKM  TipepbiBaHUsI 10 TeperiosiHeHuto  peructpa TCNT1
Tanmepa/cueTurka T71:

ISR(TIMER1_OVF_vect)

{
TCNT1 = 49911;

Tenepb NMpy BO3HWKHOBEHWHU IpepbIBaHUs], KOHTPOJUIep MPUOCTAHOBUT BbINIOJIHEHMe 1UKia while u
repeiiieT B (yHKLMIO NpepbiBaHus TaiiMepa. B 3Toil (yHKIMM B CueTHbIN peructp Taiimepa T1 cHoBa
3anuulercs 3HaueHue 49 911, u TaliMep NPOJOJDKUT CUET C Hero.

BrizoBem ¢yHkuuto getTemp ansa 3anycka AL v nonyyeHus 3HaueHust TeMmriepaTypbl. PesynbTar
BBITIOJTHEeHUs (PYHKLMU TIOMeCTUM B T7100anbHYI0 TIepeMeHHYI0 int temp, [jist 3Toro o0bsBUM ee B (aiine
main.h. Be3 rnobanbHON MepeMeHHOW B JaHHOM Cjiyuae He OOOWTHUCH, T.K. AOCTYIl K Hel MAO/DKeH
BBITOJ/IHATBCSI M3 OCHOBHOM INPOTrpaMMbl M W3 TIpepbIBaHUs, HO Iepe/jaTb NepeMeHHYI0 B IpepbiBaHUe B
KauecTBe apryMeHTa HeJib3sl. 3aKOHUMM HanucaHue (DyHKLMY TIpepbIBaHUs:

temp = getTemp(readADC(0));
}

Terneps ocHOBHast QyHKUMSI main OyjeT BEITISAETh TakK:



int main()

{

setup();
while (1)
{
writeToDisp(temp);

}

return 0;

B 1jukne while GyeT MOCTOSSHHO TIPOUCXOAUTDL BBIBOJ, 3HaUeHUsI TepeMeHHOMN temp Ha WUHJUKATOD,
3HaueHWe 3TOW TIepeMeHHOW Oy[eT W3MeHSIThCS TP KaKAOM TMpephIBaHWM OT TakiMepa/cuetunka T1,
KoTopoe Oy/ieT MporcxoAuTh 1 pa3 B CeKYHAY.

HOPH,E[OK BbIIIO/THEHHUA paGOTbI

1. Ansi pa3pabaThiBaeMOro yCTpPOMCTBA HamMcaTh PYHKL[MM HACTPOUKU TaiiMepa.
2. OpraHu30BaTh 3aMyCK aHaIoro-1(poBoro mpeobpa3oBaHs MO TPEPLIBAHHIO TailiMepa.

KoHTpo/ibHBIE BONIPOCHI

1. YUTo Takoe «TariMep» KOHTpOJljiepa?
2. Kakrie BO3MO>KHOCTH TIPe/IOCTaB/IsItOT TaliMepbl KOHTposuiepa ATmegal6?
3. B uem npeumy111eCTBO UCIO/Ib30BaHUSI TAUMEpPOB 110 CPABHEHHUIO C LUK/IaMU?
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