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1 esin ocBOCHUSA TMCHUIIMHBI (MOIYJIs1)

Lensimu ocBOEHUS! AUCHMUILIUHBL (MOAYIsi) «OCHOBBI MUKPOIPOLIECCOPHON TEXHHUKU» SIB-
JSIETCSI PA3BUTHE y CTYJIEHTOB JIMYHOCTHBIX KA4eCTB, a Takxke (opMUpoBaHHe MpodeccnoHalb-
HBIX KOMITETeHIIUN B cOOTBeTCTBUU C TpeboBanusmu DPI'OC BIIO no nanpasnenuto 130302
DIIEKTPOIHEPTeTUKA U IIIEKTPOTEXHUKA.

2 MecTo TUCHHMILIMHBI (MOAYJis1) B CTPYKTYpe 00pa30BaTe/ibHOI NPOrpaMMbl
MOJArOoTOBKH 0akajiaBpa (MarucTpa, crenuaamcra)

JuctumimHa «OCHOBBI MHKPOIIPOLIECCOPHOM TEXHMKH» BXOJUT B BApUATHBHYIO 4acTb
6s0ka 1 0Opa3zoBaTeIbHOI NPOrpaMMBbl.

Jis u3ydeHus AUCIUILTIHBI HE0OX0IMMBI 3HaHUS (YMEHHUS, BIaJIeHHs ), COOPMHUPOBAHHBIE
B pe3ysibTaTe M3y4yeHUs cielyromux TucuuiiH: dusuka, CxeMoTexHuka, Anredpa JOTUKU U
OCHOBBI TUCKPETHON TEXHUKH.

3HaHus (YMEHMs, BJIQJICHUs), MOIyYEHHbIE NPU M3YyYCHUM JAHHOM JUCLUIUIMHBI OyayT
HEOOXOIUMBI JUI U3YUEHUSI CIAEAYIOUMX JUCHUILIMH: CHCTEeMBbl yIpaBIeHUs 3JEKTPOIIPUBOJIOB.

3 Komnerenunu o0yyawomerocsi, popmupyemMbie B pe3y/jibTaTe 0CBOCHHUSA
AUCHUIIMHBI (MOAYJIsl) ¥ IUVIAHUPYeMble Pe3yJIbTAThI 00y4eHUs

B pesynbrare ocBoeHUs TUCHUIUTUHBI (MOIys1) «OCHOBBI MHUKPOIIPOLIECCOPHOM TEXHUKM)
oOyyJarouuics 10JKeH 00J1a1aTh CIEIYIOUMMA KOMITETCHIIUSIMU:

CrtpyKTypHBII
JJIEMEHT [Tnanupyemsble pe3yabTaThl 00yueHHs

KOMITETEHITHH
OIIK-1 - cnoco0HOCTBIO OCYIIECTBJATH MOUCK, XPAHEHHEe, 00padoTKY 1 aHAJIM3 HH(DOP-
MAalUM U3 Pa3IMYHbIX HCTOYHMKOB H 023 JaHHBIX, IPEACTABJIATH ee B TpedyemoM ¢op-
MaTe ¢ HCI0JIb30BaHHeM HHGPOPMAIIMOHHBIX, KOMIILIOTEPHBIX H CETEBBIX TEXHOJIOTHii

3HaTh - Ha3HaYeHHE, YCTPOMCTBO U MPHUHIMIIBI (PYHKIUOHUPOBAHUS HJIEMEHTOB MHUK-

[POIIPOLIECCOPHBIX CHCTEM;

- OCHOBHBIE MHTEP(ENCHI U MPOTOKOIBI MUKPOIPOLIECCOPHBIX CUCTEM;

- IPUHIMIIBI 00pabOTKHU U MPeoOpa30BaHMsI CUTHAJIOB.

YMmeTb - YUTaTh (PYHKIIMOHAIBHBIE CXEMbl MUKPOIPOLIECCOPHBIX CUCTEM;

- CTPOHTD AITOPUTMBI Pa0OTHI MUKPOIIPOIIECCOPHBIX CHCTEM;

- IPOrPaMMHUPOBATh COBPEMEHHBIE 3JIEMEHThl MUKPOIPOIIECCOPHBIX CUCTEM.

Braners - HAaBBIKAMHU HAIKCAHUSI IPOTPAMM IS MUKPOIPOIIECCOPHBIX CUCTEM Ha SI3BIKE

C++;

- HaBBIKAMHU pa3pabOTKH YCTPOHCTB Ha OCHOBE MUKPOITPOIIECCOPHBIX CHCTEM;

- HAaBBIKAMU OTJIAJIKH MUKPOIPOLIECCOPHBIX CHCTEM.

I1K-2 - cnioco0HOCTHI0 00padaThIBATh Pe3y/IbTaThl IKCIIEPHUMEHTOB

3HATh - CITOCOOBI TIPOBEICHHS SKCIIEPIMEHTOB T10 OIPEIESIICHHIO XapaKTEPUCTUK dJIe-

MEHTOB MUKPOIIPOLIECCOPHBIX CHUCTEM;

- MJICJTM3UPOBAHHBIC XapaKTEPUCTHKH DIIEMEHTOB MUKPOIPOIIECCOPHBIX CUCTEM;

YMmeTh - UHTEPIPETHPOBATH PE3YJIbTAThl SKCIIEPUMEHTAIFHBIX U3MEPEHUH IMapaMeTpoB

HIIEMEHTOB M CXEM MHUKPOIPOLIECCOPHBIX CUCTEM;

- TIOJTB30BATHCSI COBPEMEHHBIMH KOMITBIOTEPHBIMU CPEJICTBAMHU LTSI 00pabOTKH
€3yJIbTaTOB SKCIIEPHUMEHTOB.

BraneTs - TEeXHWYECKHUMH TEPMUHAMH JUIs OTHMCAHUS TOBEICHUS DJIEMEHTOB M OJIOKOB

MHUKPOIPOIIECCOPHBIX CUCTEM.




4 CTpyKTypa M coJeprkaHue TUCUUIIMHBI (MOXYJIs1)

OO6m1ast TpyI0EMKOCTh TUCIMIUIMHBI COCTABIISIET 3 3aueTHBhIX enuuull 108 akas. 4acoB, B TOM YHCIIC:

— KOHTaKTHas pabota — 12,7 akan. yacos:

— ayauTopHas — 12 akaj. 4acos;

— BHeayautopHas — 0,7 akaz. 4acoB
— camocTrosTenbHas padora — 91,4 akaj. 4yacos.
dopma aTTecTalmu — 3a4eT ¢ OUEHKOMN

AynuropHasn
KOHTaKTHasA pa- Camo- Ko u
K bota ;z;i_ dopMa TEeKyIEro KOHTPOJISA | CTPyK-
Paszen/ Tema y | (Bakax. gacax) o By caMOCTOATETbHOM ycIieBaeMOCTH U TypHBIH
JUCLIUIINHBI p nabo- |IpakT paGora paboThI IIPOMEKYTOUHOH aTTecTa- |3J1eMeHT
C |JeKkm| par. 4. (B akaj. JER%0%1 KoMIIe-
WH | 3aHA- | 33 | gacay) TEHI[UU
TUS  |HATHUS
1. Beenenue
1.1. Ucropust MUKpOIPOIIECCOPHON TEXHUKH o | oort | o/om 5 [IpouTeHue nONOTHUTETHLHON VYerabiit onpoc (cobecenoBa- |OINIK-1-3y
3 JUTEPaTyphl HUE) B
1.2. CoBpeMeHHbII 3Tan pa3BUTHS MHUKPO- o | oort | o/om 5 [IpouTeHue nONOTHUTETHLHON VYerabiit onpoc (cobecenoBa- |OINIK-1-3y
MIPOIIECCOPHBIX CUCTEM JUTEPATYPHI HHE) B
Hroro no pazngeay| 0 | 0/0M | 0/0H 10
2. SI3p1x porpammupoBanus C
2.1. OCHOBHBIE TEPMUHBI U TOHATHUS 05 | 111 | o/out 5 [ToaroroBka k mabopatopHoi 3amuTa 1abopaTopHOi pa- OIIK-1-3y
’ pabore 00TBI B
2.2. Tunbl naHHBIX 0,5 |0.5/01 | 0/011 5 ITonroroBka k mabopaTopHOi 3amura 1abopaTopHOii pa- OIIK-1-3y
3 pabore 00TBI B
2.3. IlepemeHHBIE, KOHCTaHTHI, MAaCCHBBHI, 1 losoml o/on 5 ITonroroska k mabopaTopHO 3amura 1abopaTopHOii pa- OIIK-1-3y
yKazareiau ’ pabote 00TBI B
2.4. CTpyKTYyphl 1 | you | orom 5 IMonroroska k mabopaTopHOi 3amura 1abopaTopHOii pa- OIIK-1-3y
pabore 00THI B
2.5. llukiibl, BETBICHUS 1 /11 | 0/0M1 5 [ToaroroBka k mabopatopHoit 3amuTa 1ab0opaTopHOH pa- OI1K-1-3y




AynutopHas

KOHTAKTHas pa- Camo- Kopa u
K 6ota croA- ®opma TeKyIero KOHTpoJssA | CTPYK-
Paznen/ Tema y (B akaz. yacax) TeJb Buj camocTosTeIbHOU YCIEBAEMOCTHU U TYPHBIN
JVCIUILIMHBI p 1a00- |IpaKT p:6a:Ta paboThI MIPOMEXKYTOUHOU aTTeCTa- |3JIEMEHT
C |meku| par. | H4. (B aKaj. 197851 KOMIIe-
MW | 3aHA- | 38~ | gaeay) TEHIUHN
TS |HATUS
pabote 00TBI B
2.6. ®ynkuuu o | ojorr | o/om 5 [IpouTenue 1ONOTHUTEIBHON VYerabiit onpoc (codecenoBa- |OINIK-1-3y
JUTEPATYpPBI HUE) B
HWroro no pazneny| 4 | 4/2W | 0/01 30
3. Cpena pa3paboTKu TpOrpaMMHOro obec-
neuenus Qt Designer
3.1. Co3nanue u HacTpoMKa MIPOEKTa 3 0 | 1/04 | 0/01 20 ga%Ii)rT(;TOBKa K s1ab0paToproi 2?)2;?“ 11ab0paTopHOii pa- TK-2-3y8
3.2. Otnazaka nporpamMmmsl o | 1vou | o/on 10 [ToaroroBka k 1abopatopHOi 3amuTa 1abopaTopHOi pa- [1K-2-3yB
pabore 00THI
Hroro no pazneay| 0 | 2/0M | 0/01 30
4. Muxpokontposiep AVR Atmega8
4.1. Onucanue, CTPYKTypa, XapaKTePUCTUKU o | vou | ojom 1 [IpouTeHne TOMOMHUTETBLHON Ycrabii onpoc (cobecenoBa- |I1K-2-3yB
JUTEPATYPBI HHE)
4.2. Paborta ¢ nepudepueit KOHTposiepa 3 o | vour | o/on 5 ITonroroska k mabopaTopHOI 3amura 1abopaTopHOii pa- I1K-2-3yB
pabore 00ThI
4.3. IlporpamMmmaTop M MpoLECC 3alUCH B o | oion | oo 5 ITonroroBka k 1abopaTopHOI 3amura 1abopaTopHOii pa- I1K-2-3yB
KOHTPOJIJIED pabore 00TBI
Hroro no pasneny| 0 | 2/0M | 0/0K 11
5. MukpoxonTpoep ARM STM32F407
5.1. Onucanue, CTpyKTypa, XapaKTepUCTUKH o | oomt | oom 5 [IpouTeHune TOMOMHUTEIBHON Ycrabiit onpoc (cobecenoBa- |[1K-2-3yB
JIMTEPATYPBI HUE)
5.2. Pabora ¢ nepudepueit koHTpoIepa 3 o | ojon | o/om 2 [IpouTeHune TOMOMHUTEIBHON Ycrabiit onpoc (cobecenopa- |[1K-2-3yB
JIUTEPATYPBI HUE)
5.3. Ilporpammarop u MpolecC 3anucH B o | oomt | oom 5 [IpouTeHune TOMOMHUTENBHON Ycrabiit onpoc (cobecenoBa- |[1K-2-3yB

KOHTPOJLIEP

JUTEpaTyphbl

HUE)




AynutopHas
Camo-
KOHTaKTHAasA pa- Koxun
K 6ota ;;2}:)_ ®opMa TeKyIero KOHTpOJif | CTPYK-
Paznen/ Tema y (B akaz. yacax) Has Buj camocTosTeIbHOU YCIEBAEMOCTHU U TYPHBIN
JUCUUILIHBI p nabo- | mpaKT paGora paboThI MIPOMEXKYTOUHOU aTTeCTa- |3JIEMEHT
C |JeKki| part. 4. (B akaj. JEN%0%1 KoMIIe-
MW | 3aHA- | 38~ | gaeay) TEHIUHN
TUS  |HATHUS
54. Cpena mnpoektupoBanus STM32 o | ojom | o/om 44 [IpoureHue 1ONOJIHUTETBLHON Ycrabiit onpoc (cobecenosa- |[1K-2-3yB
CubeMX ’ JIUTEPATyPBbI HHE)
Hroro no pazneay| 0 | 0/0OM | 0/01 10,4
Hroro 3a cemectp| 4 | 8/2W |[0/0M| 91,4 3auer c onenkoii |
Hroro mo nucuumiaune| 4 | 8/2W | 0/0M| 914

W — B ToM uucie, 4achl, OTBEJACHHbBIE Ha pabOTy B MHTEPAKTUBHOU (hopMme.



5 O6pa3oBaTesibHbIe H HHPOPMAIIMOHHBIE TEXHOJIOTHH

JUis  peanuszalMM NpeIyCMOTPEHHBIX BHJOB Yy4eOHOH paboTel B KadecTBe o0Opa-
30BaTEIbHBIX TEXHOJIOIMH B MPENOJAaBaHUU JUCHUILUIMHBI «OCHOBBI MUKPOIIPOLIECCOPHOM TEX-
HUKW» HCIIOJIB3YIOTCS TPaJAULIMOHHAS U MOAYJIBHO-KOMIIETCHTHOCTHAS] TEXHOJIOTUH.

Jlekiu TPOXOJAAT B TpaaAULIMOHHOW (hopme U B hopMe NeKuuii-koHcynpTanuid. Ha nex-
LUAX-KOHCYJIbTAUAX M3JI0KEHHE HOBOTO MaTepHalla COIPOBOXKIACTCS IOCTAaHOBKOW BO-
IIPOCOB U JUCKYCCUEH B IIOMCKAaX OTBETOB Ha 3TU BOIIPOCHI.

[Ipy BBIMOSHEHHMH J1IAOOPATOPHBIX PAOOT CTYIEHTHl YYaTCsl MPAKTHMYECKUM HaBBIKAMU
IIPOEKTUPOBAHUS U MOJIEIIMPOBAHMSI YCTPOMCTB, PACCMOTPEHHBIX Ha JIEKLIMOHHBIX 3aHATUAX. [Ipn
3aluTe JJAOOPaTOPHBIX PAdOT Mepes CTYAEHTaMM CTaBATCA 3aJayd, TPeOYIOLIME JIOTHYeCKOro
MBIIICHHSI, TPUHIUITA 0000IIEHUS i COTIOCTABIICHHUS.

CamocrosTenbHas padoTa CTUMYJIMPYET CTYAEHTOB B IIpoliecce MOATOTOBKU JIOMAIIHUX
3a/laHui, IpU PELIEeHUH 33/a4 Ha JJaOOpaTOPHBIX 3aHATUSAX, IIPU MOATOTOBKE K UTOIOBOM aTTe-
CTalLlUH.

6 YueOHO-MeTOqUYEeCKOE 0O0ecTieueHHe CAMOCTOATEIbHOM padoThl 00y4YaroImmXxcst

[To mucrumnrae «OCHOBBI MUKPOIIPOLIECCOPHOM TEXHUKU» NMPEAYCMOTPEHA ayAUTOPHAS U
BHEAYAMTOPHAS CAaMOCTOSITeNIbHAs paboTa 00yJaroImuXcs.

AynuropHas caMoCTosITeNbHas paboTa CTYIEHTOB IPEAIoiIaraeT OTBEThl HA BOIPOCHI Ha
71a00PaTOPHBIX 3aHATUSX P 3aLUTE padoT.

IIpumepHbIe BONPOCHI JIS1 YCTHOT'O ONPOCA M 3aLUTHI JIAa00PATOPHBIX padoT:

1. Yem oTnu4aeTcst MUKPOKOHTPOJUIEP OT MUKpoIIpoLeccopa’?

2. Ha3oBuTE OCHOBHBIC y3JIbl M X Ha3HAUYEHHUE B CTPYKTYpE JTF0O0T0 MUKPOITPOIIECCOpa.

3. YTo Takoe KMHA B MUKPOIIPOLIECCOPHOM TEXHUKE?

4. Ha3zoBuTe ABE OCHOBHBIE apXUTEKTYpPhl MUKpOMpoIieccOpoB. B uem ux ornuuus?

5. ITouemy cOBpeMEHHBIE MUKPOITPOLIECCOPBI COIEPKAT HE OJHO AApO?

6. B yem 3akiouaercs mpobsieMa JanbHEHUIEero pocrta TaKTOBOM 4acTOTHI COBPEMEHHBIX
MHUKPOIIPOLIECCOPOB?

7. Kakue s3bIKM MPOrpaMMHUPOBAHUS B HACTOSIIEE BpPEMsl UCIOJIb3YIOTCS JUIsl HAMCAHUS
IIPOrpaMM AJIs MUKPOIIPOLIECCOPOB?

8. Uto Takoe KoMIuUIsTOp?

9. OnuummTe NOCIEN0BaTENbHOCTh NEHCTBUI, BBIMOIHAEMBIX KOMIWISATOPOM, IIPHU MPO-
rpaMMHPOBAHUU MUKPOIMPOIIECCOPA.

10. Kakue oCHOBHBIE THUIIBI JAHHBIX OOIICTTPUHATHI MIPU HATUCAHUU MPOTPaMM Uil MHUK-
ponpoieccopoB?

11. OnuimuTe CTpYKTYypy npoekTa Ha si3bike C++. UTo Takoe «3aroyloBOYHbIN (aidm»?

12. Kak 1 B KakOM MeCTe MPOrpaMMbl OOBSBIISIIOTCS IIepeMeHHbIE B s3bike C++7

13. Yro mpoucxoauT mnpu oOBSABIECHUH NMepeMeHHbIX? UYTO Takoe MHUIMATU3aIus Iepe-
MEHHO?

14. Yto Takoe maccuB? Kakue tunsl maccuBoB Bbl 3HaeTe? Kak 3agaercs maccus?

15. Yro Takoe ykazarens? Kakue ykazarenu ObiBatoT? Kak o paboTtaror?

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

17. Kakue nukiel s3p1ka C++ Bbl 3Haere? [IpuBennure nx CUHTaKCHC.

18. Kakue BerBnenust B C++ Bbl 3HaeTe? [IpuBeauTe nx CUHTaKCHC.

19. Yrto Takoe ¢pynkiuu B C++?

20. OnummTe Mporiecc co3Aanus U KoHpHUrypupoBaHus npoekra B Qt Designer.

21. Yem ornmuaercs Qt Designer ot npyrux cpen paspadbotku (IDE)?

22. YeMm xapakTepu3yeTcsi ceMeHCTBO MUKPOKOHTposuiepoB AVR?

23. O6mwsicaute npuHIUn padoTsl ¢ ALIT korTpoIIepa Atmegas.



24. O6bscHUTE PUHLUT paboTHI ¢ TaiiMepoM KoHTposuiepa Atmegas.

25. O0BsicHUTE IPUHITUT paOOTHI ¢ TIOPTaMH BBOIA/BbIBOIa KOHTposuiepa Atmegas.
26. YUeM xapakTepU3yeTcsi CEMEHCTBO MUKPOKOHTpOsiepoB STM32F4?

27. O6wsicaute npuHIUn padoTsl ¢ ALIT kortposepa STM32F407.

28. O0bsicHUTE IPUHLUT paboTHI ¢ TaiiMepoM KoHTposuiepa STM32F407.

29. O0OBsicHUTE IPUHITUT paOOTHI C TOPTaMH BBOJIa/BhIBOJIa KOHTpoJuepa STM32F407.
30. Kakumu nepudepuitapiMu ycrpoiictBamu obnamaer koatposuiep STM32F4077?



7 OIIeHO‘IHBIe cpeacrea AJisi MIPpOBECACHUSA HpOMe)l(yTO‘lHOﬁ arrecranuu

a) [lnanupyembie pe3yJbTAThl 00yUYeHHs U OLEHOYHbIE CPeACTBA VISl IPOBEAEHUS NMPOMEKYTOUYHOM aTTeCTAllUN:

CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIN

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1neHOYHBIC CPEACTBA

OIIK-1 - cnoco®
ee B TpedyeMoM

(¢opmate ¢ ucnoIb30BaHNEM MH(OPMaIMOHH

HOCTBIO OCYIIECTBJISITH MOMCK, XPaHEeHHUEe, 00padoTKY U aHAJIN3 MHGOPMAIUM U3 PA3JINYHBIX HCTOYHUKOB U 023 JaHHBIX, NPEACTABIATH

bIX, KOMIILIOTCPHBLIX M CETCBbLIX TEXHOJOT Uil

3HATH

- Ha3HA4Y€HUEe, YCTPONCTBO U NMPUHLMUIIBI (PYHK-
[MOHUPOBAHUS 3JIEMEHTOB MMKPOIPOLECCOP-
HBIX CUCTEM;

- OCHOBHbBIE HMHTEpP(EIHCHl U MPOTOKOJIBI MHUK-
[POIIPOLIECCOPHBIX CUCTEM;

- NpUHIUIB 00pabOTKM U MpeoOpa3oBaHU
CUTHAJIOB.

1. Uem oTiu4aeTcss MUKPOKOHTPOJUIEP OT MUKpOITporieccopa?
2. Ha3oBuTe OCHOBHBIE y3JIbI M UX HA3HAUYEHUE B CTPYKTYPE JFOOOT0 MUKPOIIPOLIECCOPA.
3. UTo Takoe ImrHA B MUKPOITPOIIECCOPHOM TEXHUKE?
4. HazoBute ABE OCHOBHBIE apXUTEKTYpbl MUKpOMpoIieccOpoB. B uem ux ornuuus?
5. IToueMy cOBpeMEHHBIE MUKPOIIPOIIECCOPBI COJIEPKAT HE OJTHO SAPO?
6. B 1yem 3akimtovaercst mpoOieMa JaibHEHIIEr0 POCTa TAKTOBOM YacTOTHI COBPEMEHHBIX
MHUKPOIIPOLIECCOPOB?
7. Kakue g3nIkn nporpaMMHpOBaHrd B HACTOAIICC BPEMA MCIIOJIB3YIOTCA JIs1 HAallMCaHUSA
[IpOrpaMM JJisi MUKPOTIPOIIECCOPOB?
8. Uto Takoe koMnuisaTop?
9. Onumwure MOCIeA0BaTENbHOCTh JACUCTBUN, BBHIMOIHIEMBIX KOMIUISTOPOM, IIPHU TMPO-
rpaMMHPOBAHUH MUKPOIIPOIIECCOpPa

YMeTn

- YUTaTh (YHKIMOHAJIbHBIE CXEMbl MUKPOIPO-
[[ECCOPHBIX CUCTEM;

- CTPOUThH AJTOPUTMBbI PabOThl MUKPOMIPOIIEC-
COPHBIX CUCTEM;

- MPOrPpaMMHPOBATh COBPEMEHHBIE AIIEMEHTHI
MUKPOIIPOLIECCOPHBIX CUCTEM.

1. Kakue OCHOBHBIE THUIbI JAHHBIX OOLIETIPUHATHI MPU HANKMCAHUHU MPOTPaMM JUIsl MUK-
[pOTIPOLIECCOPOB?

2. OnuumTe CTpYKTypy npoekTa Ha a3bike C++. UTo Takoe «3aroyioBOUHbIN (aitn»?

3. Kak u B KakoM MecTe IporpaMMbl OOBSBIIAIOTCS IEpeMEeHHbIE B si3bike C++7

4. YUto mpoucxoauT npu OOBABIECHUHM MepeMeHHBIX? UTo Takoe MHUIMAIW3alus Iepe-
MEHHOW?

5. Yro Ttakoe maccus? Kakue tTunbl maccuBoB Bbl 3HaeTe? Kak 3agaerca maccus?

6. Uto Takoe ykazarenb? Kakue ykasarenu 6biBatoT? Kak onu pabotaror?

7. Yto takoe cTpykTypsl B C++? Kak 00bSIBUTH CTPYKTYpPY?

8. Kakue nukiel a3pika C++ Bbl 3HaeTe? [IpuBeanTe ux CHHTaKCHUC.

9 Kakue BerBinenust B C++ Bbl 3Haere? [IpuBennuTe NX CHHTaKCHC.
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CtpyKTypHBII

AJIIEMEHT [Tnanupyemble pe3yabTaThl O0yUCHHSI O1eHOYHBIE CPEJICTBA
KOMTICTCHITHH
10. Yro takoe ¢pynkiuu B C++?
Bragets - HaBBIKAMH HAIMCAHUS TPOTPaMM IJII MHUK-

[POIIPOLIECCOPHBIX CUCTEM Ha si3blke CH+;

- HaBbIKaMH pa3pabOTKHU YCTPOWCTB Ha OCHOBE
MUKPOIIPOLIECCOPHBIX CUCTEM;

- HaBbIKAMU OTJIAJKU MHUKPOIPOLIECCOPHBIX
CHUCTEM.

—_—

. Omummre mpouecce co3anus 1 KoHGUryprpoBanus npoekra B Qt Designer.
. Uem ormimuaercs Qt Designer ot npyrux cpen pazpadorku (IDE)?

IIK-2 - cioco0HOCTHI0O 00padaThIBATh Pe3yJbTAThl IKCIIEPHUMEHTOB

3HaTh - CIIOCOObI IPOBEIEHUS HKCIEPUMEHTOB IO . n
1. YeMm xapakrepu3yercs ceMeincTBO MUKpOKOHTpoiepoB AVR
OTIPENIEICHNUIO0  XapaKTePUCTUK  DJIEMEHTOB
2. O6bsacaute npuHun padotsl ¢ AL konTpomiepa Atmega8.
MUKPOIIPOLIECCOPHBIX CUCTEM; o
3. OOpsicHUTE TPUHIIKI PaOOTHI C TalkMepoM KOHTpoJutepa Atmegas.
- WJICATM3UPOBAHHBIC XAPAKTEPUCTHKH DIIe-
4. O0bsiCHUTE MPUHIIMI PabOTHI C MOPTAMH BBOJIa/BhIBOIA KOHTpoIUIepa Atmegas.
MEHTOB MUKPOIIPOLIECCOPHBIX CUCTEM;
YmeTb - MHTEPIIPETUPOBATH PE3YJIbTAThl IKCIEPUMEH- .
PHpeTHD b besy. p 1. Yem xapakTepu3yercsi CeMEHCTBO MUKPOKOHTpouiepoB STM32F4?
TaJIbHBIX U3MEPEHHI MapaMeTpoB JIEMEHTOB U
2. O6wsacuuTe npuHImn padotsl ¢ ALl konTpomnepa STM32F407.
CXEM MHUKPOTPOIIECCOPHBIX CUCTEM; o
3. OOBsicHUTE TPUHIIHIT PaOOTHI ¢ TaltMepoM KoHTpoiutepa STM32F407.
- TI0JIb30BaThCsl COBPEMEHHBIMU KOMIIBIOTEP-
4. OOBsCHUTE NIPUHIMI PAaOOTHI C MOPTaMU BBOJa/BbIBOIa KOHTposuiepa STM32F407.
HBIMHU CpEJICTBaMU JUIsi 00paObOTKHU Pe3yJIbTaTOB . N 5
5. Kakumu niepudepuiiHpIME yeTpoiicTBamu o6agaet koutposuiep STM32F4077
HKCIIEPUMEHTOB.
Bnaners - TEXHHYECKUMHU TEPMHUHAMH [yl OIHCAHMS

MMOBCACHHUA OJJICMCHTOB H 0JI0KOB MHKPOITPO-

LHECCOPHBIX CUCTCM.

. OnurumTe nmporiecc co3nanus U KoHpuUrypuposanus npoekra B STM32 CubeMX.
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0) Ilopsinok mpoBeneHUs] MPOMEKYTOYHOH aTTeCTALMH, NMOKa3aTeJd M KPUTEPHUH
OLICHUBAHUS:

[TpomexyTounas artectauus mo gucHUminHe «OCHOBBI MUKPOMPOIIECCOPHON TEXHUKU
BKJTIOYAET TEOPETHUECKUE BOMPOCHI, TO3BOJISAIOINE OLIEHUTh YPOBEHb YCBOCHHSI 00YUJaIOIIUMUCS
3HAHUU, U MPAKTUYECKHUE 3aJaHMs], BBISBIISIONINE CTENEeHb C(HOPMUPOBAHHOCTH YMEHUI U Bla-
JICHUH.

Ioka3zaTesu M KPUTEPUM ATTECTALMH (324eT € OLEHKOI):

— Ha OLIEHKY «OTJIMYHO» (5 6amioB) — oOydyaromumiicsi IEMOHCTPUPYET BBHICOKUN YPOBEHb
c(hOpMHUPOBAHHOCTH KOMITETEHI[M, BCECTOPOHHEE, CUCTEMAaTUUECKOe U IIyOOKOe 3HaHuEe y4yel-
HOT'0 MaTepuaia, CBOOOIHO BBHIIIOJIHIET MPAKTHUECKUE 3a/1aHMs], CBOOOTHO ONEPUPYET 3HAHUSIMH,
YMEHUSIMH, IPUMEHSIET UX B CUTYalUsIX MOBBIIICHHON CII0KHOCTH.

— Ha OLIEHKY «Xopomio» (4 6amra) — o0yJaronuiicss TeMOHCTPUPYET CPEAHHUI YPOBEHB
c(hOpMHUPOBAHHOCTH KOMIIETEHLIUN: OCHOBHbIC 3HAHUS, YMEHHUS OCBOCHBI, HO JIOIYCKAIOTCS He-
3HAUUTENbHbIE OLIMOKH, HETOYHOCTH, 3aTPYAHEHUSI MPU aHATUTUYECKUX OIEpalusX, epeHoce
3HAaHUU U YMEHUU Ha HOBbIE, HECTAH/IAPTHBIE CUTYAI[HH.

— Ha OIICHKY «yJI0BJIETBOPHUTEJbHO» (3 Oaiia) — o0y4aromuiics JEMOHCTPUPYET MOPO-
TOBBIH YpOBEHb CHOPMUPOBAHHOCTH KOMIIETEHUIUI: B X0/JI€¢ KOHTPOJIbHBIX MEPOIMPUITUNA TOMYC-
KalOTCSl OIMMOKH, TPOSIBISICTCS OTCYTCTBHE OTACIbHBIX 3HAHWM, YMEHHH, HABBIKOB, 00ydaro-
HIUICS UCTIBITHIBACT 3HAYUTEIIbHBIC 3aTPYIHEHUS IPU ONIEPUPOBAHUY 3HAHUSIMU U YMEHUSIMU [IPH
UX [IEPEHOCE Ha HOBbIE CUTYAallUH.

— Ha OLICHKY «HeY/10BJIETBOPUTEILHO» (2 Oaiyia) — 00yJarouiuiicss JeMOHCTPUPYET 3HAHUS
He Oonee 20% TeopeTHYecKoro Marepuaa, JIOMyCcKaeT CYIIeCTBEHHBIC ONMIMOKH, HE MOXKET T10-
Ka3aTh MHTEJICKTyallbHbIE HABBIKU PEIICHUS IPOCTHIX 3a/1a4.

— Ha OIIEHKY «HEeyIOBJIeTBOPUTEJAbHO» (1 Oamn) — oOyuaromuiicss HE MOXET IMOKa3aTh
3HAHUS Ha YPOBHE BOCIPOM3BEICHUS M OOBSICHEHUS MH(OpPMAIMK, HE MOKET MOKa3aTh UHTE-
JIEKTyaJIbHBIC HAaBBIKU PEIIEHUS MPOCTHIX 3a]1a4.

OOyyaronuiicss mOMy4aeT OTMETKY «3a4TEHO» MPH YCIOBUH BHITIOTHEHUS U 3aIIUTHI BCEX
IPElyCMOTPEHHBIX JJAOOPATOPHBIX pabOT Ha OLIEHKY HE HUXKE «yIOBJIETBOpUTENIbHO». [Ipu 3a-
YeTe OIIEHKa CTaBUTCS COTJIACHO CpeHEMY Oally OIEHOK 3aluT J1ab0paTopHbIX padoT.

8 YueoHo-MeTOIMYEeCKOE U HHPOPMAIHOHHOE 00ecTeyeHre TUCIUTLTHHBI (MOTYJIsl)

a) OcHoBHasi IMTEpPaTYpA:

a) OcHoBHas JMTEpaTypa:

1. Cmupnos, 0. A. OCHOBbI MUKPOSJEKTPOHUKA M MHUKPOMPOIIECCOPHON TEXHHUKH :
yuebHOe mocobue / FO. A. Cmupnos, C. B. Cokomno, E. B. TutoB. — 2-¢ u3m., ucnp. —
Cankr-IlerepOypr : Jlanb, 2013. — 496 c. — ISBN 978-5-8114-1379-9. — TekcT : 31eKTpOH-
HbIi // JlaHb : anekTpoHHO-OMONMMoTeuHas cucrema. — URL: https://e.lanbook.com/book/12948
(mata obpamenus: 06.11.2020). — Pesxxum qoctyna: ajist aBTOPU3. TIOTB30BaTENCH.

0) JonmosiHuTEIbHAS JIUTEpaATypAa:

1. CmupHnoB, 0. A. TexHuueckue cpeacTBa aBTOMAaTU3ALMU U YIpaBJIeHUs : ydeOHOe
nocooue / 10. A. CmupHOB. — 3-¢ u3g., crep. — Cankr-IlerepOypr : Jlans, 2020. — 456 ¢. —
ISBN 978-5-8114-5413-6. — Tekct : 3nekTpoHHbIH / JlaHb : 3J€KTpOHHO-OMOIMOTEUHAs CH-
crema. — URL.: https://e.lanbook.com/book/140779 (mata ob6pamenus: 06.11.2020). — Pesxxum
JIOCTYTIA: JIJIsl aBTOPU3. TIOJIb30BATEIEH.

2. Jlykunos, A. II. [IpoekTupoBaHne MEXaTPOHHBIX U POOOTOTEXHUYECKUX YCTPOMCTB :
yuebHoe nocodbue / A. Il. Jlykuno. — Cankr-IlerepOypr : Jlans, 2012. — 608 c. — ISBN
978-5-8114-1166-5. — TekcT : 2MeKTpoHHBIN // JIaHb : 2JIeKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL: https://e.lanbook.com/book/2765 (nata oopamienus: 10.11.2020). — Pexxum goctyna: amis
aBTOpU3. MOJIb30BATEIICH.

B) MeToanyeckne yKazaHusi:

[IpuBeaeHbI B IPUIIOKEHUH 1.
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r) Ilporpammuoe o0ecnneuenne u UHTEpHET-pecypcehI:

IIporpammHoe obecnieyeHue

Hanmenosa- Ne noroBopa Cpox ecTBUS JTUICH3UU
Hue 110 e p POX A 5
MS Windows

7 Professional (st J1-1227-18 ot 08.10.2018 11.10.2021

KJIACCOB)
MS  Office

2007 Professional Ne 135 ot 17.09.2007 OecCpovYHO
7Zip CBOOOJIHO PaCIpPOCTPaHICMOE 0OCCCPOYHO
Borland

Turbo C4+ Nel112301 ot 23.11.2005 OecCpovYHO
FAR CBOOOJIHO PacCIpOCTPaHICMOE 0OCCCPOYHO

IIpodeccnonanbHble 0a3b1 JAHHBIX H HH(OPMAIMOHHBIE CIPABOYHbIE CHCTEMBI

HazBanue kypca

CcrlIKa

DneKkTpoHHas 0a3a mepuoAuvecKux u3gaHuil East
View Information Services, OO0 «<MIBUC»

https://dlib.eastview.com/

(PUHLI)

HauuonaneHast uH(pOpMalMOHHO-aHAIUTHYECKAs
cucreMa — PoccuiiCknii MHIEKC HAyYHOTO LIUTHUPOBAHUS

URL:

https://elibrary.ru/project_risc.asp

Scholar)

ITouckoBas cucrema Axkamemus Google (Google

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

Nudopmanmonnas cucrema - EnuHoe OKHO J0-
CTyIa K HH(QOpMalOHHEIM pecypcam

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

9 MaTepuajibHO-TeXHHYeCKOe o0ecneyeHne JUCHUIIMHBI (MOYJIs1)
MaTepI/IaJ'[BHO-TCXHI/IquKOC 06CCHC‘-I€HI/IC JUCHUIIJIMHBI BKJIFOHACT .

Tumn u Ha3BaHUeE aAyaAuTOpUn

OcHaluenue ayuTopun

VYuyebHble  ayauTOpUM IS
NPOBEJCHUS 3aHATUN JIEKIMOHHOTO
TUNA

MYJ'II)TI/IMCI[I/II\/JIHBIG CpeacTBa XpaHCHUA,
nepeaaun " npeaCTaBICHUA I/IH(l)OpMaL[I/II/I

VYuebHast aytuTopHst Ui Ipo-
BEJICHUSI JIaDOpaTOPHBIX  3aHATHIL:
nabopaTopusi aBTOMaTU3UPOBAHHOTO
AIIEKTPONPUBOAA TOCTOSHHOTO U
IIEPEMEHHOT0 TOKa

kommbloTepsl Syntex mod-1+ LCD LG
TFT19;
na0opaTOpPHBIN CTEH]| Nel;
1abopaTOpHBIN CTEH]T No2;
creng HDBII-ITY «HccnegoBanue 3neKTpo-

IIPHUBOJOB ITOCTOAHHOI'O TOKa»

Y4eOHble  ayauTOpuM  JUIS
IPYNIIOBBIX ¥ WHAWBUAYAJIBHBIX
KOHCYJIbTAIMi, TEKYIIETO KOHTPOJISI
U IPOMEXYTOYHOM aTTeCTalluu

Jocka,
JKpaH

MYJbTUMEIUNHBIA  TTPOEKTOP,

VY4eOHble ayauTOpUM AJs ca-
MOCTOSATENbHOM  paboThl  00yuaro-
HIAXCSI

Ilepconanbubie komnbroTepsl ¢ 10 u3 m.
8(r), BeIX0IOM B VIHTEpHET U C JOCTYNOM B
ANEKTPOHHYIO UH(POPMALIMOH-
HO-00pa30BaTENIbHYIO CPely YHUBEPCUTETA
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INPUJIO)KEHHUE 1

3. OCHOBbI MUKPOIIPOIIECCOPHOM TEXHUKH

JIABOPATOPHAA PABOTA Nel3
«YcTaHOBKa W HACTpoiKa cpenbl pazpadboTku Qt Creatory

[lenp paGoTHI: MPOW3BECTH YCTAHOBKY cpelbl paspabotku mnporpamm Qt Creator u
HACTPOHUTH KOMILUIEKT JUIsl pa3pabOoTKH MPOTrpaMM Ha si3blkax nporpammupoBanus C/C++.

BBeaenue

Qt Creator — 3To kpoccmaTgopMeHHas cpeia pa3padOTKH MPOrpaMM, IO ISP KHUBAIOIIAS
s3bIKH iporpammupoBanus C, C++, Java, Python.

Qt Creator mo3BosisieT pa3zpadaTeIBaTh IPOTPAMMBI JUIS CAMBIX PA3JIUYHBIX YCTPOMCTB: OT
MHKPOKOHTPOJIICPOB 10 MPUBBIYHBIX orepaioHHbix cucteM (manee OC), Takux kak Android,
Windows u Linux. ITpu ucnonb3oBanuu rpaduyeckux snemMeHToOB npuioxeHuit OC (KHOIKH,
0JIsl BBOJIA TEKCTA M T.JI.) UCHOJb3yeTcs bubnuoreka Qt, comeprkarias HEOOX0uMbIe TSl pabOTHI
ATUX JIEMEHTOB (DYHKIIHH.

Ha xaxnyro OC wim KOHTpOJUIep HEOOXOJAUM COOTBETCTBYIOIINN HAOOpP KOMIHISTOPOB U
OTJIaTYMKOB, COCTABIISIOIINX TaK Ha3biBaeMblii Komniekm ([Ipogunv) Qt. DT0 MO3BOJISIET HAIH-
caTh IPOTrpaMMy OJIMH pa3, a 3aTeM CKOMITMJIMPOBATH €€ Mo Ty Win nHyr OC, 4TO ¥ Ha3bIBACTCS
KPOCCIUIaT(OPMEHHOCTHIO.

Qt Creator umeet HECKOJILKO OSCIUTATHBIX JIMIIEH3UH C OTKPBITBIM HCXOIHBIM KoaoM (Open
Source).

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁDTI)l

Honst CKAuUMBaHUS Qt Creator HE00XO0IUMO nepenTn o CCBIIIKE
https://www.qt.io/offline-installers u BeiOpaTh Bepcuto B 3aBucumoctu ot OC.

[To oxOHYaHWM 3arpy3KH CIEIyeT 3allyCTHTh 3arpy>KEHHbIH (aiil U BBIMOIHUTH HHCTPYK-
Uy ycTaHoBInuKa. [Ipu ycTaHOBKe MOTpeOyeTcsl 3aperdcTpUpoBaThes B paszaene «Sign-upy,
MIOCJIE YeTr0 yKa3aTh MyTh JUIs ycTaHOBKH. O0IIIee MpaBuilo 1Jisl BceX cpell pa3paboTKu — B IyTH HE
JIOJDKHO COJIEPKATHCS PYCCKHX CHMBOJIOB.

Ha cnenyromem skpaHe HY)KHO BBIOpaTh KOMIIOHEHTBI JIJIsl YCTAHOBKH COTJIACHO pa3psili-
Hoctu OC, Kak nokasaHo Ha puc. 13.1.

Kommonent MinGW — 310 koMmuisitop si3sika nporpammupoBanust C/C++ miast OC Win-
dows.
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<« Ycranoeka Qt 5.14.1

BbI6Op KOMMOHEHTOB

MNoXanyiicTa, BoifepUTe KOMNOHEHTBI, KOTODLIE Bbl XOTUTE YCTEHOBMTS.

Mo ymonyaHmio  Beifpatb BCE | | Tb OTMETKM Bbibopa co BCeX KOMMOHEH

v [mQ
v (| Ot5.14.1 |
L] MSVC 2015 64-bit

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

=2 it
WP ARMV7 (MSVC 2015)
[J UWP x64 (MSVC 2015)
[J UWP ARMVT (MSVC 2017)
[ UWP x64 (MSVC 2017)
] UWP x86 (MSVC2017)
[] Android
[] Sources
[ Qt Charts
[ @t Quick 3D (Technology Preview)
[ Qt Data Visualization
[ Qt Lottie Animation (Technology Preview)
[J @t Purchasing
[ Gt Virtual Keyboard
[J Qt WebEngine
[J Gt Network Authorization
[] Gt WebGL Streaming Plugin
[ @t Script (Deprecated)
[ Qt Quick Timeline
v [m] Developer and Designer Tools
Qt Creator 4.11.0

[ MinGW 7.3.0 32-bit

IMinGW 7.3.0 64-bit

MinGW-builds 7.3.0

. 3TOT KOMMOHEHT
npubansnuTensHO

HKECTKOM AUCKE.

Qanee

Puc. 13.1. BbiO0op KOMIIOHEHTOB ISl YCTaHOBKH

[Tocne ycranoBku crnenyer 3amyctuth Qt Creator u mepeiitu B MeHIO HHcmpymen-
mui->Ilapamempul->Komniexmol, 9T00bI YOSAUTHCS B KOPPEKTHON aBTOMATHYECKOW HACTPOUKE
KOMILJIEKTa, KaK MOKa3aHo Ha puc. 13.2.

joc]
28 Napamerpe: - Qt Creator

Komnnextet

] cpeas

Bl Texcrossii peasxrop
M. FakeVim

@ Cnpasxa

{} Ce

A atQuick

2 C6opxa n zanycx
AF Ornanumx

/' Aussiivep

@ Python

|E Ananuzarop

B Konrpons sepenii
Cg Yerpoiicrsa

ﬁ Bcraska koga
s’ A3bIKOBLIA KAMEHT

& Tecuposanue

Komnnexst Mpodum Qt KomnunaTope: Ornagumki Qbs CMake

s
| Hazearve Aobaews
| v Aeroonpesenénrisie o
G Desktop Qt 5.14.1 MinGW 64-bit (o ymonyarmo)
Ocobuie Yaanums
Caenats No yMONYSHWIO
DHBTP HACTPORK...
DUILTP HACTPOEK NO YMONHAHHIO...
Haseanne: Desktop Qt %({Qt:Version} MinGW 64-bit \ =}
Vs & daiinosoii aicrese: |
Tun yerpoiicrea: Desktop
Yerposicreo: Nokanskewt MK (no ymonuaro ans Desktop) ~ | Ynpaenerme..
Kopets obpaza: L 0630p...
(=) MinGW 7.3.0 64-bit for C v
Komnunatop: Ynpasnesue...
C++: | MinGW 7.3.0 64-bit for C++
Bes usmerertii.
Cpena: Wsmerns...
[ 3acraesms xomnnnsTop MSVC esieoants coobiuenns & UTF-8
Ornaguink: GNU gdb 8.1 for MinGW 7.3.0 64-bit Yrpasnerse...
Mpodune Qt: Qt 5.14.1 MinGW 64-bit Ynpaenense...
Qt mkspec: J
[AononkuTenbHbie HACTPOMKM Npodwna Qbs: MsMeHTb...
Nporpamma CMake: Ynpasnesme...
Teneparop Chake: <HeT> - <wer>, NnardopMa: <HeT>, UHCTPyMeHTapwii: <HeT> VsMeHiTE. .

Kondurypauns CMake:

CMAKE_OXX_COMPILER: STRING=%{Compiler:Executable:Cxx}; CMA. HsmenuTs...

Puc. 13.2. OkHO HACTPOUKHU KOMITJICKTOB
Jnis Hanucanus nmporpaMm KoHTpoiuiepoB cemeiictBa AVR B cpene Qt Creator neo6xoanmo
co3JaTh M HACTPOWTh TaK HA3bIBA€MbI KOMIUIEKT, BKJIIOYAIOIIMII B ce0S KOMITHIISATOPEI
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avr-gec.exe s s3bika C u avr-g++.exe mis C++, a taxoke otinaauuk avr-gdb.exe.

BropbiM BakHBIM 3Tanom SBJISETCS co3/laHue U cOopka mpoekta. BerpoeHHble cpencTsa
naxe mocneaanx Bepcuii Qt Creator He MO3BOJISIFOT ATO CAENATh CTAHAPTHBIMU METO/IaMU Yepe3
MeHo Daiin-Hoesuwuii... st nomooubix 1eneit B Qt Creator mpeaycMoTpeH Apyrod MexaHu3M.

B camoMm Hauane u3ydeHus si3bika nporpammupoBanusi Cu roBOPHIIOCH, UTO HAIKUCATh UC-
XOJIHBINA (paiiim mporpaMmMbl MOKHO J1aK€ B CaMOM IIPOCTOM TEKCTOBOM mpuiioxeHuu. Ho 3amy-
CTUTh U UCTIOJIHUTH (ailsl C UICXOAHBIM TEKCTOM HENb3s, ISl 3TOTO €r0 HYKHO CKOMITUITHPOBATD.

Craenath 3TO0 MOKHO u3 KoMauaHO#H ctpoku (mst OC Windows 3anyck: Ilyck-Boinoanume
cmd.exe), HarkUcaB B HEil:

gcc UMsI_MCXOAHOTro_(aiina.c -0 uMs_ucnoiHseMoro _(aiina

VYka3aHHasi CTpOKa FOBOPUT OIEPALIMOHHON CUCTEME, UTO HYXKHO:
- 3aIlyCTUTh KOMIMWIATOP JCC si3bika Cu;

- w3 (aitna wuma_ucxoonozo ¢haiina.c caenatb UCHONHAEMbIH ¢aill ¢ HMEHeM
UMSL_UCNOTHAEMO20 _haiina.

Hamu taxke ObUT paccMOTpEH MeXaHH3M si3bika CH, HCIIOBb3YIOMINI pa30reHue MPOeKTa Ha
pasHble (ailiibl ¢ HCXOAHBIMU TEKCTAMH C PACIIUPEHUEM .C M 3ar0JIOBOYHBIC (aiijibl ¢ paciiupe-
Huem .h.

Ecnu 6b1 mporpamma cojepikaiia HeCKOJIbKO (ailIoB ¢ MCXOJHBIMU TEKCTAMHU U 3arojo-
BOYHBIC (haiiyibl, COIEPIKAIIMECs, HAIPUMED, B Manke npoekra ¢ umenem include, To ckommuiu-
pOBaTh €e C MOMOIIBI0 KOMAHHOW CTPOKH MOXKHO OBLIO OBI TaK:

gcc uMsi_ucxoaHoro_(aitmal.c MMsl_HCXOIHOTO (haiinal.c -0
ums_ucnojHsemoro_(aiina -1./include

CKOMIUIUPOBATh CIOKHBIM MPOEKT, COAEpKALUI OoJiee ecsiTKa pa3HbIX (ailyioB, U3 KO-
MaH/IHOW CTPOKHM OUY€Hb HE MPOCTO, OCOOCHHO €CJIM OH MCIIOJIb3YeT Pa3UYHble CTaHIapTHHIE
6ubmuorexku Cu.

JIrobast cpena pa3pabOTKU BBHIMOJNHSAET BCE ATH ONEpPAlMM aBTOMATHYECKH, KOT/Ia MBI
HakuMaeM KHoKy «Cobpamby (Build). Bee myTr k craHIapTHBIM OMOIHOTEKaM SI3bIKa OOBIYHO
HACTPaMBAIOTCSA MO YMOJYAHUIO, @ KOMIIMJIATOPBI YKa3bIBAIOTCS MOJO00HO Komruiektam B Qt
Creator.

Ho ecnu mporpamma cosniaercs sl Kakoro-1m60 MUKPOKOHTpPOJIIEpA, TO K CTaHAapPTHBIM
OuOIMoTEKaM 00s3aTENIbHO HYKHO J100aBJISTh UCXOJHBIE W 3ar0JOBOYHBIC (haliIbl UMEHHO IS
ATOr0 KOHTpoJuliepa. B Takux ¢aitnax coiaepKUTcs MOJHBIA MHCTPYMEHTapUi JUIst paboThI ¢ pe-
THECTpaMH, TOpTamMu U riepudepreid KoHTposuiepa. I IMEHHO 3TOTO 10 YMOJTYaHUIO HET B COCTaBE
OOJIBIIMHCTBA YHUBEPCANBHBIX cpej, Takux kak Qt Creator.

ToT caMbIil «Apyrod MexaHU3M», 0 KOTOPOM FOBOPHJIOCH B CAMOM Hauaje, I03BOJIAET CO-
oomute Qt Creator Bce HacTpOMKHM MpPOEKTa: MOJENIb KOHTPOJJIEpa, KOMIMISTOPHI, MyTH K
oubmmoTekam u (aitlaMm ¢ UCXOAHBIMHA KOJIaMH, 3aT0JIOBOYHBIM (aiiam mpoekTa U OuOInoTex
KoHTpoiuiepa. HaspiBaercst Takoir mexanmsm Makefile, oH BbImodHSAETCS cnenuanbHON TPO-
rpammoii make.

I[To ymomyanuto B OC Windows oTcyTcTByeT Takasi IporpamMmma, T.K. BCE IPOTPaMMBbI B 3TOH
OC yxe CKOMIWJINPOBAHBI, UX HCXOTHBIN KO/ B OOJIBIINHCTBE CITydaeB SBISIETCS KOMMEPYECKIM.
Hano6noctu asis GosbimHCTBA osib3oBaTeneit Windows B cucteme coopku make Her.

B otnrumne ot Windows B OC Linux Bce mporpamMMsl, Kak u cam LiNUX, IMEIOT OTKPBITHIiA
UCXOJIHBIN KOJI, @ CUCTeMa COOPKU BXOAMUT B OOJIBIIMHCTBO JUCTPUOBIOTUBOB MO YMOIYAHHUIO.

[Tpu ycranoBke Qt Creator OblsIa TaK)K€ YCTaHOBJIEHA CHCTEMa COOPKH M KOMITHJISIIIUM JIJIST
Windows MinGW. B nupexropun MinGW conepxurcst paiin MinGW32-make.exe, koTopsiii siB-
JISIeTCSL HY>)KHOM HaM cHCTeMO cOopku a1 KoHTposuiepoB AVR.
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CkomupyeM 3ToT (aiin B m000e MecTo u repenMenyeM ero B make.exe. ITomectum ero
obpatHo B Ty e manky MIinGW. Jlo6aBuM myTh K 3TOi mnanke B «[lepeMeHHbIE OKPYKEHHUsI
Windowsy. ITlepe3arpy3um KOMIIbIOTEp. DTH AeHCTBHS HeoOxoaumbl, utoOsl Qt Creator mor
HalTH yTHiuTy make.exe.

[Tocse aToro HeoOXOAMMO MOJIYUYHTh y MpenogaBareas apxus atmegal6 (Win).zip, pasap-
XUBHPOBATh €ro B mamnky c npoekramu Qt Creator, 3amyctuts Qt Creator u OTKphITH MPOEKT,
BBIOpaB (aitn atmegal6.creator.

B apxuBe comepxutrcs mabinoH mpoekTa Uit KoHTpoiuiepa ATmegal6. OcHoBHble
HacTpoiiku HaxomustTcs B ¢aiiie Makefile. B Hem cienyer uamenuts myTtu K ¢aiiiaMm U nankam B
3aBHCHUMOCTH OT MX PACIIOJIOKEHUS Ha KOMIIBIOTEPE.

KOHTpOJILHLIe BOITPOCHI

1. Yro takoe Qt Creator? Jlns 4ero oH HCIIOIB3yeTcs?

2. [Touemy Qt Creator Ha3pIBalOT KpoccmiaThOpMEeHHBIM?

3. Uto HeoOxonumo caenarb, 4ToObl HanucanHas B Qt Creator mporpamma ObLta coBMe-
ctuMa ¢ pazabimu OC?

JIABOPATOPHAA PABOTA Nel4
«BBenenue B s13b1k iporpamMmmupoBanus C. IIpocreiinas mporpammar

HCJ'IB pa6OTBII N3YUCHUC OCHOBHBIX TCPMUHOB U MOHATUH SI3bIKA nporpaMMupOBaHuAd C,
HpI/I06pCT€HI/I€ HAaBBIKOB HAITUCAHUA IPOrpaMM Ha A3BIKC C.

BBeaenue

S3pik porpammupoBanus C (Cu) ObLT pa3paboran corpynHukoM koproparuu Bell Labs
(mpexuee HasBanue AT&T Bell Laboratories) J[suanucom Putun B 1973 romy mis HamucaHHs
omneparronHoi cucrembl Unix. [Tozxe C ObUT a1anTUPOBaH MO/ MHOXKECTBO JAPYTHX IIATHOPM U
OTEPALIMOHHBIX CUCTEM, MOJIYYHUI B CBOEM Pa3BUTHM HECKOJIBKO PEHAKIMHA M CTajl OCHOBOM s
si3pIik0B CH#, C++, Java.

SI3BIKM IPOTPAaMMMPOBAHUSL MOXHO Pa3JIeIUTh Ha JBE IPYMIbl: KOMIWINPYEMbIE U WH-
Tepuperupyembie. B untepnperupyembix s3bikax (PHP, Perl, Python) kon nporpamMmsr BbIToN-
HSIETCA C TOMOIIBIO CIIEIHATbHON MPOTrpaMMbI-UHTEPIIPETaTOPa MOCTPOYHO. B KOMIHUIHpyeMbIX
si3bikax (C, C++) BeCh HCXOMHBIN KO MTPOrPaMMBI TIEPEBOAUTCS B MAITTHHBIE KOBI C TOMOIIBIO
KomnuisTopa. IlporpaMMel, HamMcaHHbIE HA TAaKUX S3bIKAX, BBIMOJIHSAIOTCS 3HAUYUTENBHO OBICT-
pee.

[TporpamMMbl MOKHO MHCATh B JIFOOOM TEKCTOBOM pellakTope, Hanbosee y100HBIMU U3 KO-
Topbix sBisitoTes Sublime Text 3, Notepad++, win ucnosbp30BaTh JJIsl ATOTO Cpery pa3pabOTKU
(IDE — Integrated Development Environment), nannpumep Qt Creator, NetBeans, Visual Studio
Code. st KOMIUISIMA UCXOTHBIX (DAiJIOB ¢ MPOrpaMMaMH U TIOJIy4eHHUs 3amyckaeMoro (aiiia
HeoOxoauM Komnuisitop. CambiM nonynsipHbIM koMmuiaTopoM ssisiercs GCC, Bxonsnmii B
OecIuTaTHBIN MaKeT cpeacTB pa3padboTku mporpaMm MINGW (mas OC Windows).
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Jnis Hanmcanust mporpaMM Ha C MOTYT OBITh MCIIOJIB30BaHbl BCE OYKBBI aHTIIUICKOTO ail-
¢aBuTa (3ar1aBHbBIE U CTPOUYHBIE), IUPPHI U CrieHHaIbHbIe CUMBOJBI (, . +-* " & =~<>(){}[]
[% 1?2 °“:; /\#).

[TporpaMMbl CTPOSATCS U3 TIOANPOrPaMM, KOTOPbIE IPUHATO HAa3bIBaTh QYHKIUAMH. SI3bIK C
IPEIIONIATaeT CIACAYIONIYIO CTPYKTYPY (yHKI[HIA:

mun ums (apaymenmot)
UHCMPYKYUU, ONepayull, 6bl306vl QYHKYULl u m.o.;
return suauenue;

¥

B npuBenenHoii cTpykType mun — HAMMEHOBaHHE HA0Opa BO3MOXKHBIX 3HAUCHHI, BO3Bpa-
maeMbIX (QyHKIMEH B pe3yibTaTe €€ BBINOJIHEHHS, apeyMeHmbl — TepeaaBaeMble B (YHKIHIO
NepeMeHHbIe, HeOOXOANMBIE [Tt ee paboThl, Ieturn — omeparop, OCYIIECTBIISIONINI BBIXOJ] U3
GyHKIMH. ApryMeHTHl (YHKIUH U 3Ha4eHUe mocie return He seisrorcs ods3arensHbiME. Crie-
JyeT OTMETHUTb, YTO HEKOTOPbIE KOMITHIISTOPHI BEIAIOT MPEAYIPEKICHUE HITH JTaXKe OITHOKY MPH
OTCYTCTBUY apryMEHTOB (YHKIMH. B 3TOM citydae BMECTO apryMEHTOB yKa3bIBalOT KIIIOUYEBOE
citoBo VOid (ot aHri. «myctoiy). [Tocsae return 3uadeHus MOXET He OBITH B TOM Cilydae, eClid
(GYHKIMS He BO3BpaIlacT 3HAUCHHE pe3yibTaTa, MPH ITOM THII, YKA3aHHBIH Tepe] UMEHEeM
GyHKIMK TODKeH ObITh yKa3aH cioBoM VOid. Teno ¢pyHkimu, Kak u 1r000ro 6J10Ka HHCTPYKIHA
s3bika C, 3aKirovaercs B (UTypHbIe CKOOKH { }.

[1pu BBIMOJIHEHUHU POTPAMMBI TIEPBOH BBIIIOJIHACTCS TI1aBHAsi QYHKIMS ¢ UMEHEM Main.

int main()

{
//Kon mporpamMmel
return 0O;

ky

[Ipu HamMcaHWM MPOTPAMMBI MO onepannonHyto cuctemy Windows wim Linux ¢yskims
main Jo/mKHA MMETh THIT BO3BPAIAEMOT0 3HaUeHHMs iNt (LIe0UMCIICHHBII TUIT IaHHBIX ), T.€. TOCIIe
BBINIOJTHEHUS IPOTrpaMMa JIOJDKHA BEPHYTh OMNEPAIMOHHON CUCTEME Pe3yJbTaT KOPPEKTHOTO 3a-
BepIIeHus, B TpoTUBHOM cirydae OC ¢pukcupyer omunOKy npuiokeHus. B mporpammax, Hanu-
CaHHBIX JUII MUKPOKOHTPOJUIEPOB, YacTO IMIaBHas (QyHKIMs uMmeeT 3arosioBok Void main(void)
n3-3a orcyTcTBUsA OC Kak TakoBOM.

B mpuBeneHHoM mnpumepe riaBHOM (pyHKIMM yka3aH KOMMEHTapuil Buna «/Koo mnpo-
epammbly». JIBe KOCBIe 4epThl 0003HAYaI0T KOMMEHTApUil O KOHIA CTPOKH, T.€. BCE, YTO HAXO-
JUTCS TIOCNe // 1O KOHIIA CTPOKH KOMIUJISTOPOM OYIEeT MPOWTHOPUPOBAHO. 3Hakamu /* m */
0003HaYaIOT HA4yaJIo U OKOHYaHUe OJI0Ka KOMMEHTAPHS C TPOU3BOJIBHBIM KOJHMYECTBOM CTPOK.

Kaknast MHCTPYKIIHS IPOTrPaMMBI JIOJDKHA 3aKaHUYHUBATHCS TOUKOM C 3aIsSTON ;.

daiin, copeprKaniii HCXOHBIN KO MPOTPaMMBI, JOJDKEH UMETh paciiupeHue «.c». Kpome
(baiioB ¢ UCXOAHBIMU KOJaMHu B si3bike C HMCHOJB3YIOT 3arojOBOYHbIC (Dailyibl, UMEIOIIHE pac-
mmpenue «.ny. B HUX conepikaTcst TOJILKO 3arojI0BKH (OMUcaHus) PyHKIHUH, KOTOPBIE MOTYT OBITH
UCIIOJIb30BaHbI B Tiporpamme. Camul ke QYHKIMH COJEPXKATCS B OJTHOMMEHHOM 3arojIOBOYHOMY
(aiiny ¢ pacmmpeHueM «.c». [ moAKIIoUYeH s 3aroJ0BOYHOTO (aiiyia IPUMEHSIOT JUPEKTUBY
#include <uaszsanue ¢aiina.h> B camom Havase (aiiina ¢ HCXOIHBIM KOJIOM IIPOTPAMMBI.

[TogoOHBIN MEXaHNU3M OYeHb YI00eH B OOJNBIINX 10 00BEMY KOJIa IPOEKTAaX, BHITISANUT OH,
Kak MoKa3aHo Ha puc. 14.1.
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eHasap. v &9 "’ /‘j\ﬂonm [~ Mankn v

Aapec: |E) C:\ProgrammsiTest

A~ %) functions.c
3apauv ana dbaiinos 1 nanok A [Z] functions.h
%] main.c

#include "functions.h"

int mainCvoid)

int ¢ = sum(2, 2);

return 0;
: BopMaT NP
int sum(int a, int h)
& Ceresoe okpyxeHHe int s;
s =a+ b;
return s;
Moannnfinn A Bl

Puc. 14.1. Ctpyktypa (aiinoB B s3pike C

JHupextuBa #include coolmaer cnennanbHOW Hporpamme, oOpadaThiBarOmIel TEKCT HC-
XOJ/IHOTO KOJIa M Ha3bIBAIOIIEHCS IPEIIPOLIECCOPOM, UTO B KOJE COepKaTcs (QYHKIIMHU, OTMCAHHE
KOTOpBIX HaxoauTcs B daiine functions.c. [penpoueccop BeIMoONHAET 00padOTKY HCXOIHOTO KOIa
no kommwistopa. Kaxnas nupextupa #include pasmeraercst ¢ HOBOW CTPOKH, IOATOMY B KOHIIE
CTPOKH ¢ qupekTuBoit #include 3nak «;» He cTaBUTCS.

OtMeTuM enie ofHy 0coOeHHOCTh aupekTuBbl #include, cocTosiiyro B TOM, 4TO UMS yKa-
3aHHOTO 32 HEW 3aroyioBOYHOro (aiiia MOXXKeT OBITh 3aKIIOYCHO B KaBBIYKH WM B YIJIOBBIC
ckoOkH. B mepBoM cirydae mpernponeccop OyleT MCKaTh yKa3aHHBIH 3aroJIOBOYHBIA (ailsl B J10-
KaJbHOM TTaIke MPOEeKTa, a BO BTOPOM — B IANKE CPebl pa3paboTKH.

[Ipu BhIMONHEHUHU mporpammsl Ha puc. 14.1 mepeMeHHOU ¢ OyneT NMPUCBOEH pe3ysbTaT
BBITIOJTHEHUS QYHKIMHM SUM, apryMeHTaMu KOTOpOi OyayT aBa yucna 2 u 2.

CymiecTByeT 00IbIIOE KOJTUYECTBO PEKOMEH/IAIMI 10 CTUIIIO HAITMCAHUS KOJIa IPOrpaMM.
OTH peKOMEH/IAIMHY MO3BOJISIIOT CAETATh KOJl MAKCUMAIBHO YAOOHBIM ISl BOCIIPUSTHSL, TOBBICUTD
ero yutaeMocthb. CleyeT 03HaKOMUTBCS ¢ IOJJOOHBIMU PEKOMEHIAIUSME CaMOCTOSITEIBHO.

HOpﬂ)]OK BbIIIOJTHCHHUA paﬁon

1. Co3gath HOBYIO ManKy JUIs IpoekTa. PexoMeHayercs He UCNOIb30BaTh B IyTH PYCCKUE
OYKBBL.

2. Co3nmate B Tamke TEKCTOBBIN (haiiyl, U3BMEHUTH €ro uMms mo Bamemy ycmoTpeHuro u
pacUIUpEHHUE «.C».

3. Hamucats B daiine crneayromnuii JIUCTUHT:

#include <stdio.h>

int main()

{
printf(“Hello World!”);

return O;

}

4. CoxpaHuTh U3MECHEHUS B (paiie. 3amycTuTh KOHCOb (I1yck->Buinoanume...->cmd.exe).
5. Ilepeiitu B manky npoekrta (Cd [ums ducka] \[ums nanxu]).
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6. BomonauTe KOMaHay: gcc [umsa gatiina.c]. Ilporpamma OyneT CKOMIUIMPOBAHHA, €CIIU
HE BO3HHKJIO OIIMOOK, U B TMAIKe C MPOrpaMMOi aBTOMaTU4YECKH OyeT co3naH (aitr a.exe.

7. 3anmyCcTUTh B KOHCOJM BHOBb CO3JIaHHBIN (aiti: a [uaxcams Enter]. B xoHconu Oymer
BeiBeieHo Hello World!

8. IIpuBectu B oT4eTe 10 paboTe IMCTUHT MPOTPAMMBI, JOTIOJTHEHHBIH KOMMEHTAPUSIMHU.

KOHTpOJILHLIe BOITPOCHI

1. Yro Takoe koMnuiasATop? Uem OTIMUarOTCs KOMIMIUPYEMBIE SI3bIKU IIPOIPaMMUPOBaHUs
OT UHTEPIPETUPYEMBIX?

2. Yrto Takoe ¢yHkuus B s3pike C? B yem ornuuue riaBHON QyHKImu? OObACHUTE
CTPYKTYPY QPYHKIIHH.

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

4. Yto Takoe aupektua #include? s gero ona ncnoas3yercsa? Kakue crocoObl ykazaHust
3aroJIoBOYHBIX (haiiiioB Bel 3HaeTe? B ueM ux oTimaus?

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

6. Uto takoe omneparop return? O0bsicHUTE €ro UCIOIb30BaHUE.

7. Kakoit koMIuisTop ssiseTcs Haubosee pacnpoctpanenasiMm B OC Windows? Kak co-
31aTh MCHOJHSAEMBIH (aiin ¢ nomoripio kKorcoan OC Windows? Kakoe umst 10 yMOJI4aHUIO MO-
Jy4aeT UCTIOJIHAEMBIH (aiisl mocae KOMIUISIUU?

JIAEOPATOPHAA PABOTA Nel5
«M3yueHue TUIIOB JaHHBIX s3bIKa C»

HCJ'II) pa6OTBII N3YUCHHUEC OCHOBHBLIX THUIIOB JAHHBIX, ONPCACICHUEC TOHATHUA nepeMeHHoﬁ u
pa3sMCIICHUs ICPEMCHHBIX B ITaMSTH.

BBenenue

Bce nannble, ¢ KOTOpBIMU pabOTaeT NPOrpaMMa, XpaHsTcs B s;ueiKax OlepaTUBHON MaMATH.
Kaxnas sueiika mamsTé ©MeeT CBOUM ajpec, MOAOOHO sSUYeKaM TaOJIHIIbI, HAXOIAIIUMCS Ha Tie-
pecedeHun CTpoK U cTondoB. Ecian nmporpamma paboTaer moa onepaiuonHoit cucremoit (Win-
dows, Linux), To mpu KaJIOM 3amycke 3TOH MporpamMMbl e€e JaHHbIe OyIyT pa3MelaTbcs B
s4yeKkax MaMsATH C pa3HbIMHU aJpecamH, CBOOOIHBIMM B MOMEHT 3amycka. [locie 3aBepiieHus
IIPOrpaMMBbI STYEHKH TaMSATH OCBOOOXAAIOTCSI U MOTYT Hcmob3oBaTbest OC Mo He0OXOAUMOCTH.

JlaHHbIEe IPEJCTABIAIOT cOO0M TBOMYHBIE KOJIbI, KOJTMUYECTBO OUT KOTOPBIX KPaTHO BOCHMU,
T.€. OAHOMY OaiiTy. J[aHHbIE MOTYT UMETh pa3Hylo AnuHy: 1 OaiT, 2 Oaiita, 4 Gaiita.

Ilepemennvimu Ha3BIBAIOT JIAHHBIE, 3HAYEHUSI KOTOPBIX MOTYT MEHSATHCS B X0Jie pabOThI
nporpaMmel. Koncmanmul —3TO JaHHBIE, 3HAYEHNE KOTOPBIX MOCTOSHHO, ONPEIEISETCs B Havaje
BBITOJIHEHUS TPOTPAaMMBI U HE MOXKET ObITh H3MEHEHO MPH €€ AaJbHEHUIIIeM BbIITOJIHEHUH.

OOparmiarbest K JaHHBIM 110 aApecy, KOTOPbII IPH KaXKJI0M 3aIlyCKe MporpamMmbl MEHsETC,
HEBO3MOXXHO. [109TOMY JaHHBIM MPUHATO J1aBaTh UM, @ YTOOBI ONPEAETUTh UX JJIUHY U JIOMY-
CTHMBIE OTIepaIiiy HaJl HUMH — THII.

SA3pik C 4acTO Ha3BIBAIOT SI3BIKOM CO CTPOTOM CTaTMYECKOM THUNM3AaLMEN. DTO 3HAYUT, YTO
BCE IEpPEeMEHHbIE JODKHBl MMETh ONPENENICHHbIM THUI A0 KOMIWJISIUH, T.e. HE MOXET ObITh
JTAHHBIX, TUI KOTOPBIX OyJIeT ONpeesieH MPH BHIIOJIHEHUH TPOrpaMMBbI.

Hmst mepemeHHON (MAEHTU(UKATOP) MOXKET cojaepikaThb OYKBBI aHTJIMHCKOrO andaBuTa,
udpsbl, 3HaK noadepkuBanus. [Ipuuem oxHa U Ta ke OyKBa, 3alMCaHHAs B Pa3HBIX PETHUCTpax
(mpornucHas WK CTpOYHast), Oy/neT BOCIPHUHUMATLCS Kak pa3Hble uaeHTtudukaropsl. Hampumep,
nepeMeHHble «A» U «@» — JBe pa3Hble IepeMeHHble. VM He MOXKeT HauuHAThCs C IHQPBL
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[TpuHSTO 3amKCHIBATh UMEHA MEPEMEHHBIX IMO-aHTJIMICKH B CMEIIAHHOM PETHUCTpE, HAadMHas C
HkHero (mpaBuiabHO — DooK, bookNumber, nenpaBuasHO — Kniga, nomerKnigi).

B s3pike C ummeercs HaOOp 3ape3epBHPOBAHHBIX CIIOB, KOTOPBIE HE MOTYT SBISATHCS
Ha3BaHHEM IIEpeMEHHOI: 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.

BazoBblie MBI JaHHBIX s13bIKa C CIEAYIOIHE:

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

- unsigned char — nensie unca ot 0 10 255 (8 Our);

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

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

- int — mensle yncna ot —2 147 483 648 no 2 147 483 647 (32 6ura) s 32- u Gojee
-pa3psaHBIX cUCTEM, B OT -32 768 no 32 767 (16 6ut) nis 8- u 16-OUTHBIX CUCTEM;

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

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

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

- long long int — neneie uncma ot —9 223 372 036 854 775 808 10 9 223 372 036 854 775 807
(64 6ura);

- unsigned long long int — mensie yucna ot 0 10 18 446 744 073 709 551 615 (64 6ura),

- float — BewmecTBeHHOE YKCHO ¢ MIaBaroLIeil TOUkoil B nuanaszoune +/- 3.4E-38 no 3.4E+38

(32 bura);
- double — BemiecTBeHHOE YHCIO € IUIABAKOIIEH TOUYKOMl B auamnasone +/- 1.7E-308 mo
1.7E+308 (64 OuTa);

- IepeMEeHHasi CUMBOJIBHOTO THIIa XpPaHUT KOJI CUMBOJIa (OYKBBI, IU(PHL, 3HaKa U T.1.), 3a-
HUMAaeT B ITaMATH 8 OWT, pecTaBiseTcs TUioM char.

Kak BHJIHO, HEKOTOpPbIE THIIbI JaHHBIX 3aHMMAIOT Pa3HOE KOJIMYECTBO NaMITHU B 3aBUCHU-
MOCTH OT miatdopmel. g cirydaeB, Korjia HEOOX0IMMO TOYHO 3HATh pa3Mep Turma B OailTax, B
si3pike C mperycMOTpeH onepatop Sizeof(ums nepemennoii), Bo3Bpalnarommii pa3mMep TUNa yka-
3aHHOM B CKOOKaX MepeMEHHOM.

[Tpexne yeM MCIIONB30BaTh MEPEMEHHYIO B Iporpamme, €€ HeoOXOAMMO OOBSABUTH, T.C.
yKa3aTrh €€ THUIl U UMSL.

char a;
intb=10;

Huuyuanuzayueii IEpEMEHHON Ha3bIBAIOT IIPUCBOEHUE €M 3HAUEHUS. DTO MOXHO CHEIATh
npu OOBSABJICHHUH, KaK ¢ TIEpEeMEHHOI D B mpuMepe BbIIle, WK T03Ke B KOJe mporpamMmbl. He-
VMHULMAIN3UPOBaHHAs IEPEMEHHAs XPAaHUT «MYyCOpP», OCTaBIIMNCA B SYEMKaxX ONEpaTUBHOW Ma-
MSITH.

Crnenyer BHIOMpaTh THII IEPEMEHHOM C yUeTOM ee BO3MOXKHBIX 3HaueHui. Hampumep, me-
pEeMeHHasl, XpaHslasi KOJWYECTBO CTYAEHTOB IPYMIbI, HE MOKET MPUHUMATh OTPUIATEIbHBIE
3HAYeHUs U BPAJ JIM NMPeBBICUT uncio 255. [ToaTromy Herenecoodpa3HO pacxo/10BaTh ONEpaTHB-
HYIO TIaMsATh, 0003HaYast TaKyI0 MepeMeHHyro TuroM Int. J[jst 3Toro jydiie MCHOIb30BaTh THII
unsigned char.

Eciu uHAIIMani3upoBaTh epeMEHHYIO 3HAYCHNEM BHE Jrana3ona tumna (unsigned char a =
256;), TO Ha 3Tane KOMIWISALUHU IPOrpaMMbl BOSHUKHET omnOka. OHaKo NepenoJHeHrne TUMa
MIEPEMEHHOM MOKET ITPOU30MTH MPHU BBIITOJIHEHUH NporpaMmMbl. Hanpumep,

unsigned chara=255,b =1, c;
c=a+b;
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B mporpamMme 00bsIBICHBI 8-OUTHBIC MEPEMEHHBIE «@, D, C», ¢ BO3MOXHBIM UAIa30HOM
sHaueHuit 0..255. [locie BIMOTHEHUS MTPOrpaMMBbl B TIEPEMEHHOM «C» He OyaeT 3HadeHue 256,
KaK 3TO OXkuaaercs, a Oynet xpanutbes 0. CoxuM B ABOMYHOM cucteme uncna 255 u 1.

1111 1111 (255)

0000 0001 (1)

10000 0000 (256)

Enununa camoro crapiuero paspsizia He moMemaercs B 8§ OUT NEPEMEHHOM «C», T03TOMY B
Hell ocTaHyTcs TOJAbKO Hynu. CrenyerT yduThlBaThb 3TOT (PakT, YTOOBI M30€KaThb BO3MOXKHBIX
KOJUIM3UI IIPOTrPaMMBI.
Kak ynomuHaocs pasee, nmepeMeHHas Tiia Char Mosxer ObITh HCIIOIB30BaHA JJIsl XPaHESHUSI
Koa cuMBoJa. MHUIManu3upoBaTh TaKyl0 MEPEMEHHYIO MOXKHO TaK:

charc=

B nepemennoit «C» Oyaet xpaHuThes yuciio 102, COOTBETCTBYIOIIEE CUMBOIY «» TaOHIIbI
ascii (aara. American standard code for information interchange).

B s3p1ke C OTCYTCTBYET JTOTMYECKHIA THIT JAHHBIX. BMECTO HETO MOTYT OBITH HCITOIH30BAHBI
[EJIOYHCIICHHBIC TUITBI. 3HAYEHHIO «I0XKb» COOTBETCTBYET HOJIb, KUCTHHEY — JIF000€ 1IeJI0€ YHUCIIO,
oTnu4yHOe OT HyNsa. OmHako JUIsl yAOOCTBA HAMCAHHS TPOTPAMM M HATJBSIIHOCTH B si3bike C
NPUCYTCTBYET CTaHIApTHBIN 3aronoBounbiid (aitn stdbool.h, conepikamuit Makpocsl, ompese-
astrorue T bool, 3nauenue true (uctuna) u false (;moxp). i ero MOAKITIOUEHUS CIIEAYET UC-
10JIb30BaTh AupekTuBy #include.

Onepaunu u ux obo3znadenus B C cieqyromnue:

+ — CJIOJKEHUE;

- — BEIYUTAHHE;
* — YMHOXKEHHUE;
| — nenenue;

% — OCTaTOK OT JIEJICHHUS;
++ — HHKpeMEHTUpOBaHue (yBeInueHue Ha 1):

I++; // npubasums K 3nauenuio nepemernol | eounuyy
++i; // npubasums K 3nauenuio nepemennol | eOunuyy

-- — IEKpEeMEeHTpUpOBaHue (YMEHbIIIeHHE Ha 1):

I--; // ymeHbuums 3Hauenue nepemenHou | Ha eOuHUuYy
--1; // ymenvuume 3Hauenue nepemennol | Ha eOuHuyy

= — onepanus IPUCBOCHUA 3HAYCHUA,

== — cpaBHEHHE Ha PaBEHCTBO, BO3BpAIAET |, €CIM CpaBHUBAEMbIC 3HAUCHUS (0nepaHobl)
paBHbI, 0 — B IPOTUBHOM CIIy4ae;

> — BO3BpallaeT 1, eciiu MepBblid orepaH 1 00JIbIIE BTOPOTO;

< — BO3Bpaliaet 1, eciiv MepBblii ONepaHi MEHbIIIE BTOPOTO;

>= — Bo3BpamiaeT 1, eciiu mepBblid onepan/1 OOJIbIIE HIIH PaBEH BTOPOMY;

<= — BO3BpaIaer |, ecnu nepBeIil ONepaH] MEHBIIE W PAaBEH BTOPOMY;

I= — Bo3BpamiaeT 1, eciu nepBhIid ONepaH]l He PaBEH BTOPOMY;

I — oTpuranue;

&& — Bo3Bpamaer 1, eciau 06a ycioBusi paBHbI HCTHHE:!
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if ((@a==b) && (b > 0))...; Vecnu a pasno b ub Gonvue 0

& — KOHBIOHKIIHS, JIOTHIECKOE YMHOKEHHE;
|| — Bo3Bpamaer 1, eciii XOTs ObI OJTHO YCIIOBHE PABHO UCTHHE:

if ((@==b) || (b>0))...; Veciu a pasno b uru b 60rvwe 0

| — IM3BIOHKIINS, IOTHYECKOE CIIOKCHUE;

N — MCKIIIOYarollee Uiy,

~ — nopaspsgHasi UHBepcus (OTpULIAHKE);

<< — MOOWTOBBIN CABUT BJICBO HA 3aJaHHOE KOJIUYECTBO Pa3pPsII0B:

inta=3<<2;

>> — MOOUTOBBIN CJABHUI" BIIpaBO Ha 3aaHHOC KOJIMYCCTBO pa3psa10B.
ApI/I(l)MeTI/I‘IeCKI/IC, JIOTUYCCKUE U CABHUI'OBBIC OIICpallii MOXKHO 06’I)GI[I/IHI/ITI) C ImpucBaun-
BAaHUECM:

a+=2; //pasnocurvno a =a + 2
b &=3; // pasnocunvbrno b = b & 3
¢ <<=1; // pasnocunvro ¢ << 1

Baxxnoit oco6eHHOCTBIO si3bIKa C SBISICTCS MOHITHE 001ACMU BUOUMOCMU NEPEMEHHBIX.
OTUM TEPMUHOM OIPEACISIOT OJIOKH MPOTPAMMBI, B KOTOPBIX OOBSBIICHHBIC NMEPEMEHHBIE J0-
cTynHbl. [TosicHUM 3T0 MPUMEPOM C KOMMEHTAPHSIMHU:

int main(void)
{
unsigned char a; //00vABUNU NEPEMEHHYIO A, OHA
//00CmynHa 80 8cex 8IOHCEHHBIX OIOKAX
//pynKyuu main
for (a=0;a<10; at+) /yukn na 10 noemopenuii a6nsemcs
//BNLOANCEHHBIM NO OMHOWEHUIO K MAin
{

unsigned char b; /o6wvsasunu nepemennyio b

b=a; //nepenucanu 3navenue uz a 6 b
} //KOHey yuxia
b=0; //owmubka — nepemennas b oocmynna

//MONBLKO 6 MoM OJloke, 20e oHa Oblla
//obvssnena, m.e. 8 yuxie for
return O;

}

Takum oOpa3zoM, mepeMeHHbIe, 00BIBIEHHBIC B KAKOM-JIMOO BIOKEHHOM OJIOKE, TOCTYITHBI
TOJILKO BHYTPH 3TOTO 0JI0Ka WIIM BO BIOKEHHBIX B HETO OJI0KaX, HO HE 3a TPaHUIIaMH ATOTO OJI0Ka.

B03M0XHO 00BSABICHIE U MHUIMATU3AIINS IEPEMEHHOM Jaxe 0 IIaBHOW QyHKI|H main.
Takue mepeMeHHbIC JOCTYIHBI BO BceX (PYHKIMAX M OnoKax Qaiiia mporpaMMbl U Ha3bIBAIOTCS
enobanorviMu nepemenuvimu. Crenyer n3derarb UCMOIb30BaHUS TTI00ATBHBIX IEPEMEHHBIX, T.K.
OUYEHB CIIOKHO OTCIIEAUTH BCE U3MEHEHUS TaKOW MEepeMEHHON Mpu OOJIBIIOM KOIWYeCTBE yHK-
AN TTPOTPaMMBI, CJIO)KHO HAaWTH OMIMOKY B KOJIE.
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Jlyist 3a1aHUsl IMEHOBAaHHBIX KOHCTAHT B si3bIke C HCIIONIB3YyeTCs TMPEKTHUBA Mperpoieccopa

#define:
#define M1 KOHCTAHTDBI 3unauenue
B coobiiecTBe pa3paboTYNKOB MPUHSTO 3aMTUCHIBATH MM KOHCTAHTBI B BEPXHEM PETUCTPE C
HIDKHUM TIOYEPKUBAHUEM B Ka4eCTBE Pa3ICIUTEIS.
O61acTh BUAMMOCTH KOHCTAHTHI aHAJIOTMYHA 00JIACTH BUAUMOCTH ITEPEMEHHOIM.

OTMEHHTH KOHCTAHTY MOKHO C ITOMOIIbIO TUPEKTHUBHI #uUndef:

#undef UM KOHCTAHTbI

IHopsinok BHINOJHEHHUS PAOOTHI

1. CoznaiiTe HOBBI (paii A7 TPOTPaAMMBL.
2. BaecuTe B HEro ClIeAYIOMIHMN JIUCTUHT TIPOTPAMMBI:

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

}

3. CxoMIIUIUpyHTE IpOorpamMmy. 3auIIUTe BBIBOI KOMITHIIATOPA 00 OIIMOKaX.

4. BBIICHHTE CMBICT BCEX OIIMOOK MPOrpaMMBbl, UCIIOIB3Ys MOMCKOBYIO cuctemy (Google,
Yandex).

5. VcnipaBbTe OMIMOKH U 100EHTECh YCIEIHOM KOMIMIIALUH TPOrpaMMBl.
KonTpoJsbHbIe BOPOCHI

1. Yto Takoe nepemeHHasi? UTto 3HaUUT 00BABUTH U MHULIMAIU3UPOBATH IEPEMEHHYIO?

2. Yro Takoe 001acTh BUIUMOCTH EPEMEHHO?

3. Uto OyneT XpaHUThCS B IEPEMEHHOM, €Clli €€ 00BABUTh, HO HE MHULIUAIN3UPOBATH?

4. Yro Takoe nepenonHenue tuna? [IpuBeanrte nmpumep pe3yabTara NepenoTHeHHUS.

5. Kakue nenouncienHsle TUIBI JaHHBIX Bl 3HaeTe? CKOJIbKO MeCTa B ONEpaTUBHOM Ia-
MSATH OHU 3aHUMArOT?

6. [l gero ucnone3yercs Mmoaudukarop unsigned?
7. Kakue BemectBennble TUNIE s3b6Ika C Bl 3HaeTe?

8. C moMoIibIo Kakoro ornepartopa sizbika C MOKHO TOYHO OIPEJEIUTh pa3Mep THUIla Mepe-
MEHHON?

9. IloueMy He clieAyeT UCIOIB30BATh ITI00AIbHBIE IEpEeMEHHBIE?
10. Kak 3aaTh MMEHOBaHHYIO KOHCTaHTY? Kak ee OTMEHHTB?

JIAEOPATOPHAA PABOTA Nel6
«M3y4yeHre MacCUBOB»

Lenb paboOTHI: 03HAKOMHTBCS C MOHATHEM «MAacCHUBY, €r0 CTPYKTYPOH, crioco0amu 00bsIB-
JICHUS ¥ MHUIUAJIU3ALUH, TPHOOPECTH MPAKTUIECKUE HABBIKM pabOTHI ¢ yKa3aTensaMu s3bika C.
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BBenenue

HpI/I HaIllMCaHHUU IIpOorpaMm 4acCTo IMPHUXOJHUTCA pa60TaTB ¢ OOJIBIINM KOJIMYECTBOM OAHO-
THUITHBIX JaHHBIX. McIonp30Banue st HOI[O6HBIX 3aJa4 OOBIKHOBEHHBIX NEPCMCHHBIX ITPUBCALCT K
YBCIUWYCHUIO JIUCTUHTA IIPOrpaMMBbl, 4aCTOMY ITOBTOPCHUIO OAHHX M TEX KE ﬂeﬁCTBHﬁ, HO 14
Pa3HBIX IEPEMCHHBIX. B Takux ClIydasax 3HAQYHUTCIbHO yz[o6Hee HUCIIOJB30BaTh MaCCHUBBI.

Maccus - 310 HaOOp OOBEKTOB OJHOTO THUIA, PACIOJIOKEHHBIX B ONEPATHBHOU MaMSITH
HETPEPHIBHO, K KOTOPHIM MOYXXHO 00paIIaThes Mo 00IeMy HUMEHH.

Dnemenmom maccuéa Ha3bIBAIOT OOBEKT, PACMIOIIOKEHHBIN B MTAMSTH B TPAHHUIIAX MACCHBA.
VY KaxII0TO AJIEMEHTa MacCHBa €CTh CBOW adpec, COBIAAIONINNA C aJpecOM HAadyaIbHOH SYCHKH
MaMATH PACIIOJIOKEHUS 3TOTO IEMEHTA, UHOEKC, SIBIISIOIIUICS TOPSIKOBBIM HOMEPOM 3JIEMEHTA
B MacCHB€, U 3Ha4YECHHE.

Hms maccusa - oOIUH AJ1 BCEX 3JIEMEHTOB MacCHBa UICHTU(HUKATOD.
Pasmep maccusa coBmamaer ¢ KOJIMYECTBOM JIEMEHTOB MacCHBA.
Tun maccuea - TAN 31€EMEHTOB MacCHBA.

,ZZ]ZMHCZ maccusda - KOJIM4eCTBO 6aﬁT, 3aHUMACMOC OJHHUM 3JICMCHTOM MaCCUBA, YMHOKCHHOC
Ha KOJINMYCCTBO JJICMCHTOB.

MaccuB MOXeT ObITh OOBSIBIICH CIICTYIOIIUM 00pa3oMm:

mun ums/pazmep] = {unuyuanruszayus s1emeHmos;};

Ilpumep:

char a[4] ={3, 12, 6, 9};

B mpumMepe 00BsABICH MacCHB ¢ UMEHEM a, cojepikaiuii 4 siemenTa Tuma char (8 our),
snauenus snementos: a[0] = 3, a[1] = 12, a[2] = 6, a[3] = 9. Hymepaius 371eMEHTOB MacCHUBa
HAYUHACTCS C HYJISL.

Ecnu Bce 3neMeHTH MaccHBa HHUIUAJIM3UPOBAHBI B MOMCHT 00BSABICHUS MacCCHBa, KaK B
MMpUMEpPE BbILIC, TO Pa3MEp MACCUBA MOXKET HC YKA3bIBATHCS, T.C. MACCHUB MOKHO ObLIO OBI 00B-
SBHUTH TaK:

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

Ecmm IIpHU MHUIWATIU3AIU1 YKa3aHbl 3HAYCHHUA HE BCCX DJICMCHTOB, TO UX 3HAUYCHUA 6YJIYT
ABTOMATHYCCKU MIPUPABHCHEI K HYJIIO.

I/IHI/IHI/IaJ'II/ISaHI/ISI OJICMCHTOB MacCcCuBa IIpU 0OBABICHUHN HCO65[33TCJ'II)H3, T.C. JOIIYCTUMO
00BSABUTH MacCCHB, YKa3aB TOJIBKO €T0 THII U UM C PasMCpOM:

char a[4];

MaccuBsl MOTYT OBITh MHOI'OMCpPHBIMHU, TOTJa UX 00bsABIEHHE BBITJIAAUT TAK:
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mun umsafpasmepl][pasmep2]...[pazmepX];

[Tpu pabote ¢ MaccuBaMu yI0OHO HCIIONB30BATh IUKIIBI, KOTOPEIE OYIyT pacCCMOTPEHBI B
CIIEYIOIINX pa3/ienax JUCLUILINHBL.

HOpﬂ)IOK BbIIIOJTHCHHUSA paﬁoTbI

1. Co3arb OJJHOMEPHBIA MACCHUB.

2. Opranu3oBath BBOJI 2JIEMEHTOB MacCHBa C KiaBHaTypbl GpyHkimei scanf().

3. Hamucate QyHKIIMIO HAXOXKIEHHUS 3JEMEHTa MAacCHBa ¢ MUHUMAIIbHBIM 3Haue-
HUEM.

4. B otuere npencTaBUTh JIMCTUHT TPOTrPAMMBbI ¢ KOMMEHTAPUSIMH.

KOHTpOJIbeIe BOITPOCHI

Yrto Takoe maccus?
C Kakoro yucia HaYMHAETCS HyMepalus JIeMEHTOB MaccuBa’?
Kakwne cnocoObl 00bsiBIIeHUs MaccuBa Brl 3HaeTe?
O0s13aTeNbHO JIM YKa3bIBaTh pa3Mep MaccHBa MPHU €ro 0ObSIBICHUN?
Y10 Takoe MHHAIMAIN3AI1sI MaccuBa?

arONE

JABOPATOPHAA PABOTA Nel7
«M3ydyenue cTpykTyp si3bika C»

[lenb paGoThI: YCBOUTH Ha3HAUEHUE 00BEKTA «CTPYKTYpay, U3yUUTh CIIOCOOBI OOBSIBIECHUS
CTPYKTYp ¥ MHULIMAJIU3ALHAH UX TOJIEH.

BBeaenue

Cmpykmypa - 3TO THI JaHHBIX, TIPEHA3HAYCHHBIA JUII OOBEIMHEHUSI Pa3HBIX 00BEKTOB
O]l OJJHUM HMEHEM, KOTOpOe SIBISETCS munom cmpykmypul. B xauecTBe 00bEKTOB MOT'YT BbI-
CTyHaTh NMepeMEHHbBIE, MACCHUBBI, YKA3aTENIN U IPYTHUE CTPYKTYPHI.

UroObl MOHATH HAa3HAYEHUE CTPYKTYPHI, PACCMOTPUM TPUMEpP M CPAaBHUM DPEaTH3aIHIO
IPOTPaMMBbI C UCTIOJIb30BaHUEM MTPOCTHIX EPEMEHHBIX, MACCUBOB U CTPYKTYD.

[TycTh TpeOyeTcst HamucaTh MPOTrpaMMy JIJIsl XpaHEHHsI MapKH, MOJIETIH, I[BETa W TO/1a BbI-
yCcKa aBTOMOOWJISA, BBEAEHHBIX IOJIb30BATENIEM C KJIaBUATYPBI.

Peanmzyem nmporpaMmy, UCIIOIB3YIONIYIO TPOCTHIE IEPEMEHHBIE, INCTHHT KOTOPOH MOKa3aH
Ha puc. 17.1.
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| #include <stdio.h>

* int main(void)

{

char manufacturer[20]; //MaccuB 3neMeHTOB [AA Ha3BaHWA NPOW3BOAMTENA OAWHOW fo 20 CHMBONOB
model[20]; //MaccuB 3neMeHTOB AN Ha3BaHWA MOoAenu ANWHOW fo 20 CMMBONOB
- color[10]; //MaccuB 3neMeHTOB [ONA Ha3BaHUA UBeTa AnuHoil go 10 cumeonos
unsigned int year; //nepemeHHas gnA ropa BoinycKa
printf("Enter manufacturer of the car: ");
scanf("%s", manufacturer); //BBOA, MpousBoAuTEns
printf("Enter model of the car: ");
scanf("%s", model); //BBOA Mogenw
printf("Enter color of the car: ");
scanf("%s", color); //BBOA LBETA
printf("Enter year of manufacturing the car: ");
scanf("%d", &year); //BBOA roga BbinycKa
L7 printf("%s %s %s %d\n", manufacturer, model, color, year); //BboiBop Bcell MHpopMalunu Ha dKpaH

return 0; .

} Terminal -

File Edit View Search Terminal Help
Enter manufacturer of the car: nissan
Enter model of the c
Enter color of the c lue

of manufacturing the car: 1992
ro blue 1992

Puc. 17.1. JIuctuHT IporpaMMsbl ¢ IPOCTHIMU NTEPEMEHHBIMU

B npuBenenHol nporpamMMe BO3MOXKHa paboTa BCEro ¢ OJHUM aOCTPAKTHBIM OOBEKTOM
(aBTOMOOMIIEM), T.K. KX/l €r0 MapaMeTp XpaHUTCS B OTIEIbHOMN, HE CBSI3aHHOW C APYTUMH,
TIEPEMEHHOM.

Ecnn Takux 0ObEKTOB HECKOJIBKO, MOKHO OOBSBUTH MAaCCUBBI /11l XpaHEHUs] OJIHOTUITHON
uHpOpMalLMK, KaK IOKa3aHO Ha CleAyrolieM pucyHke. OZHAKO U B 3TOM ClIydyae MacCHUBBI He
CBs3aHbl MEXJy c000H, W, MpU AONYLIEHUU JIOTUYECKOW OIMOKM B IpPOrpaMMe, BO3MOXKHA
omnboyYHas paboTa ¢ 3JIeMEHTaMU pa3HbIX MACCUBOB.

| #include <stdio.h>

* int main(void)

{
char manufacturer[2][20]; //MaccuB 3NeMeHTOB ANA Ha3BaHWA NPOW3BOAMTENA ANWHOW fo 20 cUMBONOB
r model[2][20]; //MaccuB 3NeMeHTOB ANS HAa3BaHWA MofenW AnuHol o 20 cumBonoB
r color[2][10]; //MaccMB 3NeMeHTOB ANS HAa3BaHWA LUBeTa ANMHOW g0 10 CMMBONOB
signed int year[2]; //nepemenHas gns rofa Beinycka
printf("Enter manufacturer of the car: ");
10 scanf("%s", manufacturer[1]); //BBOA NpoW3BOAMTENSA
printf("Enter model of the car: ");
scanf("%s", model[1]); //BBOA MOpEenu
printf("Enter color of the car: ");
scanf("%s", color[1l]); //BBOA UBETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &year[l]); //BBOA ropa BhiINycka
printf("%s %s %s %d\n", manufacturer[1], model[1], color[1], year[1]); //BuBOA BCEil MHHOPMALWUM Ha 3IKpaH
return @;
1 Terminal -

File Edit View Search Terminal Help
Enter manufacturer of the car: toyota
model of the camry
color of the ¢ white

amry white
<RETURN> to e this window...

Puc. 17.2. JIluctunr nporpaMMsl ¢ HAOOPOM MacCHUBOB

CTpyKTypbl MO3BOJISIIOT TPAKTOBATH TPYIIY CBSI3aHHBIX MEXIY cO00H OOBEKTOB HE Kak
MHOXECTBO OTAEIbHBIX 3JEMEHTOB, a Kak enuHoe wenoe. CTpyKTypa MpencTaBisieT coOoi
CJIOKHBIN TUI JAHHBIX, COCTABJIEHHBIN U3 ITPOCTHIX TUIIOB.

CrpykTypa 00BsABIsIETCS CIEAYIOIIUM 00pa3oM:

struct Tum_cTpykTypHl {

TUI UMsIOnemMenTal ;
THUII UIMSAODJICMEHTa2;
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Tun uMmaonemenTaN;

}

Hanumem mnporpaMMmy ajis pacCMOTPEHHOIO paHee IPHMEpa, HO C MCIOJIb30BAHUEM
CTPYKTYpBI.

#include <stdio.h>

* struct Car {

har manufacturer[207];
r model[20];

r color[10];

signed int year;

s
v int main(void)
{
struct Car car;
printf("Enter manufacturer of the car: ");
scanf("%s", car.manufacturer); //BBOO nNponzBOAMTENA
15 printf("Enter model of the car: ");
scanf("%s", car.model); //BBOA Mopenu
printf("Enter color of the car: ");
scanf("%s", car.color); //BBOR UBETA
printf("Enter year of manufacturing the car: ");
scanf("%d", &car.year); //BBOR TrOpa BBINYyCKa
printf("%s %s %s %d\n", car.manufacturer, car.model, car.color, car.year);
return 0; )
1 Terminal = o
File Edit WView Search Terminal Help
er manufacturer of the car: mazda
- model of the ca X8
sues Fo ter color of the ca ed

ear of manufacturing the car: 2008

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

Puc. 17.3. JIucTHHT nporpaMMbl C UCIIOJIb30BaHUEM CTPYKTYPHI

B npuBenenHoi mporpamMe o0bsiBIIeHa CTpyKTypa Tuna Car. Ota cTpyKTypa COCTOMT U3
YEThIPEX AJIEMEHTOB (IT0JIEH CTPYKTYpPHhI): IPOU3BOJUTEND, MOJIENb, LIBET U IO/ BBITyCKA.
B ¢yukumu main oObsiBlicHa TIepeMeHHas Car, THI KOTOpoii HasbiBaeTcs Car. Bee most

CTPYKTYpPBbI 3TOH MIEpEMEHHON OTHOCATCA TOIBKO K Hell. Taxke nmeercs BO3MOKHOCTb padOTaTh C
MacCHUBaMH CTPYKTYD.
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#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;
S for (i = 0; 1 < 43 i++)
{
16 printf("Enter manufacturer of the car: ");

scanf("%s", car[i].manufacturer); //BBog npouzBoguTend
printf("Enter model of the car: ");
scanf("%s", car[i].model); //BBOLO Mopenw
printf("Enter color of the car: ");
scanf("%s", car[i].color); //BBOO UBETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &car[i].year); //BBOf ropga BhiNycka

L

printf("%s %s %s %d\n", car[l].manufacturer, car[1l].model, car[1l].color, car[l].year);

return 0;

Puc. 17.4. JIucTUHT pOrpaMMBbl C UCIIOJIL30BAHUEM MACCHUBA CTPYKTYP

OOpaileHne K 3J1€MEHTY CTPYKTYpbl OCYLIECTBISETCS yepe3 TOUKY I1O0C]e UMEHH CTpYK-
Typbl. IMS1 CTPYKTYpHO# NIEpeMEHHON MOKET OBITh YKa3aHO IPU OOBSBICHUU CTPYKTYpPHIL. B aTOM
cilyyae OHO pa3MellaeTcs MOoce 3aKphlIBarolei GUrypHoil CKoOKH | .

[Ipu 0OBsIBIEHNUN CTPYKTYP, UX pa3pelIaeTcs BKIaAbIBaTh OJHY B APYTYIO.

JloCTyIl K 371eMEHTaM CTPYKTYPbI MOKHO OCYILLECTBUTH C IIOMOILBIO yKa3aresen. s 3Toro
HE00X0IMMO MHUIMAIN3UPOBATh yKa3aTelb aApecoM CTpYKTypbl. [Ipu a3Tom oOpallieHue K moiasim
CTPYKTYPBI OCYILECTBIISIETCS YEPE3 CTPEIKY «->H.

ITopsinok BbINOJIHEHHS PadOTHI
1. Hanucatp nporpamMmy y4deTa KHUT, UCIIOJIb3Ys CTPYKTYpBI si3bIka C.
2. 3menuTth mporpamMmy TakuM o0pa3oM, 4TOOBI 3aloJHEHUE TOJIEH CTPYKTYPHI OCY-
LIECTBIISATIOCH BBOAOM C KJIaBHATYPBHI.
3. Yka3zaTb KOMMEHTapuu K IporpaMMe.
KoHTpoJbHbIE BONIPOCHI
1. Yro Takoe «cTpyKkTypa» B s3bike Cu?
2. B ueMm oTiiuMe CTPYKTYphI OT IIEPEMEHHOM WM MaccuBa?
3. B Kakux ciydasix IpearouTUTENBHO UCTIOIb30BaHUE CTPYKTYp?
JABOPATOPHAA PABOTA Nel8

«I3b1K mporpamMmmupoBanus Cu. Y CIOBHBIE OIEPATOPHI»

[{enas pabOTHI: YCBOUTH CHHTAKCHUC U OCOOCHHOCTH MCIIOJIb30BAHUSI YCIOBHBIX OMEPAaTOPOB
si3pIka CH.

BBenenue
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[Ipyn HanucaHuuM nporpaMMmbl 4acTO NPUXOAUTCS CpPaBHUBATh 3HAUEHUS NEPEMEHHBIX M
BBINIOJIHATh OJHA WJIM JPYTHE ACHCTBUSA B 3aBUCUMOCTH OT pe3yibTaTa CpaBHEHUsA. B Takom
Clly4ae roBOpPST, YTO MpOrpaMMa pa3BeTBiseTcs. s 3TUX 1Leneld NCHOoJB3YIOT YCIOBHBIE OIle-
paTophl.

Yenosuwiii onepamop if
[Tonnas ¢hopma onepaTopa BBINISIUT CIEAYIOMUM 00pa3oMm:

if (YcioBue)

{
biokOnepanmiil;
}
else
{
biokOnepanmii2;

}

Ecnmu Venosue nctunno, To BeimonHuTCs brokOnepayuiil, a unaue (T.€. Yciosue n0xHO) —
brokOnepayuii2. biok omnepanuii MOXET COCTOSATh M3 OJHOW OIEpalluu, Torjaa Hajaudue Qu-
TYPHBIX CKOOOK HE00s3aTeIbHO.

if (YcnoBue)
Onepanusil;

else
Onepanus2;

Ecnu He TpeOyeTcst BHINOIHATH ASUCTBHS B Clydyae JIO)KHOTO 3Ha4eHUs Ycnosus, To OI0K
else moxer ObITh HcKITIOUeH. HemonHast hopma orepaTopa BBITIISIUT TaK:

if (Ycnosue)

{
¥

B npumepe Huxke oObsABISETCS NepeMeHHas a, el MPUCBOEHO 3HavueHue 7. 3aTeM MpoBe-
psieTca ycnoBue: ecnu a 6onbie 0, TO BBIBECTH Ha dKpaH 3HA4EHUE IIEPEMEHHOM, NHaYe — 3Ha-
yeHue nepeMeHHon + 10. Pe3ynpTaT BBIIIOJIHEHUS IPOrPaMMBbl — YHCIO 7.

brnoxOnepanuiil;
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- build-example-Desk

File Edit View kmarks  Settings Help

Puc.18.1. I[Ipumep ycnoBHOTO onepatopa if

Omneparop if MoXxeT OBITh BJIOKEHHBIM, T.€. TOCJIE BBIMOIHEHUS IIPOBEPKH OJTHOTO YCIOBHS
IIPOBEPAETCA CIAEAYIONIEE.

if (Ycnosuel)
if (YcnoBue?2)
Onepanusil;
else
Onepanusi2;

OOpaTiuM BHUMaHHE, YTO B TAKOM Cliy4ae OIIHs else OTHOCUTCS K mocieanemy if.,
Onepamop éemenenus switch

B HEKOTOpBIX chydasix TpeOyeTcsi MPOU3BOJUTH CPABHEHHE HE C OJHHUM 3HAYCHHUEM, a C
HEKOTOPBIM HX KOJMdYecTBOM. Mcrosb30Banue yisi 3TOro omeparopa if moxker okazatbest He
yIOOHBIM, C TOYKH 3PCHUSI HAIMCAHUS MPOrpaMMbl. BeIOpaTh OAMH M3 HECKOIbKHX BapUAHTOB
BBIMTOJTHEHUSI TPOTPAMMbI MOKHO C ITOMOIIbIO orepaTopa Switch..case.

switch (LlemoeBoipaxkeHre)

{
case 3nauenuel : bnokOnepanwuiil;
break;
case 3nauenue2: biokOnepanuii2;
break;

case 3nauenuen: brokOnepanniing
break;
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default: bBrokOnepauuiilloYMonuanmuo;
break;

}

JlanHbIii oriepaTtop paboTaeT CleayouM 00pa3oM:

1. Beruucnsercs [[enoeBuipasicenue;

2. IlonyueHHOe 3HaYEHUE CPABHUBACTCS CO 3HAUEHUAMU,

3. Ecnu 3nauenue HaliieHO, TO BBIIOJIHUTCS COOTBETCTBYIOUN brokOnepayutl,

4. Ecnu 3nauenue He HaiIeHO, TO BRIOHUTCS brokOnepayuiillo Ymonuanuro.

baok default moxer orcyrcTBOBaTh, TOrA €CIM 3HAueHue HE HANAEHO, HE BBITOJHHTCS

HUKAKUX JICUCTBHIL.

Omnuust break ocymiecTBasieT BEIXO U3 OIIEpaTopa.

IHopsinok BHINOJHEHHUS PAOOTHI

1. Hanucates nporpaMmy cpaBHEHHS ABYX BBEICHHBIX C KJIaBUATYpbl yncenl. B pe3dynbrarte
paboThl mporpamMma J0JKHa BRIBOJIUTH PE3YJIbTaT CPaBHEHUS.

2. OOBSICHUTH BHIOOP TOTO HJIM HHOTO YCIIOBHOTO OTEPaTopa.

KonTposbHbie BONPOChI

1. Yro Takoe ycioBHbIN onepaTop?

2. Kakue ycnoBHble oniepatopsl Bel 3HaeTe?
3. B kakoM cityuae mpeArnouTHTENbHEE UCTI0NIb30BaTh orneparop if, a B kakom switch..case?

JIABOPATOPHAA PABOTA Nel9
«13p1x iporpammupoBanus Cu. OnepaTopsl HUKIa»

[lens paGoTHI: YyCBOWTH CHUHTAKCUC M OCOOCHHOCTH HCIOJIb30BaHUSI ONEPATOPOB ITMKJIA
si3pIKka CH.

BBenenue

Luxnom Ha3bIBaeTCs OIOK KOJa, KOTOPBIN JIJIS pelieHus 3a/1auu TpeOyeTcs MOBTOPUTH He-
CKOJIBKO pa3s.

[{ukn cocTouT U3 OJI0KA TPOBEPKU YCIOBHM U TeNa MUKIA. [[MKT BRIIONHSAETCS 10 TeX Top,
MOKa 3Ha4YeHHE OJI0Ka MMPOBEPKHU YCIOBUN UCTUHHO. TeN0 1UKIIa COACPKUT MOCIIEI0BATEILHOCTh
onepauunii, KOTopast BBIIOJIHIETCS B CIIy4ae UCTUHHOTO YCJIOBUS IIOBTOPEHUS LIUKIIA.

B s3p1ke Cu ciienyroniye BUIbl IUKIIOB:

while — kI ¢ mpeycaoBueMm;

do...while — TUKJ ¢ IOCTYCIIOBUEM;

for — mapamerpuyeckuii UK (IMKJ C 33JaHHBIM YHCIIOM TOBTOPESHUH ).
Luxn ¢ npedycnosuem while

[{uka uMeeT ciaeyromyt0 KOHCTPYKIIHIO:

while (YcnoBue)
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{
¥

biokOnepanmii;

Ecnn Venosue BbmonHseTcs (BblpaxkeHue, NpoBepsitollee Vcerogue, HE paBHO HYJIO), TO
BBITIOJIHSIETCST hiokOnepayuii, 3aKI0UeHHBIN B (PUTYypHBIE CKOOKH, 3aTeM Ycio6ue poBepseTcs
CHOBA.

[TocnenoBaTrenbHOCTh NEUCTBUM, COCTOSAIIAS U3 NPOBEPKH YcC106us W BBINONHEHUS bro-
kaOnepayuii, TOBTOPSIETCA A0 TEX IMOpP, MOKa BhIpaKEHUE, IIPOBEpAIOIIee Ycrosue, HE CTaHET
JIOKHBIM (paBHBIM HYII0). [Ipy 5TOM IPOUCXOAUT BBIXO/ U3 LIMKJIA, U IPOU3BOAUTCS BHIMIOJIHEHHE
OTepalny, CTOALIEH MOCIe OnepaTopa MHUKJIA.

build-example-

View Bookmarks Settings Hel

Puc. 19.1. Pe3ynbraT pabdots! mukia While

ITpu nocrpoenuu ukia While, B Hero He0OX0MMO BKITFOYMTh KOHCTPYKIIUH, H3MEHSIOIIUE
BEJIMYMHY MPOBEPSEMOI0 BBIPAXKEHUS TaK, YTOOBI B KOHIIE KOHIIOB OHO CTaJIO JIOXKHBIM (paBHBIM
Hyt0). VlHave BbIMONMHEHHE IUKIa OYJIET OCYIIECTBIATHCA O€CKOHEYHO (OECKOHEUHBIM ITHKIN).
BeckoHeuHbIN LMK UCHOIB3YETCS MPHU HAMKMCAHUM MPOTrPaMM MUKPOKOHTPOJLIEPOB, 0e3 Oecko-
HEYHOTI'O I[UKJIa KOHTPOJUIEP OCTAHOBUTCS MOCJIE BHIMOIHEHHUSI OCHOBHON (DYHKIIHH.

[Ipumep GeckOHEUHOT0 LUKJIA:

while (1)
{

biokOnepanmii;
}

Luxn ¢ nocmycnosuem do..while

O6mas ¢popma 3anucu:

do{
biokOnepanmii;
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} while (Ycnosue);

Huka do...while — 370 nukiI ¢ MOCTYCIIOBHEM, TI¢ HCTHHHOCTD BBIPAXKEHUS, TPOBEPSIOIICTO
Venosue, nposepsietcst mocie BbINOMHeHUs hrnokaOnepayuil, 3aKIFOYSHHOTO B (QUT'YPHBIE CKOOKH.
Teno uukiIa BBINOJHSAETCSA IO TEX IOp, NOKa BBIpAKEHHE, MPOBEPsIOIIee Yciosue, HE CTaHET
JIOXKHBIM, TO €CTh TEJIO IIMKJIA C OCTYCIIOBHEM BBIIIOJHUTCS XOTS OBl OJTUH pa3.

HUcnonws3oBare nuki do...while mydmre B Tex ciaydasx, Korjaa A0KHA ObITh BBIITOTHEHA XOTSI
OBl OJTHA UTEpaLys, JIMOO KOr/la HHULIUATH3AHs 00bEKTOB, YYaCTBYIOIIMX B IPOBEPKE YCIIOBHS,
HPOUCXOIUT BHYTPH TEJa UK.

main.c main() -= i

=

E 4 build-example-

File Edit View Bookmarks Settings He

[

[ Y

Puc. 19.2. ITpumep padots! nukia do..while
Hapamempuueckuii yuxa for
Ob6mas popma 3anucu:

for (Manmmanusanus; Ycnosue; Moaudukarms)

{
¥

for — mapamerpudeckuit UK (MUK ¢ GUKCUPOBAHHBIM YHCIIOM MOBTOpeHuit). Jns op-
raHMU3alluu TAKOTO IIMKJIA HEOOXOIMMO OCYIIECTBUTh TPU ONEPAIUH:

1. Mnuyuanuszayus — nprcBanBaHue napaMeTpy LUKIA HAYaJIbHOTO 3HAYEHUS;

2. Venosue — npoBepka ycia0BUs TTOBTOPEHMS 1MKJIA, Yallle BCEIO — CPAaBHEHHE BETMUYHUHBI
napaMerpa ¢ HEKOTOPbIM IPaHUYHBIM 3HaYCHHEM;

3. Moouguxayusa — U3MeHeHUE 3HAUYSHHS ITapaMeTpa JJIsl CISAYIOIIEro IPOX0XkKISHHs Tea
UKJIA.

OTH TpU ONepalny 3aMuCchIBAIOTCS B CKOOKaX M pa3iessitoTCs TOUKOM ¢ 3amsaTon «;». Kak

IPaBUJIO, TAPAMETPOM LIUKJIA SBIISETCS LEJIOUNCIIEHHAs IEpeMEHHasl.

Wunnmanu3zanms napaMeTpa oCyIeCcTBISIETCS TOIBKO OJUH pa3 — Korjaa nuki for HaunHaer
BBITIOJIHATHCS.

ITpoBepka Vcnosus NOBTOpeHUs LUKIIA OCYLIECTBISAETCS Nepes KaXIbIM BO3MOXHBIM Bbl-
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noJiHeHHeM Tena 1ukia. Korna BbepakeHHe, MpoBepsiollee Ycrosue CTAHOBUTCS JIOKHBIM
(paBHBIM HYJIIO), LIMKJI 3aBepiuaercs. Moaudukaius napamerpa OCyIecTBISIETCS B KOHIIE Kax-
JIOTO BBITMIOJIHEHHUS TeJa IuKIIa. [lapameTp MOXKET yBEIMYUBATHCS UM YMEHbBIIATHCS.

- build-example-D

File Edit View Bookmarks Settings Help

Puc. 19.3. IIpumep pabotsr 1ukiia for

B 1ukiie for MosxeT ucnosb30BaThCsl ONEpaIysl 3amsTas Ui Pa3/IeieHUus] HECKOJIbKHUX BbI-
paxxeHui. ITO MO3BOJISIET BKIIOUUTh B CIICIU(PUKAINIO KA HECKOIBKO MHUITUATH3UPYIOIIHNX
WM KOPPEKTUPYIOILIUX BBIPAXKEHUN. BbIpakeHUs, K KOTOPBIM MIPUMEHSAETCS OIepaLus 3amnsirasl,
OyIlyT BBIUMCIISATHCS CIIeBa HAMPABO.

main.c

'_l:

int main()

(int a
printf("

build-example-Deskt

o - oy

File Edit View ) ks Settings

L

Puc. 19.4. Tlpumep 1ukia for co cj0XHBIM yCIIOBHEM
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OOpatuM BHUMaHUE, YTO OOBSBIATH IIEPEMEHHBIC MOXKHO MPSIMO BHYTPH IHKJIA.

[{uko for MmoxeT OBITh BIOXKCHHBIM aHAIOTHYHO orepaTopy if.

B tene moboro 1ukia MOXHO HCIIOJIB30BATh OMEPATOPHI MpepbIBaHUsS IUKiIa — break u
pOIOJDKEHHS IMKIIa — continue. Omeparop break mo3Bosisiet BBIATH U3 IMKJIA, HE 3aBepIIas ero.
Omnepatop continue Mmo3BoJisET NPOMYCTUTh YacTh ONEPATOPOB TEa MHMKJIA W HAYaTh HOBYIO
UTEPAIHIO.

IHopsinok BHINOJHEHHUS PAOOTHI

1. Hanucatp ImporpamMmy 3aIlioJIHCHUA MaCCHBa YUCJIaMH, BBCJACHHBIMU C KJIIaBHATYPhbI, HC-
MOJIb3yA OJUH U3 U3YYCHHBIX [IUKJIIOB.

KOHTpOJILHLIe BOITPOCHI

1. Yro Takoe «1UKII» B SI3bIKE MIPOrPaMMHUPOBAHUS?

2. Yem oObsicHAETCS yIO0OCTBO MCIOJIb30BAHUS IIMKJIOB IO CPABHEHUIO C MHOT'OKPATHBIM
IIOBTOPOM OJIHOH U TOM e ornepauun?

3. Beictpee au paboTaer mporpamMma ¢ MCIHOJIb30BAaHUEM LIMKIIA, YE€M Takas ke, HO C I0-
CTOSIHHBIM IIOBTOPOM JI€HCTBUI?

JIABOPATOPHAA PABOTA Ne20
«A3b1k porpamMmmupoBanus Cu. YkazaTenn»

ens paOoThl: M3y4UTh OOBEKT «yKazaTenby» s3bika CH, MPpUOOPECTH HABBIKH €r0 MCIIOJb-
30BaHUs1, OCBOUTH OIEPAIMIO B3ATHS aJIpeca.

BBenenue

Ykazamenem Ha3zpIBaeTCs MEpEeMEHHAsl, 3HAUEHUE KOTOPOM SBISETCS apecoM ApYyrou me-
PEMEHHOM.

Kaxk roBopuioch panee, Bce IepeMEHHbIE PACIOIaraloTCs B ONepaTuBHON namsaTu. [laMarts
— 3TO HEMpPEPBIBHAS MOCIEA0BATEIbHOCTh d4eeK. Kaxaaa suelika uMeeT CBOM aipec — Mops-
KOBBI HOMEp, U B HE€ MOXKET ObITh 3aITUCaH BCero oauH OUT nHopmarmu. [lepemeHHass MOXKET
3aHMMAaTh pa3Hoe (HO KpaTHOE 8) KOJIMYECTBO OUT B 3aBUCUMOCTU OT ee Tumna. Adpecom nepe-
MeHHOU SIBIIIETCS HOMEp SYEHKHM MaMsITH, C KOTOPOHM HAYMHAETCS PacIoOJIOKEHUE ITOU Iepe-
MEHHOH B ITaMSTH.

VYka3zarensp, SBISSICh IEPEMEHHOM, TaK)KE PacIoJIaraeTcsi B ONEPAaTUBHOW MaMsITH, HO €ro
pasMep (DUKCHPOBAH M 3aBUCHUT OT Pa3psAIHOCTH CUCTEMBIL. [[ist 32-pa3psiAHBIX CUCTEM yKa3aTelb
3aHuMaeT 32 Outa nian 4 OaiTa maMsITH.

VYkazarenb 00BABISIETCS CISTYIOIINM 00pa3oM:

TUIT *UMSL;

Tun — 5TO TUI IEPEMEHHOM, aipeC KOTOPOU COAEPKUT yKa3aTeb.
ITpumep:

int a; //obvasnena nepemennas a muna int

It *p; /obwasnen ykazamensv ¢ umenem p Ha nepemMeHHy0 muna int
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B npuBeneHHOM npuMepe yKazaTeNb P MOoKa HUKAaK HE CBsI3aH C MEPEeMEHHOM @, TaK KaK OH
HE MHULMANU3UpOBaH. JlJis MHUIMAIM3AUK yKa3zarelns B s3bike C IpeaycMOTpeHa orneparus
B3STHSA aapeca, KoTopas 0003HaYaeTcsl aMIepcanioM &, Paclo0oKEHHBIM TIepel UMEHEM TIepe-
MEHHOMH.

p = &a; //menepwv ykazamens p codepaicum aopec nepemenHol a

Ha pucynke 20.1 npuBeneH JUCTUHT IPOrpaMMBbl U pe3ynbTar ee paboTsl. B 5-i cTpoke
o0bsIBJIEHA IIEpEMEHHAs a, B 6-i1 — yKa3aTenb p, B 7-i CTpOKE B yKa3aTellb p 3allucaH ajpec Ie-
pemenHoit @. B crpokax 8 u 9 ¢ momomrsto ¢pynkiuu printf() u moaudukaropa %X BeIBOAUTCS
JBYMs crloco0amMHu ajipec MepeMEHHON a B IeCTHAALATEPUYHOM BU/IE.

#include <stdio.h>

* int main(void)
{ Terminal
a = 4; File Edit View Search Terminal Help
\r *xp; ?12455bf
X al2455bf
p = &aj 4
pt'intf("f}x \n", P) - Press <RETURN> to close this window...
S printf("%x\n",&a);
printf("%d\n", a);
eturn 0;

Puc. 20.1. Pe3ynbTaT paboThl IpOrpaMMBbI C UCTIOIB30BAHUEM YKa3aTes

B s3p1ke C mMmeeTcs ormeparus MONMy4YeHHs 3HAYSHUS I10 ajpecy, KoTopas 0003HadaeTcs
3BE3I0YKOI *.

#include <stdio.h>

* int main(void) -
{ Termi
) File Edit View Search Terminal Help
char a = q,;
char *p;
= &a,
P : r’ Woe 4t 11 55 <RETURN> to close this window. ..
printf("%d\n",
9 printf("%sd\n",
pr il'][_'r{”i'ulj."-.']l',
03

Puc. 20.2. ITpumep nonyyeHus aapeca NepeMEHHOM
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B npuBeneHHOM JIUCTHHTE B 8-H CTPOKE Ha 3KpaH BBIBOJUTCS 3HAUEHUE IO aApecy, KOTO-
PBI CONEPKUTCS B YKa3artese. B 9-if cTpoke 3To e 3HaUYeHHE 3amucaHo B 00siee SIBHOM BHUJIE.

NMs mMaccuBa Takxe SIBJISIETCS yKaszaTelieM, KOTOPBIA COJNEPKHUT aJIpec MEPBOro 3JIEeMEHTa
3TOr0 MacCHUBa.

#include <stdio.h>

* int main(\ )
{ Ternm
3[3J = {4) 2) 1}; File Edit View Search Terminal Help
printf("%x\n", a);*
printf("%d\n",*a);
printf("%x\n",a+l);*
printf("%d\n",x(a+l));
10 printf("%x\n",a+2);*
printf("%d\n",x(a+2));
turn 03

Puc. 20.3. Ims1 MaccuBa sIBIsIETCS yKa3aTelieM

B nanHoMm mpumepe B 6-if cTpoke B KauecTBe aprymenTa ¢pynkuuu printf() ucnons3yercs
MMS$ MaccHBa, ¥, Kak BUJHO B pe3yJIbTaTe BbIBOAA 7-i1 CTPOKH, OHO COBIIAJAET C aJIpeCOM IEPBOTO
sreMeHTa MaccuBa. B 8-if u 9-if cTpokax k agpecy nepBoro snemeHTa npudasuiau 1. Tak kak Tun
MaccuBa Char, kaxplii ero 3JieMEeHT 3aHuMaeT B namstu 1 Oaiit. [Ipubasnenue k aapecy enu-
HUIIBI O3Ha4yaeT npubaBieHue ojgHoro Oaiita. [ToaTromy B BeIBOzE 8-if M 9-i1 cTpok conepxarcs
aZipec U 3HAYEHUE BTOPOTO dJieMeHTa MaccuBa. AHanorudHo ¢ 10-it u 11-it crpoxkamu. Eciiu 061
MacCHB MMeIl TUM INt, KOTOPbI 3aHUMAaeT B MaMmsTh 4 Oaiita, TO MPUOABICHNUE €AUHUIIBI COOT-
BETCTBOBAJIO ObI MPUOABIEHUIO K apecy YeThlpex OaiT, T.e. IIII0C OJAMH pa3Mep ATOrO K€ TUIA.
OT0 03HAYAET, YTO K YKa3aTessIM IPUMEHUMbI apu(METHUECKHE OTepaltu.

ITopsinok BbINOJIHEHHS PadOTHI

1. Hanmcats nmporpaMMsl IPUBEIEHHBIX BBILIE IPUMEPOB.
2. [IpokOMMeHTUPOBATh HaMCaHHbIE MPOTrpamMMbl. OOBSICHUTH AITOPUTMBI UX PAOOTHI.

KoHTpoJibHbIE BONIPOCHI
1. Uto Takoe «ykazaTenb»? UTo Takoe «aapec» NepeMeHHOon?

2. B yem npenmyIecTBo UCIIOJIb30BAHMS yKa3aTelneun?
3. Kak 1 3auem ucnoiabp30BaTh yKa3aTelu Mpu Nepegadye arpyMeHToB G yHKIIUN?

JABOPATOPHAA PABOTA Ne21

«[IporpammupoBanue koHTposuiepa ATmegal6. Hactpoiika mopToB»
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Lenb paboThI: U3YyUUTh O0BEKT «yKazaTelby si3blka Cu, IproOpecTH HABBIKH €r0 UCIOIb-
30BaHUs, OCBOUTH OIEPALINIO B3SATHA aipeca.

BBenenue

[Tocne ycnemHoi HACTpONKH ITpoekTa u3 jJabopaTopHoi padoTsl Nel3 U ero KOMIHUIALINA
0e3 omKrOOK, MOYKHO MPUCTYIUTH K HAITMCAHUIO TIPOTPAMMBI.

Jnis Havyana pa3depeM CTpYKTYpy MPOEKTa, U3YYUM OCHOBHBIC €T0 (aiibl U UX COJCpIKaHUE.
Haunem c¢ 3aronoBounoro gaiiza main.h, pacnonoxxennoro B aupekropuu include m momxiro-
4yeHHOTO B (haiiie main.c.

I'maBHBIM 3arojOBOYHBIM (aillioM, yKa3zaHHBIM B Main.h, seisiercst 3aromnoBok 10.h, moxu-
KJIFOYEHUE KOTOPOTO BBITJISIUT TaK:

#include <avr/io.h>

B Hem comepikaTcs TUPEKTHBBI MPEMPOIIECCOpa, ONPEASISIONMe MOICIb HCIOIb3YeMOTO
KoHTpoJutepa. CaMo yKa3zaHHE MOJIEIHM pacroyiokeHo B (aiiie mpoekta atmegal6.config u BbI-
TJISIAT TaK:

#define  AVR_ATmegal6

D70 yKa3zaHHWE aBTOMATHYECKH MOIKI0UYaeT B ¢aiiie 10.h 610k else Bersienus if mpempo-
11eccopa, KOTOPBIN ¢ MOMOIIIBIO TUPEKTUBBI #INClude BKiItoyaeT B IpOEKT 3arojoBok 10m16.h:

Puc. 21.1. IlogxmnroueHue 3aroioBoYHOro ¢aitia KOHTposiepa

B 3aronoBounom oaiine i10m16.h comepkuTcs MoaHOE OMUCAHWE MAaMSTH, TOPTOB, PETH-
cTpoB, nepudepun koutposiepa ATmegal6. [IpocMoTpeTh ero colepKUMOe MOKHO Ha)KaTHEM
Ha HEM JIEBOM KHOIKOW MBIIIH ¢ 3akaToi kinasumiei Ctrl.
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iom16.h - Qt Creato

Debug Analyze

iom16.h

main.n

main.c

Puc. 21.2. Onucanue nepudepun KOHTposuiepa

Kak BuaHO 13 pucyHka 21.2 Bblle, Bce HMEHa MOPTOB, BHIBOJIOB, PETUCTPOB U T.1. SBJIS-
I0TCS1 OOBIYHBIMU TICEBAOHIMMAMH YHCET, HO 3TH YHCIIa TOYHO COOTBETCTBYIOT aJpecaM PerucTpoB
B IIaMATH WJIM HOMepaM OUTOB B perucTpax.

HcnipaBnsaTh coepKMMOe BCTPOSHHBIX 3ar0JIOBOYHBIX (DailyioB, Takux kak 10m16.h, Henmb3s.

B s3710i1 1 nocnenyromux sadbopaTopHbIX paboTax OyaeM mucaTh IporpaMmy KOHTpoJuiepa
JUTs pa3paboTaHHOTO paHee YCTPOWCTBa.

[Mepexirounmcst B (aiia main.c u 106aBuM B Hero (QYHKIIMIO HACTPOMKH mepudepun KOoH-
TpoJuiepa, HazoBeM ee Setup. B sty pynkmmro no6aBum Hactpoiiky moptoB C u D Ha BBIBOJ, Tak
KaK 3TH [OPTHI YIPABJISAIOT aHOIaMH U KaTOJaMH 7-CErMEHTHOT'0 MHIMKATOpa.

void setup()

{
DDRC = 0xFF; //macmpotixa nopma C ua 61600
DDRD = OxFF; //macmpoiika nopma D na 661600

¥

s ynobctBa 00bsBUM B (paitsie main.h rinodaabHBIN MacCUB U3 JECATH SJIIEMEHTOB, KakK-
JIBI U3 KOTOPBIX OyJIeT co/iep kaTh KOMOWHAIIMH HYJIeH ¥ €TUWHUII, COOTBETCTBYIOIIUX IH(paM Ha
WHJUKATOPE.

unsigned char digit[10] = {0b11000000, //O
Obl11111001, //1
0b10100100, //2
0b10110000, //3
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0b10011001, //4
0b10010010, //5
0b10000010, //6
Ob11111000, //7
0b10000000, //8
0b10010000%; //9

[TockonbKy m1st 0TOOpaXkeHusT MHPOPMALIMK HAMU HCIIONb3yeTCs AMHAMHUYECKas MHIUKa-
IUs1, CUTHAJIBI YIIPABJICHUS KaTOaMU MHAMKATOpa OT KOHTPOJUIEpa MepelaloTCcsl Ha BCE BHIBOBI
KaTOOB BCEX Pa3psI0B MHIMKATOPA, a BKIIOYEHUE ONPEACICHHOIO pa3psiia ONpeaessieTcs] CUr-
HaJIOM COOTBETCTBYIOIIETO aHOJIA.

Pa3nenbHoe ympaBieHne OMTaMU PETHCTPOB MOPTOB KOHTpOJUIEpa HE IPEIyCMOTPEHO,
4TOOBI YCTAaHOBHUTH B COCTOSIHUE | OJMH OUT peructpa mopra, Hy>KHO IPOU3BECTH 3alHCh BCEX
6utoB peructp. UToOBI IpU 3TOM HE MEHSTH COCTOSHHE OCTAIBHBIX OMTOB MOPTa, MOXKHO HC-
MIOJIb30BATh JIOTHYECKOE CIIOKEHUE, IPU 3TOM | 3amumieM B TOT paspsijl, KOTOPBIA HY)KHO yCTa-
HOBUTH B 1, a B ocTanbHble OuTHI - 0. [Ipu cnoxennu ¢ 0 coctosinue Outa HE M3MEHUTCS, a C 1 -
cranet paBHO 1. [l cOpoca Outa B 0, HCIIONIB3yeM TOT K€ MPHUHIIUIL, HO C OTepalfeld yMHOXKe-
HUSL.

B pa3paboTranHON NPUHIMITHAIBHONW CXEME YCTPOMCTBA KATOMBI IECATUYHBIX TOUYEK UHIU-
KaTopa MOJKJII0UeHbl K BOcbMOMY 0Ty nopTa C, HalMIleM J1Ba Makpoca [yl BKIFOUYEHUS U BbI-
KIIIOUYCHUA ACCATUYHBIX TOYCK:

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

Teneps npu ykazanuu B rporpamme komauasl DP_ON tekyiee cocrosiaue nopra C Oyner
cioxeHo jorudecku ¢ yucaom 10000000, T.e. 8-if GUT mopTa cTaHEeT paBeH 1, a ocTaabHbIe OUTHI
ocranytcs 6e3 uamenenus. [Ipu DP_OF — BeimonnuTCs nornueckoe yMHOKeHHE, 8- OUT cTaHeT
paBeH 0, a ocTanbHBIE HE U3MEHSATCA.

Hanuimem aHanornyHsle MakpoChl JUIsl BKJIIOUEHHSI M BBIKIIIOUECHHUS pa3psiioB UHAUKATOpa,
COTJIACHO TIOJKTFOUEHHUI0 Ha IPUHIUITHAIBHON cXeMe:

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

Harmumiem B ¢aiiie main.c GpyHKIUIO 11t 3a0MCH YUCEN B UHIIUKATOP:

void showDigit(unsigned char digitNumber, unsigned char value)

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

@DyHKIMS HUYETO HE BO3BpAIACT B Ka4eCTBE Pe3ysibTara, MOITOMY e¢ THI VOid, u B Hel
OTCYTCTBYET omeparop return. B kadecTBe apryMeHTOB (DYHKIIMHU yKa3aH HOMEP pa3psijia, CUuTast
c 1 cneBa, u udpa It OTOOpAKEHUSI.

Teneps B mporpaMme MOKHO BBI3BIBaTh B JII000M Mecte ynkiuio ShowDigit u Ha uHIHU-
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KaTope B yKa3aHHOM pa3psje OyneT oToOpakeHa ykazanHas iudpa. Hampumep,
showDigit(1, 4);

B CAMOM JICBOM pa3psizie Oyaer BeiBeneHa nugpa 4.

IMopsinoK BHINOJIHEHHS PAadOThI

1. OtkpeITh ma010H npoekra u3 JIP Nel3.

2. HanmcaTh mporpamMmy KOH(UTYpUPOBaHUS IIOPTOB KOHTPOJUIEPA Il BBIOPaHHOTO paHee
YCTPOMCTBA.

KoHTpoJibHbIE BOMPOCHI

1. Yto Takoe «amopT» MUKPOKOHTpOJIIEpa’?

2. O0bsicCHUTE ANTrOpUTM HacTpoiiku moptoB ATmegal6?
3. Kakue peructpsl B ATmegal6 numeroTcs it HaCTpOHKH OPTOB?

JABOPATOPHAA PABOTA Ne22
«/IlnHaMu4ecKas UHIUKALIS

Llenp pa®oOTHI: MOMYYUTh HABBIKM OPraHU3ALMU JMHAMUYECKOM MHIUKAIMM MpU OTOOpa-
KEHUU UHPOPMAIIIH.

BBeaenue

B npenpiaymeit padore Mbl co3nanu ¢ynknuio ShowDigit, aprymeHTaMu KOTOPO#l SIBJIsI-
IOTCS HOMEp pa3psa HHIUKATopa U oToOpakaemasi Ha HeM Iudpa.

[TonpoOyem Temepb BBIBECTH pa3Hble HU(PBHI cpa3y BO BCe TPU pas3psaa HHIUKATOPA,
HarpuMep, Tak:

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

B pesynbrare Ha nnAMKaTope OyneT uudpa 4 B mocieaHeM paspsije, Ipu 3TOM MEepBbIE J1Ba
paspsijia OyIyT BBIKIFOUEHBI - TaKOB aroput™ (GyHkuuu showDigit mpu nuHaMHYECKON MHIH-
KA.
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Puc. 22.1. PesynbTat paboTsl (GyHKIIMH BBIBOJIA HH(DOpMAIUN

YtoOs1 nHpOpMaIHs 0TOOpakamach OJJHOBPEMEHHO B TPEX CETMEHTAaX MHIMKATOPA, HYKHO
JA0CTAaTOYHO 6BICTpO BBIBOAUTH LII/I(prI B pa3HLBIC paspAAbl, AJ1d 3TOTO MOKHO ITOMCCTHUTBL BCC TPU
BBIIIIEYKA3aHHbIE CTPOKH B BEUHBIH IUKJI KOHTPOJLIEPA.

while (1)

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

}

P €3YyJIbTAT ITOCJIC KOMITUJIAIIUU U 3aIpy3KHU:

Puc. 22.2. BeiBog uH(popManuy B pa3Hble pa3psasl HHIUKATOpa B LIUKJIE

Ha unankatope oToOpakeHbl HE T€ IUQPHI, T.K. HHAUKATOP MOMPOCTY «HE yCIeBaeT» 3a
KOHTPOJUIEPOM, pabOTAalOIIEM Ha 4acTOTe 16 MHUJUIMOHOB TAKTOBBIX UMITYJIbCOB B CEKYHAY. J{o-
0aBUM 3aJIePIKKY MMOCIIe Kax 1o koMaH el ShowDigit.

Jlis opraHuM3anuy 3aJep>KKA BOCIOJIb3yeMcs ctaHaapTHoi ¢yukuueid _delay _ms(n), ap-
TYMEHTOM N KOTOPOH SIBIISIETCS BpEMsl B MHJUTUCEKYHIaX. JIOCTaTOYHO 3aePKKH 5 MC.

@ynukiust _delay_ms mMoxer OBITH JTOCTYIHA JJIsl UCIIOJIB30BAHHS TP TTOJKITIOYCHUN 3a-
TOJIOBOYHOTO (haiiia:

#include <util/delay.h>
Ota CTpPOKa MOAKIOYCHHUA YIKE COLACPKUTCA B IIPOCKTE B q)afme main.h, JOITIOJIHUTCIIbHBIC

MOAKTIOYEHUS HE TPEOYIOTCA.
PesynpTar noGaBieHUs 3aA€PKKU:
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Puc. 22.3. PesynbTaT n1o6aBiaeHUS 3aIepKKH BHIBOIAa HH(GOPMAITIH

Oyukuus _delay _ms ucronb3yeT TaKTHPYIOIIANA CUTHA KOHTPOJUIEPA, TOITOMY 3aepiKKa,
OpraHu30BaHHAs ATON (PYHKIMEH, SIBISIETCS OY€Hb TOYHOH.

BoiBoauTh nHGOpMaInio B KaXk/bIi pa3psia OTAEIbHO, 100aBIsis KaXKIbI pa3 3aIepKKY, He
Oo4YeHb yn00HO. Bbputo OBl JTyumie HamucaTh (QYHKIHMIO, apryMEHT KOTOpOW He Imdpa, a menoe
YHCIIO, COJEpIKallee OT OJHOTO JI0 TpeX pa3psAdoB, a (yHKIHS Obl cama paszzelsia YhClO Ha
UQPBI ¥ BEIBOAMIIA KAKAYIO U3 HUX B COOTBETCTBYIOIIMN Pa3psi.

O0bsiBuM GyHKIHIO WriteToDIisp, ¢ 1e104ncieHHbBIM apryMEHTOM:

void writeToDisp(int data)
{

}

B ¢yHkimy 00bsIBUM M HHUITUATH3UPYEM HYJISIMA MAacCHB TUIA Char u3 Tpex 3JieMeHTOB:
char str[3] ="000";

B srom maccuBe OyayT XxpaHuTbes kobl nudp. Bocmonssyemcs dynkiueit sprintf s3pika
Cu 11151 KOHBEpTALMH LIETO0T0 YUCia B CUMBOJIBL. DPopMaT GyHKINHU CIIEAYIOMINMI:

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

Oyuxmus sprintf() uaentnyna Gyukuuu printf() 3a uckmovyeHneM Toro, yro HHPOPMAIHS
3aMKMCBIBACTCS B MACCHB, IpecyeMblii ykasarteneMm buf, a He B craHaapTHBIN OTOK (HanmpuMep, Ha
skpaH). [Iporotun yHKIuH (T.€. €€ 3arojoBOK) HaxoauTcs B (aiire stdio.h, moakmrounm ero ¢
nomorpto #include B Hauane ¢aiima main.h.

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

Momaudukatop .3d cooOraer GyHKINHU, YTO PE3yJIbTAT 3alKCH B MAacCCHUB JOJDKCH COMEp-
*aTh 3 paspsaa uenoro yucia. Eciy 4uciio uMeeT MeHbIlee KOJINYECTBO Pa3ps0B, HEAOCTAO-
e paspsiibl OyAyT 3al10JIHEHBI HYJISIMU.

Teneprs no6aBuM co3nanHyro panee ¢pyHkiuo ShowDigit, B kauecTBe BTOpOro aprymeHTa
KOTOpPOM HY)XHO yKa3aThb YMCIIO, KOTOPOE COOTBETCTBYET LIM(pe paspsaa, KoJ KOTOpOH coaep-
JKHUTCS B 3JICMEHTE MaccuBa Str. 3mech Bo3HHKaeT HecooTBeTcTBUE: (yHKIMs ShowDigit gomkHa
MOJYYUTh BTOPBIM apryMeHTOM Iiesoe unciao oT 0 1o 9, a mepenath el MbI MOKeM asCii-Koj
CHMBOJIa, BEJb MMEHHO OH COACPKUTCS B dJIeMEeHTax MaccuBa. OOpartumcs K Tabmuie ascii
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CHMBOJIOB:

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. Ta6muna ASCII

Kak BumHO n3 Tabnuusl, nudpa 0 umeer necsatuunsiii kox 48, 1 - 49 ... 9 - 57. HyxHo no-
HUMATh Pa3HUILy MEKIY YUCIOM, 0003HAYAIOIIHUM KOJUYECTBEHHYIO MEpY 4ero-i1nbo, u nudpoi,
SBJISIFOIIEHCSI CAMBOJIMYECKUM 0003HAUYEHHUEM YHUCJIa B HEKOTOPOi cucteMe 0003HaueHui. YToObI
HOJYYUTh YUCIIO U3 CUMBOJA B sA3blke CH, BBIUTEM alreOpauyeckyd CUMBOJIBI, KOTOPbIE IPUHATO
yKa3bIBaTh B OJJMHAPHBIX KaBbIYKax. Hampumep:

I6I - IOI
Ota 3anuch SKBUBAJIEHTHA BbIYMTaHUIO 54 - 48, pe3ynbTar KoToporo 6. T.e. eciiu HYKHO
HOJIYYHUTh YHCIIO U3 CUMBOJIA, HY’)KHO M3 3TOT0 CHMBOJIA BBIYECTh ASCIi-KO HYJIS.

Jo6aBum B ¢yHkiuto WriteToDisp crpoku:

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

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

Teneps B BEUHBIH IIMKJI OCHOBHOI MPOTpaMMbl MOKHO HAITUCATh BCETO OIHY CTPOKY C
dynkimeit writeToDisp(n), rae N - menoe nojg0KUTEILHOE YUCIIO IS 3aIIMCH B HHIUKATOP.

JABOPATOPHAA PABOTA Ne23
«Pabora ¢ ALIIT kouTponnepa ATmegal6»

Lens paGoThl: YyCBOUTH Ha3HaUEHUE O0BEKTA «CTPYKTYpay, U3YUUTh CIIOCOOBI OOBSBICHHS
CTPYKTYP ¥ MHULIMATU3ALNHN UX TOJICH.

BBeaenue

Jlns u3mMepeHust TemrepaTypbl OKpY’Karollero Bo3/1yXa B COCTaB yCTPOUCTBA BXOAUT AaTUHK
temmepaTypbl KTY81/120, noaxmtodeHHbIi K kaHany (0 aHanoroBo-1u@poBoro npeodpazopatens
ATmegal6.

[IpeoGpazoBarens KoHTpoepa npencrasiser codoit ALl mocnemoBaTensHOTO MPUOITH-
KEHUS, UMEET 8 He3aBUCUMBIX KaHAJIOB U o0ecrieunBaeT 10-OMTHBIN pe3ybTar.

Hns pabotsl ¢ ALIII B ATmegal6 mpemycMOTpeHBI CleUaIbHBIE PErUCTpPbI, KOTOpPbIE
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JOJDKHBI ObITh HacTpoeHsl nepena ucnonb3oBanueM AL Ilpexne Bcero, Heo6xoaumo "coo6-
IIUTE" KOHTPOJUIEPY TUIl UCTOYHHMKA OIOPHOIO HampsbkeHus npeodOpazosarend. [Ipu npoektu-
pPOBaHUM MPUHIUIHAIBHON CXeMbl HamMH ObUIO BbIOpaHO moxakiaodeHue BbiBoja AREF nHa
"3eMII0" yepe3 KOHJEHCATOop.

B noxymeHTanuu KoHTposiepa Ha cTp. 217 mpeacraBieH OJUH U3 PErUCTPOB HACTPONKU
AIIII, xotopsrit Ha3eiBaeTcst ADMUX.

Bit 7 & 5 < 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 Mux2 MUX1 MUX0 I ADMUX
ReadWrite RW RW R/W RW R/W RW RI'W RW
Initial Value 0 0 0 0 0 0 0 0

Puc. 23.1. Peructp ADMUX

[lecroit u cenqpmoit 6utel aToro peructpa (REFSO u REFS1) npennaznauens: st BeIOOpa
MCTOYHHKA OITOPHOTO HATIPSHKECHHUSL.

Table 83. Voltage Reference Selections for ADC

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

Puc. 23.2. Haznauenue 6utoB peructpa ADMUX

Kak BuIHO M3 TaOMHIBI, 7S HAILIETO CIIydas IMOAXOIUT BTOpasi CTPOKA, T.€. HCIIOJIb3YeTCs
onopHoe HanpspkeHue ¢ BbiBoga AVCC, nipu 3tom BeiBog AREF noakimrouen uepes koHaeHcaTop.

[Tateiit 6ut perucrpa ADMUX nassiBaetcst ADLAR (ADC Left Adjust Result) u npenna-
3Ha4yeH Ul BBIPAaBHUBAHMS pe3ysbTara IO JIEBOMY WM MPAaBOMY Kpar PErHCTpOB pe3yibTaTa.
PesynbraT mpeoOpa3oBaHus BCeT1a TOMEIIAETCS M XPAaHUTCS B IBYX 8-OuTHBIX peructpax ADCH
u ADCL, npencrapistonmx co0oi crapmmii 1 muiaqmuii 6aiT pesynbrata. OJHAKO pe3yapTar
npeoOpazoBanus cocTouT u3 10 OUT, a 3HAUUT, OH MOKET OBITH PACIIONOKEH B 3TUX JIBYX OaiiTax
HO-Pa3HOMY:
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ADLAR =0
Bit 15 14 13 12 1 10 9 8
- - - - - - ADCY | ADCS ADCH
ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 | ADCO ADCL

Read/Write

Initial Value

(=T =T s i
o o @3 D
o o 03
[=T0 =T s i s B
o o 03
o o @3 D
(=T =T e 1
o o ;D 3D o

ADLAR =1

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

ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 i}
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 a
0 0 0 0 0 0 0 b}

Puc. 23.3. bur ADLAR

[To ymomuanuto 6ut ADLAR paBeH Hy:I0, T.€. 8 OUT pe3yapTaTa MOMENIAIOTCS B MIIaALINI
6aiit ADCL, a nBa ocraBmmxcs 6uta - B crapmuit ADCH. O0mmii pe3ynbraT npeodpazoBaHus
MO3KET ObITh AOocTymeH B nporpamme i no umeHam ADCH u ADCL, win no ogHOMY UMEHU
ADC.

butet MUX4..0 npennasHadeHsl 411 BBIOOpA KaHaa U criocoda nmpeodpazoBanus. B camom
IPOCTOM CJy4ae, KOT/Ia BXOIHON CHUTHAJ IMOJKIIOYEH K OJHOMY BBIBOAY KOHTpPOJUIEpa, OUTHI
MUX4 u MUX3 nomxHbl ObITH paBHBI HYIIO, @ Outamu MUX2, MUX1, MUXO0 BeiOuparoT KaHai
ot 000 (xanan 0) go 111 (kanan 7). Utoro 8 xananoB. ALl ATmegal6 moxer paboTarh B Tak
Ha3blBaeMOM (G (EepeHINaTbHOM PEeXUME, KOT/la M3MEpPEHHE HANpPSIKEHHUs IPOUCXOAUT He
MEX/ly KaHaJIOM M OOIIel TOYKOM, a MEXIy JByMs BbIBOJaMM KOHTposuiepa. [lyig 3Tux nenen
ucnonb3ytores outsl MUX4 u MUXS.

B namem ciygae mpeoOpa3zoBaHue MpocToe, ¢ ogHoro kanana (, mModToMy BcCe OHUTHI
MUX4..0 101kHBI OBITH paBHBI HYIIO.

HactpouTts peructp ADMUX moxHO Tak:

ADMUX = 0x40;
Opnnaxo nHpopmaTuBHee OyJET MPOU3BECTH 3aIUCH B AIBOUYHON CHUCTEME:

ADMUX = 0b01000000;

[Tpu TakoM criocobe 3amucu BUJHO, YEMY PaBEH KaKIblii OUT perucrpa.
B cpene pa3zpaborunkoB 6osiee NOMyaspeH HHOM criocod 3amucu OUTOB B PETUCT:

ADMUX |= (1 << RFS0);

B 3ammcu Bbime soruueckasi €MHHIA CBUTAeTCs BIEBO Ha 6 paspsuoB. liMeHoBaHHas
koHctanta RFSO o0wsBiieHa ¢ momonrsio #define B ¢aitne iom16.h u coorBercTBYyeT umcay 6 B
ATmegalo.
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iom16.h

Puc. 23.4. Yacts nuctunra daiiia iom16.h

3areM coctosiuue peructpa ADMUX nornyecku ckiiaplBaeTcsi CO CABUHYTOM Ha 6 pasps-
noB BieBo enunuieit (0b01000000). Pe3ynbTar 1Oru4ecKoro ClIoXKeHHs 3aliChIBA€TCS CHOBA B
peructp ADMUX.

Taxoii crioco0 3amucy HarJIsSIAHO IEMOHCTPUPYET, KaKoil OUT U3MEHSETCs, a CaMOoe IJIaBHOE
— obecrieunBaeT YHUBEPCATbHOCTD IPOTPAMMBI.

B pa3nbix monensx xkontpoiuiepoB AVR OuUTBI MOTyT pacrionaratbcsi B pa3HOM MOPSIKE.
Kondurypupys peructp B SsBHOM BUJE, T.€. KOHKPETHBIM YHCIIOM, MBI JIEJIa€M MIPOrpamMmy Mpu-
TOJTHOM TOJBKO JJIi KOHKPETHOTO KOHTPOJUIepa, U BPsA JIM OHA OyJeT BEpHO paboTaTh B ApYroi
Mojenu. BerpoeHHbie mMeHa OuToB, Takue kak RFSO, ¢ GorbIeil BEpOSITHOCTBIO OYAYT BCTpe-
4aThCsl U B APYTUX MOJAETAX KOHTposuiepoB AVR, mycTh U COOTBETCTBYS APYTUM HOMEpaM OUTOB.

Bropeim cienmansHbiM peructpoM st padotsl ¢ AL siBisiercst peructp ADCSRA - pe-
TUCTp ympaBieHus u cocrosius ALIL

Bit 7 B 3 < 3 2 1 0

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

Puc. 23.5. Peructp ADCSRA

but 7 - ADEN - pazpemenue padotst ALIT.

but 6 - ADSC - ctapT eITMHUYHOTO MTPe0Opa30BAHUS.

bur 5 - ADATE - pa3pemnienue apro3amycka npeoOpa3oBaHusi Mo nepeagHemMy GpoHTY mpe-
00pa3yemMoro BXOJAHOTO CHTHAJIA.

bur 4 - ADIF - npusnak (¢nar) npepsiBaHHs aBTOMaTHYECKH YCTaHaBIMBaeTcs B 1 Mo
OKOHYaHUU MpeoOpa3zoBaHUsl.

bur 3 - ADIE - pa3perienue npepbiBaHus OT IpeoOpa3oBaTes.

buter 2..0 - ADPS2..0 - 6uthl BeIOOpa ACTUTENS YaCTOTHI MPeoOpa3oBaTelsi ONPEISIISFOT
CKOpOCTh pabOThI peoOpa3oBaTeIs.
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Table 85. ADC Prescaler Selections

ADPS2 ADPS1 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. Ilpennenurens ALIL

Jlo6aBuM ClIeyIOIIyI0 CTPOKY B (yHKIHIO Setup():

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

Pa6ora ALIIT O6yzner pa3pemieHa, yactora paboTel Oyaer B 128 pa3 MeHBIIIE 9acTOTHI TaK-
TOBOI'O cUrHana, npepsiBanus ot ALl oTkir04YeHsI.

Cnenyroum maroM padotsl ¢ AL sBnsiercs Hanucanue QyHKUIMU, 3allycKarollen mnpe-
o0pa3oBaHue BEIOPAHHOTO KaHajla U BO3BPALIAIOLIEH pe3yabTaT npeoOpa3oBaHusl.

unsigned int readADC(unsigned char channel)

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

}

Bo3zspamraemoe ¢yHKIIMEH 3HaAUECHUE — II€JI0€ MOJ0KUTENTBHOE 16-0MTHOE YMCII0. APTYMEHT
(byHKLMY, YKa3aHHBIN B €€ 3ar0JIOBKE B CKOOKax - HoMep npeoOpasyemoro kanana ALIIL.

B niepBoii cTpoke noiaydeHHbIH (QyHKIMEH HoOMep KaHala JIOTUYECKH YMHOKAeTCsl Ha YU CIIO
7 (0b00000111), 4TOOBI OrpaHUIUTH BO3MOMKHBIC OIIHMOKY MPH YKa3aHUU HOMepa KaHaia OoJbIiIe
7.

Bo BTOpOIi CTpOKE BBINOJIHACTCS 3aycK peoOpa3oBanus 3anuckio 1 B 6ut ADSC peructpa
yrpaneHus u coctossaus ALIIT ADCSRA.

TpeTbst cTpoka obecrieunBaeT May3y BBINOJHEHHs MporpamMmbl Ha Bpems paborel ALIII.
Yuraercs cTpoka Tak: "MOBTOPATH MPOBEPKY YCIOBHUS MOKA PE3YNbTAT JIOTHYECKOTO YMHOKEHHS
cocrosHue peructpa ADCSRA u casunyTo# BiieBo Ha 4 paspsna equauisl (out ADIF yerBepThii
1o HoMepy) paBeH HyJr0". [Iporpamma Oyzer moBropsaTh nuki While mo tex mop, moka yciosue
IIUKJIA JIOXKHO, T.€. oka (ar roroBHocTH ADIF He craner pasen 1.

B mocnenneit cTpoke Bo3BpamaeTcs pe3ysibTaT MpeoOpa3oBaHMS — YMCIIO, MPOIOPIHO-
HaJIbHOE HaNpsKEHUIO Ha 37-M BBIBOJIE KOHTPOJLIEPA.

ITopsinok BbINOJIHEHHS PadOTHI

1. Hanucats pynxiun nactpoiiku AL st pazpabaTeiBaeMoro ycTpoucTsa.
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KoHnTpoJsbHBIE BOPOCHI

1. Onummre nporecc Hactporiku peructpoB AL korTposmepa ATmegalb.
2. Yto Takoe npenaenurens ALII?

JIABOPATOPHAA PABOTA Ne24
«O6pabdoTka pe3ynbTaToB padboTsr ALID»

enp paboOTHI: MOMYYUTHh HABBIKH PA0OTHI ¢ pe3ylbTaTaMH aHaIoro-mudpoBoro mpeodpa-
30BaHUS U TPUBEIICHUS UX K COOTBETCTBYIOIIUM (DU3MYECKUM BEJTHUHHAM.

BBenenue

Panee Obia mpousBeneHa nactpoiika AL, a Takke co3maHa QyHKUMA 3amycka mpeoo-
pa3oBaHUS W TOJNYYCHHS pe3yabTara, NPEACTaBISIONIEr0 CO0O0W YHUCIIO, MPOMOPLUUOHATBHOE
BXOJIHOMY HampspkeHuto. K HacrosiimeMy MOMEHTY (yHKIUS HACTPONKU KOHTPOJLIEPA BBITTISIUT
TakK:

void setup()
{
DDRC = OxFF; //nacmpoiika nopma C na 661600
DDRD = 0xFF; //nacmpotixa nopma D na 61600
ADMUX = (1<<REFSO0); //sb160p ucmounurxa onoproco nanpsicenus ALITT
ADCSRA = (1<<ADEN)|(1<<ADPS2)|(1<<ADPS1)|(1<<ADPS0); //srnouenue AL[I]

u Hacmpo UKa Oenumens 4acmomol

}

Hanucanb! ¢pyHkuun ¢popmupoBanus U(psl Ha HHAMKATOPE U BHIBOJIA YUCIIA HA DKPAH:

void showDigit(unsigned char digitNumber, unsigned char value)
{
PORTC = digit[value];
if (digitNumber == 1) {DIG1_ON; DIG2_OFF; DIG3_OFF;}
if (digitNumber == 2) {DIG1_OFF; DIG2_ON; DIG3_OFF;}
if (digitNumber == 3) {DIG1_OFF; DIG2_OFF; DIG3_ON:}
}

void writeToDisp(unsigned int data)

{
char str[3] = "000";
sprintf(str, "%.3d", data);
showDigit(1, str[0] - '0;
_delay_ms(5);
showDigit(2, str[1] - '0);
_delay_ms(5);
showDigit(3, str[2] - '0";
_delay_ms(5);

}

Hanwucana ¢pynkuus 3amycka npeoOpa3oBaHUs U NOJTYYSHHS pe3yibTaTa:
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unsigned int readADC(unsigned char channel)

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

}

Teneps HanueM QyHKIHIO, TpeoOpa3yromyo noxydeHHsrid ot ALl pe3yiabTaT B Temrie-
parypy. ®yHkuus OyneT Bo3Bpamarh pe3yiabTaT B Tpaaycax Llembcus, a B KauecTBe apryMeHTa B
cKoOKkax mpuHUMaTh pesynbrar ALIL.

int getTemp(unsigned int adcResult)
{

Borunicnenuss OyzaeM IpoOW3BOJAUTEH MOCJIENOBATENIbHO: CHAyala NEPECUYUTAeM pPE3yJbTaT
AIII B HanpspKeHHWE, 3aTEM U3 MOJIYYEHHOTO HANpPSKEHUs BBIYMCIMM COIPOTUBJICHUE JAaTUMKA
TEMIEPATypbl B MOMEHT IPe0Opa30BaHus U O CONPOTUBIICHUIO BBIUUCIUM TEMIIEPATYPY.

O0bsiBuM niepeMennbie Tumna float, T.x. ux 3HadeHust PoOHbIC:

float volt, resist, t;
Beranciium HanpsokeHue:
volt = 5*adcResult/1024; //pacuem nanpsicenus npuseden 6 rexyuu

Tak kak gaTuuk TEMIICPATYpPhbl NOAKIIIOYUCH B HUXXKHCM IUICHEC ACIIUTEIISI HAIIPAKCHUA (CM.
J'IeKIII/IIO), €ro COMpOTHUBJICHUC BEIYUCIIACTCS 11O BBIPAXKCHUIO!:

R2 = RI1*Uswbix/(Usx - Usbix)
Hamumem cTpoKy [Tt BEIYHUCIICHUS COTPOTUBIICHUS COTJIACHO ATOMY BBIPAKCHHIO:
resist = 2200*volt/(5 - volt);

B nanncannoii crpoke 2200 - 3T0 conpoTuiieHue pe3uctopa R1 BepxHero mieya 1eauTens
HanpsbkeHus: B OM, 5 — BXO/IHOE HaIlpsbKeHHe JienuTens B BonbTax, paBHOE HANPSHKEHUIO MTUTa-
HUS CXEMBI.

Jlns BBIYMCIICHHS TEMIIEpaTypbl oOpatuMmcs K JTokyMeHTanuu aatanka KTY81/120, B ko-
TOPOU MPUCYTCTBYET TAOJIUIIA COOTBETCTBHS CONTPOTUBIICHHUS JaTYHKA €r0 TEMIIepaType:
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Table 7. Ambient temperature, comesponding resistance, temperature coefficient and maximum expected

temperature error for KTYE1M10 and KTYB1/120

kamjenp = T mA.
Amblent
temperature
ey (A
—55 —&7
—50 —58
—40 —40
=30 -22
20 —
=10 14
4] az
10 =]
20 -]
25 T
85
£ Li] 104
S0 122
&0 140
70 158
o] 176
o] 144
100 22
110 230
120 248
125 257
130 266
140 284
150 a0z

Temperature |[KTY81410 KTY81H20
coefflcient
(/) Resistance (1) Temperature |Resistance (L1} Temperature
Mn  (Typ  |Max  [*™ fain e [max  [omr®
050 475 450 505 302 470 480 510 +4.02
098 500 515 530 Ed ) 495 515 535 +394
098 552 S&T 582 +274 547 56T 588 378
093 ] 24 638 +255 603 624 645 1362
091 -] 684 ] +235 662 684 705 1345
088 71 T4T TE1 214 T26 T4T TE0 1327
085 B2 815 fiv] +1.91 Ta3 815 s +3.08
083 874 885 808 +1 67 865 886 207 +288
0.80 ash a8l arz +1.41 RN 281 482 266
0ra =] 1000 1010 127 QB0 1000 1020 +254
078 1029 1040 1051 +1.340 1018 1040 1061 268
075 1108 1122 1136 +1.64 1087 1122 1147 12497
073 1182 1200 1225 +1.91 1180 1209 1237 1328
om 1278 1200 1319 219 1265 1200 1332 1361
0E0 1360 1302 1416 +2 440 1355 1302 1430 +3.84
087 1462 1400 1518 28 1447 1480 1532 +4.3
085 1550 1501 1623 +312 1543 1581 1639 +4 .66
063 1650 1606 1733 346 1642 1606 1750 505
081 1762 1805 1847 +383 1744 1805 1865 1548
058 1867 1915 1063 +4.33 1848 1915 1982 .07
055 1019 1970 2020 4. 66 1800 1970 2040 64T
052 1870 203 2077 507 1850 3 T 598
045 2085 2124 2184 628 2043 2124 2205 +B851
035 2145 211 3277 855 223 211 2200 +11.43

Puc. 24.1. 3aBUCUMOCTb COIIPOTUBIIEHUS 1aTYMKa OT €r0 TEMIIEpaTyphbl

BamnuireM cTooibl TeMiepatypsl (B rp. C) u conporusienus (cronber; Resistance Typ.) B
MS Excel, moctpoum rpaduk 3aBUCHMOCTH TeMIIEPaTypbl OT COMPOTHUBICHUS, J00aBUM JTHHUIO
TPEHJIa U ee BhIpaKEeHHE:

Temp

100

Resistance
515
567
B24
B84
TAT
815
886
961

1040
1122
1209
1299
1392
1490
1591
1696

fix) = — 3.747B4322647T875E-05 x* + 0.207255947194391 x — 145.008053410173

Puc. 24.2. Ucnionb3oBanue MS Excel mist momyueHust BeIpaKeHUs

W3 nonydyeHHoro BelpakeHus 100aBUM CTPOKY B IIPOrpamMmy:

t = -3.7478*resist*resist*0.00001 + 0.2073*resist - 145.008;

52



BepHeM 3HaueHue nepeMeHHOM t ¥ 3aBepIuM HanucaHue GyHKIUU:

return (int)t;

}

B cTpoke BbIle MCIONB3YETCS ONepalnus MPUBEACHUS TUIOB. [[eno B TOM, 4TO B Tepe-
MEHHOH t OCJIC BEIYUCIICHUS 6YI[CT XPAaHUTLCA Lcjiasd U )1p06Ha51 YaCTb 3HAUCHUA TCMIICPATYPHI.
s pa3zpabaTeiBaeMOro yCcTpoWCTBa Takasi TOYHOCTh M30BITOYHA, IPOOHYIO YacThb MOXHO OT-
opocuth. Ecnu onyctuth ykazaunue (int), To B mpoliecce KOMIMISIUH BOZHUKHET OMIMOKA, T.K.
GYHKIMS TODKHA BEPHYTH Iefioe 4uciio (mepej ee mMeHeM ykasaH int), a B omeparope return
BO3Bpaiaercs 1podHoe uucio Tumna float.

Teneps Ui BBIBOAA TEMIIEPATypbl HA UHIUKATOP B OCHOBHOM (DyHKLIMU MAIN 10 BEYHOTO
LUKJIa MOXKHO YKa3aTh:

writeToDisp(getTemp(readADC(0)));

B ¢yukiuro writeToDisSp B kauecTBe apryMeHTa MOJCTABIISICTCSl PE3YJIbTAT BBIIOIHCHUS
¢ynkuuu getTemp, apryMeHToM KOTOPOH B CBOIO OUYepeab sBIseTCs pe3ynbTar padoTsl AL

Puc. 24.3. Pe3ynbTar BbIBOJIa TEMIIEPATYPHI HA IKPaH

IMopsiioK BHINOJHEHUS PAOOTHI

1. ns pazpabareiBaeMoro ycTpoicTBa HamucaTh (DYHKIIMW TIPUBEICHUS pe3yibTaTa mpe-
00pa30BaHMs K COOTBETCTBYIOIUM (PU3UUECKUM BEITHUNHAM.

KonTpoJbHbBIE BOPOCHI

1. O6BsicHuTh pUHIHI 00paboTKM pe3ynbTaToB padoTsr ALIIT.
2. OObsicHUTH TpeOOBaHUS TOYHOCTH BBIYMCICHUH 3HAYCHHH (DU3WYECKUX BEIMYUH TIO
pe3yabTaTaM npeoOpa3oBaHusl.
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JIABOPATOPHAA PABOTA Ne25
«Pabota ¢ Taitmepamu ATmegal6y»

[{enb paboOTHI: MOTYYUTHh HABBIKKM HACTPOWKH TaiiMepoB KoHTposuiepa ATmegal6, a takxke
Hanucanus GyHKIUH 00pabOTKH UX MpephIBAaHUH.

BBenenue

Pance Obina Hamucana ¢ysakius getTemp(unsigned int adcResult) mis BerumciacHus tem-
nepaTypsl BO3AyXa U3 3HAUCHHUSI, MTOJIy4eHHOTo B pe3ynbTare padotsl ALl ®yHnkuus Oblia BbI-
3BaHa B OCHOBHOM ()yHKIMHM Main mo Beunoro rwkia While (1), a 3HaunT, M3MEpEHHE U BBIBOI
TEMIEPATypbl HA UHIUKATOP MPOU30MIET BCEro OAMH pa3, [Jigl OOHOBJIEHMS IMOKAa3aHUS TEMIIe-
paTypbl KOHTPOJLIEP HYKHO TIepe3arpy3uthb. Takoil anropuTM MOXKET UCIOIB30BaThCS TOJIBKO Ha
BpEMsI HallMCaHUs POTrPaMMBbl U €€ OTJIa/Ki. B 3aKOHUEHHOM yCTpOICTBE TeMIiepaTrypa J10JIKHa
OOHOBJISITHCSI IEPUOTUIECKH.

CymecTByeT /1Ba BapuaHTa OOHOBIICHHS TEMIIEPATyphI:

1. B Beunom 1ukite While (1);

2. C noMo1Ipio TaiMepa/cyeTynKa.

B nepBom cityuyae nipu Majiom oobeme Koja B nukiie While o6HoBieHre Oy1eT TPOUCXOIUTh
CIMIIKOM yacTo. M3-3a Bbicokoi ckopocT padoTsl ALl mpu rpaHUYHBIX 3HAYEHUSX peabHON
TEeMIEpaTyphl BO3/lyXa Ha UHIUKATOpE 3HAYCHHs OyayT MEHSAThCS MOCTOosiHHO. Hampumep, Tem-
nepatypa Bozayxa 25,999 rp. C uepe3 Heckosibko MrHOBeHUH n3menutcs 10 26,001 rp. C. [Ipu-
yeM (pu3MKa JaTYMKa TaKOBa, YTO €r0 COMPOTHBIICHHUE MOCTOSTHHO MEHSETCS B HEKOTOPBIX Mpe-
JieN1ax, MOATOMY B €r0 IOKYMEHTALUU JUISl KaX/10T0 3HaYeHMsI TEMIIepaTypbl IPUBEIEH AUANa30H
3HayeHU# corpoTtuBieHus. KoHntpomnep oundpyer kaxjaoe HW3MEHEHHe comnpoTuBieHus. U3
BBIIIECKA3aHHOIO CJIEIYET, YTO U3MEPEHHE TEMIIEPATYPhI CIEAYET MIPOU3BOIUTH PEXKE.

Ecnu Ob1 00beM mporpammuoro koza rukiaa While 6bu1 goctatodHo GONBIIAM, TO HU3Me-
peHue Morjo Obl MPOMCXOAUTH CIUIIKOM MEAJIEHHO, T.K. B KOHTPOJUIEP BBIIOJHSAET KOMaHbI
[IUKJIa TIOCJIE0BATENBHO APYT 3a ApYyroM. Takoil Mmojaxoj HeBepeH, 0COOCHHO B TeX B ClyyasX,
KOTI'/la Hy’)KHO TOYHO OTCJIEKMBATh U3MEHEHHUS aHAJIOTOBOT'0 CUTHAaA.

HanOonee npaBUJIbHBIM pELIEHUEM NPU U3MEPEHHM TEeMIepaTyphl SBISETCS UCIOIb30Ba-
HUE TailMepa/cueTynka M ero mnpepbiBaHusA. J[OCTOMHCTBA 3TOTO crmocoba B TOM, UYTO Taii-
Mep/CUETUMK SIBIISIETCS CAaMOCTOSITENIbHBIM YCTPOHCTBOM, OH pa0OTaeT HEe3aBUCHMO OT IpOIlec-
copa KoHTpoJuiepa. [loka KOHTpoJuIep BBINOIHSIET CTPOKU MPOrpaMMbl OJHY 3a APYroH, Taii-
Mep/CYEeTYMK NMPOJODKAET CYMTATh TAKTOBBIE UMITYJIBCHI, ITOCTYNAIOIINE HA €r0 BXO/I.

UToObl OpraHu30BaTh BHINOJHEHUE KAKUX-THOO NEHCTBUI KOHTpoJiepa Mpu, HallpUMep,
JOCTH>KEHUH TaliMepOM/CUETYMKOM HEKOTOPOTO 3HAUEHUS MITH MPH COBEPIIEHUH MOJIHOTO ITUKIIA
cyera, clieflyeT HaCTpOUTD MpephIBaHue 10 TaiiMepy/cueTunky. Cuctema npepbIBaHUil onucaHa B
JeKIMH, a 00LIMe MPUHIUIBI HACTPOIKH TaltMEpOB/CUETUUKOB B JICKIHH.

Kak u c moOoit npyroit mepudepueil KoHTposiepa, Mepei HCIOJIb30BAHUEM Taiime-
POB/CYETYMKOB MX HY>KHO HaCTpOoUTh. BbibepeM 11t paboThl, Hanpumep, TaiiMep/cuetyuk 77. 1o
16-pa3psiaHbIil TaliMep/cueTdrK, T.e. ero cyeTHbd peructp TCNT1, B koTopom u Oyzaer coaep-
KaTbCs PE3yNbTaT CYEeTa, COCTOUT U3 IBYX OAMT.

JIro6oii TaiiMep/cueTUYK MOXKET paboTaTh B pa3IMYHBIX pexumax. [ mocraBieHHOM 3a-
nauu OyzieM MCII0NIb30BaTh MPEPhIBAHUE T10 MEPETIOIHEHUIO TaiiMepa.

Kaxk n3BecTHO, 10001 CYETUHK B PEXKUME MPSIMOTO cueTa cuutaeT ot 0 0 MaKCHMaJIbHOTO
CBOETO 3HAYEHMsI, 3aTEM CHOBA nepexouT K 0. B 3TOT MOMEHT U BO3HUKAET NEPENOTHEHHE, T.€.
M0 3aBEPIICHUH TOJHOTO MUKIa cuera. Taiimep/cuerunk 7/ ATmegal6 Oyner cuurats ot 0000
0000 0000 0000 mo 1111 1111 1111 1111 (65 535 B necaTU4HOM cUCTEME).

Kontponnep paboraer Ha yactore 16 MI1, mepro olHOro UMITyJIbca TakMepa/CYeTInKa
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T1, ecnu ero TakTUpOBaTh Tako yactoToi, cocraBuT 0,0000000625 cex. YMHOXKHUM 3TO YUCIIO HA
KOJIMYECTBO 3HAYCHMM TaiiMepa/cueTunka 7/, OJyduM BpeMs €ro MOJHOTO ITUKJIA cueTa, KOTO-
poe coctaBut 0,004096 cek. Paznenum 1 cex Ha 0,004096, nonyuum 244 moyiHBIX UKJIOB CYETa
TaliMepa/cueTdrka 3a 1 cekynay. T.e. 3a 1 cekyHny nmpepbsiBaHUE TaiiMepa BOZHUKHET 244 pasa.
DT0 U30BITOYHOE KOJTMYECTBO MPEPHIBAHUN JIJISI U3MEPECHUS TEMIIEPATYPHI.

YMEHBIIUTh CKOPOCTh PabOTHI TaliMepa/cueTyrKa MOKHO, BKIIOUMB B pa0bOTy Mpeiaenu-
TeJbh YacTOTHl. BriOepeM MakcumanbHOe 3HaueHue npemnenurens ATmegal6, kotopoe cocras-
nsiet 1024. Tornma yacToTra UMITYJIBCOB Ha BXOJIe TaliMepa/cyeTdynka cocTtaBuT 15 625 I'u. nu-
TEIHHOCTH MEPUOJIa UMITYJIbCa B 3TOM ciiydae Oyzaer paBaa 1 / 15625 = 0,000064 cex. [TomHbrit
IIMKJI cueTa B 3TOM ciydae Oynet paseH 0,000064 * 65 536 = 4,1943 cek.

Bynem usmepsars temneparypy 1 pa3 B cekynay. st atoro 3anumem B peructp TCNT1
TaliMepa/cueTurKa Takoe HadallbHOE 3HaUYEHUE, YTOOBI BPeMsl CUeTa C ITOr0 3HAYCHHS 10 Iepe-
MOJIHEHUS cocTaBmiIo | cekynay. Beraucnum 3to 3HaueHue: 65 536 - 15 625 =49 911.

[TpucTynuM K HamucaHHio mporpammbl. B ¢yHkmnmo setup() mobaBum HacTpoiiKy Taiime-
pa/cueryuka:

TCNT1=49911; // nauanvnoe snavenue cuemuuxa

Taiimep/cuetunk 7/ WMeeT HECKOJIBKO peructpoB Hactpoiiku. B peructpe TCCRI1A
HaCTpauBaeTCs MIOBEICHHE TaliMepa B PeKUME CPABHEHHSI €T'0 3HAYCHHSI C 3aJaHHBIM, YIIPABJICHUE
BHEIIHUM BBIBOJIOM KOHTPOJUIEPA, CBsI3aHHBIM ¢ 7'/. JI71s1 BHIOpaHHOTO BBIIIE peXUMa paboThl, 3TH
HACTPOMKH HE HYXKHBI, IOATOMY 3aITUILIEM B 3TOT PETHCTP HYIIH:

TCCR1A = 0x00;

B perucrpe TCCR1B mepBeiMu OuTaMu HacTpawBaeTcs mpeanenautens. Hactpoum 3tu
OUTHI:

TCCRI1B |= (1<<CS10) | (1<<CS12); //loenenue vacmomsr ¢ 1024 paza
Pa3pemmm paboty npepbiBaHus Taiimepa/cueryrka 7'/ Mo NepernosHeHn0:

TIMSK |= (1 << TOIEY) ; //srmiouenue ouma TOIE] Ons npepvieanus
Pazpemmm paboTy npepbiBaHH KOHTpOJUIEpa:

sei(); / Brniouenue 2n06anbHbix npepuleanuil

Hammmewm ¢yHKmmo o0pabOTKH TpepbiBaHus MO mepernonHeHuio perucrpa TCNT1 raii-
Mepa/cuetunka 711:

ISR(TIMERL_OVF_vect)

{
TCNT1 = 49911;

Tenepps npu BOSHUKHOBEHHUH ITPEPBIBaHMS, KOHTPOJUIEP IPUOCTAHOBUT BBINOJIHEHHUE LIUKIIA
while u mepeiiier B GyHKIMIO pephiBaHus TaiiMepa. B 3Toit pyHKIMU B CUETHBIH PErUCTp Taii-
Mepa 7'/ cHoBa 3anumiercs 3HaueHue 49 911, u Taiimep NpoAOIHKUT CUET C HETO.

Bezosem ¢ynkmuto getTemp ans 3amycka AL u mosmyueHus 3Ha4eHHs] TEMIIEPATYpHI.
Pesynbrar BeINONHEHHS (PYHKIIMKM MOMECTUM B TJI00ANBHYIO MepeMeHHyo int temp, aist sToro
00BsiBUM e¢ B (paiiize main.h. be3 riobanbHOM MepeMeHHON B JaHHOM Ciy4dae He 00OHTHCH, T.K.
JOCTYN K HEW JOJDKEH BBINOJIHATHCS U3 OCHOBHOM MpPOTrpaMMbl U U3 MpPEpbIBaHUs, HO IIEpENaTh
MEPEMEHHYIO B MpEpbIBaHWE B KAayeCTBE apryMeHTa Helb3s. 3aKOHYUM HamucaHue (QyHKIUH
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IIPEPHIBAHMUS:

temp = getTemp(readADC(0));

¥
Teneps ocHOBHAs PYHKIMSA MAiN Oy[eT BHIMISAACTh TAK:
int main()
{

setup();

while (1)

L

writeToDisp(temp);
¥
return O;

}

B 1ukine while Oyaer mocTOsSHHO MPOUCXOIWTH BBHIBOJ 3HAYCHHUS TEpPEeMEHHOW temp Ha
WHJUKATOP, 3HAYCHUE ATOU MEPEMEHHON Oy/eT M3MEHSATHCS MPU KAKIOM MPEPHIBAHUM OT Tail-
Mmepa/cuetunka 71, KoTopoe OyAeT MpoucXoauTh 1 pa3 B CEKyHIY.

IMopsinok BbINOJIHEHHS PadOTHI

1. JInst pa3pabaTbiBaeMOro YCTPOMCTBA HAaNMcaTh (YHKIIMM HACTPOUKHU TaliMepa.
2. Opranu3oBarh 3aIyCK aHaJIoro-IuGpPOBOro Mpeodpa3oBaHus M0 MPEPHIBAHUIO TaliMepa.

KoHTpoJibHBIE BOMPOCHI
1. Yto Takoe «raitmep» KOHTpoJuiepa?

2. Kakue BO3MOKHOCTH IPEIOCTABIISAIOT TaliMepbl KoHTposiepa ATmegal6?
3. B uem npenMyImecTBO NCOIb30BaHUS TAUMEPOB 110 CPABHEHHUIO C IIUKIJIAMH?
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