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1. Ilesim ocBOEHMSI AU CHUTLIMHBI

LenssMu OCBOGHMS IUCUUIUIMHBI «MUKpOIIPOLECCOpHAsT TEXHHUKAa B MEXaTPOHUKE U
POOOTOTEXHUKE SBIISIIOTCSL ~ Pa3BUTUE Yy CTYACHTOB JIMYHOCTHBIX KAadyecTB, a TaKkKe
dbopmupoBaHue MpodeccHOHATBHBIX KOMIIETEHIIMI B COOTBETCTBHH ¢ TpeboBanusimu OI'OC
BO 1o nanpasnenuto 15.03.06 «MexaTpoHuka u poboToTeXHUKA»/ Mpodmib « MexaTpoHHbIE
CHCTEMBI B aBTOMATH3UPOBAHHOM ITPOU3BOJICTBEY.

3aa4y JUCLUIUIMHBI — YCBOCHUE CTYACHTaMU:

- OCHOBHBIX IIPUHIUIIOB IOCTPOCHUS, METOJUK MPOCKTUPOBAHUSA MHUKPOIIPOLIECCOPHBIX
CHCTEM YIPABICHUS B MEXaTPOHUKE U POOOTOTEXHUKE,;

- TEOPETHMYECKUX M MPAKTUYECKUX HABBIKOB IPOrPaMMHUPOBAHUS U  HaJaJKu
MHUKPOIPOLIECCOPHBIX CPEJICTB MEXAaTPOHHBIX M POOOTOTEXHUYECKUX CHUCTEM B aBTOMA-
TU3UPOBAHHOM IIPOU3BO/ICTBE.

2. Mecto aucuuminnsl B ctpykrype OOII noaroroBku 6akaiaBpa

JlucuuiuiiHa u3ydaercs Ha 3 Kypce, BXOAWT B BapHAaTUBHYIO YacTh 00pa30BaTENIbHON
IpOrpaMMbl. YCHENIHOE YCBOCHHWE MaTepHaia IpeanojaraeT 3HaHHE CTYICHTAaMH OCHOBHBIX
MOJIOKECHUH CIIAYIOMINX JTUCIIUIUIHH:

DJNEeKTPOHHBIE YCTPOICTBA MEXaTPOHHBIX U POOOTOTEXHUUECKUX CUCTEM;
Teopust aBTOMaTHYECKOTO yIIPaBIICHHS,

DJEeKTpUYECKUE U FIEKTPOHHBIE alaparsl;

DNEKTPOTEXHHUKA U IEKTPOHHKA.

3HaHUS M yYMEHHUS CTYJIEHTOB, TIOJy4E€HHblE€ TpPU M3YYEHUU  JUCIUILIMHBI
«MuKponporeccopHasi TEXHUKa B MEXaTPOHUKE M POOOTOTEXHUKE» OyayT HEOOXOIUMBI TPU
BBINOJIHEHUH BBIITYCKHOM KBaNU(UKALMOHHONW PaOOTHI.

3 Kommnerenuuu oOy4yawuerocsi, ¢opmupyemble B pe3yJbTaTe OCBOCHHA
AUCHHUILIMHBI (MOYJIS1) M IJIAHUPYEMble pPe3yJIbTaThl 00y4eHHs

B pesynpTare ocBOeHUS IUCHUIUIUHBI (MOIynsi) «MHKpPOMpOIECCOpHAs TEXHHKA B
MEXaTPOHUKE W  POOOTOTEXHHKE» OOydJarolmuics JOKEH 00JiamaTh  CIEAYIOIIMMHU
KOMIIETEHITHSIMHU:

CrpyKTypHBII
JIEMEHT [Inanupyemble pe3yabTaThl O0yUeHHs

KOMIIETEHIINH
OIIK-6 — crioco0HOCTH peliaTh CTAaHAAPTHBIE 3324l MPo¢ecCHOHATbHO 1eATeTbHOCTH
Ha ocHOBe HWHGpopMannoHHON u OuOJAHMOrpadpuyeckoii KyJabTypbl € INPHMEHEHHEM
UH(GOPMANMOHHO-KOMMYHUKAIMOHHBIX TEXHOJIOTHH M C Y4eTOM OCHOBHBIX TPeOOBaHUIl
HH(OPMAOHHON 0e30aCHOCTH
3HAThH - BHABl HCTOYHHKOB HMH(pOpMAIMH, HEOOXOAMMON  1ais  peleHus
npodecCHOHATIBHBIX 33/1ay;
- OCHOBBI HH(OPMAIIMOHHON O€30MaCHOCTH.
YMeTh - BBLACIATH OCHOBHBIE U BCIIOMOTATEIbHBIE ATAllbl PEUICHMsI MOCTaBJIECHHOM
MpoQeCCHOHAIBHON 3a/1auu;




CTpyKTypHBII

JJIEMEHT [Tnanupyemble pe3yabTaTbl 00ydeHUs
KOMITETCHIIH
- O1IeHUBAaTh 9()(HEKTUBHOCTH MPEAIAraeMbIX PEIICHHIA.
Branets - HaBBIKAMH NPOEKTHPOBAHHUS MHUKPOIPOILECCOPHBIX YCTPOWCTB MPH PEIICHUN

OCTaBJICHHBIX MPO()ECCHOHAIBHBIX 3a/1a4.

IIK-5 — cnocoOHOCTHh MPOBOAMTH IKCIEPUMEHTHI Ha JIEHCTBYIONIUX MaKeTaxX, o0pa3uax

MeXaTPOHHBIX
pe3yabTaThl
TEeXHHYECKHX C

U POOOTOTEXHHMYECKHUX CHCTEM IO 3aJJaHHBIM METOAUKAM M 00padaTbIBATh
¢ TMNpHUMEHEHHEM COBPEMEHHBbIX HMH(OPMALMOHHBLIX TEXHOJOTUH U
eJCTB

3HATH

- OCHOBBI TOCTAHOBKH 3KCIIEPUMEHTA;
- METOJIUKH MPOBEJICHUS HKCIIEPUMEHTOB;
- NPUHIMIBI QYHKIIMOHUPOBAHUS MEXaTPOHHBIX MOJAYJIEH.

'YMeTn

- [NTAHUPOBATH IMTOCTAHOBKY 3KCIICPUMCHTA,
- OpTraHHU30BbIBATH ITIOCTAHOBKY 3KCIICPUMCHTA,
- OCYHICCTBJIATH KOMMYTAIMIO PA3HBIX MCXATPOHHBLIX CUCTCM.

Brnaners

- HaBbIKAaMHU KOMITBIOTEPHOU 00pab0TKH MH(MOpMAIUu;
- HaBBIKaMU aHAJIN3a PE3yJbTaTOB KCIICPUMEHTOB;
- HAaBBIKAMU Pa0OThI C CETEBBIMU TEXHOJIOTHSIMHU.

IMK-9

CIIOCOOHOCTL

YyacTBOBaThH B Ka4yeCTBe HCIIOJIHUTCJIA B HAY1HO-

MCCJICI0BATCIbCKHUX pa3pa60TKax HOBbIX pOﬁOTOTeXHI/I'leCKHX H MEXATPOHHBLIX CUCTEM

3HAThH - OCHOBBI ()YHKIIMOHMPOBAHUS LIU(PPOBBIX YCTPOICTB;
- CrocoObl COIJIacoBaHMsSl YPOBHEW HAIpPsDKEHMM U TOKOB Harpy3ku U
MUKPOIIPOLIECCOPHBIX YCTPOUCTB.

YMeTh - IPOCKTUPOBATH DJIEKTPUYECKUE MPUHIUIINAIBHBIE CXEMBbI, [I€YaTHBIC IJIAThI
pazpabaThiBaeMbIX pOOOTOTEXHUUECKHUX U MEXATPOHHBIX YCTPOMCTB.

Bianets - HaBBIKAMU HAlMCaHWA M OTIAAKA IMpOrpamMMm g  HCIOJIb3YEMBbIX|

MHUKPOITPOIIECCOPHBIX YCTPONCTB.




4. CTpyKTYypa U cofepKaHMe JUCHUILTHHBI

OO6mmas TpyA0€MKOCTh JUCIUILUIMHBI COCTABIISIET 5 3aueTHhIX enuHuIbl (180 akas. yacoB) B TOM yducIe:
— KOHTaKTHas pabora 68,7 akaJ. 4acoB:
— aynuTtopHas — 64 akan. daca,
— BHeayauTopHas — 4,7 akaj. Jaca.
— caMocCTosTeNIbHas paboTa — 75,6 akaj. 4acos;
®dopma arrecTanvy — IK3aMeH.

AynvropHas
KOHTaKTHasA
paGoTa Camocrt Kopg n
Pasnen/ Tema C (B akan. yacax) |CATeD ) dopma Tekylero KOHTpOoJA CprKTyp
A eM Hasd Buz camocroATesnbHOU YCIIEBAEMOCTH U HBbIU
CIIUIUIMHDI ec 1abopa rpaxT pabota paboThI IIPOMEXXKYTOYHOU 2JIEMEHT
™ |nexn| - (B aKa,z)[. arTecranuu KOMIIETE
Jacax 130005051
MH | ooy | 38HAT
o ust
1. Beenenue
1.1. Ucropus MUKpOTIPOLIECCOPHON TEXHUKU 1 | oout | ojont 05 [IpoureHne NEKIMOHHOTO VYceTHBII onpoc [IK-9 3
6 ' MaTepuaa (cobecenoBanue)
1.2. CoBpeMeHHBII  3Talml  pa3BUTHUA > | ooit | o/om 05 [IpoureHne NEKIIMOHHOTO VYeTHbII onpoc I1K-9 3
MUKPOIIPOILIECCOPHBIX CUCTEM ’ MaTtepuaina (cobecenoBanue)
Hroro no paznexy| 3 | 0/0U | 0/01 1




AynuropHasn

KOHTaKTHasA
paGoTa Camoct Koan
Pasien/ Tema C (B akajy, uacax) |OATEID ) dopma TekyIero KOHTpOoJIA CTPYKTyp
A eM Hasd Buz camocrosaTenbHOU YCIIEBAEMOCTH U HBbIU
UCIIATLTHHEI ec nabopa mpaxT pabora paboThI IIPOMEKYTOUHOMN dJIEMEHT
™ |pexn| T - (B aKa/:)[. aTTecTranuu KOMIIETE
Jacax 130005051
MU | oo | 3QHST
g ust
2. A3pik nporpammupoBanus C
2.1. OcHOBHBIE TEPMUHBI U IOHATHUS 5 Ui | ojon 5 [IpoureHne NEKIIMOHHOTO VYeTHBII onpoc [IK-9 B
MaTepuaia (cobecemoBanue)
2.2. Tunsl fJaHHBIX > | vyort | oot 6 [ToaroroBka k mabopatopHoOi 3amuTa 1a60paTOpHON [IK-9 B
pabote paboter Nel
2.3. IlepeMeHHBIE, KOHCTaHTbI, MAacCCHBBI, 6 6 | 201 | oot 6 [ToaroroBka k mabopatopHoOi 3amuTa 1a60paTOpHON [IK-9 B
yKazareinu pabote pabotel Nel
2.4. CTpyKTypHI 4 | o | oon 6 [ToaroroBka k mabopatopHoOi 3amuTa 1a60paTOpHOH [IK-9 B
pabote paboTer Ne2
2.5. Ilukiibl, BETBICHUS > | 1y | oont 6 [ToaroroBka k abopatopHOit 3amura 1abopaToOpHOU [1K-9 B
pabote paboTel Ne3
2.6. dynkuun 1 | 111 | 0/01 6 ITonroroska k mabopaTopHOi 3amura 1ab0paTopHOH [IK-9 B




AynuropHasn

KOHTaKTHasA
pabota Camoct Kox u
C oATeJb dopma TekyIero KOHTPOJIs |[CTPYKTYP
Pasnes/ Tema o (B akaz. yacax) o Bt . .
Jl CAaMOCTOATEJIbHOU YCIIEBAEMOCTH U HBbIU
UCIIATLTHHEI ec nabopa mpaxT pabota paboThI MIPOMEXKYTOUHOU 5JIEMEHT
™ |pexn| T - (B akaz. aTTecTranuu KOMIIETE
[ s yacax) HI[UHU
g us
pabote pabotsr Ned
Hroro no pazneay| 17 | 8/3U | 0/01 35
3. Cpema pa3paboTKu MPOTPaAMMHOIO
obecnieuenus Qt Designer
IT 0 i 3 0 i OIIK-6
3.1. Co3naHue u HacTpoWKa MPOeKTa 6 2 | 1/0M | 0/01 6 OATOTOBIE K TADOPATOPHOH AUULT TAHOPATOPHOR
pabore pabotsr Ne5 3yB
3.2. Otnaznka nporpamMmsl 5 Lo | o/om 5 ITonroroBka k 1abopaTopHOI 3amura 1a60paTopHOH OIIK-6
pabore pabotsr Ne5 3yB
Hroro no pazneay| 8 | 2/0U | 0/01 12
4. Muxpokontpoiiep AVR Atmega8
6
4.1. Onucanue, CTPYKTypa, XapaKTEPUCTUKU 4 | 0/0M | 0/0H 6 [IpoureHue 1OMOIHUTEIBHOM VYcrHbIl onpoc ITK-5 3yB




AynuropHasn

KOHTAKTHAaA
paGoTa Camoct Koan
C (B akay. yacax) |CATED dopma TekyIero KOHTPOJIs |[CTPYKTYP
Paznesn/ rema eM Has Buj| caMoCTOATeIbHOM yCIIeBaeMOCTH U HEIH
CIIAIUIAHDI ec n1abopa mpakT pabora paboThI IIPOMEKYTOUHOMN 3JIEeMEHT
™ |pexn| T - (B akaz. aTTecTranuu KOMIIETE
[ s yacax) HI[UHU
o sl
JUTEPaATyPhI (cobecemoBanue)
4.2. Pabora ¢ nepudepueii KOHTpoIIIepa 4 |y | oon 6 [ToaroroBka k 1abopatopHOit 3amura 1abopaTopHOU [IK-5 3yB
pabote padotel Neb
4.3. IlporpamMmmaTop U IMpoLECC 3alUCH B > | 111 | ojon 5 [ToaroroBka k mabopatopHoOi 3amuTa 1a60paTOpHON [IK-9 yB
KOHTpOJLIIEP pabote paboTel Neb
Hroro no pasneay| 10 | 2/2AU | 0/01 14
5. MukpoxonTposep ARM STM32F407
5.1. Onucanue, CTpyKTypa, XapaKTepUCTUKU 4 | oom | o/om 4 [IpouTeHune TOMOMHUTENBLHON YcerHBIM onpoc [1K-5 3yB
6 JIUTEPATYPHI (cobecenoBanue)
5.2. Pabota ¢ nepudepueil KoHTposuiepa 4 | o | oon 6 ITonroroska k mabopaTopHOi 3amura 1ab0paTopHON [1K-5 3yB
pabote paboTbr Ne7




AynuropHasn

KOHTAKTHAaA
. pa6ota Camocrt o Kop n
0ATENb opMa TeKyIero KOHTPOJIA [CTPYKTYP
Pasnes/ Tema o (B akaz. yacax) o Bt . .
I CAMOCTOATEJIbHOU yCIIeBaeMOCTH U HBIN
CIIAIUIAHDI ec n1abopa mpakT pabora paboThI IIPOMEKYTOUHOMN 3JIEeMEHT
™ |pexn| T aq. |(B aKam. aTTecTaluu KOMIIeTe
[ s yacax) 130005051
q ns1
5.3. Ilporpammarop M HpoLECC 3alUCH B 1| yom | ojom 1 [ToaroroBka k 1abopatopHOi 3auTa 1ab0opaTOpHOU IIK-9 yB
KOHTpOJLIIEP pabote pabotel Ne7
54. Cpema mnpoexktupoBanusi STM32 1 | vour | ojomt 26 [MonroroBka k mabopaTopHOi 3ammTa 1ab0paTopHON [1K-5 3yB
CubeMX ' pabore paboTel Ne7
Hroro no pazneay| 10 | 4/1A | 0/0 | 13,6
Hroro 3a cemecTp| 48 | 16/6M | 0/0M | 75,6 DKk3aMeH
HUroro no qucuumiauune| 48 | 16/6M | 0/0M| 75,6
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5. O6pa3oBare/ibHbIE TEXHOJIOTHHI

Jns  peanmuszauuu TMpeIyCMOTPEHHBIX  BHUJOB  y4eOHOM  paboOThl B KauyecTBe
00pa30BaTeNbHbBIX TEXHOJIOIMH B MPENOIaBaHUN JUCIUILIMHBI « MUKpOIIpoLiecCOpHasi TEXHUKA B
MEXaTpOHHKE ¥  POOOTOTEXHUKE»  HUCIONB3YIOTCS  TPAJUIMOHHAs W MOIYJIbHO -
KOMIIETEHTHOCTHas TexHojoruu.  Ilepenaua HEOOXOAMMBIX  TEOPETHYECKMX 3HAHMW U
¢dopMHpOBaHHE OCHOBHBIX NPEACTABICHUNH TO Kypcy «MHUKpOIpoleccopHasi TEXHHKA B
MEXaTPOHUKE U POOOTOTEXHUKE» MPOUCXOAUT C HCIOIB30BAHUEM MYJIbTUMEAUMHOTO
o0opynoBanus. Jlekuun npoXoAsaT B TpaaULMOHHON dopMe U B popMe JTeKIUN-KOHCYIbTAIIHHA.
Ha nexnusix — KOHCYNIbTalUAX H3JI0)KEHUE HOBOTO MaTepuayia COPOBOXKIAETCS MOCTaHOBKOM
BOIIPOCOB U JMCKyCCHMEH B IOMCKAax OTBETOB Ha 3TH Bompockl. CamocrosiTenbHas paboTa
CTUMYJIMPYET CTYACHTOB B IPOLIECCE MOATOTOBKM JOMAILIHUX 33JaHUN, IPU PELICHUH 33134 Ha
IPAKTUYECKUX 3aHATUSX, IPU IMOATOTOBKE K KOHTPOJIBHBIM paboTaM U UTOTOBOW aTTECTALIUU.

6. Y4yeOHO-MeTOAMUYECKOE 00ecnieYeHHe CaMOCTOATeIbHOM padoThl CTY/ICHTOB

BHeaynutopHasi caMocTosITelIbHas padoTa CTYJICHTOB OCYIIECTBIISICTCS B BUJIC YTCHHS C
popaboOTKOM Marepuayia ¢ KOHCYJbTAIlUSIMU TIperoaaBarelss U OPOPMIICHHS BBITOJHEHHBIX
71a00paTOPHBIX padoT, ¢ MPOPAOOTKOW OCHOBHBIX BOIIPOCOB K JIAOOPATOPHBIM pabOTaM.

IlepeyeHb BONPOCOB K YCTHOMY OIIPOCY:

1. Korna Obuia usoOperena nepsas OBM? Kakue o0crosiTenbecTBa U MPEANOCHIIKU 3TOMY
croco6cTBOBAIN?

2. Ha3oBHTE OCHOBHBIE ATAIbI PAa3BUTHSI MUKPOITPOIIECCOPHON TEXHUKH.

3. OxapakTepu3yiTe COBpPEMEHHBI YpPOBEHb MHUKPOIPOIECCOPHOH TEeXHUKU. KakoBbl
TEHJICHIIUU €€ Pa3BUTHSI?

4. Yem oTIMYaeTCsI MUKPOKOHTPOJIIEP OT MUKpoIIporeccopa’?

5. Ha3oBuTE OCHOBHBIE Y3IIbI M X Ha3HAYEHHE B CTPYKTYPE JIFOOOTO MUKPOIPOIIECcCopa.

6. UTo Takoe muHa B MUKPOIIPOIIECCOPHON TEXHHUKE?

7. HazoBuTE 1BE OCHOBHBIE apXUTEKTYPhl MUKPOITPOIIECCOPOB. B 4em ux oTnuums?

8. IloueMy coBpeMeHHbIE MUKPOIIPOLIECCOPHI CO/IEPKAT HE OJTHO AAPO?

9. B uwem 3akitovaercsi mpobiemMa JalbHEHIIero pocTa TAKTOBOM YacTOTHI COBPEMEHHBIX
MHUKpPOIpoIeccopoB?

10. Kakue s3bIKM TPOrpaMMUPOBAHUS B HACTOSIIEE BPEMS UCIOIB3YIOTCS JIJIsl HAITMCAHUS
porpaMM AJIsi MUKPOIIPOLIECCOPOB?

11. Yro Takoe KoMOMISITOP?

12. OnumuTe nocae10BaTeNbHOCTD JeHCTBUI, BBIMOIHAEMBIX KOMIMISTOPOM.

13. OnummTe CTPYKTYpy JIMCTHHTA MporpamMmbl Ha s3bike C. UTO Takoe «3arojIoBOYHBIN
daitn»?

14. KakoBbI OCHOBHBIE XapaKTEPUCTUKH KOHTposuiepa Atmega8?

15. Kakoii nporpaMMaTop He0OXOAUM AJIsi MPOrpaMMUpPOBaHUs KOHTposuiepa Atmega8?

16. B kakux xopmycax BhIITycKaeTcst KOHTpoiutep Atmega8?

17. KakoBbI OCHOBHBIE XapaKTepUCTUKU KOHTposuiepa STM32F4077

18. Kaxoii mporpammarop He0OXOAUM ISl TPOrpaMMHUpOBaHus KoHTposutepa STM32F407?

19. B kakux kopmycax Bblltyckaercs KoHTposuiep STM32F4077

20. Kakumu anmapaTtHbIME Ostokamu o0nanaetT kouTpoiuiep STM32F407?
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ITepeyenn BonpocoB k 3ammTe JadopaTtopHoii padorsl Nel

1. Kak 1 B kakoM MecTe TporpamMMbl OOBSIBIISIOTCS IEpeMEHHBIE B s13bIKe C?

2. Yto mpoMCXOIUT TpHU OOBSIBICHUH IepeMeHHbIX? UTO Takoe HMHHMIUAIN3ALUSI
MIEPEMEHHOI?

3. Uto Takoe maccuB? Kakue turel MaccuBoB BbI 3HaeTe? Kak 3amaercs maccus?

4. Yto Takoe ykazatenb? Kakue ykazarenu ObiBaroT? Kak onu paborarot?

IlepeyeHb BONPOCOB K 3a1LUTe JIA00pPaTOPHOIi padoThl Ne2

1. Yro Takoe ctpyktypsl B C? Kak 00BSIBUTE CTPYKTYPY?

2. YUto Takoe 1oie CTyKTypbi?

3. KakoBo HazHaueHue cTpykTyp? [IpuBeaure npuMep UCMOIb30BAHUS CTYPKYpPbI?

IlepeyeHb BONPOCOB K 3a1LUTe J1aGopaTopHOii padoThl Ne3

1. [IpuBenuTe BapuaHThl CHHTAKCHCA U IpuMep Lukia for.

2. IlpuBeuTe BapHaHThl CHHTAaKCUCa U ipuMep 1ukia While.

3. IlpuBenTe BapuaHTHI CHHTAKCHCA U IpuMep nukia do..while.

4. IlpuBeuTe BapUaHThI CHHTAKCHCA U TIpUMEp BeTBIIeHHUS if.

5. [lpuBenuTe BapuaHThl CHHTAKCHCA U ITPUMEp BETBJICHHs SWitch.

Ilepeyens BonpocoB k 3ammTe JadopaTtopHoii padoTbl Ned

1. Yro takoe ¢pynkiuu B C?

2. KakoBa ctpykrypa pyHKIuN?

3. Yro takoe riaBHas QyHKuusA? B yem pasznuuue rinaBHOM (YHKIMM NPU HANMCaHUU
IPOTPaMMBI [T OTIEPAIIMOHHOIN CHCTEMBI U KOHTpOJuIepa’?

4. B xakoM MecTe porpaMMbl MOT'YJI ObITh OOBSABICHBI PYHKIIUU?

5. B uem cMbICT 3aroyIoBOYHBIX (haitinoB B si3bike C?

IlepeyeHb BONPOCOB K 3a1uMTe J1a00paTopHOi padoThl NeS

1. Onmmmre nporece co3aanus u koHpurypupoBanus npoekra B Qt Designer.

2. Yem ornmuaercst Qt Designer ot npyrux cpex paszpadotku (IDE)?

3. KakoBsl ycnoBus 6ecruiaTHoro suien3upoBanus Qt Designer?

4. Yro Takoe OTJIagKa IpOrpaMmsbl?

5. Kak BKITIOUNTH PeXKUM OTIIAAKK mporpammbl B Qt Designer?

ITepeyenb BOonpocoB Kk 3ammTe J1a00paTopHOil padoThl Ne6

1. O6wsacuuTe mpuHIMn padotsl ¢ AL korTpoepa Atmegas.

2. OOBsicHUTE MPUHIIMIT pabOTHI € TaiiMepoM KoHTposuiepa Atmega8.

3. O0BsicHUTE PUHIIHI Pa0OTHI C TIOPTaMH BBOJIa/BBIBOIa KOHTpOsuIepa Atmega8.

ITepeyenn BOonpocoB Kk 3ammTe J1a00paTopHOii padoTsl Ne7

1. O6wscauTe mpunIun padotsl ¢ AL korTposmepa STM32F407.

2. OOBsicHUTE MPUHLIMIT pabOTHI ¢ TaliMepoM KoHTposutepa STM32F407.

3. OOBsICHUTE TTPUHIIHAIT PAOOTHI C IOPTAMHU BBOIa/BhIBOIa KOHTpouiepa STM32F407.

4. Kakumu nepudepuitHbiMu ycTpoiicTBamMu o0nagaet kontpoiuiep STM32F4077
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7 OueHoYHbIE CPeCTBA JIJIA POBeIeHHsI IPOMEKYTOYHOM aTTeCTAlNU
a) [Inanupyembie pe3yabTaThl 00yUEHUS U OLIEHOYHBIC CPEICTBA IS TPOBEICHUS IPOMEKYTOUHOM aTTECTAIINH:

CrpyKTypHBII
JJIEMEHT ITnanupyemble pe3yabTaTbl 00y4eHUs OueHouHblE CpeAcTBa

KOMIIETCHIINU
OIIK-6 — cnoco0HOCTH pemiaTh CTAHAAPTHBIE 321241 NPO(eCCHOHATbHOI JeATeIbHOCTH HA OCHOBe MH(pOPMaUMOHHOH U OubIMorpaduyeckoi
KYJbTYPbl C IPUMEHEHHEM HH(POPMAIMOHHO-KOMMYHHKAIMOHHBIX TEXHOJIOIMI U ¢ Y4€TOM OCHOBHBIX TPeOoBaHui HH(POPMAILMOHHOI 0€3011aCHOCTH

3HaATh - BU/IbI HMCTOYHUKOB uHpopmanuu, 1. Kakumu ucrouHMKamMu HHGOpMAaLMU CIEAYeT I0Jb30BaThCA IPU pPELICHUH 3ajad,
HEe00X0TUMOi JUIS PELICHUS|CBA3aHHBIX ¢ MUKPOIIPOLIECCOPHON TEXHUKOU?
poeCCHOHATBHBIX 3a/1a4; 2. Kakoit ¢akrop Hambojee 4acTo SBISAETCS MCTOYHMKOM HAPYIICHUs OE30MAaCHOCTH B
- OCHOBBI MTH(OPMAITMOHHOHN 0€30M1aCHOCTH. MUKPOITPOLIECCOPHOM TEXHUKE?

3. B KkakoWi [MOKYMEHTAallMd K MHKPOIPOLECCOPHBIM YCTPOMCTBAM ClEIyeT HCKaTh
OLIMOKH, IPUBOASAILIME K HAPYIIECHUIO 0€30M1acCHOCTH HHU(POBBIX cHCTEM?

YMmeTb - BBIACTATH OCHOBHBIE M BCIIOMOTATEJIbHBIC
HTaITbI peuieHus IIOCTaBJICHHOH| 1. OnummTe nporecc co3aanus U KoHdurypuposanus npoekra B Qt Designer.
MpodecCHOHATLHON 3a/1a4H; 2. Uem otimuaercs Qt Designer ot apyrux cpen paspadotku (IDE)?
- OIlleHHBaTh 3(()EKTUBHOCTH MpeaIaracMbIX 3. KakoBsl ycioBust OecruiaTHoro nuiensuposanus Qt Designer?
[penieHui.
Brangets - HaBbIKaMH IPOEKTHUPOBAHUS]

4. Yro Takoe oTIaAKa IpOorpamMmsl?

MUKPOITPOIIECCOPHBIX YCTPONCTB MPH PEHICHUH] .
porporeccop yerp P p 5. Kak BKJIFOUHTH peXUM OTIaaKu porpaMMel B Qt Designer?

[OCTaBJIEHHBIX NMPO(EeCCHOHAIBHBIX 3a/1a4.
ITIK-5 — crioco0HOCTH NMPOBOAUTH IKCIIEPUMEHTHI Ha 1eHCTBYIOIIMX MaKeTaX, 00pa3lax MeXaTPOHHBIX U POOOTOTEXHUYECKHX CHCTEM M0 3aJaHHbIM
MeTOAUKaM 1 00padaTbIBaTh pe3yJabTaThl ¢ IPUMEHEHHEM COBPEeMEeHHbIX HH(POPMAIMOHHBIX TEXHOJIOTHI U TEXHMYECKHX CPe/ICTB

3HATh - OCHOBBI IOCTAHOBKH YKCIIEPUMEHTA; 1. O6bsicaute npuHuun padots! ¢ ALIIT konTposepa Atmegas.
- METOJIMKY TTPOBEACHUS SKCIIEPUMEHTOB; 2. O0BSICHHATE IPHUHITUTT pabOTHI ¢ TalitMepoM KOHTpoJiepa Atmegas.
- MTPUHIIMIIBI (bYyHKIIMOHUPOBAHUS] 3. O0BsicHUTE TPUHIKI PaOOTHI ¢ MOPTaMHU BBOJIa/BbIBO/Ia KOHTposuiepa Atmega8.
MeXaTpOHHBIX MOJYJIEH. 4. O6wscaute npuHIm padoTel ¢ AL korTpoiepa STM32F407.

5. OOBsicHUTEe MPUHIMIT pabOTHI € TaltMepoM KoHTposutepa STM32F407.
6. OO0BsSICHATE IPHUHITUTT pabOTHI C MOPTaMHU BBOJIA/BhIBOAA KOHTposutepa STM32F407.

13




CTpyKTypHBI

HJIEMEHT [Tnanupyemble pe3yabTaTbl 00ydeHUs OrneHouHbIE CPEACTBA
KOMIIETEHINH

YMmeTb - IUTAHUPOBATh MIOCTAHOBKY IKCIIEPUMEHTA; 1. Kakue snexTpuyeckue BEIWYMHBI JOJDKHBI OBITh COTJIACOBAaHBI MPU KOMMYTALUU
- OPraHNU30BbIBATH IIOCTAHOBKY SKCIIEPUMEHTA; [MEXaTPOHHBIX MOAYJIEH pa3IMYHbIX BUJOB JOIMKH?
- OCYLIECTBJIATH  KOMMYTAlUIO  Pa3HBIX| 2. Kak noaximounTh U3MEpUTENbHBIN annapaT K Mukpokontposuiepy TTJI, eciu auanason
MEXaTPOHHBIX CHCTEM. BHIXOAHBIX HanpspkeHui annapara 0 — 12 Bonb1?

Bnanersb - HaBblKAMU  KOMIIBIOTEPHOH  00paboTKH
H(pOpMAIIHH;
- HaBBIKAMH aHajmn3a pe3yIbTaToB 1. Kakumu nepudepuitHpIMu ycTpoiicTBaMu obnagaeT koutpoiuiep STM32F407?
PKCIIEPUMEHTOB; 2. Kax BrimounTh 1 HacTpouTh 010K Ethernet B koutposuiepe STM32F407?
- HaBblkaMu  paboOTBl €  CETEBBIMU
TEXHOJIOTUSIMH.

CHCTEM

I[1K-9 — cnoco0HOCTH Y4acTBOBATH B KauecTBe UCIOJHUTES

B HAYYHO-UCCJIEI0BATECIbCKHUX paspaﬁoTKax HOBBIX pOﬁOTOTeXHH'—IeCKHX U MEXAaTPOHHBIX

3HATH

- OCHOBBI UPPOBBIX
YCTPOMCTB;

- CHOCOObI COTJIaCOBaHUs ypOoBHE
HanpsOKeHUH M TOKOB  HAarpy3ku U

MUKpOIPOLIECCOPHBIX YCTPOMCTB.

(GyHKIIMOHUPOBAHUS

1. Yem oTiruaeTcs MUKPOKOHTPOJIEP OT MUKpOIIpoLieccopa?

2. HazoBuTE OCHOBHBIE y3JIbI M UX HA3HAUYECHUE B CTPYKTYpE JIF0OOT0 MUKPOIIPOIIECCOPa.

3. Uto Takoe IMHUHA B MUKPOIIPOIIECCOPHOM TEXHUKE?

4. HazoBuTe IB€ OCHOBHBIE apXUTEKTYPhl MUKPOIIPOIIECCOPOB. B uem ux oTnnuus?

5. [Touemy coBpeMEHHbBIE MUKPOITPOLIECCOPHI COJIEPKAT HE OJTHO ApO?

6. B uem 3akmiouaercs npoOiema JanbHEHIEro pocTa TaKTOBOW YacTOTHI COBPEMEHHBIX
MUKPOIIPOIIECCOPOB?

7. Kakue s3pIKM TPOrPaMMHUPOBAHUS B HACTOSAIIEE BpeMsl UCTIOIB3YIOTCS NIl HAMCAHUs
[porpamm JJisi MUKPOTIPOIIECCOPOB?

8. Uto Takoe KoMIuiIATop?

9. OnummTe MOCIeI0BaATEIFHOCTD JICUCTBHMN, BBITOJTHSIEMBIX KOMITHIISTOPOM.

10. OnummTe CTPYKTYpY JIMCTUHTA MporpaMMbl Ha s3bike C. UTo Takoe «3aroJoBOYHBIN
baiim»?

YMeETh

- MPOCKTUPOBATH SJICKTPHUYCCKUC

1. Kakoe porpaMmMHOC obecrneucHUe AJId TIPOCKTUPOBAHUSA NPUHOUIIMAIIBHBIX CXEM U

MPUHIWUIINAJIBHBIC CXEMBI, ICYATHBIC IJIAThH]

[e4YaTHBIX 11aT Bel 3HaeTe?
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CTpyKTypHBI

JJIEMEHT [Tnanupyemble pe3yabTaTbl 00ydeHUs OneHouyHble CpeaCcTBa
KOMIIETEHINH
pa3pabaTbiBaeMbIX ~ POOOTOTEXHHYECKHX U 2. HazoBuTe OCHOBHBIE ITpaBWJIa Pa3BEACHMs IEYaTHBIX IJ1AT?
MEXaTPOHHBIX YCTPOICTB. 3. Kak ocymectBuUTh BBIOOpP 3JEKTPOHHBIX KOMIIOHEHTOB IIPU IPOEKTHUPOBAHUU
MEXaTPOHHBIX YCTPOUCTB?
Bnaners - HaBbIKAMU HAIIMCaHUS M OTJIAJKHU NPOrpaMMm 1. Kak u B KakoM MecTe IpOorpaMMbl OOBSBIISIOTCS IEpeMEHHBIE B si3bIke C?

UIi  WCHOJB3YEMBIX  MHUKPOIPOLECCOPHBIX|
YCTPOWCTB.

[epEMEHHOI?

[IPOrpaMMBbI JJIsl ONEPALIMOHHON CUCTEMBI M KOHTpoJuiepa?

2. Uro MMPOUCXOJUT IIPpU 00BABICHUHU HepeMeHHbIX? Yro Takoe HWHUIMATIU3ALIMS

3. Uro takoe maccuB? Kakue Tunsl MaccuBoB BbI 3HaeTe? Kak 3amaercs maccus?
4. Yto Takoe ykazarenb? Kakue ykasarenu ObiBator? Kak onu paboraror?

5. Uto Takoe cTpykTypsl B C? Kak 00BsABUTH CTPYKTYPY?

6. Uto Takoe noje CTyKTyphl?

7. KakoBo Ha3zHaueHue ctpyktyp? [IpuBenure npumMep UCHOIb30BAHUS CTYPKYphI?
8. [IpuBeauTe BapuaHTHl CHHTAKCUCA U TIpUMep Iukia for.

9. [IpuBeauTe BapuaHThl CHHTaKCcHCA U ipumep 1ukiaa While.

10. IMpuBenuTe BapuaHThl CHHTaKcKca U ipumep ukia do..while.

11. TlpuBeinTe BapHaHThI CHHTAKCHCA U TIpuMep BeTBieHus if.

12. IlpuBenuTe BapuaHThI CHHTAKCHCA U TIPUMEp BETBIICHHS SWitcCh.

13. Yto Takoe ¢pynkuuu B C?

14. KakoBa cTpykTypa QyHKIUHU?

15. Yrto takoe rnaBHas ¢yHkuua? B yem paznuuue rinaBHON (QyHKIMM HpU HAHMCAHUU

16. B xakoM mMecTe porpaMMbl MOT'YJI ObITh OObSIBIICHBI PYHKIIMH?
17. B yeM cMBICIT 3ar0I0BOYHBIX (paityioB B si3bike C?
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0) Ilopsinok mpoBeneHUs] MPOMEKYTOYHOH aTTEeCTALMH, NOKa3aTeJd M KPUTEPHUH
OLICHUBAHUS:

[IpomexxyTouHast arTecTauusi MO JAUCHUIUIMHE «MUKpOIPOLECCOpHas TEXHHKA B
MEXaTPOHHKE U POOOTOTEXHUKE» BKIIOYAET TEOPETHUYECKHE BOIPOCHI, MO3BOJISIONINE OLCHUTH
YPOBEHb YCBOCHHUSI OOYUYaIOUIMMMUCS 3HAHWHN, U MPAKTUYECKUE 3a/laHMs, BBIBISIOIINE CTETICHb
c(OPMHUPOBAHHOCTU YMEHHH U BIIAJICHUN.

IMoka3aTe1u U KPUTEPUHU OLIEHUBAHUS IK3aMeHAa:

— Ha OILICHKY «OTJHYHO» (5 0ayoB) — 00y4YarONIMICs IEMOHCTPUPYET BBHICOKUN YPOBEHB
c(OPMHPOBAHHOCTH KOMIIETEHIIMI, BCECTOPOHHEE, CHCTEMAaTHYecKoe W TIIyOOKoe 3HaHue
y4eOHOTO MaTepuasia, CBOOOJHO BBINOJHSACT IMPAKTHYECKHE 3aJaHus, CBOOOJHO OIEpPHPYET
3HAHUSIMH, YMEHUSIMH, IPUMEHSET UX B CUTYalUAX MOBBIIICHHOHN CI0KHOCTH.

— Ha OLEHKY «Xxopomo» (4 6amra) — oOy4aroniuiicss 1eMOHCTPUPYET CPEeTHUN YpPOBEHb
c(OPMHPOBAHHOCTH KOMITCTCHIIMH: OCHOBHBIC 3HAHHS, YMEHHS OCBOCHBI, HO IOIMYCKAIOTCS
HE3HAYUTENIbHBIC OMIMOKH, HETOYHOCTH, 3aTPyIHEHHs TPH aHAJTUTUYCCKUX OIEPaIUsX,
nepeHoce 3HaHWK M YMEHUH Ha HOBBIE, HECTAaHIAPTHBIE CUTYAIHH.

— Ha OICHKY «YIOBJIETBOPUTEJNbHO» (3 Oamia) — oOydarouuiicss JIEeMOHCTPHUPYET
MIOPOTOBBIA YPOBEHb C(HOPMHUPOBAHHOCTH KOMIIETCHIIMH: B XOA€ KOHTPOJBHBIX MEPOIPHITHI
JIOMYCKAKOTCS OMIMOKH, TPOSIBJIICTCS OTCYTCTBHE OTACIBHBIX 3HAHWM, YMEHUH, HAaBBIKOB,
00yYaromuiCsl UCTBITHIBACT 3HAYUTEIbHBIC 3aTPyIHEHUS NpPU OIEPHUPOBAHWU 3HAHMSIMH U
YMEHUSIMH TP UX TIEPEHOCE Ha HOBBIC CUTYAIIUH.

— Ha OLEHKY «HEey/AO0BJIETBOPHTEJbHO» (2 Oamia) — oOydaroluics AEMOHCTPUPYET
3HaHusa He Oonee 20% TeopeTHUECKOro Mmarepuana, AOMYCKAeT CYIIECTBEHHbIE OMIMOKH, He
MOYKET MOKa3aTh HHTEIUIEKTYyaJbHbIC HABBIKM PELICHUS IPOCTHIX 3a7a4.

— Ha OILICHKY «HEeyAO0BJIeTBOPHUTEeIbHO» (1 Oayn) — oOyuaromuiics He MOMKET MOKa3aTh
3HaHUSI HAa YPOBHE BOCIIPOM3BEICHHS W OOBSCHEHHS WHPOpPMAIUU, HE MOXKET I0Ka3aTh
MHTEJUIEKTYaJIbHbIC HaBBIKU PEIIEHUs MPOCTHIX 3ajau.

8. YueOHO-MeTOAMUYECKOE U HH(POPMANIMOHHOE o0ecniedyeHne TUCIUIIHHbI

a) OcHoBHasi TUTEpaTypa:

1. CvmupnoB, 0. A. OcHOBBI MHKPO3JIEKTPOHUKHA M MHUKPOINPOLIECCOPHON TEXHHUKH :
yuebHoe nocobue / FO. A. Cmupnos, C. B. Cokonos, E. B. TuroB. — 2-e u3zn., ucnp. — CaHKT-
[MerepOypr : Jlanp, 2013. — 496 c¢. — ISBN 978-5-8114-1379-9. — Tekcr : 351eKTpOHHBIH //
Jlanp : anekTpoHHO-OMONHMOTeuHas cucremMa. — URL: https://e.lanbook.com/book/12948 (mata
obparmenust: 06.11.2020). — Pexum goctyna: i aBTOPHU3. MOJIH30BaTENEH.

0) lonotHuTE/ILHAS JIMTEPATYPA:

1. CmupnoB, 0. A. TexHudeckue cpencTBa aBTOMAaTHU3AIlMU M YIPABJICHUS : ydeOHOE
nocobue / F0. A. CmupHoB. — 3-¢ u3f., crep. — Cankr-IlerepOypr : Jlans, 2020. — 456 c. —
ISBN 978-5-8114-5413-6. — TekcT : 2neKTpoHHBIH / JlaHb : SIEKTPOHHO-OMOIHOTEYHAS
cuctema. — URL.: https://e.lanbook.com/book/140779 (mara obpamenus: 06.11.2020). — Pexum
JOCTYTIA: JIJIsl aBTOPU3. TIOJTH30BATEIICH.

2. Jlykunos, A. I1. [IpoekTupoBaHue MEXaTPOHHBIX U POOOTOTEXHUYECKUX YCTPOMCTB :
yueoHoe mocobue / A. I1. JIykunos. — Cankr-IletepOypr : Jlans, 2012. — 608 c. — ISBN 978-
5-8114-1166-5. — Tekct : anekTpoHHBbI // JlaHb : 3MEKTPOHHO-OMOMMOTEYHAas cUCTeMa. —
URL.: https://e.lanbook.com/book/2765 (mata obparenus: 10.11.2020). — Pexxum goctymna: s
aBTOPH3. MTOJIb30BATENCH.

B) MeroauyecKkue yKa3aHus:

[IpuBeneHbI B IPUIIOKEHHUH 1.
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r) IlporpammHuoe odecnieuenne u UHTEepHET-pecypcehI:

IIporpammHoe oGecnieueHue

Haumenosanue 110 Ne norosopa Cpok niecTBUS JIULICH3UHU
MS Windows 7

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

MS Office 2007 |, 135 1 17.09.2007 GeccpouHo
Professional

7Zip cB000HO pactpocTtpansemoe 110 0OeccpouHO
NI MultiSim K-68-08 ot 29.05.2008 GeccpodHo
Education

Borland Turbo C++[Ne112301 ot 23.11.2005 OeccpouHo
FAR Manager cB000HO pacmpocTpansemoe [10 OECCPOUHO

HpO(l)eCCI/IOHaJ'leI)Ie 0a3bl JaAaHHbIX U ]/IH(l)OpMaIII/IOHHbIe CIIPaBOYHBLIC CUCTEMbI

HazBanue kypca

CchlIKa

DiexkTpoHHas 0a3a meproaAMYecKuX u3ganuii East View
Information Services, OO0 «IBUC»

https://dlib.eastview.com/

Hanuonanbpnas MH(POPMALMOHHO-aHAIUTHYECKAs
cucreMa — PoccuiiCknii MHIEKC HAYYHOTO LIUTUPOBAHUS
(PUHLI)

URL:

https://elibrary.ru/project_risc.asp

ITouckoBast cucrtema Axagemust Google (Google
Scholar)

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

HNudpopmannonnas cucreMa - EnnHoe OKHO JocTyna K
MH(POPMALIMOHHBIM pecypcam

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

9 MaTepuajibHO-TeXHHYeCKOe o0ecneyeHne JUCHUIIMHBI (MOYJIs1)
MaTepI/IaJ'[BHO-TGXHI/I‘IGCKOG O6€CHG‘~IGHI/IG JOUCHUIIJIMHBI BKJIFOYACT:

Tun u Ha3BaHUE ayUTOPUH OcHarieHue ayuTopun

JlexuroHHas ayauropus MynbTMeIMIHBIE CPEACTBA XPAHEHHUS, IEPEAAYN U

npeJicTaBiIeHHs] UHPpOpMaLuK

KomMnbrorepHslii knacc [Tepconanbubie koMnbioTepsl ¢ makerom MS Office,

naketoMm NI Multisim, Beixomom B UHTEpHET U C
JIOCTYTIOM B DJIEKTPOHHYIO WH()OPMAIIMOHHO-
00pa3oBaTeNbHYIO Cpelly YHUBEPCUTETA

AynuTtopuu s [Tepconanbubie koMIbIoTepHI ¢ makerom MS Office,
CaMOCTOSITENIbHONU PabOTHI: BBIX0ZI0M B IHTEpHET U € JOCTYNIOM B JIEKTPOHHYIO
KOMIIBIOTEPHBIE KJIACCHI; MH(POPMALIMOHHO-00pa30BaTENbHYIO Cpey
YUTaIbHbIE 3aJIbl OUOINOTEKN YHHMBEpPCUTETA
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INPUJIOKEHHUE 1

3. OCHOBBI MUKPOITPOLIECCOPHOM TEXHUKH

JIABOPATOPHAA PABOTA Nel3
«YcraHoBKa M HacTpoiika cpenbl pazpadorku Qt Creatory

[lenp paboOTHI: MPOM3BECTH YCTAHOBKY cpennl paspaborku mporpamm Qt Creator u
HACTPOMTH KOMIUIEKT JUIs pa3pabOTKH MPOrpaMM Ha si3bikax mporpammupoBanus C/C++.

BBenenue

Qt Creator — sTo kpoccmatrgopMeHHas cpea pa3paboTKH MPOrpaMM, MOAECPKUBAIOIIAS
s3bIKH TiporpammupoBanus C, C++, Java, Python.

Qt Creator mo3BoJsieT pa3pabaThiBaTh MPOTPAMMBI JIJISl CAMBIX Pa3IMYHBIX YCTPOUCTB: OT
MHKPOKOHTPOJICPOB JI0 MPUBBIYHBIX omepalmoHHbix cucteM (nanee OC), Takux kak Android,
Windows u Linux. ITpu ucnonb3oBanuu rpaduveckux saeMeHToB npuiokeHuit OC (KHOIKH,
mojisl BBOJA TEKCTa M T.JA.) HMCIoib3yercss oubimmoreka Qt, comepikamiasi HEOOXOIUMBIE IS
paboThI ATUX AIIEMEHTOB (PYHKIIUH.

Ha xaxnyto OC unu KOHTposuiep He00XO0IMM COOTBETCTBYIOIIMM HAOOP KOMIMJISITOPOB U
OTJIAJYUKOB, COCTaBJIAIONIMX Tak Has3biBaeMblii Komniexm ([Ipoghuns) Qt. D10 mMO3BONISET
HamucaTh NporpaMMmy OJIMH pa3, a 3aTeéM CKOMIIMJIMPOBaTh €€ moj Ty wiu unyto OC, uto u
HA3bIBAETCS KPOCCIUIAT(OPMEHHOCTBIO.

Qt Creator mMeeT HECKOJIBKO OCCIUIATHBIX JIUIEH3UHA C OTKPBITBIM HCXOTHBIM KOJOM
(Open Source).

ITopsinok BbINOJIHEHHS PadOTHI

Jns cxaunBanus Qt Creator neob6xoaumo mepeitu mo ccbuike https://www.qt.io/offline-
installers u BeIOpaTh Bepcuto B 3aBucumoctu ot OC.

[To oxoHuUaHMM 3arpy3kKM CJIEeIyeT 3allyCTUTh 3arpy>KeHHbIH (aill U BBHIIOJIHUTH
WHCTPYKIIMU ycTaHOBIIHMKA. [Ipu ycTaHOBKE MOTpeOyeTCs 3aperucTpupoBaThes B pasnene «Sign-
up», rmocie 4ero ykasaTb IyTh Juld ycTaHOBKU. OOIiee mpaBuio AJisi BCeX cpel pa3pabOTKU — B
MyTH HE JOJDKHO COJEPKAThCS PYCCKUX CHMBOJIOB.

Ha crnenyromem »5KkpaHe HYXHO BbIOpaTb KOMIIOHEHTBI JJsi YCTaHOBKM COIJIACHO
paspsaanoctu OC, kak mokaszano Ha puc. 13.1.

Kommonenr MIinGW — sto kommmisitop si3bika mporpammupoBanusi C/C++ mis OC
Windows.
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€ Yeranoeka Ot 5.14.1

Bui6Op KOMNOHEHTOB

MoxXanyiicTa, BoIBEPUTE KOMNOHEHTHI, KOTOLIE Bbl XOTUTE YCTAHOBMTS.

Mo yMonuyaHo | Beibpatb BCE | Tb oTMETKM Bbibopa co Beex KOMMOHeH |

v BLg MinGW-builds 7.3.0
Qt 5.14.1 64-bit toolchain.
L] MSVC 2015 64-bit

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

[M] MinGW 7.3.0 64-bit
] UWP ARMV7 (MSVC 2015)
[ UwWP x64 (MSVC 2015)
[ uwP ARMV7 (MSVC 2017)
[ uwp x64 (MSVC 2017)
] UWP x86 (MSVC2017)
[ Android
[] Sources
[ Qt Charts
[ @t Quick 3D (Technology Preview)
[J Qt Data Visualization
[] Qt Lottie Animation (Technology Preview)
[ @t Purchasing
[ Ct Virtual Keyboard
[ ot WebEngine
[ Gt Network Authorization
[] Gt WebGL Streaming Plugin
[ Qt Script (Deprecated)
[] @t Quick Timeline

v [m] Developer and Designer Tools
Qt Creator 4.11.0

gger Support

[ MinGW 7.3.0 32-bit
{MinGW 7.3.0 64-bit

3TOT KOMNOHEHT
3aIMET
npuBnusuTensHo
450.30 MB Ha
KECTKOM AUCKE.

Puc. 13.1. BbiOOp KOMITOHEHTOB Il yCTaHOBKH

[Tocne ycranoBku crnemyer 3amyctuTh Qt Creator u mepeiitu B MeHto Mucmpymenmoi-
>[lapamempuwi->Komnnexkmol, 9T00bl yOGAWTHCS B KOPPEKTHOW aBTOMAaTHYECKOW HACTPOIKe
KOMILJIEKTa, KaK MOKa3aHo Ha puc. 13.2.

8 Napamerpe: - Qt Creator b

J

—_————————
— ‘ Komnnexst MNpodum Qt KoMnunaTopet Ornagumks Qbs CMake
O cpena Hazeanve Aobasume
v Aeroonpeseénrsie e
Bl Texcrossii peaaxrop G Desktop Qt 5.14.1 MinGW 64-bit (o ymonsarmo)
Ocoboie Yaanums
M. FakeVim
CAENATS 110 YMOMMSHII
@ Cnpasxa
DUABTP HACTPORK...
{} Ce-
DUILTD HACTPOEK N0 YMOMSHMIO...
A Quick
2 Céopka v sanycx Haseanne: | Desktop Qt %{Qt:Version} MinGW 64-bit ] =2
¥ Ornapunx Wns & aiinosoii cicreme: |
/' Dnsaivep Tun yerpoiicrea: Desktop
'E’ Pyth Yerposicreo: TNokanskeiii MK (no yMonuamo ans Desktop) | Ynpasnense...
on
Kopets obpaza: 0630p...
E Ananusatop
(=) MinGW 7.3.0 64-bit for C ~
& = KomnunaTop: = Ynpaenenue...
KOHTROAG depcih C++: | MinGW 7.3.0 64-bit for C++ -
Yerpod Cep—
E0 Yerpobersa Cpena: smenmms...
[ 3acraesms komnnnsTop MSVC evieoants coobiuenns & UTF-8
ﬁ Bcraska xoga
Omnags: GNU gdb 8.1 for MinGW 7.3.0 64-bit Yrpasnenue...
s‘ A3bIKOBLIA KAMEHT
Mpoduns Qt: Qt 5.14.1 MinGW 64-bit Ynpaenense...
W& Tectuposane Qt mkspec: l
[AononsuTenstbie HACTPOVKM npoduna Qbs: UsmeruTb...
Nporpamma CMake: Ynpasnesme...
Fenepatop CMake: <HeT> - <mMeT>, Mnardopma: <HeT>, UMCTPYMeNTapHIL: <HeT> WsmeniTE..
Kondurypauns CMake: CMAKE_OXX_COMPILER:STRING=%{Compiler:Executable:Cxx}; CMA... | Usmenure...

Puc. 13.2. OkHO HACTPOUKHU KOMITJICKTOB
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Jns HammcaHus mporpamMm KoHTposuiepoB cemeilictBa AVR B cpeme Qt Creator
HEOOXOJUMO CO3/1aTh M HACTPOUTh TaK HAa3bIBAEMbIH KOMILJIEKT, BKJIIOYAIOMUNA B ceOs
KOMIWISITOPBI avr-gec.exe mns sizbika C m avr-g++.exe mgns C++, a Takke OTIamgduK avr-
gdb.exe.

BTopbhiM Ba)KHBIM 3TaroM SIBISETCS CO3/laHME M cOOpKa mpoekTa. BerpoeHHbIe cpencTBa
naxe mnocienHux epcuit Qt Creator He mo3BONSAIOT 3TO CleNaTh CTaHIAPTHBIMU METOJaMU
yepe3 MeHo @aiin-Hoewvui... s monobusix neneir B Qt Creator mpemycmoTpen apyrou
MEXaHU3M.

B camom Hauane u3ydeHus s3blka mporpamMmupoBaHus CH TOBOPMIIOCH, YTO HAIUCATh
UCXOJHBIA (aill mporpaMmbl MOXKHO Jak€ B CaMOM IIPOCTOM TEKCTOBOM mpuiokeHuu. Ho
3alyCTUTh W MCIOJHUTH (Al C HUCXOAHBIM TEKCTOM HENb3s, I JTOTO €ro HY>KHO
CKOMIIMJIUPOBATb.

Craenath 3TO MOHO U3 KoMaHaHOH ctpoku (ms OC Windows 3anyck: [lyck-Buinoanumo
cmd.exe), HaIkCaB B HEil:

gcc UMsL_MCXOAHOrO_(aiina.c -0 uMsi_HCIoNHIeMOoro _(daiina

VYka3aHHasi CTpOKa FOBOPUT ONIEPALIMOHHON CUCTEME, YTO HYXKHO:
- 3aIyCTUTh KOMIUIIATOP gCC si3bika Cu;

- w3 daitma wums_ucxoonozo ¢haina.c cAenath WCHONHICMBIA ¢ailli ¢ HMEHEM
UMsL_UCHOHAEMO20 _(haiina.

Hamu taxoke ObL1 paccMOTpeH MexaHu3M si3blka CH, UCHONB3YIONINI pa30ueHne MpoeKTa
Ha pa3Hble (alIbl ¢ UCXOAHBIMH TEKCTAMHU C PACHIMPEHUEM .C M 3arojoBOYHBIC (alibl C
pacimpenuem .h.

Ecin Obl mporpamma conepikajia HECKOJIBKO (alIOB C HMCXOAHBIMH TEKCTaMHU U
3aroJIoBOYHbIe (haiiiibl, COAEpIKalhecs, HANMpUMep, B Mamnke mpoekra ¢ uMeHem include, Tto
CKOMITHJIMPOBATH €€ C TTOMOII[bI0 KOMAaH/JHOW CTPOKH MOKHO OBLIO OBI TakK:

gcc uMs_ucxonHoro_(paiinal.c UMs_HCXOMHOTO (haiina2.c -0
umMs_ucnoiasemoro_(aiina -1./include

CxoMOmIMpoBaTh CIOXKHBIA MPOEKT, CoAepKaluii Oosiee JecsaTka pasHbIX ¢ailios, U3
KOMaHHOW CTPOKH OYEHb HE MPOCTO, OCOOEHHO €CITM OH MCIONB3yeT Pa3InYHbIE CTAaHAAPTHEIC
oubmuorexku Cu.

JIrobast cperma pa3pabOTKU BBHIONHSET BCE ITH ONEpAIlM aBTOMATHYECKH, KOTZIa MBI
HakuMaeM KHONKy «Cobpamsy (Build). Bee myTr k cranmapTHBIM OMOIHOTEKAM sI3bIKA OOBIYHO
HACTPAWBAIOTCS 10 YMOJYAHHUIO, 8 KOMITWJIATOPBI YKa3bIBAIOTCS MOMO00HO Komruiektam B Qt
Creator.

Ho ecnu mporpamma coszaercst sl KakKoro-JIn00 MHUKPOKOHTPOJIIEpA, TO K CTaHAapTHBIM
6ubnmuorekaM 0053aTENbHO HY)KHO JT0OABIATh MCXOAHBIE U 3ar0JOBOYHBIE (hailsibl UMEHHO IS
3TOro KOHTpoJuiepa. B Takux aiinax coaep>KuUTCs MOJHBIM MHCTPYMEHTapHil A paboThl C
perucrpamu, nmopramu u nepudepueit KoHTposiepa. M MMEHHO 3TOro MO YMOJIYaHHWIO HET B
cocraBe OOJIBIIMHCTBA YHUBEPCATBHBIX cpel, Takux kak Qt Creator.

ToT camblil «Ipyroifi MexaHu3m», O KOTOPOM TOBOPWJIOCH B CaMOM Hauaie, MO3BOJISET
coobnmmte Qt Creator Bce HaCTPOMKHM MPOEKTa: MOJETh KOHTPOJUIEPA, KOMITWISITOPHI, TTYTH K
Ooubnuorekam u ¢ainaMm ¢ UCXOJHBIMU KOJAMH, 3ar0JIOBOYHBIM (haiiamM MpoeKTa U OUOINOTEK
KoHTpoJutepa. HaswiBaeTcst Takoi Mexanusm Makefile, oH BbINOJHSIETCS —CHEHATBLHON
nporpammoii make.
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[To ymomuanuto B8 OC Windows oTcyTcTByeT Takas mporpaMma, T.K. BCE IPOTpaMMbI B
sToif OC yxe CKOMIWJIMPOBAHBI, MX HCXOIHBIM KOJ B OOJBIIMHCTBE CIIYy4acB SIBIISETCS
KoMMepyeckuM. HamoOHocTH a1t GonbinuHCTBA mosib3oBareneit WIiNdows B cucteme cOOpKH
make Her.

B otimume or Windows B OC Linux Bce mporpammsl, Kak U cam LiNUX, UMEIOT OTKPBITHIN
UCXOJIHBIN KOJI, @ CUCTeMa COOPKU BXOAUT B OOJIBIIMHCTBO JUCTPUOBIOTUBOB [0 YMOJIYaHHUIO.

[Tpu ycranoBke Qt Creator Oblia Tak)Ke yCTaHOBJICHA CUCTEMa COOPKH M KOMITUJISILIAN ISt
Windows MIinGW. B nupekropuu MIinGW conepxkutcs daitn MinGW32-make.exe, KoTopbIii
SBIISICTCS HY)KHOM HaM cHUCcTeMol cOopkH i KOHTposuiepoB AVR.

CkomupyeM 3ToT (aiin B m000e MecTo u nepenMeHnyeM ero B make.exe. ITomectum ero
obparHo B Ty ke manky MINnGW. Jlo6aBum myTh kK 3TOi mamnke B «IlepeMeHHBIC OKPYKEHUS
Windowsy. Ilepezarpy3um koMmIbloTep. DTH JeWCTBHS HeoOXxoauMbl, 4ToObl Qt Creator mor
HalTH yTuuTy make.exe.

[Tocie 3TOro HEOOXOAMMO TONYYUTh Yy mpenojaBaresss apxuB atmegal6 (Win).zip,
pasapxuBHpoOBaTh ero B manky ¢ npoektamu Qt Creator, zamyctute Qt Creator u OTKpbITH
IpOeKT, BEIOpaB (haiin atmegal6.creator.

B apxuBe copepxutcs mabioH mpoekta g KoHTposuiepa ATmegal6. OcHoBHble
HacTpoiiku HaxonusTcs B ¢aiiie Makefile. B Hem cnenyer nuamenuts nyTtH K ¢aiiiam u mnarnkam B
3aBUCUMOCTH OT UX PACIIOJIOKEHUS Ha KOMITBIOTEPE.

KonTposbHbie BONPoChI

1. Yro takoe Qt Creator? J{ns yero oH ucronb3yercs?

2. ITouemy Qt Creator na3piBatoT KpoccriarGpopMeHHbIM?

3. Uro HeoOxoammo crenatb, uToObl HamucanHas B Qt Creator mporpamma Oblia
coBMmecTuMa ¢ pazHbiMu OC?

JAEOPATOPHAA PABOTA Nel4
«BBenenue B a3bIk nnporpammupoBanus C. [Ipocreiimas nporpamMmma

[lenb paboThHI: U3yYeHHE OCHOBHBIX TEPMHHOB M TMOHATUH si3blka mporpammupoBanus C,
nproOpeTeHne HaBbIKOB HalMCaHuUs Mporpamm Ha sizbike C.

BBenenue

S3pik iporpammupoBanust C (Cu) ObiT pa3paboran corpynHukoM koproparmu Bell Labs
(mpexuee Ha3Banue AT&T Bell Laboratories) /Isuaucom Putum B 1973 romy [uis HamucaHUsI
oneparonHoi cucrembl UniX. [To3zxkxe C ObT aganTHpOBaH MO MHOXKECTBO IPYTUX MIatdhopm
U OTEPAIMOHHBIX CHCTEM, TOIYYMI B CBOEM PAa3BUTHH HECKOJIBKO PENaKIMi M CTal OCHOBOM
s sa3e1koB CH, C++, Java.

SI3BIKM  TIPOTPAMMUPOBAHMSI MOXXHO pa3feiUTh Ha JBE TPYIIb: KOMIIIUPYEMbIE |
uHTepIpeTpyemble. B uuTepnperupyembix s3bikax (PHP, Perl, Python) kox mporpammer
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BBIMIOJHSETCSI C  IOMOIIBIO  CIEMHAIBHON MpOrpaMMbI-HHTEpIIpETaTopa IMOCTPOYHO. B
KOMITHIIMpyeMbIX si3bikax (C, C++) BeCh HCXOMHBIN KOJ] MPOrPaAMMBbI IEPEBOIUTCS B MAITMHHBIC
KOJIbI C TIOMOIIBI0 KOMIHISATOpA. IIporpaMMbl, HAalTMCAaHHBIC HAa TAKHX SA3BIKAX, BBIIOJHSIIOTCS
3HAYUTEIBHO OBICTpPEE.

[TporpaMMbl MOKHO THCaTh B JIFOOOM TEKCTOBOM pPEIaKTOpe, Hanbosiee yIOOHBIMU W3
KoTopeix sBisitorcst Sublime Text 3, Notepad++, wnm wHCHoaB30BaTh JUIS 3TOTO  CPEAY
paspabotku (IDE — Integrated Development Environment), nanpumep Qt Creator, NetBeans,
Visual Studio Code. J{ist KOMOMIAIMH HCXOAHBIX (DaijoB ¢ MporpaMMaMd H ITOJYYCHHS
3amyckaeMoro (aitia HeoOX0 UM KOMITHIATOP. CaMbIM TOMYJISIPHBIM KOMITHIIATOPOM SIBIISICTCS
GCC, Bxomsammii B OeCIUIaTHBIM MMakeT cpeiacTB paspabotku mporpamm MINGW (mis OC

Windows).

Jlnst Hanucanust porpamMm Ha C MOTYT OBITh HCIIOJIBb30BaHBI BCe OYKBBI aHTJIMHCKOTO
angaBuTa (3aryiaBHbIC U CTPOYHBIC), IUPPBI U CICIUATBHBIC CUMBOJIBL (, . + - * N & =~ <> () {
FL11% 2“0 /\#).

[TporpamMMBbI CTPOSITCSI U3 MOANIPOTPAaMM, KOTOPBIE MPUHITO HA3bIBATh (PYHKIMSAMH. SI3BIK
C npenmnosnaraeT ciaeIyoIy0 CTPYKTYpY GyHKIMI:

mun umst (apaymenmo)

UHCMPYKYUU, onepayul, 8b1308bl yHKYull u m.o.;
return suauenue;
B nmnpuBeneHHOW CTpPyKType mun — HaWMMEHOBaHHME HabOpa BO3MOXKHBIX 3HAUCHUH,

BO3BpaIlaeMbIX (DyHKIHEH B pe3ynbTaTe €€ BBIIOJIHEHUS, apeyMeHmbl — IEpelaBacMble B
(GyHKLUIO NTepeMeHHble, He0OXoIuMble Al ee paboThl, return — onepaTop, OCYLIECTBISAIOMIUI
BbIXOA U3 (YHKIUU. ApryMeHThl (YHKIMHM M 3HaYeHWe Imocie Feturn He SBISIOTCA
oOsi3arenbHBIMU. ClielyeT OTMETUTh, YTO HEKOTOpPhIe KOMIMIISTOPHI BBIAAIOT MPEaypexaeHue
WIH Jja)ke OLIMOKY MpU OTCYTCTBUM apryMEHTOB (YHKIMH. B 3TOM ciyyae BMECTO apryMEHTOB
YKa3bIBaIOT KIIFOUEBOE ClI0BO VOId (0T aHMII. «irycToii»). [Tocne return 3HaueHus: MOKeT He ObITh
B TOM cllydae, eciid (QYHKIIMS HE BO3BpAILAeT 3HAUEHUE Pe3yJibTaTa, IPH 3TOM THUI, YKa3aHHBIN
nepes UMeHeM (QYHKLIUH JOJDKeH ObITh ykasaH cioBoM VOid. Teno ¢yHkimu, Kak u Jr000ro
6s10ka HHCTPYKIUH s13bIka C, 3akiatodyaercs B GUrypHble CKOOKH { }.
[Ipy BBIMOJHEHUH IPOTPAMMBbI IIEPBOM BBIMOIHSCTCS IIIaBHAs (QyHKIUS C UMEHeM Main.

int main()

{
/Ko nporpamMmbl
return O;

¥

[Ipn HanMcaHUM MPOTpaMMBbI MO onepannonHyro cuctemy Windows wmm Linux yakums
main Jo/KHa MMETh THUIl BO3BPAIAeMOro 3HaueHWs INt (LEJOYMCICHHBIA THIT JIaHHBIX), T.C.
1ocje BBIIOJHEHWS TporpaMma JOJDKHA BEpPHYTh OIEPAllMOHHON cHcTeMe pe3yibTaT
KOPPEKTHOTO 3aBepuleHus, B NpoTuBHOM ciaydae OC Qukcupyer omubKy npuioxkeHus. B
porpaMMax, HallUCaHHBIX JJI1 MUKPOKOHTPOJIJIEPOB, YacTO IaBHAs (DYHKIUS UMEET 3ar0JI0BOK
void main(void) u3-3a orcyrctBus OC Kak TaKOBOIA.

B mnpuBenenHom mnpuMepe TINaBHOW (YHKIMH YKa3aH KOMMeEHTapuil Buna «/Koo
npoepammbly. J[Be Kockle 4epThl 0003HAYAIOT KOMMEHTApHi A0 KOHIIA CTPOKH, T.€. BCE, UTO
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HAXOJUTCS MOCJE // 10 KOHIIA CTPOKH KOMITUIISITOPOM OyJIeT MPOUTHOPUPOBaHO. 3HaKamu /* u */
0003HaYal0T HAYaJI0 U OKOHYaHHE OJI0Ka KOMMEHTAPUS C MPOU3BOJIBHBIM KOJTMYECTBOM CTPOK.

Kaxxnas nHCTpyKIMs porpaMMsbl JOJIKHA 3aKaHYMBATHCA TOYKOU C 3aIIATOU ;).

a1, coaepKaliuii UCXOAHBIN KOl MPOrpaMMBbl, JOJKEH UMETh paclIupeHue «.c». Kpome
¢aiinoB ¢ UCXOAHBIMH KoAaMu B si3bike C MCIOJIB3YIOT 3arojOBOYHBIC (DaliIbl, MMErOIIne
pacmmpenue «.hy». B HUX comepikaTcs TOJIbKO 3aroioBK (onucanus) GYHKIUH, KOTOPbIE MOTYT
ObITh HCIONB30BaHbl B mporpamme. Camu ke (QYHKIUM coaepkaTcs B OJHOMMEHHOM
3aroyioBoYyHOMYy (aiity ¢ pacmmpeHueMm «.c». g MOAKIIOYEHHs 3arojoBoYHOTO (paiina
npuMeHstoT aupektuBy #include <waszeanue ¢haiina.h> B camom Hauvasne (aiina ¢ UCXOIHBIM
KOZIOM IIPOrPaMMBI.

[TooOHBIN MeXaHU3M O4YEHb y100eH B OOJBIINX 110 00bEMY KOZa MPOEKTaX, BBITJIAIUT OH,
KakK MoKa3aHo Ha puc. 14.1.

@Ha3an ~ &9 ? /?’ Monck (- Mankin Rk

Aapec: | C:iProgramms)Test

T@ functions.c
3apauv ana dhaiinos 1 nanok A l;] functions.h
@ main.c

"functions.h"

#include

Ent mainCvoid)

int ¢ = sum(2, 2); [int sumint a, int b);
return 0;

Ent sum(int a, int h)

"J CeTes0e oKpy#eHHe int s; ”
s =a+ b
return s;

»

Manannfinn

Puc. 14.1. Ctpykrypa (aiinos B s3pixe C

NupektuBa #include cooOmiaer crenuansHONW Mporpamme, 00padaTHIBAIONMICH TEKCT
UCXOJHOTO KOJa ¥ Ha3bIBAIOIIEICS NPEnpoLeccopoM, YTO B KOJE cojlepKarcs (yHKIWH,
OINMCAaHUE KOTOPhIX HaxoauTcs B (aitme functions.c. Ilpemporieccop BBIMOJHSET 00pabOTKY
MCXO/IHOTO Koja 1o kommmwisatopa. Kaxknas aupekrtuBa #include pasmeraercs ¢ HOBO# CTPOKH,
MI09TOMY B KOHIIE CTPOKH ¢ AMPEKTUBOM #INclude 3HaK «;» He CTaBUTCA.

OtMeTHM emie OJHY OCOOCHHOCTh THPEKTHBHI #Include, cocrosmiyro B TOM, YTO HMs
YKa3aHHOTO 3a HEW 3arojOBOYHOTO (paiiia MOKET OBITh 3aKIIOUEHO B KABBIUYKH HJIM B YTJIOBHIC
ckoOku. B mepBoM ciydae mpenporeccop OyaeT MCKaTh yKa3aHHBIN 3arojlOBOYHBIN (ailnm B
JIOKAJIbHOM TaIKe MPOEKTa, @ BO BTOPOM — B MAIKe CPeibl pa3paboTKH.

[Tpu BBIMONHEHHMU TporpaMMmbl Ha puc. 14.1 mepeMeHHOW ¢ OyAeT NMPHUCBOEH pe3yibTar
BBIMIOJTHEHUS] PYHKIIMU SUM, apryMeHTaMu KOTOpoi OyAyT /ABa uucnia 2 u 2.

CymiecTByeT 00JIBIIOE KOJTMYECTBO PEKOMEHIANNI IO CTHIIIO HAITMCAHUS KOJa MPOrPaMM.
OTH PEKOMEHJAIMU TO3BOJSIOT CAETaTh KOJ MAaKCUMadbHO YAOOHBIM JIJIsl BOCIIPHSTHSA,
NOBBICUTh €r0 4uTaeMocTh. ClielyeT O03HAKOMHTBCS C TMOJOOHBIMH PEKOMEHIAIUSIMH
CaMOCTOSITEIIBHO.

IHopsinok BHINOJHEHHUS PA0OTHI
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1. Co3naTh HOBYIO MAIKy IS MpoeKkTa. PekoMeHayeTcsl He UCMOIb30BaTh B MyTH PYCCKHUE
OYKBBI.

2. Co3nmath B mamke TEKCTOBBIN (haiisl, U3MEHUTh €ro uMs 1o Bamemy yCMOTpEeHHIO U
PACHIMPEHUE «.C».

3. Hamucatp B daiine creayromnuii JIUCTUHT:

#include <stdio.h>

int main()

{
printf(“Hello World!™);
return O;

¥

4. CoxpaHuTh U3MeHeHUs B (haiisie. 3amycTuth KOHCOIb (I1yck->Boinoanume...->Ccmd.exe).

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

6. Beimonuute komanay: gcc /umsa ¢haiina.c]. Ilporpamma Oyner CKOMIUIUPOBAHHA, €CIH
HE BO3HUKJIO OIIMOOK, U B TIAINKe C IPOTPaMMOi aBTOMaTHUYECKH OyIeT co3aaH (aiin a.exe.

7. 3amycTUTh B KOHCOJIM BHOBb CO3/aHHbIH (ailn: a [masxcams Enter]. B koHcomu Oyaer
BeiBeieHO Hello World!

8. IIpuBectu B oTyeTe 10 paboOTE JIUCTUHT IPOTPAMMBI, TOTIOJTHEHHBI KOMMEHTAPUSIMHU.

KonTposbHbie BONPoCchI

1. Yro Takoe koMnuiaATop? Yem OTIHMYarOTCs KOMIMIMPYEMBIE SI3bIKHA TPOIPaMMHUPOBAHHUS
OT UHTEPIPETUPYEMBIX?

2. Yrto Takoe ¢yHkuus B sizpike C? B uem ornmume riaBHOM QyHKuuH? OObBICHUTE
CTPYKTYpPY QPYHKIMH.

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

4. Yro Takoe mupektuBa #include? [lns yero ona wucmoms3yercsa? Kakue crnocoOsr
yKa3aHHs 3arojIOBOYHBIX (aiisioB Bel 3Haere? B uem ux omnuuus?

5. Kakue criocoOb1 HanucaHusi KOMMeHTapueB Ha si3bike C Bbl 3HaeTe?

6. Uto Takoe onepatop return? OObsICHUTE €ro UCI0JIb30BaHHE.

7. Kakoit koMnuisTop siBisieTcs Hambosee pacrpoctpaneHHbiM B OC Windows? Kak
co31aTh HCToNHsIeMbIi (aitn ¢ momorpio korconmn OC Windows? Kakoe uMs 0 yMOJITYaHHIO
MOJIy4aeT UCTIONHIEMbIN (ailsl mocie KOMIMIALNN?

JIAEOPATOPHAA PABOTA Nel5

«I/ISy‘{CHI/IC THUIIOB JaHHBIX SA3bIKa C»

I_[CJ'IB pa6OTLII HN3YUCHUC OCHOBHBIX TUIIOB NAHHBIX, OIPCACICHUC MMOHATHUA HepeMCHHOﬁ n
pasMEIICHUA IEPEMCHHBIX B ITaMSATH.

BBeaenue

Bce nannble, ¢ KOTOphIMH pabOTaeT mporpamMma, XpaHsITCS B sUYCHKax ONepaTUBHON
namsTu. Kaxmas siueiika maMsaTu UMeeT CBOU ajipec, MoA00HO siueiikaM TaOJIUIIbI, HAXOISIIMCS
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Ha MEepPeceYeHnn CTPOK M cToiouoB. Ecnu mporpamma paboTaeT moja onepanroHHON CUCTEMOM
(Windows, Linux), To mpu Ka)JI0oM 3alycKe 3TOH MporpaMMBbl €€ JaHHbIe OyIyT pa3MeIIaThCs B
sYeiiKax MaMsATH C Pa3HbIMU aJpecamMH, CBOOOJHBIMH B MOMEHT 3amycka. llocie 3aBepiieHUs
IPOTPAMMBI STYCHKH MTaMsATH OCBOOOXKIAIOTCS M MOTYT UCTIONB30BaThesi OC 1m0 HEOOXOMMOCTH.

JlaHHBIE TPEICTABISAIOT COOON JIBOWYHBIC KOJBI, KOJIHYECTBO OUT KOTOPBIX KPaTHO
BOCBMH, T.€. OJJHOMY OaiTy. /laHHbIE MOTYT UMETh pa3Hyro JuHY: 1 Oaiit, 2 Oalita, 4 OaiiTa.

Ilepemennbimu HA3BIBAIOT JaHHBIC, 3HAYCHUS KOTOPBIX MOTYT MEHSTHCS B XOie pPabOThI
nporpamMmbl. Kowcmanmer — 3TO JaHHBIE, 3HAYEHUE KOTOPBIX IMOCTOSHHO, OIPEICIISCTCS B
HAvajJe BBIMIOJHCHHUS TMPOTPAMMBI M HE MOXET OBITh HM3MEHEHO IMpH e¢ JIajlbHeHIeM
BBITTOJIHCHUH.

OOpararbcst K JaHHBIM T10 aAPECy, KOTOPBIN MPH KaXKIOM 3aIlyCKe MPOrpaMMbl MEHSIETCS,
HEBO3MOXXHO. [l03TOMY NaHHBIM TPHUHATO JaBaTh MMs, a YTOOBI ONPENEIUTh HX JUIMHY WU
JOITYCTUMBIE OTIePAIK HaJl HUMH — THII.

S3pik C 9acTO HA3BIBAKOT SI3BIKOM CO CTPOTOM CTATHMYECKOW THUIHM3AIMEld. ITO 3HAYHUT, YTO
BCE IMEPEMCHHBIC JODKHBI MMETh ONPEICSIICHHBIM THI 0 KOMITWJISIUH, T.e. HE MOXET OBITh
JTAHHBIX, TUI KOTOPBIX OyJET ONpEIesICH PH BHIMOJHEHUH ITPOTPaMMBbI.

WM mepeMeHHOH (MACHTU(DUKATOP) MOXKET COAEp)KaTh OYKBBI aHTIIMHACKOTO aidaBUTa,
udpsl, 3HaK noadepkuBanus. [Ipuuem onHa U Ta ke OyKBa, 3allMCaHHAs B Pa3HBIX PErHCTPax
(mpomMCHAs WM CTpOYHasi), OyAeT BOCIPUHUMATHCS KaK pa3Hbie uaeHTU(UKAaTOpel. Hanpumep,
NIEPEMEHHBIE «A» U «@» — JIBE pa3HbIe NepeMeHHbIe. VM He MOXXET HAauWHATBCS C IUQPBI
[TpuHSTO 3amKMCHIBATE MMEHA TIEPEMEHHBIX MO-AHTIIMICKU B CMEIIAHHOM PETUCTpPE, HaYWHAs C
HkHEro (mpaBuiabHO — book, bookNumber, nenpasuiasao — Kniga, nomerKnigi).

B s3pike C wmmeercs HaOOp 3ape3epBHUPOBAHHBIX CIIOB, KOTOPBIE HE MOTYT SIBISTHCS
Ha3BaHHEM IepeMeHHoi: auto, break, case, char, const, continue, default, do, double, else,
enum, extern, float, for, goto, if, int, long, register, return, short, signed, sizeof, static, struct,
switch, typedef, union, unsigned, void, volatile, while.

ba3oBble THITBI TaHHBIX s3b1Ka C CIICIYIOIIHE:

- char — nensle uncna ot -128 g0 127 (8 Our);

- unsigned char — mensie uncia ot 0 10 255 (8 our);

- short — nienpie yncna ot -32 768 1o 32 767 (16 6ur);

- unsigned short — uenbie uncna ot 0 10 65 535 (16 6ur);

- Int — menble yncna ot —2 147 483 648 no 2 147 483 647 (32 6uta) mia 32- u Goiee -
pa3psAAHbIX cucTeM, U oT -32 768 1o 32 767 (16 Out) 11 8- u 16-OMTHBIX cHUCTEM;

- unsigned int — apamoruuso int ot 0 10 4 294 967 295 wnu g0 65 535;

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

- unsigned long int — nensie uncna ot 0 no 4 294 967 295 (32 Oura);

- long long int — meneie yncna ot —9 223 372 036 854 775 808 no 9 223 372 036 854 775
807 (64 6uTta);

- unsigned long long int — mensie gucna ot 0 1o 18 446 744 073 709 551 615 (64 6ura),

- float — BemecTBEHHOE YUCIIO ¢ IUIABAKOLIEH TOUKOM B auanaszone +/- 3.4E-38 no 3.4E+38
(32 Oura);

- double — BemecTBeHHOE YHCIIO C IUIaBaroIed To4ykoi B nuamnasone +/- 1.7E-308 mo
1.7E+308 (64 OuTa);

- TIEPEeMEHHAass CUMBOJILHOTO THIIA XPaHUT KOJ cUMBoJa (OyKBbI, IUGPHI, 3HAKA U T.1.),
3aHUMaeT B AMATH 8 OWT, MpeIcTaBIsIeTCs TUIIOM char.

Kak BHIHO, HEKOTOpbIE THUIMBI JJAHHBIX 3aHUMAIOT pPa3HOE KOJIWYECTBO NaMSTH B
3aBHCHUMOCTH OT Tutatopmbl. s cioydaeB, Korja HEOOXOJMMO TOYHO 3HATh pa3Mep THIIA B
OaiiTax, B si3pike C mpemycMoTpeH oneparop Sizeof(ums nepemenroii), Bo3Bpalaromuii pasmep
TUIA YKa3aHHOU B CKOOKaX MepeMEeHHOM.
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[Ipexne yeM HMCMONIB30BaTh MEPEMEHHYIO B Mporpamme, ee HeoOXOAMMO OOBSBUTH, T.C.
yKa3aThb €€ TUIl U UM

char a;
inth=10;

Hnuyuanuzayueri nepeMEHHOW HA3bIBAIOT MIPUCBOCHHUE €M 3HAUYCHHS. DTO MOXKHO CJelaTh
Ipy OOBSBICHUH, KaK C IEPEMEHHON D B mpumepe Bblmie, WM 1O3KE B KOJE MPOTPAMMBEL
HeunnunumanusupoBaHHas IEPEMEHHAsT XPAHUT «MYCOpP», OCTABILUMKICS B A4EHKax ONEPaTUBHOMU
aMATH.

Crnenyer BBIOMpaTh THII IEPEMEHHOM C y4ETOM €€ BO3MOXKHBIX 3HaueHuWid. Hampumep,
IIEPEMEHHAs, XPAHALAs KOJUYECTBO CTYIEHTOB I'PYMIIbl, HE MOXKET IPUHUMATh OTPULIATENIBHBIE
3HAQUeHUs W BpsAd Ju npeBbicuT uuciao 255. Ilostomy HelenecooOpa3HO pacxo/i0BaTh
ONCPATUBHYIO TMaMsTh, O0OO3HAuas TaKyl IepeMeHHyr turmoMm int. [us 3toro mydiie
UCIIOJIBb30BaTh TN UNSigned char.

Ecnu vHUIMAIM3UpOBaTh EPEMEHHYIO 3HAUCHHEM BHE Iuana3oHa tuna (unsigned char a
= 256;), TO Ha dTare KOMIHMISAIMH TPOrPaMMbI BOSHUKHET ommOka. OTHaKo MepenoHeHHe TUIIa
IIEPEMEHHOI MOXET IIPOU30UTH IIPU BBIIIOJIHEHUH ITporpaMMbl. Hammpumep,

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

B nporpamme 0OBsIBIICHBI 8-OUTHBIC NMEPEMEHHBIC «@, D, C», ¢ BO3MOXHBIM JHAIA30HOM
3naueHuit 0..255. Ilocie BbIONHEHUS! IPOTpaMMBbI B IEPEMEHHON «C» He OyneT 3HaueHue 256,
KaK 3T0 oxuaaercs, a 0yner xpanurbest 0. CinoxuM B IBOMUHOM cucteMe uncia 255 u 1.

1111 1111 (255)

0000 0001 (1)

10000 0000 (256)

EnnHuna camoro crapuiero paspsja He MOMENIAeTcs B 8 OUT NEpEMEHHOMN «C», TO3TOMY B
Hell ocTaHyTcs ToinbKO Hynu. CienyerT ydyuTbIBaThb 3TOT (PAKT, YTOOBI M30€kKaTh BO3MOKHBIX
KOJUIM3UI ITPOTrPaMMBlI.

Kak ynomuHanoch panee, MepeMeHHas TuIa Char MokeT ObITh HCIIONb30BaHA IS
XpaHeHUs KoJa CUMBOJIA. NHUIIMAIN3UPOBATh TAKYIO IEPEMEHHYIO MOKHO TaK:

charc=“f;

B mepemeHHOl «C» OymeT xpaHuTbes wmcino 102, coOTBETCTByMOIEe CHUMBONY «»
tabmuib ascii (anrn. American standard code for information interchange).

B s3pike C  OTCYTCTBYeT JIOTHYECKHE THI JaHHBIX. BMeCTo HEro Moryt OBITh
WCIIOJIb30BaHbl LIEJIOYHMCIEHHBIE THUIBl. 3HAUYEHUIO <JI0Kb» COOTBETCTBYET HOJb, «HCTHHE» —
m00oe 1e50e 4HMCio, OTIAMYHOEe OT Hyds. OgHako uisi ynoOcTBa HamMCaHUS IporpamMMm U
HarsAHOCTH B s3bike C  TMPUCYTCTBYET CTaHIAPTHBIA 3arosoBouHbId  (aitn  stdbool.h,
COZIepIKaIlUi MaKpoCkl, onpeaestonme tun bool, 3nayenue true (uctuna) u false (;moxw). dis
€ro MOJIKJIIOYCHUS CIeIyeT UCTIONIb30BaTh nupekTuBy #include.

Onepanuu u ux obo3znadenus B C cieayromnue:

+ — CJIOJKEHUE,;
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- — BBIUUTAHUE;
* — YMHOKEHHUE;

| — nenenue;

% — OCTaTOK OT JAEJICHHUS;

++ — HHKpEeMEHTHPOBaHue (yBEIMYCHHUE Ha 1):

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

-- — IGKpeMeHTpHpoBaHue (yMEHbIIICHUE Ha 1):

I--; // ymenvuumo 3nauenue nepemenHoul | Ha eounuyy
--1; // ymenvuumeo 3navenue nepemennoll | Ha eounuyy

= — omepalys IPUCBOCHUS 3HAUCHHSI,

== — cpaBHEHHE Ha PaBEHCTBO, BO3BpAIIaeT 1, €cii cpaBHUBAeMbIe 3HAYCHUS (0nepanovl)
paBHbl, 0 — B IPOTUBHOM CiIy4ac;

> — Bo3Bpamiaer 1, eciau nepBblil onepaH;1 O0JIbIIE BTOPOTO;

< — BO3Bpamiaer 1, eciu nepBbli ONepaH  MEHbIIE BTOPOTO;

>= — Bo3Bpamacr 1, eciiu nepBbii onepan;] OOJIbIIE WX PAaBEH BTOPOMY;

<= — Bo3Bpamaer l, eciu mepBbIii ONEpaH MEHbIIE MM PaBEH BTOPOMY;

I= — Bo3Bpamiaer 1, eciu nepBbli ONepaH1 HE paBEH BTOPOMY;

I — oTpuanue;

&& — Bo3Bpartaer 1, ecau 06a ycinoBUs paBHbI UCTHHE:

if ((@a==b) && (b >0))...; /ecru a pasno b ub 6orbie 0

& — KOHBIOHKI M, JIOTHICCKOC YMHOKCHHE,
” — BO3BpamacT 1, €CII XOTS ObI OZHO YCJIOBHC PABHO UCTHUHE:

if (@==b) || (b>0))...; Vecau a pasno b uru b 6onvwe 0

| — TU3BIOHKIINS, TOTHYECKOE CIIOKEHHE;

N — HCKITIOYAIOIIEE UJIH;

~ — mopaspsiAHasi UHBepcusl (OTpHIIaHKe);

<< — MOOUTOBBIN CIABUT BJIECBO HA 3aJaHHOE KOJIUYECTBO PaA3PSIIOB:

intfa=3<<2;

>> — MOOUTOBBIH CIBUT BIPABO HA 33JJaHHOE KOJIMYECTBO PA3PSI0B.
Apudmernueckne, JOTHUECKHE M CABUTOBBIE OINEPAllMd MOXXHO OOBEAMHUTH C
IpUCBalBaHUEM:

a+=2; // pasnocurvno a =a + 2

b &=3; // pasnocunvno b =b & 3
¢ <<=1; // pasnocunvro ¢ << 1
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Baxnoit oco6eHHOCTbIO si3bIKa C SBISIETCS MOHATUE 001aCU 8UOUMOCIU NEPEMEHHDIX.
OTUM TEPMHUHOM OIPEAEAIOT OJIOKM MPOrpaMMbl, B KOTOPBIX OOBSBIEHHBIE IMEPEMEHHbBIE
noctynHsl. [1ogcHUM 3TO TpUMEPOM ¢ KOMMEHTAPUSAMU:

int main(void)

{
unsigned char a; //00bABUNU NEPEMEHHYIO A, OHA
//00CMYNHA 80 8CEX BNONCEHHBIX OOKAX
//pyHKxyuu main
for (a=0; a < 10; at+) /yurn na 10 nosmopenuii sensiemcs
//8IONHCEHHBIM NO OMHOWEHUIO K MAIN
{
unsigned char b; //obvseunu nepemenuyro b
b=a; //nepenucanu 3HaveHue u3 a 6 b
} //KOHeYy yukia
b=0; //owmubka — nepemennas b doocmynna
//monvko 6 mom 6110Ke, 20e ona OvlLIa
//obvsenena, m.e. 8 yuxie for
return O;
¥

Taxkum 06pa3zom, nepeMeHHbIe, OOBABICHHBIE B KAKOM-JINOO BIOKEHHOM OJIOKE, IOCTYIHBI
TOJIKO BHYTPH 3TOTO OJIOKA MJIM BO BJIOXXCHHBIX B HETrO OJIOKaxX, HO HE 3a TPaHHUIIAMHU JTOTO
OIoKa.

B03M0XHO 00BSBICHUE U MHULIMATU3AIMS IEPEMEHHON Ja)Ke 10 TIaBHOM (YHKIMH mMain.
Takue nepeMeHHbIE JOCTYIHBI BO BceX (QYHKIMAX U OJoKax (aiiia mporpaMMbl U Ha3bIBAIOTCS
enobanonvimu nepemenuvimu. Crenyer n3derarb UCMOIb30BaHUS ITI00ATBHBIX IEPEMEHHBIX, T.K.
OUYCHb CJIOKHO OTCIEAUTh BCE H3MEHEHMsS TakoW NepeMeHHOM MNpH OOJbIIOM KOJIUYECTBE
(GYHKIMI porpamMMmBbl, CJI0KHO HAUTH OIIMOKY B KOJE.

Jns  3aj1aHUs  MMEHOBAaHHBIX KOHCTaHT B s3plke C  HCHOJB3yeTcss JUPEKTUBA
npernporieccopa #define:

#define UMS1_KOHCTAHTDBI 3naueHue

B coolmiecTBe pa3paboTUNKOB MPUHATO 3aMKUCHIBATh UMsI KOHCTAaHTHI B BEPXHEM PETUCTPE
C HUKHUM NOTYEPKUBAHUEM B KAUECTBE pa3/ICIUTENS.

O061acTh BUAMMOCTH KOHCTAHTHI aHAJIOTUYHA 00JIACTH BUIUMOCTH TIEPEMEHHOM.

OTMEHHUTH KOHCTAHTY MOKHO C TIOMOIIbIO TUPEeKTUBHI #undef:

#undef UM KOHCTAHTbI

IHopsiaok BhINOIHEHHS PA0OTHI

1. CoznaiiTe HOBBIH (aiin A1 IPOrpaMMBL.
2. BHecuTe B HETO CIEAYIOLIUI JINCTUHT TPOrPaMMBI:

int main()

{

unsigned char a =15
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inth=138;
if (a<b);
a=b;

}

3. CKOoMIIUIUPYHTE TPOrpamMmy. 3alUIIUTe BBIBOI KOMITHIIATOPA 00 OIINOKaXx.
4. BBIACHUTE CMBICI BCEX OMIMOOK MPOrpaMMBbl, UCIIOIB3Ys MOMCKOBYIO cuctemy (Google,
Yandex).

5. VcnipaBbTe OMIMOKH U 100EHTECh YCIIEIIHON KOMIMIISLUH IPOTPAMMBI.
KoHTpoJ/ibHbBIE BOIIPOCHI

1. Yro Takoe nepemenHas? YTo 3HAUYUT OOBIBUTH U HHUIIUAIU3UPOBATH IEPEMEHHYIO?

2. Yto Takoe 00J1aCTh BUIUMOCTH I1€PEMEHHOM ?

3. Yro OyneTr XpaHUTHCS B IEPEMEHHOM, €CITH €€ 00BSIBUTH, HO HE MHUITUATU3UPOBATH?

4. Yro Takoe nepenonHenue tuna? [Ipusennre npuMep pe3ysbTara NepernoIHeHus.

5. Kakue nenouuncieHHble TUlbl AaHHbIX Bbl 3Haere? CKOJIbKO MecTa B ONEpaTUBHOM
HaMsTH OHU 3aHUMAOT?

6. [l gero ucnone3yercs Mmoaudukarop unsigned?

7. Kakue BemecTBenHble TUIHI si361Kka C BhI 3HaeTe?

8. C nomomipto Kakoro ormneparopa s3bika C MOXXKHO TOYHO OIPEAEIUTb pa3Mep THUIla
MIepPEMEHHOI?

9. Ilouemy He cienyeT UCIOJIB30BATh INI00ATbHBIE IEPEMEHHBIE?

10. Kak 3agaTh nMeHOBaHHYIO KOHCTaHTYy? Kak ee oTMEHUTH?

JIABOPATOPHAA PABOTA Nel6
«M3yueHne MaccuBOB»

[lenr pab®oOThI: O3HAKOMHUTHCS C TOHATHEM «MAaCCHUB», €ro CTPYKTypoOH, crocobamu
OOBSBICHUS U WHHUIMATU3ALWN, MPUOOPECTH MPAaKTHUYECKHE HAaBBIKM PabOThI C yKazaTeasiMU
s3pika C.

BBeaenue

HpI/I HalmMCaHUM ImporpaMm 4aCTo IMpUuxXoaAruTCs pa60TaTI> ¢ OOJBIIMM KOJIUYECTBOM OJHOTHUITHBIX
JaHHBIX. Hcnons3oBanue JJIA HOI[O6HBIX 3aaa4 OOBIKHOBEHHBIX NEPCMCHHBIX IIPUBCACT K
YBCIUWUYCHUIO JIMCTUHTA NIPpOrpaMMbl, 4aCTOMY IMOBTOPCHUIO OAHHX M TEX KE )IeI\/'ICTBI/II\/’I, HO AJ1dA
Pa3HbIX NTCPECMCHHBIX. B Takux CJIydasax 3HAYHUTCIIbHO YI[O6HCC HUCIIOJIB30BAaTh MAaCCHUBBEI.

Maccug - 3170 HabOp OOBEKTOB OJHOTO THIIA, PACIOJIOKEHHBIX B ONEPATUBHON MaMAITH
HEMPEPbIBHO, K KOTOPHIM MOXHO 00paIaThes Mo 00IeMy UMEHH.

Onemenmom maccusa Ha3bIBAIOT O6’B€KT, paCHOJ'IO)KeHHI)If/i B IIaMATHU B I'paHUIIaX MaCCHUBaA.
Yy KaXXa0oro 3JICMCHTAa MaCCuBa €CTb CBOI adpec, COBHaIIaIOH_II/Iﬁ C aJgpecoMm HadaJbHOM SUYEHKHU
MMaMsATHU PacCIlOJIOXKECHHUA 3TOTO 3JICMCHTA, uH()eKc, ﬂBHSIIOHII/II\/'ICH MMOPAAKOBBIM HOMEPOM BJICMCHTA
B MaCCUBEC, U 3HAYCHUC.

Hmsa maccusa - o0 171 BCEX AJIEMEHTOB MacCUBa WIAEHTU(DHUKATOD.

Pa3mep maccuea CoBragacT ¢ KOJIUMYCCTBOM 3JICMCHTOB MaCCHBa.
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Tun maccuea - TAN 3JI€MEHTOB MacCHBa.

,ZZJZZ/IHa maccuea - KOJIUYECTBO 6aﬁT, 3aHUMaeMoO€ OJHUM DJJIEMCHTOM MacCCHUBa,
YMHOKCHHOC Ha KOJIMYCCTBO 3JICMCHTOB.

MaccuB MOXKeT OBITh OOBSIBJICH CJICYIOITUM 00pa3oM:

mun umsfpazmep] = {unuyuanuszayus 21emeHmos;};

Ilpumep:

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

B mpumepe o0ObsiBIEH MacCHB C MMEHeM @, coiepxkamiuii 4 snemenrta tuma char (8 our),
snaueHus snementoB: a[0] = 3, a[1] = 12, a[2] = 6, a[3] = 9. Hymepaius 371eMEeHTOB MacCcHBa
HAUWHACTCS C HYJIS.

Ecnm Bce anemMeHTHl MaccuBa MHUITMATM3UPOBAHBI B MOMEHT OOBSIBJICHUSI MAacCHUBa, KaK B
npuMepe BhIIIE, TO pa3Mep MaccHBa MOXKET HE YKa3bIBaThCsl, T.€. MACCUB MOXKHO ObUIO OBl
0OBIBUTH TAK:

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

Ecmu IIpyU MHULUAJIU3alUd YKa3aHbl 3HAYCHHA HC BCCX 3JICMCHTOB, TO UX 3HAYCHHA 6YIIYT
ABTOMATHYCCKU IIPUPABHCHBI K HYJIIO.

Wunmuanu3amnus >JIEMEHTOB MacCHBa npu 00BABICHUU HGO6$I33TCJ'IBH3, T.C. I0IMYCTHUMO
O0OBSBHUTH MacCCHUB, YKa3aB TOJIBKO €T0 THII U UM C PasMEpOM:

char a[4];

Maccugsl MOTYT OBITh MHOI'OMCpPHBIMHU, TOT' A UX 00BSABIICHUE BBITTIAOUT TaK:

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

ITpu pabore ¢ MaccuBaMu yJOOHO MCIIOJIB30BATh LIUKJIIBI, KOTOPbIE OYAYT pacCMOTPEHBI B
CIIEIYIOIINX pa3jienax JUCIHUILIUHBL.

IHopsiaok BhINOIHEHHS PA0OTHI

1. Co31aTh OJTHOMEPHBIA MaCCHB.

2. OpraHn30BaTh BBOJ] 3JICMEHTOB MacCHBa ¢ Ki1aBuatypsl ¢pynkmueit scanf().

3. Hamucate ¢QyHKIMIO HaXOXKACHHS JJIEMEHTA MacCHBa C MHHHUMAJIbHBIM
3HAYCHHUEM.

4. B oTuere npeacTaBUTh TUCTUHT IPOrPaMMBbI ¢ KOMMEHTAPHUSIMHU.
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KoHnTpoJsbHBIE BOPOCHI

Yrto Takoe MaccuB?
C KaKoro 4ucjia HAYMHACTCSA HyMepallis 3JICMCHTOB MaccuBa’?
Kakue cioco0n1 00bs1BIIEHNS MaccuBa Brl 3HaeTe?
O0s13aTeNBHO JIM YKa3bIBaTh pa3Mep MacCHBA IPHU €ro OObSIBICHUN?
Y10 TaKkoe MHHAIIMAIN3al1sd MaccuBa?

arONE

JABOPATOPHAA PABOTA Nel7
«U3yuenue cTpyktyp s3bika Cy»

Ilenb paGoThI: YCBOUTH Ha3HAYEHUE OOBEKTA «CTPYKTYpa», U3YUUTh CIOCOOBI OOBABICHUS
CTPYKTYp ¥ MHULIMAJIU3ALHAN UX TOJIEH.

BBeaenue

Cmpykmypa - 3TO TUIl JaHHBIX, MPEAHA3HAYEHHBIN 11 00ObEIUHEHHS Pa3HBIX OOBEKTOB
1OJl OJHHUM HMMEHEM, KOTOpOE SIBIISIETCS munom cmpykmypul. B kadecTBe 0OBEKTOB MOTYT
BBICTYIIATh IIEPEMEHHBIE, MACCUBBI, YKa3aTeIU U APYTUe CTPYKTYpPBHL.

YroObl TIOHATH HA3HAYEHUE CTPYKTYPBI, PACCMOTPHM IMPUMEP U CPABHUM pPEaTH3AIUIO
porpaMMmal € UCITI0JIb30BAHUEM ITPOCTBIX NICPEMCHHBIX, MACCUBOB U CTPYKTYDP.

[Tycth TpeOyeTcss Hamucarh MPOrpaMMy ISl XpaHCHHS MapKd, MOJENH, IIBETa U Toja
BBIITYCKa aBTOM06I/IJI$[, BBGZIéHHI)IX MMOJIB30BATCJIEM C KJIaBUATYPhI.

Peanusyem mnporpaMmy, HCHONB3YIONIYIO MPOCThIE MEPEMEHHbIE, JTUCTHHT KOTOPOM
nokasas Ha puc. 17.1.

| #include <stdio.h>

* int main(void)

{
char manufacturer[20]; //MaccuB 3neMeHTOB ANA Ha3BaHWA NMPOW3BOAWTENs ANUHOW A0 20 CMMBOMNOB
char model[20]; //MaccuB 3NeMeHTOB ANA Ha3BaHUA MOAEenu AnuWHoi ao 20 cumBonos
char color[16]; //MaccuB 3neMeHTOB ANA Ha3BaHWA UBeTa AnWHOW go 10 cumBOnoOB
unsigned int year; //nepemMeHHan pnA ropa Bunycka
printf("Enter manufacturer of the car: ");
scanf("%s", manufacturer); //BBOQ NpousBoguTens
printf("Enter model of the car: ");
scanf("%s", model); //BBOR Mogenu
printf("Enter color of the car: ");
scanf("%s", color); //BBOM UBETA
printf("Enter year of manufacturing the car: ");
scanf("%d", &year); //BBOQ roga Bbinycka
L7 printf("%s %s %s %d\n", manufacturer, model, color, year); //BbBog BCell MHhOpMaLWK Ha 3KpaH
return 0;

Terminal
File Edit View Search Terminal Help

Enter manufacturer of the car: nissan
Enter model of the car: cefiro
Enter color of the car: blue

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

Press <RETURN> to close this window...

[

Puc. 17.1. JIucTuHr nporpaMmMsl ¢ NpOCTHIMH IEPEMEHHBIMU

B npuBenenHoil mporpamMe BO3MOXHA paboTa BCEro C OJHUM aOCTPaKTHBIM OOBEKTOM
(aBTOMOOMIIEM), T.K. KaQX/bIi €ro mapaMeTp XpaHUTCS B OTJEJIBbHOM, HE CBA3AHHOW C JAPYrUMH,
[IEPEMEHHOM.

Ecnu taknx oObLEKTOB HECKOJIBKO, MOXXHO 00BSIBUTH MaCCHUBEI AJI XpaHCHUA O)IHOTHHHOﬁ
uHpOpMaLnK, KaK MOKa3aHO Ha clieAyromeM pucyHke. OZHAKO U B 3TOM CIy4ae MacCHBBI HE
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CBSI3aHBl MEXIYy COOOH, W, NMPH JOMYLIICHUH JIOTHYECKOH OIMOKM B IMporpamMme, BO3MOXKHA
ommbOo4Has paboTa ¢ 3JIEMEHTaMU Pa3HBIX MAaCCHUBOB.

| #include <stdio.h>

* int main(void)

{
char manufacturer[2][20]; //MaccuB 3NeMeHTOR ANR Ha3BaHWA NPOW3BOAMTENA ANWHONW fo 20 CUMBONOB
C model[2][20]; //MaccuB aNeMeHTOB [ANs Ha3BaHMA Mofdenu AnuHol o 20 cuMBONOB
C color[2][16]; //MaccMB 3NeMeHTOB ANS Ha3BaHMA LUBeTa ANMHOW Ao 10 CMMBONOB
unsigned int year[2]; //nepemeHHas gns roga Bhinycka
printf("Enter manufacturer of the car: ");
10 scanf("%s", manufacturer[1]); //BBOA NpouzBOAMTENS
printf("Enter model of the car: ");
scanf("%s", model[1]); //BBOA MOpenu
printf("Enter color of the car: ");
scanf("%s", color[1]); //BBOA UBETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &year[l]); //BBOA roga Bbinycka
printf("%s %s %s %d\n", manufacturer[1], model[1], color[1], year[1]); //BuBOA BCEil MHHOPMALWU Ha SKpaH
return @;
1 Terminal -
ues &

Puc. 17.2. JlucTuHT IporpamMmsl ¢ HAOOPOM MacCCHBOB

CTpyKTypbl HO3BOJISIIOT TPAKTOBATH IPYIILY CBSI3aHHBIX MEXIYy cO00W OOBEKTOB HE Kak
MHOXECTBO OTACIBHBIX 3JEMEHTOB, a Kak enuHoe mnenoe. CTpyKTypa MpencTaBisieT CoOOi
CJIOKHBIM TUI JAHHBIX, COCTABICHHBIN U3 IIPOCTHIX TUIIOB.

CtpyKkTypa 00BSBISETCS CIEAYIOIMUM 00pa3oMm:
struct Tun_cTpyKTypHI {
Tun uMaoaemenTal ;

TUIT UMSADJIEMEHTa2;

tui umaOnemenTaN;

Hanumem nporpaMmy uisi pacCMOTPEHHOIO paHEe IIPUMEPA, HO C HCIIOIb30BAHUEM
CTPYKTYPBHI.
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#include <stdio.h>

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

s
* dint main(void)
{
struct Car car;
printf("Enter manufacturer of the car: ");
scanf("%s", car.manufacturer); //BBOA Npou3BOAMTENA
15 printf("Enter model of the car: ");
scanf("%s", car.model); //BBOA Mogenu
printf("Enter color of the car: ");
scanf("%s", car.color); //BBOA UBETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &car.year); //BBOA ropa BbiNycka
printf("%s %s %s %d\n", car.manufacturer, car.model, car.color, car.year);
return 0; i
} Terminal S
File Edit View Search Terminal Help
Enter manufacturer of the car: mazda
Enter model of the car: rx8
sues FS d

red 2008
to close this window...

Puc. 17.3. JIucTuHT IporpaMMsbl ¢ UCMOJIb30BAHUEM CTPYKTYPHI

B npuBenenHoii nmporpamme o0bsiBiieHa cTpyKTypa Tuna Car. Dta cTpykTypa COCTOUT U3
YETBIPEX AJIEMEHTOB (I10JIEH CTPYKTYpPBhI): IPOU3BOJUTEINL, MOJIENb, LIBET U I'0Jl BBITYCKA.

B ¢yHkumu main oObsBicHa HepeMeHHas Car, THI KOTOpoil HasbiBaeTcs Car. Bee most
CTPYKTYpbI 3TOH NEPEMEHHON OTHOCSITCS TOJBKO K Hel. Takxke uMeeTcs BO3MOKHOCTb paboTaTh
C MacCUBAMHU CTPYKTYD.

#include <stdio.h>

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

s
* int main(void)
{
struct Car car[4];
int 1;
- for (i = 8; 1 < 4; i++)
{
16 printf("Enter manufacturer of the car: ");
scanf("%s", car[i].manufacturer); //BBOO Npow3BoAMTENA
printf("Enter model of the car: ");
scanf("%s", car[i].model); //BBOO MOpenwn
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); //BBOLO ropa Bhinycka
1
printf("%s %s %s %d\n", car[l].manufacturer, car[l].model, car[l].color, car[l].year);
return 0;
}
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Puc. 17.4. JIuctuHr nporpaMmMsl ¢ UCIIOJIL30BAHUEM MacCUBa CTPYKTYP

OOpaieHre K 5SJIEMEHTY CTPYKTYPBl OCYIIECTBISIETCS Yepe3 TOYKY I0CiIe HMEHHU
CTPYKTYpBIL. IMsI CTpYKTYypHOU MEepeMEeHHON MOXKET OBITh YKa3aHO MPH OOBSBICHUUA CTPYKTYPHI.
B sToM cnyuae oHO pazMeniaeTcs Mmociie 3aKphIBatoei GUTypHOI CKOOKH }.

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

JlocTym K 37eMEHTaM CTPYKTYPbl MOXHO OCYIIECTBHTH C MOMOIIbIO yKazaTenel. J[ms
3TOr0 HEOOXOIMMO WHUIMATIM3UPOBATh yKa3aTelb aJipecoM CTPYKTYphL. [Ipu 3ToM oOpamienne k
MOJISIM CTPYKTYPBI OCYIIECTBIISIETCS YePEe3 CTPEIKY «->».

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁoTbI

1. Hanucatp nporpamMmy y4eTa KHUT, UCIIOJIb3Ysl CTPYKTYpBHI si3bika C.

2. V3meHutp mnporpaMMy TakuM o00pa3oM, YTOOBI 3alOJHEHHE TMOJIeH CTPYKTYPHI
OCYIIIECTBIISIIOCH BBOJOM C KJIaBUATYPBHI.

3. Yka3aTb KOMMEHTapHUH K IPOrpaMme.

KonTposbHbie BONPOCHI

1. Yro Takoe «cTpykTypa» B si3bike Cu?

2. B ueM oTiMume CTPyKTYyphbl OT IEPEMEHHOM WM MaccuBa’?

3. B Kakux ciydasix IpearnouTUTENIbHO UCIIOIb30BaHUE CTPYKTYp?

JABOPATOPHAA PABOTA Nel8
«I3p1K iporpammupoBanus CH. Y CIIOBHBIE ONIEPATOPHI»

[{enb paGoOTHI: YCBOUTh CUHTAKCHC I OCOOCHHOCTH HCIIOIB30BaHUS YCIOBHBIX OMEPaTOPOB
s3pika Cil.

BBeaenue

[Ipy HamucaHuM MPOTpamMMbl YACTO MPUXOJUTCS CPAaBHUBATh 3HAYEHHS] NMEPEMEHHBIX U
BBITNOJHATh OJHU WJIN ApPyTrHUe ICHCTBHS B 3aBUCHMOCTH OT pe3yjbTara CpaBHEHUs. B Takom
Cly4ae TOBOpPST, 4YTO IpOrpaMMa pa3BeTBisieTCS. [l 3THX 1eneil MCIOIb3YIT YCIOBHBIE
OIIEepaTOopBHl.

Ycnosnwiti onepamop if
[Tonnast opma onepaTopa BBITISIANUT CIASAYIOIIUM 00pazoM:

if (YcnoBue)

{

brnoxOnepanniil;

}

else

{

brnoxOnepaunii2;

}
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Ecnu Venosue ncrtunno, To Boinonuutcs brokOnepayuiil, a unaue (T.€. Yciosue n0xHO) —
brnokOnepayuu?. biok omnepanuii MOXET COCTOATh M3 OAHOM Olepaluu, TOrga Haaudue
(GUrypHBIX CKOOOK HEOOS3aTEIBHO.

if (YcnoBue)
Omnepanusl;

else
Onepanus2;

Ecnu He TpeOyeTcst BHINOIHATH ASHCTBUS B Cllydae JIOXKHOTO 3HaYeHUs Ycrosus, TO 010K
else moxer ObITh MckitOueH. HeronmHast hopma orepaTopa BBITISIIUT TaK:

if (YcnoBue)

{

bnoxOnepanniil;

}

B npumepe Hmke OObBsBIsieTcs MepeMeHHas a, € MPUCBOCHO 3HaueHue 7. 3arem
poBepsieTcs ycaoBHe: ecnu a Oosbiiue 0, TO BBIBECTH HA SKpaH 3HAYEHUE NIEPEMEHHOM, HHaue —
3HaueHue nepeMeHHoi + 10. Pe3ynbTaT BRINOIHEHUS TPOTrPAMMBI — YHCIIO 7.

main

- build-example-Deskto

File Edit View Bookmarks Settings Help

Puc.18.1. [Tpumep yciaoBHOTO omnepatopa if

Onepatop if MOkeT OBITH BIOXKEHHBIM, T.€. TIOCJIC BBITIOJIHEHUS IPOBEPKU OJTHOTO YCIOBHUSI
MPOBEPSIETCS CICTYIOIIEE.
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if (Ycnosuel)
if (Ycnosue?2)
Onepanusil;
else
Oneparnusi2;

OOpaTuM BHUMAaHKE, YTO B TAKOM Cliydac OMIMS else OTHOCUTCS K mocieanemy if.
Onepamop eemenenus switch

B HekoTopeix ciydasx TpeOyercs MpOU3BOJUTH CpPAaBHEHHE HE C OJHUM 3HAUYEHHUEM, a C
HEKOTOPBIM HX KosimdecTBOM. Mcrosnp3oBaHue 1uisi 3Toro omepartopa if Moxer okaszatbes He
YI0OHBIM, C TOYKU 3pEHUsl HAaMCaHUs IporpamMmbl. BelOpaTh 0MH M3 HECKOJIBKHUX BapUAHTOB
BBITIIOJIHEHUSI IPOrPaMMbl MOYKHO C IOMOIIBIO oniepatopa Switch..case.

switch (LlenoeBripaxeHue)

{
case 3nauenuel: birokOneparuiil;
break;
case 3nauenue?: biaokOneparuii2;
break;

case 3nauenuen: bnoxOnepanuiing
break;

default: brokOnepauuitlloY Monuanuio;
break;

}

JauHbIil onepaTop padboTaeT ClIeIyoIUM 00pa3oMm:

1. Beruucnsercs [{enoeBuwipasicenue;

2. IlonyueHHOe 3HaYEHUE CPABHUBACTCS CO 3HAUEHUSAMU,

3. Ecnu 3nauenue HaliieHo, TO BBIIOJIHUTCSA COOTBETCTBYIOIINI brokOnepayutl,

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

biok default moxer oTcyTcTBOBaThH, TOTAA €CIU 3HAueHUe HE HAWAECHO, HE BBIMOJHHTCS
HUKAKUX JIEUCTBHIL.

Omnmus break ocyiecTBiasieT BBIXO U3 Omeparopa.

ITopsinok BbINOJIHEHHS PadOTHI

1. HanucaTe nmporpaMMy cpaBHEHHMs JIBYX BBEJICHHBIX C KJIaBUATYyphl yncenl. B pe3ynbprare
paboThI MporpaMMa JI0J>KHA BBIBOJIUTh PE3YIbTAT CPAaBHEHHUSI.

2. O0BsACHUTDH BBIOOP TOTO MM MHOTO YCJIOBHOTO OIepaTopa.

KonTpoJbHbBIE BOPOCHI

1. Yto Takoe ycioBHBII onepaTop?

2. Kakue ycnoBHsle oneparopsl Bel 3HaeTe?
3. B kakoMm ciryuae mpeArnouTHTENbHEE UCTIONIB30BaTh onieparop if, a B kakom switch..case?
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JIAEOPATOPHAA PABOTA Nel9
«I3p1K iporpammupoBanusg Cu. Oneparopsl LUKIa»

[lenb pabOTHI: YCBOUTH CHHTAKCUC M OCOOCHHOCTH HWCIOJIL30BAaHUS OINEPATOPOB ITHKIA
si3pIKka CH.

BBenenue

Luxnom HazpiBaeTcsi OJIOK KOJAA, KOTOPBIM A pelleHus 3ajadd TpeOyercs MOBTOPUTH
HECKOJIBKO pa3s.

[{ukn cocrout u3 6J0Ka IPOBEPKU yCIOBUM M Tena LUKIa. LMK BBIOIHASTCS A0 TEX 10D,
II0Ka 3HaYeHHE OJI0KA IPOBEPKH YCIOBHM UCTHUHHO. Tello LUKIIA COAEPKUT MOCIIEI0BATENIbHOCTh
olrepanuil, KOTopas BBIIOJIHAETCS B CIIy4ae MICTUHHOTO YCIOBHSI IOBTOPEHUS LIUKJIA.

B sa3pike Cu cienyroiue BUAbl IUKIOB:

while — kI ¢ peycaoBueM;

do...while — UK C TIOCTYCIOBHEM;

for — mapamerprueckuil UK (LUK ¢ 33JaHHBIM YHCIIOM TIOBTOPCHHMIA).
Luxn ¢ npedycnosuem while

[{uka uMeeT ciaeyroIy0 KOHCTPYKLIMIO:

while (Ycnosue)

{
¥

brnoxOneparui;

Ecnmu Vcnosue BeimonusieTcs (BblpaxkeHue, mpoBepsollee Yciosue, He paBHO HYIIO), TO
BBITIONIHSIETCST hiokOnepayuii, 3aKII0UeHHbIN B (DUTypHBIE CKOOKH, 3aTeM Yciogue poBepsieTcs
CHOBA.

ITocnenoBaTenbHOCTh JEHUCTBHM, COCTOSAIIAs W3 NPOBEPKH VYcnoguss W BBIOJHEHUS
broxaOnepayuii, mOBTOpsETCS 10 TEX IOP, MIOKA BEIPAKEHUE, TPOBEPSIOLIEE YV Cr06uUe, HE CTAHET
JOXHBIM (paBHbIM Hyit0). [Ipm 3TOM NPOMCXOAUT BBHIXOA M3 LHMKIA, U TPOU3BOAUTCA
BBITNIOJIHEHHE ONEPALINH, CTOSIIEH MTOCIIE olepaTopa LUKIIA.
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build-example-

View Bookmarks Settings Hel

Puc. 19.1. Pe3ynbraT padots! mukia While

IMpu mnocrpoennn mnwmkiaa While, B Hero HEOOXOAMMO BKJIIOYHTh KOHCTPYKIIUH,
U3MEHSIOIIME BEIMYMHY HPOBEPSIEMOrO BBIPAXKEHMS TaK, YTOObI B KOHIIE KOHILIOB OHO CTajlo
JIO)KHBIM (paBHBIM HYyJ0). MHaue BHINOJHEHWE LUKIA OyIeT OCYHIECTBIATHCS OECKOHEYHO
(OeckoHeuHbIM 1UKN). bBecKOHEUHBIH IMKJI MCIONB3yeTCs TNpPU HAIMCAaHUU IPOrpaMMm
MHUKPOKOHTPOJUIEPOB, 0€3 OECKOHEYHOro IMKJIa KOHTPOJIJIEP OCTAHOBHUTCS IIOCIE BBINOJIHEHUS
OCHOBHOM (pyHKLIUH.

[Ipumep GecKkOHEUHOro LUKIIA:

while (1)
{

broxOneparnui;

}

Luxn ¢ nocmycnosuem do..while
O6mas dhopma 3anucu:
do{

broxOnepanui;
} while (Ycnosue);

[ukn do..while — »3To 1MKI ¢ TOCTYCIOBHEM, TJI€ WCTUHHOCTh BBIPAXKCHHUS,
NPOBEPSIONICTO Vcosue, TIPOBEPSETCs MOCHe BhIMOAHEHUs birokaOnepayuil, 3aKITIOYEHHOTO B
¢durypubie ckoOku. Teno HUKIA BBIMOIHSICTCA 10 TEX IMOpP, MOKa BhIPAXKEHUE, MPOBEPSIOIICEe
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Venosue, He CTaHET JIOXKHBIM, TO €CTh TEJIO LUKJIA C MOCTYCIOBUEM BBITIOJIHUTCS XOTS OBl OJIUH
pas.

Ucnons3oBare nuka do...while mydmre B Tex cityyasix, KOrjga JOJDKHA OBITh BBIOJHEHA
XOTs Obl OJHA WTepauus, MO0 KOTAa MHUIMAIK3aUs OOBEKTOB, YYaCTBYIOIIMX B IPOBEPKE
YCJIOBUS, IPOUCXOAUT BHYTPH TEJa UK.

main.c main() -= ir
- build-example-

File Edit View Bookmarks Seftings H

(TR ]

* 9nt main()

mn s

4

Puc. 19.2. IIpumep pabortsr mukiaa do..while
THapamempuueckuii yuku for
O6mas dhopma 3anucu:

for (Manmmanusanus; Y cnosue; Moaudukarms)

bnoxOnepannii;
for — mnapamerpuyeckuii mUKI (IMKI ¢ (QUKCHPOBAHHBIM YHCIOM MOBTOpeHHid). Jlis

OpTraHU3aIMH TaKOTO IIUKJIa HEOOXOAMMO OCYIIECTBUTH TPU OTIEpPAIUH:

1. Anuyuanuzayus — mpucBauBaHKE MapaMeTPy IMUKJIA HAYAJIbHOTO 3HAYCHHS;

2. Ycnosue — npoBepKa yCIOBHS MOBTOPEHUS IMKIIA, Yallle BCETO — CPABHEHUE BETUYUHBI
napameTpa ¢ HeKOTOPBIM TPAaHUYHBIM 3HAYCHHUEM;

3. Moougurxayus — i3MEeHEHHE 3HAUYEHUS TTapaMeTpa JUIsl CIIEAYIONEro MPOXOKIACHUS Tea
KA.

OTU TpU OMEpalliy 3aMKUCHIBAIOTCS B CKOOKAX W Pa3eNIiOTCs TOUKOH ¢ 3amsaToi «;». Kak
MpaBUJIO, TAPAMETPOM IIHUKJIA SIBJISETCS IEOYUCIICHHAs TIepeMEHHasI.

WNuunuanu3aiys napaMmeTpa OCyIIeCTBISETCS TOJIbKO OJIMH pa3 — Korja ki for HaunHaeT
BBITIOJTHSITHCSI.

[IpoBepka Vcrosusi MOBTOpEHUs IUKJIA OCYIIECTBISIETCS MEpEe] KaXJAbIM BO3MOXHBIM
BBITIOJIHEHHEM Tenna mukia. Korma BelpakeHue, MpoBepsroliee Ycnosue CTAHOBUTCS JIOKHBIM
(paBHBIM HYIIO), MHUKJI 3aBepiiaercs. Moaudukamus mapamerpa OCYIIECTBISIETCS B KOHIE
Ka)KI0r0 BBITIOJTHEHUS Tema nukia. [TlapamMerp MoxeT yBelIWYMBATHCS WM YMEHBIIATHCS.
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ot build-example-D

File Edit View Bookmarks Settings Help

Puc. 19.3. IIpumep pabotsl 1ukia for

B uumkie for mMoker HCIONIB30BaThCS ONEpalus 3amsTas Ui pa3[IeliCHUs HECKOJIBKHX
BBIDQKEHUI. OJTO  MO3BOJIIET  BKJIIOYWATH B CHCHUUKAINHMIO  [HKIA  HECKOJIBKO
WHULUAIN3UPYIOIIUX WM  KOPPEKTUPYIOUIMX  BBIpaXCHWH. BbIpakeHus, K KOTOPBIM
NPUMEHSETCS OTIepaus 3ansaTast, OyIyT BEIUUCIATHCS CIIEBA HAIIPABO.

main.c

==

int main()

(int

printf("z

build-example-Deskt

y o =] & ot B

File  Edit View marks  Seftings

L

Puc. 19.4. Ilpumep nukia for co cnoxHbIM ycioBHEM

OOpaTuM BHUMaHUE, YTO OOBSBIATH IEPEMEHHBIE MOYKHO IIPSIMO BHYTPH LIUKJIA.
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Lluki for MoxeT ObITh BIOKEHHBIM aHAJIOTHYHO omeparopy if.

B Ttene mo0oro mukiia MOKHO HCIIONB30BaTh ONEpaTOphl MpepbiBaHus Iukiaa — break u
IpOJIOJDKEHHS IHKIIa — continue. Oneparop break mo3BosisieT BHIATH U3 IIUKIIA, HE 3aBepIlas ero.
Omeparop continue mo3BoJSIET MPOMYCTUTHh YacTh ONEPATOPOB Tela LHUKJIA M HAdyaTh HOBYIO
UTEPaLHIO.

HOpﬂ)IOK BbIIIOJTHCHHUA paﬁoTbI

1. Hamucarp nporpamMmy 3alOJIHCHUA MacCHMBa 4YWCIaMU, BBCACHHBIMU C KIIABUATYPBI,
HCIIOJIB3YA OJUH U3 U3YUYCHHBIX IUKIIOB.

KonTposbHbie BONpOChI

1. YUto Takoe «IIMKJI» B SI3bIKE MMPOrpaMMHUPOBAHUS?

2. Uem oOBsICHSCTCS YIO0OCTBO HCIIOIH30BAHUS ITUKIIOB 10 CPABHEHHUIO C MHOTOKPATHBIM
MIOBTOPOM OJHOM M TOM K€ orepanuu?

3. beictpee nu paboraer mporpamma C HCIOJb30BaHUEM IMKJIA, YeM Takas e, HO C
MOCTOSIHHBIM MTOBTOPOM JI€UCTBUIA?

JIABOPATOPHAA PABOTA Ne20
«S13bIk iporpammupoBanus Cu. Ykazarean»

HCJ'IB pa6OTBII HU3YUYUTDb 00BEKT «YKas3aTejib» A3blKa CI/I, HpI/IO6peCTI/I HaBBIKK €T0
HCIIOJIB30BaHMA, OCBOUTH OIICPAILMIO B3ATHUA aapeca.

BBeaenue

Vkazamenem Ha3pIBaeTCAd TEepeMEHHAas, 3HAYECHUE KOTOPOM SIBIISIETCS aapecoM Ipyrou
IIEPEMEHHOM.

Kaxk roBopuioch panee, Bce MepeMEHHbBIE PAcIoiaraloTCs B OepaTUBHOM maMsTH. [lamsaTh
— O3TO HENpepbIBHAs IOCIENI0BATEIbHOCTh sueek. Kaxkmass sdeiika uMeeT CBOW ajpec —
MOPSIIKOBBIM HOMED, U B HEE MOXKET OBITh 3alucaH BCero oauH OuT uHdopmanuu. [lepemennas
MOJKET 3aHUMaTh pa3Hoe (HO KpaTHOEe 8) KOTUYECTBO OUT B 3aBUCUMOCTHU OT €€ Tuma. Adpecom
nepemeHHou SBISIETCS HOMEDP SYEHKH TMaMsITH, ¢ KOTOPOM HAYMHAETCS PACIOJIOKEHHE JTOU
MEPEMEHHOMN B TAMSATH.

VYkazarens, SBISSICh TIEPEMEHHOM, TaK)KE pacrojiaraeTcs B ONEPATHBHOM MaMATH, HO €T0
pa3Mep PUKCUPOBAH U 3aBUCUT OT Pa3psAHOCTH cucTeMbl. [l 32-pa3psAHbIX CUCTEM yKa3aTellb
3aHuMaet 32 Outa uiau 4 Oaiita mamMsaTH.

VYkazatenb 00BABISETCS CASAYIOIIIM 00pa3oM:

TUI *UMS;
Tun — 5TO TUN IEPEMEHHOM, aJIpec KOTOPOI COAEPIKUT yKa3aTelb.
ITpumep:

int a; /ob6wvssnena nepemennas a muna int
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int *p, //0bvssnen yKasameib ¢ UMEHEM P HA NEPEMEHRHYIO Muna int

B npuBeneHHoM npumepe ykaszarenb P IOKa HUKAK HE CBSA3aH C IIEPEMEHHOM a, Tak Kak OH
HE MHMLIManu3upoBaH. Jlyi1 MHUIMaNInM3auuy ykasarens B si3bike C IpelycMOTpeHa omepanus
B3TUS ajpeca, KOTopas o0O3HAayaeTcs ammepcaHgoM &, pacIoOKEHHBIM Iepell UMEHEM
[IEPEMEHHOM.

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

Ha pucynke 20.1 npuBeneH JUCTUHT IPOrpaMMBbl U pe3ynbTar ee paboTsl. B 5-i cTpoke
oObsiBIIEHA IepeMeHHast a, B 6-i1 — yka3aTenb p, B 7-i CTpOKE B yKa3aTellb p 3allUCaH aJipec
nepemeHHo# a. B crpokax 8 u 9 ¢ momomrsio pynkumu printf() u mogudukaTopa %X BEIBOAUTCS
JBYMs crloco0amMHu ajipec MepeMEeHHON a B IeCTHAALATepUYHOM BU/IE.

#include <stdio.h>

* int main(void)
{ Terminal

char a = 4; File Edit View Search Terminal Help
' *p; a12455bf
X al2455bf

p = &aj 4

printf("‘fix'\,n", P) Press <RETURN> to close this window...

9 printf("%x\n",&a);
printf("%d\n", a);
=% | n o;

Puc. 20.1. Pe3ynbTaT paboThl IPOTrpaMMBbI C UCTIOIB30BAHUEM YKa3aTes

B s3p1ke C mmeercs oreparus MOJYYCHUs 3HAYCHHS IO ajpecy, KoTopas 0003HadaeTCs
3BE3I0YKOH *.
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#include <stdio.h>

* int main(void) .
{ Termi
. _ File Edit WView Search Terminal Help
char a = 4 )
char *p;
= &a;
p_ . r’,, - Press <RETURN> to close this window. ..
printf("%d\n", =*p);
9 printf("%sd\n",*x(&a));
printf("%d\n", a);
T B;
}

Puc. 20.2. Ilpumep nonydeHus aapeca nepeMeHHoOM

B npuBegeHHom snHCTHHTE B 8- CTpOKE Ha IKpaH BBIBOJUTCS 3HAUCHHUE MO aapecy,
KOTOPBI COJEP)KUTCS B ykazaTene. B 9-if cTpoke 3To ke 3Ha4YeHHEe 3amucaHo B 0oliee SBHOM
BHJIC.

MM maccuBa TakKe SIBISETCS yKa3aTelaeM, KOTOPBIM CONEPKUT aIpec MEePBOro IEMEHTA
JTOr0 MacCHUBa.

#include <stdio.h>

* int main(void)
{ Tern
a [3J = {4’ 2’ l}; File Edit View Search Terminal Help
printf("%x\n", a);* 8785925
printf("%d\n",*a); 4
el N \ €8785926
printf("%x\n",a+l);7 §&
printf(" d\n”,*(a+1));§8msw1
10 o sl = 102\ 0. . °
Lo print rA( ox\n'",a+2) ;s Press <RETURN> to close this window...
printf("%d\n",*x(a+2));
Irn 0;

Puc. 20.3. M maccuBa SBII€TCS yKa3aTeaeM

B nanHom mpumepe B 6-if cTpoke B KauecTBe aprymeHta ¢pyukimu Printf() ucrnonb3yercs
UMsl MaccuBa, M, KaK BHJHO B pPe3yjibTaTe€ BbIBOJA /- CTPOKH, OHO COBIAJAET C aIpPECOM
nepBoro 3jaemMeHTa maccuBa. B 8-if u 9-if cTpokax k ajpecy mepBOro sjaemMeHTa npudaBmin 1.
Tak kak Tunm MaccuBa Char, KaxIplil ero JIeMeHT 3aHuMaeT B namatu 1 Gaiit. [IpubaBnenue k
aZpecy eIUHMIIBI O3HAYaeT NpuoOaBieHue ogHoro Oaita. [losTomy B BeIBonE 8- U 9-ii CTpOK
cojepxarcsi aJpec W 3HAUYEHHE BTOPOTO 3JieMeHTa MaccuBa. AHanoruyHo ¢ 10-it u 11-i

43



ctpokamu. Ecim Obl MaccuB uMen THM INt, KOTOpbI 3aHMMaeT B mamsaTu 4 Oaifta, TO
MpuOaBICHUE €IMHUIIBI COOTBETCTBOBAJIO ObI MPUOABICHUIO K aJIpecy YeThIpeX OaiT, T.€. TUTIOC
OJIMH pa3Mep 3TOTO ke TUMa. ITO 03HAYACT, YTO K yKa3aTeNsIM MPUMEHUMBI apu(MeTHIecKue
orepanuu.

IHopsinok BbINOJHEHHUS PA0OTHI

1. Hanncars nporpaMMbl IPUBEAEHHBIX BBIIIE IPUMEPOB.
2. IIpoKOMMEHTHPOBATh HaNKUCAHHBIE TPOrpaMMbl. OOBSICHUTH aJITOPUTMBI UX PAOOTHI.

KOHTpOJILHLIe BOIIPOCHI

1. Yro Takoe «ykazarenab»? UTo Takoe «aapecy» nepemMeHHoM?
2. B ueMm npenMyIiecTBO UCIOJb30BaHUs yKa3zaTenen?
3. Kak u 3aueM HCrosib30BaTh yKa3aTelu MpH Iepeadye arpyMeHToB (yHKIIUN?

JIABOPATOPHAA PABOTA Ne21
«[IporpammupoBanue konTposepa ATmegal6. Hactpoiika mopToB»

[lenp paboOThI: W3Yy4UTh OOBEKT «yKaszarenb» si3bika CH, TPHOOPECTH HABBIKH €T0
MCIIOJIb30BaHUs1, OCBOUTH OIEPAIINIO B3ATHS apeca.

BBenenue

[Tocne ycnenrHoi HaCTPOWKH MpoeKTa U3 1abopaTopHoi padoTsl Nel3 u ero KoMK
0e3 oMO0K, MOKHO MPUCTYIUTH K HATMCAHUIO POTPAMMBI.

Jdns Havama pa3OepeM CTPYKTYpy IpOEKTa, H3y4HMM OCHOBHBIE ero (aiiel m ux
coaepkanne. HauneM ¢ 3arosoBouHoro ¢aita main.h, pacrnonoxenHoro B qupektopuu include
¥ MIOJIKITIOUEHHOTO B (haiiie main.c.

['MaBHBIM 3arojOBOYHBIM (aitjioM, ykKazaHHBIM B Main.h, sBasercs 3arosoBok i0.h,
HOKJIIOYEHUE KOTOPOTO BBITIISIUT TaK:

#include <avr/io.h>

B Hem conepikaTcs JUPEKTHBBI MPEMPOIIECCOpa, ONPEACISIONIHe MOACTh UCIOIb3YEMOT0o
koHTpoiuiepa. CaMo yka3aHWe MOJIENIM pACIONIOKeHO B (paiie mpoekra atmegal6.config u
BBITJISIAT TaK:

#define _ AVR_ATmegal6

OTO yKa3aHHME aBTOMAaTHYeCKH MoAKiIoyaeT B (aine i0.h Omok else BerBnenus if

npernporieccopa, KOTOPBIA ¢ MOMOIIbIO AUPEKTUBBI #iNClude BkiIrOYaeT B MPOEKT 3arojoBOK
iom16.h:
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Puc. 21.1. INonkirodyeHue 3aroj0BOYHOTO (haiisia KOHTpoJLIepa
B 3arosmoBouHoM daiisie i0m16.h comepkuTCs TONHOE ONMUCAHUE MAMSATH, IOPTOB,
peructpoB, mnepudepun KoHTposiepa ATmegal6. IIpocMoTpeTh €ro CoAepKHUMOE MOMKHO

HAXATHEM HA HEM JIEBOM KHOIIKOM MBIIIM C 3axaron kinasumen Ctrl.

iom16.h - Qt Creato

iom16.h

include

Src

main.c

Puc. 21.2. Onucanue nepudepun KOHTposIepa

Kak BugHO M3 pucynka 21.2 Bbllie, Bceé MMEHa IMOPTOB, BBIBOJOB, PETHCTPOB W T.1.
SIBIITFOTCS. OOBIYHBIMM TICEBJJOHMMAMH YHCET, HO 3TH YHUCJIa TOYHO COOTBETCTBYIOT ajpecam
PETUCTPOB B MaMSTH WJIK HOMEpaM OUTOB B pErHCTpax.

WcnpaBiars COAep)KUMOE BCTPOEHHBIX 3arojOBOYHBIX (aiiaoB, Takux Kak i10ml6.h,
HEJNb3SI.

B sT0i1 1 mocneayrommx 1a00paTopHBIX paboTax OyaeM mucath mporpaMmmy KOHTPOJIIEpa
TS pa3paboTaHHOTO paHee YCTPOMCTBA.
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[epexmounmcst B aitnm main.c u go0aBUM B Hero (YHKIUIO HACTPOHKHU mepudepun
KOHTpoOJIIepa, Ha30BeM ee Setup. B oty pynkiuio no6asum Hactpoiiky moptoB C u D Ha BeIBOI,
TaK KakK 3TH MOPTHI YIPABISAIOT aHOIaMH U KaTOJIaMH 7-CerMEHTHOT'O MHANKATOpa.

void setup()

{
DDRC = OxFF; //macmpoiika nopma C na 81600
DDRD = O0xFF; //macmpotika nopma D na 661600

}

Jns ynobctBa 00bsiBUM B (paiisie main.h rimobanbHbI MacCHB W3 JECATH DJIEMECHTOB,
KaXJblii M3 KOTOPBIX OyIeT cojepaThb KOMOHWHAIIMK HYJIEH W €IWHUI], COOTBETCTBYIOIIUX
udpaM Ha HHAUKATOPE.

unsigned char digit[10] = {0b11000000, //0
0b11111001, //1
0b10100100, //2
0b10110000, //3
0b10011001, //4
0b10010010, //5
0b10000010, //6
Ob11111000, /7
0b10000000, //8
0b10010000%}; //9

[Tockonpky mnst oroOpakeHuss HH(OpPMAIMM HAMU HCIOJIB3YETCS JUHAMHYECKas
WHIUKAIWS, CUTHAJIBI YIIPaBIEHUs KaTOJaMH MHIMKATOpa OT KOHTPOJUIepa MepeaatoTcs Ha BCe
BBIBOJbl KAaTOJOB BCEX pa3psI0B MHAMKATOpPA, a BKJIOYEHUE OIPEACICHHOr0 pa3psaa
OTpeeNAETCS CUTHAJIOM COOTBETCTBYIOILIETO aHO1a.

PaznenvHOE ympaBieHHe OUTaMH PETUCTPOB MOPTOB KOHTPOJUIEpAa HE MPEILyCMOTPEHO,
4yTOOBI YCTAHOBUTHh B COCTOSIHME | OJMH OUT pErucTpa mnopra, HyKHO MPOU3BECTH 3alUCh BCEX
outoB peructp. UToOBl MpH 3TOM HE MEHITh COCTOSHHME OCTAJbHBIX OWTOB MOPTa, MOKHO
WCIIOJIH30BaTh JIOTMUECKOE CIIOKEHHE, TPU ATOM | 3amuieM B TOT pa3psii, KOTOPBIH HY>KHO
YCTaHOBUTH B 1, a B ocTanbHble OUTHI - 0. [Ipu crnoxennn ¢ 0 cocrossHue OUTa HE U3MEHUTCS, a C
1 - craner paBHo 1. [l cOpoca Outa B (0, UCMOAB3yeM TOT K€ MPHUHIUI, HO C OMeparuen
YMHOKEHHS.

B pa3pabGoTtanHOi NpUHIMUNHAIBHOW CXEME YCTPOMCTBA KaTOABl JACCATUYHBIX TOUEK
WHAUKATOpa MOIKIIOYEHBI K BOCBMOMY OMTY mopta C, HaMUIIEM JBa MaKpoca JJIsi BKIFOUEHUS U
BBIKJTFOUCHHUS IECATUYHBIX TOYCK:

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

Teneps npu ykazanuu B nporpamme koman sl DP_ON Ttekymiee cocrostaue nopta C Oyaer
cioxeHo jorudecku ¢ yuciaom 10000000, T.e. 8-if GUT mopTa cTaHEeT paBeH 1, a ocTaabHbIe OUTHI
ocranyrcsi 0e3 m3menenus. [Ipu DP_OF — BeimonnuTcs norudeckoe ymMHOXKeHHE, 8- OHT
craHeT paseH 0, a OCTAIbHBIE HE U3MEHATCS.

Hanumewm aHanoruuHbple MakpoChl JUTsl BKIIOUEHHUS U BBIKJIIOUSHUS pa3psiioB UHAWKATOpa,
COTJIACHO TIOJIKITFOUEHHIO Ha IPUHITUITHAIBHON CXeMe:
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#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;

Hanurrem B ¢aiisie main.c GyHKIUIO IS 3aMCH YKCEN B HHUKATOP:

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:}
}

@OyHKIMs HAYErO He BO3BpAIllaeT B Ka4eCTBE pe3yJsibTara, O3TOMY ee THl VOid, u B Heil
OTCYTCTBYET orepartop return. B xauecTBe apryMeHTOB (QYHKIIMHU YKa3aH HOMEp pa3psaa, CUuTast
¢ 1 cneBa, u udpa 11t OTOOpAKEHUS.

Teneppr B mporpamMme MOXKHO BBI3bIBaTh B JIt0OOM Mecte (yHKImio ShowDigit u Ha
MH/IMKAaTOpe B YKa3aHHOM paspsje Oyaer oroOpakeHa yka3zaHHas nudpa. Hampumep,

showDigit(1, 4);

B CaMOM JIEBOM pa3psizie Oy/eT BbiBeseHa nudpa 4.

ITopsinok BbINOJIHEHHS PadOTHI

1. OTkpbITh 11a6s10H MpoekTa u3 JIP Nel3.

2. Hanucars nporpamMmy KOH(QUI'YpUpPOBaHHS IMOPTOB KOHTpPOJUIEpA Ui BBIOPAHHOTO
paHee yCTpOiiCcTBa.

KonTpoJsbHbIe BOPOCHI

1. Yro Takoe «m1opT» MUKPOKOHTpoIepa?

2. O0BsicHUTE ANTOPUTM HAcTpoiiku moproB ATmegal6?
3. Kakue peructpsl B ATmegal6 umeroTcs ais HaCTpOMKHU MOPTOB?

JABOPATOPHAA PABOTA Ne22

((JII/IHaMI/I‘-IeCKaSI WHAUKAIUAI»
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Lenr paOOTHI: TONYYUTh HABBIKM OpraHHW3alMM JAMHAMUYECKOW WHIWKAIUKA TPH
0TOOpakeHUH MHGOPMAIIHH.

BBenenue

B npeapinymieii padore Mbl co3manu  yHkimoo ShowDigit, aprymeHTamMu KOTOpOit
SIBJISTFOTCSI HOMEP pa3psijia MHANKATOpa H OToOpaXkaemasi Ha HeM 1udpa.

[TonpoOyem Temepb BBIBECTH pasHble HU(PBHI cpa3y BO BCe TPU pas3psia HHIUKATOPA,
HalpuMmep, Tak:

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

B pesynberare Ha mHAMKaTOpe OyneT mudpa 4 B OCISIHEM pa3psie, IPU STOM MEPBBIC ABa
paspsjga OyayT BBIKIIOYCHBI - TakoB ainroput™ (yakmuu ShowDigit mpu muHaMUUECKOR
WHIAKAITAH.

Puc. 22.1. Pe3ynpTat paboThl hyHKIIMH BbIBOJA HH(OPMALUU

YroOsl MHOpMaIUs OTOOpakanach OJAHOBPEMEHHO B TpeX CErMEHTax MWHAMKATopa,
HYXXHO JJOCTaTOYHO OBICTPO BBIBOJIUTH IU(PHI B pa3HbIC pa3psiibl, U STOTO MOKHO TIOMECTUTh
BCE€ TPH BBILICYKA3aHHBIC CTPOKU B BEYHBIN LIUKJI KOHTPOJLIEPA.

while (1)

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

¥

Pe3yﬂbTaT MMOCJIC KOMITUJIAIWUU U 3arpy3KHU:
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Puc. 22.2. BeiBog unopmanyy B pa3Hble pa3psisl HHAUKATOpA B LIUKJIIE

Ha umnaukatope oToOpakeHbl HE T€ UQPHI, T.K. HHAUKATOP MOMPOCTY «HE yCIEBAET» 3a
KOHTPOJUIEPOM, paboTaronieM Ha 4actore 16 MHIUIMOHOB TaKTOBBIX HMITYJIbCOB B CEKYHIY.
Jlo6aBuM 3a7ep KKy Tocie Kaxaoi komanabl ShowDigit.

Jlns opraHu3anuu 3aJC€p)KKH BOCIOJb3yeMcs craHmaptHoi ¢yukiueir _delay _ms(n),
apryMEHTOM N KOTOPOH SIBJISIETCS BPEMsT B MUJLIMCEKYHAaX. JIOCTaTOYHO 3a7ePKKU 5 MC.

@Oynkius _delay ms moker ObITH JOCTYIHA JUIS MCIOJB30BAHHUS IMPU HOAKIFOYCHUH
3aroJIoBOYHOTO (aiina:

#include <util/delay.h>
Ota CTpoKa MOIKIIOUEHHS yXKe COACPKUTCS B MPOeKTe B (aite main.h, qononHurenbHbIe

HOJKJIFOUEHUS HEe TPEOYIOTCSL.
Pe3ynpraT 106aBIeHNS 3a1€PKKH:

Puc. 22.3. Pe3ynbTar 106aBIeHUs 3a/Iep>KKH BbIBOIa MHPOPMALIUU

Oynkius  _delay_ms  wucmonb3yer TakTHPYIOIIUN CUTHAJT KOHTPOJUIEPA, TOATOMY
3a/iepikKa, OpraHM30BaHHast 3TON QyHKIMEN, IBISETCS O4YEHb TOUYHOM.

BreiBoguTh nHpOpMAIHIO B KOXKABIA pa3psii OTAETbHO, T00aBIss KKIBIA pa3 3aJepiKKY,
HEe o4YeHb y00HO. bpio ObI yumie HanmucaTh GYyHKIMIO, apTYMEHT KOTOpoi He 1udpa, a 1emnoe
YHCII0, COJIeprKallee OT OJHOTO JI0 TPeX Pa3psloB, a GyHKUUs Obl cama pasjesnsia Yucio Ha
u(pbl U BRIBOIWIA KAKIAYIO U3 HUX B COOTBETCTBYIOLIUI pa3psil.

OO0bsBuUM QyHKIIHIO WriteToDIsp, ¢ 1eI0YHCICHHBIM apTryMEHTOM:

void writeToDisp(int data)
{
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}

B dbyHKIHMKM 00BSIBIM U HHHLIHAIM3UPYEM HYJIIMH MAacCUB THIIa Char u3 Tpex 3JIeMEHTOB:
char str[3] ="000™;

B atom maccuBe OymyT XpaHuTbes kobl nudp. Bocmonsdyemcs dynkmumeit sprintf s3pika
Cu 151 KOHBEPTALUH LIEJIOT0 YUCIia B CUMBOJIBL. POpMaT (GyHKINHU CIIEAYIOIIHNA:

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

Oyuxuus sprintf() uaentnyna Gynkuuun printf() 3a uckiovyeHneM Toro, yro HHPOPMAIHS
3alMChIBACTCS B MACCUB, aJpecyeMblil ykazatenaem buf, a He B cTaHAapTHBINA MOTOK (HAampuMmep,
Ha 3kpaH). [IpoToTun GpyHKIMH (T.€. €e 3aroj0BOK) HaxoauTcs B (aiite Stdio.h, moakiounm ero
¢ momonipko #include B mayane daiiaa main.h.

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

Moaudukatop .3d coobmiaer (GyHKIHH, YTO pe3yabTaT 3alHCH B MAacCHB JOJDKCH
colepkath 3 paspsaa 1mejaoro ywcia. Ecid 49HCIo MMEeT MEHBIIEe KOJIMYECTBO Pas3psioB,
HEJIOCTAIOIIHNE PA3PsIbl OyIyT 3alI0JTHEHBI HYJISIMU.

Teneps n00aBuM co3maHHyi0 paHee GpyHkuuio ShowDigit, B kauecTBe BTOPOro aprymeHTa
KOTOPOM HYXHO YyKa3aThb YHCIIO, KOTOPO€ COOTBETCTBYeT Hu(pe pa3psaa, KO KOTOPOH
COZICP)KUTCS B DJIEMEHTE MaccuBa Str. 3mech BO3HHMKaeT HecooTBercTBHe: (yHkuus ShowDigit
JIOJDKHA TIOJYYUTh BTOPBIM apryMeHTOM Iieioe unciio ot 0 10 9, a mepenath eit Mbl MOXeM ascii-
KOJI CHMBOJIa, BeJlb UMCHHO OH COJEPIKUTCS B 3JieMeHTaX maccuBa. OOparuMcs K Tabmuiie ascii
CHUMBOJIOB:

Decimal Hexadecimal Binary Octal Char

48 30 110000 &0 0
49 3l 110001 61 1
50 32 110010 &2 2
51 33 110011 &3 3
52 34 110100 &4 4
53 35 110101 &5 5
54 36 110110 &6 6
55 37 110111 &7 7
56 38 111000 70 8
57 39 111001 71 9

Puc. 22.4. Tabmuna ASCII

Kak BumnHo u3 tabmuusl, mudpa 0 umeer aecatuunslii ko 48, 1 - 49 ... 9 - 57. Hyxno
MOHMMATh Pa3HUILy MEXAYy YHCIOM, 0003HAYAIONIMM KOJHYECTBEHHYIO MEpY 4ero-iubo, H
PO, SABJISAIOMEHCS CHUMBOJIMYECKMM O0003HAUEHHWEM 4YHCIa B HEKOTOPOH cucreme
o0o3HayeHnii. YToOBl MOMYyYUTH YUCIO M3 cUMBOJa B si3bike CH, BBIUTEM anredOpandyecku
CHUMBOJIBI, KOTOpBIE MPUHATO YKa3bIBaTh B OJIMHAPHBIX KaBblukax. Hampumep:
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I6I - IOI
Orta 3anuch SKBUBAJIEHTHA BblUMTaHUIO 54 - 48, pe3ynbrar KoToporo 6. T.e. eciiv HyKHO
HOJIYYHUTh YHCIIO U3 CUMBOJIA, HY’)KHO M3 3TOT'0 CUMBOJIA BEIYECTb aSCii-KO/ HYJIs.

Jo6aBum B ¢pyHkuuto 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);

Tenepp B BEUHBIN LMK OCHOBHOM IPOrpaMMbl MOYKHO HAIUCATh BCETO OJHY CTPOKY C
dynkmeint writeToDisp(n), rae N - menoe nojg0KUTEIbHOE YUCIIO IS 3aIIMCH B HHIUKATOP.

JIABOPATOPHAA PABOTA Ne23
«Pab6ora ¢ ALIIT korTpomtepa ATmegal6»

Llenb paboThI: YCBOUTH Ha3HAYEHUE OOBEKTA «CTPYKTYpa», U3yUUTh CIIOCOOBI OOBSABICHUS
CTPYKTYp ¥ MHULIMAJIU3AaLHUH UX TOJICH.

BBeaenue

s m3MepeHus TeMIlepaTypbl OKpYKaOIIEro BO3JyXa B COCTaB yCTPOMCTBa BXOJUT
narauk  Temneparypel  KTY81/120, mnoaxmoueHHslii Kk kaHany 0 aHanoroBo-mudpoBoro
npeobpasosarens ATmegalb.

[TpeoOpa3oBarens KoHTposiepa mnpeactaBiaser coboit ALl  mocrnegoBaTenbHOrO
MPUOJIMIKEHUS, UMEET 8§ HE3aBUCHMBIX KaHAJIOB U o0ecrieunBaeT 10-OuTHBIN pe3ynabTar.

Jnsa pabotsl ¢ ALIII B ATmegal6 mpemycMOTpeHBI ClielUalIbHBIE PErUCTpPbl, KOTOpbIE
JIOJDKHBI  OBITh HAcTpoeHbl mepen wucnosnb3zoBanueM ALIl. Ilpexne Bcero, HeoOXoauMo
"cooOIMTE" KOHTPOJJIEPY THUI HCTOYHUKA OIOPHOTO HaIpsbkeHHWsl npeobOpasoBarens. [Ipu
MPOCKTUPOBAHUH TPUHIIMITHATHHOM CXeMbl HaMU ObUIO BBHIOpAaHO mojkitoueHue BoiBojga AREF
Ha "3eMJI0" uepe3 KOHIEHCATop.

B noxymeHnrtanuu KoHTposiepa Ha cTp. 217 mpeactaBieH OJUH U3 PETUCTPOB HACTPOMKH
ALIII, xotopslit Ha3sIBaeTcs ADMUX.

Bit 7 B 5 4 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 MuUX2 MUX1 MUX0 I ADMUX
Read/Write RW R/W R/W RW RW RW R/W RW
Initial Value 0 0 0 0 0 0 0 0

Puc. 23.1. Peructp ADMUX

lecroit u cenqpmoit 6uThl 3Toro peructpa (REFSO nu REFS1) npennaznavensr st BIoopa
HCTOYHHKA OIOPHOTO HAMPSKESHUS.
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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 U3 TaOIMLIbI, 7S HALLIEro cilydasi MOJXOJUT BTOPas CTPOKA, T.€. UCHOJIb3YETCs
onopHoe Hanpspkenue ¢ BeiBoga AVCC, nipu atom BeiBog AREF noakirouen uepes koHaeHcaTop.

[Tateiii 6utr peructpa ADMUX mnaseiBaetci ADLAR (ADC Left Adjust Result) wu
npeHa3HaueH I BBIPABHMBAHUS pe3yibTaTa IO JIEBOMY WJIM IPAaBOMY Kpai PErucTpoB
pesyibrara. Pezynprar mpeoOpa3oBaHuUs Bcerja MOMELIAeTCs M XPaHUTCS B JABYX 8-OMTHBIX
peructpax ADCH u ADCL, npencraBnsitomux co0oil cTapmuii 1 mMiaammii 0alT pesynbrara.
OpnHako pe3ynbTaT npeoOpa3oBaHusi cocTout U3 10 OUT, a 3HAUUT, OH MOXKET OBITh PaCIOIOKEH
B THUX JIBYX O0aiTax mo-pasHoMYy:

ADLAR =0
Bit 15 14 13 12 1 10 9 8
- - - - - - ADC9 ADC8 ADCH
ADCT ADC6 ADCS ADC4 ADC3 ADC2 ADC1 ADCO ADCL
7 6 5 4 3 2 1 0
ReadWrite R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ADLAR =1

Bit 15 14 13 12 1 10 9 8
ADC9 ADCS8 ADCT ADC6 ADCS ADC4 ADC3 ADC2 ADCH

ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
ReadWrite R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Puc. 23.3. but ADLAR

[To ymomuanuto 6ut ADLAR paBen Hy:mio, T.e. 8§ OUT pe3ysbTaTa MOMENIAIOTCs B MIIaIIHHA
oaiit ADCL, a nBa ocraBmmxcs 6uta - B ctapmmii ADCH. O6uwii pe3ynbrat mpeoOdpazoBaHHs
MOXeET OBITh JOCTyNEeH B mporpamMe win no umenam ADCH u ADCL, unu o ojHOMY UMEHHU
ADC.

Butet MUX4..0 npennasHaueHs! 171 BBIOOpa KaHasa U crocoba mpeodpasoBanus. B camom
NPOCTOM CJIy4ae, KOT/Ia BXOIHOH CHTHAJ IMOJKIIOYEH K OJHOMY BBIBOJY KOHTPOJUIEpa, OWTHI
MUX4 u MUX3 nomxHbl OBITH paBHBI HYNIO, 2 Outamu MUX2, MUX1, MUXO BbiOuparoT kaHat
ot 000 (xanan 0) go 111 (xanan 7). Utoro 8 xananos. ALIIT ATmegal6 moxer paboTath B Tak
Ha3bIBaeMOM (G (PEepeHIHAIEHOM PEXUME, KOTAa HM3MEpPEHHE HAIPsDKEHHS MPOUCXOIUT He
MEXIy KaHaJoOM W OOIIeH TOUYKOM, a MEXIYy NBYMS BBIBOJAAMH KOHTpoiuiepa. s stux menei
ucnonb3ytores outsl MUX4 u MUXS.
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B namem ciyuae mpeoOpazoBaHHe MpPOCTOe, ¢ ogHOro KaHaia (O, OITOMY Bce OWTHI
MUXA4..0 1omkHBI OBITH paBHBI HYIIIO.
HactpouTts peructp ADMUX moxHO Tak:

ADMUX = 0x40;
Opnnako na(opMaTHBHEE OYAET MPOU3BECTH 3aIIUCh B IBOUYHOM CHCTEME:

ADMUX = 0b01000000;

[Tpu TakoM crioco0Oe 3amucu BUIIHO, YEMY PABEH KaXKIbI OUT perucrpa.
B cpene pazpaboTunkoB Oojiee OMyIsIpeH HHOM CIIoco0 3aucu OMTOB B PETUCTD:

ADMUX |= (1 << RFS0);

B 3amucu Bbllie JOoruveckas eJUHHUIIA CABUIAeTCs BJIEBO Ha 6 paspsaoB. MMeHoBaHHas
koHctanta RFSO o0wsBiieHa ¢ momomrsio #define B ¢aitie iom16.h u coorBercTByeT umcny 6 B
ATmegalo.

iom16&.h

Puc. 23.4. Yactp nuctunra daitna iom16.h

3arem cocrosiHue peructpa ADMUX normuecku ckiaablBaeTcsi CO CIBUHYTOM Ha 6
paspsanoB BieBo eauHuieir (0b01000000). Pe3ynbTar J0TMYECKOTO CIOKEHHS 3alHCHIBACTCSA
cHoBa B peructp ADMUX.

Takolt cmocob 3amuWch HATIAIHO JEMOHCTPHPYET, KaKoW OWT HW3MEHSETCs, a CcaMoe
IJIaBHOE — 00eCTeuynBaeT YHUBEPCATHHOCTh IPOrPaMMBI.

B pazspix mozaensx koHTposuiepoB AVR OUTBI MOTYT pacrionaraTbCsi B pa3HOM TOPSIJIKE.
Konourypupyst peructp B sIBHOM BHJE, T.€. KOHKPETHBIM YMCJIOM, MBI J€JIa€M IPOrpamMmy
NPUTOJHON TOJILKO JUTSI KOHKPETHOTO KOHTPOJUIEpa, W BPSI JIM OHA OyIeT BepHO paboTaTh B
npyroii mozaenu. BectpoenHble uMeHa OUToB, Takue kak RFSO, ¢ Gosbliel BeposITHOCTBIO OyyT
BCTPEYATHCS U B IPYTUX MOJEINSAX KOHTposuiepoB AVR, ImycTh U COOTBETCTBYS APYTUM HOMEpaM
OUTOB.

BropeiM crienmanbHbiM peructpom mist pabotel ¢ AL sBnsiercs permctp ADCSRA -
peructp ynpasieHus u cocrosiaust AL

53



Bit 7 6 5 4 3 2 1 0

I ADEN ADSC ADATE ADIF ADIE ADPS2 | ADPS1 ADPS0 I ADCSRA
ReadWrite RW R/W RW RW R/W RW R/W RW
Initial Value 0 0 0 0 0 0 0 0

Puc. 23.5. Peructp ADCSRA

bur 7 - ADEN - pazpewenue padotsr ALIL.
but 6 - ADSC - ctapT enMHHYHOTO ITpeoOpa3oBaHMS.
bur 5 - ADATE - paspemienue aBro3amycka HpeoOpa3oBaHHs IO mnepeaHeMy (GpoHTy

npeoOpa3yeMoro BXOJHOIO CUIHAJIA.
bur 4 - ADIF - npusnak (¢uar) npepbiBaHUs aBTOMAaTHYECKH yCTaHABIMBAaeTCs B 1 1o

OKOHYaHUU MPEOOPa3OBaHHUSL.
bur 3 - ADIE - pa3pemienue npepbsiBaHus OT MpeoOpa3oBaTeds.
butsr 2..0 - ADPS2..0 - 6uThl BBIOOpA EIUTENS YacTOTHI IPEeoOpa3oBaTeIs OMPEICIIIOT

CKOPOCTh paboThI MpeoOpa3oBaTes.

Table 85. ADC Prescaler Selections

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

Puc. 23.6. Ilpennenurens AL

Jlo6aBuM ciieAyroIyo CTpoky B pynkmuio setup():

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

Pabora ALII Oyner paspemiena, yactota pa®oTbl Oyner B 128 pa3 MeHbIIe 4acTOTHI
TaKTOBOT'O CUTHaJa, npepbiBanus oT ALl oTkatoueHsI.

Crnenyromum marom pabotrsl ¢ ALl sBisercs Hamucanue (QyHKIMH, 3amycKaromien
npeoOpa3oBaHre BEIOPAaHHOIO KaHajla M BO3Bpallarollel pe3yapTaT npeoOpa3oBaHusl.

unsigned int readADC(unsigned char channel)
{

channel &= 0b00000111;

ADCSRA |= (1 << ADSC);

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

return (ADC);

¥
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Bo3Bpamaemoe ¢yHKIHMEH 3HaUY€HHWE — II€J0€ TIOJOXKHTEIbHOE 16-OMTHOE YHCIIO.
ApryMeHT (yHKIMH, yKa3aHHBIH B €€ 3arojoBKEe B CKOOKax - HOMEp MpeodpazyeMoro KaHaia
ANIL

B mepBoii crpoke monydyeHHbIH (yHKIMEW HOMEp KaHala JIOTMYECKH YMHOXKAeTCsl Ha
gucio 7 (0b00000111), yToOB OrpaHUYUTh BO3MOYKHBIE OIIMOKHU MPY YKa3aHUM HOMEpPA KaHala
Oombie 7.

Bo BTOpoOii CcTpoke BBIMONHAETCS 3alycK mpeoOpa3oBanus 3amuckto 1 B Out ADSC
peructpa ynpasnenus u cocrossaus ALIIT ADCSRA.

Tpetbs cTpoka obecrieurBaeT May3y BBIIOJHEHHS MporpamMmbl Ha BpeMs paboTsl ALIIL
UuraeTcs cTpoka Tak: "MOBTOPSTH MPOBEPKY YCIOBHS IMOKA PE3YJIbTAT JIOTHYECKOTO YMHOXKCHHS
cocrossare peructpa ADCSRA wu casunytoii BieBo Ha 4 paspsga enununsl (Out ADIF
4eTBEPTHI 10 HOMepy) paBeH Hymro". [Iporpamma Oyner moBTopsaTh ki While no tex mop,
MOKa YCJIOBHE IIUKJIA JIOKHO, T.€. moka (aar roroBHocTtu ADIF He craner pasen 1.

B mocnemneit cTtpoke BO3BpamaeTcs  pe3yiabTaT  IpeoOpa3oBaHUS  —  YHCIO,
MPOMOPLUOHAIEHOE HAMPSKEHUIO Ha 37-M BBIBOJIE KOHTPOJLIEpA.

IMopsinok BbINOJIHEHHUS PadOThI
1. Hantucarp pynkuuu Hactpoiiku AL ans paspabareiBaemoro ycTpoiicTsa.
KonTposbHbie BONPoChI
1. Onummmre npornecc Hactporiku peructpoB AL konTpomnepa ATmegalb.
2. YUro Takoe npeaaenurens ALIT?
JIABOPATOPHAA PABOTA Ne24
«O6paboTka pe3ynbraToB paboTel ALI»

HCJ'IB pa6OTHZ INOJIYYHUTb HABBIKH paGOTBI C pe3yjibTaTaMHu aHaHOFO'L[I/I(prBOFO
npeo6pazoBaHH${ " MPUBCACHUA UX K COOTBCTCTBYIOIIUM (i)I/ISI/I‘-ICCKI/IM BCJIIMYHUHAM.

BBeaenue

Panee Obuta mpomsBenmena Hactpoiika ALIl, a Takxke co3mana (QyHKIMsS 3amycka
npeoOpa3oBaHus W TONYYeHHS ~ pe3yiabTaTa,  MPEICTaBISAIONIero  coboit  uucio,
IIPOMOPLMOHAIEHOE BXOJHOMY HampspbkeHuto. K HacTosmiemMy MOMeHTY (yHKIUS HacTpOMKHU
KOHTpPOJIJIEpA BBIMJISLAUT TaK:

void setup()

DDRC = O0xFF; //nacmpoiixa nopma C na 661600

DDRD = OxFF; //nacmpotixa nopma D na éb1600

ADMUX = (1<<REFS0); //sb160p ucmounuxa onoprozo nanpsxcerus AL

ADCSRA = (1<<ADEN)|(1<<ADPS2)|(1<<ADPS1)|(1<<ADPSO0); //srmouenue AL[IT u

HAacmpo uKa oenumerisi Yacmomal

}
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Hanucans! pynkimu popmupoBanus udpbl Ha HHIXKATOPE U BBIBOJA YHCIIA HA SKpPaH:

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 nmpeoOpa3oBaHUs U MOTYYCHUS PE3ysIbTaTa:

unsigned int readADC(unsigned char channel)
{

channel &= 0b00000111;

ADMUX = 0x40;

ADCSRA |= (1<<ADSC);

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

return (ADC);

}

Tenepp Hammmem ¢GyHKIMIO, NpeoOpasyromyto noiaydeHHbld ot ALl pesynbrar B
temneparypy. ®@ynkuus Oyner Bo3Bpamath pesynbrar B rpanycax lLlembcusi, a B KauecTBe
apryMeHTa B CKOOKax MpuHUMAaTh pe3yabTar ALIL.

int getTemp(unsigned int adcResult)
{

Boruncnenuss OyaeM MpoU3BOAUTH MOCTEIOBATENbHO: CHayalda MEpPEecYUTaeM pe3ysbTarT
AILII B HanpsbkeHuUe, 3aTEM U3 MOJTYYEHHOI'O HANpSKEHUS! BBIUMCIMM CONPOTHUBIICHUE JATYMKA
TEMIEPaTypbl B MOMEHT IpeoOpa3oBaHus U 1O CONPOTHUBIEHUIO BEIUMCIUM TEMIIEPATYPY.

O0mwsBuM niepemennble Tumna float, T.x. ux 3HadeHust PpoOHbIe:

float volt, resist, t;
BBI‘-II/ICJ'II/IM HaHp&I)KeHPIeZ

volt = 5*adcResult/1024; //pacuem nanpsowcenus npuseden 6 nexyui
P j2 s
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Tak xak JaTYUK TEMIICPATYpPhI MMOAKIIOYCH B HHMXKHEM IIJICUC OCIUTCIIA HAIPAKCHUA (CM.
JIGKI.[I/IIO), €ro COMpOTHUBJICHUC BBIYUCIISACTCS 11O BBIPAKCHUIO!:

R2 = R1*Usgwix/(Usx - Ussix)
Hanwuiem cTpoKy Uit BBIUUCIICHUS COMPOTUBIICHHS COTJIACHO ATOMY BBIPKEHHIO:
resist = 2200*volt/(5 - volt);

B nammcannoit ctpoke 2200 - 310 compoTHBiIeHHE pe3ucTtopa R1 BepxHero mieda
nenutens HanpsbkeHus B OM, 5 — BXOAHOE HampspKeHue JenuTens B BoibTax, paBHOe
HaNpsHKCHUIO TUTAHUS CXEMBI.

JIist BBIYKMCIICHHS TeMIepaTypbl OOpaTHMCs K JokyMmeHTanuu natunka KTY81/120, B
KOTOPOH MPHUCYTCTBYET TaOJIMIIa COOTBETCTBUS CONMPOTUBIICHUS AaTYMKA €T0 TEMIIEpaType:

Table 7.  Amblent temperature, comresponding resistance, temperature coefficient and maximum expected
temperature error for KTYE1M10 and KTYB1/120

lamjenp = T mA.
Amblent Temperature |KTY81H10 KTY81H20
temiperature coefficient
ey R () Resistance (1) Temperature | Resistance (1) Temperature
min  |Typ  |Max  *™K Dain Jryp [Max  [emori®)
] —&7 080 475 400 s05 +302 470 400 510 +4.02
-850 —58 048 S0 515 530 2092 495 515 535 +304
=40 —40 0.0 852 56T 582 +2 74 54T 56T 588 378
=30 -2 083 [0:] B34 638 1255 03 624 65 362
=20 - 081 B6a [0 [0 235 [ &84 TOS 345
-10 14 088 T33 TaT TE1 1214 TG TaT TED 32T
0 32 0.85 82 815 B2 +191 793 815 836 1308
10 50 083 BT4 B8E 808 +1.67 BG5S BBE anT +2 B8
20 [ 080 850 sl arz +1.41 o 81 a8z +2 68
25 7 o ] 1000 1010 +127 Bl 1000 1030 +2 54
30 B6 oT8 1029 1040 1051 +1.39 1018 1040 1061 +2 68
a0 104 ors 1108 1122 1136 +1.64 1087 1122 1147 1287
50 122 oT3 1182 1200 1225 +1.81 1180 1200 1237 328
&0 140 o 1278 1200 1319 219 1265 1200 1332 361
70 158 089 1360 1302 1416 1249 1355 1392 1430 394
80 176 06T 1462 1490 1518 28 1447 1400 1532 4.3
o 184 0ES 1558 1501 1623 342 1543 1501 1630 +4 68
100 212 063 1659 1608 1733 +3 46 1642 1608 1750 +5.05
110 230 061 1762 1805 1847 383 1744 1805 1865 1548
120 248 058 1867 1915 1963 +4.33 1848 1915 1962 1607
125 25T 055 1919 1970 2020 1456 1800 1970 2040 54T
130 266 052 1970 2023 2077 1507 1950 2023 2007 608
140 284 045 2065 2124 2184 628 2043 2124 2205 851
150 a2 035 2145 21 ZETT +8 585 213 21 s +11.43

Puc. 24.1. 3aBUCUMOCTH CONPOTUBJICHUS JAaTYUKA OT €0 TeMIIEPaTypPhl
BamnuireM cto0mbl Temmepatypsl (B rp. C) u conporusienus (cronber Resistance Typ.) B

MS Excel, moctpoum rpaduk 3aBHCHMOCTH TEMIEPATYpPbl OT COMPOTUBIICHUS, T00ABUM JTHHHUIO
TPEH/Ia U €€ BBIPaKeHHUE:
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Temp Resistance

-50 515 fix) = — 3.747 B432264TET5E-05 x* + 0.207255947194391 x — 145.008053410173
-40 567
-30 624
-20 684
-10 747
0 815
10 BBE
20 961 il
30 1040 e
40 1122
50 1209
B0 1299
70 1392
80 1490
90 1591
100 1696

Puc. 24.2. Ucnons3oBanue MS Excel mist mostydeHust BRIpaKeHUs

I/I3 HOJ'Iy‘IeHHOl"O Bpra)KCHI/ISI ,I[O63.BI/IM CTpOKy B nporpaMMy:
t = -3.7478*resist*resist*0.00001 + 0.2073*resist - 145.008;

BepHewm 3HaueHMe epeMEeHHOH t U 3aBepIINM HanucaHue GyHKIUH:

return (int)t;

}

B crpoke BblmIe Hcmonb3yeTcd oOmnepanus NpuBeNeHUs TUoB. Jlenmo B TOM, 4TO B
NEepeMEeHHO t mociie BbIYMCIEHUs OydeT XpaHUTbCsA MLenas U JpoOHas yacTb 3HAUYEHUS
teMriepatypsbl. s pa3pabaTeiBa€MOT0 YCTPOHCTBA TaKasi TOYHOCTh M30BITOYHA, IPOOHYIO YacCTh
MOXHO 0TOpocuTh. Eciu omyctuTh ykasanue (int), To B mpoiecce KOMIMISIIAM BO3HHKHET
ommuOKa, T.K. (QYHKIHMS JOJDKHA BEPHYThH Ienoe 4ucio (mepel ee MMeHeM ykaszaH Int), a B
omeparope return Bosspartuaercs [pooHoe uucio tumna float.

Tenepsb i BBIBOJIA TEMIIEPATYPhI HA HHIUKATOP B OCHOBHOM (pyHKIMH MAIN 10 BEYHOro
LIUKJIa MOXHO yKa3aTh:

writeToDisp(getTemp(readADC(0)));

B ¢dynkuuto writeToDiSp B kadecTBe apryMeHTa MOJCTABISIETCS Pe3yJIbTaT BBITOTHECHHS
¢bynkuuu getTemp, apryMeHToM KOTOPOH B CBOIO ouepesb sABIsAeTCs pe3ynbTar padoTsl AL
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Puc. 24.3. Pe3ynbTaT BBIBO/IA TEMIIEpATYPhI HA SKpaH

ITopsinok BbINOJIHEHHS PadOTHI

1. Jna pa3pabaTbiBaeMOro ycTpoiicTBa HamucaTh (YHKIUM HPUBEACHUS pe3yibTara
npeoOpa3oBaHus K COOTBETCTBYIOIIMM (PU3UYECKUM BEITUYMHAM.

KonTpoJsbHbIe BOPOCHI

1. OOBsicHUTH TpUHIMI 00paboTKH pe3ynbTaToB padoTsl ALIIT.
2. O0bsICHUTH TpeOOBAaHUS TOYHOCTH BBIUMCICHUN 3HAUYEHUIN (PU3NYECKUX BEITUYHH IO
pe3yibTaTam rnpeoopa3zoBaHuUs.

JJABOPATOPHAA PABOTA Ne25
«Pabota ¢ Taiimepamu ATmegal6y»

e pa®OTHI: IOTYYUTH HABBIKA HACTPOWKH TaliMepoB KoHTpoiuiepa ATmegal6, a takxke
HanucaHus QyHKIUI 00pabOTKH UX MpepbhIBaHUI.

BBenenue

Panee Obuta wmamucana Qyakmus getTemp(unsigned int adcResult) mis BerumciaeHus
TEMIIepaTyphbl BO3yXa U3 3HAYCHUS, TMOJYIECHHOTO B pe3ynbTare pabotsr ALl dyHkmus Oblia
BbI3BaHa B OCHOBHOM (hyHKIMU Main g0 Beuroro mukia While (1), a 3HaunT, H3MepeHue U BBIBOT
TEMIepaTypbl Ha WMHAWKATOP IPOMU30UIET BCETO OJWH pa3, s OOHOBJIEHHS ITOKAa3aHHsI
TEMITEPATYPbl KOHTPOJIEP HYXXHO IMepe3arpy3uTh. Takod ajiropuTM MOKET HCIIOJIb30BAThHCS
TOJBKO Ha BPeMsl HAMWCaHWsS TPOrPaMMbl W €€ OTIaIKH. B 3aKOHYCHHOM YCTPOWCTBE
TEMITEpaTypa J0JKHA OOHOBIISATHCS TIEPHOTAUECKH.
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CymiecTByeT /1Ba BapuaHTa OOHOBIICHHS TEMIIEpaTyphI:

1. B Beunom ke while (1);

2. C noMo1Ipo TaliMepa/cyeTynKa.

B mepBom ciydae mpu Manom oObeme koxa B uumkie While oOHoBnenue Oyner
NPOUCXOIUTh CIUIIKOM 4YacTo. M3-3a BbICOKOM ckopoctu pabotbl ALl mpu rpaHMYHBIX
3HAYEHUSAX peabHONM TeMIlepaTypbl BO3AyXa Ha MHJMKATOpPE 3HAYEHHUS OYyAyT MEHAThCS
noctostHHo. Hampumep, temmepatypa Bosayxa 25,999 rp. C dyepe3 HECKOJBKO MTHOBEHUM
m3menutrcss g0 26,001 rp. C. Ilpuyem ¢u3uka gaTyrika TaKoBa, YTO €r0 COMPOTHUBIICHUE
IIOCTOSIHHO MEHSETCSl B HEKOTOPBIX IpefesiaX, I03TOMY B €ro JOKYMEHTAlluu JUIsl Ka)KJ0ro
3HA4YEHUs TeMIIepaTyphl IPUBEIEH AMAINla30H 3HaUYeHUH conportunienus. Konrpomiep onudpyer
KOKI0€ M3MEHEHHE CONpOTHBIEHUS. M3 BBILIECKA3aHHOIO CJIEAYEeT, YTO H3MEpPEHUe
TeMIIepaTyphbl ClIeyeT IPOU3BOIUTH PEKE.

Ecnmu Ob1 00beM mporpammuoro kona iwmkina While Obi1 mocraTouHo OOMBIIUM, TO
U3MEpEeHUEe MOrjo Obl MPOUCXOAUTH CIUIIKOM MEJUIEHHO, T.K. B KOHTPOJUIEP BBIMIOJHSET
KOMAaH/IbI IIMKJIA TTOCIIEAOBATENFHO APYT 3a APYroM. Takoil moaxoa HeBepeH, 0COOEHHO B TEX B
cilyyasix, KOrJja Hy>KHO TOYHO OTCJIeKHBAaTh U3MEHEHHs aHAJIOTOBOI'O CUTHAJIA.

HaubGonee mnpaBuiabHBIM  pelIEHHEM @pPU  HM3MEPEHUM  TEMIIEpaTypbl  SIBISETCS
UCIOJIb30BaHUE TaiiMepa/cueTurka U ero npepeiBanus. JlocTonHCTBa 3TOro crnocoda B TOM, 4TO
TaliMep/CUeTUNK SBISIETCS CaMOCTOSITEIIBHBIM YCTPOWCTBOM, OH paboTaeT HE3aBHCUMO OT
nporeccopa KoHTposiepa. [loka KOHTpOIIep BBIOIHSAET CTPOKU MPOTrpaMMbl OJIHY 3a JAPYIOH,
TaiiMep/CUeTINK MPOAOIDKACT CUATATh TAKTOBBIE HMITYJIBCHI, TIOCTYIAIOIINE HA €T0 BXO/I.

YroObl OpraHM30BaTh BHIIOJIHEHHUE KAKUX-JIMOO NEMCTBUI KOHTpoJuIepa IpHU, Halpumep,
JOCTHDKEHUH TaMEpOM/CUYETYMKOM HEKOTOPOTO 3HAYEHUS WM TPU COBEPIICHHH ITOJIHOTO
IIUKJIa CYeTa, cIelyeT HAaCTPOUTh IpepbIBaHHE IO TaiiMepy/cueTunky. Cucrema NpepblBaHUN
OTKCaHa B JICKIMHU, a OOIIME TPUHIUITBI HACTPONKHU TaHMEPOB/CUECTUNKOB B JICKITUH.

Kak u c moOoii npyroil mnepudepueil KoHTposuiepa, Mepes HCIOJIb30BaHUEM
TaliMEpOB/CYETUNKOB MX HYKHO HaCTpOUTh. BriGepem nms paboThl, Harpumep, TaiMep/CUeTUUK
T1. Oto 16-pa3psaHbIil TaiiMep/cueTuuk, T.e. ero cueTHbli peructp TCNT1, B koTropom u Oynet
COJIEpKaThCS Pe3yJIbTaT CUETa, COCTOUT U3 ABYX OaMT.

JIro6oil Taiimep/cueTunk MOXeT paboTaTh B pa3IMUHBIX pexumax. s mocTaBiIeHHOM
3aa4u Oy/1eM UCIOJIb30BaTh MPEPbIBAHKE MO MEPETIOTHEHHIO TaliMepa.

Kak n3BecTHO, 11000¥ CUETUHK B pEKUME NMPSIMOTo cueTa cuuTaeT oT 0 10 MaKCUMaIbHOTO
CBOEr0 3HAYECHMs, 3aTEM CHOBa nepexo uT K 0. B 3TOT MOMEHT U BO3HUKAET MepenojHEHHE, T.€.
[0 3aBEPILICHUH TMOJHOTO LuKia cuera. Taiimep/cuerunk 7/ ATmegal6 O6yner cuurars ot 0000
0000 0000 0000 mo 1111 1111 1111 1111 (65 535 B mecATUUYHOM CUCTEME).

Kontposmiep paboraer Ha yactore 16 MI'1, nepuos 0AHOro UMIMyNbca TaltMepa/cueTdynKa
T1, ecnu ero TakTupoBaTh Takoi yactoToi, coctaBuT 0,0000000625 cex. YMHOXHUM 3TO YUCIIO
Ha KOJIMYECTBO 3HAUYeHHWH Taiimepa/cuetumka 7/, MOTydMM BpeMs €ro MOJHOTO IMKJIA CYeTa,
kotopoe coctaBuT 0,004096 cek. Paznenum 1 cek Ha 0,004096, nomyunm 244 MOJHBIX IUKIOB
cuera TaiiMepa/cueTtunka 3a 1 cexkyHnay. T.e. 3a 1 cekyHIy npepbiBaHHe TaiitMepa BO3HUKHET 244
pa3a. 910 n30bITOYHOE KOJIMYECTBO MPEPHIBAHUM JJIsl U3MEPEHHUS TEMIIEPATYPHI.

YMEHBIUTh CKOPOCTh paboOThl TailmMepa/cueTumka MOMKHO, BKIIOYMB B paboTy
IpeIICIIATENh YacTOTh. BeiOepeM MakcuMabHOE 3HaueHUe npeyienuTenss ATmegal6, koropoe
cocrasiisieT 1024. Torzma yacToTa UMITYJIbCOB Ha BXOJIe TaiiMepa/cueTurka coctaBuT 15 625 I'm.
JImuTenbHOCTh TIEpHOJia UMIYJIbca B 3TOM ciydae Oymer paBHa 1 / 15625 = 0,000064 cexk.
[TonHbIi MK cueTa B 3TOM ciaydae Oyzaet paseH 0,000064 * 65 536 = 4,1943 cexk.

Bynem u3mepsats temmeparypy 1 pa3 B cekynay. st atoro 3ammmem B peructp TCNT1
TaiiMepa/cueTunka Takoe HayallbHOE 3HAueHHe, YTOObI BpeMs cueTa C 3TOTr0 3HAYEHUs 10
MIEPETIOTHCHUS COCTaBIIIO | cekyHy. Beramenum 310 3Hadyenue: 65 536 - 15 625 = 49 911.
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[puctynum k HanmcaHuto mnporpamMmbl. B ¢ynkiuio Setup() moOaBuM HacTpouKy
TaliMepa/CueTInKa;

TCNT1 =49911; //nauanvrnoe 3nauenue cuemuuxa

Tatimep/cueTunk 7/ WMeeT HECKOJIbKO perucTtpoB HacTpoiriku. B peructpe TCCRI1A
HACTPAaWBaeTCsl TOBEJCHUE TaiiMepa B pEXUME CpPaBHEHHUS €ro 3HAYCHHS C 3aJaHHBIM,
yIIpaBJICHUE BHEIIHUM BBIBOJIOM KOHTpOJUIEpa, CBsi3aHHBIM ¢ 7/. J{ns BBIOpaHHOTO BBIIIE
pexkumMa paboThl, 3TH HACTPONKHU HE HYKHBI, [IOATOMY 3aIHIIEM B 3TOT PETUCTP HYIIU:

TCCR1A = 0x00;

B peructpe TCCR1B nepBbiMu OuTamu HacTpawBaeTcsl mpeaaenutenb. Hactpoum 3tu
OUTHI:

TCCR1B |= (1<<CS10) | (1<<CS12); //oenenue vacmomsr ¢ 1024 paza
PaspemnmM paboTy npepbiBaHus TaiiMepa/cueTdrka T/ 110 MepernoIHEHHIO:

TIMSK |= (1 << TOIEL) ; /ernrouenue ouma TOIE] ons npepvieariis
PaspemimM paboTy npepbIBaHUi KOHTPOJLIEPA:

sei(); // Bxniouenue 2106anbHbIx npepuleaHuil

Hamumewm ¢yHkiuo o0paboTKK mpepbiBaHMs 1O MepenosiHeHuto peructpa TCNT1
talimepa/cuetunka 71:

ISR(TIMERL_OVF_vect)

{
TCNT1 = 49911;

Teneps npu BOSHUKHOBEHUH IIPEPBIBAHUS, KOHTPOJIIEP IPUOCTAHOBUT BBINIOJHEHUE [IUKIIA
while u mepeiiner B QyHKIMIO npepsiBaHus TaiiMepa. B 3Toll (YHKLIMHU B CUETHBIA perucTp
tarimepa 7'/ cHoBa 3anuiiercsi 3HaueHue 49 911, u Taitmep MpoOAOIKUT CUET C HETO.

Bezosem ¢ynkuuo getTemp mis 3amycka AL u monydeHus 3HaueHHs! TeMIEpaTyphbl.
Pesynbrar BhIOMHEHHS (DYHKIMH TTOMECTHM B IIIOOATBHYIO MepeMeHHyro Int temp, mist aToro
00bsBUM ee B (aitne main.h. be3 rmobanpHOI epeMeHHOH B JaHHOM cilydae He 00OWTHUCH, T.K.
JIOCTYII K HEW JTOJKEH BBINIOJIHATBCS U3 OCHOBHOM IMPOTPaMMBI M U3 IIPEPBIBAHUS, HO MEPEIaTh
NEpPEMEHHYI0 B IpEepbhIBAHUE B KayecTBE apryMeHTa Heb3sd. 3aKOHYMM HamucaHue (QyHKIMU
IIPEPBIBAHMUS:

temp = getTemp(readADC(0));
}

Teneps ocHOBHas (QyHKIMSA Main OyaeT BHITISAETh TakK:

int main()

{
setup();
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while (1)
{

}

return O;

}

writeToDisp(temp);

B 1mkie while Oyner mocTOsSHHO MPOUCXOAWTH BBHIBOJ 3HAYCHHUS MEPEMEHHOW temp Ha
WHNKATOP, 3HAYEHUE OSTOW NEPEMEHHOW OyIeT H3MEHSTHCS MPH KaXIOM TNPEPhIBAHUU OT
TaliMepa/cueTyrka 7'/, KoTopoe OyJeT MpOUCXoauTh | pa3 B CEKYHY.

IHopsinok BHINOJHEHHUS PAOOTHI

1. JInst pa3pabaTbiBaeMOro YCTPOMCTBA HAaNMcaTh (DYHKIIMM HACTPOUKHU TaliMepa.
2. Opranu3oBarh 3aIyCK aHaJI0ro-Iu¢GPOBOTo Mpeodpa3oBaHus MO MPEPHIBAHUIO TaliMepa.

KoHTpoJibHBIE BOMPOCHI
1. Yto Takoe «raitmep» KOHTpoJuiepa?

2. Kakue BO3MOXKHOCTH IIPEIOCTABIISIOT TaliMepbl KoHTpoJuiepa ATmegal6?
3. B 4em npeumyImiecTBo UCIOIb30BaHUS TAHMEPOB 110 CPABHCHHIO C ITUKIIAMU?
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