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Pabouas nporpamma cocraBinena Ha ocHoBe ®I'OC BO mno HanpaBiIeHHIO NMOATOTOBKH
15.03.06 MEXATPOHMKA W POBOTOTEXHUKA (ypoBenb OaxanaBpuara) (mpukas
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Jluer akTyanusanuu padodeii nporpaMmmel

PaGouas mporpamma niepecmoTpena, oGeyskieHa u ono6pena s peanusamun B 2020 - 2021
yueGHOM rojty Ha 3acenanuy Kaenpsl ABTOMATH3HPOBAHHOTO IEKTPONPHBO/A H

MEXaTPOHHKH
Iporokonor JO O 209 \Ne 4
3aB. kadenpoit ZZ;_—%ZA.A. Huxonaes

Pabouasi nporpamma nepecmotpena, o6eyxk/ieHa u on06pena s peanusamuy B 2021 - 2022
yueGHOM rofty Ha 3ace/lanuu Kadenpsl ABTOMATH3UPOBAHHOTO HNEKTPONPHBO/A H
MEXaTPOHHUKH

ITpotokomor PO ery SNt
3aB. kadeapoii A.A. Hukonaes

PaGouas nporpamma nepecmotpena, o6cysk/ena u onobpena uis peanmsauu B 2022 - 2023
yueGHOM rojty Ha 3acelaHiH Kapeapbl ABTOMATH3MPOBAHHOTO HIEKTPONPUBOLA H
MEeXaTPOHHKH

IMporokomor 200 5 Mol
3aB. xadenpoit A.A. Huxonaes

PaGouast nporpamma nepecmoTpena, o6cyxkena 1 onobpena uist peammsaruu B 2023 - 2024
y4eGHOM roty Ha 3ace/lanuH Kadye[phl  ABTOMATH3MPOBAHHOTO JIIEKTPONPHBOLA 1
MeXaTPOHUKH

ITporoxomor 200 Bl No

3as. kadenpoit A.A. Huxonaes




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

Hensimu ocBoeHus aucuUIUIMHBL «MUKpoIpoleccopHass TEXHUKA B MEXaTpPOHUKE H
pOOOTOTEXHUKE» SBISIOTCA pPa3BUTUE Yy CTYAEHTOB JIMYHOCTHBIX KauecTB, a TaKXKe
dbopmupoBanue MpohecCHOHATBHBIX KOMIIETCHIINI B COOTBETCTBUU ¢ TpeboBanusmu O@I'OC BO
no HarpasieHuo 15.03.06 «MexarpoHnka 1 poOOTOTEXHHKAY.

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

JucuuruinHa MukporiporeccopHasi TEXHHKa B MEXaTPOHUKE M pOOOTOTEXHUKE BXOJUT B
BapHaTUBHYIO YacTh y4eOHOT0 I1aHa 00pa30BaTeIbHON IPOrPaMMBI.

Jns  n3ydeHUs  JUCLUIUIMHBL ~ HEOOXOOUMbl  3HaHUS  (YMEHMs,  BIJIAJICHUsA),
c(OpMHUPOBAHHBIC B PE3Y/IbTATE U3YUCHHSI JUCIUTUTUH/ IPAKTUK:

DJEeKTPOHHBIE YCTPOUCTBA MEXaTPOHHBIX U POOOTOTEXHUUECKUX CUCTEM

Teopus aBTOMaTU4YECKOTO YIIPABIICHUS

DNEKTPUUECKUE U DJIEKTPOHHBIE allllapaThl

DNEeKTPOTEXHUKA U DJIEKTPOHUKA

3nanus (YMEHHs, BIAJICHUS), OTyYCHHbIE NMPH M3YyYCHUU TAHHOMW NUCIMILIMHBI OyIyT
HEO0XO0AUMBI JUIsl U3yUeHUS UCHUILINH/TIPAKTHK:

[TonroToBka K 3aIIUTe U 3aIIMTA BBITYCKHON KBATM(UKAITMOHHON paboThI

3 Komnerenuun odyuarouierocs, popMupyembie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJIS) U IVIAHUPYeMbIe pPe3y/IbTaThbl 00y4eHHUs

B pesynbrare ocBoeHHs AMCHUIUIMHBL (Moayns) «MUKpompoleccopHas TEXHHMKa B
MEXaTpoOHHKE ¥  POOOTOTEXHUKE» OOywaromuiics JODKeH 0o0safaTh — CIEAYIOIMMHU
KOMIIETEHIUSIMU:

CtpyKTypHBII [Inanupyemsble pe3yabTaThl 00yUeHHS
3JIEMEHT
KOMIIETECHINH
OIIK-6 CIOCOOHOCTBIO pelIaTh CTaHAAPTHBIE 3a7aul PO ECCUOHATBHON AESITEILHOCTH Ha

OCHOBE HH(OpPMAIIMOHHOHN 1 6uOIHMorpaguueckoit KyabTyphl C IPUMEHEHHEM
MH(OPMaLlMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTUHN U C yU€TOM OCHOBHBIX TpeOOBaHUI
UH(POPMALIMOHHOM 0€30M1acCHOCTH

3HaTh - BUJIbI HICTOYHHUKOB MH(OpMAaLIUK, HEOOXOAUMOMN ISl peIIeHUS
npo¢eCCHOHANIBHBIX 3a]1a4;
- OCHOBBI HHPOPMAITMOHHOHN O€30MaCHOCTH.

YMmeTh - BBIJICNIATh OCHOBHBIE U BCIIOMOTATENbHBIE STAllbl PEIIEHUS TOCTABICHHON
npodeCcCHOHATBHON 3a/1a4H;
- OIleHUBATh YPPEKTUBHOCTD MPEATIaraeMbIX PEeIICHUH.

Branets - HABBIKAMU [TPOEKTUPOBAHUS MUKPOIIPOLIECCOPHBIX YCTPOMCTB IIPU
pelLIeHUH MTOCTABIEHHBIX MPO(EeCCHOHATBHBIX 3a/1a4.

[TK-5 crmocoOHOCThIO MPOBOUTE IKCIIEPUMEHTHI Ha ICHCTBYIOIINX MaKeTax, 00pasiax
MEXaTPOHHBIX U POOOTOTEXHUUYECKUX CUCTEM 10 33JJaHHBIM METOJIMKaM M 00pabaThiBaTh
pe3yIbTaThl C MPUMEHEHUEM COBPEMEHHBIX HHPOPMAIIMOHHBIX TEXHOIOTUN U TEXHUYECKHUX
CpenCTB

3HaTh - OCHOBBI IIOCTAHOBKHU DKCIIEPUMEHTA;
- METO/IUKH MPOBEACHUS IKCIIEPUMEHTOB;
- IPUHUUIB! (PYHKIIMOHUPOBAHUS MEXATPOHHBIX MOYJIEH.

YMerb - INIAHUPOBATh [TIOCTAHOBKY 3KCIIEPUMEHTA;
- OPraHU30BBIBAThH ITOCTAHOBKY DKCIIEPUMEHTA;
- OCYILECTBJIATb KOMMYTALUIO PA3HBIX MEXATPOHHBIX CUCTEM.




Bnanets - HaBBIKaMHU KOMITHIOTEPHOM 00paboTK nH(pOpMaInu;
- HaBBIKAMU aHAJIM3a PE3YJIbTaTOB IKCIICPUMEHTOB;
- HaBBIKAMHU PA0OTHI C CETEBBIMU TEXHOJIOTHSIMH.

[TK-9 crocoOHOCThIO Y4acTBOBATh B KAYECTBE UCIIOIHUTENS B HAYYHO-UCCIIEOBATEIbCKUX
pa3paboTKax HOBBIX POOOTOTEXHUYECKMX U MEXATPOHHBIX CUCTEM

3HaThb - OCHOBBI (DYHKIIMOHUPOBAHUS UPPOBBIX YCTPOHCTB;
- crocoObI COTIIACOBaHUS YPOBHEH HAINPSDKEHUI U TOKOB HArPy3KU U
MHUKPOIIPOLIECCOPHBIX YCTPOMCTB.

Ymers - IPOEKTUPOBATH IEKTPUUECKUE IIPUHLIUITNAIBHBIE CXEMBI, [I€YaTHBIC
IUTaThI pa3pabaThIBAEMbIX POOOTOTEXHUYECKUX U MEXATPOHHBIX YCTPOUCTB.

Bnaners - HaBBIKAMU HAIUCAHUS U OTJIAJIKU IIPOTPAMM JIJISl UCIIOJIb3YEMbIX
MHUKPOTMPOIIECCOPHBIX YCTPOMCTB.




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKkTHas pabora — 12,9 akaj. 4acos:
—aynuropHas — 10 akaj. 4acos;

— BHeayuTopHas — 2,9 akaJi. 4yacoB

— caMocTosTenbHas pabora — 122,4 akan. 4acos;
— IMOATOTOBKA K 3K3aMeHy — 8,7 akajl. yaca

dopma aTTecTaluu - SK3aMEH

AynuropHas s
KOHTaKTHas pabora E 3 dopma TeKyIIero
o X Bu KOHTPOJIS
Pasnen/ Tema 3 (B axaz. yacax) = A . p Kon
> g © | caMOCTOSITeNIbHOM | ycrieBaeMOCTH U
JACIATUTAHBL = E = 6 . | xomnerenm
g £ paboTHI MPOMEKYTOTHON
nmab. | mpakr. [ S & ATTeCTAIIH
Jlex. 53 I
3aH. 3aH. | QO &
1. Beenenue
11 HUcropus [Ipourenue VeTHbH OMDOC
MHUKPOTIPOLIECCOPHOM 0,5 2 | DONOJHUTENLHOU (cobece OBafme) TK-9
TEXHHUKU JIMTEPATYPHI a
1.2 Cospemennbiii oran| 4 Mpodrerie
pa3BUTHUSA P . VYcTHBIH onpoc
05 3 | momnoaHUTEIbHON TK-9
MHUKPOTIPOIIECCOPHBIX (cobecenoBanue)
JUTEPATYPHI
CUCTEM
Hroro no pazneny 1 5
2. SI3p1k nporpammupoBanus C
[Ipourenue
2.1 OcHOBHBIE TEPMHUHBI U VYerHbIi onpoc
P 2 221 10 JICKIIMOHHOTO P TK-9
TTOHSITHS (cobecemoBanme)
Marepuana
IoaroroBka K 3anmra
2.2 Tunbl TaHHBIX 1 1/11 10 nabopaTtopHOn naboparopHoi TK-9
pabote pabotsr Nel
2.3 IlepemenHbIe, TToaroroBska k amura
KOHCTaHTHI, MaCCHBHI, 2/11 10 nabopaTtopHOn naboparopHoi TK-9
yKazareian 4 pabote pabotsr Nel
IonroroBka k 3amura
2.4 CtpykTypbI 1 10 nabopaTtopHOH nabopaTtopHoOi IK-9
pabore paboTsr Ne2
[Tpourenue .
P . VYcrTHblii onpoc
2.5 ITuKIbI, BETBICHUS 20 | momoNHHUTENBHOM (coBecesioBantie) IK-9
JIUTEPATyPhI A
[Ipoutenne o
P . VYcrTHbIi onpoc
2.6 dyHkIun 10 | mononHUTENHHOMN (cobecenoBanHe) TK-9
JIMTEPATYPHI
Wroro no pazaeny 3 6/411 70
3. Cpena pa3paboTku
nporpaMMHoro obecriedenust Qt
Designer
o [Ipourenne o
3.1 Co3nanue u HacTpoiika P . | VYcrusri onpoc
5 | momonHuUTENEHON OIIK-6
MIPOEKTa (cobecenmoBanue)
4 JUTEPATYPhI
[Ipoutenue o
p o VYcTHBIH onpoc
3.2 Ornajka nmporpamMMsl 5 | momomHuTensHOU (cobeceoBanmue) OIIK-6
JIUTEPATYPhI A
Hroro mo pasaeny 10

4.  Mukpokontpomiep AVR

Atmega8




4.1 Omnucanue, CTPYKTYpa,

[Ipoutenne

VYerHbIi onpoc

5 JIOTIOTHUTEIbHON IIK-5
XapaKTEePUCTUKH (cobecenoBanue)
JIUTEPATyPHI
. [Ipoutenue .
4.2 Pabora ¢ nepudepueit 5 | ronommmrensroit YcTHbIi onpoc K5
KOHTpOJLIEpa (cobecenoBanue)
JUTEPATYPEI
4.3 Ilporpammarop H IIpourenue 3 Verssii ompoc
nporiecc 3aIuCH B 4 | momomHHUTENBEHOU TK-5
(cobecenoBanue)
KOHTpPOJLIEp JUTEPATYPEI
Hroro no pazgeny 14
5. Muxkpokontpomiep ARM
STM32F407
[Ipoutenne .
5.1 Omucanue, CTpyKTypa, 5 | nomommurensioii YcTHbIi onpoc K-5
XapaKTEePUCTUKH (cobecenoBanue)
JUTEPATyPHI
. [Ipoutenue .
5.2 Pabora ¢ mepudepueit 5 | ronommurensioi VYcTHbIi onpoc K5
KOHTpoJIepa (cobecenoBanue)
JINTEPATYPEI
53 IIporpammarop u IMpourenue | Vermsit onpoc
mporiecc 3aIIUCH B 5 JIOMOJHUTEILHON TIK-9
(cobecenoBanue)
KOHTpPOJLIEp JINTEPATYPBI
IIpourenue o
5.4 Cpena npoeKTUpOBaHUS N VYcTHBIi onpoc :
STM32 CubeMX 8,4 | momomuurenbhof | L panme) TIK-9
JIUTEPATYPEI
Wroro no pasneny 23,4
6. Konrponp
6.1 Konrpob
Wroro no pazneny
Hroro 3a cemectp 6/41 122,4 JK3aMeH
Hroro no aucnumninuae 6/41 122,4 SK3aMeH IIK-9,011K-

6,I1K-5




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

JUia  peanu3zauuu  NpPEeAyCMOTPEHHBIX BUJOB Yy4eOHOHl paboThl B  KauyecTBe
00pa3zoBaTesbHbIX TEXHOJIOTHH B MPENOJaBaHUN JUCIUTUIMHBI « MUKPOTIPOIIECCOpHAst TEXHUKA B
MEXaTpOHUKE U  pPOOOTOTEXHUKE»  HCIOJNB3YIOTCA  TPAAUIMOHHAs UM MOIYJIBHO -
KOMIIETCHTHOCTHasT TexHojoruu. Ilepemada HEOOXOMUMBIX TEOPETUYCCKUX 3HAHUUA U
dbopMupOBaHHE OCHOBHBIX NPEIACTaBICHUNH 10 Kypcy «MukpormpoieccopHas TEXHHKA B
MEXAaTPOHUKE ¥ POOOTOTEXHHKE)» MPOUCXOTUT C WCIOIH30BAHUEM MYJIbTHMEIUHHOTO
o0opynoBaHus. Jlekuuu npoxoAsT B TPaJuIMOHHON (popme u B popme JeKIuil-KOHCYIbTalui.
Ha nexuusx — KOHCYNbTalMSIX U3JI0KEHHE HOBOI'O MaTepHalia COMPOBOXKIAETCS MOCTAHOBKOM
BOIIPOCOB M JIMCKYCCHEH B IOMCKax OTBETOB Ha 3TU Bompochl. CamocTosTenbHas pabora
CTUMYJIUPYET CTYACHTOB B MPOIECCE MOATOTOBKHM JIOMAIIHUX 3a/IaHUi, IPU PEHICHUU 3a7a4 Ha
MPAKTUYECKUX 3aHATHUSIX, IPH MOJATOTOBKE K KOHTPOJIbHBIM pab0TaM U UTOTOBOI aTTECTALIUU.

6 YueOHO-MeTOAUUECKOE 00eciedeHHe CAMOCTOSITeIbHOI PadoThl 00yYaOIIMXCs
[TpencraBneno B mpuioxeHun 1.

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

8 YueOHo-MeTOAMYecKOe H HH(POPMALIMOHHOE O0ecneYeHrue TUCIUIIHHbBI (MOTYJIs1)

a) OcHoBHas1 IMTEpaTypa:

1. Cmupnos, FO. A. OcHOBBI MUKPOIJIEKTPOHUKH M MHKPOIPOLIECCOPHON TEXHUKU :
yuebHoe mocobue / 0. A. Cmupnos, C. B. Cokonos, E. B. TuroB. — 2-¢ usn., ucrnp. —

Cankr-IlerepOypr : Jlamp, 2013. — 496 c. — ISBN 978-5-8114-1379-9. — Tekcr :
AJIEKTPOHHBIH // Jlann : 3JIEKTPOHHO-OMOIMOTEYHAS cucrema. — URL:
https://e.lanbook.com/book/12948 (mata oOpamenus: 06.11.2020). — Pexum poctyma: ans

aBTOPH3. M1OJIb30BATENEH.

0) JlonostHuTEIbHAS JTUTEPATYpA:

1. Cmuphos, 0. A. TexHuueckue cpeacTBa aBTOMaTH3alMM U YIpaBJIEHUs : yueOHOe
nocooue / FO. A. CmuproB. — 3-¢ usn., crep. — Cankr-IlerepOypr : Jlans, 2020. — 456 c. —
ISBN 978-5-8114-5413-6. — Tekct : 31ekTpoHHbIN / JlaHb : 3JIE€KTPOHHO-OMOIMOTEUHAs
cucrema. — URL: https://e.lanbook.com/book/140779 (nata obpamienus: 06.11.2020). — Pexum
JOCTYTIA: JIJIsl aBTOPU3. TIOJIH30BATEIIECH.

2. JIykunos, A. I1. [IpoexTupoBaHne MEXaTPOHHBIX U POOOTOTEXHUYECKUX YCTPOMCTB :
yuebnoe nocobue / A. Il. JlykunoB. — Cankr-IlerepOypr : Jlanp, 2012. — 608 c¢. — ISBN
978-5-8114-1166-5. — Tekcr : anekTpoHHbIH // JIaHb : 2eKTPOHHO-OMOINOTEYHAs cUcTeMa. —
URL.: https://e.lanbook.com/book/2765 (nata obparenus: 10.11.2020). — Pesxxum moctyna: s
aBTOPH3. M1OJIb30BATENEH.

B) MeTonuyeckue ykazaHus:

[IpuBeneHbI B IPUIOKEHUH 3.



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

r) [Iporpammuoe obecneuenue u UHTepHeT-pecypcebl:

IIporpammHoe o0ecnneuenmne

Haumenosanue I10 No norosopa Cpok neicTBuUSA JIUIEH3UN
MS Windows 7

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

MS Office 2007 |y, 135 o1 17.09.2007 GeccpouHo
Professional

7Zip cB0OOAHO pactpocTtpansemoe 110 OeCCpPOYHO
NI MultiSim K-68-08 ot 29.05.2008 GeccpodHo
Education

Borland Turbo C++[Ne112301 ot 23.11.2005 OeccpouHo
FAR Manager cB000HO pacrpocTpansemoe [10 0OECCPOYHO

HpO(l)eCCI/IOHaJ'leI)Ie 0a3bl JAaHHbIX " I/IHq)OpMaIII/IOHHbIe CIIPaBOYHbLIC CUCTEMBI

HazBanue kypca

CchlUIKa

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

https://dlib.eastview.com/

Hanuonanbpnas MH(POPMALMOHHO-aHAIUTHYECKas
cucreMa — PoccuiiCKknii MHIEKC HAyYHOTO LIUTHUPOBAHUS
(PUHLI)

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

IMTouckosas cucrema Akagemust Google (Google Scholar)

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

HNudpopmannonnas cucreMa - EnnHoe OKHO JocCTyma K
MH(POPMALIMOHHBIM pecypcaM

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

9 MaTtepuaJbHO-TEXHHYECKOE o0ecTeyeHne TUCIUTIHHBI (MOILYJIs1)

MaTepHaano-TeXHqucxoe obecneucHue JUCIUITIIIMHBI BKJIIFOYACT:

Tun u Ha3BaHME ayAUTOPUU OcHalenue ayguTopun

JlexkinoHHas aAyauTopus MYHLTI/IMGI[I/II\/‘IHBIG CpCACTBA XpaHCHU:, IICpEaAAIn U
NpeACTaBJICHUA I/IH(1)0pMaI_[I/II/I

KommbroTepHsbIit Kitace [epconanbhbie KOMIbIOTEPHI ¢ TakeTrom MS Office,
naketoM NI Multisim, Berxogom B UHTEpHET U C
JOCTYIIOM B 3JIEKTPOHHYIO
nH(OPMAIIMOHHO-00pa30BATENBHYIO CPENY

VHUBEPCHUTETA

Aynuropuu Juis [epconanbhbie KOMIbIOTEPHI ¢ TakeTrom MS Office,
CaMOCTOSITENILHOM pabOThI: BBIXOZIOM B IHTEpHET U C JOCTYIIOM B AJIEKTPOHHYIO
KOMIThIOTEPHBIE KJIACCHI; “H(POPMAITMOHHO-00Pa30BaATENHHYIO CPEY

YUTATBHBIC 3QJI6l OMOMOTEKN | YHUBEPCUTETA




INPUJIOKEHHUE 1

Y4yeOHO-MeTOoAUYEeCKOe 00ecTieYeHrne CAMOCTOSITeIbHOI padoThl 00y4yaromuxcs

BreayauropHasi caMocTosITeNbHAS paboTa CTYIEHTOB OCYIIECTBIISICTCS B BUJC UTCHHS C
popaboTKOil Mareprana ¢ KOHCYJNbTALMSIMHU IperojaaBaresisi U O(OPMIICHHS BBIIOJHEHHBIX
71a00paTOpHBIX PaboT, ¢ MPOPAOOTKON OCHOBHBIX BOIIPOCOB K JTaOOPAaTOPHBIM paboTaM.

IlepeyeHb BONPOCOB K YCTHOMY OIPOCY:

1. Korga 6su1a uzobperena nepsas 9BM? Kakue 00CTOSATENBCTBA U MPEANIOCHIIKH 3TOMY
croco0cTBOBAIM?

2. Ha3oBHTE OCHOBHBIE 3TAIbl Pa3BUTHSI MUKPOIIPOLIECCOPHON TEXHUKHU.

3. OxapaktepusylTe COBPEMEHHBIH YPOBEHb MHMKPOIPOIIECCOPHON TEeXHUKH. KaKoBbI
TEH/ICHIIUU €€ pa3BUTH?

4. Yem oTiIMYaETCs MUKPOKOHTPOJIIEP OT MUKpoTMpoieccopa?

5. Ha3oBuTEe OCHOBHBIE y3JIbl U UX Ha3HAUEHHUE B CTPYKTYpE JII000Tr0 MUKPOIIpOLIECCopa.

6. Uto Takoe murHa B MUKPOIIPOLIECCOPHOM TEXHUKE?

7. Ha3oBuTE J1BE OCHOBHBIE apXUTEKTYPbl MUKPOIIpOLIECCOPOB. B uem ux otnuuns?

8. [Touemy coBpeMEeHHbBIE MUKPOIIPOIIECCOPHI COJIEPIKAT HE OIHO SAPO?

9. B uem 3akitoyaercs npobiaema JajbHEHIIero pocra TakTOBOW YacTOThI COBPEMEHHBIX
MHUKPOIIPOLIECCOPOB?

10. Kakue s3bIkH IPOrpaMMHUPOBAHUS B HACTOSILEE BPeMsl MCIIOJIb3YIOTCS U1l HAllUCAHUS
Mporpamm JJisi MUKPOTIPOIIECCOPOB?

11. Yro Takoe koMnuusATop?

12. OnumuTe Mocne10BaTeIbHOCTh IEHCTBHNA, BBITOTHIEMBIX KOMITUIISITOPOM.

13. Onummre CTPYKTYpy JIMCTHHTa MporpaMmsbl Ha sizbike C. UTO Takoe «3aroJloBOYHBIN
baiin»?

14. KakoBbI OCHOBHBIE XapaKTEPUCTUKU KOHTposuiepa Atmega8?

15. Kakoit mporpammarop HEOOXOAUM IS TPOrpaMMUPOBaHUs KOHTposuiepa Atmega8?

16. B kakux xopmycax BblllyckaeTcss KOHTposuiep Atmega8?

17. KakoBbI OCHOBHBIE XapaKTepUCTUKN KOHTposuiepa STM32F4077

18. Kakoii mporpammaTtop He0OX0AUM JUTsl IpOorpaMMupoBaHust KoHTposuiepa STM32F407?

19. B kakux xopmycax Bblltyckaercst KoHtposuiep STM32F407?

20. Kakumu anmapaTHbIMH Os10KamMu 06aaeT kouTposuiep STM32F407?

21. O6wsacuauTe mpuHIUn padotel ¢ AL korTposmepa STM32F407.

22. O6bscHUTE NPUHLUT paboThI ¢ TaiiMepoM KoHTposuiepa STM32F407.

23. OOBsACHUTE MPUHITUI paObOTHI ¢ TOPTAMH BBOJ1a/BBIBOIa KOoHTposuiepa STM32F407.

24. Kakumu nepugepuiiHpIMU ycTpoiicTBaMu 06naaaeT koutposiep STM32F4077

ITepeyens BonpocoB k 3ammTe JadopaTropHoii padorsr Nel

1. Kak 1 B kakoM MecTe IporpaMmbl 0OBSBISIOTCS IEpEMEHHBIE B sA3bike C?

2. Yro mnpoucxoauT npu OOBSABIEHUH TIepeMeHHBIX? YTo Takoe WHHUIMAIM3ALUS
IIEpEMEHHOMN?

3. Yro Takoe maccu? Kakue tumnbl MaccuBoB Bbl 3HaeTe? Kak 3agaercst maccu?

4. Yto takoe ykazatenb? Kakue ykazarenu 6piBaroT? Kak onu paborarot?

ITepeyennb BOnpocoB Kk 3ammTe JJa0opaTopHOi padoTsl Ne2

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

2. YTo Takoe moje CTYKTyphI?

3. KakoBo Ha3zHaueHue cTpykTyp? [IpuBeauTe npumMep MCIoIb30BaHUS CTYPKYpPbI?

ITepeyennb BOonpocoB k 3ammTe JJadopaTopHoi padoTsl Ne3

1. IlpuBeanTe BapuaHThl CHHTAKCHCA U MPUMep Iukia for.

2. IlpuBeuTe BapHaHThl CHHTAaKCcUCa U ipuMep 1ukia While.



3. [IpuBenuTe BapraHThl CHHTaKcHca U ipuMep 1ukia do..while.

4. TlpuBeuTe BapUAHThI CHHTAKCHCA U TIPUMEp BeTBIIeHHUS if.

5. IlpuBeauTe BapuaHThl CHHTAKCUCA U IPUMEP BETBJICHUS SWitch.

IlepeyeHb BONPOCOB K 3a1uMTe JadopaTopHoi padoTbl Ned

1. Yro Takoe ¢pynkuuu B C?

2. KakoBa cTpykTypa GhyHKIIH?

3. Yro takoe rnaBHas QyHKuuA? B yem pasnuuue riaBHON (YHKIMU MPHU HAMUCAHUU
MPOrpaMMBI JJIsl ONIEPALIMOHHON CUCTEMBI M KOHTpoJuiepa?

4. B KakoM MecTe MPOrpaMMbl MOT'YJI OBITh OOBSBICHBI (PYHKIIUU?

5. B ueM cMpbIcHT 3aro0BOYHBIX (aitioB B s3bike C?

Ilepedyenb BonpocoB Kk 3ammTe JadopaTopHoii padoTbl NeS

1. OnuiuTe mporece co3aanus u Kouurypuposanus nmpoekra B Qt Designer.

2. Yem omimmuaercs Qt Designer ot npyrux cpen pazpadotku (IDE)?

3. KakoBsI ycioBus 6ecruiaTHoro juiien3upoBanus Qt Designer?

4. Yro Takoe 0oTJIaJIKa IpOrpaMmsbl?

5. Kak BKJIIOYHTH peXXHM OTIaaku mporpamMel B Qt Designer?

IlepeueHb BONMPOCOB K 3aLUTe JIA00OPaATOPHON padoThl Ne6

1. O6bsicuute mpunuun padotsl ¢ ALIT konTponnepa Atmegas.

2. OOBsICHUTE IPUHIIMAIT PAOOTHI C TalkMepoM KoHTposutepa Atmegas.

3. O6bsacHUTE IPUHIIUI pabOTHI ¢ MOPTaMU BBO/IA/BBIBOIA KOHTpoJuiepa Atmegas.



HNPUWIOXKEHHUE 2

OueHovHbIe CpeACTBA AJIs1 NPOBeJeHHUA MPOMEKYTOYHOM aTTecTalNU

a) [lnanupyemsble pe3yabTaThbl 00y4eHHMs M OLIEHOYHBIE CPeICTBA JJIsl POBeIeHUs NMPOMEKYTOYHOM aTTecTAlluM:

CTpyKTypHBIH
JJIEMEHT [TnannpyemMsle pe3ynbTaTel O0ydeHHS OmueHoOYHBIE CpEACTBa
KOMIIETCHIINU

OIIK-6 — criocoGHOCTDH pemaTh CTAHIAPTHBIE 321241 NPO¢)eCcCHOHANIBLHOI eATeTbHOCTH HA OCHOBE MH(POPMANIMOHHOW U OubIuorpaduueckoi KyJbTyphl €
NpUMeHeHueM HH(POPMAIHOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTHI U € Y4€TOM OCHOBHBIX TPeO0OBaHUI1 HH(OPMAIIMOHHOI 6€3011aCHOCTH

3HATh - BUABl  UCTOYHUKOB  HH(OpMaIuy, 1. Kakumu ucToYHMKaMu HHQOPMAIUK CIIeIyeT MOIb30BaTHCS P PEIICHUH 3a/1a4, CBA3aHHBIX C
HEOOXOMUMOM Al pelieHus] TpodecCHOHATBHBIXMUKPOIPOLIECCOPHOM TEXHUKOM?
3ajay; 2. Kakoit ¢axtop Hambonee dYacTo SBISAETCS HWCTOUYHHUKOM HapylleHHss Oe30MacHOCTH B

- OCHOBBI HH()OPMAITMOHHON 0€30TMaCHOCTH. [MHUKPOIIPOIIECCOPHON TEXHUKE?
3. B kakoil JOKyMEHTaUMH K MHKPOIPOLECCOPHBIM YCTPOICTBaM CIENyeT MCKaTh OIINOKH,
pUBOISIIME K HAPYIICHUIO 0€30MAaCHOCTH ITU(POBBIX CUCTEM?

YMmeThb - BBIJICJISATh OCHOBHBIE M BCIOMOTATEIbHBIC
ATAIbl PEelIeHUs MOCTaBIEHHOHN MPodecCHOHaThHOH 1. Onmmmre mporece co3aanus U KoHurypuposanus npoekra B Qt Designer.
3a1a4u; 2. Uem ormuaercs Qt Designer ot apyrux cpen paspabotku (IDE)?
- onenunBath 3(dekTuBHOCTL MpemTaraeMeix(3. Kakoss! yemoBust 6ecriatHoro nurensuposanus Qt Designer?
CHICHUIL.
Bnanets - HaBBIKAMHU POEKTHPOBAHUS

4. Yro Takoe oTiIaIKa mporpaMmmbl?

MHKPOIIPOLIECCOPHBIX ~ YCTPOWCTB TIPH  PEIICHHY| .
POTIpOLL p yerp pH P 5. Kak BKIIFOUNTH peXuM OTIaAKH nporpamMmer B Qt Designer?

ITOCTABJICHHBIX HpO(I)eCCI/IOHaJ'IBHBIX 3aj1a4.

IK-5 — cnoco0HOCTh MPOBOAMTH IKCIEPUMEHTHI Ha AefiCTBYIOIIMX MaKeTaX, 00pa3nax MeXaTPOHHBIX H POOOTOTEXHNYECKMX CHCTEM MO0 3aIaHHBIM METOIMKAM H
o0padaTbIBaTh pe3yJbTaThl ¢ IPUMEHEHHEM COBPeMEeHHbIX HH(OPMALMOHHBIX TEXHOJOIHIl M TEXHUYECKHX CPEJACTB

3HATB - OCHOBBI ITOCTAHOBKHU HKCIIEPUMEHTA; 1. O0Bsicante npuHun padots! ¢ ALIIT konTpoepa Atmegas.
- METO/IMKHU NPOBEJCHHUS 3KCIIEPUMEHTOB; 2. OOBsicHUTE IPUHIUIT PAOOTHI C TaiiMepoM KoHTposuiepa Atmegas.
- HPUHLUIIBI ¢dysknmonnpoBanus3. OOBSICHUTE IPHHIUIT PA0OTHI C TOPTAMHU BBOJIa/BBIBOJIa KOHTpOuiepa Atmega8.
MEXaTPOHHBIX MOJYJIEH. 4. O6wsicante npuHun padotsl ¢ ALIIT konTponnepa STM32F407.

5. OOBsicHUTE IPUHLMIT PaOOTHI ¢ TaliMepoM KoHTposuiepa STM32F407.

6. O0BsICHUTE MPUHIIMIT PA0OTHI ¢ MOPTAaMK BBOJIa/BhIBOIa KOHTpoLiepa STM32F407.

YmeTh - TUIAHUPOBATH TIOCTAHOBKY JKcriepuMenTa; (1. Kakue aekTprueckre BeIMIUHBI JIOJKHBI OBITh COTJIACOBAHBI TIPH KOMMYTAIIMH MEXaTPOHHBIX
- OpPTraHN30BbIBATH MOCTAaHOBKY[MOIy el pa3IMuHbIX BUIOB JIOTHKHU?

12



CTpyKTypHBI

JJIEMEHT [Inanupyemsle pe3ynpTaThl 00y4YeHUs O1ieHOUHBIE CpesCTBa
KOMIIETEHIIUU
SKCIIEPUMEHTA,; 2. Kak noaximrounTs U3MEPUTENBHBIN anmnapat K MUKpoKoHTposuiepy TTJI, ecnu nuana3zoH BEIXOIHBIX
- OCYUIECTBIATh KOMMYTAIMIO  pa3HbIX[HampspkeHui anmapara 0 — 12 Bonpr?
MEXaTPOHHBIX CUCTEM.
Biamets - HaBBIKAMH KOMITBIOTEpHON 00paboTKH

MHOPMAIIH;

- HaBbIKaMU aHanm3a pe3yJIbTaToB 1. Kakumu nepudepuitapiMu ycTpoiicTBamu odnagaet konTpoiuiep STM32F4077?
HKCIICPUMEHTOB; 2. Kak BxIrounTh 1 HacTpouTh 010K Ethernet B xourpomiepe STM32F407?

- HaBblKaMH  pabOTBl C  CETEBHIMH
TEXHOJIOTHSIMHU.

I1K-9 — cmocoO0HOCTh Y4aCTBOBATh B KaUeCTBE UCMOJTHUTEISI B HAYY

HO-HMCCJIEI0BATEIbCKUX Pa3padoTKax HOBbIX POOOTOTeXHMYECKHX H MeXaTPOHHBIX CHCTEM

3HATH

- OCHOBHl (DYHKIMOHHPOBAHHUA IU(POBHIX
YCTPOMCTB;

- CcmocoOBl  COTJIACOBAHMS
HanpsHKEHUN 51 TOKOB
MHUKPOIPOLIECCOPHBIX YCTPOICTB.

YpPOBHEN
Harpys3k H

1. Yem oTnnyaeTcs MUKPOKOHTPOJUIEP OT MUKpoIpoueccopa?

2. HazoBrTe OCHOBHBIC Y3IIbl U MX Ha3HAYEHHUE B CTPYKTYpE JIH0O0T0 MUKPOIIPOLIECCOPA.

3. Uto Takoe muHa B MUKPOITPOLIECCOPHON TEXHHUKE?

4. HazoBuTe J1Be OCHOBHBIE apXUTEKTYPbl MUKpPOIpOIieccopoB. B uem ux oriamuus?

5. [TouemMy coBpeMEHHBIE MUKPOIIPOLIECCOPHI COAEPKAT HE OJHO SIAPO?

6. B yem 3axmouaeTcs npo6iieMa JaabHEeHIero pocta TakTOBOM YaCTOThI COBPEMEHHBIX
MHUKPOITPOIIECCOPOB?

7. Kakue si3pIKM IPOrpaMMHUPOBaHMS B HACTOSIIEE BPEMsI HCIOIb3YIOTCS Ul HATMCAHUS IPOTPaMM ISt
MHUKPOIPOLIECCOPOB?

8. UTo Takoe KOMITUIISITOpP?

9. OnuimuTe nocae10BaTeIbHOCTh IEHCTBUI, BBITOTHIEMBIX KOMIHIISITOPOM.

10. Onummre CTPYKTYpY JIMCTHHTA NporpaMmsl Ha si3bike C. UTo Takoe «3arojoBOYHBIN (aiim?

YMeTh

- MPOEKTHPOBATh JJIEKTPUIECKHUE]
MPUHLMITHAIBHBIE  CXEMBI, II€YaTHbIE  IJIaTh]
paspadaTeIBaeMbIX POOOTOTEXHUUECKUX u
MEXaTPOHHBIX YCTPOMCTB.

1. Kakoe mporpamMMHoe oOecrieueHue i1 MPOSKTUPOBAHUS MPUHIIMITHATBHBIX CXEM M MeYaTHBIX TIIaT Bbl
3Haetre?

2. HazoBuTe OCHOBHEIC IIpaBuJia pa3BCACHUA NMCYaTHbBIX mIat?

3. Kak ocymiecTBUTh BEIOOD 3I€KTPOHHBIX KOMIIOHEHTOB IPH ITPOSKTUPOBAHUN MEXATPOHHBIX
ycTpoiicTB?

BnageTb

- HaBbIKaMH HaIllUCaHUA U OTJIAJKHU IIPOTrpaMmy
st UCIIOJIb3YEMBIX MHUKPOTIPOLIECCOPHBIX|
YCTpOMCTB.

Kak u B kKakoM MecTe MporpaMMBbl OOBSIBISIOTCS MTepeMeHHBIE B s3bIke C?

UTo npouCcXOoIUT MPU OOBSBICHUY ITIEpeMEeHHBIX? UTO Takoe WHUIMATU3AIUS IEPEMEHHOT?
Uro Takoe maccuB? Kakue Tunsl MaccuBoB BhI 3HaeTe? Kak 3agaeTcst maccuB?

Uro Takoe yka3zatens? Kakue ykazatenu ObiBaroT? Kak oHn paborarot?

Urto Takoe cTpykTypsl B C? Kak 00BSIBUTH CTPYKTYPY?

Yto Takoe mose CTyKTYphI?

KaxoBo naznauenne ctpykryp? IlpuBenure mpumep UCIOIB30BAHUS CTYPKYPHI?
IIpuBeauTe BApHAHTHI CHHTAKCHCA M TpuMeD Iukia for.

1.
2.
3.
4.
5.
6.
7.
3.
9.

[TpuBenuTe BapuaHThl CHHTAKCHCa M puMep Iukia While.
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CTpyKTypHBI
JJIEMEHT
KOMIIETEHIIUU

[Tmaaupyemsbie pe3ynbTaThl 00ydIeHHS

O1eHOYHBIC CpPeICTBa

10. IpuBeauTe BapuaHThl CHHTAKCHca U puMep 1mkita do..while.

11. IlpuBeauTe BapuaHThl CHHTAKCHCA U TIPUMEp BeTBieHHS if.

12. TlpuBeauTe BapHaHThl CHHTAKCHCA U IPUMEp BETBICHUs SWitch.

13. Yo Takoe ¢ynkiuu B C?

14. KakoBa cTpykTypa GyHKIUN?

15. Yto Takoe rmaBHas pyHkuusa? B gem paznmume rimaBHOHN (pyHKIINU IPU HAMICAHUH ITPOTPAMMBI TSI
OTIEPALMOHHON CUCTEMBI U KOHTpoJuIepa?

16. B kakom MecTe mporpaMMbl MOTYJT OBITh OOBSBICHB (DYHKINN?

17. B yem cMBICTT 3ar0JIOBOYHBIX (DaiiioB B s361Ke C?
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0) Iopsinoxk npoBeaeHNs MPOMEKYTOUHON aTTeCTAMM, MOKA3ATEH U KPUTEPUH OLIEHUBAHUS

IIpoMexyTouHast aTTecTarys 1Mo JUCHUILTHHE « MHUKPOIpOIlecCOpHas TEXHUKA B MEXATPOHUKE H
POOOTOTEXHHUKEY BKIIOYAECT TEOPETHYECKHE BOIIPOCHI, TO3BOJISIIOIINE OLICHUTH YPOBEHb YCBOCHHS
00yJaroNMMICs 3HAHUH, U IPAKTUIECKIE 3aJaHusl, BBISBIIIONINE CTENIEHh C(HOPMHUPOBAHHOCTH YMEHUH 1
BJIQJICHUM.

Ioxa3aTe/in 1 KPpUTEPUHU OIEHUBAHUA IK3aMeHA:

— Ha OLIEHKY «OTJHYHO» (5 06a10B) — 00yYaIOUIHIACs IEMOHCTPUPYET BHICOKUN YPOBEHb
c(hopMHUPOBaHHOCTH KOMIIETEHIIH, BCECTOPOHHEE, CUCTEMAaTHIECKOE U TITyOOKOe 3HaHHE yIeOHOTO
MaTepHaia, CBOOOIHO BBIMOJHSIET MPAKTUUECKUE 3aJaHus1, CBOOOIHO ONepUpyeT 3HAHUSAMH, YMEHUSIMH,
MPUMEHSICT UX B CUTYAIVSIX TTOBBIIIICHHOM CIIOHOCTH.

— Ha OIEHKY «X0opouio» (4 6anna) — 00yJaromuiics IEMOHCTPUPYET CPETHIHN YPOBEHb
c(hopMHUPOBaHHOCTH KOMIIETEHIIN: OCHOBHBIE 3HAHWUS, YMEHHS OCBOCHEI, HO JTOITYCKAIOTCS
HE3HAYUTCIIBbHbBIC OHH/I6KI/I, HETOYHOCTH, 3aTPYAHCHUA IPU AHAJIMTUYCCKUX OICpaAlUiAX, IICPECHOCE 3HAaHUH
¥ YMEHUI Ha HOBBIE, HECTAH/IAPTHBIE CUTYaIlNH.

— Ha OIEHKY «y/JA0BJIETBOPUTEIbHOY (3 06amia) — 00yJaronuiicss JeMOHCTPUPYET MMOPOTOBKIA YPOBEHb
c(OpMHUPOBAHHOCTH KOMITETCHIIUI: B X0/I¢ KOHTPOJIBHBIX MEPOTIPUATHI JOMYCKAIOTCS OITUOKH,
IMPOABIIACTCA OTCYTCTBUC OTACIIBHBIX 3HaHI/II\/'I, yMeHHﬁ, HaBBIKOB, o6yqafom1/1171c;1 HUCIIBITBIBACT
3HAYUTENLHBIC 3aTPYAHCHUS IPH OTIEPUPOBAHIY 3HAHUSIMHU ¥ YMEHHUSMH IIPH UX TIEPEHOCE Ha HOBHIE
CUTYaIUH.

— Ha OLICHKY «HEYT0BJIETBOPUTEILHO» (2 Oasia) — 00yJaronuiics AeMOHCTpUpYeET 3HaHus He Ooee 20%
TEOPETHIECKOTO MaTepHaa, JOIMyCKAeT CyIIECTBEHHBIE OIIMOKH, HE MOXKET TI0Ka3aTh HHTEIICKTYaTbHBIE
HABBIKU PEIICHUS MPOCTHIX 3a7ad.

— Ha OLICHKY «HeYI0BJIETBOPUTEIbHO» (1 6amr) — o0ydaromuiicss He MOXKET IT0Ka3aTh 3HAHUsI HA YPOBHE

BOCITPOU3BCICHUSA U 00BSICHCHUS I/IH(l)OpMaLII/II/I, HE MOXCT IMOKAa3aTb MHTCIUICKTYAJIbHBIC HABBIKU PCHICHUSA
MMPOCTBIX 3aAda4.
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IMPUJIIOKEHME 3

3. OCHOBbI MUKPOIIPOIIECCOPHOM TEXHUKH

JIABOPATOPHAS PABOTA Nel3

«YCcTaHOBKa M HACTpoMKa cpenbl pazpadbotku Qt Creatory

Llenp paGoTHI: MPOW3BECTH YCTAHOBKY cpensl paspabotku mnporpamm Qt Creator u
HACTPOMTH KOMIUIEKT JUIsl pa3pabOTKH MPOTrpaMM Ha si3blkax nporpammupoBanus C/C++.

BBenenue

Qt Creator — 310 kpoccmardopMeHHast cpefia pa3paboTKU MIpOrpamm, MOAJIEPKUBArOIIAs
s3bIKH TiporpammupoBanus C, C++, Java, Python.

Qt Creator no3BosisieT pazpabaTbiBaTh IPOrpaMMBbl JUIS CaMbIX Pa3JIUYHBIX YCTPOWCTB: OT
MHKPOKOHTPOJIICPOB JI0 MPUBBIYHBIX orepairoHHbix cucteM (nanee OC), Takux kak Android,
Windows u Linux. Ilpu ucmonb3oBanuu rpaduyeckux siaeMeHToB npuioxeHuit OC (KHOMKH,
0JISl BBOJIa TEKCTA U T.JI.) UCTIONB3yeTcs Oubnuoreka Qt, coneprkaias He0OOXOAUMBIE TSl Pa0OTHI
3THUX 3JIEMEHTOB (DYHKIUH.

Ha xaxnyto OC mnu KoHTpoiep HeoOXOANM COOTBETCTBYIONIMI HAOOP KOMIIHIITOPOB H
OTJIQJYMKOB, COCTABISIFOLIMX TaK HasbiBaeMblii Kommnaexm ([Ipoguns) Qt. Dto mo3Bosser
HamucaTh NporpaMMmy OJMH pa3, a 3aTeéM CKOMIMJIMPOBaTh ee moj Ty wid unyto OC, 4to u
Ha3bIBAETCS KPOCCIIAT(HOPMEHHOCTBIO.

Qt Creator nmeet HECKOJIBKO OECIUTATHBIX JIMIIEH3UN C OTKPBITBIM UCXOTHBIM KozioM (Open
Source).

ITopsinok BbINOJIHEHHS PadOTHI

Hnst CKauMBaHMS Qt Creator HE0OXO0IUMO nepenTu o CCBUIKE
https://www.qt.io/offline-installers u BeIOpaTh Bepcuto B 3aBucumocTt ot OC.

[To oxoHuUaHWM 3arpy3KH CIEIyeT 3allyCTUTh 3arpyKeHHBIH (aili W BBIIOJIHHUTH
MHCTPYKLIMK YCTaHOBINMKA. [Ipu ycTaHOBKe mMOTpeOyeTcss 3aperucTpUpoBaThCS B pasjiene
«Sign-upy, mocJie 4ero ykasaTh MyTh JUIsl ycTaHOBKH. OOIIee paBUIo ISl BCEX Cpel pa3padoTKu
— B IIYTH HE JIOJDKHO CO/IEPIKAThCSI PYCCKUX CUMBOJIOB.

Ha crnenmyromem »5KpaHe HYXHO BBIOpaTh KOMITOHEHTBHI IS YCTAHOBKH COTJIACHO
pazpsaHocty OC, kak noka3aHo Ha puc. 13.1.

Kommonentr MIinGW — sto kommmisitop si3bika mporpammupoBanusi C/C++ mis OC
Windows.
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<« Ycranoeka Ot 5.14.1

Bbl6OpP KOMMOHEHTOB

MoxanyiicTa, BoIfepUTE KOMNOHEHTLI, KOTOPLIE Bbl XOTUTE YCTEHOBHT.

Mo ymonyaHmio | | BeibpaTh BCE | | Tb OTMETKM EbIBOPa CO BCEX KOMMOHEH |

4 MinGW-builds 7.3.0
Qt 5.14.1 64-bit toolchain.
LI MSVC 2015 64-bit

[J MSVC 2017 32-bit

L] UWP ARMv7 (MSVC 2015)
] uwp x64 (MSVC 2015)
[ uwP ARMV7 (MSVC 2017)
[ uwP x64 (MSVC 2017)
] uwp x86 (MSVC2017)
[] Android
[] Sources
[ Qt Charts
[ Qt Quick 3D (Technology Preview)
[] 0t Data Visualization
[] Gt Lottie Animation (Technology Preview)
[ at Purchasing
[ Gt Virtual Keyboard
[ Qt WebEngine
[J Gt Network Authorization
[] Qt WebGL Streaming Plugin
[] Qt Script (Deprecated)
[ Qt Quick Timeline
v [] Developer and Designer Tools
Qt Creator 4.11.0

gger Support

[ MinGW 7.3.0 32-bit

= 3TOT KOMNOHEHT
IMinGW 7.3.0 64-bit

3aNMET
npuBnnsuTEnEHO
450.30 Mb Ha
KECTKOM AncKe.

Puc. 13.1. BbiOOp KOMITOHEHTOB Il YCTaHOBKH

[Tocne ycranoBku cnemyer 3amyctuth Qt Creator u mepeliTh B MEHIO
Hncmpymenmor->Ilapamempol->Komniexmol, 9T00b1 yOSTIUTHCS B KOPPEKTHOM aBTOMATHYECKOM
HaCTpOMKEe KOMILJIEKTa, KaK ITOKa3aHo Ha puc. 13.2.

joc]
53 Napamerpsi - Qt Creator 5}

™ ]

Vowanetas KoMnnexts:  MpodwamQt  Komnwnaope:  Ovnagwmk  Qbs  CMake
D cpeas Hazeanve AobasuTs
" v Asroonpesenénnbie Konwpoeams
Bl Texcroesii pesaxrop G Desktop Qt 5.19.1 MinGW 64-bit (0 ywonuario)
Ocobuie Yaanums
WM. FakeVim
CABNRaTS N0 YMOMSHIO
@ Cnpasxa
OUNLTP HACTDOEK...
{} ces
OUNLTP HACTPOEK NO YMOTHAHMIO. ..
4 &t Quick
7 C6opxa v sanycx Haseanvie: [Desktop Qt %{Qt:Version) MinGW 64-bit | [
A¥ Omnagunx Vs & dafinoeoii arcreme: | |
7 Lvsaiinep Tun ycrpoiicrea: Desktop
@ i Yerporicreo: ToKkansweit 1K (no yronsaro ans Desktop) | [vapaenesme...
on
Kopers obpasa: { || 06s0p...
| Ananusarop
(=} MinGW 7.3.0 64-bit for C v
= KomnunaTop: Ynpaenetme...
B Kompons sepcuii C++: [MinGW 7.3.0 64-bit for G-+ v
¥ 5 Bes usMerenmi.
3 Yerpolicrea Cpena: Vismerys...
[ 3acraewms komannsTop MSVC esisoants coobuenns & UTF-8
ﬁ Bcraska koga
Otnagumk: GNU gdb 8.1 for MinGW 7.3.0 64-bit Ynpasnenme...
§ A3pIKOBIA KAMEHT
MNpoduns Qt: Qt 5.14.1 MinGW 64-bit Ynpasnerse...
& Tectuposanue Qt mikspec: l
AononHuTensHbie HACTPOMKM Npodwna Qbs: MsMeHmTb...
Nporpamma CMake: Ynpasnerie...
Tenepatop Chlake: <HeT> - <ueT>, Mnardopma: <HeT>, UMCTPYMENTapHIE: <HeT> VIsMeHITE...
Kondwrypaums CMake: CMAKE_OO(_COMPIL {¢ Cxx); CMA. UsmenuTs...

Puc. 13.2. OkHO HACTPOUKHU KOMILJIEKTOB
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Jlnis Hanucanus nporpaMm KoHTposuiepoB cemeiictBa AVR B cpene Qt Creator neoOxoaumo
Co37aThb W HACTPOUTHh TaK HA3bIBAEMbI KOMIUIEKT, BKJIIOYAIOMIUNA B ce0S KOMIUJISATOPHI
avr-gcc.exe mis s3pika C u avr-g++.exe mis C++, a taxoke otinaauuk avr-gdb.exe.

BropbiM BaXHBIM 3TanoMm SIBJISETCS CO3/laHue U cOopka MpoekTa. BerpoeHHble cpeacTa
naxe mocneaanx Bepcuii Qt Creator He MO3BOSIFOT 3TO CENIaTh CTAHIAPTHBIMU METOIaMHU Yepe3
MeHo Daitin-Hoeuwiii... st momoousix 1eneit B Qt Creator mpeaycMoTpeH Apyrod MexaHu3M.

B camom Hauane u3ydeHus s3blka nporpammupoBaHuss Cu rOBOPHIIOCH, YTO HaIlUCaTh
UCXOJHBIA (aill mporpaMMbl MOKHO Ja)keé B CaMOM IPOCTOM TEKCTOBOM IMpuiiokeHuu. Ho
3allyCTUTh W MCIOJHUTH (Al C HMCXOAHBIM TEKCTOM HENb3s, IS O3TOr0 €ro HYXHO
CKOMIIWJIUPOBATb.

Cnenath 3T0 MOXHO U3 KomaHaHou ctpoku (s OC Windows 3anyck: ITyck-Beinoainums
cmd.exe), HaIkcaB B HEi:

gcc umsi_ucxoaHoro (aiina.c -0 uMsi_ucronHseMoro (aiina

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

- w3 daitma  wums_ucxoonozo ¢haina.C  cAenath UCHONHICMBIA ¢aili ¢ HMEHEM
UMsL_UCHOTHAEMO20 _(haiina.

Hamu Ttakske OblT paccMOTpeH MeXaHu3M si3bika CH, HCIIONB3YIONIHHA pa3OueHne npoeKkTa Ha
pasHble (alabl C HMCXOMHBIMH TEKCTAMH C paCHIMpEHUEM .C M 3aroJIOBOYHBIC (haliibl C
pacipenueM .h.

Ecin Obl mporpamma conepikajia HECKOJIBKO (alIoB C HMCXOAHBIMH TEKCTaMU U
3aroJIoBOYHbIe (haiiiibl, COAEpIKallhecs, HAMpUMep, B Mamke mpoekra ¢ uMeHem include, To
CKOMITHJIUPOBATH €€ C TIOMOIIBI0 KOMaHIHON CTPOKH MOKHO OBLJIO OBI TaK:

gcc uMs_ucxoaHoro_(paiinal.c UMs_HUCXOJHOTO (haiina2.c -0
umMs_ucnoiasemoro_(aiina -1./include

CKOMIWIMPOBATh CJIOKHBIA TIPOCKT, COACpIKAIMiA Ooyiee NecsATKa pasHbIX (aiyioB, U3
KOMaHJHOW CTPOKH OYEHb HE MPOCTO, 0OCOOEHHO €CIIM OH UCIIONB3YEeT PAa3JInYHbIe CTaHJapTHHIE
oubmuorexku Cu.

JIrobast cpema pa3pabOTKU BBHIMONHSAET BCE ITH OMNEPAllMM aBTOMATHYECKH, KOT/Ia MBI
HakuMaeM KHoNKy «Cobpamby (Build). Bee myTn k craHmapTHBIM OMOIHOTEKaM S13bIKa OOBIYHO
HACTPAWBAIOTCS 10 YMOJYAHHUIO, 8 KOMITWJIATOPHI YKa3bIBAIOTCS MOJO0OHO Komruiektam B Qt
Creator.

Ho ecnm mporpamma cosnaercst j1si KaKoro-JIn00 MHKPOKOHTpPOJIIEpA, TO K CTaHAapPTHBIM
OubMoTekaM 0053aTEIbHO HY)XHO JTOOABJIATh MCXOJHBIC U 3ar0JIOBOYHBIC (hailsibl UMEHHO IS
3TOro KOHTpoJuiepa. B Takux dailnax coaep>KUTCs MOJIHBIM MHCTPYMEHTapHil A paboThl C
perucrpamu, mopramu U nepudepuei KOHTposuiepa. M1 MMEHHO 3TOro Mo YMOJYAaHHUIO HET B
cocraBe OOJIBIIMHCTBA YHUBEPCATBHBIX cpejl, Takux kak Qt Creator.

ToT camblil «Ipyroii MexaHu3M», O KOTOPOM TOBOPHJIOCH B CaMOM Hauaje, MO3BOJISCT
coobnmmte Qt Creator Bce HaCTPOWKH MPOEKTa: MOJENb KOHTPOJUIEPA, KOMIWIATOPHI, IyTH K
Ooubnuorekam u (aiamM ¢ UCXOTHBIMU KOJAaMH, 3aroJIOBOYHBIM (haiimam mpoekTa U OUOINOTEeK
KoHTpoJutepa. HaswiBaeTcst Takoit Mexanusm Makefile, oH BbINOJHSIETCS —CHEHATBEHON
nporpammoii make.

[To ymomuyanuto B OC Windows oTcyTcTByeT Takas mporpaMma, T.K. BCE IPOrPaMMBbI B 3TOM
OC yxe CKOMIMWJINPOBAHbBI, UX UCXOIHBIN KO B OOJIBIIIUHCTBE CIy4YacB SBIISICTCS KOMMEPUYCCKHM.
Hamobnoctu as GonmbImmHCTBaA moib3oBareseit Windows B cucreme coopku make Her.
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B otnmmame or Windows B OC Linux Bce mporpammsl, Kak U cam LiNUX, UMEIOT OTKPBITHIN
UCXOJIHBIN KOJI, @ CUCTeMa COOPKH BXOJHUT B OOJIBITHHCTBO TUCTPHOBIOTUBOB M0 YMOITYAHHIO.

[Tpu ycranoske Qt Creator 6puTa Takke yCTaHOBIIEHA CUCTEMa COOPKH M KOMITWIISIIIUA TS
Windows MIinGW. B nupekropuu MIinGW conepxkutcs daitn MinGW32-make.exe, koTopsbiii
SBIISICTCS HYXKHOM HaM cUcTeMol cOopku it KoHTposuiepoB AVR.

CkomnupyeM 3ToT (aiin B 000e MecTo u nepenMenyeM ero B make.exe. ITomectum ero
obparHo B Ty ke manky MIiNnGW. Jlo6aBum myTh kK 3TOi manke B «I[lepeMeHHBIC OKPYKEHHUS
Windowsy. Ilepezarpy3um komrbioTep. DTH AeWCTBHsS HeoOxoaumbl, 4ToObl Qt Creator mor
HaiTH yTuiuTy make.exe.

[Tocie 3TOro HEOOXOAMMO TONYYUTh Yy mpenojaBaresss apxuB atmegal6 (Win).zip,
pa3apXuBHPOBATH ero B manky ¢ npoekramu Qt Creator, 3amyctuts Qt Creator u OTKpBIT IPOEKT,
BbIOpaB (haitn atmegal6.creator.

B apxuBe comepxutcs mabnoH mnpoekta s kKoHTpoiuiepa ATmegal6. OcHoBHbIe
HacTpoiiku Haxonustcs B Qaiiiie Makefile. B Hem cnenyer nuamenuts nyTH K ¢aiiiaMm 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 nHa3piBatoT KpoccrargpopMeHHbIM?

3. Uro HeoOXxomumo cnaenath, 4ToObl HamucanHas B Qt Creator mporpamma Obuta
coBMmecTuMa ¢ pasHbiMu OC?

JIABOPATOPHAS PABOTA Nel4

«BBenenue B s3b1k iporpammupoBanus C. [Ipocreiinias nporpammar

HCJ'IB pa6OTBIZ N3YUCHUC OCHOBHBIX TCPMUHOB U MOHATUH SI3BIKA nporpaMMHupOBaHUA C,
an/I06peTeHI/1e HABBIKOB HaITUCAHUA ITPOrpaMM Ha SA3BIKC C.

BBeaenue

S3wik iporpammupoBanus C (Cu) ObuT paspaboran cotpynHukoM koproparmu Bell Labs
(mpexxuee HasBanue AT&T Bell Laboratories) /Iauaucom Putum B 1973 romy mist HamwcaHus
omneparroHHoi cructembl Unix. [Tozxe C ObLT a1anTUPOBaH MO MHOXKECTBO JAPYTUX IIATHOPM H
OTEPALIMOHHBIX CUCTEM, MOJYYMUI B CBOEM Pa3BUTHM HECKOJIBKO PEAAKIMKA M CTaJl OCHOBOW s
si3pIik0B CH#, C++, Java.

SI3BIKM TPOTPaMMUPOBAHHUS MOXHO pa3feiuTh Ha JIBE TPYNIbl: KOMIMIUPYEMbIE H
uHTEepIpeTHpyembie. B uHTepnperupyembix s3bikax (PHP, Perl, Python) kox mporpammer
BBIMOJIHSACTCSI C TOMOILNBIO  CIEHUAIBHOW IPOrpaMMbI-MHTEPIPETaTopa MOCTPO4YHO. B
KoMnuinpyeMsIx si3bikax (C, C++) Becb HCXOJHBIN KO IPOrpaMMbl IIEPEBOIUTCS B MALLIMHHBIE
KOJIbI C MOMOIIbI0O KoMIHIsATOpa. [IporpaMmbl, HalMCaHHbIE HA TaKUX S3bIKAX, BBIMOJIHSAIOTCS
3HAYUTEITLHO OBICTpEE.
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[TporpaMMbl MOXHO MHCaTh B JIOOOM TEKCTOBOM peIakTope, Haubojee yJOOHBIMH W3
KOoTOpBIX sBistroTes Sublime Text 3, Notepad++, witu Bcoap30BaTh JIs 3TOIO Cpeay pa3pabOTKU
(IDE — Integrated Development Environment), nanpumep Qt Creator, NetBeans, Visual Studio
Code. [l KOMIWIAIMKA UCXOTHBIX (DAiIOB ¢ MPOrpaMMaMH U TOJYYCHHUs 3aIlyCcKaeMoro Qaiiina
HeoOxoauM kKommuisitop. CambiM monynsipHbIM KoMmnuiasitopoM siBisiercst GCC, Bxoasmmii B
OecIuTaTHBIN HMaKeT CpeAcTB pa3padborku mporpaMm MINGW (mas OC Windows).

Jna nHanucanust nporpamMm Ha C MOryT OBITh MCIOJIB30BaHbl BCE€ OYKBBI aHIVIMHCKOIO
andaBuTa (3arJaBHbIC ¥ CTPOYHBIE), IU(PHI U CIIEIHAIbHBIE CHMBOJIBI (, . +-* N & =~<> () {}
[T1% 2“5 /\#).

[TporpaMMBbI CTPOSTCS U3 TOANPOTPaMM, KOTOPBIE MPHHATO HA3bIBaTh GyHKIUAMU. 361k C
IPEoiaraeT ClIeAYIONIyI0 CTPYKTYPY (PpyHKIIUii:

mun ums (apaymenmo)

UHCMPYKYUU, Onepayuu, 6bi308bl yHKYull u m.o.;
return suauenue;
B npuBeneHHol CTpyKType mun — HAaUMEHOBaHHME Habopa BO3MOXKHBIX 3HAUYECHUH,

BO3BpalllacMbIX (YHKIUEH B pe3ysbTaTe €€ BBINOJIHCHUS, apeymenmul — IepellaBacMble B
(GYHKIHIO TIepeMEHHbIE, He0OOXOIUMBIEC i €€ paboThl, Feturn — omeparop, OCYIIECTBISIOMNN
BBIXOJl W3 (YHKIMU. ApryMeHTbl (YHKIMM | 3HA4YCHUE Tocie return He sBISIOTCS
o0s3aTenbHbIMU. ClielyeT OTMETHTh, YTO HEKOTOPbhIC KOMIMIISITOPBI BBIIAIOT MPEAYIPESIKIACHUC
WIN J1aXKe OMMOKY MPH OTCYTCTBHH apryMEHTOB (YHKIIMU. B 3TOM cityuae BMECTO apryMeHTOB
yKa3bIBAIOT KJIFOUeBOE CJ10BO VOId (OT aHrII. «11ycToii»). [Tocie return sHadeHus MOKeT He ObITh B
TOM Cilydae, eciy (DYHKIHMS HE BO3BpAIllacT 3HAYEeHUE pe3yibTaTa, MPU STOM THII, yKa3aHHBIH
nepes UMeHeM (DYHKIIMH JOJDKEH ObITh yKka3zaH ciioBoM VOid. Teno ¢hyHkuuu, kak u ar00oro Oioka
UHCTPYKIUH si3b1ka C, 3akitouaeTcs B GUTYpHBIE CKOOKH { }.
[1pu BBIMOJIHEHUHU TPOTPAMMBI TIEPBOH BBIMOJIHSACTCS T1aBHasi QYHKIMS ¢ UMEHEM Main.

int main()

{
//Kon mporpaMMsl
return O;

}

[Ipu HamucaHWM MPOTPAMMBI TOJ1 ornepalronnyo cuctemy Windows mmm Linux gyHkims
main 1oypKHA IMETh THIT BO3BPAIaeMOoro 3HaueHus iNt (11eJ104MCIICHHBIH TUTT TaHHBIX ), T.€. TI0CIIe
BBIMIOJIHEHHs] MporpamMma JI0JDKHA BEPHYTh OIEPAIMOHHON CHCTEME pe3ylbTaT KOPPEKTHOTO
3aBepiueHus, B NpoTuBHOM ciydae OC ¢ukcupyer omumOKy npuioxkeHus. B mporpammax,
HAMMCAHHBIX JUII MHKPOKOHTPOJJIEPOB, YAacTO TJaBHas (QYHKIMS HMEeT 3arojoBok Void
main(void) u3-3a orcyrctBus OC Kak TaKOBOW.

B mpuBenenHoM mnpumepe rinaBHOW (YHKUIMU yKa3zaH KoMMeHTapuil Buga «/Koo
npocpammuly. JIBe Kocble 4epThl 0003HA4Yal0T KOMMEHTapuil J0 KOHLA CTPOKH, T.€. BCE, YTO
HaXOJIUTCA TOCTE // 10 KOHIA CTPOKH KOMIHJISITOPOM OYJIeT TPOUTHOPHPOBAHO. 3HaKaMu /* u */
0003HAYaIOT HA4YaJI0 ¥ OKOHYAHHUE 0JIOKAa KOMMEHTApHsI ¢ IPOU3BOJIBHBIM KOJMUYECTBOM CTPOK.

Kaxxgast ”HCTpyKIMsI TPOTrpaMMBbl T0JKHA 3aKAHYMBATHCS TOUKOH € 3aIsITOMN «;».

@aili1, coieprKaluil ICXOIHBIM KO MPOrpaMMBbIl, 10JKEH UMETh paclIupeHue «.c». Kpome
¢ailioB ¢ MCXOAHBIMH KoJaMH B si3bike C HUCHONB3YIOT 3arojoBOYHbIE (ailibl, MMEIOIINe
pacmmpenue «.hy». B HUX comepikaTcs TOJIBKO 3arojoBKU (OnucaHus) GYHKIUH, KOTOPbIE MOTYT
ObITh HCHONB30BaHbl B mporpamme. Camu ke (QYHKIHMH COAEpKaTcs B OJHOMMEHHOM
3arojoBOYHOMY (aiily ¢ pacimupeHueM «.c». JId TOIKIIoYeHHUs 3arojloBOYHOTO (aiina
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npuMeHstoT nupektuBy #include <waszeanue ¢aiina.h> B camom Havane Qaiiyia ¢ UCXOIAHBIM
KOJIOM IPOTPaMMBI.

[TooOHBIN MeXaHU3M O4YEeHb y100€H B OOJBIINX MO 00BEMY KOJIa IIPOEKTAX, BBITIISIUT OH,
Kak Moka3zaHo Ha puc. 14.1.

@Hasau A > ) J /j) Monck (- Mankn (]~

Aapec: ‘C_) C:\Programms)Test

A [£] functions.c
3apauu ana daiinos 1 nanok A f;] functions.h

@ main.c

int main(void) Dai aska Dopt Bua Cr
int ¢ = sum(2, 2); [int sumint a, dnt b);

return 0;
int sum(int a, int h)
\3 CETEB0E OKPYHEHHE int s;
s =a+ b;
return s;
Mannnfinn X TN

Puc. 14.1. Ctpykrypa (aiinos B s3bike C

JNupektuBa #include cooOmiaer crenuansHOW Mporpamme, 00padaThIBAIOIICH TEKCT
HCXO/HOTO KOJAa M HAa3bIBAIOLICHCS MPENpOIeCCOPOM, YTO B KOAE COJAepKaTcs (GYHKIUH,
OIMCaHUe KOTOPhIX HaxoautTcs B (aiye functions.c. Ipenporeccop BeImoOIHIET 00pabOTKY
MCXO/IHOTO Koja 10 Kommmwisropa. Kaxnas nupekrusa #include pa3meraercst ¢ HOBOM CTPOKH,
MIO9TOMY B KOHIIE CTPOKH ¢ AMPEKTHUBOM #INClude 3Hak «;» HEe CTaBUTCA.

Otmerum emie OJHY OCOOCHHOCTH aupekTuBbl #include, cocrosimyro B TOM, YTO UM
YKa3aHHOTO 3a HEW 3arojIOBOYHOrO (paitia MOXKET OBITh 3aKIFOUEHO B KaBBIUKU WM B YTJIOBBIE
ckoOkH. B mepBoMm ciydae mpernporeccop OyIeT MCKaTh YKa3aHHbIM 3arofioBOYHbINA (aitnm B
JIOKAJILHOM TaIKe MPOEKTa, @ BO BTOPOM — B MAIKe Cpeibl pa3paboTKH.

[Tpu BeIMONHEHWU TpOrpaMmbl Ha puc. 14.1 mepeMeHHO#l ¢ OyaeT MPUCBOCH pe3ylbTaT
BBIMTOJIHEHUS (PYHKITH SUM, apryMeHTaMu KOTOpoi OyayT aBa yncina 2 u 2.

CytiecTByeT 00bIIOE KOTUIECTBO PEKOMEH/IAIMI MO CTUIII0 HAMMCAHKS KOJA TIPOrPaMM.
OTH peKOMEH/IAIMHU MTO3BOJISIOT CAETATh KOJI MAKCUMAIBHO YIOOHBIM JJ1s1 BOCIIPUSTHSI, TOBBICUTh
ero yuraeMocTh. CleyeT 03HaKOMHUTBCS C IOAOOHBIMU PEKOMEHIAIMSMH CaMOCTOSITEIBHO.

Ilopsanok BbIMOTHEHUsI PA00THI

1. Co3naTh HOBYIO MAmKy Juisd MpoeKTa. PekoMeHiyeTcst He MCI0JIb30BaTh B MyTH PYCCKUE
OYKBEI.

2. Co3path B Mamke TEKCTOBBIM (paiiin, W3MeHUTHh ero ums no Bamemy ycMoTpeHHio u
pacHIMpEeHue «.C».

3. Hamucats B (aitsie crieayromuii TUCTHHT:

#include <stdio.h>

int main()

{
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printf(“Hello World!”);
return O;

¥

4. CoxpaHHUTh U3MCHEHUS B (aiie. 3amycTuTh KOHCOIb ([1yck->Boinoanume...->cmd.exe).

5. Ilepeiitu B manky npoekra (Cd [ums oucka] :\[ums nanxu]).

6. BemmonauTh KOMaHay: gcC [ums ¢haiina.c]. llporpamma OyneT CKOMIUINPOBAHHA, €CITH
HE BO3HHUKJIO OIMOOK, U B TIAINKE C IIPOTPaMMOii aBTOMaTHUYECKU OyIeT co3aaH (aiir a.exe.

7. 3amyCcTUTh B KOHCOJIM BHOBb CO3JIaHHBIN (aitn: a [nasxcams Enter]. B konconu Oyner
BeiBeieno Hello World!

8. IIpuBecTu B OTYETE MO padOTE JIMCTUHT MMPOTPAMMBEI, TOTIOJTHECHHBIH KOMMEHTAPHUSIMHU.

KOHTpOJILHLIe BOITPOCHI

1. Yro Takoe komMmmisiTop? UeM OTIMYAIOTCS KOMITMIIAPYEMBIE SI3BIKH MPOTPaMMHUPOBAHUS
OT UHTEPIPETUPYEMBIX?

2. Yrto Takoe ¢yHkumsa B s3pike C? B uyem ornmume riaBHON QyHKUIuU? OOBSICHUTE
CTPYKTYpPY QPYHKIIHH.

3. Uto Takoe 3aronoBo4HbId (aiin? KakoBo ero HazHadcnue?

4. Yto takoe nupextusa #include? [lyis gero ona ucnosb3yercsa? Kakue cmocoObl yKka3aHusI
3aroJIoBOYHBIX (haiiiioB Bel 3HaeTe? B uem ux oTimaus?

5. Kakue crioco6b! Hanucanus KOMMeHTapueB Ha s3bike C Bel 3HaeTe?

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

7. Kakoi koMOnuiasTop siBisieTcs HaumbOosee pacmpoctpaneHHbiM B OC Windows? Kak
co3nath ucnonHseMblid (daitn ¢ nomorpio koHcomn OC Windows? Kakoe uMsi 10 yMOJT4aHHEO
NOJIy4aeT UCIIOHAEMBIN (ails mocie KOMIUISAIUN?

JIABOPATOPHASA PABOTA NelS

<<I/I3yquHe THUIIOB JaHHBIX SA3bIKa C»

HCJ'IB pa6OTHI N3YUCHUC OCHOBHBIX TUIIOB JAHHBIX, OIIPCACIICHUC IMOHATHUA HepeMeHHOﬁ 151
PasMCIICHHUA IICPEMCHHBIX B ITAMSATH.

BBeaenue

Bce nanHbIe, ¢ KOTOPBIMU pabOTaET MPOTpaMMa, XpaHsITCS B TICHKaX OIMEePATUBHON ITaMSITH.
Kaxnas sueiika mamsTH HMMeeT CBOW ajpec, MOA0OHO syeikaMm TaOiMIbl, HAXOISAIIMMCS Ha
MEePECEUCHNH CTPOK W CTOJOIOB. Ecnmm mporpamma paboTaer mMmoj ONeparmoHHOW CHCTEMOU
(Windows, Linux), To mpu kKaxJI0M 3amycKe 3TOi NporpaMMbl e JaHHbIe OyAyT pa3MenaThcs B
sYeKax MaMsTH C pa3HBIMH aapecamu, CBOOOJHBIMH B MOMEHT 3amycka. [lociie 3aBeprieHus
IPOTPaMMBbI SYEHKH MaMsATH OCBOOOXKAAIOTCS U MOTYT UCTob30BaThesi OC 1o HE0OOXOMMOCTH.

JlaHHBIE TIPEICTABISIOT COOO0M TBOMYHBIE KOJBI, KOJTHYECTBO OUT KOTOPHIX KPaTHO BOCEMH,
T.e. OTHOMY OaiiTy. [laHHbBIE MOTYT UMETh pa3HyIo JAIHHY: 1 OaiiT, 2 Gaiira, 4 Gaiita.

Ilepemennvimy Ha3BIBAIOT JAHHBIC, 3HAYEHUS KOTOPBIX MOTYT MEHSATHCS B XOJ€ PaObOTHI
nporpammsbl. Koncmanmul — 3TO 1aHHBIE, 3HAYEHNUE KOTOPBIX MTOCTOSIHHO, OIIPEIEIIIETCS B Havae
BBITIOJTHEHUS! TPOTPAMMBI  HE MOXKET OBITh M3MEHECHO IIPH €€ AaTbHEHIIEM BBIITOJTHEHUH.

OO6paraTbCst K JaHHBIM 110 a/Ipecy, KOTOPBINA MPH KaKIOM 3aIlyCKe IMPOrpaMMbl MEHSETCH,
HEBO3MOXHO. [l03TOMy NaHHBIM TNPHUHATO AaBaTh MM, a YTOOBI ONPEACIHUTh UX UIHHY H
JIOITyCTUMBIE OTIEPaIliy HaJl HUMH — THIIL.
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SA3pik C 4acTO Ha3BIBAIOT S3BIKOM CO CTPOTOM CTaTUYECKON TUNH3AaLMENH. DTO 3HAYUT, YTO
BCE TICPEMCHHBIC JIOJDKHBI UMETh ONPEACICHHBIN THIT 0 KOMITWIALUH, T.e. HE MOXET OBITh
JTAHHBIX, TUIT KOTOPBIX OyIET ONPEICICH ITPH BHIMOJIHEHUH TPOrPaMMBbI.

Nms nepemeHHOW (MACHTH(HUKATOP) MOXKET COAEPKaTh OYKBBI aHTJIMMCKOTO ajdaBHTAa,
udpsl, 3HaK moadepkuBaHus. [Ipuyuem onHa U Ta ke OYKBa, 3allMCaHHAs B Pa3HBIX PErHCTPax
(TIporMcHast WM CTpOYHasi), OyJIeT BOCIIPHHUMATBCS KaK pa3Hbie uiaeHTudukaTopsl. Hanmpumep,
MEPEMCHHBIE «A» U «@» — JIBE pa3HbIe NepeMeHHbIC. VM HE MOXXET HAauWHATHCSA C IUQPBI.
[TpuHATO 3amMChIBaTh MMEHA MEPEMEHHBIX MMO-aHIJIMHCKUA B CMEIIAHHOM pPErHCTpEe, HauMHas C
HIDKHETO (TpaBmiibHO — book, bookNumber, serpaBuibHo — Kniga, nomerKnigi).

B s3eike C umeercs HaOOp 3ape3epBUPOBAHHBIX CIIOB, KOTOPBIE HE MOTYT SIBISITHCS
Ha3BaHUEM IepeMeHHOM: 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.

bazoBsie THIBI TaHHBIX si3bIKa C CIEAYIOIIUE:

- char — nenwbie uncna or -128 no 127 (8 6ur);

- unsigned char — nensle uncaa ot 0 g0 255 (8 Our);

- short — wenbie uncna ot -32 768 o 32 767 (16 Gur);

- unsigned short — reneie uucia ot 0 1o 65 535 (16 Our);

- int — mensre yucna ot —2 147 483 648 no 2 147 483 647 (32 6ura) s 32- u Gojee
-pa3psIHBIX CUCTEM, B OT -32 768 mo 32 767 (16 6ur) muist 8- u 16-OMTHBIX CHCTEM;

- unsigned int — anamoruuso int ot 0 10 4 294 967 295 wiu g0 65 535;

- long int — nenbie uncnma ot —2 147 483 648 no 2 147 483 647 (32 Oura);

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

- long long int — mensie unciaa ot —9 223 372 036 854 775 808 10 9 223 372 036 854 775 807
(64 bura);

- unsigned long long int — menpie yucna ot 0 1o 18 446 744 073 709 551 615 (64 Oura),

- float — BemecTBeHHOE YKCIIO ¢ IUIABAKOLIEN TOYKOM B Auamnasone +/- 3.4E-38 no 3.4E+38

(32 6uTa);
- double — BemecTBeHHOE YMCIIO ¢ TUIABAKOMIEd TOYKOW B amanaszo”e +/- 1.7E-308 no
1.7E+308 (64 GuTa);

- MIEpeMEHHAas CUMBOJIBHOTO THIA XPaHUT KoJ cuMBoJia (OykBbl, UGB, 3HaKa U T.1.),
3aHMMaeT B MaMsATH 8 OUT, MpecTaBiseTcs ToM char.

Kak BHIHO, HEKOTOpbIE THUIMBl JAHHBIX 3aHUMAIOT pa3HOE KOJMWYECTBO NaMSITH B
3aBUCUMOCTH OT miatdopmel. s cioyyaeB, korja HeoOXOAMMO TOYHO 3HATh pa3Mep TUIA B
Oaiitax, B s3pike C mpemaycMoTpeH omnepatop Sizeof(ums nepemennoti), BO3BpaIaomuil pazmep
TUIA YKa3aHHON B CKOOKaX NMEepeMEHHOM.

[Ipexxne yeM HCHOIB30BaTh MEPEMEHHYIO B MPOrpaMMe, €€ HEOOXOAUMO OObBSIBUTH, T.€.
yKa3aTh €€ THUIl U UMS.

char a;
int b =10;

Hnuyuanuzayueii nepeMeHHON HA3bIBAIOT MPHUCBOEHUE € 3HAYEHHS. ITO MOXKHO CHENIaTh
npu OOBSIBICHWHU, KaK C MEPEeMEHHOH D B mpumepe BbIlIe, WM MO3KE B KOJE MPOTPAaMMEI.
HenHnnmanusupoBaHHas NepeMEHHass XPAHUT «MYCOpP», OCTAaBIIMWCS B SYEHKAX ONEpPAaTUBHON
HaMsATH.

Crnenyer BbIOMpaTh THUII NEPEMEHHON € y4eTOM ee BO3MOXKHBIX 3HaueHuil. Hampuwmep,
NIEPEMEHHAas1, XPAHIAas KOJUYECTBO CTYIEHTOB I'PYNIbl, HE MOXET IPUHUMATh OTPULIATEIbHBIE
3HaUYCHMsI W BpsAA Ju mpeBbicuT uuciao 255. [lostomy HemenmecooOpa3HO pacxoioBaTh
ONEPAaTHBHYID TaMATh, 0003HAaYas TaKylo IepeMeHHyl TumoMm int. Jlnsg sTtoro mydmie
UCIIOIB30BaTh THIT UNsigned char.
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Ecnu nHMIMani3upoBaTh NepeMEHHYIO 3HAYCHUEM BHE Jrana3ona tuna (unsigned char a =
256;), TO Ha 3Tane KOMIWISAIMU IPOrpaMMbl BO3HHKHET OMOKa. OHAKO MEepernoJHeHHEe TUITa
IIEPEMEHHOM MOKET IIPOU30MTH IIPU BBIIIOJIHEHUM NporpaMmMsbl. Hanpumep,

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

B mporpamme o0bsiBIIeHBI 8-OUTHBIE MEPEMEHHBIC «@, b, C», ¢ BO3MOKHBIM JIHAa30HOM
3nayenuit 0..255. Tlocne BBHINOIHEHUST POTPaMMBI B TIEPEMEHHOM «C» He OyzaeT 3HaueHue 256,
KaK 3TO okuaaercs, a Oyaer xpanuthbes 0. CI0KuUM B IBOMYHON cucTeMe yucia 255 u 1.

1111 1111 (255)

0000 0001 (1)

10000 0000 (256)

Enunuiia camoro crapiiero paspsijia He moMemniaercs B 8§ OUT NepeMeHHO «C», TO3TOMY B
Hell ocraHyTcs TONbKO HynH. ClenyeT YYWTBIBATh ITOT (PAKT, 4TOOBI M30€KATh BO3MOMXKHBIX
KOJUTU3UNA MTPOTPaMMBI.
Kak yrmomuHanoch panee, nepeMeHHas Trma char MoskeT ObITh HCIIOIb30BaHA [T XPAHCHHUS
KoZa cuMBoJIa. MHUIIMANM3upoBaTh TaKyko MEPEMEHHYIO0 MOKHO TaK:

char c=‘f;

B nepemennoii «C» Oyzaet xpanutbes uucio 102, coorBeTcTByroniee cuMBoiy «f» Tadmuiist
ascii (aurn. American standard code for information interchange).

B s13p1ke C OTCYTCTBYET JTOrMYECKUi THIT TaHHBIX. BMECTO HEro MoryT ObITh HCIIOIh30BaHbI
IEJI0YMCIICHHBIE TUITBI. 3HAUYCHHUIO JI0KB» COOTBETCTBYET HOJIb, «MCTUHE» — JTF000E IIeI0e YHCIIO,
ommyHOe OT Hyns. OJHAKO JUIs yqoOCTBa HamMCaHHs MPOTPaMM M HArJISAHOCTH B s3bike C
NPUCYTCTBYET CTaHIApPTHBIA 3aroioBouHblii  (aitn  stdbool.h, comepxammii  Makpocsl,
onpenenstornue turn bool, 3Hauenue true (uctuna) u false (;10xs). [1ist ero NOAKIIOUSHHUS ClIeTyeT
UCIIOJNIb30BaTh qUpeKkTHBy #include.

Onepanun u ux o06o3HadeHus B C Cleayrome:

+ — CIIOKEHHUE;

- — BEIYMTAHMC,
* — YMHOXKEHUE;
| — nenenue;

% — oCTaTOK OT ACIICHUS,
++ — HHKpeMeHTHpoBaHue (yBenudeHue Ha 1):

i++; // npubasums K 3Hauenuio nepemerHol | eounuyy
++i; // npubasums K 3nauenuio nepemennol | eOuHuyy

-- — IeKpeMeHTpupoBaHue (yMeHblIeHne Ha 1):

I--; // ymenvuumo 3nauenue nepemenHol | Ha eOuHuYyy
--1; // ymenvuuumeo 3navenue nepemeHHoll | Ha eouHuyy

= — onecpaunusia IPUCBOCHHUA 3HAYCHUA,

== — cpaBHEHHE Ha PaBEHCTBO, BO3BpAIIaeT 1, €ci cpaBHUBACMbIC 3HAUYCHUS (0nepanovl)
paBHbl, 0 — B IPOTUBHOM CJIy4ag;
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> — Bo3Bpauiaer 1, ecau nepsblii onepana 60bIIe BTOPOTo;

< — BO3BpaUlaeT 1, eciu nepBbli onepaHa MeHbIle BTOPOTro;

>= — Bo3BpallaeT 1, eciu nepBblil onepanl 00JIbIIE WIK PaBEH BTOPOMY;
<= — Bo3Bpalaer 1, eciu nepsblil ONepaH] MEHbIIIE UM PaBEH BTOPOMY;
I= — Bo3Bpamiaer 1, ecu nepBblil oniepaH]] HE paBEH BTOPOMY;

I — oTpuanue;

&& — BosBparaer 1, eciau 00a yCIIOBUs paBHBI UCTHHE:

if ((@==b) && (b >0))...; Veciu a pasno b u b 6onviue 0

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

if (@==hb)|| (b>0))...; /eciu a pasno b uru b 60rvue 0

| — AM3BIOHKIINS, IOTHYECKOE CII0KEHUE;

N — HCKITIOYAIOLIee WITH;

~ — nopaspsgHasi UHBepcus (OTpULIaHKE);

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

inta=3<<2;

>> — MOOUTOBBIN CIBUT BIPABO HA 33IaHHOE KOJIMYECTBO Pa3psI0B.
Apudmerndeckue, JOTHYECKUE ¥ CABUTOBBIC OIEpAllMd MOXHO OOBEIUHUTH C
MIPUCBAaWBAHUEM:

a+=2, // pasHocunbho a = a + 2
b &=3; // pasnocunvbno b = b & 3
¢ <<=1; // pasnocunvro ¢ << 1

BaxHoit oco6eHHOCTBIO si3bIka C SBJISIETCS MOHATUE 001acmu 8UOUMOCIU NEPEMEHHDIX.
OTUM TEPMHUHOM OTPEACISIOT OJIOKM TPOTPaMMBI, B KOTOPBIX OOBSBICHHBIE IEpPEeMEHHBIE
nocTynHbl. [10SCHUM 3TO IpUMEPOM ¢ KOMMEHTApUSIMHU:

int main(void)
{
unsigned char a; //00bABUNU NEPEMEHHYIO A, OHA
//00CmynHa 80 8cex 8NOHNCEHHBIX OIOKAX
//@hyukyuu main
for (@a=0;a<10; at++) //yukn Ha 10 noemopenuii ansemcs
//8NOAHCEHHBIM NO OMHOWEHUIO K MAIN
{

unsigned char b; /o6wsaeunu nepemenmnyio b

b=a; //nepenucanu 3HaveHue u3 a 8 b
} //KOHey yuxia
b=0; //owmubka — nepemennas b doocmynna

//monbko 6 mom bjoke, 20e oHa Ovlia
//obvsenena, m.e. 8 yuxie for
return O;
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}

TakxuMm 00pa3om, mepeMeHHbIe, OOBSIBICHHBIE B KAKOM-THOO0 BJIOKEHHOM OJIOKE, JTOCTYITHBI
TOJILKO BHYTPH 3TOT0 OJIOKA MITH BO BIIO)KEHHBIX B HETr0 0JIOKaX, HO HE 32 TPAHHUIIAMU 3TOTO OJIOKA.

B03M0OXHO 00BSIBIICHHE M WHUIMAIU3AIMS IEPEMEHHON Ja)Ke 10 TNIaBHON (QyHKIMH Main.
Takue nepeMeHHbIe JOCTYIHBI BO BCeX (QYHKIMAX M OJI0Kax (Qaiiya mporpaMMbl U Ha3bIBAIOTCS
enobanvuvimu nepemennvimy. Ciaemyer n3oeraTb UCIIOIb30BaHUS TTI00aIBHBIX TIEPEMEHHBIX, T.K.
OUYCHb CJIO)KHO OTCIICJUTh BCE W3MEHEHHS TaKOW NEPEMEHHOH MpH OOJBIIOM KOJINYECTBE
(GyHKUIUH TPOrpaMMBl, CIIOKHO HAHTH OIIMOKY B KOJE.

I[J'ISI 3a1aHUs UMCHOBAHHBIX KOHCTAHT B SA3BIKE C I/ICHOJ’IBByeTCﬂ JUPCKTHBA npenpoueccopa
#define:

#define UMS1_KOHCTAHTBI 3naueHue
B cooO1iectBe pazpabOTYMKOB IPUHSTO 3aMMUCHIBATH UMS KOHCTAHTHI B BEPXHEM PETHCTPE C
HIDKHUM TTOAYEPKUBAHUEM B KQ4eCTBE pa3ae/IuTEIIs.
O61acTh BUAMMOCTH KOHCTAHTHI aHAJIOTUYHA 00JIACTH BUIUMOCTH TIEPEMEHHOM.

OTMEHHTH KOHCTAHTY MOKHO C ITIOMOIIBbO TUPCKTUBLL #undef:

#undef UM KOHCTAHTBI

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁDTI)I

1. CoznaliTe HOBBIH (pail 1715 TPOrPaMMBI.
2. BHecuTe B HETO CIEAYIOLUI JINCTUHT TPOTrPAMMBI:

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

¥

3. CKoMIUIUpYITE MPOrpaMMy. 3amHIINUTE BHIBOJ KOMIIIATOPA 00 OMINOKaX.
4. BBIACHUTE CMBICI BCEX OMIMOOK MPOrpaMMBbl, UCIIONIB3Ys MOMCKOBYIO cucteMy (Google,
Yandex).

5. UcnpaBbTe omnOKy U 106eiTech yCrenrHol KOMIUIISIMHI TPOTrPaMMBI.
KoHTpoJibHbIE BONIPOCHI

1. Yto Takoe nepemenHas? Uto 3HAYUT OOBSIBUTH M HHUITUATH3UPOBATH TIEPEMEHHYIO?

2. Yrto Takoe 007aCTh BUIUMOCTH MIEPEMEHHOI?

3. Yro OyneTr XpaHUTHCS B IEPEMEHHOM, €CITH €€ OOBSBHUTH, HO HE MHUITNATN3UPOBATH?

4. Yto takoe nepenonnenue tuna? [lpusenure npumep pe3yabTaTa NEPEnOTHEHUS.

5. Kakue nenouuncieHHble TUNBl JaHHBIX Bbl 3HaeTe? CKONBKO MeCTa B ONEpPAaTUBHOM
MaMATH OHU 3aHUMAIOT?

6. Jl1st uero ucnosb3yercs moaudukarop unsigned?

7. Kakue BerecTBennnle TUMEI si3b1ka C Brl 3HaeTe?

8. C moMonipl0 Kakoro omeparopa sizbika C MOXKHO TOYHO OMNPEAEIUTh pa3Mep THIa
IIEPEMEHHOI?
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9. IloueMy He clieAyeT UCTIOIB30BATh TTI00AIbHBIC TIEPEMEHHBIE?
10. Kak 3a1aTh MMEHOBaHHYIO KOHCTaHTYy? Kak ee OTMEHUTH?

JIABOPATOPHAS PABOTA Nel6

«I/IsyquI/Ie MaCCHUBOB»

Ilens pab®OTHI: O3HAKOMHUTHCS C TOHATHEM «MAacCHUB», €ro CTPYKTypOH, crocobamu
OOBSBICHUS W WHUIMAIU3ANNN, MPUOOPECTH MPAKTHUYECKUE HABBIKM PabOTBHI C yKa3aTeIsiMU
si3pIka C.

BBenenue

[Ipy HamucaHuM TpPOrpaMM 4YacTO NPUXOIUTCS paboTaTh ¢ OONBLUIUM KOJMYECTBOM
OJIHOTHUITHBIX JIaHHBIX. Mcronp3oBaHue [isi MOJOOHBIX 3a7a4 OOBIKHOBEHHBIX MEPEMEHHBIX
NPUBEJIET K YBEJIWYEHHUIO JIMCTUHrA IPOrpamMMbl, YAaCTOMY IIOBTOPEHHUIO OJHUX M TE€X XK€
JENCTBU, HO 1711 pa3HBIX [IEPEMEHHBIX. B Takux ciydasx 3HaUUTEIbHO yJ00HEEe UCII0JIb30BATh
MacCCHUBBI.

Maccus - 310 HaOOp OOBEKTOB OJHOTO THIIA, PACIOJIOKECHHBIX B ONEPATHBHON MaMATH
HENPEPBIBHO, K KOTOPHIM MOKHO 00paIiaThCsi Mo o0eMy HUMEHH.

Onemenmom maccusa Ha3bIBalOT OOBEKT, PACIIOIOKEHHBIA B MaMATH B IPAHULIAX MAcCHBA.
VY Ka)x7oro 3JeMeHTa MacCHBa €CTh CBOM adpec, COBMAAIONIMI C aIpecOM HA4adbHOM sSuehKu
HaMSTH PacIoJIOKEHUS 3TOTO IEMEHTA, UHOEKC, SIBISIFOIIUNICS MOPSIIKOBBIM HOMEPOM JIEMEHTA
B MacCHBE, U 3HAaUECHHE.

Hmsa maccusa - o0t A1 BCeX 3JIEMEHTOB MacCHBa UJIEHTU(DHUKATOD.

Pazmep maccusa coBnanaer ¢ KOIMYECTBOM JIEMEHTOB MacCHBA.

Tun maccuéa - TUI 3JIEMEHTOB MaCCUBA.

Jnuna maccuéa - KolIM4yecTBO OalT, 3aHUMaeMoOe OJHUM OJEMEHTOM MacCHBa,
YMHOXEHHOE Ha KOJINYECTBO JIEMEHTOB.

MaccuB MOXeT ObITh OOBSIBIICH CIETYIOINUM 00pa3oMm:

mun umsafpazmep] = {unuyuanuzayus 21emMeHmos;};
Ipumep:
char a[4] = {3, 12, 6, 9};

B npumepe oOBsiBIIeH MaccHB ¢ UMEHEM a, colepxanmid 4 snemeHTa tumna char (8 our),
snadenus snementoB: a[0] = 3, a[1] = 12, a[2] = 6, a[3] = 9. Hymeparus 371eMeHTOB MaccHBa
HAUMHAETCs C HYJIS.

Ecnu Bce niieMeHThl MaccuBa MHUITMATU3UPOBAHBI B MOMEHT OOBSIBIICHHSI MacCHBa, Kak B
IpUMepe BBIIIE, TO pa3Mep MacCHBa MOXET HE YKa3bIBaThCs, T.€. MAacCHB MOXXHO ObUIO ObI
OOBSBUTH TaK:

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

Ecnu npu mHMLMaNn3anuy yKa3aHbl 3Ha4EHUsI HE BCEX JIEMEHTOB, TO X 3Ha4Y€HUs OyayT
ABTOMAaTUYECKU IIPUPABHEHBI K HYJIIO.

WMHnnpanu3anys 31€MEHTOB MaccuBa IPHU OOBSABICHUU HEOOs3aTelbHA, T.€. JOIYCTUMO
0O0BSIBUTh MACCHB, yKa3aB TOJILKO €r0 THUI U UM C Pa3MEpPOM:
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char a[4];
Maccussl MOI'yT OLITH MHOI'OMCpPHBIMH, TOrJa UX 00BsBIIEHHE BBITJIAANUT TaK:

mun ums[pasmepl] [pasmep2]...[pazmepX];

[Ipu pabote ¢ MaccuBaMu y00HO HCTIONIB30BATh LIUKIIBI, KOTOPbIE OyIyT PACCMOTPEHBI B
CIIEYIOIINX pa3/ienax JUCLUILIMHBL.

HOpﬂ)IOR BbIIIOJTHCHHUSA p360TbI

1. Co3arb OJJHOMEPHBIA MACCHUB.

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

3. Hamucate GyHKIMIO HaXOXACHHUS O3JEMEHTAa MAacCMBa C MHHHMAJIbHBIM
3HAYCHHUEM.

4. B otuere npencTaBUTh JIMCTUHT TPOTrPAMMBbI ¢ KOMMEHTAPUSIMH.

KOHTpOJIbeIe BOITPOCHI

Yrto Takoe maccus?
C Kakoro yucia HAYMHAETCS HyMepalus 3JIeMEHTOB MaccuBa?
Kaxkue criocoObl 00bsaBIEHNS MaccuBa Brl 3HaeTe?
O0s13aTeNbHO JIM YKa3bIBaTh pa3Mep MacCHBa MPHU €ro OObSIBICHUN?
Y10 Takoe MHHAIMAIN3AI1sI MaccuBa?

arONE

JIABOPATOPHAS PABOTA Nel?7

«M3ydenue cTpykTyp si3bika Cy

Lenb paboThl: ycBOUTh Ha3HAUE€HUE O0BEKTA «CTPYKTYpa», U3yUUTh CIIOCOOBI OOBSBICHUS
CTPYKTYp ¥ MHMIIMAJIU3aLUU UX MOJIEH.

BBenenue

Cmpykmypa - 3TO TUN JAHHBIX, IpeAHAa3HAYCHHBIH JUIsI 00bEIUHEHUsI pa3HbIX 00BEKTOB
HOJ] OJHUM HMEHEM, KOTOpOe SBISIETCS munom cmpykmypul. B kadecTBe OOBEKTOB MOTYT
BBICTYIIAaTh MIEPEMEHHBIE, MACCUBBI, YKA3aTeIN U IPYTHUe CTPYKTYPHI.

YroObl TIOHATH HAa3HAYEHUE CTPYKTYPHI, PACCMOTPHM TIPUMEpP M CPAaBHUM pPEaTH3aIHIO
IPOTPaMMBbI C UCTIOJIb30BaHUEM MTPOCTHIX EPEMEHHBIX, MACCUBOB U CTPYKTYP.

[Tycts TpeOyercss HammcaTh MPOrpaMMy IUIsl XpaHEHHWsS MapKH, MOJEJH, IIBeTa W Toja
BBIITyCKa aBTOMOOMJIS, BBEJIEHHBIX MOJIb30BAaTEIEM C KIIaBUATYPHI.

Peanmzyem nmporpaMmy, HCITOJIB3YIOIIYIO TPOCTHIE IEPEMEHHBIE, TUCTUHT KOTOPOi TIOKa3aH
Ha puc. 17.1.
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| #include <stdio.h>

* int main(void)

{
char manufacturer[20]; //Maccue 3n1eMeHTOB ANA HA3BaHWA NPOM3BOAWTENs ANWHONW A0 20 CUMBO/OB
model[20]; //wmaccue 3neMeHTOB ANA HA3BaHWA Mofgenu ANuHOA po 20 cuMBONOB
color[1@]; //Maccue 3NeMeHTOB ONA HA3BaHWA UBeTa ANWHOW go 10 cumeonos
unsigned int year; //nepemMeHHan pAA ropa Bunycka
printf("Enter manufacturer of the car: ");
scanf("%s", manufacturer); //BBOQ NpouzBOAUTENSA
printf("Enter model of the car: ");
scanf("%s", model); //BBOO Mopenwu
printf("Enter color of the car: ");
scanf("%s", color); //BBOA UBETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &year); //BBOQ ropa Bbinycka
L7 printf("%s %s %s %d\n", manufacturer, model, color, year); //BbiBog BCeli MHOOPMaUWM Ha 3KpaH
return @; )
} Terminal -

File Edit view Search Terminal Help
Enter manufacturer of the car: nissan

Puc. 17.1. JIucTuHT IpOorpaMMsbl ¢ IPOCTHIMH ITEPEMEHHBIMU

B npuBenenHoill nmporpamMMe BO3MOXHA paboTa BCEro C OJHUM a0CTPaKTHBIM OOBEKTOM
(aBTOMOOMIIEM), T.K. KaX/IbIil €r0 MapaMeTp XpaHUTCS B OTIENIbHOM, HE CBA3aHHOW C APYTUMH,
TIEPEMEHHOM.

Ecnn Takux 00bEKTOB HECKOJIBKO, MOKHO OOBSBUTH MAaCCHUBBI /ISl XPAHEHUS OJJHOTUITHOM
uHpOpMalLMK, KaK IMOKa3aHO Ha cieAyroleM pucyHke. OHAKO U B 3TOM Cilydyae MacCHUBBI He
CBSI3aHBI MEXIY COOOH, W, MPH JOMYIICHUH JIOTUYECKOH OIMMOKM B IMpOrpamMme, BO3MOXKHA
omnboyYHas paboTa ¢ 3JIeMEHTaMU pa3HbIX MACCUBOB.

| #include <stdio.h>

* int main(void)
{
char manufacturer[2][20]; //maccue 3NeMeHTOB ONA Ha3BaHWA NPOU3BOAMTENR AAMHOW go 20 CUMBONOB
r model[2][20]; //MaccuB aneMeHTOB ANSA Ha3BaHWA MofAenu AnuHol fo 20 cuMBONOB
r color[2][1@]; //MaccMBe 3NeMeHTOB ANA Ha3BaHMA LUBeTa ANMHOW A0 10 CMMBONOB
unsigned int year[2]; //nepemeHHas anAa roga BbiNycKa
printf("Enter manufacturer of the car: ");
1e scanf("%s", manufacturer[1]); //BBOL MpouzBOAMTENA
printf("Enter model of the car: ");
scanf("%s", model[1]); //BBOL MOpmenu
printf("Enter color of the car: ");
scanf("%s", color[1]); //BBOL UBeTa
printf("Enter year of manufacturing the car: ");
scanf ("%d", &year[1]); //BBOJ ropa Bbinycka
printf("%s %s %s %d\n", manufacturer[1], model[1], color[1], year[1]); //BuBOA BCEil MHHOPMaLWM Ha 3KpaH
return 0;

1 Terminal -

File Edit View Search Terminal Help

Puc. 17.2. JIucTuHr nporpaMmsl ¢ HAOOPOM MacCHBOB

CTpyKTypbl MO3BOJISIIOT TPAKTOBATh IPYIITY CBSA3aHHBIX MEXAY COOON OOBEKTOB HE KaK
MHOKECTBO OTJIENbHBIX DJIEMEHTOB, a Kak enuHoe Iienoe. CTpykTypa MpeAcTaBiseT coOoit
CJIOKHBIN TUI JAHHBIX, COCTABJIEHHBIN U3 ITPOCTHIX TUIIOB.

CrpykTypa 00BsABISIETCS CIECAYIOIIUM 00pa3oM:

struct Tum_ cTpykTypHI {
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THI UMsIOnemMenTal ;

TUIT IMSIOJIEMEHTAa2;

tui uMOnemenTaN;
o

Hanumem mnporpaMMmy ais pacCMOTPEHHOTO paHee IpHMEpa, HO C MCIOJIb30BaHUEM
CTPYKTYPBI.

#include <stdio.h>

v struct Car {

char manufacturer[20];
r model[20];

r color[10];
unsigned int year;

g

s
* int main(void)
{
struct Car car;
printf("Enter manufacturer of the car: ");
scanf("%s", car.manufacturer); //BBOO MpowW3BOgMTENs
15 printf("Enter model of the car: ");
scanf("%s", car.model); //BBOR MOpenu
printf("Enter color of the car: ");
scanf("%s", car.color); //BBOA UBETa
printf("Enter year of manufacturing the car: ");
scanf("%d", &car.year); //BBOA ropa BeINycKa
printf("%s %s %s %d\n", car.manufacturer, car.model, car.color, car.year);
return @;
} Terminal - °
File Edit View Search Terminal Help
Enter manufacturer of the car: mazda
er model of the car: rxg
sues Fo r - of the car d

r of manufacturing the car: 2008

red 2008
RETURN> to close this window. ..

Puc. 17.3. JIucTUHT IporpaMMbl C UCIIOJIb30BAaHUEM CTPYKTYPbI

B mpuBeneHHol mporpamMe oObsiBIeHa CTpYKTypa Tuma Car. Jta CTpyKTypa COCTOUT U3
YeTBIPEX AJIEMEHTOB (ITIOJIeH CTPYKTYPHI): MPOU3BOANUTEIH, MOJIEIb, IIBET M T'OJI BHIITYCKA.

B ¢yHkumu main o0bsiBlicHa mepeMeHHas Car, Thi Kotopoil HasbiBaercs Car. Bee mosns
CTPYKTYPBI 3TOH IIEPEMEHHOI OTHOCSTCS TOIBKO K Hell. Takke MMeeTcsi BO3MOXKHOCTh paboTaTh C
MacCHUBaMHU CTPYKTYD.
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#include <stdio.h>

* struct Car {

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

har color[10];
unsigned int year;

o600

1

* int main(void)

{
struct Car car[4];
int 1;
v for (i =0; i< 4; i++)
{
16 printf("Enter manufacturer of the car: ");
scanf("%s", car[i].manufacturer); //BBOA npouw3BOgUTENA
printf("Enter model of the car: ");
scanf("%s", car[i].model); //BBOA MOgenu
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); //BBOA ropa BhiNycka
1
printf("%s %s %s %d\n", car[l].manufacturer, car[l].model, car[1].color, car[l].year);
return 0;
}

Puc. 17.4. JIucTUHT pOrpaMMBbl C UCIIOJIB30BAHHUEM MACCHUBA CTPYKTYP

OOpaieHre K 53JIEMEHTY CTPYKTYPbl OCYIIECTBISIETCS uepe3 TOYKy Iocie HMEHHU
CTPYKTYphI. IMs CTpyKTypHOI IIepeMEHHOM MOKET ObITh YKa3aHO IPU OOBSIBICHUU CTPYKTYPBHI.
B sTOM ciiyuae oHO pa3zmMeriaercs nocie 3aKpbiBaroiieid GUrypHoi cKkoOKH }.

[Ipu 0OBsIBIEHNUN CTPYKTYP, UX pa3pelIaeTcs BKIAAbIBaTh OAHY B APYTYIO.

JlocTym K 31eMeHTaM CTPYKTYpbl MO>KHO OCYILECTBUTH C IIOMOIBIO yKa3aTenen. [l 3Toro
HE00X0IMMO MHUIMAIN3UPOBATh yKa3aTelb apecoM CTpYKTYpbl. [Ipu 3ToM oOparieHue K noasm
CTPYKTYPBI OCYIIECTBIISIETCS YEPE3 CTPEIIKY «->).

ITopsinok BbINOJIHEHHS PadOTHI

1. Hanucatp nporpamMmy y4eTa KHUT, UCIIOJIb3Ys CTPYKTYpBHI si3bIka C.

2. W3meHuTp mnporpaMMy TakuM 00pa3oM, uTOObI 3aloJHEHHE IMOJIEH CTPYKTYpHI
OCYIIIECTBIISATIOCH BBOJAOM C KJIaBUATYPBHI.

3. YKka3aTb KOMMEHTapHH K IIPOrpaMME.

KoHTpoJbHbIE BONIPOCHI

1. Yro Takoe «cTpykTypa» B si3bike Cn?

2. B yeMm oTiiuMe CTPYKTYphI OT IIEPEMEHHOM WM MaccuBa?
3. B Kakux ciy4asix IpearouTUTENBHO UCTIOIb30BaHUE CTPYKTYp?

JIABOPATOPHAS PABOTA Nel8

«I3pIK iporpammupoBanus CH. Y CIOBHBIE OIIEPATOPBD»

Lenb paGoThI: yCBOUTH CHHTAKCUC M OCOOCHHOCTH HCIIOJIb30BAHMSI YCIIOBHBIX ONEPAaTOPOB
si3pIka CH.
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BBenenue

IIpy HamuMcaHWW TPOrPAMMbI YacTO NMPHXOJWTCS CPABHHBATH 3HAYCHUS MEPEMEHHBIX H
BBITIOJIHATE OJIHU WJIM JIPyrHe JICHCTBHSA B 3aBUCHMOCTH OT pe3yjbTara CpaBHEHHUS. B Takom
cllyyae TOBOPAT, YTO IMporpaMma pas3BeTBiseTcs. [l STHX IeNeH WCIOIb3YIOT YCIOBHBIC
OIepaTopsbl.

Venoenwiii onepamop if

[Tonnas ¢hopma onepaTopa BBIISIUT CIEAYIOMUM 00pa3oMm:

if (Yciosue)

{

biokOnepanwmiil;
}
else
{

biokOnepanmii2;
}

Ecnu Venosue nctunno, To BeimonHuTCs brokOnepayuiil, a unaue (T.€. Yciosue 10xHO) —
bnoxOnepayuii2. bnok omnepanuii MOXET COCTOSTh U3 OJHOM omepaluy, TOorja Hajluyue
(GurypHbsix cKOOOK HEOOS3aTEeNbHO.

if (Ycnosue)
Onepannsl;

else
Onepanns?2;

Ecnu He TpeOyeTcst BHINOIHATH ACHCTBHS B Clydyae JIO)KHOTO 3Ha4eHus Ycnosus, To 010K
else moxer ObITh HcKITIOUeH. HemonmHas hopma orepaTopa BBITISIIUT TaK:

if (Ycnosue)

{
¥

B mnpumepe Hmxe 0OBsBISETCS INEpeMeHHas d, € NPUCBOEGHO 3HaueHHe 7. 3areM
npoBepsieTcst ycaoBue: ecnu a Oonpine 0, TO BHIBECTH Ha SKpaH 3HaYEHUE NEPEMEHHOM, HHaue —
3Ha4YeHue nepeMeHHoi + 10. Pe3ynbTaT BEIIOTHEHHUS TPOrpaMMBbl — YUCIIO 7.

brnoxOnepanuiil;
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» build-example-Desktop_C

File Edit WView Bookmarks Settings Help

Puc.18.1. [Tpumep yciaoBHOTO onepaTopa if

Omneparop if MOXKeT OBITh BJIOKEHHBIM, T.€. MIOCIIC BBIMOJIHEHHUS TIPOBEPKH OJTHOTO YCIOBHUS
IIPOBEPAETCA CIAEAYIONIEE.

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

O6paTI/IM BHUMAHHC, UTO B TAKOM CJIy4ac OIIUA else otHocuTCs K MOCJICAHEMY if.

Onepamop eemenenus SWitch

B HEKOTOpBIX chydasx TpeOyeTcsi MPOU3BOJUTH CPABHEHHE HE C OJHUM 3HAYCHHUEM, a C
HEKOTOPBIM HX KOJM4YecTBOM. McCrosb30BaHue yisi 9TOro omepartopa if Moxer okasatbes He
yIOOHBIM, C TOYKH 3PCHHUS HAIMCAHUSI TPOTPaMMbL. BhIOpaTh OMH U3 HECKOJIBKUX BapHAHTOB
BBITTOJTHEHUSI TPOTPaMMbI MOKHO C ITOMOIIbIO orepaTopa Switch..case.

switch (LlemoeBoipaxkeHre)

{

case 3nauenuel : bnokOnepanuiil;
break;
case 3nauenne?2: bnokOnepanuii2;
break;

case 3nauenuen: brnokOnepauuniin;
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break;
default: BroxkOneparnuitlloY Mouanuto;
break;

}

Jannslii onepatop paboTaeT ciaeayouM 00pa3oM:

1. Boruucnsiercst [lenoeBuwipasicenue;

2. [ToryyeHHOE 3HAYEHHE CPABHUBACTCS CO 3HAUEHUAMU,

3. Ecnu 3nauenue HalineHno, TO BBIIOJIHUTCA COOTBETCTBYIOIINN brokOnepayutl,

4. Ecnu 3nauenue He HailieHO, TO BBINOIHUTCS brokOnepayutillo Ymonuarnuro.

bnok default moxer oTcyTcTBOBaTh, TOT/IA €CIU 3HAueHue HE HAWACHO, HE BBITOJHUTCS

HUKaKUX JTEUCTBUM.

Omnwmst break ocyiiecTBisieT BEIXO U3 OlepaTopa.

IMopsinok BHINOJIHEHHS PadOThI

1. Hanncatp nporpaMmy cpaBHEHMs ABYX BBEIEHHBIX C KJIaBHaTypbl uncell. B pesynbrare
paboThI MporpaMMa JI0JKHA BEIBOJIUTH PE3Y/IbTaT CPABHEHHUS.

2. OOBACHUTH BBIOOP TOTO MJIM MHOTO YCIOBHOTO OIEepaTopa.

KouTtpoJbHble Bonpochl

1. Yto Takoe yciIoBHBIN onepaTrop?

2. Kakue ycnoBHble oniepatopsl Bel 3HaeTe?
3. B kakoMm cityuae mpeArnouTHTENbHEE UCTIONIL30BaTh onieparop if, a B kakom switch..case?

JIABOPATOPHAS PABOTA Nel9

«SI3p1K iporpammupoBanus Cu. Onepatopbl HUKIa»

[lens paOoOThI: YCBOUTH CHHTAKCUC M OCOOCHHOCTH HCIIOIB30BAaHUSI OMEPATOPOB IIMKJIA
si3pIKka CH.

BBenenue

Luxnom Ha3zpiBaeTCs OJIOK KOJa, KOTOPBIM JAJsl pelleHus 3aJadu TpeOyeTcs MOBTOPUTH
HECKOJIBKO pas3.

uki coctonT U3 010Ka MPOBEPKH YCIOBUH | Teja UK. [[UKI BRIMONHSAETCS 10 TeX Top,
MOKa 3Ha4YeHHE OJI0Ka MPOBEPKHU YCIOBUM HCTHHHO. TeJI0 MHUKJIa COAEPIKHUT MOCIEA0BATEIIbHOCTD
onepauunii, KOTopast BBIIOJHIETCS B CIIy4ae HCTUHHOTO YCJIOBUS IIOBTOPEHUS LIUKIIA.

B s3pike Cu ciienyroniye BUIbl IUKJIOB:

while — ruKkI ¢ mpeaycnoBuem;
do...while — muxn ¢ mocrycioBuem;

for — mapamerpuyeckuii UK (IIMKJI C 33aHHBIM YKCIIOM ITOBTOPEHHUIA ).

Luxn ¢ npedycnosuem While
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[uki umeeT crenyronyro KOHCTPYKIHIO:

while (Ycnosue)

{
¥

Ecnu Venosue BomomnusieTcs: (BelpaxeHue, MpoBepsitoliee Ycriogue, He paBHO HYIIO), TO
BEITIONHSIETCST BriokOnepayutl, 3aKITIIOYEHHBIA B (PUTYpHBIE CKOOKH, 3aTeM Ycr08ue IpoBEpseTCs
CHOBA.

IlocnenoBarenbHOCTD JIEWCTBUM, COCTOALIAs M3 IPOBEPKU Ycno6us U BBITOJHEHUS
broxaOnepayuii, noBTOpsieTCS 10 TEX MOP, MIOKA BEIPAXKEHUE, ITPOBepstolee Y crogue, HE CTaHET
JIO’)KHBIM (paBHBIM HYJ10). [Ipy 3TOM IPOMCXOAUT BBIXO/ U3 LIMKJIA, U TIPOU3BOAUTCS BHIIIOJIHEHNUE
oTiepaIiu, CTOsIIeH ocie oneparopa MUKIa.

biokOnepanmii;

build-example-

View Bookmarks Settings Hel

Puc. 19.1. Pe3ynbraT padots! mukia While

[Tpu mocrpoenuu mukiia While, B Hero He0OX0JMMO BKJIFOUUTH KOHCTPYKIIUH, H3MEHSIOIINE
BEJIMYMHY TIPOBEPSEMOTO BEIPAKECHUS TaK, 9YTOOBI B KOHIIE KOHIIOB OHO CTAJIO JIOKHBIM (paBHBIM
Hy/110). MlHaue BBIMOJHEHHE LUKJIA OYAET OCYIIECTBIATHCS OCCKOHEUHO (OECKOHEUHBIN ITUKIN).
beckoHEUYHBIN MK HCIONB3YEeTCS MpPH HAMMMCAHWU TPOTPAMM MHKPOKOHTPOJUIEPOB, 0Oe3
0ECKOHEUHOTO ITUKJIa KOHTPOJUIEP OCTAHOBHUTCS TOCIIE BBIITOJIHEHUS! OCHOBHOM (DYHKIIMH.

[Tpumep GecCKOHEYHOTO ITUKIIA!

while (1)
{

biokOnepanmii;
}

Lukn ¢ nocmycnosuem do..while
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O6mas ¢hopma 3anucu:

do{
biiokOnepanuii;
} while (Ycnosue);

uka do...while — 3o nuka ¢ mocTycnoBueMm, Ii¢ KICTUHHOCTD BBIPAKEHUS, TPOBEPSIOIIETO
Venosue, npoBepsiercsi ocie BbINOMHEHUs hrnokaOnepayuil, 3aKIF0YSHHOTO B (QUT'YPHBIE CKOOKH.
Teno nukiIa BBINOJHSAETCS IO TEX IO, MOKa BBIpAKEHHE, MPOBEpsIOIIee Yciosue, HE CTAHET
JIOXKHBIM, TO €CTh TEJIO IIUKJIA C OCTYCIIOBHEM BBIIIOJHUTCS XOTSI ObI OJTHH pa3.

HUcnonws3oBare nuki do...while mydmie B Tex ciaydasx, Korjaa J0DKHA ObITh BBIITOTHEHA XOTSI
OBl OJTHA UTEpalLys, JTMOO KOr/la HHUIMATH3AIHsI 00bEKTOB, YUYACTBYIOIIUX B IIPOBEPKE YCIOBHS,
HPOUCXOIUT BHYTPH TEJa UK.

main.c main() -= ir

'_l:

F 4 build-example-

File Edit View Bookmarks Settings H

L P2

* int main()

[ -9

Puc. 19.2. Ilpumep pabotsr iuksia do..while
TIapamempuueckuii yuxn for
O6mas ¢popma 3anucu:

for (Manmmanm3anus; Y cnosue; Moaudukarms)

broxOneparnui;
for — mapamerpuueckuii nuka (MUKI ¢ (PUKCHPOBAHHBIM YHCIOM TOBTOpeHMIA). J{is

OpTaHMW3AIMH TAKOTO ITUKJIAa HEOOXOIMMO OCYIIIECTBUTh TPH OTICPAIUH:

1. Unuyuanuzayus — npucBanBaHKe MapaMeTpy HUKJIA HAYaTbHOTO 3HAUYCHUS;

2. Vcnosue — ipoBepka yciaoBHS TIOBTOPEHHSI IIUKIIA, YAllle BCETO — CPAaBHEHHE BEIIMYHHBI
napameTpa ¢ HCKOTOPhIM I'PaHUYHBIM 3HAYCHHUCM

3. Mooughuxayus — n3MeHEeHNE 3HAUYCHUS TTapaMeTpa JUTsl CICIYIOIIErO MPOXOXKIACHHUS Tela
UKJIA.
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OTH TPU OMEpaIiy 3aMKCHIBAIOTCS B CKOOKAX M pa3JeNsIFOTCS TOUKOH ¢ 3amsaTon «;». Kak
MIPaBUIIO, TAPAMETPOM LIMKJIA SBJISETCS LIEIOYNCIICHHAs [TIEPEMEHHa.

Wuunpanusaiys mapaMmeTpa oOCyIiecTBISCTCs TOJIbKO OJUH pa3 — Koryia ki for Haunnaer
BBITIOJTHATHCSL.

[IpoBepka Vcrosuss MOBTOpEHUs IUKJIA OCYIIECTBISIETCS MEpE] KaXJIbIM BO3MOXHBIM
BBIMIOJIHEHHEM Tena 1ukia. Koraa BelpakeHue, mpoBepsitollee Ycnosue CTaHOBUTCS JIOKHBIM
(paBHBIM HYIIO), MWK 3aBepiiaetcsa. Moaudukanus mapaMmerpa OCYIIECTBISETCS B KOHIIC
Ka)KI0r0 BBITIOJTHEHUS Teja nukia. [lapamMerp MOKeT yBeIMUMBATHCS WM YMEHbBIATHCS.

* build-example-D

File Edit View Bookmarks Settings Help

Puc. 19.3. Ilpumep pabots! nukia for

B mmkne for moxer mcmonp3oBaThCs omepanus 3amsATas A pas/eNeHHs HECKOIBKUX
BBIp@XEHUH. OTO  MO3BOJSET  BKIOYUTH B CHEUU(UKALMIO  IUKJIa  HECKOJBKO
VHULUAIN3UPYIOIINX WIH KOPPEKTUPYIOLINX BbIpa)KEHUH. BoIpaskeHNs1, K KOTOPBIM IPUMEHSAETCS
orepanus 3amsras, Oya1yT BEIYUCIATHCA CIeBa HAIPaBo.
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main.c

=

w

[FSR S

n b

(int a
printf("

build-example-Deskix

File Edit View Bookmarks Settings Help

Puc. 19.4. Ilpumep 1ukina for co caoKHBIM YCIOBHEM

OOpatuM BHUMaHUE, YTO OOBSABIATH IEPEMEHHBIE MOKHO MPSMO BHYTPH LIUKIIA.

[ukna for MoxeT OBITh BIIOXKEHHBIM aHAIOTHYHO oreparopy if.

B Ttene mo06oro 1ukia MOXHO HCIIOJIB30BATh OMEPATOPHI MpepbIBaHUs IUKiIa — break u
HPOJI0JDKEHHS IIMKIa — continue. Oneparop break mo3BosieT BBIMTH U3 IIUKIIA, HE 3aBepILast ero.
Omnepatop continue Mmo3BoJiseT MPOMYCTHTh YacTh ONMEPATOPOB Teja IHMKJIA W HAYaTh HOBYIO
UTEPALINIO.

ITopsinok BbINOJIHEHHS PadOTHI

1. Hamucarp nporpamMmy 3allOJIHCHUA MacCHMBa 4YHUCIIaMH, BBCJACHHBIMU C KJIAaBUATYPHI,
HCIIOJIB3Ys OJWH U3 U3YYCHHBIX [UKIIOB.

KonTpoJbHbIe Bonpockl

1. Yto Takoe «MKI» B SI3bIKE MPOrpaMMUPOBAHUSA?

2. Yem oOBsicHAETCS yJOOCTBO MCHOJIB30BAHUS IIUKJIOB MO CPABHEHUIO C MHOTOKPATHBIM
MTOBTOPOM OJTHOU W TOM K€ OTepariu?

3. beicTpee nu paboTaer mporpaMma C HCIOJIb30BaHMEM ITUKIIA, YEM Takas ke, HO C
MTOCTOSTHHBIM TTOBTOPOM JIEHCTBUIA?

JIABOPATOPHAS PABOTA Ne20

«SI3pIK TporpammupoBanns Cu. YkazaTenn»

[lenp paboOThI: H3Yy4YUTh OOBEKT «yKa3zarenab» si3bika CuH, TpUOOpPECTH HAaBBIKH €ro
UCII0JIb30BaHMUs, OCBOUTH OMEPALIUIO B3SITHS ajipeca.
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BBenenue

Ykazamenem Ha3piBaeTCs IEepeMEHHas, 3HAYEHUE KOTOPOM SBISETCS anpecoM Apyroiu
IIEPEMEHHOM.

Kak roBopuioce panee, Bce IEPEMEHHBIE PACIIOIAraloTCs B OllepaTUBHON namsaTu. [lamsrs
— O3TO HENpepbIBHAs IIOCIEN0BATEIBHOCTh sueek. Kaxnmas sdelika MMeeT CBOWM ajpec —
HOPSAKOBBIM HOMEP, U B HEE MOKET ObITh 3allMCaH Bcero oJuH 6ut uHdopmanuu. Ilepemennas
MOYET 3aHUMAaTh pa3Hoe (HO KpaTHOE §) KOJIMYEeCTBO OMT B 3aBHCHUMOCTHU OT €€ Tuma. Adpecom
nepemMeHHou SBIETCS HOMEp SYEHKH NaMsTH, ¢ KOTOPOM HAayMHAECTCA PACIOJIOKEHUE ITON
MIEPEMEHHOM B MMAMSTH.

VYka3arensp, ABIAACH NEPEMEHHOM, TAK)KE PACIOIaraeTcsi B ONEPATHUBHOM MAMATH, HO €ro
pasmep (GUKCUPOBAH U 3aBUCUT OT pa3psiiHOCTH cucTeMbl. [l 32-pa3psaHbIX CUCTEM yKa3aTelb
3aHuMaeT 32 Outa i 4 GaiiTa maMAaTu.

VYkazarenb 00BSBISETCS CIETYIONIM 00pa3oM:

TUT *UMSL;

Tun — 3TO TUII IEPEMEHHOM, aIPEC KOTOPOU COAEPKUT yKa3aTeb.

[Ipumep:

int a; /ob6wvssnena nepemennas a muna int

it *p; /obwasnen ykazamens ¢ umenem P Ha nepemennyio muna int

B npuBegeHHoM npumepe ykazaTenb P TOKa HUKAK HE CBSI3aH C TIEPEMEHHOM a, TaK KaK OH
HE MHULMANM3UpOBaH. JlJig1 MHUIMaIU3auuu ykazarens B s3bike C IpeaycMOTpeHa omnepanus
B3SATHS ajpeca, KoTopas 00O3HayaeTcs amiepcaHnioM &, pacrlojOKEHHBIM Iepe] HMEHEM
[IEPEMEHHOM.

p = &a; //meneps ykazamensv P cooeporcum aopec nepemeHHol a

Ha pucynke 20.1 mpuBeeH NUCTUHT MpOTpaMMBbl U pe3ynbTaT ee paboTel. B 5-i1 cTpoke
00BsIBIICHA TEpEeMEHHas a, B 6-i — yKkazaTenb p, B 7-i CTPOKE B yKazaTelb p 3alucaH aapec

nepeMeHHoO# . B cTpokax 8 u 9 ¢ momosio Gpyukiuu printf() u mogudukaropa %X BEIBOIUTCS
JIBYMsI crioco0aMu aJipec MepeMEHHON a B IECTHAALIATEPUYHOM BH/JIE.

39



#include <stdio.h>

* int main(void)
{ Terminal
a = 4; File Edit View Search Terminal Help
\F *xp al2455bf
% ? al12455bf
p = &aj; 4

printf("%x\n", p) Press <RETURN> to close this window...
9 printf("%x\n",&a);
printf("%d\n", a);

eturn 0;

Puc. 20.1. Pe3ynbTaT paboThl IPOrpaMMBbI C UCTIOJIB30BAHUEM YKa3aTes

B s3pike C mmeeTcs omeparus MOTYYCHHS 3HAYCHHS I10 aapecy, KoTopas 0003HadaeTcs
3BE3I04YKOI *.

#include <stdio.h>

* int main(void) -
{ Termi
File Eaik View Search Terminal Help
nar a = 4;
char #p;
= &a; -
P i r’ " ) 55 <RETURN> to close this window. ..
printf("%d\n
9 printf("%d\n
printf("%d\n
T E:I;

Puc. 20.2. ITpumep nonyyeHus aapeca NEPeMEHHOU

B npuBeneHHOM JIMCTHHre B 8- CTPOKE HA 3KpaH BBIBOAMTCS 3HAYEHHE M0 aJIpecy,
KOTOPBIH cofiepKUTCs B yKkazarene. B 9-if cTpoke 370 ke 3HaueHue 3anrcatHo B 6ojiee IBHOM BU/IE.

Mms maccuBa TakKe SIBISAETCS yKa3aTeleM, KOTOPBIM COAEPKUT aApec MEPBOro dJIEMEHTa
JTOr0 MacCHUBa.
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#include <stdio.h>

* int main(void)
{ Tern
3[3.] = {4) 2! 1}7 File Edit View Search Terminal Help

printf("%x\n", a);® 8785925
el A\ ' . 4

printf("%d\n",*a)
T SR s ¢8785926

printf("%x\n",a+1);¢ &

printf("%d\n",*x(a+l)); ;8;5592;

iy ELNOsy\ 1 - .
10 printf("%x\n",a+2);¢ Press <RETURN> to close this window...

printf("%d\n",x(a+2));

curn O;

Puc. 20.3. Ims1 MaccuBa sIBIsieTCS yKa3aTelieM

B nanHOM mpumepe B 6-i cTpoke B KauecTBe aprymenta ¢pyukimu printf() ucrnomb3yercs
UM MAaCCHBA, M, KaK BUIHO B PE3YJIbTaTe BBIBOJA 7-i CTPOKH, OHO COBIIAJIACT C aAPECOM IIEPBOTO
aneMeHTa MaccuBa. B 8-it u 9-if cTpokax k azgpecy nepBoro sneMmenta npudasuin 1. Tak kak tum
MaccuBa Char, kaxiplii ero sjeMeHT 3aHuMaeT B mamstu 1 Oaiir. IlpuOaBnenue k aapecy
eMHMIIBI 03HavyaeT mpubasieHue ogHoro Oaita. [Toaromy B BeiBoAE 8- 1 9-i1 cTpOK comepkarcs
aZipec ¥ 3HaYEHUE BTOPOTO dJieMeHTa MaccuBa. AHanorudHo ¢ 10-it u 11-i crpokamu. Eciu 6w
MacCHB HMMeN TUI INt, KOTOpBIA 3aHMMaeT B mamsTtd 4 Oaita, TO TpHOABICHHE €IUHHIIBI
COOTBETCTBOBAJIO OblI MPUOABIIEHUIO K aJpecy YeThIpex OalT, T.e. IUIIOC OJAMH pa3Mep 3TOro ke
TUNa. ITO 03HAYAET, YTO K yKa3aTelsiM MPUMEHUMBbI apu(pMeTHIeCKUe Oneparim.

ITopsinok BbINOJHEHHS PadOTHI

1. Hanucats nmporpaMMsl IPUBEJEHHBIX BBILIE IPUMEPOB.
2. [IpokOMMEeHTUPOBATh HaMMCaHHbIE TPpOorpaMMbl. OOBSCHUTH ATOPUTMBI UX PAOOTHI.

KouTtpoJbHbie Bonpochl
1. Uto Takoe «ykazaTenb»? UTo Takoe «aapec» NepeMeHHOoM?

2. B ueM npeumMyIiecTBO UCIOIb30BAHUS yKa3aTenen?
3. Kak 1 3auem uCnoiabp30BaTh yKa3aTelu Mpu Nepegadye arpyMeHToB G yHKIUN?

JJABOPATOPHAS PABOTA Ne21
«[IporpammupoBanue kouTposuiepa ATmegal6. Hacrpoiika mopToB»

[lenp paboOThI: H3Yy4YUTh OOBEKT «yKaszarenab» si3bika Cu, TpUOOpPECTH HAaBBIKH €ro
UCIIOJIb30BaHUs, OCBOUTH ONEPALIUIO B3STHUS ajpeca.

BBenenue
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[Tocne ycnemHoi HacTpoiiku mpoekTa u3 JabopaTopHoil padoTel Nel3 1 ero KOMOMISAIUH
6e3 omrOOK, MOXKHO MPUCTYIUTH K HATTMCAHUIO TIPOTPAMMBI.

Jlnst Havama pazbepeM CTPYKTYypYy IPOEKTa, HM3y4HMM OCHOBHBIC €ro (ailibl U HX
coaepxkanue. Haunewm ¢ 3arooBouroro daiiza main.h, pacmonosxkennoro B qupexropuw include u
HOKJIIOYEHHOTO B (haitne main.c.

['MaBHBIM 3arojO0BOYHBIM (haityioM, yKazaHHBIM B Main.h, sBiusercs 3aromoBok i0.h,
HO/IKJIFOYCHUE KOTOPOTO BBITJISINUT TaK:

#include <avr/io.h>

B Hem copepxarcs TUPEKTUBBI MPENPOLECCOPa, ONPENSISIONINE MOEIb UCII0JIb3YEMOTrO
koHTpoiuiepa. CaMO yKa3aHHE MOJENIM pACIOIOKeHO B (paiiie mpoekra atmegal6.config u
BBITJISJIUT TaK:

#define _ AVR_ATmegal6

DTO yKa3aHHWE aBTOMATHYECKH MOJKIo4yaeT B (aine i0.h Omok else BerBnenus if

IpEnpoIeccopa, KOTOPBIA ¢ MOMOIIBI0 TUPEKTHBHI #INClude BKiIrOYaeT B MPOEKT 3aroiOBOK
iom16.h:

Puc. 21.1. ITogkiroueHue 3aroJoBOYHOro (haitna KOHTposIepa

B 3aromoBounoM aiine i0m16.h comepkuTcs TONHOE OMUCAaHWE MAMSITH, IOPTOB,
peructpoB, mnepudepun koHTpomiepa ATmegal6. I[IpocMoTpeTs €ro CcoOAEpKHUMOE MOKHO
HAXXATHEM HA HEM JIEBOM KHOIKOM MBIIIM C 3axaroi kinasumient Ctrl.
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iom16.h - Qt Creato|

Debug Analyze

iom16.h

main.c

Puc. 21.2. Onucanue nepudepuu KOHTpOIUIEpa

Kak BuaHOo u3 pucynka 21.2 Bblllle, BCE€ MMEHa TMOPTOB, BBIBOJOB, PETUCTPOB U T.1.
SBIISIOTCS OOBIYHBIMH TICEBJOHMMAaMU YHCEJ, HO STH YHUCJIa TOYHO COOTBETCTBYIOT ajpecam
PETUCTPOB B MaMAITH WJIK HOMEpaM OUTOB B pETUCTpax.

W cripaBisiTh COMEPKUMOE BCTPOCHHBIX 3ar0JIOBOYHBIX (hailyioB, Takux kak i0m16.h, Hemb3s.

B sT0i1 1 mocneayromumx 1a00paTopHbIX paboTtax OyAeM Mucath Mporpammy KOHTPOJIIEpa
TS pa3paboTaHHOTO paHee YCTPONCTRA.

[Mepexmtounmcst B aitm main.Cc u jg00aBUM B Hero (GYHKIUIO HACTPOHKHU mepudepun
KOHTpOJIIepa, Ha3oBeM ee Setup. B oty dynkiuio nobaBum HacTpoiiky nmoptoB C u D Ha BbIBOS,
TaK KakK 3TH MOPTHI YIPABIAIOT aHOJIaMU U KaTOJIaMHU 7-CETMEHTHOTO MHIUKATOPA.

void setup()

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

}

s ynoOctBa 00bsiBUM B (aiiie Main.h rrodaapHBIE MacCHB M3 JIECATH DJIEMEHTOB,
KOKIBIA U3 KOTOPBIX OyAeT coiepaTh KOMOWHAIIMKA HYJIEW M €IUWHUIl, COOTBETCTBYIOIINUX
nupam Ha UHAUKATOPE.

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

43



0b10011001, //4
0b10010010, //5
0b10000010, //6
Ob11111000, //7
0b10000000, //8
0b10010000%; //9

[Tockonpky mnst oroOpaxkeHuss HH(POpPMALMM HAMU HCIOJIB3YETCS JUHAMHYECKas
WHJUKAIMS, CUTHAJIBI YIIPABIECHUS KAaTOJAMH MHAMKATOPA OT KOHTPOJUJIEpA MEepealoTcs Ha BCe
BBIBOJbI KAaTOJOB BCEX pa3psa0B MHAMKATOpPA, a BKJIOYEHUE OIPEACICHHOr0 pa3psaa
OIPEEIAETCS CUTHAJIOM COOTBETCTBYIOIIETO aHO/IA.

PasznenbHOe yrpaBieHue OWTaMU PETUCTPOB MOPTOB KOHTPOJUIEpa HE MPETyCMOTPEHO,
9TOOBl YCTAHOBUTH B COCTOSIHME | OJMH OUT perucTpa mopra, Hy)KHO MPOU3BECTH 3alHCh BCEX
outoB peructp. UToOBl MpH 3TOM HE MEHITh COCTOSIHME OCTAJbHBIX OUTOB MOPTA, MOXKHO
WCIIOJIB30BaTh JIOTMUECKOE CIIOKEHHE, PU ATOM | 3amuiieM B TOT pa3psii, KOTOPBIA HY>KHO
yCTaHOBUTH B 1, a B ocTanibHble OUTHI - 0. [1pu cnoxkennu ¢ 0 cocrosinue OuTa He U3MEHUTCH, a ¢ |
- cra”er paBHO 1. [lms cOpoca Outa B 0, HCIONB3yeM TOT K€ MPHUHIMI, HO C OIEparue
YMHOKEHHSI.

B pa3paboTaHHON NPUHIUIUAIBHON CXEME YCTPOHCTBA KATOIBI ICCATHYHBIX TOYCK
MHAMKATOpa MOJIKII0YEHbI K BOCBMOMY OMTY mopta C, HamuIleM JBa MaKkpoca JJisi BKJIIOUEHUS U
BBIKJTFOUCHHUS IECATUYHBIX TOYCK:

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

Teneps npu ykazanuu B mporpamme 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
ocranytcs 6e3 uzmenenus. [Ipu DP_OF — BeimonHuTCs Joruyeckoe yMHOKeHHE, 8- OUT cTaHeT
paBeH 0, a ocTanbHBIE HE U3MEHSATCA.

Hanumewm aHanoruyHsle MakKpoChl JUIsl BKJIIOUEHHS M BBIKIIIOUEHUS pa3psI0B MHIUKATOPA,
COTJIACHO TIOJKTFOUEHHUI0 Ha IPUHIUITHAIBHON cXeMe:

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

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

void showDigit(unsigned char digitNumber, unsigned char value)

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

OyHKIMSA HUYETO HE BO3BpAIaeT B Ka4eCTBE pe3yJsibTaTa, MOITOMY ee THM VOid, u B Hei
OTCYTCTBYET orepatop return. B xadecTBe apryMeHTOB QYHKIIMHU YKa3aH HOMEp pa3psiaa, CUUTast
c 1 cneBa, u udpa It OTOOpAKEHUSI.
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Temepp B mporpaMme MOXKHO BBI3BIBaTh B JI000M Mecte (yHkuuto ShowDigit u Ha
UHIMKATOPE B yKa3aHHOM pa3psje Oyaer oToOpakeHa ykazanHas 1udpa. Hampumep,

showDigit(1, 4);

B CaMOM JIEBOM pa3psijie OyneT BeiBeseHa udpa 4.

IHopsinok BHINOJHEHHUS PAOOTHI

1. OTkpbITh ma6s10H TIpoekTa u3 JIP Nel3.

2. Hanmucatb nporpamMmy KOH(GUTYpHUPOBAHHSI TIOPTOB KOHTPOJLIEPA JIJIsl BRBIOPAHHOTO paHee
YCTpOICTBA.

KonTposbHbie BONPOCHI

1. Yto Takoe «ImmopT» MUKPOKOHTpoiepa?

2. O0BsicHHUTE ANTOPUTM HACTpoiiku moproB ATmegal6?
3. Kakue peructpsl B ATmegal6 umerorces 1isi HaCTPOHKH MOPTORB?

JIABOPATOPHASA PABOTA Ne22

((I[I/IHaMI/I‘ICCKaSI WHAUKAIUA»

Ilenp paboOTHI: MOJYYUTh HABBIKM OpraHU3allMM JIUHAMUYECKOM MHIMKAIMKA MpU
0TOOpaXeHUH UH(POPMAaLIUH.

BBeaenue

B mnpenpinymieit pabore Mbi cozmanu  Qyakmuio ShowDigit, aprymMeHTamMu KOTOpOii
SIBJISIFOTCSL HOMEP pa3psijia HHIUKAaTopa U 0ToOpaXkaeMas Ha HeM nudpa.

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

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

B pesynprare Ha nHaMKaTope OyaeT uudpa 4 B OCIEIHEM pa3psijie, IPH ITOM MEPBHIE JBa
paspsia OyayT BBIKIIOYCHBI - TakoB anroputM ¢(ynkmmu ShowDigit mpu muHaMUYecKon
VH]IUKAIIW Y.
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Puc. 22.1. Pe3ynbTaT paboThl PyHKIIMN BBIBOIA HHPOPMALIUH

Yt00BI I/IHq)OpMaI_[I/IH 0T06pa)KaJ'IaCL OIHOBPEMCHHO B TPEX CCTMCHTAX MHAWKATOPA, HY?)KHO
JOCTAaTOYHO 6BICTpO BBIBOAUTH I_[I/I(l)pbl B Pa3HBIC pa3psabl, JJI 3TOI'0 MOXKXHO ITIOMCECTUTDb BCC TPU
BBIIICYKA3daHHBIC CTPOKHU B BCUHBIN LUKJI KOHTPOJUICPA.

while (1)

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

}

P €3YyJIbTAT ITOCJIC KOMITUJIAIIUU U 3aIpy3KHU:

Puc. 22.2. BeiBog undopMmaiuu B pa3Hble pa3ps/ibl HHAUKATOpA B LIUKJIIE

Ha unaukatope otoOpakeHbl He Te MUGPHI, T.K. HHIXKATOP MOMPOCTY «HE YCIEBaeT» 3a
KOHTPOJUIEPOM, PabOTaoIIeM Ha 4YacToTe 16 MHUIMOHOB TaKTOBBIX HMITYJIbCOB B CEKYHJY.
JTo6aBUM 3a7epKKy Mmocie Kaxaoi koMan sl ShowDigit.

Jlns opraHM3anuy 3aJepKKA  BOCIOJb3yeMcsi cranmapTHoit ¢ynkumeii _delay ms(n),
apryMeHTOM N KOTOPO# SIBJSIETCS] BpeMsl B MUJLTHCEKYHIax. JIOCTaTOYHO 3aIePiKKU 5 MC.

Oyukius _delay_ms MokeT OBITh JOCTYNMHA JJIS MCIOJB30BAHUS TPH TOAKIIOUYCHHN
3aroJI0OBOYHOrO (haiina:

#include <util/delay.h>
Ota CTpoKa MOJKITFOUCHHS yXKe COACPKUTCS B MPoeKTe B (aiiyie main.h, qonoaHuTenbHbIC

MOAKIIOUEHUS HE TPEOYIOTCS.
PesynbraTr noGaBieHus 3a1€PKKU:
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Puc. 22.3. Pesynbrat 106aBiieHUs 33Iep>KKH BBIBOIa MH(OpMALIUN

Oyukius _delay ms ucmonb3yer TaKTUPYIONIUE CUTHAT KOHTPOJUIEPA, TIOATOMY 3a/ICPIKKa,
OpraHu30BaHHAsA ATON (QyHKIMEH, ABISIETCS OYEHb TOUYHOM.

BriBoauTh MHGOpMANNIO B K&KABIN pa3psl OTAEIBHO, J0OABIISAA KOKIBIN pa3 3aIepKKy, HE
OuYeHb yJN00HO. bbu10 OBl Jyunie HamucaTh (QYHKIMIO, apIryMEHT KOTOpOi He nu¢pa, a 1enoe
YHCII0, COJEpIKallee OT OJHOTO JO TPEX pa3psAnoB, a ¢yHKuMs Obl cama pasiensyia 4Hucio Ha
UGPbI ¥ BEIBOAMIIA KAKAYIO U3 HUX B COOTBETCTBYIOIIUN pa3psi.

OObsiBuM QyHKIHIO WriteToDISp, ¢ 11e104nciieHHBIM apryMEHTOM:

void writeToDisp(int data)
{

}

B (I)YHKI_II/II/I 00BIBUM U HHULUAJIM3UPYEM HYJIIIMHA MAaCCUB TUIIA char N3 TPECX IJICMCHTOB:
char str[3] ="000™;

B atom maccuBe OyayT xpaHuThes koasl mudp. Bocnonesyemcs ynkimeit sprintf s3pika
Cu 11151 KOHBEpTALMH LIEJIO0T0 YUCia B CUMBOJIBL. PopMat GyHKINHN CIEAYIOMINMI:

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

Oynxkiums sprintf() unentnuna ¢pynkuuu printf() 3a uckirodeHuem Toro, yto HHGOPMAIHSI
3aIMChIBACTCS B MAaCCHUB, aJIpecyeMblil yka3arenem buf, a He B cTaHIapTHBIH MOTOK (HapUMep, Ha
skpan). [IpotoTun ¢pyHknuu (T.€. €€ 3aroJ0BOK) HaxomuTcs B daitne stdio.h, moakimrounm ero ¢
nomorpto #include B Havane ¢aiina main.h.

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

Moaudukatop .3d coobmaer (yHKIHH, YTO pe3yabTaT 3alkCH B MAacCHB JOJDKCH
colepkath 3 paspsaa uenoro yucia. Ecium 4yucino MMeeT MeHblee KOJMYECTBO pas3pslIoB,
HEJIOCTAIONIHNE PA3PsAIbl OYyIYT 3aMIOTHEHBI HYJISIMU.

Teneps n006aBuM co3maHHylo paHee ¢pyHkmuto ShowDigit, B kauecTBe BTOpPOro apryMmeHTa
KOTOpPOH HYKHO YKa3aTh YHCIIO, KOTOPO€ COOTBETCTBYeT HU(ppe pa3psma, KOA KOTOPOH
COZICP)KUTCS B DIIEMEHTE MaccuBa Str. 3mech Bo3HHMKaeT HecooTBercTBHe: (yHkuumsi showDigit
JIOJDKHA TIOJYYUTh BTOPBIM apryMeHTOM Iienoe uucio oT 0 mo 9, a mepenarb € Mbl MOKEM

47



ascii-koJ CMMBOJIA, BEIb HMEHHO OH COJIEPYKHTCS B dJIeMEHTax MaccuBa. QOparumcs K Tabiuiie
ascii CHMBOJIOB:

Decimal Hexadecimal Binary Octal Char

48 30 110000 &0 0
49 31 110001 61 1
50 32 110010 62 2
51 33 110011 63 3
52 34 110100 &4 4
53 35 110101 &5 5
54 36 110110 66 6
55 37 110111 &7 7
56 38 111000 7O 8
57 39 111001 71 9

Puc. 22.4. Ta6muna ASCII

Kak BugHo u3 tabmuusbl, nudpa 0 umeer necatuunbiii kox 48, 1 - 49 ... 9 - 57. HyxHo
MOHUMATh PA3HHUIY MEXKIY YHCIOM, OOO03HAYAIONIMM KOJHYECTBEHHYIO MEpy 4Yero-indo, u
upoi, SABJISIOMICHCS CHMBOJIMYECKMM OOO3HAaYECHHEM 4YHCIa B HEKOTOPOH cHCTeMe
o0o3HadycHM. YTOOBI TONYYUTh YUCIO W3 CHMBOJA B si3bike CH, BBIUTEM anreOpandecKu
CHMBOJIBI, KOTOPBIC MIPUHSTO YKa3bIBaTh B OJIMHAPHBIX KaBblukax. Hampumep:

|6| _ |0|

OTa 3anuch SKBUBAJIEHTHA BBIYMTAHUIO 54 - 48, pe3ynbTar KoToporo 6. T.e. ecin HyKHO
HOJYYUTh YHCIIO U3 CHMBOJIA, HY)KHO U3 3TOTO CUMBOJIA BBIUECTh ASCii-KOJ HYJISI.
JHo6asum B ¢yHKImo WriteToDisp crpoku:

showDigit(1, str[0] - '09;

_delay_ms(5);
showDigit(2, str[1] - '09;
_delay_ms(5);
showDigit(3, str[2] - '09;
_delay_ms(5);

Teneps B BEUHBIM LIMKI OCHOBHOW IPOTPaMMBbI MOKHO HAIlMCaTh BCETO OJHY CTPOKY €
dynxmeit writeToDisp(n), Tae N - menoe NoJI0KUTENBHOE YHCIIO JUIS 3aIICH B HHAUKATOP.

JIABOPATOPHASA PABOTA Ne23

«Pabora ¢ ALIIT konTponnepa ATmegal6»

Lens paGoThl: yCBOUTH Ha3HAUEHUE O0BEKTA «CTPYKTYpay, U3YUHTh CIIOCOOBI OOBSBICHHS
CTPYKTYP ¥ MHULIMATU3ALMNHN UX MOJICH.

BBenenue
Jlnst u3MepeHns TeMITepaTyphbl OKPY>KalOIIEero BO3/1yxa B COCTaB YCTPOHCTBA BXOHT JaTUHK
temmepaTypbl KTY81/120, noaximodeHHbIi K kaHany (0 aHanoroBo-1u@poBoro npeoodpa3zoBares

ATmegalo.
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[TpeoOpa3zoBarenp KoHTpoiuiepa TnpenctaBiser coboit ALl  mocrnenoBarenbHOTO
npUOJIIKEHUs, UMeeT § He3aBUCUMBIX KaHAJIOB U oOecrieunBaeT 10-OUTHBIN pe3ynbTarT.

Hus pabotel ¢ AT B ATmegal6 mpemycMOTpeHBI clieluaibHbIE PErHuCTPhI, KOTOPBIC
JIOJKHBL OBITh HacTpoeHbl mepen wucnoibzoBanuem ALl Ilpexxae Bcero, HE0OXOTUMO
"cooOmMTE" KOHTPOJUIEPY THUII HCTOYHHMKA OIOPHOTO HAampspKeHus mnpeoOpaszoBatens. llpu
MIPOCKTUPOBAHUH MMPUHITUITHATILHON CXEeMbI HaMHU OBLII0 BEIOpaHO mojkitoueHue Beieoga AREF Ha
"3emutr0" yepe3 KOHJIEHCATOoP.

B nokymeHTanuu KoHTposuiepa Ha cTp. 217 mpeacTaBiieH OJIUH U3 PETUCTPOB HACTPOUKHU
AL, xotopsiii Ha3zbiBaeTcst ADMUX.

Bit 7 <] 5 4 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 MUX2 MUX1 MUXO0 I ADMUX
ReadWrite RW RwW RW RW RW RW R/W RAW
Initial Value 0 0 0 0 0 0 0 0

Puc. 23.1. Peructp ADMUX

[lecroit u cenqpmoit 6utel 3Toro peructpa (REFSO u REFS1) npennaznauensr mis Beroopa
MCTOYHHKA OITOPHOTO HATIPSHKECHHUSL.

Table 83. Voltage Reference Selections for ADC

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

Puc. 23.2. Haznauenue 6utoB peructpa ADMUX

Kak BuIHO M3 TaOIUIIBI, 7S HAIIETO CITydasi MOJAXOTUT BTOPAst CTPOKA, T.€. MCIIONb3yeTCs
onopHoe HanpsbkeHue ¢ BbiBoga AVCC, nipu 3tom BeiBog AREF nozkitouen uepes koHaeHcaTop.

[Mateiii Outr peructpa ADMUX naseiBaetcsi ADLAR (ADC Left Adjust Result) wu
npeHa3HayeH Ui BBIPABHUBAHUS pe3yjibTara IO JICBOMY WJIM IPAaBOMY Kpal PErucTpoB
pesynbTaTa. Pe3ymbrar mpeoOpa3oBaHHs BCET/ia MOMEMIACTCS W XPAHUTCS B JBYX 8-OUTHBIX
perucrpax ADCH u ADCL, npeacraBnstomux co0oi crapimuii u mMiaaamuid OalT pesynbraTa.
Onmnako pe3ynbTart mpeodpa3zoBanusi cOCTOUT U3 10 OUT, a 3HAYUT, OH MOXKET OBITh PACIIOIOKEH B
3THX JIBYX OaiiTax MO-pa3HOMY:
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ADLAR =0

Bit 15 14 13 12 1 10 9 1
- - - - - - ADCo ADCs8 ADCH

ADC7 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 " 10 9 8
ADC8 ADC8 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 ymomyanuto 6ut ADLAR paBen nyimto, T.e. 8§ OUT pe3yabTaTa MOMENIalTCs B MIIaAIINANA
6aiir ADCL, a nBa octaBmuxcsi 6uta - B crapmuid ADCH. O6muit pesynbrar nmpeobpazoBaHust
MOXeT OBITh JocTyneH B nporpamme wim o umenaMm ADCH u ADCL, wiu o ogHOMY MMEHU
ADC.

butet MUX4..0 npeana3nadens! [y BpIOOpa KaHaia u criocoba npeodpasoBanus. B camom
IPOCTOM Ciyd4ae, KOrja BXOJHOW CHUTHANl MOJKIIOYEH K OJHOMY BBIBOJY KOHTpOJUIiepa, OUTHI
MUX4 u MUX3 nomkHBI OBITH paBHBI HYIO, @ Ontamun MUX2, MUX1, MUXO BeiOuparoT KaHat
ot 000 (kxanan 0) go 111 (kxanan 7). Utoro 8 kananos. ALIIT ATmegal6 moxet paboTath B Tak
Ha3biBaeMOM UG (PEPEeHIIMATEHOM PEXUME, KOT/Ia M3MEPEHHE HANpPSIKEHHS IPOUCXOAHUT HE
MEXy KaHaJIoOM M OOIIel TOYKOW, a MEeXIy IBYMS BBIBOJaMHU KOHTpoJuiepa. Jms sTux meneit
ucnois3yrorcs outet MUX4 u MUXS.

B namewm cnyuyae npeoOpa3zoBaHMe NpOCTOe, ¢ OJHOro KaHama (O, MOITOMY Bce OWTHI
MUX4..0 10KHBI OBITh paBHBI HYITIO.

Hactpouts peructp ADMUX MoxHO Tak:

ADMUX = 0x40;
Opnnako nH(opMaTHBHEE OyAET MPOU3BECTU 3aIIUCh B BOUYHOI CUCTEME:

ADMUX = 0b01000000;

[Tpu TakoM criocobe 3amucu BUTHO, YEMY PaBEH KaKIbli OUT perucrpa.
B cpene pa3zpaboTunkoB 6osiee oMy asipeH HHOM CIoco0 3anmucu OMTOB B PETUCTD:

ADMUX |= (1 << RFS0);

B 3ammcu BelIe JIornyeckasi €MHHIA CABUTAETCS BJIEBO Ha 6 pa3psanoB. IMeHoBaHHas
koHcTtanTa RFSO o0bsiBiieHa ¢ momonisio #define B ¢aiine iom16.h u coorBercTByeT unciy 6 B
ATmegal6.
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iom16.h

Puc. 23.4. Yactb siuctunra daiina iom16.h

3atrem cocrosiuue peructpa ADMUX moruuecku CKIIagbIBaeTCsi CO CIABUHYTOM Ha 6
paspsgoB BieBo eauuuiei (0b01000000). Pe3yabTaT JOrHYeCKOro CIOXKEHHS 3allUCHIBACTCS
cHoBa B peructp ADMUX.

Taxoli cnoco6 3anucu HarIAHO AEMOHCTPUPYET, KAKOH OUT U3MEHSETCs, a CaMOoe INIaBHOE
— obecrieunBaeT YHUBEPCATbHOCTD IPOTPAMMBI.

B pasnbix Mopnensax koHTposiepoB AVR OGUTBI MOTYT pacrojiaraThCsi B pa3HOM MOpPSKE.
Kondurypupyst peructp B SIBHOM BHJE, T.€. KOHKPETHBIM YHCJIOM, MBI JEJIae€M IPOrpamMmy
IOPUTOJHON TOJIBKO JUIsl KOHKPETHOI'O KOHTPOJUIepa, U BpPsl JIM OHa OyleT BepHO padoTarh B
npyroii Moaenu. Berpoennbie mMeHa O0uToB, Takue kak RFS0, ¢ Gosbiieii BepoSITHOCTBIO OymyT
BCTPEYATHCS U B JIPYTUX MOJENAX KOHTposuiepoB AVR, mycTh U COOTBETCTBYS APYTUM HOMEpaM
OUTOB.

BropeiM cnenmanbHeiM peructpom ans padotel ¢ AL sBasierca peructp ADCSRA -
peructp ynpasieHusi u coctostuust AL

Bit 7 6 5 4 3 2 1 0

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

Puc. 23.5. Peructp ADCSRA

bur 7 - ADEN - pa3pemenue padorst ALIT.

but 6 - ADSC - ctapT eITMHUYHOTO MTPe0Opa30BaHNS.

bur 5 - ADATE - pa3pemienue aBro3amycka HpeoOpa3oBaHUs IO TepeaHeMy (GpoHTY
npeoOpa3zyeMoro BXOHOTO CUTHAIIA.

bur 4 - ADIF - npusnak (¢uar) npepbiBaHHS aBTOMaTHYECKH yCTaHaBIMBaeTcs B 1 1o
OKOHYaHUU MpeoOpa3zoBaHUsl.

bur 3 - ADIE - pa3perienue npepbiBaHus OT peoOpa3oBaTes.

buter 2..0 - ADPS2..0 - 6utbl BeIOOpa ASTUTENS YaCTOTHI MPeoOpa3oBaTelsi ONPEISIISFOT
CKOpOCTh pabOThI peoOpa3oBaTes.
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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 CIIeyIOIIyI0 CTPOKY B (yHKIHIO Setup():

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

Pa6ora ALl Gynmer paspemieHa, yacrota paboTel Oyaer B 128 pa3 MeHbIIE 4YacTOTHI
TaKTOBOI'O CUrHaJa, npepbiBanus oT ALII oTkIr04YeHBbI.

Crnenyromum marom paboter ¢ ALl sBisercs Hanmucanue (GyHKINHM, 3aIlyCKaromien
npeoOpa3oBaHue BHIOPAHHOI'O KaHajla ¥ BO3BpALIAIOILEi pe3yabTaT npeoOpa3oBaHusl.

unsigned int readADC(unsigned char channel)

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

}

BosBpamiaemoe ¢pyHK1nel 3HadeHNE — LEJI0€ MOI0KUTENbHOE 16-0UTHOE Yncino. ApryMeHT
GyHKIINM, YKa3aHHBIA B €€ 3ar0JI0BKE B CKOOKaxX - HOMep npeodpazyemoro kanaiga AL

B nepBoii cTpoke monyueHHbIH QyHKIMEH HOMEp KaHalla IOTHYECKH YMHOXKAETCs Ha YUCIIO
7 (0b00000111), 9TOOBI OrpaHHUYUTH BO3MOKHBIC ONTMOKHU MPH yKa3aHHH HOMepa KaHasia OoJibIie
7.

Bo BTOpOIi CTpOKE BBHITIOTHSAETCS 3aITyCK MpeodpazoBanwst 3amuchio 1 B out ADSC peructpa
ynpasnenus u cocrostuus ALIIT ADCSRA.

Tpetbs cTpoka obOecrieurBaeT May3y BBIIOJHEHHUS Mporpammbl Ha BpeMs pabotsl ALIIL.
Yuraercs cTpoka Tak: "MOBTOPATH IPOBEPKY YCIOBHSI MIOKA PE3yNIbTAT JOTUYECKOIO YMHOKEHUS
cocrosiane peructpa ADCSRA u casunyTO# BiieBO Ha 4 paspsina equHuibl (out ADIF getBepThIit
1o HoMepy) paBeH Hyir0". [Iporpamma Oyner moBropsTh 1uka While 1o Tex mop, moka ycioBue
IIMKJIa JIOKHO, T.€. Toka (iar rotroBHOCcTH ADIF He cTaner paseH 1.

B nmocnemneit cTrpoke BoO3BpamiaeTcss  pe3yiabTaT  IpeoOpa3oBaHUS  —  YHCIO,
MPONOPIIMOHATBHOE HANPSKEHUIO Ha 37-M BBIBOJIE KOHTPOJLIEpA.

IHopsinok BbINOJHEHHUS PAOOTHI
1. Hamucarp ¢ynkimn nactpoiiku AL myist pa3padaTeiBaeMoro yCcTpoicTBa.
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KoHnTpoJsbHBIE BOPOCHI

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

JIABOPATOPHAS PABOTA Ne24

«O0bpaboTka pe3ynbratoB padotsl ALIT»

Llenp paOoOTHI: MOMYYUTh HABBIKU pabOThl C pe3yabTaTaMH aHAJIOTO-IU(POBOTrO
npeoOpa3oBaHus U MPUBEICHUS UX K COOTBETCTBYIOIINM (DU3UUICCKIM BEITUIMHAM.

BBeaenue

Panee Obuta mpoumsBenmena Hactpoiika AIIIl, a Takke co3maHa (yHKOMS 3amycka
npeoOpa3oBaHus U OTyYEHUS Pe3yNbTaTa, IPeICTaBISIIOIIEro CO00M YMCIo, MPONOPIMOHATBHOE
BXOJIHOMY HanpspkeHuto. K HacrosimeMy MOMEHTY (yHKIUSL HACTPONKU KOHTPOJUIEpa BBIMJIAIUT
TaK:

void setup()
{
DDRC = 0xFF; //macmpotixa nopma C na 61600
DDRD = OxFF; //nacmpoiika nopma D na 6v1600
ADMUX = (1<<REFSO0); //sv160p ucmounuxa onoprozo nanpscenus ALITT
ADCSRA = (1<<ADEN)|(1<<ADPS2)|(1<<ADPS1)|(1<<ADPS0); //sxniouenue AL[IT

u Hacmpo uKa oenumelisi Yacmomal

}

Hanucans! pynknun popmupoBanus nugpsl Ha MHIMKATOPE U BbIBOJIA YHCIIa HA SKPaH:

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

void writeToDisp(unsigned int data)

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

}
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Hanwucana ¢pynkuus 3anmycka nmpeoOpa3oBaHUs U MOJTYUYSHUS pe3ysbTaTa:

unsigned int readADC(unsigned char channel)

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

}

Tenepr Hamumem QyHKIK0O, mpeoOpasyromyto mnonxydeHHbd oT AIIIl pesymbrar B
temriepatypy. @yHkuus OyIeT BO3BpalllaTh pe3yiabTaT B rpagycax lLlenbcusi, a B KayecTBe
aprymenTta B cKkoOkax nmpuHumarh peynabtaTt ALIL.

int getTemp(unsigned int adcResult)
{

Boruncnenuss Oyaem NpoOW3BOAWTH IOCIENOBATENIbHO: CHAyala MEPECUYUTAEM pPE3yJbTaT
AIII B HanpspkeHHe, 3aTEM U3 MOJIYYEHHOTO HaNpsHKEHUS! BBIYMCIMM CONPOTHUBIICHUE JAaTYMKA
TEMIEPATypbl B MOMEHT IPe0oOpa30BaHus U 110 CONPOTUBIIEHUIO BBIUMCIUM TEMIIEPATYPY.

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

float volt, resist, t;
BbrumcianmM HanpspKeHUe:
volt = 5*adcResult/1024; //pacuem nanpsicenus npuseden é nexyuu

Tak kak gaTumk TEMIICPATYPBI TOAKIOYCH B HUXKHCM ILICHE ACIIUTCIISA HAIIPAKCHUA (CM.
J'IeKIII/IIO), €ro COMpOTHUBJIICHUC BEIYUCIIACTCS 11O BBIPAKCHUIO!:

R2 = R1*Uswbix/(Usx - Usbix)
Hamumem cTpoky i BEIYUCIICHHSI COMPOTUBJICHHS COTIIACHO 3TOMY BBIPKEHUIO:
resist = 2200*volt/(5 - volt);

B manmucannoii crpoke 2200 - 310 conpoTuBiieHne pe3uctopa R1 BepxHero mieya 1eauTens
HanpsbkeHuss B OMm, 5 — BXOJIHOE HampsbKeHue Jenutens B BonbpTax, paBHOE HampsHKeHUIO
MTUTAHUS CXEMBI.

Jlns BeIMMCIIEHUS] TeMmeparypsl oOpaTtumcs K jJokymeHrtanmu narymka KTY81/120, B
KOTOPOH MPHUCYTCTBYET TalOJIMIIa COOTBETCTBHS COMPOTUBIICHHUS JaTYHKA €T0 TeMITepaType:
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Table 7.  Amblent temperature, comresponding reslstance, temperatune coefficlent and maximum expected
temperature error for KTYS4H10 and KTY81/120

kanjeanp = T MA.
Amb lent Temperature |KTY81/110 KTYE1/120
temperature coefficient
ey R (e Reslstance (i1} Temperature | Resistance (51} Temperature
Mn  Typ  Max  [*™T® e e (max  [emeri®
&5 &7 089 475 480 505 302 4T0 480 510 w402
—50 —58 008 S00 515 530 +2 892 445 515 535 +304
—40 —40 008 552 56T 582 +274 547 56T 588 +3 T8
-30 -2 083 a0a &24 &38 +2 55 [k B24 B45 +3 62
-2 - 0o (=5 &84 08 +235 62 B84 05 +345
-0 14 088 T33 T4y TE1 +2.14 T26 TaT TEg +337
1] a2 085 802 815 828 181 Ta3 815 836 1308
10 50 083 &74 886 808 167 865 886 0T 1258
20 ] 0.80 @50 el a7z 141 a1 51 a2 1266
25 7 079 990 1000 1010 +127 980 1000 1020 254
an 86 078 1028 1040 1051 +1.38 1018 1040 1061 +2 &8
40 104 075 1108 1z 1138 +1.64 1087 1122 1147 287
50 122 073 1192 1200 1225 +1.91 1180 1209 1237 +328
(1] 140 0. 1278 1200 1318 +2.19 1265 1209 1332 +3 861
T0 158 069 1360 1362 14186 1249 1355 1362 1430 1384
80 176 06T 1462 1490 1518 28 1447 1490 1532 4.3
=] 184 065 1550 1501 1623 312 1543 1501 1639 .56
00 212 083 1650 1606 1733 348 1842 1696 1750 1505
110 230 081 1762 1805 1847 +383 1744 1805 1865 +548
120 248 058 1867 1915 1963 +4.33 1848 18915 1982 507
125 287 055 1918 1970 2020 +4 65 1809 1970 2040 AT
130 266 052 1970 2023 2077 +5.07 1850 2023 2007 +6 08
140 284 045 2065 2124 2184 628 2043 2124 2305 1851
150 3z 0.35 2145 21 ZETT 1855 2123 211 v +11.43

Puc. 24.1. 3aBUCUMOCTb COITPOTUBIIECHUS 1aTYMKA OT €r0 TEMIIEpaTyphbl

BamnuireM ctooibl TeMiepatypsl (B rp. C) u conportusieHus (cronber; Resistance Typ.) B
MS Excel, moctpoum rpaduk 3aBHCHMOCTH TEMIEPATYpPhl OT COMPOTUBIICHUS, T00ABUM JTHHHUIO
TPEHJIa U €€ BBIpaKEHUE:

Temp Resistance
-50 515 fix) = — 3.7478432264TBT5E-05 »* + 0.207255947194391 x — 145.008053410173
40 567
-30 624
-20 684
-10 747
0 815
10 B8E6
20 961 i
30 1040 —_—
40 1122
50 1209
&0 1299
70 1392
&0 1490
a0 1581
100 1696

Puc. 24.2. Ucnons3zoBanue MS Excel st moydeHus BEIpaKeHUs
W3 monmy4eHHOro BhIpaXeHUs: J0OABUM CTPOKY B IIPOTPAMMY:

t = -3.7478*resist*resist*0.00001 + 0.2073*resist - 145.008;
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BepHem 3HaueHue nepeMeHHoi T 1 3aBepIIM HalrMcaHue PYHKIIMU:

return (int)t;

}

B crpoke Bblme HCHONB3yeTCsl OINEpanus NpPUBEACHUS THUMOB. Jledo B TOM, 4YTO B
nepeMeHHOH t mocie BblUMCICHHS OydeT XpaHUThCS Ienas M ApoOHas YacTh 3HAYCHHS
temrneparypsl. [l pa3pabaTeiBaeMOro yCTpoucTBa Takass TOUHOCTh U30BITOUYHA, IPOOHYIO YacTh
MOXHO 0oTOpocuTh. Ecimu omyctuth ykaszanue (int), To B mporecce KOMIMIAIUH BO3HHUKHET
ommuOKa, T.K. (YHKIHS JOJDKHA BEPHYTH IIeJoe 4ucio (mepen ee MMeHeM ykasaH Int), a B
oreparope return Bosspariaercs apoonoe umcio tuma float.

Teneps uis BBIBOJIA TEMIIEPATYPhI HA HHIUKATOP B OCHOBHOM (PyHKLMH MAIN 0 BEYHOrO
LMKJIa MOXHO yKa3aTh:

writeToDisp(getTemp(readADC(0)));

B ¢ynkuuto writeToDisp B kadecTBe aprymMeHTa MOJCTABISICTCS Pe3yabTaT BBITOTHCHUS
¢bynkuuu getTemp, apryMeHToM KOTOPOH B CBOIO ouepesb sABIseTcs pe3ynbTar padoTsl AL

Puc. 24.3. Pe3ynbTaT BRIBO/Ia TEMITEpATypPHI Ha SKpaH

ITopsinok BbINOJIHEHHS PadOTHI

1. Jns pa3pabaTbiBaeMOro ycTpoiicTBa HamucaTh (DYHKIUM TPUBEACHUS pe3yibTara
npeoOpa3oBaHus K COOTBETCTBYIOIIMM (PU3UYECKUM BETUUMHAM.

KOHTpOJIbHLIe BOITPOCHI

1. OOBsiCHUTH IPUHIIUTT 00pabOTKHU pe3ynbTaToB padoTel AL
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2. O0BsACHUTDH TPEOOBAHUS TOUHOCTH BBIYMCICHUN 3HAUEHUH (PU3MUECKUX BEIUYHH I10
pe3yibTaTam peodopa3oBaHuUs.

JIABOPATOPHAS PABOTA Ne25

«Pabora ¢ Taiimepamu ATmegal6»

Ilens paGoOTHI: OJYYUTh HaBBIKM HACTPOMKHU TaiiMepoB KoHTpoiepa ATmegal6, a taxxke
HanucaHus QyHKIUI 00pabOTKH UX MpephIBaHUM.

BBeaenue

Panee Obuta Hammcana ¢yakius getTemp(unsigned int adcResult) s Berumcienus
TEeMIEpaTyphl BO3/lyXa U3 3HAUYCHUs, MMOITYYEHHOTo B pe3ynbrate padbotsl ALl @yukius Obiia
BbI3BaHa B OCHOBHOHW (yHKIMK Main g0 Beunoro mnukia While (1), a 3Hauut, ©u3MepeHre U BBIBOJI
TEMIEpaTypbl Ha HMHIUKATOp MPOU3OHAET BCEro OAMH pa3, A OOHOBIICHUS MOKAa3aHUs
TEMIIepaTypbl KOHTPOJJIEP HY)XKHO Iepe3arpy3uTh. Takoil ajaropuTM MOMKET HCIOIb30BAThCS
TOJIbKO Ha BpeMs HANHCaHUs MPOrpaMMbI U €€ OTJIaAKh. B 3aKOHYEeHHOM YCTpOWCTBE
TeMIIeparypa J0JDKHA OOHOBIISATHCS MTEPUOAUYECCKH.

CymiecTByeT /1Ba BapHaHTa OOHOBJICHHS TEMIIEPATYPBbI:

1. B Beunowm 1ukie while (1);

2. C moMoIIp0 TaiiMepa/cueTynKa.

B niepBoMm citydae npu Majiiom o0bemMe koja B nukiie While o6HoBIeHHE OyIeT IPOUCXOTUTh
ciuuikoM yacto. M3-3a Bbicokoit ckopoctu padoTsl ALIIT mpu rpaHMYHBIX 3HAUYEHUSX peaslbHON
TEMIIepaTypbl BO3AyXa Ha WHAWKATOpE 3HAYCHUs OYyIyT MEHSAThCS IOCTOSHHO. Hampumep,
Temneparypa Bozayxa 25,999 rp. C depe3 HeckolbKO MrHOBeHMH n3menurces 1o 26,001 rp. C.
[Tpuyem usmka maTyMka TakoBa, YTO €r0 CONMPOTHBIICHUE ITOCTOSHHO MEHSETCS B HEKOTOPHIX
npezenax, MO3TOMY B €ro JOKYMEHTAallMM JUId KaXKAOro 3HA4YeHUs TeMIlepaTypbl NpHBEIEH
QMara3oH  3HaueHWd  compotuBieHus. KoHTpoiuiep onudpyer Kaxkaoe HW3MEHEHHE
CONPOTHUBIIEHUS. I3 BbIIECKa3aHHOTO CJIEAYeT, 4YTO M3MEpEeHHE TeMIepaTypsl CleayeT
TIPOM3BOJIUTH PEKE.

Ecnu Obl 00beM mporpaMmHoro koma nukia While Obur goctaroyHo OONBIIAM, TO
U3MEpEeHUE MOTJI0 OBl MPOUCXOAUTH CIHUIIKOM MEIUICHHO, T.K. B KOHTPOJUIED BBITIOJIHSET
KOMaH/Ibl IIMKJIA MTOCIIE0BATENIBHO APYT 3a ApyroM. Takoi MmoJaxoja HeBepeH, OCOOEHHO B TeX B
ClTydasix, KOTJja Hy)KHO TOYHO OTCJIeKHBATh N3MEHEHHS aHAJIOTOBOTO CHTHAJIA.

Haubonee mnpaBWIBHBIM = pelIEHHMEM TpU  HU3MEPEHUM  TEMIepaTypbl  sSBIsSETCA
UCTIOJIB30BaHUE TaliMepa/cueTurKa U ero mpepbiBanus. JJocTOMHCTBa 3TOTO criocoda B TOM, YTO
TailMep/CUeTunK SBJISIETCS CaMOCTOSITEJIbHBIM YCTPOHCTBOM, OH paboTaeT HE3aBHCHMO OT
nporieccopa KoHTposuiepa. [loka KOHTpOIUIEp BHITOIHSAET CTPOKU MPOTPAMMBI OJIHY 3a JPYTOM,
TaiiMep/CueTynK MpOAO0IKAET CUUTATh TAKTOBBIE UMITYJIbCHI, TOCTYMAIOIIUE HA €r0 BXO/I.

YroObl OpraHN30BaTh BHITIOJHEHNE KAKHX-JIMOO NEHCTBUN KOHTpOJUIEpa TpH, HAIpUMep,
JOCTH>KEHUH TaliMepOM/CYETYMKOM HEKOTOPOTO 3HAUEHUS HITH ITPH COBEPIIEHUH ITOJIHOTO IIUKIIA
cyera, clieZlyeT HaCTpOUTH IpephIBaHuE 0 TaiiMepy/cueTunKy. Cuctema npepbIBaHUM ONrcaHa B
JeKIMH, a 00LI1e MPUHIUIBI HACTPONKHU TaiMEpOB/CUETUUKOB B JICKIHH.

Kak wmw ¢ mo6oit gpyroit mnepudepueid KOHTpoJIepa, TEpea  HCIOIb30BaHUEM
TaliMepOB/CYETUYMKOB X HYKHO HacTpouTh. BriOepem aiist paboThl, HanmpuMep, TaiiMep/cueTunK
T1. Oto 16-pa3psaHbIi TaliMep/cUeTuuK, T.€. ero cueTHblid peructp TCNT1, B koTopom u Oyaer
COJIePKATHCS PE3yNbTaT CYeTa, COCTOUT U3 IBYX OAWT.

Jro0oit TaiiMep/cueTYMK MOXKET padoTaTh B pas3lWYHBIX pekumax. JJis mocTaBIeHHOM
3a1aun Oy/ieM HCII0JIb30BaTh NPEPhIBAHUE T10 TIEPETIOIHEHUIO TaliMepa.
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Kak u3BectHO, 110001 cHETUHK B pexXUMe IPSMOTro cyeta cuuTtaet oT 0 10 MaKCHMaJIbHOTO
CBOEr0 3HAa4YeHMs, 3aTeM CHOBa nepexoauT K 0. B 3TOT MOMEHT 1 BO3HUKAeT MepenoiHeHue, T.€.
10 3aBEPLICHUH TOJIHOTO LuKia cuera. Taiimep/cuerunk 7/ ATmegal6 Oyxer cuurars ot 0000
0000 0000 0000 mo 1111 1111 1111 1111 (65 535 B mecATUUHOM CHUCTEME).

KonTtpomiep paboraer Ha yactore 16 MI'1, meproa oTHOTO UMITyJIbCa TaliMepa/CUeTINKa
T1, ecniv ero TakTUpOBaTh Takoil yactoTou, cocraBut 0,0000000625 cex. Y MHOKHM 3TO YKUCIIO HA
KOJIMYECTBO 3HAYCHWH TaliMepa/cuerdynka 1/, TOTYy4UM BpEMs €ro IOJTHOTO IMKJIa CYeTa,
kotopoe coctaBuT 0,004096 cek. Pazgenum 1 cek Ha 0,004096, nonyuum 244 MOTHBIX ITUKIIOB
cuera TaiiMepa/cuerunka 3a 1 cexyHnay. T.e. 3a 1 cekyHIy npepbIBaHHe TaiiMepa BO3HUKHET 244
pa3a. 910 n30bITOYHOE KOJIMYECTBO MPEPHIBAHUM JIJIsl U3MEPEHUS TEMIIEPATYPHI.

YMEHBIIUTh CKOPOCTh pabOTHl TaiiMepa/cyeTyMka MOXKHO, BKIIOYMB B paboTy
MpeAIeNTuTeb YacTOThl. BeiOepem MakcumalibHOE 3HaYeHHUe nipepuenutens ATmegal6, koropoe
cocraBmnsieT 1024. Torna yacTora HMITYJIHCOB Ha BXOJIe TaliMepa/cueTdrka cocTaBuT 15 625 I'm.
JlnutenpHOCTh MepHoja UMITyJIbCa B 3TOM ciaydae OymeTr paBHa 1 / 15625 = 0,000064 cexk.
[Tonubii nukI cueta B 3ToM ciydae Oynet pasen 0,000064 * 65 536 = 4,1943 cek.

bynem usmepsars temmneparypy 1 pa3 B cekynny. Jns storo 3anumem B peructp TCNT1
TaiiMepa/cueTunka Takoe HayaJlbHOE 3HAYeHHE, YTOOBI BpeMs CueTa C 3TOTO 3HAYEHUsS 0
MEPETOoNHEeHUs cocTaBuio | cekyHay. Berancnum 1o 3naduenue: 65 536 - 15 625 = 49 911.

[Mpuctynum k HanucaHuio mnporpamMmbl. B ¢ynkiuio Setup() moOaBuM HacTpoOWKy
TaliMepa/cueTurKa:

TCNT1=49911; //HauanrvHoe 3HaUeHUE cuemyuKka
Tatimep/cueTunk 7/ WMeeT HECKOJIbKO peructpoB Hactpoiiku. B peructpe TCCR1A
HACTpaWBaETCs MOBEJACHHE TaliMepa B pEXKMME CPAaBHEHHS €0 3HAYCHHUS C 33JaHHBIM, YIIPABIICHUE
BHEITHUM BBIBOJIOM KOHTPOJIIEPA, CBsI3aHHBIM C 1'/. J1711 BBIOPAaHHOTO BBIIIE PeKUMa pabOTHI, 3TH

HACTPOMKHU HE HYKHBI, [IO3TOMY 3aITHIIIEM B 3TOT PETUCTP HYJIH:

TCCR1A = 0x00;

B peructpe TCCR1B nepBbiMu OuTamm HacTpamBaeTcs MpepienuTenasb. Hactpoum 3Tu
OUTHI:

TCCRI1B |= (1<<CS10) | (1<<CS12); //oenenue vacmomeor ¢ 1024 paza
Paspemm paboTy npepbiBaHus TaiiMepa/cueTunka 7/ 1o nepenosTHeHHIO:

TIMSK |= (1 << TOIEL) ;  //exnrouenue ouma TOIE] ons npepwisaris
Paspemum paboTy npepbIiBaHMi KOHTPOJUIEPA:

sei(); / Bxuouenue 2nobanbhvix npepuléanuil

Hanumem ¢ynkinuio o0paboTKM mHpepbiBaHUs 10 mepenonHeHuto peructpa TCNTI1
Talimepa/cuetunka 71:

ISR(TIMERL_OVF_vect)

{
TCNT1 =49911;
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Tenepb npy BO3HUKHOBEHUH MPEPHIBAHUS, KOHTPOJUJIEP MPUOCTAHOBUT BBIMOJHEHUE LIUKIIA
while u mepeiiner B GyHKIMIO MpepbiBaHus TaiiMepa. B 3Toli (QyHKIMH B CYCTHBIH PETUCTP
taiimepa 7'/ cHoBa 3anuiuercs 3HaueHue 49 911, u Taiimep NpoAOIKUT CUET C HETO.

BezoBem ¢ynknuro getTemp mns 3amycka ALl u monmydeHust 3HAYCHHUST TEMIIEPATYPhI.
Pesynbrar BhIOSHCHHS (PYHKIMH TTOMECTUM B IIIOOATBHYIO MepeMeHHyro Int temp, mist aToro
00BsBUM e¢ B (paiisze main.h. be3 rinobansHOl MepeMeHHON B JaHHOM Cllydae He 0OOWUTHCH, T.K.
JIOCTYII K HEW JTOJDKEH BBITIOJIHATHCS U3 OCHOBHOM MPOTPaMMBI M U3 IIPEpPhIBaHUS, HO MEpeaTh
NEPEMEHHYIO B MpEepbIBaHWE B KayeCTBE apryMeHTa Hejb3d. 3aKOHYMM HamucaHue (QpyHKIUU
MIpEpbIBAHMUS:

temp = getTemp(readADC(0));

¥
Tenepb ocHOBHas QyHKIUS main OyzeT BBITTSACTh TaK:
int main()
{

setup();

while (1)

t

writeToDisp(temp);
}
return O;

}

B ke while Oyaer mocTOsSHHO MPOUCXOIWTH BBHIBOJ 3HAYCHHUS TEPEMEHHOM temp Ha
WHIUKATOP, 3HAYEHHE OSTOM IMEPEeMEHHOM OyJeT HM3MEHATHCS MPU KaXKIOM MPEPHIBAHUU OT
Taiimepa/cueTunka 7/, KoTopoe OyAeT MPOUCXoauTh 1 pa3 B CEKyHIY.

ITopsinok BbINOJIHEHHS PadOTHI

1. lns pa3zpabaThiBa€MOro yCTpOWCTBA HamucaTh (PyHKIUK HACTPOIKHU Taiimepa.
2. Opranu3oBaTh 3aITyCK aHAJIOr0-IIU(PPOBOTO MPEOOPa30BAHMS 10 MPEPHIBAHUIO TaliMepa.

KouTtpoJbHbie Bonpochl
1. Uto Takoe «raiiMep» KOHTpoJuiepa?

2. Kakue BO3MOKHOCTH IPEIOCTABISAIOT TaliMepbl KoHTposiepa ATmegal6?
3. B ueM npeuMyI1ecTBO UCIOIb30BAHNS TAMEPOB 110 CPABHEHUIO C LIMKJIaMU?

59



