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JladopaTtopHna poGora Ne 1
HAJIATOJIKYBAJIBHUM KOMILIEKC AVR-EASYm

Meta po0GOTH — BUBYMTH IIPU3HAYEHHS HAJIArOIXKyBaJIbHOIO
kommiekcy AVR-EASYm, #oro ¢yHkmii Ta poO3MNISHYTH OCHOBHI
CTPYKTYpHiI Ta apxiTeKkTypHi ocobimBocTi Ha 0a3i AVR - xoHTpoinepis.
OcBoiTH pOOOTH IHTErPOBAHOI'O CEpPElOBHINA Ul IPOrpaMyBaHHS
komruiekcy - MicroC for AVR.

1.1 Ctucai TeopeTnuHi BizomMocTi

1.1.1 HasnaromxkyBaJbHUH KOMILIEKC

Hanaromxysansanii komiuieke (HK) — AVR-Easy npusnauennit s
MakeTyBaHHA 1 Halaro/pKeHHS pIi3HWX TMpuHCTpoiB Ha 0Oa3i AVR-
KOHTpoJiepiB. BiH Moke OyTH KOpHCHHHA SK I po3poOHMKiB embedded-
NPUCTPOIB, Tak i It Mononux (axiBIiB, MO 0aXKarOTh O03HAHOMHUTHCS 3
OCHOBaMH  MIKPOKOHTPOJIEPHOI ~TEXHIKM 1 OBOJOAITH MOTY>KHHM
IHCTPYMEHTOM Ui peaii3alii MIMPOKOro CHEeKTpy 3amad udpoBoi
00pOOKY TaHUX 1 YIIPABIIHHS Pi3HOTO pOAY MEepUPEPIHHIME MPUCTPOSIMH.

B ocnoBy HK noknaneHo npuHIMT MakCUMaibHOI yHIBEpCaIbHOCTI
1 3py4YHOCTI TporpaMyBaHHS 1 HalaroJLKeHHS mIporpam Ha 0Oa3i AVR-
koHTpoJiepiB. HK € imeaapHmMM 3aco00oM HaBYaHHS, IO JO3BOJISIE B
KOPOTKHI TepMiH HABYMTHUCS BHPIIIyBATH THIIOBI 3aBAaHHS CIIONYYCHHS
AVR-KkoHTpoJNepiB 3 HaHOIIBII YacTO BUKOPUCTOBYBAHMMH Ha TPaKTHII
nepudepiitauMu MoxysMu. 3okpema, HK mo3Bosisie BUBUMTH CIIOTYyYCHHS
AVR-KOHTpoONepiB 3 PIAKO-KPUCTANIYHUM  an(aBiTHO-UUPPOBHM
ingukatopoM (LCD) i ceMHCErMEHTHHM CBITJIOMIOJHUM IHIAMKATOPOM,
OpraHi3yBaTH 3B'SI30K 3 IOCIiZOBHUM IIOPTOM IEPCOHAIBHOTO KOMIT'IOTEPA
(COM-niopt), oprauizyBaT poOOTY 3 IHTEICKTyaIbHHUMH IaTIYHKAMHU
Temriepatypu (Ha npukiani mikpocxemu DS1820 ¢pipmu DALLAS).

HK mae "a OopTy" KOHTakTH ab0 poO3'eMH Ui TepepaxOoBaHUX
BUILIE €JICMEHTIB 1 HE BUMAara€ HamaiKy 3O0BHIIIHIX HABICHUX JeTaJew.
Pazom 3 TuMm, koxen nmopt AVR-KoHTposiepa Mae BUXiJ Ha OKPEMHI po3'eM,
Kyl MOKHa MiJKITIOYUTH OyIb-IKUi 30BHIIIHIM npuctpiid. [lepenbaueno
CBITJIOAIONHA IHAWKAIlSl CHUTHANB Ha BXOoJax-Buxomax moptiB ABCD
AVR-xonTponepa. Ha Bxonax-suxonax moptie ABCD miakito4eHi KHOTKH,
NpY HATUCKaHHI Ha SKi MOXXHa MOAaBaTH JOTiyHUK piBeHb "0" abo "1" Ha
BignoBimHi moptu. Ha Bxomm ALl AVR-xoHTponepa MOXHa TOJaBaTH
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aHaJOrOBY HANPYTY 3a JOIMIOMOTO0 HAJIAMTYBaHHS PE3UCTOPIB B JTiala3oHi
0-5 B. Takum umHom, HK MoxHa BUKOpPHCTOBYBaTH HE TUIBKH SIK 3aci0
HaBUYaHHS, ajie 1 K MPUCTPIH IJIsi MaKeTyBaHHS 1 HaJaro)KeHHS pealbHIX
MpakTUIHUX po3pobok Ha 6a3i AVR-korTpomepis. HK wMae ximbka
MaHeJIboK Uil ycTaHOBKH A VR-koHTponepiB B kopmycax DIP-20, DIP-28 i
DIP-40, xyau MO>KHa BCTAHOBJIIOBATH HPAKTHYHO OYIb-Ki KOHTPOJIEPH,
BKIIIOYAIOYM  caMi  OCTaHHI MoOZENl IIUPOKO  BUKOPHUCTOBYBAHHX
koHTpoJepiB cimeiicTB ATMEGAS8515 i ATMEGAS8535.

Jo HK wmoxke OyTH migKmoyeHUd OyAb-sSKUH KOHTpOJEp, IO
CHiBMaJae 3a BHBEIEHHSAM >KHUBICHHS 1 NporpaMyBaHHS 3 HaHOUTBII
nommpenumu KoHtposiepamu. HK mae pos'em g mporpamyBaHHS 1
HAJIaro/PKCHHS, SIKUH J103BOJIsAE 3aMiHUTH mporpamy AVR-koHTposiepa, He
BuiiMaroun Horo 3 mocanoyHoi naneni HK.

Ha xommakT-gucky 3 mOporpamMHUM 3a0e3ledeHHs M €  (aiin
JEeMOHCTPALifHOT TpPOIMBKU st MikpokoHTpoiiepa ATMEGAS51S.
JeMoHcTpaniiiHa TpouIMBKa HO3BOJISE CHOCTEPIraTH PoOOOTY OKpPEeMHUX
By3niB HK — cBiTnomioziB, cemucermentnoro mucmies i COM-mopry.
Takox Ha KOMITAKT-IUCKY € JOKYMCHTAIliI Ha MIKpOKOHTpoOJNepH (ipmmu
ATMEL, nporpamue 3abe3mnedyenus pipmu ATMEL, pi3Hi yThmiTH.

[lnara (puc.1.1) mo3Bonse BHBUMTH POOOTY MIKPOKOHTPOJIEPIB
cimetictBa AVR ¢ipmu ATMEL, a Takox HajgaromkyBaTH IOIATKOBI
nepudepiitni moxyni. [linTpumyroTbcst MikpokoHTposiepu B 8, 20, 28 1 40
BUBIIHUX KOPITyCax.
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Pucynoxk 1.1 — Ilepenik MoayiB miaTu

Ha puc.1.1 nmpencrasneHi HacTynHI MOAY IJIATH.
1. Jl>xepemno *KUBJICHHS

2. [laneni a1t yCTaHOBKH MIKPOKOHTPOJIEPIB

3. RS232 monyns

4. CBITIIONIOAHUN MOJYJTh

5. 7-MH CETMEHTHHH iHAUKATOP

6. Kaonku

7. Monyns mis migkmodenns LCD aucriies

8. PesuctuBHUi MOIYyITH

9. «>xammepn» piBHIB

10. JaTumk Temmneparypu

11. Moaynb ycTaHOBKH piBHIB Ha Bxogax ALl
12. KHonka ckumaHHs

13. Po3'eM migkiroueHHS IIporpaMaropa



Ha xommakrt-mucky 3

MIPOTPaMHAM

3abe3nedyeHHAM €  (paiin

JIEMOHCTpAIIHHOT POIITUBKY 1J1s1 MikpokoHTposiepa ATMEGAS535.

Posrnanemo
(Tabmn.1.1).

OIIHUC

BUKOPHUCTOBYBAHOT'O

MK ATMEGAS8535

Taomauua 1.1 — Onuc MK ATMEGAS535

» Data and Nonvolatile Program
Memories:
[l 8K Bytes of
Programmable Flash;
[0 SPI Serial Interface for In-
System Programming;

In-System

[0  Endurance: 1,000
Write/Erase Cycles;

[J 512 Bytes EEPROM,;

[J  Endurance: 100,000

Write/Erase Cycles;
[0 512 Bytes Internal SRAM,;

[0 Programming Lock for
Software Security.

* Operating Voltages:

1 VCC: 4.0 - 6.0V
AT90S8535;

0 VCC: 2.7 - 6.0V
AT90LS8535.

* Speed Grades:

0 0 - 8 MHz for the
AT90S8535;

0 0 - 4 MHz for the
AT90LS8535.

* I/O and Packages:

[J 32 Programmable I/O Lines;

[0 40-lead PDIP, 44-lead
PLCC, 44-lead TQFP, and 44-pad
MLF.

* Power Consumption at 4 MHz,
3V, 20°C:

[0 Active: 6.4 mA;

(] Idle Mode: 1.9 mA;

[0 Power-down Mode: <1 pA.

* Peripheral Features:

[J  8-channel, 10-bit ADC;

[l Programmable UART;

[0 Master/Slave  SPI
Interface;

0 Two 8-bit Timer/Counters
with  Separate  Prescaler and
Compare Mode;

[0 One 16-bit Timer/Counter
with Separate Prescaler, Compare
and Capture Modes and Dual 8-, 9-,
or 10-bit PWM;

[l Programmable = Watchdog
Timer with On-chip Oscillator;

Serial

0 On-chip Analog
Comparator.

. Special Microcontroller
Features:

[0  Power-on Reset Circuit;

[J  Real-time Clock (RTC) with
Separate Oscillator and Counter
Mode;

[0 External
Interrupt Sources;

[0 Three Sleep Modes: Idle,
Power Save and Power-down.

* AVR® - High-performance and
Low-power RISC Architecture:

[0 118 Powerful Instructions —
Most Single Clock Cycle Execution;

0 32 x 8 General-purpose
Working Registers;

[0 Up to 8 MIPS Throughput
at 8 MHz.

and Internal
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Hmxue npencrasnennit MK ATMEGAS8535 (puc.1.2).

. N/
(XCK/T0) PBO ] 1 40 [0 PAD (ADCO)
(T1) PB1 ] 2 3% [0 PA1 (ADC1)
(INT2/AIND) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AINT) PB3 ] 4 37 [0 PA3 (ADC3)
"(5%) PB4 O] 5 36 [0 pa4 (ADC4)
{(MOSI) PB5 O] & 35 [0 pas (ADCS)
(MISO) PBE O] 7 34 [0 PAG (ADCE)
(SCK) PB7 ] 8 33 O pa7 (ADCT)
m 32 [0 AREF
vce o 10 31 0 GND
GND O 11 30 O AVCC
XTALZ O 12 29 [ PC7 (TOSC2)
XTAL1 ] 138 28 [ PC6 (TOSC1)
(RXD) PDO ] 14 27 O PCs
(TXD) PD1 ] 15 26 O PC4
(INTO) PD2 ] 18 25 O PC3
(INT1) PD3 ] 17 24 [ PC2
(OC1B) PD4 ] 18 23 O PC1 (SDA)
(OC1A) PD5 ] 19 22 O PCO (SCL)
(ICP1) PD6 ] 20 21 [0 PD7 (OC2)

Pucynok 1.2 - MK ATMEGAS8535

1.1.2 CrtBopenns npoekty B MicroC for AVR

[Micns 3amycky cepenoBHUIla mepeiniTh Ha BKIanky Project -> New
Project (puc.1.3)#

H||33_-, New Project...  Shift+Ctrl+ ||

Pucynok 1.3 — CTBopeHHSI HOBOTO IIPOEKTY
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Y Bikai (puc.1.4) BUOEpITH MapKyBaHHS MIKPOKOHTpoJepa (maui
MK). Ilmara AVR-EASY migrpumye nactymai MK ATMEGAS8535,
ATMEGAS8515, ATMEGAS.

=
Step 1/6

Select the device you want to use.

Device Mame: | ATMEGAS535 =

ATMEGA123
ATMEGA16
ATBILP2052
ATB954051
ATB938253

ATI0CAN128
ATI0CAN32
ATIOCANGS
ATSOPWMZ Cancel
ATSOPWM216 ~

Pucynok 1.4 — BubGip mapkyBanus MK

Y napyromy Kpomi CTBOpEHHS IPOEKTY HEOOXiHO BCTAaHOBUTHU
JacToTy TeHepartopa (puc.l.5) Takor X, sika BCTAaHOBJIICHa B Tepudepii
wiatd. Ha HanaromkysanbpHil miati AVR-EASY BcTaHOBJICHHI BUCOKO-
YacTOTHUI KBapIIOBUI reHeparop 3 4actotoro 4 MHz.

5l
Step 2/6

Setup the clock, for example 11.0592 MHz.

Device Clock] 4.000000 | MH2

4 Back Next 5 Cancel

Pucynoxk 1.5 — BctaHOBIeHHS 4acTOTH reHepaTopa
Heo0OxinHo 0OpaTy muiax mjis 30epeskeHHs poekTy (puc.1.6).
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Hew Froject Wizard

Specify where your project will be saved.

Project File Rame:

[oa
bk

[cemwem |
onea |

Pucynoxk 1.6 — 306epexeHHs TPOEKTY

Ha pucynky mmxkue (pic.1.7) mpeacraBiennii pemaktop komy. s
KOMIIUTIOBaHHS Koay HeoOXxinHo HatucHytu Ctrl + F9. V Bruaaii Message
BUBOJUTHCS CTATUCTHUKA CTBOPEHOTO MPOCKTY.

s s
] mikroC PRO for AVR - DE\AVR\fpera|£535._tutu.mcpav =lolx|

He Edt Wew Project fun Tods Help
[:D2-a0iNEIAS i

ERRE

i

=) Newunit

woid main ()

while (1)

'

|mmuxzupua Pl ‘mumus::alm Ly oo

2
El
=
5
2
2
2

Jas o
=8 Messages | B Quick Converter

|1 s [7] Wamings [ it

Lne [Mes.., [ Message Text

4l | *l

Pucynok 1.7 — Penaktop xony
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V Brumamii Project Manager (puc.1.8) MOkIIMBe TIeperiiTHy TH BCi hainm sKi
MPUKPIIJICH] A0 MPOEKTY.

| E Project Manager [1/1] H X |

[N R e e
E_L::‘j_, 8535_tutu.mcpav
1 Sources

1 Header Files
[ Binaries
1 Project level defines
1 Image Files
[ Qutput Files
= 8535_tutu.hex
535_tutu.asm
{2 Other Files

Bl | W2

| [1/1] 1aBeuey 13along [f75 | | 1517 aunoy L | | Jabeuely Leigi L |

Pucynoxk 1.8 — Bkiaaka Project Manager
1.2 llopsinox BUKOHAHHS PO0OTH

1.2.1 BUKOpPHCTOBYOUM KOHCHIEKT JIEKIiH 1 pPEKOMEHIOBaHY
JiTepaTypy O3HaHOMHTHUCS 3 MOHATTSIM HAJIaroKyBaJbHOTO KOMIUIEKCY Ta
PO3TIISTHYTH HaNaroKeHHs Pi3HUX MPUCTPoiB Ha 6a3i AVR-koHTpoOepiB.

1.2.2 CrBoputu npoekt B MicroC for Avr.

1.2.3 Hammcaty i HaTaroAWTH MPOTpamy BiAMIOBITHO IO 3aBIaHHS.

1.2.4 BiamnoBicTd Ha KOHTPOJIbHI TUTAHHS.

1.2.5 OdopmutH 3BIT PO BUKOHAHY POOOTY.

1.3 3micT 3BiTY

1.3.1 CdopmynroBaHa Ha3Ba Ta MeTa pOOOTH.
1.3.2 KopoTki TeopeTH4Hi BiJOMOCTI.

1.3.3 JlicTuHT TOTOBOT IIPOTPAMH.

1.3.4 Pe3ynbTaTt BUKOHAHHS pOOOTH.

1.3.5 Bianosiai Ha KOHTPOJIbHI TUTAHHS.
1.3.6 BucHOBKH 10 pOOOTH.
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1.4 KoHTpoOJbHI NUTaAHHSA

1.4.1 JlailiTe BH3HAUYCHHS TaKUM IOHSTTAM: OI[IHHUNA KOMILIEKC,
nepudepiitHUN TPUCTPIi, KOHTPOJIEP.

1.4.2 Slke mpu3HAYEHHSI HAJIAaro)KyBaJIbHOTO KOMILIEKCY?

1.4.3 IpuHun poOOTH HAIArOKyBATEHOTO KOMILIEKCY?

1.4.4 3 yoro cKkJIaAa€eThCsl OLIHHUN KOMIUTEKC?

1.4.5 Ha3BiThb Killbka MOAEIel KOHTPOJIEPIB.

1.4.6 Sk MOKTOYATA KOHTPOIEP [0 HAJIaroKyBaJbHOTO
KOMITIIEKCY ?
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JlabopaTopHa podoTa Ne2
CBITJOIIOAU I KHOIIKHA

Merta poO0TH — BUBYUTH POOOTY CBITIOAIOAIB i KHOTIOK, PO3TISIHYTH
ix posis B MK, HaBunTHCS 1X IporpamyBaru.

2.1 Ctucji TeopeTu4Hi BixomocTi

[Tnara mictuth 32 cBiTiOMiONH, MIAKIIOYEHUX 10 TOPTiB A, B, C, D
MIKpOKOHTpoJepa. Jlias Toro mo0 3acBITUTH CBITIOMION HEOOXiTHO
JIO3BOJIUTH HeoOXimHuil mopt mepemukadeM SW3 i 3ammcaru '0' B
notpioHuit pospsa perictpy ABCD (puc.2.1).

LED T4 3306 LED A i LEC "% A LED MR 08
PAD -—jl}—— 71— FEO+—}—— T +— PO+~ jf——F+— FOO
LED =R A3 LED FR ) LEC ®* S LED *% 3H0
PAl —f—( +— PEl ——C+— PCl—j§——CF— FI1
LED me 3w LED = fov Y LEC = LRIEY LED &% L8] a3
PAZ »———{l}——1—— FE? ———+— PCZ PO ———f———+—
ED %R 1330 " iy e [ e 0L
PAZ «——|i}———T—| FEA -iu——:l— el i“—l:l— FOA -—}‘—i:l—LED
e ™A il LED % BT i RR 1330 ED =% Tl
T e = R S PO ]
LED == 3 LED R Al LED &R 1 LED me i
BAL FPES+—— 1+ PoS——W— 1 POS—jf—————
=l 1330 L=n R L LEm R 1330 2D == B0
F'J\E'—ﬁ—\:l— PBE ~—M——+— PLE—M— 1+ FDE
LEn R 3330 LED "% 00 LED W 133 LED == EEC 8]
PAT = PET—p—+— PoT——C— FOT——+—
[
DN. - 3 L
SW2 \ \ \
.
s
-
spee
5555
§FERE

Pucynok 2.1 — Cxema miatu

[pumiTka: nepen MoYaTkoM HEOOXITHO TEPEKIFOYUTH BUMHKAY
SW3 B nmonoxxkenust «ON» Ha JiHii, Ka BiIOBiNa€ mopTy A.

CucreMa AVR-AESY MICTUTh KHONKY ITOYaTKOBOi YCTaHOBKHU
koHTposiepa RESET i 24 xHomkw, 1110 JO3BOJISIOTH CUMYJTIOBATH BXifHI il
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Ha optd A, B, D. 3aranbHuii BUBiI KHOITOK MOKE OYTH HIAKITIOYCHHUH 10
JIQHITFOTa KUBJICHHS 200 "3emui" 3a gonomoroto JP1 (puc.2.2).

3

v
[es v T
[ Par [}
Epai Pa- 3‘
FE Paz [t
5V e ez f] LTS NNy
[ FBE pas | h oh nh
104 |_ P&E PAR _]
nEE psal] +5Y
REBET E Far | ]
Epm 2 mp% e
PO ALE
§ ( [P;E E | :| !
i o \,th
[ros rer ] o
[ Foe e i
= [ =
[ros P I
7 37WH: [|po? = =
'—h[ OSEECLKIN Zed i}
|—T_|_[ [O5C1CLHIN et
r{w; e ]
L

Pucynok 2.2 - Cucrema AVR-AESY
2.1 llopsiioK BUKYOHAHHSA PO0OTH

2.1.1 BUKOPHUCTOBYIOYM KOHCHEKT JICKIIH 1 pPEKOMEHIOBaHY
JiTepaTypy 03HaHOMUTHCH 3 IOHSATTSMH CBITJIOAIOMIB 1 KHOIOK.

2.1.2 PosrnsiHyTH MPUKITAL IPOTpaMu JUIsl pOOOTH 3 CBITIIOAIOAAMH
HiAKII0YeHUMH 10 nopTy b.

Hpuxnan: "6ixxats Borai" Ha moprax BO-B7.
void main ()
{
DDRB = O0xFF; // BCTaHOBJK0E BC1l BUXOOM MOPTY B SK BUXOOM.
while (1) // HeckiHuUeHHMI LMUKJ
{
PORTB = 0bl11111110; // BcraHoBmoemo Buxim BO B cran 1.
Delay ms (100); // Buxonyemo 3arpmuMxy B 100 MinicexyHn
PORTB = Obl1111110; Delay ms (100);
PORTB 0b11111100; Delay ms (100);
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PORTB = 0b11111000; Delay ms (100);

PORTB = 0b11110000; Delay ms (100);

PORTB = 0bl11100000; Delay ms (100);

PORTB = 0b11000000; Delay ms (100);

PORTB = 0bl0000000; Delay ms (100);

PORTB = 0b00000000; // BCTaHOBJIEMO BMCHOBOK B7 B cTaH
1.

Delay ms (100);

}
}
Tak caMo maHe 3aBAaHHS MOYKHA Peajli3yBaTH HACTyITHUM CIIOCOOOM.
int i; // Ieiunianisipyem smMiHHY THOy integer
void main ()

{

DDRB = OxFF; // BcTaHOBJOE BC1 BuMXOOM MIOPTY B, €K
BUXOON .

while (1) // HeckiHuUeHHMI LMUKJ

{

i ++; PORTB = i & 0bl1111111; // TocCnimOBHO BHOCUTHL B
ocepenky pericrpa B OIMHMIIO

Delay ms (100);

}
}
2.1.3 Po3rnssHyTH TpUKIIag poOOTH 3 KHOIIKAMH MOJTYJIS.

Mpuknan: BukonanHs nii npy HaTHCKaHHI IEBHOT KHOIIKU

void main ()

{

DDRA = 0x00; // Ycranoska mopTy DDRA sSK BXOOM

DDRD = OxFF; // YcrauoBka noprTy DDRD 4K BUXOIN

while (1)

{

if (! PINA.BO) ({PIND.BO = 1; } // IllepeBipseMo umu

HAaTUCHYTa KHOIKA
//
igkmoyaeMo o Buxomy PIND.BO 1 BukOHYyeMO OynOb AKY i
else {PIND.BO = 0; } // Iie, 4KmO KOHTPOJIbL HE HATUCKAJU
}
}
2.2 BukoHaHHs po6oTH

2.2.4 HanmcaTy 1 HajJaroIuTH MPOTpaMy BiAIIOBIAHO 0 3aBIAHHS.
2.2.5 BignoBicTi Ha KOHTPOJILHI TUTAHHS.
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2.2.6 OpopMHUTH 3BIT PO BUKOHAHY POOOTY.
2.3 InguBigyajbHi 3aBIaHHS

3aBmaHHS BHKOHYETHCS 3TiAHO TOPSAKOBOTO HOMEPY CTyAEHTa Y
JKypHAII.

1. PeanizyBaru BuBig uudp «1, 2, 3» Ha cBiTnomiogHoMy Tabnio 3a
JIOTIOMOT'OX0 HaTHCKaHHSA KHOMOK Al, A2, A3.

2. PeamizyBaTH MUTOTIMBHI 3HAK «+t» B paMIli, HA CBITJIOIIOHOMY
TabJ0, MPU HATUCKAHHI KHOMKH AS.

3. PeamizyBaTu BUBiJ NepuInx TproX OYKB iMEHI Ha CBITIIOIOTHOMY
Ta0JI0 3a JOIIOMOI'0X0 HaTHCKaHHA KHomok B1, B2, B3.

4. PeamizyBaTd MUTOTIUBHI KBaJpaT B paMili, Ha CBITIOIIOJHOMY
TabJ0, MPU HATUCKAHHI KHOMKH AS.

5. PeamizyBatu BuBix mudp «7, 4, 1» Ha cBiTJIOAiomHOMY Tabio 3a
JIOITIOMOTOX0 HATUCKaHHS KHOTIOK A6, Al, A4.

6. PeamizyBatn BuBig mnepmmux TppoX OyKB Tpi3BUIIAa Ha
CBITJIOAI0HOMY Ta0JIo 32 IOTIOMOTOX0 HATHUCKaHHs KHOMOK Al, Al, A3.

7. PeamizyBatn eekT ceprieOnTTs Ha CBITIIOAIOHOMY TalJIo.

8. PeamizyBatu BuBiA mudp «9, 8, 7» Ha cBiTiIOAionHOMY Tabjo 3
JIOIIOMOTOX0 HaTHCKaHHS KHomok Al, B2, A2.

9. PeamizyBatn MUTOTIMBY  CTpiinKy. HampsmMox  MiHATH
HATHCHEHHSM KHOTIKH.

10. PeamizyBaTn OIUHMYHHMN ODKUTH CBITIONION, SKMW mpoOirae 7
pasiB mo gopixi B.

11. PeanizyBaru BuBig uudp «3, 2, 1» Ha cBiTIOIIOgHOMY TabIo 32
JIOIIOMOT'OX0 HAaTHCKaHHA KHonok B5, B4, B3.

12. PeanizyBatu edekT cTpoOOCKONa Ha CBITIIOAIOAHOMY TabIIo.
BruttoueHHS 1 BUKITIOUEHHS OHIEI0 KHOITKOIO.

13. PeamizyBatd BUBiJ TepmIdX TPhOX OYKB TMpi3BUINA Ha
CBITJIOAI0JHOMY Ta0IIo 32 IOTIOMOTOX0 HATHUCKaHHs KHOMOK Al, A2, A3.

14. PeanizyBaty BUBiJ TOTOYHOTO MICSIIS (B YHCIIOBOMY BHTJISINNI) Ha
CBITJIOAI0JHOMY Ta0JIO 3a IOTIOMOTOX0 HATUCKAHHS KHOMKHA A6.

2.4 3micr 3BiTY
2.4.1 ChopmynboBaHa TeMa Ti MeTa pOOOTH.

2.4.2 KopoTki TeopeTHuyHi BiIOMOCTi.
2.4.3 JlicTHHT TOTOBOI ITPOTPaMH.
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2.4.4 Pe3ynprat BUKOHAHHS POOOTH.
2.4.5 BianoBizi Ha KOHTPOJIbHI MATaHHS.
2.4.6 BucHoBkH 10 poOoTH.

2.5 KOoHTPOJIbHI NUTAHHSA

2.5.1 [laiiTe BH3HAYCHHS TaKUM IOHSTTSAM: CBITJIOAION, KHOIKA,
MopT.

2.5.2 Slxwmii mpuHIUT pOOOTH CBITIIONIOAIB?

2.5.3 3 axoro meToro B MK BUKOPHCTOBYIOTH KHOMKH?

2.5.4 SIxi xHomKM MicTuTh MK?
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JlabopaTopHa po6oTa Ne3
CEMUCETMEHTHHUH THIUKATOP

Meta poO0oTH — PO3MIISIHYTH HPUHIMI POOOTH CEMHUCETMEHTHOTO
IHIUKATOpa 1 Horo mpu3HavYeHHs. HapunuTrcs #oro mporpaMyBaTH.

3.1 CtucJi TeopeTuyHi BitoMmocTi

[Inata MiCTUTh YOTHPHOXPO3PSAHUN 7-MHU CETMEHTHHH iHAMKATOP,
SAKUA MOKITIoYeHnid 1o mopty B. 3Hakowmicis oOuparoTtbes 3 mopty D
po3psmamu 2, 3, 4 1 5 gepes SW2. VYV mpoMy iHIUKATOPi 3aCTOCOBaHMI
JMUHAMIYHUIN COCIO 1HIUKAIli, BiH MOJSTae B TOMY, IO B KOKEH MOMEHT
yacy BiZOOpaxaeThCsi TINBKM oAWH po3psn iHmukaropa. Ha PORTB
BHBOJUTLCS BimoOpakeHmid cuMBOji, a Ha PORTD moswmiitHuT HOMED
3HaKOMiclsl (aKTHBHUH piBeHb «BUCOKHI»). HacToTa pereHepallii MoBHHHA
OyTu He MeHIue 50 repi, iHakme Oyae MOMITHO MEPEXTiHHS 1HANKATOPA.

[lo3HaueHHs cerMeHTIB iHIUKaTOpa MoKa3aHi Hik4e (puc.3.1).

A N

F B
’ %
A G X
E C
S N\

Pucynox 3.1 — [To3HaueHHs CErMEHTIB iHAMKATOpA

3aranbHa cCXeMa MOJAYJS 7-MH CErMEHTHHX 1HIUKATOpIB 300pa)keHa
Ha MaJIOHKY Huxk4e (puc.3.2).
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Pucynox 3.2 - 3arambHa cxema MOIYJIS 7-MH CETMEHTHUX 1HIUKATOPIiB

HpumiTtka: wmikponepemukaduamu SW2  MOXHA  BiIKIOYHUTH
3HAKOMICIIE, SIKE HE BUKOPUCTOBYETHCS.



20

3.2 llopssioK BUKOHAHHS POOOTH

3.2.1

BukopucTOBYIOUM KOHCHIEKT JEKUid 1

PEKOMCHA0OBAHYy

JiTepaTypy O3HAHOMUTHCS 3 MIOHATTSAM CEMHCETMEHTHOTO 1HINKATOPY.

3.2.2 Po3rasiHyTH TIpUKJIa] IPOTpamH.

HpI/IKJ'IaI[ BKJIIOUCHHS 1 BHUKIIOUEHHS CETMEHTIB 7-MH CETMEHTHOTO

IHIMKATOPA.
void main ()
{

DDRD = OxFF; DDRB = OxFF;
while (1)

{

PORTD.B2 = 0; //
iHoukaTopa

BruiroueHHSA

PORTD.B3 = 1;
PORTD.B4 = 1;
PORTD.B5 = 1;

PORTB.BO = 0;
Delay ms
PORTB.B1 = 0;
}
}

KUBJICHHS HeoB®xX1OgHOTO

// BkJOUEHHS ceTMeHTa A 1HIukaTopa

// BKJIIOUEHHS CeTMeHTa B 1HImkaTopa

3.2.3 HammcaTy 1 HajarouTH MporpaMy BiAITOBIAHO 0 3aBIAaHHS.

3.2.4 BiAnoBicTH Ha KOHTPOJIbHI TUTAHHSL.

3.2.5 OdopmuTH 3BIT PO BUKOHAHY POOOTY.
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3.3 InauBinyaJibHi 3aBIaHHSA

3aBiaHHS BHKOHYETHCS 3TiHO TMOPSAIKOBOIO HOMEPY CTYACHTa B
KypHaTi.

1. PeamizyBaru BuBig cuMBoiB «SOS.» Ha IHAUKATOPI.
. PeanizyBaru BuBin mudp «1 2 3 4» Ha iHIUKATODI.
. PeanizyBaru BuBig cumBoniB «AFF1» Ha iHIuKaTOpI.
. PeamizyBaru BuBig cuMBOIIiB «3-2.1» Ha iHAUKATOPI.

. PeanizyBaru BuBin cumBomnie «0.FFF» Ha ingukaTopi.

2

3

4

5

6. PeamizyBaru BuBia uudp «8080.» Ha iHIUKATOPI.

7. PearizyBaTn BHBi IOTOYHOTO POKY Ha iHAMKATOPI.

8. PeanizyBatu B BuBijx cumBoiB «EEFF» Ha inaukaropi.
9. PeanizyBatu BuBig ungp «2013» Ha iHAMKATOPI.

1

0. PeamizyBatu BuBiZi CHMBOMIB «1 CIYHSL. ».
3.4 3micT 3BiTY

3.4.1 ChopmynpoBaHa TeMa Ta MeTa pOOOTH.
3.4.2 KopoTki TeOpeTH4Hi BiJIOMOCTI.

3.4.3 JlicTHHT TOTOBOT IPOTPaMH.

3.4.4 Pe3ynbTaT BUKOHAHHS POOOTH.

3.4.5 Bianosiai Ha KOHTPOJIbHI TUTAHHSL.

3.4.6 BucHoBKkH 10 po6oTH.
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3.5 KonTposbHi nuTaHHsA

3.5.1 JlaiitTe BH3HAUYCHHS TaKWM TIOHATTSAM: CEMHCETMCHTHHI
IHIUKATOP, 3HAKOMICTO, TIOPT.

3.5.2 Slk mo3Hava€eThCA CEMUCETMEHTHUN 1HAUKATOP?
3.5.3 le 3aCTOCOBY€ETBCSI CEMHCEIrMEHTHUHN 1HAUKATOP?
3.5.4 flkoro mae OyTH YacToTa pereHeparii?

3.5.5 Sxuit mpuHIMI poOOTH CEMUCETMEHTHHN iHIUKaTopa?
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JlabopaTopHa po6oTa Ne4
AHAJIOT OBO-IIU®POBUI NEPETBOPIOBAY

Meta poOOTH - BUBYHTH NPUHIMII POOOTH aHAIOTOBO-UHU(POBOTO
[epeTBOPIOBaya. 3alporpaMyBaTi HOTO Ul BUMIPIOBaHHS HalPYTH.

4.1 CtucJji TeopeTuyHi BitomocTi

Y  nmeskux KOTpoiuiep MICTHTbCS  10-po3psIHUil  aHAIOTOBO-
nugposuit nepersoproad (ALIT), rurata 103BOJIsIE 3a1aBaTH TECTOBI il Ha
Buxogu PORTA.2 i PORTA.3. Takoxx € MOXIMBICTh IMAKIIOYATH OO
okpemux BuxofiB "ananoroBoro" mopry PULLUP i PULLDOWN
pesuctopu onopom 10 KOwM 3a monomororo mikponepemukada SW1.

Maving the potentiometer Mawing the pelantiameter

shatges tha vallage on PAZ changes the mlme on Pa%
Y These suitehes most be set fa
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Pucynox 4.1 — 3aramsaa cxema AT
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4.2 llopsaoxk BUKOHAHHA Po00TH

4.2.1 BUKOPUCTOBYIOYM KOHCHEKT JICKIIH 1 pPEKOMCHIOBaHY
JNTEpaTypy  O3HAHOMHUTHCS 3  TIOHATTAM  aHAJIOTOBO-IIU(PPOBOTO
MepEeTBOPIOBAYA.

4.2.2 Po3rnsHyTH NpUKIIaa IPOrpamH.

[Mpuxman orpumanns ganux 3 ALl i BUCHOBOK Ha CBITIIOHiIOAHUI
IHIUKATOP.

#include <built in.h>
unsigned int adc rd;
void main () B

{

DDRB = O0xFF; // YcraHoBka Buxonis B 1 C a4k BUXOOM
DDRC = OxFF;
while (1)
{
adc_rd = ADC Read (2); // Imiuiamisyemo i sumrTyemo
curHas 3 gpyroro ALl Ha PORT A2
PORTB = adc rd; // Bueommmo wMojyiommi 6Girm adc rd

[7..0] Ha mopt B

PORTC = Hi (adc _rd); // BusBommmo crapmi 6itm adc rd
[9..8] Ha nopt C

}

4.2.3 Hanmcaty i HaJaroAuTH MPOrpaMy BiAMOBIAHO J0 3aBIaHHI.
4.2.4 BiqnoBicTH Ha KOHTPOJIbHI MTUTAHHSL.

4.2.5 OdopMuTH 3BIT PO BUKOHAHY POOOTY.
4.3 3aBnaHHd Ha JabopaTopHy po0oOTYy

BunangkoBUM YHMHOM BCTAHOBHTH PYYKH MOTEHIIIOMETPIB B MOAYJI
yCTaHOBKH piBHIB Ha Bxogax ALIl. BuBectn pe3ynbTaT Ha CBITIIONIOTHII
igmukatop BC, AD. AprymMeHTyBaTH pe3yibTar.

4.4 3micT 3BiTY

4.4.1 ChopmynboBaHa TeMa Ta MeTa poOOTH.
4.4.2 KopoTki TeopeTHuyHi BiIOMOCTI.

4.4.3 JlicTHHT TOTOBOI ITPOTPaMH.

4.4.4 Pe3ynpraT BUKOHAHHS POOOTH.
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4.4.5 BignoBimi Ha KOHTPOJBHI MTATAHHS.
4.4.6 BucHoBKH 10 poOOTH.

4.5 KoHTpo/IbHI IUTAHHS

4.5.1 Jlaiite Bu3HadueHHS TakuM rmoHatTsaMm: AL, miara, TecToBuid
BILTUB, aHAJIOTOBHM MOPT.

4.5.2 Sxwii npuanmn podotu ALIT?

4.5.3 Jle BukopuctoByeThcst ALIT?

4.5.4 Sxi nemomixu ALIIT?
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JlabopaTopHa po6oTa Ne5
RS-232 IHTEP®ENC
Merta pobotn — BuBuMTH iHTEepdetic RS-232 1 Horo BUKOPHCTAHHS
Ha miati. PeamizyBatu 3’eqHanns 3 [IK mas MOHITOpHHTY pOOOTH
KOMILJICKCY .

5.1 Ctucai TeopeTrnuHi BizomocTi

Ha mnari mnepenbauenmii intepdeiic RS-232 3  moxkmmBicTiO
Bifkto4eHHs (puc.5.1).
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Pucynok 5.1 — Intepdeiic RS-232 3 MOXKIMBICTIO BiAKITIIOUEHHS
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5.2 llopsinoxk BUKOHAHHA POo00OTH

5.2.1 DBUKOPHCTOBYIOUM KOHCHEKT JIeKIiH 1 pPEKOMEHIOBaHY
JiTepaTypy 03HaHOMUTHCS 3 IOHATTAM iHTepdeiicy RS-232.

5.2.2 PO3riasiHyTH TIPUKJIIA]] IPOTPAMH.

[Mpuknan pobotu 3 MomyieM nepeaadi qanux RS232.

char uart rd;

void main_()

{

UART1 Init (9600); // IniuiasnisyemMo wMoOmysb &g
meunxocTi 9600 Goxm
Delay ms (100); // Ouikyemo, mnns pocTosipuoil
inigiamizanil
UART1 Write Text ("Hi_ student KNT"); //
Binnpariyse no UART
UART1 Write (13); // CuMBOMM KapeTku 1 HOBOTO psnka
UART1 Write (10);
while (1)
{
if (UART1 Data Ready ()) {// IlepeBipsemo uu
ToToBa nepedupis
uart rd = UART1 Read (); // MNpouuryemo mo OyJo
BiampaByieHO 3 koMIl'oTepa
UART1 Write (uart rd); // Bigmnpaasemo Haszan
no UART

}

5.2.3 Hammcaty i HATaroAWTH MPOTpaMy BiAMIOBITHO IO 3aBIAHHS.
5.2.4 BiAnoBicTH Ha KOHTPOJIbHI TUTAHHSI.

5.2.5 Odopmuru 3BIT PO BUKOHAHY pOOOTY.

5.3 InauBigyajbni 3aBIaHHs

3aBgaHHS BUKOHYETHCS 3TIJHO TOPSAKOBOIO HOMEpA CTYyJICHTA B
JKypHAII.

1. PeanizyBaru BKJIIOUEHHS 1 BUKIIOYCHHS CBITIONIONa Ha
CBITJIOAIOJHOMY iHIUKATOPI 3a IomoMororo iHTepdeiicy RS232.

2. PeamizyBatm omuTyBaHHS BipTyanmpHOI mnepudepii cramy
aBTOMOO1IIS.

3. PeanizyBatu ympaBniHHS BipTyaJbHUM MPOMHCIOBUM POOOTOM-
3BapIOBATEHUKOM.
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4. PeamizyBatH oONHMTYBaHHS TepHudepil ITOMAIIHBOTO OOPTOBOTO
KOMIT'FOTepa.

5. PeanizyBatu yar - 6oTa.

6. PearnizyBatn onuTYBaHHS CTaHYy HATUCHYTHX KHOIIOK A.

7. PeanizyBaTu BipTyalbHY iHIIiai3alio MpoOyIKeHHs Mapcoxoaa
TiCJIsE KOHCEepBaIlii.

5.4 3micT 3BiTY

5.4.1 ChopmynsoBara MeTa poOOTH.
5.4.2 KopoTKi TeOpETHUIHI BiTOMOCTI.
5.4.3 JlicTHHT TOTOBOT IPOTPAMH.

5.4.4 Pe3ynpTaTl BUKOHaHHS poOOTH.
5.4.5 Bianosini Ha KOHTPOJIbHI TUTAHHS.
5.4.6 BucHoBK# 10 po6OTH.

5.5 KoHTpoJIbHI NUTAHHA

5.5.1 [laiite BuW3HAuUEHHS TaKWUM IMOHATTAM: I1HTEepdeiic, mmaTa,
nepudepis, mpucTpii.

5.5.2 Jlyist 90T0 BUKOPHUCTOBYETRCS iHTEpdeiic RS-2327

5.5.3 3 yoro ckmnangaerbes inTepderic RS-2327
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