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1. BBeenne B MUKpOKOHTpoJIepbl AVR cemeiicTBo Mega

CoBpeMEHHYI0O MUKPO3JIEKTPOHUKY TPYIHO NPEACTaBUTH 0€3 Takoi
Ba)KHOW COCTABIIAIONIEH, KaKk MUKPOKOHTpOIIIepH! (B nanbHeimeM MK).
MUKpPOKOHTPOJUIEPHBIE TEXHOJIOIMH 04eHb 3(PPEeKTUBHEI. OIHO U TO K€
YCTPOMCTBO, KOTOPOE paHbIle COOMPAIOCh HA TPAJULIMOHHBIX JIEMEH-
Tax, Oyayuu coOpaHO ¢ IPUMEHEHHEM MHUKPOKOHTPOJUIEPOB, CTAHOBHUTCS
npome. OHO He TpeOyeT PeryJIMpOBKH M MEHbIIE 1o pazmepam. Kpome
TOTO, C IPUMEHEHHEM MHUKPOKOHTPOJJIEPOB TOSBISIOTCS MPAKTUYECKH
Oe3rpaHUYHBIE BOBMOKHOCTH TI0 100ABICHHIO HOBBIX MOTPEOUTEIBCKIX
(GyHKUMI 1 BO3MOXKHOCTEH K YK€ CyLIeCTBYIOLIMM ycTpoiicTBam. [oc-
TaTOYHO IIPOCTO NMMOMEHSATH [IPOTPaAMMYy.

ATMega8 — 8-paspsagusiii KMOII MUKpOKOHTpOIIIEP, OCHOBAHHBIN
Ha apxutektype Atmel AVR. KonTposrep BBIMOTHSIET OONBITHHCTBO
WHCTPYKIUH 32 1 TakT, MO3TOMY BBIYUCIUTENbHAS MOUTHOCTH KOHTPOJI-
nepa paBaa IMIPS na 1 Mru.

MK unmeer RISC-apxurektypy, HO (popMaT KOMaHIbl ABYXOIEpaHI-
HBIH, 32 ONUH TaKT MOXeET OBITh 0OpaIIeHNe TOIBKO K JBYM PETHUCTPAM.
KonTtponnep coaepxkut 32 perucrpa, KOTOpble MOTYT PaBHOIPABHO HC-
MOJIb30BATHCS B apU(PMETUIECKUX ONEPALIUIX.

OcHoBHbIE annapaTHbie XapakTepucTuku MK:

* 8 KOT¢nem-mamMaru KoMaHz;

* 512 GalT 3JIEKTPUUECKU IPOrPaMMHUPYEMOH MaMSITH;

* 1 KOalT cTaTHYECKOM MaMsITH;

* 23 IMHUU BBOJA/BLIBOIA OOIIEr0 Ha3HAYEHNSI,

* 32 POHa;

* TPM MHOTOLICJIEBBIX TaliMep-CUETUNKA C PEKUMOM CPaBHEHMUS;

* opepKKa BHYTPEHHUX M BHEIIIHUX PEPHIBaHUM;

* YHUBepCabHBII aCHHXPOHHBIN aanTtep;

* 0alT-OPUEHTUPOBAHHBIN ABYXIPOBOIHON MOCIIEIOBATEIbHBIN HH-
Tepdetic;

* 6/8 xananpHbid ALIIT ¢ TouHocThIO 8 M 10 JBOWYHBIX pa3psIoOB;

* CTOpOKEBOH TalMep;

* mocnenoBarenbHbIN OpT SPI;

* pacHIpeHHbIE PEXUMBI YITPABICHHS SHEPTONOTPEOICHIEM.

Sapo MukpoxonTpomepa — AVR.
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KonnuecTso 3anuceit Bo Gpuam-namsats — 10 000 pas.

Paccmotpum, 4To ke OH U3 cebs BHENIHE mpencTasiset (puc. 1.1).

PDIP
L
Topr C6  (RESET) PC8 1 28 [JPC5 (ADC5/SCL)
" (RXD)PDO [J2 27 [J PC4 (ADC4/SDA)
J (TXD) PD1 O3 26 [1PC3 (ADC3) 1
HopraD0uD4 < (INTO) POR2 (]4 25 D Pc2 ADC2) ToprerCO - C5
(INT1) PD3 []5 24 [IPC1 (ADC1)
TMurapme MK (5V) M’ PD4 []6 23 [JPCO (ADCD)
vee Oz 2 [0GND ——  3erpan AL MK
Gemma» MK «————— GND 8 21 [JAREF
[ (xTAL1/TOSC1) PB6 C]9 20 [JAveC —» Tlntanme ATITI MK (5V)
Topter B6 5 B7 JL(XTALQ/TOSGE) PB7 []10 19 [ PBS (SCK)
( myPDs 11 18 [1 PB4 (MISO)
Tlopst D5 -D7 { {AINO) PDE []12 17 P PB3 (MOSIOC2) ; TTopru Bl -BS
|_(AINT) PD7 (13 16 1 PB2 (SS/OC1B)
MoprBa  (CP1PBOC]14 15 [JPB1 (OC1A)

Puc. 1.1. MK Atmega8 B xopmyce DIP

Ha puc. 1.1 npusenen MK Atmega8 B DIP xopmyce (cymiecTBytoT u
Jpyrue Kopiyca) ¢ 0003HadueHneM HOeK. KpaTko u3yunMm ux Ha3Haye-
HUe (TIOaPOOHO U3YUUM C JIAOOPATOPHBIX padboTax):

e Bce TO, YTO UMeeT obo3HaueHue PX — 310 mopTeI e, X — HOMep
nopta. Ha Bce mOpPThl MOXKHO MOJaBaTh CUTHANbBI WA IPUHUMATh, YTO U
OyzaeM zenath B 1a00OpPaTOPHBIX padOTax;

e nuranue MK B 5 BonbT mogaercs Ha HOxxku VCC u GND;

e mporpammupoBanue MK mpousBoautcs no Hoxkkam: 1 (reset), 17
(MOSI), 18 (MISO), 19 (SCK)c moMomipio mporpaMMaropa.

CrenuanbHo pa3paboTaHHBIC J1a0OpaTOpHBbIC PA0OTHI MOCTPOCHBI Ta-
KHM 00pa3oM, 4TOObI JIFOOO0I YenoBEeK CMOT M3YYHTh SI3BIK MPOrpaMMHU-
poBanus (B maHHOM ciiydae C++, HO CyIIECTBYeT U JPYTUe S3bIKH) OT
IMMPAKTUYCCKU HYJIEBOI'O YPOBHA, A0 YPOBHA, MO3BOJIAIOHUICTO ITUCATh
MPOTPaMMBI CPETHEH CI0MKHOCTH.

Kaxnas HOBas nmabopaTopHas paboTa HAYMHAETCS C MOCTAHOBKH 3a-
Jadn. 3areM BBI MOYKETE YBHACTH MPOLUECC IMOCTPOCHUA ajlropuT™Ma H,
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HaKOHeEll, yBUIUTE, KaK CO3JIa€TCsl YIPABIAIOIIAs IporpaMMa sl HalluX
3ajady.

Bce nporpamMHbie pabOTBl M IPUMEPBI K HUM TPUBENICHBI Ha SI3bIKE
CH, koTopslii moaaepxkuBaercsa cpenoil nporpammuposanus MK AVR —
CodeVisionAVR.

2. Beenenmne B a13bik C++ u CodeVisionAVR

CodeVisionAVR — 310 kpocc-xkommumisitop CU, nHTErpupoBaHHas
cpena paspaborku (IDE — Integrated Development Environment) u aB-
ToMaTHueckuii reneparop mporpamMm (CodeWizardAVR), paspaboran-
HbIe s cemeiictBa AVR-MK dupmer Atmel.

[Iporpamma siBsiercs 32-OMTOBBIM MIPHIIOKEHHEM, KOTOpOe paboTaer
nmoJ1 onepanoHHbIMU cucteMamu Windows 95, 98, NT 4, 2000 , XP, 7.

CodeVisionAVR obecniednBaeT BBHITIOTHEHHUE TIOYTH BCEX 3JIEMEHTOB
si3pika C++ (B mampHelmeM mpocto «C» umu «Cuy), KOTOpBIE pa3perie-
HBI apXUTEKTYpoil AVR, ¢ HEKOTOphIMU T0OABIIEHHBIMH XapaKTEPUCTH-
KaMU{, KOTOpPbIE PEaM3yIOT MPEUMYIIECTBO CIENU(DUKH apXUTEKTYPHI
AVR.

[Iporpammuoe obecnieuenne CodeVision MoxeT paboOTaTh ¢ TAKMMU
nporpammaropamu cepun Atmel, kak ¢ STK500/AVRISP/AVRProg ,
KandaSystems STK200+/300, Dontronics DT006, VogelElektronik
VTEC-ISP, Futurlec JRAVR wu martoii paspabortumka MicroTronics
ATCPU/Mega2000.

Kpowme cranmaptabix 6ubmorek CU, kommmsatop CU CodeVisionAVR
nMeeT OMOITMOTEKN IS

*  andasutHo-HPpoBbIXx LCD-Moxynei;

*  mwunsI [2C ot Philips;

*  TtemmepatypHoro gatanka LM75 ot National Semiconductor;

* yacoB peanpHoro Bpemenu PCF8563, PCF8583 or Philips u
DS1302, DS1307 ot Dallas Semiconductor;

e mpotokona 1 -Wire ot Dallas Semiconductor;

*  temnepatypHoro naruyuka DS1820/DS18S20 ot Dallas Semi-
conductor;

*  tepmomerpa/Tepmoctata DS1621 ot Dallas Semiconductor;

e  EEPROM DS2430 u DS2433 ot Dallas Semiconductor;

« SPI



*  ymIpaBJieHHs NHTaHUEM;
*  3aJepiKeK;
*  mpeobpazoBanus koaa ['pest.

CodeVisionAVR Taxke COOEp)KAT aBTOMAaTHYCCKHH TEHEpaTop
nporpaMmm — CodeWizard AVR, KOTOpBIIf TIO3BOJIIET HANKCATh 3a He-
CKOJIbKO MUHYT BECh KOJ, HCOOXOJUMBIH IS BHIMOJHEHUS CIICAYIONINX
(hyHKIHIA:

*  YCTaHOBKa JOCTYyIIa K BHEUTHEH TaMsITH;

*  uneHTU(UKAIMA UCTOUYHHKA cOpoca unma;

*  WHUIMAIU3aIUs IOPTa BBO/IA/BBIBOIA;

*  WHUIWATU3aIUs BHEITHUX MPEePHIBaHUH;

. HMHUIMATTU3AIUS TAUMEPOB/CYETUMKOB,

*  WHUIMAIU3aIUs CTOPOXKEBOTO TailiMepa;

+  panmmanm3anus UART u npepsiBanuii, ynpapisiommx Oydepom
MOCJIEIOBATEIIBHOM CBSI3H;

*  MHUIMATU3ALMS aHAJIOTOBOTO KOMIIAPaTopa;

. nannuanusanus AITI;

. WHUTHAIM3aIus narepdeiica SPI;

. uHunman3anusa muuel 12C, temnepaTypHoro gatauka LM75,
TepmomeTpa/Tepmoctara DS1621 u yacoB peanbHoro BpemeHu PCF8563,
PCF8583, DS1302, DS1307;

*  WHANWATU3aNWs MMUHB 1-Wire w TeMmmepaTypHOTO IaT4HWKa
DS1820/DS18S20;

. nauimanu3anus LCD-monys.

B naGoparopHbIx paboTax MPUBOISTCS JIUIIL HAaualbHBIC CBEACHUS O
s3pike CU u, e HeoOX0UMO, MOSCHSIOTCS crenn(uIecKue 0COOCHHO-
¢t peanu3anuu s3eika kommmstopom CH CodeVisionAVR.

[penporieccop (Makpormpoieccop) — 3TO COCTaBHas 4YacTh SI3bIKA
CH, xotopas oOpabaThIBacT UCXOAHBIA TEKCT MPOTPAMMBI IO TOTO, KaK
OH TIPOUIET Yepe3 KoMImIsITop. IIpemnporeccop YuTaeT CTpOKH TEKCTa U
BBIIIOJIHACT ﬂGﬁCTBI/IH, OmnpeaAcIdaeMbIC KOMAaHAHBIMU CTPOKaMHU. Ecmm
TIEPBBIM CUMBOJIOM B CTPOKE, OTJIMYHBIM OT TpoOena, sIBISETCS] CHMBOI #,
TO Takas CTPOKA paccMaTpHBAETCS MPENMPOIECCOPOM KaK KOMaHIHas.
KomManHbIe cTpOKU HA3bIBAIOTCSA JUPEKTUBAMU MPETPOIECCopa.
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JIMpeKTuBEI Npenporeccopa MO3BOISIOT:

*  BKJIIOYATh B IPOrpaMMy TEKCT U3 Apyrux ¢aiios;

*  mepeaaBaTh KOMIWIATOPY ClEHaIbHbBIE TUPEKTHUBHI;

*  ONpEAETATh MAaKpOCHI, KOTOpBIE 00JIErdaloT MpOrpaMMHUpPOBaHUE
U yIIy4lIaloT yA0004YNTaeMOCTh HCXOAHOTO KO,

*  33/1aBaTh YCJOBUS KOMITHJISIIAW JUIS OTJIQJOYHBIX TeNel W/uimm
JUIS yMEHBIIEHHS pa3Mepa MoJy4yaeMoro Koja.

IIpenpoueccop kommunaropa CodeVisionAVR wumMeeT HecKONbKO
qupekTuB. B Tabm. 2.1 maércs ux KpaTkoe onrcaHue.

Tabmuua 2.1

Hupextussl npenponeccopa kommuisitopa CodeVisionAVR

HupextuBa Ha3nauenue

#include HVcnone3yeres a1 BKIIOUEHHS B IPOrpaMMy Opyroro gaiina

#define Vcrione3yeTcs JUisi 3aMEHBI OTHUX JICKCHYECKUX CAUHUIL SI3bIKa
Cu Ha Jpyrue, a TakKe JUis FeHepalii MaKpoCcoB

#undef Hcnonb3yetcst ast OTMEHBI JeHCTBUS IUpeKTHBHI #define

#if

#ifdef .

#1fndef I/ICHOHb3y}OTCﬂ JJIA YCJIOBHOM KOMITUJIAIUA

#else

#endif

#line HWcnone3yeres ansg n3MeHeHust BCTpoeHHbIX MakpocoB LINE
u_FILE

#error ITo3BossteT OCTaHOBUTH KOMITMIISILIMIO M OTOOPa3UTh cooOIie-
HUe 00 ommobOKe

#asm Hcnonb3yroTcest Ui BKIIIOYEHHS B TPOrpaMMy acceMOIepHOro

#endasm Kkoza

#pragma... Pasperuaet crenuaibHbIe JHPEKTUBBI KOMITUITOPA

B naGopartopHbix paboTax OyAeT HCIOIB30BaTh TOJNBKO AMPEKTHUBA
include, KoTopas MO3BOJNSAET B AAJbHEHUINEM HCIOIB30BaTh (DYHKIUH U
KOMaH/bl, He pa3pemenHsie B CU.

OmnepaHJ — 3TO KOHCTaHTA, JINTepall, HACHTH(HUKATOP, BHI30B QYHK-
UM, UHJIEKCHOE BBIPAYKEHHUE, BBIPAKCHHUE BHIOOpA dJIEMEHTA WK OoJiee
CJIOKHOE BBIpaXkeHHue, chopMUpOBaHHOE KOMOWHAILINEH ONepaH/IoB, 3Ha-
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KOB OIepalnuil U Kpyriabslx ckoOok. MHBIMU crioBaMu, omiepaHa — 3TO Ma-
temaTrdeckas ¢pyHkius. Kaxmprit onepang nmeet turm (Tadu. 2.2).

Tabmnuma 2.2

Omnepanzap!

-YpoBeHb_

" OnepaTtopbl |

Kateropusa

Onucanue

1

9]

Kpyrnsie ckobku

0

OneMeHT Maccusa

LocTtyn k gaHHbIM

ObpalleHne K 3nemeHTy CTPYKTYpbl, Hanpu-
Mmep: PORTB. 1 — pa3psia 1 nopta B

OBbpalyeHne Kk anemeHTy CTPYKTypbl, onpeae-
TNEeHHOW yKasarenem, Hanpumep:

pStruct->x — 3NeMeHT x CTPYKTypbl, Ha KO-
TOpYHIO yKasbiBaeT pStruct

+, -—
(nocThuKcnl)

+y =
(npecpukce!)

ApucpmeTnyeckne

OnepaTopbl aBTOMHKpEMeHTa W asTojekpe-
MEHTa Nnocne TOro Kak BbIpaXeHWe, B KOTOPOM
3a[e/CTBOBaHbl COOTBETCTBYIOWUE OnepaH/bl,
BbIMUCNEHO. [pumepsl:

a = b++; paBHO3HaYHO a b; b = b+1;
a = b-—; paBHO3Ha4HO a = b; b = b-1;

Onepatopbl aBTOMHKPEMEHTa W aBTOAEKpe-
MEHTa nepej TeM Kak BbIpaXEHWE, B KOTOpPOM
3a/1e/ACTBOBaHbI COOTBETCTBYIOLLWE ONepaHabl,
Byaet BbluncneHo. Mpumepst:

a = ++b; paBHO3HA4YHO b b+l; a
a = —--b; paBHO3Ha4YHO b = b-1; a

= b;
= b;

Noruyeckue

Jornyeckoe (yHapHoe) oTpuuaHue

Mopa3spsagHble

MNopa3spsiaHoe oTpUuaHue

[ocryn K AaHHbIM

Anpec

(yHapHble)

ApwhmeTnyeckue

MameHeHue 3Haka onepanaa

* (YHapHbIi)

JocTyn K AaHHbIM

PaabiMeHOBaHue ykasaTtens

* (BUHapHbIA)

%

+, -
(6BuHapHbIe)

ApupmeTtnyeckune

YMHOXeHWe

[enexune

Ocratok 0T geneHus

CrioxeHue u BblMUTaHne

<<

MNopa3spagHbie

Mopa3spsaHblia cABUr BNEBO

MNopa3spsiaHbIn cABKT BPaBso

CpaBHeHus

MeHbLue, Gonblue u T.4.

PaBHo, He paBHO

MopaspsagHsble

MNopaspsaxHoe "U"

Mopa3apsiaHble

Mopaspsigtoe "Uckniovaiowee UMA"

Mopa3spsaHble

MopaspsaHoe "UNA"

Jlornueckue

TNoruyeckoe "A"

Jlornyeckue

TNornyeckoe "UNN"

Mpucesansanune

Bo3MOMXHbI TaKkxe coveTaHus onepatopa npwu-
CBauBaHuA C apuMeTU4HecKuMn 1 nopaspsa-
HbIMW OflepaTopamMu, Hanpumep:

a += b; paBHO3Ha4HO a = a + b;
a *= b+c; paBHO3HayHO a = a *

{b + c};
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B s3p1ke CU mepeMeHHble Aendrcst Ha Tumbl. [lepeMeHHas Kaxaoro
THITa MOYKET TIPHHUMATh 3HAYCHHS M3 OJHOTO OIPEACICHHOTO IHaIa3o-
Ha. Hanpumep:

E  1epeMeHHas Tumna char — 3To TOJBKO LIENbIe YUCIA;

m rmepeMenHas Tuma float — BemiecTBeHHBIE YHCHTA (IECATHIHASL
JIpo0b) U T. 1.

Hcnons3oBaHue MepeMEHHBIX HECKOJIBKUX (PUKCUPOBAHHBIX THUIIOB —
3TO OTJIMYUTENbHAS OCOOCHHOCTh IIOOOr0 S3bIKAa BBICOKOI'O YPOBHSL.
Paznwie Bepcun s3pika CU moaep KMBaiOT pa3iTndHOE KOJIMYECTBO TH-
noB nepemeHHbIX. Bepcus CH, ucnons3yemas B CodeVisionAVR, nox-
JIEP’KUBACT TPUHAIIATH TUTIOB MTEPEMEHHBIX (Taoi. 2.3).

Tabnmma 2.3
Tunet mepemennsix s361ka CU B CodeVisionAVR
Haszpanue KonuuecTBo OUT 3HaueHue
bit 1 0 nmm 1
char 8 -128 — 127
unsigned char 8 0—255
signed char 8 -128 — 127
int 16 -32768 — 32767
short int 16 -32768 — 32767
unsigned int 16 0— 65535
signed int 16 -32768 — 32767
long int 32 -2147483648 — 2147483647
unsigned long int 32 0—4294967295
signed long int 32 -2147483648 — 2147483647
float 32 +1.175e-38 — £3.402¢38
double 32 +1.175e-38 — £3.402e38

B s3eixe CU mrobas mepeMeHHas, pexkae 4eM OyaeT UCIOob30BaHa,
ToJDKHA OBITH omucana. [lpu onrcannu 3amaercs ee Tui. B gambHemeM
JIMANa3oH MPUHUMAEMBIX 3HAYCHUN MTOJDKEH CTPOTO COOTBETCTBOBATH
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BEIOpaHHOMY THITy HepeMeHHOH. Onucanne nepeMeHHON U 3aJjaHue TH-
ma HeoOXOIMMBI MMOTOMY, YTO OTTpaHCIHpoBaHHas ¢ s3bika CH mpo-
rpaMMa BBIAEIAET AJI1 XPAaHEHHUs 3HAUYCHUU KaXKI0H MEpEMEHHOW orpe-
JIeJICHHBIE PECYPCHI TAMSTH.

D10 MOryT OBITh stueiikun O3Y, perucTpsl 00IMEro Ha3HAYCHUS WIIH
naxe sueiiku EEPROM wunn Flash-mamsiti (mamsitu mporpamm). B 3aBu-
CHUMOCTH OT 33JJaHHOT'O THUIIA, BBIACIIETCS PA3IMUYHOE KOJUYECTBO SUEECK
JUIST KaXJOW KOHKpPETHOM mepeMeHHOH. OmnuchiBas NEPEMEHHYIO, MBI
CO00IIaEM TPAHCIIATOPY, CKOJBKO SYEEK BBINEIATh M KaK 3aTEM HHTEp-
MPETUPOBATH UX coaep:kumoe. [TocMOTpuUM, KaK BBHITJISAUT CTPOKA OIHU-
caHus iepeMeHHOH B mporpamme. OHa mpencTaBiseT co0oil 3anuch cle-
JyIOLIEro BUAA:

T Ums;

rae « Tum» — 3To Tum nepeMeHHoM, a «ms» — ee ums.

Nms nepemenHoi BbIOMpaeT mporpammuct. Jlomyckaercss UCIOIb30-
BaHME TOJbKO JIATWHCKMX OYKB, (P M cUMBoJa moadepkuBanus. Ha-
YMHATHCSA UMsI JOJDKHO C OYKBBI MJIM CUMBOJIA TOAYEPKUBAHHA.

Kpome apudmMerndeckux W JIOTHYECKHX BBIpakeHHH 5361k CU wmc-
noJib3yeT pyHKOUK. B oTiimune oT MaTemMaTHuecKux QyHKUUH, QyHKIUU
s3pika CU He Bcerga MMEIOT BXOJIHBIE 3HAUEHHS U Jake He 00s13aTebHO
BO3BpAIaloT pe3yibTar. Jlajgee Ha KOHKPETHBIX MPUMEPax MBI YBUIHNM,
KaK ¥ IM0YeMy 3TO MPOUCXOIHT.

Boobue, pons Gynkwmii B si3eike CU orpomHast. [Iporpamma Ha s13b1-
ke CU mpocTo-HaIIpoCTO COCTOWT M3 OAHOW WIIM HECKOJIBKHX (DYHKITHH.
Kaxnas ¢pyHKIus uMeer cBoe UMl 1 onrcanue. [1o UMeHH TPOU3BOTUT-
cs oOpamenue k ¢Qynkiuu. OnucaHue ONpenessieT BBIMOIHSIEMbIC
(dhyHKIMEH nercTBUSA U mpeoOpa3oBaHus. BOT Kak BEITISANT ONMHUCAaHUE
(yukmum B mporpamme CU:

T Name (CIIUCOK TapaMeTpoB) {

Teno (yHKIHNHA }

3nece Name — 3710 umst yHkimn. Umst uis GyHKMU BeIOUpaeTcs
M0 TEM K€ MpaBHjIaM, YTO U JJisl nepeMeHHol. [Ipu onucannu QyHKIUU
nepe] ee MMEHEM IOJIOKEHO yKa3aTh TUI BO3BPAIIAeMOr0 3HAYCHHMSI.
3710 HEOOXOAUMO TPAHCIATOPY, TaK KaK JUIS BO3BPAIAeMOr0 3HAYCHUS
OH TOXE PE3EPBUPYET SIYCUKHU.
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Ecmn nepen umenem QpyHKIIMU BMECTO THIA BO3BpAIIaeMOTO 3HAYe-
HUS 3aMrcaTh CIoBO void, To 3To OyneT o3HadaTh, 4TO AaHHAS (PyHKIUSA
HE BO3BpAIllaeT HUKAKUX 3HaueHWH. B Kpyrieix ckoOkax mociie MMEHHU
(bYHKITUH 3aITMCHIBACTCS CIIUCOK MEPeIaBacMbIX B HEE TapaMeTPOB.

OyHKIHUST MOXKET UMETh 000 KOMUYECTBO MmapaMeTpoB. Ecim ma-
pameTpoB 1Ba U OoJyiee, TO OHH 3alHCHIBAIOTCS depe3 3amsaTyro. [lepen
UMEHEM KaXKJIOTO IapaMeTpa TaKkKe JOJDKCH ObITh yKa3aH ero Tui. Eciu
y (YHKIMU HET MapaMeTpoB, TO B CKOOKaX BMECTO CITHCKA ITapamMeTpOB
JIOJDKHO CTOSITH ClIOBO void. B ¢urypHBIX ckoOKax pa3mermiaercs Teo
¢byHKUIMH:

void main (void) {a=5;}

B aTom cirydae omeparophbl, COCTaBIAIONINE TENO QYHKIUH, pa3es-
€T TOJIbKO TOYKa C 3arnsiToil. BOoT mpumep Tako 3anmucu:

i Name (CITUCOK apamMeTpoB) {Tesno QyHKImu }
void main(void) {a=5;c=6;}

Jrobas mporpamma Ha s3bike CH momkHa 00s3aTelnbHO COIEpPKATh
OJIHY TJIaBHYIO0 (QyHKIMIO. [ TaBHas (QyHKITHSA HODKHA MMETh MM main.
BrinonHeHre nporpaMMbl BCETAa HAYUHACTCS C BBHIOJHCHHS (DYHKIIUU
main. OyHkIMsa main B JaHHOW BepcuM si3bika CH HHMKOTZA HE UMEET
napaMeTpoB M HUKOT/Ia He BO3BPAIaeT HUKAKOTO 3HAYCHHUSL.

Teno QyHKIMH, KpOME KOMaHJ, MOXKET COJEP)KaTh ONMHCAaHHUE Iepe-
MEHHBIX. Bce mepemMeHHble IODKHBI OBITh OMHCAHBI B CAMOM Havale
(YHKIMH, O TIEPBOTO oreparopa. Takue mepeMeHHbIE MOTYT OBITh HC-
MOJIb30BaHBI TOJNBKO B TOW (PYHKIMH, BHAYarIe KOTOPOU OHH OIMHCAHBI.
Bae 3T0ii (yHKINHN JaHHOW NEPEMEHHON KaK Obl HE CYILIECTBYET.

Ecnu BeI 00BSIBUTE MTEPEMEHHYIO B OMHON (DYHKIIMH, & TIPUMEHHUTE €
B APYTOH, TO TPAHCIATOP BBIAACT cOOOIMeHHMEe 00 ommudOke. ITO maeT
BO3MOKHOCTb OOBSIBIIATh BHYTPH Pa3HbIX (QYHKIMH EpEeMEHHbBIE ¢ OJU-
HaKOBBIMH MIMEHAMH W HCIIOJIb30BaTh HX HE3aBUCHMO JIPYT OT JIpyTa.

I'mobGanbHass mepeMeHHas OOBABISICTCS HE BHYTPH (YHKIHMH, a B
HaJaJie TPOrpaMMBbl, €Ile J0 ONMHCAHWs caMoi mepBoi ¢yHKiuH. He
cnemmure 0e3 HEOOXOAUMOCTH JAeiaTh MepeMeHHylo riobansHoi. Ecmu
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nporpaMma J0CTaTOuHO OOJIbIIAs, TO MOKHO CIIy4aifHO IPUCBOUTDH ABYM
Pa3HBIM NIEPEMEHHBIM OJHO M TO )€ MMs, 4TO NpHBEAeT K ommuoke. Ta-
KYIO OIIMOKY OYECHb TPYTHO HAWTH.

Haunem nzyuenne CU c onmcaHus HaMm MOKa HEM3BECTHBIX MCIOJb-
3yEeMBIX TaM KOMaH]], KOTOPbIE IIPUTOIATCS B IIPH BHITOJHEHHH JT1abopa-
TOPHBIX padoT.

include

Omnepatop nmpucoennHeHus BHEIIHUX (aitnoB. B 1 cTpoke Hameit O0y-
Oyuied IporpaMMbl 3TOT ONEpaTop NPUCOEAUHSET K OCHOBHOMY TEKCTY
IPOrpaMMBbl CTaHJAPTHBIM TEKCT OINHCAHUI IJs1 MHUKPOKOHTpOJUIEpa
Atmegas.

while

Omneparop nukina. @opma Hanucanust komanabl while oueHb moxoska
Ha ¢opmy onucanus GpyHkuuu. B oOmem ciryuae komanna while BbIrs-
JIAT CJICTYIOIINM 00pa3oMm:

while (ycnoBue){Teno unkia}

[lepeBos anrnumiickoro cioBa while — «moka». Ota KoMaHIa opra-
HU3YET IMKJI, MHOTOKPATHO TIOBTOPSIS TEJIO IUKJIA A0 TeX IOP, MTOKa BhI-
MOJIHACTCS. «YCJIOBHE», TO €CTh IOKa BBIPAXKCHHE B CKOOKax SBIISETCS
ucTUHHBIM. B si3bike CU mpUHATO CUMTaTh, YTO BBIPAXKCHHE WUCTHHHO,
€CITH OHO HE PABHO HYJIIO, U JIOXKHO, €CJIA PABHO.

KommenTapun

B mporpamme Ha s3pike CU MIMPOKO HCTOIB3YIOTCS KOMMEHTapHH,
KOTOpBIE HE TO3BOJISIT BaM 3aIyTaThCSA MPH HAUCAHWUU IIPOTPAMMEL.
[MpunsaTo nBa coco0a HaNMUCAHUS KOMMEHTApUEB.

[epBbIii cioco® — MCHOIB30BAHKUE CHEIHATBLHBIX 0003HAUCHUH Ha-
gaja W KOHIIa KoMMeHTapus. Hadano koMmMeHTapus moMedaeTcs mapoi
CHUMBOJIOB /*, a KOHEI] KOMMEHTapHs CUMBOJIaMK */. DTO BBITJISAUT Clie-
JIYFOIIUM 00pa3oMm:

/* Kommenrapuii */
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[TpryeM KOMMEHTapHii, BbIIENECHHBI TaKUM 00pa30M, MOXKET 3aHH-
MaTh He OJIHY, @ HECKOJIBKO CTPOK.

Bropoii crmoco® HamucaHust KOMMEHTapusi — JIBOWHAS HAKIOHHAs
yepta (/). B aTOM ciiydae KoMMeHTapuii HAaUMHAETCSI cpa3y Mocye JIBOM-
HOM HAKJIOHHOW YePThI M 3aKaHYMBAETCS B KOHIIE TEKYIIIEH CTPOKH.

B nanpHeimem Hamu nporpaMMbl OyOyT HAUMHATHCS C 3ar0JIOBKa, B
HAIlleM CJy4ae 3TO MHOTOCTPOYHBIH KOMMEHTApHH, KOTOPBIH MacTep
MOMECTHII ¢ HH(pOpMAIIFEeH 0 TOM, 9TO MPOrpaMMa CO3/1aHa IMPU TOMOIIN
CodeWizardAVR. Takxe aBTOMaTudecku OyIyT yKa3aHbl Takue Iapa-
METPBI, KaK THIT MPOIECCOPa, ero TAaKTOBas YacToTa 4YacTOTYy, MOJCIh
maMaTH (mega — o3HavaeT OOJbIIas MOJENh), pa3Mep HCIOIb3yeMOit
BHEIITHEeHW MaMsTH U pa3mep creka. [lociae xkoMMeHTapueB OyJeT Hayu-
HAThCS BCSA OCHOBHAS YaCTh MPOTPAMMBI, KOTOPYIO MbI U OyI€M YUUTHCS
MHUCATb.

3. MoaenupoBaHue CXeM ¢ OMOIIbIO MporpamMMbl Proteus
3.1. Onucanue

Proteus Professional mpeacraBisier coboil cucTteMy cXeMOTEXHHYE-
CKOT'0 MOJETUPOBAaHUS, 0a3UPYIOLIYIOCS Ha OCHOBE MOJEJEH AIIEKTPOH-
HBIX KOMIIOHEHTOB NPUHATHIX B PSpice. OTnnunuTepHON 4epToi makera
Proteus Professional siBisieTcsi BO3MOXHOCTH MOAETHPOBAaHUS PaOOTHI
HIPOrpaMMHUPYEMBIX YCTPOICTB: MUKPOKOHTPOJIEPOB, MHKPOIIPOLIECCO-
poB, DSP u npouee. [lomonauTensHo B makeT Proteus Professional Bxo-
OUT CHCTeMa MpPOEKTHPOBaHMA IMevyaTHbIX mar. Proteus Professional
MOXET CUMYJIHPOBaTh paboTy CIeXyIOLMX MHKPOKOHTposuiepoB: 8051,
ARM?7, AVR, Motorola, PIC, BasicStamp. bubnmoreka KOMIIOHEHTOB
COJIEPKUT CIIpaBOYHBIE TaHHBIE.

HonnepxuBaer MK: PIC, 8051, AVR, HC11, ARM7/LPC2000 u
JipyTue pacnpocTtpaHeHHbie mpoiieccopbl. bomee 6000 aHanoroBbix u
IUPPOBBIX Mojenel ycTpoicTB. Paboraer ¢ OONBIIMHCTBOM KOMITHJIS-
TOPOM U acCeMOJIepaMH.

PROTEUS VSM mno3BofisieT 0YeHb TOCTOBEPHO MOJCIUPOBATH U OT-
JIAKMBATh JIOCTATOYHO CJIOXHBIE YCTPOMCTBA, B KOTOPBIX MOXET COMEp-
*KaTbcsl Heckoiabko MK onHOBpeMeHHO, M JlaXke pa3Hble CeMeWCTBa B
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OoHOM ycTpolicTBe. HyXHO TOJIBKO SICHO NMOHHMMAaTh, YTO MOJAEIHPOBA-
HHUE 3JIEKTPOHHOH CXeMbl He aOCOJIOTHO TOYHO HOBTOpPSiET paboTy pe-
aNBHOTO YCTpOHCTBa. BmecTe ¢ TeM Ui OTJIAAKH alropuTMa padoThI
MK, storo 6onee uem pocraroyno. PROTEUS conepxut orpomnyio
OuOINOTEKy 3JEKTPOHHBIX KOMIOHEHTOB. OTCYTCTBYIOIIME MOJEIH
MOJKHO JIOTIOJTHUTb.

Ecny KOMIIOHEHT HE MPOrpaMMUPYEMBII, TO HY’KHO Ha CaiiTe IIPOU3-
poaurenst ckauarb ero SPICE mopens m g00aBUTh B MOAXOIALLMI
KopIIyC.

PROTEUS 7 cocTouT U3 ABYX OCHOBHBIX MOJIYJICH:

ISIS — rpaduueckuii pegakTop NPUHUHUIHATIBHBIX CXEM CIIY>KUT JUIS
BBOJIa pa3pabOTaHHBIX IPOEKTOB C IOCIEAYIOIIEH UMUTanKel U epena-
yeil ans pazpaboTku nmewyatHeix miat B ARES. K tomy ke mocne otmaz-
KH YCTPOMCTBa MOXHO cpa3y pa3BecTH neuaTHyro miaty B ARES, xoro-
pasi OAAEP)KUBAET aBTOPA3MEILEHUE M TPACCHPOBKY IO YXKE CyILECT-
BYIOILIEH CXEME.

ARES — rpaduueckuii penakTop ne4aTHbIX IJIaT CO BCTPOSHHBIM Me-
HemxepoM Ombnmorek m aBrorpaccupoBukoM ELECTRA, aBromaTh-
YeCKOM pacCTaHOBKOW KOMIIOHEHTOB Ha MEYaTHOM IuiaTe.

PROTEUS nmeer yHuKaIbHbIE BO3MOKHOCTH.

USBCONN — 3TOT HHCTPYMEHT MO3BOJISIET MOAKIIOUUTHCS K peab-
HoMmy USB nopTy KoMIbroTepa.

COMPIM — 53TOT KOMIIOHEHT IO3BOJISIET BAllleMy BUPTYaIbHOMY
YCTPOMCTBY MOAKIIOUNTECS K peanbHoMy COM-niopty Bamero I1K.

IIpumepst:

— BBl MOXeTe MOAKIIOYHTH depe3 "mHypok" K cBobogHomy COM-
MOPTY COTOBBIM TeneOoH M OTHaXuBaTh ycrpoiictBo Ha MK, kotopoe
JOJDKHO YIIPABJISATh MM.

— BBl MOXere noakinounth kK COM-nopty nt000e peanbHOE yCT-
POHCTBO € KOTOPHIM Ball co3fgaBaeMblii mpubop Oyaer oOmartbcs B
peaibHOCTH!

PROTEUS VSM — BenukonenHo paboTaeT ¢ MOMYISIPHBIMUA KOMITH-
natopamu Cu g MK:

— CodeVisionAVR (mns MK AVR)

— JTAR (ans mo0eix MK)

— ICC (mmaMK AVR, msp430, ARM7, Motorola)
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— WinAVR (ans MK AVR)
— Keil (s MK apxutextypst 8051 1 ARM)
— HiTECH (mns MK apxutextypsl 8051 u PIC ot Microchip)

Jl1s1 BBITOTHEHUS JTaO0OPAaTOPHBIX pabOT HEOOXOAMMO CMOICIHPOBATh
B Proteus maGopatopuslii crena. B nannoi# pabote Obuia y)e MoKa3aHa
npuONU3UTEIbHAS MOAEb cTeHAa Ha pucyHke 3.1. Teneps MBI OCTaHO-
BUMCSI Ha 9TOM MecTe, YTOObI oApoOHee paccMOTpeTh cozganue B Pro-
teus cxemsl U €€ MOJEIMPOBAHUS.

3.2. Paboma c Proteus

HauneM ¢ OTKpBITHS IPOrpaMMBbl, YCTAaHOBKY IIPOTPaMMBI IOIPOCHTE
y npenogaBatens. Ham Hy»HO OTKpbITh mporpammy ¢ Ha3zBanueM ISIS,
myTh K Hel sexut uyepe3 C:\Program Files\LabcenterElectronics\Proteus
7 Professional\BIN. Ilocie 3amycka ISIS.exe Ham oTkpoercs pabouee

OKHO, B KOTOPOM MBI COOCTBEHHO W OyJeM CO3[aBaTh HaIly CXEMY
(puc. 3.1).

O T
o - Tompiee Sy

He Vew 088 T

15d @

BT

+B>B0@ENEY

Puc. 3.1. Pabouee okHO mporpamMmsl Proteus
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Teneps HaM HEOOXOAMMO IMONACTH B OMOIMOTEKY MPOrPaMMBI, B KO-
TOpPOH yKe MMEIOTCS BCe HY)KHBIE DIIEMEHTHI. B 3Tol OmbnmoTeke coo-
PpaHHBI BCE€ BO3MOKHBIC 3JICMECHTBI, HUCIIOJIb3YEMbBIC B CO3AaHNUU ITPUHIIA-
NUaNbHBIX cXeM. UToObl BBI3BaTH MEHIO OHMOIMOTEKM HYXKHO HaMTH
kHOTKY cneBa Pick from Libraries (puc. 3.2).

I imegas - i Prfessons

File View Edit Tools Design Graph Source Debug Library Template

neEd @B ||+ +aaaav

L]
Dm 5:1 Kewsords: Resultz [Mo Filter):

'*' ||| I Device |
M atch wihale WwWiords?
Show only parts with models?
P DEWICES Extzgmms
Rl AT HEGAS =
:D: BUTTON
FaW-DC
E L2930
LED-GREEM .
o ot | e
o Data Corverters
Debugaing Tools
Diodes
ECL 10000 Sefies —
@ Electromechanical

Puc. 3.2. OcHOBHBIE KHOIIKH JIJIs1 CO3IaHHUS CXEM:
1 — Pick from Libraries; 2 — Devices; 3 — Terminals Mode

B otkpeBmemcsi okHe ectb crpoka Keywords, 3mece MBI BBOAUM
CJIOBO WJIM YacCTh CIIOBA M IIpH Hakatnw Enter moigydaeM Bce WMEIOIIHE-
Csl DJIEMEHTHI B 0a3e 10 BBEJCHHOMY 3ampocy. Tak e MOXKHO HalWTH He-
00XOJMMBIE 3JEMEHTHI C TOMOIIBI0 YK€ HUMEIOIIUXCH TYT KaTeropui
(Category). CripaBa MBI MOKEM YBUACTh CXEMaTHIECCKHUI BHJI DJICMEHTA,
KOTOPBIA OYyJeT MPUMEHSCTCS Ha CXeME M HaTypajbHBIA BUJ CO BCEMHU
pasMepamu (3TOro BUAa MOXKeT He ObITh). [locrme BeIOOpa armeMeHTa
kHOTKOW OK MM TBOWHBIM IIETYKOM, DIIEMEHT YCIOBHO ITOMEIAETCs Ha
KOHIIE BaIllero Kypcopa-kapauaama. YToObl MOMECTUTH DIEMEHT B HYX-
HYI0 BaM 00JacTh, HaBeIUTE TyJa Kypcop W kimkHHTe 1 pa3. Tak xe
mporpaMma CoXpaHseT Bce BEIOpaHHBIE DJIEMEHTHI B IaHHOM IIPOEKTE B
CITEITUAaIHFHOM II0JIE, C TIOMOIIBI0 KOTOPOT'O MOKHO MUHOBAB OHMOJIMOTEKY
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BCTaBIISITh HY>KHBbIE HaM 3ieMeHTHl (puc. 3.2). CBepxy Takxke oTobOpa-
JKarOTCs BEIOpaHHBIE BAMU AJIEMEHTHI. JlJIs Halero creHaa HeoOXOAUMBI
cleayrolue:

1) ATMEGA 8. MUKpPOKOHTpOJIIIEp

2) LED-GREEN. cBeToAHOABI TSI HHAWKAIAH C 3€JICHBIM

CBEUYCHHEM

3) BUTTON. kHomKka

4) MOTOR-DC. MoTOp ¢ HHIMKaIMeH KOITUIecTBa 000POTOB

5) L293D. npaiisep

Tak e HaM HYXHO MOJKJIIOUUTH MUTAHHE U «3eMJIo» K cxeme. s
3TOTO HalmeM OOBEKT ¢ HazBaHweM Terminals Mode (puc. 3.2). B or-
KpeIToM Tosie HaxoauM Groundu Power. ¥YcTanaBnuBaeM uX K BBIBOJAM
MHKPOCXEM WU IOACOCIHHSAEM «KapaHAAlIOM» COOTBETCTBYIOIIUE UM
KOHTAKTHI.

Bce 00bekThl B Proteus mub0 MHTEIUIEKTYalbHO MOJICOSANHEHBI Ha
MUTaHue (€CIM COOTBETCTBYIOIIHE BBIBOJBI OTCYTCTBYIOT KakK, HalpH-
Mmep, y MK ATMega8), mnbo Hy»KHO MOJICOSTUHUTD (TP HAIWYUH BEI-
BOJIOB Y JTaHHOTO 0ObekTa). [Ipu 3TOM 10CTAaTO4YHO MPOCTO COETUHHUTH
BBIBOJI VCC 3JIEKTPOHHOTO KOMIIOHEHTa ¢ 00bekToM Power (o3Hawaer
nuranue), a GNDc oObexktoM Ground. 3HaueHUs] HANPSHKEHUS U TOKa
Ul OOBEKTa BBICTABISAIOTCS aBTOMATHYECKH IPU MOIKIIOUYEHUH BBIBO-
JIOB MTMTaHMs Ha3BaHHBIX BhIIIE!

Jlanee Bce 37€MEHTHI Ha CXeME COEIUHSAEM MPOBOJaMH (B JaHHOM
ciydae JIMHUSAMH). [l 3TOro HaBOAMM Ha 3JEMEHT Kypcop-KapaHAall,
HOIEM MECTa, CHELUAJbHO OTBEACHHBIE I JMHUHU. B mnepexkpectuun
Kypcopa-KapaHJalia HOsSBUTCS MaJleHbKUN TPEYTOJbHUK, 3a)KUMAEM Jie-
BYIO KJIaBUILy MBIIIHM U TSHEM JIMHUIO K JPYTOMY 3JIEMEHTY, HaXOAUM
TAKOM e MECTO C MaJCHBKUM TPEYI'OJIbHUKOM U OTIIyCKAaeM KIJIABHUIIY.
AHaJOTMYHO COETUHSIEM BCE IEMEHTHI.

UtoO0BI yCIOBHO 3amicaTh NPOrpaMMy B BUPTYaJIbHBIA KOHTPOJLIED, B
nporpaMme Proteus Hy)XHO HBaXKIbl KIMKHYTh IO KOHTpoJulepy. B ot-
KPBIBIIEMCS] OKHE HY>KHO yKa3aTh IyTh K CO3JJaHHOMY BaMu hex-daiimy
B cTpoke Program File, nocie Haxare kaHonky Ok (puc. 3.3).

Kpome Toro, B okHe HacTpoiiku BupTyansHoro MK ects moms, rae
CJeMyeT YCTaHOBUTH TapaMeTphl COTIacHO puc. 3.3.
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g 0 oae)
Component Reference: 111 Hidden: [ ok
Component ' alue: IATMEGAS Hidden: [

Help

PCB Package: [DiLzanar “l[2][Hidesr <1 [ pata |
Program File: I|N32 [annapaTHel Talirmep] Nl Hide All ;I Hidden Fins I
RSTDISBL [Dizable reset] RpTogramme: ~ | Hide &l Ll

i ——

WDTON (Enable watchdag) | (11 Unprogrammed | [Hidean  ~|

CKOPT [Oscillator Options) |[1] Unprogrammed ;I |Hide Al ;I

BOOTRST (Select Resetvector) | (1) Unprogrammed | fHidear  ~|

CKSEL Fuses: | [m00)1rtRE BMHz x| |Hidean  +|

Boot Loader Size: 1001 1024 words. Starts at 0<00 > | [Hide sl ~|

SUT Fuses: J(0n) | [Hidear — ~]

Advanced Properties:

Clock Frequency =] |iDefauly [Hide s ~]

Other Properties:
[ Exclude from Simulation [ Attach hierarchy module
[ Exclude from PCB Layout [ Hide common ping
[ Edit all properties as text

Puc. 3.3. 3anucs hex ¢aiina B MK

VYrpaBneHre cMOAECTUPOBAHHON CXEMOM MPOM3BOJUTCS C TOMOIIBIO
KHOTIOK [ % T [ i [ m 1.

Ecnu Bce crenaHo npaBMIIBHO, TO MPH 3alyCKE MOJEIH Bbl yBHIUTE
TOYHO TaKylo ke paboty MK, Kak 1 Ha peanbHOM CTEHJE.

Jn1st KOppPEeKTHOTO OTOOpayKeHUSI CKOPOCTH BPAIICHUS JBUTATEIS B
Proteus, He0O0X0AMMO BBIOPATh COOTBETCTBYIOIIHE ITAPAMETPHI UCTIOIb-
3yemoro asurarens (puc. 3.4).

BricTaBnsieM Bce 3TH 3HAYEHHUS COTIIACHO pHcC. 3.4.

Jnst uccnenoBaHusT U3MEHSIEMBIX XapaKTEpUCTHK B ProteusmoxxHO
UCTIONB30BaTh ocumniorpad (0coOSEHHO MOHAAOOUTHCS B CIEMYFOIIUX
nabopatopHbIX padortax). Ona Haxogutcs B Virtual Instruments Mode
(puc. 3.5).
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Carmponhent Beference: I Hidder: [
Component Y alue: I Hidder: [
LIS Madel File: [peMoToR [Hidedn  ~| Carcel |
Maminal ¥ oltage: |5V IHide Al j

Coil Fesistance: I1 2 IHide Al j

Cail Inductance: I1 00mH IHide Al j

Zero Load APM: 1000 [Hidean  ~]

Load/Max Torque 2 |50 [Hidean  ~]

Effective Mass: |0.00001 [Hidean  ~]

Other Properties:

[ Exclude fram Simulation [ Attach higrarchy module

[w Exclude from PCB Layout [ Hide comman pinz

[ Edit all properties as text

Puc. 3.4. I3meHeHne napaMeTpoB JBUraTeNs:
nominal voltage — HOMUHaJIBHOE HAIPsDKEHHUE; coil resistance — cONpoTUBICHHE
KaTyiky; coil inductance — KaTyIIKH HHIYKTUBHOCTH;
Zero load — HyneBas Harpy3ska; Torque — Kpy TSI MOMEHT;
Effective mass — a¢ppexTuBHas Macca

[MToxxmrouaeM OWH M3 4 KaHATOB K HYXKHOW 9aCTH CXEMBI U HOJTyda-
€M Hy)KHbIe HaM xapakTepucTuku. OOpaTuTe BHUMaHUE HA TO, YTO OC-
mutorpad MoKeT BbIIAaBaTh NPeoOpa3OBaHHBIE CUTHAJBI B 3aBUCHMO-
CTH OT TOTO, Ha KaKoil BBIBOJ BbI MOAKIIIOUMINCE (PUCYHOK CHI'HAJA Ha
KapTHHKe ocumwuiorpaga B ProteuscooTBETCTBYET MOIy4aeMOMY CHUT-
Haiy). Be3oB ocummiorpada mpoucxoaut u3 Bkiaaaku Debug>Digital
Oscilloscope B pexumMe CUMYIISIII.
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Atmega8 - ISIS Professior

File View Edit Tools Design Graph Source Debug Library Template System Help
DEH &6 @ #|4QQEQ ||D¢ ¥R TEEE KRS ||/ RAABRENEA
k| C

o190

< [pamnes PomAwoD

COUNTER TIMER
VIRTUAL TERMINAL
SPI DEBUGGER

|12C DEBUGGER
SIGMAL GENERATOR
PATTERN GENERATOI £V
DCWOLTMETER GiiS
DC AMMETER
ACVOLTMETER
ACAMMETER

i
POTIAY

+ErU@BN\[EY YO ERE Y e+

I »

q
[» T [0 [ W ][@ vobessanes || [Raat sheet1

Puc. 3.5. Beibop ocumnorpada

4. OnucaHue JJadDOPaTOPHOTO CTEHAA

YerpoiictBo MK ATMega8 mbl m3yumimm. Ocranocs pazoOparbes B
TOM, KaK MPaBUIBLHO BCE MOIKIIOYUTE (puc. 4.1).

Ha puc. 4.1 n3o00paxeHo MOAKIIIOUEHHE ApaiiBepa K JBUTaTeIo, caM
JBUraTesb, 2 KHONKH M 4 CBETOAMOJA, MOAKIIOYEHHBIE K MUKPOKOH-
Tpoyutepy. CBerommonsl moakmouaiorcsi kK MK uepe3 pesucropsr
220 OwM, u3-3a CBOHCTB MPOIyCKaHUs TOKa quofaMu. Kak Bce 310 pabo-
Taer, OyJeT 3aBUCETh OT TOT0, KaK Mbl HamuiieM mnporpammy. Ocranoch
pazo0patbcs B Ha3HAUCHHUH JpaiiBepa st npuratenst L293D.

Jns ynpaBieHus OBUraTelsMH HEOOXOIMMO yCTPOMCTBO, KOTOpOE
OBl IpeoOPa30BHIBANIO YIPABIISIONINE CUTHANBI MajOHd MOIIHOCTH B TO-
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KM, JOCTaTOYHBIE ISl YIPABICHUsI MOTOpaMu. Takoe yCTPOHCTBO Ha3bl-
BalOT JpaiiBepoM JBUTATENEH.

L293D coaepxut cpa3y ABa ApaiiBepa JUIs yIpaBleHUs dIEKTPOBU-
raTteixsiMy HeOONBLIONH MOIIHOCTH (YeTHIpe HE3aBUCUMBIX KaHana, 00be-
JUHEHHBIX B JIB€ mapbl). MIMeeT nBe mapbl BXOAOB VIS YIPABIISIOIIUX
CHUTHAJIOB M JIBE Tapbl BBIXOJIOB JIJISI MOJKITIOYEHHST 3JIEKTPOMOTOPOB.
Kpome Toro, y L293D ectp ABa Bxoja il BKJIIOYEHHS KaXKJIOro M3
IpaiiBepoB. OTH BXOIBl HCIIONB3YIOTCS U YIPaBICHUS CKOPOCTHIO
BpalleHus] 3JEKTPOMOTOPOB C IOMOMIBIO IIHPOTHO-MOJYJIHPOBAHHOTO
curHazia (ILIUM).

=] FBOICP1 PCOADC0
7= FE1OC1A PCIADCT - 7
——| PEXESIOCIB PCADCE —{Nt vss Vs oum —
km PEIMOSIOC2 PCAADC — 2 QUT2 f
T Feamaso PCAADCASDA EN1
=1 FPESSCH PCHADCSSCL
75— FESTOSCINTALY PCRRESET 3
PETTOSCXTAL2 75— Enz T
PLORAD i b LN
ppg?:m;g =M GND GND CUT4 —
AN
ATMEGAS e
POATONCK
o PDST
‘.;U— AREF POEAMD
S aves POTAN
MOTOR = ond

Puc. 4.1. IlpuHuunuaneHas cxema 1abopaToOpHOTo CTEHIa

L293D obecmeuynBaeT pasieieHHE JJICKTPONMUTAHUS IJII MHKPO-
CXEMbI U IJId YIPaBJIACMBIX €10 ,[[BI/IFaTeJIeﬁ, YTO ITO3BOJIACT ITOAKIIIO-
YUTh 3IEKTPOJBHUraTed C OOJNBIIMM HANPSHKCHHEM IUTAHHS, YeM
Yy MHKpOCXeMBbl. Pazenenne aneKTponmuTaHusi MUKPOCXEM U JJIEKTPO-
IBUTATENIEH MOXET OBITh TakKe HEOOXOAUMO JUISI YMEHBIIICHHS
MOMEX, BBI3BAaHHBIX OpPOCKaMH HAIpPsDKEHHUS, CBSA3aHHBIMU C pabOTOMH
MOTOPOB.

[TpuaTIMT pabOTH KaXI0TO U3 APAWBEPOB, BXOSIINX B COCTAB MUK-
pPOCXEMBI, WACHTHYEH, [T03TOMY PAaCCMOTPUM NPUHLIUI PadOTHl OJHOTO
u3 HuX (puc. 4.2).
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INPUT 1 OUTPUT 1

0

MOTOR 1

ENABLE1

—

INPUT 2

—

QuUTPUT 2

Puc. 4.2. Cxema npaiiBepa nBuratenei

K Beixomam OUTPUTI u OUTPUT2 noakiro4yuM 3JIEKTPOMOTOP
MOTORI.

Ha Bxoq ENABLEI1, Brirowaromwmii apaiBep, mogaauM CUTHam (co-
€JIMHUM C TOJOXHUTEIbHBIM IOJIOCOM MCTOYHMKA nmuTaHus +5V). Eciu
nipu 3ToM Ha BXoasl INPUT1 u INPUT2 He mogaroTcsi CUTHAJIBI, TO MO-
TOp BpallaThCs He OyeT.

Ecmu Bxog INPUT1 coequHUTE ¢ HOIO0KUTEILHBIM IIOJIIOCOM HCTOY-
Huka nutanus, a BxoJ INPUT2 — ¢ oTpuniarenbHbIM, TO MOTOP Ha4HET
BpaIarbCsl.

Ecau coequuuts Bxon INPUTI ¢ oTpunaTenbHBIM MOJIOCOM HCTOY-
Huka nutanus, a Bxoa INPUT2 — ¢ monoxutensHbIM. MOTOp HayHET
BpaIaThCs B APYTYIO CTOPOHY.

[Momaaum cUrHaNIBI OJJHOTO YPOBHS Cpa3y Ha 00a yIpaBISIONIMX BXO-
na INPUT1 u INPUT2 (coennHHTH 00a BXOJa C TTOJOKHTEIBLHBIM IOJIIO-
COM HCTOYHHWKA MMUTAHUS WIIH C OTPHUIIATEILHBIM) — MOTOP BpaIiaTrhbCs He
Oyner.

Ecmm mb1 yoepem curnan ¢ Bxona ENABLE], to npu nro0bix Bapu-
aHTax Hanuuusg curdanoB Ha Bxogax INPUTI1 u INPUT2 motop Bpa-
matbes He Oyner.

[IpeacraButh Mydille TPUHIMI PAOOTHI IpaiiBepa IBUTATENsI MOXKHO,
paccmotpeB Tabm. 4.1.
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Tab6nuua 4.1

Jloruka paboTsl npaitBepa

Enable Input 1 Input 2 Output 1 Output 2
1 0 0 0 0
1 1 0 1 0
1 0 1 0 1
1 1 1 1 1

Tenepp paccMOTpUM Ha3Ha4Y€HUE BBIBOJOB MHKpocxeMmbl [.293D
(puc. 4.3).

ENABLET []1 18] vss
weut1 ]z 150 nNPUT 2
output1 ]2 14| output 4
eno []a 13]] enp
ano []s 12| enp
output2 e 11| outpuT 3
meut2 7 10] INPUT 3

vs O]sa o] ENABLE 2

Puc. 4.3. Hazuauenue BoiBofoB L293D

Bxomsr ENABLE]1 1 ENABLE2 oTBedaroT 3a BKIIIOUEHHE KaKIOT'O
U3 JIpaiiBEpPOB, BXOJISIINUX B COCTAaB MHUKPOCXEMBI.

Bxonet INPUT1 u INPUT2 ynpaBasioT ABUraTesieM, MOAKIIOUEHHBIM
k BeixogaM OUTPUT1 u OUTPUT?2.

Bxoast INPUT3 u INPUT4 ynpaBisroT ABUraTenem, NoAKIIOYEHHBIM
k BeixogaM OUTPUT3 u OUTPUTA4.

KoHTakT VS COEOUHSIOT ¢ MHOJOKHUTEIBLHBIM ITOJFOCOM HMCTOYHHKA
3JIEKTPONUTAHUS JABUTATENIEH WM MPOCTO C IMOJIOKUTEIBHBIM MOJIOCOM
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MUTaHUsS, €CIIU MUTAaHUE CXEMbl U JBurateneid eaunoe. Ilpoiae rosops,
3TOT KOHTAKT OTBEYAET 3a MMUTAaHHUE JJIEKTPOIBUTATETIEH.

KoHTakT Vss COENUHSAIOT C TMOJOXHUTEIBHBIM IOJIIOCOM HCTOYHUKA
mutaaus (+5V). DTOT KOHTaKT oOecleyrBaeT MUTAaHWE CaMOW MHUKPO-

CXCMBI.

Uetsipe koHTakTa GND coemuustor ¢ "3emieit" (0OmEM MPOBOIOM
WKW OTPULATCIIBHBIM IIOJIFOCOM HMCTOYHHKA HI/ITaHI/I}I). KpOMC TOTO, C
MOMOII[BIO ATUX KOHTAKTOB OOBIYHO 00ECTIEUUBAIOT TEMIIOOTBO OT MUK-
POCXEMBI, IO3TOMY HUX JIYUIIE€ BCETO pacrianBaTbh Ha JOCTATOYHO IIHUPO-
KYIO0 KOHTAKTHYIO TUIOIIAJIKY.

XapaxkrepucTuku Mukpocxembl L293D:

HampspKeHUe nuTanus npuratenei (Vs) — 4,5...36V
HaIpsDKECHUE TTUTaHUS MEKPOCcXeMBI (Vss) — SV

JIOTTY CTUMBIH TOK Harpy3kd — 600mA (Ha KayKIbIi KaHa)
MMHKOBBIN (MaKCHMaJIbHBIN ) TOK Ha BeIxoae — 1,2A

(Ha KaXKABIH KaHa)

nmoruyeckuii "0" BXoaHOTO HampspkeHus 1o 1,5V
nmoruyeckas "1" BxonHoro Hanpspkenus — 2,3...7V
CKOPOCTH nepekitoueHuii 1o 5 kHz

3aIuTa OT Meperpesa.

Ha puc. 4.4 npuBenena cxema npocteiiero LPT-mporpammaropa.
OH COCTOWT BCETO W3 5 MPOBOJOB, MOAKIIOYaeMBIX K moptam MK, mo-
STOMY OH TaK H Ha3bIBaeTcs «[I4Th MPOBOIKOBY.

"5 npoeogkoe" ans AVR k LPT, [ "
MPOBEPEH ! ¢ e
¢ CodeVisionAVR jayycrope | ——1< H=
ISP He obazarenbHbl 1< }T
MEA 4x 150 Om .C>1.
- I =
— 1< >

1< >
— 1< M=
— T b B
E T =
3 € =

1<
n——“'"

Puc. 4.4. Cxema LPT-nporpammaropa
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Pesucropsr B 150 Om myxHBI as 3anmTel LPT mopra ot TOKa, KOTO-
peiii Beimaer MK. IlpoBona Hampsimyro moakirodaioT K Hokkam MK u
MOJKHO TIPOTPaMMHpPOBaTh. JJIs1 HaIe)KHOCTH MPOTPAMMHPOBAHUS HOXK-
ki MK Reset u Vcc coequnstor pesuctopom B 10 kOm, Reset 1 GND—
KepamuueckuM kKoHjaencatopom Ha 0,1-0,015 mx®. ITocne cOopku Tako-
ro nporpammaropa npu Hanuuuu LPT mopra mMokHO 3amporpaMmupo-
BaTh 000N MUKpPOKOHTposuiep AVR, 4To MBI 1 Hay4UMCs IeTIaTh B Jia-
OopaTopHBIX paboTax.

Henocrarkom LPT nporpaMmaTropoB SIBISETCS UX JUIMHA IIPOBOAOB —
He OoJblie 15 ¢M, a eciik OOJIbIIIE, TO 3aMCh JIMOO MeIeHHas1, 1100 ¢
ommnOKkamMu. EqHCTBEHHBIN CITOCOO HMCITONB30BaTh JIUHHBIE TPOBOJA —
3TO YepenoBaTh KaKbli CUTHANBHBIN MPOBOJ C 3€MJIEH MM HUCIOJIb30-
BaTh KAYECTBEHHBIN SKPaHUPOBAHHBIN KaOeb.

Ouenp BaxkHO 3HaTh! IIpn mporpammupoannn MK, cam MK nomken
nurtarbes oT S BoubT.

[Ipumeuanust k mporpaMMaTopy

[Tocne Toro, kak mporpaMma HampcaHa, 0cTajoch 3amucaTth ee B MK.
Jlns aroro BeIMONHSIEM nelicTBus corjlacHo puc. 4.5, 4.6 (ecnmm mpo-
rpammarop LPT) wnm cormacuo puc. 4.7 (ecnu nporpammarop USB).

[Iporpammatop y wac cepum STK 200+/300 (t.e. LPT). Ecnu wuc-
nmosp3yercs mporpammarop USBAVRI10, ommcanme pabGoTel ¢ HUM
CMOTPHUTE HIXKe. 3aJepiKKa MEXIY CUTHAJaMH BIHAET Ha CKOPOCThH 3a-
MUCH ¥ UCTIOJB3YETCs, €CNIM y MporpammaTopa AJIUMHHbBIE TpoBoja. Hc-
nonb3yercst nopt LPT1. Hactpoitky SCK Freq MOXHO MeHSTh, OHa
BIIMSIET Ha YacTOTy CTpoOa, KOTopas Takke MOKET TOMOYb, €CIIH Y TPO-
rpaMMaTopa AJUHHBIE IPoBoJia. Bee ocranbHble HACTPOWKH BBICTABUTH
coryiacHo puc. 4.5.

Yactp pucyHka noanvcana kak «He ncnombs3oBaTe» — 3TO yCTaHOBKa
¢B1030B 1 KOMaHza program all(zamuch Bcero, B TOM 4ucie U (bIO30B
Jlake, ecii He cTouT raimouka Program Fuses). ®@bro3bl — ocoOble
HACTPOMKH AJI1 NU3MEHEHUsI HeKoTopor pyHkunonamsHocTH MK. Ux me-
penporpammupoBanue 0e3 0coObIX 3HaHMU MPUBEACT K TOMY, uTo MK
Oyzer ucmpaBeH, HO Bbl HUYErO HE CMOXETE C HHM CAENaTh B CHIY,
OJIOKMPOBKH HOXKEK OTBEYAIOIIUX 32 TOCIIEI0BATEeIbHOE IPOTPaMMHPO-
BaHHe. UTOOBI €Tr0 BOCCTAHOBUTH, HEOOXOANMA JIOPOTOCTOSINAS armapa-
Typa (K mpuMepy, HapajuleibHBI NPOrpaMMaTop WIM PpPEaHuMaTop
¢pro30B)!!!!
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! pile Edit Search View Project Iools

Deo-HuEgoan | mE
R B R T S
E: Code Navigalor %@ | % Code Inforr

B DE [Kanda Systems STR200+/300 = |
= Pirier Fork

& Editor
% Debugger

" Programmer

Settings Help

& Programmer Setti.. S

AVR Chip Programme Type:

(7)BO1=0 BO2=1
(/B01=0B02=0
() BO1=1 BD2=0

~)B11=0B12=1
) B11=0B12=0

) B11=1B12=0

D -k @O || % CodeWizardAVR  Shift+F2 3apeprka
igh M o 0 Mo i o3 %3 |  Debugger Shift+£3 mexay
[ I TTE e g
5 Code Navigatee S8 e Chm Programmer  Shift+F4 cUrHanamm
E] 9‘5 §ﬂztm““ # Terminal ShiftsF5
0o Pl & Configure
§ e T e R W
File Edit Program Read Compare Help |
I Chip:  [ATmeges ~| I |% Programai|  [@ ResetChip|
SCK Freq. : (460800 - Hrl ‘
— FLASH EEPROM
Start 0 h End: FFF  h Start 0 h  End: 1F
o
Checksum: E0OTHh Checksum: FEOOh __:'-"’- He
MCNoNb30BaTb
Chip Programming Options:
[ CKSELO=0
™ CKSEL1=0
& L ™ CKSEL2=0
I Programming disabled I~ CKSEL3-0
|__® Programming and verification disabied] | SUT9-0
™ BODEM-0
BootLock BitD Boot Lock Bit1 F BODLEVEL=D
(@) BO1-1 BO2=1 @Bn-1812-1 |- BOSTESTSD

C BOOTSZ1=0
[T EESAVE=0

I RSTODISBL=0

|| Check Signature || Check Erasure Preserse EEPROM [ Verify

Puc. 4.5. 3anmuce nporpammel B MK
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[Tocne Toro, kKak HACTPOHITU MPOTPAMMATOP COTIIACHO pUC. 4.5, MOXK-
HO MIPUCTYIHTD K MPOrpaMMHUPOBaHHIO (prc. 4.6).

& CodeVisi Chip - STK! Hi

File Edit Prugrdlu@(ummn: Help Edit Program Read Compare Help

S q | cISTHE 3
Chip:  |ATmeges % EEPROM {eget Chip | & Load EEPROM | & * Fogiamal| | @ Regetchip
SCK Fren.: (460800 M (SR L] I Save FLASH w|Hz
FLASH & Lock Bits B Save EEPROM e
|| St o h £ FuseBitls) IFF h % Edt WFFF h  Smtp h End IFF  h
%% Calibration Byte(s) % - y
Checksum: ED00h G Chip P - STK!
| Programmer’s Firmware Version | = LK File Edit "W'm Read Compare Help |
% C ionAVR Chip - §TK % EraseChip | 4
i File Edit Read Compare “Jelp ChiP | % Blank Check || “¥| % Programl| | (& Riaget Chip
|| "% BlankcCheck | & Progromad| | @ Reet Chip FLasH % EEPROM —
SCEFH & FLASH yH Start 0| % Lock Bits | b Swmro h End IFF h
FLasH| % EEPROM EEFROM Checks W Fuse Bit(s) Checksum; FEOOh

Stert 0| % Lock Bits Ih smrp h End IFF h & Al

Puc. 4.6. ITocnenoBaTelbHOCTh ACHCTBUAM I 3alIUCH
nporpammsl B MK

Crauana npoBepseM curHarypy unmna (aeiictsue 1). Ecin nmosiBunocs
OKHO C OUIMOKOM, TO CTOUT MPOBEPUTH MOAKIIOUEHHUE, B YACTHOCTH TIH-
tanne MK; nmompoOyiiTe yBeIHuUTh 3aJepKKy B HACTPOHKAaX MPOrpam-
MaTtopa. Ecmu HUYero He BBIXOIIUT, TO CIEAYET MPOBEPSITH BCIO CXEMY
LIEJIMKOM, a Takxke paboTocrnocooHocTs LPT mopra y kommbioTepa.

Ecnm xe moiay4yuiau OKHO, B KOTOPOM NpOrpamMma yBHJENA, YTO 3TO
ATmega8, To mpucTynuM K cTupaHutio unmna (neficteue 2). UHorma mo-
SIBJISIETCSI OKHO C OMMOKOW CTHpPAHUS — 3TO MOXKET OBITh JAedeKT m3-3a
JUIMHBI TIPOBOJIOB IporpaMmaTopa (cleayeT ONsTh K€ YBETUYUTh 3a-
Iepkky) unu cooit B camom MK (cnenyer BeIOpaTh kKoMaHzmy Blank-
Check, koTopast HCTIpaBUT MPOTPaMMHBIN cOOM).

ITocne Toro, kak cTupanue (UIBII-TAMATH YUIA TPOU3OLLIO YCIIeHI-
HO, MO’KHO 3aIicaTh B HETO HOBYIO Iporpammy. s 3TOro Hy’>kHO 3a-
rpy3uth ee B Oydep oOmeHa (meiictBme 3), mocime komaHasl Load
FLASH B mosiBuBImIEMcs OKHE BBIOMpaeM (ail mporpaMMmbl (MMeeT
pacupenye hex B mamke Bamleid mporpamMMmbl) — BCTpEYald €ro mpu
koM — 310 HEX-daiin, koroperit CodeVisionAVR ckommmm-
poBaiia s 3anucu B MK.
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[Tpumeuanue: hex ¢aitn Haxoautcs B mamnke [lanka camoli mporpam-
Mbl/Exe

®aiin 3arpy3unu. s 3anucu Beidepem komanny FLASH.Bb1 yBuau-
T€ OKHO Iporpecca, KOTOPOH OyneT M3BeUlaTh O MPOLIEHTE 3aluCaHHON
nporpaMmsl. [locie 3TOro mpou3oHIET CpaBHEHWE 3alKMCaHHOM Mpo-
rpamMMBI, ¢ mporpamMmoil B Oydepe ooMeHa. Ecim Bce mpousonuio yc-
MEIIHO, ¥ BBl IPABUIBHO HANKMCAIH NPOTrpaMMy, TO YBUAUTE ee paboTy
Ha creHae. Ecny e 3amuch mpousonuia ¢ OMMOKON, TO TOBTOPUTE BCE
3aHOBO, HAUMHAS CO CTHPAHMS.

MK paccuuran Ha 10 000 3anmceii (MOXeT ObITh M MEHBIIIE)!

Ecnu nmporpammarop USB

Ecnm B xauectBe mporpammaropa uctois3yercs USBAVRI10, To mo-
cie ycraHoBkH ero B USB IIK Hauner uckate apaiiBep ans HoBoro USB
ycTpoiictBa. ClieyeT OoTKa3aThCsl OT aBTOMAaTUYECKOW YCTAHOBKU M yKa-
3aTh MyTh K MaTKe C ApaiBEpOM COTIIACHO OTEPAIlHOHHON cucTeMe (Ipai-
Bep CIpocuTe y Ipemnojasarens). Eciau oneparyioHHas cucteMa He Mpe-
JIOXKWIIa BBIOpATh paiiBep, a MPOCTO BbLAANA COOOLIEHHUE, YTO TAKOBOM He
YCTaHOBIIEH, TO CIEAyeT nepeiTu B JlucneTyep yCTpOUCTB, T€ Bbl YBUIU-
TE HEOMO3HAHHOE YCTPOWCTBO, KOTOPOMY HEOOXOANMO OOHOBHUTH JpaiiBep.

ITocne ycTaHOBKM Y Bac MOSIBUTBCS HOBOE YCTPOMCTBO, KOTOPOE MMeE-
et BupTyansHbii COM-miopr (puc. 4.7).

Hanee myxno B CodeVisionAvr BbIOpaTh WMMEHHO A3TOT MPOTPaAM-
matop — AtmelAVRProg (AVR910) — u yxazatb HoMep nopra.

CodeVision ¢ USB mnporpammaropoM pa0oTaeT O4YE€Hb MEIJICHHO
(cTHpaHHe TPOUCXOIUT OKOJIO MUHYTHI) U3-3a TOTO, YTO OH «HE yMeeT»
MIPAaBUJIBHO MEPECHIIATh MAKETHl JaHHBIX 1o npotokony USB. Ho cyme-
CTBYET Ipyras mporpamma, KoTopas IpeJHa3HaueHa UMEHHO IS 3TOTro
nporpammaTtopa — AVRProg, — HamucanHas caMuUM IIPOU3BOJUTEIEM
MK (ee TOke MOXXHO B35Th y NpENOAaBaTelisi WM CKayaTh C CalTOB).
Ot10 mporpamma BXoauT B mmaker AVRStudio. Ee MoxHO mpocTo KOmH-
poBaTth Ha npyrue [1K 6e3 nakera AVRStudio.

AVRProg 3amycTuthcs B cilydyae, €cli OHAa Halllla MporpamMMaTop B
coucke yctporict 1K, Ecnu 3amyck He mpou3olien, NpoBepbTe BCE KOH-
TakThl. Ecnim oHa 3ammycTisiack, TO MOSBUTHCS OKHO, T/I€ YENIOBEK, 3HAIOMINI
aHIIMICKUH 3bIK, 0€3 TpyIa MOWMET, KaK ¢ Hel oOparathes (puc. 4.8).
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| £/ fucneTuep ycTpoHcTe

KoHcone  fAeficTere Bua  Cnpaeka
He oF 5 %=X of

| YEGORICH

B& Acronis Devices

i DVD 1 CO-ROM amnckosoakl

=2 IDE ATAJATAPT KOHTRONNEDE!

B& Jungo

§ ErasoaaanTepel

ﬂ, AMCKOEO AR THBKHY AHMCKOE

g JNCKOBRIE YCTPOMCTEE

@), 3EvKOBLIE, BHASO M HIPOBKIE YCTPOFCTEA

‘i KnagmaTypel

j KoMnstaTep
KoHTponnEpk FHBKHY AMCKOE
KoHTROANERE! YHHEEPCANEHOH NOCNEA0BATENEHON WHHE USE
MOHHTOPEI

';') MEILLM M HHEIS YESSEIESHIWLME YCTRORCTES

-~ Nopre (COM K LPT)

O s Ry 8

néyi MopT NpkHTEPS (LPT1)

Puc. 4.7. YcraHoBka npaiiBepa Ui IporpaMmmaTopa

== = |

Hex file

DADOWNLOAD S, AERehME2 hey

Esit.

Flazh

Program Werify | Read |
EEFROM

Program | Werify | Read |
Dewvice

ATmegal j I Advanced... I

Puc. 4.8. Oxno nporpammer AVRprog
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5. Ynpasienue 3JieKTpoABUraTeIeM

JladopaTtopHas pa6ora Ne 1

BKJIIOUEHME JIBUTATEJISI U CBETOJUOIA
(MHIUKATOPA) HA ONPEJEJEHHBII MPOMEXKYTOK
BPEMEHU, UCNOJIb3YSI IPOTPAMMHBII TANMEP.
YCTPAHEHME JIPEBE3I'A KOHTAKTOB

Hean paGoTsi:

Hayuutbcs ucnonszoBate noptel MK a1 BKIIOUEHHS TBUraTeNsl HA
ONpEeNIECICHHBIA MPOMEKYTOK BPEMEHH, a TAKXKE JISl BKIIOUEHHS CBETO-
JIUOJI0OB W pearupoBaHusd Ha HaxaTue KHonku. Ha ocHoBe cBeneHuMi
MIPHUBEJICHHBIX HUKE YCTPAHUTh Jpede3r KOHTAKTOB.

OO01ue cBeIeHNA:

Paccmorpum ctpyktypy MK. IlopT umeere Tpu yactu (OHH K€ KO-
MaHJbI B A3bIKe CH++):

e  DDRX (peructp HampasiieHuUs Niepeadn JAaHHBIX) — OIIPENIENSET, SB-
JsIeTcsl TOT WIIM MHOM BBIBOJL TTOPTA BXOZAAM HIJIM BBIXOJIOM; €CITM HEKOTOPBIN
pazpsin peructpa DDRx coaepskut normdeckuii 0, To COOTBETCTBYIOIINIA BBI-
BOJI TIOPTa CKOH(HUT'YPUPOBAH KaK BXOJI, B IPOTUBHOM CITy4ae — KaK BBIXO]T;

e  PORTX (peructp mopra) — €CIIi BBIBOJ BBIITOJHACT POJIb BHIXOIA,
TO B COOTBETCTBYIOLINIA pa3psifl 3alFICHIBACTCS 3HAYECHHE, ITPEAHA3HAYCHHOE
JUTS BEIBOJIA; €CITH BBIBOJI BBITIOJHSIET POJIb BXO/A, TO JIoTHUecKuii 0 B HEKO-
TopoMm pazpsizie peructpa PORTX cooTBEeTCTBYeT BBICOKOOMHBIA BXOJ, a
normdeckasi | — BXof, Harpy>KEHHBIH TOTSTHBAIOIIAM COTIPOTHBIICHUEM;

e PINx (peructp BBIBOIOB MOpTa) — B OTJIMYHE OT PETUCTPOB
DDRx u PORTX mOCTYNEH TONBKO HAJsl YTEHHs] U MO3BOJIAECT CUUTATh
BXOJIHBIC JaHHBIE MTOPTa Ha BHYTPEHHIOIO IINHY MK.

B cxeme ucnonp3yercs KHOIKa, MMEIOIIAs OAHY TPYIIy U3 JBYX
HOPMAJIBHO Pa30MKHYTHIX KOHTaKTOB. A €ClH €CTh KOHTAaKThl, 3HAYUT,
€CTh | ApeOesr 3THX KOHTAKTOB. Temeph pacCMOTPUM CIIOCOO OOPHOBI C
npebe3roM KOHTAKTOB IMPOTPAMMHBIM ITyTEM.

Camplii mpocToit crocod 60pLOBI ¢ Apede3roM — BBEICHHE B IPOTPaMMy
CHeualbHBIX 3a7epikek. PaccMoTpuM 310 oapoOHee. Haunem ¢ ncxoHo-
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TO COCTOSIHUS, KOT/1a KOHTAKThl KHOIIKM pa3oMKHYTHI. [Iporpamma oxugaer
WX 3aMbIKaHUs. B MOMEHT 3aMbIKaHuMs BO3HUKAET IpeOe3r KOHTaKTOB.

Jpebe3r npuBOAMT K TOMY, YTO HA COOTBETCTBYIOILIEM pa3psiae mopTa
PD BmecTo mpocToro nepexoja ¢ eJUHHIBI B HOJIb MbI TIOTYYUM CEPHIO
UMITyITBCOB. [l ToTO, 9T0OBI M30aBUTCA OT UX MApa3UTHOTO BIIHUSHIS,
mporpamma J0/bKHa cpaboTaTh CleayromuM oopazoM. OOHAPYIKHUB Tep-
BbIM K€ HYJIEBOM YpOBEHb HAa BXOJE, IpOrpaMma JI0JKHA MEPEUTH B pe-
JKUM OXHIaHus. B pexume oXuJaHUS MporpaMMa MPHOCTAHABIUBACT
BCE CBOM JCWCTBHUS U MPOCTO OTPadATHIBAET 3aIEPKKY.

Bpems 3anep:kku JOKHO OBITH BHIOPAHO TaKUM 00pa3oM, 4TOOBI OHO
MPEBBINIANIO BpeMs apede3ra KOHTAKTOB. Takyro ke HpoIenypy 3aiepx-
KM HY>XHO BBECTH B TOM MECTE MPOTPaMMBI, TJIe OHa OKUJAeT OTITyCKa-
HUS KHOIIKH.

Xox paGoThI:

[IporpammupoBanne koHTpoimiepa AVR B cpene CodeVisionAVR.
[Tocne 3amycka mporpaMMBbl pa3BopaduBaeTCst OKHO (puc. 5.1).

CodeVisionAVR - Gi\Ha meTogy no NYTOWVIaGopatopHeie (NpoekTalf\Ne1 (NpOrpamMmHei Ta.. = [ E

Fle Edit Search View Project Tools Settings Help

beg- oM E T 8BS
&z Code Navigator FH o £

&

75 Notes
[ nee
[B1 Other Files

11 Insert

Puc. 5.1. Oxno nporpammer CodeVisionAVR
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Hanee orkpriBaeM Bknaaky FILE, New (puc. 5.2).

CodeVisionAVR - G:\Ha meTogy no MYTOViaGopatopHeie (NpoekThi\l

E8 Edit Scarch View Project Tools Settings Help

B liew cri g S N 7
= Open i Y. @ SR g >
"._‘,‘geopen v o % fa L R - L

Motes @
(5 Close All

Page Setup

Print Preview
& print Cirl+pP
] Bxit Alt+F4

Puc. 5.2. Co3nanue HOBOro mpoeKTa

Bribupaem Project (puc. 5.3).

CodeVisionAVR - la meToay no

Elle Edit Search Yiew Project Tools Settings Help

Deo-HHE e S BB el
BN AN SR ROL 0 BEET B L
B Code Navigator x| Mates i

= &¥ Codevisionvh
=] @ Project: M=1
75 Notes
O Melc
[B Other Files
reate Hew File =

File Type

O Source

() Project

Puc. 5.3. Beibop mpoexra B CodeVisionAVR
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Janpmre cripocst, Oyaem nm ucnonb3oBath CodeWizard — cornarma-

emcs (puc. 5.4).

CodeVisionAVR - G:\Ha metogy no MYTOVIaGopaTopHbie (NPOSKTEINNE] (MPOTPaMMHBIH Ta. ..

b

= §¥ CodeVisiand¥R
= [§ Project Ne1
1) Notes

[ Mele

[§l Other Files

Fle Edit Search View Project Tools Settings Help

#h W Bm,
T8 Code Navigator 24 x |

omg ? BX 26T
TRLON BB
A2

Hotes

@, Youare about to create a new project
\._-_‘J Do you want to uss the CodeWizardAVR?

Puc. 5.4. Beibop macrepa CodeWizardAVR

Bri6upaem B cimcke MK Chip:ATmega8, u craBum yactoty Ha 8§ MHz

COIJacHo puc. 5.5.

% CodeWizardAVR - untitled.cwp

USART | Analog Comparator | ADC | SPI

12c 1 wiire Tl [12C)
Alphanumeric LCD
Bit-Banged Fioject Information
Chip Pots | EstsmalIRG | Timers

Clock: | 8,000000

[ Check Reset Source

Program Type.

Application

File Program Edit Help
bed® Q% B|?

Program Previsw

ZI MHz

Puc. 5.5. Oxno HacTpoiiku napamerpos pabotst MK Atmega8
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CrnenytommM feiictBueM BbIOMpaeM Bkianku Ports:PortC, rme Ha-
crpamBaeM TopThl C Ha BXO/BBIXO COTJIACHO pHC. 5.6.

b CodeWizardAVR - untitled cwp

File Edit Help
Dl | Q9 &) B|?
USART | Analog Comparator | ADC | SP) FEBE P
120 | twie | 2wiez)
LCD | Bit-Banged I Project Information
Chip | Parts | Extemal IRG | Timers Chip | Parts Extemnal IRQ I Timers
PortBI Part © IF'ortD FortB | Potc) Port D
Data Direction  Pullup/Dutput Y alue Data Direction  Pullup0utput Value
BitD _In Tl Bitd EBit0 Oul 1] Bitd
Bit1 Dut 1] Bit1 Bit1 Dut 1| Eit1
Bit 2 Out 1] Bit2 EBit? In T Bit 2
Bit3 In T| Bit3 Eit3 In T| Bit3
Bit4 _In Pl Bit4 Bit4 In T Bitd
Bit5 In F| Bit & Bit5 In T| Eit5
BitE _In T BitE EitE In T BitG
Bit7 In T Bit7
-

Puc. 5.6. Hactpoiika mopTOB BX0/1a/BBIX0Aa

OT10 HacTpoiika TpeOyeT mosicHeHuil. Ha BbIXom B maHHOH pabore
uzet 2 nopta C.1 u C.2 (cootBercTBeHHO B okHe Wizardato Bit 1 u Bit 2).
Uro0bI B Hadase mporpaMMbl BBIXOMBI OBLTH BBIKIIOYEHBI, HEOOXOIUMO
BBIXOJTHOE COCTOSTHHE TIOCTAaBHUTH B JOTHYECKyio 1 (umenHo 1, a He 0 —
Tak npuHATO BO Bcex MK B Hamem mupe). TOYHO Takke BBICTaBIsIEM
noptel D.0 u D.1 11 BKIIFOYEHUSI CBETOIUOIA.

Hopter C.4 u C.5 BKIIIO9aeM Ha BXOJ U BKIIIOYA€M y HUX COCTOSHHE
P — 370 03HauaeT, 4YTO K ITUM MOPTaM MOJKITIOYMIN BHYTPEHHUN MOATS-
THBAIOLIMHA PE3UCTOP AJISI COTJIACOBAHUS YPOBHEH (TaK BBICTABISETCS
BbIX0 Ha KHOMKY). CoOTBeTCTBEHHO cocTosiHme T — transito3Hadaer
OTCYTCTBHE PE3UCTOPA Ha BBIXOJIE.
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ITocne TOro, Kak BCE YCTAHOBJIEHO, COXPAHSEM 3aroTOBKY IPOEKTa
(puc. 5.7).

CodeVisionAVR - G:\Ha || £ CodeWizardAVR - unfitled.cwp

Ble Edt Search View efVEM et pop

o~ ] & W
siliete Sk bwB 2
0 Qpen
Lrgar E - rogram Preview
L2 w0 H save spC | sPl 8 B
P Code Navigator i save ... 2w f120)
= ¥ CodeisionsvA = et Information.
=[5l Project: Net [l Program Preview 8. [ Timers
[ Mt
%1 Other Files ], Bt B

Clock: 8000000 3] MHz

[ Check Reset Source
Frogiam Type:

Application v

Puc. 5.7. KoMmunsanus U coxpaHeHUE TPOEKTa

Coxpansem (Haliel .C .prj .CWp O] OJHUM HUMEHEM U JKEJIaTEIhbHO B
OTJIENIBHO CO3/ITaHHYO Manky (puc. 5.8).

Preann
USART | Anskoq Compaunten | ADC_| B Lo,
|wie | Zwire(2)
H Mava: | G Mt foompamsin vaiues} Wl O m
W 2
[ e I Eexe
-l e Lnker
Heanmue - List
ke | Ciob)
m
Pafeash rran
DA
T
s
Q Mg sains 1 o P
- Coreron | T smhm € Comper fles () >

Puc. 5.8. Coxpanenue ¢aitioB IporpaMmmel
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[Mocne coxpanenus oTkpeIBaeTcs okHO Cu penakropa (puc. 5.9).

1

CodeVisionAVR - G:\Ha meTogy no MYTOVIadopatopHele (NpoekTei\Ne1 (NporpaMMHbIi Ta...

Eile Edit Search View Project Tools Settings Help
peg-HEdCEE M E 2 B e
# RN BT HO, S BE T BT ®T- 7
B Code Mavigator fad x | tiess Ve |3 @
= & CodevisiondVR A F——— FrTTrYr T T e o
=-[3 Project: 1 2 | |This program was produssd by ths m
5] Notes 3| | |codeWizardaVR V2. 04 4z Advansed I
O1e 4 Program Gensra
[B Other Files 5 Pavel Haidus, HF InfoTesk |
6 | | |http://www hpinfotech.com
i
g Project :
9 Version :
10 | | |pate : 08.10.2011
11 | | [Butkor : NeVaDa
12 | |company : Home
13 Comments :
14
15
16 | | |Chip type : ATmegad
17 | | |Pregram type : Application
18 | | [BVR Core Clock frequency: §,000000 MHz
19 | | [Memory modsl : Sm=11
20 i
21
22 f
aa | |)
£ >
1:1 Insert Code Information may be incomplete, as the file was not Compiled yet

Puc. 5.9. OkHO ¢ AMCTHHIOM IIPOrPaMMBbl

[Mumem 31ech CBOIO TPOrpaMMy COTJIACHO 3aJaHUI0 B LUKIE
while(1). B xonne nabopatopHoii pabOTH MPUBEAEH BECh JIMCTHHT HPO-
TrpaMMBbl C HOSCHEHUSIMH.

[ocne Toro, kak mporpaMMa Harucana, HEOOXOAUMO €€ IPOBEPUTH U
coxpanuth B hex-daiin (daitn ans 3anucu 8 MK). s aToro komnuiu-
pyem ucxomubii ¢aiin (Shift+F9) cormacuo puc. 5.10.

Ham BakHO, 4TOOBI TOCJE KOMIHJISIMU IMOSIBHJIOCH TaKOe OKHO C
HaanmucsMu (6e3 omMOoK U MpeaynpekIeHui), Kak Ha puc. 5.11.

Ha puc. 5.11 B OkHe KOMITWJISAIIMH KPOME COOOICHHS 00 OImmoOKax
BBIBOJIUTCSI MH(OpMAIHS O pa3Mepe CreHepUPOBAHHOIO KOJa, MPOICHTE
3aHATOM MaMATH MpH 3anucy Ha naHHbI MK 1 poyee.
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File Edit Search View ‘_I'ools Settings  Help
G B Check Syntax

"o M 4 Compie P =
g L g i shift+Fg e
E‘:: Code Mavigator E‘E‘t Build All Cirl+F9 ] £
= £ CodeVisionst/R | 0 ; [ ol
= @ Praoject: 1 & Clean Up w
I Mates
: 1e L t
= [ Other Files O ) \ri{s} Interrupt(s) initisliz:
el e
ior I ion
lor: Off

. for Tnput Capture by Timer/Cc
Motes

ﬁ Configure
IS T [WETTE LY

Puc. 5.10. Komnwisanus npoexra

AYR - Gi\Ha meTto Information

Fle Edit Search View Project| Compiler | Assembier|
o= - =] Chip: AT megal
1 = mg Clock frequency: 8,000000 MHz
M togram lype: Application
M n s Memory model: Small
- avigal Optirnize for: Size
FE: Code N i =8 [s]printf features: inl. width
= ¥ CodeVisiondVR [z)scanf features: int, width
Pioiect: 1 Promote 'char' to int”: ez
N ; ‘char' is unsigned: Yes
otes global ‘const’ stored in FLASH: Mo
1o § bit erums: Yes
il Headers Enhanced core instuctions: Yes
egalh Automatic register alocation: Yes
:mS bits.h Senart register allocation: Yes
= [B) OtherFiles
O ne
Bit variables size: 0 byte[s)
[rata Stack area: 60h to 15Fh
Drata Stack size: 256 byte(s)
Estimated D ata Stack usage: 0 byte[s)
FiaM Global variables size: 0 byte(s)
Hardwate Stack area: 160h to 45Fh
Hardwate Stack size: 768 byte{s]
= Heap size: 0 byte(s)
E Messages
EEPROM usage: 0 byte(s), 0.0% of EEPROM
105:72 Insed Program size: 73 woeds (158 bytes), 1.9% of FLASH

Puc. 5.11. Oxno kommusitu B CodeVisionAVR
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[Ipumeuanue: Kaxzablidi pa3, KOrga BBl KOMIIWIMpyeTe HaOpaHHYIO
nporpammy B CodeVision, aBroMaTtndecku co3maercs hex-gaiin, Korto-
pBIi pa3MmerteH B manke Exe (oHa pa3melieHa B OCHOBHOH mHamke mpo-
IpaMMBI).

JIMCTMHT NPOTrPaMMbl:

/*****************************************************

This program was produced by the

CodeWizardAVR V2.04.4a Advanced

Automatic Program Generator

© Copyright 1998-2009 PavelHaiduc, HP InfoTech s.r.1.
http://www hpinfotech.com

Project :

Version :

Date :09.10.2011
Author :NeVaDa

Company :

Comments:

Chip type : ATmega8

Program type : Application

AVR Core Clock frequency: 8,000000 MHz
Memory model : Small

External RAM size :0

Data Stack size 1256

*****************************************************/

#include<mega8.h> //6ubnmotexa s MKAtmega8
(aBTOMaTHYECKH)
#include<delay.h> // monmkirrogaeM OMOIMOTEKY 3aCPIKKH

// Declare your global variables here - npurianenneBBecTHKOA3/1€Ch

voidmain(void) // Ha4axo riIaBHOW YacTH MPOTrPaMMBI
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{

/I Declare your local variables here

// Input/Output Ports initialization - HacTpOHKaIOPTOBBBOAA/BBIBOIA

// Port B initialization - HacTpoiikamopToBB

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In
Funcl=In FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T
StateO=T

PORTB=0x00; //3anmuch cocTosiHUIA TOPTOB TUNA "BKJI/BBIKI" B 16-M
Koze

DDRB=0x00; //3ammch cocrosuauii Tuma "Bxon/Berxon" B 16-M xoze

// Port C initialization -HacTpoiikamopToBC

// Func6=In Func5=In Func4=In Func3=In Func2=0ut Func1=0Out
FuncO=In

// State6=T State5=P State4=P State3=T State2=1 Statel=1 State0=T

PORTC=0x36;

DDRC=0x06;

/I Port D initialization -HactpoiikamopToB D

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=0Out
Func1=0ut Func0O=In

// State7=T State6=T State5=T State4d=T State3=T State2=0 State1=0
State0=T

PORTD=0x03; // anamorn4no mns mopta D

DDRD=0x03;

// Timer/Counter 0 initialization -HacTtpokaTaitmepa 0
// Clock source: System Clock

// Clock value: Timer 0 Stopped

TCCR0=0x00;

TCNTO0=0x00;

// Timer/Counter 1 initialization - HacTpoiikaraiimepa 1
// Clock source: System Clock
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// Clock value: Timerl Stopped

// Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCRI1BL=0x00;

// Timer/Counter 2 initialization -HacTpoiikataiitmepa 2
// Clock source: System Clock

// Clock value: Timer2 Stopped

// Mode: Normal top=FFh

// OC2 output: Disconnected

ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

=
1

// External Interrupt(s) initializatio
HAaCTPOWKaBHEUTHUXIIPEPBIBAHUN

// INTO: Off

/I INT1: Off

MCUCR=0x00;
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// Timer(s)/Counter(s) Interrupt(s) initialization - HacTpoliKamMacKu-
MpephIBAHUM
TIMSK=0x00;

// Analog Comparator initialization - HacTpoKaaHAJIOTOBOTOKOMIIA-
paropa

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off

ACSR=0x80;

SFIOR=0x00;

PORTB.1=1;// npu BeikatoueHHOM B.l BKJIIOYaeTCs CUTHAN JJIS pa-
0OTHI IBUTATEIIS
while (1) //ocHOBHO# UK MPOTPaMMBI, TA€ U MTUIIEM KO
{
if (PINC.4==0){ //yxa3biBaeM neWcTBHE NpH Ha)KaTMU KHOIKHU 1,
nojkoueHHou k mopty C.4
delay ms(200); //3aneprxka s ycTpaHeHus apede3ra KOHTAaKTOB
PORTC.1=1;PORTC.2=0; //mepkntoueHue HampaBJICHUS Bpa-
HICHUSI TBUTATEIIsI
PORTD.0=0; PORTD.1=1; // Bkn. 1-ii cBETOANO ¥ BEIKI. 2-i
delay ms(5000);PORTC.2=1; PORTD.0=1;} // BbIKJItOUeHUs CBETO-
JIMO/Ia ¥ IBUTATEIIS 110 UCTCUCHHUU 5 CEKYH/T

if (PINC.5==0) { //aHanorn4Ho il KHONKH 2, TMOAKIIOYCHHOW K
nopty C.5
delay ms(200);
PORTC.2=1;PORTC.1=0;
PORTD.0=1; PORTD.1=0;
delay ms(7000);PORTC.1=1; PORTD.1=1;} // BeIKIIIOYEHHS CBETO-
JINOZIa ¥ IBUTATEIsS 10 HCTEUSHHN 7 CEKYH/I
¥
}
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JlabopaTopHas paGora Ne 2

HCHOJb30BAHUS TIPOTPAMMHOI'O TAUMEPA
JJIA BKIIFOYEHUSA IBUT'ATEJISA HA OIIPEJEJIEHHBIN
IMPOMEKYTOK BPEMEHHA

Hean padoTsl:

WzyunTth mpuHIIMT paObOTH MporpaMMHOro Taiimepa. Hammcats mpo-
rpaMMy BKIIOUCHHWS JBUTATENSI W CBETOAMOJA, OMOBEIIAIOIIET0 O Ha-
MIpaBJICHUM BpAIEHUS Bajla ABUTATENSl, HA OMPEICICHHBIM MPOMEKYTOK
BpeMEeHU.BBISICHUT IperMyIecTBa IPOrpaMMHOI0 TaiiMepa.

OO01ue cBeIeHHUA:

Taitmep/Cuetunk( — 3TO0 camblif MPOCTOH TaiiMep WM CYETYHK B Ce-
MeicTBe MUKPOKOHTpoJIepoB AT. YV Hero HeT NOMOJHUTENBHBIX (QYHK-
LU, OH MTPOCTO CUUTAET.

IMouemy Ha3biBaeTcsi «TakiMep/cuetunk». Ha camom nene Taii-
Mep/cueTdnK — anmnapaTHas yactb MK, koTopast mofcuuThIBaeT Koiaude-
CTBO KaKUX-JIMOO UMITYJIbCOB. TakMX UMITYyJILCOB MOXKET OBITh /1BA BHJA:

1. 'eneparop MK;

2. Umnynecel Ha HOXKe MK.

1. T'eneparop MK. MK paboTtaeT ¢ onpeaeneHHO# 9acTOTON, KOTopas
OTIpesieTIsieTCsl BRIOPaHHBIM TeHepaTOpOM (BHYTPEHHHM WJIM BHEITHUM).
Tak BOT, B 3TOM peXHUMe UMILYJIbC AJI TaMepa MOJAeTCsl OT 3TOro re-
HepaTopa ¢ TOH ke 9JacToTod. MIMEHHO »TOT pekuM paboOTHI TaliMe-
pa/cuerurika u Ha3bIBaeTcsl TaltmMepoM.

2. Ummynecel Ha Hokke MK. 3HaueHue TaiiMepa/cueTynka U3MEHS-
€TCsl B 3aBHCHMOCTH OT COCTOSIHUSI CHTHaJla HA OINpPENEICHHON HOXKE.
T.e. cunTaeT KOJIMYECTBO UMITYJIECOB HA HOXKKE. DTOT PEKHUM HA3BIBAIOT
CueT4nkoMm.

Kak >xe paboraer Taiimep/Cuetunk? B mamstu MK ecTb yactb oTBe-
JIeHHas Juis Taiimepa, HazbiBaeTcsa peructp TCNTO. Dtot peructp, npu
3arrycke paBeH 0, Mpu MOSIBIEHUH UMITYJIbCa OT TeHepaTopa WA HOXKH
MK, 3nauenue perucrpa yBennuuBaerca Ha 1. Tak kak peructp TCNTO
BOCBMUpA3psAHBIHN, TO €ro MakcuManbHoe 3HaueHue paBHo OxFF. Ilocne
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toro kak Talimep/Cuerunk Hacuurtan 256 ummynscoB (OxFF) oH cOpa-
ceiBaeTcs Ha 0 1 HAYMHAET BCE 3aHOBO.

Tatimep/Cuerunk() mpu MepenoJHEeHUH M cOpoce PEerrcTpa BBI3BIBACT
TCNTO npepoiBanue. C kakoi 4acTOTOH OyAET BBINOIHSATHCS MPEPhIBAHIE
HE CJI0XKHO TocuuTath. Jjis aToro yactoty pabotst MK Hazmo pasmenurs Ha
256 (MakcuManbHOE 3HadeHHe TakMepa). K mpumepy, gacrora ATmega8
Mo YMOJYaHWIO (3aBOACKHE HACTpOHKH) cocTaBiser 1 MIm, otcroma
1000000/256= 3906,25 pa3 B ceKkyHay OyAeT BBI3BIBATHCS NpEpHIBAHUE.
Orto mHoro! [lns atoro cymectBytoT npeanenurend. lIpennenurens 3a-
CTaBJISIET TaMEp pearupoBaTh HE Ha KaXIbIi UMITYJIbC, a YepPe3 N pas.

B ATmega8 mns Taiimepa/Cuetunkal MOKHO ycTaHaBIMBATh MpPE-
nenurenu 8, 64, 256, 1024, Takum oOpazom TaiiMmep( OyaeT cuuTath HE
BCE UMITYJIBCHI TTOJPSIIT, a TOIBKO 8-0H, 64-b1i1, 256-0i 1 1024-51it cooT-
BercTBeHHO. [locumraeM Ha mpumepe, 1000000/8/256= 488,28125 I'epr. —
a10 ¢ npeapenurenem 8. u 1000000/1024/256= 3,814697265625 B ce-
KyHAy ¢ npeanenuteneM 1024.

Takum oOpa3zom, 3Has 4acToTy pabotei MK MOMXHO BBICUMTHIBATH
4acToTy cpalaTbIBaHMs NpephlBaHMM. Takoe mpepblBaHHE HA3bIBAETCS
«TIpepBIBaHKE TI0 TIEPETIONHEHUIO Taimepady.

Ho uro nenath, eciu Hajgo BBICTaBUTh KOHKPETHYIO YacTOTY, KOTO-
pYyIO HaM He MOTYT 00eCHeunTs MpeAaeauTenn. s 3Toro cymecTByeT
«TIpephIBaHUE TIPU COBIAACHHUM ¢ perucTpoM (00brdHO A mim B). B co-
OTBETCTBYIOIIMI PETUCTpP 3alUCHIBAEM JI000€ YHCIIO B 3aBUCHMOCTH OT
pa3psnHocTH B 16-M KOf€, 110 JOCTHKEHUH KOTOPOTo TaliMepoM, IIpOouC-
XOJIUT BBITIOJTHEHHE KaKOH-JIN0O0 Onepanny.

OpHa TPYIHOCTB: IPEACIHUTENb HEJb3sl HCIOJIb30BaTh B PEXHUME
CUETYMKA, TOJBKO eciii TaiiMep padotaer oT reneparopa MK. Orto mio-
X0, HO JIsl TOAOOHBIX LIeel UCIOb3YIOTCS IpyTrue TalMephl/CUeTINKH.

V¥ kaxnoro MK ecth onpezneseHHOE KOIMYECTBO TaliMEpOB, HAIpU-
Mep y Atmega8 cyliecTByeT TOJIbKO 3:

e  Timer0 — perucTpoB cpaBHEHHS HETY;

e  Timerl — nBa peructpa cpaBaenus (16-pa3psaHbIX);

e  Timer2 — onun peructp cpaBHeHHA (8-pa3psIHBIN).

Xoxa paboThI:

Bri6epem MK u gacToty ero paboThl, Kak u poruioi padore. PORT
C.1 u C.2ctaBuM Ha BbIxoA (puc. 5.12). Knonok B 310if pabote ncnonb-
30BaTh HE OyJIeM, BBy HEKOTOPOU CIIOXKHOCTH PabOTHI.
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s i s USART | Analog Comparator | 4DC | SPI USART | Anslog Comparstar | 4D | 5PI
2C | 1wie | 2wienac) 2c | twie | 2wielzn)
Bl Help LCD | BitBanged | Project Infomation Lco | BitBanged | Project Infomation
12C | twie | 2wie(z) || Chip | Pots | EwemallR@ | Timers Chip | Poits | EstemallR@ | Timers
LCD | BitBanged | Project Information \ .
USART | Analog Comparator | 4DC | SPI | Timer0 | TimerT | Timer2 | Watchdog
Chip | Pots | EstemallRQ | Timers | Data Direction  Pullup/Output Yalue A —
a0 I 11 Bio Clock Source: [ Gystem Clack -
Chip: [T | Bit1 Ot 1) Bitd | Clock Ve [7.813 kHz -
—_ Btz Ouwl  1|Bitz ) _ -
Clock: [5,000000 24 Mz 5‘13 ‘“ T E‘t3 Mode: | Normal top=FFFFh
o L n L
Bit& In T| Bit&
I~ Check Beset Source BitE _In T| Bit& Input Capt. T~ MNoise Cancel B
Program Type: Interrapt or:| W [RE b atch 2
Application ~| Value: 0 h  Inp.Captue 0 h
Comp. & 1eBH B: 0 h

Puc. 5.12. Hacrpoiika noproB u taiimepa MK npu nomomu Wizard

Kpome BiiIrOUeHHs IBUTATENsT OyleM BKIFOYATh CBETOJIUOJBI, KOTO-
pble OyIyT W3BellaTh O HANpaBJICHWW BpallleHMs Baja aurarens. s
storo nopt D ckongurypupyem tak: BitD1- Out — 1; BitD3 - Out — 1;

B mapamerpax TaiiMmepa BeIOEpeM

Timer 1,

Clock Value 7,813 kHz, - uactrora cueta

Interrupton: Compare A Match, - npepsiBaHue 10 COBIAICHHUIO C pe-
THCTPOM A.

Comp. A = 1e85 (310 unciO 03HAYaeT, YTO OH OYJEeT TAKTUPOBATHCS
¢ 4acToTol B 1 CEeKyHIy, T.K MBI BEICTABUJIM TIPEPHIBAHUE, KOT/Ia TalMep
Hacumntaer/813).

I'enepupyem Ko U COXpaHseM.

B nucTHrHTe, KpOMe N3BECTHBIX, MOSIBIIIACH €IIle HOBAs CTPOKA!

interrupt [TIM1_COMPA] void timerl compa_isr(void) . 3xech Ha-
JI0 BIMCATH JICHCTBUE MTPU NIPEPhIBAHNH TaiiMepa:

TCNT1H=0;

TCNT1L=0;

sect+;

Jlns KoppeKkTHOW poOOTHI TafiMepa B 3THU PErHCTPhI 00A3aTEIBHO 3a-
mucath (0 (Tak TaiiMep OymeT cOpachIBaTHCSA TPH MOCTIKCHHH 7813
CUMTaTh 3aHOBO). U elie B «Tenoy» TaiiMepa 100aBUIIM MIEPEMEHHYIO, KO-
TOpyto Oy/eM MHKpeMEHTHpOBaTh:sec++ (OHa U OyJeT I Hac 3ajepxk-
KOH B CEKyHJax).
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JIncTHHT mporpamMmsl (¢ MOSICHEHUSIMH):

/*****************************************************

This program was produced by the

CodeWizardAVR V2.04.4a Advanced

Automatic Program Generator

© Copyright 1998-2009 PavelHaiduc, HP InfoTech s.r.1.
http://www .hpinfotech.com

Project :

Version :

Date :09.10.2011
Author :NeVaDa

Company :

Comments:

Chip type : ATmega8

Program type : Application

AVR Core Clock frequency: 8,000000 MHz
Memory model : Small

External RAM size :0

Data Stack size : 256

*****************************************************/

#include <mega8.h>

unsigned int sec; / OOBsABIsIEM IEPEMEHHYIO SE€C TUTIOM - O€33HAKO-
BBII [IE€JIBIN

// 3nech yka3pIBaeM JeMCTBHE BHIITOIHIEMOE IIPH MTPEPHIBAHUS Taii-
Mepa

interrupt [TIM1_COMPA] void timerl compa_isr(void)

{

TCNT1H=0; // 06s3aTebHO HYKHO BBICTaBUTH PETUCTPHI B 0

TCNT1L=0; // ux nBa, T.k. Taiimep 16-OuTHBIN

sect++; // mpubaBiseM K iepeMeHHoi sec 1.

}

// Declare your global variables here
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void main(void)

{

// Declare your local variables here

// Input/Output Ports initialization

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In
Func1=In Func0O=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T
State0=T

PORTB=0x00;

DDRB=0x00;

// Port C initialization

// Func6=In Func5=In Func4=In Func3=In Func2=0Out Func1=0Out
FuncO=In

// State6=T State5=P State4=P State3=T State2=1 Statel=1 State0=T

PORTC=0x36;

DDRC=0x06;

// Port D initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=0Out
Func1=0Out Func0=In

// State7=T State6=T State5=T State4=T State3=T State2=1 State1=1
State0=T

PORTD=0x06;

DDRD=0x06;

// Timer/Counter 0 initialization
/I Clock source: System Clock
// Clock value: Timer O Stopped
TCCR0=0x00;

TCNTO0=0x00;

// Timer/Counter 1 initialization
/I Clock source: System Clock
// Clock value: 7,813 kHz
// Mode: Normal top=FFFFh
// OC1A output: Discon.
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// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer1 Overflow Interrupt: Off

// Input Capture Interrupt: Off

// Compare A Match Interrupt: On

// Compare B Match Interrupt: Off

TCCR1A=0x00;

TCCR1B=0x05;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x1E; // aT0 peructp cpaBHeHus A, IpH COBNAZACHUH C
KOTOPBIM Taiimep

OCRI1AL=0x85; // BEIIIOIHSET ONMMCAHHOE BEIIIE NeicTBIE. B nTore
noiyvaem yactory 1 I'm.

OCR1BH=0x00;

OCRI1BL=0x00;

/I Timer/Counter 2 initialization
// Clock source: System Clock
// Clock value: Timer2 Stopped
// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// External Interrupt(s) initialization
// INTO: Off

/I INT1: Off

MCUCR=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x10;
/I Analog Comparator initialization
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/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

// Global enable interrupts
#asm("sei")

PORTB.1=1;// mpu BeIKIItOueHHOM B.1 BKIIIO9aeTCs CHTHAT IS pa-
OOTHI ABUTATEII
while (1)
{
if (sec==0){PORTC.1=0;PORTD.1=0;} // B Hauane BpeMeHH BKJI.
nopt C.1 - BpaieHue Baia qpuratens + BKJI. 1-ro auona Ha 5 cek
if (sec==5){PORTC.1=1;PORTD.1=1;} // Beikmouaem moprt C.1 -
OCTAHOBKA JBUTATENS U BBIKI. 1-TO AMOa HAa 2 CEKyHABI
if (sec==7){PORTC.2=0;PORTD.3=0;} // Bxx1. nopt C.2 - Bpaiienue
Bajia JIBUTATENS B APYTYIO CTOPOHY + BKJI.3-TO 1roma Ha 7 ceK
if (sec==14) {PORTC.2=1;PORTD.3=1; sec=0;} // Bbi:1. mopt C.2 -
OCT.JIBUTATEJNS + BBIKJI.3-TO IMOJa, BO3BPAT B HAYAJIO IIUKJIA
}5
}

Kak BumHO M3 TmpomenaHHOW pabOTHI, JJIA HAIIUX Ielied He OYCHb
yA00HO OBIJIO UCIIONB30BATh almapaTHBIN Taiimep. Ho mMenHo amnmapart-
HBIA TaliMep MO3BOJIAET Pa3rpy3UTh MPOLECCOp, caMy Mporpammy M Io-
3BOJISIET O0JIee TOYHO J1eNaTh BpeMeHHbIe 3aepxKu. C HCIOIb30BaHIEM
anmapaTHOrO TaiMepa MOXHO JIeaTh 33 KKH Ha 4achl U JaXke Ha Cy-
TKH U TIPU 3TOM MOJYUYUTh HOTPEHIHOCTH OT 1 cek (3a 4ac) g0 18 cekyHna
(3a cyTKH). DTH THOTPEIIHOCTH CBS3aHHBI C TEM, YTO B OCHOBE T'€HepaTo-
pa MK mnonoxena padora RC-reHeparopa, mOTrpenIHOCTs y KOTOPOTO
1+3%. UroOsl coenaTh TaiiMep/4acsl TOUHEE HY)KHO MoAakiIodaTh K MK
BHEIIHUI KBapleBbIi TeHEPATOp.

UYro xe KacaeTcsi MporpaMMHOT0 TaiiMepa, TO TOYHOCTh Y HEr0 O4YeHb
Mana (£20%). [losTomy ero menecooOpa3HO HUCIIONH30BAThH I KPAaTKO-
BPEMEHHOTO BKJIFOUEHUS 4ero-Inoo.
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JlabopaTopHas paGora Ne 3

MMPOTPAMMHASI IIUPOTHO-UMITYJILCHAS
MOJYJISILUS (ILUM) JAJI51 YIIPABJEHUSI MOIIHOCTBIO
JBUTATEJISI

ean padoTsl:

Osznakomuthes ¢ mpuaIunoMm MM, Ha ocHOBe moOMydYeHHBIX 3HA-
HUI HaNMcaTh IPOrpaMMy, B KOTOPOH IPU HA)KaTUU IE€PBOM KHOIIKHU
CKOpPOCTh BpaIlleHHsI Baja JABHUraTels OyneT Bo3pacTaTh OT min K max, a
MPU HAKATUH BTOPOM KHOIKH CKOPOCTH BpAICHHS Baja JBHTATENS Oy-
JIeT CHUXaThCs. [Ipu 3TOM mMHOABI MOJKHBI M3BEMIATh O CKOPOCTH Bpa-
LICHUS Baja IBUTaTENs 11O 3aKOHY:

— BKJIIOYEH | 1uon — ckopocTh 25% OT max CKOpOCTH BpallleHUs Balia;

— BKIIIOUEHO 2 auoja — ckopocth 50 %;

— BKIIIOUEHO 3 1uojna — ckopocTh 75%;

— BKIIIOUEHO 4 1uobl — ckopocTh 100%.

OO01ue cBeIeHUA:

HInpoTHO-UMITYIBCHAS MOIYJIAIHS (B 3apyOEKHBIX UCTOUHHUKAX ITOT
pexxum HazeiBaercst PWM — PulseWidthModulation) — crioco6 3ananus
aHAJIOTOBOTO CUTHAJA U(POBBIM METOJIOM, TO €CTh U3 IIU(PPOBOrO BhI-
X074, NarOIIEro TOJIHKO HYJIM U €IUHUIIBI, IO3BOJISIET MOJYYUTh IJIaBHO
MCHSIIOIITHECS BEIIMIMHBI.

[pencraBum ceOe MOIIHBIA ABHUraTesb. ECIU BKIOYUTH €ro MOCTO-
STHHO, TO OH PAaCKPyTHTCS 0 MAaKCUMaJIbHOTO 3HAYEHUS U Tak Oyjaer pa-
O0orath. Ecnm BBIKIIFOYHTH, TO OCTAHOBHUTCS HYepe3 HEKOTOPOE BpEMS,
BCIIEZICTBUE CBOCH MHEPIIMOHHOCTH. A BOT €CIIM JBUTATENb BKIIOYATh Ha
HECKOJBKO CEKYyHJ KaXXIyl0 MUHYTY, TO OH PACKPyTHUTCS, HO JaJeKO He
Ha TOJHYIO CKOPOCTh — OOJIbINAs WHEPIIHS CTJIAJWT PHIBKH OT BKJIIO-
YalOIEerocs JBUTaTelNsl, a CONMPOTUBJIEHNUE OT TPEHMSI HE aCT EMY Kpy-
TUTHCSI OECKOHEYHO JI0yro. YeM 0oJIbllle MPOAOKUTEILHOCTD BKITIOUE-
HUS IBUTATEIS B MUHYTY, TeM OBICTpel OH OyJeT KPyTUThCS.

ITpu IIMM nopaercst Ha BBIXOJl CUTHAJ, COCTOSIIIUN M3 BBICOKUX U
HU3KHUX YPOBHEU (MPUMEHUMO K HaIleH aHAJIOTUU — BKJIIOYAEM U BBI-
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KJII0YaeM [IBUTATeb), TO €CTb HyJNeH W eOUHHMLBLI. A 3aTeM 3TO BCE
IPOIyCKaeTcsl 4epe3 HHTErPUPYIOUIYI0 LENO4yKy (B HalleM Ccllydae
npaitsep L293D u macca sikops nuratens). B pesynpraTe uHTErpHpO-
BaHUS Ha BbIXOJe OylIeT BeJIMYMHA HANpsOIKEHHS, paBHAas IUIOMIAIN O
UMILYJIbCAMH.

MeHsg CKBaXHOCTh (OTHOIIEHHE IJIUTENBHOCTH NEpHoAa K IJIH-
TEIBbHOCTH UMITYJIbCa) MOKHO IUIAaBHO MEHATH 3Ty IUIOINA/b, a 3HAUUT
W HanpspKeHue Ha Beixoze (puc. 5.13). Takum oOpa3zom, eciu Ha BBIXO-
Jie CIUIONIHBIE 1, TO Ha BBIXOJe OyNEeT HalpsKEHUE BBICOKOTO YPOBHS,
B clly4yae HaIllero JABUTATeNsl, Ha BbIxoae u3 mocta 1293 310 5 BOMBT,
eclii HyJiu, TO HOJb. A eciu 50% BpemeHnu OyneT BHICOKUH YpOBEHb, a
50% uHm3kuir To 2,5 BombT. WHTErpmpyromeid memoykoil Tyt Oyner
CIIy’)KHTh Macca SIKOpsl IBUTaTelsi, 00Jaaloniero Maioi, HO JOCTaTo4-
HOM MHEpLUEH.

BKI.

A

N BbIKI1.

/A - ckeaxHocTb WM
A/T - Bennuuna WUM

Puc. 5.13. Cxema IIIMM curuama

A ecnm B3aTh 1 mogaBath [IIIMM curHam He OT HyJIS 0 MAaKCUMyMa, a
oT MHHYyca A0 ioca. Ckaxem oT +12 10 -12. A MoXHO 3a1aBaTh nepe-
MeHHBINM curHan! Korma Ha BXome HOOb, TO Ha BEIXOJe -12B, korma
onuH, To +12B. Eciu ckBaxxnocth 50% 10 Ha Beixoge 0B. Ecim ckBax-
HOCTb MCHSTH IO CUHYCOUJAJIIbHOMY 3aKOHY OT MaKCMMyMa K MUHHUMY-
My, TO TOJYyYHUM MEPEMEHHOE HaNpsDKEHHE. A €CM B3SITh TPU TaKUX
[IIMM renepaTopa ¥ mojaBaTh YEPE3 HUX CHUHYCOUIbl CIBHHYTBHIE Ha
120 rpamycoB Mexmy cOOOH, TO MONYYHM caMoe OOBIYHOE TpexdazHoe
HamnpsDKEHHUE, a 3HAYUT CMOXKEM YIPaBIATh OECKOIICKTOPHBIMU aCHH-
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XpPOHHBIMH W CHHXPOHHBIMHU JBUTarensiMu. Ha sToM npuHuune mo-
CTPOEHBI BCE COBPEMEHHBIE TPOMBIIUIEHHBIE IPUBOIA IEPEMEHHOTO TO-
ka Tamna Unidrive m OmronJxx.

B kauectBe criaxkuaromieit uaterpupyromeit uenu B LM mpume-
HeHa oOblyHasi RC menouka (B HalleM ciydae OHAa BKJIIOYEHA B MHUKPO-
cxemy L293D) n macca SKOpst IBUTATENS.

CymectByer anmapatHas U nporpammuas [IIWM. Paznwuia 3akmrova-
€Tcd B TOYHOCTH, CIIOXKHOCTH HACTPOMKH, a TAK)KE B TOM, UTO allapaTHOU
M y MK orpanndenHoe konmdectBo (00braHO 1-4 Kanama), a mpo-
rpammHoM [IIMM M0KHO peann3oBbIBaTh CTOJIBKO, CKOJIBKO HOXeK Y MK.

B »sr10it naboparopHoii paboTe HayuyMMCs HCIIONB30BATH MPOrPaMM-
Hyto [IINM.

Jns 3aaHust MOIITHOCTH JIBUTATENA BbIBEAEM (HOPMYITy:

tumnym;ca

P = — . 100%,

tCKBa)KHOCTI/I

rae Py, — MOIIHOCTE BMraTesns OT HOMMHAIBHOM B IIPOLIEHTAX;
tunmymsca — UTMTENBHOCTD 1 MMITYJIbCA,
texparcrocty — ATUTEIBHOCTH CKBa>KHOCTH.

s Toro, 4yToObI 3agath nporpammuyo LIMM, moctatouHo BKIIO-
YUTh HYXHBIH MOPT Ha BPEMS = yypnymca M BBIKIFOYATH HAa BpeMsi =
texpacrocrus B 3ABUCHMOCTH OT MX COOTHOILIEHHS M IOJIYYHM HEOOXOIH-
MYI0 MOIIIHOCTb JBUTATEIs.

Xox padoThI:

IMpu nomonm mactrepa CodeWizard (Shift+F2) BbIcTaBUTH MOPTHI
cornacHo T1abi. 5.1 unm puc. 5.14.

[MomyunTh MporpaMMy HCXOJI U3 aITOPUTMA: €CTh IMEPEMEHHas1, KO-
TOpasi B 3aBUCUMOCTH OT HaXXKaTUW KHOTIOK MEHSET CBOU 3HAYCHHS, TH
3HauYeHUs U OYJIyT ONpPEAesaTh MOIIHOCTh U BKIIFOYCHHUE CBETOIMOI0B. B
KayecTBe TaliMepa HCIOJb30BaTh KOMaHAy delay, T.e. BKIOYaTh MOPT
B.1, k npumepy, Ha 1 Mxc 1 BeIKIItOUaTh Ha 10 Mxc nns 3amanus 10% ot
HOMUHAJIBPHOW MOIITHOCTH. Hamucarh mporpaMmmy COTIJIaCHO 3aJaHUIO!
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Hacrpoiika nopros MK

Tab6muma 5.1

Wms v HOMep nopTa Bxon/BeIxon Bimouen/soucmouen
(B Havase MporpamMMsl)

B.1 Brixog BKJL

C.1 Brixog BBIKJL.
C2 Bxon BBIKJI.
Cc4 Bxox BKII.

C.S5 Brixog BKJL.

D.0 Brixog BBIKIIL.
D.1 Brixon BBIKJIL.
D.2 Brixon BBIKII.
D.3 Brixon BBIKII.

PartB | Port C | Port D

Part B | Part C | Port D |

Data Direction
Bitd _In T
Bit1 Out 1]

Pullup/Output Y alue

Eit0
Eit 1

| PortB | Port© | PaitD|

Data Direction Pl

Eit0
Bit1
Bit 2
Bit 3
Bit 4
Bit5
Bit&

In T
Out 0
Out i}
In T
In P
In F
In T

up/Output Yalue|
Bit0
Bit 1
Bit2
Bit3

Data Direction

Bit0
Bit 1
Bit2
Bit 3
Bit 4
BitS
BitB
Bit ¥

Ot
Ot
Out
Clut
In
In
In
In

Pullup/Output Y alug

1

]
]
]
T
T
T
T

Bitd
Bit 1
Bit 2
Bit 2
Bit 4
Bit5
Bit &
Bit 7

Eit4
Eit5
BitG

Puc. 5.14. Hactpoiika nopros MK

JIMCTMHI OCHOBHOM 4aCTH NMPOrpaMMbl:

#include<mega8.h>
#include<delay.h>

unsignedintvar; // onuchIBaeM MEPEMEHHYIO THIIA O€3HAKOBBIN IICIIbIMH

PORTC.1=0; // nponuceiBaeM HarpaBiICHUE BPALICHHS BUTATEIISI
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var=1; // npucBanBaeM Ha4allbHOE 3HAYCHHE
while (1)
{
if (PINC.4==0 &var!=4) {delay ms(200); var++;} // neifictBuenpu-
HaxaTuukHonkuC.4
if (PINC.5==0 &var!=1) {delay ms(200); var--;} // nelicTBuenpuHa-
skatuukHonkuC.4
if (var==1) {PORTD=0x0E; PORTB.1=1; delay ms(6);
PORTB.1=0; delay ms(24); } /1 25%
O0TMAaxCKOPOCTH
if (var==2) {PORTD=0x0C; PORTB.1=1; delay ms(12);
PORTB.1=0; delay ms(24); } /1'50%
OTMAaxCKOPOCTH
if (var==3) {PORTD=0x08; PORTB.1=1; delay _ms(18);
PORTB.1=0; delay ms(24); } 11'75%
OTMAaxCKOPOCTH
if (var==4) {PORTB.1=1; PORTD=0x00;} // max ckopocTb

¥

[Ipu Haxatnn KHONKHM buttonl yBenmuMBaeTCS 3HaUEHHE IEPEMEH-
HOI1 var Ha 1, 10 3HaueHus 4 ¢ 3aaepxkoit B 200 Mc (310 emé u yist ycT-
paHeHus apeOesra KOHTAKTOB). [Ipm HakaThW KHOMKHM button2 yMeHb-
maeTcs 3HA4YCHHE ITepeMeHHON var Ha 1, o 3HadeHus 1 ¢ 3aiepkKoil B
200 mc. B urore B 3aBUCMMOCTH OT 3HaueHus var nopT B.1 Bkmtogaercs
W BBIKJIIIOYAETCS Ha NMPOMEXYTKH BPEMEHHU, COOTHOIICHHWE KOTOPBIX U
JTaeT HaM HYXXHYIO MOIIHOCTh. Tarxke 3Ha4YeHWe var BIHAET Ha JTHOJIBI
BKIIFOUEHHE, KOTOPBIX U3BEIIAET HaM O MOIITHOCTH.

[NosiBMITaCH 0JTHA TOHKOCTBH: BMECTO TOT'O, YTOOKI IPH 3HaUEHUH var=1
Ha BKJIFOYEHHE CBETOAMOI0B BMECTO 3aITUCH

PORTD.0=0; PORTD.1=1; PORTD.2=1; PORTD.3=1; // Bxitounts
1 cBeToaMOM, TOAKIIOUEHHBIHN K TopTy D.1

MOJKHO 3aImcaTh 3T0 B 16-M KoJie THIa

PORTD=0x0E // B 2-m kozae 3to 11110, rae npeamnocieanss eIuHIIa
HYXHa U3-3a ocobeHHocTel cTpykTypsl MK, a ocranbubie 1110 yka3ssi-
BalOT KaK pa3 BKJI/BBIKII ITOPTOB 10 yOBIBaHHIO (B TaHHOM ciy4ae oT D.3
110 D.0coOTBETCTBEHHO).
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Takoll BapHaHT 3allMCH COKpAaIaeT MPOrpamMMy, YTO MOXET MPHUro-
JIUTCSI TIPU HAITMCAHHUH IIPOTPpaMM OOJBIIETO pa3Mepa, 4eM (pIdII-namsTh
MK. Jlns nmepeBoaa BEMUYMH HCIIOIB30BANICS MHXEHEPHBIH KaJbKYJIATOP
B Windows, HO ecTh emi¢ croco0: BeIOpaTh BKIL/BBIKI. mopToB B Code-
Wizard u 3aTtem ckonmrpoBaTh Hy»HbIE CTPOKH (puc. 5.15).

T ——— T

Eile Edit Search View Project [l Settings Help

SR e £ CodeWizardAVR_ shift+F2 ]

# Debugger Shift+F3 E |
=z % Chip Programmer  Shift+F4 E
&b CodeWizardAVR. - untitled.cwp 1) Terminal ShiftFS
File Edit Help é% Configure

hed=

BI? Hammure copa

USART | Analog Camparator | ADC | 5FI

Program Previews

¢includ 8 h:
2L [ iwie | 2wie(Z] 2 [t +nctace <megan-n>
LCD | Bit-Banged | Praoject |nfarmation 3 4/ Daclare your globsl we
Chip | Ports | Extemal IRQ I Timers a
5 |Bl|void main(void)
Port B | PortC | PortD s Bt
Data Direction Pullup/Output ¥ alue 7 #/ Dezlars your losal wa:
TR0 0wl 0 Erd p .
. 9| ||#s Imputsoutput Perts in:
Bit1 Out| 1/ B 10| | |## Port B initialization
Bit2 Out 1/ Bit2 11 || |/# Funs?=Tn Func6=In Fun:
Bit 3 _Out 1 Bt 12 | | |#/ State7=T Stateé=T S5tai
Bitd _In T Bitd 13| | |PORTE=0x00;
14 | | [DDRB=0x00;
Bit5 In T BitS 15
BitE _In T| BitE 16 | | |## Port € initialization
Bit? _In T Bit7 17 /#/ Funcé=In FunsS=In Fum:

1a /4 State6=T States=T Stai
19 DORTC=0x00;
20 DDRC=0x00;

23 // Func7=In Func

24 State7=T Stateé=T Stai
Es JPORTD=0x0E;

26 DDRD=0x0F;

Puc. 5.15. [Ipocmotp co3nannoit mporpammel B CodeWizard

Kax BugHO M3 TIporpaMMbl, CKOPOCTEH BPAIICHUs Bajia IBHTATENS Oy-
JIeT TEPEeKITI0YaThCsI MTHOBEHHO, a HE TUIaBHO, KaK 9TO MOXKHO CHENaTh
npu nomomu amnmnapatHod IINUM. Oto sBiseTcss OCHOBHBIM HEJIOCTAT-
KoM nporpammuoi [HINM.

IIpumeuyanus k Proteus

J1nist HaOIroIeHUs MI3MEHEHHS CUTHAJIA BOCIIONB3YHTECh OCIIIOTPadoM.
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JlabopaTopHas padora Ne 4

HCIOJIb30BAHUE AIIIMTAPATHOM UM
JJIs1 YITIPABJIEHUSA IBUT'ATEJIEM

eab paGoThI:

W3yuuts npuHnun padotel BHyTpeHHUX peructpoB MK u Hamucatb
MporpaMMy M3MEHEHHUS! MOITHOCTH JBUTATENS MPHU TIOMOIIM anmnapaTHON
HINM.

OO0mmue cBeIeHNUA:

Amnnapatayto IIIUM npome Bcero caenare Ha IIM reneparope, Ko-
TOphIH BcTpoeH B TaiiMepbl MK. B Atmega8 3 I1IMM kanana (puc. 5.16):

e  OCI1A (16-OutHBII);

e OCIB (16-6urHsrii);

e OC2 (8-6utHbIiN).

—
(RESET) PGS 1 28 [J PC5 (ADC5/SCL)
(RXD) POO O 2 27 [JPC4 (ADC4/SDA)
(TXD) PD1 O3 26 [ PC3 (ADC3)
(INTO) PC2 O] 4 25 [J PC2 (ADC2)
(INT1) PC3 5 24 [JPC1 (ADCT)
(XCK/TO) PD4 []6 23 [J PCO (ADCO)
vec Oz 22 O aND
GND O8 21 JAREF
(KTAL1/TOSCT) PES O9 20 Davce
(XTAL2TOSC2) PE7 []10 19 [J PBE (SCK)
(T1)PD5 11 18 [J PB4 (MISO)
(alND) PDE 012 17 D Pea (mosjoce) |
(AIN1) PO7 O]13 16 [1PB2 (sfOC1B;
(IcP1y PEO O 14 15 [J PB1

Puc. 5.16. IIIM kananel MK Atmega8

V rtaiimepa ectb 0coOblii peructp cpaBHenust OCR**. Korga 3nave-
HHE B CYETHOM PErUCTpE TaiiMepa JOCTHraeT 3HaAYCHUs] HaXOISIIEerocs B
pErHcTpe CpaBHEHHS, TO MOTYT BO3HUKHYTH CIIEAYIOIIME amIapaTHbIC
COOBITHS:
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e [lpeppiBanue 1O coOBHaJieHUIO (yXe HCIIONB30BaJIHM B almapar-
HOM TaiiMepe)
. W3MeHeHue coCTOsSHUS BHEITHETO BhIX0a cpaBHeHuss OC**,

[Ipennonoxum, uro Mel HacTpowiu Haw [IIM renepaTtop Tak, 4ro,
KOTJia 3Ha4eHUE B CUETHOM pEerucTpe Oojbllie, YeM B PETHCTPE CpaBHE-
HUS, TO Ha BBIXOJIE Y Hac 1, a korma menslre, To 0. Taiimep Oyzaer cum-
TaTh Kak €My U IMOJIOKEHO, OT HyJs 10 256, ¢ 4acTOTOMH, KOTOPYIO MBI
HacTpouM Ourtamu npeanenutens taiimepa. [locne nepenonnenus copa-
ceiBaeTcs B 0 M MpojoimkaeT 3aHOBO. B mTore Ha BBIXOJE MOSBISIOTCS
MMITYJIbCBI. A €CJIM YBEIHUYUTh 3HaUeHHE B PErHCTpPe CPaBHEHUS, TO LIH-
pUHA UMITYJIECOB CTaHET yKe.

VY rtaiiMepa MOXKET OBITh OIIPEIeICHHOE KOJMYECTBO PETUCTPOB CPaB-
HeHusa. 3aBucuT ot moienmn MK um Tuma Taiimepa. Hampumep, vy
Atmegas8:

e  Timerl — nBa peructpa cpaBaenus (1 6-pa3psaHbIX)

e  Timer2 — onun peructp cpaBHeHHS (8-pa3psaIHBIN)

Camux pexxumon HIMM cymectByeT Heckobko (puc. 5.17, 5.18):

1) Fast PWM (Gpictpsrii LLIVM)

B 3TOM pexxume cueTyuK CUUTaeT OT HyJs A0 255, mocie AOCTUXe-
HUS TIEPENOTHEHHsI cOpachIBaeTCs B HYJb U CYET HauMHaeTcs cCHoBa. Ko-
I/Ia 3HAYCHNE B CUCTUYMKE JOCTUTACT 3HAUCHIS PETHCTpa CpaBHEHUS, TO
COOTBETCTBYIOIIMI eMy BbiBo OCxxcOpackiBaTcs B HOJb. [Ipu oOHYIe-
HUU CUETYMKA STOT BBIBOJ YCTAHABIMBACTCS B 1.

Yactora monyuuBmerocs MM curnana ompenensiercs MNpoOCToO:
gacTtoTa nporecopa SMI', Taiimep cuutaeT A0 256 C TaKTOBOM YacTo-
toii. 3Haunt oauH niepuox LLIMM Oyner pasen 8 000 000/256 = 31250 I'm.
DTO MaKcHMallbHasi CKOPOCTh Ha BHYTpeHHeM SMTI| TaKTOBOM T'eHe-
patope. Eme ecTs BO3MOKHOCTD TTOBBICHTE Pa3pelieHuEe, CIeIaB CIET
8,9, 10 pazpsaabIM (eciii pa3psAHOCTh TaiiMepa M03BOJIsAET), HO HAJO0
YYUTBIBATh, YTO TOBBIMIEHHWE Pa3psATHOCTH, BMECTE C IOBBIIIEHUEM
MACKPETHOCTH BBIXOJHOTO AaHAJOTOBOTO CHTHAJA, PE3KO CHIKAET
yactory HITWM.
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FAST PWM Phase Correct PWM

'J-"{‘ ‘@“‘
OCR1A OCR1A
OCR{B 9cR1B
& :
< :
ﬁ(ﬁ{‘ easyelectronics ru

Camr dm ®asa comnapaeT |

Puc. 5.17. CpaBuenue pexumon Fast PWM
u Phase Correct PWM ammapatroii HIUM

OCnA Interrupt Flag Set
cmpmie g g s e e e soeee | OF IGFR Interrupt Flag Set
i Y (Interrupt on TOP)

Y ' Y 5

Y
/D’ >
! !
i LI I | T
{C}gg;\le) T L L (COMRA1:0 = 1)
; | | |
Period | 1 | 2 | 3 —+— 4 —.|

Puc. 5.18. Pesxxum Clear timer on compare (TCNT) ILIMM MK Atmega8

TCNTn

2) PhaseCorrect PWM (ILINM ¢ TouHO# (ha3oii)

PaboTaer Takxke, HO CYETUHK CUHTAET yXke Mo-Ipyromy. CHavana ot
0 mo 255, motom ot 255 mo 0. BeiBon OCXX mpu mepBOM COBIAICHUU
cOpachIBaeTCs, MPU BTOPOM YCTaHABITUBAETCSL.

Ho gacrota ILIMM mnpu 3TOM TIagaet BIBOE, M3-3a OOJIBINETO IEPHO-
na. OcHOBHOE ero IpeJaHa3HaueHue, nenath MHorodasueie LM cur-
HaJbl, Hampumep, TpexdasHylo cuHycoumy. UToObl mpu H3MEHEHHUU
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CKBa)XHOCTH He cOuBajicsi yron ¢aszoBoro capura mexny asyms LLIMM
curHajamu. T.e. IIEHTPHl MMILYJIbCOB B pPa3HbIX KaHAJIAX U Ha pa3HOH
CKBa)XHOCTH OyIyT coBmajath. UToOBI He ObLIO KPUBBIX UMIYJIBCOB, TO
B PETHCTP CpPaBHEHUs JII000E 3HaUCHHE MOMaaaeT yepe3 OydepHsIl pe-
THCTP U 3aHOCHUTCS TOJBKO TOIZA, KOTZIA 3HAUYEHHE B CUETYUKE AOCTHUI-
HeT MakcuMmyMa. T.e. k Hauany HoBoro nepuoaa LHIIMM umnynsca.

3) Clear Timer On Compare (COpoc npu cCpaBHEHHN)

Orto yxe ckoper UMM — 9acTOTHO-WMITYJIECHOMOAETHPOBAHHBII
curHai. TyT paboTaeT HECKOJIBKO WHAaUe, YeM NP JAPYTHX pexumax. Tyt
CYETHBIN TaliMep cuutaeT He oT 0 1o mpezena, a ot 0 7o perucTpa cpas-
HeHus! A mocyie 9ero coOpachIBaeTcs.

B nmaGoparopHoi#t paboTe Bbl Hay4HUTECh HCIIOJIB30BATh «OBICTPBIN
IMM». OH OTHOCHUTENBHO NPOCT B HACTPOMKE U YAOOEH IJIsl TOTO, Y4TO-
OBl CHU3UTH MOLIHOCTb ABHUIATEIS.

Xoa padoThI:

1) Cosznars npoekt npu nomouu CodeWizard. BricTaBUTh OPTHI
cornacHo T1abi. 3.1 unu puc. 3.2 npenpigyuie 1a00paTOpHOI padOTHI.

2) Bo Bxmagke Timerl Hactpouts Taiimep Ha paboty LLIUM. s
3TOTO0 HEOOXOIUMO BBICTABUTH PEKUMBI COTIIACHO puc. 5.19.

| Chip | Parts I External IRG | Timers

| TimerEIl Timer1 | Timer2 | Watchd0g|

Clock Source: | Spstem Clock hd
Clock Value: 3.250 kHz -~

Mode: | Fast P top=DOFFh -]

Dut.A:’Non-Inv. ']Dut.B:[Discon. v]

Input Capt. [ Noise Cancel =]l
Interrupt on:| [

YWaler 0 h Inp. Capture: 0 h
Comp. & 0 h B0 h

Puc. 5.19. Hacrpoiika taiimepa Ha pexum Fast PWM
anmaparHoi IITNM

58



B wtore momyvaem Ttaiimep, KOTOPbIH OyZeT CUMTATh C YaCTOTOU
31,25 k' (kak moKka3aiia MPaKTHKa, YeM MEHbBIIE YacToTa, TeM Jydlle
paboraer MK, Takke 4acToTa BIHsIET Ha MEPHUOJ UMITYJIbCA) U BHIJABaTh
Ha BbIxoa A (t.e. mopt B.1) He unBepTHpyromuii curaan LIIUM (3naue-
Hre Non-inv). [Tocie Toro, kak TaiiMep qocunTaeT A0 255, OH COPOCHTD-
ci B HONb W OyJer cuuTarth 3aHOBO (3HaueHwe Interrupton:Timerl
Overflow).

3) IlomyuuTs mporpamMmy aHaJOTHYHYIO IIpOrpaMMe J1abopaTopHOR
paboter Ne 3, HO y’Ke C HCTIOB30BaHUEM aIlllapaTHOTo TaliMepa.

JIMCTHHT OCHOBHOM 4acTH nporpammal:

PORTC.1=0; // 3amaemM HanpaBJeHUE BpAILICHHS
while (1)
{
if((PINC.4==0)&(OCR1A!=255)) // yBenuuuBarh oKa He
JOCTHIJIO MAaKCHyMa
{ delay ms(7); // 3anepxka 7 Mc (CKOPOCTh HAPOCTAHUSI YPOBHS
CUTHAJIa)
OCR1A++; //yBennuuBaeMm 3aroTHEHUE
}
if((PINC.5==0)&(OCR1A!=0)) // ymeHpIIaTh TTOKA HE TOCTHUTIIO
MUHHYMa

delay _ms(7); // 3agepxka 7 MC (CKOpPOCTb CHI)KEHHUST YPOBHS
CHUTHaJIA).
OCRI1A--; //ymeHbIlIaeM 3aroTHEHUE
B
if (OCR1A>=64) PORTD.0=0; else PORTD.0=1; // Bxsi/BbIKI 1-ii
CBETOJTNO]T
if (OCR1A>=85) PORTD.1=0; else PORTD.1=1; // Bkn/BbIKI 2-
HCBETOANON
if (OCR1A>=128) PORTD.2=0; else PORTD.2=1; // Bkn/BbIKI 3-
UCBETOIUO
if (OCR1A>=254) PORTD.3=0; else PORTD.3=1; // Bkn/BbIKI 4-
UCBETOIUO
I
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[Tpn naxxatun kHOmkH buttonl mmpuna mmmynsca IWMM curnana
(OCRIA, nocrymaromero Ha nopt B.1) yBenmmunBaeTcsi co CKOPOCTBIO
IMKC 3a 7 Mc 10 TeX MOp, MOKa He JOCTUTHET MaKcUMyMa (3Ha4eHHs
255). [Ipu Haxxatun KHOMKHU button2 Bo3HWKaeT oOpaTHOE JeHCTBHE J0
Tex mop, moka mupuHa I[IIMM curHana He cTaHeT MHUHUMAaJIbLHOMN
(3nauenue 0), T.e. 7 MKC (3TO OBUIO YCTAaHOBJIEHO OIBITHBIM ITyTEM).

BxutoueHue cBETOIMOMOB JeJIaeM HMCXOJA M3 CPaBHEHMS BEIMYUHBI
curHana B peructpe OCRIA c¢ BeanMuMHaMH, XapaKT€PU3UIOIIMMU
CKOpOCTh BpalieHus: Bana. Hanpumep, mist 25% 310 Oyaer BenudumHa
paBHas

25% - 255 = 63,75 = 64.
Ucxonst w3 mponmemaHHBIX pPabOT, MOXHO BBISIBUTH €ME OIHO
npeumyiectso anmnapatHoil IIIMM — 3To ee MIaBHOCTh WM3MEHEHWS,
YeTo HeNb3s JOOUTHCS MIPOrPAMMHBIM Ty TEM.

IIpumeuanus k Proteus

J__IJIH Ha6J'IIOI[CHI/I$I HN3MCHCHU CUTHAJIa BOCHOJ'IL3yI>iTeCB OCLII/IJ'IOI'pa(l)OM.
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