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MIKPOKOHTPOJIEPU TA METOJZOJIOI'TSA CTBOPEHHA
INPOI'PAMHO-AITAPATHUX KOMIIJIEKCIB JIJIAA JOCJIIIZKEHHSA
JTAHAMIYHUX ITAPAMETPIB TPAHCMICIA

O6rpyHmosana HeoOXiOHICMb i HABEOCHO ONUC MEMOOO0A02I] MA NPOSPAMHO-ANAPAMHO20 KOMNIEKCY
07151 OOCALOINHCEHHSL KIHEMAMUYHUX MA OUHAMIYHUX XAPAKMEPUCTIUK 00ePMAIbHO20 PYX).

Beryn. Y 3B’513Ky 3 HEOOXIIHICTIO 3MEHIIIEHHSI TOKCUYHUX BUKHUIIIB Ta 3HIKEHHSI €HEPTeTHYHOI 3aJI€KHOCTI
HAIIOi JIep>KaBU BiJ| KpaiH-eKCHOPTEpIiB IMalMBa AyXKE aKTyaJbHUM MHUTaHHSAM € MiJIBUIIEHHS e()eKTHBHOCTI
BUKOPHCTAHHSI [TAJINBA.

Jlo cydacHMX TpaHCIIOPTHHUX 3acO0iB BUCYBAIOThCS JOCHTH JKOPCTKI BUMOTH: BHCOKA MTHUTOMa IOTY>KHICTB,
€KOHOMIYHICTh, HU3bKUI PiBEHb OTPYWHHX BHKHIIB, KOM(OPTHICTh, Oe3neuHicTh Ta iHmi. Jns iX nocsarHeHHs
BUKOPHCTOBYIOTh CUCTEMH €JICKTPOHHOTO KEpyBaHHS JABUT'YHaMHU. PHHOK IIPOIOHYE JI0OCTaTHHO OaraTo CHCTEM
€JIEKTPOHHOT'O KEPYBaHHS, SIKi 3aCTOCOBYIOTHCS B TpaHCIOPTi. MalOyTHIli PO3BUTOK LIUX CUCTEM 30CEPEAUTHCS
Ha BJIOCKOHAJICHHI 1 TOKpalleHHI iX poOOTH pa3oM 3 PO3BUTKOM TEXHOJIOTiH BHPOOHMIITBA JATYHUKIB i
BUKOHABUMX MeXaHi3MiB [1]. Aje mist sKicHOI pOOOTH CHCTEMHU €JIeKTPOHHOrO KepyBaHHs HEOOXiaHO
3abe3neunTH ii SKiCHUM 3BOPOTHHM 3B’s3KOM. OJHUM 3 HaWBaXKIHMBIIIMX BHUXIJIHUX THapaMeTpiB poOOTH sK
JIBUTYHa BHYTpimHboOro 3ropstHHs (/IB3), Tak i Oyap-sKOro iHIIOrO JABUTYHA, € KpyTHHH MomeHT. CydacHi
cucreMu KepyBaHHs JIB3 Bu3HaualoTh yactoTy oOepTaHHS KOJIHYACTOrO Bajla, BUTPATYy MAalbHOIO, KEPYIOTh
MIPUTOTYBaHHSM CTEX1OMETPUYHOI MAJTUBHO-TIOBITPSHOI CyMillli, 3HIKYIOTh TOKCHYHICTh BUKU/IB Ta 1HIIE, alle B
npoteci podoTH, SIK MPABUIIO, HE CIIIKYIOTH 32 BUXIIHUMHU KPYTHHM MOMEHTOM Ta MoTyXHicTio /B3 BHacmigok
CKJIaJIHOCTI X BUMIPIOBaHHS B YMOBaX pOOOTH CHCTEMH B peajbHOMY Yaci.

B poGori [2] HaBeseHO OIS CHCTEM Ta IPUCTPOIB ISl BU3HAUESHHS KPYTHOI'O MOMEHTY Ta 3alpOIIOHOBAHO
HOBY KOHCTPYKIIIO JHHAaMOMeETpa-TaxoMerpa-BaTMerpa. s NMpoBe/eHHsS BUMIpIOBaHb B PEALHOMY 4Yaci,
ITiIBUIIEHHS] TOYHOCTI Ta PO3MIMPEHHS Jiaa30Hy YacTOT 00EPTaHHS Cy4acHHUX JIBUTYHIB BUHHKAE HEOOXIIHICTH
BHUKOPHCTAaHHS MiKPOKOHTPOJIEPIB.

MeTo10 po6oTH € CTBOPEHHS 1 JOCHTIDKEHHS AIF0YOro 3pa3Ka JTUHAMOMETpa-TaxoMeTpa-BaTMerpa Ha 0asi
MIiKpOKOHTpOJIepa.

Buxianennsi ocHoBHoro Matepiany. Koporkuii orism MikpokoHTposepiB. J[ins1 po3poOok mporpaMHo-
amapaTHOi YaCTWHHM BHKOPUCTOBYIOTHCS MIKPOKOHTpPOJEPH — IHTErpajibHI MIKPOCXEMH, IO CYMIIalOTh B
OTHOMY KPHCTaJIl MIKpOIpOILEcop, aM’sITh JaHWX, aM’sITh pOrpaM Ta Pi3HOMAaHITHY mnepudepito (TaiiMepwu,
cranaaptHi iHTepdeticu, neperBoproaui AL i LIAII, qatumk TemmnepaTypu Ta 6arato iHIIOro).

Haii6inpin mommpeHi cepii MiKpOKOHTpOJIEPiB MalOTh 8-, 16- Ta 32-po3psaHy apXiTeKTypH.

Jns  Hemoporux  pilleHb 3  HECKIAQIHUMH  MaTeMaTHYHUMH  PO3PaxyHKaMH  BUKOPHCTOBYIOTh
MIKpPOKOHTPOJIEPH 3 8-pO3PSIHOI0 apXiTeKTyporo. HailmomupeHimmmu Ta HaliAOCTYTHIIIMMY B HAIlA KpaiHi €
MikpokoHTponepu BupoOHUnTBa Atmel Corp.

OcraTounuii BUOIp pO3poOHMKOM TOI UM 1HIIOT MIKpOINpPOIeCOpHOI IaTdopMHu JUIsl peatisalii cBoel 3anaui
3aJIOKHUTH Bifl BEJIUKOI KIIBKOCTI PI3HUX (DaKTOpiB, BKIIIOYAIOYH €KOHOMIiYHI. AJie 3a3BUYail MEepUIOl YMOBOIO
3aJIMIIAETHCS OTpUMAaHHs MaKCHMaJIbHO BUTiTHOTO CHiBBIIHOIICHHS
"I[[iHA — TPOJYKTUBHICTh — €HEPTOCIIOKHMBAHHA", 1[0 BU3HAYAETHCS CKIIAIHICTIO 3a/a4, SIKi HEOOX1IHO BUPIIIHTH.

L1i obcTaBuHM cTanu pymrieM B po3poOii B cepeauHi 1990-x HOBOro 8-po3psqHOTO Ki1acy MiKpOKOHTPOJIEpiB
3 apxitektypoto AVR. Cepitine BupoOHuUITBo AVR mouanoce B 1996 poriii, a B TaHHI MOMEHT B CepiliHOMY
BUpoOHULTBI y Atmel 3HaxoasThest Tpu cimelictBa AVR - "tiny", "classic" i "mega".

Ha nanwii MOMEHT criBBifHOIIEHHST "HiHA — NPOJAYKTHUBHICTH — eHeprocuokuBanHs" it AVR € ogaum 3
KpallluX Ha CBITOBOMY PHUHKY 8-pO3psSaHUX MiKpokoHTposiepiB. O0’emu mpomax AVR y CBiTi HOIBOIOIOThHCS
mopiuHo. B reoMeTpuuHii mporpecii pocTe 4MCIO CTOPOHHIX (ipM, IO PO3POOIISIOTH Ta BHUITYCKalOTh Pi3Hi
MpOrpaMHi i anapaTHi 3aco0H MiATPUMKH PO3POOOK ISl HUX.

O06sacTi BUKOPUCTAaHHS MiKpOoKOHTpoJiepiB AVR Garatorpansi. J[is cimeiicTBa "tiny" — 11e iHTEJIEKTyaabHi
aBTOMOOIIbHI JaTYUKU PI3HOTO NMPU3HAYEHHS, ITPAIIKU, irPOBi MPUCTAaBKH, MATEPHHCHKI TUIATH NMEPCOHATBHUX
KOMIT FOTEpiB, KOHTPOJIEPH 3aXHCTY JIOCTYNY B MOOUIBHUX TenedoHax, 3apsiHi MPUCTPOI, JETEKTOPU AUMY Ta
noym’si, moOyToBa TexHika, iH(pauepBOHI MyIBTH NUCTaHIIHHOrO KepyBaHHs. s cimelicTBa "classic" — 1e
MOJIEMH DI3HHMX THUIIB, CydYacHi 3apsyiHi mpuctpoi, mpuctpoi kmacy Smart Cards, cynmyTHHKOBI HaBiraiiiHi
CHCTEMH /ISl BU3HAYEHHS MICLE3HAXO/KEHHS TPAHCIIOPTHUX 3aco0iB, CKiajHa MOOYTOBa TEXHIKa, MYJIBTH
JIUCTAaHIITHOTO KepyBaHHS, MEPEXeBl KapTH, MATEPUHCHKI IUIATH KOMIT I0TEPIB, CTIILHUKOBI TeseOHH HOBOTO
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TIOKOJIIHHS, @ TAKOXK Pi3HI MMPOMHUCIIOBI CUCTEMH KOHTpOMIO Ta KepyBaHHs. s "mega” AVR — ue ananorosi
(NMT, ETACS, AMPS) i uudpori (GSM, CDMA) mMo0ii1bHI TenedoHn, TPUHTEPH 1 KIFOUOBI KOHTPOIEPH LIS
HHUX, KOHTpPOJIepH amapaTiB (PaKCHUMIIBHOrO 3B’SI3KY 1 KCEpOKCiB, KOHTPOJIEPH CYYaCHHUX AWCKOBHX
HakonuuyBauiB, CD-ROM i 1.x.

Oco01uBOCTI apxiTeKTYpu MiKpokoHTposaepiB AVR

Bci AVR mators Flash-nmam'site mporpam, mo moxe OyTd 3aBaHTaXKeHa SIK 3a JOIOMOTOI 3BUYaiHOTO
mporpamaropa, Tak 1 3a JIOIOMOIOI0 ITOCHIJOBHOrO CHHXpoHHOro intepdeiicy (SPI), y Tomy wwmcmi
OesrnocepeHbO Ha HiTBbOBIH Twiari. Yncnmo nmkmiB nepezanucy — He menme 1000. OcraHHi Bepcii KpucTaiiB
cimelicTBa "mega" MaloTh MOXKJIMBICTh CAaMOIIPOTPaMyBaHHSI.

Bci AVR Matoth Takox 010K eHepronesaiexnoi nam'ari nanux (EEPROM), mo Moxe nepe3anucyBaTuch
eNeKTPUIHUMHU MeTonamu. Llel Tun mam'siTi, TOCTYIHUE nporpami MiKpoKOHTposepa Oe3rnocepenHbo B Xomi il
BUKOHAHHS, 3py4YHUI Ui 30epiraHHs NPOMDKHHMX MJaHUX, pPI3HUX KOHCTAaHT, TaOJMIb TEPEeKOayBaHb,
KaJiOpoBaHUX KOE]Ili€HTIB TOIIO.

Buytpimms oneparuBHa nam'sitb (SRAM) € y Bcix AVR cimetictB "classic”" i "mega" i B 0qHOr0 HOBOTO
KpucTana cimeiicra "tiny" - ATtiny26/L. [dns nesikux MiKpOKOHTPOJIEPIB MOXIIUBA OpTaHi3amis ITiJKII0YeHHS
30BHIIIHBOI aM'aTi TaHuX odcsirom 10 64 Ko6.

Buytpimmniii TakroBuii reHepatop AVR Moxke 3amyckaTHCs BiJ AEKIUIBKOX JDKEpENl OIOPHOI YacTOTH
(30BHIIIHIA TeHepaTop, 3OBHIIIHIN KBapLOBHH pE30HATOP, BHYTpilIHIAH a0o 30BHIiMmHIN RC-naHIIOXKOK).
MakcumaipHa poboda 4acToTa BU3HAYa€ThCsl KOHKPETHUM THUIIOM MIKPOKOHTpOJIEpa.

Cropoxosuii Taiimep (WATCHDOG) npusHadeHU# UId 3aXMCTy MIKPOKOHTpoJiepa Bix 300iB y mporieci
pobotu. Bin Mae cBiii Bimacuuii RC-renepartop, 1o npairoe Ha 4actoti 1 MI'm.

MikpokoHtponepy AVR wmarote y cBoemy ckiami Big 1 go 4 TaliMepiB/NiYMIbHUKIB 3araJbHOTO
NpU3HAYEHHS 3 po3psaHicTio 8 abo 16 OiT, sSKi MOXKYTh MPALIOBATH 1 SIK TaliMepu BiJ BHYTPILIHBOTO JKepesa
OITOPHOI YaCTOTH, 1 SIK JIYMIILHUKY 30BHIIIHIX TOMIH 13 30BHILIHIM TaKTYyBaHHSIM.

Cucrema peanpHoro uyacy (RTC) peanmizoBaHa y BCix MIKpPOKOHTpoOJepax ciMelcTBa "mega" 1 y ABOX
kpucranax cimeiictsa "classic" - AT90(L)S8535. Taiimep/miumnsauk RTC mae cBili BIacHUH NepeAiIbHUK, IO
MOXE MpOTrpaMHO MiAKIouaTHcs abo 110 OCHOBHOTO BHYTPINIHBOTO JDKEpella TaKTOBOI YacTOTH
MIKpOKOHTpOJIepa, abo J0 I0JaTKOBOTO aCHHXPOHHOTO JDKEpela ONOPHOI 4YacTOTH (KBapLOBHHA PE30HATOP
32,768 k['11, a00 30BHIIIHIM CHHXPOCHUTHAI).

IMoptu BBOAY/BUBOMY AVR MaroTh uncio HezanexHux JiHid "Bxin/Buxin" Big 3 mo 53. Koxkuuii po3psa
MopTy MoXke OyTH 3amporpamMoBaHHil Ha BBiI a00 Ha BuBiXN iHpopmarii. [{ikaBa apxiTeKTypHa OCOOJIMBICTH
NoOyIOBH MOPTiB BBOAY/BMBOAY B AVR monsrae B ToMy, 10 Ui KOXXKHOTO (Di3MYHOTO BUBOIY icHye 3 OiTH
KOHTPOJIIO/KepyBaHHS, a He 2, SIK y PO3ITOBCIOIKEHUX
8-po3psmuux MikpokouTpoiepiB (Intel, Microchip, Motorola i T.1.). CrpollieHa CTPYKTypHa cXeMa elIeMeHTa
BBONY/BUBOAY AVR-MikpokoHTponepa HaBenena Ha puc. 1. Tyr DDRx — OiT KOHTpONIO HampsMKy repeaadi
JaHuX i npuB's3ku BuBoy A0 muHU xuBieHHs (VCC), PORTx — 6it npus's3ku BuBoxy 10 VCC 1 OIT BUXiTHUX
nanux, PINX — OiT 1u1s BimoOpakeHHs JIOTIYHOTO PiBHS CUTHAY Ha () i3MYHOMY BHUBOJII MiKPOCXEMHU.

ApxitekTypa moOyJoBH NOpTiB BBoAy/BHBOAY AVR i3 Tppoma OiTamu KOHTPOIJIIO/KEPYBaHHS JO3BOJISIE
PO3POOHHUKY TTOBHICTIO KOHTPOJIFOBATH TPOIICC BBOY/BUBOLY.

AHAJIOTOBUI KOMITapaTop BXOAUTH OO CKIAAy OUIBIIOCTI MikpokoHTposiepiB AVR. Tumosa Hampyra
3MinieHHs1 gopiBHioe 10 MB, yac 3aTtpumku cTaHoBUTH Onu3bKo 500 HC 1 3aJIKHUTH Bi HAIPYrW JKUBJICHHS
MIiKpOKOHTpOJIepa.

Amnaoro-mudposuii epersoprosay (AII) noOymnoBaHuii 32 KIIACHYHOIO CXEMOIO TTOCITOBHUX HAOIHKCHD
13 puctpoeM Bubipku/36epiranns (I1B3). KoxxHuii 3 aHAIOroBUX BXOIIB MOXKe OyTH 3'eqHaHuit i3 BxogoMm [1B3
Yyepe3 aHaJIOroBUi MynbTHILIEKCOp. [IpucTpiii BUOipkn/30epiranHs Mae CBill BIaCHHUH MiJICHITIOBAY, IO TAPAHTYE
CTa0lIbHICTh BUMIPIOBAHHS IPOTSTOM YCHOT'O Yacy HEepPETBOPEHHSL.
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Puc. 1. Cmpyxmypa enemenma 6800y/6u600y AVR

AVR-MiKpoKOHTpOIEpH MOXKYTh OYTH II€peBe/ieHI NPOrpaMHHMM IUIIXOM B OJHMH i3 MIECTH PEKUMIB
3HW)KEHOTO eHeprocnokuBaHHs. J[ns pisHux cimelictB AVR i pi3HHX MIKpPOKOHTPOJIEPIB y MeXaX KOXKHOTI'O
ciMelicTBa 3MIHIOIOThCS KIJIBKICTh 1 CIONYYeHHS JOCTYITHUX PEXKHUMIB 3HWKEHOTO EHEPrOCIIOKUBAHHS.
Joxnanninnty iHpopMalilo MOXKHA 3HAWTH B OPHUTIHATIBHIN TexHiIuHIH gokymeHTanii Atmel Corp.

Mikpokontponepy AVR mega64, megal03 i megal28 wmaioTh mie OAHY NPUMITHY apXiTEKTypHY
OCOOJIMBICTB, IO JI03BOJISIE 3HAYHO 3HU3UTH EHEPrOCHOKMBAaHHS BCHOI'O KPUCTaNa B MHIJIOMY, MOHU3UBIIH
OCHOBHY TaKTOBY YacTOTY MiKpPOKOHTpoJIepa.

MixkpokoHTtponepy AVR (QyHKIIOHYIOTH y IIUPOKOMY Jiama3oHi Hampyr >xuBieHHs Bix 1,8 o 6,0 B Ta
Temnepatyp — komepitiiiauii (0 °C...70 °C) ta ingycrpianpauii (—40 °C...+85 °C).

3 morsimy mporpamicta, AVR sBnse coboro 8-pospsanuii RISC MikpokoHTposep, IO Mae IIBHIKUMA
rapBap/IChKHI MpOoLecop, MaM'saTh Iporpam, Mam'sTh JaHHUX, ITOPTH BBOAY/BHUBOAY i pi3HI cxemu iHTepdeiicy.
CtpykTypHa cxemMa MIKpOKOHTpoJjepa HaBeaeHa Ha puc. 2. ['apBapiachka apxitekTypa AVR peani3zye moBHUMN
JIOT1YHUH 1 (pi3UUHHUN PO3IOJIN HE TIIBKU aJPECHUX MPOCTOPIB, ale i iHGOPMAaIIHHIX IIMH VIS 3BEPTaHHS 10
maM'sTi Iporpam i J0 maM'sti JaHuX, IPUYOMY CIIOCOOH ampecarlii i TOoCTymy M0 IUX MAaCHUBIB MaM'sATi TaKOX
pizHi. [ToniOHa moOymoBa Bxxe OIrKYE A0 CTPYKTYPU HU(PPOBUX CUT'HAIBHUX MPOILECOPIB 1 3a0e3neuye iCTOTHE
TiIBUIIEHHS MPOAYKTUBHOCTI. LleHTpanbHUil mpolecop Mpailoe OJHOYACHO SIK 3 IaM'STTIO Iporpam, Tak i 3
Mam'sITTIO TAHUX; PO3PSAHICTD IIUHY IaM'sITi mporpaM po3impena 1o 16 OiT.
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Puc. 2. Cmpyxmypua cxema AVR [4]

Hacrynaum kpokoM Ha nnisaxy 30utbiieHHs: mBuAkoAii AVR € BUKOpHCTaHHS TEXHOJNOTIT KOHBEEpH3allii,
BHACJII/IOK YOr0 IUKJ "BUOIpKa — BUKOHAHHS" KOMaH/IH MOMITHO CKOpOYEHa.

VY wmikpokontponepax PIC, sik i B AVR—koHTponepax, BUKOPUCTOBYETHCSI OJHOPIBHEBHH KOHBEEpP IPH
3BEpPTaHHI JI0 MaM'sITi IporpaM i KOpoTka KOMaH/a B 3arajJbHOMY TOTOIll BUKOHYETHCS 32 OIMH MAIIMHHUH [IUKJL.
lonoBHa >k BIIMIHHICTH MONATae B TOMY, IO Iied mUKkI B AVR CTaHOBUTH yCbOro OAMH TEPiOA TaKTOBOL
yacToTd. J[ns mopiBHsAHHA, Ha puC. 3 HaBeleHI TUMYACOBI JiarpaMu NpH BUKOHAHHI TUIIOBOI KOMAaHAW JUIS
PI3HUX MIKpDOKOHTPOJIEPHUX IIaT(HOPM.

AVR DO\‘El L] L] L] L] L] L] L] L] L] [} [} [ ]

Mcj1- X2 - - Yoo - - o o :

|-[I)5:I>(1 : ' ' .X 2' ' ' ' ' ' XDONE! ' ' ' '

&1 e D €1

Puc. 3. Yacosi diacpamu mixponpoyecoprux niamepopm [4]

HacrynHa BiaMiTHa prica apxiTeKTypu MiKpokoHTposepiB AVR — peecTpoBuii (aiin mIBUIKOrO IOCTYILY,
CTPYKTYpHa CXeMa SKOro rmoka3aHa Ha puc. 4. Koxnuit 3 32-X pericTpip 3arajpHOr0 MpU3HauCHHs TOBKUHONO 1
OaliT Oe3nmocepeqHbO NOB'sI3aHUH 3 apudMernko-oriynuM npuctpoem (AJII) nponecopa. IHakme kaxydu, B
AVR icuye 32 perictpu-akymynstopu (3piBHsiiite, Hanpukman, 3 MCSS51). Ils oOcraBuHa 103BOJSIE B
CHOJIY4EeHHI 3 KOHBEEPHOIO 00pOOKOI0 BUKOHYBATH OAHY oreparito B ALU 3a oqyH MalMHHAN UKL

licte i3 32-x pericTpiB (aiina MOXYTh BHKOPHUCTATHUCS SK TpU 16-pO3psSIHHX TOKKYHUKU aAPec MpH
HenpsMil anpecanii ganux (X, Y i Z), mo iCTOTHO MiABMINYE MIBUAKICTh NMEPECHIAHHS JAHHX NPH PoOOTi
MPUKJIaIHOI IPOrPaMHu.

RO
R1
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R2

R3

R26 XL X
R27 XH Pointer
R28 YL Y
R29 YH pointer
R30 ZL Z
R31 ZH pointer

Puc. 4. Pezicmposuii ¢paiin AVR [4]

PericrpoBuii ¢daiin 3aiimae Monoxamn 32 Gaiita B 3arajipHOMY aapecHomy npocropi SRAM AVR. Take
apXiTeKTypHe pillleHHd [O03BOJSIE OJEPXKYBaTH MAOCTYNI A0 ILIBHAKOI "pericTpoBoi" oOmepaTUBHOI MaM'aTi
MIKpPOKOHTpOJIEpa JBOMa LUIIXaMU — O€3M0CepPeTHbOI0 aJpecamiclo B KOJI KOMaHAW W IHIIUMH CIocoOamMu
anpecanii SRAM.

Cucrema xomang AVR pocuth po3BuHeHa i HapaxoBye 10 133 pi3Hux iHCTpykuiil. Maibxke Bci KOMaHau
MaloTh (hikcoBaHy IOBXHHY B ofHe ciioBo (16 OiT), 110 703BOJSIE B OIIBIIOCTI BUMAIKIB IMOEAHYBATH B OIHIH
KOMaH/1i i Kozt onepailii, 1 oriepas.

Jlobpe BijoMo, M0 PO3BUHEHI 3acO0M MIATPUMKH PO3POOOK NMPHU OCBOEHHI W 3HAHOMCTBI 3 OyIb-SKUM
MIKPOKOHTPOJIEPHUM CIMEHCTBOM BiJirpaloTh HE MEHII 3HayHy poJb, HiX cami Kpuctamn. Pipma Atmel
NpULIsiE OMY ITUTaHHIO BeNMKY yBary. IlporpamHi i amapaTHi 3acoou it AVR 3aBxmu po3poOisutucs i
PO3POOIISIOTECS MApajelbHO 13 CaMHUMHU MIKPOKOHTpOJEpaMHu W MICTATh y co0l KOMITUIATOPH, BHYTpiCXEeMHI
eMYJISTOPH, BiJUIaJUUKH, IPOrpaMaToOpy, HAHIIPOCTILIl BiJJIaro/KyBajbHi INIATU-KOHCTPYKTOPU IPAKTUYHO Ha
Oynp-skuii cMak. BaxumBy ponp Bigirpae # Bimkpura mnomituka Atmel Corp. y NHUTaHHAX pPO3BUTKY M
MOIIMPEHHS PI3HOMAHITHUX, JOCTYINHUX 3aco0iB miATpUMKH po3pobok. lle no3Bomsie pospobiroBauam i
BUPOOHMKAM €JIEKTPOHHOI TEXHIKU CIIOAIBATHCSA Ha 30€peKeHHS ITOBHOLIHHOI MIATPUMKHU IS IEPCIEKTHBHOTO
cimMelicTBa MiKpOKOHTpOJIEpiB, 3akianaodn AVR y cBoi HOBI BUpOOH.

IIporpamHo-anapaTHHMii KOMILJIEKC JJIS JOCTIAKEeHHSI AUHAMIYHNX XapaKTepPUCTUK B TPaHCMicisiX Ha

ocHoBi MK ATmegal6
SIk mokasaB HABEACHUH BHINE aHaNi3, I8 JOCTIIKEHHS KIHETHYHUX | IMHAMIYHUX XapaKTepPUCTHK
TpaHCMicii 3a KpuTepisiMu '"HiHA — TPOJAYKTHBHICTh — EHEPrOCIIOKUBAHHA" HaWKpalle MiJXOAUTh

MikpokoHTpoep ATmegal6 ¢ipmMn Atmel. 3arajpHuil BUIUISLA IUIaTH  KOHTpojiepa 3 NepuepiitHuMU
HPHUCTPOSIMHU 300paskeHO Ha pHC. 5.

s

Puc. 5. 3acanvnuii suenno ATMegal6 3 nepupepitinumu npucmposmu
KiHeMaTUYHO-€NIEKTPUYHY CXeMy IPOrpaMHO-allapaTHOTO KOMIUIEKCY 300paxxeHO Ha pHc. 6.
MiKpOKOHTpOJIep MiJl 9ac poOOTH BUMIPIOE IHTEPBAIHM Yacy MK IMIyJIbcaMH JaTYHMKIB XOJa 3 TOYHICTIO, sIKa
BH3HAUCHA KBApIEBUM TeHEPaTOpOM i ckiajgae npuommsso 9.1x10™ ¢ Ta mepemae ix Ha Komm’foTep. 3aranpHuit
anroput™ pobot ATMegal6 nokazaHo Ha puc. 7.
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[[anbMiBHUI MexaHi3M
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3 nepudepinHum obnagHaHHaM

Puc. 6. Cxema npocpamno-anapamno2o KoMnaexcy 0Jisi GUMIPIOBAHHSL KIHEMAMUYHUX
ma OUHAMIYHUX NAPAMEmPi8 MPAHCMICIU

| [Moyarok |
|
|Hiuiani3auis
|
Kondirypauis susogis Megal6
|

K oHdpirypaLis nepepusaHb

|
|K oHcpirypauis UART (RS-232)
|

KoHdirypauis Tanmepa
|

3anyck Tanmepa
|

Bxig B pexum

= 3MEHLUEHHS X WBNEHHS, <

€3KIHEYHUN LINKJT
[

Kineub v

C”paLlFOBaHHT‘ patynka A2 CnpautoBaHHa gatumka [l 1
|

[Nepenaya NokasHUKIB .
MiYMNbHUKA A0 TUMYACOBUX [epenaya nokasHuKis
pericTpis 2 NiYMNbHUKA A0 TUMYACOBMX

perictpiB [ 1
|

3abopoHa npuitoMy curHaris _
BiJ JATHMKIB Nignporpamu 3abopoHa npuiiomy
l CUrHanis BifJ JAT4MKIB
[

[epenaqa TUMYaCOBHX PeriCTpiB
11afl28 CTaHﬂaplTHVIVI norik RS-232 Buxig 3 nignporpamm

Biamosa 3aboponu npuitomy
CUrHaniB BiJ AaTYUKIB
|

Buxig 3 nignporpamu

Puc. 7. Aneopumm pobomu mikpoxonmponepa ATmegal28 16 AE
0J1s1 BUMIDIOBAHHSL IHMEPBAILIE 4acy

MiKpoKOHTpOJIep Tiepenae JaHi Ha KoMI'loTep 3a gomomoroto iHtepdeiicy RS232, mo sBise coboro
MPOMUCIIOBUH CTAHAApPT A TIOCTIJOBHOI JIBOHATIPABICHOI aCHMHXPOHHOI mepenayi gaHux. MakcuMmanabHa

BiJICTaHb, Ha SIKiil MOXKHA OpTraHi3yBaTH 3B 30K, ckianae 20 M.
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Ha BigMiHy BiI mapajieabHOro MOPTY, IO CKIANA€ThCsS 3 BOCBMH iH(OPMAIHHUX JIiHIH, 10 332 OIWH TaKT
nepenae oauH Oaiit, mopt RS-232 morpeOye nwmiie HasBHOCTI OJHi€l Takoi JiHIi, MO SIKid IOCITIIOBHO
nepenaeThest 0T 3a OiToMm. Lle 103BONIsIE CKOPOTUTH KUIBKICTh iHQOpMAIiHUX JIHIH AJIs Mepenadi JaHHuX, aje
3MEHITye IIBHAKICTH [3].

s 0OpoOKM OTpUMaHMX JaHUX B peaibHOMY 4aci Oyna ctBopeHa mporpama «DTWy, 3araibpHuii BUTIIS
inTepdeiicy sikoi 300paxkeHo Ha puc. 8. BoHa mo3BONIsiE MpOYMTATH JlaHi, SIKI MeperaB MiKPOKOHTPOJEP 3
HEOOXITHOI IIBHIKICTIO IMepejadi Ta BH3HAYCHOK JOBKHMHOI makera manux 3 COM mopra KoM roTepa.
Takox Bizyani3ye OTpUMaHi AaHi B YUCIOBOMY Ta rpadiqHOMY BHIJISI 1 JTO3BOJISIE:

®  KOPEKTYBaTH 3HAUYEHHS JKOPCTKOCTI IPYKHOT'O €IIEMEHTa;

®  KUIBKICTh TOYKOBHX MarHiTiB Ha 00epT;

e  BHKOPHCTOBYBATH HEIiHIIHI PYXXHI eIeMEHTH;

® BHOCUTH KOpPEKTYBaHHS 3HAuUeHHS HYJIbOBOTO KPYTHOI'O MOMEHTY IIpH HAasiBHOCTI IOXHUOKH
TIO3UIIIOHYBaHHSI TOYKOBUX MarHiTiB.

B mporpamHo-anapaTHOMy KOMIUIEKCI MepeqdadeHa MOXIJIMBICTH 3BOPOTHOTO 3B’SI3KYy KOMITIOTEpa 3
MIKPOKOHTPOJIEPOM — JUIS ONTHMi3alii CHiJibHOI poOOTH, SIKa Ha JaHWH MOMEHT peali3oBaHa TiNbKA Ha
amapaTtHoMy piBHI (mporpama po3poONIIEThCSA), TaK caMo, AK 1 MOXIIMBICTh IHAWKAINT HUGPOBUX TaHHX
OesrnocepenHbo Ha TiaTi Megal6, 110 Ha TaHOMY eTarmi 3HaXOJMThCS B CTafil pO3pOOKH. 3aralbHUN alnropuT™M
po6otu nporpamu «DTW»» 300pakeHo Ha puc.9.

# DTW test E@@

Port settings DTW settings o 5 5
COM|1 j Open Close Kirs i aiosen ’1— ¥ Henitiifina ryrosan wopcTkicTs ;
NiHiFHa #kopeTkicTe, Hiv 4204 0094065 785969587
|Message 1 T Kyroea wopcrricte, Hra/pan 1
MNouaTkopa AoBMHHE NPYHAK, | 0,042
Orpurani aaHi Kyt we.. paa/s Kp Mom, He o Moryweicte, Br
4EDBEDE0O4EE3ABEC A | [11.003 A |0.0037 A | |0.0406 A KyToBa wenakicTs, pag/c
4F39154F4F44BDD1 10,9697 0.0051 ~ |0,0563
4F99D7BB4FASA997 10,958 0.0057 0.0629
AFFABC8350064077 10,964 0.0053 0.058
5058 6E 845067F86C 10,944 0.0091 0,0992
S50BB714D50C796D5 11,0434 0.0077 0.0851
511C83D 451240354 10.9226 0.0146 0.1594
517F145A518CFAB3 10,7573 0.0156 0,1683
51E138D151EEESD3 10,8036 0.0146 0.158
5244CDF752532100 10.6473 0.0174 0.1853
52A83B1F52B703BB 10,664 0.0209 0.2231
530BFFED531A37F4 10,6277 0.0165 0,175
536FA376537E4A8A 10.6411 0.0197 0.2092 - . - - - - -
53D3697653E23490 10,627 0.0205 0.2182 L ¥ 7 i ) : ¥ i '
543776CC544658F2 10,5974 0.0208 02209 ¢ A 4 o) 2 L A2 A0, 0
5498 8ABB54AA4BE3 10.5946 0.0198 0.2101 Yac, ¢
54FF7F38550D9C46 10,6076 0.0155 0,1649
5H633DA15570DA3IE 10,6301 0.0126 0.1343
55C6D47A55D 48403 10.6466 0.0144 0.1531 KpyTHinit momenT, Hem
56248F2656387E 38 10,6317 0.0146 0.1555 i T T
5H68E 763A569CF923 10,6132 0.0183 0.1944 E t *
56F164D356FF201C 10,7173 0.0142 0.1517 0,08
5754C3205760D 70B 10,6703 0.0053 0.0571
S7B707A157C44887 10,7898 0.0119 0,1282 0,08
5819D67858276A08 10,7308 0.0133 0.1429
587CCEBCHBBABEFI 10.7167 0.0137 0.1467 0,04
58EDE49558EF 304E 10,5904 0.0166 01755
594640 3559558F80 10,4556 0.0219 0.2285 0,02
534ABD182539BC043C 10,4445 0.0293 0.306
5AT0ADGCS5A204074 10,5126 0.0251 0.2639 o
5A751A455A843850 10,558 0.0222 0.2345 : . . .
SAD9B0555AEBI2EC 10.5608 0.0218 0.2303 ! y ! ! ! ! ) !
5B3DC4BESB4DTER3 10,5746 0.0273 0,2886 S o i £l o0 (=2 40 4
5BA1F4A7SBB11CFF 10,5831 0.0228 0.2409 Yac, c
SCO06509D5C157103 10.5596 0.0218 0.2304
SCEAFAF95C7ADIAZ 10,5381 0.028 0.2946
SCCFIEOBSCDFESDE 10,5358 0.0272 0.2861 MoTysHicTs, BT
50 34509F5D43D1C2 10.5294 0.0248 0.2609 T T T T T T T
5093FDFE5DAR1922 10,5316 0.0217 0.2284 : : : : : : :
5DFD52565E0DCE62EB 10,568 0.0218 0.2308 f
SE61FEI25E 712458 10.5354 0.0223 0.235 i
SECE83FASEDS586B 10,5445 0.0198 0,2087
SF2A97F55F38E 798 10,5946 0.0167 01772
SFBESA935FICIF1B 10.6284 0.0136 0.1441
SFF1678F5FFDCIER 10,7045 0.0068 0.0729
60534841605F5BBD 10,8328 0.0062 0.0669 o
GOB5123FG0C1AABB 10,8426 0.0087 0.094 ;
6116CDES612369FF 10.8488 0.0088 0.0953 i
6178C44B61856786 10,8234 0.0088 0,0947 .
™ M b ™ 20 40 60 20 100 120 140
Yac, ¢

Puc. 8. 3acanvnuii 6uensio sixna npoepamu 0 06PAXyHKY Yacmomu 00epmants, KPYmHo20 MOMeHmy ma
nomyoicHocmi
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Mouartok
I

[Hiumanisauis UART

KoHdirypauis wemuakocTi nepenai

KoHdirypauis JOBXWUHK NakeTy

[ 1 1

Biakpurts nopra COM ans npuitomy

—{T0fiHe 34/TyBaKHS OZHOTO Nakery AaHx
|

A Moeacrasnesia gamx B SeotToaid dophi

]
PospaxyHok 4acTtoTu,

KPYTHOrO MOMEHTY
Ta NOTY>XHOCTI

—]{Moby 082 BinoBigHwX rpadikis

Puc. 9. 3acanvnuii aneopumm pobomu npoepamu « DTW»

BucHoBkm.

1. CTBOpEHa ekcrieprMeHTaIbHa YCTaHOBKA [UIsl €KCIIEPUMEHTAIBHHX JIOCHI/PKEHb: INHAMIKH CTaIllilOHAPHUX
Ta HECTAI[lOHAPHUX MPOLECIB B TPAHCMICISIX IPU IepeAadi MOTY)KHOCTI Ta KPYTHOIO MOMEHTY; THHAMIYHHX
TMIPOLIECIB, IO Bi0OYBAIOTHCS Y IBUTYHAX Ta FaJbMiBHUX MEXaHi3Max B peaJlbHOMY Yaci.

2. 3acTocyBaHHS MIKPOKOHTpOJiepa 3HAYHO MOKpAaIllye IOKa3HUKA TOYHOCTI Ta CHPUSE TONAIBIIOMY
PO3LIMPEHHIO (PYHKIIOHATBHUX MOXIIMBOCTEH MPOrpaMHO-aapaTHOrO KOMILIEKCY.
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I'PABAP IBan I'puropoBud — MOKTOp TEXHIYHUX Hayk, npodecop, 3aBigyBau Kadeapud aBTOMOOUTIB i
MexaHiku TexHiuaux cucreM KTV,

Hayxkogi inTepecu:

— MIIHICTh KOHCTPYKIIiH;

— HeJNIHIAHI SBUINA Ta MOJIEIIi; CHHEPIeTHKA;, HOBI1 TEXHOJIOTT;

— TpHUCKOpeHi cepTH(iKaliifHi JOCHIIPKEHHS B  YMOBaxX CKJIQJHOTO  TEMIIEPaTypHO-CHIOBOTO
HaBaHTa)KEHHSI.

IBAHUYEHKO Bacunp MukosaiioBud — acmipanT kadeapud aBTOMOOUTIB 1 MEXaHIKM TEXHIYHHUX CHCTEM
JKUTOMUPCHKOrO JIep>KaBHOT'O TEXHOJIOTIYHOTO YHIBEPCUTETY.

Hayxkogi inTepecu:

— TporpaMHO-anapaTtHi KOMIDIEKCH Ui BUMIpIOBaHb, OOpOOKHM Ta 30€pekeHHS KiHEeMaTHYHHX Ta
JTUHAMIYHUX XapaKTEPUCTUK TEXHIYHUX CHCTEM.

JIOMAKIH Bonogumup OnexkcanapoBud — acHipaHT Kadeapu aBTOMOOLTIB 1 MEXaHIKH TEXHIYHUX CHCTEM
JKUTOMUPCHKOrO JIep>KaBHOT'O TEXHOJIOTIYHOTO YHIBEPCUTETY.
Hayxkogi inTepecu:
— KiHEeMaTH4Hi Ta AWHAMIYHI POIECH B TPAHCMICISIX.
Ionano 03.04.2009
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I'padap L.I'., IBanuenko B.M., Jlomakin B.O. MikpokoHTpoiepu Ta METOAOJOTISI CTBOPEHHS MPOrpaMHO-
anapaTHUX KOMIUIEKCIB ISl IOCIDKEHHsI JMHAMIYHHX MapaMeTpiB TPaHCMICIH.

I'padap U.I'., UBanyenko B.H., Jlomakun B.A. MukpokoHTpoJIIepsl U METOAONOIUS CO3/IaHUsI POTPaMMHO-
amapaTHBIX KOMIUIEKCOB JIIS UCCIIEAOBAHUS TUHAMHYECKHX MTApaMeTPOB TPAHCMHUCCHH.

Grabar L.G., Ivanchenko V.M., Lomakin V.A. Microcontrollers And Methodology Of Creation Program-
Hardware Complexes For Research Of Dynamic Parameters Of Transmissions.

YIAK 531.7

MUKPOKOHTPOLJIEPHI W METOAOJOTHSl CO3JaHUSI NPOrPAMMHO-ANAPATHBLIX KOMILJIEKCOB JIJIsI
HucciIeI0BaHUS JUHAMUYECKUX napaMeTpoB Tpancmuccuii / U.I'. I'pabap, B.H. IBanuenko, B.A. Jlomakun

O0ocHOBaHa HEOOXOAMMOCTh M MPENOCTaBICHO OIMKCAHHUE METONOJOTM M TPOrPaMMHO- amapaTHOro
KOMILIEKCa JJIsl UCCIIEI0BaHUS KUHEMATHYECKUX U JUHAMHYECKUX XapaKTEPUCTUK BpaIaTeIbHOTO JBUKECHUS

YK 531.7

Microcontrollers And Methodology Of Creation Program-Hardware Complexes For Research Of
Dynamic Parameters Of Transmissions / I.G. Grabar, V.M. Ivanchenko, V.A. Lomakin

A necessity is grounded and description is given methodologies and program- vehicle complex for research
of kinematics and dynamic descriptions of rotatory motion.
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