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AHHomauyusi — PaspaboTtaHa coBpemeHHas nabopaTtopHasi
6a3a ans npoBeaeHVs NabopaTopHbIX NPaKTUKYMOB MO TEXHU-
YeCKVUM AMCLMNAMHAM NPU U3YYEHWUM MUKPOMPOLIECCOPHON TEX-
HUKW, MUKPOKOHTPOSINEPHBLIX CUCTEM, @ TakkKe YCTPOUCTB Ha
ocHose [MJIUC. PaccmatpuBaloTca NpMHUMMbLI NMOCTPOEHNS na-
6OpaTOPHbLIX MAKETOB M BO3MOXHOCTU UX MPUMEHEHUS.

|. BBepgeHue

JlTabopaTopHbIN NpakTUKyM ABRSEeTCS OOHVUM U3 BaX-
HeMWwunX KOMMOHEHTOB npouecca oby4eHus npu noaro-
TOBKE WHXEHEepHbIX kagpoB. Llenn npaktvkyma B 6onb-
LUIMHCTBE CNny4Yaes MPYMEPHO OAMHAKOBbI — MOMOLLb B
YCBOEHUN TEOPeTUYEeCKOro marepuana, U3yyeHue aIKc-
nepuMMeHTanbHbIX MeToAWK U MeToAoB 06paboTkn m3-
MepeHU, 3HaKOMCTBO C COBPeMEHHbIMU npubopamn 1
cuctemamu. osTomy AnNsS NOArOTOBKM CNELManucTos B
obnactn CoBpeMEeHHbIX MWKPOMPOLIECCOPHBIX CUCTEM
HeobxoAnma cooTseTcTBylOWAn nabopaTopHas 6a3a,
obnapatowas wupovanwen OYHKLUMOHANBHOCTLIO U
BGoMbLIMMN BO3MOXHOCTAMU MPU MOAEPHM3aLMN N MO-
AndmKaummn Nod KOHKPETHYHO crneumnanuaaumio.

Il. OcHoBHasA 4yacTb

PaccmoTtpum 6onee nogpobHo paspaboTaHHoe na-
bopaTopHoe ob6opyagoBaHue.

JlTabopaTopHbii MakeT MJT —1 ana nM3y4yeHus MUKpO-
KOHTPOSINEPHBIX cUCTEM ynpasrnenus [1]. [JaHHbIn MakeT
NO3BOMNSIET CO3[aBaThb rMOKME TEXHUYECKUE PELLEHNUS NPU
pa3paboTke LMPOBbLIX YCTPONCTB CO BCTPOEHHBIMU CUC-
TEMaMu yrnpaBIiEHUs1 HU3KOTO U CPEAHEro YPOBHEW CIOX-
HOCTV U MOXET MPUMEHSATLCSA B LUMPOKOM CrnekTpe ObiTo-
BbIX U MEAMUMHCKMX NPUOOPOB, OXpaHHbIX CUCTEMax U
T.0. B coctaB maketa BxogdaT: Hambonee pacnpocTpa-
HEeHHbIN B YKpauHe LWMPOKOGYHKLMOHANbHbIN 8-M1 pas-
psgHbIA MUKpokoHTponnep cupmbl ATMEL AVR AT-
MEGA-128, 6nok 8-pa3psigHO CBETOAMOOHOW WHAMKa-
uumn, nporpaMMupyemble MNOrnb3oBaTenem Krnasuwmn u
mMaTpuyHas knaeuatypa 4x3, AOMNOMHUTENbHbIE MOAYNU
BHelLHen namatn 32 Mbit Flash-RAM, DATA RAM 32K,
10-T NO3MLMOHHBIN LUmMdpoBon nHgmkatop Holtek HT-10,
MOHOXPOMHbIN rpadmyeckun gucnnen 240x128 LCD EP-
SON, nocnepgoBaTtenbHbli  MHTEpgenc RS-232, 12-
pa3psgHble mogynu ALM n AT, BHewHun pa3bem, no-
3BONSOWMIA MOAKNOYAaTh HecTaHOapTHbIE YCTPOWCTBA,
UCMONHUTESNbHBIE MEXaHU3Mbl 1 Aatymku. Mporpammupo-
BaHWE MMVKPOKOHTpOMsepa BbINONHAETCA 4Yepe3 ISP -
nporpammatop, JTAGICE nHtepdenc c otTnag4ymkom.

JTaBopaTtopHbii makeT MJ1-2 npegHasHaveH Ansi nsy-
YEeHUs NMPUHLMMNOB pa3paboTki LMPOBbIX YCTPOWUCTB Ha
OCHOBE MMKPOCXEM MpOorpaMmmmnpyemMon Noruku. JaHHbIn
MakeT NPUMEHSIETCS B AUCLMMNIMHAX, B KOTOPbIX U3y4a-
eTcs uudpoBas CXeMOTEXHMKA M paccmaTpuBaloTCs
BOMPOCHI, CBAA3aHHbIE C pa3paboTKOM 3aKOHYEHHbIX MOJ-
HOYHKLMOHaNbHbBIX LMMPOBLIX MPUOOPOB U CUCTEM
BbICOKOW CIOXHOCTU, TakMX Kak ayamo/BMOEO MPOLIECCO-
pbl, Mogynu Ans uudpoBon obpaboTkm curHanos. B
coctaB maketa Bxogat: MINC (nporpammupyemasa no-
rmyeckasl MHTerpanbHas cxema) tTuna FPGA dvpmbl
Altera ACEX EP1K100QC208, paboTatowasi Ha TakTo-

Bon yactote 50 MIu, BcnomoraTesnbHbI MUKPOKOH-
Tponnep ATMega - 128, pononHUTEeNbHbIA BOK NaMaATH
pasmepom 32 M6avita Flash RAM gwncnnen LCD EP-
SON 320x240, sugeo LIAM 80 MI'y, nporpammupyemble
nonb3oBaTenemM MoOAynvM CBETOAMOAOB BHELUHWE BblBO-
Obl 1 KnaswaTtypa, nogaepxveaeT uHTepdeincsl USB
2.0, RS-232 n PS/2. BbinonHsieTca noaaepxka HeCKOIb-
Knx pexumoB koHdurypupoBaHusa MJINC: 3arpyska npwm
nomowm USB uHTepdelica, 3arpy3ka npu nomowm Byte-
Blaster, 3arpy3ka npu nomowu Flash RAM, 3arpyska npu
NOMOLLM MUKPOKOHTporinepa AVR.

NabopaTopHbii MmakeT MJ1-3 npegHasHayeH ons uay-
YEHUS apXUTEKTyp BbiCOKONpom3BoauTenbHbeix ARM
MUKpOKOHTponnepoB. B coctaB maketa Bxogsat: ARM
MUKpOKOHTponnep dupmbl PHILIPS LPC-2106, pab6o-
Talowmi Ha yactote 50 MIu, LCD pgucnnen c paspe-
watowen crnocobHocTelo 320x240, nporpamMmmupyemble
nonb3oBaTenemM MoAynvM CBETOAMOAOB BHELUHWE BbIBO-
Obl U KnaBmaTtypa, nogaepxusaeT nHtepdencel USB 2.0
n RS-232. BbinonHsaeTcs nogaepkka HECKONbKUX PexXu-
MOB MpOLUNBKM 1 oTnagkn ARM MUKPOKOHTponnepa.

JlTabopaTopHein makeT MI1-4 npegHasHayeH anst uay-
YeHUs MPUHLUMNOB 06paboTKM CUrHANoOB C MOMOLLBIO
CUrHarnbHbIX NPOLEeccopoB. [laHHbIN MakeT NpUMeEHsIeTCS
B AMCLMNMMHAX, B KOTOPbIX paccMaTpMBaroTCs BONPOCHI,
CBsi3aHHble C LuMdpoBon obpaboTkor curHanos. B co-
CTaB MakeTa BXOOAT: CUrHanbHblA npoueccop ADSP-
BF532 BlackfinB® Processor, 6nok guHamuyeckon na-
matn 32 MBT (16M x 16-bit) SDRAM, 2 MBT (512K x 16-
bit x 2) FLASH, AD1836 96 «kI'y ayavo kogek, ADV7183
Buaeo pekogep, ADV7171 Bugeo sHkopep, ADM3202
ans RS-232, USB 2.0, nporpamMmmupyemble nonb3oBaTe-
neM CBeTOAMOAbl U KHOMKK, NporpaMMupyemMble norb30-
BaTenem BbIBOAbI.

Mpu nposBepeHun yyebHOro npouecca B cucTteme
CpefdHero crneumnanbHOro, TEXHUYECKOro 1 BbiCLUero ob-
pasoBaHus, B HayyHblx nogpasgeneHusax, HAW, akty-
anbHbIM SBMSIETCS MOAepHM3aums nadopaTopHoro o6o-
py4oBaHUS U M3MepUTEnbHOW TexHukM. CylecTBytoLlas
ycTapeBLUasa TexHuKka He obecneunBaeT TpeboBaHMsA No
TOYHOCTM M [OCTOBEPHOCTUM W3MEPEHWI, MOPAarnbHO U
dmanyeckn yctapena M COOTBETCTBEHHO TpeOyeT 00-
HOBNEHUs1 1 3aMeHbl. [podeccrnoHanbHas nsmepuTens-
Has annapartypa, Hanpumep, BbiyckaeMasi Nnog MapKoWn
Tectronics v Agilent, oyeHb gopora n He npuobpeTtaeTcs
Jaxe KpynHbIMU covpMamu.

MosiBNeHVe HOBbIX MUKPOKOHTPOMNEpoB € GoraTbiM
Habopom nepudepmn 1 NoaaeEPKKOM BbICOKOCKOPOCTHOIO
KaHana obMeHa [aHHbIMW C KOMMbLIOTEPOM, MO3BONMNa
€co34aTb KOMMaKTHOe YCTPOWCTBO coyeTawlime B cebe
BCE BbIWENepevncrieHHble QYHKUMU MO  3HAYUTENbHO
6onee HW3KOM LiEHE MO OTHOLUEHMIO K (PUPMEHHBLIM aHa-
noram. Mcxopsa u3 atoro, Gbin paspaboTaH U U3roToBneH
N3MEPUTESBbHBIA KOMMIEKC, KOTOPbIA COOEPXUT B OOHOM
kopnyce 10 nsmeputensHbIX NPMGOPOB:

— [ByXKaHanbHbI ocuunnorpad, camonucel;

— MynbTUMETP, BKIMOYalLWMin B cebs BONbTMETP,

amnepmeTp, YacTOoTOMETp, ha3oMeTp;
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—  byHKUMOHAnNbHbLIN reHepaTop;

— OrMYecKkuii aHanmsaTop;

— JIOrMYECKMI reHepaTop;

— aHanusaTtop cnekrpa.

MamepuTenbHbIi KOMNnekc obecneunBaeT cnegyto-
lwme pexvMbl paboTbl: AByxKaHanbHble ocuunnorpad,
aHanm3aTop CrneKTpa; CaMonuceLl, NorMyecknii aHanmaa-
TOp, MyNbTUMETP, BKMYaKWMA B cebs BONMbTMETP,
amnepmMmeTp, YactoTomep, asomMeTp, PYHKLMOHANBHbINA
reHepaTop.

Bbicokas dyHKLUMOHANbHOCTL paspaboTaHHOro KOM-
nrnekca no3BonsieT MNPOBOAWUTb MOSHBIA LMK U3MepU-
TenbHbIX paboT Npu Hanuuum Ha paboyem MecTe OfHOro
Takoro npubopa. OH umeeT Hebonblne rabapuTHble
pasmepbl 1 B HECKOMbKO pa3 JeLleBrne COOTBETCTBYO-
LMX 3apybexHbIX aHaroros.

Ha cerogHsWHWIA OeHb CcyllecTByeT [Ba BapuaHTa
WCMONHEHUsT M3MepuUTENbHOro Komnnekca. B nepsom
crny4ae 3TO KOMMIEKC, OPUEHTUPOBAHHbLIA Ha paboTy C
nporpammHblM obecneveHnem, KoTopoe ycTaHaBnuBa-
€TCS Ha KOMMbITEP, BO BTOPOM — MOMHOLEHHO (PYHK-
umMoHupyoLwmn 6e3 komnbloTepa.

VMcnonb3oBaHne gaHHow nabopaTopHon 6a3sbl Tak ke
Nno3BONsAET NepeBecTU AUNIIOMHOE MPOEKTMPOBaHWE Ha
Ka4eCTBEHHO HOBLIN YpOBEHb, obecrneuynBasi BO3MOX-
HOCTb CO3[aBaTb peasibHble AWUMNIIOMHbIE MPOEKTHI, Bbl-
XOA0M KOTOpbIX SIBASIOTCS AEWCTBYOLLME YCTPOWCTBA U
mMakeTbl. Tak, B 2006/2007 y4yebGHoM roay paspaboTaHbl
peanbHble AMNIOMHbIE NPOEKTLI, B pe3ynbTaTe KOTOpbIX
cosfaH annapat ans puHoMaHoMeTpuu [2], YCTPOMCTBO
ONS OUarHOCTUKM  XKerNy[4oYHO-KMLLIEYHOro TpakTa Mo
JaHHbIM anekTporacTporpadum [3] n gp.

IIl. 3akno4yeHne

[aHHas annapaTypa BHegpeHa B y4ebHbI npouecc
crneayLwmx By30B YKpauHbi:
— XapbKOBCKUA HaUMOHAIbHbIA MONUTEXHUYECKUIN
yHuBepcuteT «XIMN»;
— KWiBCbKMIA YHIBEPCUTET EKOHOMIKM i TeXHonorii
TpaHCnopTy;
— YKpaiHCbka [epXaBHa akademist 3anisHU4HOro
TpaHCnopTy;
— Yepkacbkuin AepXaBHUA TEXHIYHUI YHIBEPCUTET;
— |BaHO-®paHKiBCbkUIA  HaLOHaNbHUA  TEXHIYHWUIA
yHiBepcuTerT.

Pa3paboTaHHble YCTpOWCTBa codepXaT LUMPOKUIA
cnekTp nepudepuitHoro o6opy0BaHNS: aHanoroBble U
undpoBble AaTYMKU, MOSYNWN AONOMHUTENLHON NamsaTy,
CUMBOJbHbIE U Tpadunyeckue AUCMNEN, UCMOMHUTENb-
Hble MexaHu3Mbl 1 T.4. [JaHHasi annapaTypa MOXeT ucC-
nonb3oBaThbCs Ansi NOATOTOBKM CrneuManncTos B obnac-
TN paspaboTKM MUKPOMPOLLECCOPHBIX CUCTEM ynpasrie-
Hus. lMepcnekTmBon paboTbl ABMSETCA COBEPLUEHCTBO-
BaHWe nporpaMMHO-anmnapaTtHoW 4YacTu Ang pacluupe-
HMUS  (DYHKUMOHANbHBIX U y4ebHO-MeToaMYecKnx BO3-
MOXXHOCTEI NnabopaTopHOro NpakTUKyma.
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Abstract — Principles of design of laboratory facilities for
learning microprocessor technology in technics are proposed.
Modern laboratory base for studying the microprocessor, micro-
controller and FPGA systems is described..

I. Introduction

Training of engineering skills is very actual in modern educa-
tive process. Learning FPGA and micro-controller systems are
based on special high-performance laboratory equipment. The
modern laboratory platform for different technical applications is
designed in Kharkiv National University of Radio Electronics. Now
our laboratory equipment is built on 5 different devises.

Il. Main Part

For learning and designing the microcontroller systems we
have a special laboratory stand ML-1. This stand consists of
feature-rich AVR microcontroller ATmega-128 from ATMEL,
including ISP and JTAG-programmer ports, extended RAM and
flash-ROM, 4x3 matrix keyboard, functional keys, module of 8-
bit light-emitting indication, 240x128 LCD-display, serial inter-
face RS-232C, build-in temperature sensor and digital in-
put/output connectors. This stand allows designing simple mi-
croprocessor control systems.

For learning and designing the systems on FPGA devises
we have a special laboratory stand ML-2. This stand contains
ALTERA ACEX EP1K100QC208 (50 MHz) with several inter-
faces for configuration USB, Byte-Blaster, flash-RAM, ex-
panded microcontroller ATMega-128, extended RAM and flash-
ROM, 320%240 LCD-display, serial interfaces USB and RS-
232C, 10-bit video DAC, 8-bit ADC, functional keys, module of
8-bit light-emitting indication and digital input/output connectors.
This stand is designed for implementation of complex digital
devises of FPGA and real-time video-processing.

For learning and designing ADSP-based systems we have
microcontroller stand. This stand is based on ADSP BF532B
BlackFinB® processor, extended SDRAM and flash-RAM, AD-
1836 96 kHz audio coder, ADV 7183 and ADV7171 video de-
coder/encoder, serial interfaces USB and RS-232C, functional
keys, light-emitting indication module and programmable digital
input/output connectors. This stand is designed for both digital
signal and image processing systems for real-time audio- and
video-processing.

Also in our laboratory of microcontroller systems ARM-
based laboratory stand is designed on high-performance 32-bit
microcontroller PHILIPS LPC-2106 with the set of peripheral
components and universal computer measure complex for dif-
ferent signal-measurements (100 MHz, 2 input channels).

lll. Conclusion

Capabilities of modules of these laboratory have been im-
proving for various applications up to date. That equipment set
is implemented into educational process in our university,
Kharkiv Polytechnic University «KPl», in Kiev University of
Technology and Transport, Cherkasskiy State Technical Uni-
versity and Ivano-frankovskiy National Technical University.
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