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AHAJII3 CUCTEM MOJEJIIOBAHHS MIKPOKOHTPOJIEPIB 3 TOJATKOBUMH MOAYJISIMUA
KPUIITOI PA®IYHOI'O 3AXUCTY IH®OPMAIIIL

Coepa 3acTocyBaHHS 3aXHILEHUX MIKPOIIPOLIECOPHUX CHCTEM CKIIAAeThes 3 3a0e3nedeHHs GpyHkuii inpopmauiiinoi 6e3nekn: aBTenTidikarii cyo’exTiB
i 00’exTiB iH(opManiiiHOl B3aemonii, mudpyBanHs iHpopManmii, KOHTPOISI LITICHOCTI, yHpaBIiHHSA AOCTYIIOM, YNpaBliHHA Kaoyamu. ChOroiHi
AKTyaJIbHUM 3aBJAaHHAM € BHU3HAYCHHSA 3aXl/ll_L[CHOCTi MiKpOl’lpOL[eCOpHMX CHCTEM 3 JONOMOIOI0 BUKOPHUCTAHHSA piSHl/IX IporpaMHUX CEPEaOBUILL
KOMIT'FOTEPHOTO MOJieoBaHHA. B poboTi mpoaHanmi3oBaHO HaWOUThII e(EKTUBHI Ta JOCTYNHI NPOrpamMM KOMIT'IOTEPHOrO MOJCITIOBAHHS
MIKpPOIIPOLIECOPHUX CHCTEM Ta HAJaHO MNpPAKTHYHI PEKOMEHJalii Iof0 iX BHKOpHCTaHHsA. I[loka3aHO,I0 HAMOUIBII MOTYXKHOK CHCTEMOIO
aBTOMATH30BAaHOTO IPOEKTYBAHHS BBAXKAEThCS TNporpaMHuii maker Proteus, skuif 103BONsE BipTyanbHO 3MOAENIOBATH POOOTY Pi3HUX
MiKPOINPOLIECOPHHUX MPHCTPOIB 3 MIATPUMKOIO AEKiIbKOX CiMECTB MIKPOKOHTpPOJIEPIB Bijl pi3HUX BUPOOHHKIB. JI0 OCHOBHUX IepeBar BiJHOCSAThCS:
BHKOHAHHS BCIX €TaliB PO3pOoOKU B €MHOMY CEPEJJOBHIILI; MOXJIMBICTh HAMHCAHHS, HANATOJKEHHS 1 TECTYBaHHS MiKPOIPOrPaMHOr0 3a0e3MeyeHHs,
TeHepyBaHHs JiarHOCTHYHUX MOBIJOMJICHD 3 TOLIYKY MOMHJIKH HPOrpaMyBaHHs; HPHCKOPEHHS MPOLecy PO3poOKH MIKPOIPOLECOPHOrO MPHCTPOIO ;
MiATPUMKA CNiTBHOT POOOTH 3 alapaTHUMM MPUCTPOSIMH, IO MiJKIFOYEH] Yepe3 MopT KoMI ‘oTepa. Bukopucranus Multisim B HaB4abHOMY ITporieci
JIa€ MOXIIMBICTB: MEPErIIsAaTH i 3MIHIOBATH CTaH BMICTY PEricTpiB, maM’sITi mporpaM i JaHHUX, ocepe/KiB cTeka i OiTa KoH}irypauii; BizyaizyBatu
pe3yNbTaT BUKOHAHHS OKPEMOi KOMaHIM abo MPOrpamMu B LiJIOMY; AEMOHCTPYBATH TMPAKTHUKY CHiJIbHOro 3actocyBaHHs MoB C i AcemOnep B oqHOMY
MIPOEKTI 3 METOIO ONTUMI3allii TporpamMu; BUBYaTH OCHOBU poOOTH 1 0c00IMBOCTI (yHKIIOHYBaHHA nepudepiitnux npucrpois. [Ipore oOmMexeHuit Habip
MIKPOKOHTpOJIEpiB B iporpami Multisim Hakiajae CyTTeBi OOMEXEHHS Ha MOXJIMBICTD il BUKOPHCTaHHS IIPH po3po0Ii peasbHUX mpoekTiB. [Iporpama
koMn'torepHoro moaemosanis TINA mMae 3HauHO npoctimmii pycudikoBanuii inTepdelic y nopiBHsaHHI 3 Proteus VSM 3 MOXKJIMBICTIO yKJIaJIeHHS BCieT
iH(opMaLil PO CTBOPEHUH NPOEKT B ofHOMY (aitii. Y nopiBHsAHHI 3 Multisim 0i6mioTeka TINA MicTHTh 3Ha4HO Oisblie Moenel MiKPOKOHTPOJIEPIB,
a BOyZ0BaHUI porpamarop A03BoJisie MOAN (DiKyBaTH MPOrpaMH Ta CIIOCTEPIraTH pe3ysIbTaTH.

Kuro4oBi ci10Ba: Moje/t0BaHHS, MiKPOKOHTPOJIEPH, MIKPOIIPOLIECOPHA chcTeMa, Kpunrorpadidnuii 3axuct inpopmauii, kibepoesneka, Proteus,
Multisim, TINA.
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AHAJIN3 CACTEM MOJEJIMPOBAHUA MUKPOKOHTPOJIIEPOB C JOIIOJIHUTE/JIbHBIMU
MOAYJISIMHA KPUIITOT PAOUYECKOU 3AIIUTHI MTHOOPMALIN

CeronHs aKkTyaJlbHOH 3ajauell sBISETCS ONpENENeHHe 3alUINEHHOCTH MHKPOIPOLECCOPHBIX CHCTEM C IOMOIIBIO HCIONB30BAHHUSA Pa3JIMYHBIX
MPOTPAMMHBIX Cpel KOMIIBIOTEPHOrO MoJenaupoBaHus. B pabGore mpoaHammsupoBaHel Haubonee d(G(EKTHBHBIE M JOCTYHHBIE ITPOrPAMMBI
KOMITBIOTE€PHOT O MO EIHPOBAHNS MUKPOIPOLIECCOPHBIX CHCTEM U AAaHBI TPAKTHUECKHE PEKOMEHIAUH [0 HX HCIIONb30BaHuI0. ITokazaHo, uTo HanboIee
MOIIHOH CHCTEMOM aBTOMAaTH3HPOBAHHOIO ITPOEKTHPOBAHUS ABIISICTCS MPOrPaMMHBIN nakeT Proteus, KOTOPBIi MO3BOJISET BUPTYaIbHO CMOJIEINPOBATh
paboTy pa3saMYHBIX MHUKPOIPOIECCOPHBIX YCTPOHCTB C MOIAEPHKKONU HECKOIBKHX CEMEHCTB MHKPOKOHTPOJUIEPOB OT pa3HBIX mpoussoxaureneil. K
OCHOBHBIM IPEUMYILIECTBAM OTHOCSTCS: BHIOIHEHHE BCEX ITAIOB Pa3pabOTKH B €AMHON Cpezie; BO3MOXKHOCTh HAIIMCAHUS, OT/IAAKH U TECTHPOB aHUS
MHKpPOIPOrpaMMHOI0 00ecIedeHus], TeHePHPOBAHNS THATHOCTHICCKHX COOOLICHUI MO IMOUCKY OIMOKH IPOrpaMMHPOBAHUS; YCKOpEHHE IIpolecca
Pa3paboTKH MHKpPOIIPOLECCOPHOTO YCTPOICTBA; MOEpKKa COBMECTHOH PabOTHI C alNapaTHBIMU yCTPOHCTBAMH, KOTOPbIE MIOAKIIOYEHE] Yepe3 110 PT
KommbloTepa. Mcnomnbp3oBanue Multisim B yue6GHOM Ipolecce JaeT BO3MOXKHOCTb: IPOCMATPUBATh U U3MEHATh COCTOSHUE COOCPIKUMOTO PErHCTPOB,
MaMSTH IPOTpaMM U JAHHBIX, SYEEK CTeKa M OMTa KOHGHTYpAIHU; BU3YaIu3HPOBATh PE3yNbTAT BBITOTHEHHS OTACIbHOH KOMAH/BI HIIH IIPOrPaM MBI B
1[eJI0M; I€MOHCTPHPOBATh IIPAKTHKY COBMECTHOTO NIPUMEHEHHs s13b1K0B C 1 AcceMOiep B OTHOM IPOEKTE C LIeJbI0 ONTUMHU3ALHU IPOTrPaMMBL; U3y9aTh
OCHOBBI paOOTHI X 0COOCHHOCTH (DYHKIIHOHHPOBAHHS HepuepuHHBIX ycTpoicTB. IIporpaMmma koMnbioTepHOro MoaenupoBanus TINA uMeer mpocrToit
pycudunmpoBaHHbIi HHTEpdEHc 0 cpaBHEHHIO ¢ Proteus ¢ BO3MOXXHOCTBIO 3aKIFOYEHUS BCei HHYOPMAIIMU O CO3aHHOM NPOEKT B 0fHOM aiine. [To
cpaBHeHHIO ¢ Multisim 6ubanorexa TINA conepXUT 3HAUUTEIBHO OOJbIE MOJEIel MUKPOKOHTPOJIIIEPOB, @ BCTPOCHHBIH IPOrpaMMaTop MO3BOJIS €T
MoAu(HIUPOBATH IPOrPAMMBI H HAOMIOAATh Pe3yIbTaThL.

KiroueBble €j10Ba: MOIENHPOBAaHHE, MHKPOKOHTPOIUIEPHI, MHKPOIIPOLECCOPHAs CHCTeMa, KpHOTorpadudeckas 3aluTa HHOOpPMAIUH,
kubepbezonacHocTb, Proteus, Multisim, TINA.

Yu. V. GNUSOV, P. S. KLIMUSHYN, T. P. KOLISNYK, M. O. MOZHAIEV

ANALYSIS OF SYSTEMS OF MODELING OF MICROCONTROLLERS WITH ADDITIONAL
MODULES OF CRYPTOGRAPHIC INFORMATION PROTECTION

The field of application of the protected microprocessor systems includes information security functions: authentication of subjects and objects of
information interaction, information encryption, integrity control, access control, key management. Today, the urgent task is to establish the security of
microprocessor-based systems using a variety of computer simulation software environments. The work analyzes the most effective and affordable
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computer simulation programs for microprocessor systems and gives practical recommendations for their use. It has been shown that the most powerful
computer-aided design system is the Proteus software suite which allows simulating virtually the operation of various microprocessor devices with
support for several microcontroller families from different manufacturers. The main advantages include: performing all stages of development in a single
environment; the ability to write, debug, and test firmware, generate diagnostic messages to find programming errors; accelerating the development of
a microprocessor device; support for interoperation of hardware devices that are connected through a computer port. Using Multisim in the educational
process makes it possible to: review and change the status of the register content, program memory and data, stack cells and bit configuration; visualize
the result of the execution of a single command or a program as a whole; demonstrate the practice of joint use of languages C and Assembler in one
project in order to optimize the program; to study the basics of operation and features of peripheral devices functioning. However, the limited set of
microcontrollers in the Multisim program imposes significant restrictions on the possibility of using it for development of real projects. The computer
simulation program TINA has a russified interface that is much easier compared to the Proteus with an ability to enter all the information about the
created project into one file. Compared to Multisim, the TINA library contains significantly more microcontroller models, and the built-in programmer

allows modifying programs and observing the results.

Keywords: modeling, microcontrollers, microprocessor system, cryptographic information protection, cybersecurity, Proteus, Multisim, TINA.

Beryn. CydacHy MIiKpOENEKTPOHIKY BaXKKO YABUTH
0e3 Takol BaXJIMBOI CKJIQJOBOI, SIK MIKPOKOHTPOJIEPH
(MK). MIiKpOKOHTpOJIepHI TeXHOJIOTIT ayxe epeKTHBHI,
TaK SIK OJIMH 1 T€ X NPHUCTPiH, KW paHille 30upaBcs Ha
TpaJULIiHHNX eleMeHTax, Oyaydu 310paHuii 3 3aCTOCYyBaH-
HSIM MiKPOKOHTPOJIEPIB, CTae MPOCTiliuM. BUKoOprCTaHHS
MIiKpPOKOHTPOJNIEpiB HE BHUMAara€ CKJIAJHHX PO3PaxyHKiB
amapaTHOl YacTHHH, il PEryJroBaHHS i BOHAa MEHILIE 3a
posmipamu. Kpim Toro, i3 3acTOCYBaHHSIM MiKPOKOHT-
pOJIepiB 3’SBIAIOTHCS MPAKTHIHO O€3MEKHI MOMKITMBOCTI
10 JIOJIABAaHHIO HOBHX CIIOXHMBYMX (DYHKIIH, a TAaKOX 3a-
Oe3neueHHs Oe3nexy iX QpyHKIIOHYBaHHA. JJOCHTH IIPOCTO
HOMIHATH Nporpamy abo MiKpoIporpamy.

Mooeniosanns B €NEKTPOHILI 3BOIUTHCS 10 BHUPI-
IICHHsI TPYITH 3a/a4 CHHTE3Y 1 3a7a4 aHamizy. [Ipu npomy
Hi cunme3om PO3YMIIOTh CTBOPEHHS SIKOTOCh BapiaHTa
cxemu, He 000B’s13k0BO ocraTouHoro. 1o 3adau ananizy
BXOJAUTH BUBYCHHA BJIACTMBOCTEH CXEMHM 3a 3a1aHOKI0 B
pe3ynbTati CHHTE3Yy 11 CTPYKTYpH, XapakTepy BXIIHHX
KOMITOHEHTIB 1 iX mapamerpiB. B mporieci mMomynoBaHHs
CHHTE3 fK 3aJada MO)Ke BHKOHYBaTHCSI OaraTto pasis,
YeprylvHCh 3 BUPILICHHIM 337124 aHai3y.

OnHKUM 3 HAWOLIBII TOMYSIPHUX HAOOPiB MiKPOKOHT-
poJepiB, sKi 3aCTOCOBYIOTBCS B CHCTEMax OOpOOJIECHHs
JIAHUX, KOHTPOJIO 1 yIpaBiiHHs Ta KibepOe3rneku € mpu-
CTpoi, 110 BUITyCKaroThCs hipmoro Microchip ta Bimomi mig
aopesiatypoto PIC. Hapsyy 3 uim, ocTaHHIM Yacom
kopropartist Atmel (CIIA) crama BupoGusatd HaGip Mik-
pocxem Ha siapi AVR, sike Mae OUIbII OCKOHANY apXi-
TeKTypy U 3abe3neuye MK 1poro HaGopy BHCOKY LIBH/I-
KOJIII0 T2 HU3bKE EHEPTrOCIIONKHUBAHHS, 1110 A€ M BIAIYTHY
nepeBary, nopiBasHo 3 koHtponepamu PIC. Jlo toro K,
IiHOBa mostiTHKa Kopropaitii Atmel e 6inbir mpuBabIHBOIO
JUIsl pO3pOOHHKIB TakuX cucTeM. [I0piBHSHO 3 IPUCTPOSIMU
PIC, MK AVR MatoTh O1J1b1II pPO3BUHEHY CHCTEMY KOMAaH]I,
mro Hamigye 10 133 incrpykmii, a flash-mam’ste iporpam
Ma€e MOXIIUBICTh BHYTPIIIHBOCXEMHOTO TPOTpaMyBaHHS.
ApxitekTypa siapa AVR onTuMi3oBaHa Tak, M0 JO3BOJISE
BHKOPHUCTOBYBATH MOBY BHCOKOT0 piBH: C.

Jnsa 3amaq, y SKUX BUMOTH 10 3aXHCTy iH(opMariii
0COOJIMBO BHCOKI — CMapT-KapTH, €IEKTPOHHA KOMEPIIis,
aBTeHTU(IKAIlisI KOPUCTYBadiB, MIH(PYBaHHS JaHHX,
¢dipma Atmel npononye criemnianxizoBaHi MiKpOKOHTPOICPH
— 30KkpeMa, cim’i SecureAVR, ski moeaHyrOTH 3BHYAiiHE
AVR-s11p0 3 MOMATKOBUMH MOXAYISMH [UIS TiATPUMKH
Kpuntorpadiuaux omepariii Ta miaBUMmeHHS (i3maHOl
3aXHUIIEHOCTI MIKpOCXeM A0 pi3Horo poxy atak. OTke,
BHUBYECHHS MiKpOKOHTpoJepiB AVR 3abe3nedye nonaTkoBi
TIepeBary cremiaaicraM 3 iHpopMariiifHoi Oe3meKn.

Cdepa 3acTocyBaHHS 3aXUIIEHUX KPHUITOrpadiqHIX
MIKPOKOHTPOJIEPIB CKJIQJAETHCS 3 3a0e3medeHHs QpyHKmii

iH(popMarliifHol Oe3rexu: aBTeHTi(iKalii cyo’ eKTIB i 00’ €K-
TiB iH(opmariitHoi B3aemonii, mmdpyBaHHs iHbOpMAIii,
KOHTPOJIIO LUTICHOCTI, YIPaBIIiHHS AOCTYIIOM, YIIPABIIiHHS
kimouamu [1].

[Tix 3axumeHnMy KpunTorpadivHUMH MiKpPOKOHTPO-
JIepaMHU PO3YMIFOTHCS CICIiali30BaHi HaIliBIIPOBITHUKOBI
NPUCTPOI, IO MarOTh Ha KpHUCTall, KPIM CTaHIApTHOIO
MPOIIECOPHOTO SIpa, TOIATKOBI anapaTHi OJIOKH — KPHUIITO-
rpadiuHi akceneparopu. Taki amapaTHi akceiepaTropu
HeoOXi THI /ISl 3HAYHOIO MPUCKOPEHHSI BUKOHAHHS CKIIaJl-
HHUX KpunrorpagiyHux ornepaiiii — reHepariii BUIIaIKOBUX
yucen, mmdpyBaHHs 1 posmmpyBaHHs, (GOpMYBaHHS i
MepPEBIPKH ENEKTPOHHOTO MiAMUCY TOLIO.

3acTocyBaHHS KOMIT FOTEPHOI'O MOZIEITFOBAHHSI MiKpPO-
MPOLIECOPHHUX CUCTEM B JIaHHUW YaC € aKmyaibHUM 3060aH-
HM, DILIEHHS SKOTO MOXKHa 3 BUKOPUCTaHHSM pi3HHX
nporpaMHux cepenoBuil. ChOroiHi B CBITOBOI IMPAKTHII
3aCTOCOBYETHCS IIUPOKUH CIIEKTP NPOrPaMHUX CEPEIOBHUIIL
KOMII IOTepHOro MoJientoBaHH:. J{o HuX, mepi 3a Bce, Clij
BifiHeCTH Taki mporpamu sik Proteus VSM, NI Multisim,
TINA.

AHaJni3 aiteparypu. [Ipuxiaay BUKOPUCTaHHS MPO-
rpaM KOMII IOTEPHOTO MOAYJIIOBaHHS €IEKTPOHHUX CXEM B
CBOIX HayKOBHX MpALsX HANAIOTh HAIlOHAIIBHI Ta 3aKOp-
JoHHI aBTopu: AsnexuH B. A. [2,3] — BU3Ha4ae PO3BUTOK
HAaBYAJbHUX KOMIUIEKCIB 3 MOZETIOBAHHSA IO EJIEeKTPO-
TEXHiIli, eJIEKTPOHII Ta MIKPOKOHTPOJIEPaM B CEPEIOBHIIIE
TINA; BbepesnsixoB C. B., I'pexoB A. B. [4], MaTBeen-
ko L. II. [5] Ta ®unatoB M. [6] — HamaIOTh IPUKIIA TN MOJIE-
JIFOBAHHS MIKPOKOHTPOJIEPIB B CHUCTEMI MOJICIIOBAHHS
Proteus; Maxkapenko B., babko A. [7], Haiinenko E. B. [§]
ta Konecuukoa T. [9], Keamniu B. O., badam A. B.,
Keammnin B. B. [10] — BH3HA4YarOTh €IEMEHTH MOICIIIO-
BaHHS POOOTH MiKpOKOHTpoOsepiB y mporpami Multisim;
Jismenko O, XKypino O. [11], Cosun i. P., Hakoneu-
auit FO. M., Omipcekwuii 1. P., Craxis M. 1O. [1] — anami-
3YIOTh MOJICNIIOBAHHS MOXIIMBUX 3arpo3 iHgopmartiiiaoi
0e3MeKH B CHCTeMaXx 3 BUKOPHUCTAHHSIM MiKPOKOHTPOJIEPiB
Ta 0araTo iHIIUX.

B minomy anami3z mux poOiT mokasye, mo mpodiema
BUKOPHCTaHHA INPOTPAMHUX CEPEIOBHUII MOJAECIIOBAHHS
MIKpOIIPOIIECOPHIX CHUCTEM JOCKOHAIBHO IIe HEe JTOCIia-
JKeHa 1 Mae MIHJIIMBHH XapaKTep B 3aJISKHOCTI BiJl eTarmiB ix
PO3BIAKY Ta KOH FOHKTYPH PUHKY MiKPOKOHTPOJIEPiB.

OO6uparoun iHCTpyMEHTaIbHI 3aCO0M MOJETIOBAHHS,
JOIUTBHO OpaTh 0 yBaru: MiATPUMKY MOXKIIHBO OLITBIIOL
KUTBKOCTI MIKPOKOHTPOJIEPiB; Pi3HOMaHITHICTE BOymOBa-
Hux iHTepdeiicie (RS-232, IEEEI1284/LPT, USB) Ta
JIOJATKOBUX KOMITOHEHTIB, IO PO3IIUPIOIOTH (PYHKITIO-
HaJIbHI MOJKJIMBOCTI; HAasIBHICTh HA IUIATI HOJS JUIS MaKe-
TYBaHHS 1 KOHTAKTIB IS O€3MOCEPEIHBOT0 I KITFOUCHHS
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JI0 BHBOJIB TMPHIaTy; MOXJIMBICTh MiJKIFOYCHHS JOIAT-
KOBUX MOJYIIiB; YHIBEpCaJIbHE )KUBJICHHS.

MeTo10 cTATTi € BUSHAYCHHS HAOUIBII e(heKTUBHIX
Ta JOCTYIMHHX MPOrpaM KOMII IOTEPHOrO MOICTIOBAHHS
MIiKPOIPOLIECOPHUX CHCTEM Ta HaJJaHHS MPAKTUYHUX PEKO-
MEH/AIi{ 010 X 3aCTOCYBaHHSI.

CucremMa aBTOMATH30BAHOTO  IPOEKTYBaHHS
Proteus. AHami3z 1MX Tpaib CBITYUTH, II0 HAWOLIBII
MIOTY)KHOIO CHCTEMOIO0 aBTOMAaTH30BaHOTO MPOEKTYBaHHS
BBaXKae€Thcsl TporpamHuii maker Proteus VSM, skuit
JI03BOJISIE  BIPTYyaJbHO 3MOJENIOBATH POOOTY PpI3HHX
Mikpornporecopaux mpuctpois. [Iporpama Proteus VSM e
CHUMYJISITOPOM HACKpPIi3HOI'O IIPOEKTYBaHHS, IO Mae€ Ha
yBa3l CTBOPEHHS NPHCTPOIO, MOYMHAIOYM 3 TpadiyHOro
300pakeHHs 1 3aKiHYyOUH BHUTOTOBJICHHSM JPYKOBAaHOI
UIATH MPUCTPOIO.

Proteus VSM ckianmaetbcss 3 JBOX CaMOCTIHHHX
mporpam: ISIS — mporpama cuHTE3y Ta MOJICITIOBaHHS
OesrnocepenHbO enekTpoHHUX cxeM i ARES — mporpama
pO3po0KHU IpykoBaHUX IwiaT. KpiMm Toro, 10 Ckiagay BOCh-
MOi Bepcii BXOJUTh 1HTErpOBaHE CEPEAOBHIIE PO3POOKU
VSM Studio, mo MicTHTh y c00i TEKCTOBUH PENakTop 3
HiJCBIYYBaHHAM CHHTAKCHCY, KOMIJIATOp acemOiuepa,
CHUMYJIISITOp, Hajaro/KyBad i iHTepgelc 13 anapaTHUMH
EMYJIATOpAaMH Ta AO3BOJISIE HMIBUAKO HAIMCAaTH IPpOrpamy
JUIS. MIKDOKOHTpOJIEpa, BUKOPHCTOBYBAHOI'O B MPOEKTI, i
3MIACHUTH KOMITISIIFO [4].

[Tpu po3poOii mporpamMHOro 3abe3neyeHHs MiKpo-
KOHTPOJIEPiB HEOOX1IHO 3BEPHYTH yBary Ha 0€3KOILITOBHI
nporpamui 3acobu (AVR Studio, WinAVR) mixrpumku
NPOCKTYBAaHHA Ta HAJNArOPKCHHS CHUCTEM Ha MIKpo-
koHTponepax AVR, poboTa 3 SIKHMH €KOHOMHTh TPOIL Ta
3abe3neuye JileH30BaHy YUCTOTY KiHIIEBOI'O IPOrPaMHOTO
HPOAYKTY.

OcraHHIM 4YacoM yce MOIYJISPHIIIEe CTa€ BUKOPHUC-
TaHHSI KOMITIJISITOPIB MOB BUCOKOT'O PiBHSI IPH HAIMCAHHI
nporpam s MK. HaiiGinbiie HOMIMPEHHS! MPU LOMY
onepkain KoMmiysaTopu MoBu C 3 MOXIHMBICTIO OINTH-
Mizalii KOy, OCKIIbKM B i MOBI HAHOUIBII MPOCTO
peari3yroTbesi BCi HEOOXigHI MOXJIMBOCTI 3 KepyBaHHS
anapatauMu 3acobamu MK. Kpim C npu po3po6ui npor-
pamuoro 3abesneuenns st MK 3actocoByroThest i iHIm
MoBu Bucokoro piBHs. Tak, mis MK cimeiictBa AVR
iCHYIOTh TakOX KoMmIisitopu MoB Basic, Pascal i Forth.

Proteus miaTpumye HacTymHI eTamu po3poOKU: po3-
poOKa cXeMHU eNeKTPUYHOI MPUHIMIIOBOI (BBEIACHHSI B
rpagiuHOMY pellakTopi); MOJIETIOBAHHS CXEMHU 3 BUKOPHUC-
TaHHSIM PI3HOMAaHITHUX BipTyaJbHHUX IPHIAIiB; pO3poOKa
JpYKOBaHOi TwiaTH, BKIodatoun 3D-Bizyamizamiro ii
30ipKu.

B Proteus peamizoBaHi Takd MOKIUBOCTI HaJlarom-
JKEHHSI MIKpOIIPOrPaMHOTO 3a0e3MeUYeHHs: CIIbHE MOJIe-
JIFOBAaHHS POOOTH MiKPOKOHTPOJIEPa, BHKOHYIOUOT' O 3a/1aHy
Iporpamy, i OTOYYIOUHMX HOro aHaJoroBoi i IMQpoBOI
CXeM; MIMPOKi HaJaro[KyBaJlbHI MOXIHMBOCTi, B T.4. JIO-
CTYI 0 BMICTY PETICTpiB i mam’sTi, 3aBIaHHA TOYOK 3y-
MIMHKA TPOrPaMy, OKPOKOBE BUKOHAHHS; HAJIATOIKCHHS
Ha piBHi BuximHoro komy (C, beiicik, AcembOmep, B
3aJIe)KHOCTI BiJ] TUITy BUKOPHCTOBYBAHOT'O ISl HAJIATOJ-
KeHHs (hainy 3 BHIIPOOOBYBAaHMM MIKPOIIPOTPAMHUM 3a-
Oe3IeYeHHAM); MIATPUMKA MEKUIBKOX CIMEHCTB MIKpO-
KOHTPOJIEPiB BiJl pi3HNX BUPOOHHUKIB, B T.4.: PIC12, PIC16,

PIC18 i PIC24 (Microchip); 8051/8052, B T.4. moxiaHi BiJ
HUX, 0 BUmyckaroThes Philips i Atmel; AVR, Tiny AVR
i Mega AVR (Atmel); ARM7, B T.u. LPC2000 (NXP);
HC11 (Freescale) i mikpokonTponepHi moxyai BASIC
Stamp (Parallax); BemeTbcs poboTa Mo MOAABaHHIO ITif-
TpuMKH iHImmX MK.

o nepeBar Bukopuctanssi Proteus BiZHOCATBCS: BH-
KOHaHHS BCIX €TamiB po3pOoOKU €IEKTPOHHOI'O MPUCTPOIO
Ha OCHOBI MIKPOKOHTpOJIEpa B €IUHOMY CEPEIOBHIIII;
MOXJIMBICTh HAINHMCAHHS, HAJIATO/UKEHHS 1 TECTyBaHHS
MIKpOIPOrpaMHOro 3a0e3nedeHHs, me /A0 (i3HuIHOTrO
BUTOTOBJICHHSI JTOCIITHOT'O 3pa3Ka CHCTEMH; IeHEepyBaHHS
JIIarHOCTHYHUX TTOB1IOMJICHB (HAIIPHUKIIAI, TPU BUKOHAHHI
Herepe0ayyBaHol IHCTPYKIIT) 5K 3 OOKy MPOIIECOPHOIO
YIIPaBJIiHHSA, TaK 1 3 OOKy MoOJeNeil MpUCTpOiB BBEICHHS-
BUBEJICHHSI, 1110 JI03BOJISIE BUSBUTH CKJIAHI B HOIIYKY I10-
MUJIKH TIPOTpaMyBaHHs; TIPUCKOPEHHS MIPOLIECy pPO3pOOKH
EJIEKTPOHHOT'O TIPUCTPOIO; MiITPHUMKA CIUIBHOI poOOTH 3
amapaTHUMHU TPUCTPOSMH, IO MiJKIIOYEHI dYepe3 IMopT
KOMIT FoTepa.

€ JneMoOHCTpaliiiHa Bepcisi SKy MOXHa BHKOpPHC-
TOBYBaTH JJIsi HAaBYAIBHUX 3aKJIaliB 3 OOMEXEHHSIM
(puc.1): HeMOXIHMBICTH 30€pEKEHHsS MPOEKTy Ta HOro
JIPYKY; HEMOKJIMBICTh CTBOPEHHS CBOIX BIIACHHX CXEM Ha
ocHoBi MK, mpore micnsi BIAKPHUTTSA ICHYIOUHX CXEM €
MOXKJIUBICTh 3MIHUTH MPOrpaMy, BUKOHYBAaHY MiKPOKOHT-
poJiepoM, 1 mocrocTepiraTd pe3yybTaT il BAKOHAHHSI.

PROTEUS DESIGN SUITE 8.9

ting Started

Recent Projects

Demonstration version of Proteus Design Suite

O You han

0 Sot

sp 1o date. Last check

New in Version 8.10

MNew in Versions 8.5 10 8.9

Puc. 1. CraproBa cropinka nqemoBepcii Proteus

TakuM 4YMHOM, BHKOPHUCTOBYIOYH IHTErpPOBaHY
cepeny AVR Studio i memorcTpariiiHy Bepcito mporpamu
Proteus, 3’saBIg€TbCS MOXIMBICTG JOCUTH JIETKO, 3
HallMEHIIMMH MaTepialbHIMH 1 TAMYaCOBUMH BUTPATaMU,
CIIPOEKTYBATH MiKPOIIPOLIECOPHY CHCTEMY, IO BKIJIIOYAE
Oynb-sKili MIKPOKOHTPOJIEP, MMPOBECTH ii HAJNArOHKEHHS i
PO3BOAKY TUIATH 1 TUTBKH TOTIM CTBOPIOBATH peaTbHUN
TpUCTPiii [5, 6].

Mporpama NI Multisim. Tpamumiiino B mabopa-
TOPHHX TPaKTHKyMax BY3iB 3aCTOCOBYIOTb HPOTrpaMH
Electronics Workbench i Multisim xommanii National
Instruments (NI). TIporpama NI Multisim mae mpoctuit
HAOYHUH iHTEpdelc, TOTYXHi 3ac00U TpadidHOro aHaIi3y
pe3ynbTaTiB MOACTIOBAaHHSA, HASBHICTh BipTyaTbHUX BUMi-
PIOBaNBHUX MPHUIIA/IB, SKi KOIIIOIOTEH peabHi aHAJIOTH.

Kpim toro, NI Multisim mo3Bonsie mepeTBOPUTH
OyIp-sIKy eIEeKTpHYHYy CXeMy B TPOCTHH mpouec, 3
MOXJIMBICTIO IOAATH Oy/Ab-sIKUH €IeMeHT B cxeMy. Bepcis
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NI Multisim Student Edition npu3HaueHa 111 HaBYaIEHUX
3aKJIAMIB 1 BKITIOYA€E B ceOe HaBUAIbHI KYPCH, ITiITOTOBIICHI
amapartHi pimeHHs i pododi mixpygauky (puc. 2). OnHak 1s
BEpCisl TaKOXX BUMArae MpuaOaHHs JiIeH31HHOro mporpam-
HOro 3a0e3IeueHHS.
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Puc. 2. CraproBa cropiaka Multisim Student Edition

Iporpamue cepenosume NI Multisim 14 wmictuts
nporpamuuii Moayias MCU, 110 103BONsSe€ MOMENIOBATH
nporpamMoBaHi IU(POBi MPUCTPOi HA OCHOBI BOCBMHPO3-
psamHux  MikpokontponepiB MCS-51 1 PIC-16 ¢ipmu
Microchip, a takox xomminsTopu 3 moBu C i Accembiiep
3a3Ha4eHUX MIKpOKOHTpoepiB. Lli MikpokoHTpoiepu Ma-
I0Th TPAAULIHHY apXiTeKTypY, 3arajibHy CHCTEMY KOMaH] 1
posumpeHi nepudepiiiHi (yHKIT, 10 T03BOJSE HPOKO
3aCTOCOBYBATH iX B CBITOBOMY MiKPOIPOLECOPHOMY PHHKY
3aBIsIKU OIITUMAJIBHOI'O ITOE€JHAHHA I_IiHI/I i MOKJIMBOCTEH.

Buxkopucranss Multisim B HaBuasHOMY TIpOIIECi 1a€
MOJKJIMBICTS [8]:

— meperisaTH i 3MIHIOBATH CTaH BMICTY DPEricTpis,
mam’siTi porpam i JiaHUX, OcepelKiB creka 1 0iTa KoH]i-
rypauii, o CHpuse PO3yMiHHIO 1 KpalIiOMy 3aCBOEHHIO
MIPUHLUIIB POOOTH 1 apXITEKTypH MiKPOKOHTPOJIEPIB;

— Bi3yasli3yBaTH pe3yJIbTaT BUKOHAHHS OKpeMOl
KOMaH i1 200 IPOrpaMu B LIJIOMY, ITiABUIIYIOYH HAOYHICTh
BUKJIAJICHOT'O MaTepianys;

— HABOAUTHU IPUKJIATN NPAKTUYHOTO 3aCTOCYBAHH,
AKTHBI3YIOUYH IHTEPEC JI0 AUCIHUILTIHH;

— IEMOHCTPYBaTH HPAKTUKY CIIIBHOTO 3aCTOCYBaH-
Hs1 MoB C 1 AcemOiep B OIHOMY TIPOEKTi 3 METOIO OITH-
Mi3alii nporpamu;

— BUBYATH OCHOBU POOOTH 1 0COONMBOCTI (yHKINIO-
HyBaHHS MepuQepiiiHnX MPUCTPOIB, BUKOPUCTOBYIOUH iX
mozeni 3 0a3u ganux Multisim;

— KOPUTYBATH 3MiCT HAaBYAJIFHOTO MaTepiairy 3 ypaxy-
BaHHSIM OCOOJMBOCTEH ayIUTOpIii.

bibmioreka Multisim MICTUTh TpyMy eJIeKTpoOMe-
XaHIYHUX MOIEJIEH, IO Ja€ MOXKJIHBICTH BBOIHWTH B
ab0paTOPHUHN MPAKTUKYM MIKIIPEIMETHUX KOMIIOHEHT 1
CTBOPIOBATH KOMIUIEKCHI TabopaTOpHi poOOTH 1 pUKIaan
JEeMOHCTpAiMHIUX CXeM IIpH HacKpi3HOMYy iH(opma-
ifHOMY HaBUaHHI 3 CyMiXHHUX JUCIUIUTIH OHOYACHO, 110
ICTOTHO miIBUIIYE e(pEKTHBHICTH 3aCBOEHHS MaTepiaiy,
110 BUKJIaJa€THCSL.

3 ommsmy TPOCTOTH 1 3pYYHOCTI BUKOPUCTaHHS
Multisim € HaHOI I IPUHHATHAM 32CO00M TSI OCBOEHHS
OCHOBHHX IIPUHAOMIB TPOEKTYBaHHS MIiKPOIPOIIECOPHUX
cucreM. 3actocyBaHHs Multisim B mpomeci HaBYaHHS
CHpHsie IIABHIIEHHIO SKOCTI OCBITH Ta BHPOOJICHHIO

HeoOXiTHUX podeciHO-CXeMOTEXHIYHIX KOMIIETEHTHOC-
Tif, @ TaKOXX J]a€ MOXIJIMBICTh PEKOMEHIyBaTH HOTO IS
PO3pOOKH Kypcy IHTEpaKTUBHOTO HABYAHHSI.

[Ipore oOMexeHuii Habip MIKPOKOHTpONIEpiB B
nporpami NI Multisim Haknagae cyTTeBi oOMeXeHHS Ha
MOXJIMBICTh 1i BHKOPHUCTAaHHS TIPH PO3pOOLi peasbHUX
MPOEKTIB. 3 BUIEBHUKIIAICHOTO0 MOKHA 3pOOUTH BUCHOBOK
npo Te, M0 BUKOpUCTOBYBaTth mporpamy NI Multisim
JIOLITLHO Ha eTari HaBYaHHS NpOrpaMyBaHHS MiKpOKO-
HTposiepiB Ha MoBi C abo Acembiep. Bei HeoOXinni [uist
HaJlaro/PKeHHST 3acO0M BCTAHOBJIIOIOTHCSI aBTOMAaTHYHO
npu iHcTanAnii NI Multisim abo € iX aucTpuOyTHuBH, 110
3HaXOMTHCS B Mamlli 3 BCTAHOBJIEHOIO IMPOrpaMoio i y
KOpHCTyBaua HeMa€e HeO0OX1AHOCTI TIOITYKY 1 BCTaHOBJICHHS
JIOIATKOBOTO TIPOrpaMHOro 3abe3neueHHs. A Ha Cbho-
TOJHINIHIA JeHb, MaOyTh, HAWKPAIIOK MPOrPamor0 s
MOJICTIOBaHHS. MIKPOKOHTPOJIEPIB TPH BUBYEHHI 1X
MOXKITBOCTEH 1 pO3pOOKHM MPUCTPOIB 3 TX 3aCTOCYBAaHHSM €
Proteus. [7].

IIporpamue cepemoBume TINA. B ocranHi poku
3’sBUsIacsi HOBa e(eKTHBHA TporpaMa KOMIT FOTEPHOrO
mozemoBanHsa TINA, sika MICTHTh 1HTETpOBaHY YacCTHHY
JUISl TIPOEKTYBAHHS JPYKOBAHUX IUIAT, Ma€ 3HAYHO MpOC-
Tinmit inTepdeiic y nopiBHsHHI 3 Proteus VSM, sxwit
JIETKO OCBOIOETHCS cTyneHTamu. KpiMm Toro, Best iHpop-
Mallist PO CTBOPEHUII MPOEKT YKIaJeHa B OJHOMY (aiini,
SKAH MOXKHA TIepeciiaTh 1 BIJKPUTH Ha IHIIOMY
KOMIT'IOTEpl Uil TPOJOBXKEHHS MOJENIoBaHHS — abo
nepeBipKu poOOTH cTyAeHTiB. Hapsiay 3 1M, nporpama Mae
pycudikoBanuii inTepdeiic, Mo 3HaAYHO MiABiNIye edek-
TUBHICTh 3aCBOEHHS HABYAJILHOrO MaTepiainy (puc. 3).
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Puc. 3. Craprosa cropinka nporpamu TINA

[IporpaMa po3poOISA€THCS CHITBHUMH 3YCHJUIIMH
criBpobiTHHKIB KoMmaHii Texas Instruments i DesignSoft.
TINA € NOTY)XHHUM IHCTPYMEHTOM [UIsi MOJIEIIOBAHHS
CIIEKTPOHHUX CXE€M Ta MIKPOKOHTPOJEPiB, HO3BOISE
MPOBOJUTH MOCTIKEHHS CXeM IpH 3MiHI Mapamerpis,
onTuMi3amii, BUKOHYBAaTH YACTOTHUH 1 CHEKTpaIbHUHA
aHaJIi3, TOCHI[UKYBATH MEPEXiTHI XapaKTePUCTUKH TOIIO. Y
nopieasHHI 3 Multisim 6i6miorexka TINA MicTuTh 3HAYHO
OinpIie Moznenei MikpokoHTponepiB — Ourbme 1000, ski
MOXKHa TIporpamyBaTé Ha AcembOiepi i Ha MoBi C, Moze-
JIOBATH, HAJaro[KyBaTH B 3MIIIAHUX cxeMmaX. BOymoBa-
HUI TIporpamMaTop MO03BOJISIE MOMU(IKYBaTH MPOTPaMH Ta
CIIOCTEpITaTH pe3yabTaTH.

MOoITMBiCTh BUKOPUCTaHHA OC3KOIITOBHOI 1 JOCHUTh
edpexruBHOI Bepcii TINA-TI pobuth mro mporpamy Iyxe
KOPUCHOIO JJisi OcBiTH. Hapsimy 3 mmm, ans MoOiapHOTo
HaB4aHHS KommaHis DesignSoft mporonye HOBHit mpor-
pamuuii mpoaykt TINACloud [12], sikuii BUKOPHCTOBYE
XMapHi IHTEPHET-TEXHOJIOTIi 1 MOXKe 3aIycKaThucs depe3
Opaysep Ha Bamomy mpucTpoi. lle 6araToMoBHa OHNTAH-
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BEpCisl MOMyIAPHOro mporpamMHoro 3abesmneueHHss TINA,
Ha SIKy MOXKHa mifmumcartucs 3a gactky i TINA (cry-
JICHTCBKa JIineH3ist Ha pik 12 eBpo). Llelt cepBic npomnonye
0e3J1i4 OCBITHIX pecypciB i MOXIJIMBICTh BUKOHAaHHS Bip-
TYaJILHOTO JTOCIIKEHHS 1 TaO0OpaTOPHOTO MPAKTHKYMY TI0
MIKPOMPOIIECOPHOT TEXHIKH.

Amnani3 pe3ynbTaTiB pobiT npodecopa Anexuna B. A.
MOKa3ye BUCOKY €()EKTHBHICTh BHUKOPHUCTaHHS MpOrpam
TINA Tta TINACloud B HawanpHOMY nporeci. Edexrus-
HICTb I[i€i MporpaMu MiATBEPPKYE CTBOPSHHI aBTOPOM
HABYAJIbHUI KOMILICKC 3 €JICKTPOTEXHIKH, SJICKTPOHIKH Ta
MiKpOKOHTpoepiB [2, 3].

[Ipu 3acrocyBanni nporpamu TINA B HanmaromkeHHi
3aBJlaHb MPOTPaMyBaHHS Ta IHTEPAKTHBHOIO MOJIECIIOBAH-
HSl TIPUCTPOIB Ha MIKPOKOHTpOJIEpax JOIIIBHO BUOPATH
nonysipHi MikpokoHTponepu PIC16F84A i PIC16F877A
kommanii Microchip Technology Incorporated, Tak sk
Microchip Hajae O€3KOMITOBHY IHTErpOBaHY IPOrpaMHy
cepeny po3pobku MikpokoHtponepiB MPLAB IDE, ska
JIO3BOJISIE MHCATH, HANATO/UKYBATH, ONTHMI3yBaTH TEKCT
MporpamH, BKJIIOYA€ B ce0e PeAaKTop TEKCTY, CUMYISTOP i
MEHeIDKep IPOEKTiB, MIATPUMYE DPOOOTY EeMYIATOPIB,
IpOrpaMaropiB i IHIIMX HAJArOMKYBaILHHX 3aco0iB. 11100
HOJIETIIUTH TporpamyBaHHs Ha C MO€IHAHHS MiKPOKOHT-
poNepiB 3 30BHIMIHIMH TepUPEpiHHIMU TPUCTPOSIMHU,
JoLiIbHO BukopucToByBaTh cepeny mikroC PRO for PIC
v.6.5.0 xommanii MikroElektronika, sitka Takox € 0e3KoII-
ToBHOI ipn ymoBax HEX-daiiny npoexty menmn 2 kOaiir,
o € HOCTaTHiM B HaBUAJIbHUX 3aBJaHHAX.

BucnoBkn. Ha mifcraBi mpoBeleHOro aHamily
MOXKHa BIJI3BHAYUTH YITKY TEHACHIIO MIONO anapaTHOi
MIATPUMKH KpUNTOrpadivHUX Orepaii Ta MmiJBUIICHHS
(i3U4HOT 3aXHUILEHOCTI MIKPOCXEM JI0 PI3HOTO POAY aTaK.

BukopucranHs 3aXuiieHUX KpunrorpadiqHux Mikpo-
KOHTPOJIEPIB JIa€ 3MOTY ITiAHATH LIBUIKOIIIO MNP YyBaHHS
AES B 10-20 pa3ziB ans 8/16-6itoBux MK Tta mo 150 pa3zis
st 32-6itoBux MK mNOpiBHSHO 3 MpOrpaMHUMHU peati-
3alisIMH aJITOPUTMY. 3POCTAHHS MIBHIAKOIIT OOYHMCIICHHS
xeur-anroputmiBe - SHA-1, SHA-256 y 32-6itoBux MK
craHoBuTh Ounbiie Hik B 100 pasiB, a Jus Kpumrorpa-
¢iunux xem-aaroputmiB HMAC nabmmkaetses 1o 500.

Y 32-6iToBHX MIKPOKOHTpOJEpaxX CHOCTEPIraeThes
TPEH/ 70 BIPOBA/KEHHS KOMIUIEKCHHUX PIllleHb Oe3MeKH,
sKi 0 HEe TUIbKH NPUIIBUIIIYBAIH IIUPOKE KOJO CUMET-
PUYHHX 1 ACUMETPUYHUX AITOPUTMIB 1 MPOTOKOMIB, aine i
HAJaBaJI MOXKIIUBICTh 3aXHIIEHOT0 30epiraHHs Ta TeHepy-
BaHHS KJIIOUiB, OE3IEUHOIO 3aBAHTAKECHHS 1 OHOBJICHHS
KOZy, MATPUMKH €JIEKTPOHHUX MiAMUCIB Ta CepTU(IKATIB.

B pe3ympTaTi IpoBeneHNX AOCTiIKEHb OyI0 BH3HA-
YeHO, IO I MOJEIIOBAHHSA MIiKPOIPOLECOPHUX CHUCTEM
Ha MIiKpPOKOHTpOJEpax MOIIBHO BHUKOPHUCTOBYBATH Ha-
crymHi mporpamu: Proteus VSM, NI Multisim, TINA.

[NopiBHSIBHUH aHAMI3 UX IPOrpaM KOMIT IOTEPHOT0
MOJICITIOBAHHS 3 TOYKH 30py iX JIOCTYIHOCTI, IPOCTOTH
OCBOEHHS 1 €()EeKTHUBHOCTI 3aCTOCYBaHHS BUKJIATadaMH i
CTyJCHTAaMHU B HABYAJILHOMY IPOIIEC] 3aCBiIUUB.

Haii0ip11 moTy)KHOI0 CHCTEMOIO aBTOMATH30BAHOT O
MPOEKTYBaHHSI BBAXKAEThCS MporpaMHUil maker Proteus
VSM, sKuii JO3BOIISE BIPTYaIbHO 3MOZAETIOBATH POOOTY
PI3HHX MIKPOIPOLIECOPHUX MPHUCTPOIB 3 MiATPHMKOIO
JEKLITBKOX CIMEHCTB MIKpDOKOHTPOJIEPiB BiJl pi3HUX BUPOO-
HHKIB.

J1o OCHOBHHX TiepeBar BiIHOCSTHCS: BUKOHAHHS BCiX
eTamiB po3poOKH B €IMHOMY CEPEIOBHIII; MOXKJIHMBICTH
HalMCcaHHs, HAJIAro/DKEHHS 1 TeCTyBaHHS MiKpOIpOrpam-
HOro 3a0e3MeveHHs], TeHEepyBaHHS iarHOCTUYHHX IIOBi-
JIOMJICHb 3 TIOIIYKY HMOMHJIKH IPOrpaMyBaHHS; IPHCKO-
PeHHSI Tpo1iecy po3poOKH MiKPOMPOIIECOPHOTO PHCTPOIO;
MiATPUMKA CIUTBHOI POOOTH 3 almapaTHUMHU IPHCTPOSIMH,
IO i TKITFOUEHI Yepe3 MoPT KOMII FoTepa.

Bukopucrannas Multisim B HaBYaJIbHOMY IIPOIIECI Aa€
MOXIIMBICTb: TEperysiiaTH 1 3MIHIOBaTH CTaH BMICTY
pericTpiB, maM’sITi MPOrpam i JaHUX, OCEPEIKiB cTeKa i Oita
KOH(Irypalii; BizyanizyBaTu pe3ysibTaT BUKOHAHHS OKpe-
MOi KOMaHAM abo MpOrpaMu B IUJIOMY; JAEMOHCTPYBAaTH
NPaKTHKY CIUIBHOTO 3actocyBaHHs MoB C i AcemOiep B
OJTHOMY ITPOEKTi 3 METOIO ONTUMI3allii TPOrpaMu; BUBYATH
OCHOBH POOOTH i 0COOIUBOCTI (YHKIIIOHYBaHHS Tiepude-
piitHux npucrpoiB. [Ipore oOMexeHunit Habip MiKpPOKOHT-
ponepiB B mporpami Multisim Hakiamae cyTTeBi oOMexe-
HHSI Ha MOXKITUBICTb i1 BUKOPUCTAHHS MTPU PO3POOIII peab-
HHX TTPOEKTIB.

[Mporpama komm’torepHoro moznentoBanns T INA mae
3HAa4YHO MpocTimmid pycudikoBanuii inTepdeiic y mopis-
HHHI 3 Proteus VSM 3 MoXnMBICTIO yKnafeHHS BCiei
iHpopMallii Npo CTBOPEHWI MPOEKT B OAHOMY daiimi. Y
nopiBHsAHHI 3 Multisim 6i6mioreka TINA MicTHTh 3HA4YHO
Oinble Mogeneil MiKpOKOHTpOJepiB, a OyJoBaHHUH Hpor-
pamatop J03BOJsiE MOMU(pIKyBaTH NPOrpaMyd Ta CIO-
cTepiraTu pe3yiabTaTH.

MOXJIMBICTh BHKOPHCTaHHSI OE3KOIITOBHOI Bepcii
TINA-TI ta nasBHicth onnaiin-sepcii TINACloud 3 Buko-
PHUCTaHHSAM XMAapHUX TEXHOJIOTIH POOHTH LI0 Hporpamy
JIy’K€ KOPHUCHOIO JUis OcBiTH. Beb-cepBic nporonye 6e3iiv
OCBITHIX peCypCiB i MOXKJIMBICTh BUKOHAHHS BIPTYaJIbHOI'O
JIOCITIJPKEHHSI 1 J1a00paTOpHOro NpakTHKyMY IO MIiKpOITpo-
LECOPHOT TEXHIKH.

[lpenMeToM moJanbIIMX IOCHIDKEHb € MOAYIIO-
BaHHs IPOLIECIB BUKOPUCTAHHS KpUNTOrpadidyHUX aKce-
JIepaTopiB y MiIKPOKOHTPOJIEpaX 3arajlbHOr0 IPU3HAYCHHSI.
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