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OHJIAH-CEPBIC WOKWI IK CUMYJISATOP MIKPOIIPOIIECOPHUX CUCTEM

MikporipoLecopHi cucremm 34aTHi 06po6/ISITY BE/MKY KiJIbKICTb AaHUX | BUKOHYBATY CKAaAHI OrepaLlii' 3 BUCOKOK TOYHICTIO
[ WBUAKICTIO, | TOMY BOHU BUKOPUCTOBYIOTHCSH 3 PI3HOMAHITHOK METOK, y TOMYy Yncii 415 cuctem IHayctpii 4.0 1a Ingyctpii 5.0.
BUKOPUCTAHHS MIKDPOIPOLIECOPHUX CHCTEM CTaE BCe OIfIbLl aKTyaslbHUM fJ15 3a0E3IMe4YEHHS eQEKTUBHICTL Ta SIKOCTI MpoayKLil.
BoAHoYac MiKpOrpOLECOPHI cucTemu — L€ CKAaAHI MpUCTPOL, SKi MoTpebyroTs BIAMNOBIAHOMO PIBHS 3HaHb Ta KBa/igikauii 4nsa ix
HA/IarOWKEHHSI Ta 00C/IyroByBaHHs. TOMY iX BUKOPUCTaHHS MAae CyrpoBOKYBAaTUCS IMArOTOBKOK Ta MATPUMKOW @axiBuyis. s
LbOro TaKoX MOXYTb GyTH BUKOPUCTaHI OH/IaUH-CEPBICH A/1 CuMyIaLii MIKDOIMPOLECOPHUX CUCTEM, SKI JO3BONISIOTE TECTYBATH Ta
BIAIaro/KyBaTy CBOI IIPOEKTH 63 HEOOXIAHOCTI MaT DI3UYHMI PUCTPIA.

Y faHivi CTaTTi po3r/iSaacTbCs SK NPpUKAa8 MOAETIOBAHHS MIKDOMPOLIECOPHOI CUCTEMU Ha OCHOBI OH/IakH-cepsicy Wokwi 1a
MIKPOKOHTpO/IEPa ESP32.

Kto4oBi c1oBa: MIKDONpOLIECOPHa CHCTEME, MIKPOPOLIECOP, MIKDOKOHTPO/IED, TMPOrPaMHe 330€3eYeHHs, OH/IaNH-
CepBic.
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WOKWI ONLINE SERVICE AS A SIMULATOR OF MICROPROCESSOR SYSTEMS

Microprocessor systems (MPS) are electronic devices that are used to process data and control various processes in
various fields of activity. They play an important role in many aspects of our lives, from home appliances to complex automation
and production control systems.

The relevance of using MPS lies in their ability to process a large amount of data and perform complex operations with
high accuracy and speed. They can be used to control various parameters such as temperature, humidity, pressure, speed, and
much more. With the help of MPS, many processes can be automated, which ensures the efficiency and quality of products, as well
as reducing production costs. MPSs are also widely used in medicine, where they are used to monitor the condition of patients,
control medications, diagnose diseases, and much more. In addition, MPS are an integral part of the development of the Internet of
Things (IoT), where they are used to collect and transmit data from various sensors and devices, which allows you to create a
"smart" home or city.

Microprocessor systems are able to process large amounts of data and perform complex operations with high accuracy
and speed, and therefore they are used for a variety of purposes, including for Industry 4.0 and Industry 5.0 systems. The use of
microprocessor systems is becoming more and more relevant to ensure the efficiency and quality of products. At the same time,
microprocessor systems are complex devices that require the appropriate level of knowledge and qualifications for their debugging
and maintenance. Therefore, their use should be accompanied by the training and support of specialists. Online services for
simulating microprocessor systems can also be used for this, allowing you to test and debug your designs without the need to have
a physical device.

This article considers as an example the modeling of a microprocessor system based on the Wokwi online service and the
ESP32 microcontroller.

Keywords: Microprocessor system, microprocessor, microcontroller, software, online service.

IHocTanoBka mpo0JieMH y 3aralbHOMY BUTJISI
Ta ii 3B’9130K i3 BAKJIMBMMH HAYKOBHMH YH NPAKTHYHHMH 3aBJIAHHAMHA
MixkponpomnecopHi cuctemu (MIIC) - 11e enexTpoHHI IPUCTPOT, STKi BUKOPUCTOBYIOTHCS TSI 0OPOOKHM TaHUX
1 yOpaBmiHHS PI3HUMH IIPOIlECaMU B PIi3HUX Taly3sX isUTbHOCTI. BOHM BimirpaioTh BaXKIMBY poOjib y OaraTbox
aCTeKTaX Hamoro JKWUTTS, BiJ IOMAIIHBOI TEXHIKM IO CKJIAQAHWX CHCTEM aBTOMAaTH3alii Ta YIpaBIiHHA
BUPOOHHUIITBOM.
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AxtyanpHicTh BUKOpHcTaHHA MIIC momsrae B iX 3maTHOCTI OOpOONATH BEJNHMKY KUIBKICTh MaHUX 1
BUKOHYBAaTH CKJIaJHi Omeparii 3 BUCOKOIO TOYHICTIO 1 IIBUIKICTIO. BOHM MOXyTh OyTH BUKOpPHCTaHI 11l KOHTPOJIIO
3a pi3HMMH NapaMeTpamy, TAKUMH SIK TeMIIepaTypa, BOJOTICTh, TUCK, IBHUJKICTB, i 6arato iHIIOro. 3a J0IOMOTO0
MIIC moxHa aBTOMaTH3yBaTh 0arato INpoleciB, 0 3abe3nedyye eQEeKTUBHICTh Ta SIKICTh MPOIYKIIi, a TaKoX
3HW)KEHHsT BUTpar Ha BHpoOHMuTBO. MIIC TakoX 3HAaWNLIM HIMPOKE 3aCTOCYBaHHS B MEAMIMHI, JI€¢ BOHHU
BUKOPHCTOBYIOTHCS JUISI MOHITOPHMHIY CTaHy XBOPHX, KOHTPOJIO 3a JIKapCBKUMHU IpenapaTtaMd, IiarHOCTHKH
3axBOpIOBaHb Ta Oarato iHimoro. Kpim toro, MIIC € HeBin'eMHOK YacTHHOI PO3BUTKY iHTepHeTYy peueit (IoT), ae
BOHH BHKOPHCTOBYIOTBCS JJIs 300py 1 mepemadi HJaHUX 3 Pi3HUX AATYHKIB Ta MPUCTPOIB, IO TO3BOJSE CTBOPUTH
"po3ymHHI" OyIHHOK ab0 MICTO.

VY cBiti, e TeXHOJOTii po3BHUBaOTECS Bee mBHIIe, Bukopuctanas MIIC crae Bce Ginbm aktyamsHUM. Lli
CHCTEMH € KIFOYOBUM EJIEMEHTOM y 0araTthboX raimy3sx MisUIBHOCTI, BiJ] MPOMHUCIOBOCTI 0 MEAHUIIMHH Ta IIOOYTOBOL
TeXxHIKH. BOHH [03BOJSIOTE 3abe3medyBaTd €(EKTHBHICTH Ta SKICTh NPONYKIii, PO3MIMPIOBATH MOKIHBOCTI
YIpaBIiHHS Ta KOHTPOJIIO, & TAKOX 3a0e31edyBaTh OUThII TOYHHUHN Ta MIBHIKWH 30ip Ta 00pOOKY TaHUX.

3 ypaxyBaHHSIM LIBHIKOTO PO3BHTKY TEXHOJIOTiIH Ta 3pOCTaHHS NMOTped B aBTOMAaTH3alii Ta yNpaBJiHHI,
BukopuctanHs MIIC crae Bce Oinbm HeoOXimuuM 1 mepcnekTuBHEM. OnHak, BukopuctanHsi MIIC noBuHHO
CYINPOBOXKYBATHCS BiJIOBIZIHOIO IIJrOTOBKOIO Ta JOTPUMAHHSIM BIANOBITHMX CTaHAApTiB Oe3meku, Moo
3abe3neunTr ePEeKTUBHICTH Ta OE3MeKy iX 3aCTOCYBaHHS.

Kpim Toro, MIIC - ue cknajaHi TEXHOJIOTIUHI MPUCTPOI, sIKi MOTPEOYIOTh BIAMOBIIHOIO PiBHS 3HAaHb Ta
kBamiikanii gy iX Hamaro/pkeHHss Ta oOciyroByBaHHs. lle o3Hauae, mo BukopucranHsi MIIC mnoBuHHO
CYTPOBOXKYBATHUCS BiINOBITHOIO MiATOTOBKOI Ta MiATPUMKOIO (axiBmiB. Ha crorommimHii neHp icHye Oararto
OHJIAH-CEPBICIB [UII CHMYIAIII MIKPONPOIIECOPHUX CHCTEM, SKi TO3BOJSIIOTH PO3pOOHUKAM, IHKEHepaM Ta
CTYICHTaM TECTYBaTH Ta BiJUIaro/KyBaTH CBOI MPOEKTH Oe3 HeoOXimHocTi MaTé (i3muHWiA mpucTpid. MoxxHa
HAaBECTH HACTYITHI MPUKIAIH:

o Wokwi [1] - e 6e3KkomTOBHUI OHNAH-CcEpBic AN CUMYIIAIIT MiKpOKOHTPOJIEPHUX MPHUCTPoiB. Wokwi Mae
Jy’)Ke 3pY4HUH iHTepdelc, N03BOJIIE KOPHUCTyBayaM CTBOPIOBATH CKJaJHI NMPHUCTPOi, Ta Ma€ WIMPOKWIl HaOIp
KOMITOHEHTIB.

e CircuitVerse [2] - me onnaiiH-cepBic Al PO3POOKH Ta CUMYJIAMIi enekTpoHHUX cxeM. CircuitVerse mae
BeNUKy O0i0Ji0TeKy KOMIIOHEHTIB, IO JO3BOJIAE KOPHCTYBauaM CTBOPIOBATH CKJAJHI CXEMH, Ta MIATPUMYE
BiJUIarOJPKECHHSI KOAY.

e Proteus Design Suite [3] - me miardopma i MPOSKTYBAHHS Ta CHUMYJISIII CJICKTPOHHHUX MPUCTPOIB.
Proteus Design Suite Mae po3mmrpeHy 0i0nioTeky KOMIIOHEHTIB, IO JA03BOJIIE KOPUCTYBadaM CTBOPIOBATH CKIIAJIHI
MIPUCTPOI, Ta MIATPUMYE BiIJIATOPKCHHS KOAY.

o Tinkercad [4] - e oHIaliH-cepBiC LTI PO3POOKU Ta CUMYJIAIIT eIeKTPOHHUX cXeM Ta mpuctpois. Tinkercad
Ma€ MPOCTHH iHTepdeic Ta MATPIMYE BiIaroKCHHS KOIY.

¢ Virtual Breadboard [5] - nie mardopma it mpoekTyBaHHS Ta CUMYIISIII €IEKTPOHHUX HMpUCTpoiB. Virtual
Breadboard mae mmpokuii HaGlp KOMIOHEHTIB, IIO JO3BOJISIE KOPHCTYBauaM CTBOPIOBATH CKJIAJHI MPUCTPOI, Ta
MITPUMYE BiZJIATOPKEHHS KOAY.

L1i cepBicu 103BOJISIIOTH KOPUCTYBa4yaM TECTYBaTH CBOI IIPOEKTH Oe3 HeoOXiAHOCTI MaTH (i3UUHHI TPUCTDIH,
110 pOOMTH iX 0COOMBO LIIHHUMH JUIS CTYJICHTIB Ta TIOYATKIBIIIB B raly3i eleKTPOHIKH Ta MPOrpaMyBaHHS.

JocmipkeHHs: monyisipHOCTI nux 1mwiargpopm 3a momomororo Google Trends mokasanu, 1mo HaHOLIBIION
MOy JIIPHOCTI y cBiTi HaOyau Wokwi ta Tinkercad. IIpoBememMo aHaii3 IXHIX OCHOBHHUX XapaKTEPUCTHK.

Wokwi Tta Tinkercad - me nBa OHNAfH CepBiCH, SKi HATAIOTh MOXKJIHMBICTH CHMYIIIIT MiKpPOMPOIIECOPHUX
cucteM. Xo4a o0niBa cepBicH JJ03BOJSIFOTH KOPUCTYBa4aM PO3pOOIIATH Ta TECTYBAaTH MIKpPOIPOLECOPHI IPUCTPOi B
BipTYaJIbHOMY CEPEIOBHIIIi, BOHA MAFOTh AEsKi BIIMIHHOCTI ¥ CBOIX MOMIIMBOCTSIX Ta (PYHKIIIOHATBHOCTI.

OpHiero 3 ocHOBHHX BiaMiHHOcTel Mik Wokwi Ta Tinkercad € Te, mo Wokwi cmemiamizyeTbcs Ha
MIKPOIIPOIIECOPHUX CHCcTeMaX, ToAi sk Tinkercad mpomoHye OUTBII MMPOKHUNA CHEKTP IHCTPYMEHTIB JUIST PO3POOKH
SJICKTPOHIKH, TAKHX SIK CUMYJIALIS JIOTIYHMX CXEeM, MakeTyBaHHS IUIAT Ta iHIIMX €JIeKTPOHHUX NpHUCTpoiB. Tomy,
AKIIO0 KOPHUCTYBadi IIYKAalOTh CEPBIC I CHMYJIAIii KOHKPETHO MiKpPOKOHTPOJIEPHUX MPHUCTPOiB, To Wokwi mMoxe
OyTH Kpamum BHOOPOM.

Ile oxniero BigMiHHICTIO € Te, 0 Wokwi Mae Oinpmn THydYkuil Ta 3py4Huil iHTEepdelc KopucTyBada, KU
JI03BOJISIE KOPUCTYBadyaM PO3pOOIIATH Ta TECTYBAaTH MIKPOMPOIIECOPHI MPUCTPOi MIISIXOM IOJABAaHHS KOMIIOHEHTIB
Ta 3'€HaHb JO0 CXeMH, B Toi yac sk Tinkercad mpomoHye TOTOBI KOMIIOHEHTH Ta OLTBII OOMEXEHY KiIBKICTh
HaJlalTyBaHb.

IIle onHiero BaXIMBOIO BiIMIHHICTIO € Te, m0 Wokwi 103Bojse KOpHCTyBauaM B3a€EMOJISTH 31 CBOIMH
MIPUCTPOSIMH 3a JIoTIoMoroto JavaScript, 1o 103BoJIsiE CTBOPIOBATH CKJIQ/HI aJTOPUTMH Ta Bi3yallbHI €(EeKTH.
Tinkercad He Mae Takoi MOXIHBOCTI. WOkwi € OE3KOIITOBHUM Ta BIAKPUTHM, IIO JO3BOJIAE KOPUCTYBadaM
PO3pOOIISTH Ta TECTYBAaTH CBOI MIKPOIIPOLIECOPHI MPHUCTPOi O6e3 HeoOXiAHOCTI B OIUIATI 3a MiAMKCKY abo IIaTix 3a
BukopuctanHs. Tum wacom, Tinkercad nmpornoHye 6e3KOIITOBHY Bepcito, aje 00MeXye AOCTYI JI0 ASSKUX (QyHKIIH
Ta MOYKIJIUBOCTEM.
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Kpim toro, Wokwi mae Bimkputuit API, mo n03Bosisie po3poOHHKaM CTBOPIOBATH CBOI BIIACHI KOMIIOHEHTH
Ta IHTErpYyBAaTH iX y BipTyajbHe cepenoBuile, Tomi sik Tinkercad mMae OibIl 0OMEXKEHY KiJBKICTh KOMIIOHCHTIB Ta
He JI03BOJIsIE PO3POOHMKAM CTBOPIOBATH CBOT BJIACHI.

OTxe, SKII0 KOPUCTyBadaM NMOTPiOEH cepBic It CUMYJISLI] KOHKPETHO MiKPOKOHTPOJIEPHUX MPHUCTPOIB, TO
Wokwi Moxe OyTH KpamuM BHOOPOM 3aBASKU CBOIil THYyYKOCTI Ta 3pydHOMY iHTepdeiicy kopucTyBaya. SKino x
KOpHCTYBauaM HOTPIOHO pO3pOOJSATH OUIBII IIMPOKHH CHEKTp eJIeKTpoHHuX mpuctpoi, Tinkercad moxe OyTu
KpaluM BHOOPOM, OCKUIBKM BiH HPOIMOHYE OUIBII IMUPOKHUN CIIEKTP IHCTPYMEHTIB Ta KOMIIOHEHTIB JUIS PO3POOKH
eJIEKTPOHIKH.

3aranmpHUM aHaANi3 TOKa3aB, MO OHJAWH-cepBic Wokwi Haifkpamie MmiOXoOuTh OO po3poOKH Ta
NPOSKTYBaHHS MiKPOIIPOLIECOPHUX CHUCTEM.

Bukian ocHOBHOro Mmartepiany
PosrisiHeMo BukopucTaHHs cepBicy Wokwi Ha IpHKIIa/ii CTBOPEHHS! KOHKPETHOTO IPOEKTY .
Bubip ruiat 3 MmikpornporecopaMu Juist po3poOku y cepsici Wokwi HacTymHUHA:
e Arduino Uno, Mega, Nano;
e ATtiny85;
e CimeiictBo ESP32;
e Raspberry Pi Pico;
¢ Franzininho.
[Ipu mpoMy MO>KHA 3a/1aTH MOBY IIporpaMyBaHHs i3 BapianTiB: C, JavaScript, microPython, Rust.
CtBopumo nipoekT Ha ESP32, nmpu oMy Oyjie Ha eKpaHy 300pakeHHs, IpeICTaBICHe Ha pHc. 1.

WOKWI ~ 4 shaRe Doce

sketchino  diagramjson  Library Manager  ~ Simulation

1 veid setup() {
4}
void loopl} {

9 }
10

Puc. 1. IllouaTok ekpaHy npoexty Ha ocHoBi EPS32

37miBa — TEKCTOBMH pEIaKkTOp, B SIKOMY MOXKHa TpamioBaTd 3 ¢ailmamMmu mnporpamu, a copasa —
Oe3mocepeHbO mosie cumyiisitopa. Hapasi Ha puc. 1 Tinpku 6a3oBa rurata. [[jis Toro, 1mo0 G00aBUTH €JIEMEHT,
HEOOXi/THO HATHUCHYTH Ha KHOIIKY «+», BIAKPHETHCS CIIUCOK EJIEMEHTIB, 1[0 BUIAJIAE.

CTBOpPUMO MPOCTHI TpUKIaA CUMyJIsiiii — npukian Blink — ciTmomion i pesuctop. JJobaBuMO iX Ha eKpaH
i 3’eanaemo. [l Toro, mo0 3’€IHATH MiHK | KOHTAKTU EJIEMEHTIB, OTPIOHO HATHCHYTH HA OJWH KOHTAKT, & MOTIM
Ha iHImmi (puc. 2).

[Ticnst nojaBaHHS €IEMEHTY Ha IoJie, SIKIO HAaBECTH Ha HbOTO BKA3HMK, MOSBISETHCS PaMKa 3 3HAKOM
nuTaHHsA. HaTHCHYBIIM Ha 3HAK MHUTaHHS, MOYKHA IOIACTH HAa CTOPIHKY JOKYMEHTAIlil TOTO YH IHIIOTO E€JIEMEHTY.
Tenep B niBi#i 9acTHHI BikHA J00aBUMO cTaHAapTHUI npukiaa Blink, npu npoMy He 3a0yBIM BKasaTu MoTpiOHMI
nid. TekcT BiANOBITHOT MPOTpaMy HACTYITHHH:

#define LED PIN 27
void setup () {

pinMode (LED PIN, OUTPUT) ;

void loop () {
digitalWrite (LEDiPIN, HIGH) ;
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delay (1000) ;
digitalWrite (LED PIN, LOW);
delay (1000) ;

}

3amycTuMO CUMYJISAIIII0, HATUCHYBIIH Ha 3¢JIieHy KHOMKY (puc. 3)

— 11

Puc. 2. CTBOpeHHsI cXeMH JIsl CUMYJIAIIT MPOEKTY

Q0

PSP

— G

Puc. 3. 3anyck cumyJsiuii
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B mpormeci npoekTyBaHHS MOXHA 3MIiHIOBATH HAJAIITyBAaHHS E€IIEMEHTIB — IUIAXOM peaaryBaHHs (animy

giagram.json B TEKCTOBOMY PEAaKTOPi CUMYJISITOpa:

"version": 1,
"author": "Anonymous maker",
"editor": "wokwi",
"parts": [
{ "type": "wokwi-esp32-devkit-v1", "id": "esp", "top": 0, "left":
0, "attrs": {} 1},
{
"type": "wokwi-led",
"id": "ledl",
"top": -54.37,
"left": -185.17,
"attrs": { "color": "red" }
by
{ "type": "wokwi-resistor", "id": "rl", "top": 140.29, "left":

147.16, "attrs": {} }
1y
"connections": [

[ "esp:TX0", "S$serialMonitor:RX", "", [
"esp:RX0", "S$serialMonitor:TX", "", [
"ledl:C", "rl:1", "green", [ "vO" ] 1,
"rl:2", "esp:GND.2", "green", [ "vO" 1 1,
"ledl:A", "esp:D27", "green", [ "vO" ]

]
[ ]
[
[
[

]
}

HaiiyacTime mnoTtpiOHO penaryBath 00’€KTH, MICTATbCS B Onomi parts (omuc eneMeHTiB) 1 B 0o
connections (omuc 3’eaHansb). [Ipo aTpuOyTH, sIKi MOYKHA 3MIHIOBATH y CBITJIOAI0Aa Ta PE3UCTOPA, MOXKHA JII3HATHCH
B [6, 7]. 3aMiHMMO KOJIip CBITJIOAI0/A 1 KOJIIp NPOBO/IB (YOPHUIA — 3eMJISIHUI, YepBOHMUIT — skuBNeHHS (T1iH 27)), Toi

(aiin giagram.json npuiiMe BUIIIS:

"version": 1,
"author": "Anonymous maker",
"editor": "wokwi",
"parts": [
{ "type": "wokwi-esp32-devkit-v1", "id": "esp", "top": 0, "left":
0, "attrs": {} 1},
{
"type": "wokwi-led",
"id": "ledlll,
"top": -54.37,
"left": -185.17,
"attrs": { "color": "blue" }
b
{ "type": "wokwi-resistor", "id": "rl1l", "top": 140.29, "left": -

147.16, "attrs": {} }
1,
"connections": [

[ "esp:TX0", "S$serialMonitor:RX", "", [
"esp:RX0", "S$serialMonitor:TX", "", [
"ledl:C", "rl:1", "black", [ "vO" ] 1,
"r1l:2", "esp:GND.2", "black", [ "vO" ] 1,
"ledl:A", "esp:D27", "red", [ "vO" 1 ]

1y

]
11

[
[
[
[

}

300pakeHHs CXeMH Ticis 3aMiHM aTpuOyTiB Oy/e BUIIIAAATH 5K Ha puc. 4.
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ESP32

Puc. 4. 300paskeHHs cXeMH MicJisi 3MiHM aTPUOYTIB eleMeHTIB

Jns KopucTyBada [OCTYIHI BeJHMKAa KUIbKICTH 0i0mioTek Ta GYHKOIA i1 poOOTH 3 pI3HUMH
nepudepiitaumu 3acodamu. s ESP32 Takom mocTymHa MOXIIHBICTH MITKITIOYCHHS A0 iHTepHery. Ha caifri [1]
MpeCcTaBICHO OaraTo MpuKIami A poOoTH 3 0i0Ii0TeKaMH Pi3HUX MIPHUCTPOIB.

BHCHOBKH 3 1aHOTO IOCJT)KEHHSI i TepCNeKTUBY MOAAIBIINX PO3BiIOK y IaHOMY HANpPsAMi
Po3risiHyTO icHYIOYi METOAM Ta CEpBICH OHJIAWH MPOEKTYBAaHHS MIKpOIPOIECOpHUX cucTeM. [lokazano Ha
KOHKPETHOMY TIPOEKTi, IO 3a JOMOMOTOK TakMX CEpBICIB MOXXHA MPOEKTYBAaTH arapaTHe Ta I[pOorpaMHe
3abesneuennss MIIC, a Tako Taki CepBiCM MalTh IEPCIEKTUBY BHKOPHCTaHHS B HaBYaJbHOMY MpOLECi Npu
YMOBaXx BiJICYTHOCTI HasIBHOTO B Jlaboparopisx amnapatHoro 3ade3neyennss MIIC.

Jliteparypa
1.https://wokwi.com/
2.https://circuitverse.org/
3.https://www.labcenter.com/
4 https://www.tinkercad.com/
5.https://www.virtualbreadboard.com/
6.https://docs.wokwi.com/parts/wokwi-led
7.https://docs.wokwi.com/parts/wokwi-resistor
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