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AHnomayis—3anponoHOBAHO CHOCIO AHAJITHYHOTO OMUCY
CTPYKTYpP cHCTeM YIpaBJIiHHS, SIKAH JT03BOJISIE
BHKOPHCTOBYBATH Pi3Hi piBHI jJexoMno3umii st mOTAHHS
NiACKUCTEM i eJ1eMeHTIB, 10 12€ MOKIMBICTH BUALINTY HAKOIIbLLI
BAJKJIMBI aCNEKTH ONNMCYy HAa Pi3HHX CTaAigX HPOEKTYBaHH:A i
aHaJaizy cumcremu. Po3podaeno rpadoananirmunmii BMpas, mo
ONMHCYE CHCTEMY VIPABJiHHA ACHHXPOHHHM  JBHIYHOM.
Busnayeno npasuia onucy (QYHKUIOHAIbHMX CTPYKTYpP Ha
pi3HUX piBHSAX JeKOMIO3HIIT cHCTEMH YaCTOTHOrO YIpaBJIiHHS
ACMHXPOHHMM  JBMUIYHOM. Posrasinyro dyukuionaabny
CTPYKTYPY OOYMCIIIOBAJIBLHOTO SIIPA MiKPOKOHTPOJIEpa, SIKHii
BHKOPHCTOBYETHCS B CHCTEMi ynpaBJliHHsl.

Abstract—The method of analytical description of the
structures of control systems allows to use the different levels of
decomposition for describing the sub-systems and components,
which makes it possible to highlight the most important aspects
of the description of the various stages of design and analysis
system.

Knrouosi cnosa—cucnema ynpagiinns; aCUHXpOHHUL OGUZYH;
CIMPYKMYpHA cXema; MIKponpouecop
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microprocessor

I. Bcrvn

CyyacHa TeOpiss ABTOMATUYHOIO YIPABIIHHSI MOMKE
aHaJI3yBaTH CHUCTEMH YIPABIIHHA | CHHTE3yBaTH JUIS HUX
3akoHd. OIHAK LBOTO HENOCTATHBO 3 OTVIALY Ha Pi3HOMAHITTA
npoueciB ynpaniinds [1]. Tomy BUHUKIA BeIMKa KUIbKICTh
HAyKOBMX HAIPSIMKIB, IO 3aiiMAIOTHCS TIPOLIECAMHE YTIPABIIIHHS
B cBOiX 00nacTsax. CHCTeMHUI aHajli3 BKa3ye Ha TOH (akxT, 1o

noJiOHi mpouecu MNOBUHHI PO3POOJSTUCA 3 JOTPUMAHHSIM
neBHux npuHimiiB [2, 3]. Tomy akTyanpHOIO € 3ajada
CTBOPEHHA MAaTEMAaTHIHOTO arapary, AKHH IO3BOJIHB O
00'€JHATH IPOLECH YNPABIIHHs, WO MaiOThb Pi3Hy (i3uuHy,
oprasizariiiiy Ta IiIbOBY [IPUPOJLY.

OxHUM 3 MOYKIMBUX METONIB MiJBHIIEHHS AKOCTI aHAMI3Y i
CUHTE3y JIOIKO-JMHAMIYHMX [POLIECIB 3  MiABUILIECHUM
iHopManiitHUM 3MicTOM € aHaTHYHAHN | TpadoaHaTi THIHIUH
meron [1, 3], 3a HOIMOMOro0 SKOro 3'SABIAETHCA MOXKIIHBICTD
aHai3y KOpeKTHOCTi c(OpPMOBAHOrO IPOUECY B PI3HUX
cucremax yrpaniias. OCHOBHOIO SIKICTIO (DYHKIIIOHAIBHO
3aKiHYeHOi MoJeNi IOBHHHA OYTH MiHiMi3allis CIOBECHOIO
ommcy ii 3micry.

Meroro podotH € po3pobka METOAMKH aHaNli3y Ta CHHTE3Y
JOTiKO-JHHAMIYHUX TIPOLECIiB B CHCTEMAaxX YIPABIIHHSA, SKa
MOXKe OyTd BUKOPUCTAHA IPU QHAI31 IEPETBOPEHHS JaHUX 1
BUPIIICHHI 3aBJIAHB 110 OTITHMI3aliil CTPYKTYPH CHCTEMH.

II. CTPYKTYPA CUCTEMMU VIIPABIIHHSA

OCKiNbKH  aHaiTHYHA QopMa 3amucy HeoOXigHa Iyt
nojanpiioi  (opMani3oBaHOi  onTHUMI3alil  KOHKPETHOIO
TIpoIlecy, TOMY Ul IOTO HEOOXIJHO, 100 MaTeMaTHIHa
Mozens Oyma mpocTa B 3amHCy 1 Majda MaKCHMalbHE
in(opMariiHuii 3MicT.

Ha puc. 1 npexcrasiieHo rpadoaHaTiTHIHNA BHpa3, IO
OIUCYe CTPYKTYPY CHUCTEMH YIOpPABIIHHA aACHHXPOHHHM
JBUIYHOM.
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Puc. 1. CrpykTypa cuCTeMH YIPaBIiHHI aCHHXPOHHUM JIBUT'YHOM

Ha pucysky nossaueno: ‘U
HANpyra Ha BUXOIl BHIIPSIMIISYA; 'iU — Bif’€MHa TyIbCylOua
HaTpyra Ha BHXOHI BHIPAMIIYA; Ucony — MocTiliHa (Const)
manpyra U Ha BuxOAi (LibTpa, BelIMYMHA SIKOT MOXKE
3MIHIOBATHCS (CHMBOJ «t») TIpM 3MiHI aMIUNITYIM 3MiHHOI
HApyr'd HAa BXO4l BUMpsMIIYa  (AKIIO  BUIIPAMIIAY
HeKepOBaHI/Iﬁ SIKMNA CKJI3JAa€Thest 3 A10/iB), a0 K IPU 3MiHi
KyTa YIpaBiHHS (K0 BHIIDSIMIISTY KCPOBAHMIA i ckmamaeTbest
3 tupucropi); UMM, — immymscumit curman (Pulses) 3
UIMPOTHO-IMITY/IbCHOK MOy silieto (+At), sikuii 1ocrynae Ha
tdazy A aCI/IHXEOHHOFO meuryna i mae dasy ¢l, pisay 0
TpanyciB; ”‘e“(,,_ — imnoymbeHuit curnan  (Pulses) 3
UIMPOTHO-1MITY/IbCHOO MO,ZLyJ]SILIiCIO (£At), skuii nocrynae Ha
¢dazy B ACHHXPOHHOTO JIBHTyHa i Mae Qasy ¢2, pieny -120
rpamycis; “MUP ”‘e“(,, — imnymbeHuit curnan  (Pulses) 3
UIMPOTHO-IMITY/IbCHOK MOy silieto (+At), sikuii nocrynae Ha
tdasy C acuHxpoHHOro aBuryna i mae asy ¢3, pisay 120
TpamyciB.

JIO/IaTHA MYJbCyHOYa

Ha pucyHky «ocoOauBiCTIO» € aHAJITHYHUIA 3amuc
(YHKIOHATIGHOT ~ CTPYKTYpH  ACHHXPOHHOTO  JIBUT'YHA
fi(Motor™™L;) 3 pesyasTyiounm aprymenroM “Mom "
0o0eprajbHOr0  MOMEHTY poropa i iHpopMmauidHUM
aprymenrom manpyrs Ue®'™ ummakocti obepranns poropa
TpBOX (ha3 B CTATOPHHX iHAYKTHBHOCTSX.

DyHKUIOHAIbHA CTRYKTYpa 004KCIIIOBATIBHOTO
mikpokorTposepa fi(Core™™) npencrasiena a puc. 2.
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Puc. 2. ®ynkuionansHa
MiKPOKOHTpOJIepa

CTPYKTYpa 00UMCITIOBAIIGHOTO aapa

Ha pucynky mnoswaueno: fi(Core™) — obumcrmopanbhe
SLPO MIKPOKOHTPOJIEPa; | — BXi/IHUIA 3B’ 430K, WO 3 €/IHYEThCS
3 BUXIJTHMM 3B’S13KOM; T — BUXIJIHUIA 3B’ A30K, IO 3’ €THYETHCA 3

BXIIHAM 3B’SI3KOM; — — BXIJHWH aHAJIOTOBHHA 3B’S30K;
fi(Port]) Bxiguumit (input) mopT (port) abo BHBiZ (pin)
MIKpPOKOHTpOIICpa — 4Yepe3 I[eH IOPT CUTHAIU MOCTYIAIOTh B
MIKpOKOHTpoJep Julsl X TIoJasIbIIol 0OpoOKK; HIKHIN THJIEKC
Mo3Havae HoMep mopTa abo BuBoLy, ToOTO fi(Port]), f>(Port|)
. fx(Port|) — BUBOIM MIKPOKOHTPONEPa, HA SKi HOCTYNAKOThH
pi3Hi curnany; fi(Port?) — Buxigamit (output) mopr (port) abo
BHBIX (pin) MiKpOKOHTpOlepa; uepes Led mopT abo BHBIX
MikpokouTponep hopmye kepyiowi curmamm; L3>
BUMIipsiHe 3HaueHHs 3MinHoro (£) ctpymy (I) cratopa (Stator)

Tphox a3z (¢1-3) acHHXpOHHOTO ABHIYHA; (1) """ — BUMipsHE
3HAUEHHS ~ KyroBOI  IIBMIKOCTI  oOepraHuss  poropa
ACHHXPOHHOTO JBUryHa; “Mom"**" BUMIpSTHE 3HAYEHHS

momeHTy (Mom) Ha Bamy poropa Rotor, axuii obepraeTbes 3
KYTOBOKO IIBHJKICTIO O; Aty gpPulses BUMIPSIHE  3HAUCHH:
JHIHOT IMTTy TECHOT ¢ “'”c“) Hanpyru (V) mix q)aBaMI/I ATaB
(ab) X LIMPOTHO-iMIylbeHOW Moaymsuiero (At); *Uw®' L; —
3MminHa () manpyra U 3 KYTOBOIO 4acTOTOIO0 (M) Ha BHUXOHI
Tpeox(azHoro (p1-3) iHBepTOpa, sIKa MMOAAETHCS HA CTATOPHI
00MOTKH TphOX(a3HOrO ACHHXPOHHOTO JBUTYHa, KOXXHA 3
SIKUX M€ THIYKTUBHICTD L.

BucHOBKU

3ampomnoHoBaHH MeTon (opManizallii MporeciB podOTH
€/ICMEHTIB CHCTEM YIOPABIiHHS JI03BOJSE BHUKOPUCTOBYBATH
pi3Hi piBHI JICKOMTIO3UILT TS OIHCY MiJICHCTEM i €JICMEHTIB,
0 Ja€ MOXKJIMBICTh BHIIIUTH HaiOIIbII BasKIUBI ACIEKTH
OIIMCY HA PI3HMX CTadisX MPOEKTYBAHHs 1 aHAII3y CUCTEMU.

Po3pobiieHo CTPYKTYpHO-(DYHKITIOHATEHY MOJIEITh
MIKpONpPOLIECOPHOI ~ CHCTEMH  YaCTOTHOTO  YIpPABJiHHS
ACMHXPOHHMM  JIBUTYHOM. BU3HAYEHO 0OpaBWIa  OOMCY

(YHKUIOHATEHAX CTPYKTYp Ha PIi3HMX PIiBHSX JEKOMITO3MIIT
CHCTEMH YacTOTHOTO YIpPAaBIiHHA ACHHXPOHHHUM JABUTYHOM.
HasinicTh aHamiTM4HOI MOJEII MIKPONPOLECOPHOI CHCTEMHU
VIIpaBJIHHS J03BOJISE OLIHUTH ii TMOBHOTY i HECYNEPEUHICTb,
BU3HAYNATH BIJHOCHHHM 1 THUIIH 3B'S3KIB MDK IiICHCTEMaMHU
praBJ'IIHHSI i Bl3yam3au11 a TaKOX OmucaTu dr)yHKlIIOHaJ]LHI
MOXJIMBOCTI €JIEMEHTIB OKPEMHX IIJCHCTEM | alrOpPUTMH
o0poOKkn  mamux. llpy  IbOMy  OCHOBHHM  SIKICTIO
(YHKIIOHAJIBHO 3aKiHYCHOI MATEMATH4HOI MOJE JIOTiKo-
JMHAMIYHOTO TIPOLIECY TIEPETBOPEHHS CHTHAJIB € MiHiMi3arlis
CJIOBECHOT'O ONHCY iX 3MiCTYy.
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