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Abstract. To control complex automation systems, as a rule, intelligent industrial controllers are used, which have
a rather complex structure and high cost characteristics. However, for local control systems that provide a certain
production task either independently or within the general technological cycle is quite promising to use low-level
software relays, which are characterized by low cost, ease of programming, ease of operation. However, the disadvantage
of these relays is the limited number of memory cells and elements that are recorded in the program, which in turn leads
to the use of more expensive controllers for local automation systems with a large number of states.

Purpose. Improving the method of synthesis of logic circuits based on graph transitions for its use in the development
of discrete process control systems with a large number of states under the condition of technical implementation of
the program on low-class logic relays.

Method. The improvement of the synthesis method is to transform a bulky graph transition, which describes the
transitions between the states of a discrete circuit into a chain of several graph transitions, each of which describes part
of the states of the automation system or process. The last signal that converts the current graph transition to the initial
state is also the first signal of the next graph transition. This in turn removes the limitations of using low-level logic
relays in complex automation systems, as it reduces the number of memory cells required to write a program.

Results. The proposed modification assumes that instead of one graph transition, which describes all the states of the automation
system, a chain of small graph transitions is used, which successively pass from one to another. This reduces the number of
conjunctive terms in each equation, which allows you to use the resulting equations to compile programs for logic programmable
relays, which are limited by the number of memory cells and the number of elements recorded in the program.

Scientific novelty. The method of synthesis of discrete automation systems based on graph transitions is improved,
which consists in transforming a bulky graph transition describing transitions between states of a discrete circuit into a
chain of several graph transitions, each of which describes a part of automation system or process states.

Practical importance. The advanced method has elements of unification and can be used to synthesize logical equations de-
scribing automatic control systems that operate on a linear algorithm, i.e. the circuit sequentially passes from one state to an-
other, which is also a characteristic feature of electromechanical systems of general industrial mechanisms of cyclic mode work.
Key words: logic relay; programming; logic synthesis; graph transition; automation system; trajectory; chain of graph
junctions.
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Amnorauis. /]yis kepyBaHHsI KOMIUIEKCHUMH CUCTEMaMH aBTOMAaTH3alli1, SIK IPaBHUII0, BAKOPUCTOBYFOTHCS IHTENIEKTYyallbH1
IIPOMHCIIOBI KOHTPOJIEPH, SIKI MAIOTh JIOCUTH CKJIaJHY CTPYKTYPY 1 BUCOKI BapTiCHI XapakTepUCTHKHU. Pa3oMm i3 TUM st
JIOKQJILHUX CHCTEM KepyBaHHs, sIKi 3a0€311e4y0Th BUKOHAHHS [IEBHOT BUPOOHUYOT 3a1a4i ab0 caMOCTiliHO, a0 B pam-
Kax 3arajibHOr0 TEXHOJIOTTYHOTIO IIMKJIY, JOCUTh MIEPCIIEKTUBHUM € BUKOPHCTAHHS IIPOIPAMHHX PeJie HU3bKOTIO PiBHS,
SIKMM BJIACTHBI HEBUCOKA BapTICTh, IPOCTOTA B IPOrpaMyBaHHi, 3py4YHICTh B eKkcIutyaranii. OfHaK HeJI0IKOM 3a3Ha-
YEHHX peJie MOJKHA BiI3HAYMTH 0OMEXEHY KIIbKICTh KOMIPOK IaM’sITi i eIeMEHTIB, SIKi 3alMCYIOThCS B TIPOrpaMi, 110
y CBOIO Yepry MPHU3BOIUTH 10 BUKOPUCTAHHS OLIBLI JOPOTHX KOHTPOJIEPIB VIS JIOKAIBHUX CHCTEM aBTOMaru3aii 3
BEJIMKOIO KIJIbKICTIO CTaHIB.

Mema. BnockoHaseHHsI METOJly CHHTE3Y JIOTTYHUX CXeM Ha OCHOBI Ipa)orepexo/iB Juisi BUKOPUCTAHHS HOro TIiJ] yac
PO3pOOIICHHS TUCKPETHUX CUCTEM KePYBaHHs TEXHOJIOTTYHMMH IPOLIECAMH 3 BEJIMKOK KUIBKICTIO CTaHIB 32 YMOBHU
TEXHIYHOI peaizaiii mporpamMu Ha JIOTIYHHUX pejie HU3bKOTOo Kiacy.

Memoouxa. BrockoHalleHHsI METO/ly CHHTE3y IOJIArae B IEPETBOPEHHI I'POMI3IKOTO rpadorepexony, KUl onucye
Nepexoy MK CTaHaMHU JUCKPETHOI CXeMH B JIAHIIIOT 13 JIEKUIBKOX rpad)orepexoiiB, KOKEH 3 SIKHMX OIHCYE YacTH-
Hy CTaHIB CHCTEMH aBTOMarH3alii ado TeXHOJOTriyHOro mpouecy. OCTaHHIA CUTHAJ, KU TEPEeBOAUTH MOTOYHUI
rpadornepexizi y BUXiJHUI CTaH, € OJHOYACHO IEPIIMM CHI'HAJIOM HacTynHoro rpadornepexony. Lle y cBoro uepry
3HIMae OOMEKEHHSI 3aCTOCYBAaHHs B CKJIQJHMX CHCTEMax aBTOMATH3allil JIOTIYHUX PeJie HU3BKOTO DPIBHS, OCKUIBKH
3MEHIIYETHCS KUIbKICTh KOMIPOK I1aM’siTi, HEOOX1THUX JIJIsl HAITMCAHHSI IPOTPaMH.

Pesynomamu. 3anpornoHoBana Moaudikaris nependayae, 10 3aMiCTh OAHOTO rpadoriepexomy, 110 OIUCY€E BCi CTaHU
CHCTEMH aBTOMATH3alli1, 3aCTOCOBYETHCSI JIAHIIIOT 13 HEBEIUKUX rpad)OrepexoiiB, sKi MOCIIJOBHO MEPEXOAITh 3 OTHOTO
Ha iHmwMA. [Ipy 11bOMY 3MEHIIYEThCSl KUIBKICTh KOH FOHKTHBHHX WIEHIB Y KOXKHOMY PIBHSIHHI, 1110 JI03BOJISIE BUKOPH-
CTOBYBATH OTPHMaHi PIBHSHHS [UISl CKJIQJIAHHS [IPOrpaM JUis JIOTIYHUX MPOrPaMOBAHUX peJie, 110 MalOTh OOMEKEHHS 3a
KUTBKICTIO KOMIPOK IaM’sITi Ta KUIBKICTIO €JIEMEHTIB, 110 3alTUCYOTHCS B TIPOrPaMI.

Hayxosa nosusna. BockoHaleHO METOl CHHTE3Y JMCKPETHUX CHCTEM aBTOMAarH3allil Ha OCHOBI IpadorepexoiB, KU
TOJISATAE B TIEPETBOPEHHI MPOMI3IKOTO rpadorepexo;Ly, 0 OIMUCYE MePEXOIH MiXK CTAHAMHU JJUCKPETHOT CXEMH, B JIAHIIOT 13
JIEKUTBKOX IpagornepexoyiiB, KOXKEH 3 sIKUX OIMCYE YaCTUHY CTaHIB CUCTEMH aBTOMaTu3allii a00 TEXHOJIOTTYHOTO MPOLIECY.
Ipaxmuuna 3nauumicme. BrockoHaleHnit METOl Mae eleMeHTH yHidikarii, i #oro MokHa BHKOPHCTOBYBATH JUIsI
CHHTE3Y JIOTTYHUX PIBHSIHb, 110 ONMCYIOTh CHCTEMH aBTOMAaTUYHOIO KEPYBaHHS, SKi MPAIIOIOTh 3a JIHIHHUM ajro-
PUTMOM, TOOTO CXeMa MOCHIIOBHO MEPEXOIUTh 3 OJHOIO CTaHy B IHINHKH, IO € XapaKTEPHOI PUCOI0 TAKOXK 1 IS
EJIEKTPOMEXaHIYHUX CHCTEM MEXaHi3MiB 3arajibHOIPOMHUCIIOBOTO ITPU3HAYEHHS [IUKIIIYHOTO PEXKUMY POOOTH.
KuarouoBi cjioBa: joriuHe pesie; MNporpamMyBaHHS, JIOTIYHUEM CHHTE3; rpadoriepexil; CHcTeMa aBTOMaTH3allil;
TPAEKTOPISL; JAHIIOT TPadOIEPEXO/IiB.

IIOCTAHOBKA 3AJTAYI BJTACTHBI HEBHCOKAa BapTiCTh, MPOCTOTA B MPOTPaMyBaH-
Hi Ha 6a3i moBu LD (Ladder Diagram — moBa peneitHol
JIOTiKM), 3py4YHICTH B eKcruryararii. OmHaK HEeTOIiKOM
3a3HAUYCHUX peJie MOXKHA Bi3HAYUTH OOMEKEHY KUTbKICTh
KOMIpOK TIaM’sITi ¥ eNeMEHTIB, SKi 3aIlHCYIOThCS B TIPO-
rpami. Tak, norigae pene Lovato cepii LRX [7] momyc-
Kae 3aIicaté B IPOrpaMy KOH FOHKIIIIO, IO CKJIaJaeThCs
3 TPBOX eNleMeHTiB, pene Schneider cepii Zelio Logic [8] —
3 WATH. 3 OISRy Ha TaKi YMOBH JIO JIOTIYHOTO CHHTE3Y
[9; 10] mpen’ IBISTIOTHCST OOMEXEHHS B KUTBKOCTI JIOTTIHAX
GIIEMCHTIB Y KOKHIM KOH’IOHKIIii JIOTi9HOTO PiBHSHHS,
NPH [IHOMY YHCJIO TIPOMDKHUX 3MIHHUX HE MOXE MEPEBH-
IIyBaTH OOCSAT KOMIpOK TaM’siTi KOHTpoiepa. 3a3HaveHi
OOMEKEHHSI € He CYTTEBHMH JUIS CXEM 13 HEBEIIMKOKO KiJlb-
KICTIO CTaHiB, ajie¢ B pa3i 30UIBMICHHS X KUTBKOCTI MOXKE
BHHUKHYTH CHTYallis, 32 SIKOI po3po0lieHa mporpama He
BMICTUTBCS B ITaM’ITh KOHTPOJIepa.

JuckpeTHi cucteMu KepyBaHHS HaOyJiM IIMPOKOTO
MIOIIMPEHHS SIK I/l Yac KOMIIEKCHOI aBTOMaTH3aLil npo-
MHCJIOBUX MIiIIPHEMCTB 1 OKPEMUX TEXHOJIOTTYHUX MPO-
[IeCiB, TaK i JIOKAFHIX BHPOOHWYUX IUKIIIB 13 3aMKHY-
THM XapakTepoM poOoTH. [y KepyBaHHS TaHHUMH HPO-
LeCaMH, 5K IPaBUIIO, BAKOPUCTOBYIOTHCS 1HTEICKTyalb-
HI TIPOMHCIOBI KOoHTponepu [1; 2], sKi MarOTh JOCHUTh
CKJIa[THY CTPYKTYpY 1 BUCOKI BapTiCHI XapaKTePUCTHKU.

AHAJII3 OCTAHHIX JOCJIIXEHb
I NYBJIKAIINA

[IporpamyBaHHS TakMX KOHTpOJIEPIB 3a3BUYal 3iH-
CHIOETHCSI Ha OCHOBI ITONEPEJHHO BUKOHAHOTO JIOTTYHOTO
cuHTe3y Ha OCHOBI Mepex [letpi [3-5], siKi JO3BOJISFOTH
OymyBaTH PO3IMOALICHI CUCTEMH aBTOMATH3Allii, 3 BHKO-
pUCTaHHSAM 00’ €KTHO-OPIEHTOBAHOTO Miaxomy [6] abo MOB

nporpamysanHs ST (Structured Text — MoBa cTpykTypO-
Batoro tekcry) Ta FBD (Function Block Diagram — moBa
(dyHKIiOHATBHUX OJIOKIB). Pa3oM i3 TMM JuIsl JIOKAJIBHUX
CHCTEM KepyBaHHSI, sIKi 3a0€311eUyI0Th BUKOHAHHS TTEBHOT
BUPOOHMYOI 33/1a41 200 caMOCTIiHO, a00 B paMKax 3arab-
HOTO TEXHOJOTIYHOTO IHKIY, JOCHTb IEPCIIEKTHUBHUM
€ BUKOPHCTAaHHS MPOTPaMHUX PEJie HU3BKOTO PIBHS, SIKUM

BIZOKPEMJIEHHSA HE BUPIINEHUX
PAHIIIE YACTHH 3ATAJBHOI TPOBJEMHU

JlocuTh MEepCreKTUBHUM HAIPSIMOM CHHTE3Y JIOTid-
HUX CXeM € MeToJ| rpadorepexoiiB, SKHW J03BOJISIE
BpaxyBaTd BCI MOXJIMBI CTAHM CXEMH 1 MEPEXOIH MIiXk
Humu [9; 11]. Pa3om i3 TUM 3a3HaYEHUI BHIIE HEIOTIK
MPOrpaMOBaHUX pelie 00MEKye X 3aCTOCyBaHHS B pasi,
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KOJIM KUIBKICTh CTaHiB mnepeBuulye 16. 3HATTS LbOTO
00MEXEHHsI MOXKJIMBE abo 3a JIOIIOMOrOK KOHTPOJIEpPIB
BUCOKOTO PiBHSI, a00 B PE3yNbTaTi BJOCKOHAJICHHS METO-
JIB CHHTE3Y JIOTYHHX CHCTEM. 3 OISy Ha BHIIEBUKIIA-
JICHE JIOCUTh aKTYaJbHOIO € 3aj1a4a MoAudikaiii MeToLy
CHHTE3Y JIOTTYHHX CXeM Ha 0a3i rpadornepexois, SKuii 3a
paxyHOK 3MEHILICHHS] KOH IOHKTUBHHMX WICHIB Y PIBHSH-
HSX JIO3BOJISIE BUKOPHCTOBYBATH PEJie HU3BKOTO DiBHS,
B TOMY YHCJI 3 TphbOMa 1 OUIBIIC eIEMCHTAMHU B ONHIN
KOHFOHKIIT 1 KUIBKICTIO CTaHiB y cxeMi Oinblie 16-TH.

META JOCIAXKEHHSA

BrockoHaneHHsS METOy CHHTE3y JIOTIYHHX CXeM Ha
OCHOBI TpadorepexoiB Uil BUKOPUCTaHHS HOTO Ipo
PO3pOOIICHHS JUCKPETHUX CHUCTEM KEpyBaHHS TEXHO-
JIOTIYHUMH TIPOIECAMH 3 BEIUKOIO KiJBKICTIO CTaHIB 3a
YMOBH TEXHIYHOI peatizallii mporpamMu Ha JOTi9HIX pelie
HU3BKOTO KJIacy.

METOJH, OB’EKT TA MIPEJIMET
JOCIIKEHHS

VY poGOTi BUKOPUCTaHI METOIHU JIOTIYHOTO CHHTE3Y
JIMCKPETHUX CHCTEM aBTOMaru3ailii, MEeTOAM Mporpamy-
BaHH JIOTIYHUX KOHTPOJIEPIB HU3BbKOTO Kilacy. OO0’ ekTom
JIOCITIJPKEHHS! € MPOLIECH TUCKPETHOTO KEPYBaHHS B CHC-
Temax aBromaru3zaiii. [Ipexmerom pociimkeHHs € Juc-
KPETHI CHCTEeMH aBTOMaTHYHOTO KEPYBaHHS EJIEKTPOIIPH-
BOJIaMH THITOBHX 3arajbHONPOMHUCIOBHX MEXaHI3MiB.

OCHOBHUI MATEPIAJ

Onuc ynoCcKoHaIEHOT METOIMKH PO3IVITHEMO Ha ITPHU-
KJ1aJli TEXHOJIOT1YHOTO IIPOIECy YacTOTHOIO KepyBaHHS
ACHHXPOHHUM JIBUTYHOM 32 BIANPAIFOBAaHHS 3aJaHoi
Tpaexropii pyxy [12], mo npencrasiena Ha puc. 1. Kepy-
BaHHS €JIEKTPOIPHBOJOM 3/IHCHIOETHCS 32 JIOTIOMOTOFO
norigaux pene tumy Lovato cepii LRX.

BuKopHCTOBYIOYH INCKPETHI BXO/IU NIEPETBOPIOBAYA,
Jorigee pene Oyae nojnasaTi KomaHau (tadm. 1).

HanamryBanHs 3aaTduka IHTEHCHBHOCTI HEPETBO-
pIoBava 4yaCTOTH IIPUAMEMO TaKi: yac po3rony t,=8 c, yac
crioBubHeHHs t=7 c. CHHXpOHHA HMIBHIKICTH 0OepTaH-
Hs1 IBUTYHA =157 pan/c. 3Ha4eHHs Yacy Ha yCTaJICHUX
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nutstHkax taki: t=t,=t.=1,2 c; t,=t;=t;=t,=0,8 c. V Binmo-
BITHOCTI IO BUXIJHUX JaHUX BUKOHAEMO PO3PAXYHOK
YaCOBUX JUSIHOK PO3TOHY Ta CHOBIUIbHEHHSI.

Taoauus 1. [IpusHaueHHs TUCKPETHUX BXOJIIB
MepeTBOpOBaYa

Ilo3HaueHHs1 BXOQY IIpu3nauenns
11 J103Bin poGoTH BIiepen
12 J103Bia pobOTH Ha3a
13 Posrin
14 CrioBiTbHEHHS

Yac pobotr Ha OKpeMiil TiJISHIII BU3HAYAETHCS SIK
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1€ t, — 9ac PO3TOHY/CHOBiIBHCHHS 1O CHHXPOHHOI dac-
TOTH; @, — IMOYATKOBA MIBUIKICTh AUISHKH; 0, — KIHL[EBa
[IBUIKICTD JTIITHKH.

BimnosigHo no Bupasy (1) Bu3sHawaemo gac poOOTH
Ha TTOJIOTUX AUITHKAaX TPAEKTOPIi pyxy
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HactynmHuMm eranoM BHKOHA€MO CHHTE3 METOJIOM
rpadonepexoniB Ha ocHOBI RS-tpurepis [9].

Kinbkicte BepmH rpady IpHu CHHTE31 CXeM BH3HaJa-
I0Th 3 YMOBH 2"™> S, jie S — KIIBbKICTh CTaHIB cxeMu; 2" — KiJib-
KIiCTh BepimH Tpady; N — KUIBKICTH TpurepiB. Bepmmxu
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Puc. 1. 3agana Tpa€exTOpis BiANPAIIOBAHHS KyTOBOI IIBUAKOCTI JIBUTYHA
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rpady peKOMEHIY€ETHCSI PO3MIIILYBATH TaK, 100 KOJIH N=2,
BOHHM CTBOPIOBAJIM KOH(Irypariito 2x2, sikio =3, — koH}i-
rypaitito 4x2, sikio N=4, — koHpiryparriro 4x4 i Tak qai.

BuxigHi curHanuM TpurepiB BHKOHYIOTh POJIb IPO-
MDKHHMX 3MIHHHX, TOMY TPUI'€PH Ta TXHI BUXI/IHI CUTHAIIH
no3Ha4yawTh OykBamu P,, P,, P;. L1i mo3HaueHHs 3anucy-
I0Th 3BepXy JiBopy4 Bia rpady. Koxna BeprmHa rpady
KOAYEThCS HAOOPOM 3HAYCHBb BHUXIJHUX CHUTHAIIB TPUTE-
piB. Kogu BuOMparoTh Tak, 100 i CyCiIHIX BEpIIMH
BOHHU PO3PI3HSIIMCS 3HAYECHHSM TIJIBKH OIHIET 3MIHHOI.
VY BHXiJHOMY CTaHi CXeMH (CTaH OYiKyBaHHS) 3a3BUYaii
NPUITYCKAIOTh, 110 BCI MPOMDKHI 3MiHHI JIOPiBHIOIOTh
HYJTI0. 3HAUeHHsI IPOMDKHHUX 3MIHHHMX JUIS KOXKHOI Bep-
HIMHK 3alUCYIOTh HaJl KPYXKKaMHU B Til MOCIIIOBHOCTI,
B SIKif 3aIMCaHO MMO3HAYCHHS TPUTEPIB.

VY cepenuHi BEpIIMH 3aIUCYIOTh HOMEPH CTaHIB CXe-
Mu. CTaHd, MK SIKHMH Ma€ BiOyBaTHUCS TEpeXiJ 3rif-
HO 3 yMOBaMH POOOTH CXEMH, PO3MILIYIOThCS B CYCITHIX
BEpIINHAX, SKIIO 116 MOXJIKBO. [1i BepiimHaMu 3 HoMe-
paMu CTaHIB 3allUCyIOTh 3HAYEHHS BUXIAHUX 3MIHHHUX,
110 BiAMOBINAIOTH MM cTaHaM. Ilo3HaueHHsA BUXITHUX
3MIHHHX 3alUCYIOTh JIBOPYY Bif rpady ImiJ mo3Ha4YeH-
HSIMH TpUrepiB. BepimHu, Mix SKMMU NOBUHHI Bi0yBa-
THUCSI TIEPEXO/IH, 3’ €MHYIOTh pedpamu 31 cTpiakamu. Han
CTpijKamMu ab0 MpaBOpydY BiJ HUX, SAKIIO pedpa crops-
MOBaHO BEPTHKAJIbHO, 3alIMCYIOTh MMO3HAUYEHHS BXITHUX
CHUTHAJIB, 1110 CIIPUYUHSIOTH 111 IEPEXO/IH.

VY cxemax Ha acMHXpOHHHMX RS-Tpurepax nepexomu
MO)KHa POOUTH TUIBKH MDK CYCIJIHIMH BepLIMHAMH. SIKIIO
115l yMOBa HE BUKOHY€EThCSI, TO HEOOX1/THO Nepe0aqnTH pH-
POIIHI TIepexoH (3a paXyHOK TOJaBaHHS BXIJIHOTO CHIHAITY
JIOTIYHOT «OJIMHHMII») Yepe3 POMDKHI HECTIHKI CTaHH.

BinnoinmHo a0 3amaHoi Taxorpamu pyxy (puc. 1)
joriuHa cxema Mae 17 pobounx cTaHiB Ta | BUXITHHN
CTaH. 32 METOIOM CHHTE3y HCOOXIIHO MOOYIyBaTH rpa-
¢onepexin Ha 5 Tpurepie (2">18, 3Bimku n=5). Ilpo-
Te Takui rpadormnepexin Oyae maru 32 BEepIIMHH, a BCI
piBHSIHHS OyqyTh MaTru MiHIMYM 5 eleMEHTIB B OHIH
KOH "FOHKIIIT.

Jnst 3a7a4 3 BENMKOIO KIUIBKICTIO CTaHIB YBEIEMO
HOHATTS «IaHiora rpagormnepexonisy. CyTb 11bOro MeTo-
Iy — Y 3acTOCYBaHHI JAEKIJIbKOX rpadorepexomiB ajs

3anucy ojHiel mociigoBHOCTI craniB. OCTaHHIN CUTHAI,
SKUH TIePEeBOJMTH TOTOYHUIT rpadornepexin y BUXiTHUN
CTaH, € OJJHOYACHO IEPLUIMM CUTHAJIOM HACTYITHOTO Ipa-
dhomepexony.

3a yMmoBaMu po0O0TH cXeMH MaeMO 18 cTaHiB cucTeMu
(17+1). Critagemo 6 rpadhornepexoiiB Mo 2 TPUrepu Kox-
HUH, sIK 1oKa3aHo Ha puc. 2. CtaHu, Mo3HaueHi KBapa-
TOM, O3HAYAKOTh MEPEXil Ha HACTYHmHHU rpadorepexii.
VY 1boMy CTaHi BUXIiJHI CUTHAJIM 3aBXK/U TOPIBHIOOTH 0.

ITo3HaueHHs BXIJHUX 1 BUXIJHUX CUTHAJIIB, a TAKOX
CUTHAJIIB TallMepiB, sIKi HEOOXiTHO PO3MIISAIATH SIK BXiTHI
CUTHaJIM 1S rpadornepexoiB, HaBeieH1 B Ta0. 2.

Ha puc. 2 HaBeieHuil JIOTIYHUI JIQHIIOT 13 IIECTH
rpadorepexoaiB mo 4 BEpIIMHU KOKHUH. Y KOKHOMY
rpadornepexoai OAWH NPOMDKHHH CTaH BUKOPHCTOBY-
€TBCSL JUIsl Tiepexoly Ha iHmME rpadonepexiy, ToMy
B IIJICYMKY MaeMo 24 BepIiivHH (4 BEpIIMHU Ha KOXKEH 13
6 rpadorepexoi), Ha SIKHX 300paxeHo 18 craHiB.

3a rpadornepexonaMu CKIaIeMO PIBHSIHHS YMOB BMU-
KaHHS 1 CKHAaHHs KOOKHOTO TpUTepa.

YMOBM BMUKaHHSI TPUTEPIB:

Sy =Txl-p2; S,, =START - pl; S,, =T2- p4;

Sps =Tx2-p3; Sps=T3-pb6; S, =Tx32-p5;

Sp, =Tx5-p8; Sp=T4-pT; Sy =Tx62-pl0;

Spio =Tx61-p9; S, =T7-pl2; S,, =Tx7-pll.

YMOBH CKUJIaHHSI TPUTEPIB:

Ry =Tx2-p2; R,y =Tl-pl; R,, =Tx32-p4;

R,, =Tx31-p3; R,y =T4-p6; R, =Tx4-p5;

R,, =Tx61-p8; Rn=T5-p7; R,y =Tx7-pl0;

Rpy=T6-p9; Ry, =pl2; Ry, =Tx8 - pll.

PiBHSIHHS JUIsl BUX1THUX CUTHAIIIB:

Fwd = p3p4 + p5+ p6+ p7 + p8;

Bwd = pl + p2 + p4+ p9 + pl0 + pl2;

Acc = ﬁpZ + plﬁ + p3ﬁ + p5p6 + Eplo;

Dec = p3p4 + pTp8 + p7p8 + p9pl0 + pll.

PiBHSIHHSI yMOB BMUKaHHS TaiiMepiB:

Txl = plp2; Tl=plp2; Tx2=plp2;

T2 = p3p4: Tx31=p3p4; Tx32= p3p4;

T3 = p5p6; Txd=p5p6; T4 = p5p6;

Tx5=p7p8; T5=pTp8; Tx61 = pTp8;

Tx62 = p9pl0; T6=p9pl0; Tx7 = p9pl0;

T7=plipl2; Tx8 = pllpl2.

Taonmus 2. [lo3HaueHHs BXIIHUX Ta BUXIJHUX CUTHATIB Ha Tpadornepexomaax

Ha3zsa curnamny IIpu3HayeHHs1 CHTHAJLY Tun curnamny
START xomanja «Ilyck» BXi/THa 3MiHHA
T1-T7 CHUTHAJIN TaiiMepiB, 10 JAIOTh 3aTPUMKH t1-t7 TIPOMDIHL SMIHHL =
(Jutst rpadorepexory — BXiJHI 3MiHHI)
Tx1 —Tx8 CHTHAJIU TaliMepiB, 110 Jar0Th 3aTPUMKH [ -1 UIPOMPIIL SMITL =
1708 (g rpadonepexony — BXiJHI 3MiHHI)
Fwd JI03BLI pOOOTH BIEpe. BHXiJTHA 3MiHHA
Bwd JT03B1JT pOOOTH Hazas BHXIiJTHa 3MiHHA
Acc po3riH BHUXiJHA 3MiHHA
Dec CIIOBIIbHEHHS BUXiIHA 3MIHHA
P1-P12 CUTHAJIM TPUTEPIB MIPOMIXKHI 3MiHH1
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Ha ocHOBI oTpuMaHUX piBHSHB CKJIQJaEMO MPOrpa-
My Ha MoBi LD s mporpamoanoro pene Lovato cepii
LRX, 110 npezcrasieHa Ha puc. 3. AJpecariiro 3MiHHIX
HaBeZIeHO B TaoI. 3.

Taonuus 3. Anpecaitist 3SMiHHEX

Ha3ssa curnany Ilo3HayeHnHs y nporpami
START 11
T1-T7 TA-TI10
Tx1 —Tx8 TO1 —TO09
Fwd, Bwd, Acc, Dec Q1,Q2,Q3,0Q4
P1-P12 MO1 —M12
P1P2 g _01\\
| P2
4 011d
Fwd Bwd Acc Dec |
|
|
- " :
( \
P1 l | |
AN

P11 P12

Fwd Bwd Acc Dec

Puc. 2. Jloriunnii maHmror i3 mectu rpadonepexonis 2x2
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OBI'OBOPEHHSA OTPUMAHUX PE3YJIbTATIB

Hagenena mporpama 3aJ0BOJIBHSE BCIM OOMEXEH-
HSIM, 1[I0 MaIOTh [IPOrpaMoBaHi Jioriuti pene Lovato cepii
LRX, Ta Moxe OyTH BUKOpPHCTaHa I OyAb-SKOTO MPO-
IPaMOBAHOTO pPeJie HU3bKOTO PiBHSL.

BUCHOBKH

Y po0GoTi mpeacTaBIeHUI YIOCKOHAJICHUH METON
CHHTE3Y JIOTIYHHX CXEM Ha OCHOBI rpadorepexomis s
PO3pOOIIEHHS ANCKPETHUX CHCTEM KEepyBaHHS TEXHO-
JIOTIYHUMH TIPOIIECAMH 3 BEJIMKOIO KUIBKICTIO CTaHIB 3a
YMOBH TE€XHIYHOI peastizaliii mporpamMu Ha JOTIYHUX pelie

P3 P4 - 01\\
7 3 | P4
Fwd Bwd Acc Dec 100:
|
|
~ - :
( \
P3, J
N oy
_____ ~ -
P7 P8 -
9 \
13 | P8
Fwd Bwd Acc Dec oot

P9 P10

16
Fwd Bwd Acc Dec




ENEKTPOEHEPTETUKA, ENEKTPOTEXHIKA TA ENEKTPOMEXAHIKA RN E F=lar=k

HU3BKOTO KJIacy. 3amporoHoBaHa Mogudikailis mepeadoa-
Yae, 110 3aMIiCTh OIHOTO Ipad)orepexoy, 0 OMUCYE BCi
CTaHW CHUCTEMH aBTOMAaTH3allii, 3aCTOCOBYETHCS JIAHIIIOT
i3 HEBEJIMKUX IpadorepexoiB, sKi MOCTIJOBHO Iepe-
XOIISITh 3 OJHOTrO Ha iHIIHHA. [Ipy OMY 3MEHIIYETHCS
KUIBKICTh KOH FOHKTHBHHUX WJIEHIB Y KOXXHOMY PiBHSIHHI,
110 ZI03BOJISIE BUKOPUCTOBYBATH OTPUMaHi PIBHSIHHS JJIsI
CKJIaJIaHHsI IPOTPaM JUIsl JIOTTYHUX ITPOTPAMOBAHUX pelie,
10 MarTh OOMEXKEHHs 3a KUIBbKICTIO KOMIPOK Iam’siTi

TO1 - M02 — — — 1TMOI
T02 - m02 — — — [MOI
11 — m0l - — — 7TMO02
TOA - MOl — — — [MO2
TOB - M04 - — — TMO3
T103 — m04 — — — |[MO3
TOC - m03 - = —= TM04
TOD — MO03 — — — |[M04
T13 — MO6 — — — 1TMOS
T04 - mb6 — — — |MOS
TOS - m05 - — = 1TMO6
T06 - MOS — — = [MO6
TOD — MO8 — — — 1TMO7
TOE - m08 - — — |MO7
T16 - m07 — — — 1TMOS8
T07 - MO07 — — — |MOS8
T06 - MIO — — — TMO09
TO7 - ml0 — — — [M09
T06 - m09 - — — TMIO
TOF — M09 — — — [MIO
T10 - M2 — — — 1MlI
- - ml2 — — — |[Mll
T07 — mll - — — TMI2
MOl - m02 - — —= (T02

MO3  — M04 — — — (103

MO3 - m04 - — — (TI13

MOS  — MO6 — — — (T04

m07 — MO8 — — — (T05

MO7 — m08 — — — (106

m09 - MIO — — — (Tl6

MOO  — ml0 — — — (T07

Ta KUIBKICTIO CJIEMCHTIB, 110 3alMCYOThCS B MIPOrPaMi.
Jlanuii MeTon mae eneMeHTH yHidikauii, 1 HOro Mox-
Ha BUKOPUCTOBYBAaTH JJIsi CHUHTE3Y JIOTIYHHX PIBHSHB,
10 OIHUCYIOTh CHCTEMH aBTOMATUYHOIO KepyBaHHS,
SKI TPaLIOIOTh 3a JIHIHHUM aJlIrOpUTMOM, TOOTO cXema
MOCIIIJIOBHO TNEPEXOANTh 3 OJHOTO CTaHy B 1HIIMH, IO
€ XapaKTECPHOIO PUCOO TAKOXK 1 JJIsl CIICKTPOMEXaHIYHUX
CHUCTEM MEXaHI3MIB 3araJibHOIMPOMHCIOBOTO MPU3HAYCH-
HS LUKJIITYHOTO PEKUMY POOOTH.

TS — MIl — — — |[MI2
MO3 — m04 — — + (QI
MO5 — — - - 1
M06 — — - -
MO7  — — - - A
MO8  — — - = 4
MOl — — - - T (@
M2 — — - -4
M04  — — - —
M09  — — - - A
MIO — — - - A4
M2 — — - -
mol  — M02 — — T+ (Q3
MOl — m02 — —
MO3 — mo4 — —
MOS  — M06 — —
mo9 — M0 — —
MO3  — M04 — — T (Q4
07— M08 — — A
MO7  — m08 — — A
mo9 — MI0 — —
MIl  — — - —
mol  — M02 — — — (101
MIl  — MI2 — — — (T08
MOl — M02 — — — (TOA
mo3 — M04 — — — (TOB
m0s — M06 — — — (T0C
MOS — m06 — — — (TOD
MO7  — MO8 — — — (TOE
M09 — MI0 — — — (TOF
mll — M2 — — — (TI0

Puc. 3. Iporpama xepyBaHHsi ABUryHOM Ha MoBi LD mis mporpamoBanoro pene Lovato

cepii LRX
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