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Molum oldugu kimi miirokkob texniki sistem hesab olunan gevik istehsalat sahasi (CIS) vo
onun modullar1 bir miisssise daxilindo miixtolifkesidli mohsullarin istehsalini tomin edir. [1] Lakin
bu tip istehsal sahosi c¢oxsayli standart vo geyri-standart elementlordon ibarat olduguna goro,
elementlor arasinda qarsiligli informasiya vo funksional olagolori, texnoloji proses avtomatik
idaroetmo vasitalori vo idarsedici programla tochiz olunduguna goro onun idarsetmo sisteminin
islonmosi marhaloali sokildo hayata kegirilmalidir [2]. CIS-in idareetmo sisteminin layihalondirmo
prosesindo todgigat obyektinin xarakterindon asili olaraq informasiya tominatinin CIS-in
kompanovka sxemi, standart elementlor, qeyri-standart elementlor vo onlarn funksional
olagolorindon, planlasdirma prosedur vo omoliyyatlar: tipli verilonlor bazasi yaradilir. CIS-in
idaroetma sistemini tam sokilds todqiq etmak {igiin konkret verilonlor bazasinin mévcudlugu kifayot
etmir, ¢iinki idaroetma funksiyalarinin tosvir edilmasi, modellosdirilmasi, tohlili, riyazi tisullarla vo
kompiiter eksperimentlori ilo yoxlanilmasi talob olunur. Bunun ii¢iin CiS-in idaroetms sisteminin
foaliyyatinin biliklor bazasi asasinda informasiya tominatinin [3] islonmasi tolob olunur.

CiS-in idarsetms sisteminin faaliyyatinin VBIS vo BBIS osasinda inteqrasiya sxeminin
qurulmasi. CiS-in idaroetmo sisteminin faaliyyatinin informasiya tominati verilonlor bazasmin
idaroetmo sisteminin (VBIS) va biliklor bazasmin idarsetms sisteminin birgo inteqrasiyasi osasinda
miioyyan edilir (Sok. 1). Sxemo osason CiS-in idaroetma sisteminin qurulmasi marhololi sokilda
hoyata kecirilir:

Birinci marhala: CiS-in totbiq sahosing uygun onun istehsalat modullarinin say, tayinati vo
kompanovka sxemlorin tiplori vo is¢i zonalari miioyyon edilorok, 2-, 3-6l¢iilii tosvirlorin verilonlor
bazas1 (VBks) yaradilir.

CiS-in modullarinin (Sok.2) kompanovka sxemlorinda yerlosdirilon hor bir aktiv elementin
(standart vo geyri-standart elementlor) se¢imi aparilir vo uygun verilonlor bazasi (VB®) yaradilir.

CIS-in vazifasi miixtoliflgiilii vo material novlii tortibatlarin mexaniki emal1, kosilmosi va
radial burmasi osasinda mexaniki hissolorin hazirlanmasidir. CIS-in kompanovka sxemino torno
dozgahinin modulu (TDM,), frez dozgahinin modulu (FDM3), radial burulma dozgahinin modulu
(RBDM3), avtomatik naqliyyat modulu (ANMy) vo hazir mohsullarin saxlanilmasi ti¢iin anbar
modulu (HMSM:s) daxildir. CIS-do modullarin tartibatla tomin edilmasi {iciin kran-manipulyator
(KM) istifado olunur. Beloaliklo, CIS-in modullarinin, onlarm aktiv elementlarinin tiplori vo texniki
gostaricilori osasinda verilonlor bazasi yaradilir [4]:

VB(;IS - NBTDMl UVBFDM 2 UVBRBDM 3 UVBANM 4 UVBHMSMS UVBKM}

CIS-do totbiq olunan rogomsal proqramla idaro olunan torno, frez vo radial burma
dozgahlarinin modellorinin vo texniki gostoricilorinin verilonlor bazasi asagidaki ¢oxluglarla
miiayyan edilir:

VBiow: € VBro: ' VBrow 2+ VBros )
VBrow: € VBros 0 VBros 2+ VBroz b (1)
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VBRBDM3 < %\/BRBD37tgl'VBRBD37t92 """ VBRBDSftgn}'

ANM;-in texniki gostoricilorinin vo HMSMs-do saxlanilan mohsul ndvlorinin, migdarmin vo
texniki gostaricilorinin ugotu {i¢iin verilonlor bazasi asagidaki ¢oxluglarla miioyyon edilir:

VB s € VB s 10 VB w20+ VB o0
VBimsms o' VBimsus 2+ 'V Brimsus_mn

VB imsus_mm V Bimsms_mmzr -+ VB isms_mmn

VB s o VBrosows mane VB rssnss ma (2)
VB msms mg21' V Bimsus_mgz2 -+ VBrimsms_migan

VB HMSM5 &

VB HMSM5 _ mtgnl , VB HMSM5 _ mtgn2? * * * ’VB HMSM5 _ mtgnn

CiS-o daxil olan aktiv elementlorin (torno dozgah, frez dozgahi, radial burma dozgahi, robot
tara, kran manipulyator) texnoloji omoliyyatlarin1 planlasdirmaq vo HMSM-do saxlanilan hazir
mohsullarin ugotunu aparmaq {igiin verilonlor bazalar1 arasinda mantiqi alagelor sxemi qurulmalidir.
CiS-in mexaniki y1gim sahasinin aktiv elementlorinin ndvlerine, qarsiligl slaqolorin korporativ
informasiya prinsiplorine asason tomin olduguna gérs vo onun qurulusundan asili olaraq, texnoloji
prosesin planlasdirilmasi vo idaro edilmasi iicin morhoaloli sokildo montiqi predikatlarin
hesablamasi, produksiya dillorindon, semantik sobokslordon, saboko modellorindon istifado etmok
daha mogsodouygundur.

Verilonlor bazalarinin motn vo ododi elementlorinin alagolondirilmasi iiglin mantiqi vo
produksiya modellasdirmo iisulundan istifads etmoklo CIS-in texnoloji prosesini tohlil edok [5].

Petri sobokasi ilo mexaniki yigim CiS-inin idarsetms prosesinin modellosdirilmasi.
Mexaniki yigim CiS-inin idaroetmo prosesini modellosdirmok iiciin Petri sobokosinin  osas
xarakteristikalari toyin olunmalidir [6].

Formal olaraq Petri sobokosi N=(P, T, . O, M) soklinds toyin olunur. Burada, P={ps, p2, ...,
Pn}, N>0 — bos olmayan sortlor ¢oxlugu; T={ty, t,, ..., tn}, Mm>0 — bos olmayan ke¢idlor ¢coxlugu
(sortlar va kegidlor coxluglari bir-biri ila kesismir, PAT=£); I:PxT—{0, 1,...}, 0:TxP—={0, 1,...} -
uygun olaraq giris va ¢ix1s insident funksiyalari, Mg:P — {0, 1,...} — ilkin markerlogmso.

Petri sobokosi qrafiki olaraq istiqgamotlondirilmis qraf soklindo tosvir olunur: dairaciklorlo
sortlar (P; eP), kasiklorlo (qdvslor) isa kegidlor (tjT) gostarilir.

Petri gobokasinin vaziyyati onun movgelorindoski markerlorin olub-olmamas: ilo toyin
olunur. Sabokonin voziyystinin doyismasi hoyocanlanmis kecidlorin aktivlogsmasi naticosindo
markerlogsmonin ardicil doyismosi ilo asagidaki gqayda ilo yerino yetirilir [7]:

M'(Pi):M(Pi)-j(Pi, tj)+0(tj, Pi), V peP, ) 3
burada M'(P;) — cari markerlosmo; M(P;) - avvakli markerlosma: 7(P;, t;) — t; kecidinin biitiin giris
movqelorindon (p;) olan markerlorin miqdart; O(tj, Pi) — tj kecidinin biitiin ¢ixis movqelorino (p;)
olavo olunan markerlorin miqdari.

CIS-in foaliyyatini ifado etmok iigiin situasiyalar1 hadisoalora bolorak, hor bir hadisoys uygun
Pj (1=110) predikatlarin1 toyin edok: P; — KM-in tutqacinin agiq olmasi; P, — tortibatin
movqelosdirilmasi zonasinda tortibatin olmasi; P3 — tortibatin movqelosdirilmasi zonasina KM-in
asag1 horokot etmasi; P4 — KM-in tutqaci torafindon tortibatin tutulmasi; Ps — KM-in yuxari harokot
etmosi; Pg — KM-in irali harokot etmosi; P; — KM torofindon TD-nin movgelosdirici blokuna
tortibatin yerlogdirilmosi vo movqelosdirilmasi; Pg — KM-in geri herokat etmosi; Py — TD-do
tortibatin emaletms omoliyyatinin baglanilmasi;
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P10 — TD-do tortibatin emaletmo omoliyyatinin sona ¢atmast.

CIS-in idaraetma sisteminin
informasiya taminatimn VBIS® - nin qurulusu

" CIS-in va onun &
L modullanimn aktiv_ &

L elementlarinin VB®

| modullarinin idaraetma®™
: i icipal
i elementlarinin VB* =85

>
>

>
>

h 4
VBIS® € {VB® e (VB ¢s—VB¥'m,.......), VB* € (VB*cis— VB*'m,.........),
VB*e (VB”QS—'VBMH\, .......... ) VB".;,S-—-VB‘“m, ........... ) }

(IS-in idaraetma sisteminin faaliyyatinin
informasiya taminatinin BBIS" - nin qurulusu

CIS-in kompanovka sxeminin, aktiv elementlarinin va avtomatlagdirma sxeminin segilmasi

l l l

\"B"U\—-\'B"‘m,

— CIS-in idaraetma sisteminin modellasdirilmasi

CiS-in idaraetma
sisteminin proqramla
vizuallagdiriimasi

CiS-in idaraetma (IS-in idaraetma
sisteminin sisteminin qrafik
planlagdiriimasi modellasdirilmasi

Sakil 1. CIS-in idaraetma sisteminin faaliyyatinin VBIS va BBIS asasinda inteqrasiya sxemi

87



Mexaniki yigim sahasinin idaraetma alqoritminin malumat bazasinin qurulmasi
va Petri sabakasi ila tadqiqi

Predikatlara osason asagidaki aktiv harokotlor—kegidlor uygundur t( j=19): t; — KM-in
tutqact islomir (agiqdir); t, — tortibatin movqelosdirici zonast aktivlosir (tortibat vardir); t3 — KM
isloyir (asag1 horokot edir); t4 — KM-in tutqaci isloyir (qapalir); ts — KM isloyir (yuxari horokot edir);
ts - KM isloyir (iroli horokot edir); t; — TD-nin movqelosdirici bloku isloyir; tg — TD isloyir
(emaletmo omoliyyat1 baslanilir); tg — TD isloyir (emaletmo omaliyyati sona catir).

Bu halda “sort - harokot” soklindo produksiyalar asagidak: sokilds ifads olunur:

P,—>t; P>t P>t P>t P. >t P> te: P.->t & t: Py =t Pg—> 1,

Nozoro alsaq ki, predikatlarin say1 9, kegidlorin say1 9, onda giris ¢ixis matrislori asagidaki

kimi ifados olunacaq:

Pr P, Ps Py Ps Ps Pr Psg Py
1 0 0 O O O 1 0 o014
0 1 0 0 O O 0 0 0]t
0O 0 1 0O 0O O 0 0 0]t
4)
D= 0O 0 o0 1 0 0O 0 0 0]t
0O 0 0 O 1 0O 0 0 01|t
0O 0 O O O 1 0 0 0]t
0O 0 0 O O 0 1 0 0| ¢t
0O 0 0 O O 0 O 1 0| ts
0O 0 O O O O 0O 0 0]t
P, P, Py Py Ps Ps P Py Py
0 1 0 0 O O 0 0O 0|t
0 O 1 0 O O 0 0 0]t
0O 0 o0 1 0 O 0 0 0]t
D* = 0O 0 0 0 1 0O 0 0 0]t
0o 0 0 0 0 1 0 0 0]t ®)
0O 0 O O O O 1 0 0]t
0O 0 0o 0 O 0 O 1 0] ¢t
0O 0 O O O O 0O 0 1]t
0O 0 0o 0 O 1 0 0 0]t

Uygun olaraq insidentlik matrisi agagidaki kimi toyin olunur:
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PP P, Ps Pp Ps Ps P, Py P

o 0 0 -1 1 0 0 0 0]t
D = (6)
o 0 0 0 -1 1 0 0 0]t
0o 0 0 0 0 -1 1 0 0]t

0 0 0 0 0 0o -1 1 01t

(7) insidentlik matrisinin sotir vo siitunlarinin say1 bir-birina barabaor olduguna goro, P- vo
T-invariantlar1 Qauss tisulu ils toyin olunur [8].

Mexaniki y1gim CIS-nin komponovka sxemino asason (sok. 2) idaraetmo alqoritminin tadqiq
edilmosi liglin istifado olunan Petri sobokosi osasinda idarsetmo prosesinin qraf-sxemi qurulur
(sok. 3).

cevik istehsalat sahasi

HMSM;:

| g

5 ] i —
= E ANM: ;| RBDM; D
E E37) Robot
' = FDM: e ——— et
EEZ tara EM
Sz }
T I TDM;

=

T T T |
! ! | i

Sakil 2. Mexaniki yigim ¢evik istehslat sahasinin va onun modullarinin kompanovka sxemi

Matris yanagma ilo tosvir olunan Petri sobokosi verilmis markerlosmodo o zaman saxlanilan
hesab olunur ki, alinmig sifirdan forqli ¢oki vektoru biitlin miimkiin olan markerlogmalordo sabit
qalsin. Bu halda agor Mg — ilkin markerlosmadirso vo M’ - istonilon miimkiin markerlogmadirss,
onda MoX=M;X barabarliyinin ddonildiyini gdstormak lazimdir. [9] Ogor M markerlosmosinin Mg-
dan baslayaraq alinmasi miimkiindiirso, onda elo o kegidlorin icraolunma ardicilligi vardir Ki, 0
sobokoni Mg-dan M’-a gevira bilir, yoni

M'=6(Mo, 6)=Mo+1(c)D. (7)
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Uygun olaraq: .

MoX=M'X=(Mo+ f{o)D)X=MX+ f(5) D)X (8)
yazmagq olar. Burada X sifirdan fargli (m X 1) - 6lgiilii vektor oldugundan (8) yazilisindan asagidaki
ifado almar:

f(o)DX=0. 9)

Nozoro alsaq ki, f{o)#0, onda asagidak: xotti tonliklor sistemlori alinir:
DPOX=0, (10)
D'OX=0 (11)

1 P 1 P,

KC)//,EH :O :ﬂ .
f3

C) o

Sakil 3. Mexaniki yigim CIS-nin foaliyyatinin Petri sobakasinin qraf-sxemi

(10) sisteminin X=(X1, X2,...,Xn) miisbat, tam, sifirdan forqli holli Petri sobokosinin P —
invariantt adlanir.

(11) sisteminin X=(X1, X2, ...,Xm) miisbat, tam, sifirdan forqli holli Petri sobokosinin T-
invariant1 adlanir.

Naticalar )

1. Mexaniki yigim toyinatli CIS todqiqat obyekti kimi segilorok, onun texnoloji prosesinin
idaroetmo alqoritminin foaliyystinin modellosdirilmosinin  avtomatlagdirilmis layihalondirmo
alotinin arxitekturasi iglonmisdir. ) '

2. CIS-in idareetmo sisteminin foaliyyotinin VBIS vo BBIS oasasinda inteqrasiya sxemi
osasinda informasiya tominatinin alstlori islonmisdir. CIS-in aktiv elementlorinin seg¢ilmasi,
verilonlor bazasiin qurulmasi, idareetmo alqoritminin morholali gokildos maentiqi vo produksiya
modellogdirma tisullarinin Petri sabakasi nozariyyasi asasinda kompiiter eksperimentlori ilo todgiq
edilmasi asaslandirilmisdir.

3. Petri sobokosi ilo mexaniki yigim CIS-inin idaroetma alqoritminin totbiginin
xiisusiyyatlori toyin edilmisdir.
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PE3IOME
CO3JIAHME BA3bI JAHHBIX AJITOPUTMA YIIPABJIEHUSI YHACTKA
MEXAHUYECKOU CBOPKHU U ET'O UCCJIIEJOBAHMUE C UCIIOJIB30OBAHUEM
CETHU IIETPU
Mypaoner 3.M.

Kntouesvle cnoea: cubkuii npouzso0CMEeHHbI YUACMOK, MeXaHuyecKue CMAaHKY, Ynpasiexue,
Mooenuposanue, cemv Ilempu, 6aza dannvix, 6aza 3HAHUL.

Jis MonmenupoBaHWS aNrOPUTMa YIPABICHHUS TEXHOJOTHYECKHUM TpOoIeccoM Ha 0a3e THOKOro
npousBojcTBeHHOro yuactka (I'TIY) mnpeanmoxena cxemMa HWHTETPallid CPEICTB HHPOPMAIOHHOTO
oOecriedeHus] IMyTeM CO3/IaHusl alTOPUTMOB CHUCTeMbl ympaBieHus Oaszamu maHHbIX (CYBJl) m cuctemsl
ynpasneHust 0azamu 3HaHuil (CYB3). Ha ocHoBe xommoHoBowHOU cxembl ['TIY co3mana 6a3a maHHBIX
MOJICJICH W TEXHUUYECKUX XapaKTEPHCTUK TOKAPHBIX, (PE3CPHBIX M PaJUaIbHO-CBEPIMIBHBIX CTAaHKOB C
YUCJIOBBIM IIPOrPAMMHBIM YIIPABICHUEM.

Jliis MmonenupoBaHwust potiecca ynpasieHus ['TIY, mosranHo cutyanuu ObUIH pa3zeiieHbl Ha COOBITHS,
OINpeeIeHbl EPEXOAbl U CO3JaHa MPOAYKIMOHHASI MOJIEIb, OoTpaxaromas nesreasHocTs I'TIY. Ha ocHoBe
Teopuu ceteit [lerpu Obuia mocTpoeHa rpad-cxeMa U PacCYMTAHbI BXOAHBIC BBIXOIHBIC MATPHIILI K MATPHUIlA
WHITUIGHTHOCTH JIJISt KQKJIOTO COOBITHS mTpotiecca ynpasierns ['TIY.

SUMMARY
CREATION OF A DATABASE OF A CONTROL ALGORITHM FOR A MECHANICAL
ASSEMBLY CELL AND ITS STUDY BY MEANS OF PETRI NET
Muradli Z.M.

Key words: flexible manufacturing island, machine tools, control, modeling, Petri net, database,

knowledge base.

To simulate a process control algorithm based on a flexible manufacturing island (FMI), a scheme for
integrating information support means by creating algorithms for a database management system (DBMS)
and a knowledge base management system (KBMS) is proposed. Based on the layout diagram of the FMI, a
database of models and technical characteristics of turning, milling and radial drilling machines with
numerical control has been created.

To simulate the control process of the FMI, the situations were gradually divided into events,
transitions were determined and a production model was created that reflects the activities of the FMI. Based
on the theory of Petri nets, a graph-scheme was constructed and the input output matrices and the incidence
matrix were calculated for each event of the FMI control process.
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