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Abstract: The article deals with the work of
intellectual ACS when changing the range of
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state of technological machines.
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INTRODUCTION

Since the development of a management
program with a modern flexible manufacturing
system (FMS) should take into account the possible
manufacturing situations, that arise in the field of
packaging. In this case, the intelligent subsystems
for their management should compensate for
changes in external conditions.

This is realized by introducing certain changes to
the functioning algorithm.

Obviously, in order to determine these changes,
the intellectual control system should provide an
assessment of the external conditions [4].

LITERARY ANALYSIS
Summarizing the arguments of such researchers

as Z., Banaszak [1, 2], and A., Swic' [14] it can be
argued that the production system becomes
intelligent. In turn, the author in his writings [3, 4, 5,
6, 8] analyzes the problems of creating intelligent
production systems. If, in solving production
problems, the system operates without having an
exact algorithm for solving the problem. It adapts to
work in external conditions that change over time,
relying on the appropriate knowledge base, which
allow for the creation of an adaptation algorithm [13].

MAIN ARTICLE

When forming a management program, it is
necessary to foresee possible production situations.

Then the intelligent subsystems of the automated
control system ACS should compensate for
changing the external conditions by making certain
changes to the control algorithm to achieve optimal
performance of the IWS.

Obviously, such a ACS should first of all
evaluate the external conditions in order to make the
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AHomauia: B cmammi posensHymo pobomy
iHmenekmyanebHoi CAK npu 3MiHi  HOMeHKmamypu
rnakogaHb, onucaHo rnpouedypy MexHON02iHHO20
CUHMe3y epyrnosozo rpouecy, ma rpoaHanizogaHo
pobomy iHmenekmyanbHoi CAK nipu diazHocmyeaHHi
CmaHy mexHOJI02iHHUX MaulUuH.

Knroyosi cnoea: cucmema asmomamu308aHo20
KepyeaHHs,  iHmenekmyarsbHi  2Hy4YKi  8UPOBHUYI
cucmemu, nakyearsnbHe 8upOOHUUME0,KOHCMPYKMUBHI
munu nakoeaHb.

BCTYN

Ockinbkn npy opmyBaHHi NporpaMu ynpaeriHHS
CY4acCHOK THYYKOK BUPOOHUYOK CUCTEMOKD HEOOXIaHO
BpaxoByBaTU MOXNMBI  BUpPOOHUYI  cuTyauii, ki
BVMHWKaOTb B NaKyBaribHOMY BUPOGHMUTBI.

Y uboMy BUNAAKy iHTenekTyanbHi nigcuctemu Ang
X KepyBaHHS MOBWHHI KOMNEHCYBaTU 3MiHYy 30BHILLUHIX
YMOB 3@ [OMOMOrol0 BHECEHHS MEeBHUX 3MiH B
anropuTM YyHKLIOHYBaHHS.

OueBMAHO, WO AnA  BU3HAYEHHS
iHTenekTyanbHa  cucTema  KepyBaHHS
3a6e3neynTH OLiHKY 30BHILLHIX YMOB [4].

UMx  3MiH
NoBWHHA

AHANI3 NITEPATYPHUX DXXEPEN
Y3aranbHIo4M MipKyBaHHS NTaknx AOCHIOHWKIB SK

Z., Banaszak [1, 2], Ta A., Swic’ [14] wmoxHa
cTBepaXyBaTu, WO BUpoOHMYa cucTema CcTae
iHTenekTyanbHow. B cBow 4epry, aBTOp Yy CBOIiX
npausax [3, 4, 5, 6, 8] aHanidye npobnemartuky
CTBOPEHHSA  iHTENeKTyanbHUX BUPOOHUYNX CUCTEM.
Ko npy BMpiWeHHi 3aBaaHb BUPOOHMUTBA, cuctema
Aie, He MawuM TOYHOrO  anropuTMy  BUPILLEHHS
npobnemun. BoHa aganTtyeTbcsa Ans poboTn B 30BHILLHIX
yMOBax, L0 3MiHIOIOTLCA 3 4acoM OMupalrynchb Ha
BignoBigHy 6a3y 3HaHb, SKi [03BONSAITb CTBOPUTU
anroputm aganTtauii [13].

OCHOBHWW TEKCT CTATTI

Mpu chopmyBaHHi Nporpamu KepyBaHHsi HEOOXiaHO
BpaxoByBaTU MOXNUBI  BMpPOOHMYI  cuTyadii, TO
iHTeneKkTyanbHi nigcuctemun CAK MOBWHHI
KOMMEHCYBATM 3MiHY 30BHiLLHIX YMOB 3a [JOMOMOIO0
BHECEHHS MEBHUX 3MiH B anropuTM KepyBaHHS Ans
OOCSArHEeHHs! onTUMarnbHUX XapakTepuUcTuK
dyHKUioHyBaHHs IBC.

OueBugHo, wo taka CAK noBuHHa, nepw 3a Bce,
OUiHWTK 30BHIWHI YMOBM fAns TOro, WoO BHeCTH
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necessary changes in the algorithm of functioning.

Functional scheme of intellectual ACS is shown
in Fig. 1.

The technological process is influenced by
external conditions Z (random perturbations) and V
(change of production task) that are changing. The
control system determines the running values of the
input X and output Y parameters of the system and
determines the quality of the process u'. A decision
is made to make changes to the setup u
(reformatting the operation algorithm  and
technological regimes), which are necessary to

HeoOXigHi  3MiHM B anropuTM  (OYHKLiOHYBaHHSI.
PDyHKUioOHanbHa cxema iHTEenekTyanbHoi CAK
HaBegeHa Ha pwuc.1. Ha TexHonoriyHun npouec

BMMMBaOTb 30BHILLHI YMOBU Z (BUNaAKOBi 30ypeHHs1) Ta
V (3MiHa BMpPOOHMYOro 3aBAaHHs), WO 3MiHIOKTHCS.
Cunctema KepyBaHHS BU3Havae Oikydi 3HayeHHs
BXigHMX X i BuXigHux Y napameTpiB cuctemu i
BM3Hayae SAKicTb npouecy u’. lMpuiMaeTbcs pilleHHS
npo 3MiHW B HanaroaxeHHi u (nepecopmyBaHHSA
anropuTMy (PyHKLiOHYBaHHS | TEXHOMOTYHNX PEXUMIB),
aKi € HeobxigHumm ana  3abes3neyeHHs  SKOCTI
OYHKUIOHYBaHHS TEXHOMNOFMYHOT MaLUWHW.

Z‘V

ensure the quality of the functioning of the
technological machine.
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Fig.1. Functions of the intelligent control system of the FMS, authors/ ®@yHkuji iHmenekmyasnsHoi cucmemu
kepysaHHs IFBC, asmopcbka po3pobka

For the convenience of analyzing the functioning
of the IMS, the impact of the external environment is
divided into two groups:

- purposeful change of the given conditions of
production (nomenclature, time of deliveries,
calendar-production planning);

- random fluctuations of operating conditions -
disturbances in the system, such as failures.

The work of intelligent ACS when changing
the range of packages. In this case passage
through IFMS of packages of different nomenclature
a generalized group process is formed, and the
control subsystem, depending on the type of
packaging, chooses one or another route.

The process of technological synthesis of the
group process [4] is part of the design task of the
synthesis of FMS with the optimal set of
technologies. Detection of the compatibility of
technologies related to the functioning of a specific
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Ons 3pydyHocTi aHanisy dyHkuioHyBaHHs [BC,
BM/MB 30BHILUHLOrO cepeaoBMLia Miapo3ninseTbcs Ha
ABi rpynu:

- uinecrnpaAmoBaHa 3MiHa 3agaHuX  YMOB
BMPOOHMUTBa (HOMeHKknaTtypa, 4yac nocTaBoK, TOBOTO
KaneH4apHO-BMPOOHMYE NnaHyBaHHS);

- BMNAOKOBUX KOMMBaHb YMOB (PYHKLIOHYBaHHS -
30ypeHb B CMCTEMI, Hanpuknag BigMOB .

Po6ota iHTenektyanbHoi CAK npu 3MiHi
HOMEHKNnaTypu NnakoBaHb. Ons BUNaaKy
npoxomxkeHHa  4vepe3 IFBC  nakoBaHb  pi3HOI

HOMEHKNaTypn (OOPMYETLCH Yy3aranbHEHWUN PynoBui
TEXHONOrMYHUA npouec, a nigcuctemMa KepyBaHHA B
3anexHocTi BiA4 BuAy nNakoBaHHA BubOMpae TOM uu
iHLWIMA MapLpyT.

Mpoueaypa TeXHOMOriYHOro CUHTE3y rPynoBoro
npouecy [4] € YaCTUHOK NPOEKTHOro 3aBAaHHS CUHTe-
3y BC 3 ontumanbHum Habopom TEXHOMOTIN.
BuaBneHHa cnonydyBaHOCTI TEXHOSOriA, NOB'A3aHMX 3
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FMS, which consists in using the same equipment
and tool for them, allows to minimize costs, increase

the utilization factor of equipment (Fig. 2).

YHKUiOHYBaHHAM KOHkpeTHoi BC, wo nonsarae vy
BMKOPWCTaHHI A1 HUX OQHOrO i TOrO X YCTaTKyBaHHS
i IHCTPYMEHTY, [03BONAE€ MaKCUMarnbHO CKOPOTUTU
BUTPATH,  NIABUWMTKN  KOedILiEHT  BMKOPUCTaHHS
ycTaTKyBaHHsi (puc. 2).
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The FMS of packaging /
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Fig. 2. A group technological process, authors’/ pynosuti mexHosoziyHul npoyec, asmopcbka po3pobka
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Fig. 3. Typical constructions of packages for granular products (a) and the elements of a complex package:

1 - casing, 2 — longitudinal seam, 3 —

fold, 8 —

lateral seam, 4 — transverse seams, 5 — bottom, 6 — the upper fold, 7 — the lower

lateral folds, 9 — the hole for hanging, 10 — curved lower seam / Tunosi kKoHcmpyKuUii nakemie 0ns cunkux npodykmis (a)
ma enleMeHmu KoMrisieKkcHo2o nakema (6): 1 — kopnyc, 2 —

no39oexHill wos, 3 — biyHa cnalika, 4 — nonepeyHi weu, 5 — 0Ho,

6 — 8epxHs1 cknaodka, 7 — HUXHS ckrnadka, 8 — b6i4Hi ckrnadku, 9 — omeip 0ns nidsiwysaHHs, 10 — nidieHymul HUXHIU Wwoe

(10]
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For example, we will consider the use of such
approach to the formation of a group technological
process of packaging of granular materials. The
most common consumer package of granular
materials is a pack — a soft package with casing in
the form of a sleeve, with the bottom of various
configurations, with an open filler, with or without
valves. The first step is defined by a set of
constructive elements of the group of packaging
(Fig. 3, a). A complex package (Fig. 3, b), on the
basis of which is created a group process of
manufacturing of packaging used for the synthesis
of group manufacturing process of packing. Items
included in the group product model denoted al, a2,
..., @10 accordingly. In addition, there is important
the size of the package, from which depends the
width of plastic and the magnitude of dragging on a
step when setting up the machine. It is believed that
this model is set, the subsets of which are all real
packages of group. As for the implementation of

each constructive element of the package a;;, you

must perform a certain technological transition, so
for the manufacture of the whole group of
packaging, the FMS should have the technological
capabilities for the implementation N of technological
transitions

where Q- j-th element of the i-th package design,

n — number of constructive types of packaging in
the group;

m;— number of elements in the i-th packaging.

As in the real conditions on each of the
technological machines can be implemented the
multiple transitions, so the total number of

transitions N , for which the FMS is created, can be

significantly decreased. Moreover, the higher
versatility of the equipment, the decrease is more
substantial, the fewer pieces of equipment in the
FMS and the structure is easier.

The  characterization of such flexible
technological operation can be determined taking
into account time cost in carrying out operations for
the production of products and for the readjustment
when the product changes.

Defining each work positon as FMS as
specialised for the certain group of product
operations automatic technological machine (ATM),
we obtain from the condition of providing the highest
concentration in the packaging structure FMS in
bay-form with a technologically independent ATM. In
these circumstances, it is necessary to specialize
each ATM on a specific group of product operations
in a such way, that the total volume of accumulated
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Ak npvknag, pos3rnsHEMO 3acTOCYBaHHSA TaKoro
nigxogy A0 (POpPMYyBaHHS TpPYNoBOro TEXHOSOriYHOro
npouecy nakyBaHHS CUMKMX pedoBuH. Hanbinb
PO3MOBCIOAXKEHOI CMOXMBYOIO YMAKOBKOHO i3 MiBKOBUX
mMaTepianie € naket — M’ska yrnakoBka 3 KOpPMycom Yy
dopmi  pykaBa, 3 [OHOM pi3HOI KOHdirypauii, 3
BiKPUTOIO FOPJIOBUHOMD, 3 KnanaHamu um 6e3 Hux. Ha
nepLuomy Kpouli BM3Ha4aEeTbCA MHOXUWHa
KOHCTPYKTMBHUX €MEMEHTIB rpynu nakoBaHb (puc.3, a).
KomnnekcHuii naket (puc. 3, 6), Ha OCHOBI SKOro i

CTBOPIOETHCS moaenb rpynu nakeTiB,
BMKOPUCTOBYETLCS ans CUHTE3Y rpynoBoro
TEXHOIOMYHOro  Npouecy  BUIOTOBMEHHA  rpynu

nakoBaHb. EnemeHTu, o BXogAaTb 4O Mogeni rpynu
BUpoOIB, No3Hauumo a1, a2, ..., a10 signosigHo. Okpim
LbOro Baxnumesumu OyayTb i po3mipu nakerta, Big SKMX
3anexuTb  WKWpWMHA NNiBKM  Ta  BenuymHa i
NPOTAryBaHHA Ha KPOK MPW HanaromKeHHi MalluHW.
MoxHa BBaxaTu, WO MoAenb rpynu BupobiB €
MHOXWHOHO, MiAMHOXMHAMW SIKOT € BCi pearnbHi naketu
rpynun. Ockinbkn Ans peanisauii KOXHOro0 KOHCTPYKTUB-

HOro enemeHTy naketa a.ij HeoOXiAHO BWKOHATW

NEeBHUN TEXHOMOTIYHWUIA nepexig, To ANs BUrOTOBMEHHS
BCi€i rpynn nakoBaHb MBC noBuHHa MaTy TEXHOMOTIYHI
MOXNMBOCTI  Ana  peanisadii N TexHonoriyHmx
nepexoais un onepawin, o BXOOATb A0
y3aranbHeHOro TEXHOSOrYHOro nNpoLecy, a came:

@)

ae aij — j-uiA enemeHT i-0i KOHCTPYKLii NakoBaHHS,

M — KiNbKiCTb KOHCTPYKTMBHUX TWMIB NakoBaHb B
rpyni;

mj — KiNbKICTb €NTEMEHTIB B /-TOMY MaKOBaHHi.

Ockinbkn B peanbHMX YMOBax Ha KOXHiA 3
TEXHOMOTMYHNX MAaLLUUH MOXHa peanisyBaTu [Aekinbka
nepexoAiB, TO 3aranbHa KiNbKiCTb nepexonis N, ansi
akoi ctBoptoeTbes TBC npu posrnsai moxe 6yTtn
CyTTEBO 3MeHwWeHa. [lpuyomy, 4yMM BuULWe YHiBepca-
NbHICTb yCTaTKyBaHHS, TUM CYTTEBILLE Lie 3MEHLUEHHS,
TUM MeHWe oauHMUb obnagHaHHs B BC i Tum
npocriwa ii CTpyKTypa.

XapaKkTepucTuMKy Takoi  THY4YKOi  TEXHONOFYHOI
onepauii MOXHa BW3HAYUTU MNpPW BpPaxyBaHHi BUTpaT
yacy nMpu BUWKOHaHHI onepauii Ha BWUrOTOBIEHHS
BMPOBIB Ta Ha NepeHanaroXeHHs1 Npu 3MiHi BUPOOY.

BusHauvatoumn koxHe poboye micue MBC sk cneuia-
nizoBaHy Ana MNeBHOI rpynu Bupoboonepauin a.To-
MaTU4Hy TexHomnoriyHy mawuunHy (ATM), oTpumaemo i3
yMOBW 3a6e3neyeHHst HaMBULLOT KOHLEHTpaUil nakyBa-
HHs1 cTpykTypy MBC B BUrmaai AinbHULI 3 TEXHONOTYHO
HesanexHumn ATM. B uwmx ymoBax HeobxigHo
npoBecTn cneuianisauito koxHoi ATM Ha neBHy rpyny
BMpoboonepauin TakuM YMHOM, LWo6 cymapHuin ob’em
Hakonu4yeHux Bupoboonepauii 6yB goctaTHiM ans i
NMOBHOIO 3aBaHTaXEeHHsl, a MoTiM MpoBeAeMO OnTu-
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product operations was sufficient for full load and
then hold optimization sequence readjustment of this
product operations for each of the ATM as part of
the packaging bay.

The work of intellectual ACS when
diagnosing the state of technological machines.

In order to realize the concept of intellectual
production, the main components of the FMS
(machines, their functional modules and control units
in cars, etc.), must be transformed into intelligent
devices with diagnostic systems.

They must to send real-time data about their
condition (working - faulty, busy - free, etc.). The
data obtained from the diagnostic system can be
used to detect a regular delay in the execution of
transitions, overload of equipment components, and
timely resolution of the problem. This helps to
increase the speed, accuracy and repeatability of
operations, which increases the speed of the
production process and reduces the number of
failures.

Mi3auito  MOCMiAOBHOCTI  MepeHanaroMKeHHs  uux
BMpoboonepaui ona koxHoi 3 ATM B cknagi AinbHUUI
naKyBaHHS.

Po6GoTta iHTenekTyanbHoI CAK npu
AiarHocTyBaHHI CcTaHy TeXHOMOriYHUX MawuH. [na
TOro, wo6 BTiNINTK B KUTTS KOHLenLito
iHTeneKTyanbHOro BUPOOHMLITBA, OCHOBHI KOMMOHEHTH
IFBC (mawwuHn, ix dyHKuioHansHi moayni i 6noku
ynpaeniHHA B MalUMHax TOWO), MOBWHHI ByTn
nepeTBOPEHi B iHTENeKTyanbHi NPUCTPOI i3 cucteMamu
AiarHocTyBaHHA, SAKi B pexuMmi pearnbHOro vacy
nepefalwTe [faHi Mpo CBiM cTaH (cnpaBHWA -
HecnpaBHWIA, 3aNHATUIA — BiNbHWIA Towo). OTpuMmaHi Bia
cucTemMyn  fiarHocTyBaHHA — AaHi  MOXyTb  6yTn
BMKOPUCTaHI ANsi BUSBMEHHS PErynsipHOi 3aTpUMKN Y
BMKOHaHHI nepexofiB, NepeBaHTaXXeHHA KOMMOHEHTIB
obnagHaHHsA i cBOeYacHOro ycyHeHHsi npobnemu. Lle
gonomarae  nNigBUWMTM  LWUBMAKICTb,  TOYHICTb |
NOBTOPIOBAHICTb onepauii, Wwo 306inblye LIBUAKICTb
BUPOOHNYOro Npouecy i Ckopoyye 4ncro 360iB.

. Controls machine D and
Controls machines B, C and helps diagnose, test and
D and plans actions in case of repair it in case of failure
failure of any of them
Expert
svstem A
Expert Expert Expert
svstem B svstem C svstem D
Machine B Machine C Machine D
=>
svstem B svstem C svstem D

Fig. 4. Hierarchical intelligent diagnostic system / lepapxiyHa iHmenekmyarnbHa diazHocmu4Ha cucmema [13]

CONCLUSIONS

Any production task whose algorithm is unknown or
which is created on the basis of incomplete data,
and systems whose programs perform actions for
the solution of such a task can be attributed to
artificial intelligence, if the result of their work is
similar to the result of human activity in solving the
same task.
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