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HpeI[CTaB.HeHI’Ie AJITroOpuTMOB CUCTEMBI YIIPABJICHUSA CJI0KHBIMU
00beKTaMH B MATPHYHO—INIPCAUKATHOM BUIEC

B.C. Iloasikos, O.A. ABnewk, B.}FO. Haymos, U.1O. Kopo.eBa,
N.I'. Jlemelukuna
Boneoepaockuii cocyoapcmeennwiii mexnuueckuii yrugeepcumem, Boneoepao

Pe3tome. B cratbe yka3aHO, YTO IOCTPOEHHE CHUCTEM YINPaBIEHHUS OOBEKTOB, OCYIIECTBIISIOLIMX
TEXHOJIOTHUECKU TIpOlLleCC, HA4YMHACTCS, KaK NpPaBWJIO, C COCTAaBICHHS alrOPUTMOB HX
(YHKIMOHUPOBaHMS. DTOT MPOLIECC OCYLIECTBISETCS 3a4acTyI0 9BPUCTUIECKUMH METOJIAMH, CJIOKHBIC
ITOPUTMBI COCTABIISIFOTCS OTACIBHBIM OJIOKaMH, a 3aTE€M «CIIUBAIOTCS» B €AUHOE Liesioe. B ocHoBHOM
MOCTPOCHUE OCYLIECTBISACTCS B BUJC rpad-cxeM, CIOKHO B TPOYTCHUH M HEYAOOHO B mepepaboTKe.
KauectBO 3THX AITOPUTMOB TTOJIHOCTBIO 3aBUCHUT OT KBaIII/I(bI/IKaHI/II/I HWHXCHCPHOI'0 HepcoHala, OT
3HaHUS TEXHOJOIUU IPOLECcca, OT BIaJACHUS TEOPUEH U NPaKTUKOM pelIeHusl NOCTaBICHHOH 3a1aun. B
JaHHOW paboTe MOKa3zaHa BO3MOXHOCTH IOCTPOCHHUS alrOpPUTMOB B MaTpU4YHOM (opme, TO ecTb
MO3BOJISIIONIEH MONMy4aTh (PopMann30BaHHOE ONMUCAaHWE B Ooiee YAOOHOM M KOMIIAKTHOM BHUJAE H
Jaroliee crocod pemeHns MHOTHX HECTaHAAPTHBIX CUTYaluil B poLiecce aaropuTMusanun. B cratse
paccMOTpeHa BO3MOXKHOCTh IPOBENEHHs psAAa omepauuil Hajg rpad-cxemMamH, KOTOpbIE Ha3BaHBI B
I[aIILHCﬁHICM «ornepanuiaMu JOOIMPEACICHUA», UTO MO3BOJIMJIO 3alUCaTh AJITOPHUTM B BHUJC NYyaJIbHOT'O
rpa(pa " IO3BOJIUT MPEACTABIATL €TI0 BUAC MOAYJIbHBIX 6HOKOB, a TaKK€ paCcCMOTPEThL BO3MOKXHOCTDH
MPEICTABICHUS] AJTOPUTMOB B MAaTPUYHO-TIPEAMKATHOM M TaOJIMYHO-TIpeAuKaTHOM Buzpe. Crenan
BBIBOJ O TOM, YTO 33aJaHHE aJrOPUTMOB CHCTEM YNPaBICHHS CIOXKHBIMH IPOLECCAMH B MaTHYHO-
MPEIMKATHOM WJIA TaONMUYHO-TIPESIUKATHOM BHJAE Ja€T BO3MOXXHOCTH HCIIOJIB30BAaTh XOPOIIO
H3y4YEHHbIE METOABI Teopuu rpad)oB, TEOPUU MATPHUI] U METOIbI TeOpuH Hpeaukatos. Kpome Toro,
MOSIBISIETCS. BO3MOXKHOCTB HCIIOJIB30BATh MPU paboTe C ajJrOpUTMaMH TEOPETHKO-MHOKECTBEHHbBIE U
anreOpanvecKue orepaiuu, pa3padoTaHHble i rpadoB.
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Representation of algorithms of system of management of complex
objects in matrico-predicate type
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Abstract. The article indicates that the construction of control systems for objects that carry out the
process begins, as a rule, with the compilation of algorithms for their functioning. This process is often
carried out by heuristic methods, complex algorithms are compiled in separate blocks, and then
“stitched” into a single whole. Basically, the construction is carried out in the form of graph diagrams,
is difficult to read and inconvenient to process. The quality of these algorithms depends entirely on the
gualifications of the engineering staff, on the knowledge of the process technology, on knowledge of the
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theory and practice of solving the problem. This paper shows the possibility of constructing algorithms
in matrix form, that is, allowing one to obtain a formalized description in a more convenient and compact
form and giving a way to solve many non-standard situations in the process of algorithmization. The
article considers the possibility of carrying out a number of operations on graph diagrams, which are
hereinafter referred to as “operations of additional definition”, which allowed us to write the algorithm
in the form of a dual graph and allow us to represent it in the form of modular blocks, as well as to
consider the possibility of representing the algorithms in matrix-predicate and tabular predicate form. It
is concluded that defining the algorithms of control systems for complex processes in a mathematical-
predicate or tabular-predicate form makes it possible to use well-studied methods of graph theory, matrix
theory, methods of predicate theory. In addition, it becomes possible to use set-theoretic and algebraic
operations developed for graphs when working with algorithms.
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Beenenune

[TocTpoeHre aBTOMAaTH3UPOBAHHBIX CHCTEM YIIPABJICHUS TEXHUYECKHUMH MPOIECCAMU
COCTOMT U3 [BYX B3aWMOJIOTIOJNIHAIONIMX dYacTeil: CoJepKaTelbHO U  (OpMaTbHOM.
OO6OOImIEHHBI TOAXOA K aBTOMAaTH3UPOBAHHBIM CHUCTEMaM U HX  COCTABIISIFOIINM,
orpenensonme ux Gpuiaocodckre MPUHIUIBI COCTABISIOT OCHOBY COJEpKaTelbHOH YacTH. B
HEl OmHCHIBAIOTCA (DAKTOPHI, SBJICHHS M TEXHOJOTUUM ABTOMATU3UPOBAHHBIX CHCTEM,
ocymiecTBistomen npouecc [1,2], a Tak e paccMaTpuBaeTcs CyTh aBTOMATHU3aIlMU Mpolecca
[3,4]. TpakToBKa aBTOMAaTH3alMU Ipoliecca 00pa3yeT KOHIENIHI0 (HOpMaIbHOTO OMHMCAHUS,
3aKOHBl M 3aKOHOMEPHOCTH, MHPUHLUIBI M CIOCOOBI pPElIEHUsT COOTBETCTBYIOIIMX 3ajad,
HCXO/IHBIN 0a3Kc, OCHOBHBIE ONpeeeHNs U KaTeropuu|S,6].

@dopmasibHasg 4acTb OINpeAeNseT, Kakue METOAMKM HeoO0XoAuMo pazpaboTaThb JUis
NOCTPOEHUsI (POPMAIILHOTO OMHUCAHUSA, KaKUe JOIMKO-MaTeMaTHUECKUX MpaBuiia HEOOXO0JMMO
HCII0JIb30BaTh, KAKOT'O poja MPUEMBI U METObI pa3padoTaTh.

HauOonee yacto onucanue NpoueccoB OCYIECTBIAETCS B BUE aITOPUTMOB

MarepuaJjbl 1 METOAbI

Onucanue aaropuTMoB. AJITOPUTM — YETKO ONPENEIEHHOE, 3apaHee H3BECTHOE
MIPEANACAHUE UCIIOJHUTENO0 COBEPIUUTH 33J1aBAEMYIO OIPEIEICHHYIO IOCIEN0BATEIbHOCTD
JNEeUCTBUM AJIs MOTy4YeHUs pe3yibTaTa pelleHns 3a7auu 3a oNpeAeaEéHHOe Ynucio maros [7,8].
Jlns 3afaHus aITOPUTMOB Yallle BCErO0 MCIOJBb3YIOTCS CIEIyIOIUE CIIOCOOBI: CIIOBECHBIH,
rpaduyecKui, ICeBI0KO, TPOrPaMMHBIH.

[Tpu noctpoernu cucrem ynpasiaerus (CY)uacto ucnonbzyercs rpadpuueckuit crnocoo
3aMaHusl anropuTMoB B Bume rpad-cxem anroputmoB (I'CA) [7], mpousBompHass I'CA
npexacrasinena Ha Pucynke (Pucynok 1).
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Pucynok 1 — I'pad-cxema anropurma
Figure 1 — Graph-diagram of the algorithm

31ech:

~ A={ Ay, A, Ay, Ay, Ay, A5, A5, A7, A} — muOxectBO  Bepumn  TCA,
XapaKkTepU3yIOUINX OJIOKU JIeUCTBUSA, HAIIPUMEP, TEXHOJIOTHUECKHUE OTepaIu,

- = (X.Z ) (X.S , (1.4 , (X.5 , (X.4O }— MHOXkecTBO BepmmH I'CA, XapakTepu3yromux
MIpeIMKaTUBHBIE OJOKH, ONPEIEISIONINX JIOTUKY BBITIOJTHEHHS ONEpaIlni.

Joonpenenenne aaropurmos. [Ipu 3ananuu CVY B Bune I'CA crnenyer yunTeiBaTh
BO3MOXKHOCTh BO3BHMKHOBCHHUSI HEKOTOPBIX HETOUHOCTEH B QpyHKIMoHupoBanuu CY [9,10]:

— OTCYTCTBHE B OTJENBHBIX ClydasX (UKCAlMM Tepexoja MeXIy OIlepalnusiMu
neicTBus, Hanpumep, 010ku aeicteust Ao — A1 — A2 B paccMarpuBaeMoM anroputme (Pucynox
1),

— Tepexo]] OT OJHOro Oyoka jaeWcTBus (A4) K Apyromy (A7) ocyliecTBisieTcsl Npu
BBHITIONTHEHHH YCIIOBUH, OTpe/IeieMbIX PeIHKaTUBHBIMU 6okamu o u o,

OTH HETOYHOCTH YAAJSIOTCS HECKOIBKUMH CITOCOOAMHU:

a) 3aMEHUTDb BO3/ICHCTBHE HECKOIBKUX OJIOKOB aericTBus (Ao — A1 — A2) OAHUM OJIOKOM
neiicreus (Ao12);

0) BBINIOJHEHUE KaXJIOTO W3 paccMaTphBacMbIX OJIOKOB jelicTBus (Ao, Ai, A2)
(UKCHpyeTCs COOTBETCTBYIOIMM MpeuKaTHBHBIM 611okoM (p°, pt, p?).

Bropas HeTOUHOCTh ycTpaHseTcs MpUMEHEHHEM anreOpbl Joruku. [IpenukaTuBHbIE
6noxu o u 0’ popmupyror curramsr: po= ot A 0, pti= a* A a®, ph=a* Ag®.

VYcTpaHeHne STHX HETOYHOCTEW Ha30BEM omepauueidt poompenenenus [11], B
pe3yJibTaTe MPOBEACHUs 3TOW omepauuu nonydaeM HaudeptaHue I'CA B BuIE MOIYJIBHBIX
6mokoB (PucyHok 2).
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Pucynok 2 — I'pad-cxema ajiropuT™a B pe3ysibTaTe ONepaiuy J00IPeaCICHHS
Figure 2 - Graph-diagram of the algorithm as a result of the operation of additional definition

B pe3yiibTaTe <(I[OOHpe,Z[eJ'IéHHa$I)> I'CA MoXxHO 3amnmucarh B BUJAC OYAJIbHOI'O rpaq)a

(Pucynok 3).
! u \

_.,@@@

Pucynok 3 — [yanbHbIii rpad
Figure 3 - Dual graph
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PesyabTarsl
IIpeacraBiieHne aIrOpuTMAa B MATPUYHO-NIpeauKkaTHoM Bujae. B [10-12] npusenena
pa3paboTaHHass aBTOpPaMU METOJOJOTHs 3aJaHus rpada KBaapaTHOM MaTpHILEH, KaxIbli
HEHYJIEBOH 3JIEMEHT KOTOPOM OINpeseNseTCsl HCTUHHBIM 3HAaYEHUEM XapaKTepU3yIOILero rpad
TpéxmecTHOro mpenukara. I'pad nHa pucynke (Pucynok 3) mpeacraBuM B BHIE MaTpPHUIIBI
(Pucynok 4).
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Pucynok 4 — 3ananue anroputMa B MaTpUYHO-TIPETUKATHOM BUE (MOAYJIbHBIN BapHaHT)
Figure 4 - Setting the algorithm in a matrix-predicate form (modular version)

IepectaBum B MaTpuiie M” GyHKIHOHATbHBIE ¥ TIPEINKATHBHbIE BEPITHHBI AT OPHTMA
Tak, Kak npuBeneHo Ha Pucynke (Pucynox 5). Tak kak mpu MOCTpOeHMH MaTpuisl MA”
WCIOJIb3YIOTCS OJTHU U T€ )K€ UICTUHHBIE 3HAUEHUS NIPEAUKATOB, TO OHU Oy/1yT OMKUCHIBATh OJNH
U TOT ke rpad.

Takoe nmpencTaBieHne aroputTMa 0yJ1eM Ha3blBaTh (PYHKIIMOHAIbHO-TIPEIUKATHBHBIM
B MaTpUUHO-TIPEeIUKATHON popme. MaTpuily, 3a1aHHYIO0 TaKUM CIIOCOOOM, JIETKO MPEJCTAaBUTh
B BHUJIC YETHIPEX YACTEU:

M Ax_ MAJI-JT MAJ'[

rae MA;[ — Marpuna 6710K0B IeiCTBUS,
M"; — Matpuna 6710KOB JIOTHKH,
M”11 — Matpuia nepexooB OT 6II0KOB eicTBUs — K GII0KaM JIOTHKH,
M”11 — Matpuiia nepexooB OT 6I0KOB JIOTHKH — K OJI0KaM JEHCTBHS.
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Pucynok 5 — 3amanue anropurMa B MaTpUYHO-TIPEINKATHOM BHIE
(byHKIIOHATBHO-TIPEJUKATHBHBINA BAPHAHT)
Figure 5 - Setting the algorithm in a matrix-predicate form
(functional-predictive option)

IIpeacraBiienne ajaropuT™Ma B BuIe Tadauubl. KsampatHas marpuia, 3amaronias
JITOPUTM B MAaTPUYHO-TIPEIMKATHOM BH/I€ UIMEET HEAOCTATOK: OO0JIBIIOE KOJIUYECTBO HYJIEBBIX
2JIEMEHTOB, HampuMmep, kBaaparHas Martpuua (Pucynok 5) comepxur 324 snemeHra, a
3Havalux (HeHyJseBbIX) Bcero 47. Jlns yniaoTHeHUst MHGOpMAIUK NPH 33/1aHUU aJITOPUTMA B
MaTPUYHO-TIPETUKaTHOM BHJIE OyJIeM HCIOJIb30BAaTh TAOIHIy COCTaBISIEMYIO CJIEIyHOIIUM
o0Opa3zom.

Kaxxnas crpoka mpencrasisier co0ol HCTUHHBIE 3HadeHHs mpenukara. [lepBoe u
MocjeHee MECTO KaXJOro 3Ha4YeHHs IMpeauKkaTa (KakKAOH CTPOKH) OMNpEAEsstoT CBSI3U
IpenrKaTa Mexay coOou.

= =] =
e = = = = = = = = = o
|5 |58 |58 |5|15/15/5/51|5 |8 |8 |B |%
5] ] 5] o | | D o D ) = = = &
5 = = = = |E |E |2 |= = =
v @ L - P A
1 1
2 3
n 12
L A e _——
—v— —-v'—
Tpu MecTa peauKata, MecTa mpegmkaTa, onpesen IONIHe IapaMeTPRL
OIIp e TAFONIHE IIPOIeco GVHEITHOHHPVEOMIET 0 KOMIIOHEHTA

dvHEITHOHHpOEAHHA

PI/IcyHOK 6 — Ta6J'H/I‘-IHO-Hp€,Z[I/IKaTHOG MMpeACTAaBJICHUC aJITOPUTMaA
Figure 6 - Table predicate representation of the algorithm
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3aKjIouyeHue
3amanue anroputMoB CY CIIOKHBIMH IMPOIIECCAMHA B MATPUYHO-TIPEIUKATHOM HIIH

TAOJIMIHO-TIPETUKATHOM BHUIEC TaET BO3MOXKHOCTH UCIIOIB30BaTh XOPOIIO U3YYCHHBIE METO/IbI
teopuu rpadoB [13], Teopun matpui[14, 15] u Meroasl Teopun npeaukaroB. Kpome Toro
MOSIBJISIETCS.  BOBMOXKHOCTh ~ MCIIONB30BaTh TpH  paboTe C aNropuTMaMHu TEOPETHUKO-
MHOKECTBEHHBIE U alredpandeckue onepamuu, pa3padoTanHble sl rpados.
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