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METHODOLOGY FOR MONITORING
OF NONEQUILIBRIUM-STABLE TECHNICAL
SYSTEMSFUNCTIONING

PaspabotaH anroputm KOHTponsi hyHKLMOHNPOBAHUS HEPABHOBECHBIX CUCTEM, B OCHOBY KOTOPOIO
NMonoOXeHbl TakMe onepauuu, Kak YCTaHOBMEHWe AuanasoHa [OMYCTUMbIX 3HAYeHU BEpOATHOCTEN
3 PeKTUBHOCTN (PYHKLMOHNPOBAHUSA CTPYKTYPHBIX 35IEMEHTOB, YCTaHOBMEHUE OOMNYCTUMbIX 3HAYEHWI
yucra CTPYKTYPHbIX 3fIEMEHTOB, NOCTPOEHME 3aBUCUMOCTM SHTPOMUMN CUCTEMBI OT YMCra CTPYKTYPHbIX
3NEMEHTOB U BEPOATHOCTM WX 3PEKTUBHOCTU, MoCcTpoeHue ha3oBOro MpOCTpaHCTBa OYHKLMO-
HUPOBaHNSI CUCTEMbI U OMpeaeneHne rpaHuL, obrnacTen HepaBHOBECHOW YCTOMUYMBOCTU. MpakTuyeckas
anpobauus paspaboTaHHOro anroputMa KOHTPOMns (OYHKLUMOHUPOBAHMS HEPAaBHOBECHBIX CUCTEM
nokasana, YTto AaHHbIA anropuT™M MOXeT ObITb UCNOMNb30BaH AN peLleHns Lienoro psaa NpakTuy4eckmnx
3ajad, CBA3aHHbIX C KOHTPOMnemM yHKLUMOHUPOBaAHWNS 1 NPOrHO3MPOBaHUSA COCTOSIHMSA LLIMPOKOIO Kracca
HEPaBHOBECHbIX CUCTEM.

KniouyeBble crioBa: HepaBHOBECHAsA CUCTEMA, KOTHUTMBHAs CUCTEMA,

o6nacTb HEpaBHOBECHOM YCTOMYMBOCTM, KOHTPOSTb (DYHKLIMOHNPOBAHWNS,

(ha3oBOe NPOCTPAHCTBO (PYHKLMOHNPOBAHUS.

Algorithm for controlling the systems functioning in nonequilibrium stability mode, which is based
on operations such as establishing an acceptable range of probabilities of structural elements
efficiency functioning, the establishment of valid values number of structural elements, construction
of the dependence of the system entropy from a number of structural elements and the likelihood of
their effectiveness, the construction of the phase space of the system and define the boundaries of
regions of non-equilibrium stability is developed.

Keywords: nonequilibrium system, cognitive system, area of nonequilibrium stability,
control of functioning, phase space of functioning.
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BBepneHune

CymecTByeT IMPOKUI KJIACC CUCTEM, OTJIMYAIOLIUXCS CIOKHBIM CTPYKTYPHBIM IIO-
CTPOCHHEM U CBSI3aHHBIX C BOCHPUATHEM U 00pabOTKOW MHTECHCHUBHBIX U3MEHSIOIINXCS
nH(QOpPMaAIMOHHBIX MTOTOKOB. Cl0/1a MOKHO OTHECTH CJIOKHBIE TEXHHUYECKHE CUCTEMBI,
Hay4YHO-TIPOU3BOJCTBEHHbIE 1 00pa3oBaTeNbHbIE MPOIEcChl, paboune TPYIIIbl, BBIIOJ-
HAIOIINE OTBETCTBEHHbIE HAYYHO-UCCIIE0BATENILCKHIE padoThl. Takue CUCTEMBbI OTHOCSTCS, KaK
NpaBUJIO, K pa3psily HEPaBHOBECHBIX cucTeM. Jlyisi obecrieueHust BBICOKON 3(h(HEeKTUBHOCTH
(YHKIIMOHUPOBAHUS JJAHHBIX CHUCTEM CJIEAYeT OCYILECTBISATh HENPEPBIBHBI KOHTPOJIb HX
COCTOSIHUSI, YTOOBI B CcIy4ae HEOOXOIUMOCTH NMPHHATH COOTBETCTBYIOIINE MEPHI, KOTOpPbIE
MOTYT OBITH CBSI3aHBI, HApUMeEp, C TpaHc(opMalMel CTPYKTYpHOTO MOCTPOSHUS TOM WIin
uHOH cuctemMbl. OHUM U3 YPPEKTUBHBIX CIIOCOOOB KOHTPOJISI MOXKET CIIYXKHUTh MPEICTaB-
JIeHWE HEPAaBHOBECHON CHUCTEMBI B BHJI€ KOTHHUTHBHOHM, (QYHKIMOHHpPOBaHUE KOTOPOM
ONKCHIBAECTCS C TIOMOIIBIO HEMMHEHHOro IudQepeHIranIb-Horo ypaBHeHus. Bompocam
UCCIIEIOBAaHHSI TAKOTO POJIa CHCTEM OBLIT MOCBSIICH psif padot [1-15], B 4acTHOCTH CBsI3aH-
HBIX C Pa3pabOTKOW METOJOJIOTUU OLEHKH HEPaBHOBECHOW YCTONYMBOCTH KOTHUTHBHBIX
CHUCTEM.

Llenb gaHHOM pa6oTbl — pa3paboTKa U MOJIEIMPOBAHKE AJITOPUTMA KOHTPOJIS (PYHKIIMO-
HUPOBAHUsI HEPABHOBECHBIX CUCTEM.

ANropuT™M KOHTpons OyHKLMOHMPOBaHMS
HepaBHOBECHbIX CUCTEM

KonTpons (GyHKIMOHMpPOBAaHUS HEPAaBHOBECHBIX CHCTEM CBS3aH, COTJIACHO paHee
pa3paboTaHHON MeTOoA0JI0THH [ 15], C BBINIOJHEHUEM TaKHX OIepaIui, Kak:

1. YcraHoBneHHe auanazoHa JOMYCTUMBIX 3HAYCHHH BEPOSITHOCTEH 3(P(EKTHBHOCTH
GYHKIMOHUPOBAHUS CTPYKTYPHBIX 371eMeHTOB (CD) AP = Pyux-Poin;

2. YcTaHOBJIEHHE JOMYCTUMBIX 3HaueHuH ynciaa CO (N);

3. IlocTpoeHue 3aBUCUMOCTH SHTPONMHUH CUCTEMBI OT uuciaa CO U BEpPOATHOCTU HX
s dextusnoctu H (N, P);

4. TToctpoenwue (azoBoii auarpamMmmbl H=f(H) QyHKIIMOHUPOBAHUS CUCTEMBI JJIsi CUTYya-
uun, korga Al >0, AJ>0.

BrimonHeHne AaHHBIX omepaluid MO3BOJSIET OMpeNeiauTh (pa3oBble NMPOCTPAHCTBA
(GYHKIMOHUPOBAHUS HEPABHOBECHOMN CHCTEMBI.

Jlns ompenenenHus TpaHull 00JacTH HEPAaBHOBECHOW YCTOMYMBOCTH HEOOXOIUMO,
MCTIONB3YSI TOTy4eHHsle 3aBucnMoctn H (N, P), H = f(H), onpenemuts AH(N), A H (N),
AL(N) (puc. 1).

Pucynku 2 u 3 nnmoctpupyrot aeicTue qaHHoro anropurma it P=0,7, 0,9; N=5,7,10.

PeanbHast curyanuss MoIenupyercs IyTeM CIydalHOro 3aJaHus 3HadeHud P, N,
ONpeeNICHUEM ISl HUX 3HAYEHU SHTponuu [, 3HaYeHU H wu 3aavennii L. TTo MOI0KeHUIO
ToueK B ()a30BOM IMPOCTPAHCTBE MOKET OCYLIECTBISATHCS KOHTPOJIb (PYHKIIMOHUPOBAHUS
cuctemsl (puc. 4). B ciydae «BbIxoga» TOH WM MHOW TOYKH 3a MPEAEIbl YCTaHOBIEHHON
00JIaCTH TOCTYIMaeT CUTHAJ] Ha KOOPAMHHUPYIOIIMKA OJOK M, B ciaydae HEOOXOIMMOCTH,
OCYIIECTBIISICTCS TpaHC(HOPMAIHS CTPYKTYPHI CUCTEMBI.
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Pucynok 1 — CtpykrypHas cxema aaropurma GopMupoBanus $pazoBoro MpocTpaHcTBa
(YHKLMOHUPOBAHUS HEPABHOBECHOM CHCTEMBI
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Pucynoxk 3 — [TonoxkeHue obnacTeld HEPaBHOBECHOH yCTOWYMBOCTH
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Hauamo

Ompenenemme H, H I +—— TpanchopMamii CTPYKTYpH

Her
Huuwern.cp. < H=Hsepr.op. *  Koopmmmmpyroungi 1ok
A '
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H HUNCH 2P <H<H sepu.cp.
Her

Lwwcn.cp <L=Leeprop.

P HUCYHOK 4 — CprKTypHaSI CXEMa aJirOpUuTMa KOHTPOJIA TEKYLIEro COCTOAHUA CUCTEMBI

PazpaboranHass METOIONOTHS TPOIUIA MPAKTHYECKYIO ampoOalui0 MpU KOHTPOIE
(GYHKIIMOHUPOBAHMS OJHOM U3 YHHUBEPCUTETCKUX 00pa30BaTeIbHBIX MPOrPaMM U HAY4HO-
MPOU3BOJICTBEHHOTO MOAPA3/ICNIEHUS OJHOTO U3 MOCKOBCKHUX MPEATPUITHH.

Hanpumep, npu koHTpose (QyHKIMOHHUPOBAHUS JIEHCTBYIOIIEH MarucTepcKou IMpo-
rpamMmbl, coctosinield u3 17 mucummimH. B kadectBe mokaszateneit sdpdexruBHocTH CO
OBbUTH UCTIONIb30BaHbI: CTENIEHh COOTBETCTBUS TUCLUILIMHBI HAIIPABICHUIO TIOATOTOBKH, CTETICHb
COOTBETCTBUS JUCHUIUIMHBI MaruCTEPCKON MporpaMMe, CTENEHb COOTBETCTBUS JUCIIUILIMHBI
YPOBHIO M TEMIIaM Pa3BUTHs HAYKOEMKHX TEXHOJOTUM. J[Mama3zoH JOMyCTUMBIX 3HAUCHUI
BeposTHOCTEH 3P dekTuBHOCTH GyHKIMOHUpOoBaHUs CD ObuT MPUHAT paBHBIM P=0),7-0,9.
JIJis yCTaHOBIIEHHOTO JHMANa30Ha BEPOSITHOCTEH OBLIN OMpeAeNieHbI IOMyCTUMBIC TPaHUIIBI
obnacTu HepaBHOBecHOH ycToituusoctu AH(N)=14,1-16,8; A H (N)=-185,7-264,5, AL(N)=
=(0,08-0,23. B COOTBETCTBHM C aJTOPUTMOM KOHTPOJS TEKYIIETO COCTOSHHUS CHCTEMBI
(puc. 4) ObLTO OMpEIEICHO MOJOKEHNE JaHHON MporpamMmbl B ()a30BOM MPOCTPAHCTBE €€
(GYHKIIMOHUPOBAHUS ¥ OBUIO YCTAHOBJICHO, YTO OHA HAXOAWTCS B YCTAHOBJICHHON 00JIacTH

HepaBHOBeCHOU ycroWuuBoctn (H=16,3, H =-248,7, L=0,11). ToO4HOCTb OLICHKU
BEPOSATHOCTHBIX Mokazatener A=0,095, B cBA3M ¢ 3TUM OBUIM pacCMOTPEHBI JIBE KpaitHUE
CUTYalluH, KOTJIa Ps=P+Z, PS=P-Z. Jns maHHBIX PS=P-Z OBUIM HaWMIEeHbl 3HAYECHUSI
H=17,3, H =-280,3, L=0,06 (Ttouka 2, puc. 5). Jlna naHHBIX P,=P+A 6buM HailaeHb!
sHaueHus H=15,1, H =-212,6, L=0,18 (Touka 3, puc. 5).
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Pucynok 5 — IlonoxeHnne ToYek B (ha30BOM IPOCTPAHCTBE

CoracHO MpOBEJEHHBIM pacyeTaM Marucrepckas ImporpamMma HaxXxOJUTCS B YCTaHOB-
JICHHOUW 00JIaCTH HEPABHOBECHOW YCTONYMBOCTH, OJJHAKO, OJIM3KO K TPaHHMIIE TaHHON 001acTH.
OTO 03HaYaeT, YTO MPHU HE3HAYUTENbHBIX (IIYKTyallUsX BEPOSITHOCTHBIX MapamMeTpoB 3TON
MpOrpaMMbl, OHA MOXKET OKa3aThCs 3a MpeleliaMu 00JIACTH HEPABHOBECHOM YCTOMYMBOCTH,
YTO TOATBEPXKIACT IOJIOKEHWE TOYKH 2, TOMYyYEHHOW MpU CHHKEHUH BEPOSITHOCTHBIX
nokazarener CO Ha BeNMUYMHY MOrpemHOCcTH. JIJisi MpenoTBpamlieHusi TaKoM CUTYyaluu
HCXO/THBIE 3HAYCHHUS KEIaTeNbHO YBEMUYNTh HAa BEJIMUMHY MOTPELIHOCTH, YTO MOJITBEP)KIAET
MOJIOKEHHE TOYKU 3, MOJYyYEHHOE B pe3y/bTaTe YBEJIUUEHHsS BEPOSTHOCTEH Ha BEIUUUHY
TIOTPEITHOCTH.

BbiBOAbI

Pesynbrarel anpoOanuu mpeiaraeMoil METOIOJIOTHH MOATBEPIMINA MPABUIBHOCTD
BBIJIBUHYTBHIX TEOPETHUECKUX TOJIOKEHUH U yKa3aJd Ha 11eJIeco00pa3HOCTh €€ MCIIOIb30-
BaHMsI JJIs1 KOHTPOJIS (YHKIMOHUPOBAHUS HIMPOKOTO Kiacca HEPaBHOBECHBIX TEXHUYECKHX
CHUCTEM, alllIPOKCUMHUPYEMBIX KOTHUTUBHON MOJIEIBIO.
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RESUME
S. S. Antsyferov, A. S. Sigov, K. N. Fazilova
Methodology for monitoring of nonequilibrium -stable technical systems functioning

There is a wide class of systems that are characterized by complex structural
construction and are associated with the perception and processing of intense changing
information flows. This includes complex technical systems, research and production and
educational processes, working groups that perform responsible research work. Such
systems are usually classified as nonequilibrium systems. To ensure the high efficiency of
the functioning of these systems, continuous monitoring of their condition should be
carried out in order to take appropriate measures, if necessary, which may be associated,
for example, with the transformation of the structural structure of a particular system. One
of the most effective methods of control can be the representation of a nonequilibrium
system in the form of a cognitive one, the functioning of which is described using a
nonlinear differential equation. A number of works have been devoted to the study of such
systems, in particular those related to the development of a methodology for assessing the
non-equilibrium stability of cognitive systems.

Method of pairwise preferences is proposed for structural elements effectiveness
evaluation.

The developed methodology was tested in practice when monitoring the functioning
of one of the university educational programs and the research and production department
of one of the Moscow enterprises.

The results of testing the proposed methodology confirmed the correctness of the
theoretical propositions put forward and indicated the feasibility of using it to control the
functioning of a wide class of nonequilibrium technical systems approximated by the
cognitive model.
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A

PE3IOME
C. C. AHupipepos, A.C. Cueos, K. H. ®a3unosa
Memodornoausi KOHMPOoss yHKUUOHUPO8aHUS
HepaeHOSGCHO-yCmOleIUGbIX mexHuU4ecKux cucmem

CymecTByeT MIMPOKHI KJIacC CHUCTEM, OTJIMYAIOIIMXCA CIOKHBIM CTPYKTYPHBIM
MIOCTPOCHUEM U CBS3aHHBIX C BOCIPUATHEM M OOpPaOOTKOM MHTEHCHBHBIX W3MEHSIOIIUXCS
MH(POPMAIMOHHBIX TTOTOKOB. Cro/1a MO)KHO OTHECTH CIIOKHBIE TEXHUYECKHE CHCTEMBI, HAyIHO-
NPOU3BOJICTBEHHBIE I 00pa30BaTeNbHBIE TPOLECCH], pabOUKe TPYIIIbI, BHIIOIHSIIONME OTBET-
CTBEHHBIC Hay4YHO-MCCIIEZIOBATENIbCKHE PaOOThl. Takwe CHCTEeMBbI OTHOCATCS, KaK INPABHIIO, K
paspsily HepaBHOBECHBIX cucteM. J[1s oGecrieueHns: BHICOKOH 3(h(EKTUBHOCTH (PYHKIIMOHH-
pOBaHMS JTaHHBIX CHCTEM CIIyeT OCYIIECTBISITh HENPEPHIBHBIM KOHTPOJIb MX COCTOSHHS,
4TOOBI B CiIydyae HEOOXOMMOCTH IMPUHSITH COOTBETCTBYIOIUE MEpPbI, KOTOPhIE MOTYT OBITH
CBSI3aHBI, HAIIPUMEDP, ¢ TpaHCcHOpMAITUEH CTPYKTYPHOTO TIOCTPOSHUS TOM WIIM WHOM CHCTEMBI.
OnmarM 13 3QPEKTUBHBIX CIIOCOOOB KOHTPOJIS MOXKET CITYXKHUTh MPE/ICTaBICHHE HEPaBHOBEC-
HOM CHCTeMBI B BUJIe KOTHUTHUBHOH, (DyHKIIMOHHPOBAHHE KOTOPOW OIHCBHIBAETCS C TIOMOIIBIO
HeJMHeWHoro U depeHIaIbHOrO ypaBHEHMs. Borpocam HcceoBaHUS TakKoro poja
CHCTEM OBII TMOCBSIIEH Ps padOT, B YaCTHOCTH CBSA3AaHHBIX C Pa3pabOTKON METOIONIOTUH
OLICHKU HEPAaBHOBECHOH YCTOHUMBOCTH KOTHUTHUBHBIX CHCTEM.

Jns oneHKH 3()(HEKTHBHOCTH CTPYKTYPHBIX 3JIEMEHTOB MPEAJIOKEHO HCHOIb30BaTh
METO/1 MOTIAPHBIX MPENOYTECHHH.

Pa3paboTanHast MeTONOJOTHS MPOIIIa HMPAKTHYECKYIO anmpoOanuio MpH KOHTPOJIE
(YHKIIMOHUPOBAHUS OJHOM U3 YHHUBEPCUTETCKUX 00pa30BaTENIbHBIX MPOrPaMM U HAYYHO-
IPOU3BOCTBEHHOTO TTOAPA3IEIICHHS OJHOTO U3 MOCKOBCKUX MPEATIPHATHH.

PesynpraTel anpobanuu mpeuiaraeMoil METOAO0JIOTHH MOATBEPNIN MPaBHIBHOCTh
BBIJIBUHYTBHIX TEOPETUYECKUX MOJOKEHUH M yKa3aJld Ha IeJIecO00pPa3sHOCTh €€ HNCIONIb30-
BaHMS JJI1 KOHTPOJS (DYHKIMOHHPOBAHUS LIMPOKOIO KJIACCA HEPABHOBECHBIX TEXHHYE-
CKUX CHUCTEM, allPOKCUMHUPYEMbIX KOTHUTHBHON MOJIENBIO.

CrtaTtbs noctynuna B pegakuuio 15.01.2021.

26 Mpobnembl nckycctBeHHoro nHtennekta 2021 Ne 1 (20)



