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PASPABOTKA YHUBEPCAJIBHOI'O AJITOPUTMA ITPUHATHUA
PEIIEHUNA 1J151 KUBEP®U3NYECKUX CUCTEM

[lenbto ucclienoBaHUs SBISIETCS pa3pabOTKa YHUBEPCAIBHOTO alropuTMa
MNPUHATHUS pelIeHud miia KuOepdUu3nyecKux CHUCTEM, OCHOBAHHOTO Ha aHAJIM3e
AKCIUTyaTallMOHHBIX JIaHHBIX U JIOMYCKAIOLIETO aJanTaluio K pa3IudHbIM
MpeAMETHBIM 00JacTsM 0e3 U3MEHEHUsI 0a30BOM aIrOPUTMUUYECKOU CTPYKTYphl. B
paboTe WUCIONB30BaHbl METOJbl CHUCTEMHOTO AaHajlu3a, MaTEeMaTU4YeCKOro W
MapaMeTpUUeCcKOro MOJIETMPOBAHUS, a TaKKe METOJbl onTuMuzanuu. [Ipennoxen
YHUBEpPCAIbHBIN aJTOPUTMUYECKHUI MOAXOJ, apXUTEKTypa KOTOPOTrO OCHOBAaHA Ha
pa3lleleHul  aJITOPUTMUYECKOTO  sfipa W NPEIMETHO-OPUEHTUPOBAHHBIX
KOMIOHEHTOB. BrimonmHena ampoOanusi pa3paOOTaHHOTO MOAXO/Ja Ha MpPUMEpE
MHTEJJIEKTYaIbHOTO YIPaBIEHUS CUCTEMOW «yMHBINM JOM» M HapaMeTpUyeCcKOro
MPOEKTUPOBAHUS maTyHa JIBUTATENS BHYTPEHHETO CropaHus o
AKCIUTyaTallMOHHBIM MapaMmeTrpaMm. llonydeHHble pe3yabTaThl MOATBEPKIAIOT
YHUBEPCAIBHOCTh MPEJIaraeMoro pemieHust u ero 3pHEeKTUBHOCTh MPU PELICHUU
3a/1a4 yIpaBlIeHUs U aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS B KHOEPPU3NUECKUX

CHUCTCMaAX.

The aim of the study is to develop a universal decision-making algorithm for

cyber-physical systems based on the analysis of operational data and allowing



adaptation to various subject areas without changing the basic algorithmic structure.
The work uses methods of system analysis, mathematical and parametric modelling,
as well as optimisation methods. A universal algorithmic approach is proposed, the
architecture of which is based on the separation of the algorithmic core and subject-
oriented components. The developed approach was tested using the example of
intelligent control of a smart home system and parametric design of an internal
combustion engine connecting rod based on operational parameters. The results
confirm the versatility of the proposed solution and its effectiveness in solving

control and automated design tasks in cyber-physical systems.
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BBenenune

Pa3Butre coBpeMEHHbIX HH(OOPMAIMOHHBIX M HWHXKEHEPHBIX TEXHOJOTUU
00yCJIOBIJIO IIMPOKOE PACTIPOCTPAHEHUE KUOEPPU3UUECKUX CUCTEM, B KOTOPBIX
(¢u3nyeckue TMPOLECChl TECHO HHTETPUPOBAHBI C  BBIUYUCIUTEIBHBIMH U
nHpopManoHHbIMH KoMIlOHeHTamu [11, 12]. K Takum xkubepduznyeckum
KOMIUIEKCAaM OTHOCSITCSI MHTEIJIEKTyalbHbIE CUCTEMbl YIPaBICHUS WHKEHEPHOU
UHPpPACTPYKTYypOoil ~ 3MaHUN, a TaKkXKe AaBTOMATU3UPOBAHHBIE  KOMILIEKCHI
MPOEKTUPOBAHUS TEXHUYECKUX OOBEKTOB, (PYHKIHUOHUPYIOIUIUX B YCIOBUSX
CIOXKHBIX M M3MEHSAIOIINXCA SKCIUTyaTallMOHHBIX Harpy3ok [6]. IloBeimeHue
CIOXHOCTH  TOAOOHBIX  CHUCTEM  CONPOBOXKIAETCS  POCTOM  OOBEMOB

AKCIUTyaTallMOHHBIX IaHHBIX, ((OPMUPYEMBIX B MpoOIecce UX PYHKIIMOHUPOBAHUSI.



DKCIUTyaTallMOHHBIE JaHHBIC OTPAKAIOT TEKYyIIee COCTOSHUE OOBEKTa,
YCJIOBHSI €T0 pabOThl U PE3yIbTaThl YIPABJISIONIAX WA MPOEKTHBIX BO3/ICHCTBHMA.
Hcnonp3oBanue naHHOW wWHGOpManmuu Tpu (HOPMHPOBAHUU AITOPUTMUUYECKHIX
pelieHuii  MO3BOJMSIET  MOBBICUTH  A(P(EKTUBHOCTh  (PYHKIIMOHUPOBAHUS
KHOepPU3NUECKUX CUCTEM, OJHAKO TpeOyeT pa3padOTKH METO/IOB, CIIOCOOHBIX
o0pabarpiBaTh PA3HOPOAHBIC JaHHBIE W O0O0€CIeYMBaTh AaBTOMATH3MPOBAHHOE

dhopMupoBaHrue 000CHOBAaHHBIX PEIICHUI.

B macTosimee Bpems pa3pabOTaHO 3HAYUTEIHHOE KOJMYECTBO METOMIOB
ABTOMAaTU3UPOBAHHOTO IPUHSITHS PEIICHHUH, TPUMEHIEMBIX B CUCTEMAX YIPABICHUS
¥ aBTOMATHU3UPOBAHHOTO MPOCKTHPOBaHUs. OMHAKO OONBIIMHCTBO CYIIECTBYIOIIHX
MOJIXO/IOB OPHEHTHPOBAHO Ha pelIeHHEe Y3KOCIEIUATN3UPOBAHHBIX 3a/ad U
pa3palarbiBaeTcsi ¢ Y4€TOM OCOOEHHOCTEM KOHKpPETHBIX 00bekToB [1, 2]. DTO
MPUBOIUT K HEOOXOMUMOCTH CYIIECTBEHHONW TIEPepabOTKU aJlTOPUTMOB TIpH
MEepPeHOCe WX Ha CHUCTEMbl WHOW (HU3MYECKOW TPHUPOABI WX (YHKIIMOHATHHOTO
HAa3HAYCHUS, YTO OTPAHUYMBACT BO3MOKHOCTH CO3JaHUS YHUBEPCAJIbHBIX

HHTCJUICKTYAJIbHBIX aJITOPUTMHUYCCKUX ITOAXOI0B.

B ycnoBusix uWHTerpauuM pa3sHOPOIHBIX KHOEPPU3NYECKHX CHCTEM
aKTyaJIbHOM Hay4yHOW 3ajauyel siBisieTcs pa3padoTKa YHUBEPCAJIBbHBIX aJITOPUTMOB
NPUHATUS PEIICHUI, OCHOBAaHHBIX HAa aHAJU3€ SKCIUTyaTallUOHHBIX JAHHBIX WU
JOIYCKAIOMIMX aJaNTalri0 K pa3IMYHbIM IPEIMETHBIM 00JacTsIM 0e3 U3MEHEHUs
0a30BOIl AJITOPUTMUYECKON CTPYKTYypbl. Takol MOAXOJ MO3BOJISIET MCIOJIb30BaTh
€IMHBIA METOAOJIOTMYECKUI anmapar s 3ajad yIpaBJIeHHs U MPOEKTUPOBAHUS,
paznuyarommuxcs mo (GU3NYECKOr MpUpoAe, HO 00JamarolIuX CXOAHOM JIOTHKOMN

aNropuTMUYECKOr 00paboTKu HHGOpPMAaIUK.

[lenbto Hactosiieid palOOThl  sIBIsAETCS  pa3pabOTKa YHHUBEPCAIbHOIO
ajaropuTMa MPUHATHUS PEHICHUN sl KuOep(PU3MUEeCKUX CHUCTEM U HUCCIEOBaHUE
BO3MOXXHOCTH €T0 MPUMEHEHHUSI Ha MNPHUMEPE HUHTEIUIEKTyaJbHOTO YHpaBICHUS
CUCTEMOW «yMHBIM JOM» Y 33J1a4¥ aBTOMAaTU3UPOBAHHOTO MPOEKTUPOBAHUS IIaTyHa

ABUTATCII  BHYTPCHHEIO  CropaHuvst IO  SKCINIyaTalMOHHBIM  IIapaMETpam.



PaccMoTpenne  pa3HOpOAHBIX MOPUKIAJHBIX 334ad B  paMKaxX  €IUHOIO
aITOPUTMUYECKOTO  TOJAXOAa  MO3BOJIIET  OOOCHOBaTh  YHUBEPCAIBHOCTH
MpEIIaraéMoro pemeHusT W TMOATBEPAUTh €ro HAyYHYH U IPAKTUYECKYIO

3HAYUMOCTB.

(I)OpMaJII/ISaIIHSI 3aJavYy IPUHATHA pemeHnﬁ B Knﬁepcl)nanecmlx CUCTeMax

Kubepdhusuueckue CHCTEMBI TIPEJACTABISIOT COOOM KJacC  CIOKHBIX
TEXHHUYECKUX CHUCTEM, B KOTOPBIX MPOIECCH (PU3NIECKOTO MUPA, BEIYUCIUTEIIHHBIE
MO ¥ UWH(POPMALMOHHbIE TMOTOKM (YHKIMOHHPYIOT BO B3aUMOCBS3H.
CyniecTBeHHON OCOOEGHHOCTBIO TAKUX CHUCTEM SIBISIETCS HAJIMYKUE 3HAYUTEIHHOIO
00bE€Ma  DKCIUTyaTallMOHHBIX  JaHHBIX, (OPMUPYEMBIX B TMpoIEcce HUX
(YHKIIMOHUPOBAHUS U OTPAXKAIOIIUX COCTOSIHUE 00bEKTA, YCIOBHS SKCILUTYaTalluu U

PEe3yAbTaThl IPUHATHIX YIIPABISIOMINX WM TPOEKTHBIX PEIICHUMN.

B o0meM Buzae 3agadya aBTOMAaTU3UPOBAHHOTO TMPHUHSITUS PEIICHUN B
KHOepPpU3NUeCKUX CUCTEMAX 3aKII0YAETCsI B ONPEEICHUN ONTUMATBHOTO PEIICHUS
Ha OCHOBE aHalIM3a JKCIUIYyaTallMOHHBIX AAHHBIX C YYETOM 3aJaHHBIX LEIEH U
OTpaHUYEeHUN. XapakTep MNPUHUMAEMBIX PEIIEHUN OMNPENeNIeTCd Ha3HAYCHUEM
CUCTEMBI: B 3aJjauaxX yIpaBJCHUS PELICHUs MPEJICTABISAIOT COOOM yIpaBlstouue
BO3JICUCTBUS, HAMIPABJICHHbIE HA U3MEHEHHE PeKrMa pabOThl CUCTEMBI, TOTJIa KaK B
3a/1a4aX aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS — BBIOOP KOHCTPYKTUBHBIX U

T€OMETPUUECKHUX MapaMeTPOB OOBEKTA.

Hecmotpst Ha paznudue npeaMeTHbIX 00J1acTei, MpoIecec MPUHATUS PEIICHUN
B KHOEep(PU3MIECKHUX CHUCTEMaX MOXKET OBITh OIMHMCAaH C HCIOJIb30BAaHUEM EIUHOU
a0cTpakTHOM Monenu. B pamkax MaHHOM MOAENM SKCILTyaTallMOHHBIE JIaHHbBIC

(hOpMUPYIOT BEKTOP COCTOSIHUSI CUCTEMBbI

x = (%1, %, ., %) (1),



onpeJeNsieMblii HAa OCHOBE U3MEPEHUM, HAOIIOACHUN U PE3yIbTAaTOB aHAIN3a
[7, 11]. BekTop COCTOSIHHSI X XapakTE€pU3yeT TEKYIIEE WU IMPOTHO3ZUPYEMOE
COCTOsIHUE OOBEKTa M CIYXKUT HCXOAHOW wuHopmanuei i GopMUPOBaHUS

pELICHUS.

[Iporiecc NpUHATHS PEIICHUH MOXKET OBITh MTPEACTABIIEH B BUJIE OTOOpakKeHUSs
MPOCTPAHCTBA COCTOSIHUN CUCTEMBI X B IMMPOCTPAHCTBO JONMYCTUMBIX pemiennit U |2,
3]. Takoe oTOOpakeHNE peaIn3yeTCs C UCIIOIb30BAHUEM IMAPAMETPUUYECKON MOIETTN

00BbeKTa U IPUBOJIUT K (POPMUPOBAHUIO BEKTOPA PEIICHUI

u= (ulluZJ ...,U.m) (2)3

BKJIIOYAOIICTO YIpPaBIIACMBIC 500041 IMPOCKTUPYCMBIC mapamMmcCTpHhI.

CDOpMI/IpOBaHI/Ie peICHUs OCYIICCTBIIAACTCA C y‘-IéTOM KPUTCPUCB OIITUMAJIbHOCTH

fiouw),i=1,...k (3),

Y CUCTEMBI OTPaHUYCHUHN
(x,u)<0,j=1,..,1 4,

OTpaXaromux (1)1/131/1116 CKHC, TCXHOJOTMYCCKHC W  OKCITyaTalluOHHBIC

TpeOOoBaHUs.

CymiecTByIomKe MOAXOJbI K aBTOMATU3UPOBAHHOMY TMPUHSTUIO PEIICHUN,
KaK TMPaBWIO, HCIOIB3YIOT CHEHUATU3UPOBAHHBIE MOJACIU U aJITOPUTMBI,
OPUEHTUPOBAHHBIE HA KOHKPETHBIE KJIacChl 3a/1a4 U 00beKTOB [1, 5]. DTO nmpuBoaUT
K HEOOXOAUMOCTHU pa3pabOTKHU OTACIIbHBIX AJITOPUTMUYECKUX PEIICHUH TSl KaXKI0U
NpeIMETHOM O0JIacTH UM CYLIECTBEHHO 3aTpydHSET MEPEeHOC METOJAOB Ha
kubepuznueckue CUCTEMbl HWHOW (Qu3NUeckol mpupoasl. B ycioBusx pocra
CIOXHOCTHU M MHOToOOpa3usi TaKUX CHUCTEM JaHHBIA TMOJXOJA OKa3bIBACTCS

HEJ0CTAaTOYHO 3P(HEKTUBHBIM.

B nacrosmieit pabore 3amada aBTOMAaTU3MPOBAHHOTO MPUHSATUSI PEHICHUMN
paccMarpuBaeTCss C MO3ULUHM YHUBEPCAIBHOTO QJITOPUTMHUYECKOTO TOJXO0Aa,

OCHOBAHHOT'O Ha  pa3aciaCcHuu AI'OPUTMHUYCCKOTO  dApa H npcaAMECTHO-



OPUEHTUPOBAHHBIX  KOMIIOHEHTOB.  AJITOPUTMHUYECKOE  SIAPO  peaausyer
WHBApUAHTHYIO MpouUeAypy oOOpabOTKH BEKTOpa COCTOSHHSI X M TIOHCKa
ONITHMAJIBHOTO pENIeHHs U*, Torga Kak crhenuduka KOHKPETHOW MpeIMEeTHOU
00JaCTH MHKAINCYJIUPYETCSd B TapaMETPUUECKOM MOJAEIH OOBEKTa, CHUCTEME
KpUTEpUEB U OTPAHMUYCHMI, a Takke napamerpax ananrtanuu 6. Takoi momaxon
MO3BOJIsIET (HOPMATU30BATh MPOIECC MPUHATHUS PEIICHUN B 000OIIEHHOM BHIE U
co37laTh OCHOBY ISl pa3pa0OTKHM YHUBEPCAIBHOTO aJfOPUTMA, MPUMEHUMOTO K
IIUPOKOMY KJIacCy 3a/iay YMNpPaBJICHUS U aBTOMATU3UPOBAHHOTO MPOECKTUPOBAHUS

0e3 n3MeHeHus 6a30BOM aITOPUTMUUYECKOU CTPYKTYPHI.

ApaneKTypa n aJITOPUTMHUYECCKaAA peajin3alind YHUBEPCAJTbHOI'0O aJIrOpUuT™Ma

NPUHATHS PelieHuit

B pamMkax HacTosIIero uccienoBanus pa3paboTaH yHUBEPCAIbHBIN aITOPUTM
MPUHATHS pelIeHU s KuOep(U3MYeCKUuX CHCTEM, OCHOBAHHBIM Ha aHaIHN3e
AKCIUTYaTAI[MOHHBIX TAHHBIX U MPEIHA3HAYECHHBIN JJIs1 PEIICHUS 3aa4 YIPaBICHUS
M aBTOMAaTH3UPOBAHHOIO MPOEKTUpOBaHMs. KiII0WEBBIM MPUHIUIOM pa3pabOTKU
aJropuTMa ABIISIETCS 00ECIeUeHUe ero MPUMEHUMOCTH K Pa3IUYHbIM MTPEAMETHBIM

obnacTsiM 0e3 u3MEeHEeHUs1 0a30BOM aITOPUTMHUUECKON CTPYKTYPHI.

ApXHUTEKTypa aaropuTMa NOCTPOCHa O MOAYJILHOMY IPUHIIUITY U BKIIOYAET
aJITOPUTMHUYECKOE SIAPO U HAOOpP MPEIMETHO-OPUEHTUPOBAHHBIX KOMIOHEHTOB [1,
7]. AnropurMHuYecKoe SAPO peanu3yeT yHUBEPCAIbHYIO MpPOLEAypy 0OpabOTKH
nHpOpMali ¥ TMOKWCKAa ONTHUMAJIbHOTO PELICHUS] U HE 3aBUCHUT OT (PU3UUYECKOU
npupojbl 00bekTa. [IpenMeTHO-OpueHTUPOBaHHBIE KOMIIOHEHTHI 33/1a10T CTPYKTYPY
AKCIUTyaTallMOHHBIX JaHHBIX, [apaMETPUUECKYI0 MOJEIb OOBEKTa, CHUCTEMY
KpUTEpUEB M OTPAHUYCHMI, a TakKe MmapameTphl ajganTtaiuuu 6, oTpaxarolue

crenupuKy KOHKpPETHOU 3aa4u.

Bxonnas undopmariust hopmupyercsi B BUjie BEKTOpPa COCTOSHUS CUCTEMBbI



X = (X1,X2, ., Xp) (1),

KOMITOHEHTBI KOTOPOTO OMNPENEIISIIOTCS AKCIUTyaTallHOHHBIMU TMapaMeTpamMu
o0beKTa U yCHOBUSIMH €ro (pyHkiumoHupoBaHus. Ha ocHOBe BekTOpa COCTOSIHUS

dhopmupyercst BEKTOp pelIeHUI
u= (ull Uz, -y um) (2)3
BKJTFOUAIOIIIAN YIIPABIISIEMbBIC WJIH MPOSKTUPYEMbIE TTapaMeTPhl CUCTEMBI.

[TapameTpuueckass Mopeib OObEKTa YCTAHABIMBAET 3aBUCUMOCTh MEXIY
BEKTOpaMH X U U, MOXKET ObITh MPEJICTABICHA B aHAIUTUYECKOMN, TAOIMYHON WU
UMHUTAIMOHHON (QopMe. BBIOOp KOHKpPETHOTO BHJA MOJIETU OMNpEAeseTcs
CIIOXHOCThIO OOBEKTa M JOCTYNMHOCTBIO MCXOJHBIX JaHHBIX W HE BIMSIET Ha
CTPYKTYpPY aJTOPUTMHUECKOTO fJIpa, YTO 00ECIEeYMBaET aJanTalyi0 ajJropuT™Ma K

Pa3In4YHbIM IIPECAMCTHBIM o0nacTsIM.

KitoueBbpIM 3TanoM aiaroputma siBiasiercst popmManuzanus 3a1adyu NpUHSITUS
pelieHui B BUAE 3aa4u ontuMu3anuu. B o000HIEHHOM BHe OHA 3alUCHIBAETCS

CeNyIOIHUM 00pa3oM:
u* =arg min F(x,u,08) (5),
ueu
rae F(x,u, 8) — yHuBepcanbHas 1ieneBas QyHKINS,
U — MHOXECTBO JIOITyCTHUMBIX PEIICHUH,

6 — BekTOp MapaMeTpoB ajamnTalliy, BKJIIOYAIONIUNA Beca KpPUTEPUEB,

napaMeTpbl MoJieJield U OrpaHUYEeHUs IPEAMETHON 00JIaCTH.

[eneBast GpyHKIMS TPEACTABISETCS B BUJIE:

F(x,u,0) = ¥ 0;(0)firw) + AT, v (g; () (6),
e f;(x,u) — 9acTHBIE KPUTEPHU ONTHMAIBLHOCTH,

9;(x, u) — orpanndeHus,



w;(6) — BecoBble KOAPPHUIMEHTEI,

Y(-) — wrpadHas GyHKIUS.

AJITOPUTMHUYECKOE SIAPO, ONEPUPYS BbIpaxkeHUusiMH (5) — (6), OCyIIECTBISET
MOVCK ONTUMAJILHOTO BEKTOpa PEMICHHH U™ ¢ UICTIOIb30BaHUEM BEIOPAHHOTO METO/IA
onTuMu3anuu. BpiOop MeTona ompenensercss CBONCTBAMHU MapamMeTpUyecKon
MOJIeJIA U TPEOOBAHUSIMU K BEIYUCIUTENBHON 3D PEKTUBHOCTH, IPHU ITOM CTPYKTYpa

aJITOPUTMA OCTAETCSA HEU3MEHHOM.

3aKIIIOYUTEIbHBIM 3TANlOM SIBIISIETCSL (POPMHUPOBAHUE BBIXOJHOTO pe3yibTara.
B 3apmayax ympaBlieHHs PE3yNbTaTOM SIBISIOTCSA YIPABIAIONIME BO3ACHCTBUS,
nepeaBaeMble UCIOJHUTENbHBIM yCTPOMCTBAM, B 3a/ladyaX aBTOMAaTH3UPOBAHHOIO
MPOEKTUPOBAHUSI — HAOOp ONTUMAJIbHBIX MapaMeTpoB 00bekTa. Takum 00pazom,
aJITOPUTM peaM3yeT MOJHBIM UK aBTOMAaTU3UPOBAHHOTO MIPUHATHS PELICHUN Ha

OCHOBC 3KCITYaTallMOHHBIX JAHHBIX.

OTnuuuTeNIbHOM  OCOOCHHOCTHIO  Pa3pabOTAaHHOTO  YHHUBEPCAIHLHOTO
aqropuT™Ma  SBISIETCA  BO3MOXKHOCTH €r0 MNPUMEHEHUS K  Pa3HOPOIHBIM
KHOephU3NIECKUM CHUCTEMaM B paMKaX €IMHOTO METOAO0JIOTHYECKOTO TOIX0/1a, YTO
MO3BOJISIET MCIIOJIB30BAaTh €IUHOE AJTOPUTMHUYECKOE SAIPO JJIs 3a]1a4 yIIPABICHUS U

HapaMeTquCCKOﬁ OIITUMM3aIINN TCXHUYCCKHNX 0OBEKTOB.

AIlaIITaIII/ISI YHUBEPCAJIBHOTO AJITOPUTMA NIPUHATUA pemeHnifl K 3ajJa4e

HHTEJUICKTYAJbHOI'0 YIIPABJICHUA YMHBIM T10MOM



NHTennekryanbHble CHCTEMBI YIPABICHUS YMHBIM JOMOM OTHOCSTCS K
KJIacCy KuOep(pU3MYECKUX CUCTEM, B KOTOPBIX B3aUMOJCUCTBYIOT IMPOTPaMMHbIE
CpelncTBa, MHXKEHEPHOE 000pynoBaHuEe U (U3UYECKas cpeia KWiIoro 3aaHusd. s
TaKUX CUCTEM XapaKTepHa HEOOXOAMMOCTb aBTOMAaTU3UPOBAHHOTO (DOPMUPOBAHUS
YIPABISIIOMMNX BO3JICUCTBUI B YCIOBHUSAX H3MEHSIOMIMXCS OKCIUTYaTallMOHHBIX
napaMeTpoB, OOYCJIOBJIICHHBIX KaK BHEUIHUMH (pakTopamu, Tak U MOBEACHUEM

OJIL30BaTENICH.

B pamkax paccMarpuBaeMoOi 3a/ladyd YHUBEPCAIBHBIN aIrOPUTM NPUHATHUS
pELICHUI MPUMEHSETCS JJIs1 YIIPABICHUS MHKEHEPHBIMU CHCTEMAMU YMHOTO J0Ma,

BKJIFOYAsl OTOIUICHWE, BEHTUJIAIMIO, KOHJAUIIMOHUPOBAHUE U OCBEIIeHUE [6].

BCKTOp COCTOsAHUA CHUCTCMBI @OpMpreTCH Ha OCHOBC 3KCILTYaTallMOHHBIX

JAHHBIX U UMEET BUJL:
X = (Tinr Hin' LinJ P' E) (7)9
rae T, — TemIeparypa BO31yXa B IOMEIIECHUSIX,
H;,, — OTHOCUTENbHAS BIAXKHOCTb,
L;, — YpOBEHb OCBEIIEHHOCTH,
P — undopmanus o npucyTCTBUU MOJIb30BaTEINEH,
E — Tekymiee sHepronoTpedaeHue.

Bekrop pemieHuit omnpenensieTca pexxumMaMu pabOThl  MHKEHEPHOIO

000py/IOBaHUS:

U = (Uneat» Upentr Uconds ulight) (3),

A€ KOMIIOHCHTBI BCKTOpa U 3adaloT YIPaBIAOMIUC BOSI[efICTBHH Ha

COOTBCTCTBYIOIINUC NHIKCHCPHBIC ITOJCHUCTCMBI.

HapaMeTpI/IquKaH MOJCIb 00BEKTa ONHCHIBACT 3aBHCHUMOCTH HM3MCHCHMS

napaMeTpoB MUKPOKIUMATA U SHEPrONOTPeOICHUS OT YIPABIISIONIUX BO3ICUCTBUN



C Y4€TOM TEIJIOBOM WHEPUUOHHOCTU 3[aHHUSI M JUHAMUYECKHX XAPAKTEPUCTUK

o0opynoBaHUsI.

KpI/ITepI/II/I ONTUMAJILHOCTH B 3aJla4C HWHTCIUICKTYaJIbHOIO YIPAaBJICHUA

YMHBIM IOMOM 3aAat0TCs CICAYIOIINUM 06p330MI

1. MuHuMU3aIus SHEPronoTpPeOICHUS
flow) =Exuw)  9);

2. MuHuMH3ausg  OTKJIOHEHUW  MAapaMeTpoOB  MHUKPOKJIMMAara  OT

KOM(pOPTHBIX 3HAYECHUM
foow) =% |1 -1S]  (0),

OFpaHI/IquI/IH OIIpPCACIIAOTCA A0ITyCTUMBbIMHA Juaria3doHaMn
9KCILTYaTallMOHHBIX mapamMcTpoOB nu TCXHUYCCKUMU XapaKTCPUCTHUKAMHA

000py/IOBaHUS:
Tmin < Tin < Tmaermin < Hin < Hmax (11)9
ad TaKXE HpCI[CJ'IBHBIMI/I pe)KI/IMaMI/I pa6OTBI I/IH)KCHCpHI)IX CUCTEM.

B paMkax yHHBEpPCAJIBHOIO QITOPUTMA 3a7adya HWHTEIUICKTYyaJIbHOIO
yIpaBJI€HUS YMHBIM JOMOM (hOpMAJIM3yeTCsl KaK YacTHBIA ciiydail 000OIIEHHOM

OHTHMH3&HHOHHOﬁ IIOCTAaHOBKH.:

u* =arg minF(x,u,0) (5),
ueu

rJe mapameTphl ajantanuu 6 BKIIOYAIOT Beca KPUTEPHUEB, JIOMYCTHUMBbIC
JIMana3oHbl MapaMeTPOB U HACTPOUKU 000py0BaHUS. AJITOPUTMUYECKOE SAJIPO MPH
ATOM OCTA€TCsl HEM3MEHHBIM, a crenuduka MpeAMETHON 00JacTU OnpeaenseTcs

CTPYKTYpOH BEKTOPOB X, U U MapaMeTpoB b.

[IpumeHnenue YHHUBEPCAIBHOTO anropuTrma obecrneunBaeT
aBTOMAaTU3UPOBAHHOE (DOPMUPOBAHUE COTTIACOBAHHBIX YIPABIISIONIUX BO3ICUCTBUI

IIpu HU3MCHCHUMN JOKCILTyaTallMOHHBIX YCJ'IOBI/If/’I N IOATBCPKAACT BO3MOXKHOCTH



HUCIIOJIB30BaHUA CAWHOTO QAJTOPUTMHYCCKOTO sAaApa I HWHTCIICKTYaJlbHOTO

YHIpPaBJICHUA NMHKCHCPHBIMU CUCTCMAMHU JKUJIBIX 3I[aHI/II\/,I.

HUcnoab30BaHue YHUBEPCAJBHOTO AJTOPUTMA IPUHATUI pEIHEHI/Iﬁ B 3aja4ue
MapaMmeTpuvI€CKOro NpoCKTHPOBAHUS IIATYHA ABUTATEC/IA BHYTPECHHETO

cropaHus

ABTOMaTU3UPOBAHHOE IIPOEKTUPOBAHUE neTaiein MAaIlvH o
AKCIUTyaTallMOHHBIM TapaMeTpaM SIBISETCS Ba)XHBIM HaNpaBICHUEM pPa3BUTHUS
COBPEMEHHBIX CHUCTEM WH)XEHEpHOU pazpaboTku [8, 9]. B orimume ot 3amau
yIpaBJieHus, IJe peueHus: GOpMUPYIOTCS B BHJE YIPABISIONIMX BO3ACHCTBUI B
nporecce (YyHKIMOHUPOBAHUS OOBEKTA, B 3ajladyaX MHPOCKTUPOBAHUSA MPUHSITHE
pelIeHn HampaBlIeHO Ha OMNpPENENICHHE KOHCTPYKTHBHBIX M TE€OMETPUYECKHUX
XapaKTEPUCTUK M3ACNHS, ONPEACISIONIUX €r0 dKCIUTyaTallHOHHBIE CBOMCTBA. JTO
00yCJIOBIIUBAET HEOOXOJMMOCTh MIPUMEHEHUS dbopMann30BaHHOIO
aJITOPUTMUYECKOTO BBIOOpPA, CIOCOOHOTO YUYUTHIBATH YCIOBUS pabOThl OOBEKTA U

TpeOOBAHMS K €r0 HaJAEKHOCTU U PECYPCY.

B pamkax HacTosSmEero UCCIEAOBaHMS YHUBEPCAIBHBIN aITOPUTM HPUHATUS
pELICHUN TPUMEHSAETCA [JIs1 [AapaMETPUYECKOrO IMPOCKTUPOBAHUS IIaTyHa
JIBUTATENIs] BHYTPEHHETO CTOPAaHUSI — OTBETCTBEHHOIO 3JIEMEHTAa KPUBOILIUITHO-
IaTYHHOTO MEXaHu3Ma, paboTarouiero B YCIOBUSIX 3HAYUTEIbHBIX MEPEMEHHBIX
Harpy3okK. OKCIUTyaTallMOHHBIE YCJIOBHS pabOThl IIAaTyHa OMNPEAENSIOTCS
napaMmeTpamMu pabouero mporecca JIBUTarenss U (GOPMHUPYIOT BEKTOpP COCTOSIHUS

CUCTEMBI
X = (Egas» Finert) w, Nreqr [c]) (12),

rie Fyqs ¥ Fipery — Ta30BbIC M MHEPIIMOHHBIEC HATPY3KH,



@ — YIJIOBAasi CKOPOCTh BPAIEHHUS KOJIEHYATOTO Basa,
Nyeq — TpebyeMBbIi peCypc (YHMCIIO IUMKIIOB),
[0] — nmomyckaemoe HampspKeHHE MaTepuana.

Bekrtop pemienuit B 3ajade  MapaMeTPUYECKOTO  MPOEKTUPOBAHUS

OTIpEICIISIETCS TEOMETPUUCCKUMU TTapaMeTpaMHu IIIaTyHa:
U = (dy by Ay, Ly rnepex) (13),
rae d, — auamerp, b, u h, — IIMpUHA U BEICOTA ITONIEPEYHOTO CCUCHHS,
l,, — nnuHA maryHa,
Thepex — PAIANYC MEPEXOIHBIX YYACTKOB.

VYka3aHHBIE mapaMeTpbl ONIPCACIIAIOT KOHCTPYKTUBHOC UCIIOJIHCHHUEC ACTAJIN U
CymEeCTBCHHO BJIMAKOT Ha ee IIPOYHOCTHEIC, )KECTKOCTHBIE U YCTAJIOCTHBIC

XapaKTEPUCTHUKHU.

[TapameTpuueckass Mofelb OObEKTa YCTAHABIMBAET 3aBUCUMOCTh MEXIY
BEKTOpaMM X M U, TO3BOJSET OLEHUBATh HaMpPsHKEHHO-AE()OPMUPOBAHHOE
COCTOSIHME IIATyHa, €ro Maccy M pecypc. Pacdé€T mpoYHOCTHBIX XAPAKTEPUCTUK
MOXET OCYIIECTBISATHCS C HUCIOJIB30BAHHEM AHAIMTHUYECKUX 3aBUCHUMOCTEN WU

KOHCYHO-2JICMCHTHOI'O MOACIIMPOBAHMA].

Kpurepun ontumanbHOCTM B 3aJadye MapaMeTPUYECKOrO MPOCKTUPOBAHUS

bopMyIUPYIOTCS CAEAYIOITUM 00pa3oMm:

1. MuHUMH3aIUs MACCHI IaTyHA
i) =p- V) (14,
r7e p — TUIOTHOCTH MaTepuana, V(1) — o0béM nerany;

2. ObecneueHue TpedyeMOro 3amaca mIpoyHOCTH

folx,u) = =S(w), S(u) = UL

ax(x,u) (15) (16),



TIE Oy (X, U) — MaKCUMaIIbHOE SKBUBAJICHTHOE HAIIPSIKEHUE.
OrpaHnueHus B 3a/1a49€ MapaMeTPUIECKOTO MPOSKTUPOBAHUS BKITFOUAIOT:

° IMPOYHOCTHBIC YCJIOBUA

S(u) = Smin (1 7),

. YCTaJIOCTHBIE TPEOOBAHUS

Ncalc(xr u) = Nreq (18),

° TCXHOJIOTHICCKNEC N KOHCTPYKTUBHBIC OI'PAaHUYCHUS

lmin = lm = lmax; rnepex = Tmin (19) (20)-

B pamkax yHUBepCalbHOTO aJroputMa 3ajada apaMeTpUYECKOro
MPOEKTUPOBAaHUS IIaTyHa (OopMaIu3yeTcs KaK 4YacTHBIM ciydail 0000mEHHON

OHTHMH3&HHOHHOﬁ IIOCTAaHOBKH.:

u* =arg minF(x,u,0) (5),
ueu

rJe mapaMeTpbl ajantanuu 6 BKIIOYAIOT CBOMCTBA Marepualia, Beca
KPUTEPUEB U MApaMETPhl PACUETHBIX MOAEIEH. AJIITOPUTMHUYECKOE SIPO TIPU STOM
OCTaéTcsi HEU3MEHHBIM, a chenuduka 3aJaudl yUHUTHIBAETCA Uepe3 CTPYKTYpy

BEKTOPOB X, U U MMapaMeTpsl 6.

[IpumeHeHne yHUBEPCATBHOTO AJITOPUTMA MPUHSATHS PEUICHUNA IMO3BOJISET
aBTOMAaTU3UPOBATh MTOUCK r€OMETPUUYECKHUX MapaMeTpoB 1IaTyHa,
YIOBJIETBOPSIOMINX 33/IaHHBIM SKCIUTyaTallUOHHBIM TpeOoBaHUsAM, U (OPMUPOBATH

KOHCTPYKTUBHBIE PELICHUSI HA OCHOBE aHaJlM3a yCIOBUM paOOThI I€TANIH.

3aKJII0YeHne

B pamkax BBINOJIHEHHOTO WCCJEAOBAHUSI pEIIeHA aKTyajdbHas Hay4yHas
3a/1a4ya, CBA3aHHasl C pa3pabOTKON YHUBEPCAIBHOTO AJITOPUTMA IPUHSATUS PELICHUM

st kubepdU3WUecKux CUCTeM, (PYHKIHOHUPYIOIIMX Ha OCHOBE aHalIu3a



OKCILTYAaTallMOHHBIX JaHHBIX. AKTyaJ'IBHOCTB I[aHHOﬁ 3aJga4yu 06YCJ'IOBJ'I€Ha pocTOM
CJIOXKHOCTH COBPCMCHHLBIX TCXHHUYCCKHUX 0OBEKTOB u HGO6XOI[I/IMOCTI)IO
aBTOMarm3alnuvn IPOLHECCOB  YIIPABJICHUA MW IHPOCKTHUPOBAHWA B  YCIIOBUAX

HU3MCHANOMIUXCA IKCILTYaTallMOHHBIX ITapaMETPOB.

B pabGore mnpemioxkeH yHUBEpCAIbHBIM aITOPUTMUYECKUNA MOAXOA K
NPUHATHIO PEIICHHWH, apXUTEKTypa KOTOPOrO OCHOBaHAa Ha pa3JleJIieHuu
AJTOPUTMHUYECKOTO Spa W IMPEeIMETHO-OPUEHTUPOBAHHBIX KOMIIOHEHTOB. Takoi
MoAX0/1 00eCIeuyrBaeT BO3MOXKHOCTD aIallTallui METO/Ia K Pa3IUYHBIM ITIPEAMETHBIM
obOnacTsiM 0e3 M3MEHEHHUsI ero 0a30BOW CTPYKTypbl. BrimonHnena (opmanuzanus
mpoliecca MPUHSATHS pPEIIeHW B BHIE 3aJadd ONTUMH3AIMHA, YTO ITO3BOJIHUIIO
MPEeJICTaBUTh pa3padOTaHHBIM aJTOPUTM B 000OIIEHHOM BHJIE, MPUMEHUMOM KakK K

3aJia4aM YIIPABJICHUA, TaK U K 3a/lad4aM aBTOMATU3UPOBAHHOT'O ITPOCKTHUPOBAHUS.

Pazpaborannbiif anropuT™ anpoOUpPOBaH Ha JIByX PA3HOPOAHBIX MPUKIATHBIX
MpUMepax, OTHOCSIIMXCA K Pa3IUYHBIM KjaccaMm KuOeppuzmdyeckux cuctem. B
3a7]a4€ WHTEIUICKTYaJIbHOIO YMIPAaBICHHUS CUCTEMOW «YMHBIA JOM» aJrOPUTM
UCIIOIB30BaH ISl (DOPMUPOBAHUS YIPABISIONIUX BO3ACHCTBUI Ha OCHOBE aHAIM3a
napaMeTpoB MHKPOKJIMMATa, PeXUMa HKCIUTyaTallud W 3HepronorpedneHus. B
3a7a4€ NapaMETPUUYECKOr0 MPOCKTUPOBAHMUS IIATYHA JABUIATENIsI BHYTPEHHETO
CropaHus ajaropuTM MPUMEHEH NIl BHIOOpPA KOHCTPYKTUBHBIX U T€OMETPHUYECKHUX
napaMeTpoB JETalu C Yy4ETOM OHKCIUTyaTallMOHHBIX HArpy30K M TpeOOBaHUU K

IIPOYHOCTH U PECYPCY.

Pe3ynbrarel mpoBeAEHHON ampoOanuu MOKa3ald, 4YTO MPEII0KEHHbBIN
aNropuUTMUYECKUU oxo ooecneunBaet a3 PpexTuBHOE POPMUPOBAHKE PEIICHUI B
YCIOBUSX  BapUAaTUBHOCTH  OKCIUIyaTallHOHHBIX  JIAHHBIX M JIONyCKaeT
UCIIOIb30BAHUE E€AMHOTO METOIOJIOTHYECKOTO ammapara s 3a7ad pa3indHOu
(¢uznyeckor Mpuponbl. DTO MOATBEPKAAET YHUBEPCAIBHOCTH pPa3pabOTaHHOIO

peICHUs U €T0 MPUMCHUMOCTD K ITUPOKOMY KJIACCY KI/I6ep(1)I/ISI/I‘-ICCKI/IX CHCTCM.

HpaKTqucxaﬂ SHAYUMOCTDb TIIOJYYCHHBIX PE3YyJIbTAaTOB 3aKIOYaCTCsA B

BO3MOXKXHOCTH HCIIOJBb30BaHUA pa3pa60TaHHor0 aaropurMa Ipud CO3AaHHUU



MHTEJJIEKTYalbHbIX CHCTEM YIPABJICHHUS WH)XCHEPHBIMU CHUCTEMaMM 3JIaHUM, a
TaKXe Mpu pa3paboTKe MOJyJIed aBTOMaTU3UPOBAHHOIO MTPOEKTUPOBAHUS JIeTalIeH
MallliH, pa0oTalIMUX B YCIOBUAX MEPEMEHHbIX Harpy3ok. IlomyueHnnbie
TEOPETUYECKUE M TMPAKTUYECKUE Pe3yJabTaTbl MOTYT OBITh MCHOJIB30BaHbI B
JATbHEUIINX HAYyYHBIX HCCIEJOBAHUSAX, HAMPABICHHBIX HA Pa3BUTHE METOJIOB
aBTOMATU3UPOBAHHOTO MPUHATHUS PEIICHUWHM M WX BHEIPEHUE B HUHKEHEPHYIO

MPAKTHUKY.

Introduction

The development of modern information and engineering technologies has led
to the widespread use of cyber-physical systems, in which physical processes are
closely integrated with computing and information components [11, 12]. Such
cyber-physical complexes include intelligent building engineering infrastructure
management systems, as well as automated technical facility design complexes
operating under complex and changing operational loads [6]. The increasing
complexity of such systems is accompanied by a growth in the volume of operational

data generated during their operation.

Operational data reflects the current state of the facility, its operating
conditions, and the results of control or design actions. The use of this information
in the formation of algorithmic solutions allows for an increase in the efficiency of
cyber-physical systems, but requires the development of methods capable of
processing heterogeneous data and ensuring the automated formation of sound

decisions.



Currently, a significant number of automated decision-making methods have
been developed for use in control and automated design systems. However, most
existing approaches are focused on solving highly specialised tasks and are
developed with the characteristics of specific objects in mind [1, 2]. This leads to the
need for significant reworking of algorithms when transferring them to systems of a
different physical nature or functional purpose, which limits the possibility of

creating universal intelligent algorithmic approaches.

In the context of integrating heterogeneous cyber-physical systems, an urgent
scientific task is to develop universal decision-making algorithms based on the
analysis of operational data and allowing adaptation to different subject areas
without changing the basic algorithmic structure. This approach allows the use of a
single methodological framework for control and design tasks that differ in physical

nature but have similar logic of algorithmic information processing.

The aim of this work is to develop a universal decision-making algorithm for
cyber-physical systems and to investigate its applicability using the example of
intelligent control of a smart home system and the task of automated design of an
internal combustion engine connecting rod based on operational parameters. The
consideration of diverse applied problems within the framework of a unified
algorithmic approach allows us to justify the universality of the proposed solution

and confirm its scientific and practical significance.

Formalisation of the Decision-Making Problem in Cyber-Physical Systems

Cyber-physical systems are a class of complex technical systems in which
physical processes, computational models and information flows function in an
interconnected manner. A key feature of such systems is the presence of a significant
amount of operational data generated during their operation, reflecting the state of

the object, operating conditions and the results of management or design decisions.



In general terms, the task of automated decision-making in cyber-physical
systems is to determine the optimal solution based on the analysis of operational
data, taking into account the specified goals and constraints. The nature of the
decisions made is determined by the purpose of the system: in control tasks,
decisions are control actions aimed at changing the operating mode of the system,
while in automated design tasks, they are the selection of structural and geometric

parameters of the object.

Despite differences in subject areas, the decision-making process in cyber-
physical systems can be described using a single abstract model. Within this model,

operational data forms the system state vector

x = (x4, %, 0, %) (1),

defined on the basis of measurements, observations, and analysis results [7,
11]. The state vector x characterises the current or predicted state of the object and

serves as the initial information for forming a decision.

The decision-making process can be represented as a mapping of the system
state space X onto the space of feasible decisions U [2, 3]. Such a mapping is
implemented using a parametric model of the object and leads to the formation of a

decision vector

u= (ulluZJ ...,U.m) (2)3

including controllable or designable parameters. The decision is made taking

into account the optimality criteria
filkx,w),i=1,...,k (3),
and the system of constraints
x,u)<0,j=1,..,.1 (4),

reflecting physical, technological and operational requirements.



Existing approaches to automated decision-making typically use specialised
models and algorithms focused on specific classes of tasks and objects [1, 5]. This
necessitates the development of separate algorithmic solutions for each subject area
and significantly complicates the transfer of methods to cyber-physical systems of a
different physical nature. Given the growing complexity and diversity of such

systems, this approach is proving to be insufficiently effective.

In this paper, the task of automated decision-making is considered from the
perspective of a universal algorithmic approach based on the separation of the
algorithmic core and subject-oriented components. The algorithmic core implements
an invariant procedure for processing the state vector x and searching for the optimal
solution u*, while the specifics of a particular subject area are encapsulated in a
parametric model of the object, a system of criteria and constraints, and adaptation
parameters 6. This approach allows formalising the decision-making process in a
generalised form and creating a basis for developing a universal algorithm applicable
to a wide class of control and automated design tasks without changing the basic

algorithmic structure.

Architecture and Algorithmic Implementation of a Universal Decision-

Making Algorithm

As part of this study, a universal decision-making algorithm for cyber-physical
systems has been developed, based on the analysis of operational data and designed
to solve control and automated design problems. The key principle behind the
development of the algorithm is to ensure its applicability to various subject areas

without changing the basic algorithmic structure.

The architecture of the algorithm is modular and includes an algorithmic core

and a set of subject-oriented components [1, 7]. The algorithmic core implements a



universal procedure for processing information and searching for the optimal
solution and does not depend on the physical nature of the object. Subject-oriented
components define the structure of operational data, the parametric model of the
object, the system of criteria and constraints, as well as the adaptation parameters 8,

which reflect the specifics of a particular task.
The input information is formed as a system state vector.

X = (X1,X2, ., X)) (1),

whose components are determined by the operational parameters of the object
and the conditions of its functioning. Based on the state vector, a decision vector is

formed
u= (ull Uz, -y um) (2)3
which includes controllable or designable system parameters.

The parametric model of the object establishes the relationship between
vectors x and u, and can be presented in analytical, tabular, or simulation form. The
choice of a specific model type is determined by the complexity of the object and
the availability of source data and does not affect the structure of the algorithmic

core, which ensures the adaptation of the algorithm to various subject areas.

A key stage of the algorithm is the formalisation of the decision-making task

as an optimisation task. In generalised form, it is written as follows:
u* =arg min F(x,u,0) (5),
ueu
where F(x,u,0) is a universal objective function, U is a set of feasible

solutions, 6 is a vector of adaptation parameters, including criterion weights, model

parameters, and domain constraints.

The objective function is represented as:

F(xu,0) = X w;(0)fi(ru) + 2852, ¥ (g, w) - (6).



where f;(x,u) are partial optimality criteria, g;(x,u) are constraints, w;(6)

are weight coefficients, 1 (+) is a penalty function.

The algorithmic core, operating with expressions (5) — (6), searches for the
optimal solution vector u* using the selected optimisation method. The choice of
method is determined by the properties of the parametric model and the requirements
for computational efficiency, while the structure of the algorithm remains

unchanged.

The final stage is the formation of the output result. In control tasks, the result
is the control actions transmitted to the executive devices; in automated design tasks,
it is a set of optimal object parameters. Thus, the algorithm implements a complete

cycle of automated decision-making based on operational data.

A distinctive feature of the developed universal algorithm is the possibility of
its application to heterogeneous cyber-physical systems within a single
methodological approach, which allows the use of a single algorithmic core for

control tasks and parametric optimisation of technical objects.

Adaptation of a Universal Decision-Making Algorithm to the Task of

Intelligent Control of a Smart Home

Intelligent smart home control systems belong to the class of cyber-physical
systems, in which software, engineering equipment and the physical environment of
a residential building interact. Such systems are characterised by the need for
automated control actions in conditions of changing operating parameters, caused

by both external factors and user behaviour.

Within the framework of the task under consideration, a universal decision-
making algorithm is applied to control the engineering systems of a smart home,

including heating, ventilation, air conditioning, and lighting [6].



The system state vector is formed on the basis of operating data and has the

following form:
X = (Tinr Hin' Lin: P, E) (7)9

where Tj,, 1s the air temperature in the rooms; H;,, is the relative humidity; L;,
is the lighting level; P is information about the presence of users; E is the current

energy consumption.

The decision vector is determined by the operating modes of the engineering

equipment:
U = (Uneat» Upentr Uconds ulight) (3),

where the components of the vector u specify the control actions on the

corresponding engineering subsystems.

The parametric model of the object describes the dependence of changes in
microclimate parameters and energy consumption on control actions, taking into
account the thermal inertia of the building and the dynamic characteristics of the

equipment.

The optimality criteria in the task of intelligent control of a smart home are

set as follows:

1. Minimisation of energy consumption
flow) =EMxuw)  (9);

2. Minimisation of deviations of microclimate parameters from

comfortable values
foow) =% |19 - 1S]  (10),
The constraints are determined by the permissible ranges of operating

parameters and technical characteristics of the equipment:

Tmin < Tin < Tmaermin < Hin < Hmax (11)9



as well as the maximum operating modes of engineering systems.

Within the framework of a universal algorithm, the task of intelligent control
of a smart home is formalised as a special case of a generalised optimisation

problem:

u* =arg minF(x,u,0) (5),
ueu

where the adaptation parameters 6 include criterion weights, acceptable
parameter ranges, and equipment settings. The algorithmic core remains unchanged,
and the specifics of the subject area are determined by the structure of vectors x, u,

and parameters 6.

The application of a universal algorithm ensures the automated formation of
coordinated control actions when operating conditions change and confirms the
possibility of using a single algorithmic core for the intelligent control of engineering

systems in residential buildings.

Use of a Universal Decision-Making Algorithm in the Parametric Design of an

Internal Combustion Engine Connecting Rod

Automated design of machine parts based on operational parameters is an
important area of development for modern engineering design systems [8, 9]. Unlike
control tasks, where decisions are formed in the form of control actions during the
operation of an object, in design tasks, decision-making is aimed at determining the
structural and geometric characteristics of a product that determine its operational
properties. This necessitates the use of a formalised algorithmic selection capable of
taking into account the operating conditions of the object and the requirements for

its reliability and service life.

Within the framework of this study, a universal decision-making algorithm is

applied to the parametric design of an internal combustion engine connecting rod, a



critical element of the crank-connecting rod mechanism operating under conditions
of significant variable loads. The operating conditions of the connecting rod are
determined by the parameters of the engine's working process and form the state

vector of the system.

X = (Egas» Finert) w, Nreqr [c]) (12),

where Fyqs and Fipepe are gas and inertial loads, w is the angular velocity of
the crankshaft, N,., is the required resource (number of cycles), [o] is the

permissible stress of the material.

The solution vector in the parametric design problem is determined by the

geometric parameters of the connecting rod:

u= (dsh' bshr hsh; lsh' rtr) (13),

where d;, is the diameter, by, and hg, are the width and height of the cross-
section, [, is the length of the connecting rod, 1y, is the radius of the transition

sections.

These parameters determine the design of the part and significantly affect its

strength, stiffness and fatigue characteristics.

The parametric model of the object establishes the relationship between
vectors x and u, allowing the stress-strain state of the connecting rod, its mass and
service life to be assessed. The strength characteristics can be calculated using

analytical relationships or finite element modelling.

The optimisation criteria in the parametric design problem are formulated as

follows:

1. Minimisation of the connecting rod mass
) =p- V(@ 14,
where p is the material density, V (u) is the volume of the part;

2. Ensuring the required safety margin



fou) = =S@), Sw) === (15)(16)

where g4, (%, 1) is the maximum equivalent stress.
The constraints in the parametric design problem include:

. strength conditions

S(u) = Smin (17)9

. fatigue requirements

Ncalc(x' u) = Nreq (18)9

. technological and design constraints

lmin < lsh < lmaxJ Tir = Tmin (19) (20)-

Within the framework of a universal algorithm, the task of parametric design
of a connecting rod is formalised as a special case of a generalised optimisation

problem:

u* =arg minF(x,u,0) (5),
ueu

where the adaptation parameters 8 include material properties, weight criteria,
and calculation model parameters. The algorithmic core remains unchanged, and the
specifics of the task are taken into account through the structure of vectors x, u, and

parameters 6.

The application of a universal decision-making algorithm allows automating
the search for connecting rod geometric parameters that satisfy the specified
operational requirements and forming design solutions based on the analysis of the

operating conditions of the part.

Conclusion



The study addresses a pressing scientific issue related to the development of
a universal decision-making algorithm for cyber-physical systems operating on the
basis of operational data analysis. The relevance of this issue stems from the growing
complexity of modern technical objects and the need to automate management and

design processes in conditions of changing operational parameters.

The paper proposes a universal algorithmic approach to decision-making, the
architecture of which is based on the separation of the algorithmic core and subject-
oriented components. This approach makes it possible to adapt the method to
different subject areas without changing its basic structure. The decision-making
process has been formalised as an optimisation problem, which has made it possible
to present the developed algorithm in a generalised form applicable to both control

and automated design tasks.

The developed algorithm has been tested on two different applied examples
belonging to different classes of cyber-physical systems. In the task of intelligent
control of a smart home system, the algorithm is used to form control actions based
on the analysis of microclimate parameters, operating mode, and energy
consumption. In the task of parametric design of an internal combustion engine
connecting rod, the algorithm was applied to select the structural and geometric
parameters of the part, taking into account operational loads and requirements for

strength and service life.

The results of the testing showed that the proposed algorithmic approach
ensures effective decision-making in conditions of variability of operating data and
allows the use of a single methodological apparatus for tasks of different physical
nature. This confirms the universality of the developed solution and its applicability

to a wide class of cyber-physical systems.

The practical significance of the results obtained lies in the possibility of using
the developed algorithm in the creation of intelligent control systems for building
engineering systems, as well as in the development of automated design modules for

machine parts operating under variable loads. The theoretical and practical results



obtained can be used in further scientific research aimed at developing methods of

automated decision-making and their implementation in engineering practice.
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