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BeBepeHue

IHocranoBka mpodaemsbl. IIporieccHsllt momxon K
YIPaBJIEHUIO TPEANpUsITHEeM TpeOyeT NpPUMEHEHHs 3Ha-
HHI, HEOOXOIMMBIX /ISl HETIOCPEACTBEHHOIO YIPABIICHUSI
W ONTUMHU3ALMK OM3HEC-TIPOIIECCOB C HM3MEHSIOIICHCS
crpykrypoit (BITHC). Peammsanus nemu BITVC BbimonHs-
€TCsl B YCIIOBHSIX BPEMEHHBIX U MaTepUalIbHBIX OTpaHHye-
HU Ha OCHOBE 3HAHWIA, KOTOPHIE COCTABJIIOT BEPXHUMN
YpOBEHb MHOIOKOMITOHEHTHOM Mojienu TipezicrasieHust bIT
[1 — 3]. 3nanwus1, npeacTaBiaeHHbIE B BUIE JIOTHUYECKUX Tpa-
BIJI, OTPaKatoT MPEJICTABICHHUS SKCIIEPTOB O B3aUMOCBS3AX
MEX[y areHTaMH TIpeIMeTHOM obnacTh. J{iist pereHust yka-
3aHHOMW 33/1a4M TIPEeJCTABIISETCS LENecO00pa3HbIM HCIIONb-
30BaHKe MynbrHareHTHo# cucteMbl (MAC) oueHuBaHUs
3aTpaT PECypCcOB KOMIIBIOTEPHOW ceTh mpH obpaboTke b
BITNC, xoropasi BbIMONHSET COOp M IIPENBAPUTEIBHYO
00paboTKy HaHHBIX O 3arpatax pecypcoB KC [4, 5]. B co-
OTBETCTBHH C U3JIOKEHHBIM, BO3HUKAET MpodiieMa ormca-
HUS TIOBE/IEHUs areHToB U (yHKuuoHupoBaHus MAC ¢
NPUMEHEHHEM  TOIXO/I0B, TO3BOJLIIONIMX  (DOPMAIBEHO
NPEACTABUTH IIOCIEOBATENLHOCTD JEUCTBUII M B3aUMO-
cBs3u Mexny areHtamu MAC, 4To JaeT BO3MOXKHOCTB
OIICHMBAHUS TIOBEJICHHS areHTOB W JAJILHEHINET0 YCOBEp-
uteHcTBoBaHUSI MAC Ha OCHOBE OLICHHBaHMSI.

IMocranoBka 3amaun. VcXoaHBIMU JaHHBIMH 3a-
Jlauu SIBJISIOTCS: MHOT'OKOMITOHEHTHOE NpENCTaBIICHUE
BITNC u obmas popmanshas moaens MAC [4].

TpeOyeTcs MOTy4YUTH JTOTUUECKYI0 MOJIENb (yHK-
uuonupoBanuds MAC, koTopas OTpa)xaeT IUHAMUKY
TIOBEICHUS CHCTEMBI M Y/OBJIETBOPSIET CIICAYIOIIIM
TpeOOBaHUSM: TIPEJCTABIISIET BPEMEHHBIE ITOCIEN0Ba-
TENILHOCTU COOBITHH, CBSI3aHHBIE C TIOBE/ICHUEM U B3aH-
MOJICHCTBHEM areHTOB; OMKCBHIBAET JICHCTBUS ar€HTOB C
YYETOM COOBITHH, CBS3aHHBIX ¢ MocTyruieHueM bBO Ha
00paboTKy, 3aBeplieHneM 00padoTku O, mocTyieHu-
€M 3arpoca, U3MEHEHHEM HWHTEpBaJia OIpoca KIHEHT-
CKUX CTaHIWH; (QYHKIMOHHPYET Ha OCHOBE 3HAHWM,
MIPE/ICTaBJICHHBIX B BUJIE HA0Opa NMpaBuIl.

BrImonHeHne yKa3aHHBIX OCOOCHHOCTEH TpeOyeT
WCIIONIb30BaHMsl JIOTHYECKOTO IIOIX0/a, a C Y4YeTOM
BpPEMEHH BO3HHMKAaeT IMOTPEOHOCTh B NMPHUMEHEHUH TEM-
MOpaJbHON JIOTUKH, KOTOpas OpPUEHTHPOBaHA Ha JIOTH-
YeCKOoe TPEJICTaBICHHUE [TOCIEA0BATEILHOCTH ICHCTBUH,
Pa3BOpaYMBAIONINXCS BO BPEMEHH.

AHaJIN3 UcCIeA0BAHMI M MYyOJUKANMA. AHamu3
temmnopanbsHbix oruk (CTL, LTL , ATL, LCR) noxka-
3aJl, YTO BBINICYKa3aHHBIC TEMITOPAJIbHBIC JIOTHKH II0-
3BOJISIFOT OIKMCATh KaK IMOBEJCHUE OJHOIO arcHTa B CHC-
TeMe, TaK U B3aMMOJICHCTBUE areéHTOB B MYJIbTHATCHT-
HBIX cucTemax [6 — 8]. OxHako, He MO3BOJSAIOT JOCTa-
TOYHO TOYHO U TIOJHO omnucaTh nosenenue MAC, npen-
Ha3HAYEHHOHM Ul OLEHMBAHWs 3aTpaT Ha 00pabOTKy
00BEKTOB OW3HEC-TIPOIIECCOB B PaCIpPEICICHHON KOM-
MBIOTEPHON CETH, B BHIY OTCYTCTBHS BO3MOXHOCTH
HaOMrOIaTh 32 COOBITHAMH, CBSI3aHHBIMU C 00pabOTKOI
BO B KC, a Taxxe onuchIBaTh B3aUMOJICHCTBHE ar€HTOB
TOCJIC HACTYIUICHHSI STHX COOBITHI.

Belmieyka3aHHbBIM TPEOOBAHUSAM B HaMOOJNBIICH
creneHu coorBercTBYeT Jioruka LCR, koTopast siBisiercst
BBIPA3UTEIILHON JIOTHKOW JIJISI OMMCAHHS B3aUMOJICHCT-
BHIi ar¢HTOB B MYJIbTHATCHTHBIX CHCTEMaX.

[emecooOpa3HbIM SIBIIACTCS pACIIUPEHUE armapa-
ta LCR c y4eToM BBIIIEU3IIOKEHHBIX OCOOCHHOCTEH 3a
CYeT BBEICHUS HOBBIX OIEPATOPOB (HAOIIOACHUS 3a
COOBITUSIMM W B3aMMOJICHCTBUS arcHTOB), ONPEHCIIIIO-
IUX JCHCTBUSA areHTOB IOCIIC HACTYIUICHUS COOBITHS.

Pe3ynbTtathbl Mccne fOBaHMH

1. YcoBepuieHCTBOBaHNE JOTMKHU INpeacTaBJIe-
HHUA Ou3Hec-mpoueccoB. /lanbHeilee pa3BuTHE JOTHU-
KU TIpeJcTaBieHHusT OU3HEC-TPOIECCOB IPEIoaraet
UCIIONIb30BaHKUE I10JX0[a, OCHOBAaHHOTO Ha IEIOYKax
coObIThil. B wacTHOCTH, 3TOT MOAXONM TpENCTaBiIeH B
OHOW M3 COBPEMEHHBIX METOJOJIOTHH  Ou3Hec-
moaenuposanust ARIS [9, 10].

B meromonorun ARIS ucnone3yroTcs goruyeckue
CBSI3U MEXAY paboTaMH, KOTOpBIE MO3BOJISIIOT O0TOOpa-
3UTh JIOTHYECKYIO TIOCIIEOBATENLHOCTh BBIMOJTHEHHS
pabot. B kauecTBe OIHOTO M3 BapHaHTOB JIOTHYECKOM
MOCJIE/IOBATEIFHOCTH MOXKET BBICTYIIaTh BPEMEHHas
MOCJIE/IOBATENILHOCTh BBINIOJIHEHHST paboT, YTO Xapak-
tepHo a1t BITHUC. C momotipto coObITH H300pakaeTcs
(axT, BpeMs WM COOBITHE, WHHUIUHUPYIOUIME Hayaso
BBINOJHEHHs Pa0OT Mpoliecca, a Takke (akT WK BpeMs
ux 3aBeplleHus. B pesynprare oOpasyercsi ILemodka
MIPOLIECCOB, yIpaBIIsIeMasi COOBITHUSIMU.

B pamkax maHHOH paOoThl, pa3BUBAIONIEH JOrHYe-
CKHUH MOJIXO, VISl OTCIEKHUBAHUS POHCXOJISIINX COOBI-
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THI W BBIMOJHEHHUS COOTBETCTBYIONINX JCHCTBUIA Mpe-
JlaraeTcsl UCIoiIb30BaTh MexaHu3M Tpurrepos [11, 12]. B
COOTBETCTBHH C MPETOKECHHBIM MMOJXO0M MpOrpaMma
MOHHUTOPHHIA CIEOUT 3a cocTosHueM pecypcoB KC,
ABTOMATHYECKU aKTUBH3HUPYS U JACAKTUBH3HUPYS TPUITE-
PBI, a TAKKE aHAIU3UPYET COOOINEHHUs O CpabaThIBAHUU
TPUITEPOB W BBIMONHACT JIOMOJHUTENbHbBIC NEHCTBUS
(HanpuMep, pacchlIaeT MUCbMa MITH CMC-COOOIICHHS).

Tpurrep pearupyer Ha COOBITHE, BO3HHKAIOIIIEE,
Korzia nmapamerpsl pecypcoB KC coBnanaror ¢ ycinoBusi-
MU, 3aJaHHBIMHU [IOJB30BATEIEM: MOJIH30BATEIb HITH
rpymna nojs3oBarenei, nporece, [P-aapec u ap. Ycmo-
BUsI 3aMUCBHIBAIOTCS B BHUIC MpaBWiI. B pamkax morude-
CKOr0 TOIX0/a /ISl (hopMaTH3alMid MeXaHu3Ma TPHITe-
pa, MpeXae BCero, IMpeaiaraercs OMUCATh COOBITUS U
BBECTH OIIEPATOp yueTa COOBITHIA.

s omucaHusi COOBITHIA, HA KOTOPBIC pearupyer
TPHUTTEP, BBEAEM CIEAYIOIINEe 0003HAUCHNUS:

— Beipakenne (BO),, obo3Hauaromee coObITHE,
CBSI3aHHOE C 3alyCKOM OW3Hec-o0bekTa (Harpumep,
SIIEKTPOHHOTO JOKYMEHTA) Ha BBIMOJHEHHUE B HEKOTO-
peiii MoMeHT Bpemenu tT. Ecam BO 3amymien Ha oOpa-
00TKy WM 00pabOTKa BBIMONHIETCSA, TO BBIPAKEHHUE
(BO), — ucmunno, 1.e. (BO),. Ecniu BO He 3amymieH
Ha 00paboTky miu 00padoTka BO 3akoHUYEHA, TO BhIpa-
xenue (BO), —noorcno, T.e. =(BO),;

— Bolpaxenue (Q,),, obo3Hauaromee COOBITHE,
CBSI3aHHOE C MOCTYIUIEHHEM 3arpoca B HEKOTOPBIH MO-
MEHT BpeMeHH T. Ecnu 3ampoc MOCTYIH, TO BhIpae-
Hue (Q,), —ucmunno, 1.e. (Q,), €CIM HE MOCTYIIHI,
To BeIpaxkeHue (Q,), — soocno, T.6. —(Q;); .

Jlanee BBemem ormepaTop HaOIOAEHHS 3a COOBI-
THAMH W, 8., KOTOpbIii 0003HAYAET TO, YTO AreHT a;

HaOIIOaeT 32 HACTYIUIEHHEM COOBITHS O B HEKOTOPBIH
MOMEHT BpeMenu T. [Ipu COOBITHHHOM MOJXOME MPO-
1ece (pyHKIHOHUPOBAHUS CHCTEMBI MPEICTABISIET CO-
00i1 HaOOp peakIyii CUCTEMBI Ha BO3MO)KHBIC COOBITHS.
CremoBaTenbHO, Iporece GyHKIIMOHUPOBAHHS CUCTEMBI
ClleyeT paccMaTpHUBaTh Kak COBOKYITHOCTh B3aUMOICH-
CTBYIOIIUX ITOAMPOIIECCOB, BO3HUKAIOIINX BCIEICTBHE
peakuuy Ha 3a7aHHble coObIThs. PaHee ObUT paccMoT-
PeH moampolecc HabIIONEHHS 32 COOBITUSIMH, a ceifuac
paccMOTPUM TIOATIPOIIECC B3aUMOICHCTBYS areHTOB MPH
HACTYIUIEHHHU OIpeAeeHHoro coowrtus. /st aToro cie-
JIyeT BBECTH COOBITHITHBIC IPaBUIIA MTOBEICHHUS areHTOB,
a TaKke OrepaTop B3aUMOJICHCTBHS areHTOB.

2. ®opmanu3anus 3HAHU O NMOBeIeHNM AreH-
TOB 3HaHHe-opueHTUpoBaHHOH MAC. C nensio gans-
HEHIero pa3BUTHs JIOTUKH TPEICTABICHUS OusHec-
MPOLIECCOB C HCIIOJIb30BAHUEM COOBITHHHOIO TOAXO/a
BBEZIEM CJICIYIOIIUE AOMOIHEHNUS:

— oreparop B3aUMOJICHCTBUS areHToB

Exe,i(aj.p>8), rae i=Ln, j=Ln;

— COOBITHIHBIE TIpaBHJIa MOBEIEHHE areHTOB, OC-
HOBaHHBIE HA MEXaHNU3ME TPUTTEPOB.

OmnepaTop B3aMMOJCHCTBUS areHTOB 00O3HAYaeT,
YTO areHT a; BBINONHAET AeiicTBue (PpyHKUIUIO) p TpH

B3aHMOJIEICTBUH C areHTOM a; MOocJe TOro, Kak Ipo-
n3onaer coObITHE & .

Beigenum Tpu rpymimbl COOBITHIHBIX MPABHUII, OMH-
CBHIBAIOIIME MOBEJCHUE areHTOB B HAMOOJee THITMYHBIX
curyauusx Gpyakuuonuposanus MAC.

1. IpaBuna, OIMUCHIBAIOUIME IOBEJCHUE arcHTOB
npu 3amycke OuszHec-o0bekta BO Ha 00paboTKy wiH
3aBEpIICHUH ero 00pabOTKH B MOMEHT BPEMEHH T.

PaccMoTpuM BO3MOXHBIE BapUaHThI Pa3BUTHS CO-
obrtuit: (P1) arent a; HaOMIoAaeT 32 KIBMEHEHUEM COCTOSI-
nus BO, 1.e. HactyrenueM coobiTrs “bO 3anymien” uim
“BO ocTaHOBIICH”: Wa, (BO), v Wai—|(BO)T . (P2) ecm

ouszHec-00bekT BO 3amymieH Ha 00pabOTKyY, TO areHT a;
3aIlycKaeT areHT aj:

(Wai (BO); A(BO);) — Exeai (aJ ,Run >(BO),) ;
(P3) ecnu obpaboTka 6usHec-00bekTa BO 3aBepiieHa,
TO areHT a; OCTAHABIIMBAET areHT a;:

(Wai —(BO), A—=(BO),;) — Exe,. (aj,Stop > —=(BO),) .

2. IlpaBuna, onuchIBarollee MOBEICHUE areHTOB
IIPHU MOCTYIUICHUU WX OTCYTCTBHMH 3ampoca Q. B Mo-
MEHT BPEMCHU T.

PaccMoTprM BO3MOXKHBIC BapHAaHTBI PAa3BUTHS CO-
oOwrTuit: (P1) ecnu 3ampoc Q, MOCTYNUII, TO areHT a; BbI-
nosHseT 3anpoc Q. (P2) ecnu 3ampoc He MOCTYHHII, TO
areHT a; OCYIIECTBIISIET KOHTPOJIb 32 MOCTYIUICHUEM 3a-
mpoca, T.e. HaOJIOAaeT 3a HACTYIUICHUEM COOBITHS ‘3a-
npoc noctymwr”. (P3) ecinu 3ampoc BEHINOIHEH, TO arcHT
a; KOHTPOJIUPYeT MOCTyIueHne 3anpoca Q,, T.e. HaOIo-
JIaeT 3a HACTYIUICHUEM COOBITHS “3aIpOC MOCTYITHT

(P1) (Wy, (Qr): A(Qp)o) = Exe (Fun > (Qr),)
(P2) (W, (Q)c A=(Qr)0) = Wy, (Q)s
(P3) Exe,, (Fun?), > W, (Q,), .

[IpennoxxeHHple npaBuiia MOTYT OBITH HENOCpEN-
CTBEHHO (hopMasn30BaHbl B 0aze 3HAHMH HHTEIIEKTY-
aJbHBIX CHUCTEM, OpPWUEHTHPOBAHHBIX Ha IOIIEPKKY
MIpUHATHS pemeHni npu peanuzauuu BITUC.

3. Mozenb GpyHKIMOHMPOBAHNUSI 3HAHNEOPHEHTH-
poBannoii MAC. Bremonanm dopmammzammo MAC
OILICHUBAHMs 3aTpaT Ha 00pabOTKy OOBEKTOB OM3HEC-
MIPOIIECCOB B KOMITbIOTEpHOM cetr mocpeactsoM JIIIBIT ¢
y4eToM c(OpMYIHPOBAHHBIX MPABHUJI IOBEICHHUS areHTOB.

Jlornueckast Monens (YHKIIMOHUPOBAHUS 3HAHHE-
opucHTUpoBaHHON MAC B 00IIeM BHIIE MOXET OBITH
OMKCaHa CIETYIOUIM KOPTEXKEM:

MAC =< MOD, BR, Pr, Bpr, C, M&®, MII'" Ty, >,
rie MOD - wuepapxuueckas moxenb BIIMC; BR —
— CTpYyKTypa poineii; Bpr
rudyeckue npasmna; C — cueHapuil pabOTBHl CHCTEMBI;

MS¥ — monens arenta; Myt —

OusHec-mipaBmia; Pr — Jo-

MOJIeIb B3aUMOJICH-
cTBHs areHToB; Tyjac — 0obmwuit myre MAC.

O6mmit myrb MAC oroOpaxkaer JUHAMHYECKHUI
ACIeKT JIOTHYEeCKOH MoJenH (yHKIMOHUPOBAHHSA CHC-
TeMbl U HpeJCcTaBisieT co0OH MOCIen0BaTEIbHOCTE CO-
OBITHH M CBSI3b COCTOSHHH B CTPYKTYpE€ BETBSLIErocs
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BPEMEHHOT'0 TpOllecca COOTBETCTBEHHO BHIOOPY M BO3-
MOXXHOCTSIM areHTOB B HEKOTOPBIIf MOMEHT BPEMEHH.
O6mmit myte MAC, KOTOpBIH OTOOpaXkaer ImoBe-
JIEHUE CHUCTEMBI BO BPEMEHH M MOXET OBITh HErocpes-
CTBEHHO Ipeo0pa3oBaH B alTOPUTM (DYHKIMOHHPOBA-
Hust MAC, MOXHO NPEICTaBUTh TAKUM BBIPaXKEHUEM:
Tvac =MOALOAWAEAR,
rae MO — MopanbHble omepatopsl (A,S,X,U); LO —
JIOTHYECKHE omepaTopel (v, —, A, =, <>); W —
omeparop Habmoznenus 3a coobituavu (W, 8. ); B —

omnepaTop B3aumozeiicTeus arentos ( Exe,;(a P> 3));

R — coOwiTHitHBIE TIPaBHIIA.

Jlnst koHKpeTHOro Habopa areHTOB, BBIIOIHSFOLINX
mouuTopuHr pecypcoB KC B pamkax MAC orleHUBaHUS
3aTpaT Ha 00pabOTKy OOBEKTOB B MPOIIECCE peaT3aliu
BITUC, obuwmii myts MAC npencrapisieT co00it COBOKYII-
HOCTh ITyTeW Bcex BXoasamux B coctaB MAC areHTos.
Beenem cnenyroiyie 0003HaYEHUS: a; — areHT KOHTPOJIS, a)
— areHT cOopa, a; — areHT (DWIBTpAIH, 8, — areHT 00pa-
OOTKM JIaHHBIX; (o) — areHT 3aIlyIeH; (), — areHT 3aperucT-
pupoBaics; (3 — OM3HEC-0OBEKT 3amyllieH Ha 00palboTKy
(w1 obpabaThIBacTCs); (q — 0OpaboOTKa OM3HEC-00BEKTa
3aBepleHa (WM OM3HeC-00BEKT He 3allyllleH Ha 00padoT-
KY); (os — areHT OCTAHOBJIEH; () — COOp JAHHBIX O COCTOSTHUH
pecypcoB KC; @; — nocryrmenue 3amnpoca Ha 00paboTKy;
(pg — BBITIONTHEHUE 3aMPOCA; (P9 — BBITIOJHEHUE TICPBUYHOIN
00pabOTKH JaHHBIX. Torma Jiormyeckas MOAETL OOIIEro
MyTH 3HaHHe-opueHTHpoBaHHOH MAC, oroOpakarommast
JIMHAMUKY TIOBEJICHUSI areHTOB YKAa3aHHOW MpPEMETHOM
00J1aCTH, MOKET OBITh MPEJICTABIICHA BHIPAYKEHUEM:

Tymac = Exea (a1,91) X Exey @) X Exe, ((a3,23,34),0) >

>@3) X (Wa] 94 ANExe,, 06 /\((Wé113 ¢ X Exea13 eg) X
X(Exe,, (43,05 > 04) v (W,, 07 X Exe, 9g)) A

/\Exea4(p9)X Exea] ((ap,a4),05 >@4) X Exep (a1, 05)

BeiBOAbI

[pennaraercs normueckuil moaxon K Gopmanuszo-
BaHHOH oneHke 3atpaT KC Ha ocHOBE MyJIbTHAr€HTHOU
TEXHOJIOTHH, TTO3BOJISIIONINI OIMHCATh JIEHCTBUS U B3au-
MOCBsI3M Mexay areHtaMu MAC ¢ npuMeHeHHeM Ma-
TEMaTHYECKOr0 anrapara TeMIIOPaIbHON JIOTHKH.

BniepBeie monmydeHa sormdeckas Mopaenb (yHK-
LMOHUPOBaHUA 3HaHHe-opueHTUpoBaHHOH MAC ore-
HUBaHUS 3aTpaT Ha o00pabOTKy OOBEKTOB OH3HEC-

MIPOIIECCOB B paCHpeeleHHON KOMIIBIOTEPHOH ceTH,
KOTOpasi MOXET OBbITh HEMOCPEACTBEHHO Npeodpa3oBaHa
B anroput™ ¢yukimonupoanuss MAC. IpemiokeHHas
MOJIENIb OTPa)KaeT TUHAMUYECKOE MOBEIEHUs areHTOB,
YTO CO3/aeT BO3MOKHOCTb JUTS JajibHelIel Bepuduka-
LUH 1 UHTEepIIpeTanuy noseaeHusa areatos MAC.
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JIOTIYHA MOJENb MYNbTUATEHTHOI CUCTEMM OLLIHIOBAHHS BUTPAT HA PEATIBALLIKO BIBHEC-NMPOLLECIB
C.®. Yammii, LA. Makpyman, A.l. lomoxinkiHa

TIpononyemucs nociunuii nioxio 306pasicenns bisnec-npoyecis, wo 00360as€ onucamu Oii ma 63a€M038' 130K MIdiC a2eHma-
MU MYTbIMUazeHmHuol cucmemu i3 3acmocy8anHaAM MAMeMamuiHo20 anapama meMnOpanbHol 102iKu. 3anpononosana noiuna
MOOenb PYHKYIOHYBAHHS MYTbIMUALEHNHOT CUCTEMU, WO OPIEHMOBANA HA 3HAHMHA.

Kniouosi cnosa: azenm, memnopanvha nocixka, inmenekmyansua cucmema, oiznec-npoyec.

LOGICAL MODEL OF MULTI-AGENT SYSTEM OF COSTS ESTIMATION FOR BUSINESS PROCESSES REALIZATION
S.F. Chalyi, L A. Makrushan, A.l. Domozhilkina

The logical approach to business-processes representation that allows to describe actions and interrelations between the
agents of a multi-agent system with the application of the mathematical apparatus of temporal logic is proposed. The logical
model of knowledge-oriented multi-agent system functioning is also represented.

Keywords: agent, temporal logic, intelligence system, business-process.
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