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ABOUT LOGICAL-ALGEBRAIC DESCRIPTION
OF THE TRANSPORT LOGISTIC PROCESS

IMpoBeneH aHanm3 npeaMeTHOM obnacTu. [laHo JTOTMKO-anredpandeckoe MpencTaBIeHe TPAHCIIOPTHO-
JIOTUCTUYECKON CUCTEeMbl, C €IVWHBIX MO3UIIMI BBEeIEHBI (DopMaibHBIE OIMMCAHUS 3JIEMEHTApHOM omepa-
1LIMM, TPAHCIOPTHO-JIOTUCTUYECKOW oOIepalnuud, TPaHCIOPTHO-JOrMcTUYeckoro Impouecca. CeMaHTHUKA
TPaHCITOPTHO-JIOTUCTUYECKOTO IIpollecca WHTEPIPETUPOBAHA JIOTMKON WCUMCICHUS mpennkaToB. HMH-
TeJUIEKTyaJIM3alisl TPAaHCIOPTHO-JTOTMCTUYECKON CUCTEMBI CBSI3aHa C CaMOOpraHM3alldeil TpaHCIOPTHO-
JIOTUCTAYECKOIO Mpolecca U ¢ aBTOMAaTHBIM MOMCKOM PEeILIEHUI B MIPOCTPAHCTBE €0 COCTOSIHUIA. AJeKBaT-
HOCTb MOJIIEJH TIPOACMOHCTPUPOBAaHA Ha TIPAKTUICCKOM TIpUMEPE.

JJOT'MKO-AJITEBPAMYECKHWE MOAEJIU TPAHCITOPTHBIX ITPOLHECCOB; MHTEJIJIEKTYA-
JIN3ALIMSA TPAHCITIOPTHO-JTJOTUCTUYECKOM CUCTEMBI; JIOTUKA MTPEAMKATOB ITEPBO-
o MOPAIKA; TEOPETUKO-MHOXECTBEHHBIE MOJEJIN.

Analysis of the publications on the subject of the article is carried out in the article. A logical and algebraic
description of the transport and logistics system is being given, a formal description of the unit operations,
transport and logistics operations, transportation and logistics process are introduced. Semantics of the transport
logistics operation is interpreted by logic of the predicate calculus. Intellectualization of the transport logistics
system is associated with self-organization of the transport logistics process and with automatic search of
solutions in the space of states. The adequacy of the model is demonstrated by the practical example.

LOGIC-ALGEBRAIC MODELS OF TRANSPORT PROCESSES; INTELLECTUALIZATION
TRANSPORT AND LOGISTICS SYSTEM; THE FIRST-ORDER PREDICATE LOGIC; SET-

THEORETIC MODELS.

Tema cTaTbd HaXOOWUTCS Ha IepeCceYeHUM
psioa akTyaldbHbIX HAyYHO-TPAKTUYECKMX Ha-
MpaBJIeHUI: TpaHCIIOPTa, JOTUCTUKI, KMOEepHE-
THUKHU, HETIOCPEACTBEHHO KacalolIMXcs MpooyieM
OINTUMAJbHOM OpraHu3alMy TPaHCIIOPTHO-
jgoructuueckoit cucremsl (TJIC) [1—3] u uH-
TeJUIEKTyaJIU3allid TMPOLIECCOB ITPOU3BOICTBA,
XpaHeHUsl, TPAHCIIOPTUPOBKM W pacripenese-
HUSI MaTepUAaJIbHBIX MOTOKOB [3—5].

OmHUM U3 MarucTpajibHbIX HampaBiIeHUI
passutuss TJIC gBnsieTcss MX BCECTOPOHHSIS
WHTEJUIeKTyaau3aius.

Pa3BuTue CIYTHUKOBBIX CHUCTEM CBS3M,
MH(GOPMALIMOHHBIX U KOMIIBIOTEPHBIX TEXHO-
Joruit [6], anmapaTtypHoil peaausauuu GyHK-
uuii ynpasiaeHusi mpoueccamu B TJIC, mpu-
OmXeHue cpeacTB 00padbOTKM MHPOPMALIMU K
MECTY €€ BOBHMKHOBEHMUSI, CBUAETEIBCTBYIOT O
JIBW>KEHUM K HCITOJIb30BaHUIO MPUHIIMIIOB Ca-

Moopranuzauuu B yrnpasieHuun TJIC u npuH-
LIUTIOB aBTOMATUYECKOTO IOMCKA PEIICHUI B
MPOCTPAHCTBE MX COCTOSIHUIA.

KoHllenTyaabHBIE OCHOBBI IOCTPOCHUS
CaMOOPraHU3YIOIIUXCS TPAHCIIOPTHBIX CH-
crem (TC) paccmotpensl B [7, 8], TexHOJIO-
TUs1 aHajau3a TpaHcnopTHBIX mpoieccoB (TII)
B [9], NpUHLMOBI TOCTPOCHUS 3KCIICPTHBIX
cucteM B [10], Ho mpumenutenbHo K TJIC,
NpUHAIJICKAIINM K HEM3MepuMo OoJiee IIH-
POKOMY KJjaccy OOJBbLIMX CUCTEM, Iaxe He
3aTparuBajiuch. Tem Oosee He cTaBWIach 3a-
Jadya omnpeaesieHUs eIMHOT0 MaTeMaTU4eCKO-
ro MHCTpyMeHTa onucanus noseaeHus TJIC,
YTO BEAET HE TOJbKO K COKpAIeHMIO U3AepP-
JKEK Ha IIPOEKTUPOBAHME M MMUTALIMOHHOE
monaenupoBanue mnoBeaeHus TJIC, HO u K
aJITOPUTMHUIECKON M CTPYKTYPHOII OJHOPOI-
HOCTU CaMHUX CUCTEM.
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Bribop noruko-anredpanyeckoro mnpen-
CTaBJICHUSI BbI3BaH CTpeMJIeHHEM (popMalib-
HO omMcaTh peanbHbie Mpouecchl [11], mpo-
texapliue B TJIC. CTpyKTypHOe ITOCTpOeHUE
MOAOOHBIX MOJEJEH BBIMOJHSIETCSI COrJIacHO
[12], pa3pelieHue mpoOjieM IIparMaTUKU U
CEMaHTUKU Mopelu - corjacHo [13] ¢ wuc-
MOJb30BaHUEM JIMHTBUCTUYECKON KOHIICI-
uuu [12, 14], npu 3TOM JOCTUraeTcs ajaek-
BAaTHOCTb MOJIEJIM UCXOAHOW IIPEIMETHOM
00J1aCTM W OMNpPEACIICHHBIA aBTOMAaTU3M €€
COCTaBJICHUS.

DTOMY, O-CYILIECTBY, ¥ MOCBSIIIIEHA HACTO-
siasi paboTa, U U3JIOXEHHUE €€ CYyTHM YMECTHO
HayaTh C OMNpEeneJICeHWSI KOHLENTYaJbHOW MO-
nenu TJIC kak oTIpaBHOM TOYKHU B IIOCTpOE-
HUM CHUCTEM JIIOOOM CIOXHOCTH.

®opMalibHOE NPEACTABJICHHE TPAHCHOPTHO-
JIOTUCTHYECKO cucTemMbl. OmUpasicb Ha TeEO-
puto otHoueHui [1], TJIIC (puc 1) oroxmect-
BJISIETCS C TIOTPYKEHHOU B MH(POPMAILITMOHHYIO
I u BpeMeHHy0 T cpelabl TPOWKU OOBEKTOB
X, W, L, To ecTb

TLS: (X,W,L),), (1)
roe X = {xj,j =1, .. m}— (I)yHKHI/IyOHaJ'II)HOC
pecypcHoe MHoxXecTtBO; W ={Y,U,} — Ha-

I'PYKEHHOC MHOXKECTBO OHepaHHﬁ, TaKoO€ 4TO

ULY= ui,i=1,..,n
[=1,..,L

BBITTOJTHEHUS ornepaumii; L:W—X MHOXeCTBO
OTOOpaxXeHuil, obecneuynBarolux odOpoT pe-
cypcoB B TJIC.

OcraBisgsi 3a CKOOKaMu ITORJIEMEHTHOE
pasykpymnHenue TJIC (c ee moagpOOHBIM U3JI0-
KEHMEM MOXHO IO3HAaKOMMThcs B [15, 16]),
MPUCTYIINM K (POpMaTbHOMY OTTMCAHUIO TPAHC-
nopTHO-JorucTudYeckux npoueccon (TJIIT).

DaemenTapHas onepauusa. Ilon snemeHTap-
Holi omepanueir (D0) Ham pecypcoMm Oyaem
MOHUMATh JOEWCTBHUE, TIPUBOIAIIEE K M3MEHE-
HUIO COCTOSIHUS pecypca, B OTHOIIEHUM KOTO-
POro OHO OCYIIECTBISIETCS.

HaHHOE  ompeaeleHWEe B JIOTMKO-
ajredopanyeckoil ¢popMe 3aIucy IIpeacTaBUM B
BUJIE CJIEIYIOLIETO BBIPAXKEHMUSI:

y(S1) > Sk, 2)

} — MHOXECTBO YCJ'IOBI/Iﬁ

CrpykTypHO mpoluecc dopmupoBaHus DO
MpeacTaBieH CXeMOl Ha puc. 2.

Myctb kaxmoit DO y,(S5,;S},) coorser-
CTBYeT MHOXECTBO {u;"} YCJIOBUI €€ BBIIOJI-
HEHMUSI:

V(ST SiL) = {u') 3)

IIycTth Kaxkmomy pecypcy X; COOTBETCTBYET
MHOXECTBO Sj’.‘ ero COCTOSTHUI uin as:

X, > St =S5 k=1, .., K}. ()

ITockoabKy BbIMoHeHUWEe OO 3aBUCUT
OT HaJIW4YMUsl COOTBETCTBYIOIIUX PECYpPCOB,
OIpEeNeaIEMbIX MHOXECTBOM COCTOSTHUIA SJ’.‘,
YCJIOBHE COIJIACOBAHUSI PECYPCOB U OIEpalril
MOXHO TMPEACTaBUTh BHIPAKCHUEM:

w8 <1, (5)

re CKOOKH | ... | O3HAYalOT MOIIHOCTh (MU
Mepy) MHOXECTBA u, N sf, COOTBETCTBYIOLILYIO
TOMY, UYTO KaXJI0€ MHOXECTBO U’ CONEPXUT
He Oojyiee ogHON (a3bl (COCTOSIHUS) M3 KaxX-
JIOT0 MHOXECTBA S/’.‘, T. €. K&XIbIA pecypc B
(puKcHpOBaHHBIE MOMEHT BPEMEHU MPaKTUUE-
CKU HE MOXKET HaXOJIUThC Oojiee UeM B OMHOM
COCTOSIHUM WJIM B OfHOM (haze.

Takum 00pa3oM, COCTOSIHME pecypca WU
ero ¢asza MOXeT ObITh ITPOMOPLMOHATIbHA UH-
TepBaly WJIM MOMEHTY BpPEMEHM, B KOTOPOM
paccmaTpuBaeTcs pecypc:

k~[Tdef Vv (Ti; Ti+1)]a (6)

[I€ T,, — ONpPENENEHHbIA MOMEHT BPEMEHMU,;
(t; T,,,) — ONpeNeseHHbIA UHTEPBAJI BPEMEHHU.
CornacHO MPEeAIOXKEHHOMY OMpPeeSICHUIO

30 (puc. 3), meiicTBUE MPUBOAUT K M3MEHE-
HUIO COCTOSIHUSI pecypca, MpU 3TOM Mpollecc

. k
Cocrosinmst pecypea S ;

‘LII\ A4 i\

NMeiicrBue ) ; > Pecype X

v 1 v 1

7 wr )"'
YcnoBus BBINOJHEHHS JeHCTBHA u"r E

N

Puc. 2. IIpouecc popmupoBanuss 30

59



HayuHo-TexHuueckmne Begomoctn CI6ITY 4' (200) 2014

MHdopmaTtuka. TeneKoOMMyHUKaumMn. YnpaeneHue

Hzmepenne

_______

Perynuposanue

Ynpasnsawouwme orpaHuyenns G

[Imannposanue

YeioBHS BHINOJIHEHHS

onepanun UpY
= up’
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CocTosiHHE pecypca X,

ma ] ] [

CocTosinmne pecypca X,

B ][

]

Puc. 3. IIpouenypa dopmupoBanus 30

OpraHu3alMyd M BBITIOJHEHUsT DO mpoTeKkaeT
B IIPOCTPAHCTBE M BPEMEHHU, SBIISETCS IIejC-
HaIlpaBJICHHBIM M CBS3aH C HaJld4deM He-

Kotoporo ¢yHkumoHana ympasiaenus C [9],
YIOBJIETBOPSIIONIETO 3aJaHHOMY MHOXECTBY

orpaHndeHuii G, HaKJIaabIBaeMbIX HAa BXOIHBIC
IN u BeixogHbele OUT mapameTrpsl DO, u Kpu-
TEPUIO KauyecTBa ynpasjieHus Q

G
C:IN > OUT

G=JG, 0,=UQ,. (7)
i=1 j=1

IN = (S0}, OUT = {S* ="’ }.

Posp mapamerpoB IN u OUT wurpator co-
OTBETCTBEHHO 3HAYEHUSI WHTETPAJIbHBIX I0O-
KasareJiel COCTOSIHUSI pecypca W YCIOBUU
BBITIOJIHEHUSA B BUJIE PEAIBHBIX UJIU MPOTHO3-
HBbIX 3HAYEHUII BECOBBIX KOI(PPUIIMEHTOB, a
napamerp Q ABISETCS MHTErPaJbHON BeIM-
YUHOU, XapaKTepU3YIOLIEW KadyeCTBO YIIPaB-
geHus D0.

60

IIpouenypa dopmupoBanuss O ornepaluu
00pa3Ho oToOpaxxeHa Ha puc. 3.

TpaHcOpPTHO-JIOTHCTHYECKAS onepanus.
TpaHcopTHO-JIOTUCTUYECKAS orepanms
(TJIO) — omnpeaeneHHbBIM 00pa3oM OPraHM30-
BaHHAasI BO BpEMEHHM ITOCJIEA0BATEeIbHOCTh BhI-
MOJHEHUS IECUCTBUU, TO3BOJISIONIAS HOCTUT-
HYTbh 3aJaHHBIX ITOKa3aTeJieil 3Toro Ipoiiecca.
ITpouecc popmupoBanus TJIO ycioBHO npen-
cTaBJIeH Ha puc. 4.

ITycte anst BeimoaHenus TJIO Bcerna nme-
IOTCS 1 JTOCTYIIHBI B JIFOOOK MOMEHT BpEeMEHU
HEO0O0XOAUMbIE PECypChl U BO3MOXHOCTb BbI-
TMOJTHEHUS AEUCTBUM Hal HUMM.

Torpa, mpeamnonaras Haau4yMe y KaXao0ro
COCTOSIHUSI pecypca IBYX MOIaJIbHOCTeil («Ha-
JIM4ue pecypca» (s;‘) U <«OTCYTCTBUE OHOTO»
(—|sj.‘)) W ONpenesas KOHbIOHKIIMU Ha MHOXE-
crBax U Z > OINEPALMOHHBIA MPOLECC MOXHO
npenctaButh Gopmynoit £, B IU3BIOHKTUB-
Ho#i HopMaJibHOU dopMe (JHD) B BuzeE:

o Bk
EY = A Sij ) (8)
= j:]
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CocTosiHie onepanuoHHOro MHOKECTBa S j

N

vt

h 4

Onepauus Ff-kf

A 4

N

CocTosiHIA pecypea sﬁ
Jeiictene V; [~ 5 Pecype X
YenoBNs BBIOJIHEHIA J1eiicTRIA Hjn

h 4

v 1

YcnoBus BbITIOJIHEHUS ONePaLiy 5:5

Puc. 4. IIpouecc popmupoBanusa TJIO

FY =[(sf, ..., =85) A (ST, ooy —ST)] v -
;
k kSlI k k (9)
V(ST ey =8T) A (ST, ey =87,
Si

k
rac S,'j — pfajIM3yIrouicc onepalivoOHHOC MHO-

I=1
cBa3ka MJIM He wuckioyaeT BO3MOXKHOCTU
BBITIOJIHEHUSI OOHOM M TOM Xe€ oIlepaluu pas-
HBIM COOTHOLLIEHUEM PECYpCOB.

L
KeCTBO; kf — COCTOSIHME OIlepalluiy; [Vj -

Bripaxenue (8) Oynem Ha3bIBaTh YCIOBUEM
paboTOCIIOCOOHOCTH OINEPALIMOHHOTO MPOoLIeC-
ca WJIM MEePBBIM YCIOBHEM PabOTOCIIOCOOHO-
ctu TJIC.

ITpunuceiBas 3HayeHue «MCTHUHA» co-
OTBETCTBYIOLIEMY JIUTEPATY U3 MHOXECTBA S ,
MOJyYrM, YTO MEPBOE YCI0BUE pabOTOCIIOCO0-
HOocTU (9) SKBHUBAJIEHTHO TaBTOJOTMYHOCTU
dopmynsr F [17].

TpaHCIOPTHO-IOTHCTHYECKMIA npotecc.
TpaHCHOPTHO-TOTUCTUYECKUI  MpoIecC —
orpesicIeHHbIM 00pa3oM OpraHM30BaHHasi BO

CocTosiHHe MPOLECCHOTO MHOKeCcTBA F l.]‘ff

N

A 4

IIpouecc ng’

L

| CocTosiHHE 0IePANHOHHOI0 MHOKECTBA SUk |
| F
Cocrommns pecypea 5+
v 4 XD
| Onepanns Filj I(:) |:[“'“’C““’E Yi }—) Pecype X |
N ¢ T ¢ 1\
ey
| ‘Vei1oBHsA BBINOIHEHASA OIePANHH S!ﬁ |

N

N

Ycnoeust BbInosIHeHUs npouecca pkf

Puc. 5. IIpouecc ¢popmupoBanust TJITT
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BPEMEHM MOCJIEI0BATEIbHOCTh BBITIOJIHEHMUS
TJO, mos3Bonsoniasi JOCTUTHYTH 3adaHHBIX
nokazatenei TJIC.

IIpouecc dpopmupoBanus TJIIT nmpeacras-
JIeH Ha puc. 5.

IIycts mnist BeimonHeHus TJIIT cyiiecTBy-
€T U BCerma IOCTYNeH Habop HeOOXOAUMBIX
onepauuii  FY, onpenensembix B (7), Torma
OIepallMOHHBIA TPOLIECC MOXHO TMPEACTaBUTD
dopmynoit L7 B JHD B Bume

<0
> 3

kp _
Lp =

v, (10)

1

Il
—_

Il
—_

c

CESYAEY, ) v
s (a1
N (EY, ) FXYAFY, .., F9) 1,

kp
Fyl

I =[ (Y, ..

C
e | Vv, | T Jloruueckas csska WNJIN He wuc-

A
KJII0YAeT BO3MOXHOCTHU BBIMIOJHEHUSI OIHOTO
M TOTO Xe TIpollecca pa3HbIM COOTHOIIIEHUEM
orepaluii, a Ha MHOXECTBE L’;” 3alaH MOJI-
HBII cTporuii nopsimok FY; kp — cocrosiHue
TJIII.

kf
Cocrosinue npoueccHoro muoxkecrsa F;

b1

| CocTonune onepanHonHoro MEGKECTBA § 5 |

A 4

v

Cocronmnn pecypea 5%

ﬂl)[l]_[e(:c LI‘?} o | One])aungi-‘lm-

I: Jeiicenme 3 S5]  Pecype ¥
—3h

p

h

VT

Yeaomun BamoTHennn JekcTERR U]

1

Yc/10BHA BLINOTHEHHA ONEPANHH Sr{‘;

~

y

VeioBus BHINOHEHUsI mpouecca [ ;ff

A

— Mpoueccbl

N

—> Onepauyuu

L OerwictBuna

Puc. 6. KonnenryanbHast ctpykrypa TJIIT
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CocTosiHue cuctembl [, Jg)

v 1

Cuctema 715" [€ >| Mpouecchl L’g’

v 4 v 1

ks
Ycnosus npoTekanus npoueccos Ly,

Puc. 7. Ycroitunsas padora TJIC

OTHoOILIIEHHUE CTPOTOro MmopsiaKa Ha L’;” 3a-
[aeT MOPSIOK CiIeIoBaHus onepauuii FY .

IlpunuceiBas 3Hauenus «MCTUHA» co-
OTBETCTBYIOLLIEMY JIMTEpaly M3 MHOXECTBa
Fp’;” , TIOJIy4MM, YTO BTOPOE YCJIOBUE YCTONYM-
Boii paborocrnocobHoctu TJIIT 3KBUBaJeHTHO
TaBTOJIOTUYHOCTU (DOPMYJIbI L’,‘j’ [17].

CxeMa KoHUeNnTyalabHON cTpyKTyphl TJITT
npeacTaBjieHa Ha puc. 6.

Opranmszanusa TJIII B TJIC. Ilon ycroiun-
Boii paboroit TJIC OymemM MOHMMATH OIIpene-
JIEHHBIM 00pa3oM OpraHM30BaHHYIO BO Bpe-
MEHHU I0CcIea0BaTeIbHOCTh Ipotekanus TJIII,
HaIlpaBJICHHYIO Ha COXpaHEHWE U TOBbILLICHNE
ycroitunBoctu TJIC, ompenensemoil ee pyHK-
LIMeN MOJIe3HOCTH.

TIpouecc mogmepkanust yCTOHRUYNBOM pabo-
ol TJIC npencraBiieH Ha puc. 7.

Ilycte pna  ycroitymBoit padoter TJIC,
onpeaesisieMoi dbyHkimeit MOJIE3HOCTU
O(¢p,, ..., ¢,), CyLIECTBYET BO3MOXHOCTb Op-
raHM3aluKu MPOTeKAHUS HEOOXOAMMOTO MHO-
xectsa TJIIT L7, onpenensembix B (10), (11).
Torna ycroituuByio padoty TJIC MoxHO mipen-
CTaBUTh (OpMYJIOi TLS’;‘ B JIH® B Bune:

N n
TLS* = v A L’;" —

n=1 p=1

N TLS<max<D(qb1, v ¢n)>’
TLSY =[ (L7

p=1>

(12)

N N0 /I B VS
) (13)
s LYY ALY, o L) ],

ks
Ly

vz

p=1>

N
e (vlj — nornyeckas csaska «MJIN» He uc-
d

KJII0O4aeT BO3MOXKHOCTU OOE€CIeYeHHUsI YCTOMl-

yuBoit pabotsl TJIC, pa3HbIM COOTHOILIEHUEM
nporekarommx TJIIT.

ITpunuceiBass 3HadeHue «MMCTUHA» co-
OTBETCTBYIOILLIEMY JIMTEpally M3 MHOXECTBa
L’;j[ , TIOJly4WM, YTO TPEThE YCIOBHUE YCTONUM-
Boii paborocniocodorHoctr TJIC Takke 3KBUBa-
JICHTHO TaBTOJIOTUYHOCTH (DOPMYJIBI TLS’;S.

Cxema KoHIeNTyaiabHOI cTpykTyphl TJIC
TpeacTaBieHa Ha pucC. 8.

Ilomumo muHelHON 3amucu, (GOPMYJIbI
(8)—(13) moryr OBITb NpeAcTaBiIeHbI OajaH-
COBBIM COOTHOIIIEHHMEM, HE TOJIBKO CII0CO0-
CTBYIOIIIMM BCTPAaWBAHUIO JTOTUCTUYECKUX MO-
Jeneil B MOJeI SKOHOMMKU JIOTUCTUYECKOTO
npolecca, HO M OTKPBHIBAIOIIKUM ITyTh K pellie-
HUIO 33aJa4yM eT0 caMoopraHu3anuu. bajgaHco-
BOE€ COOTHOIIEHWE, SKBUBAJCHTHOE IIEPBOMY
ycioButo paborocrnocooHoctu TJIC (8), npu-
MET BUIL;

K _ 7FY NNk
FY~Z7 =YY aixq,  (14)
i=l j=1
roe Z(f) — KOJIWYECTBO PECcypcoB, TpebOyemoe
JUUIS. BBITIOJTHEHUS JIOTUCTUYECKUX OINepaluii B
MOMEHT BPEMEHU #, ¢, — WHTEHCUBHOCTb i-i
oIepaluu.

Onupasich Ha cooTHouieHue (14), MOXHO

MOCTPOUTh MnxmM MATpUIly A ¢ 31eMeHTaMU

a;, ecim (S; eu)) A (S =55,
ecin (S eu)) A(Sy =—s}), (15)

_ k
A, =4 —ay,
k Vi —
0, ecmm S; Ny =9

1 3amucath cooTHoleHue (16) B TPUBBIYHOIM
JIMHEeHOI dopme

Z=Axq. (16)

Orta ¢opma YyCTOHUMBO paspelinma, eciu
COOTBETCTByOIIAsA el (opmyna F TaBTOJO-
rnuHa. IIpuyeM oHa paspelMma npu JodoM
W3MEHEHUN MaTpulbl A, COXpaHSIOIIEM CXe-
My pacnonoxeHust 3HakoB [17]. Torma cMmbica
CcaMOOpraHMU3alMy JIOTUCTUYECKOTO Mpoliecca
OyIeT 3aK/II04aThCs B TOM, YTO MPU 3aJaHHBIX
3HAYEHUAX KOJMYECTB PECypcoB Z, PeKOMEH-
OYEeMbIX IJi BBIIIOJHEHUS CUCTEeMBI W, MH-
TEPBaJIOB U3MEHEHUS KO3(DGUIINEHTOB a; "
MHTEHCUBHOCTEN Onepaumii g, OThICKMBAKOTCS
TaKve BEJIMYMHBI KO3(PDDUIIMEHTOB a;, KOTO-
pble yIOBJETBOPSUIM OBbI 0aJlaHCOBOMY COOT-
HOIIIEHNI0. B OCHOBY ke mpoleaypbl IMoMcKa
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Cocronane cHCTEMBL Lj;f
CocToAHHE MPOLECCHOTD MHOMKECTEA F j}‘j
1 [ ]
| CocTONEE SH PAIHONNDT © MATFLCTES 5.5 I
W i T
v — e
Cucrema JTLS ™€ 5l | Tpomece I.}"f Tl = 0
X
'y Tr
| VeIOEES BTN NEE S Pl S“ J
v [ ]
Veioeua BINOIHEHAN Opomecca F ;}"
v | 1
Vc10BHA OpoTeKaHHA NPOLECCOB Li,{?
TLS *
Cucrema €
L%
P
> Mpouyeccsi <
kf
F;
> Onepayuu < . _ Ay A
Vo 0l H b%/" .. ®
I U Nl e b .-"-.F' o
RN
> OeitcTena
Puc. 8. KonuentyansHas ctpykrypa TJIC
YA0OOHO TIOJIOXXUTh METOJ MHOTIOMEPHOI Mo- Ilycth Tpe6yeTc;I OIIPEIEIUTh PEKOMEHIYE -

CJICIOBATEJIbHOM ONTUMU3AINK, PACCMOTPEH-  Moe KOJIMYECTBO PECYPCOB, HEOOXOMUMBIX IS

HEII B [9].

JOCTaBKM Ha CKJam Tpy3a Buma k, 3a Bpems

ITpumep. Paccmotpum mpumep, MOSCHSIO- ¢ = 4 y. BpeMeHHbIe OrpaHUYEHMS] Ha OTepa-
mmii 6anaHcoBoe cooTHoueHue (14). LIMIO TIO JOCTAaBKE TPy3a Ha CKJIAI COCTABIISIOT
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<1 4, a nmo ero ykiagke £, < 3 4. MHoxXe-
CTBO pecypcoB {x j=1, 10} MHOXECTBO
CBOWCTB pecprOB {atr }—{ ..} cuura-
I0TCS 3aJaHHBIMU.

MHTeHCUBHOCTDL BBITIOJHEHWS OIepaluii
M0 JOCTaBKe U YKJIAIKe rpy3a BBIOMpaeM MUC-
XOAs M3 BPEMEHHBIX OTpaHUYEHUl, Torma
q,= 1, g,= 2. Coornowmenue (14) 3anuiem B
BUJIE:

/]’

Z(y =33 a xq, = (1L,(x,) +

o1 =1
+ Le(x)) x 1+ K () + 1210(x10)) x 3,

[I€ X, — CUIENbHBIA TATaY C MOJNYIPULIENIOM,;
X, — BOAMTEb CUAEILHOIO TAraya; X, — LUTa-
Oenep; x,, — omeparop Lirabenepa.

BusyanbHO mpoliecc moucka peKOMeHIye-
MBIX pecypcoB st BemonHeHust TJIO, npemy-
CMOTPEHHBIX YCJIOBUSIMU 3a7a4M, OTPaXKeH Ha

puc. 9.

IlpuBenenHass wuHTepnperauus TJIT B
TJIC B noruko-anredpanyeckoM HUCYUCICHUU
XOPOILLIO JIOXKUTCS B PYCJIO TOCTPOEHUS 3IKC-
nepTHBIX [18] U MHTEIEKTyalbHBIX CUCTEM Ha
TpaHCIIOPTE, paHee pacCMOTPEHHBIX B [15,16],

a BO3MOXHOCTb MpeAcTaBieHUs1 (Gopmyn
Hoxmeuue
. k 1 [ i |
T {"'”’ JIT by s J
Toe:

i =1-0o0cmasxa epyza euda k na cxkrao,
i =2 - yxnaoxka epyza euda k na cxnao;
=] — UHMEHCUBHOCTs Onepayuu i =1,

;=2 — UMMEHCUEHOCMb Ohepayul i= 2.

Pj j ~ MPOU3E0OUMETLHOCIL PecypeoM J pecypcoe 7

| pec )
€ npoyecce ebINOIHEeH A onepayuil i, | eo.ep ‘
1 =
1 \. —
] AR
1 f

FY, L, TLS® cemantuyeckum nepesom [19]
00€CMeYnBaeT pallMOHAILHOE MCIOJIb30BaHUE
KOMMBIOTEPHOU TaMSTU TPU UMUTALMOHHOM
monenupoBanuu TJIIT B ciayyae morpyxkeHus

3TOTO JepeBa B YIPABJISIOLIYIO CPEy.
[IpyuMeHeHHBIE B WMUTALMOHHOM MO-

JEIMPOBAHUU  TIOBEAEHUS  pealbHBIX JIO-
TUCTUYECKMX CHCTEM pPacCMOTpPEHHOM
pecypcHo-onepaunoHHoit moaenu TJIIT pgaror
BO3MOXHOCTh IIPOUTPHIBATh Pa3IUYHEIE Bapu-
aHTBl MX OpraHU3allMu C 1IeJbl0 BbIOOpa Hau-
0oJjiee SKOHOMUYHOIO M3 HUX U UCIIOJIb30BaTh
HapaboTaHHylO paHee B [l] MeTomoJoruio
MMUTALIMOHHOIO MOJEJIMPOBAHUS IIPUMEHU-
tebHO K TII. 151 KOMIIbIOTEPHO MHTEpIIpe-
Talli¥ CEMAaHTUYECKUX IePEBbEB MOIYT IOMOM -
THA aBTOMATHI C ACCOLMATUBHON OpraHu3aluein
[20, 21].

[TocTaBneHHBIE B HACTOSILEN CTaThe 3a-
Jauyyd TIPUHIAIIAAIGHO pelleHbl. B kadyecTBe
MaTeMaTU4YECKOro amaparta BbIOpaHO JIOTMKO-
ajgredpanyeckoe MCUYMCIEHHME, TO3BOJIMBIIEE
onucaThb MPOLIECCHI, IPOUCXOASIIME KaK B
SKCIIEPTHBHIX CHCTEMaX, TaK U B CHCTeMax C
yrpasisiemoil camoopranuzauueit TJIII, u
nepedpocuTh MOCT B HapaOOTaHHYIO paHee B

X P Pe‘] —
J ‘t)j"‘{&_’c)_.«zpji G
=N
é*'—v R S
-
& T -
A
C B ¥
\“m_____d_;-i‘
k k
di-1j  Y4i=1 4i=2j 4i=2
R

— Z=1

Puc. 9. TIpouenypa noucka pecypcoB mis BbinoaHeHus: TJIO
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[9] MeTomoJIOrHIO TIOCTPOCHUSI CaMOOPTaHM-
syromuxcsa TC.

B pamkax ucuucieHusT IpeauKaToB IIpaBo-
MEpeH IIepexod K MCUMCICHUIO HEYETKUX JIO-
TMYECKUX MEPEMEHHBIX B MHTYULIMOHUCTCKUX
Y1 MOJAJIbHBIX JIOTMKAX CO CJIOXHON CeMaHTH-

KOIi, Hambosiee aJeKBAaTHO OTPaXKaloIIUX I0-
BeneHue peanbHbIx TJIII.

Pabora npoBeneHa npu noaaepxke Komurera
no Hayke M Bbicuiell 1mkosie CaHkr-IlerepOypra
B 2013 1.
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