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HNEPAPXUYECKAS MOAEJIb JAHHBIX JJIA NIOAAEPXKKU NPUHATUA
PEINEHUU TP UHTEHCUO®UKAIIUU TPOLUECCOB

Paspabomana uepapxuueckas Mooenb OAHHbIX CUCTEMbL ROOOEPICKU NPUHIMUSL PeUteHUll Ol UHIMEHCUGUKayuu
npoyeccos 8 2uOpoadIPOOUHAMULECKUX CUCTHEMAX, OMAUYUMENbHOU 0COOEHHOCTbIO KOMOPOUL A6NAEmCs 00beOUuHeHue
CMPYKMYPHBIX, MONOJOSUYECKUX, QYHKYUOHATbHBIX, UHGOPMAYUOHHBIX, GU3VATbHBIX U UHMEIEKMYAIbHbIX MoOeell
nPeoCmasneHus INEMEeHMo8 U nPoYeccos. Dmo No380UL0 CHANb HEONPeOeleHHOCHb UH(OPMAYUL, CUHMEUPOSAmy
HOGble CIMPYKMYPHblE MOOEIU OCHOBHBIX U 6CHOMOSAMENbHBIX INEMEHMO8 2UOPOA3POOUHAMUYECKUX CUCTEM C Yelblo
CHUDICEHUS] 2UOPOAIPOOUHAMUYECKUX CONPOMUBTEHUL.

Kntouesvle cnosa: unghopmayuonuvie mexHoIOUY, cucmemvl NOOOEPICKU NPUHAMUS PEUeHUl, MOOeTUPOBAHUE
2UOPOAIPOOUHAMUKY, NPOEKMUPOBAHUE U IKCHLYAMAYUsL 2UOPOAIPOOUHAMULECKUX CUCTHEM, UHMEHCUDUKAYUs npoyec-
€08, UHMEIEKMYAbHbIL AHAU3 OAHHBIX

Ye. A. Arsiry, PhD.

HIERARCHICAL DATA MODEL FOR SUPPORTING DECISION MAKING
DURING PROCESSES INTENSIFICATION

The hierarchical data model of decision making support system for process intensification in the hydro-
aerodynamics systems is developed. A distinctive feature of the model is the integration of structural, topological, func-
tional, information, visual and data mining models of representing the elements and processes. It is allowed to remove
the uncertainty of information, synthesize new structural model of the major and minor elements of hydro-aerodynamics
systems for reducing hydro-aerodynamic resistance.

Keywords: information technology, decision support systems, fluid dynamics simulation, design and operation of
the hydro-aerodynamics systems, process intensification, data mining

O. O. Apcipiii, kaHa. TeXH. HAYK

IEPAPXIYHA MOJEJIb JAHUX VIS INATPUMKH HNPUMHSATTS
PILNEHB INTPU IHTEHCU®DIKALII TPOLECIB

Pospobreno iepapxiuny modensb 0aHux cucmemu RIOMPUMKY NPULTHAMMA PilieHb Ol IHmeHcu@ixayii npoyecie y
2I0p0aepOOUHAMIYHUX CUCTNEMAX, BIOMIHHOIO 0CODIUBICIIO SKOL € 00 COHAHHS CMPYKMYPHUX, MONOJLO2IYHUX, DYHKYIO-
HAIbHUX, THOOPMAYIIHUX, 8I3VATIbHUX MA [HMEAeKMYAIbHUX MoOeaell YsaeleHb elemenmie i npoyecis. Lle dozgonuno
SHAMU HeBU3HAUEHICb [HOpMAayil, cunmesyeamu HOGi CMPYKMYPHI MOOEIl OCHOBHUX I OONOMIJICHUX eIeMEeHMI8 2i0-

POAEPOOUHAMIMHUX CUCEM 3 MEMOI0 3HUNCEHHSL 2I0p0aepOOiHAMIYHUX ONOPIE.
Knrouosi cnosa: ingpopmayitini mexnonoeii, cucmemu RIOMpUMKU NPULHAIMMSL PilieHb, MOOeN08AHHs 2i0poaepo-
OUHAMIKU, NPOEKMYBAHHS MA eKCHIyamayis 2iopoaepoOuHAMIYHUX cCUcmeM, IHMmeHCUpiKayis npoyecie, iIHmMeaeKmyaib-

HULL aHANi3 OaHUX

BBenenue

AHanu3 TMOKa3bIBaeT, YTO JSKCILTyaTUpye-
MBIE CErOJHS dHEPreTUYecKrue OOBEKTHI, Maru-
CTpaJbHBIC U PA3BETBJICHHBIEC CETH CO CIIOKHBI-
MU  THAPOAIPOJUHAMUYCCKHMH  dJIEMEHTaMHU
(bU3MYeCKn U MOPAJbHO YCTapenIu U Mo MoKa3a-
TensiM 3((PEKTUBHOCTU HE COOTBETCTBYIOT MU-
poBbIM TpeboBaHusIM. [1]

Haubosiee panroHaTbHBIM IyTEM YITydIIe-
HUS CIIOKHBILIETOCS TIOJIOKEHUS SIBISICTCS WH-
TEHCU(UKAIUSA TPOILECCOB THUIPOAIPOTUHAMHU-
yeckux cucteMm (I'AJIC) myrem ux mepeocHa-
IICHUSI Ha OCHOBE YBEJIIMYCHHUS KOJMYECTBA H
KadecTBa MCCICA0BAHNM, CBI3aHHBIX C OIICHKOM
THJIPOA’POTMHAMUYECKHX TPOLIECCOB B CYIIe-
cTByIOmEeM obOopynoBanuu (0e3 pa3pymieHus
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KOHCTPYKIIMI) ¥ C MOJIEIMPOBAaHHUEM HOBBIX CH-
CTEMHO-KOHCTPYKTUBHBIX PEHICHHH C Y4eTOM
HOBBIX TpeOOBaHUH 3((HEKTUBHOCTH.

Pemmte 3amady MOIepKKH TaKUX HCCie-
JOBaHUI MOKHO 3a CYeT pa3pabOTKH Mpobiem-
HO-OPUEHTUPOBAHHOW HMH(POPMALMOHHOW TeX-
HoJoruu [2].

Onnako pa3paboTka Takoi MHGPOpPMAIMOH-
HOW TEXHOJOTHH Ui TOJJICPKKUA TPUHSATHS
pemeHnii mpu WHTEHCU(UKAIIMH TPOIECCOB B
I'AJIC cBsi3ana ¢ psgom rpobieM, OCHOBHOM U3
KOTOPBIX SIBJSIETCS MEXKIMCUUIUIMHAPHBIA Xa-
pakTep HCCIeIOBaHUM. DTO 3HAYUT, YTO HH-
(dbopMaIioHHass TEXHOJIOTUS JOJDKHA pelaTh
3agadyy oObenuHeHHs (GOpM IPEICTaBICHHS
JaHHBIX M3 Pa3HbIX NPEAMETHBIX O0JacTel
(puc. 1). [lnsg sToro B JIaHHOM cTaThe pa3pado-
TaH PsJl MOJENEH, OTPAKAIOUINX MPEIMETHYIO

133



Apcupuii, E. A. / DnektpoTexHuuecKkre U KoMIbIoTepHbIe ciuctemMbl Ne 10 (86), 2013

133 -138

I/IH(bOpMaHI/IOHHHe CHUCTCEMBI U TCXHOJIOT'NMH

00J1acTh Ha PAa3HLBIX CTAAUAX )KU3HCHHOT'O [TUKJIA

TAJIC.

—

Moe 1] oBAHTIE
TILI) 023 OHAMIKE
CATIP (C'AF)

™

HHT eIeK Ty ANBHBIH
AHATIG JTAHHBIX

Huopmaiiton HAA MEXHOT0IA
HHINEHCIPURAIILIL HPOUECCOE
r4jc

TIpoerTupoBanme TATC
Data Mining CAITP (CAD)

Oxcuryarama CATIC
ACV TII (SCADA)

] T

Puc. 1. Cxema oOobweaunenus gpopm

MIPEJCTAaBICHNUS JAHHBIX B Pa3HBIX
MPEIMETHBIX 00IacTsIX

Pa3paboTanHple MOjENM B paMKax co3ja-
BaeMOW HMH(POPMAIMOHHONW TEXHOJIOTHH O0be-
JUHEHBl B MEPApXUYECKYI0 MOJIENb JaHHbIX.
IIpu 3TOM BBIAENSAIOT TEXHOJIOTUYECKHE MOJIEIH
Ha YpPOBHE OHKCIUTyaTallMu, WH(OpPMAIMOHHbIE
Ha ypoBHE MH(POPMALMOHHBIX TEXHOJOTHUM, BU-
3yaJIbHbIE HAa YPOBHE KOMILIEKCHOTO MOJIEINPO-
BAaHUS U MHTEJUIEKTyaJIbHbIE MOJIENIM Ha YPOBHE
MHTEJJIEKTYaJIbHOTO aHAIN3a.

TexHoJi0ornyecKkue Moaesu

[IpoBeneH aHanu3 CTPYKTYPHBIX MOJEIEH
anemeHToB mipu sKcrryarauuu ['AJIC. Tlo Ha-
JMYUIO/OTCYTCTBHUIO TpoLiecca MpeoOpa3oBaHus
SHEPruu MPEIJIOKEHO CTPYKTYPHBIE MOJIENH
anemeHToB ['AJIC pa3nenuTh Ha OCHOBHBIE H
BCIIOMOTaTeNbHBIE.

K CTpyKTYpHBIM MOJIENSIM OCHOBHBIX dle-
menmos (EMajor) OTHOCATCS MOJCITH DIIEMEH-
TOB, B KOTOPBIX HPOUCXOIUT MpeoOpa3oBaHUE
OJIHOTO BHJA DHEPruM B ApYrou. BeineneHsl
CJIEyIOIIME TUIIBI CTPYKTYPHBIX Mozeneil Ema-
jor (Ma): TypOuWHBI, IBUTATENN, KOTJIbI, MEYH,
JIOMHBI, HarHeTaTeau (HAcOChl, BEHTHJIATOPBI,
KOMIIpECCOpPBI, AbIMOCOCHI) M Ap. llpu 3Tom
IIPOCKTHOM  XapaKTEpPUCTUKOM HarHeraresnei
ABJIIETCA NOJHBIA HAnop Hemajor, ONpenense-
MBI (PUPMOI U3TOTOBUTETIEM.

K cTpykTypHBIM MOIENSIM 6cnomozamens-
HbIX dnemenmod (Eminor) OTHOCSTCS MOJenu
AJIEMEHTOB, KOTOpPbIE O0ECIEUMBAIOT TEXHOJIO-
THYECKHEe OCOOEHHOCTH TPOLIECCOB IpeoOpa3o-
BaHUS SHEPIrUU. BbIJeneHsl cieayronue TUIIbI
CTPYKTYpHBIX Mojeieir Eminor (Mi): BxomamHbie
U BBIXOJHBIE YYaCTKM TPYO M KaHajoB, 00Opy-
noBaHus (MaTpyOKH); Y4acTKH TPYO M KaHAJOB
C BHE3allHbIM pAacCIIUPEHUEM WIH CYKEHUEM
ceueHus (maitObl, auadparMel), ¢ TUIABHBIM

pacmupenuemM cedeHus (quddy3opbl) WU
CyXeHHEeM (KOH(Y30pbl), C U3MEHEHHEM Ha-
NpaBIeHUsT TOTOKa — TOBOPOTHl (KOJIEHO,
OTBOJ), CO CJIMSHHUEM WJIN pa3/ie]IeHUEM MOTOKa
(TPOWHUKH, KpPECTOBUHBI, paCIpeIeIUTEIbHbIC
KOJUIEKTOPBI), C MPEMSATCTBUSIMH (HACaaKH, pe-
IIIETKH, CETKU, MOPUCTBIC CIIOW); TPyOOTpo-
BOJIHAsl apMaTypa M JaOUPUHTHI (KJIaraHbl, 3a/1-
BIWKKH, 3aTBOPBI, YIUIOTHEHUS, KOMIIEHCATO-
pBl); pa3IUyHBIE anmaparbl (OYUCTUTENIbHbIE
anmnaparsl, TEMII00OMEHHUKH).

[Toka3aHO, YTO TPOEKTHBIMU XapaKTEpHC-
TUKaMHU BCIIOMOTATEIbHBIX YJIEMEHTOB CIIOKHOM
¢bopmbl ABISIOTCA  KO3(D(PUIIMEHTHI MECTHBIX
THJIPOJMHAMUYECKUX COTPOTUBICHUN (y, KOTO-
pble BBIOMPAIOTCS W3 CHPAaBOYHUKOB, a TaKKe
HoTepu Ha TpeHue (r,, BOZHUKAIOLINE B OTHOCH-
tenbHO npsaMbIX dneMentax ['AJIC. Tlorepu Ha
TpPEHHE 3aBUCAT OT JUIMHBI MPSIMOTO Y4JacTKa.
CymmMma Cy 1 §;p cocTaBIsieT FMIPOJMHAMUYECKOE
conpoTuBiieHue (.

Jlnst ommcaHus B3aMMOCBSI3aHHOTO Xapak-
Tepa MPOTEeKaHUsT (PU3HMUECKUX MPOLIECCOB MEXK-
Ny CTPYKTYpHBIMU MojiensiMu 31emMeHToB ['AJIC
paccMOTpPEHBI YETHIPE BO3MOXKHBIX TOIIOJIOTH-
yecKuX Mojenu (cxeMbl KoMIoHOBOK) R (rule
lay-out).

Ha ocHOBaHMH TOMOJOTHYECKUX MOJEIeH
st aHanuza s gextuBHoctn ['AJIC paszpabo-
TaHa @yuxyuonanvuas «H-mooenoy TAJIC,
OCOOCHHOCTBIO KOTOPOH  SBJIIETCS  OLIEHKa
I'AJIC ¢ Touku 3peHust HanopHbIX (/) xapaxTe-
PUCTUK OCHOBHOTO M BCIOMOTATENBHBIX Hlie-
MEHTOB. B COOTBEeTCTBMM € 3TOW MOJAEIHIO
kputepuil oueHku 3¢pdexruBHoct 'ANIC —
nokazarenu wmomHocty U KIIJI ocHoBHOro
DIIEMEHTa,  OMNpeNeNsieMble 10  HaOPHBIM
XapakTepuCTHUKaM  (COTJIacCHO  Karajoram).
IIpoBeneHHbIE Hccaen0BaHN 000PYIOBaHMS 1O
H-monenn mokazanu, uro peanbHas 3(QexTus-
Hocth ['AJIC oTnuyaeTcss OT MOJENBHOM, TMOC-
KOJIbKY HE YYHUTHIBACT BIIMSHUE CTapeHHs |
n3HOCa O0OpyIOBaHUS Ha TUIPOA’pPOJAWHAMU-
YEeCKHE MPOIIECCHI.

g ycTpaHeHMsl 3TOTO ObLIa MpeioKeHa
@yukyuonanvnan «P-mooenvy I'AJIC, ocoben-
HOCTb KoTOopo# — onienka ['AJIC ¢ Touku 3peHust
XapaKTePUCTUK THIPOAIPOJIUHAMUYECKHX CO-
MPOTHBIIEHU OCHOBHBIX M BCIOMOTATEIBHBIX
AIIEMEHTOB. B 3TOM ciydae KpUTepHeM OICHKH
spdextuBHocTH ['AIC  sBisieTcs JaBJie-
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Hue/paspspkenue (P), m3mepsiemoe (MaHOMET-
paMu/BaKyyMMETpaMH) B JIFOOOH TOUYKE CHCTe-
Mbl. [IpeumyiecTBoM 3TOH MOJENH SIBIISIETCS
BO3MOJKHOCTh OIIGHKH peabHOH 3(PPEeKTUBHO-
ctu 'AJIC. TTosToMy naHHYIO MOJENb IEIeCo-
00pa3HO HCIMOJB30BaTh JJISI OTPENEICHUs] BO3-
MOXXHOCTEHl CHW)KEHHUS MOTEpPb IYTEM YMEHb-
LIEHUs] CONPOTUBIIEHUM 3JIEMEHTOB MPU UHTEH-
cuuKaIum.

HNHpopmannoHHbIe MOAEIH

[Tpu co3nannu HHGOPMALIMOHHON TEXHOJIO-
UM TOJJIEP’KKHU MPUHSTHUSI PELLIEHUN C y4eTOM
MPOUCXOAIINX HH(MOPMAIIMOHHBIX MPOLECCOB
Ha OCHOBE BBIIIE PACCMOTPEHHBIX MOJEIEH
(CTpYKTYpHBIX, (DYHKIMOHAJIBHBIX U TOIMOJOIU-
YEeCKMX) pa3pabOTaHbl COOTBETCTBYIOIIME WM
MH(POPMAIMOHHBIE MOJIENIM C TOYKU 3PEHUS BU-
3yalM3aluu pe3yabTaTOB MOJEIMPOBAHUS IIPU
TUIPOAa3pOIMHAMUYECKHUX MPOIIECCAX.

NudopmMalMioHHYI0  MOJIENlb  OCHOBHOTO
anementa (Emajor) TAJIC cormacHo P -mozenu
IIPEVIOKEHO MPEACTABIATh KOPTEKEM CIIETYIO-
LIero BUAA:

Emajor=(Ma,G,n,D,P,Q,c,N) (1),

rae - Ma - Tun CTpyKTYpHOW MOJENH OCHO-
BHOTO d31eMeHTa; G — KOHCTPYKTOPCKHU dep-
TEX OCHOBHOTO 3JIeMEHTa; N — Yucio 000po-
TOB pabouero kosieca; D - auamerp pabouero
kKoineca; P - coszmaBaemoe maBienue; Q -

pacxon pabouero Tena; o -
THJIPOA’POTMHAMUYECKOE corpoTuBiieHHE; N —

JJICKTpUYECKass  MOIIHOCTb. IIpu  sTOoM
P .o =k(nDn)*-
OCHOBHOTO »JieMeHTa, rae kK - koaddunment
pacuera.

HNudopmanoHHyro MOJIETh
BcriomorarenbHoro anementa (Emajor) TAJIC
COTJIACHO P-monenn IIPEIOKEHO
MPEJCTaBISTh KOPTEKEM TaK:

Eminor =(Mi,G,Q,c AP) (2)

riae Mi - THIT CTPYKTYPHOU MOJIENH OCHOBHOTO
aneMeHTa; AP - 1noTepu JaBieHuUS.

IIpu mnpoBeneHHMH MOJETMPOBAHUS  JUIS
OCHOBHBIX U BCIIOMOTaTEJIbHBIX 3JEMEHTOB
BBOJIUTCSI MIOHATHUE NOA00US.

Onpedenenue 1. CTpyKTYpHO-TIOJIOOHBIMU
Ha3bIBAIOTCA AJIEMEHTHI, YEPTEXH KOTOPBIX
MOXXHO IPHUBECTH JPYr K JPYry C IOMOIIbIO
MacHITaOupOBaAHHUS. CtpyKTypHO-110/100HbIE

npeaAcibHOC  JTaBJICHUC

major

!
>eMenThl 00o3navarorcs G ——G, rae m

— HEKOTOPbIH K03 pHUIMEeHT MacIITaOupOBaHUS
(0,04 <m<2)5).

HNudopmanmoHHyo Moaeb (pyHKIIMOHUPO-

BaHUS OCHOBHOTO M BCIIOMOTaTEIbHOTO Hlie-
MEHTa C TOYKH 3pPEHUs IMapaMeTpoB TUAPOAIPO-
JMHAMUYECKUX MOTOKOB MOXKHO XapaKTepH30-
BaTh 4YUCIOM PeifHonbaca ciemyrommM obpa-
3om: Re=Vdp/u, tne V — ckopocTh MmoTo-
ka;.V=Q/S, Q — oObeMHasE CKOPOCTh MOTOKA;
S — mIomane MONEPEeYHOTo CEYECHUsI B MOJIEIH-
pyemom anemente; d e G — reomeTpuyecKuit
pasMmep dJIeMEeHTa; P — IJIOTHOCTh CPEedbl; [L—
JTMHAMUYECKasi BI3KOCTb.

Onpedenenue 2. DOyHKUHOHATBLHO-TIOI00-
HBIMH HA3bIBAIOTCS SJIEMEHTHI, Y KOTOPBIX YHC-
na PeliHonbaca B THAPOA’pOAMHAMUYECKUX
MOTOKAX HAXOJATCS B IUara3oHe TypOyJIeHTHO-
CTH [104S Re SlOG]. OYHKIIMOHAITBHO-TT0I00-

HBIE 3JIEMEHTHI 0003HAYaI0TCs Re’ = Re.
Onpeoenenue 3. OyHKINOHAIBHO-TIOJ00-
HeiMu  HaseiBatoTcas ['AJIC, cocrosmue w3
CTPYKTYpHO M (PYHKIIMOHAJIHHO MOJOOHBIX OC-
HOBHBIX U BCTIOMOTaTEIbHBIX 3JIEMEHTOB.
Crpykrypayto mozaens I'AJIC npennoxeHo
MPEJCTABIIATh KOPTEKEM CIEAYIOIIETO BHIA:

C=(MV,Emajor,MP,R), (3)

rae MV — MHOXXECTBO BCIIOMOI'aTeIbHBIX 3JIe-
MEHTOB, HaxXOJAIIUXCS B 30HE pa3pedceHus,
MP — MHOKeCTBO BCIIOMOTaTENLHBLIX DJIEMEH-
TOB, HaXOJAIIUXCS B 30HE OasneHus;R — mpa-
BUJIO OOBEAWHCHHS OCHOBHOI'O H BCIIOMOTra-
TEJIbHBIX AJIEMEHTOB. [Tpnu 3TOM

m k
MV=[R] JEminor, 1 MP=[R]JEminor, , rae
i=1 j=L
[R]U — npaBwio oobenuHeHuss Eminor; m,k
— KOJIMYECTBO 3JIEMEHTOB.

Wudopmanmonayo Moaenb (GpyHKIIMOHUPO-

Banusi ['AJIC cormacHo «P— moxenu» (puc. 2)
MIPEAJIOAKEHO MPEJCTABISATH KOPTEKEM

Prye =(IN,Q",0UT), (4),

rne IN— Bxogmoii mapamerp; Q — paGouas
TOYka s omnpenenenus pacxona; OUT -
BBIXOJHOM mapamerp. Ilpm 3TOM BXOIHBIM
[IapaMeTPOM SIBJIIETCS. KOPTEK
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IN = Emajor’_APEminorl’ ’_APEminorQ’ ""’_APEminorn’q )
“\AP AP, AP ’

Emlnor"’ Eminory 1***1 Eminor/

re Peor(Q)— dyHKIMOHATBHAS 3aBHCHMOCTS

AaBJICHUA OT pacxoJa B OCHOBHOM DJJIEMCHTC

Emajor; AI:)Eminori'(Q)i (1)YHKIII/IO-
HaJIbHBIE 3aBUCUMOCTHA IOTEPhL [OABJIECHUS OT
pacxoga B BCIIOMOTATENIBLHBIX  DJIIEMEHTaX
Eminor, e MV ; APEminorJf'(Q)! 7=1,...k — pyHK-

MUOHAJIBHBIC 3aBUCUMOCTHU NIOTECPb AABJICHUSA OT
pacxoaa B BCIIOMOTaTCIIBHBIX OJICMCHTax

Eminorj e MP.
Touka naBieHus Q* JUIsL OIIpEIEICHUs pac-

xona B ['AJIC, BbrumMcisieTcss U3 CIEAYIOLIEro
BBIPAKCHU:

P (Q) Z\ v (Q)) = ZAPEm.nm Q-(5)

BI)IXOIIHBIM napaMeTpoOM SABJIACTCA KOPTCK
OUT < Emajor’? IDEmajor"N Emajor> '

rie P [IOKa3aHWE BaKyyMMeTpa (30Ha

major’
paspexxeHus) OCHOBHOIO djeMeHTa Emajor;

Pe MoKa3aHWe MaHoMmeTpa (30Ha JaBiie-

Hus); N

major”

Emajor — 3HAUEHHUE MOIHOCTH OCHOBHOI'O

anemenTa Emajor

e By ki Dnf

00

=]
Emajor AP

Emajor

)

400
k

Poy( @ =Y |- AR, ()

Bmejor! &
300 i ‘

200

100

ToE o
VM
—

M:mr

0“' -
e

-100
i=1

Puc. 2. Cxema B3auMOCBSI3H TTapaMeTPOB
nH(OOPMAMOHHON MOIeTH (PYHKIIMOHUPOBAHUS
I'AJIC cornacuo P-monenu

Onpeoenenue 4. Kpurepuem sddexTuBHO-
ctu TAJIC mipu pacxozne Q', onpeaeneHHOM Ha
OCHOBaHWHW HWH(pOpPMAIMOHHON Monenu (4), Oy-
JIeM Ha3bIBaTh

KH/HFALIC Q I:>Em|n0rk (6)’

Emajor

rie P [I0OKa3aHUE MaHOMeETpa mepen

minor,
MOCTIEIHUM ~ BCIIOMOTATEIbHBIM
pAacIoyioKeHHBIM B 30HE JIaBJICHUS

Onpeoenenue 4. Kpurepuem 3pPEeKTUBHO-
et TAJIC mipu pacxozne Q', onpeeneHHOM Ha
OCHOBaHMU HH(OPMAIMOHHOU Mozenu (4), Oy-
JIeM Ha3bIBaTh

KH/HFALIC Q I:>Em|nork Emajor ? (6)
— IOKa3aHUC MAaHOMETpa nepea I1o-

JJIEMEHTOM,

rae P

minor,
CIIETHUM BCIIOMOTATEIbHBIM 3JIEMEHTOM, pac-
II0JIO)KEHHBIM B 30HE JJaBJICHMUSL.

BBeneHHble MOJienM TO3BOJISIOT PEAIbHO
OLICHMBATh 3HEPreTU4YecKylo 3(PPEeKTUBHOCTDH
CYLIECTBYIOIIEr0 00OpYyIOBaHUs, BBISBIAThH pe-
3epBbl YMEHBIUIEHUS COTIPOTUBIIEHUI JIEMEHTOB
IIpU UHTEHCU(UKALUN

Busyajabuble u
MO/1eJIN

JUis BBISBICHUSI U UCCIIEIOBAHMS BIUSHUS
TUIPOA3POIMHAMUYECKUX IPOLECCOB Ha THUJ-
PaBJIMYECKUE COINPOTUBIEHUS B CTPYKTYPHBIX
monensx Emajor u Eminor cnoxxoit ¢opmbl
pa3paboTaHbl CPEICTBA KOMIUIEKCHOTO MOJIEIIH-
pOBaHMsI, KOTOPbIE MO3BOJIAIOT MOJIYYUTh BU3Y-
aJIbHBIE M UHTEJUIEKTYaJIbHbIE MOJIENIN

Onpedenenue 5. BusyanbHOW MOJENBIO
VME OCHOBHOTO MM BCIIOMOTIaTeIbHOIO JJIe-
menTa ['AJIC Oynem Ha3pIBaTh M300paXkeHHE B
BUJIE PACIIPENEICHHS] ONTUYECKON IUIOTHOCTH,
KOTOpPO€ OJJHO3HAYHO XapaKTEepU3yeT IoJje rpa-
JTUEHTOB CKOPOCTEH (maBjaeHui) ruapoauHaAMU-
YEeCKOTro MOTOKa B MOJEIMPYEMOM 3JIEMEHTE.

Onpedenenue 6. BusyanbHOW MOJIEBIO
VMP  ruapoaMHaMH4ecKoro - CTpYKTYpHOTO
npumutuBa (I'CIT) Oynem Ha3bIBaTh 3J€MEH-
TapHBIA, HEMPOU3BOIHBIN (pparMeHT M300paxke-
nus ,VME pa3smep kotoporo obecreunBaeT
IICEBJIOCTALlMOHAPHOCTh U COTJIACOBAH C paspe-
HIaroIIed CroCOOHOCTBIO CPEJCTB PETUCTPALUU
KOMIIJIEKCHOTO MOJIEJIMPOBAHNA.

Onpedenenue 7. IHTENNEKTyaIbHON MOJIE-
apt0 IME OCHOBHOro WM BCIIOMOTaTENbHOTO
anemenTa ['AJIC Oyaem Ha3bIBaTh ynopsia04yeH-
Hoe o0benuHenue ['CII

=[RE] v™mP,, (7)
i=1
e, [RE]U — KOHTEKCTHO-3aBUCHUMEIE TPO-

HHTC/UIEKTYAJ/IbHbIC

IME

nykiun oobenunenuss VMP ;N — KoJIM4ecTBo
VMP .
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Onpedenenue 8. UHTEMNEKTyaIbHON MOjI€-
neto ['CII Gynem Ha3bIBaTh BBHIPAXKEHUE B JIOTH-
KO-aHAJIUTUYECKOM BUJIE!

IMHSP = (Id, VMR, F,K),  (8)

rie  ld, - F.—
npusHakoB; K — Homep Kiacca.
HaGop mpu3HAKOB MOXXHO TMPEICTaBUTh

KOPTEXKEM

UJCHTU(PUKATOP; Habop

F =(Faa Fae Fu Frpe )

star ' spe? ! stro ! str-spe

rneF.  F . F F

sta? ' spe? ! str?

(9),

r-spe — MHOXECTBA IMPHU3HA-

KOB COOTBCTCTBCHHO CTAaTHCTHUYCCKHUX, CIICK-

TPabHBIX, CTPYKTYPHBIX, CTPYKTYPHO CII€K-
TpaJbHBIX.
NHTremnekTyanbHass MOJEIb  DJIEMEHTOB

I'AJIC (8) ornnMyaercss yd4eTOM JIOTHYECKOM
CTPYKTYpBI, YTO TIO3BOJIMIIO CO3/aTh METOIUKY
MHTEJUIEKTYyaJ IbHOU BHU3yanusanuu [3] ¢ mesbio

OTNpEeNIeJICHUsI  pallMOHAIBHBIX  MapaMeTpPOB
mozeneit (1) u (2).

BriBoa

PazpaGorana  uepapxuueckas  MOJEIb

JTaHHBIX JUIST WHQGOPMAIMOHHOW TEXHOJIOTHH
MOIEPKKH TIPUHSITHSI PEIICHUN TPU WHTECHCHU-
¢ukamyu npoueccoB B 'AJIC, oTinyuTensHOMI
0COOEHHOCTBIO KOTOPOH SBJISIETCS 00bEIMHEHNE
MoOJeNiell JaHHBIX W3 PAa3HBIX MPEAMETHBIX
o0iacTei, 4TO TMO3BOJIMIO YTOYHATH TEXHOJO-
THYECKHEe MOJETH OCHOBHBIX M BCIOMOTa-
tenpHBIX eMeHToB ['AJIC Ha 6a3ze paszpabo-
TaHHBIX BU3YAIBHBIX ¥ HHTEIUICKTYaTbHBIX
MOJIeNIel ¢ LENbI0 CHIDKEHHS THUAPOadpOaNHA-
MHUYECKUX COMPOTUBICHUH [4, 5, 6].
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