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MU cioBaMH. Lle monermrye peasizariro npomecy yrpasiiH-
HS KOMEPLIifHNM KOHTEHTOM.

2 MOJEJI TPOLECY YITPAB/ITHHS
KOMEPIIIAHAM KOHTEHTOM

3aBaaHHs IMiICUCTEMH YITPABITiHHS KOHTEHTOM: (hopMy-
BaHHS, POTaIis 0a3 JaHUX i 3a0e31eYeHHs JOCTYITY 110 Hel,
(hopMyBaHHS OIIEPaTHBHUX 1 PETPOCIIEKTUBHUX 0a3 TaHMX;
TIepCcoHai3alis poOOTH KOPHUCTYBadiB, 30€peKeHHsI IIepco-
HAITPHUX 3aIHTiB KOPHCTYBAYIB 1 JKEPENT, BEICHHS CTaTUCTH-
K1 po0OoTH; 3a0e31eYeHHsI IIONIyKyY B 0a3ax JaHuX; TeHepa-
1is BuxigHux (opm; iHpopmamiiHa B3aeMOIs 3 1HIIMMHU
6azaMu qaHux; (hopMyBaHHS iHPOpMaLiHOTO pecypcy.

[Iponec ympaBiniHHS KOHTEHTOM ONHUCAHO (DYHKIIIEIO
BUITISITY

z,, = Management(dq , c, hy,ty) (22)

neZ ={z,z,..., Zy, }—MHOXkMHa iHQOpMaLi HHUX pecypCiB,
Management — oneparop yrpapiiHHS KOMEPIIHHAM KOH-
TentoM, C ={cy,C, ..., Cne } — MHOXXMHA KOMEpPLIHHOIo KOH-

Tenty, Q={0,d5..., an} — MHOXWHA 3aIliTiB KOPHUCTY-
BauiB, T ={t;,t,... ,tr|T }—4ac Tpan3akiiii ynpaBiiHHS KOH-

TEHTOM, MHOXKMHA KOMEpIIHOT0 KOHTEHTY, h | — MHOXMHA
YMOB yOpaBiaiHHS KOHTEHTOM, TO0TO

e =m0, Ga).-...n,, (6,00,

Ha puc. 2 noxana xiacugikariist Mozenei yrpaBIiHHSI
KOMEpLiHHIM KOHTEHTOM.

VYrpaBiiHHSI KOHTEHTOM IOJIaHO SIK

Cj :{Uumk (a GQ)/\(Humk eUM),UM =

=Uy vUpgi=im k=1n}. @)

1. T'eneparisi CTOPiHOK 32 3aIIMTOM PEaJTi30BYETHCS BiTHO-
LICHHSAM
Moodepamop — peodazysanus KoHmenmy — 06a3a
OaHux — NOOAHHA KOHMeHmy — iHgopmayitiHuil
pecypc.
dopMarpHa MOJIENb €TaITy TeHepaIlii CTOPiHOK 3a 3aITH-
TOM TIOJAHO 5K

Managementq = (X, H,C,Q, Presentation, Edit,T,Z) , (24)

ne X :{Xl,xz...,xnx} — MHOXXHHa BXIJHHUX JaHUX,

C={c1.co....cn. } - MHO)XHHA KOHTEHTY;
YnpaeniHHs reHepadis CTOpiHOK 3a 3anMToM
KOHTEHTOM

reHepauis CTOpPiHOK Npu peAaryBaHHi

3MilaHni TN

3apaui i

po6oTa 3 6azamu gaHux

nepcoHanisauis poboTu kopuTcyBaya

PV vy vyy

reHepauis BuxigHux popm

Puc. 2. OcobauBoCTI minCUCTEMU yIPaBIiHHS KOMEPIIIHHIM
KOHTEHTOM

Z={zy,1 ---,an} — MHOXHWHa C(POPMOBAHUX CTOPIHOK;
Q={q,9; --anQ} — MHOXMHA 3anuTiB;, Presentation —

orrepatop (opmyBaHHs Ta rogaHHs cTopiHkH; Edit — ome-
paTop penaryBaHHsS Ta MoAudikamnii KOHTEHTY;

T ={t1,t>....th } — wac Tpansakuiii ynpasninns xonTen-
Tom; hy = {hl(xi:qd),---,hnH (Xi,qd)} — MHOXXMHa YMOB
YIPABITiHHS KOHTCHTOM.

Etan penaryBanHs Ta Moam¢ikamii KOHTEHTY ITOaHO
(YHKIII€10 BUITIS LY

¢j (.t ) = Edit(cj, i t,). (25)

ETamn ¢popmyBaHHSI MHOXXHHH CTOPIHOK OIMCAHO (QyHK-
Li€F0 BUITIATY

Z(t, + At)= Presentation(q;, C,Weight(C),t,, At), (26)

e Weight(C) — 3arajbHa Bara KOHTEHTHOTO OJIOKY, TOOTO

7= Uc[(ve; < Cq)n gy qu)C:quCa,j:1,m,i:ﬂ}‘(27)

Bary 011oxy BU3Ha4aroTh Ik CyMy Koeili€eHTiB, sKi Xa-
PaKTepHU3yIOTh KOHTEHT:

Ac =|[C||=Weight(C, Location, KeyWords, Static, Addterm, Preferences), (28)

nie Location(c j ) — Koe]ilieHT po3TalryBaHHs OJIOKY y KOH-

TEHTI, KeyWOrdS(C : ) — Koe]iIli€HT KITFOYOBHUX CITiB B OJIOII,

J

Static(c j ) — Koe]iLliEHT CTAaTHCTHYHOI Ba)KJIMBOCTI TEPMIB,
Addterm(c j ) — Koe(iIliEHT HASIBHOCTI JIOIaTKOBUX TEPMIB,

Preferences (c i ) — KoeiIieHT HasIBHOCTI Ta 00CATY TEpMiB
i3 3armmTy KoprcTyBaya [ 7-8].

2. T'enepanisi CTOPiHOK NPH pearyBaHHi [OISITae y CTBO-
PEeHHI Ha0Opy CTATHYHHUX CTOPIHOK IIPU BHECEHHI 3MiH JI0
KOHTEHTY iH(OPMAaLiHHOTO pecypcy, TOOTO

Mooepamop — pedazyeanis konmenmy (ingopmayii-
HO20 pecypcy)—baza danux —>inpopmayitinuii pecypce.

B Moperni He BpaxOBYeThCS iHTEPAaKTUBHICTE MiXK BiIBiy-
BaueM i pecypcoMm.

dopManpHa MOZIETH €TaITy TeHepallii CTOPiHOK IpH pe-
JaTyBaHHI Ma€ BUTILSI

Managementg = (C,H, Edit,T,Z), (29)

ge C= {Cl, Cyyenry CnC } — MHOXHUHA KOHTEHTY,
he = {hl, h,,..., hnH } — MHOXXMHA YMOB YIIPaBIIiHAS KOHTEH-
TOM, Z ={21,25..., 2y, } ~ MHOXHHA CTATHYHUX CTOPIHOK;

Edit — omepaTop pemaryBanHs/Momudikaiii KOHTEHTY
iH(opMariitHOro pecypcy.

ETan ¢opmyBaHHS CTOPIHOK OITMCAHO OIIEPATOPOM BHT -
ny

Z(t)= Edit(C,Weight, H,t). (30)
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3. 3mimanuii THN ITOETHYE B 001 ITEpeBart Meprimx 80X
THIIIB!

Moodepamop — pedacysanns konmenmy —>0asa
Oanux — 30upanus OI0KI8 —>Keu —>N0OAHHS KOHMEHMY
— iHgopmayitiHull pecypc.

dopmanbHa MOJIEh €Tally yIpPaBIiHHS KOHTEHTOM M0~
JTAHO SIK

Management =(X,C,Q, H, Presentation, Edit, Caching,T,Z), (31)
e X ={X1,x2...,xnx} — MHOXHHAa BXIJHHUX NaHUX,
C={¢.C2....Cn ¥ -
z ={21722---7an} — MHOXHHa C(OPMOBAHUX CTOPIHOK;

Q={th,G2-,0n, } -

MHO>XHHa KOHTCHTY,

MHOXHWHa BaHI/ITiB;

h = {hl(Xi /Ag)s---r b, (X,0g )} — MHOKHHA YMOB YIIPaB-
JiHHA KoHTeHTOM, Presentation — oneparop dopmyBanHs
Ta moxanus cropinku; Edit —onepaTop penarysanHs Ta Mo-
nikanii koHTenty, Caching — oriepaTop GpopMyBaHHS Kelry
a60 iHpopManiiHNX OJIOKIB, /1€ KelI

Cache = Caching(Z,Weight,t, At), (32)

TOOTO
Cachez{Uzi|zieZ,t:t+At,i:l,_n}. (33)

[Tixcucrema yrpaBTiHHSI KOMEPHiHAM KOHTEHTOM pea-
Ji30BaHa NUIIXOM KellyBaHHs (IigcucTeMa MoJaHHs reHe-
PY€E CTOPIHKY OJIMH pa3, HaJlaJli BOHA B ACKUIbKA Pa3iB IBH/I-
1IIe 3aBAHTAXYETHCS 3 KEIITY, IKU OHOBITIOETHCS aBTOMATHY-
HO 110 3aKiHYEHHIO JIEKOT0 TEpMiHy Yacy abo IpH BHECEHHI
3MiH JI0 TIEBHUX PO3ILTIB iH(OpMAIiitHOTO pecypcy, abo
BpYyYHY TI0 KOMaH/i aaMinicTparopa) abo (popMyBaHHAM
iH(popmartitiHux 61okiB (36epeskeHHs OIIOKIB Ha eTar pefa-
TYBaHHA iH(OPMAIIIHOTO pecypcy i 30upaHHs CTOPIHKH 3
1MX OJIOKIB MY 3aITTi BiZMOBIHOI CTOPIHKH KOPHCTYBAYEM).

3 MOIEJIb ITIPOLECY CYIIPOBOAY
KOMEPIIMHOI'O KOHTEHTY

[Tincucrema cynpoBosy KOHTEHTY 3abe3neuye popmyBas-
H# iH(OpMaNifHUX MOPTPETIB; BUSABJICHHS TEMATHYHHX CIO-
KETIB KOHTEHTY; TI00yI0BY TaOJINIIb B3a€EMO3B’ SI3Ky KOHTEH-
Ty, PO3PaxyHOK PEHTHHTIB KOHTECHTY, BHSIBJICHHS HOBHX IOJIH
B KOHTCHTHUX TTOTOKAX, IXHE BiJICTeKCHHS 1 KITaCTEPi3allio.

ITincucrema CynpoBoy KOHTEHTY SUPPOrt ommcana sk
y(tp +At) = Support(vi, hy ¢y, 2y, tp, At),  (34)

Jie V| — MHOXKMHA YMOB CYIIPOBOJLY KOHTEHTY Ta 30BHIIIIHIX
BIUIMBIB  CEpEJOBMINA HAa  CHUCTEMY, TOOTO
Vi = (v (9, tp),---,Vn, (ditp)). Buxinna indopmaris pea-
Ji30BaHa K

yj —{Uw(qd eX)A@v V),V =Vg, vvi,d =1m,|l —1,n}_ (35)
I

(DOpMaJ'H)Ha MOZICJIb CYIIPOBOAY KOMepHiﬁHOFO KOHTCH-
Ty Ma€ BUTTIA

X,Q,C,H,V,T,Bulanort,IdThemTop,> )

Support =
ConCorrTablConc,CalRankConc, Z,Y

Jie BeJTMYMHY MOJIEIi Io/1aHi B Ta0I. 4.
MHoxHHa KoMepuiiHOro koHTeHTy C MofaHo SIK

C=(Cp,Cr,Cc,CR), @7

ne C, — nigMHokuHa inpopmaniiinux noptpetis, C, —
T IMHO)KIHA TEMATHIHUX CIOXKETiB KOMEPIiHHOTO KOHTEH-
Ty, C. — MiAMHOKXHHA TAOIUIb B3a€MO3B’ 3Ky KOMEpLIifHO-
0 KoHTeHTy, C, — MIMHOXXMHA PEHTHHTIB KOMEPLIHHOTO

KOHTEHTY.

Ta6muus 4. BenmuunHN MOAENi CyPOBOAY KOMEPILIHOTO KOHTCHTY

Hazpa [To3nauenus [Jiamazon MmuosxuHa
Bxingni qaHi Bix MofepaTopiB/KopHUCTyBauiB X € X i= m X ={x,%s..., Xny }
MHOKHHA 3aITHTiB KOPHCTYBAdiB qq €Q d= :IE Q={a.9..., an}
MHOXHHa KOMEPIIIHHOrO KOHTEHTY ¢, eC r— m C={c.cy..., C”c}
Omneparop ¢popMyBaHHS IOPTPETIB BulnfPort - -
OmnepaTop BHUSBICHHS TEMaTHYHUX CIOKETIB IdThemTop - -
OmnepaTop Mo0yI0BH B3a€MO3B’ 3Ky KOHTCHTY ConCorrTablConc - -
OmnepaTop po3paxyHKy peHTHHIIB KOHTEHTY CalRankConc - -
MHoOXHHa BHYTPIIIHIX apaMeTpiB CUCTEMU h,eH k = m H= {hp h,,..., hnH }
MHOXHHa apaMeTpiB BILIMBY CEPEIOBHINA v, eV | = m V= {Vl!Vz ey, }
MHoHHa CTOPIHOK iH(pOopMaLiitHOro pecypcy z,€Z 7= E Z={z7,17,..., z,, }
Yac TpaH3aKIil oNpaIroBaHHs pecypciB tp eT p= m T={t,.t,.. .,tnT }
MHOHHa CTATUCTHYHUX JaHUX POOOTH CHCTEMH yj€ Y j= m Y ={y1, Y, < Yn, }
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MmuoxwuHa iHpopMaLiitHUX OPTPETIiB CP MOAAHO K
C, = BulnfPortr (X,U,,C,), (38)

ne U p— MHOXXMHA yMOB (h)OpMyBaHHsI iHpOpMALifHKX 110p-

tperis, BulnfPort — oneparop popmysanus indopmariiii-
HHX MOPTPETIB.
MHOX1Ha TEMaTHYHNX CIOXKETiB KOMEPIIHHOrO KOHTEH-

1y C; nonao sk
C, = ldThemTop(X,C;,U; ), (39)

Ac UT — MHOXHWHA YMOB BUSABJICHHA TCMAaTUYHUX CIOJKETIB

KoMmepuiifHoro koHTeHTy, |dThemTop — omepaTtop BH3Ha-

YeHHs TEMATHIHHX CIOKETiB KoMepIiitHoro kontenty C; .
MHOXHHA TaOIHUIb B3a€EMO3B’ 13Ky KOMEPIIIIHHOTO KOH-
tenty C_ nogano six

C. =ConCorrTablConc(C,U, ), (40)

Ae U — MHOXHHA yMOB 1oOY0BH TaOIHUIb B3aEMO3B’ 513~
Ky KoMmepuiiiHoro koHrenty, ConCorrTablConc — omepa-
TOp NOOYIOBYM TaOMHIb B3a€EMO3B 3Ky KOMEPLIITHOTO KOH-
TEHTY.

MuoxuHa peHTHHTiB KoMep1iiiHoro konTenTy C , moza-
HO SIK

C = CalRankConc(C,Tonality,U,Spam), (41)

ne U r — MHOXHHA 1apaMeTPiB PO3PAXyHKy PEHTHHIIB KO-
MepuiiiHoro koutenty, Tonality — kpurepiii TonanbHOCTI
KOHTEHTY, Spam — (QyHKIis BHU3HAYCHHS CIaMmy,
CalRankConc — omepatop BH3HaYeHHs PEHTHHTIB KOMeEp-
L{iHHOrO KOHTEHTY CR.

MHOKWHA BAXiTHAX CTATHCTHYHNX JauuX Y TTOJaHO K
Y = Support(C)= Support(Cp,Cr,Cc,Cr), (42)

e CP — MiIMHOXKHHA 1HQOPMAIifHUX TOPTPETIB, CT -

T IMHO)KIHA TEMATHIHUX CIOXKETiB KOMEPIIiHHOTO KOHTEH-
1y, C. — miaMHOXHHA TaGIHIb B3a€MO3B’SI3KY KOMEPLIii-
HOTO KOHTEHTY, CR — IMIMHOXKUHA PEHTHHTIB KOMEPIIHHO-

r'0 KOHTEHTY, SUPPOIt — oreparop CynpoBOaYy KOMEPIIiHHO-
T'O KOHTEHTY.

Mopuens CEKK e yHiBepcambsHOO Ta IPOCTOFO IS OITACY
mporecy (yHKITIOHYBaHHS THIIOBUX cucteM. Mogeri mpo-
LIECiB ONpAIIOBaHHS iHPOPMAIITHAX PecypciB Tar0Th 3MO-
Ty YHi(piKyBaTH OCHOBHI (pYHKIIIi cHCTEMH SIK (YOpMyBaHH,
YIIpaBIiHHA Ta peaii3alis KoHTeHTy. Ha ocHOBi po3pobie-
HUX MOJIENeH, 30KpeMa, po3B’ I3yI0Th 3a1a4i MoOyIoBH TH-
TOBOI apXITEKTypH CUCTEM EIIEKTPOHHOI KOHTEHT-KOMEPILii,
(dopmyroTh criermikarito QyHKIOHATHHIX Ta HEQYHKITIO-

HaypHUX BUMOT o0 CEKK Ta iX CK/1aIoBUX TaKUX SIK 3aCO-
Ou B3aeMOJIi1 3 KIHIICBUM KOPUCTYBAaYeM, PEalli3yIOTh IPO-
LeJlypH aHaJIi3y KOHTEHTY Ta 300py 1 OIIpaIfoBaHHs CTaTHC-
THYHUX JIAaHUX Bi/BiTyBaHHS iHQOpMaIHHAX pecypci. Mo-
nenti mporeciB (OpMyBaHHS, YIIPaBJIIHHS Ta peaji3aris
KOHTEHTY JAI0Th 3MOT'y CHPOCTHTH IPOLIECH IPOEKTYBaHHS
CEKK nunsixom yHiikamnii Ta craHgapTH3arii MeTozis onpa-
ILIOBaHHSI iH(OPMALIHHUX pecypciB.

BUCHOBKUA

VY crarTi BHOpaHO MiJIX0/M Ta MOJIE TTOCIiJOBHOCTI OI1-
parroBaHHs iH(OpMAIIHHNX PECypCiB B CUCTEMAX EJIEKTPOH-
HOI KOHTEHT-KOMEpIii TS TPOEKTyBaHHS Ta CTBOPEHHS Ta-
KX CHUCTEM, IO Jajlo 3MOTY BHIUIMTH OCHOBHI 3aKOHO-
MipHOCTI mepexoay Bix mpoieciB ¢(opMyBaHHS
KOMEpUIHHOTO KOHTEHTY 10 Horo cyrnposoxy. I[TobynoBaHo
(hopMasIbHy MOJIEITIb CHCTEM EJIEKTPOHHOI KOMEpIii AJIst pe-
aji3alii eramiB KUTTEBOTO IIUKITY KOMEPIIHHOTO KOHTEHTY,
10 JTaJI0 3MOT'Y BU3HAYUTH OCHOBHI KOMITOHEHTH CHCTEMH
€JIEKTPOHHOI KOHTEHT-KOMEPIIii Ta X 3B’ SI3KH MiXk c000I0.

Po3pobneno ¢hopmabHi Mozeni onpaitoBaHHs iH(Op-
MAaIifHIX PEecypciB B CHCTEMAax eJIeKTPOHHOI KOHTEHT-KO-
Mepii ay1st peastizanii popMyBaHHS, YIIPABIIHHS Ta CyIpO-
BOJly KOMEPIIIHHOTO KOHTEHTY, IO JIaJI0 3MOTY CTBOPHTH
y3araJbHeHy apXiTeKTypy CUCTEMH €JIEKTPOHHOI KOHTEHT-
xomepuii. Po3pobiieHo y3aranbHeHy apXiTEeKTypy CHCTEMH
€JIEKTPOHHOI KOHTEHT-KOMEPLT /TS CHPOILECHHS eTariB po3-
POOJIEHHS TAKUX CHCTEM, 1110 AaJI0 3MOT'Y peajli3yBaTH IIpo-
necu (OpMYBaHHS, YIPABIiHHA Ta CyNpPOBOAY KOMEpIii-
HOT'O KOHTEHTY.
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KOHLENTYAJIBbHASI MOJAEJIb CUCTEM 3JIEKTPOHHOM KOHTEHT-KOMMEPLIUA

B crarbe npemiokeHa hopManbHas MOJIETb CUCTEMBbI 3JICKTPOHHOH KOHTEHT-KOMMEPLIUH U (popMalibHbIE MOJIEIH 00pabOTKU HHPOP-
MAaIMOHHBIX pecypcoB. Onrcana pa3paboTaHHas 00LIas apXUTEKTypa CUCTEM JJICKTPOHHON KOHTCHT-KOMMEPIIUH JIIsl OOJIEr4eH s 3TaroB
peanu3anuy )KU3HEHHOTO [IUKJIa KOMMEPYeCKOro KoHTeHTa. [IpeoxkeHHbie 00Ine MPHHIHUITEI TPOCKTHPOBAHUS apXHUTEKTYPhl CHCTEM
3NEKTPOHHOI KOHTEHT-KOMMEPIIUH JAI0T BO3MOXKHOCTh PEATU30BbIBATh MPOLIECC 00pabOTKH HH(OPMAIIMOHHBIX PECYPCOB LIS COKpallie-
HUS IIUKJIA TIPOU3BO/JCTBA, IKOHOMUH BPEMEHH M PACLIMPEHHs] BOBMOXKHOCTEH BEIEHHS AIEKTPOHHONH KOMMEPIIMH.

KawueBrble ciioBa: HHGOPMAIMOHHEIH peCcypc, KOMMEPYECKUIT KOHTCHT, KOHTCHT-aHAIN3, KOHTCHT-MOHUTOPHHT, KOHTCHTHBII TOUCK,
CUCTEMa JIIEKTPOHHON KOHTEHT-KOMMEPLIUH.
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CONCEPTUAL MODEL OF ELECTRONIC CONTENT COMMERCE SYSTEMS

The given article is devoted to the development of standardized methods and software of Web content processing in e-business
systems. The model of electronic content commerce systems is developed. The article is devoted to the development of unified methods
and software tools for processing information resources in the electronic content commerce systems. A new detailed classification of
electronic commerce systems and electronic content commerce systems is proposed. A formal model and generalized typical architecture
of electronic content commerce systems are declared. Architecture and models of electronic content commerce systems are built. A new
approach to application and implementation of business processes is formulated for the construction of systems of electronic content
commerce. A complex method of content forming, the operational method of content management and complex method of content
support are developed. Software tools of content formation, management and support are developed. Methods of designing and
implementation of electronic content commerce systems on the example of online newspapers, which reflects the results of theoretical
research, are developed.

Keywords: information resources, commercial content, content analysis, content monitoring, content search, electronic content
commerce systems.
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PELWUEHWE 3AO0AYN NMOUCKA IPA®-NMOAITPA® USOMOPDOU3MA ANA
PACMNPEOENEHNA PECYPCOB OPTAHU3ALIUA

B paGote npexncraBieH rpad-aHaJIUTUYECKUN MOAXOA K PACIpPEeICHHIO PECypcoB
oprann3anuu. OH OCHOBAaH Ha alIropuTMe Houcka rpad-noarpad msomopdusma aus
B3BEILIEHHBIX U IOMEYCHHBIX Ipa)OB U SBISETCS Pa3BUTHEM aTOpPUTMa MOKCKa rpad-noarpad

I/I3OM0p(bI/I3Ma JUUI B3BCHICHHBIX l"pa(bOB.

KuniodeBble ci10Ba: pe3epBUpOBaHUE PecypcoB, rpad-moarpad u3oMophu3M, B3BELICHHbIS
rpa¢sl, moMedeHHbIe Tpadbl, rpad-aHATUTHIECKUH TTOIXO/.

BBEJIEHUE

[porecc pa3pabOTKH IPOrpaMMHOTO 00ECTICUCHUS TIPU
CO3/IaHHH CIJIOXKHBIX CUCTEM OCYILECTBIISIETCS B KOOIIEPAIN
YYaCTHHKOB, BKJIIOYAIOIIEH B ce0s HEOCPEACTBEHHO CO-
TPYIHUKOB OpT'aHU3alNH, 3aKPETUICHHBIX 32 OIPE/ICTICHHBI-
MU OTJeNIaMH, CTOPOHHUX OpraHU3alUH-TIOAPSIAYUKOB U
MIAPTHEPOB, KOHCYIBTAHTOB, 00CITY)KUBAIOLINX OPraHU3AIHH.
OTH y9aCTHUKH, KaK IIPaBUJIO, paclpeaesieHs! reorpaduaec-
ki (MpeCTaBUTENBCTBA B HECKOJIBKUX Iropoax, padora ¢ yna-
JICHHBIMHU NApTHEPaMH) ¥ BO BPEMEHH, ITOCKOJbKY LIUKII
pa3paboTKH COBPEMEHHOT0 KOMIUIEKCHOTO IPOrpaMMHO-
r0 00ecTIeueHus! JOCTATOYHO JTUTEIILHBIN.

[epcriekTHBHBIM HaIlpaBICHUEM ONTHMHU3ALUH PaOOTHI
TIOT00HBIX CIIOKHBIX OPTAHU3ALMOHHBIX CTPYKTYP SIBISIETCS
CO3JIaHUE PaCIpeNeTICHHOM KOMITbIOTEPHOM CHUCTEMBI MOM-
JIEPKKH TIPOM3BOJICTBEHHBIX IIPOLIECCOB, BBIIEICHHS U pac-
TIpeIETICHNS PECYPCOB OPTaHU3ALNH TS PELIEHNS Ka)XKI0r0
13 3TANOB MPOU3BOACTBEHHOIO MPOIECCA, MHOTHE U3 KOTO-
PBIX BBITIOTHSIOTCS TOBTOPHO B CHILY HTEPAIIMOHHOTO XapaK-
Tepa MPOoUeccoB pa3pabOTKX MPOrPaMMHOTO O0ECTIEUEHUS.

Pa3pabotka 1moo00HO CHCTEMBI pacTIpeIeNICHIS Pecyp-
COB OpTaHU3ANNH TIO3BOJIHT, PEXKIE BCET0, COKPATUTD Bpe-
MS M CTOMMOCTH B3aMMOJAEHCTBHUS MEXIY yIaCTHHKAMHU
MIPON3BOJICTBEHHOTO ITPOLIECCa, COBMECTHO HCIOJIB30BATh
anmapartHele, HHGOPMaIMOHHBIE W NIPOTPaMMHBIE PECYp-
CBI OpPraHU3AINH, a TaK )K€ CHCTEMAaTHU3UPOBATh U yIOPsIIO-
YHUTH yHIpaBICHIECKUE JCHCTBYS, HANIPaBJICHHbIEC HA HAXOXK-
JICHHE ¥ BBIJIEIICHNE PA3HOPOAHBIX PECYPCOB B paMKax Opra-
HU3AIUU Uil petieHust (HOPMHUPYEMBIX PYKOBOICTBOM
OpraHU3alnH 337ad.

B manHO#1 cTaTthe paccMaTpuBaeTcs rpad-aHaTUTHIEC-
KU MOIXON A7l HOMCKa KOMITIEKCHOTO Habopa pecypcos
OpTaHM3aIWH, IPEIOCTABISIEMBIX YIACTHUKAM KOOIIEPAIN
Juts obecTieyeHUsI HEOOXOUMBIX TPOU3BOICTBEHHBIX ITPO-
LIECCOB. DTOT MOAXO/ SIBJISETCS] OJHUM U3 TIEPCIEKTUBHBIX
HaIpaBJICHUH pe3epBUPOBAHUS PECYPCOB PA3INIHBIX THIIOB
[1, 2], yxe mokazaBimii cBOO 3((EKTHBHOCTD TIPH pele-
HWH 3371849 O0JIBIII0N pasmMepHocTH [3].
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1 ITIOCTAHOBKA 3A/1AYN

[TycTs B paMKax opranusariii HeOOXOANMO OCYIIECTBUTh
OIMH U3 HOAIPOLECCOB, I KOTOPOro HEOOXOOUM OIpere-
JICHHBIH HA0Op YEITOBEUECKHX, alllapaTHBIX M MPOrPaMMHBIX
pecypcos.

BpemMennas u mpocTpaHCTBEHHAsT PacHpeICICHHOCTh
YYaCTHHKOB TIPOM3BOICTBEHHOTO IpoIecca, OOIbIIoe KO-
JIMYECTBO YYAaCTHHKOB MOAPA3yMEBAaIOT HEOJHOPOIHYIO,
CTPYKTYPHUPOBaHHYIO OpPTaHHU3aIMIO PECYpPCOB. 3ajada co-
CTOWT B IIOMCKE HEOOXOAMMOro Habopa pecypcoB OpraHu-
3aIlHH, KaK YeJIOBEYECKHX, TaK M IPOrpaMMHO-alapaTHBIX.

[pencraBum opranuzanyio, Kak rpad), BEpIIMHaMHy Ko-
TOPOTO SBJISIFOTCS] UMEIOIINECS B HAJIMIHUHU PECYPCHI, a ped-
parpada oTpaxxaroT BO3MOXKHOCTb COBMECTHOT'O UX HCIIONb-
30BaHUSL.

DTa BO3MOXXHOCTb MOXKET BBIPAXKAThCS, HAIpHMEp, B
npaBax JocTyIa K cepBepaM Wi 6a3aM JaHHBIX CO CTOPO-
HBI KOHKPETHOTO yYaCTHHKA OPTraHU3alUH I NpaBa yaa-
JICHHOTO JIOCTYIa K JIOKAJIbHBIM PecypcaM OpraHU3aliH,
HaJIMYHe BO3MOXKHOCTHU TPSIMOTO B3aUMOJIECHCTBHS MEXKIY
Y4aCTHHKAMH TIpoliecca W APYrue MojgoOHBIE OTHOLICHHS
JOCTYITHOCTH M B3aHMOCBSI3aHHOCTH PECYPCOB.

B stoM ciydae kaxxaast BepimHa rpada opranusarmm Oy-
JIeT TOMeYeHa U B3BEIIICHA, TIIe METKa OTpakaeT TUII PeCypPCOB,
OIMMCHIBAEMBIX BEPIIHHOM rpada (HarmpuMep, HaIMIre ycra-
HOBJICHHOTO CIICIHA(PHIECKOrO MPOrpaMMHOIO 00eCTicHeHHS
Ha KOMIIBIOTEPHO! CTaHIMHK), a HA0Op IPHUIMCAHHBIX BECOB
oTpaXkaeT 00bEKTHBHBIE YNCIIOBBIE XapAKTEPUCTHKH PECYPCOB
(06BeM OrepaTHBHO IAMSITH, pa3Mep AUCKOBOIO [IPOCTPaH-
CTBA, YHCJIO BBIYUCIHTEIIBHBIX Y3JI0B U T. I1.).

Baeznem Taxoke BTopoi rpad), KOTOpEI OyieT mpencTas-
JSITH OIIMCAaHHUE PECYPCOB, HEOOXOMMMBIX JUIS BBITIOTHEHHS
TEXHOJIOTUYECKOro Ipouecca. i onucaHus pecypcoB B
3TOM Trpade OyreM HUCTIONB30BaTh Ty KE HOTAIHIO, YTO H IJIS
rpada pecypcoB OpraHu3alyy, T. €. BEPIIHHBI OMUCHIBAIOT
OT/EJBHBIC THUITBI HEOOXOANMBIX PECYPCOB, METKU BEPLIMH -
THII pecypca, Habop BECOB — YHCIIOBBIE XapaKTEPHCTHKH pe-
CypcoB, pebpa MeXIy BEepIIMHAMHU — MOTPEOHOCTH B CO-
BMECTHOM HCIOJIb30BAHUH PA3JIMYHBIX PECYPCOB.
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MATEMATUYHE TA KOMIT'IOTEPHE MOJIEJIIOBAHH 1

[Tpn TakoM OTHOPOIHOM OINKMCAHWU PECYPCOB OpPraHHM-
3aIUH ¥ IIOTPEOHOCTH B PECypcax co CTOPOHBI YIaCTHUKOB
MIPOM3BOJICTBEHHOI'O MPOIECCa CTAHOBUTCS BO3MOXKHOM
TIOCTaHOBKA 3a/1a4M TIONCKa HeoOxoaumMoro Habopa pecyp-
COB KaK IMoucK rpad-noarpad n3omophusmMa Ha B3BEIICH-
HBIX ¥ TIOMEUCHHBIX rpadax.

2 AJITOPUTM YCTAHOBJIEHMSI I'PA®-TIO/1-
I'PA® N30MOPO®U3MA JIJIAA 'PA®OB B3BEIIEH-
HbIX 1 IOMEYEHHBIX 110 BEPHIMHAM

[MocranoBka 3agaun ycraHoBineHus Tpad-moarpad uso-
Mophu3Ma A1 noMe4eHHbIX rpadoB. [TycTb naHbI rpadsrl
Gy =y, By, Ly, Ry) 1 Gy =(Vy, Ep, Ly, Ry), e V- MHONe-
cTBO BepunH rpada, E — maOXKecTBO pedep rpada, L —mer-
KM, TIpUITHCaHHbIe BepunHaM rpagoB u R — Habop Becos,
NpUNUCAHHBIX BepumHaM rpados. I'pad G; usomopden
noarpagy rpada G, (oboszmagaercs, xak Gy =S, < Gy),
€CJIM CYLIECTBYET MOJICTaHOBKa ¢ :Vo — Vj, Takas, 4To s

Ka)KJIOH Hapbl BEPUIMH Vj,Vj €V, eciu (Vi,v j)e E,, 10
((P(Vi )v(P(Vj»G Ey u nns Bcex |jel, Bmmonmsercs
liely=o(lj)ely u mns Becex reR, BhMONHSIETCS

< o(f), mae () e Ry

Auroput™ ycraHoBieHusl rpad-noarpad uzomopdus-
Ma JUIsl B3BEIICHHBIX 1 [IOMEYEHHBIX rpadoB ABISIETCS pas3-
BUTHEM W TPOJOJLKCHHEM AJICOPUTMa YCTAHOBICHHS H30-
MopdHocTH [4].

AJITOpUTM YCTaHOBJIECHUS U30MOphH3Ma YIOOHO OIH-
ChIBaTh B TEPMHUHAX IIOMCKA B MMPOCTPAHCTBE COCTOSHUIA.
Kaskmoe cocrosiHue S mpomecca COBMEIICHHST BEPILIHH CO-

OTBETCTBYET YACTHYHOH ITOACTAHOBKE (p(s), KoTopas conep-
KUT JIUIIb YaCTh BEPIIUH MOJHOW MOACTaHOBKU. Kaxknomy

COCTOSIHHIO TAK)XX€ COOTBETCTBYIOT IOATPadbl Gl(s) u
Gz(s), HOIydIeHHbIe 13 BepiuH rpados G u G, , Bomen-
[IMX B YaCTUYHYIO IOJACTAHOBKY (p(s), 1 pebep, COemHHSIIO-

IIMX 3TH BEPIIMHBL. B nanpHeiimem o003HaunM depe3 ¢ (S)

uQy (s) MIPOEKIMN MOACTAHOBKH (p(s) Ha Vq uVs.

AJITOPUTM COCTOUT U3 IMPENBAPUTENBLHON U OCHOBHOM
4acTu. B mpeaBapuTensHON 9acTr BBINOMHSIOTCS ONIEPAIN
YIIOPSIOYMBAHUS BEPIIUH TPadoB M POPMHUPYIOTCS Tpa-
HHUYHBIE YCIOBHS ISl OMHOKPATHO BBITIOIHAEMBIX, IO XOLY
aNTOPHUTMa, ONEpALHi, MPU3BAaHHBIE COKPATUTH 00JACTh
TIOMCKa OCHOBHOM, MepeOOpHOIl 4acTh anropurMa.

2.1 IpenBapuTeabHAs YACTh AITOPHTMA

OcCHOBHbIE NEHCTBUS, BBIMOIHACMBIC B IIPEABAPHUTEIIb-
HOW YacTH aJrOpUTMa — COPTHPOBKA BepLIMH rpad)oB U
(hopMHIpOBaHNE MAaTPHIIBI BO3MOXKHBIX COBMEIeHUH. M ies
OpeIBapUTEIbHON IIEPeHYMepalii BepIIUH rpadoB mpu
YCTaHOBJICHHH MX H30MOP(HOCTH ¢ Tiomobio back-tracking
anropuTMa GBI TIpeTIokKeHa B padore [5].

56

Marpuna BO3MOXXHBIX coBMEIeHIH M j— 91O TabauIa

pa3mepom [\/1| x[\/2|, Kaxnomy snemeHTy TaOIuIbl cooT-
BETCTBYET Napa BEPIINH HCXOMHBIX Tpados Vi j uV; j. 3Ha-
YEeHHS MaTPHUIbI (GOPMHUPYIOTCSI CIEAYIOUINM 00pa3oM:

— M; j =0, ecu Ha OCHOBAHHH TPEIBAPHTEIBHBIX TPO-
BEPOK BepuIMHbI V) j UV j COBMECTUTB HENb3S,

- M;j j =1 B npotuBHOM City4ae.

CMBICIT MaTpHIIBI BO3MOXKHBIX COBMEIIICHHH B TOM, UTO-
OBl BBHINOJIHNTH OJHOKPATHO B paMKax IpeaBapUTEILHOM
YacTH aITOpPUTMa BCE MIPOBEPKH, HE OCHOBAHHBIE HA HH-
(opmarnuy, MoITy4eHHO! B MPOLIECCE COBMEICHHUS BEPILIVH,
TEM CaMbIM, YCKOPHUTH 00pabOTKy COOTBETCTBYIOIIHX OTpa-
HUYEHUH, CBEIS €€ K OJTHOM ONepaliy CpPaBHEHUSL.

B nporpamme peann3oBaHbI cleIyronue peIBapuTeb-
HBIE TIPOBEPKU:

1. Mi =0, ecmu |V1,i| < |V21j|, rae |nyy| — CTEIICHb
BepuMHEL Y rpada X;

2. M j =0, ecmm rvll?‘ < r\/ij‘ , Tme ’V)I(n,Y‘ — YHCITO BXO-
Jsmux pebep Bepunsl Y rpada X;

3. Mj j =0, ecu M’i”t

<WV£T

’Vout ‘
, TAC (VXY | - 9HCIIO
ucxonsmux pedep BepumHsl Y rpada X;
vertex vertex r
4. M; j =0,ecmn Wi <W ™", e WY — uptc-
JI0 BEpIIUH B NEPBBIX 4-X BOIHAX BOJHOBOT'O Pa3JIOKECHHS

noarpada oKpy>KeHus BepIunHbl Y rpada X;

5. Mi,j =0, eclu

n n

vertex vertex vertex
E:M&Lm < E:M&JJﬂ7n::lwme
m=1 m=1

m=1.4 e

WX qpicrio Bepiius B M-0if BOJHE BONHOBOIO Pasio-

eHus rpada X, HadrHAs C BEPIIUHEI Y,

6. M; j =0, ecou Wﬂbes <W2r"?es
pebep B mepBEIX 4-X BOIIHAX BOIIHOBOTO PA3JIOXKEHUS MTO-
rpada okpyxeHus BepunHsl Y rpaga X;

7. Mi =0,

ribes

, Te Wy Y —4ucio

ccin

noo. noo .
D < SWE n =L
m=1 m=1

— gucyo pedep B M-0if BOJHE BOJIHOBOI'O Pa3JIOKEHHUS Tpa-

¢a X, HaunHasI ¢ BepIIHHEI Y.

,m=1.4,T1e W%,

8. M;j j=0ecmn by # Ly j,mae Ly y —MeTka Bepim-

HEI Y Tpada X.

9. Mi,j =0,ecmu Ry < Rzyj,r;[e Ryx y —Bec BepumnbI Y
rpacga X.

B03MOXHO HCIIONB30BAHKUE M IPYIUX KPHUTEPUEB IS
OLICHKH BO3MO)KHOCTH COBMEILCHHS! BepIuuH rpados. Pas-
paboTKa TaKMX KPUTEPHEB OCHOBAHA Ha BOIHOBOM Pa3Jio-
»KeHUH rpadoB, HAYMHAs ¢ 3a1aHHOM BepmHsl [6]. TTo Mepe
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pacrpocTpaHeHH s BOJIHBI ITOJTyJatoTcst HOArpadbl OKpyKe-
HUS KOKI0H BepmnHbl. CpaBHUBAs MapaMeTphl COOTBET-
CTBYIOIINX MOATPadoB OKPYKEHHS BepUINH rpadoB, KOTO-
PpBIE IPEIOIAracTCsl COBMEIIATD, AEIACTCS BBIBOJ, O OTEH-
UHUaJbHOH BO3MOXHOCTH HWJIM TNPUHOUNHAIBHON
HEBO3MOKHOCTHU TAKOTO COBMEILEHUS. B IpUBEICHHBIX KpH-
TEPHUSX VIS STOTO UCMOIb30BATKNCH KOIHYECTBO BEPILUH U
pebep B noarpadax OKpy>KeHHs! CpaBHUBAEMBIX BEPILITH JUTsI
BCEX JTAINOB PACHPOCTPAHEHHS BOIHBI.

CopTtupoBka BepIHH rpagoB ITPOU3BOIUTCS C HETHIO Y-
KOPEHUsI HaXOXKICHHSI U30MOP(HOH ITOAICTAHOBKH, B CIIydae,
€CJIM TaKasl IIOAICTAHOBKA CYIECTBYeT. B mepebopHOii yacTu
JITOPUTMA ITEPECTABIISTIOTCS TOJIBKO BEPILIMHBI OOJIBIIErO Ipa-
¢a, B TO BpeMsl, Kak NOPSIOK BEPLIMH MEHBILETO rpada He
Mensiercst. [Topsok crieoBanys BEPIIMH MEHBIIEro rpada
OIPEIEIAETCS B IPEIBAPUTEIIEHON YaCTH AJITOPUTMA.

ITycts Ty j — konuaecTBO pedep HHIMICHTHBIX BEPILIH-
|
HaM C MEHBIIMMU HOMepaMu U Py j = > M ji — cymmap-
j=1
HOE KOJTMYECTBO BapUAHTOB COBMEILICHHS BEPILHHBI | Tpa-
da G, c Bepuunamu rpada G;. Torna nopsaok copTupos-
ku BepuiuH rpada Gy cnenyromuii:

V2|

Vai=Vak e Tox = min (TZ,j)-
j=i+1

Ecnn T2,i :Tz,j ) TO

PZ,k = min(PZ’i s PZ,j)-

Vi =V, rae

T. e. Bepiunbl rpada G, coprupyrorcs B opsiake yobl-
BaHWS KOJIMYECTBA CBS3EH C BEPIIMHAMH, UMEIOIIIIMHI MEHb-
IIvie HOMEpa MITH B MOPSIIKE YOBIBAHMS KOTMYECTBA BapHUaH-
TOB COBMEIIICHHUS BEPILINH, €CIIA KOJIMYECTBO CBS3EH OMHa-
koBO. Takoii opsIOK ciremoBaHMs BEPIIUH OOYCIIOBIICH TEM,
YTO YeM OOITBIIIE CBSA3EH, C yoke COBMEIIICHHBIMU, UMEET Bep-
IIMHA, TeM JKecTde OyIeT OrpaHImYUBaIOIIee YCIOBHE, BKITIO-
YaroIee 3Ty BEPIINHY, W, COOTBETCTBEHHO, MEHBIIIE 001IIce
KOJTMYECTBO COBMEIICHHUH, KOTOPBIE HEOOXOIMMO ITepedpaTh.

2.2 OcHOBHAsI 4aCTh AJIrOPUTMAa

OCHOBHasI 4aCTh aJITOPUTMA TPENCTABIISET COOOH Imoc-
JIEIOBATENbHOE HAJIOKEHUE BEPIIUH C BO3BPATOM, OIUCHI-
BaTh KOTOPOE YIOOHO B TEPMHHAX METO/A TOHWCKA B IPO-
CTPAHCTBE COCTOSIHUH.

Bepnet rpada G, ocTaroTest HETPOHYTBIMU M KaxK 0N
U3 HUX CTaBUTCsI B COOTBETCTBUE OfiHA U3 BepluH rpada Gj.
Ipu 5TOM TIpOBEPSIETCS JOMTYCTUMOCTD TAKOTO COBMEIIICHUS.
Ecnu ynaercs HaiiTn cooTBETCTBHE BeeM BepimHaM rpada G,,
TIPH 3TOM BBINIOJIHEHO YCIIOBHE N30MOP(H3Ma, TO HalICHHOE
COCTOSTHHE BO3BPAIIIAETCS KAK ICKOMast ITOICTAaHOBKA.

ITycts Tp j — KOMMYECTBO CBsI3eH BepmIUHEI | rpada G, ¢
BepiHamu Vy j € ¢ (s), a T,,i — KOIIYECTBO CBA3EH Bep-

umnsl i rpada G, ¢ Bepumnamu V7 j € (Pz(S).

HavaneHOMY COCTOSHHIO (p(S)O =0 coorsercrByer co-
CTOSTHHE, IPH KOTOPOM HE COBMEIIIEHO €ILEe HU OTHOH Maphl
BEpILHH.

Js oy derust i-ro CoCTOSIHMS 1715l BEPLIMHBI V7 j HILIET-
Cs1 COOTBETCTBHE CPE/I BEPLIMH V) j, TAKHX YTO!

1. Mj j =1, T e. BepLIHHBI COBMECTHMBI Ha OCHOBAHHH

TIpeIBApUTEIHHBIX IPOBEPOK.
2.Ti2Ty

3. Jma k =1..i, ecmu (v;, v )€ Eq, 1o (o(vi) o(vy ) € Es.
Eci1u BBITIONHEHBI BCE YCIIOBHS, M3 KOTOPBIX TPEThE SIBIISI-
eTCsl IPSIMBIM CIIEZICTBHEM Ompesienerus rpad-noarpad uso-
MopdH3Ma, TO COOTBETCTBYIOMIASI [Tapa BEPLIHH BXOIHT B
YACTHYHYIO TIOJCTAHOBKY M (DOPMHPYETCS HOBOE COCTOSI-

HHE (p(S)i.
[epebop cocToSHUI IPOU3BOIAUTCS METOIOM ITOMCKA B
DTyOUHY.

3 UCCJIENOBAHHUE XAPAKTEPUCTUK
AJITOPUTMA

B 3aBuCHMOCTH OT pelnraeMpIX 3a/1a4, OpraHN3aMOHHON
CTPYKTYPHI 1 reorpaduieckorl pactpeeIeHHOCTH pa3iind-
HBIC OPTaHM3ALMY HA PA3JIMYHBIX 3TaraxX CBOETO CYIIECTBO-
BaHMS MOTYT MMETh COBEPIIEHHO pa3HbIE COOTBETCTBYIO-
mye UM rpadpbl, oTpakarone Habop UMEIOINXCS B HAJIN-
YUH PECypcoB M BO3MOXHOCTEH HX COBMECTHOTO
ncrionb3oBaHusl. OHAKO OYEBHIHO, YTO YEM MEHBIIIE OpTa-
HHU3anus, TeM OOJIbIle TIIOTHOCTh PEOEPHOIO 3aIIOIHEHNUS
COOTBETCTBYIOLIETO rpada, MOCKOIBKY MEXKAY MEHBIINM
YHCIIOM YYaCTHUKOM, B YCJIOBHSIX OrPaHHMYEHHBIX BO3MOXK-
HOCTell KOMMYHHUKALIMH, CYILECTBYET OONbIIee YHCIO CBS-
3ei. B To e BpeMsi ¢ pocToM MacmTaboB OpTraHU3AINH,
IUIOTHOCTB peGePHOT0 3aI0JIHEHUSI COOTBETCTBYIOILETO I'pa-
(ba OymeT magaTh, MOCKOIBKY YYACTHHKH IIPOH3BOACTBEHHO-
IO IIpoLiecca ¢ POCTOM MacIITabOB IESTEILHOCTH HE MOTYT
B3aUMOJICHCTBOBATE BCE CO BCEMHU U IMETh ITOTPEOHOCTH B
HCIIOJIb30BaHUH BCEX PECYPCOB OPTaHU3ALINH.

[MomoOHas curyarwst HabmomaeTces 1 s Tpada 3a1a4du,
KOTOPYIO HEOOXOIMMO PEIIUTh B paMKaX opraHu3aiyu. s
HEeOOJIBIINX 33/1a4 XapaKTepHO WHTECHCUBHOE UCHIOIb30Ba-
HHE OTPaHUYCHHOr0 Habopa PecypcoB M, Kak CIEICTBHE,
Ha4re OONBIIIEro Yrcla CBs3ei B rpade 3amgaun. Bmecre ¢
pocToM MacITaboB 3a1aqH, B €€ PEICHHe BOBIEKAETCS BCe
OOIIBIIIE PECYPCOB, KOTOPBIE ECTECTBEHHBIM 00pa30M CTPYK-
TYpPHUPYIOTCS B 00pa3yloT MEeHee IDIOTHBINA Tpad 3adavd B
TEPMUHAX ITOH PabOTHL.

[MoaToMy 11t HiCCIIeIOBAHNSI XapaKTEPUCTUK aIrOpuTMa
HCTIONI30BAITICH CIIy4aiiHO CreHepUpOBaHHbIE rpadkl ¢ 3a-
JTAHHOW TUTOTHOCTH pebepHOro 3amonHeHus. Taxue rpadsr
MOT'YT PECTABIATH B IPyOOM MPUOIMKEHUN ONMCAHHBIE
BBILLIE [IPEIOCTABIIIEMbIE OpTaHU3aLHeH PEeCypChl U OTped-
HOCTH B HUX CO CTOPOHBI pelIaeMBbIX 3a]1ad.

s ucenenoBanus ()OpMHUPOBAITICH OpTaHU3ALUH IIPO-
U3BOJIHOW CTPYKTYPHI, COZEPIKAIIHE PECYPCHI Pa3IMYHBIX
THIIOB (METKH, TIPUITMChIBAEMBbIE BEpIIHHAM TpaoB) 1 00be-
Ma (Beca, IpHUIHChIBacMble Bepiitam rpada). s 3aman-
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HOro Habopa pecypcoB (OpMHUpPOBaach CETh, OTPAKaIo-
11asi BO3MOKHOCTb MX COBMECTHOT'O HCIIOJNB30BAaHUS C 3a-
JITAaHHOH ITOTHOCTBIO peOEpHOTO 3aII0ITHEHHSI.

Bepmmnaam rpa¢oB IpUIHMCHBAIUCE METKH TPEX THIIOB,
COOTBETCTBYIOIHE BO3MOXHOCTH ucronb3oBanust CPU,
RAM 1 HDD, a Tak ke yclIoBHBIN JOCTYIHBII 00BEM COOT-
BETCTBYIOIIUX PECYPCOB CKOPPEKTUPOBAHHBIN B OTHOM Mac-
mrrabe ot 200 10 3000 ycroBHBIX €MHHI COOTBETCTBYIOIINX
pecypcoB.

3a1aun TeHepUPOBAINCH CITydallHBIM 00pa3oM M3 rpa-
¢a cern, ImyTeM ymaJeHHUsS 4acTH BEpIUIMH U pedep rpada
CeTH M YMEHBILICHUS PUIMCAHHBIX BecoB. [lapamerpamu
SIBJISITNCD BEJTMIHHBIL:

— Kppy — K03 puMEeHT YMEHBITEHUS YHCIIa BEPIIHH LS
rpada 3amadm;

— Kk — xoahdumment uncna pebep rpada;

— Ky — K03 HHUIIEHT yMEHBIICHHS BecoB rpada.

MeTku, NpHUITICaHHBIC BEpIINHAM IpadoB, COXpaHSIINCE.

J1J1s1 OLICHKY TPOM3BOIUTENIFHOCTH aJITOPUTMA B CITydae
KOr7ia HeoOXOIMMBIE [UISl 33/1a4K PECypchl HE MOTYT OBITh
BBIZICNICHBI B pAMKax OpraHu3aluy (rpad 3a1aqu He sBisier-
cst crporum noarpadom rpada opranusanuu) B rpade 3aaa-
YH 3aMEHSIIOCH CITy4aifHOe KOJINYECTBO pedep, TakuM 00-
Pa3oM 4TO OH IepecTaBa ObITh CTPOIMM MOArpadoM opra-
HHU3aluy, HO o0lIee YMciIo BepIIUH U pedep rpada 3anadn
COXPAaHSIOCh TAKNUM JK€ KaK M JJIsl CIIydasl CTpororo rpadg-
noarpag usomopdusma.

HccnenoBanus mpoBoauiuch Ha kommbiotepe Athlon
64 x2 5400+, ACTIONB30BaATIOCH TOINBKO OTHO SAPO MPOIECCO-
pa (0AHOMOTOYHAS pean3alys IPEACTABICHHBIX aJrOpUT-
MoB). Kaxxmoe 3HaueHne Ha rpaduke MOIYYeHO yTeM Yc-
pentenus Bpemenu Borurcienuii Ha 1000 ciywaiiHo crexe-
PHUpOBaHHKIX Mapax rpagos.

Hekoropsle xapakTepHble pe3yabTaTbl UCCIEAOBaHUN
MpeICTaBIeHbI Ha puc. 1, 2.

Puc. 1. CpenHee BpeMst HAXOXKICHUS Pa3MELLICHHS 3a/1a4k B CETH
npu mapamerpax: Kpy, = 0,2, k, = 0,5, ki, =0,2, npu miotaoctn
PpeOEpHOro 3aroHEH!s XapaKTEPUCTHYECKHUX rpadoB ceTr
50 % (A4 — rpad 3agaun He siBisIeTcs moArpadom rpada opraHuza-
wun; B — rpad 3amaun sisisiercst moarpadoM rpada opraHusarm)
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Puc. 2. Cpenee BpeMst HAXOXKACHYS pa3MEILEHUs 3a]ja4U B CETH

npu napamerpax: Ky, =01 k, =0,5, ky, =0,2, npu miorsocrun

pedepHOro 3aroIHeHns XapakTepucTiHyeckux rpagos ceru 30 %

(4 - rpad 3anaun e sBisiercs noarpagom rpada opraHuzaLuy;
B - rpad 3amaum siBisiercst moarpadom rpada opraHu3ariim)

Kax BUTHO U3 PUCYHKOB, aITOPUTM UMEET B OOIIIEM CITy-
Yyae He OTMHOMHABHYIO BEIUMCITUTEBLHYIO CII0KHOCTD, HO
MPY YMEHBIIICHUH YUCIIa BEPIIKH B Tpadax W MI0THOCTH
pebepHOTrO 3amoHeH s, OONBIIYI0 POJb UTPAIOT MPEBa-
PHUTENbHBIC TIPOBEPKH, YMEHBINAIOIIUE KOTMISCTBO BapH-
AHTOB COBMEIIIEHHUS BEPIIIUH B MIEPeOOPHON YacTH, OITO-
My aJITOPUTM MMEET BBHICOKYIO MPOU3BOIUTEIBHOCTh HA
MHOTHUX 3HAYMUMBIX JUTSl IPAKTHYECKUX 3a/1a4 KOHPUTypaIy-
sx rpa)OB, XapaKTEPU3YIOIINXCSI HU3KOM [UIOTHOCTBIO pe-
OEpHOTO 3aIIOTHCHUSI.

4 OHEHKA IMPOM3BOJIUTEJIBHOCTH
AJITOPUTMA

B u3noxennu 3amadn momcka rpad-moarpad uzoMop-
(u3Ma IPUMEHUTETHHO K 00JIACTH TIOMCKA PECYpCOB opra-
HU3aIUH TSI PEIICHNST KOMIUIEKCHBIX 3a7[ad MMEETCS PSI
(hakTOpOB, KaKABIH U3 KOTOPHIX BEET K MOBBIIICHHIO IIPO-
N3BOJUTEILHOCTH AJITOPUTMa IPUMEHHUTEIBHO K OXHIAe-
MBIM IPaKTHIECKUM KOH(PUTYypaIwsiM rpadoB caMoid opra-
HU3AaIUH ¥ 33724, 7151 KOTOPOH N3BICKUBAIOTCS PECYPCHI.
K rakum hakropam oTHOCSTCS:

1. Metku, npurmicsiBaeMble BepimHaM. [Ipu penternn
3ama4un morcka rpad-noarpad msomopduzmMa A MOMCKa
PECYPCOB B paMKax OpTaHHM3aIMH K KIbIH U3 TUIIOB PECYp-
COB MIMEET CBOIO METKY, IIPUIMCHIBAEMYIO BCEM BEpIIMHAM
rpacoB. [IpurricaHHbIE METKH SBIISOTCS TOHIOTHATETEHEIMU
YCIIOBUSIMH, OIPaHHYMBAIONMME PEKYpPCHIO TIPH mepedope
BO3MOXXHOCTH COBMEIICHHUSI BEPIINH Tpa)oB, TEM CaMbIM,
Cyas 00J1acTh IMOMCKa BO3MOXHBIX PEICHHUN M TTOBBIIIAS
TIPOU3BOAUTENBHOCTD ANTOpUTMa. UeM OombIIe pa3nudHbIX
THUIIOB PECYPCOB HCIIONB3YETCSI B PAMKaX OpPraHU3aLUN, TEM
CHJIbHEE BIIMSTHUE OTPAHNYMBAIOIIETO YCIOBHS, OCHOBAHHO-
T'O Ha METKaX. B peanbHbIX yCIOBHAX PECYPCHI OPTaHU3AINN
ropa3zzo 0ojee pa3HOOOpa3HBI M IS MX KIIacCH()UKAIIAH T10-
HAZOOHUTCS TOpa3o OombIIas HOMEHKIATYpa METOK, YeM
YHPOIIEHHASI MOJIEITh, COAEPIKAIIAst TPH BUJIA METOK, PACCMOT-
pEHHas B KadecTBE pUMepa B JaHHON padoTe.
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2. ITnotHOCTH pebepHOro 3anonHeHus rpaga opraHusa-
iy ¥ rpada 3amaun. B nmpoBeneHHOM HccienoBaHUA J10-
ITyCKAaJIOCh, YTO INIOTHOCTH PeOEpHOTro 3arnoaHeHus rpados
MoxeT ObITh cpaBHUMa ¢ 50 % (T. e. HAUXYIIIMI BAPHAHT, C
HauOOJBIICH TIOTHOCTBIO peOEpHOro 3aIOTHEHHS, CBEPX
KOTOPOI 3314y BHITO/IHEE PEIIaTh Ha rpadax, JOMOTHHUTEb-
HBIX K MCXOZIHBIM, KOTOpBIE OyIyT MMETh MEHBIIYIO IIIOT-
HOCTb peOEpHOr0 3aM0THEHHS ¥, COOTBETCTBEHHO, OOJIBIIYIO
MPOU3BOIUTENILHOCTh AITOPUTMa). B peasibHBIX OpraHu3a-
LUSIX ¢ MHO)KECTBOM Y3JI0B M PA3JIMYHBIX THIIOB PECYPCOB
BBICOKas IUIOTHOCTH PEOEPHOr0 3aroIHEHHs HE JIOCTHXHU-
Ma, KaK B CJIEJCTBHE OIPaHWYEHHOIO JIOCTYNa K pecypcam
Pa3JINYHBIX YICHOB KOOIIEPALNH, TAK U B BUILY pa3HOPOIHO-
CTU PECYPCOB U HEBO3MOXKHOCTU COBMECTHOI'O UCIIONB30-
BaHHS PECYPCOB COBEPILICHHO PA3IMIHBIX THIIOB.

3. Pa3mep rpaca 3amaun. Bo MHOTHX citydasix 171 perie-
HUS 33718491 HEOOXOAMMO HCIIONB30BaHKE JIUIIG YaCTh, UMe-
IOLIUXCS B PACIIOPSHKCHUHI OPraHU3aLUH pecypcoB (Kak de-
JIOBEUYECKHX, TAK U alMapaTHO-IPOrpaMMHBIX ), 4acTb Pecyp-
COB HUKaK HE MOT'YT HCIIOJIb30BaThCSI COBMECTHO BBUY HX
HECOBMECTHUMOCTH, U T. 1. ITO Bce (haKTOPhI IIPUBOAIINE K
TOMY, 4TO BO MHOTHX CITyJasix pa3Mep rpada 3agaqn MHOTo-
KpaTHO MEHBIIIE pa3Mepa rpada CeTH, 4To TaK JKe SBJISETCSI
(haKTOPOM IPUBOSIINM K TTOBBIIICHUIO PEATBHOMN IIPOH3-
BOJIMTEILHOCTH AJITOPUTMA.

B pamkax coBpeMEHHBIX OpTaHH3aLNH MPOU3BOANTEINb-
HOCTBb aJITOPUTMa TTOMCKA PECYPCOB MOPSI/IKA COTEH BEPILINH
rpada BIOJIHE I0CTaTOYHA U ITO3BOJISIET PELIATh PeabHbIC
3a]1a4M TIOMCKa M YIPaBICHUS PECypcaMi B COBPEMEHHBIX
OpraHM3aLMSIX, PEIIAIOIINX KOMITIEKCHBIC 33141 KaK pa3-
paboTKM CI0KHOTO MPOTPaMMHOr0 OoOecIieueHus], TaKk U
Jpyrux odnacreil NesTebHOCTH.

BbIBOJbI

B pabote npezncrasieH rpad-aHATUTHIECKAN TTOAXO K
pELICHUIO 3a7a4i MOWCKA W Pe3epBUPOBAHUS PECYPCOB

Ipsmenko M. b.

OpraHM3aLIH TSl pEIICHUsI KOMIUIEKCHBIX 3371a4, OCHOBAH-
HBII Ha Tiorcke rpad-noarpad nsomopdusma st rpados,
B3BEUICHHBIX ¥ TOMEYEHHBIX 10 BEPIIHHAM.

B paborte npencTaBiieH TOYHBIH aJITOPUTM PEILICHHS 33,13~
4H rorcka rpad-noarpad nzomophusma s rpados, B3Be-
IIIEHHBIX 1 TOMEUYEHHBIX [0 BEPIIMHAM, OITUCaHa CTPYKTYpa
aJITOPUTMa M TIPUBE/ICHBI PE3YJIBTaThl OLIEHKHU €ro IPON3BO-
JIMTETLHOCTH Ha TECTOBBIX Ipadax, MOKA3bIBAIOIINE BO3MOXK-
HOCTBb €T0 MPaKTHYECKOTO IPHUMEHEHUS JJIsI pEIICHNsI peallb-
HBIX 33]1a4 TIONCKa U YIIPABIICHUS PECYpCaMy OpTaHNU3aINH.

CIINCOK JIMTEPATYPbI

1. Haijun, Zhang. Research on co-reservation in the
manufacturing grid system / Haijun Zhang, Yefa Hu, Zude
Zhou // The International Journal of Advanced Manufacturing
Technology. — 2010. — Volume 47, Issue 5-8. — P. 699-717.

2. Christoph, Langguth. Optimizing resource allocation for
scientific workflows using advance reservations / Christoph
Langguth, Heiko Schuldt // Proceeding SSDBM’10
Proceedings of the 22nd international conference on Scientific
and statistical database management. — Springer-Verlag. —
2010. - P. 434-451.

3. Havsuuenxo, M. 5. Anroput™ HaxoxaeHus rpadroarpad
u30MOpQu3Ma TS B3BELICHHBIX Ipad)oB U ero npuMeHeHue /
Unbsimenko M. B. // Pagnosnextponuka, nHGopMaTuka,
ynpasienue. — 2007. — Ne 1. — C. 62-68.

4.  HUnvawenxo, M. b. Pa3paboTka U HCCIeJOBaHHE TapaslIelib-
HOTO ajJropuT™ma nposepku rpad-noarpad usomopdusma /
Wnesimenko M. B. // Pagnosnexrponuka, nHGopMmaruka,
ynpasienue. — 2006. — Ne 1. — C. 63-69.

5. IHunuyx, B. I1. Pacnosnosanue uzomopdroctu rpados: [THB-
anroput™ / B. 1. ITunuyk // Cxiaasi cucreMu i npouecu. —
2002. - Ne1.-C. 4-11.

6. [lunuyk, B. I1. OcHOBaHHas Ha BOJHOBOM Pa3JIO’KCHUH CHC-
TeMa MHBApPUAHTOB IS MPOCTHIX TpadoB U alNropuT™M pac-
no3uaBanust uzomopduocru / B. T1. [Tunuyk // Kues, 1995. —
Hen. 8 THTB Ykpaunsr 10.05.95, N 1002 — Yk 95.

Cratrs Haaidnwia no pemaknii 05.11.2013.
Micns nopobku 25.03.2014.

Kann. TexH. Hayk, NOIEHT, 3aopi3bKUii HalllOHAIBHUN TEXHIYHUH yHIBEpCHTET, YKpaiHa

BUPIIIEHHA 3AJAUI TTOIITYKY I'PA®-TIOJITPA® I3OMOP®I3MY JIJIS1 PO3IIOALTEHHS PECYPCIB OPTAHIBAIIIT

VY po6oTi 3anmponoHOBaHO rpad-aHATITHYHUNA MIIXiN U po3MOIiTy pecypciB opraHizamii. BiH 6a3yeThcs Ha aqropuTMi HOIIYKY
rpad-miarpad i3omopdizMy Ui 3BaKECHHX Ta IMMOMIYCHHX TpadiB i € PO3BUTKOM alrOpUTMY IMOLIYKY rpad-miarpad izomopdizmy mis

3Ba)KEHHX rpadis.

KarwuoBi ciioBa: pesepByBaHHs pecypcei, rpad-minrpad izomopdism, 3BaxeHi rpadu, moMiueHi rpadu, rpad-aHANITHIHIA TAXI.

llyashenko M.

Doctor of Philisiphy, Associate Professor, Zaporizhzhya National Technical University, Ukraine

GRAPH-SUBGRAPH ISOMORPHISM PROBLEM SOLVING FOR ORGANIZATION RESOURCES DISTRIBUTION

The paper presents graph-analytical approach for organizations resources distribution. It based on graph-subgraph isomorphism
algorithm for weighted and labeled graphs and can be considered as development of graph-subgraph isomorphism algorithm for weighted

graphs proposed before.

Paper describes requirements and specifics of human and technical resources reservation in modern distributed organizations, that can
have rather complicated structure, taking into account relations between available resources, and specifics of requirements in resources
provided by complicated tasks that need to be solved by organizations. All types of resources considered as weighted and labeled graphs.

Next presented advanced version of graph-subgraph isomorphism algorithm enhanced to work with graphs both weighted and labeled
by vertexes. Provided full set of preliminary conditions aim to narrow main combinatorial part of algorithm, where branch and bound

method used to find final substitution.

59



MATEMATUYHE TA KOMIT'IOTEPHE MOJIEJIIOBAHH 1

60

Finally presented numerical results of algorithm benchmarking on randomly generated sets of graphs represented most severe
possible conditions for realistic graphs organization in possible practical applications and grounded developed algorithm productivity
being enough for solving real scale resources distribution problems on existed hardware.

Keywords: resources reservation, graph-subgraph isomorphism, weighted graphs, labeled graphs, graph-analytical approach.
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SHORT-TERM FORECASTING OF COAL AND OIL PRODUCTION
IN UKRAINE

In this study the problem of short-term forecasting for coal and crude oil production in
Ukraine within the period of 2008—-2012 is considered. Linear autoregressive and autoregres-
sive moving average models as well as optimal filtering algorithm for linear systems (Kalman
filter) based upon autoregressive model of second order were constructed for short term fore-
casting. The Kalman filter was successfully applied for generating optimal estimates of states
and short-term forecasts. The state noise covariances were estimated recursively with new data
coming what corresponds to the general ideology of adaptation. The best forecasting results for
coal and crude oil production were received for autoregressive models with optimal filter and

for ARMA models.

Keywords: Autoregressive model, autoregressive moving average model, Kalman filter,
coal and crude oil production, short-term forecasting.

INTRODUCTION

Safety of Ukraine in the sphere of energy production
highly depends on import of gas and oil. Production of coal,
oil and gas in Ukraine itself, their transporting and use results
in intensive contamination of environment. One of the first
priority tasks is development and implementation of energy
saving policy and maximum possible transition to non-
traditional and renewable sources of energy. To solve
effectively such problems it is necessary to develop and
forecast fuel-and energy balance for Ukraine with taking
into consideration production of coal and crude oil on
Ukrainian territory. To increase quality of managerial
decisions and risk management, quality of automatic control
for engineering systems and technology it is necessary to
develop and apply to solving practical problems new
forecasting techniques directed towards further
improvement of short- and medium term forecasting. Existing
today forecasting methods that are based on various
analytical procedures, logical rules and rational expert
reasoning cannot provide in many cases desirable quality
of forecasting results what requires from researchers new
effortsto enhance quality of forecast estimates [1, 2]. Quality
of the forecast estimates depends highly on quality of data
itself, preliminary data processing directed on improvement
of their statistical characteristics, correct application of
structure and parameters estimation procedures as well as
techniques of generating forecasts themselves. Very often
substantial improvement of forecasts can be reached with
optimal Kalman filter (KF) application that takes into
consideration state and measurement noise covariances.
KF algorithm also generates one-step ahead forecasts that
are usually of acceptable quality.

Besides there exists a possibility for combining forecasts
estimates generated by ideologically different techniques,
what results very often in better forecasts than quality of
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separate estimates generated by each technique [3]. At any
rate such approach to forecasting may lead to substantial
decreasing of forecasting errors variance if applied correctly.

PROBLEM STATEMENT

The purposes of the study are as follows: — to develop
adaptive model development and forecasting system based
on the modern system analysis approach; — to construct
linear autoregression models with moving average (ARMA)
for the process of coal and crude oil production and to
compute short-term forecasts on their basis; — to apply
Kalman filter (KF) for optimal estimation of the coal and
crude oil production state and for short-term forecasting of
the variables; — to perform comparative analysis of forecasts
estimates computed with the models constructed and
Kalman filter.

SOME MODERN FORECASTING TECHNIQUES

Adaptive Regression Analysis Approach. Correct
application of modern modeling and adaptive estimation
techniques, probabilistic and statistical data analysis
provide a possibility for organizing computing process in
such a way so that to get higher quality of forecast estimates
in conditions of structural, parametric and statistical
uncertainties. Such uncertainties arise due to availability of
nonstationary and nonlinear process under study,
incomplete data records, noisy measurements, extreme values
and short samples. One of the possibilities for adaptation
provide Kalman filtering techniques that generate optimal
state estimates together with short term forecasts in
conditions of influence of external stochastic disturbances
and measurement noise. However, such techniques require
estimates of statistical parameters for stochastic
disturbances and measurement noise in real time what
creates extra burden and errors for forecasting procedures.
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We propose a concept of a model adaptation for dynamic
processes forecasting based on modern system analysis
ideas that supposes hierarchical approach to modeling and
forecasting procedures, taking into consideration of
possible structural, parametric and statistical uncertainties,
adaptation of mathematical models to possible changes in
the processes under study and the use of alternative
parameter estimation techniques aiming to model and
forecast estimates improvement. The functional layout of
adaptive forecasting system is given in Fig. 1. Here each
step of data processing is controlled by appropriate set of
statistical parameters each of which characterizes specific
features of data, model as a whole, model parameters and
finally quality of the forecast estimates generated.

We propose the new adaptive scheme that is
distinguished with several possibilities for adaptation using
a complex quality criterion. The data collected should be
correctly prepared for model structure and parameter
estimation. The model structure estimation is a key element
for reaching necessary quality of forecasts. It is proposed
to define a model structure as follows:

s={r,p,mn,d,z1},

where r is model dimensionality (number of equations); p
ismodel order (maximum order of differential or difference
equation in amodel); m isanumber of independent variables
in the right hand side; n isa nonlinearity and itstype; d is
a lag or output reaction delay time; z is external disturbance
and its type; | are possible restrictions for parameters and
variables. For automatic search of the «best» model it is
proposed to use the following criteria:

Vy (6, DN):ell—R2|+|n(l+SSTE)+el2—DW|+

+In(L+ MSE) + In(MAPE) +e¥ Q)

where ¢ is a vector of model parameters; N is a power of

time series (sample) used; R? isa determination coefficient;
DW is Durbin-Watson statistic; MSE is mean square error;
MAPE is mean absolute percentage error; U is Theil
coefficient. The power of the criterion was tested
experimentally and proved with a wide set of models and
statistical data. The criteria helps to search automatically
for the best model in particular application.

There are several possibilities for adaptive model
structure estimation (Fig. 1): 1) automatic analysis of partial
autocorrelation for determining order of autoregression;
2) automatic search for the lags estimates of exogeneous
variables (detection of leading indicators); 3) automatic
analysis of residual properties (value of autocorrelation, type
of distribution); 4) analysis of data distribution type and its
use for selecting correct model estimation method;
5) adaptive model parameter estimation with hiring extra data;
7) optimal selection of weighting coefficients for exponential
smoothing, nearest neighbor and some other techniques;
8) the use of adaptive approach to model type selection.
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‘ Data and knowledge base ‘

{

Preliminary data processing:
normalization, filtering, smoothing, data
imputation

al

Model structure estimation: correlation
analysis, order and lag estimation,
description of nonlinearity

{

Model parameters estimation:

OLS, ML, R1LS, RML, MCMC

{

UKnowledge

Derivation of forecasting function and
computing of short-term forecasts

Are forecasts
satisfactory?

Fig. 1. Adaptive model estimation and process forecasting
procedure

The use of a specific adaptation scheme depends on the
volume and quality of data, specific problem statement,
requirements to forecast estimates, etc. In some cases we
used successfully logistic regression together with linear
regression to describe the data mathematically. These models
as well as classification trees and Bayesian networks have
been used successfully to forecast direction of stock price
movement and some macroeconomic processes.

Application of the concept described provides the
following advantages: 1) take into consideration some
statistical and parametric uncertainties; 2) automatic search
for the «best» model reduces the search time for many times;
3) itis possible to analyze much wider set of candidate models
than manually; 4) the search is optimized thanks to the use
of complex quality criterion; 5) derivation of forecasting
functions on the basis of estimated AR and ARIMA models;
6) in the frames of computer system developed it is possible
to integrate ideologically different methods of modeling and
forecasting and compute combined forecasts estimates that
are distinguished with better quality. Testing of the system
with stock price and macroeconomic data showed that it is
possible to reach a value of absolute percentage error of
about 3—4 % for short term forecasting.
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Kalman filtering. Kalman filtering algorithms could be
easily hired for solving short term forecasting problems in
the frames of adaptation procedure given above. The models
constructed according to the adaptation scheme considered
should be transformed into state space representation form
that makes it possible further application of the Kalman type
optimal filtering algorithm. An advantage of the approach is
in the possibility of model adjusting to random external
disturbances and taking into consideration possible
measurement errors. In most cases of application such
approach provides for high quality of short term forecasts
thanks to availability of optimal state estimates computed
by the filtering algorithm.

Bayesian networks. Bayesian networks (BN) or Bayesian
belief networks are probabilistic models in the form of a
directed graph the vertices of which represent selected
variables, and arcs reflect existing cause and effect relations
between the variables [4]. BN find quickly expanding
applications in various areas of human activities such as
computer based medical and engineering diagnostic
systems, process forecasting, classification problems, risk
management, and many others. BN provides a possibility
for discovering existing dependences between variables and
for determining new conditional probabilities for states and
situations after receiving new information by any node of a
graph. Success of application of the approach depends on
correctness of a problem statement, appropriate variables
selection, availability of necessary data and/or expert
estimates for the structure and parameter learning. General
problem statement touching upon application of Bayesian
networks includes the following steps: 1) thorough studying
of a process being modeled; 2) data and expert estimates
collecting; 3) selection of known or development of a new
method for model structure estimation (learning); 4) BN
parameter learning (construction of conditional probability
tables); 5) development of a new or selection of known
inference method (final result); 6) testing the BN constructed
using actual and generated data; 7) application of the model
to practical problem solving, i.e. state forecasting,
classification etc. In spite of the fact that general theory of
BN has been developed quite well as of today, usually many
questions arise when a specific practical problem is solved.
This s especially true regarding the problems of forecasting
because the quality requirements to forecasts estimates are
continuously increasing what results in further refinement
of computing methods and algorithms.

Group Method for Data Handling. The group method
for data handling (GMDH) is a powerful modern instrument
for process modeling and forecasting developed at the
Ukrainian National Academy of Sciences (NAS) in the
second half of last century by O. G. Ivakhnenko [5]. It
generates the forecasting model in the form of the
Kolmogorov-Gabor polynomial that could be used for
describing linear and nonlinear systems. The main positive
feature of the method is that it selects automatically the
best model structure in the class of preselected linear or
nonlinear structures. The latest versions of the fuzzy GMDH

techniques provide better possibilities for increasing the
quality of forecasts estimates.

The problem statement for application of the technique
should include the following elements: 1) selection of partial
descriptions that create a basis for the possible final model;
2) selection and adaptation of the model parameters
membership functions for a particular application;
3) development of a new or application of known model
parameter estimation technique; 4) selection of a model
quality criteria for the use at intermediate computation steps
and for the final model selection. The models constructed
with appropriately developed and tuned GMDH approach
usually provide medium or high quality of short term
forecasts.

Generalized Linear Models. Generalized linear models
(GLM) is a class of models that extend the idea of linear
modeling and forecasting to the cases when pure linear
approach to establishing relations between process variables
cannot be applied [6]. The GLM approach also extends the
possibilities for mathematical modeling in cases when
statistical data exhibit distribution different from normal. GLM
constructing can be considered from classical statistics or a
Bayesian perspective. Usually the problem statement
regarding such type of model construction is touching upon
the following elements: type of prior distribution for model
parameters; a method for parameters estimation using
appropriate simulations techniques; necessity for
hierarchical modeling, posterior simulation etc. GLM could
be successfully applied to solving the problems of
classification and nonlinear process prediction. For example,
they are used widely in scoring systems for predicting
solvency of bank clients.

Combination of the forecasts. The problem of forecasts
combination arises in the cases when one selected technique
is not enough for achieving desirable quality of forecasting.
In such cases it is necessary to select two or more
ideologically different forecasting techniques and to
compute combined estimate using appropriately selected
weights. In a simple case equal weights are assigned to the
individual forecasts. Other approaches to computing these
weights are based on previously found prediction errors for
each method or on optimization procedures. Especially good
results of combination are achieved in the cases when the
error variances for individual forecasting techniques do not
differ substantially from each other.

THE MODELS CONSTRUCTED

To describe coal and oil production in Ukraine several
models had been constructed and tested. The first one was
linear AP(p) model of the form:

y(k):a0+éaiy(k—i)+s(k), k=012...

where p is autoregression order; y(k) isa measurement at
k-th moment of (discrete) time; a(k) —isanormal disturbance;
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a; is i-th parameter of the model. The autoregressive moving
average model (ARMA(p, q)) and ARIMA(p, d, q)) is
defined as follows:

y(k)=ag + éai y(k—i)+ %bjs(k —j)+elk).

where d is moving average order; a;, bj — model

parameters.

The models developed have been used to construct
forecasting functions allowing to generate multistep
forecasts. As an example below is given forecasting function
(for three steps) constructed for the process ARMA(2, 1):

y (k+3)=E[y(k +3)]=ag +a Ex[y(k + 2)]+
+arE[y(k+)]=ag(@+a + alz +ay)+ (a13 +2aa5)y(k) +
+(a”ap + 8,7 ) y(k=1) + By (ag” +ap)e(k).

And recursive expression for arbitrary s steps forecasting
can be written in the form:
y(k+s)=E[y(k+s)]=ag +a By [y(k +s-1]+
+ayE[y(k+s-2)].

Kalman filter application. The linear Kalman filter was
applied for computing optimal estimates of states and short-
term forecasting based on ARMA-type models. The state
filtering and forecasting process includes the steps given
below.

Step 1. Formulation of mathematical model of the process
under study:

J is 2-dimensional state vector;

lylk-1)
F(k)= ﬁl 22} is state transition matrix for AR(2) model;

w(k)~ N (0,Q(k)) is random disturbance that is supposed

to be normal; H(k) is measurements matrix;
v(k)~ N(0,R(k)) is a measurement (sensor) noise; initial

state and respective covariances are as in the standard
problem statement for optimal filtering:

E{Xo}= %o, E{ﬁo,2§}= Py =Py

E{w(k), v (k) |=0, E{w(k), xJ (0)}=0, E {v(K), xq |=o0.

Step 2. State extrapolation (one-step ahead projection of
a state):

K(k)=F(k)x(k-1).
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Step 3. Extrapolation for the estimation errors covariance
matrix:

P'(k) =F(k)P(k —1)FT(k) + Q(k —1).
Step 4. Compute matrix filter gain:

1

K () =P (HT () H O P HT () + R ()
Step 5. Optimal state estimation with taking into
consideration the last measurement z(k ) :

K(k)=F (k) X(k-1)+ K (k)[z(k)—H (k)%(k)].

Step 6. Compute errors covariance matrix for the next
iteration:

P(k)=[1 - K(k)H K)]P'(k).
Step 7. Goto step 2.

MODELS CONSTRUCTION AND THEIR
APPLICATIONS

To select the best models constructed the following

statistical criteria were used: determination coefficient (R 2 )
with ideal value equal 1; Durbin-Watson statistic (DW) with
ideal value equal 2; Fisher F-statistic; and Akaike information
criterion (AIC). The forecasts quality was estimated with
making use of the following criteria: mean squared error (MSE);
mean absolute percentage error (MAPE), and Theil inequality
coefficient (U) with its ideal value approaching zero.

The data characterizing coal and crude oil production in
Ukraine were taken from the site of State Statistical Service
of Ukraine [7]. The time graphs for the process are given in
Fig. 2.

Thus, the best results of coal production forecasting
(Table 1) were received for the models with Kalman filter
(one- and two-step predictions), and three-step prediction
was the best for ARMA(2,1). The graphic forms of the results
are shown in Fig. 3.

Thus, the best result of one-step and two-step
forecasting for crude oil production (Table 2) was received
with Kalman filter + AR(2) model (with 0,2% and 2,43%
errors). The Kalman filter also showed the best value of
MAPE = 2,97%. The graphic forms of results are shown in
Fig. 4.

Further improvements of the forecasts were achieved
with application of the adaption scheme given in Fig. 1 and
complex quality criterion (1). An average improvement of
the forecasts was in the range between 0,5-1,2 %, what
justifies advantages of the approach proposed.
Combination of forecasts generated with different
forecasting techniques helped to further decrease mean
absolute percentage forecasting error for about 0,3-0,8 %
in this particular case.
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Fig. 2. Production of coal (left fig.) and crude oil (right fig.) in Ukraine, thousand tons
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Fig. 3. Coal forecasting results in graphic form, thousand tons
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Table 1. The model for coal production

Table 2. Models for crude oil production

Ready for use coal Crude oil
Model quality Model quality

Model type R’ Y e*(k) DW Model type R Y e(k) DW

AR(2) 0,56 4346371 2,17 AR(2) 0,89 4243 1,94

ARMA(2,1) 0,61 3955251 1,96 ARMA(2,1) 0,89 4220 1,96

AR(2) + KF 0,56 4346371 2,17 AR(2) + KF 0,89 4243 1,94

Quality of predictions Prediction quality

Model type MSE MAPE U Model type MSE MAPE U

AR(2) 4276086 4,85 0,039 AR(2) 4058 2,92 0,028

ARMA(2,1) 3955251 4,58 0,037 ARMA(2,1) 4220 2,88 0,027

AR(2) + KF 3959098 4,82 0,038 AR(2) + KF 4348 2,97 0,029
Three-steps forecasts (January, February, March 2013

Three-steps forecasts (January, February, March 2013) Model type 1 % 2 % 3 %

Model type 1 % 2 % 3 % AR(2) 180 2,80 178 7,11 177 513

AR(2) 5502 | 9,23 | 5446 | 8,24 | 5480 | 0,94 ARMAQ21) | 180 | 2,70 | 178 | 7,25 | 178 | 491

ARMA(22,1) | 5476 [ 8,70 | 5480 | 8,92 | 5489 | 0,78 AR(2)+KF | 185 | 020 | 183 | 10,24 | 182 | 2,43

AR(2)+KF | 5473 | 8,64 | 5423 | 7,79 | 5394 | 2,49 Data sample 185 166 187

Data sample 5037 5031 5532
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Fig. 4. Results for the crude oil production forecasting, thousand tons
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CONCLUSIONS

The forecasting methodology based on application of
adaptation scheme proposed, including structural and
parametric adaption, proved to be useful for forecasting
crude oil and coal production using the data for Ukraine.
The methodology has also been applied successfully to
forecasting macroeconomic processes. The basic positive
features of the approach proposed are as follows: testing
data quality with a set of statistical parameters; continuous
analysis of data directed towards identification of
forecasting model structure and its parameters; generation
of candidate models and selection of the best one with
another set of model quality parameters; and generation of
a set of forecasts estimates on the basis of candidate models.
The best forecast estimate is selected with a set of statistical
forecasts quality parameters. Thus, the whole computational
processis controlled with the three sets of quality parameters
mentioned what guaranties acceptable quality of final result.

The linear Kalman filter was successfully applied for
generating optimal estimated of states and short-term
forecasts for the model selected. The state noise covariances
were estimated recursively with new data coming what
corresponds to the general ideology of adaptation. The best
results of coal production forecasting were received for the
models with Kalman filter (one- and two-step predictions),
and three-step prediction was the best with ARMA(2,1).
The best results for one-step and two-step forecasting for
crude oil production was received with Kalman filter + AR(2)
model (with 0,2 % and 2,43 % errors). The linear Kalman
filter also showed the best value of MAPE = 2,97 %. Further
improvements of the forecast estimates were achieved with
application of the adaption scheme given in Fig. 1. An

Kaparos 1. B., Bimox I1. 1.2

average improvement of the forecasts was in the range
between 0,5-1,2 %, what justifies advantages of the
approach proposed. Combination of forecasts generated
with different forecasting techniques helped to further
decrease mean absolute percentage forecasting error for
about 0,3-0,8 % in this particular case.

The future research should be directed towards
expanding of the adaptive forecasting scheme with new
methods for adaptive model parameters estimation, and
alternative forecasting techniques based on intellectual data
processing schemes.

SPISOK LITERATURY

1. Shumway, R. H. Time Series Analysis and its Applications /
R. H. Shumway, D. S. Stoffer— New York: Springer \erlag,
2006. — 588 p.

2. Fiowxk, II. I. Auaniz uacosux psgis / II. I. Bigiok,
B. 1. Pomanenko, O. JI. Tumoruyk. — K. : TTonirexuika, HTYY
«KIII», 2013. — 601 c.

3. Harris, R. Applied Time Series Modelling and Forecasting /
R. Harris, R. Sollis— West Sussex: John Wiley & Sons Ltd.,
2005. - 313 p.

4. Jensen F. V., Bayesian Networks and Decision Graphs /
F. V. Jensen, Th. Nielsen. — New York: Spinger-Verlag, 2009. —
457 p.

5. 3eyposckuii, M. 3. OCHOBBI BEIMHMCIMTEIFHOTO MHTEIUICKTA!
monorpadust / M. 3. 3ryposckuii, 0. I1. 3aiiuenxo ; HAH
Vkpaunsl, UTICA HTYY «KIIM». — K. : HaykoBa aymka,
2013. - 406 c.

6. Dobson, A. An Introduction to Generalized Linear Models /
A. Dobson. — New York : CRC Press Company, 2013. — 407 p.

7. JepxaBHa ciyx6a craructiuku Ykpainu [EnexrponHuit pe-
cypc]. — Enekrpon. mani. — Pexum pocrtyny: http://
www.uKrstat.gov.ua/, BitbHHiA. — 3aroJI0BOK 3 EKpaHy. — MOBa
YKp., pOC., aHIIL.

Cratrs Haaidnwia no pepakuii 1.04.2014.

!AcnipanTtka, IHcTHTYT mpuKiIagHoro cucremuoro ananizy HTVY «KIII», Vkpaina
2 JI-p TexH. Hayk, npodecop, IHcTUTyT nmpukiaanoro cucremuoro ananisy HTYY «KIII», Ykpaina
KOPOTKOCTPOKOBE ITPOTHO3YBAHHS NMPOIIECIB BUPOEHUIITBA BYT' LIS I HA®TH B YKPATHI

V crarTi po3nsiAacThes 3a1a4a KOPOTKOCTPOKOBOIO MPOrHO3YBaHHS BUPOOHHUITBA Byriuis Ta HahTH B YKpaiHi y 4acoBOMy Jjiara-
30H1 2008-2012 pp. lns po3B’si3aHHA 3a7a4i KOPOTKOCTPOKOBOTO MPOTHO3YBAaHHS MOOYAOBAaHO MOJEINI aBTOperpecii, aBroperpecii 3
KOB3HHM CEpEJIHIM, a TAKOK BAKOPUCTAHO AITOPUTM (inbrpartii minifiHux cucrem (pinsrp Kanmana), o rpyHTyeThCsl Ha MOJIEIIi aBTOper-
pecii apyroro nopsiaky. @ineTp Kanmana ycriliHO BUKOPUCTAaHO JJIs ONTUMAJIBHOTO OLIHIOBAHHS CTaHIB Ta KOPOTKOCTPOKOBOIO MpO-
rHo3yBaHHsL. [Ipu 11boMy KoBapialii 30ypeHb CTaHIB OLIHIOBAINCH PEKYPCHBHO 3 HA/IXOIKCHHSAM HOBHX JaHHUX, IO Y3TOJUKYETHCS i3
3aralpHOIO ineonoriero amantanii. Kpamy pe3ynbrard mporHo3yBaHHS BHPOOHHIITBA BYrLIA i CHpOi HAGTH OTPUMAHO 32 JIOMOMOIOO
orrTuMabHOro (inbTpa (Ha OCHOBI aBroperpecii) i Mozeli aBroperpecii 3 KOB3HUM CEpEIHIM.

KawouoBi ciioBa: aBroperpecis, aBToperpecis 3 KoB3HUM cepenHiM, GpuneTp Kanmmana, BuIoOyTOK Byriuisd i cupoi HadTH, KOPOTKO-
CTPOKOBE MPOTHO3YBAHHS.

Kaparos Y. B.Y, bumiok I1. 1.2

!Acniupantka, MHCTUTYT npuKIaaHoro cucremuoro ananuza HTYY «KITH», Vkpauna

2J1-p TexH. Hayk, npodeccop, UHCTHTYT npuknagHoro cucremuoro anamuza HTVY «KITW», Ykpauna

KPATKOCPOYHOE IMPOI'HO3UPOBAHUE IMPOLIECOB INPONU3BOACTBA YIUISI U HE®TU B YKPAUHE

B cratbe paccmarpuBaeTcs 3aa4a KpaTKOCPOYHOTO IPOTHO3HUPOBAHUS MTPOU3BOACTBA YISl U HeTH B YKpauHe BO BPEMEHHOM
nmuanasone 2008-2012 rr. [ns pemeHus 3a1a4u KpaTKOCPOYHOTO IMPOTHO3HUPOBAHUS MOCTPOCHBI MOJEIH aBTOPETPECCHH, aBTOpErpec-
CHH CO CKOJIB3SIILIM CPEIHUM, a TaK)Ke MCIIOJIb30BaH alroput™ (GuiibTpaiuy JuHeHHbIX cucteM (duiaprp Kanmana), ocHOBaHHBIN Ha
MOJIeNu aBToperpeccun Broporo nopsiaka. Gunetp KanMana ycnemHo ucnonb30BaH IJIsl ONTHMATFHOTO OLGHUBAHUS COCTOSHUH U
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KPaTKOCPOYHOIO IIPOrHO3UpoBaHusl. [Ipu 3ToM KoBapualuu BO3MYIIEHUN COCTOSHUM OLIEHUBAIMCh PEKYPCUBHO C IOCTYIUICHUEM HOBBIX
JIAHHBIX, YTO comiacyercs ¢ obuelt naeonorueii aganranuu. Jlydnme pe3ynbTaTsl IPOrHO3UPOBAHHS IIPOU3BOJICTBA YIS U CHIPOit He(TH
HOJIy4CHBI C MOMOIBI0 ONTUMAIBLHOr0 (HiIbTpa (Ha OCHOBE aBTOPETrPECCHU) U MOJICIH aBTOPEIPECCHH CO CKOJIB3SILIUM CPEIHUM.

KpaTrkoCpO4HOE ITPOrHO3UPOBAHUE.

68

REFERENCES

Shumway R. H., Stoffer D. S. Time Series Analysis and its
Applications. New York, Springer Verlag, 2006, 588 p.
Bidyuk P. I., Romanenko V. D., Timoshchuk O. L. Time
Series Analysis. Kyiv, Polytechnika, NTUU «KPl», 2013,
601 p.

Harris R., Sollis R. Applied Time Series Modelling and
Forecasting, West Sussex, John Wiley & Sons Ltd., 2005,
313 p.

KuroueBble ci1oBa: aBroperpeccHs, aBTOPErpeccus co CKONb3sImM cperHuM, ¢uistp Kanmana, noGsaa yris u cbipoit HedTH,

Jensen F. V., Nielsen Th. Bayesian Networks and Decision
Graphs. New York, Spinger-Verlag, 2009, 457 p.
Zgurovsky M. Z., Zaichenko Yu. P. Basics of Computing
Intelligence. Kyiv, Naukova Dumka, 2013, 406 p.

Dobson A. An Introduction to Generalized Linear Models.
New York, CRC Press Company, 2013, 407 p.

The State Statistics Service of Ukraine. — Electronic data. —
Available from: http://www.ukrstat.gov.ua/, free, Title from
the screen, Lang. ukr, rus, eng.



ISSN 1607-3274.

Panioenexrpownika, indopmaruka, ynpasminus. 2014. Ne 1

UDC 004.891.3

Kucherenko Ye. 1.2, Driuk O. D.?

Doctor of Science, Professor, Kharkiv National University of Radio Electronics, Ukraine
2Postgraduate student, Kharkiv National University of Radio Electronics, E-mail: sanya40@ukr.net, Ukraine

FUZZY MODELS IN PROBLEMS OF COMPLEX SYSTEMS CONTROL

An analytical review of existing models and methods of applied problem solving is per-
formed. The necessity of developing of fuzzy models of mobile objects is shown. A new formal
model of mobile objects control as minimization of the control error is developed. It is shown
that the problem of optimal mobile objects control is to find the optimal (or suboptimal)
function of mobile objects control. Depending on the values of certain external parameters, this
function returns a value that determines the future direction of the mobile object movement.

One of the most perspective approaches to the control function optimization is develop-
ment and adjustment of fuzzy model of mobile object movement. Development of a model
based on fuzzy rules will provide its flexibility. The fuzzy model as a set of production rules
has been further developed. This model, unlike the existing ones, allows minimizing the error of
mobile objects control. The adequacy of the developed models has been confirmed. It was
shown that these models provide good mobile objects control.

Keywords: mobile object, fuzzy model, movement control, production rules, model ade-

quacy, track, trajectory.

INTRODUCTION

Seeing the necessity of exact description of operating
systems and increasing demands for solving the problems
of intelligent control, there is a need to develop the theory
of mathematical modeling. In the framework of the theory of
mathematical modeling the formal procedures are used.
These formal procedures take into account information
heterogeneity, multicriteriality, dynamics of the quality and
efficiency, and also uncertainties, which can be either
stochastic or fuzzy.

Selecting the model type of a complex system and
mathematical modeling tools to use depend largely on
information quality and uncertainty type. Fuzzy approach
is usually used when the system is so complex that it’s
impossible to build its mathematical model in traditional
sense, or when the model exists, but to calculate it,
significant computational resources are needed [1].

Complex system modeling in the form of fuzzy systems
doesn’t usually require knowledge of the system structure.
However, in problems related to quality assessment of
operation of the system consisting of a number of
subsystems, or in problems of evaluating the degree of
achievement of interacting goals, fuzzy model should take
into account the system structure [2].

In this case the modeling tool is fuzzy logics and, in
particular, one of its basic concepts — that is, function of
fuzzy variables. However, existing algorithms for operating
with such functions are not oriented to practical use.

The purpose of this research is increasing the quality of
process control under uncertainty of objects operating. In
this paper we also explore approaches of optimizing the
complex objects control as a criterion for increasing the
control adequacy.

© Kucherenko Ye. I., Driuk O. D., 2014
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1 RESEARCH PROBLEM STATEMENT

Let the production area be a rectangular field divided
into unit cells. There are L loads and K mabile objects in this
area. Mabile objects can move the loads.

Because of delivery of Ly new loads it is required to
move L, c L loads to other cells, using mobile objects. The
total time to perform this task should not exceed the time
limit:

< ‘t*, @

where t" isthe time remaining before new loads arrival. If
the time of moving the loads t> 1", the task should be
modified to meet the requirement (1).

In paper [3] the model of mobile objects transportation
in the production area is proposed. According to this model,
mobile objects move discretely, from the center of one cell
to the center of another one. To solve a number of practical
problems, we need to modify the model, because mobile
object is usually represented as a physical agent, which has
a certain size and moves continuously.

The problem of optimal mobile objects system control is
to find a certain optimal (or suboptimal) function of mobile
object control. Depending on the values of certain external
parameters, this function takes a value which determines
the further direction of the mobile object [4].

One of the most perspective approaches to the control
function optimization is development and adjustment of
fuzzy model of mobile object movement [5]. Development of
a model based on fuzzy rules will provide its flexibility,
because even under changing environmental parameters
(for example, unforeseen obstacles to the mobile object) the
rules don’t change.
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Thus, our tasks are:

— to analyze existing models and methods for solving
similar problems;

—todevelop the formal model of mabile object movement
along given trajectory;

—to review and analyze different approaches to mobile
objects control optimization;

—to develop and adjust the fuzzy model of mobile object
movement;

— to verify the adequacy of resulting model.

2 ANALYSIS OF EXISTING SOLUTIONS

Recently, the use of automated systems in different areas
of life becomes more and more popular. Therefore,
development of models and methods for mobile objects
movement is a subject of many works. Let’s consider and
analyze the main approaches that offered in these works.

In paper [5] the automaton model of adaptive mobile
objects control based on fuzzy logics is considered. To adjust
the fuzzy control system, it is proposed to use a probabilistic
automaton with training.

The proposed model is rather perspective, it has several
disadvantages. Firstly, in this model it is assumed that the
mobile object always can bypass the obstacle. In our model
being developed, the borders of mobile object trajectory are
always considered as obstacles, and mobile object can never
bypass them. Secondly, proposed model allows the mobile
object only to bypass the obstacles, but not to move to a
fixed point, and, of course, mobile object trajectory isn’t
being optimized. Thereby, we cannot use this model to solve
our problem.

In paper [6] the teaching model of a robot following the
certain mobile object is considered. In this work it is also
proposed to use the system of fuzzy rules. There are also
considered several different methods for the system
adjustment.

The main disadvantage of this approach is that it doesn’t
take into account the possible obstacles the robot may not
bypass, because the trajectory of mobile object does already
define the trajectory of the robot which follows it.

Thus, to solve this problem we need to modify the
existing approaches.

3 FORMAL MODEL DEVELOPMENT

Let r; be a mobile object with defined trajectory

A )

which represents the sequence of cells the object r;

should move to perform the task [3]. Now we develop the
model of mobile object movement along this trajectory.

Let each cell be a square of size sxs, and let mobile
object be a rectangle with length a and width b, where
b <a<s. Let Vg, and onq, be maximum linear velocity
and maximum angular velocity of mobile object, respectively.
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Introduce the following assumptions:

1) mobile object always either moves with maximum
linear velocity vy, Or doesn’t move at all;

2) velocity v, is small enough to neglect the time of
mobile object acceleration and deceleration;

3) velocity Vv, is small enough and traction with
surface is big enough to neglect the skid of mobile object
for all possible values of its angular velocity;

4) angular velocity @ =®(t) of mobile object can be
changed fast enough to neglect the influence of angular
acceleration on movement of this object;

5) to make the movement safe, distance from the mobile
object to an obstacle or to the trajectory border is needed to
be not less than §,,;,. Itisalso guaranteed that b + 25,;, <s;

6) decision about angular velocity change, acceleration
or deceleration of mobile object is made as a result of
measurements obtained by mobile object vision system.
These measurements are made with the period tjn;

7) maximum angular velocity o, issmall enough not

to allow the mobile object to turn safely in the opposite
direction;

8) when mobile object moves, it doesn’t stop and doesn’t
face any obstacles.

Then we have

Statement 1. Position of mobile object at time t can be

k) . (k
uniquely determined by its coordinates (X.( ),yi( )), its

direction v(*) and its angular velocity Ga(k) at time
K =t —1tmin. Moreover, mobile object moves along a straight

L . . . v
lineif m =0, and along a circular arc with radius R =2—
o

otherwise.

Definition 1. Track 6(t) of the mobile object r; isa curve
traversed by center O of object during its movement (see
Fig. 1).

Statement 2. Track 6(t) of the mobile object r; can be
uniquely determined by its initial coordinates

(0)

(0)_ S S) o
%i +§1Yi +§ , its initial direction Vj” and sequence

(0) (Tmin) (Zrmin) (nrmin)

of itsangular velocities {mi ) O , O yoeny @

attime 0, Trin, 2Tmin - NTmin r€SPectively, where ntp,y, is
the first moment of time when object would be entirely

©),/9).

inside the cell (Xi

Consequence 1. Then, using statement 2, we can obtain

0(t)= O(m(o),cogtm‘”),m(zrm‘”),...,m-(mmi”) ) %)
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Fig. 1. Example of mobile object movement along its trajectory

Definition 2. Correct track 6y (t) of the mobile object
r;, corresponding to the trajectory tr(Gri ) is a track

satisfying the following conditions:
1) at any time of mobile object movement along the

trajectory tr(Gri ) distance from the mobile object border to

the nearest obstacle and to the borders of trajectory is not
less than &ipn;

2)fof o)

S Omaxforall k=0,1,...,n;

(ntmin)

3) attime o;

0ot)

Let’s denote as ©g (r;) the set of correct tracks Og,

mobile object is entirely inside the cell

corresponding to the trajectory tr (Gn ) of the mobile object r;.

Definition 3. Length |0z | of correct track is the distance
passed by mobile object along this track.
Statement 3. If a mobile object moves without stops, the
length of its correct track can be defined as
|6R| =Vmax “Tmin "N,

where n is an amount of measurements made during its
movement.

Let Ly =Ly (Gri ) be a line equidistant from the borders

of the trajectory tr(Grl) (in Fig. 1 it is dashed). Suppose

also that the measurements made with the period Tmin, define
the following parameters:

— Shift d of mobile object center relative tothe line Ly, (if
mobile object is situated to the left of line L, shift is
considered to be negative, otherwise it is positive);

— Rotation angle o of the mobile object relative to the
line Ly, (clockwise direction is considered to be positive).
Note that if the object is rotated to the left relative to the line

Ly, then o > 7 and we can consider negative angle o — 2m.

Consider the regulation function ¢ =¢(d,a), which,
depending on the shift d and rotation angle o, returns

angular velocity o:|o| < oyay the mobile object needs to

reach until the next measurement of shift and angular
velocity, or a certain big number W > o__ , which means
that the mobile object needs to stop.

Definition 4. The regulation function ¢g(d,a) is

max?

correct if for all possible trajectories tr(Gri ) eTR(Gri) it
returns such a sequence of angular velocities
{®g,0,..., 0 }, that track 6(wg, o,..., 0 ) € O (1;).
Denote the family of correct regulation functions by
O =0(d,a)
Definition 5. The track 6 = 6(wg, @y,..., 0, ) is called a
track according to regulation function ¢(d,a), if

Vi=1n:o; =o(dig 0iq),

where d, and o are the values of mobile object shift and
rotation angle respectively at time Kt
Denote such track by 6,,. Note that as ¢ is a correct

regulation function, 6, € ©g (1;).

Then the formal model of mobile objects control is as
follows:

— min, €)]

where is the length of line equidistant from the

L (G

borders of the trajectory; {r j } j e J aretime dependencies.

Optimization problem (3) is the task of finding such a
regulation function ¢, that the given initial conditions
provides the mobile object movement along the track which
is the closest to the line Ly, .

4 FUZZY MODEL DEVELOPMENT IN MOBILE
OBJECTS CONTROL OPTIMIZATION PROBLEMS

Note that as family @ (d, o) can correspond to an infinite
number of functions ¢(d,a), and also checking the
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correctness of regulation function is a rather difficult problem
[3], it doesn’t seem possible to find an exact solution of
problem (3). That’s why we propose to search the suboptimal

function (p*(d,a), that is, such a function (p*, for which we
have

b
¢

L (G

1,00<  max <1,02, @)

tr(csrl )eTR(GrI )
i)

that is, track ew* is not more than 2 % longer than line

L (Gy ).
One of the simplest approaches to solve this problem is
a formal definition of the function (p*(d,a). Use the fact

that we know the form of the trajectory tr(GIri ) and, thus,

the form of line Ly, : if the assumptions 1) —8) are correct, it
can be represented as a sequence of segments and arcs.
Then after the next measurement of parameters dy u o the

value o1 = @(dy, ay ) can be found using the following
considerations [5]:

—Ifdy <0 anda, <0, then mobile object is moving to
the left away from line Ly, so we need to turn it to the right
with maximum possible angular speed: oy ;1 = ®max;

— Similarly, if dy > 0and o > 0, then mobile object is
moving to the right away from line Ly, and oy 1 = —®may;

—If o =0, then mobile object is moving parallel to the

line Ly, and we don’t need to turn: oy 4 =0;

- If dy, <0 and oy >0, then mobile object is
approaching to the line Ly, from the left, and we need to
choose in such a way that when mabile object reaches the
line Ly, its rotation angle is as close to zero as possible;

—Ifdy >0and o <0, weshould choose w_4similarly.

Asaresult, we receive the regulation function ¢, which
is defined as follows:

Omax If d<0and o <0,
—Omax If d>0and a >0,

1-
. min[ Ymax(1=€0%) Vi 4~ and a <o,
¢ (da)= d

Vmax (1—cosa) ©)
max[maxd,—mmaxjif d<0and a>0,

Oif d=0and a=0.

The experiment showed that the resulting function (p* in
our model provides good mabile objects control.
However, this approach has several disadvantages.
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Firstly, it works only for the given model of mobile object
moving. If the obstacles appear on its path, or traction with
surface is not big enough to neglect its skid, function will
not provide good control any more.

Secondly, this approach requires the exact values of
parameters d and o to be measured, and these measurements
requires a rather expensive machine vision system.

Thirdly, to provide the safe mobile object movement, the
parameters measurements should be performed rather often.
This reduces the life of the machine vision system.

We propose another approach — that is, fuzzy model

development to find the function (p*. On the one hand, fuzzy
model is more universal and doesn’t use the assumptions
about mabile object movement. On the other hand, it doesn’t
require the exact values of parameters d and o — we only
need to know the classes they belong to.

In [7] it was proposed to use the models of fuzzy
inference in form

{if xis p(x)then yis u(y)}. ®6)

to solve problems on fuzzy variables.

To develop the fuzzy model we propose the method
consisting of the following steps:

Step 1. Define fuzzy terms and their membership
functions for parameters d , o and .

It was decided to choose 6 fuzzy terms for each parameter:

Shift d : «Big negative» — d;, «<Medium negative» — d.,

«Small negative» — ds, «Small positive» — d,, «Medium

positive» — &5, «Big positive» — (]6;

Rotation angle @: «Big negative» — d;, «Medium
negative» — @, , «Small negative» — G5, «Small positive» —
a4, «Medium positive» — G5, «Big positive» — Gg;

Angular velocity ©: «Big negative» — @1, «Medium
negative» — @,, «Small negative» — &3, «Small positive» —
@4, «Medium positive» — &, «Big positive» — dg.

For all the fuzzy terms it was decided [8] to choose the
membership functions in the form

4

_(x-hy?
p(x)=1e 20° Xe[xmin’xmax]’ )
0, X&[Xmin: Xmax

where h is an average value of the membership function;
o is the steepness of the membership function; segment
[ Xmin » Xmax | equals to [-1,0] for fuzzy terms corresponding

to negative parameters values, and equals to for fuzzy terms
corresponding to positive parameters values.
Step 2. Form the following system of production rules:

Rij:1fde di and o € & j with weight Wjj then o e @,

where di, Qj, Gy are fuzzy terms for parametersd, a.and o
respectively.
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To do this, we decided to use the formula (5) being
universal for the given control model. To define
approximately, which parameters belong to which fuzzy
terms, we can divide the segment [-11] into 6 equal parts.

Step 3. Generate a training sample to adjust the fuzzy
model parameters, that is, fuzzy terms distribution parameters
d,, &j, @ and rules weights Wij.

It was decided to generate N =50 random pairs of
parameters (di ) O ) and then use formula (5) to define ;.

Step 4. Adjust the received fuzzy model to make the
errore;. — 0.

The problem of optimal adjustment of the model
F = F(P,w ) can be formulated as a problem of minimizing the

discrepancy of the function y© (X)) on the learning sample:

R—i%(a(x-)—yF(x-))za min 8
N5 ! J (PW)<G' ®
where G is the set of constraints for vectors p and W .

To solve the problem (8) it was decided to use the modified
method of very fast annealing.

Thus, we received the fuzzy model F. To make a decision
if it can be applied in practice, we need to check its adequacy.

5 MODEL ADEQUACY IN PRACTICAL
APPLICATIONS

After we defined the parameters of fuzzy model F, we
need to check its adequacy. If regulation function ¢(d,a.)
corresponding to this model is not correct, then the model
is inadequate and we need to readjust it.

To check the mode adequacy it is proposed to simulate
the process of movement of mobile object r; along the
trajectory according to fuzzy model F with different possible
values of initial parameters dy and ay (that is, initial shift

and rotation angle) and different trajectories tr (G, ).

The simulation showed that for the values s=2m,
a=2m, b=12m, Jpjp=01m, Vv =2m/s,

_T _2n 1 )
Trmin =0,05'S, Omax =5 “max —?S the model is

adequate — the mobile object moves along the correct track
for all possible dy and a.
Fig. 2 shows an example of modeling the movement of

mobile object r; along the trajectory tr(Gri ) Here line Ly,
equidistant from the trajectory borders is dashed, and track

0(r;) of mobile object is a solid line. The initial point of
mobile object is indicated by the circle.
Fig. 2 shows that the error of the trajectory

Ly~ L)
L,

eE=

©)

where L, =

L (G

Ly = ‘9@\ is the length of actual track, tendsto zero, and ¢ > 0.

isthe length of the estimated track and

.

Fig. 2. Example of modeling the mobile object movement
according to fuzzy model F

In the experiment on the length L < 300 m it was obtained
that € < 0,015, and it meets the suboptimality criterion (4).

CONCLUSIONS

1. An analytical review of existing models and methods
for solving applied problems is made. The necessity of
developing fuzzy models for mobile objects is shown.

2. A new formal model of mobile objects control is
developed. This model represents the minimization of the
ratio of actual and estimated track lengths.

3. Fuzzy model as a set of production rules has been
further developed. This model, unlike the existing ones,
allows minimizing the error of mobile objects control. The
adequacy of the developed models has been confirmed.
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Kyuepenko E. W.}, Iprok A. J1.2

'I-p TexH. Hayk, npodeccop, XapbKOBCKUN HAIMOHAIBHBIA YHHBEPCUTET PaJMOIEKTPOHUKH, YKpanHa

2AcnupanT, XapbKOBCKHI HAIMOHAIBHBIN YHHBEPCUTET PaJHOEKTPOHUKH, YKpauHa

HEYETKHWE MOJEJIA B3AJAYAX YITPABJIEHUSA CJIO)KHBIMUA CUCTEMAMHU

BeInosHeH aHaMMTHYECKHi 0030p CYIIECTBYIONINX MOAENEH M METOAOB PELICHUs NPHUKIAAHBIX 3anad. [loka3zaHa HEOOXOIMMOCTb
pa3pabOTKH HEYETKUX MoAelel MOOMIIBHEIX 00beKkTOB. Pa3paboTana HoBast (hopMasibHast MOJIENb YIIPaBICHNs] MOOWIIbHBIMU O0BEKTaMU
KaK MUHUMH3aIMs oMOKY ynpasieHus. [lokazaHo, 4To mpobiaemMa ONTHMAIBHOTO YIIPABIECHUS CHCTEMON MOOMIIEHBIX OOBEKTOB 3aKIIIO-
YaeTcsl B HAXOXKACHHU HEKOTOPOH ONTHMaIIbHOM (J160 cybonTuManbHoN) QyHKIHK yIpaBIeHUs: MOOHIBHBIM 00BbEKTOM. B 3aBHCHMOCTH
OT 3HAYECHHH OIPE/IeICHHBIX BHEIIHNUX [TapaMeTpoB 9Ta (QYHKIHS IPUHUMAET 3HaYeHHe, ONpe/ielIsIolee NanbHeiilee HarpaBIeHNe ABH-
KEHHs] MOOWIILHOTO OOBEKTA.

OpHuM U3 Hauboee MepCIeKTUBHAIX TOX0/0B K ONTHMM3alNU (QYHKIUN yHPaBICHUS NPEACTaBIsIeTCs pa3paboTka U HACTpolKa
HEYETKOI MOJeNIM JIBHXKEHUSI MOOMIBHOro oObekTa. Pa3paboTka MOze/I Ha OCHOBE HEUETKUX IPABUI 00ECIEUNUT YHUBEPCAITLHOCTD
moznenu. [omyduna nanpHeiiliee pa3BUTUE HEUETKas MOZCNIb B BUJIE MHOMKECTBA MIPABHII IPOAYKLIUYU, KOTOPasl, B OTIIMYUE OT CYLIECTBY-
IOIIMX MOJIENICH, II03BOJISICT ONITHMHU3NPOBATh YIIPaBIeHuEe MOOWILHBIMU oObekTamu. [TonTBeprkieHa aieKkBaTHOCTh Mozeel. [TokasaHo,
YTO TOJy4EHHAsi MOZIeNIb 00ECIIeUHBAET XOPOIIIee YIpaBIeHHE MOOMILHBIMH O0BEKTaMH.

KunroueBble ci10Ba: MOOWIBHBII OOBEKT, HEUETKAsl MOJIEINb, YIIPABICHUE JIBHKEHHUEM, IIPABUIA TIPOAYKIUH, aIeKBaTHOCTh MOJIEINH,
Tpacca, TPaeKTOPHUSL.

Kyueperko €. 1.}, Iprok O. J1.2

'II-p TexH. HayK, npodecop, XapKiBCbKuil HAIOHAIBLHUH YHIBEPCUTET PalioeIeKTpOHiKK, YKpaiHa

2AcnipanTt, XapKkiBCbKHil HalliOHAIbHUM YHIBEPCHTET pagiOeNeKTPOHIKH, YKpaiHa

HEYITKIMOJEJIY 3AJAYAX KEPYBAHHSA CKIIAJJTHUMU CUHCTEMAMU

BukoHaHO aHANITHYHUI OV iICHYIOUMX MOJENEH Ta METOIB PO3B’sI3aHHs NPHUKIAJHUX 3a1ad. [TokazaHo HEOOXIIHICTh PO3POOKH
HEYiTKHX Mojeneil MoOUIbHNX 00’ eKTiB. Po3pobieHo HOBY (opManbHy MOJeNb KepyBaHHS MOOUIBHUMHU 00’ €KTaMH SK MiHIMi3aLiro
MOMUJIKH KepyBaHHs1. [Toka3aHo, 1110 pobiieMa ONTHMAaNbHOTO KEPYBAaHHS CHCTEMOI0 MOOLUIEHUX 00’ €KTIB MOJISIrae y 3HAXOMKEHHI IesKoi
onTuUManbHOI (abo cybonTuMaibHOi) GyHKIT KepyBaHHSI MOOLITBHIM 00’ €KTOM. 3aJICKHO BiJl 3HAYCHB IIEBHUX 30BHILIHIX apaMeTpiB 1is
GyHKIA TpHiiMae 3HAUCHHS, 1[0 BU3HAYaE IMOJANBIINN HANPSIMOK PyXy MOOUIBHOrO 00’ €KTa.

OpxHUM 3 HalOUTBII MEPCHEKTUBHUX IMIAXOMAIB 10 ONTHMI3amii GyHKIIl KepyBaHHS IPENCTaBISEThCA PO3POOKA Ta HAIATOKEHHS
HeviTKol Mozielti pyxy MoOUIbHOTO 00’ €KkTa. Po3poOka Mozielni Ha OCHOBI HEHITKHX TPaBUII 3a0€3MeUHTh yHIBepcanbHicTh Mopeni. Otpu-
MaJjia MOJABIIHNIA PO3B’A30K HEUiTKa MOJEIb Y BUINIII MHOKUHH TIPABIJI TIPOIYKILii, sk, HA BIAMIHY BiJl iCHYFOUMX MOJeJIeH, 103BOJISIE
OINTHMI3YBaTH KepyBaHHs MOOUTbHAME 00’ ekTamu. [linTBepkeHo aiekBaTHIiCTh Mozeneid. [TokazaHo, o oTpruMaHa Mozienb 3abe3mnedye
no0pe yrpaBIIiHHS MOOUTEHHMH 00’ €KTaMH.

KarwouoBi ciioBa: MOOUTEHHI 00’ €KT, HEUITKa MOJENb, KEPYBaHHS PyXOM, IpaBWIIa MPOAYKIIl, aAeKBaTHICTb MOJEI, Tpaca, TPaek-
TOpis.
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KOMMbIOTEPHOE MOAENIMPOBAHUE U3IMBA KPYITION
TPEXCJTIOMHOWU NNACTUHbI C UCMNONMb30BAHUEM
AHAJIMTUHECKOIo U YACNEHHOIO Noaxoaos

[Ipenioxensl ypaBHEHUs U3ru0a TPEXCIONHBIX KPYIIIBIX INIACTUH CHMMETPUYHOIO CTPOSHHUS
C U30TPOIHBIMU HAPY)KHBIMH CJIOSIMM U HEJIMHEHHO-yNnpyrum 3amnojHuteneM. Ha ocHoBe
[OJIyY€HHbIX ypaBHEHUI pa3paboTaHa KoMIbioTepHas mozenb B cucreme Maple. TTocrpoena
TpexMepHasi KOHEUHO-3JIEMEHTHAasl MOJAENb KPYIJIOW TPEXCIOWHOHN MmiacTHHKHU. B kauectBe
MpUMepa, PaCCMOTPEHA 33/1a4a OCECUMMETPUYHOI'0 IOIIEPEYHOro U3ruda TpexcIonHoN Kpyriion
IJIACTUHKY B JIMHEHHOW IMOCTAHOBKE, a TAKXKe 3a/1aua OCECHMMETPUYHOIO MOMEPEYHOT0 U3rnda
OJHOCIIOMHOM ITACTHHBI B TUHEHHOM M HEJTMHEHHOM ITOCTaHOBKE.

KuroueBble ciioBa: KOMIIbIOTEPHAas MOJCJIb, Kpyrjias T‘peXCJ’IOﬁHa}I I1aCTUHA, aHAJIUTHYCCKOC

peuICHUuEe, METOA KOHCYHBIX 3JIEMEHTOB.

BBEJIEHUE

KommbiorepHoe MonenpoBaHne NO3BOISET 3aMEHHUTh
nccienoBanue (puzndeckoro odpasna BHIYHACIUTEIBHBIM
SKCIIEPUMEHTOM H SBJISIETCS] OTHUM M3 METOIOB HCCIIEI0BA-
HUS CIIOKHBIX cucTeM. [Ipr 3TOM B OCHOBE KOMITBIOTEPHOM
MOJIEJH, KaK ITPaBMIIO, JIEXKAT MaTeMaTHIECKIE yPaBHEHNUS
U cucTeMbl ypaBHeHUH. OCHOBHBIE ITOAXOABI IIPH MOITyde-
HHUH OIPECIISIOINX COOTHOLIEHUH MOJENN. aHaJIUTH4ec-
Kuii mogxox Ha 6a3e pacupoCTpaHEHHBIX CUCTEM KOMITBIO-
TEpHOH anreOpsbl, YUCIIeHHbIe HecenoBanus. ClieoBaTesb-
HO, aKTYaJbHBIM SIBJISIETCSI COIIOCTABJICHUE PE3YIHTATOB
Takux uccienoBaHuil. COBMECTHOE NCIIOJIB30BAHUE AHATIH-
THUYECKOTO M YUCIIEHHOTO MTOJX0/1a TIO3BOJISIET PACCMOTPETh
00BEKT C pa3HBIX CTOPOH, HCIIONB3YS pasHbIE THUIIOTE3HI,
c(hopMHIpOBaTEH 00TACTH JOMYCTUMBIX PEIICHHA.

TpexcnoiHble 3IEMEHTHI KOHCTPYKLMN IIMPOKO IpUMeE-
HSIFOTCSI B aBHA- M CYIOCTPOECHUH, KOCMUYECKON MPOMBIIII-
JIEHHOCTH, TPAXXJAHCKOM CTPOUTENBCTBE, PaJHOIICKTPOHH-
K€ U Ap. OTpacisiX MPOMBIIIIEHHOCTH. [103TOMY aKTyass-
HOM sIBIISIETCA MpodeMa pa3paboTKH 3P PEeKTHBHBIX METOIOB
pacuera HanpspKeHHO-1e(h OpMUPOBAHHOTO COCTOSTHHS TPEX-
CIIOMHBIX 2JIEMEHTOB KOHCTPYKIHH, a Takke 00O0O0IIeHHUs
KIIACCHYECKUX TEOPHH ¢ IPIMEHEHHEM yTOYHEHHBIX MOJIE-
JIeH, OTPaXKAIOIINX MTOBEICHUE COBPEMEHHBIX MaTEPHAJIOB.

B nacrosmeit pabote IprUBOANTCS BapHAHT YPaBHEHUH
n3rnda TPEXCIOMHBIX IUTACTHH CHMMETPHYIHOTO CTPOCHHS C
N30TPOITHBIMU HAPYXHBIMH CIOSIMU ¥ HETMHEHHO-YIIPYT UM
o [1] MarepuanoM 3amoTHUTENS; TOCTPOCHA KOMIIBIOTED-
Hast MOJIENTb Ha 0a3e TakeTa CHMBOJIBHBIX BeraucieHnii Maple
(aHamUTHIECKAst MOJIEID).

[TpennoxeHa TpexMepHask KOHEUHO-3IEMEHTHAsT MOZIETTb
TPEXCIOMHON MJIACTUHKHM, HA OCHOBE KOTOPOW MOJIyYEHBI
YHUCJIEHHBIE OLIEHKU apaMETPOB COCTOSHUS TPEXCIONHOM
KOHCTpyKIH. Ha mpumMepe 3amadm 0cecHMMETPHYHOTO
MOTIEPEYHOr0 M3TH0a TPEXCIOWHOW KPYIIIOH IUTaCTUHKA
MIPOBOJUTCS CPABHEHHE MTOTYIECHHBIX MOAEIIEH C H3BECTHBI-
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MU paboramu [2, 3, 4]. B kadecTBe 4aCTHOro CiTy4asi peleHa
3a/1aya OCECHMMETPHYHOTO ITONEPEYHOr0 M3ruba OxHO-
CJIOMHOM IJIaCTUHBI B IMHEHHON U HETMHEHHOW OCTaHOB-
Ke; pe3ylbTaThl CpaBHUBAIOTCS ¢ paboTamu [1, 5].

1 AHAJIMTHYECKASA MOIE/Ib

PaccmoTpuM KpymiTyro TpeXCIIOHHYIO IUTaCTHHKY, KOTO-
pasi mozBepraercsi BO3ZAEHCTBHIO ITOIIEPEYHON HArpy3KH
q(r), pacnpenencHOil CUMMETPUYHO OTHOCHTENIBHO OCH,
MIPOXOJIAIIEH Yepe3 UEeHTp IIacTuHEL. BHenaue cion mac-
THUHKH TOJIIIMHON § U3TOTOBJIEHBI M3 HU30TPOITHOTO MaTEePH-
ara, moguuHsromerocs 3akony ['yka. CpexHuii cioit miac-
THHBI TOJIIMHOHN 2h BBITIOJHEH W3 HETMHEHHO-YIIPYTroro o
[1] m30TpomHOro Marepuara.

JleopmMupoBaHHOE COCTOSIHUE TUTACTHHKHY OIPEETISIeT-
sl paJMabHBIM repemerntierrneM U(r) u mporuoom W(r).

Huddepennnanpapie ypaBHEHHS PABHOBECHS KPYIIION
TPEXCIOWHOHN IIACTUHBI B OOMIEM CITydae MPOH3BOIHHOM
Harpy3ku npuseznens! B [5]. [IpuauMas BO BHUIMaHHE CHM-
METpHIO Ae(OPMUPOBAHHOTO COCTOSTHHMS IIACTHHBI M OT-
CYTCTBHE YIVIOBBIX IEPEMELIEHNUI B TAHHOM [TOCTaHOBKE 3a-
Jla4u, HeNMHeHHbIe U depeHnnanbHbIe ypaBHEHNS paBHO-
BECHS C IePEeMEHHBIMH KO3 (QUIIMEHTAMH HMEIOT BH]]

AW prr + ApWpr + AU pr + AygWp + AU +

+ A16u(r)+d>1(u3,w3,...) =0,
@

A21W,rrrr + A22W,rrr + A23u,rrr + A24W,rr + A25U,rr +

+AxeW - + Ax7U - + Aggl (1) — rq+<D2(u3,w3,...) =0.

Henvreiinsie wiens! ypasHenuii (1.4) q)l(u3,w3,,_,) u

o, 3, we,...), a Tawke xosbdumenTsr Ay Ag, Apr.Aog
TIPUBENICHBI B [6], 311€Ch He IPUBOIATCS BBHILY MX TPOMO3IKOCTH.
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I'paHuuHBIC YCIOBHSA UIsi CBOOOAHOTO OMHUPAHHS HMe-
0T clieAyroLmii Bup [4]:

U
w(r)=0, W,rr+?W,r =0, Ur+Eu(r)=0 npu =R,
' r

['paHrvHbBIE YCIOBUSI TPY 3aIlIEMIICHAH Ha KOHTYPE HMe-
0T cieAyroLmii Bup [4]:

w(r)=0, Wy =0,u(r)=0 npu r =R.

OmHUM U3 TOAXO/I0B K PELIEHUIO CUCTEMBbI HETUHEHHBIX
ypaBueHuii (1) SBASIETCS METOI Pa3IOKEHHs [0 MaJIOMy
napamerpy [1, 7, 8], koTopslii mo3BoNIseT paccMaTpUBaTh He-
JIMHEMHBIE 3a/1a4d KaK MOCIEI0BATeIbHOCTD YTOUHSIOIINX
JpYT Apyra pelleHnH CUCTeM JIMHEHHBIX ypaBHeHUil. B cBoro
ouepellb, paccMaTpUBaeMble CUCTEMbI JTMHEWHBIX ypaBHeE-
HUH B TAHHOM CITy4ae MOTYT OBITh CBEICHBI K YPAaBHCHHUIO
Beccens, pelieHne KOToporo U3BeCTHO [2].

INocTpoeHne KOMIBIOTEPHON MOJEIN C MOMOIIBIO Ma-
kera Maple npoBoAMIOCH B HECKOIBKO TAIOB: OMHUCAHHUE
HATPsDKEHHOTO COCTOSHMS TUTACTHHBI, ONHCaHue Ae(hOpMH-
POBAaHHOTO COCTOSTHHS TUTACTHHBI; IONydeHUe (DYHKITMOHA-
JIa SHEPTUH; BHIBOA I pepeHImanbHbIX YpaBHEHUH PaB-
HOBECHUs Ha OCHOBe MpuHnuna Jlarpamka ananorudso [9].
IMpuBenem koman el makera Maple, omucsiBaronye Hamps-
’KEHHOE COCTOSHUE IIACTHUHBI.

3akon ['yka 1y1st BHENTHUX cJioeB miactuss [10]:

sigma[1,r]:=E/(1-mu”2)*(epsilon[1,r]+mu*epsilon[1,phi]);

sigma[1,phi]:=E/(1-mu”2)*(epsilon[1,phi]+mu*epsilon[1,r]);
tau[1,rphi]:=G12*epsilon[1,rphi];
sigma[2,r]:=E/(1-mu”2)*(epsilon[2,r]+mu*epsilon[2,phi]);
sigma[2,phi]:=E/(1-mu”2)*(epsilon[2,phi]+mu*epsilon[2,r]);
tau[2,rphi]:=G12*epsilon[2,rphi];

3aKoH yIpyrocTs st cpeaHero cios [4]:

tau[3,rphi]:=G[3]*gammal*epsilon[3,rphi];

tau[3,rz]:=G[3]*gammal*epsilon[3,rz];

tau[3,phiz]:=G[3]*gammal*epsilon[3,phiz];
sigma[3,r]:=3*K[3]*chil*epsilon[0]+2*G[3]*gammal*(epsilon[3,r]-
epsilon[0]);
sigma]3,phi]:=3*K[3]*chil*epsilon[0]+2*G[3]*gammal*(epsilon[3 phi]-
epsilon[0]);

Hcmonb30BaHWE CHCTEMBI KOMIBIOTEPHOW anreOpbl
Maple cymecTBeHHO yIIpoIaeT orepupoBaHne ¢ IPOMO3I-
KUMH BBIPQKEHUSMH U IO3BOJISIET aBTOMATHU3UPOBATH MIPO-
[ecc MOoIydeHus TuQQepeHIInanIbHbIX YPaBHEHAN 33191
13 OCHOBHBIX YPaBHEHUN TEOPUU YIPYTOCTH.

2 KOHEYHO-YIEMEHTHAS MOJIE/Ib

PaccmoTpuM perenne 3a1a4u UCCIel0BaHNS HAIIPSKEH-
HO-1e(hOPMUPOBAHHOTO COCTOSIHAS PAaBHOMEPHO Harpy-
JKEHHOM KpYIVIOM TPEXCIIOMHOM IIIACTUHKUA B KOHEYHO-3JIe-
MEHTHOH ITOCTAHOBKE. Y YHTBIBAsI CAMMETPUYHOCTD ITOCTAB-
JICHHOW 3aJa4ll AOCTATOYHO HCCIEIO0BaTh JIMIIb CEKTOP
TTacTHHKY (pHrc. 1), y KOTOPOTro AJIst Y3JI0B, COOTBETCTBYIO-
mmx rpand OA, 3anpeleHo epeMelleHNe B HallpaBIeHuH
2, a y3nam Ha rpade OB 3ampelieHo nepeMenieHie B Ha-
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Puc. 1. reOMeTpI/I‘{eCKaH MOZCIIb IIJIACTUHKH

npasieHnd 1. [Tpn 3ToM y4eT KycOYHON HEOJHOPOAHOCTH
(crmoucToCTH) IIACTHHKY NIPUBOAUT K HEOOXOAUMOCTH HC-
CIIEA0BAHUS KOHCTPYKLIUHU B TPEXMEPHOM TOCTaHOBKE.

Hcnions3ys anmapat teopun R-dynknuii B. JI. Pauesa
[11, 12] reomeTpuueckas MOLIEIb MOKET OBITh (hOpMAaITH30-
BaHa IPY ITOMOIIHN BBIPAXKEHHS

f(X,y,Z):(I’Z—XZ—yZ)/\XA yA(z+h+38)A(h+8;-12),

TJe I — paJuyc IUIACTHHKY, X, Y, Z— IPOCTPaHCTBEHHEIE KO-

OpPJAMHATBI; Omepanus X AXp =X +Xo —«lxlz + X% -
R-xoHBIOHKIIHSL

®ynkuus f (X,Y,2) npunrnMaer sHauenns Gonblie HyIs
BO BHYTPEHHHX TOYKaX CEKTOPa IUTACTUHKH, paBHA HYJIIO Ha
€ro rpaHuIIe ¥ MEHBIIIE HYJIsI BO BHEIIHUX TOUKax (OOKOBBIE
TpaHM OTpaHUYEHBI TIOCKOCTSIMUA x = (0 1 Y = 0, HmKHAA
rpasb miockocteio Z =—(h+35), a Bepxuss z=h+8§;).

Crnenosarensho, f(X,y,2) Moxker GbITb HeOIB30BaHA B Ka-
9ecTBe TpeauKaTa (yrpaBisroIiei GyHKINK) T aBTOMa-
THYECKOM TeHepAaLK CHCTEMBI KOHEYHBIX HJIEMEHTOB.

s obecrieuenns GONMbIIEi TOYHOCTH MOIETHPOBAHUS
[pH TIOCTPOCHUH TUCKPETHOM MOJEIH HEOOXOMUMO yIeCTh
CTPYKTYpY CJIO€B: TPAHMULIBI CIIOEB AOJDKHBI ATIIPOKCHMUIPO-
BATHCSl TPAHUIIAMH DJIEMEHTOB (T. €. BAOJb TPAHHIIBI CIIOS
MaTepua’ia JOIDKHA IPOXOIUTH IPAHHIIA CIIOS KOHEIHBIX dJie-
MEHTOB). VIOBJIETBOPESHHE 3TOTO TPEOOBAHMSI COBMECTHO C
YUeTOM OrPAaHHYCHUS Ha COOTHOLICHHE Pa3MEPOB CTOPOH
TIPY TOCTPOEHHUH CETKH IECTUTPAHHBIX 35IeMeHTOB [13—15]
TPHUBOIUT K OTHOCHTENIBHO OONBIIIOMY YHCITY KOHSUHBIX JJIe-
MeHToB. Hampumep, nmpu r=0,4, 8, =9,=0,001 u
2h = 0,016 cerka coctout u3 102277 y3noB n 94032 koHEUHBIX
sreMeHTOB. OIBITHBIM ITYTEM YCTAHOBIICHO, YTO €CJIH COOT-
HOIIICHHUE CTOPOH 3eMeHTOB mpesbiuaet 10, To BbrucIu-
TEIBHBI POLIECC AT 3HAYUTEIBHO GOBIILYIO TIOrPEIIHOCTb.

C y4eToM TPEXCIOHHOCTH, (hopMyina Il BEIYHCICHUSL
JIOKATBEHOM MaTpHIlsl xkectrocTH [K¥] mpumer Bu

[KGJ: [ ][ B" DBdxdydz,

e



ISSN 1607-3274.

Panioenexrpownika, indopmaruka, ynpasminus. 2014. Ne 1

9 9 0
OX
9 9
oy
0 0 aﬂ
_ z
Fleoo |
oy ox
o 2 2
o0z oy
9 9 9
| 0z OX
H, H, Hg 0 0 0 0 o0 0
0 0 0 H, H, Hg 0 0 0l
0 0 0 0 0 0 H; H, Hg
_ E(-p)
(2+1)(1-2u)
I o 0 0 0
1-p 1-p
T T 0 0 0
1-p 1-p
B S | 0 0 0
1-p 1-p
) 1-2 *
O 0 o B 0
2(l—p)
O 0 o 0 1-2u 0
2(1-p)
o 0 0 0 0 1-2u
L 2(1—;,1)_
_|BEpyzzhuwmz<-h, [y, z>humz<-h,
E,—h<z<h, i, -h<z<h,

rae By» u 1y —Momyns ynpyroctu u ko3¢ duuuent Ilyac-

COHA BHEIHKX CJI0€B; E n fI — MOmynb ynpyroctu u Kod¢-
¢unment ITyaccona BHYTpeHHEro CIIosl.

Marpuiia )eCcTKOCTH BBIYUCIIIETCS TS KayKI0T0 KOHEd-
HOT'O JIEMEHTA 1 3aTEM MPOU3BOJUTCS €€ aHCaMOIMpOoBa-
Hre (CyMMHPOBAHHE II0 CIICHUATBHBIM PAaBUIaM) B IVIO-
0aJBbHYI0 MaTPHILY )KECTKOCTH, KOTOpasi COBMECTHO C BEK-
TOPOM Y3JOBBEIX Harpy3ok ompenenser CIIAY mus
BBIYHCIICHAS TIEPEMEIICHNH B y371ax.

IIpu 5TOM HaliAeHHBIE IEPEMELLIEHHS B TPETHEM HAIpaB-
JIeHUHU OyIyT COOTBETCTBOBATh MPOTrHOaM IIACTHHKH.

3 CONOCTABJIEHME 3HAYEHHI TIONEPEYHO-
'O M3Ir'UBA KPYIUIBIX OTHOCJIOMHBIX
IUVTACTUH

B kadecTBe 4aCTHOTO CITy4ast pAaCCMOTPHM ITONEPEUHBII
U3TUO KPYIVION OHOCIIONHO# IITACTHHBI (TONIIMHA TTACTHH-
ku h=18-10" m, paauyc R = 0,4 M; MOAYJIb CABUTa U KO-
s unument [lyaccona marepmana — G =8 .10* MIla n
p=0,27 COOTBETCTBEHHO) U COMOCTABUM IOJyUECHHbBIE
3HaueHusI ¢ perreHreM TumorieHko [5] asst paBHOMEPHO
Harpy)KeHHOH Kpymioi miactuHky. B tabm. 1 npusogsres
PEe3yIbTaThl TAKOIO COMOCTaBIeHU. Yepes Wiy, 0003HaueH
MaKCHMAaJTEHBIN MPOTU0 B IIEHTPE TUIACTHHBL; ( — Benmdn-
HA PaBHOMEPHO PACIPENCIICHHON IOePEYHON HATPY3KH.
Mogenu, UcCHONb3yeMble TIPU pacdeTax, 0003HAYCHBI B
Tabin. 1 cnemyrommm o6pa3om: 1 — aHanuTHYECKAsT MOJICIb,
2 — KOHEYHO-3JIEMEHTHASI MOJIENb, 3 — MONENTb TUMOIIIEHKO
KPYIJIOi OXHOCTIOWHOM IIacTUHEI [5].

W3 comocrapnenust 3HaueHNI Tporn6oB B Tabm. 1 Mox-
HO CIIeTIaTh BBIBOJ O COOTBETCTBHU ITOCTPOCHHBIX MOJAEIEH
petiennto TumorireHko [5]. TIporuOsl, omy4deHHbIE 10 aHa-
JUTUYECKOW MOIETH, C TOYHOCTBHIO IO IIECTOTO 3HaKa
TIOCIIE 3aITATON COBITAIAIOT C IPOrudamMu Moelu TumortieH-
k0. J1J11 cBOOOHOTO ONHUpPaHUs OTKIOHEHUS IPOTHOOB KO-
HEYHO-JIEMEHTHON MOJETH OT MPOruO0B THUMOIIICHKO Ha-
xoqItes B ipenenax 2,7 %—2,8 %; ms 3amemrenns — 3,7 Y%o—
3,9 %. ITomyueHHBIC pe3yIBETaThI O3BOISIEOT CIIENATh BBIBOJ
00 aJIeKBaTHOCTH IIOCTPOCHHBIX MOJIelieit Moenu TumoreH-
KO ¥ BOBMOXXHOCTH UX MPUMEHCHUS JIIS TAITBHEHIIEeTo uc-
CITeIOBaHMS IPOTHOOB CIIOUCTHIX TUIacTHH. Pa3zHuIIa urcieH-
HBIX 3HAYCHUH MPOrHOOB KOHEYHO-3IEMEHTHOW MOJIENTH U
Monenu [5] 00bsACHSIETCs HCTIONB30BaHUEM THITOTE3bI Knpx-
roda-Jlssa B Mogenn THMOIIEHKO, B OTIMYNE OT KOHEYHO-
3JIEMEHTHON MOJIEH.

PaccMoTpum 3agady n3ruda OTHOCTIOHHON KPYyIIIOH Tia-
CTHHBI U3 HEMHEHHO-yIpyroro Matepuana. CpaBHUM I10-
JIydeHHBIE 3HAYeHUs ¢ pesynsraramu Kaynepepa [1]. TTpu-
MEM CIIe/TyIOIIHE TapaMeTPhI IUTACTUHBIL. TOJIIMHA TIACTHH-

ki h=18-10"3 u, paanyc wractuHKH R = 0,4 M; MOIyIh

Taomuma 1. V3ru6 xpymioil oIHOCIOWHO IIIACTHHKY B

JIMHEHHOM ITOCTAaHOBKE
_ -3
Winax = W(0), 10 m
q, MlTa = Tun 3akperienus
BO0OOTHOE OTNIMPAHUE 3anemiicHue
Monenb Mopens
1 2 3 1 2 3
0,05 0,779 | 0,800 | 0,779 | 0,188 | 0,195 | 0,188
0,07 1,000 | 1,121 | 1,090 | 0,263 | 0,273 | 0,263
0,09 1,402 | 1,441 | 1,402 | 0,338 | 0,351 | 0,338
0,11 1,714 | 1,761 | 1,714 | 0,413 | 0,429 | 0,413
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C/IBUTa M MOIylb 00beMHOH Jedopmalyn MaTepuana —
G=277-10 MIla, K=6-10 MIIa,

v, =—3,878- 10° [1, 16]. BoruncrieHust pOU3BOASTCS [IsI CITY-
Yasi 3aIleMJICHHs] KOHTypa IUIACTHHKH. Moyienu, UCIonb3ye-
MBI€ IIPH pacuerax, 0003HaYEHBI B Ta0. 2 CIIEIyIOIIM 00pa-
3oM: 1 — aHamUTHYECKAst MOZIENh, 2 — petueHne Kaynepepa [1].

napamerp

Ta6anma 2. Y3ru6 xpymioil ofXHOCIOWHOM IIACTHHKH B
HEJIMHEHHOM 10CTaHOBKE

q, Wax = W(0), 1073
MlIla Mogeib
1 2
0,05 0,529 0,523
0,07 0,756 0,740
0,09 1,000 0,977
0,11 1,275 1,329

[Tpu BeIuKCIIeHNN 3HaYEHNH TPOrUOOB Ta0. 2 yUUTHIBA-
JIUCH TPH TIPUOIMDKEHNS B PA3JI0KEHNH 10 METOLY MajIoro
rapamerpa.

Kak BuHO U3 Ta01. 2, OTKIIOHEHHS 3HAYCHUIA TPOTHOO0B
aHAJUTHYECKOI MoJIenu oT poru0oB. [1] HaxonsaTes B mpe-
nenax 1 %—4 %, 9To roBOpHUT O BO3MOXKHOCTH IIPUMEHEHUS
AQHAJMTUYECKON MOJIETIH ISl PEIIeHUs] HeIMHEHHBIX 3a/1a4
TEOpPHH IUTACTHH.

4 CONOCTABJIEHUE 3HAYEHUIA TIOITEPEYHO-
I'O M3I'MBA KPYIJIBIX TPEXCJIOMHBIX
IUTACTUH

[Mockonbky HyneBoe NpuONMKEHNE 1aeT Haubonee cy-
LIECTBEHHBIN BKJIAJl B PA3JIOKEHUE UCKOMBIX MTEPEMEIICHUI
110 MaJIOMy TapaMeTpy, UCCIIENyeM fajiee 3aaady O More-
peuHOM HU3rHbe KPYIJIoi TPEXCIOHHON IIIACTUHBI B JIMHEH-
HOM IOCTaHOBKE U MPOBEJAEM CpPaBHUTEIBHBIA aHAIU3 MO~
JIy9eHHBIX PEIICHN C N3BECTHBIMH PE3YJIBTaTaAMHU.

PaccmoTpumM morieped s M3TH0 KPYITIOH TPEXCIOHHON
TUTACTHHBI CO CJIEYIOIINMH ITapaMeTpaMH: TOJIIIHA CPEeN-

Hero cmos 2h=16-10"° M, TOJIIIMHA BHEIIHHX CJIOEB
§=1-10"3M, paauyc muacTuEKA R = 0,4 M; MOTYIb cIBUTA
n ko3 urment [Iyaccona BHeNHIX c1ioeB — G = 8 .104 MlIla

u W = 0,27 cooTBETCTBEHHO, MOYITH CABHMIa M MOIY/Th O0HEM-
Hoil nedopmamuu 3anonHuTens — G = 2,77 .10% Mlla,

K=6 -104 MIla. TanreHIMaIbHBIE HATPSKEHNSI U3MEHSIOT-
Cs1 IMHEHHO MO TOJIIMHE CPETHETO CIIOS.

B Ta0u. 3 npuBOASATCS 3HAYCHUSI MAKCHMATIBHOIO POTH-
0a B LICHTPE [UIACTUHbI B INHEHHOH IOCTAHOBKE TP Pa3Jny-
HBIX TPAaHUYHBIX YCIOBHSX. SHAYCHUSI MAKCHMAIIBHOTO MPO-
ruba B LIEHTpE IUIACTUHKH, MOJy4eHHbIe u3 pabor [2-4], co-
MOCTABIISIIOTCS CO 3HAYCHHSIMU MIPOrHO0B MOTYyYCHHBIMH H3
pewenns ypaBHenuid (1) ¥ mporuGaMu KOHEYHO-3JIEMEHT-
HOW Mozenn. MopenH, HCroNib3yeMble TIPH pacdyerax, 000-
3Ha4eHBI B TA0. 3 cIemyromumm oopa3oM: 1 —aHamuTHIeckas
MOJZENb, 2 — KOHEYHO-3JIeMEHTHAasI MOJIeNb;, 3 — MOIEb
U. A. Muxaiinosa [3], 4 — monems A.IL IlpycakoBa [4],
5—wmonens A. I Toprukosa u ap. [2].

W3 cpaBHEHUS TONMYYeHHBIX 3HAYCHHI MaKCHMabHBIX
MpOruOOB MPUBEICHHBIX B TA0N. 3 MOXHO CIEJIaTh BBIBOJ O
COOTBETCTBUH PE3YNIBTATOB MOMYYEHHBIX Ha OCHOBE MOCTPO-
SHHBIX B paboTe aHATUTHYECKOH U KOHEYHO-IEMEHTHOM
MOJIeNeii pe3ylibTaTaM H3BECTHBIX Moxieneit [2—4]. B cuiy pas-
JIMYHBIX YNPOIIAIOIINX THII0Te3 3HAYSHHUSI IPOruOoB Tadi. 3
MOXXHO PaCCMaTPHUBATh KaK Pa3HbIE OLICHKH 001aCTH TOYHO-
ro penienus. HaGmonatores crenyromniyme 3HaueHus OTKIIOHE-
HUI paccMaTpHBaEMbIX MOJIENICH: aHATUTHYECKAst MOIENb U
KOHEUYHO-dJIeMeHTHast monenb — 8 % —11 %; monenn
H. A. Muxaiinosa [3] — 1 %45 %; monens A. I1. [Ipycakopa —
30 %-80 %; mozems A. I. T'opuikosa [2] — 16%-55% mist
CITy4asi 3aleMJIICHUSL.

Ha puc. 2 npuBeneHsl poruObl CPSANHHOM TIIOCKOCTH
TPEXCIOHHOM IIACTHHKY JJIS CIIy4asi CBOOOJHOrO ONMHpa-
Hus (puc. 2, @) U IS ciiydas 3allieMJICHUs] Ha KOHTYpe
(puc. 2, 6); 3HaueHue Harpy3Kku npuarMaercs ¢ = 0,11 MITa.

OtxioHenust Tabi. 3 00BSCHSIIOTCS TeM, YTO HPH MOCT-
POCHUH aHAIMTHYECKOM MOmIea U Mozeneit [2—4] mpume-
HSUIMCh PA3JIMYHBIE YIPOLIAIOIINE THUIIOTE3bl U KaK CIe-
CTBHE, B TEH30paX HANPSDKEHUH U AeopMaIiii yIuTHIBa-
JIOCh pa3IMYHOE KOJIUYECTBO KOMIOHEHT. Tak, mpu
MOCTPOCHUN KOHEYHO-JJIEMEHTHON MOIENH YYUTHIBAJIHCH
BCe KOMITOHEHTBI TEH30pa HAINPsHKSHUH U TeH30pa aedop-
Marnmii (TpexMepHast TOCTaHOBKA 33/1a4H), & B aHAIUTHYEC-
KO MOJIETTM — B 3aBUCHMOCTH OT CJI051 OT (Tpex 0 TISITH).

Taomuma 3. M3rub TpexcIioiHOM KPyIol INIACTHHKY B JINHEHHOW OCTaHOBKE

Wiax = W(0), 103 u
Tun 3akperuieHus
g, MIla CBo0o0IHOE OnHpaHue 3aremMicHue
Mopens Monens
1 2 3 4 1 2 3 4 5
0,05 1,606 | 1,449 | 1,430 | 2,621 | 0,388 | 0,357 | 0,348 | 0,635 | 0,291
0,07 2,248 | 2,029 | 2,001 | 3,670 | 0,543 | 0,499 | 0,487 | 0,889 | 0,407
0,09 2,891 | 2,609 | 2573 | 4,718 | 0,698 | 0,642 | 0,626 | 1,142 | 0,523
0,11 3,533 | 3,188 | 3,145 | 5,767 | 0,853 | 0,784 | 0,765 | 1,396 | 0,639
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Puc. 2. [Iporu6 cpequHHOMN MIIOCKOCTH B CIIy4ae paclpeelcHHON Harpy3Ku

BbIBO/JbI

Pa3paborana KoMITbIOTEpHAsE MOJICTIh Ha 0a3e HOBOT'O Ba-
puanTa qudhepeHIaTbHBIX YPaBHEHHUI PaBHOBECHS KPYT'-
JIBIX TPEXCIONHBIX INTACTHH. [[TaCTHHBI CAUTAIOTCS CHMMET-
PUYHBIMH T10 TOJIIIMHE C U30TPOITHBIMH HAPYKHBIMHU CIIOSI-
MU U HEJIUHEWHO-YIpyruM 1o [1] MaTepuaioM 3amoaHUTeENs.
[MocTpoeHa TpexMepHast KOHEUHO-AIEMEHTHAS MOJICITh.

B xagecTBe mpuMepa pacCMOTpEHa 3aa49a OCECHMMET-
PUYHOTO MOMIEPEYHOT0 U3rHba OMHOCIONHOMN KPYIIIOH Ihia-
CTUHKH B JINHEWHOM 1 HENMHEHHON ocTaHoBKe. Takke pac-
CMOTpEHa 3a7]a4a OCECUMMETPHYHOTO TTOIIEPEIHOTO U3TH-
0a TpexXCIOWHON KPYIIION IJIACTUHKY B JIMHEWHO-YIIPYTOi
TTOCTaHOBKE.

OTMeTuM, 4TO NPHUBECHHBIC B TA0J. 3 MOJICITH UCIIOJb-
3YIOT pa3lIMYHBIC YIPOIIAONINE THIIOTE3hI, 9eM 00YCIIOB-
JUBAETCS pa3HHUIIA MTONMYYCHHBIX 3HaUeHUH mporuOoB. Tak,
TIPU TIOCTPOCHUH KOHEYHO-3IIEMEHTHON MOZIEIH UCTIONB30-
Bajach TpPEXMeEpHas MOCTAaHOBKA 3amadd. B momenu
A. T. Topukosa [2] u Y. A. Muxaiinosa [3] mist BHEITHUX
cioeB npuHIMaeTcs rurore3a Kupxroda-Jlssa, o 3amon-
HUTEJS )K€ IPUHUMAIOTCSI PA3IMIHBIE TUIIOTE3HI O pacIpe-
JIEIICHAH TaHT CHITHATHHBIX HATPSHKEHUH 110 TOJIIIUHE CITOS.
Cy1iecTBeHHBIE OTKIIOHEHHUS PE3YITBTaTOB PAaCUETOB 10 yPaB-
uenusm momenu A. I1. Tpycakosa [4] oObsicHsIOTCS TEM,
YTO 3/1eCh 3AMOTHATENh CIUTACTCS JIETKAM, B OTIIMYHE OT
JIPYIUX BBIIEYTOMSHYTBIX MOZIETEH.

CpaBHEHHE MTOTYYSHHBIX 3HAYEHUH IIPOrHOOB Ha OCHO-
BE AHAJIMTUYECKOW U KOHEUHO-JIEMEHTHOM MOJEINEH ¢ pa-
6oramu [1-5] cBumeTensCcTByeT 06 aIeKBATHOCTH OCTPO-
€HHBIX MOZeJIel M BO3MOXKHOCTH PEIICHUs] Ha MX OCHOBE
Ooree MUPOKOTO Kilacca 3a7a4 CTAaTUKU U THHAMHKH TPeX-
CJIOMHBIX IJIACTHH.

Ha ocHoBe aHanmuTHYECKOH MOJIETH MOTYT OBITH IOy~
YEeHBI KOMIIAKTHBIE PacdeTHbIE (DOPMYITBI IS IPUMEHEHUS
B MH)KEHEPHOM IpaxTuke. B nanpHeimeM, npu pemeHun
cucteM ¢ depeHIMatbHBIX YpaBHEHN IEpBOTo U I1ocIIe-
JIYFOLIET0 MPpUOIMKEHNH pa3sIoKeHNs! [0 MAIOMy IapaMer-
Py, CTAaHOBUTCSI BO3MOXKHBIM y4eT BIHMSIHUS HEITHHEHHOM
YIIPYroCTH MaTepHasa 3aroTHUTENs Ha 1e)OpMUPOBAHHOE
COCTOSIHHE TPEXCIIOMHON TITACTHHKH.

HenocrarkoMm TpexMepHOI KOHEUHO-3JIEMEHTHON MOJie-
JIM SIBIISIETCS TPeOOBAHUE OTHOCHUTEIHHO OOJBIIOro 00beMa
BBIUUCIICHUH, 110 CPAaBHEHUIO C MPUBEACHHBIMY aHAJIUTH-
YecKUMH MoziensiMH. OTHAKO TaKoH ITOIXO0A MOXKET UCTIONb-
30BaThCsI IS pacdyeTa MHOTOCIIONHBIX IUTACTHH HECTAaHAAPT-
HOU (OPMBI U TSI HPOBEPKH MOJIEINEH NCTIONB3YOIINX YII-
pomaromue THUnoTe3bl. CpaBHEHHE pE3yIbTaTOB
AHAJIMTHIECKNX PEIICHHUH C YHCIICHHBIMHA TIO3BOJISIET IETaTh
3aKITFOYCHHE O IPaBUIBHOCTH BEIOPAHHBIX THIIOTES.

IlepcneKTUBEI JaNbHENIETO UCCIEI0BAHUS CBS3aHBI C
pacCMOTpEHUEM 3a/1a4 HETUHENHON YCTOMYMBOCTH U ANHA-
MHKH TPEXCIOMHBIX JIEMEHTOB KOHCTPYKLMH, a TAKXE CO-
37[aHMEM THOPUIHBIX AHAJINTHUKO-BBIYHCIIATEIBHBIX ITOIXOI0B
Ha 0a3e KOHEYHBIX JIEMEHTOB.
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'Buknaznad, 3anopi3bkuil HalioHAIBHUN yHiBepcuTeT, YKpaina

?Kau1. TeXH. HayK, JOLUEHT 3aropi3bKiil HAIOHATBHUMN yHIBEpCHTET, YKpaiHa

KOMIT'IOTEPHE MOJEJIOBAHHSI BUTHHY KPYIUIOI TPUIIAPOBOI IIJIACTUHH 3 BUKOPUCTAHHSIM
AHAJIITUYHOI'O TA YUCEJBHOI'O NIAXOAIB

3anponoHOBaHO PIBHSHHSA BUTHUHY TPHIIAPOBUX KPYNINX IUIACTHH CUMETPUYHOI OYJOBH 3 i30TPOITHMMH 30BHIMIHIMH HIapaMu i
HEJHIHO-NIPY)KHAM 3al0BHIOBadYeM. Ha OCHOBI OTpHMaHKX PIiBHSHB PO3pOOIICHO KOMIT I0TepHYy Mozens y cucremi Maple. TTobynosana
TPUBHMIpHA CKIHUCHHO-EIIEMEHTHA MOJIEIb KPYIIIOl TPHIApOBOI INIACTUHKY. B sIKOCTI MpHKnaLy, po3IIsHYTO 3a1ady BiCICHMETPHIHOTO
MIOTEPEYHOT0 BUTHHY TPUILIAPOBOI KPYIIIOl INTACTHHKY B JIHIHHIN TOCTAHOBII], a TAKOXX 33/1a4a BiCICHMETPHYHOTO MONEPEYHOTO BUTHHY
OJHOIIAPOBOI IIACTHHH B JiHIHHIN 1 HENHIIHIA TOCTaHOBII.

KoiouoBi c1oBa: koM’ I0TepHE MOZIENIOBAHHS, KpyIIa TPHIIAPOBA IUIACTHHA, aHAITHYHUN PO3B’SI30K, METOX CKiHUEHHHUX elle-
MEHTIB.

Kudin A. V., Choporov S. V.2

1Assistant Professor, Zaporizhzhya National University, Ukraine

2Ph.D., Associate professor, Zaporizhzhya National University, Ukraine

COMPUTER SIMULATION OFBENDING CIRCULAR SANDWICH PLATES USINGANALYTICALAND NUMERICAL
APPROACHES

The paper describes equations of circular symmetrical sandwich plates bending for plates with isotropic outer layers and nonlinear
elastic filler. Two computer models of circular sandwich plates are proposed: 1) analytical model on the basis of Maple CAS, 2) three-
dimensional FEM-model. We compare results of analytical model with results of numerical simulation using two problems: 1) the
problem of axisymmetric transverse bending of a sandwich plate, 2) the problem of axisymmetric transverse bending of a single-layer
plate with linear and nonlinear formulation.

The first section of the article describes basic differential equations and analytical model constructing method. FEM-model is
described in the second section. Numerical results of computer simulation are showed in the last section of the article.

Keywords: computer simulation, sandwich symmetrical plate, circular plate, nonlinear-elastic core, axisymmetric bending, FEM-
model.
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OUCKPETU3ALUUA NPAHULbI TPEXMEPHbIX MOOENEN
FTEOMETPUYECKUX OBBEKTOB, 3AOAHHbBIX C NMOMOLIbIO
R-®YHKLMW

B crarbe paccMarpuBacTCAa aKTyajlbHas npo6ﬂeMa aBTOMaTu3alyu KOHCYHO-3JICMCHTHOT'O
pa36PIeHI/IH TIOBEPXHOCTU I'€OMETPUUCCKUX O6’beKTOB, 3alaHHBbIX B BUJIC HCIABHBIX (i)yHKIII/Iﬁ
B.JI. PaueBa. Onucanbl IoAXO0Abl, KOTOPBIC IMMO3BOJIAIOT IIOBBICUTE KAYE€CTBO 3JIEMEHTOB CETKH,
HOHy‘{eHHOﬁ C HMCIIOJIb30BaAaHUEM HM3BECTHBIX MCTOLOB. Pa6ora METOAOB OIUpPACTCs Ha
MUHHMHU3AMUIO OTKJIOHCHUU MEKAY Z[I/I(b(bepeHIlI/Ia.HBHBIMI/I XapaKTepucTukaMmu
(i)yHKHI/IOHaJ'II:HOFO ONHCaHUusA U JUCKPETHOI'O IMPEACTABJICHHUS I'PaHUIBI TEOMETPUYCCKUX

00BEKTOB.

KnawueBbie cioBa: R-(i)yHKIII/IH, BU3yalu3anus, reoMeTpuidecKass MOJA€CIb, TUCKPETHAsA

MO/I€JIb, METO/I KOHCYHBIX 3JICMCHTOB.

IHOCTAHOBKA ITPOBJIEMbI

Busyanu3zamms ¢ mpuMeHeHneM BBEIYUCINTEIBHOM TeX-
HUKH, ONpeJieJIeHHe HalpspKeHHO-/1e(opMUPOBaHHOTO CO-
CTOSIHUSI IeTajIel 1 y3JI0B MEXaHH3MOB C HCTIOJIb30BAaHHEM
BBIYHCIIUTEIBHBIX METOIOB (METO KOHEYHBIX JIEMEHTOB,
METOJ] [PAHMYHBIX JIEMEHTOB, METOJ] KOHEYHBIX PA3HOCTEH)
TpeOyIOT HAJIM4YHs METOJ0B (POPMAIBLHOTO OIMCAHMS WH-
YKEHEPHBIX KOHCTPYKIIMH, a TaKKe X aBTOMAaTHIECKOro pas-
OWEHHMS Ha KOHEYHBIE SJIEMEHTBI ONpezieNieHHon (popmbt [1].
OnHUM W3 NEPCIIEKTUBHBIX METOJO0B ONHMCAHUS KOHCTPYK-
LINH WITH TEOMETPHYECKUX OOBEKTOB SIBIISIETCS HCIIOJIb30Ba-
HHe aHauTHYecKuX (QyHkimii B. JI. PBagesa. Takoe omuca-
HHE SIBISIETCS BECbMa KOMITAKTHBIM M HE NMEET HUKAKUX Te-
OPUTHUYECKUX OTPAaHMUYEHHUH IS MOCTPOCHHS OOBEKTOB
[IPOU3BOJIBHOM CIOKHOCTH.

ABTOMaTH3a1Ms pa30MEeHHNs ITOBEPXHOCTH T€OMETPHIEC-
KOro 00BbEKTa HAa KOHEYHBIE 3JIEMEHTHI, 0COOCHHO B CITydae
ee (PYHKIIMOHAIBGHOTO 33aJaHus, — CJIOKHAS U HE NMEIOIast
OIHO3HAYHOTO peneHus 3a1a4a [2].

Takum 00pa3oMm, AUCKpETHU3aIHs TPAHULBI TE€OMETPHU-
YECKUX 00BEKTOB, 3aJAHHBIX C HCIOIb30BAHNEM AHAINTH-
YecKuX (DYHKIHWH, SIBISETCS aKTyalIbHOM 3aadeii, pemeHne
KOTOPOM BECbMa UHTEPECHO € MIPAKTUYECKOM TOUKH 3PEHUS.

AHAJIN3 Y BJIMKALTANA

ITocTpoenne ceTku WM TPUAHT YIS 33 JaHHOTO Habo-
pa ToUeK Ha IUTOCKOCTH Xoporuo usyuena [3—6]. Kpome pa-
00T, HOCBSIIIICHHBIX IIOCTPOCHHIO TPHAHTYIISILIAH, CYIIECTBYET
PSII METO/IOB, HAIIPABJICHHBIX HA aBTOMATHYECKYIO OITHMH-
3aLHIO CYIIECTBYIOIIEH TPUAHTYIIALMN, KOTOpasi OCHOBAaHA
Ha MI3MEHEHNH CBSI3eH MEXKILy y3/1aMH CETKH, JOOABICHUN U
M3MEHEHHH ToNT0KeHust y3710B [7—10]. BonsmwtcTBO MeTO-
JIOB TIOCTPOCHNUS ¥ ONTUMH3AINH TPHAHTYISIIUY pa3pado-
TaHO ISl IDIOCKOCTH, HO MOTYT OBITH 00OOIICHHI 0 IPO-
CTPaHCTBEHHOTO ciay4as [2].

Bo3MokHOCTH 11 IEPCHEKTHBBI OMICAHUS TPAHHIIBI T'€0-
METPUIECKOTO OOBEKTa C HMCIONb30BaHUEeM R-(hyHKImi

[pe/CTaBIeHbl B paboTax HAYYHOM HIKONBI aKaJeMHKa
B.JI. Prauesa [11, 12].

© JIucusx A. A., 2014

82 DOl 10.15588/1607-3274-2014-1-12

J171s OCTPOCHUS TUCKPETHBIX TEOMETPUYECKIX MOJIEIEH,
3aJIaHHBIX B HESIBHOM BHJIE, CYIIECTBYET PsiJi METOIIOB: Me-
TOJBI UCUCPIIBIBAHMS, METOIbI TPOJODKEHHS, METOIBI pe-
KypcuBHOTO Jenenus [13—-15]. AHain3 3THX METOIO0B MOKa-
3BIBACT, YTO 3a/la4a MMEET HECKOIBKO PEIICHHUH, KOTOpBIC
XOpOLIO PabOTAIOT B CIydae IIAJKOH MPaHHULIBI TEOMETPH-
yeckoro oobekra. OCHOBHOM NpobieMoii, 0COOEHHO B CITy-
Yae ()YHKLMOHAJIBHO 3a/IJAHHOM IPaHULIBI, SBJISETCS [IPABUIIb-
HOCTb PACIIOJIOKEHHS JUCKPETHBIX JIEMEHTOB B 00J1aCTAX
HMEIOLIHX TeOMETPUYECKIE 0COOCHHOCTH. BhIsiBIICHHE 0CO-
OCHHOCTEI M ONTUMHU3ALIHSI CETKH B TAKUX 00JIACTIX MOXET
Ka4eCTBEHHO YIYUIIHTh PE3YITaThl BEIYHCIHTEIBHBIX JKC-
MEPUMEHTOB M OLIYTHMO IOBBICHThH PE3YIBTaThl KOMIIBIO-
TEPHOH BU3yaTU3aLHUU.

MATEMATHYECKASI MOIEJIb

ITycts X — MPOM3BOJIBbHASI TOYKA B JABYXMEPHOM HIIH B
TpexMepHoM npoctparcTse U F (X) = 0 — ypaBHeHHe, MHO-
JKECTBO PELICHHI KOTOPOro ONpeessieT OBEPXHOCTH Ieo-
MeTpHU4YecKoro oonekra. CiemoBaTelbHO, MPOU3BOIBHBIN
reoMeTpHIECKHi 00BEKT 2 MOXKET ObITH OMPE/ICIICH B BUJIE

oQ ={x:F(x)=0} @

OCHOBHOM TPYIHOCTBIO IPAKTHYECKOTO NPUMEHEHUS
(YHKIMOHAIBHOTO MOIX0/IA SABJIAETCA CI0KHOCTD IOCTPOE-
HHS [IEPBOHAYAIBHOTO MHOKECTBA OIOPHBIX Y3JI0B, JIEXKa-
IIMX HA TPAHHUIIE UK OBEPXHOCTH [EOMETPUIECKOIO 00bEK-
Ta, TpeACTaBIeHHOTo B BUze (1). DTa 3a1a4a paBHOCHIBHA
TIOKMCKY KOpHE# HeuHeiHoro ypaBuenus F(x) =0.

Ha0op ToueK Ha IIIOCKOCTH WIIM HOBEPXHOCTH, COENM-
HEHHBIX HEIEPECEKAIOIIMMHUCI CUMILIEKCAMH, 00pa3yeT
KOHEYHO-3JIEMEHTHYIO CETKY Ha OCHOBE TPEYTOIbHbBIX dJIe-

meHToB. ITycts P ={Xg,X2,.... Xn_1}, X; € EY d=23-mHa-
00p TakuX TOYEK, TOraa TpHaHTysus M Habopa Touek P,
COCTOSIIIETO U3 N 3JIEMEHTOB, SIBJISIETCSI COBOKYITHOCTBIO TPEX

MHOY>KECTB.
- MHOXECTBO

\Y Z{Vo,Vz,...,anl};

HOMEPOB  y3JIOB  CETKH
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—MmHOXKecTBO pebep E ={eg, ey,...,em_1} 11 € = (Vj V)
YHOOpSOUYCHHAsT Mapa HOMEPOB Y3JIOB, Takas YTO
Vj <V|,Vj GV,V|€V;

— MHOXeCTBO TpeyronsHukoB T ={tg,t;,...,tx_1}. Tme
tj =(Vj,Vg,Vh), — ynopsinouenHas Tpoiika HECOBIANAIOINX
HOMEPOB Y3II0OB, Takasg 4to Vj= min(Vj Vg Vh) U

(Vj,Vg,Vh) = (Vj,Vh,Vg).

CHeﬂOBaTeHBHO, JUCKPETHOC TMPCACTABJICHUEC Ha 6336
TPEYIr'OJbHBIX 3JIEMCHTOB [JI1 IPOU3BOJILHOT'O 06’BeKTa Q
MOXKET 6BITI) NpeaACTaBJICHO 06'Be,HI/IHCHI/I€M TpEX MHOXCCTB

M(P)={vV. E, T}. @

JACKPETMBALIUA I'PAHIIBI TEOMETPHYECKUX
OBBEKTOB

ITycte MC — onepatop MoMyYeHHs: KOHEYHO-3IEMEHT-
HOM CEeTKH Ha OCHOBE METOZa MapIIUpYyouX Kyoos [13,
14], Torna cerka B Buze (2) 1is reOMETpHIECKOro 00beKTa
0Q , 3ananHoro B Buje (1), Oynet uMeTs BUA

M =MC(AC,g,), @)

rae AC — JIMHEWHBINA pa3Mep MIa0iioHa, KOTOPBINA TOMKEH
OBITH MCHBIIIE JIF000I TeOMETPUIEeCKON 0COOCHHOCTH T€0-
METPUYECKOro 00beKTa §Q); €, — TOUYHOCTH IIOUCKA Y3JIOB
HA TIOBEPXHOCTH OQ).

KoHeuHo-311eMeHTHYIO0 CeTKy B Bujie (3) MOXHO ¢ ycrie-
XOM WCIIONB30BAaTh IS MPEIBAPUTEIEHON BU3YaIH3aIUU
TPEXMEPHBIX TEOMETPUUECKUX 00bhekToB (puc. 1), omHako
MOXHO BBIJICITUTE PSIT HEIOCTATKOB TAKOH CETKH:

— HaOmoaeTcs MoTepsl YY4acTKOB TPAHMIBI, KOTOPBIC
COOTBETCTBYIOT TEOMETPHIECKAM OCOOEHHOCTSIM (M3IIOMBEI,
yruet, ukn) (puc. 1, 6);

— 3JIEMEHTHI CETKH 001 at0T II0X0M (popMoii (MHOTO
«TOHKHMX» M «BBITAHYTBIX» 3JIeMeHTOB) (pHc. 1, 6);

— OTCYTCTBYIOT 3aBUCHMOCTH T'yCTOTBI CETKH OT KPUBH3-
HBI TOBEPXHOCTH.

Jo1st ymydImeHus: CeTKu MOYKHO TIPUMEHSTh METOIBI, OC-
HOBaHHBIC HA TIPUBEICHUN B COOTBETCTBHE HOpMAJIEH dJ1e-
MEHTOB CETKH M HOpMaJel K TpaHHIE TeOMETPHUIECKOTO
00BEKTa, a TAKXKE JIOKAJIFHBIE IPe00pa3oBaHIe CAMUX dJIe-
MEHTOB CETKHU.

Taxk OTKIIOHEHHE MEX Ty HOpPMaJIbIO TPEYTOJIbHUKA t ceT-
KM ¥ HOPMAJIbIO K TpaHHLe A() B LEHTPE JAHHOTIO TPEY-
TOJIbHUKA UMEET BUJL

= AF(c)
"= aF
e=1-(A(t)-m(t)), @)

[e C— IEHTP TSHKECTH TpeyronbHuKa t ; fi(t) — Hopmaip K
TPCYrOJIbHUKY {.

Torga cpenHekBapaTHYHOE OTKJIIOHEHHE IS BCEX TPEY-
TOJIbHUKOB CETKM MOKHO 3aIIHCaTh B BUJIE

zﬁgf“)(l_(ﬁa)'m“))z)’ 5

teT

€n

rae A(t) — miomaas TpeyroabHuKa t .

Ecnu 3Hauenue onenku (5) Gonmbie onpeneeHHoON Be-
JIMYHHEL, TO TOJIOKEHNE Y3JIOB CETKH, PACIIONOKEHHBIX Ha
MOBEPXHOCTH FEOMETPUUYECKOTO 00BEKTA, HEOOXOMMMO CKOp-
PEKTHPOBATH Ha BEJINUUHY

1 — _
st ool okl
teB(p)

—_—

I7e PC — BEKTOp OT y3/a K LEHTPY THKECTH TPEYrONbHUKA,
B(p) — MHOKECTBO TPEYTONLHUKOB, KOTOPHIM MPUHAJIE-
HKHT y3€T .

Takum 00pa3oM, TIOIYIHM OmepaTop MMpeodpa3oBaHUL
BHZIA

N(P):p' < p +Ap, peP. ™

[Nomo6HO orrepartopy, KOTOPBIi KOPPEKTHUPYET MOTIOMKESHHE
Y37I0B CETKH, OLIEHUBAs Pa3HOCTb HOpMaJIeH K 3JIEMEHTaM CET-
KM M K IOBEPXHOCTH Q) , MOXKHO HCTIONB30BATh IPYrOH ore-
partop KOpPpEeKIHH, OCHOBAHHBIH Ha MUHUMH3AIMU CYMMBI
KBapaToB PaCcCTOSHUM OT Y3J1a JI0 KacaTeSIbHbIX IIOCKOCTEH,
IIPOBEJECHHBIX K COCETHUM Y3JIaM IBOMCTBEHHOM CETKU.

B ) )
e e
‘ 4§5‘§’ B 3
y V’ S e s
N kDR R ML
e
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s
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Puc. 1. Koneuno-sneMeHTHasI CeTKa TEOMETPHUICCKOIro 00BbeKTa
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JIBOWICTBEHHOM, KaK MPaBUIIO, HA3BIBAIOT CETKY, 00pa3o-
BaHHYIO ITyTeM COCANHEHHUSI BCEX Y3JIOB, MOTYyYEHHBIX IIPO-
CIIUPOBAHUEM [IEHTPOB TXKECTH TPEYrONbHUKOB UCXOIHOM
CEeTKH Ha TOBEpXHOCTh 0Q) (puc. 2). [Ans kaxaoro y3na p
HCXOIHOW CETKH, ABONCTBEHHAS CETKH MOXET OBITh MOJTy4e-
Ha ITyTEM COEIMHEHNS] HEKOTOPOro MHOXecTBa D(p) y3i10B
JIBOMCTBEHHOH CETKH, KOTOPBIC TIOTYy4YEHbI U3 LICHTPOB TA-
JKECTH CMEXHBIX C Y3JIOM P TPEyrolbHUKOB (pHC. 2, 6, 2).
CrienosarenbHo, MHOXecTBO D(P) numeer Bun

D(p) = x = proif®(c,) t e B(p) .

e B(P) — MHOKeCTBO CMEXHBIX C y3JI0M P TpeyronsHu-

KOB; C; — IIEHTP TSUKECTH TPEYTONBHUKA t; Proj gg) (cy) -
HPOEKUIs C; B HAIPABICHUH BEKTOPA HOPMAJIH K TPEYTOJIb-
HHKY fi(t) Ha TOBEPXHOCTH O().

JI71s1 KXk I0T0 y371a ABOMCTBEHHOM CETKH MOXKHO ITOCTPO-

HTb KaCaTCJIbHYIO IIJIOCKOCTD, YPABHCHUC KOI‘OpOﬁ UMECT BUQ

_ _ AF(p)
)= AR (o’
I(p) = (p)- (X~ p) =0. ©)

IMepecedenue MOMYYEHHbBIX TAKUM 00Pa30M IUIOCKOCTEH
JIaeT HEKOTOPYIO CETKY, KOTOpast SIBISIETCS KACATEeIbHOMN U B
HEKOTOPBIX CIlydasix 0onee KaueCTBEHHO alpOKCHMUpPYET
YYACTKH TPAHHUIIBI, B KOTOPBIX CYIIECTBYIOT T€OMETPHYEC-
Kre 0COOEHHOCTH.

PaccrostHue OT [POM3BOIBHOM TOYKH JI0 IIOCKOCTH MO-
JKET OBITh IOIYYEHO ITyTEM IIOICTAHOBKH €€ KOOPIMHAT B
ypaBHenwue rwiockoctd Buza (8). CrienoBarensHo, ISt IpOH3-
BOJIBHOTO y3J1a X ¢ P MCXOMHOM ceTKH B BUe (2) MOKHO
OIPEEITINTh CPEAHEKBAAPATHIESCKOE OTKIOHEHHE OT Kaca-
TEJIBHOM CETKHU B CIICAYIOLIECM BUJIE

k-1
e ()= Y(M(p)-(x-p)f. ©)

peD(p)

3apanee Ompe/IeNiB IIOPOrOBOE 3HAYCHUE CPEIHCKBAI-
parudgecKoro oTkiIoHeHus Buaa (9), MOIYyIUM MHOKECTBO
Y3II0B, TIOJIOKEHHE KOTOPBIX HEOOXOIUMO CKOPPEKTHPOBAT.
JIs1st BBIMUCIIEHHS OMITHMABHOTO MIOMIOMKEHHS Y3718 U3 OIpe-

£y
L7 s
AL
N e

JCJICHHOIO MHOXKECTBA HeO6XOI[I/IMO PeHINTb CUCTEMY JINHEH-
HBIX aJ'Il"e6paI/I‘IeCKI/IX ypaBHeHI/Iﬁ TPETHErO IMOPAJAKA B BUIC

de (X) _ 0
dx '

Takum o6paszoM, ecinu X(P) = (X, X, X3) — pelleHue
CHCTEMBI JINHEHHBIX anredpandeckux ypasHeHu# (10) st
y371a CEeTKH P, TO MOXEM IMONYYUTh HOBBIW OIEpaTop Kop-
PEKTHPOBKH HOJIOXKEHHS y3JI0B CETKU M B BUIIE

(10)

Ny(P):p" < p +Ap, peP, (12)

e Ap=x(p)—-p.

Ha nipaxruke omepatop Buza (11), kak npaBmiio, 3a oy
UTEPALUIO OIPEENSIET ONTUMAIBHOE MONOKEHUE Y3II0B
cetku (puc. 3, @, 0).

Puc. 2. Cerka Ha OCHOBE TPEYroJIbHBIX 3JIECMEHTOB U JIBOMCTBEHHAsS K HEH CeTKa
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B HekoTOpBIX CiTydasx onepaTtop MOXKET BBIIOIHATH OLIH-
OOYHYIO0 KOPPEKTUPOBKY ITOJI0KEHNS y3JI0B, TOPOXKasi, Ta-
KM 00pa3oM, BEIPOXKIEHHbIE AJIEMEHTHI M TeOMeTpHyec-
Kre 0COOEHHOCTH, KOTOPBIX HET HA HCXOIHOM ITOBEPXHOCTH
Q) . [IpranHO# TakKX OMIMOOK, KaK IPaBHIIO, SIBJISIETCS 10~
X0€ KaueCTBO alpOKCUMALUHN KOHEUHBIX JIEMEHTOB UCXOA-
HOU CETKU U HAKOIMUTEIbHBIE BBIYUCIUTENbHBIE IIOTPEIIHO-
ctu. [Toatomy onepatop Buza (11) npumMensieTcs He Kak ca-
MOCTOSITENTFHOE NTPeoOpa3oBaHue, a KaKk OJWH W3 3TarloB
KOMIIIEKCa peoOpa3oBaHuid, B KOTOPBIHA, TOMUMO OIepa-
Topa (7), MOTYT BXOAHTb TAKKE OMEPALHU KaK CTYIICHHE CeT-
KH, YIAJIEHUE BBIPOXK ICHHBIX JIEMEHTOB, IPOELIUPOBAHUE U
CIIaKMBaHME Y3JI0B.

Omnepanyio criiaxuBaHus BceX 0e3 MCKITIOUEHNS Y3JI0B
CeTKH M MOXKHO UCIIOIb30BATh KaK MPOLERYPY HOATOTOB-
K CETKH JJIs paboThI IpYyrux oneparopos. Oneparop cria-
JKMBAHUS JUTS BCEX Y3JIOB CETKH MOXKET OBITh 3aIMCaH B Ce-
JIYIOIIEM BHJIE

Ran(P): p' <= p+Au(p), peP, (12)

rae AU(p) — BenuuMHA CMEIUEHHs y371a, HOdy4eHHas Ha
OCHOBE CITIA’KMBaHUSL.
Eciu B(P) — MHOXKeCTBO y3J10B CMEXHBIX C P, a N —ero

MOIIHOCTB, TO CMCIICHUEC Yy3Jla Ha OCHOBC CITIA’KUBAHUA
Jlammaca umeer BU

Up)== >.q-p. (13)

qeB(p)

S|

Jlnst kaxkioro y3na cetkd M, Hcrosb3yst CBS3H € cocel-
HUMH y3JIaMH, HE CIIOKHO ONPENeNTUTh PUOIKSHHBIE 3HA-
YEeHHUS TEOMETPUIECKIX XapaKTePUCTHK T'PaHHIIBI 00BEKTa,
Takue Kak HOpMaJib, KacaTeJIbHas TIOCKOCTh, ITapaMETPHI
KpUBH3HBI. TakuM 00pa3oM, I KaXKI0TO y3JIa CETKH MOXK-
HO onpezenuts MHoxkecTBO C(P) B BUzie

C(P) = {(ku(p), Ik2(p)1): pe P}, (14)

a taxske MHOXecTBO G (P) — Momymeii rayccoBoi KpHBH3HBL
B BUJIE

G(P)={ks(p)|: pP}: (15)

MuoxectBa C(P) u G(P) npubmmkeHHO onpenenstor

OCHOBHBIE [TAPaMETPhI KPHBU3HBI TIOBEPXHOCTH BO BCEX T'pa-
HUYHBIX y3JIaX CETKH, Ha OCHOBE KOTOPBIX MOKEM PA3IEIINTh
MHOJKECTBO BCEX y3JI0B CETKH HA TPH COCTABIISTIOIINX |

— MHOXECTBO Y3JIOB, KOTOpBIE SIBIISIOTCSI BEPIIMHAMH

I:)corner;
— MHOXKECTBO Y3JIOB, KOTOpBIE IIPHHAISKAT pedpam

I:)edge;

— MHOECTBO OOBIYHBIX Y3J10B Pregular.

IMpu sToM P € Pegper OyOyT cOOTBETCTBOBATH HAUOONIB-
e 3HayeHus u3 Mmuokecrsa G(P), koropbie MOXKHO 3a-
MUCATh B CIIEMYIOIIEM BUJIE!

t+1 1
HéoJrrn)er = O Z| ks (P) |,
| Peorner | PePher
t+1 1
“E}Jngorner o0 ZI ke (P
| Pioncorner | peP® ormer (16)

PShner = 101K (D)~ 1Chner 1<K (D)~ 18ncormer I PP}
P corner = 0 1K)~ 1hncormer <1 K(P) — 1hmer I p< P}

rae Hgorner =max(| kg (p)]), p e P — HauanbHOE monoNKe-

HHUE TIIaBHBIX TOYEK MHOXECTBA YTJIOBBIX Y3J0B,

Hhoncorner =Min(lkg (p)[), p € P - nawansmoe monoe-
HHUC I'NTaBHBIX TOYCK MHOXKECTBA y?).HOB.

JIst MHOXECTBA y3JI0B, KOTOPOMY TIPHHA/JIEKAT Y3JIbI
pe6€p, XapaKTepHLIM SABJIACTCSA 60HBHIO€ 3HAYCHUEC MAKCU-
MaHBHOﬁ KpI/IBI/I?)HI)I H, B TO XK€ BpeMH, MaJIO€ 3HAYCHUEC MU~
HuManbHoH. Eciu cuurats maper mEOkectBa C(P) Touka-
MU I[ByXMepHOFO HpOCTpaHCTBa, TO (bOpMaJ'ILHO MOXEM
3aIlIuCcaTb MHOXXECTBO Pedge B CJ'IG,HYIOHIGM BUJE.

1
hige = —m— 2 (a(P)lk(p))
| Pedge | perl),

1
Mionedge = = 2 (a(P)lka(p))
| Pnonedge | pepn%?\edge (17)

PO (o1 (P) = 1y 1<K (P~ 1 Oegge Il PP}

PO oo = 1P 1K(P) ~ 1 Opeqge I<IK(R) ~ 1y, 1 PP

e 1uge = max(ky (p), min(lkz(p)) | ~nasaeiioe no-

JIOKEHHUE ITTABHON TOYKH MHOXKECTBA Y3JI0B, KOTOpBIE 00pa-

3y10T pebpa; Mionedge =| Min(ky(p)), min(lk, (p)|) |- ra-
peP peP

YabHOE MONOKEHHE TIIABHOM TOYKH MHOKECTBA Y3JI0B, KO-
TOpBIE HE 00pa3yloT pedpa.

Hcxopst U3 MOMy4eHHBIX MHOYKECTB OCOOBIX TOUEK, MHO-
KECTBO OOBIYHBIX Vy3J0B OyZeT WMETh BUJ

Pregutar = Pnoncorner “ Pnonedge -
[paxTrdeckuii mpuMep BBIIEICHUS HA CETKE OCOOBIX
TOYEK U CBSI3aHHBIX C HUMH pedep MpeCcTaBiIeH Ha puc. 4.
JIJ1 pa3nuyHBIX YYaCTKOB I'PaHMIIBI TE€OMETPUIECKOTO
00BEKTa BO3MOKHO IIPUMEHEHHUS Pa3InIHBIX METOZOB OIl-
TUMH3AIUH. [ CIIaXKWBaHMS PETYISAPHBIX Y3JI0B CETKH
MOKHO ITPUMEHSATH ONEPaTop CIIIAXKUBAHNUS B BUIE

Rregular (P): P’ <= p+Au(p), P €Pregular , (18)

e 3Hadenne AU(P) aHAIIOTHYHO BhIpakeHwo (12).

O4eBUIHO, YTO MHOXKECTBO Y3JIOB BEPIIMH CETKH UMe-
10T (PUKCUPOBAHHOE TTOJOXKEHNE. /1151 BBIIOTHEHMS CITIaXKH-
BaHMS MHO)KECTBA Y3JIOB, KOTOpPBIE NIPHHAUIEKAT pedpam
T€OMETPHIECKOTO 00BEKTa, PACCMOTPHM JIOKAJILHBIN ydac-

TOK TpaHMIBI o0pazoBaHubli y3nom P € Peqge n mapoii
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a)

Puc. 4. Onpenenenne ocoObIX TOYCK U pedep

cocesiHIX ¢ HUM Y3108 Pj, Pj € Pedge. Tpoiika BeIGpaHHBIX
Y3JIOB ANIPOKCHMUPYET HEKOTOPBIN Y4aCTOK KPHBOI B MPO-
CTpAHCTBE, OITOMY KOPPEKIUs TIOJIOKEHI y3lIa ) JO/DKHA
3aBHCETH TOJBKO OT COCeNHNX Y3108 Piy Pj € Pedge, Hopmamm
K KpuBOii My () 1 xacatensHOro BekTopa t(p) (puc. 5, a, 6).

IMycts HOBOE MOIOXKeHHe P’ y371a P Oymer pacronarars-
cs B cepeaune orpeska Pj P j. Ecou Tpolika y3710B anmnpokcu-
MHpYET IPSIMON YJaCTOK TPAHHUIIBI, TO TOJI0KEHHe P’ OIl-
pEIeNeHHO TPaBUIIBHO, HHAYe HEOOXOIUMO CKOPPEKTUPO-
BaTh €ro HoJoKeHne Ha BexuduHy (p'—p)-fr(p) B
HaIpaBJIeHNH BekTopa fip (). Takum obpazom, MoxeM 3a-
mUcaTh cMelenue y3ina Au(p) B Buze

i (p)=(pj—P)x(p;i - p),
T(p)=(pi—Pj)
ﬁz(p)=r(p)xn1(p),

u(p) =,

y(p)=(p,——p)~(p—pi),

_Ju(p), v(p)=0
Aulp) ‘{c(u(m—(u(p)-ﬁ(p))ﬂ(p)), v(p) %0’

19)

e C — MOCTOsIHHAs U3 mpoMexyTka [0;1] .

ﬂl.!F

m!ﬂmﬁ

m"
“‘“ﬂ‘!"%uﬂ“uﬂ
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717
aé‘ﬂ#
RN

CrenoBatenbHO, OEpaTop CIIaXKUBAHUS y3J10B PacIIo-
JIO)KeHHBIX Ha pedpax OyneT UMeTh BH

Redge (P): p' < p+Au(p), p € Pegge’ (20)

rae Au(p) ompenensiercs coracHo Beipaskenuto (19).

TaxoKe KaueCcTBO alMPOKCUMALIMH TOBEPXHOCTU TPEeXMep-
HOTO TeOMETPHYECKOTO 0OBEKTa MOXKET OBITh YITY4IICHO My-
TeM J0OABJICHHUSI B CETKY HOBBIX Y3JI0B. MHOXKECTBO HOBBIX
Y3J7I0B MOXKET OBITh MOTY4EHO Ha OCHOBE KONUYECTBA TOYEK
Ha paJnyc KPUBU3HBI IOBEPXHOCTU HJIM Ha OCHOBE MAaKCH-
MaJIbHOT'O PACCTOSHHUM OT pedpa JI0 FPaHUIbI 00bEKTa.

B kadecTBe npuMepa NpakTUIeCKOro MPHUMEHEHHs pac-
CMOTPUM TEOMETPUYECKUH 00BeKT (KyO ¢ mapoil HUTHH-
pudeckux orBepctuii (puc. 6)), AJS KOTOPOro MPUMEHHUM
OIKCaHHBIE onepaTopkl peodpasopanus (7), (11), (18), (20)
(puc. 6, 6), a TakKe CTyIlleHHE CETKH Ha OCHOBE KPUBH3HBI
MOBEPXHOCTH (pHC. 6, ).

5
- ‘AV‘

Wb

LT V
‘féﬁy‘f‘

Puc. 6. OnTuMu3anus CeTKH Ha I'paHULIC TEOMETPHUICCKOro o0beKTa
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Kann. ¢i3.-Mar. Hayk, ZOLEHT, 3aN0pPi3bKUi HA[IOHAIBHUN yHIBEpCHUTET, YKpaiHa

JUCKPETU3ALISI TPAHALI TPMBUMIPHUX MOJEJIEM TEOMETPUYHHUX OB’ €KTIB, BUSHAYEHUX 3A JIOIIO-
MOI'OI0 R-OYHKIIIIA

VY crarTi po3nIsIaEThes aKTyalbHA MpobiieMa aBTOMAaTH3alil CKIHYEHHO-EJIEMEHTHOTO PO3OUTTS MOBEPXHI TEOMETPHYHHUX 00’ €KTIB
3aaHuX y BUDVIAL HessBHUX QyHKUIH B. JI. PBadeBa. Onrcano migxomy, siki JO3BOJISIIOTH MIABUIIATH SKICTh €IEMEHTIB CITKH, OTPHMaHOT
3 BUKOPHCTaHHIM BitoMHX MeTofiB. Po6oTa MeToniB 6a3yeTbes Ha MiHIMI3alio BiIXHICHh MDK AH(EpeHIIaATbHUMHI XapaKTePHCTHKAMU
(YHKLIOHATBHOTO OMHKCY Ta JUCKPETHOI'O MPEICTABICHHS TPAHUL TEOMETPHYHHUX 00’ €KTIB.

KarwuoBi ciioBa: R-QyHKIis, Bi3yani3alis , FeOMETPHYHA MOJICNb, TUCKPETHA MOJICNb, METOJ] CKIHUEHHUX EIEMCHTIB.

Lisnyak A. A.

Ph. D., Zaporozhe national university, Ukraine

SURFACE DISCRETIZATION OF R-FUNCTIONS DEFINED GEOMETRICAL OBJECTS

This article describes actual problem of an automatic generation of finite elements for complex geometrical objects defined by implicit
R-functions of V. L. Rvachev. Rvachev’s approach of geometrical objects description is universal. R-functions allow create models of
complex solids in constructive manner.

Author describes functional approach for modeling of solids and methods of surface meshing in the first section of the article. This
section also contains mathematical model of the surface finite elements mesh.

Section |l describes approaches for the surface mesh optimization. Author describes new some functions of quality of the mesh.
Proposed approaches based on minimization of deviation between functional and mesh representations of geometrical objects.

Proposed approaches allow define regular and irregular elements of the mesh for local refinement of the mesh.

Author uses differential characteristics of the mesh for the non-uniform mesh generation. Surface curvature used for control of the
non-uniform mesh generation.

Keywords: R-function, visualization, geometrical model, mesh, finite elements.
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NMPUMEHEHUE METOOA AHAJTIU3A UEPAPXU ONSA BbIEOPA
PEKINTAMHOW CETU B UHTEPHETE

B cratbe omucan METO, ITO3BOJISIIOIIMI YIIPOCTUTH IPOLIECC MPUHSATHS PEIeHUH IIPH BBIOOpE
pexiamHol cetu B MHTepHere. [IpeanoxkeH BapuaHT penieHus MpoOJeMbl ¢ UCIIOIb30BaHUEM
MeTozna aHanu3a uepapxuii (MAW). JlaHHbIl METOA MO3BOJSET pacCcunTaTh Hauboiee
[10KAa3aTeJIbHbII CyMMAapHBIH KPUTEPUM, KOTOPBIH HCIOIb3yeT CyMMUPOBAaHHE 3HAUCHU I KaxK J0i
aJIbTEPHATHUBBI 110 BCEM KPUTEPUSIM C yIETOM BaXKHOCTHU KaX 100 KpUTEPHUs 7S I10/1b30BaTeNs.
bnaronaps aToMy aHanu3 ¢ ucnoab3oBaHueM MAN 3HauUTEIBHO YIIPOILAET IPOLECC IPUHATHUSL

peuicHus B 3a1a4€ BI>I60pa peKJ'IaMHOﬁ CCTH.

KnawueBbie cioBa: UHTCEPHET-pEKJIaMa, pEKJIaMHas CE€Thb B I/IHTepHeTe, MCTOJ] aHaliu3a

uepapxui.

BBEJIEHUE

HHTepHeT-pexiamMa 0OCTaHeTCsl CaMbIM IMHAMHYHO Pa3-
BHUBAIOIMMCSI CETMEHTOM BO MHOI'OM OJ1arofiapsi pocTy coll-
ceTell ¥ pa3BUTHIO OHJIalH-BHIE0. [10 MPOrHO3y SKCIEpTOB
m1o0aneHbIA cermeHT Beipoc B 2013 rogy va 14,6 %. Oto
00yciioBiIeHO Oosee BBICOKOW 3((PEKTHBHOCTHIO, OTHOCH-
TEJIBHOMU NEIICBU3HON 1 JIETKOCTHIO TPOBEACHUS PEKIaAMHON
KaMIIaHWH [0 CPABHEHHIO C PEKJIAMOW B TPaJHIIMOHHBIX
cpezncTBax MaccoBoit uHpopmanuu. Corpynauku Forrester
Research nporrosupyror, uto k 2016 rony pexinamonareian
norpatat B lHTepHeTe MouTH 77 MIJDTHAPIOB TOJUIAPOB, UTO
cocrasurt 35 % or ob1ero pekramuoro Gromkera [1].

K 0coOeHHOCTAM HHTEPHET-PEKIaMBbI OTHOCSTCS

— MHTEPaKTHUBHOCTb;

— aKTHBHOCTb UHTEPHET-TIOIB30BaTeNeH;

— PErUCTPUPYEMOCTb;

— IByXypOBHEBOE BO3CHCTBUE;

— BO3MOXKHOCTH (POKYCHPOBOK [2].

B UnTepreTe GONBITYIO MOMYIAPHOCTD MOMYYIITH PEK-
JIaMHBIE CeTH, BKIIIOYAIOIINE B ce0sl COTHH CATOB 110 pas-
JUYHBIM TeMaTHKaM, Haubojee KPYIHbIE U3 KOTOPBIX
Adsmart Network, DoubleClick, Burst, Flycast Network [3].

Pemenne 3a1aum o BRIOOpE peKIaMHOM CETH 3aBUCHT OT
psioa KpUTepHeB, T.e. 3aJa4a BEIOOpa PEeKJIaMHON CeTH SIBIIS-
€TCSl MHOTOKPUTEPHAIBHOM. B yCIOBHAX OrpaHUYEHHOTO U
CPaBHHUTEIILHO HEOONBIIOTO KOMUYECTBA KPUTEPUEB BBIOO-
pa 1 anbTepHAaTHBHBIX BApHAHTOB PEKJIaMHBIX CeTeld Hanbo-
Jiee POCTON U ymoOHO# (popmanm3anmeit IpUHIATAS MHO-
TOKPHTEPHAIIBHOTO PEIICHUSI MOYKET SBJIATHCS METOM aHa-
m3a uepapxur (MAN) Tomaca Caaru [4].

1 ®OPMAJIM3ALIASI MOJIEJI BBIBOPA
PEKJIAMHOM CETH

MeTtoa aHanu3a uepapxui — METOAOIOTNYECKast OCHOBA
IUTSI pEIICHUS 3a]1a9 BRIOOpa allbTepPHATHB TIOCPEICTBOM HX
MHOTOKPHTEPUATBHOTO PEHTHHT OBaHHUSL.

© danpeesa E. A., Xapuenko B. B., 2014

DOI 10.15588/1607-3274-2014-1-13

OCHOBHOE NPUMEHEHHE METOAa — NMOJAEPKKA MPUHS-
THS PELICHUN NOCPEICTBOM HEPAPXUUYECKON KOMIIO3HULIUU
3a/1a41 U pEUTUHIOBAHUSI aJIETEPHATUBHBIX PELICHUH.

MAMW mpencrasisiercss 60oinee 000CHOBAaHHBIM ITyTEM
peIIeHUsT MHOTOKPUTEPUATBHBIX 3a71a4d B CIOXKHON 00CTa-
HOBKE C MEPApPXUUYECKUMH CTPYKTYpamH, BKIIOYAIOUIUMHU
KaK OCsS3aeMbIe, TaK ¥ HeoCsI3aeMbIe (DaKTOPBI, YeM TIOAXO/,
OCHOBaHHBIN Ha JIMHENHOM jtoruke. O1ieHKa BApUaHTOB pe-
WeHu ¢ ucnosib3oBanneM MAMU ocymiecTBisieTcs Kak Ha
OCHOBE O0OBECKTUBHOM, TaK M CyObEKTUBHOM MCXOMHON MH-
¢dopmarun. CyTh METOA 3aKITIOYACTCS B ONIPEICICHUHN CO0-
CTBEHHOTO BEKTOpa C HaWOOIBIINM COOCTBEHHBIM 3HAYeE-
HHEM Ha OCHOBE ITOIIAPHOTO CPaBHEHHS MCCIIETYEMBIX Xa-
pakrepucTrK [5, 6].

[Topsinok npumMeHeHNss METOIa aHaIN3a UepapxXuil s
BBIOOpA PEKIIAMHOHN CETH COCTOUT B CIICIYIOIIIEM

— OIIpeeNICHIE OIEHOYHBIX KPHTEPHEB IS BRIOOpA PeK-
JIaMHOM CETH,

— TMOCTPOEHUE KaueCTBEHHON MOJIEIH MIPOOJIEMEI B BUZIC
HepapXuH, BKITIOYAIOIICH 11elTb, aIbTCPHATHBHBIC BAPUAHTHI
JIOCTIDKEHUS LENH U KPUTEPUH IS OIIEHKH KauyecTBa ajlb-
TEpHATUB;

— (hopMHEpOBaHIE MATPHII TAPHBIX CPABHEHUHN IS BCEX
YPOBHEW HEpapXyUu: MaTPHULL HAPHBIX CPAaBHEHUHN KpUTEPHU-
€B OZIHOTO YPOBHS MEXTy COOOH, KpUTEPHUEB HIDKHETO YPOB-
HSl OTHOCHUTEIHHO KPUTEPUEB BBICIIETO YPOBHS U aJIbTEPHA-
TUB OTHOCHTEIIFHO KPUTEPHUCB;

— BBIYHCIICHHIE BEKTOPOB JIOKATBHBIX IPHOPUTETOB IS
Ka)KJIOM MaTpHLIbI TAPHBIX CPABHEHUH;

— OIICHKA CTETIEHH COIIACOBAHHOCTH MAaTPHII MTAPHBIX
CpaBHEHUI;

— oTpe/ieNieHHe JIOKATBFHBIX IPHOPUTETOB aJIbTEPHATUB
10 KPUTEPHUSIM,

— CHHTE3 INI00ATBHBIX ITPUOPHUTETOB ANETEPHATUB ITyTEM
JINHENHOM CBEPTKU MPUOPUTETOB 3JIEMEHTOB HA UEpAPXUU
Y IPUHSTHE PEIICHAS HAa OCHOBE TIOTyYEeHHBIX PE3YIIBTaTOB.

89



MATEMATUYHE TA KOMIT'IOTEPHE MOJIEJIIOBAHH 1

2 BBIIIOJIHEHUE PACYETOB 110 MAN

[IpuMeHeHrnEe METOAa aHANHM3a UepapXUil U BEIOOpa
PEKIIaMHOM CETH MOKHO PaccMOTpeTh Ha mpumepe [7].
[IpomoBoNBCTBEHHASI KOMITAHUS TUIAHUPYET MCIONIB30BATh
HHTEPHET-PEKIIaMy, a CIICIOBATEIbHO 3aHMHTEPECOBAaHA B
BEIOOpE HamboIIee MOXOIAIIEH pekiIaMHO# ceTu. Pexam-
HBIH GFOIKET KoMITaHuK — 0KoJ1o 80 MitH. $ B 1011, M3 KOTOPBIX
5 % BBI/ICIICHBI HA MHTEPHET-MAPKETHHT.

Kommanus opranm3oBaia KOMaHIy JUIsl IPUHSATHS pele-
HUS, B KOTOPYIO BOIIUTA KOMMEPYECKUH IUPEKTOP, aTeHT IO
COBITY 1 OpeHI-MeHeIDKep. 3a1a4a KOMaH Il — BRIOPATh PeK-
JIAMHYFO ceTh. KOMITaHWS IPOCHT YEThIpE TTaBHBIC PEKIIaM-
HBIC CETH MOATOTOBUTH OM3HEC-TUIAHBI TEKTPOHHOU KOM-
MEpIUH, KOTOPBIE COOTBETCTBOBAIN OBl MapKETUHTOBBIM
LEIISTM KOMITAaHUH U COCPEIOTauUBAIIICE Ha TIEEBBIX TTOTPE-
ouTensx.

UYeTsIpe peKIaMHBIC CETH ObLITH 0003HAYCHBI KAK KOMTIA-
aun A, B, CuD.

Itan 1: OnpenesieHne OLeHOYHBIX KPUTEPHEB.

J1y1s1 onipezienieHust OIEHOYHBIX KPUTEPUEB HCIONIB3YeT-
sl METOI HOMHUHABHO# rpymsl [8]. 14 skcnepToB (HsTepo
U3 MHTEpHET-peKiIamMoaTeNeii, maTepo U3 peKIaMHBIX
areHTCTB U YETBEPO U3 KOMIIaHUH, 3aHUMAIOIINXCSI AJIEKT-
POHHOI TOProBIei) 3a1eiICTBOBAHBI B BBIOOPE 7 KPUTEPHEB
u 14 monkpuTepreB, MPUBEICHHBIX B Ta0. 1.

MAMU no3Boaser nully, IpUHUMAIOLMIEMY pELICHUE
(JIITP) ncronb30BaTh Kak KOTMYECTBEHHBIE, TAK U KAYeCTBEH-
HBIe KPUTEPHH OZHOBpPEMeEHHO. J[aHHOe mcclieZoBaHne
BKJIIOYaeT 6 00BbEKTHUBHBIX U 14 CyOBEKTHBHBIX TOIKPUTEPH-
eB. JlanHble U1 6 OOBEKTUBHBIX KPUTEPHEB IIPUBEACHEI B
Tabmn. 2.

Jtan 2: [locTpoeHne HepapxmiecKoii CTpyKTyphI Po-
OeMbL

[Tpo6nema BEIOOPA pekIaMHO# ceTH pa3duTa Ha 4 ypos-
HSL IOCTIDKEHHE KOHEYHOMH [eNH, 7 OLEHOUHBIX KPUTEPHEB,
19 nonxpuTepues u 4 anbTepHaTHBEL. epapxudeckas CTpyK-
Typa npoOJIeMblI TIpejicTaBlieHa Ha puc. 1.

Ta6muna 1. OcHOBHBIE KPUTEPHH BBIOOPA PEKJIAMHOM CETH U IOJKPUTEPUH, PACKPHIBAIOIIE COCPIKAHNE OCHOBHBIX KPUTCPHEB

Kpurepuit [Togxputepun

Onucanue

VYpoBeHb HHPOPMUPOBAHHOCTH
0OIIECTBEHHOCTH O CaliTax

Orpaxaer o0lLiee KOJIUYECTBO JIOACH, KOTOPbIE 3HAIOT
(crbImmanu) o CyIecTBOBaHNM CAlTOB JTAHHOM CETH

KauectBo untepner- | Yucno nonp3osareneil caiitoB

0611166 KOJIMYECTBO YHUKAJIbHBIX T10JIb30BaJICTICH

Mmeaua YPOBCHL MOCEIAEMOCTH CAalTOB

Pa3mep aymutopuu pecypca

[TpodeccnoHasbHbIi XapakTep
KOHTCHTA CaliToB

OL[CHKa CIICNUAIN3UPOBAHHOCTU KOHTCHTA caiita

Yucno kareropuii caiToB

Temarrka cMeXHBIX caiiToB (GUHAHCOBBIH, caiiT
SIIEKTPOHHOM TOPTOBIIH, Pa3BICKATENbHBIN, MEIHIIMHCKHUIA)

Macmrrab ousseca =
KomnyecTBo caiitoB

OO0I111ee KOIMYECTBO CATOB CETH

SIBnsieTcs 1M KOMITaHUS [100aabHOM

T'eorpadus nons3oBareneit

Pexnamusle Tapugsl

OlleHEHHbIE OKA3ATENEM CTOMMOCTH MHJUTMOHA [TOKA30B
(GanHepa)

Taprerunr

BosmoxHocTH OKYCHPOBOK

Mamnepa nogauu pexinaMmbl

Cnoco6HOCTh 00eceYnTh OCTOSHHYIO 1T0JIauy U
CBOCBPEMEHHOE OOHOBIICHHE PEKJIAMHBIX COOOLICHHUH

Pexnamubmi

MouutopuHT pexiiaMHoro s ¢exra
MEHE/KMEHT U

Cnoco6HocTh 00eCeYnTh TOYHYIO CTaTUCTHKY O
BIICYATJICHUSIM OT PEKJIaMBl, OTKJIMKaM OaHHepa
CIIKCHHIO 32 PO HUIIeM M0JIb30BATEIS

MaHepa Moja4u

CBOEBPEMEHHOCTh OTYETOB I10
Marepuana P

HHTCPHET-PCKIIaME

TToka3wiBaeT CKOpPOCTB, C KOTOpOfI OOHOBIISAIOTCS
AHAJIUTUYCCKHUEC OTUYCTBI

JpyxecTBEHHOCTh OTYETOB

CriocoOHOCTh O0JIETYUTh PEKIIAMOJATENSIM BBITOTHEHUE
HE3aBUCHMbIX IEPEKPECTHBIX AHAINU30B U H3MEHEHHE
(hopmara oT4eTOB

Otkimk GaHHepa

OTHOLICHHE KOJIMYECTBA KJIIMKOB 110 aKTHUBHOM CCBHIIKE K
KOJIMYECTBY IMOKA30B CChUIKU

TBopueckuii noaxox
Pacnonoxenue 31eMeHTOB Ha

PEKIIAMHOM OOBSIBICHHU

Omnpenensier, 4To MPUBJIEKAeT PEeKIaMOAaTeNeH:
BU3YaJIbHBIH 2 eKT OT pekiampl WM PeKIaMHBIA TEKCT

Bo3MoxxHOCTB MapKETUHT'OBBIX

Croco0HOCTh AHAJIM3UPOBATh PHIHOK U MOBEACHUEC LEJIEBBIX

UCCIIEI0BAHUM norpedureneit
WuTerpuposanHoe
Otpaxaer criocoOHOCTh MOAU(UIUPOBATH B COOTBETCTBUH
MapKeTHHIOBOE Bo3MoxxHOCTE MeMaNIaHUPOBAHHS
C TpeOOBaHMIMH PEKJIAMOAATEIsI MEANAIUIAH ¥ OKYIKH
IUTaHUPOBaHUE

BosmoxHOCTB pazpaboTku
pEeKIaMHOM KaMIIaHUU

IToka3sIBaeT CrIOCOOHOCTH pa3padaThIBaTh NPUTSATATEIHHEIE
JUISL IENIeBOH ayIUTOPUH KaMIAHHH 3IEKTPOHHOH TOPTOBIN

CornmacoBaHHOCTh I€HCTBHIA

KauectBo ycayr nepcoHana

T'mbrocTh 1 COTTacCOBaHHOCTH AEHCTBUI TBOPUECKOTO
KOJIJIGKTHBA U CETEBBIX TEXHHKOB

[Tpodeccuonanmsm

ITpodeccnoHabHbIil yPOBEHb IPYIIIbI YIPABICHHS
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Taoauua 2. Jlanusie s

6 0OBEKTHBHBIX KPHTEPUEB

Ne [oaxputepuit Kommanus A Komnanus B Kommanust C | Kommanus D
KonunuectBo nonp3oBaresei caiToB
1 43 38 35 32
(Beipaskennoe B 10 000 yesnoBek)
Mecsunblii Tpaduk caiToB
2 P b 450 448 431 398
(Beipaskennsit B 10 000 wenoBek)
3 Yuco KaTeropuii CanTos 6 6 9 6
4 Konunuectso caiitoB 51 48 50 31
5 Koadduument kiukoB (OTKIHK GaHHEpa) 0,3 0,35 0,32 0,25
CrouMOCTh MIIITHOHA TIOKa30B (OaHHEpa
6 ( pa) 107 173 150 166
(Beipakennast B MutH. NT$)
Lens Kpurepnu nepsoro yposus KpuTtepuu BTOpOoro yposus AnbTepHATUBBI
1 OcBeJIOMIICHHOCT b IIOTpeOHTENeH O calTax
— KomaecTBo mons30Bareneii caiiToB
1 KauecTtBo nnrepher -menua —
— IlocemaemocTs caiiToB
— TIpodeccronamam cailToB
Kommnanus
A
—1 Yucno xareropuit caiToB
— Maciurab 6u3Heca KonmuecTBo caiiToB cetu
L SBmsieTcst I KOMIIAHUS [II00AIBHOM
— Pexnamusre Tapud b
pug Kommnanwst
B
IleneBas pexama
BeiGop VHpaBJieRue peKiam Hoi Manepa noziatn peiambt
pexiIaMHOU JIe TEITbHOCTBIO ¥ MaHep a oJauu MOHHTOPHHT pe KIaMHOTO 3 dexTa
ceru Matepuaia \: CBOEBPEMEHHOCTh OTYETOB 10 peKiaMe
JIpy)KeCTBEHHOC Th OTYETOB Kowmmanust
C
Kospdpunment kmkon
TBopuecknii moax oz 4‘ PacronokeHHe 3JIEMEHTOB Ha PEKJIAMHOM
00BSIBICHUH
BO03MOKHOCTH M apKETHHIOBOIO aHaIM3a
HHTerpupoBaHHOE MapKETHHIOBOE
pHp P BO3MOXHOCTE M €/IMarIaHuPOBAHUS Komnanus
IUIAaHUPOBaHUE D
B0O3MOXHOCTB pa3paboTKi peKIaMHOM KaMITaHUK
CornacoBaHHOCT b E[CI\/‘ICTBI/II‘/II TIepcoHaita
— KauectBo 06ciTy>1B aHus {
IMpodeccnonam3m KoMaH bl

Puc. 1. Uepapxuueckas CTpyKTypa MpoOIeMbl

Iran 3: @opMHPOBaHME MATPHILL HAPHBIX CPABHEHMIA.

JlaHHbIi1 3Tan BKItoYaeT Asa mara. Ha nepsoM mare rpo-
M3BOIMTCS OTOOP ABAIATH PECIIOHAECHTOB U3 YHCIIa HHTEP-
HET-PEKJIaMOJIATENEH, KOTOPbIE COOTBETCTBYIOT CIICAYIOIINM
KadecTBAM:

— MIMEIOT OIIBIT ITPUHATHS PEIICHUH B BOIIPOCAX PEKIIaM-
HBIX CETEN;

— B HacTofIIee BpeMs padOTaroT areHTaMH IO COBITY,
OpeHA-MeHeDKepaMH WIIH MEHEeDKEPaMH 10 peKIaMe.

Kaxx1plil peCIOHAEHT BBIIIOJHWII [TONIAPHOE CPABHEHNE
Ba)KHOCTH OCHOBHBIX KPHTEPHEB OTHOCHTEIIHHO IIEJTN H MOJI-
KPHUTEPHEB OTHOCHTEBHO OCHOBHBIX KpUTEpHEB (Tabi. 3, 4).

Ha BTopoMm miare xaxnoe JIIIP BBINOTHUIIO MOMapHOE
CpaBHEHHE YeThIpeX allbTePHATHB OTHOCUTENRHO 14 cyObek-
THBHBIX KpuTepreB (Tabir. 5).

OTHOCHTEIBHBIE OIEHKH, TPEI0CTaBICHHBIE ABAALATHIO
pectiornentramu u Tpemst JITIP, Obu1i 00BEIMHEHBI C TIOMO-
IIbI0 METOZA CPETHETO TeOMETPUIECKOTO.

Jran4: [loxyyeHue BeKTOPOB JIOKAIHHBIX IPHOPUTETOB.

JL7ms1 KasKmoi 13 TIOMy4eHHBIX MaTPHLL (POPMHPYETCSt BEKTOP
JIOKAJTBHBIX IPHOPHTETOB. 17151 3TOr0 HEOOXOAMMO MPOU3BECTH
CBEPTKY K101 MaTPHLIbI [IOTIAPHBIX CPABHEHHH B BEKTOD, 3a-
TeM JIFOOBIM W3 M3BECTHBIX CIIOCOOOB HOPMHUPOBATH ITOTyIeH-
HBIE BEKTOPBI ¥ TIEPEMHOXXHTH MATPHIIBI TIOTIAPHBIX CPABHEHHI
Ha COOTBETCTBYIOIINE M HOPMHPOBAHHBIE BEKTOPBI.
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Ta6muna 3. Matpuia napHbIX CpaBHEHHI OCHOBHBIX KPUTEPHEB

KagectBo . HurerpupoBanHoe Pexnawm-
Macuirad TBopueckwuii KauectBo
HMHTEpPHET- VhpasneHue MAapKETUHIOBOE HbIE
OusHeca TOIXOI 00CITyKUBaHHS
Meaua ITAHUPOBaHKE Tapudsl
Kauecrso 1,000 4,427 2,537 2,954 2,371 1,719 2,290
I/IHTepHeT'Meﬂl/la
Macmra6 0,226 1,000 0,351 0,394 0,306 0,267 0,316
OusHeca
Vrpasnenue 0,394 2,849 1,000 1,125 0,803 0,654 1,000
Teopueciuit 0,339 2,538 0,889 1,000 0,803 0,582 0,889
oaxon
Wnrerpupo-
BaHHOC 0,422 3,268 1,245 1,245 1,000 0,644 1,246
MapKeTHHrOBOe
HHaHHpOBaHI/IC
Kauecso 0,582 3,745 1,529 1,718 1,553 1,000 1,719
00CITy)KUBaHHUs
Pernamsie 0,437 3,165 1,000 1,125 0,803 0,582 1,000
Tapudsl
Ta6muna 4. Marpuna napHbIX CpaBHEHHUI IOJKPUTEPUEB OTHOCUTEIBHO KPUTEPHEB
Ka‘{eCTBO HHTCPHET-MCAHA TBOD‘leCKI/I 1 I10AXO00
V3naBae- TTonw3oBa- ITocema- OTKIUK
Konrenr MakeTt
MOCTb TeNu E€MOCTh OaHHepa
Y3uasac- 1,000 2,141 2,627 2,713 Ok 1,000 2,667
MOCTh OaHHepa
HO:;;‘P’IB* 0,467 1,000 1,552 1,528 Maket 0,375 1,000
Tocemae- 0,381 0,644 1,000 1,246
MOCTH
KonTenTt 0,369 0,654 0,803 1,000
Macirab 6uszHeca JHTerpupoBaHHOE€ MAapKETHHIOBOE INIAHUPOBAHNE
Kareropun CaiiTbl ri%iiib_ Anamu3 | Memuamnan | Kammanus
Kareropuu 1,000 0,803 1,933 AHamiz 1,000 0,803 0,725
CaliTsl 1,245 1,000 2,141 Mennamian 1,245 1,000 0,803
Trodasts- 0,517 0,467 1,000 Kavmamus | 1,379 1,245 1,000
HOCTBHb
YleaBHeHI/Ie I)CKHaMHOfI JCATCIIBHOCTHIO Ka'-IeCTBO YCIVYT
Mownuro- CBoespe- Hpyxe- Cornaco- Tpodec-
Taprerunr Manepa CHOHAIHA
pI/IHF MCEHHOCTH CTBECHHOCTH BaHHOCTbH M
TapreTunr 1,000 1,380 0,544 0,844 1,070 Corxaco- 1,000 1,246
BaHHOCTH
Marepa 0,725 1,000 0,467 0,612 0,803 Tpogec- 0,803 1,000
CHUOHAJIU3M
Moruro- 1,838 2,141 1,000 1,552 2,108
pUHT
Crocape- 1,185 1,634 0,644 1,000 1,933
MCHHOCTbH
Hpyce- 0,935 1,245 0,474 0,517 1,000
CTBCHHOCTH
9Tal'l 5: Ouemca CTECIICHH COIJIACOBAHHOCTH Manﬂll OTHOH.IeHI/IH COIJIaCOBAHHOCTH, BBIYHUCJIICHHBIC IJI1 BCEX
NIAPHBIX CPABHEHMIA. MaTpHI] TONAPHBIX CpaBHEHHUH, OKa3annch MeHbIMH 0,1,
Ha xaxnom ypoBHE HepapXuil HEOOXOAUMO OITPEACTHTh YTO CBUJETEIBCTBYET O COITIACOBAHHOCTH CYXACHUM J1Ba-
CTENEHb COIIACOBAHHOCTH MATpPHIL IAPHBIX CPABHEHUH. LaTH 3kcneproB U Tpex JIITP.
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Taoauma 5. ManPIIIa TMapHbIX CpaBHeHI/Iﬁ AIIbTEPHATUB OTHOCUTECIIbHO IMOAKPUTEPHUEB

VpoBenb HHGOPMUPOBAHHOCTH [IpodeccuonanbHbIi XapakTep KOHTEHTA
A B C D A B C D
A 1,000 2,080 0,693 1,442 A 1,000 1,000 0,481 0,405
B 0,481 1,000 0,405 0,693 B 1,000 1,000 0,481 0,481
C 1,443 2,469 1,000 2,080 C 2,079 2,079 1,000 1,000
D 0,693 1,443 0,481 1,000 D 2,469 2,079 1,000 1,000
Tno6anpHOCTL KOMIIAHUU IleneBas pekiama
A B C D A B C D
A 1,000 1,000 3,000 3,000 A 1,000 1,442 0,693 2,080
B 1,000 1,000 3,000 3,000 B 0,693 1,000 0,693 2,080
C 0,333 0,333 1,000 1,000 C 1,443 1,443 1,000 2,466
D 0,333 0,333 1,000 1,000 D 0,481 0,481 0,406 1,000
Mamnepa nogauu MoHuTOpUHT peKkIaMHOro 3 dekra
A B C D A B C D
A 1,000 1,000 1,000 1,442 A 1,000 1,000 0,481 1,442
B 1,000 1,000 1,000 1,442 B 1,000 1,000 0,481 1,442
C 1,000 1,000 1,000 1,442 C 2,079 2,079 1,000 2,466
D 0,693 0,693 0,693 1,000 D 0,693 0,693 0,406 1,000
CBOEBPEMEHHOCTh OTYETOB I10 PEKIaMe Jpy)KEeCTBEHHOCTh OTYETOB IO PEKJIaMe
A B C D A B C D
A 1,000 1,000 0,333 1,000 A 1,000 1,000 0,333 1,000
B 1,000 1,000 0,333 1,000 B 1,000 1,000 0,333 1,000
C 3,003 3,003 1,000 3,000 C 3,003 3,003 1,000 3,000
D 1,000 1,000 0,333 1,000 D 1,000 1,000 0,333 1,000
PexnamMublli MakeT MapKeTHHIOBbIE UCCIAEIOBAHUS
A B C D A B C D
A 1,000 0,405 0,251 0,693 A 1,000 0,693 0,405 2,080
B 2,469 1,000 0,481 1,000 B 1,443 1,000 0,481 2,466
C 3,984 2,079 1,000 1,710 C 2,469 2,079 1,000 3,271
D 1,443 1,000 0,585 1,000 D 0,481 0,406 0,306 1,000
MenuanjiaHupoOBaHUE Kammnanwus
A B C D A B C D
A 1,000 0,693 0,405 0,405 A 1,000 0,693 0,405 0,523
B 1,443 1,000 0,481 0,481 B 1,443 1,000 0,481 0,585
C 2,469 2,079 1,000 1,442 C 2,469 2,079 1,000 0,693
D 2,469 2,079 0,693 1,000 D 1,912 1,709 1,443 1,000
CornacoBaHHOCTb JICHCTBHI IEpCOHAIa IIpodeccronanusm
A B C D A B C D
A 1,000 0,405 0,212 0,693 A 1,000 2,080 0,481 3,557
B 2,469 1,000 0,333 2,080 B 0,481 1,000 0,281 2,080
C 4,717 3,003 1,000 4,217 C 2,079 3,559 1,000 4,718
D 1,443 0,481 0,237 1,000 D 0,281 0,481 0,212 1,000

Ortan 6: OnpeseseHne JOKATbHBIX IPUHOPHTETOB AJIb-
TePHATHB [0 KPUTEPHSIM.

BrrumnciieHne BeKTOpOB MPUOPUTETOB IIPOBOIHUTCS B Ha-
NPaBJICHAH OT HI)KHHUX YPOBHEH K BEPXHUM C yIETOM KOHK-
PETHBIX CBsA3el MEX Iy dJIEMEHTAMH, TPUHAUISKAIIIAM pa3-
JIMYHBIM YPOBHSM. BBIUMCIIeHHE IPOBOIUTCS ITyTEM Iiepe-
MHOYXEHHS COOTBETCTBYIOIINX BEKTOPOB U MATPHII.

B Tab6m. 6 mpencTaBIeHbl BEKTOPHI JTIOKATBEHBIX IIPHOPUTE-
TOB U Beca 4 peKIIaMHBIX CeTei.

Jran 7: OnpeaesieHue BeKTOPa NI00AIBHBIX IPUOPHTE-
TOB AJIGTEPHATHB OTHOCHTEJIBHO LEJTH.

Jnis onperneneHust BEKTOpa TI00AIBHBIX IIPHOPUTETOB
(Tabm. 7) B MaTpwIle JIOKaIbHEIC TIPHOPHUTETHI, TPUCYIIIHE
Ka)XIO0H albTepHATHBE, YMHOXKAIOTCS HA IIPUOPHTET KAXKIO-
TO KPUTEPHS, U PE3YIIBTaT CYMMHUPYETCSL.

OmHO U3 OCHOBHEIX TPEOOBaHMI peKiiaMoaaTesei — pas-
MEIIEHNE UX PEKIAMHOTO COOOIICHIIST Ha M3BECTHBIX BeO-caii-
Tax ¢ OONBIINM KOTHIECTBOM MOIb30BATENICH 1 BHICOKOH TI0-
CemaeMocTsI0. VIMEHHO IOATOMY HAaWOONBIINNA WHTEpEC
TIPEICTaBIISET Ka9€CTBO CMEXKHBIX BeO-caitToB. CIeayrormmm
TI0 3HaYMMOCTH KPUTEPHUEM SIBIISIETCS KAYECTBO IPEIOCTaBIS-
eMBIX ycIyr. Jlasee mpuHIMAaeTCsl BO BHUMAHHUE CIIOCOOHOCTh
PEKJIAMHBIX CeTel MPOBOIUTH MEUAIUIAHUPOBAHNE 1 aHAIN3
MOTPEOUTEITECKOTO TTOBEIICHNS, KOTOPBIE CIIOCOOCTBYIOT HMH-
Terpalyy CTpaTerud UHTEpHET-MapKeTuHra. YerBepTolil u
IBITBIH 1O 3HAYMMOCTH KPUTEPUH — 3TO PEKIIAMHBIE Tapu (bl
1 pyHKIMH cHCTeMBI pekiIaMHOTO MeHemkMeHTa. [llectoit
KPHUTEPHI OTIPEIEIISeT, B JOCTATOYHON JIN Mepe IOTpeOnUTe
MIPUBJIEIEHBI KPEATUBHOCTHIO PEKIIAMHOI0 COOOIIIEHHS], ITO-
OBl IETTKHYTH TI0 HeMy. MaciTab 6u3Heca sBIsSeTCsI HanMe-
Hee BaXKHBIM KPUTEPUEM IS peKiiaMoaTeeii.
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Ta6muna 6. BekTops! JIOKaJIbHBIX IPUOPUTETOB U Beca 4 peKIaMHBIX ceTel

Bec
. . Komnanus Komnanus Komnanus Komnanus
Kpurepuit CyOkputepuit cyOkpu- A B C D
TepHst
Yposerp 0,448 0,280 0,141 0,385 0,194
UH()OPMUPOBAHHOCTH
Kaueerso Ymcsio nojp3oBareneit 0,233 0,291 0,257 0,236 0,216
INocemaeMocCTh 0,169 0,261 0,259 0,250 0,230
HHTCpHET-MERTa IpodeccronanbubIit
0,151 0,154 0,161 0,335 0,350
XapaKkTep KOHTEHTa
Obwasn oyenxa 0,260 0,191 0,320 0,229
Yucio Kareropuii caira 0,366 0,222 0,222 0,333 0,222
Macmra6 Gusreca KoamgectBo caifiToB 0,438 0,283 0,267 0,278 0,172
I'mo6aapHOCTh KOMIIAHUN 0,197 0,375 0,375 0,125 0,125
Obwas oyenxa 0,279 0,272 0,268 0,181
IleneBast pexiama 0,176 0,282 0,235 0,353 0,130
Manepa nojgagyu 0,133 0,271 0,271 0,271 0,188
Vrpasnenne MOHHUTOPHHT PEKJIAMHOTO 0316 0212 0212 0420 0.155
peKIIaMHO# s dexra ' ' ' ' '
ACHTCIBHOCTBIO CBOCBpEMCHHOCTE 0,227 0,167 0,167 0,500 0,167
MaHepa Mojaun OTYETOB MO PEKIIAME ' ' ' ' '
Marepuala ApyxecTBEHHOCTD 0,149 0,167 0,167 0,500 0,167
OTHETOB [0 peKJIaMe
Obwasn oyenxa 0,215 0,207 0,419 0,159
OTrJIMK OaHHEpa 0,727 0,246 0,287 0,262 0,205
TBopuecknii moaxon PexamMHblii MakeT 0,273 0,117 0,234 0,433 0,216
Obwas oyenka 0,211 0,272 0,309 0,208
Mapierinrossie 0,275 0,193 0,252 0,446 0,110
WurerpupoBatHoe HCCIEI0BAHNS
MapKETUHTOBOE MenuamiaHupoBaHue 0,330 0,133 0,174 0,378 0,315
IUTaHUPOBaHKE Kamnanus 0,395 0,145 0,187 0,322 0,346
Obwas oyenka 0,154 0,201 0,375 0,271
CornacoanHocTs 0,555 0,098 0,227 0,548 0,127
Vposers yeryr JIeWCTBUIA IepcoHaa
[podeccnonanmsm 0,445 0,277 0,148 0,491 0,084
Obwas oyenxa 0,178 0,192 0,523 0,108
Ta6muma 7. BekTopsl II00aNbHBIX IPUOPUTETOB 4 PEKIIAMHBIX CeTel
Kpurepuit Bec Komnanus A Komnanus B Kommnanus C Komnanus D
KadecTBo nHTEpHET-Me 1A 0,287 0,260 0,191 0,320 0,229
Maciurab ousHeca 0,046 0,279 0,272 0,268 0,181
YnpasieHue pexiaMHOR
JIESITENIbHOCTRIO ¥ MaHepa 0,119 0,215 0,207 0,419 0,159
0J1a4y Marepuaa
TBOpUECKHIA TOAXO] 0,107 0,211 0,272 0,309 0,208
WuTerpuposBanHoe
MapKETUHTOBOE 0,136 0,154 0,201 0,375 0,271
[UIAHUPOBaHHE
VYpoBeHs yciyr 0,185 0,178 0,192 0,523 0,108
Pexnamubie Tapudsi 0,121 0,180 0,290 0,252 0,279
Obwas oyenka 0,211 0,219 0,365 0,205
Pane 3 2 1 4
Hcxons U3 pe3ynsTaToB pacyeToB, MOTYYEHHBIX C IPUMe- BBIBO/bI

HeaneM MAU, xommanmns C oka3anachk HanOosee mpenod-
TUTEJFHON PEKIAMHON CETHI0. DTO O3HAYALT, YTO SCIIH IPel-
TIPUSTHE IPUMET PEIICHIE BIOKUTH CPEJICTBA B PEKIIAMHYIO
cets KoMmnaauu C, To ¢ O0IBIIO0N BEPOSTHOCTHIO OHA OKAXKET-
cst Hanbonee Y PEKTUBHOM AT TOCTIDKEHIIS LeTiel pa3pabo-
TAHHOU PEKJIaMHOM KOMIIaHUU B C€TH VIHTEpHET.
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Pemenne 3anaun Beibopa Hanbomnee 3(h(HheKTHBHOM pek-
JIaMHOU ceTH B UHTEpHET NpUHUMAETCsl HA OCHOBE BEKTOpa
DI0OANTBHBIX TPUOPHUTETOB U PAHTOB, IIPUCBOSHHOTO TS KaXK-
JI0M aJIbTEpHATUBBI pelieHui. JlaHHbII KpUTEPUil SBIISIETCS
HanOoIee IMOKa3aTeNbHBIM, TaK KaK MPH €ro MOACYETe Ocy-
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LIECTBJISIETCS HE TOJIBKO CYMMUPOBaHUE 3HAYEHUM KaxA0i
aJbTEPHATHUBBI 10 BCEM KPUTEPUSIM, HO U YUUTHIBAETCS BaXK-
HOCTb KpUTEpUs Uisl Hosib3oBarenst. baarogaps stomy, mpo-
BEACHHEIN aHAIU3 ¢ HCcmoiab3oBanneM MAMU moka3wsiBaeT
BO3MOXXHOCTH 00bEKTHBH3AIIAN BEIOOPA ¥ MPUHATHS PEIIie-
HUS B TaKOH CIOKHOH M KOHIICTITYaTbHOU TpoOiieMe, Kak
BBEIOOp pekiaMHOl cetH B MIHTEpHETE.

B nepcriektrBax 1aHHOrO HCCIIEOBaHMS IUIAHUPYETCS IPH-
MEHEHHE TAHHOTO METO/IA JUTSl IIPUHSTHUS TOAO00HBIX PEIICHIN
B IPYTHX IPUKJIaTHBIX BOIIpocax pexiamsl, PR 1 6usneca.
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APPLYING ANANALYTICHIERARCHY PROCESS TO SELECTAN INTERNET ADVERTISING NETWORK

This article describes a method that simplifies an Internet advertising network choice decision-making. Choosing the online advertising
network for the ad campaign is multiobjective task, as it considers several criteria groups. The main goal is to select the best advertising
budget distribution for maximum target audience effect. The candidate solution using the analytic hierarchy process (AHP) is suggested.
This method allows to calculate the most revealing total criterion, which uses the all criteria summation of each alternative, taking into
account the importance of each criterion to the user. Because of this, the AHP analysis greatly simplifies the process of decision making

in the problem of ad network selecting.

Keywords: Internet advertising, Internet advertising network, analytic hierarchy process.
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OMNPALKOBAHHA HEBU3HAYEHOCTI Y BEJIMKUX OAHUX

V cTarTi yBeIeHO MOHATTS TEPMiHY «BEJIMKi JAaHI» Ta IIPOAHAII30BaHO MPUYNHY IX HOSBH.
IMoka3aHo piBHI BAHUKHEHHS HEBU3HAYEHOCTI y «BeJMKUX HaHux». CHOopMOBaHO MOJIEIIb CXOBHIIA
JIaHUX 3 HEBH3HAYCHICTIO Ta po3polbieHo omnepauii Hajg HUM. [TomaHo Meron (opMyBaHHS

arperary 3 BpaxXyBaHHAM HEBHU3HAYEHOCTI.

KuiouoBi ciroBa: Benuki nai, iHopManiftHui MPOAYKT, HEBU3HAYCHICTS.

BCTYII

I'moGanizamiiiHi acrieKTH pO3BUTKY CydacHOT'O CYCIIUILCTBA
BHKJIMKAIOTH TOTPEOy y IOOYIOBI CKJIaTHAX CHCTEM (DyHKIIi-
OHYBaHHS OKpEMUX IpeMeTHNX obnacteil. Tak, Ha npuKIia
yHiBepcUTeTy — 1ie (JOpMYyBaHHS PEHTHHTIB BUKIAAA4iB Ta
Kadenp, BU3HAUCHHS ITOKa3HHKIB YCHIIIHOCTI Ta SKOCTi Ha-
BYAHHS TOIIO; Ha TIPUKJIai 00JIacHOI afMiHiCcTpariii — e BU3-
Ha4YeHHS KPUTHYHNX MOKa3HHUKIB PO3BUTKY PETiOHY Ha Oc-
HOBI JJaHNX, OTPUMAaHMX BijI OpraHizaliii pi3Hoi (hopmu Biac-
HocTi. [IpoTe me ckmamHO 3poOHUTH Y 3B’A3KYy 3
HEBIiIIOBITHICTIO Mi’k BUMOTaMH, III0 CTaBIISATHCS 10 iHDOp-
MaliiHUX CHCTeM, Ta HeOoOXiIHICTIO opraHizauii (momryky
00’ €KTiB, iX CHCTeMaTH3allil, y3TOMKEHHs, IHTerpalii 1aHHX)
PI3HOTHITHMX iHQOPMALIHHIX 00’ €KTIB y CKIIaaHy iHpOpMa-
LilHy cHCTeMY, IO MPOSIBISIETHCS Yepe3: cIadKy CTPyKTy-
pH3ariio 3B’ 13KiB MiXK 00’ €KTaMU, ITOTPeOy BKIIIOYEHHS HO-
BHUX 00’€KTIB y CHCTeMY, HEIOTPUMAHHS 3aTrajJbHAX CTaH-
JIAPTiB OpraHi3aii BeleHHs TOKyMEHTOOOITY, HEMOKIIHBICTb
TIPOBEICHHS CUCTEMATH3AIlI1 Yepe3 BEIHKY KUTbKICTh 00’ €KTIiB
Ta iX pi3Hy MPHUPORY. AKTYyaIbHICTh pOOOTH BH3HAYAETHCS
TaKHUMHU 0OCTaBHHAMHU.

OmnpatrroBaHHs iHQOPMALIHHUX PECYPCiB, IO BUKOPHC-
TOBYIOTB Pi3HI MOJIENi JaHMX, CXeMH KEPYBaHHS TOIIO BUMa-
rae po3poOieHHs yHi(hiKOBAaHOTO METOAY JOCTYITY O HHUX
UTSI TOTO, 1100 HaTaTH MOMKJIMBICTh KOPHCTYBady BUOHUpPATH
aJIeKBaTHHI IHCTpYMEHTapiii U1t BUBYCHHS TA BUKOPHCTAH-
HS Pi3HUX 3aC00iB OIpaItoBaHHs TaHUX. HeoOXiaHICTh Y I1h0-
My BUHUKA€E B OpTaHi3alliif, podoTa SKiX MOJTaE B OIPAITO-
BaHHI BEJTUKOI KUTBKOCTI Pi3HOTHUITHUX, B3aEMOHE3AJISKHIX
JDKepe TaHWX, U SKUX He BCl CEMAaHTUYHI B3a€MO3B SI3KH
BimoMi i Bka3zaHi. Y OESKHAX BUITAAKAX CEMAHTUYHI 3B’ SI3KU
HEBiIOMi Yepe3 HeBI3HAYCHY KiJIbKICTh TIOYaTKOBHX [KEPEIT
abo gepe3 Opak KBaui(hikKOBaHMX JTFOIEH Y BU3HAYCHH] TaKIX
3B’s13KiB. Y IHIIMX BUIIAIKaX, HE BCl CEMAHTHYHI 3B SI3KH He-
00XiTHI Tt KITacuQiKaIiii HoCIyr KoprcTyBadaM. ToMmy B KO-
PpHCTYBa4iB HEMAE €IMHOI CXEMH, 32 SIKOIO BOHH MOXYTh CTBO-
PIOBATH 3aITUTH Bi THOCHO LLITBOBUX 33/1aY.

BHacninok kepyBaHHS Pi3HOTHUITHUMH JaHUMH 3 METOIO
O3B’ sI3aHHS AHANITHYHUX 33129 CTPATEri9YHOr0 PiBHS BUHU-
Ka€ 3a/1a9a sIKOCTi JaHMX — BIATIOBIAHOCTI BUMOT'aM KOPHCTY-
BauiB. Ha piBHI 3a1a4, [U1s1 SKUX BUKOPHCTOBYETHCS TOYKOBE
IDKEpedIo, sIKICTh JaHUX IBOTO JHKEperia € JOCTaTHROIO, 13a-
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JIOBOJTBHSIE (TIOBHICTIO YH YaCTKOBO) MOTPEOH 0cib, 110 npuii-
MAIoTh pillieHHs Ha iX ocHOBI. [IpoTe BUKOpHCTaHHS JaHuX 3
JIEKUTBKOX JUKEpEIT, Harepe/] Hey3TO/KEHHUX Ta 3 HeBiIOMH-
MH CTPYKTypaMH, IPU3BOIUTS JI0 TOTO, IO SIKICTh JAHUX Pi3KO
3HIKYETHCS 1 BYKE HE MOXKE 33/I0BOJIBHSTH MOTPEO KOPHCTY-
Baya yepe3 Hey3TO/PKEeHICTh (popMaTiB, pi3HE MOJaHHs, He-
00Xi1HE A1 BUPIIIEHHS TPOOJIEMH.

3MiHa MaciITaliB i piBHS 3314 — BiJT OIIEPATUBHOIO OIpa-
LFOBAHHS /IO aHAJIITHYHOT 0, TIPU3BENIa JI0 HeoOXiTHOCTI: onpa-
LIOBAaHHS JAaHUX 32 MEBHOIO iepapXxi€ro; 3abe3medeHHs
IUTICHOCTI JJAHUX — B CHCTEMax 30epiratoThcsl METalaHi, a He
cami 00’ €KTH, YCyHEHHS TyOJTFOBaHHS JAaHUX, 1110 HAIXOJIATH 3
PI3HHMX JDKEpEIT, BU3HAUCHHS IOBIPH 10 JPKepesa JaHuX, 10 €
PI3HMMH JUTsI pi3HUX 00JIacTel Ta Pi3HMX TPYIT KOPHUCTYBAUIB.

[poanamnizyemo iHpopMAIIiiiHi TEXHOIOTIT T OpraHi3arii
pizHOTHITHHX iH(OpManifHUX 00’€KTIB Ta HAIATOJLKECHHS
oOMiHy iH(pOpMaIii MK HUMH.

1 OIJISIT JITEPATYPHHUX JUKEPET TA
TMIOCTAHOBKA 3AIAY

OnpairoBaHHAM Pi3HOTHAIHIX HEY3TOHKEHNX JaHUX JI0C-
niHuKY 3akmanucs 3 70-x poki XX cr. Pozpo6iieHi mozerni
Ta METAMOBH OTIPAIFOBAHHS TAKHX JaHUX. [IpoTe icHyrodi Ha
CBOTOJTHI MOJIEITi T2 METOMIM CTOCYIOTHCS 200 JTHIIIe HaTIepe T
BIiIOMUX THITIB JaHUX (31€OLTBIIIOrO, PEIIAIIMHIX 06a3 TaHNuX —
npani Kaminigenka JI., Koxa K.), a6o Bupirryrors e gac-
TKOBI 3aJ1a4i OIIPAIIOBAHHS PI3HOTHUITHUX JAHUX — HAIIPHK-
a1, iHACKCYBaHHS JIst IPUAIITBHIIEHHS Tornyky (CriakamneT-
pa C). ToMy BUHHKAE HEOOXIIHICTE YIIPABIiHHS PO3pi3He-
HOIO iHpOpMaIIi€lo, a caMe 11 TOaHHS Y 3PO3YMLUIOMY ISt
KOpHUCTYBa4iB BUIISII (HABITH SIKIIIO BOHU HE 3HAIOTH 0CO0-
JIMBOCTEH OpraHizaii CTpyKTyp IbOT0 JUKepesa JaHuX) Ta
omnparrfoBanus (MOIIyKy, iHTerparii, BUIoOyBaHHI HOBHX
3HaHB TOIIIO).

OmHuM 13 6a30BUX 3aBJaHB ONPAIFOBAHHS Pi3HOTHITHAX
JTAHUX € iXHS iHTeTparis B cxoBwuiie. Po3pobieHi Ha ChOroaHi
METOJIM IHTETPaLlii JAHUX 3 CBOEIO (DYHKIII OHATBHICTIO IO~
UISTOTHCS HA J[Ba THIIH: iHTErpaItist Be6-3acTocyBans (Jlaro-
3e K., Ban e 3omriens ) Ta iHTerpariist Ha OCHOBI CXOBHIIT
nmanux (Kocman /1., Tenesi A.). IIpore mpoBenenuii aHamis
JITepaTypHUX DKEPET ITOKA3aB, IO TS ONPAIFOBAHHS iH(Op-
MaItii Bif] ycix 00’ €KTiB rary3i HeoOXiIHO ITO€ JHATH 00U IBA
TUTH iHTETpalii Ta BIOCKOHAJINTH HasiBHI MOJENi JaHUX Y
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3B’53Ky 3 JOPMYBaHHIM HOBHX BUMOT JI0 JUKEPEI TaHNX Ta
X TUHAMIYHOMY JO/laBaHHI.

3a yci€l BaKIIMBOCTI BIZIOMHX PE3Y/IBTaTiB, TEOPETUYHI Ta
EKCTIepUMEHTAJIbHI JIOCIiKEHHsI TIOBUHHI PO3BUBATHUCS B
HaIpsIMKY po3po0IeHHs eeKTUBHUX 3aC001B ONpalfoBaH-
HS IAaHUX 3 PI3HOTUIHUX 1H(GOPMAIIHUX pecypciB Ta BH-
pobiteHHs 3acal i KpUTEPiiB OLIHIOBAHHS SIKOCTI IHTETpOBa-
HUX JaHUX, sKi O MiIBUITYBaI e()eKTHBHICTh PUHHSATIX
pilIeHs.

Benmki nani (Big Data) B iHpopManiifHIX TEXHONOTisX —
Ha0ip MeTO/IiB Ta 3aco0iB ONPAIFOBAHHS CTPYKTYPOBAHHMX i
HECTPYKTYPOBaHHX PI3HOTUITHUX ANHAMIYHUX JaHUX BEJIH-
KX 0OCST'IB 3 METOIO 1X aHAJII3Y T2 BUKOPHCTAHHSI JUTS T ATPUM-
KU IPAAHSATTS pillieHb. € aJbTepHATHBOIO TPAIHIIHIM CH-
cTeMaM ynpasiiHHA 0a3aMu JaHUX 1 pIOIEHHSIMHU KJacy
Business Intelligence. Jlo mporo kiacy BiIHOCATH 3aco0u
napanenbHoro onpamoants gaHux (NoSQL, anropurmu
MapReduce, Hadoop) [1].

Bu3HaYa b HUMU XapaKTePUCTUKAMH JUTS BETUKUX JAHUX
€ obcsar (volume, B ceHci BenmmunHM (Hi3UYHOrO 00CATY),
mBHIKiCTh (VelOCity, B ceHcaX sSIK IIBUIKOCTI IPUPOCTY, TaK i
HEeoOXi/THOCTI BUCOKOIIBHAKICHOI OOPOOKH Ta OTpUMAaHHS
pe3yibTariB), pisHOMaHITTs (Variety, B CeHCi MOXIHBOCTI
OJJHOYAaCHOI 0OPOOKH Pi3HHX THIIB CTPYKTYpOBAaHHUX 1 Ha-
MiBCTPYKTYPOBAHHX JAHUX).

3 omHOTrO OOKY, Yepe3 CBOK HEOMHOPITHICTH i OCTiiHe
spocranns Big Data Bumararoth 10 cebe HECTAHAAPTHUX
miaxoniB y 30epiranHi Ta onpamroBanHi. /s epekTuBHOI
poOOTH HEOOXigHI KOMIUIEKCHI pilIEHHS MOHITOPHHTY,
¢inprpanii, CTpyKTypyBaHHS Ta IOIIYKY l€papXidyHUX
3B’s13KiB. 3 iHIIOro — BUKOpUcTOBYIouM Big Data, MmoxHa
CIIOCTEpIraTy 3a BEIMYe3HOI MHOKHHOKO 3MIHHHX, 1 Ha OC-
HOBi HaJJaHOI iH(OpMaIlii BUSBIISATH ITI00ATBHI TPEHIHN 1 BUC-
HOBKH, PO3IJISIIAI0YH IIEBHY CUTYAIIIfO B TIEPCIIEKTUBI.

OpnHi€I0 3 TEXHOIOTIH, IO JAOIIIFHO BUKOPHCTOBYBATH
Ut poOoTH 3 Benmkumu TaHuMH, € IPOCTip JaHUX.

[pocrip manux — 1e 6:I0KO0BHIT BEKTOP, IO MiCTUTh MHO-
KHUHY iH(pOpMaLiHHIX MPOIYKTiB IPeaAMETHOI 00TacTi, MOA-
iJleHy Ha Tpu GJIOKH: CTPYKTYpOBaHi maHi (0a3u, CXOBHIIA
JIaHWX), HarmBCTpyKTypoBaHi mani (XML, exextponsi Tab-
JIWITi) T2 HECTPYKTYpOBaHi aaHi (Tekct). Haz M BekTopom
Ta HOT0 OKPEeMHMH eIIEMEHTaMH BHU3HA4YCHO Omeparii Ta
TpeMKaTH, sKi 3a6e3meuyroTh [1]: mepeTBOpeHHs pi3HUX
€JIEMEHTIB BEKTOpa OIWH B OMHOT0; 00’ € THAHHS €JIEMEHTIB
OJIHOT'O THITY; ITOIIYK B €IEMEHTaX 32 KIIFOYOBUM CJIOBOM.

TMIOCTAHOBKA 3AJIAYI JOCKEHHSI

SIk Oyrmo 3a3Ha4eHO BHILE, PO3IIIAAETHCS 3aj1ada O1pa-
IIOBaHHS JaHUX, 10 HAIIMIIUTN 3 Pi3HAX, HATlepe T HEy3To-
JKEHUX JpKepen. [eanizoBaHa cxeMa OnpaioBaHHs Pi3HO-
THITHUX JaHUX [T0IaHa Ha puc. 1.

Sk GaunmMo, TIeBHa MHOKAHA JTaHUX MOXe OyTH BiCyT-
HA y IDKepesax TaHuX, a iHIIa MOXKE TIEPEKPHBATHCS Y PI3HUX
iHpopManiitHuX mpoxykTax. ToMy BUHHKa€E mpooieMa Iyo-
JIFOBAHHS, BiZICYTHOCTI, HEIOBHOTH Ta HEWITKOCTI TaHUX.

HeBu3HaveHicTs MOke BUHUKATH Ha PiBHI aTpUOyTY, KOp-
TEXKY Ta BiZHOIICHHS (HEBU3HAYEHICTH Y cxeMi oricy). [o-
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Puc. 1. Cxema KoHCOIIIALT JaHHX

sIBa HEBU3HAYCHOCTI Ha piBHI arpnlyTa i KopTexka y 3B’ 3Ky 3
0araToBMMIpHICTIO BitoOpaskeHHs iH(opMaii TpU3BOIUTH
JI0 TIOLIMPEHHST HEBU3HAYEHOCT] HA BCI IPUMIPHHUKH OITUCY
TIEBHOTO KOHIENTY. OCKUTEKH 00’ € THYIOThCSI MUTEHOHH J1a-
HUX IIpO 00’€KTH MpOOJIEMHOI 00J1acTi, TO OIPAIfOBAHHS
HEBHU3HAYCHOCTI TpaguliiiHuMu 3acobamu (iHTepBalbHA
MareMaTHKa, 6araTo3HauyHa JIOTiKa) cTae Hee(eKTUBHUM
Yyepe3 BeJIMKY KiJIbKICTh OIIepaH/iB.

PosmisiHEMO npoOnemMu oAaHHs HeBU3HAYCHOCTEH y Big
Data. Bpaxkatumemo, IIo A7 THMYAcOBOTO 30epiraHHS
iH(opManis norparuisie y GpeaepaTuBHE CXOBUILE JaHUX.

OO0’ €eKT, KM MOJETIOETHCS KOPTEXKEM BiTHOIICHHS
(haxTiB 3 BiICyTHIMI 3HAYCHHAMH 30BHIITHIX KITFOYiB, HE Ma€
BJIACTHBOCTEH!, OIMCAHNX Y BiTHOIICHHAX METaIaHUX — TaKa
HEeBU3HAYCHICTh IPUTAMAaHHA i BiTHOMIEHHIM PeIIiiANX 0a3
JIAHHIX.

Bimomo, mo 3Ha4YeHHS 3a BKa3aHUM aTpUOyTOM iCHYE,
ajJe Ha MEBHUH 4ac BOHO HEBiJOMe, IO BHKIHKA€E He-
00XiHICTh 3ACTOCOBYBATH aJITOPUTMH BUAOOYBAHHS JAHIX
IUISl YCYHEHHSI HeBU3HAYEHOCT] — Taka HeBU3HAYCHICTh Ta-
KOX ICHYe y peNsifHux 0a3ax JaHWX, ajJe METOMH ii orpa-
IFOBaHHS HE MOXKYTh 3aCTOCOBYBATHCh y CXOBHIIAX JaHUX,
OCKUTBKHM CXOBHIIIAM JTaHUX [IPUTAMaHHI HE TUTEKH 3B’ SI3KU
MDX 00’ €KTaMH Pi3HUX THIIIB, 1€ i MiXk 00’ €KTaMH OJTHOTO
1 TOrO 3K THITY (BUHUKHEHHS i€papXii 06’ €KTIB).

€ HerroBHa 2060 YacTKOBa iH(OpMAIIisi PO 3HAYCHHS, IS
BiZIOOpasKeHHS SIKOT'O BUKOPHCTOBYETHCS IONATKOBHUI aTpH-
OyT, 110 XapaKTepHU3ye PiBeHb iCTHHHOCTI TaHUX Ta MiCTUTh
3HAUCHH: (PYHKITIH pO3NOILTY, TiHI'BiCTHYHHX 3MiHHUX, CTY-
IEHIB ICTHHHOCTI 0araTo3Ha4YHUX JIOTIK (MOYKE BBOIUTHCS HA
PiBHI 3HAUEHHS aTpUOyTa, M IMHOKHHH 3HAYECHb aTPHOYTiB
a6o koprexa). [cHyBaHHS Takol HEeBU3HAYEHOCTI TIPUBOIMTH
IO TIOSIBM HEYITKOTO BiTHOIICHHS, STKE MOXKE MiCTUTH CyIIe-
pewIHBY iHpOPMAIIIFO.

Kpim Tor0, HeBH3HAYEHICTH MOYKE BUHUKATH BHACIITOK
OTPHMAaHHS arperoBaHoi iH(opmartii, Ko HeoOXiTHO 3Ha-
THU JETaNbHI aHi, HAPHUKIIAI, HEBiIOMi 00CATH IPOJaxy y
BKa3aHOMY PETiOHi 32 BKa3aHIM TOBAPOM.
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Orxe, cnierudika Big Data:

— HasIBHICTb MHOXXHHH PI3HOTUITHHX JDKEPED,

— JIyOTIOBaHHS JaHUX;

— HEOTHO3HAYHICTH OIHCY JUKEpeN JaHHX,

TIPUBOJUTB 0 TOTO, 10 HEBU3HAYEHICTB, SIKA Y TPAIULIHIX
pensmiiHuX 0a3ax JaHWX po3DIsAaiacs y MeXax OIHOTO
BiJJHOIIIEHHS 1 MOIIa BUHMKATH Ha piBHI aTprlyTa, KopTexKa
Ta Ha piBHI BiJHOIIEHHS, B IbOMY BHIIJIKy ITOIIHPIOETHCS
Yyepe3 CIpUHHATTS KopucTyBadeM iH(dopMmallii Ha Bce dene-
paTHBHE cXOBHIIE JaHuX (rinepkyd nanux). ToMmy mis onpa-
IIOBaHHsI HEBU3HAYEHOCTI Yy TiIIepKyOi JaHUX HE0OXi/1HO BH-
KOPHCTAaTH SIKICHO HOBHH ITi/IX 111, TOTpeda 3aCTOCYBaHHS SIKO-
TO HEe BUHUKAJIa y peJisIiHHNX 0a3ax JaHuX.

VY denepaTHBHOMY CXOBHIII TaHUX HEBU3HAYEHICTH MOXKE
BUHHKATH 1 Y BIJHOIICHHSIX METaJaHHX.

[Tpoanamnizyemo Miclsi BHHUKHEHHS] HEBU3HAYEHOCTEH Y
CXOBHIIIAX JJAHUX.

1. HeBu3HaueHicTb y cxeMi ocepeqHuka (MeiaTopa).

[Mocepennuk (Mediator) — mporpaMHui KOMIIOHEHT, 1110,
3 OHOTO OOKY, B3a€MOJIE€ 3 KOPUCTYBadeM IHTErpyrodoi
CHCTEMH, Ta, 3 iHIIOro 00Ky, 3 iH(opMaliitHuMH Keperna-
MU. BiH Hajae enuHy «TOUKYy BXOmy» (IpOrpaMHH iHTEp-
deiic) 175 3anMTiB KOPUCTYBaUiB Ta BUKOHYE OCHOBHI CTaIii
OITPaIfOBAHHSI 3AITUTY:

— BU3HAUCHHS JDKEPEI, sIKi MOXKYTh MICTHTH Pe3YJIbTaT
3aMuUTYy;

— IEKOMITO3HLIiF0 Ha 3aIIUTH 10 KOHKPETHHX JDKepen (Ha
OCHOBI TXHIX OIHCIB);

— ONTUMI3aLiIo IJIaHy BUKOHAHHS.

CxeMa nocepeHuKa — [ie MHO)KHHA CXE€M TepMiHiB, 110
3yCTpPIYalOThCS y 3aIuTax. Y TepMiHaX CXOBHINA JaHHX TOCe-
PEIHUKOM € METOJ BU3HAYCHHS CTPYKTYpH [pKepena. Cxe-
MOIO ITOCEPETHUKA € MHOXKUHA TaOIHUIIb MeTalaHuX. BiH He
000B’I3KOBO OXOILTIOE YCi aTpHOyTH OYIIb-SIKOTO 3 IKEpel,
ajie MiCTHTB iH(pOpMAIIiIo PO JOMEHH pKeperna qannx. He-
BHU3HAYCHICTh Y CXEMi MOCEpEeqHUKAa MOXKE BHHHUKHYTH 3
KIJTBKOX Npu4HH. [lo-Tiepiie, K0 cXeMH IocepeIHHKa aB-
TOMaTHYHO BU3HAYAIOTHCS 3 JAHUX JDKEpedI 11T Yac 3aIrycKy,
BUHHKA€ HEBU3HAYCHICTD 3 IIPUBOMY PE3YIBTATIB 3anuTy. [1o-
Jpyre, KOJH JOMEHH € ITMPOKUMH, BUHUKAE HEBU3HAYCHICTh
CTOCOBHO Bi/ITTOBITHOCTI CXEM TaHHX YH IX EPEKPUTTSL.

[HIIMME cToBaMu, HEBU3HAYCHICTD Y CXEMi ITOCEePEIHN-
Ka BUHUKA€ BHACIIZIOK IIOPIBHIHHS CTPYKTYp JaHUX JHKEpe
IUTS 3aBaHT)KEHHsI 3 HUX iH(opmarii. Taka HeBH3HAYEHICTD
TIPU3BOAUTH JI0 HETOYHOTO BiTOOpasKEHHS CXEMH JKepena i
€ IDKepeTIoM ISl iHITNX HeBM3HaueHocTei. [IpiuanaaMu He-
BH3HAYCHOCTI 3a3HAYCHOTO TUITY € 30BHIIIHI (aTaku), mpo-
TpaMHi, amapartHi 30ypeHHS B Ipolieci BigOopy, orparto-
BaHH/ Ta 3aBaHTAKEHHS TAHHX.

2. HeBr3HaueHICTh y cxeMi BiToOpaKeHH.

3a3Buyait BUHMKAE Y CIIOBHUKY CHHOHIMIB (BiqHOIICH-
HSIX METaIaHuX Miciist). Bka3aHuii THII € 4aCTKOBHM BHITA -
KOM HEBU3HAYCHOCTI y cxeMi mocepenHuka. OCKIIBKU CIIOB-
HUK CHHOHIMIB BU3HAYa€ CEMaHTHYHI BiTHOMICHHS MIX Tep-
MiHAMH B JDKepeIax JaHUX, sIKi € TIOBHICTIO HE3aJIC)KHUMH, a
0araro IepBUHHUX BiZOOpa’keHb cXeM OyIyTh aBTOMAaTHU-
HO OTPHMaHi, TO OTpUMaHi BiZOOpa)KEHHS MOXYTh OyTH
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HetouHUMHU. [IpuKiIanoM Takoi HEBU3HAYEHOCTI MOXe OyTH
BUIAJIOK, KOJIH OTHUM TEPMIHOM iMeHTH(IKYIOTH Pi3HI
00’ exTH (Toricemist).

3. HeBM3HauEeHICTh JaHUX CXOBHILA KOHCOMIIOBAaHUX Jia-
HUX.

3po3yMio, 10 Yepe3 HeCTPYKTYpOBaHICTh JaHUX, a Ta-
KOXX Uepe3 aBTOMATHYHICTh 3aBaHTAXEHHS TaHNX YaCTHHA 3
HUX MOke OyTH HeBU3Ha4YeHOW. KpiMm Toro, cucremu, siki
BKJTFOYAIOTH 0araTo JyKepelt, MOKyTb MiCTHUTH HEJOCTOBIpHI
abo cymepewrinBi naHi. HeBU3HAYCHICTP MOXKE BUHUKATU
HaBITh y TOMY BUIAIKY, KOV TIEPBUHHI AaHi OYJIM TOYHUMH,
OCKIJIBKH JUTs1 BiJOOpaskeHHs! O/THOT XapaKTEPHCTUKH MOXKYTh
BHKOPHCTOBYBAaTHUCH Pi3HI JIOMEHH.

[MpuxanoM mpeaMeTHOT 001acTi, sIKa ICKPaBO AEMOHCT-
PY€ Takuil T HEBU3HAYEHOCTI, € CHCTEMA IIepEeBIpKH J0C-
TOBIPHOCTI MOAIH. Y bOMY BUITa/IKy BayKJIUBY POJIb Bilirpae
CTYIIIHB JIOBipH JIO JDKepea JaHuX.

4. HeBM3HAYCHICTH 3aIIUTIB.

HeBu3HadeHicTb 3aInTiB BUHNKAE Y 3B’ SI3KY 3 HASIBHICTIO
Pi3HHUX MoJIeNei TaHNX Ta iX BUPa3HOI IOTYKHOCTI, OCKUTHKH
crcTeMa cama TpaHc(OpMye 3aInT, OTPUMaHHH BiJ] KOpHC-
TyBa4a, HalIPUKIIA]l, Ha OCHOBI KITFOYOBHX cIiB. [Ti gac me-
PETBOPEHHS IIOTo THITY 3aruTy y SQL-3amut 1o cTpykTy-
POBaHOTO JLKEpesia MOKe BUHMKHYTH HEBU3HAYEHICTh 3 pe-
3yNIETaTaMH 3aIluTy.

HeBusHaueHicTh 3aNMTIB SICKPaBO AEMOHCTPYIOTH TTOLTY-
KOBI cCHCTEMH, JIE 3a 3alINTOM KOPHCTYBa4yeBi HaJIa€ ThCs HAJl-
TO 6ararto pe3ysbTaTiB MOUIYKY i JIHIIE YacTHHA 3 HUX Ha-
CIpaB/Ii 33/I0BOJIBHSIE KOPUCTYBaya.

TIOJAHHSI HEBU3HAYEHOCTI Y CXOBHILAX
TAHIX

[poxkmacudixyeMo TAIH HEBU3HAYEHOCTI 32 XapaKTepOM
iX osiBM y ipocTopi AaruX. OHIET0 3 epIIiX poOiT y Iho-
My Hanpsmi € pobora JI. 3ame [2]. T. Ilemsmep mimkpeciioe,
10 HEBU3HAYCHICTH, Oyaydn 00’ €KTUBHOIO (POPMOIO iCHY-
BaHHSI OTOYYIOUOIO HAC PEabHOTO CBITY, OOyMOBJEHA, 3
OIHOTO OOKY, 00’ €KTHBHUM ICHYBaHHSM BHUITaKOBOCTI 5K
(dbopMu MPOSIBY HEOOXiTHOCTI, a 3 1HIIOTO — HETIOBHOTOIO
KOKHOTO aKTy BiOOpaXEHHsI pealbHUX SBHII B JIFOACHKIN
cBigomocrti. [Ipraomy HemmoBHOTA BiHOOpa>keHHS TIPUHITH-
TIOBO HeTlepeOopHa Yepe3 3arabHIi 3B’ 130K BCiX 00’ €KTIB
PeaTbHOTO CBITY 1 HECKIHUEHHOCTI iX pO3BUTKY. BupaxkaeTs-
Csl HEBU3HAYEHICTh B Pi3HOMAHITTI ITEPETBOPEHHS MOMKITH-
BOCTEH y MIHCHICTB, B iCHYBaHHI MHOKHMHH (SIK TIPaBHIIO, He-
CKiHYEHHOI KITBKOCTI) CTaHiB, B IKUX 00’ €KT, L0 3MiHIOETHCS
B IMHAMIIII, MOXe repedyBaTu B MaliOyTHIT MOMEHT Jacy
(Lemsmep, [3]).

VY (Moicees, 1975) HaBoaUTLCs Taka Kiacubikaris He-
Bu3HayeHocrel [5]:

—3a CTyleHeM HeBU3HAYeHOCTI: IMOBIPHICHA, JITHTBiCTHY-
Ha, IHTepBaJIbHA, [TOBHA HEBU3HAYCHICTE,

—3a XapaKTepOM HEBU3HAYCHOCTI: ITapaMeTPIYHa, CTPYK-
TypHa, CUTYaIliliHa;

—3a BUKOPUCTaHHAM OZIePyKaHOI B XOIIi KepyBaHHS iH(pOp-
Mariii: mepeOopHa i HeBUIIPaBHA.
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V Hiesa B. C. i Tpyxauesa P1. [4, 6] HaBonuThCs AeTasbH-
imra kacuikamis HeBU3HaYEHOCTEH B Cy4acHUX €KOHOMIU-
Hux cucremax ([ues, 2001; Tpyxauos, 1981). V [7] Bu3Haue-
HO THIIM HEBU3HAYEHOCTEH, MPUPOJIOIO SIKKX €:

— 3Ha4YeHHs HeBigoMe (BiICYTHE);

— HETIOBHOTA 1H(OpMAIIi;

— HEYiTKICTh (CTOXaCTHYHICTb) — BUKOPUCTAHHS PO3MOLi-
JIy JUTSl BCTAHOBJICHHSI ICTHHHOCTI 3HaHB,

— HETOYHICTB (CTOCYEThCS YUCITOBUX TAHKX);

— HeIETEpPMiHOBaHICTh IIPOLICAYP BUBEACHHS PillieHb (BU-
TaJIKOBICTh);

— HEHAIIIHICTD JAaHUX,

— 0araTo3Ha4HICTh IHTEPIIPETAILii;

— JIHTBICTHYHA HEBU3HAYEHICTh. HEBU3HAYECHICT 3HAYEH-
HS CJIOBa, HEBU3HAYEHICTh 3MICTy PEUCHHS.

Ha puc. 2 mopaHo piBHI yBeZIeHHS TUITIB HEBU3HAYEHOC-
Tel y cXxoBHI JaHuX. HeBU3HAaYeHOCTI Ha PiBHI arperoBaHnx
JTAaHNX BHHHKAIOTh HA OCHOBI aTak — OJIOKyBaHHS JaHUX y
JOKEeperti, TPUXOBYBaHHIM YacTHHH iH(popMarii Tommo. He-
BU3HAYEHOCTI Ha PiBHI METaIJaHNX BUHUKAIOTh, B TIEPIITY Yep-
Ty, Ha OCHOBI ITPOTrpaMHHX 3001B, a TAKOXX Yepe3 HasBHICTh
aTax Ha PiBHI JoKeper JaHuX (3MiH CTPYKTYp JaHUX DKEPe).

PosrstHeMo feTanbHile BKa3aHi THITH HeBU3HAUYEHOCTEH
Ta BUSBUMO MiCIIA iX TIOSIBY Y CXOBHIIAX JaHuX [8]. AHamizy-
BaTUMEMO HEBH3HAUEHOCTI, 1[0 BHHHUKAIOTH y PE3yJIbTaTi
KOHCOMiIauii TaHUX y €MHE JDKePeNo (JIOKaIbHE YU BipTy-
aNpHe), a, OTXKe, MATUMEMO CIPaBy 31 CTPYKTYPOBaHHMH
JaHAMHU. [ IOMaHHS €JMHOTO JKepeia BUKOPHUCTOBYBA-
TUMEMO pEJISIiHHY MOJIEIb.

BincyTHICTh TaHUX BUHUKAE BHACIIIOK BiZICYTHOCTI OIH-
Cy HEO0OX1HOI XapaKTEepHUCTUKH Y MeTalaHuX. BincyTHicTh
MOJKe BHHUKHYTH a00 depes Te, [0 HeoOXiTHOI XapaKTepH-
CTHKH He 3HalIeHO Y iH()OpMAIifHUX POIYKTaX, IO € DKe-
PEJIoM ISt CXOBHIIA TAaHUX, 200 BOHA HE BKIIFOYCHA IO MeTa-
JTAaHWX Yepe3 HeTOCTATHIN PiBEHb IOBIPH.

HeginomicTs taHux 3ycTpivaeThest Ha piBHI 3HAYEHHS Xa-
pakTepucTuky (aTpuOyTy y pensiiiiHux 6a3ax JaHuX) i 03Ha-
Yae, 0 3HAYCHHsI IPUTAMaHHE 00’ €KTY, ajie HeBiIoMe!

s={A, unk},

zie S — 00’ €KT, SIKUH ONUCYETHCSI KOPTEXKEM XapaKTEPUCTHK
KOHCOIIZIOBaHUX TaHHX, UNK — BiZICyTHE 3HA4YEHHSI, A — pel-
Ty 3Ha4eHb aTPUOYTIB XapaKTEPUCTHK KOPTEXKY KOHCOJI10-
BaHUX JaHuX, UNK U A =s,unk " A =J.

Y BUMa Ky MOSIBY HEBIOMOCTI Ha piBHI METaIaHUX IPH-
3BOJIATH JI0 3alIyMJICHHS BCi€l iH(pOopMallii, 1o OTpUMYeTh-
cs1 BT JDKEpesia JaHNX 3 HEBITOMUM aTpHOyTOM.

Henosnoma € cranom 00’€KTy, y SIKOMY € IIiJMHOXHHA
BIJICYTHIX 3Ha4€Hb XapaKTEPHCTHK. SIKIIO I i IMHOXXHHA €
TIOPO>KHSI 1 MU TOBOPHUIO PO PETILIHE TTOIaHHs JAaHUX, TO
OTpUMAaEMO TpaaWIiiHMI KopTex. BincyrHicTs iH(popMarii €
TaKOX YaCTKOBUM BHITAJIKOM HEMOBHOTH iH(OpMaIllii, Koian
KUTBKICTD HEBIZIOMUX 3HAYEHb aTpUOYTIB KOPTEXY JIOpiBHIOE 1.
HenoBHOTa MOYKE 3’SIBIIATHCSI SIK 1 Y BIZTHOIICHHI, Y SIKE IHTET-
PYIOTBCS IaHi, Tak 1 y MeTaJaHuX sIK pe3ysbTaT 300iB podoTH
METO/ly BU3HAUEHHS CTPYKTYPH JKEepena.

s={A,{unk}}, Junk|<|A|.

HeBn3nadenocti tumiB 3-8 kinacu}ikyoTh sk HEOXHO3-
HaYHICTh JIaHMX, [0 MEepeBaXKHO BUHHUKAIOTH Ha PiBHI 00-
’exTa 200 MAMHOKMHU 3HAYEHb XapaKTEPHUCTHK, 13 SKUX
(opMyeThCs KOpTeXK. BOHM BUHHUKAIOTH SIK PE3yIbTaT aTak
Ha piBHI okepen JaHuX (iHhopMaLiHHUX NPOIYKTIB).

Heuimxicmb BUHHKa€E yepe3 HEIIOBHE BUBYEHHS a00 He-
OIIHO3HAYHE BiOOpaKeHHS XapaKTePHUCTUK CyTHOCTI. Mo-
JIEIIFOETHCS 3@ JOTIOMOT'OI0 TOTIOBHEHHSI CXEMHU BiJHOLIIEHHS
JONATKOBUM aTpuOyTOM (aTpuOyTamu), 3HAUYCHHS SIKHX
MICTATH PiBEHb BIIEBHEHOCTI Y ICTHHHOCTI ITi IMHOKIHH 3Ha-
YeHb HEKIIOYOBUX aTpuOyTiB. Takok BOHA MOma€e piBeHb

JIOBIpH 110 XapaKTEPHCTHKH pattr @, ).

rﬂVlGVlHa BU3HA4YeHHA |'|0L|JI)I/_IK nepesus- nowyk 3MeLll eHHA
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SAKOCTi AaHUnX

Puc. 2. Tunu HeBU3HAYCHOCTI y (heiepaTUBHOMY CXOBHIIII TAaHUX Ta PiBHI iX BBEICHHS
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MATEMATUYHE TA KOMIT'IOTEPHE MOJIEJIIOBAHH 1

s={A, unky, unk,,..., unk.},

AeK,A", 1<n<|A],

unk g = P2 (i, ), |A| > funkyg, unks,...,unk, |

e K — MHOKHHA 3HAYEHDb KJIIOUiB, A’ — MIIMHOKHAHA 3Ha-
YeHb HEKJIIOYOBHX aTpuOyTiB. PiBeHb BIIEBHEHOCTI MOXKeE
MO3HAYATHCS 32 JOIIOMOTOIO YHCIOBOI KM, JIHTBiCTHY-
HHX OLIHOK, HEYITKOI BEJIMYMHH TOLLIO.

Hemounicms oTpuUMy€eThCS BHACTIIOK 3aCTOCYBAaHHS
MaTeMaTHYHUX OIepalliii HaJl YUCTOBUMHU JaHUMHU (IIOTO
THUITY € TAKO)K HEBU3HAYCHICTB, TKa BUHUKA€E BHACIIIOK PO-
60TH 3 iHTEpBATLHUMUM BennunHaMu). e Tvn HeBu3Ha-
YEHOCTI MOIETIOETHCS 3a JIOIIOMOTOI0 JTIOAATKOBOTO aTpH-
OyTa i MO)kKe BUHUKATH Yepe3 HEUiTKiCTh B MeTalaHuX. Bu-
HUKAE JIOBOJIi YaCTO Y 3B’ 3Ky 3 OMPAIFOBAHHAM JaHUX, IO
30epiraimck Ha pi3HUX IIaT(GopMax, BHKOPUCTOBYBAJIHCH JUIS
BHUPIIIEHHS Pi3HOTO KJIacy 3a/1a4.

s={A{unk}}, {unk}c A, Design(A)e {unk}.

Heoemepminosanicms npoyedyp eusedenns piuieHs (BU-
MaKOBICTh) BUHUKAE Y TOMY BHITAJIKY, KOTM HEOOX11HO 30e-
piraTy IpoMi>kHi ab0 KiHIIEB] pe3yIsTaTH MpoLeNyp BUBE-
JIEHHS 200 PUHHATTS PillieHb, 2 TAKOK — Y BiTHOIIEHH] (haKTiB
Ha piBHI 3Ha4Y€Hb arperoBaHmXx aTpuoyTiB. MoIeIroeThes 32
JIOTIOMOT'OF0 PO3IIMUPEHHS CXEMH JaHUX Ta BUHUKA€E BHHST-
KOBO y arperoBaHux JaHux (rinepkyoi):

s=s U {unk}, {unkje A, Design(s)e funk}.

Henaoitinicms € TATIOM HEBU3HAYEHOCTI, IKHI1 BBAXKAECTh-
sl OIHIETO 13 XapaKTepUCTHK 00’ €kTa. Xoua cama Mpupona
i€l XapaKTePUCTUKH € HEBU3HAYCHOIO, Y BiTHOMICHHI fK 11
JIOMEH BUKOPHCTOBYIOTB TPAAULIHHY YHCIOBY LKAy Ta 3a-
CTOCOBYIOTB JIO i1 3HaUCHb TPAAXLIiHI MAaTeMaTHIHi OIepaIii.
BuHuKae BHACHIZIOK BUSHAYEHHSI JIOBIpU 3BEpPHEHHS JI0 JUKe-
pena manux P( ). MomemroeTsest 38 JOMOMOTOIO IOTIOBHEH-
HsI CXEMH KaTaJIOTy TAaHUX JOJATKOBHM arpuOyToM. 3Ha4eH-
HS IIBOTO aTpUOyTa 3MIHIOETBCS Y PE3YNIBTaTi poOOTH TPO-
cTopy naHux. [IpencraBiseThcs K XapaKTEPHCTHKA,
obepHeHa 10 3HaYCHHSI TOBipH JI0 JDKepesa JaHuX.

s=s u[unkj], unk; ¢ A, unk; :W'

bacamosnaunicmos inmepnpemayii € OTHAM 13 JKepen
BUHUKHEHHS cynepeqHocTeil. Takuii THIT HeBH3HAYEHOCTI
BUHHKA€E HAMJACTIIIIE HA PiBHI ACTATHHUX JAHUX Yepe3 OTPH-
MaHHS iH(opMarii i3 pi3HUX HKepelt i HEMOKITHBICTh BU3HA-
YeHHS iICTHHHOCTI JaHuX. [[ist BigoOpaskeHHS IIOTO THITY
HEBU3HAYEHOCTI CXEMY BiHOIICHHS JOMOBHIOIOTh JONATKO-
BUM aTpUOyTOM, KM MiCTUTB CTYITiIHb BIIEBHEHOCTI Y iCTHH-
HOCTI JAHUX KOPTEXKY. Bis THITY HEUiTKICTh BiAPi3HSIETHCS THM,
110 BBOAWTHCS HA PiBHI Bi JTHOIICHHS.
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Jlinegicmuuna nesusnayeHicmy TIOB’ 13aHa 3 BUKOPUCTaH-
HSIM IPUPOIHOT MOBH B iH(MOpMauiiHuX pecypcax (y Tek-
CTOBHX (haiiiax Ta BeD-pecypcax), ki MatoTh SIKICHHI Xapak-
Tep, 1 MOXKe BUHUKATH BHACIIZIOK HEPO3yMiHH (HE3HAHHS)
3HAYEeHHs CJI0Ba 200 HEPO3yMIHHS 3MicTy pedeHHs. Taxuit
THIT HEBU3HAYEHOCTI 3yCTPIYA€THCS Y CHCTEMAX OIPAIFOBaH-
HsI TEKCTOBOI iH(popMaii (CHCTEMH aBTOMATH30BaHOTO Te-
peKIIay, CHCTEMH JJIsl CAMOHABYAHHS TOIIO). Y KOHTEKCTi
CXOBHII JaHWX BHHHKA€ BHACIIJOK ONpaIlOBaHHSI Ha-
MiBCTPYKTYPOBaHOI iH(PopMallii (TEKCTH, BEO-CTOPIHKH TOLLO).

Po3mstHyTI THITH HEBH3HAYEHOCTEH MOXKYTh HAKJIaAaTHCh
a00 OyTH JUKEpEIoM ITOSIBY OJTHA OJTHOI.

MOIEb CXOBHUIIA JAHUX 3 HEBUBHAYEHICTIO

Cxema cxosuwa danux 3 neeusnauenicmio Cg' —
CKiHYCHHAa MHOXXHHA IMEH aTpHUOYTiB {Al, Ay e An}, 3Ha-
YEHHsI SIKUX € YITKUMU, {A_unkl, A_unkz, A_unkp} 3 He-
YiTKUMH 200 HEJIEepMiHOBAaHMMHM 3HAYEHHSMHU, MHOXHHA
imen atpuOytis {Unk , Unk,, ..., Unk }, noMeHamu skux €
YHCIIOBI IaHi, 1110 MOZICNIIOIOTH IMOBIpHICHI JaHi, 3HAaUSHHS
(YHKIIT IPUHATIEKHOCTI HEYITKUX MHOYKHH, CTYITIHb 1CTHH-
HOCTI 0araTo3HayHO] JIOTiKH, TPOLIEHTHI BiTHOIIEHHS, KOe-
(imieHTH, PI3HOMAHITHI ITKAIX 200 JTiHTBICTUYHI OIiHKH, CXe-
MU CITIOBHHKA cHHOHIMIB DiC Ta cxemy metananux Cg:

Cg'=<{Cl, C,..,Cr} {C_unky, C_unk,, C_unkp},
{Unk,, Unk,, ...,Unk .}, Dic, Cg>.

HeBusHaueHNMH BBaXKAIOTHCS 3HAYEHHS aTprUOyTiB MHO-
xuHK C_UnK, a piBeHb AOBipH 10 HUX 30epiraeThcs y 3Ha-
YeHHsIX aTprOyTiB MHOKHHE UNK.

J11s1 BinoOpaxkeHHs 3B”sI3KiB MiXK aTpHOyTaMH MHOXXHH
C_unk Ta Unk Bukopucrano Ginapse BigHomenuns Meta,
3HAYEHHS SIKOTO BU3HAYAIOTHCS HA OCHOBI BUOIPKH ITPEICTaB-
JICHHSI [pKepena i B kaTano3i qaaux Cg:

Meta = |metajj - oarg(i) (C9)| ,Vi=1p,vj=1m,

metai- _ 1,UnkJ <C _unki AGarg(j) (DIC) .
! 0, B iHIIOMY BHIAJAKY
CymMa 110 psiztkax OiHApHOTO BiTHOIIEHHS piBHA 1, OCKiIb-
KM BBO)KaTUMEMO, III0 CTYIIiHb JIOBipH 10 aTpuOyTa HEe BKa-
3yBaTUMETHCS IBOMA i Gitbinie aTprubyTamu i3 Muokurr Unk:

__n
Vi=1,p,) meta; =1
1

Bsenenns BinmHomenus Meta 1o3BoanUTE MOAETIOBATH
Oymb-SIKi TUTIF HEBIU3HAUYCHOCTEH, HE PO3IIUPIOI0YH JOMEHIB
aTpUOYTIB.

Kopmeoic konconioosanux danux dc — indopmartiiamii
ormc 00’ ekTa t mKepena naHux S, MOAAHUH Y BUTIIAII MHO-
XUHU (KOPTEXY) 3HAYCHH XapakTepUCTHK (arpuOyTiB),
MiIMHOKIHHA 3HAUYEHb aTPHUOYTIB SKOTO MICTUTH JNaHi Ipo
00’ €KT, IKepeso TaHuX Ta CHHOHIMiYHI Ha3BU 00’ €KTa, TIPH-
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Ta6muna 1. [IporpamMsl a1 aHanm3a U HHTEpHperanuu curxana OKI

Ha3Banue nmporpamMmbl

ITpousBoauTe/b

KiioueBble BO3MOKHOCTH

ECG interpretation software C [1]

Schiller (IlIseiitapus)

Bosbme 100 pa3ubix BapuantoB uHTepnperanun DKI'

Signal-Averaged ECG Software

(SAECG) [2]

Schiller (IIseiinapus)

Amnanus curnan-ycpeaneHaoit OKI'

Heart Rate Variability (HRV)

Software [3]

Schiller (IlIseiitapus)

Ananu3 BapuabensHOCTH cepaeunoro purma (OKT)

Marquette 12SL [4]

GE Healthcare (CIIIA)

Amnamu3 OKT B 12 oTBeneHUsIX; YHUKAJIbHBIC KPUTEPHU OLCHKH ST-
u QT-cermenToB u 3y6ma T; aBTOMaTn4deckoe 0OHapYKEHHE
apUTMUI

Cardiosoft [5]

GE Healthcare (CIIIA)

Pacmmpennslii ananus cermenta ST; aHAIU3 allbTEPHAHCOB 3y0I1a
T; aBToMaTH4eckoe u pydHoe uzmepenue uatepsanos JKI'; ananus
APUTMUM 110 2 OTBEJICHUSIM; YHUKAIBHBIC aJITOPUTMBI (PHIIBTPALIH
LIIyMOB ¥ BBIPaBHHBAHUS H30JIHHUH

FP-804 [6]

Fukuda (SIronust)

Ocnognele namepenus: YCC, RR, PR, QRS, spems QT, QTc,
anekTpudeckas ocs, SV, RV5(6); BBoa HHGOpMALNK O MALKEHTE;
120 tunoB xojoB uHTepnperanuy 1 130 THoB K010B MUHHECOTHI

— u3MepeHne HHOOPMATUBHBIX [TAPAMETPOB;

— aHaM3 BapuabelbHOCTH CEPJCYHOr0 PUTMA;

— NpeJCTaBIEHHE PE3YJIETATOB aHAIU3a B rpa)UuecKoi
dopwme;

— MHTEPIpETaIHs Pe3yJasTaTOB aHaIu3a HH(pOpMaTHB-
HBIX IAPAMETPOB;

— aBTOMAaTU4eCcKoe (pOpMUpOBaHUE HHTEPIPETAIIMOHHO-
T'O COOOIIEHUS.

AJITOPUTM JEJIMHEAIIM CUTHAJIA KT’

[on nenuneanueii curnana KT nmoHuMaroT onpenene-
HHE BPEMEHHOT'0 TIOJIOXKEHHS XapaKTEePHBIX TOYEK CUTHAJIa
(3youoB P, Q, R, S, T u rpanunr QRS-xommiekca, P- u
T-BoH).

Huxomraeckwnit xapaktep curaaixa DK 1 ero criekTpas-
HBIE COCTaBIIAIOINE, KOTOPBIE, B OCHOBHOM, TIOSBIISIOTCS B
XOPOIIIO H3BECTHBIX M PA3IIMIUMBIX ITOIOCAX YacTOT, Cea-
s DK momxosimM KaHAUIaTOM JUIi MHOTOYPOBHEBOTO
PAa3JI0KEeHHS ¢ TOMOIIIBIO BewBIeT-1Ipeodpa3oBanus. [1o3To-
MY B OCHOBY anroputMma Aenurearwn curgana IKI momo-
JKEHO MaTEMAaTUYECKUH anmnapat BeHBJIeT-aHAIu3.

B xauecTBe MaTepUHCKOTO BeHBIET OBLT BEIOpaH OHOp-
TOTOHANTBHBIN BeiBieT «biorl.5». Ipaduku ckemuHT-QyH-
KIUH ¥ BeHBIET-(QyHKIMN JaHHOTO BEHBIIETa IPEICTaBIIE-
HBI Ha pHc. 1.

Beliner sBnseTcsi CHMMETPUYHBIM, UMEET KOMITAKTHBIN
HOCHTEITb, PABEH IEPBOU MPOM3BOJHON OT CKEHITHHT-(pYHK-
LM ¥ UMEET OMH HYJIEBOH MOMEHT. DTO JIeNaeT ero mc-
MIOTF30BaHME OYeHb YIOOHBIM pH aHamm3e curaana DKI.

Ipy MHOTOYPOBHEBOM Pa3IOKEHHH cUTHana (puc. 2)
BBIYUCILIIOT KOA(PPHUINEHTHI aIpOKCUMAITHH AJ., KOTOpBIC
TIPEICTABIIAIOT CTIIaKEHHBIH CUTHAJ, ¥ KO3()(DUINEHTH!I 1e-
Tanu3anun D, KOTOpbIe OMHCEIBAIOT BBICOKOYACTOTHBIE KO-
ne0aHus CUTHAIA.

BeiiBneT-mipeoOpa3oBaHus ¢ OJHUM HYIIEBBIM MOMEH-
TOM MOXHO pacCMaTPHUBATh KaK MHOTOYPOBHEBEIH Tu(de-
PEHIMABHBIN onepaTop 1-ro mopsaka CriakeHHOro CUTHa-
ma. B aToM ciaydae MakCHMYMBI MOZYISI BEUBIIET-TIpeoOpa-
30BaHUS MPEICTABISIOT COOOH MaKCUMYMBI MOIYIIS IIEPBOU
TIPON3BOJHON CITIAKEHHOTO CUTHAJIA, & TOYKN IEPECEUCHNUS

15
L] 1 )
3
E 05 1
i
0
05 : . . .
0 2 4 6 8
Yac, ¢
a)
15
1t .
L 05} ;
=<
E 0
c
3 o5} :
A .
.1 ) A A A A
50 2 4 6 8
Yac, ¢
0)
Puc. 1. I'paduku CKeiIMHT- U BEHBICT-OYHKINH BeiiBiIeTa
«biorl.5»

BeHBIIET-TIPe0Opa3oBaHuUs C HyJIEM COOTBETCTBYIOT ITOJIOKE-
HUSIM JIOKQJIEHBIX MUHIMYMOB H MAKCHMYMOB CIJIa>KEHHO-
ro curaana. CieoBaTeIbHO, TOYKHU IIepeceyeHus BeHBIIeT-
mpeoOpa3oBaHUs C HYJIEM Ha MEpBOM MacmTabe COOTBET-
CTBYIOT TMOJOXXEHHSIM JIOKaJIbHEIX JKCTPEMYMOB
aHaIN3NUpyeMoro curaaia [8].
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Puc. 2. MHOTrOYpOBHEBBIIT IIPOLIECC YTOUHEHHMSI ITOJI0KEHUS [THKOB

OnHaKO W3-32 IPUCYTCTBHA Hoiv[ex BO3MOXKHO ITOSIBJIE-
HHUe OONBIOro Yrcia IMepecedeH il ¢ HyJeM BOU3U UCKO-

MOIro MaKCMMyMa CHTHaJIa. HOCKOJIBKy 9HCIIO IIepecede-
O6Hapy>xeHune Ha MacwTab ax

HHUH C HylIeM YMEHbLIAaeTCs IIPH YBEIMYEHWHW Maciuraba, |~ worabyxesne
YIeM yM P yB ! QRS-KOMMNIEKCOB ot 2* po 2*
NpUMEHSIeTCs cXxeMa, 00IIast uiest KOToOporo CBOAUTCS K IOC-
JIeZI0BAaTEIFHOMY BBIYHCIICHHIO NIepeceueHHH BeiiBIeT-pe- !
o0pa3oBaHus C HyIeM IpH MPOABHKECHHU OT OONBIIErO '
1
Macmraba K MeHbpIIeMy. TakuM 00pa3oM MOXKHO OTOpO- !
CHUTB IITYMBI U apTePaKTHI. ! \ L--—- Ha macwrabe 2*
1
[}
1
1
1

O6HapyXeHue UHAUBUAYANbHbIX
BO/IH QRS -KOMMNEKCa

——————a

Hcnonp3yst HHGOPMAIHIO O JIOKATBHBIX MAKCUMYMax, Onpegenexme rpaHuL

|
|
|
|
QRS-koMniekca :
|

MHUHHUMYyMaxX M TOYKaX MepecedeHus ¢ HyJIeM Ha pPasHBIX
Macmrabax, aaropuT™ HACHTUGUIHPYET 3HAYUMBIE TOUKH - fomo - -
curnana (puc. 3). Ha mepBoM mrare onpesensercs mosioxe- ;

JInHenHas nHTEPpNONAUMNA
nue QRS-kommurexcos. Janee BoIOTHsETCS MOUCK Q- 1 S- QRS-KOMMEKCOB

BOJIH, 3aTeM YCTaHaBIMBAIOTCs rpaHuibl QRS-komIuekca. |
Hcnonp3yroTes 1Ba KpUTEpHs: IOPOrOBbIM KpUTEPHUM U Kpu-

. . O6Hapy>xeHVe 1 yCTaHOB/EHNE
TepHil JIOKaJIbBHOTO MUHAMYMa, KOTOPBI YYHUTHIBAET BO3- rpamnu T-sonn | [T { Hamacurabe 10
MOXXHOE IepeKphITHe BONH. [Tocie onpeneneHus To4ek, Ko-

TOpBIE 33IAI0T MONOKEHHE HavYasa U KoHia QRS-komruiek- |
Ob6Hapy>xeHune n ycTaHoB/eHne Ha MacwTab ax

ca, QRS-koMmiekc HMCKIIOYAIOT MyTeM IuHelHow | COHAPYXEHUEM ycTaHoBnewne | _____ CLLTab &
rpaHuu P-BonH oT2°p02

MHTEPHOISIMN CUTHANIA MKy STHMHU TOYKaMH. ITO OCy-

IIECTBIICTCS C LIENbIO IoAaBacHus BimstHust QRS Ha cMex-

Hble P- 1 T-BonHEL Clremyromniye maru aropurMa — 00Hapy-
YKCHHUE IKOB W YCTaHOBIICHUA rpaHuI] P- u T-BOIH.

Puc. 3. briok-cxema anroputma nenuHeanun curaana KT
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HEMPOCETEBOM KJIACCU®UKATOP
KAPITAOIHUKJIOB KT

[Moce unentnduxarun curaana DK cnemyromnmm 3ta-
TIOM aHaJIn3a SIBIIIETCs KiTaccu(pUKaIys Kap AMOIMKIIOB. 3a-
Jada K1acCH(UKALNH KapIUOINKIIOB ITPEICTABISIET COO0H
3a/lauy OTHECEHUS KapIUOLMKIOB K OJHOMY U3 UEThIpex
KJIaCCOB!

— NOR - 6e3 naronorui;

— LBBB (Left Bundle Branch Block) — 610kana nepoi
HOXKHM myuka ['uca;

—RBBB (Right Bundle Branch Block) — 6nokana npaBoii
HOXKHM Imyuka ['uca;

—PVC (Premature Ventricular Contraction) — sxexynou-
KOBasi DKCTPACUCTONA.

[MockonbKy pemienue 3a1a4n KiaccuprUKany SBIsSETCs
OJHUM H3 BaXHEWIINX NPUMEHEHUI HEHPOHHBIX CETEH,
OBbUIO MIPUHATO pEIIeHUE MOCTPOUTH KIIACCU(PHUKATOp Kap-
JIMOLMKIIOB HAa OCHOBE HEHPOHHOM cetH (puc. 4).

Ha BX0z161 HEMPOHOB TIEPBOTO CIIOS ITOCTYyNaeT 24-3e-
MEHTHBIH BEKTOp MPU3HAKOB KapaHOLHKIIa (Talu. 2), Kiacc
KOTOpOTO HEOOXOAMMO OIpENeINTh. BBIXoasl HEHpOHOB
MIEPBOTO CJI0S HOCTYNAIOT Ha BXOABI HEMPOHOB BTOPOrO €104,
a BBIXOJBI HEHPOHOB BTOPOTO CJI0S1 (POPMUPYIOT BEKTOD
BBIX0ZI0B ceTH. LleneBoii BeKTop cetu sBisieTcs 4-37eMeHT-
HBIM BeKTOpoM. [IpaBuIIbHO (DYHKIIMOHMPYIOIIAs CETh J0J1-
JKHA OTBETUTH BEKTOPOM C €JUHULIEH B €TUHCTBEHHOM dJI€-
MEHTe, MO3HIUS KOTOPOro COOTBETCTBYET HOMEPY Kiacca
IIPEJCTaBIEHHOr0 SK3eMIUIsIpa. Bee Ipyrue aneMeHTs Bek-
TOpPa BBIXO0/1A JIOJKHBI OBITH HYIISIMU.

CTPYKTYPHASA CXEMA ITPOI'PAMMBI

Jlnst mporpaMMHOM peanu3anni BbIACIEHHBIX BO3MOXK-
HOCTEeH OBIIO BEIOPAHO CTPYKTYPY IIPOTPaMMBI, CXeMa KO-
TOpOH MpEICTaBIICHA HA pHC. 5.

[Tporpamma nMeer nepapxudecKyro CTpyKTypy B COCTO-
UT U3 TATH QPYyHKIIMOHATBHBIX Momyieit. Kaxmprii Momyns
pelIaeT OTACNBHYIO 3a/1a4y.

Momyns penBapuTeNbHOM 00paOOTKH CHTHAIA TTO3BO-
JSIET BBIMOIHATE PECAMILTHHT (IEPEANCKPETH3AMIO) CHT-
Hana JKI ¢ gacroroii 250 ['1. HeobxonmmocTs 3Toi tiporie-
ItypbI 00yCIIOBJIEHA TEM, YTO IPOrpaMMa JIOIKHA OJMHAKO-
BO 00pabaThIBaTh CHUTHAJIBI C PA3JIMYHBIMU YaCTOTAMHU
nuckperusanun. Yacrora quckpernsarmu 250 ' npusHana

2014. Ne 1
Bxon CKpbITbIN BbixoaHOM
cion con
QRS
PQ
Qr NOR
preRR LBBB
postRR RBBB
morphl pvC
morph19
24 12 4
35eMeHTa HelpoHOB HelipoHa

Puc. 4. Cxema HelipOHHOIT ceTH Jutst KnaccupUKauu
KapJUOLUKIOB

Ta6muna 2. [IpusHaku it kiIaccuduKamiy KapAuonUKIOB

Homep Ilpusnak

[N

JuurensHocth QRS-kommiekca (QRS)

JumtensHocts uarepsaia PQ (PQ)

JrensrocTh unTepBana QT (QT)

JUIMTEIIBHOCTD MPEIILIECTBYOMIECTO
RR-untepBana (preRR)

BN

JUTMTENBHOCTD MOCIIEAYOLIErO
RR-unrepBana (postRR)

HopmanuszoBanHbsie MOpdonoruueckue
npu3Haku curHana OKI™ mexay Havaiom u
koHioM QRS-komruiekca (10 orcueros)
(morph1-morph10)

6-15

HopmanuzoBaHHbIe MOP(OIOTHYECKUE
npus3Haku curHana DKI mexny konnom QRS-
KOMIIJIEKCA U KOHIIOB T-BOJIHBI

(9 orcueros) (morph11l-morphl9)

16-24

esrecoo0pa3HON, HCXOMS U3 YaCTOTHOTO CIIEKTPa CHTHaJa
KT, koropstit nexurt B auanasone 0.5 I'u-40 ', u HeoOxo-
MMOM acToTsl HalikBucra (MUHUMAIBHO TOITYCTHMOM
YaCTOTHI AMCKPETH3AINH CUTHANIA).

Momyns IenrHeaui CUTHAJA TIPeTHa3HAYeH TSI HICH-
tudukanuu cursana DK, To ecTs onpeneneHns moaoxe-
HUS IUKOB U YCTaHOBJICHUS TPAHUI] HHIWBUAYATbHBIX BOIH
QRS-xommiekcos, P- u T-BomH OKT.

MNporpamma aHanusa u
UHTeprnpeTauun curHana IKIr

Moaynb NpeaBapuTENbHOM
06paboTkm curHana

Moaynb aHanusa BCP

Moaynb uHTepdeiica
NoNb30BaTENS W BU3yanu3aumm

Moaynb fenvHeauunu
CurHana

Moaynb Knaccudukaumm
KapAvoLMKIoB

Puc. 5. CtpykrypHas cxema IpOrpamMMsl
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Monyns ananusa BCP npenHa3zHaueH 11 BBIYMCIECHUS
niokasateneii BCP BpemenHo# 00s1acTH, HOCTPOSHNS CKaTe-
porpaMMebl, pUTMOrpaMMBI U THcTorpamMmbl RR-uHTEpBa-
s0B OKT.

Monynb Kiraccu(pUKaIy KapAXOLHKIOB peHa3HaYeH
JUISL OTIpEAENIeHNs K1acca, K KOTOPOMY OTHOCUTCSI Kax AbIH
KapIMONIUKII CUTHAJIA, C IOMOIIBI0 00y4eHHON HEHPOHHOM
CEeTU NPSAMOT0 PACIPOCTPAHEHUS CUTHAJIA.

Monyns uHTEepdeiica monbp30BaTeIs U BU3yalH3alnu
COZIEP)KUT CPENICTBA peasin3anny rpaduueckoro nHTephei-
ca mosib3oBarens: rpaduueckre GopmMbl ¥ GyHKINH, KOTO-
pble 00CITY>KUBAIOT aKTHBAIIMIO 3JIEMEHTOB YIIPABIICHUS Ipa-
¢mueckoro uaTEpdeElica, a Takke CPEACTBA BU3YATH3ALNH
pe3yisTaToB paboThl IpOrpaMMbl M 00ECTIeYMBaET BBOA-
BBIBOJI IAaHHBIX.

CXEMA PABOTbBI ITPOI'PAMMBbI
Cxema paboThI IporpaMMBI IIPeJICTaBlIeHa Ha puc. 6.
WHTEP®ENC IOJIb30BATEISA

Ha puc. 7 nmpencrasieH By ITTaBHOTO OKHA ITPOTPaMMBbI
nocrne ananu3a naronormdeckoit DKI. Ha rpadmke curnana
PaccTaBICHO MapKepPhI Y3I0BBIX TOYEK U METKU KapAHOLUK-
108 OKI'; mocTpoeHo ckamiorpaMmy, TUCTOTpaMMy U pUT-

Morpamy RR-IHTepBaoB, a TakkKe 3aM0THEHO COOTBETCTBY-
FOIITYFO TaOITUITY BRIYHUCIICHHBIMA 3HAYCHUSIMHU TTOKa3aTenel
BCP BpemeHHoi#1 00acTu.

IKCIIEPUMEHTDBI U PE3YJIbTATHI

OOMmenpuHATEIM CIIOCOOOM OIIEHKH KadyecTBa U TOYHO-
cTtr anroputMa aenuHeanmu curaaiga JKI ssnsercs cpas-
HEHHE Pe3YJIBTaTOB €r0 PadOTHI C aHHOTAIMSIMH, BBHITIOTTHEH-
HBIMH KBaJTH()UIIMPOBAHHBIMH KapAXOIOraMH. Pe3yisraTst
B aHHOTaIWsIX npuanMarorcs 3a 100 % mocroBepHble, 1 Ha
OCHOBE MX CpaBHEHHS C pe3yJIbTaTaMy padOThl aJITOPUTMa
OIPEAENSIOT €ro 3¢ (HEeKTUBHOCTb.

HccenenoBanuio moABEpraich 3aicH IU(PPOBBIX CUT-
HastoB DKI 6a3bl nanaeix QT (QTDB) nocTosiHHO 0OHOBIIS-
€MOro OaHKa JAHHBIX KOMIUIEKCHBIX (DU3HOIOIMYECKHUX CHT'-
HasnoB PhysioBank, pacronoxeHHOro B cBOOOJHOM JOCTY-
nie B cetu MaTepHer [9, 10]. baza nanueix QTDB conepxut
105 3amiceii KT B 1Byx orBeneHusx 1o 15 MuHyT 1 9acro-
toit muckpernzarmu 250 ['u. Kaknas 3anmck nMeer Kak Mu-
HUMYM 30 aHHOTHPOBAHHBIX YIAPOB C METKAMH Hayaa, IHKa
1 koHI1Aa P-BomHb! 1 QRS-KoMITTEKCa M METKaMH ITHKa ¥ KOH-
1a T-BonHsI. B riesiom B 6a3e qaHHBIX aHHOTUPOBAHO Oortee
3600 ymapog ¢ pazmuuasivu DK -mMopdonorusimu [11].

Havano paboTsbl
nporpamMMmsl

daiin

Mpabuk ‘ 3arpyska curHana CcurHana
curHana - K
OKTI
YacroTa |
ANCKpEeTn3aumnmn MpenBapuTenbHas

obpaboTka curHana

Mapkepbl

A

3Kr

| Touyek JKI
OenviHeauus |
curHana -
| AHHOTa-
MapameTpsl M3mepeHie Lums 3K

napameTpoBs IKI

Mokazatenu
BCP

A

AHanu3 BCP

Knaccbl
KapAnounKIoB

A

Knacudikauis
Kapaiounknie

Ob6yueHHas
HepOHHas CeTb

NHTepnpeTaumns q
pesynsraToB

3aknyeHne

BbIX0A M3 NMporpammbl

Puc. 6. Cxema paboThI IPOrpamMMBI
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Puc. 7. I'ltaBHOE OKHO HPOrpaMMEI

QTDB umpoko UCHONB3yeTCs B IUTEPAType, a pe3yibra-
THI, TIOy9€HHBIE C MCIOIB30BAHNEM 3TOH 0a3bl JaHHBIX,
TIO3BOJISTIOT BBITIOJTHATH IIPSIMOE CPAaBHEHUE U3BECTHBIX all-
roputMoB aenuHeanun curaaixa DK,

JIy1 OneHKH Ka4ecTBa paboThI aJropuTMa JISTUHEAINN
curaana DKI ucronp3yroTes ABa MoKa3aTeNsl: TyBCTBUTETh-
HOCTh M TIPOTHOCTHYHOCTD ITONIOXKHUTEIBHOTO pe3ynbTaTa
(MUTH TIOJIOKMTENTBHAS TIPOrHOCTHYHOCTS) [12].

UyBCTBUTENBFHOCTD AJITOPUTMa S€ — 3TO CIIOCOOHOCTH
aNTOpUTMa JIaBaTh IPaBMWIBHBIA pe3ynsTar. Onpenensercs
Kak JJ0JIs1 HICTHHHO ITOJIOKUTENBHBIX CITy4aeB OOHAPYKEHNUS
TOYKH CPE/I BceX (haKTHIECKH TOJOKUTENBHBIX CITyJaeB MO

dopmyme (1):

TP

e=— " .100%,
TP+EN M

rae TP —9ucio HCTHHHO TONIOKUTEIBHBIX CIIy9aeB 00HapY-
KEHHS TOUKH (IpaBUIbHOE OOHAPY/KESHIE XapaKTePHOM TOU-
ku); FN — 9rcIo T0KHO OTpHIATENBHBIX CIIydaeB OOHapy-
KEHHS TOUKH («IOKHBIH HPOIyCK» — OIIHOKA IEPBOrO
pona).

INonoxurensHas NPOrHOCTHYHOCTH P, — 3T0 BeposT-
HOCTB (paKTHYECKOTO HAJIMYHS XapaKTePHOH TOYKH IIPH T10-
JIOKUTEITEHOM PE3yIIbTate ee oOHapykeHus. Onpenensercs

KaK JIONISl HCTHHHO TOJIOKHUTENBHBIX CIIY4aeB CPEeIU BCEX
TOJIOKUTETBHBIX CITydaeB oOHapykeHust 1o popmyie (2):

TP

- T _100%,
™iFP @

P,
rae FP — gucio noXHBIX ciiydaeB OOHApPYKEHHUS TOUKU
(«oxHOE 0OHapy)eHue» (ommbka BTOPOTO poja), Korua
NIPH OTCYTCTBUH XapaKTEPHOH TOYKH OMIMOOYHO BEIHOCHT-
CsI pelieHne O ee HATHYHH).

CpaBHeHHE pe3yIsTaToB paboTHI pa3padoTaHHOTO ajro-
putma nenunearmu curaana KT ¢ pesynmsratamu paboTsl
npyrux anroputMos [13, 14, 15] npusenero B tabmmax 3 u 4.

BbIBOJbI

BermonaeH 0030p CyImecTBYIOIMNX TPOrPaMMHBIX TIPO-
ITyKTOB 15 aHaJw3a 1 uHTepnperanuu curaaina DK [pen-
noxeH anroputM Aenunaearun DK, ocHOBaHHBIH Ha 00HA-
PY’KEHNHU ¥ BPEMEHHOH JIOKAIN3AIMA MaKCHMYMOB MOJIY-
151 BeHBIIeT-TipeoOpazoBaHus curHaia. [y kiraccupukanmm
KapAMONMKIIOB CHT'HaJIa PEIOXKEHO HCTIONB30BAThH HEHPOH-
Hyto cethb. B cpene MATLAB (v. 7.11) paspaGorana mpo-
rpamMa mist aHanu3a u uareprperarmu DK 1o pesynsra-
TaM IPOBEICHHBIX HCIIBITAHUI MOXKHO CZIENaTh BEIBOJ, UTO
IporpaMMa MMeeT JOCTAaTOYHYI0 PadOTOCIIOCOOHOCTh U
MOXKET MCHOIB30BATHCS IO HA3HAYEHHIO.
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Ta6muna 3. UyBCTBUTENILHOCT aIrOPUTMOB AeiuHeanny curana DKI

XapaKTepﬂcTH'{ecKaﬂ TOYKA U YUCJIO €¢ aHHOTaHHﬁ
A P- P- P- QRS- QRS- T- T-
JITOPUTMBI
HavYaJ10 MUK KOHeI HavYaJ10 KOHeI MUK KOHeI
3194 3194 3194 3623 3623 3542 3542
AJITOPUTM aBTOPOB 99,98 99,98 99,98 99,99 99,99 99,97 99,97
P p
Martinez u ap. [13] 98,87 98,87 98,75 99,97 99,87 99,87 99,87
p
Laguna u ap. [14] 97,70 97,70 97,70 99,92 99,92 99,00 99,00
Boichat u ap. [15] 98,87 98,87 99,91 99,97 99,97 99,87 99,87
Ta6auuna 4. [TonoxurenbHas TPOrHOCTUYHOCTD AITOPUTMOB JienuHeanuu curaana DKI'
XapaKTepﬂcTH'{ecKaﬂ TOYKA U YUCJIO €€ aHHOTa[ll/lﬁ
AJTOpUTMBI P- P- P- QRS- QRS- T- T
p Havajl0 MUK KOHeL HavYaJlI0 KOHeI UK KOHeIL
3194 3194 3194 3623 3623 3542 3542
AJITOPUTM aBTOPOB 99,97 99,97 99,97 99,98 99,98 99,97 99,97
P P
Martinez u np. [13] 91,03 91,03 91,03 - - 97,79 97,79
Laguna u ap. [14] 91,17 91,17 91,17 _ _ 97,74 97,71
Boichat u ap. [15] 91,18 92,46 91,70 98,61 98,72 98,91 98,50
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ABTOMATH30BAHA CUCTEMA AHAJII3Y TA IHTEPIIPETALIT EKT

V cTarTi BUKOHAHO OIS ICHYFOUMX HMPOTrpaMHUX TPOAYKTIB AJIs aHAIi3y Ta iHTepnperanii curaany EKT, 3anpornonoBano anroputm
inentudikanii EKI, 3acHOBaHMiI Ha BUSBIICHHI 1 YacoBiii JIOKai3allii MAaKCHMYMIB MOIYJISl BEHBIET-TIEPETBOPEHHS, Ta HEHPOMEpeKeBUI
kyacuikarop kapaionukimis. Po3pobneHo mporpamy mis aHamizy ta iHTepupetanii EKIT. [IpoBeneHo excriepuMeHTH NO AeliHearii
curHaiy. JlocmimkernHio minnasanucs 3anucy nudposux curHainie EKI™ 6a3u mannx QTDB. Pesynpratu po6oTH 3amporOHOBAHOTO
ITOPUTMY TOPIBHIOBAIKCS 3 OMyOTIKOBaHMMH Pe3ylIbTaTaMd POOOTH iHIMX anroputmiB ineHtudikanii EKT. HaificroTHinie mokpamieH-
Hs1 OYJIO BUSIBJICHO Y BH3HAYCHHI NOJoKkeHHs P- 1 T-xBmuti.

Karwuosi cioBa: nemineanis EKT, Beiiner-ananis EKT, kiarouoBi rouku EKT, MakcuMymu Momyiisi BEHBIICT-IIEpETBOPEHHS, HEHPO-
MepexeBuil Kiacu(pikaTop KapAiOLHKIIB.
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AUTOMATED SYSTEM FOR THE ANALYSISAND INTERPRETATION OF ECG

An existing ECG analysis and interpretation software is reviewed in the paper. A wavelet-based ECG delineation algorithm which
performs QRS detection and provides as well the locations of the peak(s) of P, Q, R, S, and T waves, and the P, QRS, and T wave
boundaries using a single analysis stage: the dyadic wavelet transform of the ECG signal is proposed. A neural network for the
classification of heartbeats is presented. ECG analysis and interpretation program is developed. The delineation algorithm has been
validated using QTDB. The results have been compared with those of other published approaches and have shown that the developed
algorithm provides a reliable and accurate delineation of the ECG signal, outperforming other algorithms, and with errors well within the
observed intercardiologist variations. The most significant improvement was found in the T wave and P wave delineation.
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DECISION SUPPORT SYSTEM ARCHITECTURE FOR FORECASTING
OF NONSTATIONARY FINANCIAL PROCESSES AND CORRESPONDING

RISKS

A concept of a decision support system (DSS) for modeling and forecasting of economic
and financial processes is proposed as well as its software implementation. The main functions
of the DSS are in modeling and short-term forecasting of nonstationary nonlinear time series in
various areas of human activities. On the basis of the proposed concept the software system
was developed that possesses a set of the following useful features such as constructing of high
quality forecasting mathematical models using time series statistical data; testing automatically
quality of models and the forecasts based on them using appropriate sets of statistical criteria;
combining various computational procedures for improving forecasts estimates; easy modifi-
cation and expanding of existing system functionality. The software has been created with the
use of cross platform instrumentation Qt and programming languages C++ and QML. Thanks
to the open system architecture the functional possibilities of the system created can be
expanded substantially at the expense of new model types, extra computational techniques
and analytical instruments, possibilities for graphical representation of results as well as the
means for interaction with user.

Keywords: model, economic and financial processes, statistical criteria, forecasts esti-

mates risks.

1 INTRODUCTION

Development of decision support systems (DSS) for
immediate practical applications is a popular research and
engineering direction in many areas of human activities.
Their application is widely spread thanks to the relatively
simple system architecture and wide functional possibilities
directed towards search of the best solutions for a particular
problem. The most popular applications of DSS are modeling
and forecasting problems, logistic problems solving,
decision support in social, economic and financial areas,
development of diagnostic tools and many others [1-3]. It
was shown that DSS are especially useful in cases when the
volume of computations necessary for forming alternative
decisions is substantial [4, 5]. Very often decisions are based
on short- and medium term forecasts what requires
preliminary data processing techniques, forecasting model
structure and parameter estimation, computing of forecasts
using special forecasting functions, quality analysis for
computations at every step of data processing. Besides,
very often it is necessary to apply optimization procedures
to find optimal solutions for many specific decision making
problems [6]. Thus, the volume of computations may reach
very high levels, and it becomes impossible to make quality
decisions without appropriately designed DSS.

The system proposed here has been developed as most
of modern applications and consists of two basic components:
executable and instrumental. The executable component is
characterized by a set of functions that allow the DSS to
operate as an integrated unit. The basic system functions are
as follows: (1) — knowledge and database forming for storing
system data and knowledge (DKB), user’s and tuning
information; (2) — input of data into the system from possible
local and net means; (3) — preliminary data processing aiming
to data transforming to the form acceptable for parameter
estimation and other computations; (4) — synthesis of
forecasting models on the basis of time series (TS) data; (5) -
testing of forecasting models in real time and in the simulation
mode; (6) — reports forming on the results of time series models
testing; (7) — current system state visualization as well as
intermediate computational results together with the input
data used; (8) — forms for the intermediate and final results
visualization; (9) — tuning of system parameters and its
separate modules. The instrumental component is represented
by a set of means that allow a user to manipulate with
computational techniques so that to create various
combinations or hybrids of forecasting models potentially
characterized by enhanced quality of forecasting. The
instruments developed differ with their functional assignment,
and their set can be expanded with the newly developed
modules and integrated into the system.

© Kozhukhivska O. A., Fefelov A. O., Bidyuk P. I., Kozhukhivskyi A. D., 2014
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2 PROBLEM FORMULATION

The purpose of the study is as follows: 1) analysis and
development of requirements to the forecasting decision
support system; 2) development of the system architecture;
3) development of functional layout of the system;
4) selection of mathematical modeling and forecasting
techniques for financial and economic processes;
5) illustration of the system application to solving the
problem of financial and economic processes forecasting
with statistical data.

3 GENERAL REQUIREMENTS TO THE
FORECASTING DECISION SUPPORT SYSTEM

Modern DSS should satisfy a set of requirements that
make them especially suitable and useful for solving
particular problems. These requirements include the
following basic elements: — user adaptive and friendly
interface allowing for prolonged exploitation without
substantial strain of a user; —expanding data and knowledge
base containing all necessary data, computational
procedures, preliminary data processing tools, quality
control criteria to be used at each step of data processing,
constants, rules etc; — the central data processing
subsystem should be highly flexible so that to select
automatically and use appropriate high quality
computational procedures at each step of decision making
(alternatives generation); — means for communication with
similar systems and databases in the frames of local and
external computer nets; — to provide user with appropriate
multiple representation forms for intermediate and final
results of computing; — to provide a possibility for easy
modifying and expanding the system functionality.

DSS interface should be highly flexible in the sense of
adaptation to specific user (say at different levels of company
management) and designed according to the modern
requirements of human factors and ergonomics. Interface is
the most important element of DSS from the point of view of
its presentation for a potential user. A user may not be
familiar with the modern optimization techniques used for
alternatives generation but he understands well how
convenient is the system interface and is it tiresome or not
to work with him for many hours running. When selecting
or developing new computational procedures it is very
important to provide necessary quality of computing results.
Usually acceptable errors of computing are formulated and
registered on the stage of general problem statement
regarding system design.

DSS development should be based on the system
analysis principles that suppose the following: — hierarchical
system design that corresponds to the hierarchy of decision
making process by a user; — identification of possible
sources of uncertainties that should be taken into
consideration while model building, forecasts computing,
and generation of decision alternatives; — hiring of
optimization procedures whenever it is appropriate and
possible; — development and implementation of adaptive
computing procedures providing for appropriate model

correction with new data coming; — construction of integrated
(combined) models and procedures aiming to quality
improvement of the final result; — automatic control of all
computational steps of data processing, model building and
forecasts generation with appropriate statistical quality
criteria; — functional completeness of a system providing
availability of all necessary system functions for interaction,
communication, computing, results representation etc.

4 MATHEMATICAL MODELS AND PARAMETER
ESTIMATION TECHNIQUES FOR DSS

Very often appropriate fit to financial and economic
processes provide the following types of models:
autoregression AR(p), autoregression with moving average
ARMA(p,q), autoregression with integrated moving average
ARIMA(p,d,q), multiple regression, nonlinear logit and
probit models, structured equation models (that take into
account in explicit way actual effects available in time series),
polynomial models created by the group method of data
handling (GMDH)), vector autoregression, regression on
support vectors, and some other types [7, 8]. An important
problem is selection of model parameters estimation
techniques. To provide a necessary choice for estimation of
the variety models mentioned above the following parameter
estimation techniques are used in the DSS: ordinary least
squares (OLS), generalized least squares (GLS) and recursive
least squares (RLS), maximum likelihood procedures (for
linear and some nonlinear models), nonlinear least squares
(NLS), two-stage LS, and Markov chain for Monte Carlo
(MCMC). The last one represents a universal technique
based upon simulation procedures that require appropriately
generated sequences of pseudorandom numbers. The most
known procedures of this class are: Metropolis algorithm,
Metropolis-Hastings and others. An advantage of this
approach is in its universality regarding the model types
being estimated, though sometimes they are very time
consuming and may not be suitable for application in real
time. The optimization procedures hired are based upon
genetic algorithms and artificial immune system ideas though
some of them are classic of Newton type. Parameter estimates
computed are tested for statistical significance using t —
statistic when it is appropriate.

5 CONCEPTUAL SYSTEM MODEL

The system concept is based on the modern module
architecture with the possibility of effective replacement of
functional blocks without changing of an overall system
structure. Following the modern approaches to software
system development the separate functional blocks are
integrated into subsystems using the functional similarity
patterns (Fig. 1).

As of today we can define DSS as integrating the
following five subsystems: (1) — data and knowledge base
(DKBY); (2) — computing subsystem; (3) — communication
subsystem that provides communication with various
devices; (4) — interaction subsystem; (5) — application
instrumentation subsystem. The first four subsystems are
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forming an executable component for application. The fifth
subsystem integrates a set of algorithms that implement
specific computational procedures related to the problem
being solved. A short description of the subsystems and its
basic modules is given below. The DKB subsystem contains
all necessary for effective functioning of DSS knowledge
and data resources. We can define the following basic
elements forming the subsystem: reading and writing data
formats for input of information into the system and output
of intermediate and final results; quality estimation criteria
for mathematical models and forecasts estimates; time series
data; tuning data for the system and its separate elements;
intermediate and final results of computing etc.

The computational subsystem implements a set of basic
techniques for preliminary input data processing (preliminary
data processing block). Each of the technique requires
additional parameters for tuning. There are exists a possibility
for a sequential application of several data processing
methods for the same data what provides implementation of
an effective multistep preliminary processing procedures.

The model synthesis block uses specific model parameter
learning procedures to perform a model synthesis using the
learning data from DKB. The subsystem is organized in a way
that its functioning does not depend on a type of the problem

being currently solved. Such approach provides a possibility
for compatibility of the system with arbitrary computational
procedure taken from the instrumental subsystem. The
purpose of the model testing subsystem is to estimate TS
model quality using test sample (in off-line mode) or actual
data in real time. A set of standard test statistics is used for

the purpose, more specifically: determination coefficient (R2),
root mean squared error (RMSE), Durbin-Watson statistic
(DW), Information Akaike criterion (AlC), mean error, mean
absolute percentage error (MAPE), Theil coefficient etc.
Besides, there is a possibility for loading and testing
previously constructed models (retrospective analysis) that
arestored in local DKB or in external memory. As a matter of
fact the model testing block performs the basic goal function
for the whole software system, i.e. it implements the
forecasting function. This is the main element of the basic
application (system) cycle (Fig. 2).

It performs continuous monitoring of forecasts deviation
from observed TS values, and, dependently on the deviation
amplitude, a decision is made on activation of the synthesis
block and correcting of currently used model. The report
generation function can be activated during the testing
procedure or during model synthesis (learning). During the
testing procedure the report reflects, as a rule, the learning

e e mmmme e g

_ : Generation | | i | Datapre- |i i | System '
{ | Monitor | + | ofreports | ! i| processing |{ || data |i
{ | Network | ! ' Model . Model . i | User data| |
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i | External | | | '
i i 1| Graphics | ! i P i
User O memory <:> <:> Testing of <):(> System | i
; : P 1| models |i | tuning ||
i | Printer | : t | Program APl | ¢ ! : ; parame- | |
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statistic (dynamics of minimum and mean errors, current ~ compositions and to expand this way the possibilities for
generation and mean affinity of a population in acase of the  graphical data representation. Fig. 3 shows a hierarchy of
use of artificial immune system). The report can be givenin  classes for primitives, and Fig. 4 illustrates the process of a

atext or graphical form.

graph integration in QML.

The graphical possibilities of the system are implemented Most of the classes for the hierarchy under consideration
with a set of classes of special graphical primitives  wereimplemented in C++ programming language and physically
representing the elements of mathematical graphs, diagrams,  incorporated into graphical kernel of the system. In principle
histograms etc. Using declarative features of the QML the functional possibilities of these classes could be reproduced
language these primitives allow to construct complex  usingJavaScript language, which isa «seamless» supplement

Sy

Data TS data

subsystem i
""""""""""" ' \ %
Network T Prelim.data
P rocessin
Data input P g
—
External |_—>| _ control 88 | Anificil
memory S 2 immune system
® @
. v Adaptive critic
Program Scrlpt> Model Grap; Model <
API builder synthesis
A A = — Bayes network
o)
-
User interface Report < Model | Test sample
generation testing |
X N
5
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Printer < V,.,‘ % %
Graphics - o
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Monitor 5 Data
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Fig. 2. Functional layout of the software system
QObject QQuickPaintedltem QQuickltem
\ A4 /
UlScaleModel UlScaleitemBase UlCanvasltemBase
| | I
N \ N4 v \
UlDigScale UITimeScale UlScaleltem (QML) UlGraphltemBase UlCanvasltem (QML)
\
UlGraphltem (QML) UlGriditem (QML)

Fig. 3. Hierarchy of classes for graphical primitives of the system developed
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Item{
UIGridltem

/I Interactive graphical grid of scale
UlScaleltem

/I Graphical component of a vertical scale (of
values)

id: verltem

scaleModel: floatScale//Reference to the scale
model

UIScaleModel

/I Model of scale for the floating point values
id: floatScale

¥

UlITimeScale

/I Model of scale for the time values
id: timeScale// Reference to the scale model

}

UlIScaleltem

/I Graphical component of horizontal scale (time)
id: horltem
scaleModel: timeScale
}
}

162

Fig. 4. QML-document, implementing construction of a
complex graphical component

for QML, but JavaScript is less effective from the point of view
of computer graphics implementation because of lower
productivity in comparison to C++.

The constructing of a computational instrument for the
system is performed in analogous way. The system kernel
contains for this purpose the sets of C++ classes that have
their reflection in QML. For example, an artificial immune
system could be «constructed» with «bricks» with pointing
out to the source of data and its format, and the method for
computing the goal function. On the other side such a hybrid
could be constructed using some other computational
procedure. Such atask could be performed with the use of a
programmed interface of an application, as well as with the
use of graphical interface. An example of hierarchy for
classes for artificial immune system is given in Fig. 5.

Ais s the class of artificial immune system instrument (it
incorporates the basic algorithm of functioning for this
instrument);

Domain is a basic class for the methods of estimation of
population individuals for artificial immune system (specific
estimation techniques are for the moment the classes of
wavelet-neural network, network of feed-forward
propagation, and genetic system programming);

CfgParseris a class of configuration tuning for an
instrument;

TimeDataStream is a basic class of a data source in the
form of time series (the data sources are identified as local
and the net sources).

Fig. 6 demonstrates the process of constructing of hybrid
artificial immune system and wavelet-neural network in QML
notation. An example of work with the instrument of artificial
immune system is demonstrated in Fig. 7. For providing a
normal functioning of the system developed it is necessary

QObject QObject QObject
Ais Domain CfgParser
|
2 A Vv
WNETDomain NNETDomain GEPDomain WNetModelParser AisCfgParser
’ QOblect The part of general

A4
! TimeDataStream

hierarchy for the
classes related to
interaction subsystem

| v

v

LocalData

NetData :

Fig. 5. Classes hierarchy for of the instrument of artificial immune system
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to have personal computer and some other technical means
with the following hardware characteristics: CPU AMD
Phenom 11X2 with the clock frequency of 3 MHz or higher or
Intel Pentium with analogous productivity; 2 Gb or more of
RAM; video card with the OpenGL support; 100 Mb of hard

LocalData{
/I Setting local data source
id: localData

}

Ais{
id: ais
cfgFilename: "ais.cfg"

/I Setting the method of an individual
estimation for immune system

/I'In fact this is hybrid of immune

system and wavelet-neural network
domain: WNETDomain{

id: wnetDomain

dataStream: localData// Switching in the
class of a local data source

Fig. 6. QML-document implementing the construction of a
hybrid artificial immune system and wavelet-neural network

disk space for the system files, and 500 Gb for database (the
last value is optional, it depends on the specific task
performed); operational system Microsoft Windows XP/
Vista/7/8 or Linux; monitor with a definition of 1024x768 pixels
or higher (it is recommended to use wide format monitor:
16:9 or 16:10). Besides, appropriate net adapter may be
needed in a case of using external data sources or other
devices that provide compatibility with the system.

The DSS developed was implemented using cross
platform instrumentation Qt, and the basic programming
language C++. The software developed with this
instrumentation is compatible with the most modern
operation systems after program compilation under selected
OS without changing the source code.

One of the best features of Qt is the possibility of using
the declarative tuning of programming language QML that
isoriented (directly) to the user interface development. The
modules written in C++ with the use of simple declarations
could reflect their features and methods into QML
documents. This feature provides a possibility for an
effective organization of interaction between the program
kernel and the graphic user interface. The declarative
approach to constructing the user interface is, no doubt,
more convenient in comparison to the classic imperative
approach that is used in the most modern programming
languages of general purpose including C++.

Fig. 7. The tuning parameters and result of functioning of the artificial immune system instrument

163



[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

6 CONCLUSIONS

General requirements to the decision support system to
be used for modeling and forecasting financial and economic
processes have been worked out, and mathematical models
for description of the processes selected. A concept of the
decision support system was proposed as well as its
software implementation. The main purpose of the DSS is
modeling and short-term forecasting of nonstationary
nonlinear time series, and the use of forecasts for estimation
of some financial risks. On the basis of the concept proposed
software system was developed that possesses a set of the
following useful features: — it allows to construct high
quality forecasting mathematical models using time series
statistical data; — to test automatically quality of models
and the forecasts based on them using appropriate sets of
statistical criteria; — to add and combine various
computational procedures for improving forecasts estimates;
— to work with local and distributed databases; — to easily
modify and expand existing system functionality.

The software has been created with the use of the cross
platform instrumentation Qt and programming languages
C++and QML. Thanks to the open system architecture the
functional possibilities of the system created can be
expanded substantially (to desirable level) at the expense of
extra computational techniques and analytical instruments,
possibilities for graphical representation of intermediate and
final results as well as the means for interaction with a user.

In the future studies it is supposed to incorporate into
the DSS new models of static and dynamic Bayesian

networks types. Also a substantial attention should be paid
to hiring the methods for appropriate taking into
consideration of possible data and process uncertainties.
New integrated data, models, and forecasts estimates criteria
should be developed and integrated into the system to
simplify the process of selection of the best modeling and
forecasting results.
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MPOLECCOB U CONYTCTBYIOIIUX PUCKOB

B pabote paccmarpuBaeTcst KOHIETINS TOCTPOSHUS CHCTEMBI MOJICPXKKH IPUHATHS PEIICHUH I MOAEIHPOBAHUS M IIPOTHO3HPO-
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KOMOWHHPOBAaHHE OIIEHOK IIPOTHO30B, TIOTyYEHHBIX PA3IMIHBIMHE METOJIAMH, C [IEJIbI0 MOBBIIICHUS KauecTBa KOMOMHHPOBAHHOTO POTHO-
3a; MPOCTOTA MOAU(MHUKAIIMY U PaCIIUPEHHs (PyHKINI CO3JaHHON CHCTEMBL.

KuroueBble ci10Ba: Mozienb, SKOHOMAYECKHE U (PUHAHCOBBIE IIPOLECCH], CTATUCTHYECKHE KPUTEPHH, IPOrHO3MPOBAHNE OILIEHOK PHUC-
KOB.
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APXITEKTYPA THOOPMANIIAHOI CIINTP ITIPOTHO3YBAHHA HECTAIIIOHAPHUX ®IHAHCOBUX ITPOIIECIB
ICYIIYTHIX PU3UKIB

B po6oti po3misiaaeThest KOHIETIIs MOOYIOBH CHCTEMH IMIATPHUMKH MPUIHATTS PIlIeHb U MOJEIIOBaHHS 1 IPOTHO3YBaHHS €KOHO-
MIYHHX 1 iHAHCOBHX MPOLIECIB, a TAKOX 1i mporpamHa peamizamis. Ha 0CHOBI 3anponoHOBaHOT KOHIIEIIIT po3po0biieHa porpaMHa CUcTeMa,
sIka Ma€ TaKi MO3UTUBHI XapaKTepUCTHKHU: IT00Y10Ba BUCOKOSKICHUX IPOTHO3YIOUMX MOJeNeii Ha OCHOBI CTATUCTHYHUX JaHHX y (opmi
YacOBHX PsJIiB; aBTOMAaTUYHE TECTYBaHHS SKOCTI MOJeJeHd 1 OLIHOK MPOrHO3iB, OTPHMAaHUX Ha iX OCHOBI, 3a JIOIIOMOIOKO BiIIIOBITHUX
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MHOXXHH CTATUCTUYHUX KPUTEPIIB SKOCTI; KOMOIHYBaHHS OI[IHOK ITPOrHO31B, O0YHCIICHUX PI3HUMHU METOJIAMH, 3 METOO ITiIBUILICHHS SKOCTi
KOMOIHOBAHOT'O NPOrHO3Y; MPOCTOTa MoAu(iKaLil Ta po3MMpPEHHs (YHKILIH CTBOPEHOI CHCTEMU.

KurouoBi cioBa: Mozens, ekoHOMIUHI 1 iHAHCOBI MPOIECH, CTATUCTHYHI KPUTEpii, IPOrHO3YBAaHHS OLIHOK PU3HKIB.
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PACLULUPEHUE ®OPMATA MUKPOKOMAHA NMPU PEANU3ALUA
YCTPOUCTBA YMPABNEHUA HA TMBPUOHBbIX FPGA

B crarbe npearaeTcs MeTo CHHTE3a KOMIIO3UIIMOHHOTO MUKPOIIPOIrPAMMHOIO YCTPOiCcTBa
ynpasienus B 6azuce rubpunueix FPGA. Ilpennaraercs ucrnoib30BaHHE KOJOB KJIACCOB
TICEB/I09KBHUBAJICHTHBIX OIEPaTOPHBIX TMHEHHBIX LIEMeH /)11 yMEHbILECHHS alapaTypHbIX 3aTpar
B CXEMe U CHIDKEHHS O0LIIeH CTOMMOCTH pealii3aliiy yCTpolcTBa yrpasienus. [Ipusenen npumep
HNPUMEHEHHUS NPEJIOKEHHOT0 MeTo/ia cuHTe3a. [loka3aHo, 4YTO SKOHOMHS ammapaTypHbBIX
pecypcoB nocturaer 30 % mpu COXpaHEHHH BPEMCHHBIX XapaKTEPUCTHK YCTPOICTBA.

KaroueBble c10Ba: KOMIO3UIMOHHOE MUKPOIPOrpaMMHOE YCTPOHCTBO YIIpaBJICHUS,
pacmupenue ¢popmara mukpokomann, LUT anement, rubpunusie FPGA, cuuxenue
anmnapaTypHbIX 3arpar, rncepnooksusanentHeie OJILT.

BBEJIEHUE

KoMIo3nimoHHeie MUKpPOIIPOrpaMMHBIE YCTPOICTB
ynpaeneHus (KMVYY) sensirorest 3 ek THBHBIM CPEACTBOM
peaTU3aliH IMHEHHBIX aropuTMOB yrpasienust [1, 2]. Tlpu
peanuzauuu cxeM KMVY'VY Bo3HHKaeT 3a1aua yMEHbIICHUS
anmaparypHBIX 3aTpart, KOTopas SBJISIETCS aKTyaIbHOU ISt
CHHTE3a JIIOOBIX YCTPOHCTB yrpasneHus [3]. Merop! perue-
HUS 9TOW 331241 BO MHOTOM 3aBHCSIT OT 0COOEHHOCTEH 3J1€-
MeHTHOro 6asuca [4].

B Hacrosiee Bpemst akTUBHO pa3BUBaeTcs 6asuc Ipo-
rpaMMHPYEMBIX JIOTHIECKHUX HHTErpanbHbIx cxeM (IIJTUC)
Tura rubpunasix FPGA (Field-Programmable Gate Array) [5,
6]. B cocras taxkux IIJTMC BXomsT 311€MEHTHI TAOIMYHOIO TUIIA
(LUT, look-up table) u BctpoeHHbIe 610KH IIpOrpaMMHupye-
MeIx ormgeckux matpuit (ITJIM, PLA, programmable logic
array). IlppumMepoM MOTYT CITy»kuTh MUKpocxeMsl APEX20K
[7], xoropbie BrITFOUatroT Gmoku PLA, umMeromme 32 Bxoma
(S =32), 16 BerxomoB (t = 16) u 32 Tepma (g = 32). [Tomo6-
Hele FPGA He BKIIIOYAIOT BCTPOECHHBIX OJIOKOB ITAMSTH, Ha
KOTOPBIX OOBIYHO PEaTU3yeTCs] CHCTeMa BBIXOAHBIX (PYHK-
it KMY'VY [8]. B HacTosiieii pabote mpeiaraercsi METOS
cunare3a KMVY'V B 6asuce rubpunasix FPGA, ocHOBaHHBIN
Ha WIIesX, M3JI0KEHHBIX B padorax [9, 10].

Lenbto nccnemoBaHus SBISIETCS] YMEHBIIICHHE arapa-
TypHBIX 3aTpaT B cxeMe KMY'VY npu ero peanm3armm B 6a3u-
ce rubpunHoi FPGA 3a cuet BBeeHuUs B (hOpMAT MUKPOKO-
MaH]I KOJIOB KJIaCCOB TICEBI03KBUBAJICHTHBIX ONIEPATOPHBIX
nuHernbix Henei (ITOJILL). 3agaueii ccnenoBaHus SBJISET-
cs pa3paborka Mertona cuHTe3a KMVY'Y, mo3Bomnstoniero
YMEHBIIUTH KomudecTBO Makpostaeek [1JIM B cxeme ¢op-
MupoBaHus QYHKIH Bo3OykneHus namsty. [Ipu sTom ain-
TOPUTM YIPaBICHUS MPEACTABISIETCS B BUAE Ipad-CXeMBbl
anropur™a (I'CA) [3].

1 OCOBEHHOCTH KMYY C PAYIEJIEHUEM
KOJIOB

O603HaunMm B Hekotopord ['CA I' MHOXECTBO BEepIIMH
B= {bo, be }u B; U B, u MHOXECTBO Iy E, COSOUHSIOMINX
© Mupomkun A. H., 2014
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9TH BepIIMHBL HauansHyro BeprinHy 0603Ha4IMM Dy, KoHed-
Hy0 — D, MHOXECTBO OIepaTOpHEIX BepIvH — By, MHOXe-
CTBO yCIIOBHBIX BepiiH — By . Oneparopuasi Bepimna by € By

COIEPXKUT HA0Op MHKpOOHEepanui Y(bq)gY, rae

Y = {yl, v YN } — MHOXXECTBO MHKPOOIEPAIHii (BBIXOXHBIX
CUTHAJIOB), BEIPAOATHIBAEMBIX YCTPOHCTBOM yIIpaBieHus. Y-
JIOBHasl BEPUIMHA Dy € By CONEPIKUT OZIMH SIIEMEHT MHOXe-
CTBa JIOTUYECKHX ycloBui X = {xl, . XL} (BXOIHBIX CHTHA-

o). [on smnetinoi nonumaercst I'CA, B KOTOpOi He MeHee

75 % ot 00111eTO YKCIIa BEPILHH SBIISFOTCS ONIEPATOPHBIMH.
OmneparopHas nunetinas merb (OJIL]) sersercs mocnemno-

BaTEJIBHOCTBIO OMEPATOPHBIX BEPLINH IPad-CXeMBbI aJITOPUT-

Mma. Chopmupyem MmHO)ecTBO OJIL] C = {(11, v OlG } [pu
9TOM Kaskzasi Hapa cocenHux BepiuH OJIL O.g € C coenu-
usetes nyroit € € E [2]. Kaxnas OJIL 0g € C nmeer npo-
H3BOJIBHOE YKCIIO BXOIOB | g ¥ TonbKO O Bbixoz Oy. dop-
MmaibHie onpeneneuust OJIL], uX BXOMOB M BEIXOIOB TIPUBE-
IeHbl B pabore [2]. OTMeTnM, UTo Kaskaast BEpIIMHA bc| eB;

COOTBETCTBYET MUKpOKOMaHe M|, KoTopast XpaHUTCS B

q 1
ynpasstioweii namstu (Y1) no anpecy Ay. s anpecamn

MHUKPOKOMaHJ JOCTaTOYHO

R =[log,(M)] 6ur, @)
rae M =|By|. [yets xascas OJILL 0tg € C cocronrms Fy
OEPAaTOPHBIX BEPIIUH, U IyCTh Fpgy = maX(Fl, . FG).
ITocraBum B coorBercTBHE Kaxkaoi OJIL O.g € C aBowuu-

b1t kog K (Otg ) paspsagHOCTH

Ry =[log,(G)], @
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a KasKJ0M KOMIIOHEHTE bq € By — monunsIii kox K (bq ) pas-

PATHOCTH

Ry =109 (Finax ) - ©)
Jia xonuposanusa OJIL] ucnonb3yeM 7IEMEHTH T, € T,
a JUIsl KOMMPOBAHUS MX KOMIIOHEHT — 3JIEMEHTHI T, € T, Ipu

3TOM |r| =R u |T| = R,. KonupoBaHue KOMIIOHEHT BBINOJN-
HSIETCS B €CTECTBEHHOM INOPSAKE, TO €CTh

Kl.(bg )i J: Kl.(bg )i_1J+1’ )

e g = L_G v i=LFg- Ecmu g ['CA [ BemomnHsieTcst yc-
JIOBHE

R1+R2=R, (5)

TO JIJIsL €¢ MHTEPIIPETAIN MOXKET ObITh MCIIOIB30BaHA MO-
neins KMY'YVY ¢ pasnenenueM kooB (puc. 1), kotopyto 000-
3HaunM Uj.

BKMVYYVY U; cxema anpecannu mukpokomann (CAM)

peanusyeT cucteMmy QyHKIHH Bo30yxaeHus cuetauka CT
(6) mperucrpa RG (7):

DO =0(t,X); 6)
¥ =Y¥(t,X). @
—4' T X 'L
Cxema
Appecaunu
MuKpokomaHpg
b ()]
Clock Start
RG CT +1 e
¢ Start T T
A
S
Fetch
B o £ Ynpasnatowas
MamaTtb
R

Ye l Yo
Y
Puc. 1. Crpykrypuas cxema KMVY U;

HpI/I TAaKOM IMOAXOAC aAp€C MUKPOKOMAH/IbI M Iqonpe,ue-
JEICTCA KaK

A(bq)= K(O‘g)*K(bq), ®@)
IJIe BEpUINHA bq pxomut B OJIL] o g€ C, a CHMBOJIOM «*»

0003HaYaeTCsI OnepaIyst KOHKaTCHAIHH.

Mo curnamy Start B RG u CT 3aHOCHTCS HA9aIbHBIHA a1
PEeC MUKPOTIPOrpaMMEI, a TpUrrep Beioopku TB ycranapmu-
BaeTCsI B CJIMHUYHOE COCTOSIHUE, Pa3peliasi STHM BEIOOPKY
koMang u3 YII. Ecnu cuntanHass MUKpOKOMAaH[Ia HE COOT-
BercTByeT Beixony OJIL, To oqHOBpEeMEHHO C MUKpOOIIiepa-

usmu Y (bq) dopmupyeTcs cursan g, 10 KOTOpoMy K co-

nepxxumomy CT mpubasisiercs: enuaung, GopMupys TeM
caMbIM afipec cienyromei komnoHeHTsl Tekyment OJIL. Eciu
MHUKpPOKOMaHza cooTBeTcTBYeT Bhixoxy OJILI, curHan yg He
¢dopmupyercs. [Ipu atom anpec Bxoma ciemyromierr OJIL]
dopmupyetcst cxemoirt CAM. I[pu MOCTIKECHUN OKOHYAHUS
MHKpPOIPOrpaMMBbl (pOpMHUpyeTCs curHan Y., Tpurrep TB
o0Hymnsiercst, 1 BeIOopka komaH u3 Y11 nmpekpariaercs.
UYucino TepmoB B cxeme CAM MoXeT ObITh YMEHBIIEHO
IyTeM BBezeHus mpeodpazoarerst konos OJIL B komps! kiac-

coB nicenoakBuBanieHtHbx OJIL] [2]. OJIL] {aj,a j}g C

Ha3bIBAIOTCS TICEBI0IKBUBATICHTHBIMH, €CJIN MX BBIXOIbI CBSI-
3aHbI ¢ BXOJIOM OfHOH U Tol e BepmmHel ['CA I. Cnenyer
3aMETUTh, OIHAKO, YTO PEaIN3alys TaKoro peodpaszoBaTe-
7151 TpeOyeT JOMOTHUTENBHBIX aNapaTypHBIX PECYPCOB MHUK-
pocxeMsl FPGA.

B nacrosmielr pabore mpennaraeTcst METOI CHHTE3a
KMYYV B 6a3uce ruopuaasix FPGA, ocHOBHOM 1ENbBIO KOTO-
POro SIBJIETCS] yMEHBIIICHNE aNapaTyPHbIX 3aTPaT B CXEMeE
YCTPOMNCTBA YIIPaBIEHHUS.

2 OCHOBHASI WJIESI TIPEJIJTATAEMOT'O
METOZIA

ycts OJILL 0g €Cy, ecin &g € Cy n ee BhIxOR HE CB-
3aH ¢ BxonoM koHeuHoi BepmmHb! ['CA I Haiinem pazome-

nue Il = {Bl, ey B|} MHOo)kectBa C; Ha kmaccer [TOJILI,

3axoxupyeM knacchl Bj € [1¢ nBonuHBIME Komamu K(Bi)
Pa3pAAHOCTH

Ry =[log,(1)]. ©)
B pa6orax [9, 10] npemnaraercs BBectr B hopMaT MUK-

pOKOMaH[ ToJe K(Bi ) [Ipu >TOM ympaBisfomas MaMsaTh

peazyeTcsi Ha BCTPOSHHBIX Oitokax maMsti. OfHaKo B CIIy-
yae ruopuanbix FPGA Takue 0moku orcyTcTByroT. DyHKIHIO
OJIOKOB BCTPOEHHOI mamsAT MOryT BITONHATE LUT aie-
MEHTBI, KOTOpPbIE MOXKHO pacCMaTpPHBATh KakK OJIOK MaMSTH

¢ S| Bxomamu 1 omHUM BbIxoaoM. OueBnmao, LUT anement

umeer 250 sraeeK maMsTH.
ITycrs mist mannoit 'CA I BemmonHsieTcst OTHOLICHHE

S >R. (10)
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PLAer
e ]
Clock Start

RG CT +1 |

¢Start T T
A
S
Fetch Ynpasasiowas
TB » E
MNamaTb
R
T ove | l L
Yo

Z Y
Puc. 2. Crpykrypuas cxema KMYV U,

BKMVYY U, cxema CAM peanusyercs B BUIE COBOKYII-

Hocty 65okoB PLA, HazpiBaemoii PLAer. Cxema YII peann-
3yercss u3 coBokymHocTH 3nemMeHToB LUT, HazerBaemoit
LUTer. Binoku CT u RG taxke peanm3zosansl Ha LUT ame-
MEHTAX.

Knaccpl Bj € Il 3akonupoBaHbl HEpEMEHHBIMU Z , 00-
pasytoummn MHOKeCTBO Z ={2y,..., Zg, }. Brok PLAer pea-
Tu3yeT QYHKIHN

O=0(Z,X): (11)

Y =¥(Z,X). (12)

Brnok LUTer peanmsyer GpyHKINH

Y =Y(t,T); (13)
Z=2(T) (14)
Yo = Yo(t,T). (15)

B macTosmieit pabore mpemaraeTcss METOI CHHTE3a
KMVYYVY U,, BKIIOYaronuii CIEAyIOIIHE 3Talbl:

1. ®opmuposanue mHoxecTs C, C; u 1 mmaI'CAT.

2. Komposanme OJILL, nx koMmoHeHT H k1accoB By € [1¢.

3. ®opmupoBanue conepxumoro Ooka LUTer.

4. ®opmupoBanue TabmuIE! 6;oka PLAET.
5. Cunres norugeckoii cxemsl KMYVY.

168

3 IPUMEP ITPUMEHEHUSI TTPE/IOKEHHOT O
METOJIA

ITycte I'CA T conepsxut G =7 OJIL: C = {ocl, vy oc7},
rne oy ¢ Cy. B MHokectBe Cy Bolgenens! |=3 xiacca ITOJILI;

Mc ={B By Bsf, rme By={u}, By={up agf,
Bs = {OL 4, 05, 0‘6}- OJIL oj chopMHUPOBaHBI U3 CIIEAYFOIIIX
oClIeJ0BaTeIbHOCTEH BEpIINH:

ag = (by,bp,bg), oy =(by,bs,b6,b7), gz =(bg,bg),
o = (D10, i1, br2), as = (br3,byg, bys, bre ),

og = <bl7,b18> , 07 = <blg, b20>. CormacHo (2) st konposa-

Hust OJIL] nocratouno Ry =3 mepeMeHHBIX U3 MHOXECTBA

ONepaTOPHBIX

T= {1:1,1:2,13}. MaxkcuManbHOe KOIUYECTBO KOMIIOHEHT
Frnax =4, U1 UX KOIMPOBAHHS COIIACHO (3) HOCTAaTOYHO
Ry = 2 mepeMeHHBIX U3 MHOXECTBA | = {Tl,Tz}. B obmem

ciydvae /1 komupoBanust M = 20 onepaTopHBIX BEPLIUH CO-
macHo (1) mocratodHo R =5 MBOMYHBIX pa3psoB, ClEN0Ba-
TeNbHO, ycnoBue (5) BBIIOMHSACTCS, X IPUMEHEHHE METoNa pa3-
JIETICHUST KOZIOB 1iertecooOpasHo. [Ipn aToM mist KomupoBaHust
I=3 xiaccoB ITOJIL] cortacuo (9) HeoOxomuME! R| = 2 mepe-

MEHHBIE, KOTOpbIe ()OPMHUPYIOT MHOXECTBO Z = {Zl, 22}.
3akonupyem OJIL o g € C M HX KJIacChl IPOU3BONBHBIM

obpazom: K(oy)=000, ..., K(a7)=110; K(B;)=00, ...,

K (83) =10. [l BBINONHEHUS YCI0BHS (4) IPHCBOMM Tep-

BOM KomnoHeHTe Kaxaoi OJII 0.g € C kon 00, Bropoii — 01,
tpetbeit — 10, yerBeproit — 11. DTO MO3BOIUT ONPENETUTh

azpeca A(bq ) Mmukpokomann KMYVY U, (Fl), [IOKa3aHHBIE B
ta6m. 1. 3neck u nanee 3amuck Uj (F i ) obo3nagaer KMYY
Uj, xoropoe nnreprperupyer I'CA T'j.

W3 tabn. 1 umeem, manpumep, A(bg)=00110,
Abrg)=10101 u. 1.

@opmar mukpokoMang KMVYY U, BxirouaeT nons Y,
Ye., FY , FB,Laemnone FY COAEPXKUT KoJ Habopa MUKpO-

onepanui, a none FB — xox xinacca Bj € I1. Eciu yg =1,
TO COAEPIKUMOE 1011 FB UrHopupyercs.

Conepxumoe 6rmoka LUTer KMYY U2(F1) NOKa3aHO B
Ta0. 2. [pusiwn hopmupoBaHust conepxkumoro omoka LUTer

TpHUBHaJeH. B cTpoky ¢ anpecom A(bq ) 3armcpIBaeTcs Habop

MUKpooneparmii Y (bq ) Ecmu Bepumna bq € B; ne spnsercs

BorxomoM OJIL o g € C, ToBcTpoKy ¢ azpecom A(bq ) 3aICHI-
BaeTcs MUKpoorepanus Y. B mporuBHOM Cydae B 3Ty cTpo-

Ky 3armceisaercst kon K(Bj), e 0g € Bj. Ecnn epumma
bq € By cBsi3ana ¢ xoneunoii Bepuinnoii I'CA, To B CTpoKy ¢

aznpecoM A(bq) 3aHOCUTCSl MUKPOOTIepaus Y.
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B tabi. 2 nano cuMmBoBHOE comepxkuMoe Omoka LUTer, a
TepexoJT K OUTOBBIM CTPOKaM HE MPENICTABIISICT CIIOKHOCTEH.

ITycts nepexonpi u3 Bexonos OJIL 0g € C TIPEIICTaBIECHBI

CreyroLIeit crucTeMoi 0000IIEeHHBIX (hopMyIT epexonos [2]:

By — Xty v X Xphg v X Xbg;

By — XaXgby v X3 Xaby3 v X3Xsbyg v X3 Xsby6;

Bz — X5by1 v X5X3b17 v X5 X3bg.

(16)

[TonoGnas cucrema siBIsIETCsI OCHOBOH JUTs (hOpMUpPOBa-

HuA Tabnuns! 610ka PLAer co cronbnamu B;, K(Bi ), bq ,

A(bq), Xhs ¥, @p, h. Hasnauenue cTonbuoB sicHO U3

TabI. 3, 3aparomieil nepexonnl 11 knacca By e I .

Anpeca MuKkpokoMana Oepyrcs 3 Tabi. 1. OtmeruM, 9To
Y= {Dl, D, D3}, O = {D4, D5}. OObuee 4uCcIO CTPOK

H, (F i ) B Tabnmie 6moka KMYY Uj (F i ) COBIIAJAET C YUC-

JIOM TEPMOB B CHCTEME 00O0OIICHHBIX (POPMYI IEPEXOIOB.

Ta6anma 1. Anpeca mukpokomany KMYVY Uz(rl)

B mamem npumepe, Hz(Fl)le . Ormerum, 4TO
H 1(1"1) =20, rme Hi (F j) 0003HaYaET YHCIIO CTPOK B TAOIH-

ue 6iioka PLAer KMVY'V U;, untepnperupyroueid 'CA T'j.

Cucremsl (11)—(12) hopmupyroTcs mo Tadiuie nepexo-
noB. Tak, 3 Ta611. 3 MoxHO HocTpouTs hparmMents! JJHD:

D1 = 2127 X5Xs;
D, = zlzx5 V 1 2o X5 X35
D3 = Z]_ZX5 V 7129 X5 X3. (17)
IIpu BRIIOTHEHNH YCIOBUI
S>2L+R+Rs; (18)
t> Rl + R2, (19)
a2=Hy(I), (20)

610k PLAer TpuBnanbHeIM 00pa3oM peann3yeTcst Ha OXHOH
Makpostaetrike PLA. Eciu 3TH OTHOIICHHS HAPYIIICIOTCS, TO
TpeOyeTcsl HECKOIIBKO Makpostdeek. /sl yMeHbIIeH s Ync-
na makpostaeek PLA B cxeme 611oka PLAEr Mo>KHO HCITONh-
30BaTh M3BECTHBIC MeTobI [11].

11273
000 | 001 | 010 | 011 | 100 | 101 | 110 [Mpu BemonHeHny yenosus (10) kaxaas GpyHKIMs U3 cH-
TiT2 creM (12)—(14) peanusyercs na oauom snemente LUT. Ta-
00 by by | bg | byo | bis | b7 | br KO€ pEIICHHE SIBIISICTCS ONTUMANBHBIM. [1pu 3TOM Tabnmma
6nmokxa LUTer paccmarpuBaercs kak TabnuIa HCTHHHOCTH
0 by | bs | bg | byg | by | byg | by dynxmit (13)—(15).
10 by | bg | x | bp| b5 | x| x
11 * b7 * * blG * *
Ta6muma 2. Conepxumoe Oioka LUTer KMVYY Uz(rl)
T1T273
000 001 010 011 100 101 110
1P
00 Yo Y(br) | voY(bs) | woY(bs) | ¥oYlbro) | YoY(ous) | ¥oYlbrr) | Yo Yibro)
01 Yo Y(b2) | YoVYibs) | 22 Y(bg) | yoY(bws) | voY(bia) | 2 Y(big) | Ve Y(bzo)
10 Yibs) | ¥oYibs) * 2 Y(b2) | voY(bis) * *
11 * Zy Y(b7) * * Z Y(b.l.G) * *
Ta6auua 3. @parment Tadbmuusr 6ioka PLAer KMVYY Uz(rl)
K(B;) Albg)
Bi by X Py p, h
n | 2 gl %) T3 T T
b.l.l 0 1 1 0 1 X5 DZ D3 D5 1
BS 1 0 b_|_7 1 0 1 0 0 gx&’ Dl D3 - 2
bg 0 1 0 0 0 X5 X3 D, - 3
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Kann. texs. Hayk, nouent, IBH3 «/loHenpKuii HalliOHAIBHUN TEXHIYHUN YHIBEPCHTET», YKpaiHa

PO3IIMPEHHSA ®OPMATY MIKPOKOMAH/IITPA PEAJIIBAIII TPUCTPOIO KEPYBAHHS HA TTEPHJIHUX FPGA

VY crarTi NpONOHY€ETHCSI METOJ] CHHTE3Y KOMITO3ULIHHOTO MIKpOMPOrpaMHOro MPUCTPOIO KepyBaHHsS B Oasuci riopumaux FPGA.
ITpornoHyeThCsI BUKOPHCTAHHS KOIB KJIACiB NICEBIOEKBIBAIEHTHUX ONEPATOPHUX JIHIMHUX JAHIIOTIB AJI 3MEHIIECHHS alapaTypHUX BHUT-
pat B cxeMi Ta 3HIKEHHS 3arajbHOI BapTOCTI pealizallii mpucTpoio kepyBaHHs. HaBeqeHuit MpHKIIan BUKOPUCTAHHS 3allPOIIOHOBAHOTO
Metoza cuHTe3y. [TokazaHo, mo ekoHOMIs anaparypHux BuTpar pocsirae 30 % mpu 30epekeHHI YaCOBHX XapaKTEPUCTHK IPUCTPOIO.

KawouoBi ci10Ba: KOMIO3UIIHHUA MIKpOIIPOTpaMHUI MPHUCTPIiid KepyBaHHs, po3MIMpeHHs popmary Mikpokomana, LUT ememenT,
riopunai FPGA, 3HWXEHHS anapaTrypHHUX BHUTpaT, rcepnoekBiBaieHTHI OJLI.

Miroshkin A. N.

Ph.D. in computer engineering, assistant professor at Computer Engineering Department, Donetsk National Technical University,
Ukraine

EXTENSION OF MICROINSTRUCTION FORMAT FOR CONTROL UNIT IMPLEMENTATION ON HYBRID FPGA

A synthesis method of compositional microprogram control unit on hybrid FPGA (that contain table elements, and programmable
logic arrays) is proposed. The main purpose of the method is hardware amount reduction in the control unit circuit. Usage of classes codes
of pseudoequivalent operational linear chains for hardware amount reducing in the circuit and overall cost reducing of the control device
is proposed. An example of the proposed synthesis method application is given. It is shown that depending on the basis circuit
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parameters and characteristics of the control algorithm hardware resource saving can reach 30 % in comparison to the costs of basic circuit
control device implementation. Time characteristics of control units of modified and base structured are equivalent.

Keywords: compositional microprogram control unit, microinstruction format extension, LUT element, hybrid FPGA, reduction of
hardware amount, pseudoequivalent OLC.
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CUHTE3 ONTUMAINBbHOIO MO BEbICTPOAEUCTBUIO YIMPABNEHUA
OBBbEKTOM CO 3HAKOMEPEMEHHOW NEPEXOAHOWN ®YHKUUEN

PaccMOTpeH CHHTE3 ONTHUMAIBHOTO N0 OBICTPOACHCTBHIO yHmpaBlieHHS 00BEKTOM CO
3HAKOIEPEMEHHOH XapaKTePHCTHKOIl — BBIEMOYHBIM YUaCTKOM YrOJbHBIX IIAxXT. B ynpasnenun
IIPEJJI0KEHO UCIOIb30BaTh CIICLIHAIBHO BBIYUCIAEMYIO IIPOMEXKYTOUHYIO OJHOIOJSAPHYIO
HEePEMEHHYIO, T.€. KOOPUHATY, HE HMEIOIYI0 3HAaKOIIEPEMEHHON XapaKTepUCTUKU. Anpodarius
pa3pabOTaHHOrO yNpaBJICHUS BEHINOJHEHAa METOAAMU MaTeMaTH4YeCKOTO MOAEIHPOBAHHUS.
IMokazaHo, 4TO MPEJIOKEHHBIH 3aKOH YIPABJICHUs 00eCHeYnBaeT yCTOWYNBOE yIPaBICHUE U
CYIIECTBEHHOE YCKOpPEeHHE OTPAabOTKH 3aJaHHOTO peXXHMa pabOTHl 0OBEKTA.

KiroueBble ci1oBa: (1)330Ba}1 IIJIOCKOCTD, OIITUMAJIBHOC YIIPABJICHUE, 3HAKOIIEPEMCHHAsA
XapaKTEpUCTUKA 06’bCKTa, 010K Ha6J'IIO,HCHI/I}I, BBICMOYHBIH Y4acCTOK, pEKUM IIPOBETPHUBAHUA.

BBEJEHHE

Psg mpouieccoB B BEHTWIISILIMOHHON CUCTEME PYIHUKOB U
YIOIBHBIX IIAXT OTHOCATCA K KIacCy 0ObEKTOB CO 3HAKOIIE-
pEMEHHOM XapakTeprucTHKoi [1], 0GycIoBIeHHON HATHYIH-
€M IIPaBBIX HYJIEH B orrepaTope 00beKTa. B MpOMBIIUIEHHBIX
IpoLeccax ¢ MPaBbIMU HYISIMH YIIPABIISIOUIAIN MTapaMeTp
pacIpocTpaHseTcsl Ha BBIXOJl 00BEKTa 110 JBYM KaHaJIaM C
Pa3IMYHBIMHU 3HAKAMH M B 3aBUCUMOCTH OT JIOJTH MOJIOXKH-
TEJIbHOM U OTPULIATEIBHON YaCTH YIPABIISIOLIETO IapaMeT-
pa MakcUMaJbHBIN BEIOPOC BBIXOJHOTO CHUTHAIA IIPU U3MeE-
HEHUH YIIPABILIONIET0 TapaMeTpa IIPOUCXOANT JHOO B I10-
JOXKHUTENbHYIO, TU00 B OTPUIATEIBHYIO 00JacTh. DTO
CBOMCTBO 1 3HAUUTENIbHAS HHEPIIMOHHOCTh PaccMaTpUBae-
MBIX OOBEKTOB YXYALIAET PETYIUPYEMOCTh HPOLECCOB U
MIPEIBSIBISIET JOCTATOYHO BBICOKME TPEOOBAHHS KO BpeMe-
HH PETyIHPOBAHUSL.

L]env1o uccnedosarus sIBISIETCS CHHTE3 OMITUMAIIBHOTO TT0
OBICTPONEHCTBHUIO YIPABICHUS OOBEKTOM CO 3HAYUTEIEHOM
HMHEPLUUOHHOCTBIO U 3HAKOTIEPEM EHHOM XapaKTEPUCTUKOM.

© Yepennukona O. 0., Jlanko B. B., 2014
172 DOI 10.15588/1607-3274-2014-1-25

ITOCTAHOBKA 3AJTAYN

B xauecTBe nporecca co 3HaKoIepeMeHHOH XapaKTepuc-
THUKOM PaccCMOTPEHA a’pOra3oJUHAMHKA BEHTWISILMOHHON
CHCTEMBI JJOOBIYHOT' 0 YYaCTKA YTONBHBIX IIAXT MPH OTPadOT-
K€ 33JIaHHOTO PEKMMA TIPOBETPUBAHKS yaacTka (puc. 1, 2).

I'a30Bo3MyIIHAS CMECh Ha MOOBIYHOM yuacTke (puc. 1)
pacrpocTpaHsercs o AByM MapajliebHBIM KaHaiaM. borb-
II1as1 9aCTh ra30BO3IyLIHOTO IIOTOKA BHYKETCS 10 OTKATOY-
HOMY IITPEKY, JIaB€ U BEHTHWLILHOHHOMY LITPEKy, odora-
IIasICh METAHOM B JIaBe. MeHbIIast OIS BO3yXa — TaK Ha3bl-
BaeMbIC YTEUKH BO3yXa — OMBIBACT OOJBIIHE ITOPUCTHIE
ITyCTOTHI, 0Opa30BaHHBIC HOOBITBIM yIeM, 00Oramasch
METaHOM OTOUTOTO YIVISL M Pa3rPyKSHHBIX BEPXHHUX YroJlb-
HBIX IUIACTOB — TaK HA3bIBAEMBIX CITyTHHUKOB pa3padaTbiBae-
Moro racra. [Ipu 3ToM B CHITy MaJIOCTH yTe4eK uepes ITyc-
TOTBI, 00pa30BaHHbIE JOOBITHIM YITIEM, KOHIICHTPALHs Me-
tana B Hux goxoaurt 10 100 %, uto oOycnasnuBaer Gombiiioe
BJIMSHUE AeOUTa yTeueK BO3IyXa yepe3 3Ty 30HY Ha BBIXOJI-
HYIO KOHIIEHTPAINIO MeTaHa. bonmpmme 00beMbl TopucTon
Cpelbl, OMBIBAEMOH YTEUKaMH, MIPOSIBIISIOTCS B 3HAYUTEIb-
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Puc. 1. O600meHHast cxeMa JIBHXKEHHS Ta30BO3/IYIIHOI CMECH B BEIPAOOTKAX U BEIPAOOTAHHOM IPOCTPAHCTBE BBICMOYHOI'O y4acTKa:
Q - n1ebut Bo3yxa Ha yuacTke; C — KOHIEHTPAIlMS METaHA B UCXOAIIEH CTpye ydacTka; Q , — 1eOUT MeTaHa u3 ciyTHuka; Q, . —
o6umit 1eOUT MeTaHa u3 BEIPabOTaHHOTO IPOCTPAHCTBA,; QMy — obumii IeduT MeTaHa B UCXOMAMIEH cTpye ydacTka; Q, = — nebur
METaHa U3 JIaBhl; QyT — yTeuku Bo3ayxa B BeIpaboTanHoe mpoctpancTso; JC, JIQ — naTunky COOTBETCTBEHHO KOHIIEHTPAIUY METaHa U

pacxoga Bo3ayxa

3
MsMEHEHWE packnaa B0 sayxa, M/t

4|:|I T T T T T 1
1 1000 2000 3000 4000 a000 BOOO
IAomauauiaa I'Iﬂﬁlj'l":l nmaTaudg I'|I13|'lll"
‘ WM ameHEHWME KOHLEHT PaLMK MeTaHa %
_1‘ | | | ‘
1] 1000 2000 2000 4000 a000 BOO0O

Puc. 2. I'paduxu nepexomHbIX ad3pora3oMHaAMHYIECKHX MPOIECCOB Ha yIACTKEe NIPU H3MEHEHHH PEXKMMa IIPOBETPHBAHUS

HOH JUTNTEITBHOCTH IEPEXOTHBIX ITPOLECCOB MO KOHIIEHTpa-
LMY METaHa B yTeUKax BO3/yXa, a, CII0BATENBHO, U B U3MeE-
HEHUH COZICP)KaHMS METaHa B BO3YLITHOM IIOTOKE Ha BBIXO-
Je ydacTka. [IpraMep rpadukoB IepEeXoqHOTOo Iponecca Npu
W3MEHEHHH PEeXHMMa MPOBETPUBAHMSA HA yJaCTKE IIaXThI
«MymkeroBcKas-BepTikanbHas» okazaH Ha puc. 2. [Ipu
TIOJIOKUTETFHOM TPHPAIIEHUH YIPABIIAIONIETr0 ITapaMeTpa
Ha yJacTKe — pacxojia BO3AyXa — Ha BEIXOZIE yJ9acTKa B Iep-
BBII MOMEHT IIPOHCXOIUT HOJIOXKHUTETBHBIH BEIOPOC KOHIIEH-

TpaLuy METaHa OTHOCHTEIIBHO HCXOMHOTO ypoBHst. CHiiKe-
HHE JI0JTU METaHa B BEIXOIHOM ITOTOKE BO3/IyXa IIPOUCXOIUT
TOJIBKO IO MPOLIECTBUH AOCTATOYHO MPOXOIKUTEIHHOIO
BPEMEHH, CBSI3aHHOTO CO BPEMEHEM YCTAHOBIICHHST HOBOTO
3HAYEHHs CPEOHEN KOHLIEHTpalMM METaHa B IycToTax. B
CHITy 9TOrO BPEMs YCTAHOBJICHHSI CTAL[HOHAPHON 3aBHUCH-
MOCTH MEKIY BO3IYXOM H COACP)KAHHEM METaHa MOMKET
JOCTUTaTh HECKOIBKUX YacoB [2]. B peanbHBIX Mpon3Boj-
CTBEHHBIX YCJIOBIUSIX IO TIPABIJIaM OE30MaCHOCTH PEryIlH-
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pOBaHHUE IPOBETPUBAHUSI YIaCTKA BBIMOIHSIETCS TOIBKO Me-
PHOJMYECKH TIPU OTCYTCTBUH Ha y4aCTKE ITPOU3BOACTBECH-
HBIX NPOLIECCOB MO J00bIYe yriisi. C yd4eToM 3HauYUTeTbHOI
WHEPIMOHHOCTH TPOIIECCOB B 00BbekTe Hanbosee addek-
THUBHBIM CPEJICTBOM PEIICHHS 331a4H YCTAHOBJICHUSI TPeOy-
€MOr0 peXKHUMa MPOBETPHUBAHUSI SIBIISETCS PEATU3ALHUS OIl-
THUMAJIEHOW CHCTEMBI YIIPABICHUSI IO Ta3y, MO3BONSIOMIEH
ABTOMATHYECKU 00eCIIeYnBaTh OTPAOOTKY pACYETHOTO pe-
’KMMa BEHTWIIALMK paboyero mpocTpaHCTBa ydyacTka 3a
MHHHMAJIEHO BO3MOXHOE BpeMsi. B crity 31010, B KauecTBe
LIEJIH B JAaHHOM CTaThe pacCMaTPHBAETCs pa3paboOTKa ONTH-
MAJIBHOTO 1O OBICTPOJCHCTBHIO YIPABJICHHS POBETPHBA-
HHEM B YCIIOBHSIX 3HAKOIIEPEMEHHON XapaKTepHCTHKH O0bEK-
Ta yHpaBieHHs — BEIEMOYHOTO YYaCTKa.

CHHTE3 OTUMAJILHOI'O IO BBICTPOIEM-
CTBUIO YIIPABJIEHMSI IPOBETPUBAHUEM
BBIEMOYHOI'O YYACTKA KAK OBBEKTA CO
3HAKOINEPEMEHHOM XAPAKTEPUCTHUKOM

B niepBoM nipuOIIKEHHN OnIepaTop BBIEMOYHOTO ydac-
TKa ONPEJETsieTCs COBOKYITHOCTBIO CIEAYIOIINX YpaBHEHUN
MaccolepeHoca.

OO0muii 1eOUT MeTaHa Ha yJacTKe OMPEeIIIeTCs BhIIe-
JICHUEM T'a3a U3 BEIPAOOTaHHOrO IIPOCTPAHCTBA U JTABHI BEI-
pa’xeHueM

Quy=Qus* Qi &

J171s1 OTHOCUTENBHBIX Oe3pa3MepHBIX MPUPAILCHUI ypaB-
HeHue (1) mpuHUMaeT B

q(t) =6,q,(t) + 8, q,(t), @
re g = (QMy - QOMy) / QOMy’ 0 = (QMB - QOMB) / QOMB’

0, = (Qun = Quuin) / Qo — COOTBETCTBEHHOE MPHPATIIEHNUE
neOuTa MeTaHa COOTBETCTBEHHO Ha YIacTKe, U3 BRIPaOOTaH-

Horo mpoctpancTea u u3 nasel; Ox = Qown /Qowy;

05 = Qous / Qowy; QOMy, Qv Qo — 1€OUT MeTana B yc-
TAHOBMBILEMCS PEXMME COOTBETCTBEHHO HA Y4acCTKe, U3
BBIPAOOTAHHOIO POCTPAHCTBA M U3 JIABBL.

C yueroM cpeiHeil KOHLEHTPAlud METaHa [0 BCEMY
00BbeMy yTeuek BO3yxa Macca MeTaHa, BBIHOCUMOI'O yTey-
KaMH BO3/IyXa, OITMCHIBAETCS 3aBUCHMOCTRIO [3]

dg, , 1
da T

B

dG
qB =mM—: (3)

dt
rae M — kodQuureHT TypOYICHTHOCTH BEIPAOOTaHHOTO
TpOCTPaHCTBa; T, — BPEMs OMHOKPATHOrO OOMeHa BO3MyXa
B BBIPA0OTAHHOM IIPOCTPAHCTBE.

IIpu ucnonszoBanuu M-perymnsropa st USMEHEHUS YII-

paBIIsIeMOTO ITapaMeTpa yJyacTka H3MEHEHHE Pacxo/ia OIH-
CBIBAETCSI 3aBUCHMOCTBIO

dG/dt=U, @)

rae U — ynpaBienue.
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He orpanuuunBasi 0OIIHOCTH pACCMOTPEHUS, TIOCTPOUM
OIITUMAJTBHYIO TI0 OBICTPOJICUCTBUIO CHCTEMY YIIPABIICHUS
10 ra3y IpH HYIEBOM BO3MymleHuH u3 Jasbl (4 =0). B cuity
3TOrO0, contacHo (2), (3) aBmxeHue 00ObekTa OyIeT OMHUCHI-
BaThCsl ypaBHEHHEM

dg 1

—+—qg=mo,U. 5
dt T q i ©)

B

[TpoBeneM ONTHMHU3ALMIO MPOLIECCOB MEpexoaa OT Uc-
X0[HOro pesxuma nposerpusanus (G, g, ) B xemaemoe co-
crosnue (G, () 3a MUHMMAJIbHOE BpEMs [IPU OrpaHU4e-
HHUU YPOBHS YIpaBJsFOLIEro BoszaeicTBus U — ckopocTH
W3MEHEHHs Pacxo/a Bo3ayxa Ha yyacTke. PH3nuecku Mak-
cHUMallbHOE 3HaueHue ynpapieHus U onpenensercs KOHCT-
pykuueit mubepa, NepeKphIBAIOIIET0 CEYCHNUE BRIPAOOTKH,
U MOXET PETYTUPOBATHCS B THIIOBBIX PETYSITOPaxX CEUCHHUSI
BbIpa0oTOK B 00mactu [-5-107%; 5-10-*] ¢*. Ha onrrumabHbIX
TPAEKTOPHAX JIBHKEHHs 00bekTa OyneM nmpuauMath U=+U

JIvHMIO MepEeKITIOYEHUS ONITUMATBHOTO YIIPABIICHUS OI1-
pEeneM METOZIOM <IIOMSATHOTO» IBMKEHHUSI CUCTeMBI (4, 5),
HaYMHAs C HEKOTOPOroO JKeIaeMOro KOHEYHOTO COCTOSHUSI
(0, G, ) [4] o ypasHeruto

d
Tyt =q=-mU-0p T, ©)

dG/dr=-U, @)

roe T = t)K -1 t)K — BpeMs ONTUMAJIBHOIO IIpolecca; Tt —
«0o0paTHOE» BpEMSL.
Io pemenuto cucremsl (6), (7) mpu U=xU_momyunm

Qn (G) =0 -m-Ty -Upy - (exp(sign()2/(T,U) - 1)), (8)

e A =G-G,.

OnTuMaIbHBIE IO OBICTPOACHCTBHIO TIPOIECCHI 10 Ta3y
Ha y4acTKe 00eCIeYnBarOTCs Mpu (POPMHUPOBAHUH YIIPAB-
JICHWS TI0 3aKOHy [4]

¢ =0-q,,; )

U= Uy, -sign(e), mpu ¢ = 0; (10)
U, -sign(G, —G), mpue =0.

B 3akoHe onTHMAaIBHOTO yIpaBieHus 1o rasy (8—10)
HCIIONIb30BaH HEM3MeEpseMblil 00beM ra3a (| Ha BBIXOZE
o0bekTa. PeanbHbIMI TaHHBIME H3MEPHUTEIBHON CHCTEMBI
SIBISTIOTCS pacxon Bo3ayxa Q u konuentparus merana C, mo
KOTOPBIM HCKOMYIO KOOPAWHATY MOKHO BBIYUCITUTD HCXOUSI
13 3TUX 3HAYEHUM cpeHEN KOHUEHTPAMU METaHa U pacxo-
[1a BO3/IyXa Ha BBIXO/IC BEHTIIBILIHOHHOTO [ITPEKA YIaCTKa,
OIMCHIBAEMOM ypaBHEHHEM Maccorepenoca [5]

dC
Vam E +QC= me ) (11)

rae V,  — 06beM BBHIPaGOTKH C HHTEHCUBHBIM IIEPEMETIIH-
BaHMEM ra3a, BRIHOCHMOTI'0 yTe4KaMH BO3/1yXa, 1 OCHOBHO-
0 IOTOKa BO3LyXa.
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B nepBom npubnrmkeHnu Boipaxxerue (11) Moxer ObITh
TIPE/ICTAaBIICHO YPaBHEHHEM

T o dk +k=q-G,
dt

e T, =V, /Qy — Bpems oIHOKpaTHOro oOMeHa BO3IyXa
BO BceM 00beMe MepeMeLInBaHUs METaHOBO3/IYIITHON Mac-
cbl; k= (C-Cy)) / C\y — oTHOCHTENIbHOE N3MEHEHHE KOHIIEH-
TpaluK MeTaHa Ha yyacTke; Cy — HOMMHAJILHOE COZIepIKa-
HHE ra3a B BBIXOJHOM MOTOKE.

Orcrona cIeyer, 4To pacyueT yrpanisieMoi KOOpIUHATHI Oll-
TUMATTBHOH crcTeMbl (8—10) MOXKHO MPOU3BOIKUTE TI0 (hopMyITe

q =Ty dk/dt+k+G. (12)

B Boipaxxennu (12) npoussoanas dk/dt seisiercst HeHao-
JFONAEMOW BETMYMHOM, MO3TOMY UISl OLIEHKH PEaNbHOro
3Ha4yeHwus npousBogHoi dk/dt ucrmone3yem B 611oke HaOIIO-
natens (puc. 3) ypaBHEHHE

Ty dx/dt+x =k(t), (13)

riie Ty — NOCTOSHHAs BPEMEHHU ¢bupTpa.

ITpn 5TOM /TS MCKITIOUEHHS CYILIECTBEHHOTO BITMSTHHS IHED-
LIMOHHOCTH (DHITBTPa HA TMHAMUKY CHCTEMBI YIIPABJICHHUSI IPH-
MEM MOCTOSHHYIO BPEMEHH (UIIBTPa 3HAYUTEIEHO MEHbILEH
nocrosHHOH Bpemenu 1o rasy 7, (7' ~2000 c). Torna nocraroy-
HO CTPOro MOXHO CUMTaTh, uro dx/dt~dk/dt.

B cuiy aTorO, B 3aKOHE yNpaBiIeHHs OLEHKa oObema

PErymupyeMoro rasa (| B 010Ke HaONIOIEHHS CHCTEMBI
(puc. 3) ompenenuM U3 paBeHCTBa

dx
=Ty —+k+G.
q BIII dt

EOY oy G EH

Puc. 3. OyHKUHOHAIIBHASI CX€Ma CHCTEMBI OIITHMAIEHOTO
VIIpaBJICHHUs IPOBETPUBAHMEM BBIEMOYHOIO ydacTka, rae bOY —
610K onTUManbHOro yrpasienust; OY — 00beKT yrpaBJieHus;
BH — 6ok Habmronarens

HUCCIEAOBAHUE ONITUMAJILHBIX MO
BBICTPOIENICTBHAIO ADPOTA3OTMHAMMYEC-
KX ITPOLIECCOB ITPA OTPABOTKE 3ATAHHBIX
PEXXAMOB PABOTBI OFBEKTA

Amnpobarusi anropurMa yIpaBieHHs! OCYIIECTBILIACH
IULSL BHIEMOYHOT'O Y9aCTKa, (PU3MIECKUE TapaMeTphl KOTO-
pOro XapaKTepHBI ISt METAHOOOWTBHBIX maxT Jlonbacca [3].
ITpu 5TOM MOCTOSHHASI BpeMeHH (DIIBTPA B MOACIBHOM
dKCrepuMenTe npuHIManack pasroii 7, =10 ¢ (puc. 4). I'pa-
(UKU TIEPEXOIHBIX IPOILECCOB OTOOPAKAIOT BPEMEHHBIE
3aBHCHMOCTH TIPOIIeCCOB yrpasienus (puc. 4, a) u daszo-
BBIC TPAeKTOPHH MPOLIECCa YIPABICHUS B CHCTEME (a3o-
BoIx KoopauHar (0—-G) u (k-G) (pwc. 4, 6). HauansHoe moso-

0)

Puc. 4. TIpotecchl yripaBieHUs IPH YCTAHOBJICHUH JKEIaeMOro
pacxoza BO3ayxa Gm=0,5

JKEHHe U300pakarore Toukn B pazoBoit mrockoctr (—G)
(0, -0,5) mpencrapiser co00i HEKOTOPHIM NCXOMHBIH CTAIH-
OHAPHBIM PEKUM IIPOBETPHBAHNUS HA YIACTKE, COOTBETCTBY-
forreM Touke (0,5, —0,5) B mrockoctn (K—-G). B MmomenT Bpe-
menn (t=50 C) mo 3amanuro qucIIeTIepa BEHTHIAIHOHHOM
CITY)KOBI BKITFOUAETCS aBTOMATHIECKUI pekUM OTPabOTKU
3aJJAaHHOr'0 IeOUTa BO3/IyXa Ha yUacTKe GKZO,S. ITo 3aBep-
TIIEHAX TIEPEXOTHOTO TPOIECCa Ha YIACTKE YCTaHABIHBACT-
sl 3aJITAaHHBIM PAcXoll BO3MyXa W HOBBIC 3HAYEHHS OTHOCH-
TETBHON KOHIIEHTPAIMKA METaHa MMPH HYICBOM 3HAYCHUH
00IIero OTHOCUTENFHOTO 1eduTa MeTaHa. [Ipu mycke cuc-
TEMBI YIIPABJICHHUS H300paskarorias TOYKa HaXOUTCS BBIIIIE
JIMHWH TIEPEKITFOUEHHS], TIO9TOMY IO/ BO3IEHCTBHEM ITOJIO-
JKHUTEITLHOTO YITPABIISAIOIIETO BO3AECHCTBHS JIBHXKETCS 1O JIH-
HUH TIEPEKITFOUEHHS, W TIPU €€ JOCTHKEHHIH 3HAK YITPABIISIO-
mIero Bo3JercTBHA MHBEpTUpYyeTcs. [locie sToro nzobpa-
KafoIast TOYKA JABMKETCS BIOJb JTMHUH TIEPEKITIOUEHNS 1
nocturaeT koneuroro coctosuus (0, 0,5) B mrockoct (4-G)
u coorBeTcTBeHHO cocrosaus (—0,5, 0,5) B mrockocth (k—G).
ITpu 5TOM TIPOIIECC YCTAHOBIICHHUS 3a[AHHOTO PEXKUMA SIB-
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JiseTcs ¢abo KOJ'I€6aT€J'H)HI)IM, OJHAKO KoneOaTenbHBIC npo-
HECChI IPOUCXOIAT 6BICTpO T10 CPABHCHMHIO € ITpoLecCaMu B
06’B€KT€, T.€. KoneOaHust MPAKTUYICCKU HE BJIWAIOT HA AWUHA~
MUKY CUCTCMBI.

BbIBOJbI

1. TIpoBeeHHBIC aHATTMTHYECKUE U SKCIICPUMCHTATBHEIC
HCCIIEIOBaHNS TIO3BOJITIOT PEKOMEHIOBATH ISl PACCMOTPEH-
HBIX 00BEKTOB CO 3HAKOIIEPEMEHHON XapaKTePUCTHKON TIpH
CHHTE3€ CHCTEMBI YITPABIICHUS IPUHITUIT ONTUMATBHOTO IO
OBICTPONCHCTBHIO YIIPABIICHUS C UCIIOTE30BAaHUEM B 3aKOHE
BBIPA0OTKH YIPABJISIONIETO BO3ICHCTBHUS ITPOMEKYTOTHON
TIepEeMEHHON 00BEKTa, BBIYUCISACMON O BRIXOIHBIM KOOP-
JIHATaM OOBEKTa, U He UMCIOIICH 3HAKOIIEPEMEHHON Xa-
PAKTEePUCTHKH.

2. Ha mpuMepe CHCTEMBI IEPHOTIMYECKOTO UCTIETISPC-
KOTO PEryIIMPOBAHUS PYTHUYHOH aTMOC(EpBI YrOIbHBIX
IIaXT MMOKa3aHa paboOTOCIIOCOOHOCTH MPEIUIOKEHHOW CHUC-
TEMBI ¥ JJOCTATOYHO BEICOKAs ¢ 3(pPeKTHBHOCTE 10 OBICT-
POICHUCTBHIO IO CPABHEHUIO C MHEPIIMOHHOCTHI0 00BEKTA.

Yepenuikosa O. 10.%, Jlanko B. B.?
'Kang. texu. Hayk, nouenrt, JJouHTY, Vkpaina
2Kany. Texd. Hayk, gouenrt, JJouHTY, Vkpaina
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CHHTE3 OIITUMAJIBHOI'O 3A HIBUJAKOAIEIO YIIPABJIIHHS OF’€KTOM 313HAKO3MIHHOIO INIEPEXITHOIO
OYHKIIEIO

Po3nIsIHYTO CHHTE3 ONTHUMAJIBHOIO 3a MIBHJKOAICI0 KepYBaHHS 00’ €KTOM 31 3HAKO3MIHHOIO XapaKTEPHCTUKOIO — BUIMKOBOIO ALISH-
KOIO BYTUIBHUX IIAXT. B ympasiiHHI 3alporoHOBaHO BUKOPUCTOBYBATH CIICLIANIbHO OOYHCIIIOBAILHY HPOMDKHY OJHOINOJSIPHY 3MIHHY,
TOOTO KOOPJHMHATY, sIKa HE Ma€ 3HAKO3MIHHOI XapaKTepPHCTUKY. Anpo0altis po3po0IeHOro yIpaBIliHHS BUKOHAHA METOAMH MaTeMaTiy-
Horo mozemoBanHs. [TokazaHo, 1110 3aIPOIIOHOBAHMH 3aKOH YIIPABJiHHS 3a0e311euye CTifiKe ynpaBiHHs Ta iCTOTHE IIPUCKOPSHHS Bilpa-
LIOBAHHS 33[JaHOTO PEXUMY POOOTH 00’ €KTa.

Kurouoi cioBa: ¢a3opa miomiHa, ONTHMANIbHE YIPABIiHHS, 3HAKO3MIHHA XapaKTePHCTHKA 00’ €KTa, GJIOK CIIOCTEPEKEHHS, BUIMKO-
Ba JIUIHKA, PEKUM IPOBITPIOBAHHS.

Cherednikova O. YU.}, Lapko V. V.2

Ph. D., Associate Professor, DonNTU, Ukraine

2Ph. D., Associate Professor, DonNTU, Ukraine

SYNTHESIS OF SPEED-OPTIMAL CONTROL FOR THE OBJECT WITH AN ALTERNATING-SIGN TRANSITION
FUNCTION

The synthesis of speed-optimal control for object with alternating-sign characteristic — excavation site of coal mines — was considered.
The task comes to establishment of the desired mode of object operation with minimal time due to significant inertia process. Alternating-
sign characteristic of methane concentration leads to release of methane, which complicates the synthesis of control system and
complicates the control law. To improve the performance of control system the original new approach to the synthesis of the control law
was proposed. For the control law it is proposed to use unipolar variable clearly identified at the regulated coordinate — methane
concentration. Approbation of developed control was done with methods of mathematical modeling. It is shown that the proposed
control law provides sustainable management and a significant acceleration of testing of the specified mode at the object. The results will
be used in the aero-gas informational complex, implemented by 60 mines of Donbas.

Keywords: phase plane, optimal control, alternating-sign characteristic of the object, surveillance unit, working site, ventilation
mode.
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Y TEXHIYHUX CUCTEMAX

YIHPABJIEHHUE
B TEXHUYECKUX CUCTEMAX

CONTROL
IN TECHNICAL SYSTEMS
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Opnoscbkun |. AL, Topobeup €. 1.2

0-p mexH. Hayk, npoghecop, 3anopisbkuli HayioHanbHUl mexHiyHul yHisepcumem, YkpaiHa, E-mail: i_orlovsky@mail.ru.
2Maezicmp, 3anopizbkull HauioHanbHUU MmexHiYHUl yHisepcumem, YkpaiHa

BUKOPUCTAHHA HEMPOKOHTPOJEPIB B EJIEKTPOMEXAHIYHUX
CUCTEMAX

HaBeneHO MaTeMaTH4HU OIMC Ta BUKOPUCTAHHS Y CJIIEKTPOMEXaHIYHUX CHCTEMaxX TPhOX
HEHPOKOHTPOJIEPIB: 3 IPOrHO3YIOUMM KepYBaHHSIM, Ha OCHOBI MOZeIi HeliHiiHOI aBToperpecii
3 KOB3aI0YHM CEpPE/IHIM Ta HeHPOKOHTPOJIEpa 3 ETAJIOHHOIO MoaeiuTo. ONUCaHOo HasIBHI B CHCTEMI
MATLAB iHcTpyMEeHTH JOCTIIKEHHS [IUX HEHPOKOHTPOJIEPIB i 3 IX BAKOPUCTAHHSIM CHHTE30BaH1
Ta JOCIIJXKEHI CUCTEMH KepyBaHHsS OJHO Ta JIBOMACOBHMX EJIEKTPOMEXaHIYHHUX CHCTEM 3
€JICKTPOIPUBOJIOM ITOCTIHHOTO CTpyMy. 3a pe3ylbTaTaMy MOJEIIOBaHHS MOPIBHSIHI BIACTUBOCTI

CHUHTC30BAHUX CUCTCM.

KawuoBi cioBa:

HelpoKepyBaHHSA, HEHPOKOHTpOJIEP,

HelipoHHa Mepexa,

CJ'ICKTpOMCXaHi‘{Ha CUCTeMa, MaT€MaTudIHa MO/JICJIb, MATEMATUYHEC MOACTFOBaHHA.

BCTYII

He 3Baskaroun Ha BeIMKY KUTBKICTB MiAXOIB J0 podite-
MU cuaTe3y cucteM kepyBauns (CK) Heminiiaumu 06’ exra-
MM [IPY BUIAIKOBHUX CHT'HAJIAX, YHIBEPCAIbHOTO Ta ieab-
HOTO PEryIIATOpa MOKA He iCHYE, TIPH IIbOMY, SIK BiI3HAYAETHCS
v [1], omHuM i3 GBI IEPCTIEKTHBHAX HATIPSIMKIB € 0GyI0-
Ba HelipomepexxeBux CK, sKi J03BONSIOTH Y 3HAUHIN Mipi
3HATH MaTeMaTH4YHI IpoOIeMU aHATITHYHOTO CHHTE3y U
aHai3y IPOSKTOBAHOI CHCTEMH.

VY mitepaTypi onmcaHo 6araTo mpuKiIaiB IPAKTHIHOTO
BHKOpHUCTaHHS HepoHHKUX Mepek (HM) miist BupiterHs 3a-
J1ad KepyBaHHS pi3HOMaHITHUME 00’ ekramu. Ha manmii Mo-
MEHT PO3p00JIEHO e KUTbKa METOIiB HeHpOKEpYBaHHS . IMiTy-
[09e, iHBepCHE, 3 MPOTHO3YBaHHSIM, 0araTtoMomayiTbHE,
riGpuHe, TornoMixHe Ta iHmi [2].

B maxeri npuxiaamx mporpam Neural Network Toolbox
cucremu Matlab [3] mpuseneni Hait6iapII TEOPETHYHO 00-
rpynToBani HeiipokonTponepu (HK): 3 mporrosyBaHHsIM
(Neural Predictive Control — NPC), 3 momemntro HemiHiifHOI
aBToperpecii 3i koB3arounm cepernrim (Nonlinear Auto
Regressive Moving Average — NARMA-L2) Ta 3 eramon-
noro mozesutio (Model Reference Controller — MRC).

© Opmnoscekuii 1. A., Topobens €. 1., 2014
DOl 10.15588/1607-3274-2014-1-26

Kepysants 3 NPC BUKOPHCTOBYIOTH [Us pI3HUX 00’ €KTIB,
HAPUKIAM; MiATpUMKa HeoOXiJHO1 KOHIIEHTpAIlii piliHN y
pesepByapi [4], HaBenenHs i crabimizariist 036pOEHHS Jer-
KOOPOHBOBAHHX MAIIHUH [5], KepyBaHHS MaITHHOIONI OHUM
MoGibHMM poGotoM [6]. V [7] HaBeneHo MaTeMaTHUHMiIT
OITHC IPOTHO3YIOYOr0 HEHPOKEePYBaHHS 1 3 BUKOPHCTaHHAM
iHcrpymentiB cucremu MATLAB, cunre3oBano CK 3 NPCy
KOHTYpi CTpyMy ejiekTponpuBoma. Y [8] mocmimkysamocs
3actocyBanHsi NPC ist KOpuryBaHHsI BUX1THOTO 3HAUYSHHS
[I-perynsiTopa MBHUAKOCTI, IO AOIBOIIIIO MOIIIIINATH TIe-
PEXiHi MPOIIECH Y ABOXMACOBIH CHCTEMI €IeKTPOIPUBO/IA.
[pote, y HaBeeHNX BUIIE CTATTAX BiJCYTHE IOPiIBHAHHSI
pe3ynbraris Bukopuctanus NPC 3 pe3ynbraramu HIIH|X TUITIB
HK y CK enexTtponpuBois.

B [9] BukopucroByetbest kKouTpormep NARMA-L2 mst
aBTOMATUYHOTO KEPYBaHHS CYTHOM Ha 3MIHHOMY Kypci. Y
[1] ripy BupimenHi 3a1a4i HaBeEHHS Ta cTabimizartii 036poe-
HHSA JETKOOpPOHBbOBAHOI MAIIWHU HEHPOPETYIATOP
NARMA-L2 BUKOPHUCTOBY€EThCS Y KOHTYPI MIBHIKOCTI. STk
Big3Ha4yawoth aBTopu, NARMA-L2 mnpaiyioe sik peneiHuit
PETYIATOp, BUXII STKOTO IIEPEMHUKAETHCS Y IPOTHIICHKHI 3HA-
YeHHSI 0OMEXEeHb, [0 MPUBOJUTH O CYTTEBHX KOJUBaHb
mmuakocTi (o 40 % Big MakCHMATBHIX).
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B [10] HaBeieHO MOXKIIMBICTD B PEXXUMI PEAIBHOTO Yacy
1 QpoBoOro KepyBaHHS TiPOCKONIYHUM ITIEPEBEPHYTHUM Ma-
SITHUKOM, SIKHI BPIBHOBa)KYETBCSI 32 JIOTIOMOT' 00 MaXOBHKa
3 IBHUTYHOM moctiitHoro crpymy i CK 3 koHTpomepom
NARMA_L2. ITudposuii [T1J]-perymstop 3 afanramiero 3a-
Oe3reuye HadaJIbHY CTIMKICTh 00’ €KTa JJIsl HaBYAHHS
NARMA xoHTpOnepa. ABTOpH BiA3HAYAIOTH, 1110 IPH BUKO-
pucranai NARMA koHTpornepa 3akoHH KepyBaHHS € He-
JHHIHHIMH | € MOXTHBICTB ON-line agamrarii koHTpoNepa aist
3a0e3reyeHHs 3a/JaHO0i AMHAMIKN 00’ €KTa, [0 3MiHIOETHCH.

V [11] ormcani koutponepu NARMA_L3 1 NARMA_L4,
10 PO3MIUPIOIOTE BiAmoBigHO KoHTpornepu NARMA L1 i
NARMA _L2 nyst 6aratbox BXofiB i BUXO/iB. [lopiBHSHHS
MIPOAYKTHBHOCTI IIX KOHTPOJEPIB 3 pe3ylIbTaTaMH, OIHca-
uumu B [12], 1e 3axnaneni ocaoBu koHTposiepis NARMA,
MI0Ka3aJ1o, IO NMPH BHUPIIIEHH] THX XK€ 3aBJaHb OTPUMaHi
Kpami pesyasraty. [Ipn HaBdanHi HM BuKOpHCTOBYBaHCS
TUTBKH cTaTHaHi MeToau. KpiM Toro, 3a pe3yisraramu Mozie-
JIIOBaHHS BCTAHOBJICHO, II0 IIPH OJIM3BKHX ITPOIYKTHBHOC-
ix st KouTporepa NARMA _L3 kinbkicts HelipoHis B HM
OubIne, Hik B Monessix koaTpoiepa NARMA_L4.

VY [14] HK 3 eTaioHHOFO MOJIEIUTIO YMOBHO MOALISAIOTH HA
JIBa KJIacu: IpsMi Ta HenpsiMi cucteMu. Ha BXin Oyib sikoi 3
mux CK mocTyrae 30BHIIIHI CUTHAN 3aBIaHHsI, SIKHHA IT0-
JTA€THCS HA PETYILSITOpP Ta €TaJIOHHY MOJENb i BU3HAaJae 0a-
KaHy MOoBeiHKY 00’ exta kepyBaHHs. Ctpykrypa HK MRC
Ha3BaHa sIK aJjalTHBHa HenpsiMa HelipomeperxxeBa CK. Y takiit
cHCTEMI IapalieslbHO 00’ €KTY MiIKITI0YeHa HaJaroKyBaHa
MOJIETIb, MTapaMeTpH SIKOi Oe3IepepBHO YTOUHIOIOTHCS Y
TEMIIi 3 MIPOLECOM KEpPYBaHHS 3a JIOIOMOIOI0 aJlTOPUTMY
ouiHroBaHHA. L{i mapaMeTpy BUKOPHCTOBYIOTHCSI PETyIsITO-
POM Y SIKOCTi OIIIHOK TTapaMeTpiB 00’ €KTa KepyBaHHS, IIPH
TaKOMYy KepyIOIH BIUTMBH BU3HAYAIOTHCS IIJISIXOM aHATI TH-
HOI MiHIMI3amii MPUHHATOTO KPUTEPIr0 KEPYBAHHS, KUH €
¢yHKIi€t0 Bi mOXUOKH KepyBaHHS. CHHTE3 ONTUMAIBHOTO
KepyBaHHS TOB’SA3aHUU 3 OLIHKOIO sfKoOiaHa 00’€KTy

J= {dy j/au; } . DAKTHYHO MPOIIEC KEPYBAHHS 3BOIUTECS JI0
BiJICITi IKYBaHHS aTaITHBHOIO MOZIEJITIO ITOBEAIHKHU €TAJIOH-
Hoi mozieni [14].

B Demos Matlab nipusenennit npukia g BHKOPUCTAHHS
MRC mns 3aiiicHeHHST KOHTPOITEO KyTa TIOBOPOTY MasITHAKA
3a BimmoBigHNM 3aKoHOM KepyBanus [15]. ¥V [13] omwcano
3acrocyBanHsi HM 11 aBromaTnynoro HactporoBanss [11/1-
peryIsaTopa 3 BAKOPHCTAHHSM 33IaF0401 MOZIITi aJal THBHO-
ro kepysauus (Model Reference Adaptive Control —
MRAC). Emyssitop 06’ €KTy € 6aratolapoByii IepIenTpoH,
SIKAI 3aCTOCOBYETHCS pa3zoM 3 ON-line mapuanusm HM, sika
HanmamToByro mapamerpu [ /1-perynsitopa. 3amadero Hatam-
TYBaHHS € 3HW)KCHHS HMOXHOKHM MK BHXOIAMHU 3aJar0yol
Mozedni i 00’ exra. [Ipu IboMy He BUKOPHCTOBYIOTBCS 3aTPH-
MaHi BUXiHi curHamm KoHTponepa. bazoy ineto MRAC 3am-
pomoryBas Whitaker y 1958 porri [13]. V Takiii cxemi kpim
3BHUYAHHOTO 3BOPOTHOTO 3B’SI3KY € 3BOPOTHIN 3B 30K IS
HACTPOIOBAaHHS ITapaMeTpPiB peryistopa. Po3mistHyTo npu-
KJIaJ1 pETYTIOBAHHS PiBHS PIIWHA y CHCTEMI 3 IBOMA pe3ep-
Byapamu. Lle#t MeTox 0GUHCITIOE TapaMeTpH peryasTopa On-
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line. Tak sk HaByanbHi HaOopu mis II/I-perynsitopa He-
BiloMi, HaBYaHHS Bar HM MeToIoM CTaHIapTHOTO 3BOPOT-
HOT'0 TTONIMPEHHS HEMOXXIIUBO, TOMY Il HaB4aHHA HM
pEryIsITOpa BUKOPUCTOBYIOTHCS TIOMUJIKU KepyBaHHs €( )
Mi>K BUXOIIOM €TAJIOHHOI MOJIEIi 1 BUXOIOM 00’ €KTa. Y SIKOCTI
3aJ1al090i MOJIENTi BUKOPUCTOBYETHCS CTilKa JTaHKA IPYroro
TOPSIKY 3 HEOOXITHUM YacoM IiepexigHoro mporeca. Ha-
BuaeThcss HM Monn(ikoBaHUM TpaJi€eHTHAM aJTOPUTMOM
3BOPOTHOTO TIOIITUPEHHS, SIKUH MiHIMi3aIli€ KBaIpaT IIOMIIT-
ku. Buxin [T JI-perynsitopa y IMCKpETHOMY BHJII pO3PaXoBy-
BaBCs 32 (POPMYIIOIO

u(n)=u(n-1) + Kp(e(n)—e(n-1))+ K,u(n) +
+Kg(e(n)—2e(n-1)+e(n-2)), @)

1eKp, K|, Ky —koedilienTy nponopIiitHoi, iHTerpaabHoi Ta
nudepenIianbHOi CKIanoBUX Bimmosiano, U(N) — Buxin
00’exTa y MOMEHT 4yacy NT, T —iHTepBai BHOipKH. [11s1 Kopek-
tyaHHA Kp, K|, Ky (3Haxomarecst AKp,AK,,AKy ). Buko-
pucrana TpuniapoBa HM 3 akTHBaIiiHOIO CHTMOIJaIBHOIO
(yHKIII€I0 B IPUXOBAHOMY IIapi 1 JIIHIHHOIO — y BUXIZIHOMY.
KinbkicTs HelipoHiB y BximHoMy Ny Ta mpuxoBaHoMy N, mapax
00MpaeThCs IUTLIXOM P00 1 MOMUIIOK. KiTbKicTh HEHpOHIB y
BUXitHOMY 11api nopiHIoe uucty [11/1 npuOyTkiB. DyHKIisA
OLIIHKH 3BOZIUTHCS JI0 MiHIMyMY HaBUaHHSIM Bar METOZIOM 3BO-
POTHOTO MOIIMPEHHST HACTYITHUMH PiBHAHHSIMU:

Aij (n+1): ﬂ5k0j +OLAWkJ' (n)+ﬁAij (n—l), (2)

iji(n+l):n8joi+ocAWji(n)+BAWji(n—1), (3)

ne k=123, j=12,,,,N, i=12,,,,N;, N — roedirient

HaBYaHH, o, Ta B TepMU MOMeHTY. [Hekcamu i, j,k mo3Ha-
YeHi BX1THHH, IPUXOBAHNH Ta BHXiTHAH [ITapH.

TaxwM 9MHOM, Y JJOCTYITHI# HAyKOBIiH JIiTEpaTypi Mmokasza-
Ha ITePCTIeKTUBHICTH BUKOpHCcTaHHA pisHnX HK mis kepyBan-
Hi pi3HIMH 00’ ekTamiL. [1pu poMy Ipu KepyBaHHI eNIeKTPO-
MeXaHIYHUMH 00’ €KTaM¥ BUHUKA€ HEOOXiTHICTh IOPiBHSIHHS
pe3yisraTiB BUKOpricTaHHs pi3HuX TrriB HK y koHTYpax cTpy-
MY Ta IIBUIKOCTI OTHO- Ta IBOMACOBHX CHCTEM.

META POBOTH

MaremaTn4Hui omuc Tprox HelpokoHTponepiB NPC,
NARMA-L2, MRC Ta po3po0ka OfHO- Ta JBOMACOBHX €JICK-
Tpomexaniuanx cucrteM (EMC) 3 uMu KOHTpOIIEpaMH Y KOH-
TypaxX CTpyMY Ta MIBHIKOCTI i TOPiBHSIHHS X BITaCTHBOCTEH.

o MPUHIOUIIB POGOTH HK

Heiipoxepysanns 3 nporaosysannsiv (NPC). Meron Ha-
BuauHg HK, mpu sskoMy MiHIMi3yeThCS BiIXUICHHS IS KOXK-

HOTO TakTy k motouroro nonoxends Y(K) o6’exra kepy-
BaHHs Bix 3aBaanus I(K) OiHIOETECS BUPa3oM

IAE = é(r(k)_ y(k)f . @
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SIKicTh KepyBaHHS ITOTIPUIYETHCS Yepe3 3aTPUMKH CHT-
HaJliB MiHIMyM Ha oauH TakT y CK 31 3BOpOTHIM 3B’ S3K0M.
SIKmIo Ayst OTpUMAaHHS IJTBOBOTO ITOJIOKEHHST HEOOX1THO
JIEKLIbKa TaKTiB, TOAI U MiHiMi3awii moroyHoi moxuokn HK
MOX€ BHJATH HaIMIPHO CHIILHHUHN KEPYIOUNil CUTHAI, SIKHH
TIPU3BEJIE 10 ITEPEPETYITIOBAHHS.

NPC miHiMi3ye QyHKIIOHAT BAPTOCTI IHTETPAIEHOI 110~
XUOKH, AKa IPOrHO3yeThes Ha L = maX(Lz, Ls ), 0<Li<L,
TaKTiB Briepex [2, 4] HACTYITHUM YHHOM:

L, L,
Q) =Y ek +)F Y [Tk +i) Tk +i-1)*, (5
=L i=0

Jie €—IOXHNOKa BUXOJLy CUCTEMH, P — BKJIAJl 3MiHH KEPYIOUO0-
TO CHTHAJTY B 3arajibHUN (yHKIioHaT BapTocTi. [yt mporuo-
3yBaHHS ITOBEIIHKHM CHCTEMH i 00UNCIICHHSI TOXHOOK BHKO-
pHUCTOBYEThCS TpsAMuil Helipoemysitop. OcoOIuBICTD y
ToMmy, 1o BifcyTHii HK, skuit HaBgaeThCs. Horo micue 3aii-
Ma€ ONTUMI3aIIMHIHA MOIY/Ib, MPALIOIOYNH B PEXUMI pe-
QJIBHOTO Yacy.

OnruMizariifHuil MOIYTb OTPUMYE Ha TakTi Kk HiTHOBY
TPaeKTOpito Ha L TakTiB Briepen, a SAKIIO 11 Hemae, To | pa3
JTyOJTIO€ 3HAYEHHS! IOTOYHOI YCTaBKA r(k + 1) 1 BUKOPHCTOBYE
1Ie Y SIKOCTI IUTHOBOI TpaekTopii. Jlai, it BuOopy onTrmartb-
HOT'O KepyIO4OTo0 BIUIUBY, O0UMCIIEHHS Bi10yBalOTHCS y BHYT-
PILIHBOMY IMKITi CHCTEMH HEHpOKepyBaHHs (Horo iTepamii
3a3HaueHi K | ). 3a 4ac oIHOrO TAKTY KEpYBaHHS ONITHMi3all-
1HHMI MOIYIb TIOJ]a€ HA BXiJl HEHPOEMYIATOPa CEepiro pi3HO-
ManiTHux BImBiB U (K +1, J), 1e t — mnbuHa nependadeHHs,
0<t<L-1, oTpuMye BapiaHTH NMOBEIIHKH CHCTEMH
y(k +1, j), Bu3Hayae HalKpally CTpaTerito KepyBaHHs

ST ={0(k, i); T(k+1, Jo); ... T(k+L, i)},

sika MiHiMizye Qyrkiionan (5). Ha 06’ exT momaeThes Kepy-
founii curaan U(K) =u (K, j;), a mani Ha HACTYIHOMY TaKTi
crpareris ST epepaxoBYEThCS 3HOBY.

Henomikom cructeMm 3 niepenOadeHAsIM € HEMOXKITHBICTD iX
3aCTOCYBaHHS Y CHCTEMaX 3 BEJIUKOIO YaCTOTOIO AUCKPETH-
3arii, 00 onTUMIi3alliHHAUN aJTOPUTM IIPAIIOE B PEKUMI pe-
aJBPHOTO Yacy i 3a 9ac OMHOTO TaKTy He Oyae BCTUTATH 3Ha-
XOJIUTH HAaHKpaIIy CTpaTeriro Aii.

HeiipokepyBanHs 3i 3BOpOTHOI0 JiHeapu3aui€ero
(NARMA-L2). NARMA-Monens B 3araibHOMY BHTIISII
MOKe OyTH IpescTaBiieHa y hopmi

y(k+d)=N[y(k), y(k-1)...., y(k =n+1),
u(k) u(k=1),...,u(k —=m+1)], 6)
e y(k)—BHxi,u MOJIENT, (| — 9HCITO TaKTIB Tiepen0aueHHs, u(k)—

BXia Mozeni (curHan kepyBaHHs). Helipoperymsitop, Takum
YHHOM, [IOBUHEH 3a0€31IeUyBaTH CUTHAI KEPYBAHHS BHLY

u(k)=Gly(k), y(k +1),..., y(k —=n+1),
yr(k+d) u(k-1),...,u(k —=m+1)], @)

ne Yy (K +d) —3amana kooprumara.

Taxuit perynstop Moxke Oyay peati3oBaHuii 3a JOIIOMO-
roro HM, ase B nporieci MiHiMi3arii cepeTHbOKBaIpaTHIHOT
NoxHOKHM BiH noTpedye Oarato oOuMcIeHb, 60 BUKOPUCTO-
BY€ IMHAMIYHUH BapiaHT METOY 3BOPOTHBHOT'O ITOIIMPEHHS
TOXMOKH. JIJIst TpaKTHYHOTO PillleHHs 331341 KepyBaHHsI BU-
kopucToByroTh HaOmmkeHy NARMA-Mozens 3 BUIIEHOO
CKJIaZIOBOIO KepyBaHHs. Taka MoJeb, 1110 OTpUMaa Ha3By
NARMA-L2 (puc. 1), Mae Burmsig

y(k+d)=fy(k), y(k =1), ..., y(k =n+1), u(k 1), ..., u(k = m +1)]+ 8
+ay(k) yk -2 o yk=n+1) uk-1) o uk—m+2pk) - &)

¥ k)

k-1

Iy {k-n+2)

Iy {k-n+1)

0 —

ugk-1y

o

ufk-rm+ 2y

ufk-rm+13

v (k)

y (k13

Iy (k-n+2)

Iy (k-n+1}

o) —

uik-1)

uik-2

uik-m+2)

uik-m+13

Puc. 1. Monens muHaMiqHOro 00’ €KTY Y KOHTpOJIEpi
NARMA_L2
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VIIPABJIIHHA ¥ TEXHIYHUX CUCTEMAX

[Mepesara ¢opmynu (8) y ToMy, 0 MOTOYHUI CHTHAI
KepyBaHHSI MOXXHa Oe3rmocepeiHb0 00UNCIIIOBATH, SKIIO
BiloMa OakaHa TPAaeKTOpis Yy, HOIEPEIHS iCTOPis KepyBaHHS

{u (k —1), ey u(k -m+ l)}, a TaKOX TOTEPEIHE MOTOYHE 3Ha-

yenns suxony {Y(k), y(k=2), ..., y(k —n+1)} sa popmymoro

ulk) = yr(k+d)- f[y(k), y(k=1), ..., y(k =n+1) u(k 1), ..., u(k—m+1)]
T R Ve T BT e R

BesnocepenHe BUKOpUCTAaHHS [IbOTO BiIHOIICHHS IS
peaitizalii perynsTopa BUKINKA€e TPYAHOII, 00 KepyBaHHS
u(k) 3aJIEKUTH BiJl HOTOYHOTO 3HAYCHHSI BUXOLY y(k) . Tomy

(dopmyna (9) mepeTBOPIOETHCS HACTYITHUM YHHOM:

u(k +1)= yr(k+d)- fly(k) y(k=1),..., y(k=n+1)u(k =1),..., u(k —-m+1
aly(k) y(k=1),..., y(k=n+1), u(k =1),..., u(k -m +1)]

)]’ (10)

ajyie Ipy [[bOMY NapaMeTp IependadeHHs] OBHHEH 3a]10-
BOJIBHSTH YMOBI d > 2.
SIKmo BpaxyBatH, 110 ITPH ITOOYI0BI MOZIEN HETIHIHHOTO

00’exra GyHkuii f ( ) Ta g( ) peati3yloThCs y BUIVISIII TPH-
mapoBoi HM mpsiMOro HOmIMpeHHsl, TO MPH HACTYIHOMY

PO3paxyHKy KEpyHOUYOro CUTHAITY U (k + l) HEOOXiHO TOYHO
3HaTH 3Ha4eHHs1 BaroBux koegimientis HM rmpu rium curnaimi
(6axaHo 110 6 1i KoediuieHTH Ge3mocepeaHbO OYITH OB’ sI-
3aHi 3 (i3MYHUMH mporiecaMu y 06’ ekTi). J1o Toro x Heoo-
XiTHO BiJ3HAYUTH, IO 3aBIaHHS TOYHOI ieHTHU(IKAIIT
00’€eKTa, KU Ma€ KiJTbKa HEMHIHHOCTEH, B 3aralbHOMY BH-
MaJIKy He BUpIIICHA.

Inest mobynosu korTpoepa NARMA_L2 Gepe cgiit mo-
YaTOK BiJl MOJIENTI HENIHIHOI aBTOpErpecii 3 30BHIITHIMHU BXO-
namu (Nonlinear Autoregressive with Exogenous inputs
Model - NARX) (puc. 2) [16]. Y Momeni 06’ekra KoHTpOIEepa

NARMA_L1 (prc. 3) BXiHi CHTHATH u(k —i +1) HE 3HaXO0-
ITECA M1 3aranbHO0 (yHKwiero, sk y NARX. Ipu oMy

KLITBKiCTB BATOBHX KOG(IIIi€HTIB y OJIOKaXx, /e € CTHAI U (k + 1),

3HIDKYETBCS 3 (n+m)q — y mozeni NARX no (n +1)q -
ymozneni NARMA L1, mo 3HmKye 3aIeXKHICTh 3HAUCHHS

BaroBoro koedirtienta mpu U(k +1) Bizi 3HaueHs iHmmx Baro-
BUX KOSIIII€HTIB.

Y xortporepi NARMA L2 m1s i IBHIIIEHHAS TOYHOCT Ke-
pyBaHHS, X042 MaTEMaTUIHy MOJIEb NPEICTABIAIOTh CIIPO-

meHo (MEHII TOYHO), CHUTHAT KepyBaHHSI u(k +1) e Gepe
y4acTi y opMyBaHHI (QYHKIIN aripoKCHMAIlii HeIliHIHHOCTeH
(puc.1), i TOMy IPOTHO3YIOUE KEPYBAHHSI MOKE OYTH PO3-
paxosame 3a popmyioro (10).

HeiipoxepyBannsi 3 erasionnoro moxesrtio (MRC). MRC
(puc. 4) — BapiaHT HEHPOKEPYBAHHS 32 METOIIOM 3BOPOTHOTO
TIOMIMPEHHAS TIOXUOKHU depe3 MPSIMUA HEHpOeMymsTop, 3 J0-
JIATKOBO BIIPOBADKEHOIO B CXEMY €TATOHHOI Mozesuto. Lle
POOHTBCS 3 METOFO T IBUIIICHHS CTIHKOCTI TIEPEXiHOTO IIPOITe-
Cy. y pas3i, KOIH riepexi] 00’ €KTa B IITTHOBE MOJIOXKEHHSI 32 OIIFH
TaKT HEMOITBHUM, TPAEKTOPIsI pyXy 1 Yac IepexiTHOro Iporie-
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Puc. 2. Moznens nuHamidyroro o6’ekry y Burmsiai NARX

CY CTaHOBIIATHCS [IOTaHO NPOTHO30BaHUMH BETMYUHAMH 1 MO-
JKYTh IPU3BECTH A0 HeOAKaHUX PEKUMIB pOOOTH CHCTEMH.

J71st 3MeHIIIeHHsI i€ HEeBU3HAYEHOCTI MIXK YCTAaBKOIO 1
HK BBOAMTECS eTaioHHa MOZIEIb, SIKa €, SIK MPaBIJIO, JTiHiiTHA
IWHAMIYHA CHCTEMa HEBHCOKOTO IMOPSAKY 3 OakaHUM
CTIMKHMM TTepeXiTHUM MPOIIecoM. Y XOIi IK HABYaHHS, TaK i
KepyBaHHS, €TaJOHHA MOJIEITh OTPUMY€E Ha BXiJl 3aBIaHHA I i
TeHepYye OIIOPHY TPAEKTOPIrO ', sika qaii Hagxomuts Ha HK B
SIKOCTI HOBOI YCTaBKH, SIKy MOTPiOHO BUKOHATH. ETanoHna
MOJIEINTb TiAOMPAETHCS TAKAM YHHOM, 10 O OITOpPHA TPA€K-
TOpis, SIKa TEHEePYEThCS HEI0 Ha KOXKHOMY TakTi, Oyma mo-
CsDKHA 1S 00’ €KTa KepyBaHHS.

Hagite y IEMO npuxnazi cucremu MATLAB micns na-
namyBaHHs KoHTponepa MRC e 3Ha9Ha cTaTHYHA TOMUJIKA
omm3pko 30 %. HaBuaHHS perynaropa 3aitMae 3HAUHHIA 4ac
[15] gacro He 3a6e3meuye OaxkaHi pe3yIbTaTh Yepes3 3aCTo-
COBYBAHOTO TMHAMIYHOTO BapiaHTy HABYAHHS METOIOM 3BO-
POTHOTO MOIIMPEHHS TOXHOKH.
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Puc. 3. Mozens muHaMi4HOrO 00’ €KTY Y KOHTpOJIEpi

NARMA_L1
!
Reference r
Model
+ Control
NN Error
Plant Model Model
* Error
Command —+ T
Toput NN = Output
r Controller v Flane
Control
Input

Puc. 4. Cxema HK MRC

Taxum uyrHOM, Tpo BactrBocTi HK 3 ix MaremMaTnaHOTO
OITICY MOKHA 3pOOUTH HACTYIHI BUCHOBKH.

Cucremu 3 NPC 103BOJISIFOTE OTpUMATH SIKICHI ITepexiiHi
TIPOLIECH, TIPALIOIOTH Y PEXKMMI peasIbHOrO Yacy, aje ImoTpe-
OyIO0Th OTPUMaHHS HalKpaloi crpaTerii Aii 3a yac 0HOTO
TaKTy, I10 YHEMOXJIMBITIOE iX 3aCTOCYBaHHS y CHCTEMax 3
BEJTMKOIO YaCTOTOO AMCKpeTH3alii. Jlo Toro x Taki cucreMu
NOTpeOyIOTh 3HAXOKEHHS 3 BEJIMKOIO TOYHICTIO BarOBHX
koedinientiB HM, yepe3 sKi i IKITI0Ya€THCSl TPOTHO3YIOUH
CHTHAJI KEpyBaHHSI.

VY xourpornepi NARMA L2 nocsraersest 3HaYHO OLTbITA
IIBUKOIST, TOMY IIIO MaTeMaTHIHy MOJIEITh ITPEICTABISIOTh
CMPOIIEHO, TaK IO O CHrHaJ KepyBaHHS Ha HACTYITHOMY
Kpoui He OpaB y4acTi y popMyBaHHI QYHKIIIH anpoKcuMartii
HeJliHIHHOCTEH, NPY IFOMY TOYHICTb KepYBaHHS JOCATAETh-
Cs1 IOCTAaTHBO BHCOKOIO.

Cucrema kepyBanns 3 MRC 3nauHo nipocrina, ane 3ac-
TOCOBYBAaHHSI TMTHAMIYHOT'O BapiaHTy HaBYAHHSI pETYIIATOpPA
y Burisiai HM MeTomoM 3BOpOTHOTO MOIIUPEHHS TOXUOKH
3aiiMae 3HAYHHUI Yac Ta 4acTo He 3a0e3medye OaxkaHi pe-
3YJIBTaTH.

PEAJIIBALIISI HK'Y CUCTEMI MATLAB

Peanizanisn NPC. ¥V cucremi MATLAB B naxeri npu-
kiagaux nporpam Neural Network Toolbox 3anpomnonoBa-
HO JITs1 BUKOpHcTanHs Ta gociimkeHnst NPC (puc 5, a). CtBo-
peHo rpadivuHuii iHTepdeiic, IKnil Kepye isiIMU KOPUCTYBa-
ya anst Hanaromkennss HK [3, 15]. IcayroTs MOXIHBOCTI
BCTAaHOBJIEHHs mapamerpis Ly, Ly, Ly, Ta p (5), 3aBganms no-
POTY 3MEHIIEHHSI [TOKa3HMKA SIKOCT JUTS aJITOPUTMY HaBYaHHS
(moIIyKy IPOTHO3YIOYOT0 CHTHAITY KepYBaHHs), YUCIIA iTe-
pariii Ha OIMH TaKT MUCKPETHOCTI, BUOIp IPOIEIypH OHO-
MipHOTO TIOIIYKY.

[pu orpumanHi Mozeni 06’ exry y Burisiai HM 3amarots-
¢l pO3Mip IPUXOBAHOTO MIAPY, TAKT JUCKPETHOCTI BUMIpIO-
BaHHS JAHUX, KUTBKICTh €IEMEHTIB 3aTPAMKH TSI BX1THIX
CHTHAJIIB, JOBXMHA HABYAJNHHOI BHOIPKH, MaKCUMAaIbHE i
MiHIMaJIbHE 3HAaYEHHS BX1HOTO 1 BUX1JHOTO CUTHAJIIB, MaK-
CHMAJTRHUI | MiHIMATBFHUI iHTEepBaIH ineHTH(IKAI1, 3aBIaH-
HS HABYATIBHOI (DYHKII1 1 KITBKOCTI IUKJTiB HABYAHHS, BUKO-
pHUCTaHHS KOHTPOIHHOTO Ta TECTOBOTO T AMHOXHH. € MOX-
JUBICTB IMITOPTY Ta €KCIIOPTY HABYAJIBHHX TAHUX

Peadizanist NARMA-L2 (pwuc. 5, 6, puc. 6). [Tpu otpu-
MaHHI MaTeMaTnaHoi Mozieni y koHTponepi NARMA-L2 ichy-
FOTh TaKi K camMi MOXKJIUBOCTI, 5K 1 y koHTpoepi NPC.

Peanizauisn MRC (puc. 5, 8). V cucremi MATLAB crBo-
peHo nBa rpadiuHux inTepdeticn, SKi KepyTh IisMU KOPH-
cryBada st Hanaromkenas HK MRC.

[epumit mamamroBye perynstop HK. B HpoMy kpim
MOXKJIMBOCTI 3aBIaHHS TaKUX JKe TApaMeTpiB, K y KOHTPO-
nepi NPC, 3ama€eThcst KiTbKICTB €JIEMEHTIB 3aTPUMKH TS BU-
XiTHAX CHTHAIIB 00’ €kTa Ta perymstopa HK.

Hpyruii rpadivauii inTepdeiic ineHTHdIKYE 00’ KT Ke-
pyBaHHs. B HbOMY IpaKTHYHO 331AI0THCS TaKi K mapaMer-
Py, K i ipu oTpuManHi Mozenti y koHTpornepi NPC.
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NARMA-L2 Controller

a)

Model Reference Controller

0) 6)

Puc. 5. Bumsig 6nokis HK; @ — NPC, 6 — NARMA-L2, ¢ — MRC

Reference Yr

Model
+w Controller it
S5 e g s
f g

T

D

L T
D
L

Puc. 6. Cxema HK NARMA-L2

MPUAKJIAZ] PO3POBKHU OTHO- TA IBOMACO-
BHX EMC 3 PBHAMH TUIIAMH HK B KOHTYPAX
CTPYMY TA IIBHAKOCTI

INepen nanamrysanusiM CK npoBeneHo anani3 kepoBa-
HOCTi 00’ €xta. OO0’ €KT pO3TIIsiAaBCs, K NiHIHHNN. {715 IhoT0o
CKJIaJIeHI MaTPHIli KEPOBAHOCTI KOHTYPIiB CTPyMYy Ta IIBU/-
KOCTI JTst OTHO Ta qBomMacoBux EMC, 3Haiineno ix panr [16].
IMpu EOMY paHT MaTpHUIlk OyB IOBHHIA (IOPiBHIOBAB PO3M-
ipHOCTI TIPOCTOPY CTaHy), 3 IHOTO 3p00JIEHO BUCHOBOK IIPO
KEpPOBAHICTh CUCTEM, IO PO3IIISAIAFOTHCSL.

Buxopucranns pizaux TuniB HK gocnimkeHo Ha Mmomeri
€IIEKTPOIPHBO/IA IIOCTIHHOTO CTpyMy 3 HizropsakoBaHoro CK.
CrpykrypHi cxemu enekrponpuBona y cucremi MATLAB
HaBeJICHO Ha HACTYITHUX PHUCYHKAX: PHC. 7 — KOHTYp CTPyMY;
puc. 8 —koHTYp HBuaKOCTI oHOMacoBoi EMC; puc. 9 — koH-
Typ IIBHAKOCTI JBOMACOBOI CHCTeMH. [Ipr MaTreMaTHaHOMY
MOJIEITIIOBaHHI 3aJaBINCS HACTYITHI 3HAYEHHs MapaMeTpiB
KOHTYpiB enekrpornpuBona Ky =178; Tp=0,0025 ¢; R4=0,0091
Om; Ty =0,037 ¢; K;{=0,00047 B/A; T¢=0,002 c; T;=0,092 c;
CF=13,51 B-c; J4=4400 xr-m? xoe(iieHT }KOPCTKOCTI —
¢=4117400 Hm/rpax; mogt—6=0,05 pan.
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Reference

odel Uy Ed

Ky 1/Rd
.

Td .o+

Jakor

Neural

Tp s+l
Freobrazovatel

In1 Cutt Controller

Random
Reference

Puc. 7. Moznens xouTypy crpymy 3 HK

HanamryBanHs KOHTYpy cTpymy. [l HaTalTyBaHHS
KOHTYpY cTpyMy y cuctemi MATLAB cTBOpeHO 1Bi MOJIeri.
Onna a1 popmyBanHs aanux (puc. 10), ne 6ok Zadaucha
model (puc. 11) peaizye Mozens KOHTYpY cTpymy 3 ITI-pe-
TYJSATOPOM Ta HOMiHAIEHUMH HE3MIHHIMH MTapaMeTPaMH.
Ha Buxomi mi€ei Mmozgeni ¢popMyeThest OaXkaHUA TepexiTHuH
mporec. Jpyra Momens — s feMOHCTpamii poOoTH Haa-
TOIKEHOr0 KOHTYpY cTpymy 3 HK.

[pu popmyBaHHI TaHUX KOHTYPY CTPYMY ISl HABYAHHS
fioro moxenmi y Burisigi HM BumankoBi curHamm 3 OJOKY
Random Reference morpamisioTs criovaTky B 337109y MO-
JIeITb, TOMY BX1JHUMHY CHTHAJIAMH KOHTYPY CTpyMY € OaxxaHi
curnanu (BuximmHi curaanu 6ioky Zadaucha model), sixi xe-
00XiTHO OTpHUMAaTH Ha HOr0 BUXO/Ii 1 BXiHI Ta BUXiJIHi CUTHA-
mm (Inl, Out) 06’exTa (eKkcrIepruMeHTaIbHa MOJIEIB), IO 30e-
piraetscst y pobodomy mpocropi cucremu MATLAB (6io-
ku To Workspace). Yac monemoBanss — 10 ¢, mpu 1ipomy
orpumano 5000 3HaYeHb HaBYABHIX HA0OpIB. Y peaabHHUX
YMOBaX MapaMeTpu 00’ €KTa 3MiHIOIOTHCS, TOMY IPH TOCITi-
JDKEHHSIX MOJIENi 00’ €KTa 3MEHIIeHO Koe]ilieHT mepemadi
KOHTYpPY CTpyMy Y 5 pasiB.

Haguanus HK (puc. 7) BinOyBanocs y Takiit mociinos-
HOCTI:

1) Cdopmosano (prc. 10) HaBuanbHi KaHi, BBEACHO iX y
HK 3a gonomororo ¢yrkuii immopty nauux (Import Data) ta
npuitasTo ix (Accept Data).
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Puc. 8. Moznens koutypy mBukocti 3 HK

Puc. 9. Mozens koHTypy MIBHAKOCTI ABoMacoBoi cuctemu 3 HK
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Puc. 11. Cxema 3amarouoi mozeni (6o Zadaucha model)
(bopMmyBaHHS Oa)KaHOTO TEPEXITHOTO MPOLIECY

2) 3amaHo napaMerpu HanamtyBanas HK:

—NPC ta NARMA-L2 — o ogHOMY 11apy NpUXOBaHHX
HEHpOHIB, TIO JIBi 3aTPUMKH BXiHHX i BUXIIHUX CUTHAJIB,

—MRC —igentudikarop: 1 nrap npuxoBaHUX HEHPOHIB,
IT0 JB1 3aTPUMKH BXiTHHX 1 BUX{JHUX CUTHAJIIB PETYIATOPA,
perynsitop — 1 mmap npuxoBaHUX HEHPOHIB, O 1B 3aTPUMKH
JUTS BXITHAX CUTHAJIIB €TAJIOHHOI MOJEN, BUXIIHNX CHTHAIIB
006’exra Ta HK.

3) Bukonano Haggauust HK 3 BUKOPHCTaHHSIM TIOTOYHHX,
KOHTPOJIBHUX 1 TECTOBHX JIaHHX:

—NPC —na mpors3i 1000 enox, cepeaHso KBaipaTHIHA
MoXnOKa HaB4aHHSA ckagana 1-1073,

— NARMA-L2 — na npors3i 1000 erox, cepeiHbo KBaj-
partruHa moxuoka ckmagana 1,1-1073,

— MRC - inzentudikarop — Ha npots3i 300 emnox, cepen-
HBO KBaJ[paTHYHA TOXHOKA HaBuaHHs ckianana 1,7-1072, st
HK —na npors3i 100 erox no 10 cermeHTiB.

Ha puc. 12—puc.14 naBeneni rpadiku nepexiaHuX mpo-
neciB EMC 3 pizaumu HK, e a — pe3yasTati mpu BUKOpHC-
tarHi HK NPC; 6 - NARMA-L2; - MRC.

STk BuHO 3 (pric. 12), oTprUMaHo Tiepexi i TPOLIECH, Y SIKHX
niepeperyroBanas cknanae 0,01 %, 3amizaenns 0,004 c., mo
JTOPIBHIOE IMTOIBOEHOMY 3HAYECHHIO Yacy AUCKPETH3AaIii CHT-
HaJiB TpH 30epiranHi JaHuX. 3HAYSHHS CTPYMY B €KCIIepH-
MenTanbHii Mozeni [, 3 MRC Biipi3HAETBCS B/l €TATOHHOI /|
Ha 4 A (40 %), o € Benmkoro pizautieto. [TomioHi pe3ysrari
orpumani i y JTEMO npukmnani cucremu MATLAB.
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Puc. 12. [epexinHuii nporec y KOHTYpi CTpyMy €TaJIOHHOT Ta
CKCIIEPUMEHTAIIBHOI MoIeNeit

HanaumyBanus koHTypy mBuakoecti. HK y xoHTypi mmBuz-
KOCTI TiJMHKABCS MapajielbHO PO3PaxOBaHOMY Ha HOMi-
HanbHi nauHI [I-peryastopy. @opMyBaHHS JaHUX KOHTYPY
IIBUIKOCTI BUKOHYBAJIOCh AHAJIOTIYHO KOHTYPY cTpyMy. Uac
TIepEXiHOTO Tporiecy GOpMYBaHHS HABYATIHPHIX TAHUX CKIIa-
naB 200 ¢, orpumano 100000 3Ha4eHr HaBIANEHIX HAOOpIB.
s Toro, mo6 peanbHi yMOBH B Mozeni (popMyBaHHS aa-
HUX 1 eKCIIepIMEeHTANIBHI MOJIENi Bipi3HTHCH Bill YMOB
3a/1a1090i MozeTi OyIro BIBiYi 3MEHIIICHO MOMEHT iHepIIii.
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Hapuannust HK mBuaKocTi BUKOHYBasIOCh 32 TAKOIO CXe-
MOIO:

1) Copmosani HaBuaibHi AaHi BBeneno y HK 3a moro-
Mororo (QyHKIIT IMITOPTY aHKX.

2) 3agaHo napaMerpu HanamtyBanas HK:

—NPC - 7 mapiB npuxoBaHNX HEHPOHIB, 10 TPU 3aTPUM-
KM BX1JHUX 1 BUX1IHUX CUTHAJIIB;

—NARMA-L2 - 2 mapy npuxoBaHuX HEHPOHIB, 10 OHI€T
3aTPHUMIII BX{THUX i BUX1THAX CHTHAJIIB;

—MRC - 1 map npruxoBaHuX HEWPOHIB, I10 /B 3aTPUMKH
TSl BXIJHUX CUTHAJIIB €TAJIOHHOI MOZEII, BUXIIHUX CUTHAIIIB
00’exra ta HK.

3) Hapuyanus HK 3 BHKOpUCTaHHSIM HOTOYHHUX, KOHT-
POJIBHHX 1 TECTOBHX IAHUX:

— NPC —na mpors3i 1000 enox, cepeHR0 KBaIpaTHYHA
noxuoOka Hapyauus — 1-1073,

—NARMA-L2 — ma npors3i 1000 ermox, cepemHb0 KBajI-
parmaHa noxubka HapuaaHs — 0,01.

—MRC —igenrudikarop: va mpotszi 3000 enox, HK: 100
erox 1o 10 cermenTiB, moxuoka ckmanana — 15-20 %.

STk BUTHO 3 TIepeXiTHUX IPOIIeCiB ITBUIKOCTI Y OTHOMA-
coBiii cucremi (puc. 13) npu Buxopucranni HK MPC Ta
NARMA-L2 npakTudHO BiACYTHS CTaTHYHA ITOXUOKA, IPH
upomy quHaMigHa moxuoka 3 HK NPC 3nagno 6inpma. HK
MRC 3abe3neuye He 3HaYHY qUHAMIYHY NOXHOKY, ajie cTa-
THUYHA IOXMOKA 3HaYHA.

HanamryBaHHs KOHTYpY IIBHAKOCTI IBOMACOBOI CHC-
Temu (puc. 9). Yac nepexiaHoro npouecy popMyBaHHS Ha-
BuabHUX qaHux ckianas 400 c, orpumano 200000 3HaueHB
HaBYasbHNX HaOopiB. Hapuanus HK BukonyBasnoch 3a Ta-
KOIO CXEMOIO!

1) Cpopmosani HaBuaibHi naui BBemeno y HK 3a moro-
MOTo10 (DYHKINT IMITOPTY JaHUX.

2) 3aaHo TapaMeTpy HaIAIITYyBaHHS:

—NPC — 8 mapiB nprxoBaHHX HEHPOHIB, TIO TPH 3aTPHM-
KU BXITHMX 1 BUX1IHHUX CUTHAJIIB,

—NARMA-L2 - 2 mapu npuxoBaHUX HEHPOHIB, 11O OTHI€T
3aTPHUMIII BXiTHUX i BUX1THAX CHTHAJIIB;

—MRC - 1 map npuxoBaHUX HEWPOHIB, 110 /B 3aTPUMKH
T BXIJHUX CUTHAJIIB €TaJIOHHOI MOZEI], BUXITHAX CUTHAIIIB
06’exra Ta HK.

3) Buxonano Haguauus HK 3 BUKOpHCTaHHSIM TIOTOYHHX,
KOHTPOITBHHUX 1 TECTOBHX JAHUX:

—NPC —na mpors3i 1000 enox, cepeaHso KBaipaTHIHA
rmoxnOKa HaBYaHHA ckinagana 1- 1072,

—NARMA-L2 - na pors3i 1000 emox, cepenHbo KBapa-
TU4YHA oxX1uOKa HaByauusa — 0,01.

— MRC - igentudikatop —xa nporsi3i 300 enox, HK:
50 emox 1o 10 cerMeHTiB, cepeIHbO KBaIpaTHYHA TOXHOKA
"asuanasa —0,01.

[Nepexigai mpomecH Ta MOXUOKH B KOHTYPi IIBUIKOCTI
IIBOMacoBOl cuctemu 3 pisanMu Bugamu HK HaBeneHi Ha
puc.14 ta puc. 15. TTepeximauii nporec KomuBaasHui. Cra-
TraHi oxnoku 3 KoHTponepamu NPC ta MRC 6ibimi Hixk 3
kouTposiepom NARMA-L2, nipu upomMy JuHaMiuHi TOXHO-
KM TPUOIM3HO 0nHaKoBi (puc. 15).
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Puc. 14. TTepexiaHuii poriec B KOHTYPi MIBUAKOCTI

KOHTYpI CTPyMY Ta IIBUIKOCTI, SIK ¥ OMHO Ta ABOMAaCOBHX

CHCTeMax MPAaKTHYHO TOPiBHIOOTH HYIT0. CTaTHIHA ITOXH0-

ka y koutponepi NARMA_L2 3nauna o 42 % y xoHTYpi

crpymy Ta 5 % y KoHTypi mBuAKOCTI omHOMacoBoi EMC.

JuHamigHa moxuOka IJis yCiX KOHTPOJIEPiB y KOHTYPi CTPy-

MYy 3HaYHO MEHIIIA Hi) Y KOHTYpi IIBUAKOCTI.

, BimoBigHO Tabu. 1 mokasye
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JHunamiani Al, Ao ta cratrasi 81, 80 XapaKTepuCTHKI
OTpPHMaHi B Pe3yabTaTi MOIETIOBAHHS KOHTYPY CTPyMY Ta

KOHTYPY IIBHAIKOCTI OHO Ta ABOMACOBOT'0 €JIEKTPOMEXaHi-

AHai3 BIacTUBOCTEH
nacrynde. Y HK NPC ta NARMA_L2 craruuna noxu0ka y

Puc. 13. IlepexinHi mporecH y KOHTYpi IBUIKOCTI OJHOMACOBOT
CHCTEMU
9HOTro 00’ €KTy 3 BuKopuctanHsaM HK 3BeneHi y mopiBHSIIb-

Hy Tabm. 1.
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Puc. 15. IToxuOka KOHTYpY IIBUAKOCTI JTBOMACOBOI CHCTEMH 3
pizanmu Bugamu HK:
a) — NPC, 6) - NARMA-L2, ¢) - MRC

186

Ta6muns 1. /lunamivHi Ta CTAaTUYHI XapaKTEPUCTUKH

EMC 3 HK
Kontyp crpymy
Bux HK Craruyna JuHamiuna
MoXuoKa noxuoka

ALLA | A% | 8l A o1, %
NPC 0 0 0,2 2
NARMA-L2 0 0 0,1 1
MRC 4,2 42 0,8 8

KonTyp mBuaxocTi

Bux HK Crarnyna Junamiuna
1 EMC nmoxuoxa noxuoka

?_(10, OAA)(O’ dw, ¢ | o, %
NPC, oano 0 0 45 45
ZIBOMAacoBa 0,15 15 2,5 25
NARMA-L2 oano 0 0 2 20
JIBOMAacoBa 0,1 1 2,8 28
MRC oxHo 0,5 5 2 20
JIBOMacoBa 0,25 2,5 2,8 28
BUCHOBKUA

1. JociIKeHHST METOIOM MaTeMaTHYHOTO MOJICITFOBaH-
Hs1 BUKOpHCTaHHS pi3HuX THITiB HK Ha KOHKpEeTHHX MTpHKIIa-
Jax oaHO Ta iBoMacoBrx EMC noka3aino MOXKIIHBICTh OTPH-
MaHHs BHCOKOI To4HOCTI kepyBaHHS He ycima HK. Tax
HaWO1IBII BHCOKa TOUHICTh nocaranacs 3 HK NARMA L2
ta NPC. 1o Toro )k HK NARMA-L2 maB HaiimeHmmit gac
HanamryBaaHs. Konrponep MRC norpeOyBas 3adarato gacy
HaBYaHHS (IECATKH XBHUIKH) TIPH [[bOMY SIKICTh TIEPEX1THOTO
mporiecy Oyiia HEeBHCOKA.

2. Haenenmii Mmatematnanuii oric HK mo3Borste He cTpo-
T'0 OSICHUTH Bi1acTrBoCTi gociimkernx CK.
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HCIOJb30BAHUE HEMPOKOHTPOJLIEPOB B SJIEKTPOMEXAHUYECKHUX CHCTEMAX

[IpuBeneHo MaTeMaTHUECKOE OIUCAHUE U UCIIOIb30BaHUE B JIICKTPOMEXaHUYECKUX CHCTEMaX TPeX HEHPOKOHTPOJLIEPOB: € IPOrHO3HU-
PYEMBIM yIpaBJIeHHEM, HAa OCHOBE MOJENIU HEJIMHEHHONW aBTOPerpeccUuH CO CKOJB3SIIUM CPeIHHM U HEHPOKOHTpoIIepa C 3TalIOHHOH
Mozenbto. Onucansl umeromuecs B cucteme MATLAB HHCTpYMEHTHI HCCIIEI0BAHYS 3THX HEIIPOKOHTPOJUIEPOB U C MX HCIIOIb30BaHUEM
CHUHTE3UPOBAHBI U UCCIICIOBAHbI CUCTEMBI YIIPABICHUS OHO U ABYXMACCOBBIX 3JIEKTPOMEXaHUUYECKUX CHCTEM C 2JEKTPOIPHBOJIOM I10CTO-
stHHOro Toka. Ilo pe3ynbTaTraMm MoJeInpoBaHUs BBIIOIHEHO CPaBHEHHE CBOICTBA CHHTE3UPOBAHHBIX CUCTEM

KaroueBsble cioBa: HelipoynpasieHue, HEIPOKOHTPOILIEP, HEHPOHHAs CETh, MEKTPOMEXaHUUECKasl CUCTEMA, MaTeMaTU4ecKas Mo-
JIeTTb, MaTeMaTHIEeCKOe MOJICIINPOBaHHE.

Orlovskyi I. A, Gorobec E. 1.2
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USE OF NEURAL CONTROLLER IN ELECTROMECHANICAL SYSTEMS

The paper deals with the relevance of improved synthesis methods for control systems of nonlinear objects using neural networks,
as those allowing to substantially remove the mathematical problems of analytical synthesis and the designed system analysis. Besides,
the review of the articles and mathematical description of three neural controllers (NC) are presented: predictive control based on the
model of nonlinear autoregressive moving average and NC with the reference model. NC research tools of MATLAB are described.
Current control and speed control loops for one-component and two-component electromechanical systems with DC electric drive are
conducted. Mathematical modeling showed the possibility of high precision control of NC based on model of nonlinear autoregressive
with moving average predictor and predictive control. NC with reference model needed too much training time, the quality of the
transition process was low.

Keywords: neural control, neural controller, neural network, electromechanical systems, mathematical model, mathematical modeling.
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J10 BUIOMA ABTOPIB

XKypnan «Panioenextponika, iHpOpMaTHKa, YIPaBIiHHI»
(PIY) npusHadeHuit js myOmikaiii HaiOUIbII 3HAYUMHX HayKO-
BUX 1 IPaKTHYHHUX PE3YNIbTATIB AOCTI/UKEHb Y4EHHX BUIIMX Ha-
BYAJIBHUX 3aKJIAJIB 1 HAYKOBUX OpraHi3awii.

JKypHnain BkiIIOUeHHMiT y meperik HayKOBUX BHUAAHb YKpaiHH,
y SIKMX MOXYTb IyOJIKyBaTHCsl pe3ylIbTaT! AUCEPTALiHUX POOIT
Ha 3/7100yTTs BUCHHUX CTYIEHIB JIOKTOpA 1 KaHIUJAaTa TEXHIYHUX
Hayk 1 (izuko-MareMarndHuX Hayk (pamiodizuxa).

Crarri, mo omyOikoBaHO B JKypHall, pedepyroTscs B pede-
patuBHHX XypHanax i 6a3ax nanux BIHITI (Pocis) i «/Ixepeno»
(Vkpaina). XKypHan MiCTUTBCS Y MDKHAPO/HIH 6a3i HAyKOBHX BH-
naub Index Copernicus (http://journals.indexcopernicus.com/
index.php). IutepHeT-cTOpiHKA KXYypHAITY:
http://journal.zntu.edu.ua/ric/index.php?page=index.

JKypHar BunaeThest Bidi Ha piK i po3MOBCIODKYeThCs 3a Kararo-
TOM MEpioMYHKX BUaHb YKpaiHu (epeamiaruuii innexc — 22914).

JInst po3misiny MUTaHHS Mpo IyOJTiKamifo CTaTTi M0 peraxiil
XKypHaITy HEOOXiJIHO BUCIIATH IOIITO0 a0 MPEeCTaBUTH 0COOUC-
TO HACTYIIHE:

1) pykomuc (po3apyKiBKy) CTarTi, HiAMHCaHHN HA OCTAaHHIN
CTOpIHL BCIMa aBTOpaMH, B JBOX NPUMIPHUKAX;

2) BimomocTi 1po aBTopiB (YKpaiHCHKOK, POCIHCHKOI, aHT-
JifCHKOI0 MOBaMu);

3) opuriHa eKCIEePTHOrO BHCHOBKY I1PO MOXJIMBICTB BiKpH-
TOro OmyOJIIKyBaHHS CTaTTi;

4) cynpoBinHU JMCT-KIONOTaHHS 3 OpraHizauii, ie Oyna Bu-
KOHaHa poboTa (abo JiHCT aBropa);

5) petiensito Bin (haxiBLst B JaHiil ramy3i3 BUCHUM CTYIICHEM JIOK-
Topa Hayk. [Tinmuc pereHseHnTa 000B’SI3KOBO MYCHTh OyTH 3aBIpeHUIA.

6) muck 3 HacTynmHUMH (aiiTamu:

— CJIKTPOHHA Bepcist CTaTTi, MOBHICTIO iIEHTHUYHA PO3-
ApYKiBIL;

— BIIOMOCTI TIPO aBTOPIB;

— pucyHku y rpadiunomy dopmari tif.

®aiinu 3 MaTepianaMy CTaTTi MOXKHA HAICIATH EJICKTPOHHOIO
HOIITOI0 a00 MepeaaTn 0coOMCTO Ha ONTHYHOMY JUcKy abo USB-
HaKOIMYyBadi.

Bumoru no opopmaenns crarri. [IpuiimaroTscs crarri,
Habpani B pexakropi Microsoft Word.

ITapameTpu CTOPIHKH:

— po3mip manepy — A4 (210x297);

— Opi€HTAIlisl — KHHKKOBA;

— mpudr — Times New Roman, poswmip — 12 pt;

— MDKPSIAKOBUI iHTEpBall — IOJIYTOPHUIA;

— BepxHe none — 20 MM, HIkHE — 20 MM, JiBe — 25 MM,
mpase — 15 mm.

CTopiHKH pyKONKCY NMOBHHHI OyTH NMpoHyMepoBaHi. He mo-
MTYCKAIOTBCSI PO30OIKHOCTI PYKOIUCY 3 EJIEKTPOHHOIO BEPCIEI0
crarti. TEKCT pyKOMmuUCy He MOBMHEH MaTH PYKONHCHHX BHUITPaB-
JICHb Ta TT03HAYOK.

IocainoBHicTh po3MilleHHs MaTepiaay CTaTTi:

1) ingexe YIIK;

2) npi3BuILA i iHil{iaK aBTOPIB, Ha3Ba CTATTI, AHOTALLST M KITFO-
YOBI CJI0Ba MOBOIO CTaTTI;

3) TeKcT cTaTTi;

4) cnmcok Jtiteparypw;

5) npi3Buia i iHilianu aBTOpIB, HA3Ba CTATTI, AHOTALIIS i KO-
YOBI CJIOBA POCIHCHKOI0 MOBOIO (SIKIIIO MOBA CTarTi — yKpaiHChKa)
ab0 yKpaiHCHKOIO (SIKIIO MOBA CTATTi — POCIHCHKa);

6) npi3BuInA i iHil{iaK aBTOPIB, Ha3Ba CTATTI, AHOTALLSI H KITFO-
YOBI CJIOBAa aHIVIHCHKOIO MOBOIO;

7) TpaHCIiTEpPOBAHHI CITHCOK JITEPaTypH.

AHoTanii moBuHHI OyTH iHQOPMaTHBHUMH, 3MICTOBHHMH
(BimOMBATH OCHOBHHUIA 3MICT CTAaTTi Ta PE3yJIbTATH JIOCII/KEHb) Ta
CTPYKTYpOBaHUMH (BiZIOMBATH JIOTIKY OIKCY PE3YIIBTATIB Y CTATTi.
Pexomenoosanuii o6cae ykpainomognoi ma pociiicbKomogHol
anomauyii npuénusno 50 cuis, anznomosnoi —100-150 cuie (eu-
Mozu naykoeo-wempuunoi 6azu SCOPUS).

Kuaio4oBi c0Ba HaBOJSATHCS B HA3MBHOMY BiJMIHKY Y
KUIBKOCTI JIO JECATH CIIB.

Texer crarTi. [IpuiiMaroTbCs CTaTTi POCIHCHKOIO, YKPATHCh-
KOIO Ta aHDIifickkoro MoBamu. Posmip crarti 1o 0,5 aBTOpchKOrO
apKyma. ¥ CTaTTi CiiJi YHUKaTH 3aiBoi meraiizarii, MpOMiXHUX
(opMyI i BUCHOBKIB; HE CIIiJ] HABOIUTH BioMi (hakTH, IOBTOPIO-
BaTH 3MICT TaOJMIb i imocTpanii y Tekcri. CTaTrTs He NOBHHHA
MaTy rpaMaTUYHKX a0o HIIMX HOMHJIOK, a TAKOXK TOBHHHA BiJIIO-
BiJaTH TEMAaTHUIIi )KypHAITy i BUMOraM mono (paxoBUX BHUJAHb.

CTpyKTypa TeKCTy CTaTTi MyCUTb MICTHTH TaKi HEOOXiIHi erte-
MEHTH. [IOCTAaHOBKA NPOGJIEMH B 3araibHOMY BHI i 1 3B’S30K 3
BaYKJINBUMH HAyKOBUMH 200 IIPAKTUIHUMH 3aBIAaHHIMH; aHAJIi3 OC-
TaHHIX JTOCNIPKEHb 1 MyOuiKaiif, y sSIKuX po3MnoYaTo po3B’si3aHHs
JTaHO1 IpOOJIeMH, 1 Ha SIKi OMUPAEThCS aBTOP; BUAUICHHS HEPO3-
B’s3aHUX paHillle YaCTHH 3araJIbHOI IPOOJIEMH, SIKUM IIPHCBIIYETh-
cst crarTs; hopMyIFOBaHHS Litell cTarTi (MOCTAHOBKA 3aBIaHHS);
BUKJIaJl OCHOBHOTO MaTtepiajly JOCIiZXKEHHs 3 TIOBHUM OOIPYHTY-
BaHHSM OTPHMAHHX HAyKOBUX PE3YJIbTATiB, BUCHOBKH I10 JAHOMY
JIOCTIKEHHIO i NEepCIeKTUBH ITOJAIBIINX JOCTI/KEHb Y TaHOMY
HanpsMKy. Marepian my6iikaunii MycuTs OyTu po30uTHI Ha
MiIpO3ii He Oible ABOX PIBHIB.

PucyHkH po3MILIyIOTECS B TEKCTi H JIOMaTKOBO JOJAIOTHCS B
okpemux (aitnax (hopmar .tif 3 posainHoro 3xarwictio 150-300 dpi,
4opHO-Oii a60 y Tpajauisx ciporo). Po3mip pucCyHKIB He MOBHHEH
[EPEBUILYBATH IIMPHHK CTOPIHKK (17 cM) ab0 LIMPHUHH KOJOHKH
(8 cm). Harnen Ha pucyHkax OaxkaHo BUKOHYBarH wipudroM Times
New Roman, po3mip 10. PucyHku HymMepyroTh i MiIIHCYIOTh YHU3Y.

DopMyJIM BUKOHYIOTBCS 3a I0IoMororo BOyxosasoro 8 Word
penakropa Microsoft Equation. ®opmynn HyMepylOTh y Kpyr-
JIUX JAyXKKax npaBopyd. QopMylIu BEIMKOTO PO3Mipy 3amucy-
I0TbCSl B KUIbKA PSAAKIB.

Hymepanist pucyHKiB, opmyi i TaGTHIb HACKPI3HA OJHOPIBHEBA.

Cnucok JiTepaTypH HalpHKIHII CTATTi IOJAETHCS MOBOIO
OpHTiHANy i CKIIAJAE€ThCsl B MOPSIKY 3rayBaHHS HOCHIAHb Y
TEKCTi 1 BIANIOBIAHO 10 AIFOYOro CTaHAAPTY Ha OibiiorpadivHuit
omuc. [Tocunanus Ha JiTepaTypy B TeKCTi HyMEpYIOThCS ITOCI0B-
HO 1 MO3HAYAIOTHCS NU(POIO y KBAPATHUX JYKKaX.

TpanciaiTepoBaHHii CIUCOK JiTepaTypH, BiIIOBITHO 10
BUMOT HaykoBo-MeTpuuHOi 0a3u SCOPUS, € noBHHM aHAJIOTOM
CIIHCKA JIITepaTypy 1 BUKOHYETBCS Ha OCHOBI TpaHCIiTepalii MOBH
OpHTiHAIlY JIATHHHULICIO.

IMocuiaHHs Ha aHIIOMOBHI JDKEpena He TPAaHCIITepyIThCS.
Tpancuitepauis yKpaiHCbKOT MOBH JIATHHHULICIO BUKOHYETHCS Ha
ocHoBi [ToctanoBr KMY Neb5 Bin 27 ciunst 2010 p., pociiicekoi —
Ha ocaoBi [OCT 7.79-2000 (ISO 9-95). Ipukinaau TpaHciitepariii
PO3MIIlICHI Ha CalTi )KypHAILY.

VY BinoMocTsiX mpo aBTOPiB HEOOXITHO HABECTH:

1) npizBuiue, imM’si, M0 6aTHKOBI (IIOBHICTIO);

2) yd4eHHil CTYIIiHb;

3) mocany;

4) micue po6oru;

5) enekTpoHHY anpecy;

6) poGouwii, omariHii, MOOLIBHUIT TenedoHH.

Crarri, 5IKi HE BIAMIOBINAIOTH 3a3HAYEHUM BUMOTaM, HE TIPHii-
MAIOTbCS JI0 PO3IIALY.

Bci crarTi IpoxXoasTh 3aKpUTE peeH3YBaHHA 1 B pa3i moTpe-
01 MOXXYTH OYTH IOBEpHYTI aBTOpPY Ha NOpOOKY. Pemakuis 3amm-
nrae 3a co0O00 MpPaBo Ha JIITEpaTypHY PEIaKLio TEKCTY CTaTTi 0e3
[OBIIOMIICHHSI aBTODY.

Pykonucu i AMCKH HE BEPTAIOThCS, KOPEKTYpa Ta BiNOMTKH
crareif aBTOpaM He HaJICHJIAOThCS.

Anpeca penakmii: 69063, m. 3amopixoks, Byl. JKyKoBCBKOTO,
64, 3HTY, penakuis xypHana «PIY».

Tem. (061) 7-698-2-96 — penakuiiHO-BUIABHHYHMI BiIIiL.

Ten./daxc: (061) 7-644-6-62 — ronoBHuil penakTop.

E-mail: rvw@zntu.edu.ua
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