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AKCIOMATUKA APMCTPOHTA: MOBHOTA,
KPUTEPIVN MOBHOTU TA HE3AJEXHICTb

Amutpo byn, AHHa ly3ikoBa

Axnomayis: [JaHa poboma € y3azanbHeHHM OMpPUMaHuUX agmopamu pe3ynbmamie 3 nobydosu cmpo2o2o ma
nogHo20 008edeHHsT NOBHOMU akciomamuku ApMcmpoHaa w00 yHKUIOHaNbHUX 3anexHocmel 8 penauitHux
6a3zax OaHux 4yepe3 8CMaHOBMEHHA 30iKHOCMI BIOHOWEHb CUHMAKCUYHO20 mMa CEMaHMUYHO20 CridysaHs,
8CMaHOB/IEHHA KPUMEPIiKD NOBHOMU aKciomamuKku ApMCmpoHza 8 MmepMiHax nomyxHocmel MHOXUHU
ampubymig i yHigepcanbHo20 domeHy ma nobydogu dosedeHHs He3anexHocmi ii cknadosux.

Knroyosi crioea: akciomamuka ApMCmpoHaa, NosHoma, HesanexHicms, Kpumepiti nogHomu.

Betyn

Ornspg HaykoBOI Ta HaBYanbHOI NiTepaTypu Nnokasas, LUO B Hiil BACYTHI 0BrPYHTYBaHHS BidOMWUX pe3ynbTaTiB B
Teopii pensuinHMx 6a3 mpo MOBHOTY akciomMaTuku APMCTPOHra Ta HE3anexHOCTb 1 KOMMOHEHTB, siki O
3a0BOMbHANM CTAHOAPTHUM BUMOram O CTPOroro MaTemMaTUYHOro AOBefeHHS. BiAcyTHi TakoX KpuTepii
MOBHOTM akciomaTuk ApMCTpoHra. PesynbTatu Woao o6rpyHTYBaHHS MOBHOTM akciomaTuki ApPMCTPOHra Ta
KpWUTEpito MOBHOTK HaBedeHi Hwxye 6e3 OoBedeHb (ane 3 NOCMMaHHAMM Ha poboTW aBTOPIB, WO MICTSTH
BiONOBIAHI [OBEAEHHS), BCTAHOBMEHHS HE3aneXHOCTI KOMMOHEHTIB akcioMaTWkM ApPMCTPOHra HaBOAMTLCS 3
[0BEfEHHSM.

MoBHOTa akciomaTUku ApMCTPOHra
Bci Heo3HauyBaHi TYT NOHATTS Ta NO3HAYEHHS BUKOPUCTOBYIOTBLCS B PO3YMiHHI MOHOrpadii [Peabko, 2001].

Hexan t — 1abnnus, R — cxema Tabnuui t (CkiHYeHHa MHOXWHa aTpubyTie), X ,Y ,Z — NiAMHOXUHN CXEMM
R, s,s,,s, - pagkv Tabnmui t.

Ha tabnuyi t BMKOHYETbCA dhyHKLioHanbHa 3anexHictb (®3) (aus., Hanpuknag, [Peabko, 2001]) X — Y, akwo
NS 1BOX AOBINbHUX PAAKiB S, S, Tabnuuj t, ki 36iralTbCa Ha MHOXMHI aTpubyTiB X, Ma€ MicLe iX piBHICTb i
Ha MHOXWHI aTpubyTiB Y, T06TO:
def
(X->Y)(t)=true>Vs,s,€t(s, | X=5,|X=5/|Y=5,]Y).
B ubomy o3HaueHHi s | X — oOMexeHHs psika S Sk (yHKLUiT Ha MHOXMHY aTpubyTie X .
Tabnuus t cxemn R € modenno MHOXMHM @3 F, akwo koxHa @3 X — Y e F BUKOHYyeTbCS Ha Tabnuyi t:

def
tmodernb F<V(X > Y) (X >Y eF= (X ->Y)(t) =true.

®3 X —Y cemanmuyHo cridye (|=) 3 MHOXUHN ®3 F, AKWO Ha KOXHi Tabnuui {(R), aKka € mogensto
MHOXMHU @3 F |, BUKOHYETbCA TakoX 3 X — Y':

def
Fl= X > Y<VHR)(tmodens F = (X — Y)(t) = true) .
Buwwe 3anuc t(R) osHavae, wo Tabmmuat mae cxemy R.

[oBeeHHs HkYeHaBeaeHnx nem 1-3 Ta ixHix Hacnigkis 1-3 moxHa 3HaiTu B [Byi, 2011].
Nema 1 (akcioma pepnexcugHocmi ApmcTponra). V(X — Y)(t) =true,pe Y < X .o

Hacnigok1. =X —>Y gna Y < X .o

Nema 2 (npaBuno nonosHerHs Apmctporra). ViE((X — Y)(t) = true = (XU Z — Y U 2)(t) = true)
ans Zc R.o

Hacnigok2. F= X >Y=F=XUZ—>YU2Z ona ZcR.o

Nema 3 (npasuno mpaxaumusHocmi Apmctponra). Vi(X — Y)(t) = true& (Y — 2)(t) = true =
= (X > 2)(t) =true) .o

Hacnigok3. FI= X > Y& FI=Y>Z=F=FX—>Z.o
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OyHKLUioHanbHa 3anexHicte X — Y cuHmakcuyHo crioye (| —) 3 MHOXMHM @3 F (F|—X — Y'), aKWwo icHye

CKiH4eHHa NocnigoBHICTe O3 @), P Py, 1, Py, TaKA, WO @, = X > Y i Vi=1,m—1 koxHa ®3 @;
€ abo akciomoro pednekcmBHOCTI, abo Hanexutb MHOXMHI @3 F, abo oTpumaHa 3a skum-Hebyab NpaBuioMm

BUBEAEHHS (MOMOBHEHHS, TPAH3UTUBHOCTI) 3 NonmepeaHix y Wi nocnigoeHocTi ®3 PP, Jyk < i [NingoH,
1968].
Hexait 3agaHa aeska mHoxuHa ®3 F . SamukaHHs [F] — Lie MHOXUHa Ycix O3, ki CUHTAKCWMYHO CrigyroTh 3 F :

[F]dzef{X—> Y|F|-X—>Y}
Nema 4. BukoHyloTbCs BNAcTMBOCTI (auB., Hanpuknag, [Menep, 1987]):
1) Fc[F] (3pocmaHs);
2) [[F]]=[F] (idemnomermicme);
3) FcG=[F]|<[G] (MoHOmOHHiCMS).Co
Takum 4nHOM, 3a TepmiHonorieto [CkopHsikos, 1982] onepatop Fo [F] € 0nepaTopoM 3aMUKaHHS.

Hexait 3anaHa fesika MHOXHa ®3 F, i Hexat I — CiMelncTBo ycix MHOXUH ®3 G, ki MICTATL F, Takux, Lo
NPy 3acTOCYBaHHI A0 HWX akcioM Ta npaBun BMBEOEHHS APMCTPOHra HE MOXHA OTPUMATW KOAHOI
(hyHKLOHanbHOI 3anexHocTi, sika 6 He Hanexana G :

def
3, ={G|F= GA[G]=G}.
CiM'a 3. HEenopoXHsi, BOHa MiCTUTb, HaNPUKNaz, MHOXUHY BCix ®3 {X—) YIXcRAYC R}.

Nema 5. Cim'a 3 3aMKHeHa BiJHOCHO [JOBIMTbHUX NEPETUHIB. O

def
Hexait F = ﬂ G - nepeTuH BCix MHOXUH ®3 3 CiMT T -

Ge3f
Hacnigok 4. F € 3.0
CiM'a @3 3, € MypOBCbKOK CiM'€t0 B pO3yMiHHI aBCTpaKTHOI Teopii pewwiTok (av.., Hanpuknap, [bipkrod, 1984)).
INema 6. BukoHyeTbest pisHicTs: [F|=F .o

Hacnigok 5. 3amukaHHs [F] — Ll HaliMeHLWwa (B pO3yMiHHi BKMIOYEHHS < ) MHOXMHA, WO MiCTUTL F, Taka, Wo
NPy 3acTOCyBaHHI OO HEl aKkcioM Ta npaBun BMBEOEHHS APMCTPOHra He MOXHA OTPUMaTW XOAHOI
(byHKLUiOHambHOI 3anexHocTi, sika 6 He Hanexana [F].

[loBeaeHHs nem 5-6 Ta ixHix HacnigkiB 4-5 MoxHa 3HaitTu B [byi, 2011].

3amukaHHam [X]F MHOXMHW X (BiZHOCHO MHOXWHW @3 F) HasnBaeTbCA 06’caHaHHS NpaBuUX YacTuH BCix O3
Burnagy X — Y, ki crigyioTb (CUHTAKCUYHO) 3 MHOXMHN F:
def

[X] F= U Y.
X—Ye[F]
Nema 9. BukoHyOTBCS BNACTUBOCTI.

1) X< [X];
2) Fl-X—> [X ];
3) X > Ze[F]|=Z¢[X]A[X]=R.o
TeepaxeHHs 1 (KOPEKTHICTb akciomaTukn ApMcTpoHra). AKwo ®3 X — Y CUHTaKCUYHO BUBOAMTLCS 3 MHOXUHN
®3 F, 17093 X = Y BMBOANTLCA 3 F CEMAHTUYHO:
FI-X>Y=F=X->Y.O

LlosedeHHs NpOBOAMTLCS iHAYKLIEI 3a AOBXWHOW AoBeaeHHs (avs. [byn, 2011]).
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TBepaxeHHA 2 (noBHOTa akciomaTukn ApMcTpoHra). Akwo ®3 X — Y ceMaHTUYHO BUBOAMTLCS 3 MHOXMHM O3
F,10®3 X > Y CUHTaKcM4HO BUBOAUTLCS 3 F

F=EX—>Y=F|-X—>Y.Oo
TBepmKeHHs Npo NOBHOTY akcioMaTuku ApMCTpOHra HaBoauTbCs B [Meitep, 1987].
Teopema 1. BigHOWEHHS CEMAHTUYHOIO Ta CUHTAKCMYHOIO CRigyBaHHS 30iratoThes:

F=EX—>Y<F|-X—>Y.O

Kputepin noBHOTH akcioMmaTMkn ApMCTPOHra B TepMiHaX NOTYXXHOCTEN YHiBepcanbHOro JoMeHa
Ta MHOXWHM aTpUOYTIB

[leTanbHui aHanis HaBeAeHOro A0BEEHHS OCHOBHOTO Pe3ynbTaTy Npo 36iKHICTb BiAHOLWEHb |= Ta | — Mokasye,
L0 BOHO NpoBefeHo B NpunyLlerHi: | D> 2 Ta | R[> 2, T06T0 yHiBEpcanbHUin JOMEH MICTUTb HEe MeHLUE 2
eneMeHTiB Ta cxeMa R Mae wWoHailmeHwe 2 atpubytu. Posrnsap Bunagkie, korm | D|<1 abo | RI< 1

apincHeHo y pobori [byir, TAAPSD'2011], OCHOBHAM pe3ynbTaToM SIKOi € HacTynHa Teopema, o MICTUTb
YTOYHEHI YMOBW, B MeXax SKUX akciomaTika ApMCTPOHra € NOBHOIO.

Teopema. BigHolweHHs |= Ta | — cniBnapatoTb TOgj i Tinbku TOgi, konm | D> 2 abo | R|=0.o
[oseneHHs HaBeaeHo y poboti [Byn, TAAPSD'2011]. o

He3anexHicTb akciomaTnkn ApmCTpoHra

Jlema 10. Akcioma pechnekCUBHOCTI € He3arneXHOK Bif NPaBu BUBEAEHHS akcioMaTukn ApMCTPOHra. O
[loBeeHHs € TpuBianbHUM, OCKIMbKK iHLIMX aKkCiOM B akciomaTuLi APMCTPOHra HeMae. O
Jlema 11. MpaBuna TpaH3UTUBHOCTI € HE3aNEXHWUMM Bif, akCioM pehreKCUBHOCTI | NPaBWI NMOMOBHEHHS. O

[losenerHs. [Ins noBedeHHs AOCTaTHBO BKkasaTh MHoxuHy ®3 F, ana skoi [F] |—trC[F]‘,’ ne [F]H, -

3amukaHHs MHOXWHM ®3 F, nobynoBaHe 3a AONOMOrOK akCioM PedneKCMBHOCTI i NpaBuI NOMOBHEHHS, a [F]|—

— 3aMUKaHHS MHOXUHM @3 F BigHOCHO BCiX akCioM i NpaBmn BUBEAEHHS.

3acpikcyemo MHOXMHM aTpubyTtiB X ,Y,Z, npuaomy X Z =, i posrngHemo MHOxuHy O3 F, ska
3apoBorbHie ymoBaM VY c R(X > Y e FAY > ZeF=X > Z¢F).

Mokaxemo, Wwo ®3 X — Z He moxe OyTu BMBEeEHA NULLE i3 3aCTOCYBAHHAM aKCioM pedIeKCMBHOCTI Ta npasun
MOMOBHEHHS.

Ockinbkn ZN X =&, 10 ZE X, omke, P3 X — Z He € TPUBIANbHOK. °

Mpunyctumo, wo ®3 X — Z otpumana 3 aeskoi @3 U — V' 3a npasunom nonosHeHHs, TOGTO icHye Taka
MHOXUHa atpubytie W=, wo UUW =X i VUW =Z. Toai ZN X=(VUW)N (UUW)cW=Q,
LLO cynepeynTb yMoBi ZN X = .

Takum uuHOM, Ans BkasaHoi MHOXWHM ®3 F ®3 X —>Z He moxe OyTM oTpumaHa 3a akciomamm
PechnekCMBHOCTI | paBunamy NONOBHEHHS, oTxe, [ F] L C [F]|— i NPaBWMO TPAH3UTUBHOCTI € HE3ANEXHUM. O
Jlema 12. [paBuro NONOBHEHHS € HE3ANEXHUM Bif akCioM pedneKCUBHOCTI i NPaBW TPAH3UTUBHOCTI. O
[loBepeHHs. Po3rnsHemMo MHOXWHY ®3 F = {X - {A} |Ag XA X = @}. Mokaxemo, wo ®3 surnsay

X—>X U{A}, ne Ag XA X = He MOXHa BMBECTW NULLE i3 3aCTOCYBAHHAM aKCiOM pedrekCUBHOCTI i
NpaBWI TPAH3WUTUBHOCTI.

Mpunyctumo, wo 3 X — X U{A}e F, Topi ii npaBa yacTuHa € OQHOENEMEHTHOI MHOXMHOW. OcTaHHe
BMKOHYETLCS NULLE B HACTYMHUX BUNAaZKax:

- AeXi X :{A};

- AgXiX=0.
KoxeH 3 3a3HayeHux BUMAAKIB CynepeunTb O3HauYeHH MHoXuHM ®3  F. Omke, X U{A} He €
OJHOETNEMEHTHOI0 MHOXWHOK | 3 X — X U{A} He HanexuTb MHOXWHI F .

Ockinbkn Ag X, 17003 X — X U{A} He ¢ TpusiansHo.
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Mpunyctumo, wo ®3 X — XU {A} OTpYMaHa 3a NpaBunamm TPaH3MTMBHOCTI. BpaxoByroum, Lo
—  MHOXWHa TpuBianbHux O3 3amkHEHa BIHOCHO nmpaBuna TpaHauTueHocTi ([Byn, TAAPSD'2011],
nema 3);

—  pe3ynbTaToM 3aCTOCyBaHHS NpaBuna TPaH3UTUBHOCTI 40 $3 3 0AHOENEMEHTHOI NPaBO0 YaCTUHOW
€ ©3, npaBa YacTuHa sKoi € 3HOBY OHOENEMEHTHOK MHOXMHOIO;

—  pe3ynbTaTOM 3aCTOCyBaHHs MNpaBWna TPaH3WTMBHOCTI A0 TpusianbHoi ®3 X — X' i ®3 3
0JHOENeMEHTHO NPaBOK YacTUHOW € ®3 3 04HOENEMEHTHOK NPaBOK YaCTUHOW;

—  pe3ynbTaToM 3acTOCyBaHHA npaswna TpaHauTueHocTi 4o O3 sugy X —>{A} i TpuBianbHoi ®3
{Al > {A} e 3 Buny X — {A},
NpUXoaumMo A0 BUCHOBKY, Wwo @3 X — X U{A} nosuHHa 6yTn abo TpueianbHO abo ii npaBa YacTuHa €
OOHOENEMEHTHOK MHOXMHOMO, WO CYNepeYmTb 03Ha4EHHH Liei 3.
Takum ymMHOM, Ans BKasaHoi MHOXuHM ®3 F O3 X — X U{A} He Moxe OyTu OTpMMaHa 3a akciomMamu

pecneKCMBHOCTI | NpaBUnaMn TPAH3UTUBHOCTI, OTXe, NPaBWUMO TPAH3UTUBHOCTI € HE3aNEXHUM. O
Teopema 2. AkciomaTika APMCTPOHra € He3anexHow. o
HoseneHHs BunnuBae be3nocepenHso 3 nem 10, 11112, o

BucHoBKku

B poboTi oTpumaHi HacTynHi pesynbTaTy LWOZO akciomaTukn ApMCTpOHra B Teopii  (OAHO3HAYHMX)
(DYHKLOHANbHUX 3amnexHOCTeN pensuinHnx 6a3 gaHWx: NMOBHOTA Ta KOPEKTHICTb aKCiomMaTuku APMCTPOHra B
TepMiHax 30DKHOCTI BiJHOLUEHb CMHTAKCMYHOTO Ta CEMaHTMYHOro crigyeaHb (Teopema 1), KpuTepiii NOBHOTM
akciomaTuku ApMCTPOHra B TepMiHax MOTYXHOCTEN yHiBepcanbHOro gomeHa D Ta MHOXMHM aTpubytiB R
(Teopema 2; 3ayBaxumo, WO MHOXWHW R, D BuUCTynawTb MapameTpamu akCiOMaTUYHOI CUCTEMM), B3aEMHA
HesanexHiCTb CknagoBux akciomatukin ApmctpoHra (Teopema 3; CKNafoBi — L akCiomu pednekcuBHOCTI, a
TakOX NpaBura MOMOBHEHHA Ta TPaH3WTMBHOCTI). Bce Le roBopuTb NPO CTBOPEHHS (hparMeHTy Teopii
HopManisayii (3 NpUBOAY Cy4acHOro CTaHy Teopii Hopmanisauii B pensuinHux 6asax faHux AwB. OrMsg aBTopis
[Byn, 2014]).
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FELUTANBTbI B NPOLECCAX OBPA3HOIO MbILLNEHUA

Opuit BanbkmaH

AnHomayus: ViccriedogaHo onpederneHue 2ewmarnbma, e20 csolicmea. PaccmompeHb! HeKomopbie Kpumepuu
UX Knaccucpukayuu. PaccmompeHbl NOHAMUSI anpuopHbIX U anocmepuopHbIX 2ewmanbmos. [lokasaHo, Ymo
OHU sensromca  HeobxodumbiM  ampubymom cemuosuca U OCHO8OU MOOenuposaHuUsi MbIWEHUs 8
gblqucumensHol cpede. [ewmanbmel «ydacmeyromy He MOJbKO 8 Npoueccax 80CNPUSMUS, HO U 80 MHO2UX
Opyaux npoueccax Haweao MblwneHuUs U xusHedesmernsHocmu. Knaccugbuyuposams UX UenecoobpasHo no
pasnu4HeiM  Kpumepusm. OHU obnadarom MHO2UMU UHMEPECHbIMU CMPYKMYyPHbIMU  ceolicmeamu, 4mo
no3gonum Ham paspabamsigamb ux modenu Ona npedcmasneHus onepauull MbILMIEHUS 8 8bMUCIUMENbHOU
cpede.

Knroueenie cnoea: O6pas, MbirieHue, 2ewmanbm, Cemuo3uc, CeMUOMUKE, KO2HUMUBHbIE NPOUECChI

1. BBepeHue

[laHHas paboTa sBNSieTC NPOAOIKEHNEM MCCNEeA0BaHW NPOLECCOB 06pa3HOro MbilneHus. O6bekmom aTux
“CCNeaoBaHmMin IBNSIETCS MOLEeNMPOBaHWe NpPOLECCOB 06pa3HOro MblluneHust. 3nech, npedmem UCCNEnoBaHUs —
rewTanbTbl B npoueccax 06pa3Horo MbllneHns. Llesb uccnegoBanns — paspaboTka mogenen npeactaBneHns
CTPYKTYp 0Bpa3sHoin nHhopmaLmun 1 METOAO0B X UCMONb30BaHMS B NPAKTUYECKON AeATENbHOCTU. C HaLen TOUKM
3peHus, npobnembl NpeacTaBneHns 0bpasHoN MHOPMaLMM U MOAENUPOBaHUS 06Pa3HOr0 MbILLIIEHNS TECHO
CBS3aHbl C KOTHUTOMOMMen 1 ceMmnoTukoin. OCHOBHBIMW pecypcamm B KOTHUTUBHbBIX CEMMOTUYECKUX OnepaLmsix
SIBNSAIOTCA relTanbTbl, @ 6a30BbIMM NPOLLECCaMN — CEMMO3NCHI. 3AeChb aKLEHTUMPYEM BHUMaHME Ha reluTarnbTax.
Hac nHTepecytoT npobnembl CUHTE3a M aHanuaa relTanbToB, CTPYKTYP UX XPaHEHUS U UCMOMb30BaHWS.

2. 06 onpepeneHunu rewTanbTa

elTanbT OCHOBHOE MOHSATME rewuTanbTncuxonorn. OH 0603Hayaem UesbHbIE, HECBOOUMbIE K CYMME C80UX
yacmeli, 0bpasosaHusi co3HaHus1. MOHATME O relTanbTe 3apOAUIOCh MPX U3yYeHUU NMPOLECCOB BOCTPUATUS 1
CTPYKTYPMPOBaHUS OLLyLLIEHA YenoBeka. MpumMepbl relTanbTa: MHCaNT; BOCNPUATME MENOLNUN, HE CBOAMMOE K
CyMMe OLLYLEHMIA 3BYKOB 3TOM MENOAWW, HEepasnoXWMble Ha YacT¥ 3anaxu, BKYCOBbIE OLYLIEHUS W T. .
BO3HMKHYB B NCUXONOMAW, CETOAHS TEPMUH «2ewmarbmy» UCMONb3yeTcs Takke AN 0603HAYEHNST HEKOTOPbIX
LLeNTOCTHBIX 1 HEOENMMbIX (IU3NYECKNX, DU3MONOTMYECKMX U COLMANbHBLIX (DEHOMEHOB.

B bykBanbHOM nepeBofe ¢ Hemeukoro Gestalt osHauaeT «ghopma, sud, uzypa». dpyrve bonee unu meHee
noaxodsiumMe Mo CMbICTy PYCCKME aHamor — «UenoCMHOCMbY, «Cmpykmypay, «cucmema», «obpas»,
«apxemun» n «molenby». Ewe V. KaHT roBopun o TOM, YTO Mbl HE MOXEM BOCMPUHUMATL PU3NYECKUMA MUP
HenocpeacTBEHHO. YenoBek Bceraa B3aMMOLENCTBYET C MHGOPMALMENR, MOMYYEHHOW OT OpraHoB YyBCTB —
popabatbiBasi ee B CBOEM CO3HaHuM. Takum obpasom, noboe uenoe Ans Hac 6Gonblle CyMMbl €ro YacTen,
NOTOMY YTO Mbl BKNadblBaeM B Hero u csoe Bocnpuste. OBpa3Ho roBops, korga Mbl CMOTPUM Ha KapTUHY
PeHyapa vnnn apyroro MMNpPecCUoHMCTa, Mbl He 3aMe4aeM U He OLEHWBAeM KaXibli Ma3oK, a BUOAUM eanHoe
LLeNIoe M UMEHHO 3T 0bLee coYeTaHne LBETOB M (hOPM Hac BMevaTsier.

Ytobbl yXBaTUTb CMbICI rewTansTa, HEB03MOXHO €20 00HO3HAYHO CONOCMAasUMb C YEM-MO YXe NOHSIMHbIM,
HYXHO CUHMeE3uposamb 8 c8oeli 2071086 HOBOE codepxamernibHoe noHsmue. Mo3aToMy, YETKOro OnpeaeneHus
3TOr0 MOHATUS He cylwecTByeT. Mbl nomnbiTaemcs npubamManTeCs K CMbicry crioBa "zewmanbm". B aaHHOM
paboTe NuLb onpeaeneHbl HEKOTOpbIe KOHLENLMM ByayLMX uccneaoBaHuii. 34ecb Mbl XOTUM MoKasaThb, YTo,
80-NepebIX, relTanbTbl «y4acTBYOT» He TOMbKO B MPOLIECCAX BOCMPUATUS, HO M BO MHOTMX APYruX npoLeccax
HaLLEro MbILLMEHNS U XN3HEAEATENbHOCTH. [103TOMY, MOXHO KnaccuuLmMpoBaTh UX MO PasnuyHbIM KpUTEPUAM.
WA, BO-BTOpbIX, OHM 06/1a4aT MHOTMMM UHTEPECHBIMW CTPYKTYPHBLIMU (CUCTEMHBLIMI) CBOCTBAMM, YTO NO3BOSAT
HaM pa3pabaTbiBaTb MX MOAENM ANsi NPeACTaBNEHUs OnepaLuid MbILNEHNS B BbIMUCTIUTENBHON Cpese.
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3. O6pa3 u rewtanbT

[lns Hac MpuroxeHue MeTOOOB WM MOAENeN relTansToB U cemuosnca Kk obpasam W 06pasHOMy MbIUTEHUIO
NpeacTaBnseT UHTEPEC MO CeAYHOLLMM NPUYMHAM.

e Bo-nepebix, 00pas, kak W relwTanbT Bcerga SIBNSETCS OTPaXEHUMEM HEKOTOPoro obbekTa (MaTepuarnbHoro,
MEHTabHOr0, 3HakoBOro). Bonpoc o ToXaecTBEHHOCTM 06Pa3oB W relTanbToB Mbl pAacCCMOTPUM NOTOM. 3aech
paccMaTpuBalOTCS TONbKO Te 06pasbl, KOTOPbIE UMEKT AEHOTAT, KOHLENT U 3HaK. Mnu Mbl XOTUM Ha OCHOBe
HEKOTOPbIX 13 3TUX KOMMOHEHT CUHTE3MPOBATL OCTaNbHbIE 7151 AaHHOrO 0bpasa.

e Bo-8mopsIX, yxe [ABHO M3BECTHO paszeneHne obpa3oB Ha [Ba kaTeropun: obbekmusHbie (CyLiecTBytoLLMe B
peanbHOCTU BHELWHErO, N0 OTHOLLEHWIO K YErOoBeKY, MUpa) U CybbekmugHble (MeHTanbHble, CYLLECTBYIOLME B
MbICIISIX Y€NOBEKa).

MeHTanbHble 06pasbl NCUXONOrM AENsT Ha TpK Knacca: 0bpasbl socnpusimusi, npedcmagneHust n 8006paXeHus.
CoOTBETCTBEHHO, MOXHO TOBOPUTbL O YETLIPEX (hOPMax NpeacTaBneHus 3HaHui. B aTon paboTte Mbl KOCHEMCS
OTHOLUEHMIA M B3aUMOAENCTBMS 3TWUX YETbIPEX KNacCoB 00pa3oB, TOYHEE 3aAKOAMPOBAHHbIX B HUX 3HAHWA.
3ameTum, nockornbky B 06pasax OTPaXalTCs HEKOTOpble 3HaHMS, MHGOopMaums, To 06pa3 MOXHO cuuTaTh
modenbio  npedcmaeneHus  3HaHul. [lpefcTaBnseTcs, YTO OTHOLWEHWS MeXdy BCEMM  YeTblpbMst
Pa3HOBMOHOCTAMI 0Dpa30B (MOAENeR 3HaHWi) Mbl MOXEM paccMaTpyBaTb TOMbKO HAa YPOBHE WX 3HAKOBbIX
cTpykTyp. Tem Gonee 310 kacaetcs oBpasHbIX onepauumin (MHTepnpeTauum 00pa3oB, MX CMHTE3a, aHanwW3a,
00beanHeHus n T.4.)

eB-mpembux, dukcauus, cucTeMaTM3aLUMs W nepesada 3HAHWA HEBO3MOXHA 0e3 WX MpeacTaBneHus B
HekoTopon (hopme. A 3Ta dopMa BCerga WMeeT 3HAKoBYK CTPYKTYpy. ®DakTUYECKM «KOAMPOBaHWe-
AEKOAMPOBaHWE» 3HaHWI OCYLLECTBNSETCS B CUCTEME «3HaK - 3HaYEHUEe.

e B-yemeepmbix, NOCTPOEHWE WHTENNEKTYanbHbIX KOMMbIOTEPHBLIX TEXHOMOTMI NpefmnonaraeT norpyxeHue B
BbIYMCIIUTENbBHYIO Cpedy 3HaHWA C LENb0 UX NPaKTUYECKOrO UCMONb30BaHUS B PeLLEHU CROXHbIX npobnem. A
9TO HEBO3MOXHO 6€3 MpecTaBfieHMs 3TWUX CTPYKTYP 3HAHWA B CUMBOSbHOW (3HakoBoi) dopme. Bonee Toro,
KOMMbOTEP LOSMKEH MMUTUPOBaTL paboTy CO CMbICMamu; 0coBO 3TO KacaeTcs MOAenupoBaHus 06pasHoro
MbILLneHns. 3BecTHO BoickasbiBaHue Y. C. Mupca "mbr Oymaem monbko 8 3Hakax". Mbl Obl ero pacwmpuni Tak:
«M MbICIUM MOMbKO Ha OCHOse eewmanbmosy. Takum 00pa3oMm, HeobXOAMMO CMbICTbl (rewuTarnbTbl)
COMOCTaBMUTb C CUHTAKCUYECKUMU CTPYKTYpaMK (3HaKkamu).

4. O knaccudmKaumm rewTanbToB

PaCCMOTpI/IM HEKOTOpPbIE NPU3HAKN KJ'IaCCVId)MKaLlI/IIA relTanbToB.

1. TOT BHYTPEHHWI BPOXAEHHBIA (MMM BCTPOEHHbLIN B aBTOMAT) WHTEHUManNbHLIA 06pas, KOTOPLIA MO3BOMNSET
OMO3HaBaTb OMnpedeneHHble BHElWHMe 00bekTbl 0e3 npefBapUTENbHOTO HayyeHwsl, Tonmbko Gnarogaps
npaBunbHON paboTe PeLenTopoB, Ha30BEM anpuopHbiM 2ewmansmom (TepmuH I 1. MenbHukoBa). Hannune
anpuopHOro rewTanbTa Mo3BONSET He TONMbKo obecneunBaTb OTHECEHWE BHELUHWX OTpaXaeMbiX OOBLEKTOB K
ONpeAeneHHoMy yHUBEPCanbHOMY MHOXECTBY, HO M YCKOPSATb MPOLECC BbIpabOTKM HOBbIX MHTEHLMAMbHbIX
00pa30B 4151 pa3nuyeHnst NOAMHOXECTB 3TOr0 MHOXECTBA U [axe MHOMBMAHBIX ero npefcrtasutenein. Takue
obpasbl MOXHO Obl HasBaTb anOCMEPUOPHbIMU 2ewmanbmamu. be3 anpuopHbIX relTanbToB HEBO3MOXHO
3amblkaHue Lenovek cemuosnca. ECTeCTBEHHO nNpeanonoXutb, 4TO, BCerga, MNbOA akT onosHaHus (B
CEMMO3HCe) AOIMKEH 3aBepLUaThbCs BO3DYXAEHNEM anpuopHOro reltansTa.

2. OyeBMaHa COOTHECEHHOCTb anpUOPHOTO rellTanbTa ¢ KOHKPETHbIMI peLienTopaMy Hanpumep, 060oHsHKe, 30Ha
BKYCOBOIA peLienuum 1 T.0. B 4yBcTBEHHOM 06pase MoxeT ObiTh BONMOLLEHO NMoboe coaepxanue. MoaTomy Mbl
MOXEM TOBOPUTb O: 3PUMEsbHbIX 2eWmanbmax, CryxXoebiX, MakmusbHbIX, MbIUEYHbIX, 86CMUGYSPHBIX,
8KYCOBbIX, 060HIMENbHbIX U T. f.
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3. Mo aHanorun ¢ obpasamu Mbl MOXEM paccMaTpuBaTh: 2ewmarnbm 60CnpUsMUs — OTPaXEHWe B NaearnbHOM

nnaHe BHELHEero obbekTa (CLeHbl), BO3AEMCTBYIOWENO Ha OpraHbl YyBCTB, 2ewmasabm npedcmagneHus —

OTpaxeHue (BCoMMHaHNe) obbekTa 6e3 ero HannuKs (CEHCOPHOTO KOHTaKTa C HUM) U 2ewmarbm 8000paXeHus

— BbIMbILNEHHBIA 00pa3, AaHHbIN B NPEACTaBEHUM, HO HE UMEIOLLMIA aHanoroB B pearibHOM AeNCTBUTENBHOCTM

W, NOSTOMY, HUKOrfa paHee He BOCNPUHUMABLLNACA.

4. Kpome 310ro, MoryT ObiTb rewTanbTbl pasfinyHbIX KOMOWHAUMIA YyBCTBEHHbIX 00pa3oB. k. [lakodd

npeanonaraeT YTo: MbICAU, 80CNPUSAMUS, 3MOUUU, NPOUECCHI NO3HaHUS, MOMOPHas desimesibHOCMb W Si3bIK

OpraHM30BaHbl C MOMOLLbIO OHMX 1 TEX e CTPYKTYp, KOTOpble OH Ha3bIBaEeT reluTanbTamy.

5. Paccmotpum knaccudpmkatop lMupca. OH BbiAensieT Cneaytolme MHOXECTBA 3HAKOB: UKOHbI, UHOEKCI,

UKOHUYeCKUe UHOEKChblI WU CuMBONbl.  3aMeTuM, 3[eCb KNacCMUUMIOTC He 3HaKkW, a WX OTHOLEHUS K

rewTansTam.

6. M3BecTHa knaccudmkaums 3HakoB Y. Moppuca. Ha ocHoBe pasHbix crnocoboB 0003HaYeHWst OH Bblaensiet

NATb TUMOB 3HAKOB: 3HaKU-udeHmMuukamopsl (T. €. Te, KOTOpble OTBEYalT Ha Bonmpoc 'rae?"); 3Haku-

OecueHamopb! (3HaKM, OTBeYaloLWme Ha BOMPOC "4To Takoe?"); oueHoYHble (CBA3aHHble C MPEAnOYTEHWEM,

OTBEYarloLMe Ha BOMPOC "movemy?"; npeckunmueHble (OTBevakoLWme Ha Bonpoc "kak?"); chopmupyrowue, unu

3HaKu cucmemamu3ayuu (HanpaBnsoLLMe NOBEAEHNE UHTEpNpeTaTopa B OTHOLIEHUW ApYruX 3HAKOB). A TaK Kak

3HaK CTAHOBWTCS 3HAKOM, TOMbKO TOrAa, Korga ocyllecTBreHa ero uHTepnpetauns (Mupc), T.e. COOTHeceHne

[laHHOrO 3HaKa C «Ero reLuTanbToM» TO U 3AECh UCCNEeay0TC OTHOLLEHUS MEXAY 3HAaKaMM W reluTanbTamu.

7. P. Youmues npegnaraet paccMaTpuBath TpM Krnacca relutanbTos.

e BpoxOeHHble 2ewmarnbmbl - KaXObl YEenoBeK POXAAETCA C HEKOTOpbIM HaAbopOM  yHAcnemoBaHHbIX
rewTansToB. MHbIMA CnoBamu, €ro BOCMPUSTME M BHWMaHWE W3HAYanbHO OKa3biBAETCA CMOCOGHLIM
pacno3HaBaTb B MMPE HEKOTOPbIE LENOCTHbIE KOH(MIypaLum.

e basosble npuobpemérHble 2ewmanbmbl - Pe3ynbTaT BOCMMTaHWS, O0Oy4YeHWs W couuanbHoOi agantauuu
pebeHka. EcTecTBeHHO, 4YTO Kaxdas KynbTypa, AaXe Kaxgas reorpaduyeckas MecTHOCTb oboraliaet
yenoBeka COOCTBEHHbIM YHUKaNbHbIM HAOOPOM reLITanbToB.

o MHAusudyanbHO npuobpeméHHble 2ewimarnbmbl — PE3YNbTaT JIMYHOO XM3HEHHOMO OMbITa, NOSTOMY 3Ta YacTb
KOFHUTMBHOTO CrOBaps MOXET CYL|ECTBEHHO pa3nuuyatbCs y pasHblx Mtoaen. OBblMHO MHOMBMAYanbHOe
paclMpeHne  KOrHUTMBHOTO CMOBapsi MPOWUCXOOUT B HanpaBeHWM COLManbHbIX — rewTanstoB W
NPoceCCMOHANbHbIX.

[lanee paccMOTpUM 1 Apyrie KnaccuuKkaTopbl reLuTanbToB, B YaCTHOCTM, aHanuW3 relutanbTa kak Metagopb..

5. HekoTopble CBOWCTBA rewiTanbToB

Kak 13BECTHO, YenbHOCMb — 3TO aHTUNOZ CMPYKMypbl, OHa NPeACTaBMMA TOMBKO KaK relutansT W, Byayum
aHTUNOZOM CTPYKTYPbI, 2ewmanbm He umeem cocmaeHblx 4Yacmed. K. Jlakodhd, oTkasbiBasice OT
onpefeneHns rewTanbTa, paccMaTpuBaeT HEKOTopble ero cBoncTBa. C Hallen TOYKM 3peHus, Mo—CyTu, 3To
CBOWCTBA CUCTEMBI, T. €. FelTanbT pacCMaTpMBaETCs Kak CUCTEMA, C COOTBETCTBYIOLLEN CTPYKTYPON

1. TewTanbTbl SBAAOTCA OAHOBPEMEHHO LENOCTHBIMM W aHannaupyeMbiMu. OHW COCTOSAT W3 YacTel, HO He
CBOAMMbI K COBOKYMHOCTW 9TMX yacTei. [ewTanbTel 06nagaloT OnNpeaeneHHbIMU - AONONHUTENbHBIMM
CBOWCTBaMM, 1 UX YaCTU MOTYT pacrnonaratb JOMOMHUTENbHBIMIA CBOMCTBAMM, ECAIM pacCMaTpyBaThb UX B pamkax
rewTansta B Uenom. CogepxaHue BOCTPUATUS BOOOLLE relTanbTHO; OHO TaKOBO M3HAYanbHO, a He B
pesynbTaTte akTa COEAMHEHUS OTAEMNbHbIX OuylieHun. OgHako 6eccrnopHo W TO, YTO B BOCMpUATME O6Oro
npegMeTta BXOAMT MHOMOe Takoe, YTO Camo MOXET BbITb NPEAMETOM CaMOCTOATENBHOTO BOCMPUSTUS.

2. TewTanbTbl pasnoxumMbl Boree Yem OZHWM CMOCOBOM, B 3aBUCMMOCTW OT MPUHSATON TOYKM 3peHus. JTO
03Ha4aeT, YTO BO3MOXHbI pa3nnyHble CocoObl «MPaBULHOTOY PA3NOXeHUs relTanbTa Ha YacTu.

3. Yactu rewTanbTta CBA3aHbI BHYTPEHHUMM OTHOLLEHUSIMU, KOTOpble ObIBAKOT PasnuyYHbIX KNAccoB (TUMOB — Y
Nakodpcpa). Cnocob OTHOLIEHMI YacTelt B pamkax reLuTanbTa BXOAST B COAEepKaHye camoro rewuTanbra.
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4. TewTanbT MOXET OblTb CBS3aH BHELIHUMI OTHOLLEHUSIMU C ApyruMmn reltanbTamin. OH MOXeT coCTaBnsiTb
4acCTb Apyroro rewTanbTa Unn NpoeUnpoBaTbCA Ha ,qpyroﬁ MHbIM. I'IpV| npoeunpoBaHnn 4YaCT OAHOrO rewTanbTta
OTO6pa)KaPOTCF| Ha 4acCTu Apyroro rewraneTta. PGSyJ'IbTaTOM npoeLnpoBaHns 6yueT «HacnegosaHmne» 4Yactamu
BTOpOro rewranbTa CBOWCTB W OTHOLLUEHMI nepBoro.

5. BHellHWe COOTHOLLEHMS rewTansTa ¢ ApyruMmin reltanbTaMn ABNAKTCA CBOMCTBOM rellTansta B Lienom.
OTV BHELLUHME OTHOLLEHMS TaKxKe MoryT ObITh pa3nuyHbIMK B 3aBUCUMOCTU OT I'IpVIHFITOVI TOYKM 3pEHNA.

6. I'Iper,MpOBaHme rewtanbTa Ha ,qpyr017| relTanbT MOXET ObiTb YaCTUYHbIM. [elTanbTbl MOryT TaKkxe UMETb
4YaCTM4YHOE CXOACTBO Apyr € Apyrom, CTeneHb CXoacTea 3aBUCUT OT ©nm3ocTu cBS3N Mexay HUMWU.

7. TeluTanbT, BKMNOYEHHDIA B KAYECTBE YacTh B ﬂpyFOVI rewTanbT, MOXET I'IpVIO6p€CTM HOBbIE CBOMCTBA.

8. OmHWM 13 CBOWCTB reluTanbTa MOXET ObiTb TO, YTO OH HAaXOAMTCS B OTHOLIEHWM OMMO3NLMM K APYromy
reluTansTy.

9. HekoTopble CBOWCTBA reluTanbTa MOryT BblOENATLCA Kak 6asucHble CBOWCTBA. [ewwTanbThl, HAXOAALMeCs B
OTHOLLIEHUM OMNO3MLIK, 0OBIYHO MMEIOT OAMHAKOBbIE 6a3NCHbIE CBOMCTBA.

10. MewTarnbTbl - 3TO CTPYKTYPbI, UCMONb3yEMble B MPOLECCax — S3bIKOBbIX, MbICIIUTENbHbIX, NepLenTyanbHbIX,
MOTOPHbIX WM APYTHX.

11. Mpoueccel camm no cebe MOXHO paccMaTpuBaTh Kak reluTanbTbl.

12. MNpu aHanu3e rewTanbToB He BblABUraeTca TpeboBaHMs HeobXxoaMMOCTW NoApa3aeNeHnst aHanManpyemon
CYWHOCTW Ha 3MeMeHTapHble 4acTW. AHanu3, OCYLLECTBMSEMbIA YENOBEKOM, OrpaHUYeH BO3MOXHOCTSMM,
HaMEPEHNSIMM M TOYKOW 3peHust Yeroseka. [Mpu pasHbiX BO3MOXHOCTSX, HAMEPEHWSIX M TOYKaxX 3peHus
pesynbTaTtbl aHanusa OyayT pasnuyaTbCs He TOMbKO CTEMEeHbl0 AETanu3vpoBaHHOCTW, HO W CaMUMK
BblENEHHbIMA YacTamu. Tak, Hanpumep, B CEMaHTUKE HET HeoOXOAMMOCTM [OBOAUTL aHanu3 [0
3MeMeHTapHbIX, aTOMapHbIX NPeanKaToB.

13. TewTanbTbl MOTYT NepecekaTbes.
14. B rewutanbTax JOMKHbI ObITb pasrpaHnyeHbl MPOTOTUMMYECKME U HENPOTOTUNMYECKIE CBOWCTBA.

15. lelTanbTbl YaCTO OTHOCSATCS K CMELaHHOMY TUMy. JTO 03HAYAET, YTO CBOMCTBA relTanbToB HEOAHOPOAHb!.
Tak, CEHCOPHO-MOTOPHbIE reLTanbThl BKIOYAOT Kak nepLenTyanbHble, Tak ¥ MOTOPHbIe CBOMCTBA.

B 3akntoueHue Jlakod nogyepKknBaeT, YTo CkasaHHOE Bblle He SBMSAETCS OnpeaeneHnem rewTarnbTa, a fuilb
[aeT npeacTtasneHne 06 3TOM MOHATUM (TOYHee, OTpaxaeT TOuKy 3peHus flakodpa Ha lewwTansT). 3ameTum,
npeanaraemoe MOHATUE relTanbTa BecbMa HepgoonpeaeneHHo. W ata HegoonpeneneHHOCTb COOTBETCTBYET
Halleln KOHLenuuy MoLennpoBaHUs KOTHUTUBHbIX NPOLECCOB NOCPEACTBOM KOMMbIOTEPHbIX TexHonorvi. [anee
Mbl PAacCMOTPUM W Apyrue CBOCTBA reLTanbToB, TOYHEE CYLLHOCTEN, KOTOPbIe OHW OTpaXatoT.

6. 3aknioyeHue

ccrenoBaHo onpefenexe relutansTa, ero CBOMCTBa. PacCMOTPEHbI HEKOTOPbIE KPUTEPUM UX KIacCUUKaLIMK.
FewTanbTbl «y4acTBYIOT» He TOMbKO B MPOLECCax BOCMPUSATWS, HO M BO MHOTUX [pYrX MpoLeccax Hallero
MBILLNIEHNS U XM3HedesTeNnbHOCTU. Knaccudmumposatb X LenecoobpasHo no pasnuyHbiM Kputepusam. OHu
0bnagalT MHOTUMU MHTEPECHBIMI CTPYKTYPHBLIMI CBOMCTBaMM, Y4TO MO3BOSIUT HaM pa3pabaTbiBaTb WX MOAENM
AN NPeACTaBNEHNs Onepauuii MbINeHWs B BblYACIUTENbHOW cpede. Monmaraem, YTO 3TO HanpaBrneHue
“ccnegoBaHMn JOmMKHO obecneuntb paspaboTky popManbHOrO annapata AN MOZEenvMpoBaHus 06pasHoro
MbILLEHNS B KOMMBIOTEPHbIX TEXHOMOTUSIX.

WUHdopmaums 06 aBTope

KOpuli BanbkmaH — MexdyHapodHb Il Hay4HO-y4ebHbIl UeHmp UHOPMaUUOHHBIX mexHomoaul u cucmem HAH
u MOH Ykpaunbi, 03680 I'CT1, . Kues, npocnekm akad. [mywkosa, 40; e-mail: yur@valkman.kiev.ua
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KOHUENLIA AHANI3Y TA MPUAHATTA PILEHb NPU MOOENIOBAHHI CTANOIrO
PO3BUTKY HALIIOHATIbHOI EKOHOMIKK

Onekcin BonowwuH, Bonoaumup Kyaix, Bonogumup Kynuk

AHomauyisi:  3anponoHO8aHO KOHUenuito aHanisy ma npulHamms piweHb npu  MOOeneaHHi npouecis
8i0MeOopPeHHs HauioHarbHOI eKOHOMIKU 3a 00NOMO20K Mampuui couyjarbHuUX paxyHkie, Ha 0CHO8I siKoi bydyembcs
MamemMamu4Ha Mooenb y euenadi cucmemu NiHiGHUX aneebpaidHuX pieHSHb 8eIUKOI PO3MIpHOCTI, Onsi aHarisy
Kompoi sukopucmosyemscs Memodos102ito Nocid0sHO20 aHanidy gapiaHmis.

Kntoyoei crniosa : cmanull po3guUmoK, HauioHarbHa eKOHOMIKa, MOOETIo8aHHS, Mampuys couyjanbHUX paxyHKig,
mMemod ba3ucHUX Mampuub, hidmpumka npouecie 8idmeopeHHs, brodxemysaHHs.

Betyn

CyuacHe CTaHOBWLLE HaLlioHanbHOI EKOHOMIKM NOTpebye BMKOPWUCTAHHS CreuianbHOro0 iHCTPyMEHTapilo Ans
MOHITOPWHIY, aHanisy, po3pobku Ta akTyanisaLii NOTOYHMX Ta CTpaTeriyHMX 3aBaHb COLianbHOMo i eKOHOMIYHOTO
BIiTBOPEHHS. B MiXHapogHii npakTuui 3aranbHOAEPKaBHOMO YNpaBiHHA AN LWX Linel BUKOPUCTOBYETHCA
cuctema HauioHanbHux paxyHkie (CHP) [1], ska € sk cTaTUCTMYHMM BigoOpaXeHHsM MPOLECB BifTBOPEHHS
HaLlioHarnbHOT eKOHOMIKW, TaK i iHopMaLliiHO-aHanITMYHOK MOAENNI0 ANs aHanisy Ta (popMyBaHHsS EKOHOMIYHOI
MONITUKK, aKTyaniaavji okpemux ii acmekTiB (BiGTBOPOBANbHUX, rany3eByX, IHCTUTYLINHIX, PErioHanbHIX Towo) [2].
Lle B cBow uepry, nepegbavac NpoBeAEHHs aHanisy Mogeni Ha OCHOBI MaTEMATUYHMX Ta iHPOpMALinHUX
METO[IB Ta anrOpUTMiB, AOCTIMKEHHS BNNMBY 3MiHM ii napaMeTpiB 3 METOK NPUIHATTS pilleHb Woao Bubopy ix
3HayeHb [Ans [OCArHEHHs CTanoro po3BWUTKY ekoHoMikW. LlinecnpsamosaHa nigTpuMka MakpOEKOHOMIYHWX
NpOMopLi BiATBOPEHHS Ta MOAOMAHHS ICHYIOUMX KPUTUYHUX OBMEXeHb (AUCMpOonopLii) cnpusTUMe CTamnocTi
CUCTEMM [JOXOZIB Ta peanbHOMY 3pOCTaHHIO BaroBOro BHYTPILUHLOro npogykty (BBIM).

MocTaHoBKa npobnemu

BpaxoBytoun 3HauHy iHEpLiHICTb BEMWKUX EKOHOMIYHWUX CuCTeM (B MepLuy Yepry, CBITOBOI Ta HaLliOHamnbHOI
€KOHOMIKW), MPOLEC MOZENOBaHHS Chif 3AIMCHIOBATM «Bif LOCATHYTOrO», A€ BUXIAHO TOUKOK AMNS KOpEeryBaHHs
€KOHOMIYHOT MOMITUKW € came CoLjianbHO-EKOHOMIYHA CUTYaLid, WO CKnanacs Ha gaHWA MOMeEHT. [Ans ctanux B
CcoLjianbHO-eKOHOMIYHOMY CEHCi KpaiH MaKpOEKOHOMIYHI MPONOpLii 3anuLualTbCa NPOTArOM TPUBANOro yacy
MPaKTUYHO HE3MIHHUMM | EKOHOMIYHA MOMiTWKA, Mepw 3a BCe, CMPSMOBYETHCS HA MIATPUMKY CRPUATAMBOL
KOH'IOHKTYPM, LLO NIATPUMYE AaHy NPOMnopLiAHICTb i Hagani. MpoTe cyyacHi nogji BHOCATb 3HAYHI 3MiHU B iCHYHOMi
MaKpOEKOHOMIYHI Nponopuii, WO MOB’A3aHi i3 kapAWHanbHAMK 3MiHaMKU Y 30BHILLUHBOEKOHOMIYHWX BiHOCUHAX
(Hanpuknagd, NOB’A3aHMX i3 BBEAEHHSAM CaHKLil), pO3ropTaHHAM TOPriBENbHMX BiliH i3 cnabo nporHo30BaH1MK
Hacnigkamm Ta iH. OcobnmBo HeraTMBHO Lie BNIMBAE Ha HEBENMKI 3a PO3MIPOM HeAMBEPCUIKOBaHI EKOHOMIKM,
LLIO KPUTMYHO 3arnexaTb Bif BUCOKOTEXHOMOMYHOrO iMMOPTY | eKCNOPT SKWX CKNaZatoTb CUPOBUHHI TOBApH.

B umx ymoBax HeobxigHO 30cepenTCs Ha PO3BUTKY BHYTPILLHLOIO PUHKY Ta NOTEHLiarny eKOHOMIYHOT CUCTEMM.

TakuM YHOM, MigroToBka Ta 06rpYHTYBaHHS 3aX0fiB EKOHOMIYHOT MOMITUKM Mae IPYHTYBATUCA SIK Ha feTanbHOMY
aHanisi npouecis coLianbHO-eKOHOMIYHOTO BIATBOPeHHs [1, 2], Tak i Ha nepeabayeHHi 3MiH A0 HaLjioHarnbHOro
BI0IKETY B YaCTUHI BCbOro KOMMIIEKCY MPOLECIB BiATBOPEHHS, 3yMOBMEHUX NOTOYHUM cTaHoM. Lle notpebye
3aCTOCYBaHHS TaKOro IHCTPYMeHTapito 36anaHCyBaHHs HaLioHaNbHOro BIOMKETY K MaTpULLi CoLjianbHNX paxyHKiB
(MCP) (social accounting matrix), sika 3anexHo Bif Ljinen Moxe MaTu pisHy CTPYKTYpY.
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IHdbopmaLinHa Mofenb AOCRIAKEHHS CTanoro po3BUTKY

[ns gocnimkeHHs npoLeciB CTanoro Po3BUTKY MPOMOHYETHCS BUKOPUCTOBYBATU CMPOLLEHY CUCTEMY paXxyHKiB
(mogenb) Metepa choH aep Jlinne [Junne, 1995].

Taka mogenb [03BOrse MOB'A3aTH PiHi CY6'eKTN eKOHOMIKM i3 MpUTaMaHHUMK iM EKOHOMIYHUMM NpoLecamm Ta
3aranbHOEKOHOMIYHUM NPOLECOM BiATBOPEHHS (AMB. TaBNNLIO HIXKYE) :

— nidnpuemcmea (IHCTUTYLNHMIA CekTop «HediHaHcoBMX koprnopauin» S.11 3rigHo [1]) BupobnsTE Ha
KOHKYPEHTHWX 3acafax TOBapW i NOCNYru Ta 34iNCHIOTbL PO3NO4in 4OX0AY TakMM YMHOM, LLO Lie Crpusie ix
€KOHOMIYHOMY 3POCTaHHIO;

— pignbHicTb domozocnodapeme (IHCTUTYLIMHOMO CEeKTopy «4oMaLLHix rocnogapcTsy S.14) cnpsMoBaHa Ha
NIABULLEHHS PIBHA XWTTA rpOMagsH Ta 3af0BONEeHHs ix noTped, BcebiyHe CTUMYMIOBaHHS OTPUMAHHA
[0X0fy, paLioHanbHUIA Moro po3nogin Ha NOTOYHI Ta cTpaTerivyHi NoTpedy, i BignoBigHe BUKOPUCTAHHS;

— [iFnbHICTb ¢hiHaHCcoBoI cucmemu (IHCTUTYLINHOTO cekTopy «diHaHCOBMX kopropauin» S.12) 3abesneuye
aKyMynsiLito TMMYACOBO BiNbHUX iHAHCOBUX PECYPCIB (3a0LlamKeHb) 3aanst NiATPUMKNA HeobXigHoOro ans
€KOHOMIYHOr0 POCTY iIHBECTULAHOMO NOMUTY;

— 3aBOaHHS X OepxagH020 Cekmopy (IHCTUTYLIAHOrO CeKTOpY «CEKTOp 3aranbHOro  [epXaBHOro
ynpaeniHHs» S.13) Ta [OepwaBHOrO peryrioBaHHS EKOHOMIKM Y B3aEMOY3rOMKEHHI Pi3HOMNaHOBMX
iHTepeciB Cy6’eKTiB EKOHOMIKY, LIO i 3abe3nevye B LUMPOKOMY PO3YMIHHI coujanbHy CnpaBeanuBICTb Ta
€KOHOMIYHE 3pocTaHHsl. Llei cekTop B Mogeni He NpeacTaBneHo.

CnpolleHa cuctema paxyHkiB NpoLECIB BiATBOPEHHS. Tabnuus.

BukopucTaHHs

HeiHaHcosi kopnopaLii

[omaluHi rocnogapcTea

®iHaHCOoBI kopnopai

HediHaHcoBi kopnopalyii BnpobHuUTBO i CnoxueaHHs IHeecmuuyii
YTBOPEHHS AOX0AY
[omaluHi rocnogapcTea Kinyeeuti npodykm Po3nogin i BUKOPUCTaHHA
HasIBHOro Joxoay
®diHaHCOoBI kopriopaLii 3aowadxeHHs YTBOpEHHS Kanitany

[ignbHICTb KOXHOTO i3 Cy6’eKTiB €KOHOMIKM ONMUCYETLCS BIGNOBIAHUM BIOMKETOM, SKUIA Bigobpaxae Moro OCHOBHI
(OYHKLT i, HA NepLuKid NOrnsa, € aBTOHOMHUM, HEMOB'A3aHUM 3 iHWKUMK BrogxeTamu. MNpoTe npueeaeHa cuctema
GropKeTIB TICHO NOB'A3aHa CUCTEMOIO iHChOPMALLiHWX NOTOKIB, L0 BUMArae sk NpodecinHoro i BignoeigansHoro
nigxody KOXHOrO [0 BWKOHAHHS CBOIX IHCTUTYLiMHWX (PYHKUiM Ta (pOpMyBaHHS BRacHWUX [OOXOAiB, TaK i
30BHILLIHBOrO perynioBaHHA B iHTepecax BCiX Y4aCHWKIB COLiaribHO-eKOHOMIYHOrO BiATBOPEHHS.

MpvBedeHa mofenb BiAnOBidaE MPUHLMNOBUM MONOXEHHAM EKOHOMIYHOI pedhopMu B YKpaiHi, 3anponoHOBaHO!
ypsgoMm, i nepegbayae : GhiHaHCOBY AeleHTpanisailo; YHicikaljto paxyHKiB eKOHOMIYHOMO (ByXranTepcbkoro) Ta
noaaTkoBoro 06riKy; BoMKETHY aBTOHOMItO PETiOHIB 1 iHLIMX CY6'EKTIB EKOHOMIKM, CTUMYTIOBAHHS | BUPIBHIOBAHHS
[0X0fiB, (POPMyBaHHA [OBIpYMX B3AEMOBIOHOCMH MiX YYaCHUKaMKU  COLjaribHO-eKOHOMIYHOTO  BifTBOPEHHS,
B3aEMOBMIiAHY koornepaLlito Yepes NOCUNEHHS FOPU3OHTarbHIX 3B'A3KIB, NPUTAMaHHNX PUHKOBIA EKOHOMILL TOLLLO.

MatematnyHa Moaenb AOCRiAKEHHA CTanoro PO3BUTKY

HaBegeHa Buwwe mogenb (Tabnuug) moxe 6yt mpoiHTepnpeHToBaHa sk cnpoweHa MCP. B matematnyHomy
noAaHHi BoHa Moxe ByTu npefcTaBneHolo Sk keagpatHa matpuus A (1) BignosigHOI PO3MIPHOCTI, Sika BKMKOYae
Broku psaakiB-cTOBNLB (NigMaTPULb), LLO ONKUCYIOTL LiMICHY CUCTEMY MOB’A3aHNX BIOAKETIB:
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(1)

S
1
SR Yl v/

C
D
S

N e

pe P, D, K — 6ok (6tomxeTn), Lo OMMUCYHOTb BiANOBIAHO NPOLECH BUPOBHULTBA | YTBOPEHHS 4OXO0AY, PO3noginy
i BMKOPWUCTaHHS HasiBHOTO [OXOAy, YTBOpeHHs kanitany; Y, S, C, | — Gnoku, wo onucyoTb ¢hopMyBaHHS
BiANOBIAHO KIHLEBOro NPOAYKTY, 3a0LLladeHb, KIHLEBOTO CMOXMBAHHS Ta iHBECTULYA.

BekTop pecypcHMx Ta opraHisauinHux obmexeHb ((hiHaHCOBMX, NIOACHKMX i T.4.) no3Hauumo yepes B. Togai
3B'A30K MaTpuLi A Ta BekTopa obmexeHb B MOxHa nogatu sk MiHiHY CUCTEMY 3 LWYKAHUM 3-X KOMMOHEHTHUM
BEKTOPOM iHTEHCMBHOCTEN BIAMOBIAHO BUPODHWLTBA, CMOXWBAHHS Ta iHBECTYBAHHS 3a OOMOMOTOK CUCTEMM
nNiHiNHUX anrebpaiuHux pieHsHb (CITAP):

Au=B. 2)

AKWo ANg No4aTkoBOro MOMEHTY PO3B’A30K cuctemu (2) npu 3apaHux A 1a B € U, SKkui BiZTBOPIOE NOTOYHUNA

CTaH iHTeHcuBHOCTe npu BignosigHux pieHsx Y, S, C, I, To HOBWA BEKTOP iHTEHCMBHOCTEN o byne
BKa3yBaTW Ha €BOIMIOLLit0 IHTEHCUBHOCTEN B pesyrnbTaTi cueHapHux 3miH B MCP (matpuui A). Taki 3MiHU MOXYTb
ByTM 3yMOBMEHi HanpaBMeHOW eBOMioLiel0 enemeHTiB matpuui A, To6TO UinecnpsAMOBaHAMK 3MiHaMu
CTPYKTYpM NpuBeAeHnX BIOAKETIB i BiAMOBILHOK CUCTEMOKO YTBOPIOBAHNX aoxoais Y, .S .

Cnip 3a3HaunTK, WO 3MiHW B MaTpuLi A MatoTb CBOI 0BMEXEHHS, ki, 3 0AHOr0 60Ky, BU3HAYAIOTLCS CoLjjianbHAMM
yMOBaMW Ta EKOHOMIYHUMU MOXMMBOCTAMM, @ 3 iHWOMO OOKy, OBMEXEHHSAMM IHCTPYMEHTapil0 MPOBEAEHHS
aHanisy BMAMBY KiNbKICHAX 3MIH B MOfeni Ha sKiCHi BMacTMBOCTI mapameTpiB. MaTemaTuyHO BpaxyBaHHs
obMexeHb, BkasaHUX BULLE, NPOBOANTLCS BKITIOYEHHAM J0AATKOBUX 0OMeEXeHb B Mogenb (2).

AHani3 matemaTM4HOI MOZENi CTanoro Po3BUTKY

Mpn aHanisi BnacTMBOCTEN MiHIMHUX CUCTEM TUMY (2) NPOMOHYETLCH BUKOPUCTOBYBATM METOAONIONiO
nocnigosHoro aHanisy sapiaHTie (MAB) [BonowwH, 2013] B 110r0 KOHKPETHIN peanisayii ans aHanisy CITAP y
Burnai metogdy 6asncHux matpups (MBM) [Kyaun, 2007].

Ob6rpyHTyBaHHS 3acTocyBaHHs [1AB, 30kpema, MiATBEPMKYETLCA pesyrbTaTamut, OTPUMaHUMKU B [TUHOIPX3H,
1967], W00 AOCTIMKEHHS Ta YNPaBIiHHSA BEMKAMI EKOHOMIYHUMM CUCTEMAMM.

MogentoBaHHA CKNagHWUX EKOHOMIYHWX MPOLECIB NiHIMHMMKM MOLENsSMM 3aranioM He AalTb rnobanbHoro
PO3B’AA3KY, a NuLe nokanbHWi. Lie Bkasye Ha OOLiNbHICTb NPOBEAEHHS KOPOTKOCTPOKOBOMO NPOrHO3YBaHHS 3MiH
(cTpykTypu gocnimxyBaHux OlogxeTiB Ta BIOMOBIOHWX MOTOKIB), A€ AWCKPETM3allis HenepepBHOro npouecy
NPOBOAMTLCA HA Mani yacosi iHTepsanu. Toai npouec nobygoBu MaTeMaTuyHoi Mogeni € 6araTOKPOKOBUM
(noetanHum). 3abe3neyeHHs BUKOHAHHS YMOB KOPEKTHOCTI noByaoBu Mogeni 0byMOBMOE NPOBEAEHHS aHanisy
BMacTMBOCTEN Ta aHanidy BNMAWBY KiNbKICHUX 3MiH BXiOHUX napaMeTpiB mogeni Ha po3B’asok. MMapameTtpu
KOPEKTHOI niHeapu3aaLjii HeMiHiMHNX 3B'A3KIB NHIMHUMK MOXYTb 6YTW JOCATHYTI B Knaci criaboHeniHinHNX cucTem
[KypuH, 2007] y Burnagi (3).

P() C() 1()
A)=|Y() D+AD() 0
0 S0 K()



20 XX-th International Conference "Knowledge - Dialogue - Solution"

ne (.):(I,ZP,/lD,ﬁK,lC,/il,ﬂy,is), t- napametp uacy, A,,Ap,AxsAc, A4y, A~ BIBNOBIAHO BekTOpH
napameTpiB, LLO BNIMBAKOTH 3a HENMIHINHI (hyHKLiOHanbHi 3MiHW B 6nokax matpuue P, D, K,C,1,Y,S , AD
— ONKCYe 3MiHW Yy PO3NOAiNi Ta BUKOPUCTAHHI KIHLEBOMO NPOAYKTY.

Toai opmyBaHHS AOCRIMKEHHS OCHOB CTarnoro PO3BWTKY HaLliOHanbHOI ekoHOMikM Byae rpyHTyBaTMCA Ha
BapiaHTax aMiH y Matpuuli A , HanpuKknag, Wozio NoniThKK y cdepax :

— 8upobHUUmMea i ymeopeHHs 00x00y (LUNSXOM PO3BUTKY KOHKYPEHLii, 3HWKEeHHS COBIBAPTOCTi BITYUM3HSAHOI
NpoAyKUii i opMyBaHHS YMOB ANs iHBECTYBaHHS 3a MOAENIO «3HWKEHHS BUTPaT — 30iMbLUEHHS
[0X0[iB — CTBOPEHHS YMOB [N151 IHBECTYBaHHS», 3MiHIU CUCTEMM PErYNSTOPHOI MOMITUKM TOLLO);

— po3noliny ma 8uKOPUCMaHHS HaseHo20 00X00y (LLNSIXOM NNaHyBaHHA AOXOAB, 3MiH y POpPMYBaHHI i
po3nogini BB, y popmyBaHHi JOXOZIB Ta MOXNMBOCTSX iHBECTYBaHHS Cy6'eKTiB EKOHOMIKM Ta iH.);

— YmMBOpeHHs kanimasy (LUNSXOM NiATPUMKM CTIMKOCTI (hiHAHCOBOrO CEKTOPY Ta MOro NKBIGHOCTI Ta iH.);

— 308HIlLIHbOEKOHOMI4YHOI QisiIbHOCMI (LUNSIXOM CMPUSIHHS | PO3BUTKY EKCMOPTHOTO MOTEHUiany B ymOBax
MKHapPOZHOro noginy npaui Ta BigKPUTOCTI PUHKIB, MIATPUMKMA CRPUSTIMBKAX BHYTPILUHIX i 30BHILLHIN
MaKpOEKOHOMIYHWX NPONOpLii Ta CTanoCTi BiANOBIAHOI CUCTEMU AOXOLB Ta iH.).

BucHoBku

KoHuenuist aHanisy Ta NpUAHATTS pilleHb NPY MOAENOBaHHI CTarnoro po3BUTKY EKOHOMIYHOT CUCTEMU NONSrae v:
1) MaTeMaTU4HOMY NpeAcTaBneHHi iHgopmaLinHoi mogeni Metepa choH aep Jlinne y BUMMAAI CUCTEMU THIAHNX
anrebpaiyHux piBHSHb BENMKOI PO3MIPHOCT; 2) AOCAIMKEHHIO 3MiHW BNMBY NapameTpiB MoZeni Ha ii po3B’a3ok;
3) 3acToCyBaHHIO [0 aHanisy 4yTnAMBOCTI MOAEni MeTOAOMNorii MOCRiQOBHOTO aHanisy BapiaHTiB Yy MOro
iHTepnpeTauii y BUrnsagi Mmetogy 6asucHux Matpuup.
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AHANU3 CBOMCTB HEYETKUX OBOBLLEHWN METOOB PACNPEOENEHUS
Anekcen BonowuH, Bacunui JlaBep

AHHOMayus: Paccmampusaemcs NPUMEHEHUE Meopuu HEYEMKUX MHOXecme K Knaccuyeckol 3adaye
pacnpedenenus. [lpednazaromes Hewémkue 0b0bWeHUs Knaccudeckux memodos pacnpedeneHus u daemcs
aHarnu3 HekomopaIx Ux ceoticme.

Knrouesnie cnoea: 3adaqu pacnpedeneHus, Hedemkue mModenu u memolbl, Memodbl pacnpedeneHus .

BBepeHue

Mpobnembl pacnpeaenexns (pecypcos, 3aTpart, Npubbinu) B COBPEMEHHOM IMobani3npoBaHHOM MIUPE BbIXOAAT
Ha OOHO W3 BedywWuX MeCT B CUCTEMe MpUOpPWUTETOB LBWNM3aumu. COBpeMEHHbIA 3Tan M3yyeHns npobnem
pacnpefeneHns HauvHaetcs B 70-x rogax npowWsoro CTONETUS B CBA3W C WM3BECTHbIMKA COLMAnbHO-
9KOHOMWYECKMMI MOTPSICEHNAMM BO MHOTMX CTpaHax Mupa. OaHoi 13 nepBbix paboT, NOCBALEHHbIX LAHHOM
Tematuke, 6bina pabotra B. O'Huna [O'Neill, 1982], B kotopoit uccnegywtcs npobnembl pacnpenenexus
HacnegcTBa Ha 6ase matepuanoB w3 Tanmypa. AHanudy npobnem 6aHKpOTCTBA 4epe3 npuaMy Teopuu
koonepaTuBHbIX Urp 6bina nocesiLieHa W knoyeBas ctatbss P. AymaHHa (naypeata npemun um. Hobens
Axkapemun Hayk Leeuuu no akoHomuke 3a 2005 rog) u M. Mawnepa «TeopeTuko-MrpoBOi aHanus 3agadun o
GaHkpotcTBe U3 Tanmyoay [Aumann, Maschler, 1985]. Cpean gpyrvix paboT crnegyeT YNoMsiHYTh Takke CTaTbio
M. Axra [Young, 1988], B koTOpoi npobnema pacnpegeneHns u3yyaetcs Yepe3 Npuamy HamnoroobnoXeHus.
MeTogpl pacnpegeneHns u ux akcuoMaTtuyeckass xapaktepusauus uccnegyetcs v paspabaTtbiBaeTcs Takumu
yyeHbiMu kak 3. Mynen [Moulin, 1991, 2001], K. l'eppepo [Herrero, Villar, 2001], B. Tomncon [Thomson, 2013] u
apyrumu, B Tom umncne u [Voloshyn, Laver, 2013]. CoBpeMeHHble pe3ynbTaTbl B MOAENMPOBaHIN pacnpeaeneHus
3aTpat (npubbinu) usnoxeHsl 8 063ope B. TomncoHa [Thomson, 2013].

MocTaHoBKa 3agaum

3agava pacnpegeneHus onpepensietca Tpoitkon (N,c,b) [Voloshyn, 2010], rae N — KOHEYHOE MHOXECTBO
areHToB, HEOTPULIATENBHOE BELLECTBEHHOE YMCHO C ONpesensieT KONMYecTBO PecypcoB (3aTpaT unu npubbinu),

KoTOpble HEoOXOAMMO pacnpedenwTb, ektop b=(b,).

..y ONPEnensieT Ana Kaxaoro areHta i ero 3aseky b,

n
(sanac pewer), npudem Y b, >0 u
i=1

OSb,,VIeN:OSCSZ:b,. (1)

Peluenrem 3aaun pacnpeieneHns Aenaerca Bektop X =(X; ), , KOTOPbIA CTABUT B COOTBETCTBYUE KaXmoMy

areHTy i ero 10N X; , NPUYEM

0<x,<b,

(2)
VieN:) x, =c. (3)

ieN
MeTog pacnpeaeneHus onpeaensetcs otobpaxeHuem r, kotopoe kaxgom Tponke (N,c,b) CTaBuT B COOTBETCTBME
BEKTOP pacrnpeeneHms X =(X; )ieN , x=r(N,c,b).
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OcHOBHbIMM MeTOdaMK pacnpefenieHns B «Hanoroeoiy» uHTepnpetauun M. Aura [Voloshyn, 2010], [Thomson,
2013] sBnsoTca cnegyowye: 1) NpoOnopUMOHanbHbIA  Hanor; 2) NOAyWHbIM Hanor (kak ob6obuieHne
BblpaBHMBaHUS 3aTpaT); 3) YpOBHEBbIN Hanor (kak 0606LeHne BbipaBHMBaHUS NpubbInK); 4) Tanmyguyeckuii
meTog (kak 0606LLEeHe NoayLWHOro 1 YPOBHEBOrO Hanora, kotopoe 6asmpyeTcs Ha Hekoi 3agade u3 Tanmyaa
[Aumann, Maschler, 1985]); 5) «obpaTHblin» Tanmyauuecknin MeTog (MeTod, ABOACTBEHHbIN K Tanmyguyeckomy);
6) meton lNuHuna (pacnpegeneHue no 3TOMy MeTOAy CoBnagaeT C pacnpedeneHveM no Tanmygnyeckomy
MeToady, ecniM CyMMa 3anacoB areHToB MeHbLUe MOMOBWHBLI ()OHAA pacnpefeneHuns, v ¢ pacnpeaeneHnemM no
obpatHoMy TanmyguyeckoMy MeTody B WHbIX CRyyasx; 3TOT METO4 MeHee W3BECTHbIW, XOTS MPeanoxeH B
Tanmyaudeckon nutepatype ewe B 1861 rogy [Thomson, 2013]). MpueaeHHble MeToabl Byaem HasbiBaTb
«YETKMMMWY, B MPOTMBOBEC «HEYETKMMY, KOTOPbIE paccMaTpUBAOTCS Lanee u KoTopble BasnpytoTcs Ha Teopun
HEYETKMX MHOXECTB.

HeuyéTkne 0606LwWeHns MeTogoB pacnpeaeneHus

Mpu Hevétkom 0600WeHNM meTopa pacnpedeneHus 3artpat r(N,c,b) nMpuxogum K pelieHno crnegyowen
napameTpu4eckoit (OTHocKTENbHO napametpa A, 0<A<1) sagauu [Voloshyn, Laver, 2013]:

A —> max, 4)
uk(Xk)Zk,\V/kEN; (5)
Sx =c; (6)
"

X, 20,keN.
Tyt N;,N, (N, UN, =N) - pasbueHne MHOXeCTBa areHTOB, COOTBETCTBYIOLLME [OMN 3aTpaT KOTOPbIX

SBNAIOTCA  MPABOCTOPOHHMMM  HEUYETKAMM — YMCTIaMM  TpeyronbHoro  Bupa, X, =(x,.X,),VieN,

X :()A(/.,Yj),VjeN2 X; :(ﬁ,f(,), C (yHKuMsMM npuHaanexHoctv w,,VkeN, roe X, =r(N,c,b) ans

li

n
Bcex keN, » X, =c. [lanee Gyaem npeanonaratb, YTO areHTbl yNopsiaoOUeHbl N0 YBEMMYEHNIO MX AEHEKHBIX
=1

3anacos.

MycTb BEKTOP (X;,X,,...,X,;A) ABNAETCA pelueHnem 3aaaun (4)-(7). Torna BekTop (X;,X,,...,X,) HasbiBaeTcs
pacnpeneneHnem 3atpaTt npu HeuyéTkom o00606wenun metopa r(N,c,b), a napameTp ) xapakTepusyet
COrnMacoBaHHOCTb YHACTHIKOB MaKCUMarbHOM koanuuum N.

B obLuem cnyyae pelueHine 06 OTHECEHUM KOHKPETHOTO areHTa K rpynne N, UM N, OCTaeTCsi Ha YCMOTPEHHe

nuua, npuHuMatowero pewenus (NMNP), x0T OaHHbIA BbIGOP MOXET 3aBUCETb W OT KOHKPETHOro MeToaa
pacrnpeneneHus.

MpegnaraeTcs Cneaylowmin anroputM Ans novucka LONei 3atpar areHToB Ans HeuyéTkoro 0b6obLieHns meToaa
pacnpeneneHus r.

1. BoluncnsitoTcs fonu 3atpar areHto X, = r(N,c,b) no BbibpaHHOMy MeToay pacnpeaeneHus r;
2. MHOXeCTBO areHToB Mo HEKOTOpPOMY npasuny Aenutes Ha ase nogrpynnbl: N, i N, ;
3. YCTaHaBNMBAOTCA BEMWYMHBI YCTYNOK [Ans areHtoB 13 nepso « (ieN,) wn BTopon p3

(j €N, =N\N,) rpynn — Ha CKONbKO NPOLIEHTOB OT BEMMYMHBI X, areHTbl NEPBOI rpyNNbl XenatT 3annatutb
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MeHblUe, a areHTbl BTOPO —COrnacHbl 3annatuTb 6Onblue BENUYMHbI, KOTOPYI NPUMMCLIBAET WM METOL
pacnpenenenus r. Haxopum X, =(1—a)X,ieN, n X; =(1+B)X;,j eN,.

4. BenuunHbl 3aTpaTt areHToB paccMaTpuBalOTCA Kak NPaBOCTOPOHHWE HEYETKWE Yucrna TpeyroribHOro
BI1a, COOTBETCTBEHHO X, =(X;,X;) C dhyHKumeir npuHapnexHocTv 1, (x,) (ieN,)u x, =(X.X) (jeN,) ¢
yHKUpeit npuHapnexHocTn (X, );

5. dopmupyeTca 3ajava JIMHERHOro nporpamMmupoBaHus Buaa (4)-(7), pelLeHMeM KOTOpon SBRSeTCS
OnTManbHoOe pacrnpefenenite (X;,X,,...,X, ) U CTeneHb COrnacoBaHHOCTI MHEHMI areHTOB O KoppeKLM Jonel
3anaTx(0§xs1).. Ecnu nonyyeHHble pesynbtatel He ygosnetsopstoT JIMP, nepexogum k n.3. WHaue
paboTa anropuTmMa 3akoH4eHa.

CneqyeT OTMETWTb, YTO pelleHne (X,,X,,...,.X,;A) 3apaun (4)-(7) Beeraa cyuwjectsyet, npuyém A € (0,1). Bonee
TOrO, €ero MOXHO HanTh aHanutuyecku [Voloshyn, Laver, 2014].

Mockonbky hyHKLMM NPUHALNEXHOCTM areHTOB SIBASIOTCS NPABOCTOPOHHUMM HEYETKMMM Yncramu, 0603HaumMm
Xr TeBbll KOHeL WHTepBarna HE4YeTKOCTW COOTBETCTBYILIErO HEYETKOTO YMCra, a 4Yepes X, - npasbli.

Kenaemas [jons 3aTpar areHta k npefcraBseTcs HeYETKAM YUCTIOM (Xﬁ X ) ,VkeN.

Torga

npudem X, =Xy o (X5 —X; ), VkeN.

,D,J'Iﬂ CylecTsoBaHNA AonyCcTUMMOro pacnpenenerua 3arpar, HeoBXoaMMO BbINOMHEHWe HepaBeHCTBa

a) X <BY X

ieN jeN,

npeﬂI'IOJ'IO)KMM, 4TO 3adaH HeKOTOprVI YPOBEHb 7L0 . Torga cnpaseannebiM ABNAETCA HEPABEHCTBO

By, DX

jeN jeN

o 20‘2)@”32;9 ZBZ’A‘ﬁBZ’?/‘ 2

ieN, jeNy jeNy JjeN,

1 1
To ecTb, 2 <X, <1 Ans noboro AoNycTUMOro pacnpefeneHns 3atpar, npuyem A, = > TOMNbKO ECNK

OLZ)?, =BZ X,
ieN, jeN,
[ins 4éTkMX MeTOAOB pacnpefeneHns CyLecTBYeT XOpowo pa3paboTaHHas cucTema akcuoM, C MOMOLLbO
KOTOPbIX MOXHO XapakTepusupoBaTb 3TM MeTodbl. [ns HeyeTkux MeTogos, B 0OWeM cnydvae, OaHHble
Xapaktepusaum He WMeKT MecTa, XOTS HekoTopble CBOWCTBA («PaBHOe OTHOWEHWE K PaBHbIMY,
«CornacoBaHHOCTb C Hyném», «HesaBMCMMOCTb OT LUKanbl», «YNOpsSOOYMBaHME» W [p..) XapakTepHbl Kak
YETKUM, TaK 1 He4éTkum meTogdam [Voloshyn, Laver, 2014].
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Cnyyain He4yéTKmx 3aTpart

MycTb 3aTpathl ¢ = (g,é,E ) ABMAKOTCA HEYETKMM YUCNOM TpeyronbHoro Biuga. OfHUM U3 BapuaHTOB PeLLEHMs
[aHHOW 3ajaun ecTb pasbueHve eé Ha [Be noasajayn — 3agadvy «onTUMUCTa» (3aTpatbl «Hebonbluney, T.e.
ce [g,é]) W 3agady «neccumucTa (3atpatbl «bonblumey, T.e. ¢ € [6,5 ]). [ns 3agaum ontumucTa

i=1 i=1

3HaueHns A, 1 x,, VkeN, BblMUCTISIIOTCS NO BblilLenpuBeAeHHbIM hopMynam 13 pacyeTa, Yto ¢ =C, .

3apjava neccumucTa, B CBOK OYepesdb, CBOAUTCS K MOWUCKYy ONMTUMANbHOTO pacripedeneqns ans ¢, =C npu
YHKUMSIX NPUHAANEXHOCTY 3aTpaT areHToB, PAacCYUTaHHbIX ANS € .
B kayecTBe pelLeHst UCXOAHON 3aAa4v NPUHAMAETCS BEKTOP, ANst KOTOPOTO Benu4mnHa A, GyaeT HambonbLueil.

BbiBoabl

OcHoBHOW noeei HevéTkmx 0606LLEHNn METOLOB pacnpedeNieHns, KOTopble MpeanaraloTcs Bhbllle, SBNSETCS
[EerneHe areHToB Ha [ABe rpynmbl TakuM 06pasom, YTO areHTbl U3 NepBOi rPyNMbl NNATAT MEeHbLUIE CBOEN LONM
3aTpart, a areHTbl M3 BTOPOW rpynnbl NOKPbIBAKOT 3TOT Aetmumnt. [laHHas uaes hakTMyYeckn 1cnonb3yeTcs npu
NPOrpeccBHOM HanoroobnoxeHnn. MockonbKy pelleHne HeYeTKoW 3apaqn pacnpeneneHns Cylectsyet u
MOXeT 6aTb HalgeHO aHanUTUYEeCKW, TO AaHHble 0606LLeHNs NPUMEHNMBI B pearbHbIX ycrosusx. bonee Toro,
OHU NO3BONAOT YUNUTHIBATL HE TOMBKO HEYETKOCTb AaHHbIX, HO U COLManbHOe HEPaBEHCTBO areHToB.
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OUCTPUBYLMA U PASBEPTBIBAHUE MPOrPAMMHON CUCTEMbI “UKOH” C
MPUMEHEHUEM COBPEMEHHbIX TEXHONOMMA BUPTYANTU3ALIMK U
OBJTIAYHbIX CEPBUCOB

Butanun Bennyko, Kupunn Manaxos

AnHomayusi: B pabome paccMompeHbl CO8PeMeHHble mexHonmoeuu U cpedcmea eupmyanu3ayuu, e
yacmHocmu, koHmetHepusauus (LXC, Docker) kak 00uH U3 eapuaHmog peanu3ayuu supmyanusayuu yposHs
onepayuoHHol cucmembl. PaspabomaHa mexHonoaus Aucmpubyyuu U pasgépmbigaHus npo2pamMMHOU
cucmemsl  «MHCmpyMeHmanbHbIl  KOMNeKC  OHmMosnoaudecko2o HasHadeHus» (MKOH) ¢ nomowbto
gupmyarbHbIX NPUNOXeHUl U 8upmyasbHbIX ONepayuoHHbIX cucmem 8 cpede obrayHbIx cepsucos, Ha base
knacmepa WMHcmumyma kubepHemuku um. B. M. Mywkoea HAH YkpauHsl. lpoepammuas cucmema MKOH
UHMe2puposaHa 8 MoAesTb CEPBUC-OPUEHMUPO8aHHbIX UHGhOPMAaLLOHHbLIX cucmem — “KoHmeliHep kak Cepsuc’.

Knroyesble cnoea: eupmyanusayus, dAucmpubyyus, KoHmelHepu3dayus, Docker, obnayHbili cepsuc,
npoapamMmHas cucmema.

BBepeHue

TexHonory BUpTYanusauuu B HacTosllLee BPeMsi CTAHOBATCS OHWM M3 KITHOYEBLIX KOMMOHEHTOB Mpolecca
paspabotkn nporpammHbix cuctem (MC) u  coBpemeHHo WT-MHDPACTPYKTYpbl KpynHbIX  NpeanpusTuii
(opraHvsauuin) Ons MOBbIWEHWS OOCTYMHOCTM CcepBepoB, ©GecnepeboMHOr0 NpeaoCTaBNeHMs CEPBUCOB
knueHTam. Takve aTanbl paspaboTky MporpaMMHbLIX CUCTEM, Kak BHeapeHue (deployment - npouecc HacTpoiku
MC nop onpefeneHHble yCrioBus aKCnnyaTauuu, a Takke obyyeHue nonb3oBatener pabote ¢ NporpaMMHbIM
NPOAYKTOM) U CONPOBOXAEHME (Maintenance - NpoLEece ONTUMMU3ALNN 1 YCTPaHEHNS, 0BHAPYXXEHHbIX B NpoLiecce
OMbITHOM 3KCMyaTaumn AedekToB yHKUMOHMpoBaHUS [1C), ABASIOTCA OOHUMU U3 BAKHEALWMX B XM3HEHHOM
LMKne nporpaMMHoOro obecneyeHns, kotopble obecneunsaioT AucTpubyunio, passépTbiBaHue U aKCnayaTaLmo
KOHEYHbIM MONb30BaTENSAM MPOrpaMMHON cuctembl. C yY4ETOM BaXHOCTW U3NOXEHHbIX BbIlLE 3Tanos,
Heobxogumo paspaboTaTb TEXHOMmorv AucTpubyumm 1 pasBePTbIBaHWMS nporpaMmHon cuctembl VKOH
[Manaruy, 2012] ¢ wcnonb3oBaHMEM COBPEMEHHBIX TEXHOMOMMA U CpeacTB BupTyanusauun. Cyulectyet
HECKOMbKO METOLOB OCYLLECTBNEHUS BUPTyanu3aLmm Yepes pasHble YpoBHW abecTpakLui, OCHOBHBIMU U3 HUX Ha
CErOAHAWHMA [eHb SBASIOTCA aMynsauus obopynoBaHUs, MOMHas BUPTyanu3auus U BUPTyanu3auusi YpoBHS
onepauyoHHON cucTembl. KriioueBbiM METOAOM BUpTyanusauuu Ans paspaboTku TEXHONOrMM AUcTpubyumn u
pasBépTbiBaHMA nporpaMmmHon cuctembl MKOH sBnsietcs MeTon BMPTyanus3auuu YpOBHS OnepaLyoHHON
cucteMbl W kntoyeBo ero peanmsaumm — LXC (Linux Containers). 3T0T MeToA no3sonsieT 3anyckatb
N30nMpoBaHHble 1 Ge3onacHble BUPTYanbHbIE MaLUUHbBI HA OAHOM (DU3NYECKOM Y3ne.

Mporpammuas cucrema UKOH B mopenu “KoHTelHep kak CepBuc”

Mpn BUPTYanu3aLmy ypoBHS ONEPaLMOHHON CUCTEMbI HE CYLLEeCTBYeT OTAENBbHOTO Cnos runepsusopa. Bmecto
9TOr0 Cama XOCTOBas OmnepauuoHHas cucTema OTBevaeT 3a pasfeneHue annapaTHbIX PecypcoB Mexay
HECKOSbKAMMW BUPTYanbHbIMIU MalMHaMu (BbIAENEHHbIMIU CEpBEPaMI) W NOAAEPXKKY UX HE3ABUCUMOCTW OpYyr OT
Apyra. BupTyanusaums ypoBHsl onepaumoHHOi CUCTEMbI TPEDYET BHECEHUS 3MEHEHMI B S4p0 OnepaLyioHHON
CUCTEMbI, HO NPK 3TOM NPEUMYLLECTBOM SBNSETCS «POAHAs» NPON3BOAUTENBHOCTb, BEe3 NoTepu pecypcoB Ha
BMPTYanu3auuo yCTponcTB.

[ns suptyanmusaumm MKOH Ha ypoBHe omepauumoHHOM cucTembl Obina ucnonb3osaHa cpeda LXC, a Takxe
BbICOKOYPOBHEBBIV MHTEPGENC AN aBTOMATM3aLmMy Pa3BEPTLIBAHNS W YNPaBNEHUS NPUNOXEHUAMM, U JOCTYNa K
koHTeliHepam LXC — Docker. Docker no3sonser ‘ynakoBaTb’ MpWUNOXEHWE CO BCEM €r0 OKPYXEHUEM U
3aBMCUMOCTSIMM B TaK Ha3biBaEMbIN KOHTEHEp, KOTOPbI MOXET ObiTb NepeHecéH Ha nobyto Linux-cuctemy ¢
NOAAEPKKON Cgroups B fApe, a Takke NpefocTaBnseT cpedy no ynpaeneHno KoHTenHepamu. C npuMeHeHem
ONUCaHHbIX CPeAcTB M MEeTodoB paspaboTaHa TeXHONOMMst pasBEpTbiBaHMA U AUCTPUOYLMW NpOrpaMMHOM
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cuctembl MIKOH B mogenu “KoHteiHep kak Cepeuc”. O606LWEHHAs cxema peanusaumm NporpamMmMHON CUCTEMbI
WMKOH B mogenu “KoHTeitHep kak CepBuc” npeacTasneHa Ha puc. 1.

| Lapnere

| | Manpwie |

HKOH (npunoskenus)

Cpeaa HCNONHEHHA
porpamMm

Memnnatdopyennoe 10
(CeprHC-opHEHTHPOBAHHBII
uHTEepheic

Docker

(uHTepdieiic konTeiinepa)

HMKOH (npuioskenns)

Mexnnardopyennoe 110
(CepEHC-0PHEHTHPOBAHHEIH
HHTEpheiic)

Docker

HKOH (npunokenus)

Cpeaa HenonHeHNd
MpOrpaMm

Memnnardopmennoe [10O
{CepEHC-OpHEHTHPOBAHHBIH
unTepheiic

Docker
(uHTepdieiic kouTeliHepa)

Docker
(MeHe/Kep KOHTelHepoR)

OnepanHoHHan cHe

i (BHPTYAILILINE CYIeprRoMI
OpenVL

|

| Cepeepa/Knactepa |
1

| XpaHunuile 1aHHbIX |
]

| Opranuzanus cetei |

Pwc. 1. ObobwéHHas cxema peanuaaumuu nporpammuoi cuctembl UKOH B mogenu “KoHteinHep kak Cepauc’.

BbiBoAbI

B pabote npeanoxeHa Mogenb paseépTbiBaHus 1 aucTpubyumm nporpammuoit cuctemsl MKOH ¢ npumeneHnem
TEXHOMOMA BUPTyanu3aLummn, B YaCTHOCTH, KOHTeMHepu3auus. OnucaHa peanusaums pa3paboTaHHON Mogenu B
cpene obrnavHbIx cepsucoB Ha Base knactepa MHcTuTyTa KubepHeTuku umeHn B. M. Mnywkosa HAH YkpauHsbl.
PaspaboTaHHas MoAernb N03BONSET: NMOBbICUTL YPOBEHb 0OCMYKUBAHUS U CBECTU HApyLUEHNS paboTbl CEPBMCOB
K MAHUMYMY, YNPOCTUTb NPOLECC YNPaBMEHUS XM3HEHHBIM LMKIOM NPOrpaMMHbIX CUCTEM, COKPaTUTb BPEMS Ha
Ha WX pasBepTbiBaHWe W AUCTPUOYLMIO, YCTPaHUTb NpobreMbl COBMECTUMOCTM MPUOKEHWA, MOBbLICUTbL
3(h(PEKTMBHOCTb MCMOMNB30BaHMS PeCypcoB 0BopyaoBaHMS.

Nurepatypa

[ManarvH, 2012] A.B. Manarud, C.J1. KpbiBeiid, H.I. TeTpeHko. OHTOnmoruyeckme meTogbl W cpegctBa 06paboTku
NPeaMETHbIX 3HaHWUA. — [MoHorpadns] — IyraHck: u3a-so BHY uwm. B. fans, 2012. - 323 ¢.
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CrnocClib ABTOMATU3OBAHOIO BUAINEHHA BIAHOWEHb MPDX TEPMIHAMW 3
MPUPOHOMOBHUX TEKCTIB TEXHIYHOI TEMATUKW

Bitanin Benunuko, Bitanin NMpuxogHiok

AHomauisi: B pobomi posensidaembcsi cnocib eudineHHs cemaHmMU4HUX 8IOHOWEHb 3 NPUPOGHOMOBHUX
mekcmie. nsa chopmanisauii wabroHie ceMaHMUYHUX 8IOHOWEHb 8UKOPUCMOBYEMBCS YUCEHHS npedukamig.

Knrouoei cnoea: asmomamu3osaHull aHaia npupoGHOMOBHUX MeKCMI8, CeMaHMUYHUL aHasi3.

Betyn

B ymoBax nocTitHoro pocty o6'emiB iHchopmaLji 3Ha4yHO 3pOCTae pOfib  CUCTEM  ABTOMATUYHOMO |
aBTOMAaTK30BaHOrO aHanisy HecTpYKTypoBaHOi iHpopMaLlii. OCKinbku 3Ha4YHa YacTuHa AOCTYNHOI Ha TenepiLUHil
yac iHcopmauii 30epiraeTbCs y BUMMSAAI NPUMPOLHOMOBHUX TEKCTIB, aKTyanbHUM € 3aBOaHHSI aHamidy Takux
TEKCTIB 3 METOK NEPETBOPEHHS iHCpopMaLlil Yy hopManbHWiA, MalLMHHO-3pO3yMinui, Burnad. B gaHin cratri
ONMUCYETLCA MOLENb TAKOro aHanisaTopa, Lo J03BOSSE aBTOMATU30BaHO BUAINATY CEMAHTUYHY iHbopmMaLlito 3
NPUPOAHOMOBHWX TEKCTIB.

Onuc koHuenuii aHanisaTopa

CeMaHTUYHMA aHani3, skui Oyae posrnsagaTuch Hkye, 6a3yeTbCid Ha MOPQOMOTiYHOMY i CUHTaKCUYHOMY
aHanisax, Lo BUKOHYeTbCs nporpamoio Texttermin [AHApYyLeHKO Ta iH., 2013]. B pesynbTaTi MOPGONOriYHOrO |
CWHTaKCWYHOTO aHanisiB (hopMyeTbCS MOCHIZOBHICTL NEKCEM (HOpMani3oBaHUX CIiB Ta PO3QINOBMX 3HAKIB) i
BW3HAYaAIOTLCA CUMHTAKCWYHI 3B'SI3KM MiX HUMK. Texttermin Buaae pesynbrat cBOei poboTW y BUrMSAi ABOX
CTPYKTYp [JaHWX: AE€peBa TEPMIHIB i BMAcHE NEKCUYHOI 3ropTku. [lepeBo TepMiHiB siBnse cobow OepeBoBUAHWIA
rpad, sKui Bkasye Ha NigNOPAAKOBaHICTb TEPMIHIB Y TEKCTI. JIEKCUYHA 3ropTka Mae TPUPIBHEBY iepapxito: BCS
3ropTka NpefcTaBnse TEKCT, PO3BUTUA Ha PEYEHHS, a PEYEHHSs, B CBOKO YEPry, PO3LiNAtoThCA HA CUHTAKCUYHI
oauHUUi (rpynm). Tpynu CKnapalTbCA 3 NEKCEM, KOXKHA 3 AKX MOXE MaTh CUMHTAKCMYHWA 3B'A30K 3 IHLUOK
NEKCeMOHO Ljiei X rpynu.

3anponoHoBaHa Moaenb onepye 6a30t 3HaHb MPO NPUPOAHY MOBY, LLO aHani3yeTbCs, Ha OCHOBI hOPMarbHUX
rpamatuk. [ins obpobku TekcTy BMKOpUCTOBYETHCA MoaudikoBaHnin GLR-napcep (Generalized Left-to-right
Rightmost derivation parser) [Tomita, 1986]. OcHoBHa onepalis npu aHanisi TekcTy — nigcTaHoBKa NeKcem

L:{Lj| j e1..m} 3 peyeHb y nmpeaukatHy dopmyny (wabmnoH), wo sense cobo NoCnigoBHICTb NpeaukaTis
P" :{P, (x)|i e1..n}. MpepukaThi chopmynm 3bepiraeTecst B 6a3i 3HaHb. Mpeavkatn P (x) 6ysawTb ABOX

BUOIB: N9 KMOYOBMX Ta He KMIOYOBWX CRiB i MaloTb OOHAKoBY CTpykTypy. [Mpeoukati BigpisHsOTHCS
iHTEpNpeTaL|ieto CBOIX eNeMEHTIB: Ans npeamkaTie, WO BAAINSIOTL HEKMIOYOBI CMOBA, KOXEH eNeMeHT npeaukara
aBnsie cob0K MEBHWN CEMaHTUYHUIA Knac, 4NS NPeaukatiB, WO BUAINSIOTL KIKOYOBI CNOBa, — HOPMari3oBaHy
OCHOBY [1e5IKOro CnoBa.

[lopaTtkoBo BBOAMTLCS MpoLeaypa Banigalii oTpUMaHoi MignocnigoBHOCTI NEKCeM, ska Nepesipse, Yn 38'd3aHi
enemMeHT BWXIiQHOT NigNOCMIZOBHOCTI MOTPIGHMM YMHOM. [ns Hei BBOAMTLCA OCOBMMBMI TWN npeaukaTie —
npeavkar BUAINEHHS 3B'A3KiB. Takuil NpeaukaT 3aCTOCOBYETLCA He [0 OKPeMoi Nekcemu, a [0 BCbOro iXHbOro
naHutokKa. Takuin npeaukaT MICTUTb [Ba iHOEKCU — iHOEKCU €NEMEHTIB, MiX SKUMU NOBUHEH iCHYBATMW 3B'A30K, i
BnacHe TUN 3B'A3ky. KoxeH WabnoH micTuTb Habip Takux npeawkartis, LU0 3aCTOCOBYOTHCA MOCILOBHO Micns
OTPUMaHHS igeHTUdikaLii nignaHLtoxKa, SKWA BigNoBIAaE npeaukaTam BUAINEHHS NEKCEM.

[lonaTkoBO KOXeEH LIAbMoH MICTUTb Macky pesynbTaTy — Wie OAMH LWabnoH, y kUi NigCTaBnseTbCs BUAiNeHa
NiANOCNIQOBHICTb | AKMIA 3apae NEepeTBOPEHHS BXIOHOrO NaHUtokka nekcem L' abo rpadyy pesynbTyioumx
BiJHOLLIEHb.

Mowyk L' 3miACHIOETLCS 3@ AOMOMOro MogudikosaHoro GLR-napcepa. OcHoBHOWO onepauieto npu po6oTi 3
nekceMamn € 3acTOCYBaHHS NpeaMkaTty, L0 3aMiHE CTaHZapTHY And napcepiB Ha OCHOBI (hopMasibHWX
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rpamaTuk onepawito MOPIBHSHHA TEPMiHANbHUX CUMBOMIB. TOAI KOXEH npeaukaT BXiQHOMO WabnoHy MoxHa
po3rnsaaaTM AK TepMiHanbHUA €nemeHT npaBuna (xoya peanbHo BiH ABNSiE COBOK HeTepMiHamnbHWA, a
TepMiHarnbHUMKU CUMBONAMM € eNTEMEHTY Npeaukaty).

Mix BaXnuBMMK Nekcemamu MOXYTb 3yCTpivaTCb ApYropsiaHi (BCTaBHi Crosa, AiENPUCTIBHUKOBI 3BOPOTY Ta iH.).
Tomy nporpama nigcTaHOBKK NeKCeM MOBKMHHA NEPEBIPSATY PisHi cnocobu NigCTaHOBKM, MPOMYCKaoUM AesiKi BXiaHi
nekcemun. [logaTKoBO BBOAWTHCS €BPUCTMYHA npoLedypa NOBEPHEHHS. [MOBEPHEHHS 3AINCHIOETHCS, SKIO B
npoueci NigcTaHoBKM nekcem Oyno [OCArHYTO KiHelb MOCMIQOBHOCTI nekceM. FKWO X npeaukatHa dopmyna
BigNOBIAAE MOCNIBOBHOCTI, TO KiHELb NOCRIAOBHOCTI He Byae OOCArHYTO: NigCTaHOBKA NEKCEM 3aBEPLUMTLCS, K
Tinbkv Oyae 3HaiigeHa BignoBiAHICTb 40 OCTaHHLOrO Npeaumkata y dopmyri.

Ockinbkn 4epes HeOAHO3HAYHICTb MiACTAHOBKM HeobXxigHa mpoueaypa MOBEPHEHHS! Ha MonepeaHi Kpokw, Ans
aBTOMaTa BBOAMTbCS CTek noauuin (LS). [Ins cTeka BU3HaueHi onepaujii: 3aHeCeHHs1 MOTOYHOI NO3uLii B CTek
(LS+) i ii BigHoBneHHs 3 cTeka (LS--). B obox Bunagkax onepavis BUKOHYETbCS A0 34UTYBAHHS HACTYMHOI
nexcemm.

BnacHe BuaineHHs BigHOLWeHb BigbyBaeTbCs B TP €Tanu. [epLunii eTan — BUAINEHHS KOHCTPYKTIB. KOHCTpYKTH
BMAINSIOTLCA BUKIIOYHO B paMKkax 0aHOi rpynu. LLIabnoH BuaineHHs KOHCTPYKTIB NpeacTaBnsie cobot 3Bu4aiHmin
wabnoH 3 npegwukatie. Macka pesynbTaTy and LWabMoHy BMAINEHHS KOHCTPYKTIB siBNsSE COBOK Mogenb
NepeTBOPEHHS, a caMe — knactepusalii. B macuj pesynbTaTy BkasaHi NO3WLii eneMeHTiB, LWo ChOpMYIOTb HOBMI
KOHCTPYKT. Takox B LWabnoHi BKAa3aHO roNOBHUIA €NEeMEHT KOHCTPYKTY. epeTBOpeHHs nonsrae y BULaneHH 3
BXiZHOTO MaHLOXKA BCiX MEeKceM, ki BXOAATb A0 BMXIgHOI NiBNOCMiZOBHOCTI (@ TAKOX HECYTTEBMX NEKCEM, LIO
PO3TaLLOBaHi MiX HUMM), i 3anKCy Ha ix MiCLie OAHOI NIeKCeMM, OCHOBA AIKOT SIBNSiE COB0I0 3'€HaHi y BKasaHOMy B
Macli nopsigKy OCHOBM €NEMEHTIB MignoCrifoBHOCTI, @ CEMaHTUYHWUA KNac [JOPIBHIOE CEMAHTWYHOMY Knacy
rONoBHOrO cnoga. [licna 3amiHW NekcemMyu Hag rpyrnow BMKOHYETHCS AofaTkoBa (oinbTpalis: BUOANATLCA
nekcemu, siki 38'sa3aHi 3 NigNOPSAKOBAHAMM YneHamy KOHCTPYKTY i HeCyTTeBUMM cumBonamu. [icns 06pobkm Beix
rpyn B PEYEHHI, ENEMEHTH LMX pyn, SKi NpoALWnmM dinbTpauito, 00'eqHYI0TECA B OAMH MAHLIOXKOK.

[Opyrii eTan BMAINEHHs BiJHOWEHb — BUAINEHHS 3B'A3KIB. 3B'A3KM BUAINSIOTLCS HA PiBHI PEYEHHs. ANroputm
npaLioe 3 NaHLoKKaMW, OTPUMaHUMK B pe3ynbTaTi 3aCTOCyBaHHS 40 PeYEHHS LWabMOHIB BUAINEHHS KOHCTPYKTIB.
KoxeH 3B'530K BUINEHHS 3B'A3Ky MaE LLeHTpanbHUi enemeHT — Kniovose ¢noso. Cnpasa i 3nisa Bif KMOYOBOrO
CroBa 3HaxoAATbCs iNbTpW (MpeaukaTy AN HeKMo4oBuX ChiB). [Ansa Ginbll CKMNagHWX peyeHb MOXIWBI
NOCNIAOBHOCTI KIIOYOBMX CIiB | DiNbTpIB.

TpeTit eTan — YTOYHEHHS iepapXivHuX 3B'A3kiB. LLIaBrioH YyTOUHEHHs iepapXiyHWX 3B'A3KIB € aHanoriyHum 1o
WwabrnoHy BWOINEHHS KOHCTPYKTIB | TakoX 3acTOCOBYETbCA Ha PpiBHI rpyn. BigMiHHiCTL nonsrae y macui
pesynbTaTy: BOHA MOXE BUOINATY Kinbka NignocrigoBHOCTEN, NPUYOMY B 3arafibHOMY BMNaaKy NignocnigoBHOCTI
BKNafeHi 0Ha B OfHY.

BucHoBku

B paHin cTatTi onucaHo MOAEnb BMAINEHHS CEMaHTUYHOI iHopMaLlii 3 MPUPOSHOMOBHUX TekcTiB. [Ans poboTtu
MoZenb BuUMarae ¢opmaniaalii BigHOLEHb, WO MaloTb ByTW BMAINEHI NpU CEMaHTUYHOMY aHanisi, y Burmsai
WabnoHiB.

Nitepatypa

[AHapywweHko Ta iH, 2013] MeToamMkN HanmcaHHs HaykoBWX POBIT Ha OCHOBI OHTOMOMYHOTO aHani3y TEKCTIB: METOAUYHUIA
nocibHuk / ynopsaa. T. |. Angpywerko, B. 0. Bermuko, C. A. TanbueHko, J1. C. Tnoba, K. [. M'ynses, E. A. Knimosa,
0.B. Komosa, O. B. licosuit, M. A. Monosa, B. B. MpuxogHiok, O. €. Ctpuxak, [. M. Ctyc. — K.: TOB «CITIMNPIHT»,
2013.-124 c.

[Tomita, 1986] Tomita M. Efficient parsing for natural language. Kluwer Academic Publishers, Boston, 1986.
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MEOWLWHCKAA TPUA-CUCTEMA ANA HAKOMNEHUA
U OBPABOTKW NEKTPOKAPOWOIrPAMM

Butanuu BuiuHeBCckun

AHHomauyus: B dokrade obcyx0aemcsi onbim nocmpoeHust 8 YkpauHe cheyuanusuposaHHol MeduyuHcKol
2pud-cucmemb! 0n1 HakonneHus u obpabomku 6orbliux 06beMos LuposbIX 3nekmpokapduoepamm npu
nonynauyuoHHbIX uccrnedosaHusix. [lokasaHbl B03MOXHOCMU COBPEMEHHBIX 2pud-uHghpacmpykmyp Ons
nposedeHuUsT «OMIIOKEHHbIX MENEKOHCYbmayuliy.

Knroyeeble cnoea: epud-cucmema, Mmedapud, yughposble arekmpokapduozpamma!.

CoBpemMeHHOe COCTOsIHWE OpraHn3aLuid 34paBoOOXpaHEHNS B YKpanHe XapakTepusyeTcs SBHbIM NPOTUBOpEYnEM
Mexay AOCTaTOMHO PacnpoCTpaHeHHbIM LGPOBbIM AMArHOCTUYECKUM O060pYAOBaHMEM W apXxauyeckum no
hopme 1 coaepkaHmnio ByMaxHbIM LOKYMEHTOOBOPOTOM MEAULIMHCKIX 3anucei.

Mano KTo u3 nauneHToB OBpallaeT BHMMaHME Ha TO MpOCToe 06CTOATENbCTBO, YTO UMdpoBas no opme
[VarHocTyeckas MHGOpMaLmUs MeHsSIeT CBOW CBOMCTBA B MOMEHT [OKYMEHTUPOBAHMS Ha TBEPAbIN HOCUTENb
(bymary, peHTreHOBCKYI0 MNEHKY U T.4.) U ye He MoXeT 06pabaTbiBaTbCsl COBPEMEHHLIMI KOMMbIOTEPAMM.

JT0 NpOTUBOPEYME NOPOXAAET, MO KpaHen Mepe, ABa Bonpoca:

1. HyxHO nn BoOGLLE XpaHUTb OMArHOCTUYECKYKD MHAOPMALWMI0 B LMGPOBOM Biae (B TOM YMCne U LMpOBYIO
OKTI") Ha NPOTSXKEHMM BCEWN KU3HW NauueHTa?

2. Ecnu Bce xe guarHoctnyeckas uHopmaums ByaeT HakannmeaTbCs, TO MOXHO N1 OpraHM30BaTb TEXHOMOTMIO
[OCTyNa K HeW B YCIoBMsX OyMaXHOro okyMmeHToobopoTa?

Ha Haw B3rnsg, npenMyLlecTsa npeacTaBneHUss AWarHOCTUYECKON MHGOpMaLmn B LMGPOBOM BUAE AaBHO
[0KasaHbl W NOTeps 9TOT0 MPEeUMyLLecTBa Npu OOKYMEHTUPOBAHUM Ha OyMaxHbli HOCUTENb MpOCTO
HENpPOCTUTENbHAs pocKoWb. [la U XpaHeHue BCEeW AWMAarHOCTUYECKOW MHGOPMAaLMWM Ha MPOTSKEHUM KU3HM
nauueHTa — ckopee 4aBHO Ha3pesLuee TpeboBaHue, HeXenn NPeaMET A1s AUCKYCCHM.

MO3TOMY Mbl CKOHLEHTPUPOBANUCL Ha OTBETE Ha BTOPOW BOMPOC M Janu ero B Xoge peanusauun npoekTta
HaLMOHanbHOW NporpaMMbl PasBUTUS U BHELPEHUs rpua-TexHonormn «MeguumHckas rpua-cuctema ans
NONyNALMOHHBIX MCCefoBaHUi B kapauonori Ha 6ase kapauorpamm» wunn npocto «Mearpuay», o KOTOpoM
NOAOET PeYb HUXE.

MepBuyHOl MHbOpMaUmeln ans npoekta «Mearpuay» SBMSKOTCS  3rEKTPOKApAMOrpaMMel, NONy4Yaemble ¢
MOMOLLbI0  CEPTU(MLMPOBAHHBIX  LMPOBLIX  KapauorpagoB B CMEUMani3vMpOBaHHbIX  MEAULIMHCKMX
YUYPEXOEHMSIX.

TexHonoruyeckuin 3ambicen npoekta «Mearpug» B COBOKYMHOCTW C KOMMbIOTEPHBIMY PECYPCAMM BUPTYarbHOM
rpug-opraHusauuu (BO) ¢ 0aHOMMEHHBIM Ha3BaHWEM NpuBELEHbI Ha puc.1.

Mpuo-xpaHunuwa npoekta «Mearpua» NO3BONSIOT HakannMBaTb [enepcoHann3vpoBaHHble  LudpoBble
ANarHocTUYecKue AaHHble B MacluTabe nonynsiuum Bcen CTpaHbl 1 obecneynBatb 06paboTky 3ToM MHGOPMALN
0N Uenen NpaKTUYeckoro 3ApaBOOXPAHEHWS M ANS HayuHbIX uccnegoBaHui. bonee nogpobHo Uenu u
nepcnekTuebl npoekTa «Mearpuay npoaHanuanposaHsbl B [1].

Moka e BaXHO MOHMMATb, YTO K pacnpedeneHHbIM TrpUA-XpaHUIMWamMm LudpoBble  KapauorpamMb
pocTaBnaTcs yepes Beb-noptan http://medgrid.immsp.kiev.ua npu nomowm cneumansHo paspaboTaHHoro
TPAHCMOPTHOTO MOAyns. 3TOT MOAYNMb MOXKET WCMOMb30BaThCA MO0 B BMAE CAMOCTOSTENBHON NpOrpamMmbl,
nn60 BbITb BCTPOEHHBLIM B MPOrPaMMHbI KOMANEKC paboyero MecTa kapavornora.

[ins paboTbl ¢ haitnamm LdpoBbIX KapaMOrpamMm UCMONb3YHTCS CnelnanbHO paspaboTaHHble MHTEPAKTUBHbIE
Be6-cepsuchl. OauH 13 aTuX Beb-cepBrCOB reHepupyeT Ans Kaxaoi AOCTaBNEHHON B rPUA-XpaHUIWLLE NPOeKTa
KapAMorpaMMmbl YHUKanbHy VIHTEPHET-CCINKY U reHepupyeT cnelnanbHblii LOKyMeHT B pdf-chopmarte, KoTopblii
Bpay MOXeT pacnevyaratb WnM 3anucatb Ang nauueHta. Kak BMAHO W3 puc.2, 3TOT JOKYMEHT WMeeT
cneyuanbHbin QR-kogd, B KOTOPOM 3aKOAMPOBAaHA CCbifika AOCTYNA K LMPOBON KapanorpamMmme W KOTOpbIid Nerko
pacno3HaeTcs CTaHAapTHBIMM NPOrpamMMHbIMKM cpeacTBamu BEB-kamep, B TOM Yncne COBPEMEHHbIX NNaHLLETOB
1 CMapT(OHOB.

Ha Haww Barnsg, GyMaxHbI JOKYMEHT C BCTPOEHHbIM B Hero QR-koOM MOXET paccmaTpuBaThCs Kak peLleHue,
koTopoe 0becneumBaeT CTbIKOBKY COBPEMEHHbIX TEXHOMOrMW XpaHeHWs LMPOBOA  AMArHOCTUYECKOM
WHopMaLMM C apxanyeckum MeTogoM OyMaxHOro BedeHWs MeOUUMHCKOW AoKymeHTauuu. Kpome aToro,
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YHUKaNbHY0 CCbIfIKY, KOTOpasd WCNONb3yeTCcaA npu redepauunu QR-kopa, MOXHO Wcnonb3oBaTb U npu
TeneMeAnUNHCKNX KOHCYNbTaLluMAX.

r BupTtyanbHbi cepsep BupTyanoHbii cepeep
Web-cepsucos Fpna-cepBnCcoB ynpasneHns AaHHbIMU

Bpaunm- ABTOPU3OBaHHbLIA I MeTaGasa

CepBUCHbLIN I

Kapguonoru TpaHcnopT
3 *.scp channor I cepTudmkat
5 L AenepcoHanusauus —_—
3% KoHcynbTauuu I *.scp dhannos P
2 «second -bq?e:" I
opinion» &
2
— _L — — _*(\Qg‘?? —_— — —
N &
- Monk3sosatenu
e
Kapaworpad 3
= O6pa6oTka noTtoka
*.scp dpannos Ha
Ceprudmkar > noKansHom cepsepe
TpygonEgoBRaTens MonynaunoHHbIe Cnyx6a K?TaﬂOrOB YHI
uccnenosaHus Ifc.grid.org.ua
r p
a
Storage
UNMMC HAHY

Storage

Cluster
WK HAHY
(Kues)

Storage  Ci,ster

MBI HAHY
(Kues)

Storage  cjstar Storage . cter
HY um. LlleBueHka UCM HAHY

(XapbkoB)

Pecypcbl BO «Mearpua»
~5x2TB=10TB

Puc.1 TexHonornyeckui 3ambicen npoekta «Mearpuay»

1
|
|

(Kues) |
|
|
|
|
|

Vxpaincexai Hamonansmit I'pix
GNE® hrtp/) lgrid immsp kiev.ua
MagicwrT:
TIs: £
PiX K2 poIEames | 1935
Crars Myscxod
TMomrrossk xox 03187

127, 03187, a.
Caymxoea, 42

Jlixap B.E: 2ot

$aitn avexTpoxapmorpasar 20_117_20051214_123100s¢cp
Jdata sacrzz EXT 14.12.2009 Jara sazmmicy » Meal'pax 06,02.2012
URL amexTPoxapiorpaas:
hitp. medgrid tmmsp Kiev w/griecy 159 GTCOde=I CACE1 IV ICMAAIAT 634 74367 21 3064 Ledina
Aloel ScastcDeRAOIT 1e41000 117 20095214 _123100.3¢cp

Puc.2. YHukanbHas ccbinka Ha kapanorpammy nauumeHta B Buae QR-koaa
B HacTosllee Bpemsi B HaleM npoekTe oTpabaThiBAtOTCA TEXHONOMM AMHAMMYECKOro 3amnycka BUPTyanbHbIX
MaLLIMH Ha rpua-knactepax, KoTopble No3sonsT paboTtaTb NONb30BATENKO C MHTEPAKTUBHBIMM MPUNOXEHNSIMA.
Takum 06pasom, B YkpauHe HaKOMMEH OMbIT UCNOMb30BAHUS COBPEMEHHBIX PUA-TEXHOMOMN 41 HAKOMMEHMS,
opraHu3auu goctyna n obpaboTki AenepCcoHanM3MpoBaHHON MEAMLMHCKON AWAarHOCTUHECKOM WHGOpMaLM.
CospaHa v pasBsuBaeTCs BUpTyanbHas opraHusaums "Mearpua", kotopas yxe ceitvac cnocobHa obpabaTbiBaTh
3NeKTpOKapAMorpaMMbl B MaciuTabe nonynsauum Bcei CTpaHbl.

INutepartypa

1. BuwHesckmn B.B., Yaikosckuin U.A., Kupxuep 0., Ena JL.M., Oopauenko H.A., ®ponos t0.A., Bacunees B.E.
MenouuuHckas TPUI-cuctema Ha Gase SnMEKTPOKAPAMOrPamMM: HOBbIA WHCTPYMEHT ANS KIMHUYECKOW Kapauonoruu u
NOMyNSALUMOHHBIX 1ccnefoBanui /| MexayHapoaHbI HayYHO-NpaKTUYeckmin xXypHan "Kapanonoru: oT Hayku K mpakTuke".
-2012. - Ne2. - C. 108-116.

UHdbopmaums o6 aBTope

Bumanuii Buwneeckuii - Kves, VHCTUTYT npobnem matemaTtuyecknx mawumH u cuctem HAHY, np-T Akagemuka
nywkosa 42, r.Kues, 03187, YkpauHa, K.T.H., C.H.C., e-mail: vit@immsp.kiev.ua
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BAFATONAPAMETPUYHWUI BUBIP HANBINbLU AOLINBHUX MAPLUPYTIB
NIHIN 0OCTYNY 3 BUKOPUCTAHHAM MOJENI BANTAHCHUX MEPEX

FanuHa ManBopoHcbka, CeiTnaHa Caxaposa

AHomauyisi: B pobomi Ha 0cHo8i nidxo0y, 3anponoHosaHo2o npo. [nadyHom B.IT., cchopmyrbogaHo NOHAMIUHY
ma kamezaopianbHy modesni cuHme3y mepex docmyny. 3anponoHosaHo Memod bazamonapamempuyHo20
gubopy Halibinbw GouinbHO20 WXy npoknadku niHill docmyny Ha ocHosi Modesi banaHCHUX Mepex, sKul
8paxosye 8Cto MHOXUHY 8XiOHUX hapamempig, HeObXIOHUX npu cuHme3si Mepexi docmyny.

Knrouoei cnoea: mepexa docmyny, Modenb banaHCHUX MEPEX, ynpagstyull enius.

Beryn

HalBaxnuBiluMM 3aBOaHHAM PO3BUTKY TENEKOMYHiKaLil € CTBOPeHHst mepex poctyny (ML), ockinbku e
thparMeHT TeNneKOMyHiKaLinHOI Mepexi € 0aHUM 3 ii Hanbinbl BY3bkiX Miclpb. Lie 06ymMOBnEHO psigoM nnTaHb,
NOB'A3aHMX 3 pearisauielo kaHamy 3B'A3Ky MK TepMiHanoM KopucTyBaua i Mepexeto. [0 HWX BigHOCSTBCS:
[I0POroBM3Ha OHOBIEHHSI 06NafHaHHA Ta MiHiM; BIACYTHICTb YiTKUX NOKa3HMKIB nonuTy nocnyr Towo. Kpim Toro, 3
KOXHUM POKOM 3pOCTal0Tb BUMOTM KOPUCTYBaYiB 4O SIKOCTI MOCAYT, B Pe3ynbTarti Yoro 30inblylTecst HeoOXiaHi
LBMAKOCTI 0BMiHY iHcbopMaLliEto.

Ha cborogHiLuHii aeHb Tema cTBopeHHs MI € gyxe monogoto. Lie nosicHioe BigHOCHO HeBenuKWiA nepenik pobir,
MOB'A3aHNX i3 CTBOPEHHAM Uux Mepex. PisHi acnektn cuHTesy M, 3acTocyBaHHs Ha M[ npoBogoBux i
0e3npoBoAOBMX TEXHOMOri ocBiTneHi B pobotax Cokonoea H.A., lonbawtenHa B.C., BaknaHosa 1T,
Muxainnosa B.®., lansopoHcekoi I.C., OeHucbeBon O.M., banawosa B. A., biptokoBa H. J1. 1a iH. Jesikum
BaXnMBMM acnektam cuHTesy MU npucesiueHi auceptauinti pobotu Maenosa C.B., Kotosoi O.l., Caxaposoi C.B.
Ta KpuxaHiscekoi A.A.

OcHoBHa YacTuHa

B poboti Ha ocHOBi nigxopy, 3anponoHoBaHoro npod. magyHom B.M. B [[nagyH, 2000], cchopmymnboBaHi
NoHsATIMHA Ta KaTeropianbHa Mmogeni cwutesy M[. [lMoHsaTinHa mMogens mogeni cuHtesy ML mae Burnsg

M, =<W,,L, > (puc. 1), ne W, — MHOXMHa BepLUMH, L0 BIANOBfaA0Tb NOHATTAM cuHTesy M, L, -
MHOXWHa Ayr, Siki NPEACTaBNAOTh 3B'A3KM MiX LIMMM MOHATTAMM.

CTpyKTYpa Mepex J10CTyIy
CErMENT JIOKAILHOTO JI0CTYITY
-CCIMEHT TPAHCHIOPTHOTO J0CTYIY
BY3IH JI0CTYIY

-BY 3 HANAHHS 00CAYTOBYBAHNS

I(Hlll() MEpeKR l()(l\ll\”

| — e

] Obnaananms Baprictn I'pyna kopucTypadin OcobnupocTi MicueBocTi Kpurepii epekTHRHOCTH

~KUIBKICTH KOPHCTYBa'iB ~IPHPOAHOTO BIUIHBY HaikicT
-nubip 1K1 -1 PeyITATE ABILHOCT HPOAYKTHBHICTS
e ~MOREPXHERA NILTRHICTR o -uiic pearuii
O IOCTVEY 10CTY
Byson aocrymy| | Jdinii noctyny | [ Texnonorii O6nanHanus —xocditglenT roronuaeri
MyabtHiercop. | | -ontononokio 7} X KOpHCTY Bata Hac 3aTPHMKH
~KOHILCHTPATOP -BUTA napa -TIK - = -
~KOAKCHAN —renedhon Kopucrysau I Habip IKTI I
-panioedip e ~MiICHETIONOKCHHA
= - - -WBIKICTh L
ITpoBosoBi besnporo/oni ~BHMOIY A0 HKOCT 1K1

<DSI “CDMA OOCIYroByBAHHS —OO AN

_PON _DECT -nasantwkenns na mepexy | [-nponycxna enpomonuictn
-Frame Realy -WiMax =THIT JaHHX )

-ATM . Wi-Fi -HapaMeTPH KOCTi
-Ethernet

Puc.1. Monsrtinta mogens cuntesy M

CcopmoBaHa 3aranbHa Cxema NPUAHATTS pilleHHs npu cuHTesi M[, 3a KO CTBOPEHO amnropwutM, Lo
Bignosinae LinboBuMm kputepiam E = {e}, a 3HaueHHs f(x) = g(x)+ h(X) € OLiHKOK ONTUMAMbLHOO LUNSXY

po3B'A3Ky 3agavi. Ha ocHoBi aHanmisy 3agad, pos3B'asok skux HeobxigHui gns cuntesy MO [Cokonos, 1991,
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Coxkonos, 2002, MansopoHckas, 2012, MansopoHckass 2013], ocobnueocten MO [Buptoko, 2003, Cokonos,
2005, lanBopoHckas, 2013] Ta copMynboBaHOi NOHATINHOI Mogeni cuHTedy M[ po3pobneHo rpad niguinei
cuHTesy M Ta sanponoHoBaHo Mogenb cuHTedy MM B uinomy [laiBopoHckas, 2010, MansBopoHckas, 2012,
Gayvoronska, 2012, Sakharova, 2012].

3apava, sKy 6yno po3s’sa3aHo B poboTi, NOB'A3aHa 3 BUSHAYEHHAM HalnbinbLL AOLINBHOrO Wnsaxy npoknaaku J10.
[ins po3s'si3aHHs 3afayi BuKOpuUCTaHa Mogenb 6anaHcHux wmepex (MBM) [magyH, 1995]. Lis mogensb
npusHayeHa Ans ynpaeniHHS NPOLIECOM MOLYKY pilleHb i siBnse coboto rpad < U,V >, pe U — MHOXMHa

BY3MOBMX BEPWWH, @ V' — MHOXWHA 3B'A3kiB Mix HuMmM. MMpuHuMn poboT mogeni monsirac y hopmMyBaHHI
MOCNIAOBHOCTI YNPaBNsAKYMX BNAMBIB /7, TOBTO NnaHy JOCATHEHHS KIHLEBOTO pesynbTaTy, e KOXHa BepLuMHa
Ma€ CBOE 3HAYEHHS, MPUYOMY HUXHS BEPLUMHA € apryMeHTOM Ans (YHKLiT BULLOT BEPLLMHM.

Bpaxosylou, Wo Ha npoknaaky N[ snrmsae MHoxuHa napametpis D ={d',...,d"} BMAINEHO MHOXMHU
napametpis A={a',...,a’}, Wo xapakrepu3yioTb By3noBi BepwmHu, Ta B = {b',..., b}, ki BinobpaxatoTb
3B'AI3KM MiX Lmmu BepLumHamu, npu ubomy AU B = D. [1ns KoXHOI By3M0oBOI BEPLUMHI BU3HAYEHO (YHKLiO

ﬁ,j,:f((i,j),al,___’ap)y (1)
Oe i, j — ineHTudikaTopn By3noBOl BepLUUH. [N KOXHOrO 3B'A3Ky MiX BEPLUMHAMY BU3HAYEHO (DyHKLO
9 =9((k:s)b,...0), 2

ne K,S —ineHtudikatopy 38'a3ky.

Ha ocHosi npuHumnie MBM Ta BBegeHMX No3HaYeHb OTPUMaHa MOAENb BU3HAYEHHS HAMBINbLU AOUINBHOTO LUMSXY
npoknagkv J1 [FanBopoHckas n gp., 2013 (1)], npuknag peanisauii sikoi 306paxeHo Ha puc. 2. Takui nigxig
[03BONMB BMAINUTM B3aEMO3aMiHHI (hparMeHTW LUMAXY, BiAKMHYTK 3aBiQOMO HaWripwi dparMeHT Ta BUSBUTU
BapiaHTK 3i CXOXMMM hparMeHTamu LNsXy, WO [O3BOMWUAO 3MEHLLUMTM KifbKiCTb PO3paXyHKIB i CKOPOTUTU vac,
HeoOXiaHWU ANs BUpILLEHHS 3adavi.

MNMepeAnpoeKTHi BULLYKYBaHHS Po3pobka Bumor CHHTEe3 TONONOri4YHOI CTPYKTYPU

BxigHi
napameTtpu Ta MepexHoro obnagHaHHs
MporHoayemi BuaHaueHHs BuaHauenHs kinbkocTi B[]
napameTpu knacy IKM
BusHayenHs MicueposTallyBaHHsa
B BusHaueHHs W B[
l Bu3aHaueHHs HeobxigHoro | BUMOT

06'ema 3HaueHb KOXHOTO napameTpy | e

®parmeHTauis Teputopii M Ha TBJ

| ®opMyBaHHs BUMOT 10 Mepexi | I

36ip
iHcbopmauii

1 - — AsTOMaTH3aLlis npouecy
Oujika, knacudikauis Ta hopMyBaHHS BUMOT

BUSIBNEHHS KopensiLii Mix napameTpamu OujiHka fouinbHOCTI opraHisaii
I I 3abe3neyeHHss HOPMOBAHMX J NonepeyHoro 38'a3Kky

NigsuiweHHs wauakocti 06pobkm MOKa3HMKIB SKOCT 38'A3KY
BXIZHUX AaHWX

| Bu3HaueHHs wnsxy npoknagku J1

=

Bubip TexHonorin Ta o6nagHanHa M

| Bubip TexHonoriit ML I
OuiHKa ZOoUINLHOCTI BUKOPUCTaHHS
6e3npoBOAOBKX TEXHONOTIN

| Bubip Tvuny obnagHanHs B I

Puc.2. Mogens cuntedy M B Linomy

BpaxoBytoun GaraTonapaMeTpUYHICTb CUCTEMM, HAMPSIM NOLLYKY OMKUCAHO AK
=316+, (3
i ks

oe i,j Ta K, S - ineHTudikaTopy BignoBigHOI BEPLLMHM.
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[ns 3HaxomkeHHst Hanbinblw AouinbHOro wnsaxy npoknagku JI chopMoBaHO MHOXMHY anbTepHaTUB — BCIX
MOXIMBMX wWnsxiB npoknagku JI4 mix obpaHumu nywktamu L={l,..., }, pne | - wnsx, wo onucye

NOCNIZOBHICTb BY3/I0BUX BEPLUMH, Yepes sKi BiH NPOXOANTb.

I faz(al,...,ap) I-ﬂ

gaz2(bi,..., bp)

faz(al.....ap)

g3e(bi,..., bp) B35(bi;..,be) ga1(b1,....bp)
232(bi,..., bp) |<——I r\..‘(i“...,.ilp)l
g24(by,..., bp) Ign(bn.“..hxv) | | g3a(bi,..., bp) | |g40(h| ..... bp) I
f31(al,....ap) fao(ai,....ap)
] S1aCb L bE) | |g:1(bl...ubp) | |g'~\(h|....,h|~) I g3o(bi,....bp) | | 233(b1.....bp) I
L 4
| g11(b1,....bp) I I 213(b1.....bp) I | £20(b1,...,bp) I g22(b1,...,bp)

z12(b1,..., bp
P

fio(ai,....ap)

Puc.3. MBM ans Bu3HaueHHs HanbinbLu JOLiNbHOO Wnsxy npoknaaky 10

Hexan d" — napameTp, N0 sKOMy ONMTUMI3yETbCS LUNSX, TOA D,(1,)= Zd,f; —min, ge D, (ly) — CcymapHe
ksel

3HaueHHst napameTpy d" ans obpaHoro y -ro wnsxy 1a w=1..n, a f; BY3NOBI Ta NPOMiXHi BEPLUMHY 0BpaHoro

wnsaxy 3 (1-3), ToAi 3aranbHUA YNpaBRsOYMA BMAWB, WO XapakTepusye obpaHuid Wnsx mae BUrmsg
Hr(ly): z fi + Z g, — Min. Haibinblw fouinbHWi BapiaHT npoknagku JI[I oTpumaHo 3a Kputepiem

i,jely k,sely

Baieca-lannaca [BonowwH, 2006, MainsopoHckas, 2013 (2)]

o =minl 1, =min 320, (1) 6, + H (1) G | @

ne q,,q,., —saraana D, (/) Ta Hr(/y) , sIka BCTAHOBIIOETLCS 0COB0H0, L0 MPUIAMAE PiLLIEHHS.

BucHoBku

TakuM YMHOM, Ha OCHOBI MoZeni GanmaHCHWX Mepex 3anponoHOBaHO MeToh GaraTonapameTpuyHoro Bubopy
Hanbinbl AOUINbHOTO LWAAXY MPOKMadKkX MiHii JOCTyny, KM BpaxoBye BCH MHOXWHY BXiOHWX NapameTpis
HeobXigHUX Mpu CUHTE3i Mepexi JocTyny. 3 BUKOPWUCTAHHAM 3anpOMOHOBAHOMO MeToay po3pobrieHo anroputm
aBTOMATK30BaHOI NpoLeypy CUHTE3Y TONONOriYHOT CTPYKTYpU MU,
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®EHOMEH CTATUCTUYECKOU YCTOMYUBOCTU
Uropb MopbaHb

AnHomauyusi: pedcmagneHa Hosas MOHO2paghbusi, nNocesleHHas uccredosaHulo u3UYECK020 (heHOMEHa
cmamucmudeckol ycmoUqugocmu U U3NTOXEHUI0 OCHO8 (hU3UKO-MameMamu4eckol meopuu aunepcrydatiHbix
AeneHul, onuckigarouwiel  usudeckue cobbimus, 8enUYUHbI U NPOUecChl € y4emom  HapyweHul
cmamucmuyeckol ycmou4yugocmu. B omnuyue om npedbiOywjux 08yx MOHoepachuli asmopa, 8 KOMOPbIX
OCHOBHOE 8HUMaHUe y0eneHo MameMamu4yecKUuM achekmam meopuu eunepcydaliHbix seneHul, 8 HO8OU KHu2e
akueHm cdenaH Ha ¢husudeckoll cmopoHe sonpoca. KHuea paccyumaHa Ha Hay4HbIX pabomHUKO8, UHXEHEepos U
acnupaHmos, uccnedylowux cmamucmudeckue  3aKOHOMEPHOCMU  peanbHbIX  (hu3udeckux — seneHud,
pa3pabambigalowux U UCNOMB3YIWUX Cmamucmuyeckue  MemoObl — 8bICOKOMOYHBIX  U3MEpPeHUU,
npo2Ho3UposaHus u 0bpabomku cuzsHanog Ha 60omblux uHmepsanax HabmwdeHus, a makxe dns cmydeHmos
cmapuiux Kypcos yHUgepcumemog (hUusu4YecKUx, MexXHUYECKUX U MameMamuyeckux cneyuansHocmed.

Knrouesble cnosa: eHoMeH cmamucmu4eckol ycmol4yusocmu, meopusi eunepcryqalHbIX seneHud,
3KcnepumeHmarbHble uccredosaHus, HapyweHue cxoduMocmu.

BBepeHue

OpHUM 13 yaMBUTENbHBIX (DU3MYECKMX (DEHOMEHOB SBMSAETCS CTATUCTUYECKasl YCTOMYMBOCTb MACCOBbIX
SBNEHNIA, NPOSIBNSOWAACA B CTabWUNMBbHOCTM CTAaTUCTMK. Ha 3TOT doeHomeH BnepBble 00paTun BHUMaHWE
Toprosel, cykHom k. MpayHT B 1669 r. Ero usyyeHue npuBeno K NoCTPOEHMIO TEOPUM BEPOSITHOCTEN, KOTOpas
Obina akcnomatmamposaHa A.H. KonmoropoBbIM B KOHLe ABafUaThIX rogoB XX Beka.

Xots npegnoxeHHoin A.H. KonmoropoBbiM —akcuomaTuyeckuii noaxop 6asvpyetcs WUCKMOYMUTENbHO Ha
abCTPaKTHbIX MaTEMATUYECKVX MOHATUSIX U (haKTUYECKN UTHOPUPYET (DEHOMEH CTATUCTUYECKOA YCTONYMBOCTH,
O0HaKo, (PU3NYECKME KOPHW TEOPUM BEPOSTHOCTEN WrpatdT MEPBOCTEMEHHYIO POfib BO BCEX (HU3UYECKMX,
TEXHNYECKMX, COLMONOTMYECKIX 1 APYTMX AUCLMNIIMHAX, TOe 3Ta TEOPWS HALLNA LLIMPOKOE NPUMEHEHNME.

CoBpemeHHas Teopusi BEpPOSITHOCTEN (BKMOYalOLas B LUMPOKOM MOHUMAHWUKM U MaTeMaTU4eckylo CTaTUCTMKY)
ONUCbIBAET MacCoBble SBMEHWS C  MOMOLUbI  CryyaiHbIX (BEPOSTHOCTHO-CRyYalHbIX — WIK,  UHauYe,
CTOXaCTUYECKMX) MaTEMAaTUYECKUX MOJENen, XapakTepusyeMblX BEPOSTHOCTHOM MepOoR, onupasick (3a4vacTyo
HEesBHO) Ha (PU3NYECKYI0 TMNOTE3y MOeanbHOW CTAaTUCTUYECKOW YCTOWYMBOCTM, Mpednonaraiolien Hanmuyne
CXOAMUMOCTM YaCTOTbl pearnbHbIX COOBbITUI 1 CPEOHNX 3HAYEHUI (PU3NYECKUX BEMUUMH.

MHorve rogbl runoTe3a WaeansbHOM CTATUCTUYECKOM YCTOMYMBOCTM He Bbi3biBana COMHeHWA. OpHako,
nocrnegH1e SKcnepuMeHTanbHble UCCedoBaHMs PasnnyHbIX (OU3NYECKMX BENUYMH 1 MPOLLECCOB Ha GOMbLIMX
WHTEpBanax HabnaeHNs Nokasarnu, YTo OHa He HAaXOAMT SKCNEPUMEHTANBLHOrO NOATBEPKAEHMS.

Ha oTHocuTenbHO HeGOMbLUMX BPEMEHHbIX, MPOCTPAHCTBEHHBIX UMW MPOCTPAHCTBEHHO-BPEMEHHbIX MHTEpBanax
HabnioaeHus yBenuyeHne obbema AaHHbIX NPUBOANUT K YMEHBLUEHWIO YPOBHS (priykTyaumuin ctatuctuk. OgHako
npu Gorblunx 0bbemax 3Ta TeHOEHUWS He MPOCMEXVBAETCS: AOCTUHYB OMPENENEHHOTO 3HAYeHMs, YPOBEHb
(nyKTyauuin NpakTUYeCKN He MEHSIETCS UM BO3pacTaeT. 3TO ykasblBaeT Ha OTCYTCTBME CXOAUMOCTY PeasnbHbIX
CTaTUCTUK (MX HECOCTOATENBHOCT).

WccnenoBaHns HapyLUEHWid CTaTUCTUMHECKON YCTOMYMBOCTU (DU3NYECKMX SIBNEHWIA 1 pa3paboTka 3GheKTUBHBIX
CPEACTB afeKBaTHOMO OMUCaHMS MMpa C YYETOM TaKWMX HapYLIEHWA NpuBENW K MOCTPOEHMIO HOBOWM (hU3MKO-
MaTeMaTU4eCcKon Teopun — TeopuM rnepcnyyaitbix seneqnin [Gorban, 2007, 2011].

B Teopum BeposTHOCTEN 6a30BbIMM MaTEMATUYECKUMU 0BBEKTaMU (MOZENAMI) ABNSKOTCS CryYaiiHble cobbITME,
BEMMYMHA W (DYHKUMS; B TEOPUM TMNEpCryYaiHbiX SBMEHWA B TAaKOM KayecTBe BbICTYMAT runepcryyaiHble
cobbIThe, BEMMUMHA U YHKUMS, NPEACTaBNAOLLME COO0M MHOXECTBA HECBA3AHHbLIX Mexay CoBoil CryYaiHbIX
coObITUI, BENWNYMH 1 (DYHKLMIA, paccMaTpUBaEMbIE Kak €AMHOE Liesoe.
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MaTemaTuyeckasi COCTaBnAoLWas TEOPUM MMNEepPCyYaiHbIX SBMEeHNA BasnpyeTcs Ha KITacCUYecKMX akcMomax
Teopuu BeposiTHocTel A.H. KonmoropoBsa, husunyeckast — Ha runeperyyainHbIx (usMyeckux runotesax: runotese
OrPaHUYEHHON CTAaTMCTNYECKOM YCTOMUMBOCTM pearbHbIX COBLITUI, BENMYMH, MPOLECCOB W MOMEN 1 Ha r1noTese
afleKBaTHOro OMMUCaHUS STUX PU3NYECKUX SBNEHWIA TMNEPCAYYalHBIMU MOAENSAMM.

C TOYKM 3pEHUSt MaTEMATUKI TEOPUS TUNepCryYaiiHbIX SBMEHUIA — BETBb TEOPUN BEPOSITHOCTEN; C TOUKM 3PEHNS]
(h13MKN — HOBas TEOPUSI, OCHOBaHHAs Ha HOBIX NPEeACTaBEHNsIX 06 OKpyXKatoLLeM MUpe.

Llenbto HacTosiero Ooknaga sIBNSiETCA npeseHTauusi HoBoit MoHorpacun [Gorban, 2014], noceslleHHON
UCCNEAOBaHMI0 HapYLUEHWA CTaTUCTUYECKOW YCTOMYMBOCTU peanbHbIX (DU3NYECKUX SBMEHWUA W OMUCAHMIO
pearbHbIX COObITUI, BEMUYMH, MPOLIECCOB W NOMEN C NOMOLLBIO rMnepcyYanHbiX MOAene.

B HoBOW MoHorpacuu, B oTnnume OT npeablaywux kHur [Gorban, 2007, 2011], OCHOBHOE BHWUMaHWe YOEeNeHo
(hu3N4eCKor CTOpOHe BOMpoca.

KpaTkoe onncaHue moHorpaduu

Khura coctout 13 naTu Yacten, obbeamHsiowmx 33 rnaebl. [epeasi, BBoAHas!, YacTb MOHOrpadvm, BKIKOYakLas
rnaebl 1-8, noceslieHa onucaHuio (U3M4eckoro (HeHOMeHa CTATMCTUYECKOM YCTOMYMBOCTW, aHanusy ero
CBOWCTB W UX YYETY B paMKaXx U3BECTHbIX TEOPUH.

AKUEHTMPOBAHO BHWMaHWEe Ha TOM, 4TO (DEHOMEH CTaTUCTUYECKOW YCTOMYMBOCTM peanbHbIX U3NYECKUX
SBMEHUA HOCUT OrpaHUYeHHbIN XapakTep, MPOSIBNSHOLMIACA B OTCYTCTBUM TEHAEHLMM CXOAUMOCTW CPEaHMX
BenuuMH. Mo3aToMy MOHATUE BEPOSITHOCTW, ONpefensieMoe B CTAaTUCTMKE Kak npefen 4acToTbl COObITMI, He
UMEET HM3NYECKOrO CMbICNa.

MpoaHanu3npoBaHbl pasHble KOHLENTyanbHble B3rNsAbl HA YCTPOWCTBO MMpa C NO3ULMA AETEPMUHU3MA W
HeomnpeaeneHHocTh. [poBefeHO COMocTaBNieHWe BapuaHTa OnucaHWs (U3nyeckux sBneHuit 6e3 ydeTa
HapyLIEHWA  CTaTUCTUYECKOA YCTOMYMBOCTM, LUMPOKO WCMOMb3YyeMOro B TEOPUM  BEpOSITHOCTEN, C
anbTepHaTMBHbIM BApPUAHTOM OMUCAHUSI pPearlbHbIX SBMEHWIA C  YYETOM HapyLIEHWA CTATUCTUYECKOM
YCTOMYMBOCTH, MPELLIAraeMoro Teopueit runepcyyaitHbIx SBNeHNN.

dopmMann3oBaHo MOHATME CTATUCTUYECKON YCTOMYMBOCTW MPOLIECCOB, BBEAEHbI NapameTpbl CTATUCTUYECKON
HEYCTONYMBOCTN M €NHULbI UX U3MEPEHUS, ONUCaHa METOAMKA OLEHKW CTEMEHW HapYLLEHNS YCTOMYMBOCTY Ha
WHTEpBanax KOHEYHO! ANUTENbHOCTH, YCTAHOBNEHbI 3aBUCMOCTI HAPYLLEHMIA CTaTUCTUYECKON YCTOMYMBOCTH
MPOLIECCOB OT 0COBEHHOCTEN X BPEMEHHBIX 1 CNEKTPabHbIX XapakTEPUCTUK.

Bo BTOpoM Yactu kHuru (rnasbl 9-13) npeacTaBneHbl pesynbTaThbl SKCMEPUMEHTambHbIX MCCNEA0BaHWA Ha
OonblwKx MHTEPBanMax HabMoOeHWs CTaTUCTUYECKOW YCTOMYMBOCTM PasHOOOpasHbIX MPOLECCOB  pa3HOM
h13n4eckon Npuposel.

ccnenoBaHbl, B YacTHOCTH, konebaHus HanpsaXeHna FOpO,D.CKOVI CeTW, BbICOTbl MOPCKMUX BOJNIH W nepuoda X
CcnefosaHnAa, Temnepatypbl U CKOPOCTU 3BYyKa B OKeaHe, WHTEHCMBHOCTU W3Ny4YeHua aCTpO(i)I/I3I/1‘-leCKI/IX
00beKTOB, Temneparypbl Bo3ayxa 1 konn4ectsa 0CafakoB, MarHUTHOrO Nona 3emnu, Kypca BantoT 1 ap.

WTorom aTux uccrefoBaHUA SBUNOCL YCTaHOBMEHWE (hakTa OrpaHWYEHHOW CTaTUCTUMYECKOW YCTOWYMBOCTU
PacCMOTPEHHbIX NPOLECCOB. HecMOTps Ha pasHyto (hu3MYeckylo Npupody, BCE OHM WMEKT OrpaHWyYeHHbIN
WHTEpBan CTaTUCTUYECKOM YCTOMYMBOCTU. OTW pe3ynbTaTbl MO3BONSKOT NPEAmnonoXuUTb, YTO HapyLLeHue
CTaTUCTUYECKON YCTOMYMBOCTM HOCUT BCEODLLMIA XapaKTep uinu, uHave, heHOMEH CTaTUCTUYECKON YCTONYMBOCTY
HOCUT OrpaHNYEHHbIN XapakTep.

TpeTbs YacTb kHuru (rnasbl 14-21) nocBsiLieHa KpaTKOMY M3MOXEHUI0 OCHOBHBIX MOMOXEHUIA MaTeMaTUYeCKO
YyacTu Teopuu runepcrnyvyalHbiX SBMEeHMA. B oTnuMuMe OT CTOXacTUYeCKUX MOAenen, XapakTepusyeMbix
UCKIIOYNTENBHO KOHKPETHBIMM NMapameTpammn U XxapakTepucTukaMmu, B rNepcryYaitbiX MOLEeNsX npucyTCTBYIOT
3NEeMEHTbI HeomnpeaeneHHOCTH, acCoLMUPYEMbIE C HEMPEACKa3yeMO MEHSIOLLMMUCS YCIIOBUSIM.
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OnucaHue runepcnyyanHbiX SBMEHUA (runepcnyyvanHbiX coObITWiA, BenuuMH 1 yHKUMiA) obecnevnsaeTcs
pasHbiMK cpeacTBamu. Hanbonee nonHoe onucaHue runepcryvanHoro sBMeHUs 4aeT MHOro3HavHast yHKUmMs
pacnpegeneHns, npeacTaBnseMas MHOXECTBOM (DyHKUMIA pacnpeneneHuns, COOTBETCTBYIOWMX pPasHbiM
YCINOBMSIM, MEHEE MOSHOE — rPaHMLbl MHOTO3HA4YHON (OYHKLMN pacnpeseneHuns, MOMEHTbI 9TUX rpaHuL, rpaHuLbl
MOMEHTOB, a TaKke Apyrie NapameTpbl U XapakTEPUCTHKM.

Matas yacTb (rnaBbl 26—33) COAEPXUT TEOPETUYECKME U AKCNEPUMEHTANBbHBIE UCCREA0BAHUS CTATUCTUYECKUX
3aKOHOMEPHOCTEN NPW HaPYLWEHNUSX CTAaTUCTUYECKON YCTOMYUBOCTM.

YCTaHOBNEHO, YTO MPU HAPYLEHWW CTAaTUCTUYECKOW YCTOAYMBOCTM, KaK HU CTPAHHO MOXET NoKa3aTbCs,
[EACTBYET 3aKoH OOMblIMX YMCen W CnpaBea/MBa LEHTparnbHas npegenbHas Teopema, XOTS CMbICn WX
OKa3bIBAETCA He TakuM, KaK B Criyyae uaeanbHOM CTaTUCTUYECKON YCTOMYUBOCTM.

Ocoboe BHWMaHWe yOENeHO BbIACHEHMO MPUYMH OFPAHMYEHHOW TOYHOCTU peanbHbIX W3MEPEHUA W
NOTEHLMANbHON TOYHOCTY pearibHbIX U3MEPEHUI, 8 TakKe NPUYMH BOHUKHOBEHWS HapYLLEHUA CTAaTUCTUYECKON
YCTOMYMBOCTM.

MpeanoxeH Noaxod, MO3BOMSAIOWMIA PACcNPOCTPAHUTb MOHATWE LUEHHOHOBCKOW SHTPOMWM U ApYrie MOHATMS,
UCMOMb3yKOLWME  BEPOSITHOCTHbIE — XapaKTEPUCTUKM, HA  HEOMpefeneHHble  BEMUYMHbI, He  UMetoLme
BEPOSTHOCTHON Mepbl.

BbiBoabl

1. MpegcTasneHa HoBasi MOHOrpadousi, NOCBALLEHHAsA UCCIIEN0BAHMIO HAPYLLEHWIA CTAaTUCTUYECKON YCTONYMBOCTH
(OUNYECKMX SBMEHUA W ONUCAHMIO peanbHblX COBbLITUIA, BEMMYWMH, MPOLECCOB M MOMEN C MOMOLLbH
runepcnyYanHbix Mogenen.

2. BbisicHeHo, YTO BEPOATHOCTb — MaTeMaTn4eckoe NnoHATue, He UMetoLLee CbM3I/I‘-IeCKOI7I WHTEpPNpeTayun.

3. YcTaHOBNEHO, YTO MpW HapyLUEHUM CTATUCTMYECKOW YCTOMYMBOCTM AENCTBYET 3aKOH OOMbLUMX uucen u
crpaBeqnnBa LeHTpanbHas npedernbHas Teopema, XOTS CMbICN WX OKasblBaeTCs He TakuM, Kak B Cliyyae
“aeanbHOM CTaTUCTUYECKOMN YCTOMYUBOCTM.

4.Ha 6ase MmaTemMaTM4eckoro annapata TEOpUM TUNEPCnyYalHbiX SBMEHWA pa3paboTaHbl  OCHOBbI
MaTeMaTUYeCcKoro aHanmaa PacXomALLMXCS N MHOTO3HAYHbIX (PYHKLIMIA.
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NPOrHO3MPOBAHUE COLIMAIIBHO-9KOHOMUYECKOI O PA3BUTUA C
NMOMOLLIbIO ACCOLIMATUBHbIX CETEX

BaneHnTtuH MNpuropbeBckuin

AHHOMayusi: AHanusupyrmes NOHSMUS COUUATbHO-3KOHOMUYECKOU cucmeMbl U accoyuamusHbiX cemel.
Paccmampusaemcs 3a0aya npo2HO3UposaHUsi nokasameneli coyuanbHO-3KOHOMUYECKO020 pa3sumusi, a makxe
3adayu, pelaemMble ¢ NOMOWbIO UHCMPYMEHma accoyuamusHbix cemed. MccnedosaHue nposodumcsi ¢ Uesbo
nocnedyroweli  pa3pabomku aneopumma NPO2HO3UPOBaHUs nokazamenell  coyuabHO-3KOHOMUYECKO20
pasgumusi peauoHa, a makxke pa3pabomKu npoepaMMHO20 0becneyeHus ¢ Uesbi peanusayuu O0aHHO20
aneopumma.

Kniouesnie cnoea: AccoyuamusHbie cemu, NPo2HO3UPO8aHUe, CoyuanbHO-3KOHOMUYEeCKas! cucmema.

1. BBepgeHue

[aHHas paboTa sBNSIETCS NepBbIM LWAroM K pa3paboTke anbTepHATMBHOMO  MONMHOMYHKLUMOHANBHOTO
WHCTPYMEHTa peLleHUst 3adady MpOrHO3MPOBaHWs MokasaTeneil  CouuManbHO-3KOHOMMYECKOr0  PasBuUTHS
MPOM3BOIbHOO PErvoHa.

Obbexm uccnefoBaHMs — coumanbHo-akoHoMU4eckas cuctema (CIC).
Mpedmem nccnenoBaHNs — accoLMaTBHbIE CBA3M B NOKA3aTeNsX COLManbHO-9KOHOMUYECKOTO Pa3BUTHS.

Llenb wccnepnoBaHns — pa3paboTka KOHLUENUMM Mogenu [N HaXOXOEHWS acCoLMaTUBHBLIX CBA3EH Mexay
rnokasaTensiMM COLManbHO-9KOHOMUYECKOTO Pa3BUTUS OCHOBHBIX PErMOHOB W UCMOMb3OBaHWE MOMyYEHHbIX
pe3ynbTaToB [71s1 NPOrHO3MPOBAHIUS 3HAYEHMIA aHANOTMYHbIX MOKa3aTeren no NPOKU3BOMbHLIM PETMOHAM.

2. O coumanbHO-3KOHOMUYECKUX cMcTeMax

TepputopuansHas CIC (TCIC) — COBOKYMHOCTb BCEX 3KOHOMMWKO- M COLMarnbHO-reorpadmyecknx oObeKToB
ONPEAEneHHoONn  TEppUTOPUM € YCTAHOBMBLUMMMCA  MEXZY HAMM  CBA3AMM. ITO  CMOXMBLUEECS U
(OYHKLMOHMpYIOLLEE Ha ONpeneneHHON TEPPUTOPUM COYETaHME BCEX 3NIEMEHTOB HAPOAHOMO X03sicTBa (He
TONBKO MPOW3BOACTBEHHBIX), ByAb TO NOCENEHUS MPOMBILLMEHHbIE UI CENMbCKOXO3ACTBEHHbIE NPEAnpUATYS,
3BEHbS MPOWM3BOACTBEHHOM M couuansHoi cTpykTypbl 1 ap. Kaxgas TCOC — odveHb crnoxHoe obpa3oBaHue,
CTPYKTYpa KOTOpOro ¢hopMupoBanach nog BO34EeNCTBMEM KakK MPUPOAHbIX, Tak WM OOLLECTBEHHbIX (HaKTOPOB.
TC3C pasnnyaroTcs He TOMbKO (DYHKLUMOHAMNbBHOW CTPYKTYpO#A, HO M pasmepamu Tepputopun. TCOC no
OTHOLLIEHMIO K TEPPUTOPUAnbHO-NPOU3BOACTBEHHOMY KOMMEKCY SBASNUCL HOBOW KaTeropueii ¢ bonee BbICOKMM
ypoBHEM 0606LLeHNS.

Mpu atom nog CIC moryT nogpasymeBaTbest 0OBEKTHI COBEPLUEHHO PA3MMYHbLIX YPOBHEN: OT JOMOXO03SANACTB TO
rnobanbHoi SKOHOMUYECKOW CUCTEMBI. ECTECTBEHHO, CpPaBHWBATL HACTOMBbKO Pa3Hble CUCTEMbI HE KOPPEKTHO, HO
€CnW NOCMOTPETb Ha 3aJady CUCTEMHO, TO MOXHO OBHapYWUTb 0BLLME 3NEMEHTBI U MPUHLMMLI, KOTOPLIE UMEIOT
CUCTEMbI PA3HOTO YPOBHS W MacwTaba. BbisiBneHue Takux SMeMeHTOB, OnpedeneHue 3akOHOMEPHOCTEN WX
B3aMMOLENCTBUS [aET BO3MOXHOCTb CpaBHMBATb 9TW CUCTEMbl, CKOMb CUIbHO OHW He OTnuyanuch Obl No
maclutaby. MogobHoe cpaBHEHWe, B CBOW ovepedb, AaéT BO3MOXHOCTb YTBEpXdaTh, YTO, Hanpumep, Hekas
cuctema A (hyHKUMOHMPYET nydwe cuctembl b, a cuctembl B M B (OYHKUMOHMPYIOT «NpuOAM3UTENBHO
OLMHAKOBOY». JKCTpanonupys [LaHHOE YTBEPXAEHME Ha BPEMEHHOW psd, Monyyaem Ccriedylowuii npumep:
cuctema A B nepuogbl «1» 1 «3» PYHKUMOHMPOBaNa 0aHUM 0Bpa3oM, a B nepuodsl «2», «4», 1 «5» — nHave.

MpeacraBum, YTO Ham B NOMHOM OBbEME AOCTYMHA Heobxoaumas MHopMauns O (YHKLMOHUPOBAHWW BCEX
nHtepecyrowmx Hac CIC (pasnuuHoro macwrtaba) 3a AnUTENbHbIA Nepuod BpemeHu. Bcé, yto octaéres
cAenatb, HalTh «MoXoxue» NoBeOEeHUs U paccunTaTb HeobxoauMble MeTpUKKU. [aHHas UHopMaLms no3BonuT
peLlaTb pasnnyHble 3aaayu:

° npOBO,ElVITb aHann3 cuCTemMbl Ha BbICOKOM YPOBHE ANA BbINOJIHEHMA IKCNPECC-OLEHOK;]

o OueHnBaTb COCTOSIHUE «HOBOW» CUCTEMbI MO MUHUMANbLHOMY Habopy AaHHbIX O HEW — HalTW NoBEAEHMe,
«MOXOXEee» Ha NoBefieHNe pYrxX CUCTEM;

e OueHuBaTb ByayLLee COCTOSHIE CUCTEMbI, UMESt AaHHbIe MO €€ TEKYLLEMY COCTOSHUIO.
B crieqytoLLeit YacTv pacCMOTPUM NPUHLMNBI, UCMOMb3YS KOTOPbIE BO3MOXHO PeLLEHME ykasaHHbIX Bbille 3aay.

3. 00 accoumnaTUBHbLIX ceTaX

AccoupaTvBHas CeTb — CPEeACTBO NPEACTaBMEHUsS PENsIMOHHBIX 3HAHMIA C MOMOLLB MapKMPOBAHHOIO
OpveHTUpoBaHHOro rpadha. Kaxmas BeplumHa rpada npeactaBnseT coboil KOHUENT U kaxaas MeTka
npeacTaBnsieT coboi COOTHOLUEHME MeXay NOHATUSMU. [JaHHOE onpefeneHne UCMOoNb3yeTcs C TOYKM 3PEHMs
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KOHLIENTYyarbHOro OMMCaHUst accoumaTBHbIX ceTel. Korga xe peyb MAET 06 WX MPUKNagHOM MCMONb30BaHMM
(peanu3auus  Nporpammbl), TO MO TEPMUHOM «acCOLMATMBHAs CeTb» BO3HWKAET [PYrol TEepMuH,
[EeTan13NpYIOLLMIA CEMaHTUKY MOHSITUSI — «acCoLMaTMBHAs NaMsiTb Ha HEMPOHHbIX CETSX». YKa3aHHbIA TEPMUH, B
CBOI0 04epefib, COCTOUT U3 [BYX MOHSTUNA: «accoLMaTUBHas NaMsiTby U «HEMPOHHas ceTby. [lagnum onpegenexue
9TUM MOHSITUSIM.

ACCOLI,VIaTMBHaFI NnamAaTb (VIH(*)OpMaTI/IKa) - yCTpOVICTBO XpPaHEHNA AaHHbIX, B KOTOPOM pacnonoXeHne OaHHbIX
onpependeTca nx MHCbOpMaLlMOHHbIM coaepxaHuem, a He UMeHeM, agpecomMm UIn OTHOCUTENBHOM I'IO3VILLI/IGVI, n
13 KOTOPOro AaHHble MOryT ObITb NoNy4YeHbl.

AccoumatusHas namsTb (MCKUXOMOrMs) — BOCCTAHOBMEHME B MamMaTh uHdopmaumn 06 obbekte, ¢ KOTOpbIM Mbl
B3aMMOAENCTBOBANM paHee, Mo NPUYMHE TOrO, YTO Mbl AYMAEM O YEM-TO, YTO CBS3AHO C ITUM OOBEKTOM, U
BblI3bIBaEM, TakM 06pa3om, accoLuamio.

HellpoHHasi ceTb (MCKYCCTBEHHas) — MaTemaTiyeckas MoAenb, a Takke e€ mporpammHasi unv annapatHas
peanusauysi, NOCTPOEHHas No NPUHLMNY OpraHM3aLmu 1 PYHKLMOHMPOBaHUS BUONOMNYECKMX HEMPOHHBIX CeTeil
— ceTell HepBHbIX KNETOK XMBOrO OpraHuama.

AHaJ'II/I3MpyF| BCE BblllEYyKa3aHHble onpeaeneHud, npuHuMaem cnegylwme YTBepXaeHuA, KOTOpble 6y,El,yT
MCNOJ1b30BaHbI B paMKax AaHHOro nccneaoBaHuaA.

1. ACCOLI,MaTMBHaﬂ CeTb pacCcMaTpmBaeTCa Kak npouecc aHanusa GonbLUKX MaCcCMBOB [aHHbIX C LUEeNbo
BblAeneHna 06LLLI/IX 3aKOH0MepHOCTel7I N COXpaHeHWs pe3ynbTatoB I'IpOBe,EI,éHHbIX BbIYMCTIEHNIA.

2. AccoumaTnBHas NamsTb Kak CBONCTBO CUCTEMbI NO3BOMNSET MO 3a4aHHOMY YCIOBUIO HAXOAUTb MH(hOpMaLMO
0 BbISIBNEHHbIX CBOCTBAX M 3aKOHOMEPHOCTSX (TO, YTO BbILLE YKa3aHO Kak «MaMsiTb N0 COAEPXaHnIon).

3. Mopenb pa3pabaTbiBaeTcs C UCMONb30OBAHMEM TEXHONOTMM HEMPOHHBIX CETEN.

OgHMM M3 NpUMepoB, B KOTOPOM YK€ OOBOMbHO AABHO W YCMEWHO NPUMEHSIOTCS anropuTMbl BbISIBREHNS
accouMaTBHbIX NpaBWn (M KOTOPbIA MOCAYXWN WMAEN UCMOMb30BaHWS MOAOOHbIX MPUHUMNOB  ANs
NPOrHO3MPOBAHNA  MOKa3aTenu  COLManbHO-9KOHOMUYECKMX MPOLIECCOB), SBMSETCA 3adaya No  aHanuay
MOKYMaTenbCKoN Kop3auHbl. PaccmoTpum eé nogpobHee 1 Ha e€ npumepe NpuBe4EM OMKUCAHUE MPEANOChINIOK K
(hOPMMPOBAHMIO KOHLLENLMK anroputmMa NpOorHo3MpoBaHWs NokasaTenen coLmanbHO-9KOHOMUYECKOrO pasBuTUS C
MOMOLLbI0 aCCOLMATUBHBIX CETEMN.

MaBHble 3a0a4u MoZenn aHanuaa I'IOKyI'IaTeJ'IbCKOI7I KOP3WHbI:
1. Paccuutath Bce BO3MOXHble Ha60pbl TOBApPOB 1 4aCTOTYy X BOSHNUKHOBEHUA B NOKYMKaX;

2. Otcestb Te HabOpbl, KOTOPbIE WMEIOT HU3KWA YPOBEHb MOAAEPXKKA (BEPOSTHOCTb HACTYMMEHUSI HEKOTO
coBbITUS HUKE OMPEAENEHHOro YPOBHS);

3. Mo 3agaHHOMy ycnoButo (MO 3anpocy Momb3oBaTens) PaccynTaTh YCNOBHY0 BEPOSITHOCTb OMPEAENIEHHOrO
cobbITns (Hanpumep, kakoBa BEPOSITHOCTb TOTO, YTO, Kynue ToBap A, knueHT npuobpeTéT Tosap b).

CyLLecTBYeT MHOXECTBO pasfMyHbIX METOAOB [ BbIMUCTEHWS accouMaTUBHbIX MpaBuUn NpUoGpeTeHus
TOBApOB, KOTOPblE, BrPOYEM, He MOryT ObiTb MPUMEHEHbI K 3adaye NOMCKA acCOLMATMBHBLIX MPaBun npu
MPOrHO3MPOBAHMM 3HAYEHMIA NoKasaTenei CoLManbHO-3KOHOMMYECKOro PasBuTUS. puYMHa 3TOro 3aKmioyaeTcs
B TOM, YTO NepBast U3 yKasdaHHbIX 3a4ay SBNSIETCS AMUCKPETHOW, a BTOpas — HenpepbiBHo. CnemoBaTerbHo,
HeoBX0AMMO B3ATb UAEH U MPUMEHUTD €€ [N PELLEHIs HOBOI 3a[ja4 B HOBbIX YCMOBUSX. Tak, OCHOBHas uaest
3aKM0YaEeTCs B PELLEHNM MMaBHbIX 3a[jay, KOTOpble ONKCaHbI Bbille. B crieayoLLeit YacT paccMOTPUM Kaxayto
13 HUX N0 OTAENBHOCTM M Ha WX MPUMepe OnULLIEM KOHLIENLMIO NpeanaraeMoro anroputma.

4. KoHuenuusa pa3pabatbiBaemoi moaenu

3apava 1. Mepeuncnutb Bce BO3MOXHbIE HABOPbI U YacTOTY UX BO3HUKHOBEHMUSI.

Ananorom «ToBapa» BbicTynaet coctosiHne CIOC, BbipaxeHHOe HabopoM nokasatenen (MaTpuuei 3HaueHuir).
Takne Habopbl nokasateneit He MoryT ObiTb MPOCTO CrpynnMpOBaHbl, Kak Habopbl TOBApOB, BeAb MEpEYeHb
TOBAPOB KOHEYEH, YEro Henb3s CkasaTb O NepeyHe COCTOSHMIA cucTembl. MoaTomy Ans rpynnupoBku Habopos
nokasatenen HeobXxoauMO NPUMEHWUTb OAWH U3 anropUTMOB KracTepu3aLmuy, KOTOPbIA CrpynnupyeT nopobHble
COCTOSIHWSI CUCTEMbI. [N KaXOoro NoMyYeHHOro Knactepa CriedyeT paccuutatb W COXpaHUTb MHGOPMALMIo O
XapaKTepucTukax HabopoB, BXOAALMX B ATOT KIacTep, U YacToOTe ero BOHUKHOBEHMS.

AnropuT™ peLueHns JaHHOW 3a4auy BKIOYAET Creaytowme warm.

1. Ona aHanu3a BblGMpalOTCA AaHHble MO OCHOBHbIM NOKa3aTensM YPOBHS COLMANbHO-IKOHOMUYECKOrO
pa3suTia no 50 (naTugecsTn) ctpaHam 3a nocnegHue 50 (NaTbaecsT) neT ¢ aetanusayuen no rogam. [ins toro,
4TobbI MOZenb bbina YHUBEPCANbHON 1 €€ BO3MOXHOCTY MOXHO Obino npumenutb ang CIC nwboro ypoBHs, k
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rnokasatensim cregyet 4éTko copmynmpoBaTh TpeboBaHWS (HanpuMep, AaHHbIE AOMKHbI OTpaxaTb YPOBEHb
COLManbHO-3KOHOMIUYECKOTO  PA3BUTUSI CUCTEMbI; [aHHble AOMKHbl ObiTb AMHAMUYHBIMM, T.e. W3MEHSTHCS
KaXablil rog; pacyeT nokasaTesniel AOMKeH ObITb TakuM, YTO He TpebyeT 3HauMTENbHbIX 3aTpaT U T.4.).

2. [laHHble NpuBOAATCA K TaKOMY BUAY, B KOTOPOM C HUMM MOXET paboTaTb MOAENb.

3. W3 obpabotaHHbIX AaHHbIX (hopmupytoTca Habopbl (MaTpupl) o N nocnegoBaTenbHbIX 3anucei, rae:
e cTONGEL, COOTBETCTBYET 3HAYEHIO KOHKPETHOrO NoKasaTtens,
e CTPOKa OTBEYAET 3a Nepuos BPEMEHM.

Hanpumep, npu N = 2 chopmmpyetcs Habop nokasatenein (matpuua ¢ 2 (oByms) ctpokamu) 3a 2 (gga)
nocnenoBaTenbHbIX roaa.

4. [ina xkaxgoro 3HayeHns N BbINOMHSETCA Knactepusauum HabopoB — Bce Habopbl MOAATCS Ha BXOA
HeWpoHHOM ceTu KoxoHeHa (T.H. «CamoopraHusylowascs kapta KoxoHeHa»). [aHHbli  WHCTpYMEHT
3apekomeHgoBan cebs 4OCTaTOYHO XOPOLLO MPY peLleHnn 3agay knactepusauum 6e3 yuutens.

5. Ans kaxgoro knactepa AnA Kaxaoro N paccuuTbiBAlOTCA W COXPaHANTCA XapakTepUCTUKM KnacTepa,
HeobXoAMMble 4Ns NOCNeAyHLLEro onpeaeneHus NpUHaANexXHOCTU OnpeaenéHHoro Habopa k knacTepy, a Takke
nofaepxKka (BePOSITHOCTb MOsIBNEHMs coBbITUS) Kak KONMMYECTBO HABopoB, BOLEALWMX B KnacTep, AeneHHas Ha
obLLee Konn4ecTBo HaboPOB.

3apaya 2. Otceatb Te |-|a60pb|, KOTOpbleé WMeERT HU3KNIA YPOBE€Hb NOAAePXKKU (BGPOHTHOCTI:
HacTynneHusa HeKoro cobbITMA HUXe onpenenieHHoro ypOBHﬂ).

A3 namsatu yoanawTcAa 3anmcn 0 TexX KnacTtepbl, 4acToTa BO3HUKHOBEHUA KOTOPbIX HKE 3aJaHHOIO YPOBHA.

3apgava 3. Mo 3agaHHbIM AaHHbLIM (MO 3anNpocy NONb30BaTens) PacCcyMTaTb YCNOBHYK BEPOSTHOCTb
ONpeaeneHHoro coobITHs.

Monb3oBaTenb 3a4aéT Habop nokasaTenel 3a M3BECTHBIN (MK Xenaemblit) nepuon (CBoeobpasHbI aHanor
«ToBapa A») ¥ wWar nporHo3a (cBoeobpasHbii aHanor «Tosapa b»). Cuctema cpean ChOpMMPOBAHHbLIX
KnacTepoB BbINOMHAET NOWUCK TEX, MapamMeTpbl KOTOPbIX Bonee BCero COOTBETCTBYHOT 3afaHHbIM yCrnoBusiM. Ha
OCHOBE YaCTOTbl BO3HMKHOBEHMS KNACTEPOB PACCUNTLIBAETCS YCMNOBHAS BEPOSATHOCTb HACTYNMEHNS NPOrHo3a.

AJ'IFOpI/ITM peLeHnd [aHHOW 324a4m BKMOYaEeT cnenywuime waru.

1. Ha Bxog mogenu nogaérca matpuua nokasatenen Ha nepvog M (M onpeaensieT KonuyecTso NepuoaoB, Ha
OCHOBaHWW KOTOPbIX HEOBXOAMMO NOCTPOUTL MPOrHO3 — KOMMYECTBO CTPOK MaTpULbl).

2. Ha Bxoa mogenu nopaetcs 3HayeHue P — KOnmMyecTBO NEpuofoB, Ha KOTOpble HEOOXOAMMO MOCTPOUTHL
MPOTHO3.

3. M3 knactepoB, MOMyYeHHbIX Ha 3Tane HACTpOWku, BbibupaioTcs Te, B kotopblx N = M + P — cpeau
0TOOpaHHbIX KMAcTEPOB MNPOM3BOAMTCA MOWCK TakuWX, B KOTOPLIX MepBble X 3SMEMEHTOB COOTBETCTBYIOT
3HaYeHMaM 13 maTpuubl M C YCTaHOBMEHHbIM YPOBHEM OWMOKM, a 3HaYyeHWe NOOAEPKKM Takoro Kracrepa
3aMnCbIBAETCS B NEPEMEHHYIO A.

4. W3 knactepoB, MOMYyYEHHbIX HA 3Tane HacTpouku, BblbupatoTcs Te, B KOTOpbIX N = M ¢ yCTaHOBAEHHbIM
YPOBHEM OLLNBKM, a 3HAYEHME NOAAEPKKM TAKOrO KracTepa 3an1cbiBaeTcs B nepemeHHyio B.

5. Ha BbIxog Mogenb BbIGAET nocnegHue P CTpok HaitgeHHoro knactepa, y kotoporo N = M + P 1 3HauyeHue
BEPOSATHOCTW BLIMOMHEHUS MPOTHO3a Kak 4acTHOE OT [EeNEeHWs 3HAYeHWs nepeMeHHOM A Ha 3HauveHue
nepemeHHoi B (cornacHo chopmyne pacyeTa YCNOBHOM BEPOSTHOCTH).

5. 3aknouyeHue

AccoumaTuBHble CETU Kak WHCTPYMEHT MOLENUPOBAHWS M PELIEHUs 3a4ay NPOrHO3MPOBaHUS UMEET [OBOSbHO
BbICOKMIA MOTeHLMan, U nogobHble MHCTPYMeHTbI ByayT nonb3oBaThes BCE Gonblue 1 Bonblue ¢ pocToM 06béMa
aHanuanpyembix LaHHbIX, C NEPexXooM K uccrefoBaHunio 6onee CroxHbix cucteM. OgHUM MX NPUMEPOB Takux
cuctem sBnsetcs COC npousBonbHOrO pervoHa. Kpome TOro, Yto AaHHas cuctema SBASeTcs LOBOMbHO
CMOXHOM [ANS MOAENMPOBaHUS, PELLEHWE CBA3aHHbIX C AaHHbIM OOBLEKTOM 3ajay KpaiHe BaXHO AN
apekTBHOrO pa3suTus obuiectsa. Cumtaem, 4YTo JaHHOe HanpaBneHWe UCCMEeAoBaHUA LOMKHO obecneunTb
pa3paboTky COOTBETCTBYHLLETO anropuTMa, ero ONTUMU3aLMIO U BHEAPEHUE B NPOrPaMMHbIA MPOAYKT C LENbIO
PELLEHNS NPaKTUYECKIX 3aay.

WUHdopmaums 06 aBTope

BaneHmuH pueopbesckuti — cmydenm HTYY «KIM», YHK «UMCA», epynna CA-21.
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NPOrHO3MPOBAHUE HA OCHOBE NrEHETUYECKOI'O AITOPUTMA OBYYEHUA

Neonunp Nynaunukuin, AHHa MaBneHko

AnHomayusi: Vccnedyromes memoObl 00y4eHUsi MHOXECM8 Npasusl Ha OCHO8E 2EeHEMUYECKUX aneopummos
Ons OanbHeliwe20 NPo2HO3UPosaHUsi 8peMeHHbIX psdos. [lpednoxeH cnocob npedcmasnieHus nonynayuu
26eHemuYecKo20 aneopumma, cnocobs! pekoMbuHayuu, (hopMUPOBaHUS HULW, pacdema npucnocobieHHocmu.

Knioueenle cnoea: npoeHo3upogaHue, 8peMeHHble Psidbl, 2eHeMUYECKUl anaopumm, MawuHHoe 0ByyeHue Ha
0CHO8€ NPasus, HULLU, 380/IOYUOHHbIE anaopummbi

BBepeHue

Pa3paboTka 1 npuMeHeHne reHeTUYeCKMX anroputMoB 1 6a3 NpaBun 415 peLeHns 3aaay MalUHHOTO 0By4YeHus
B nocriegHee BpeMsi MHTEHCWBHO pa3BuBaeTcs Brnarogaps NpupoaHOW MaclutabupyemocTu, napannenvsmy,
YCTONYMBOCTW K LUYMY, YHUBEPCANbHOCTU BbIYUCIUTENBHON CXEMbI W BOSMOXHOCTW MCMOMb30BaHNS 3BPUCTMK
ANs NpeacTaBneHns gaHHblx [XaHk et al, 2007].

3apaya NporHo3upoBaHMs BpeMeHHbIX pAA0B

MpennaraeTcs CBECTW 3adadvy MPOrHO3WMPOBaHWUS BPEMEHHBbIX PSAOB K 3ajadve Knaccudmkauuu: B 3agaHHOM
BPEMEHHOM psfe MLLYTCS 3aKOHOMEPHOCTW — MpaBuna, KOTOpblE WUCMOMb3YTCH AN NOCTPOEHUs MporHo3a.
MpeactaBneHne nonynAaumu Xpomocom. MHOXECTBO NpaBui HOPMUPYETCS FEHETUYECKUM anropuTMOM W
npeacrasnsieT coboil KOHEuHyt monynsumo xpomocom [Fernandez et al., 2010]. Xpomocoma cocTouT W3
MPOM3BOILHOIO YKCITa YCIOBUM (o (aTOMApHbIX MOAMPABIM) U UTOrOBOTO 3HAYEHUS @, ,

w=(F,-F)ely,You)
rge E — 3Ha4yeHne BPEeMEHHOro psaaa B MOMEHT BpeEMEHU t ; S,k — MPOU3BOJNIbHbIE MOMEHTbI BPEMEHMU,
.yb’.yb+1 - ,quZCTBMTeJ'Ibele 4YKncna, KOTOpble UCNONb3YHOTCA ANA PaHXUPOBAHUA anpau.l,eHlAI?I, b= —-m,m -1.

Takum 06pa3om, NONHOE NPaBuIo UMEET BUL;:

Q :if((z]a)i) then a,,
i=1

roe ;- aToMapHoe NoAnpaBuno YCNOBHOW YacTy, i — HOMEP aToMapHoro nognpasuna, i =1,z , z- AnuHa
npasuna (KOMMYECTBO aTOMapHbIX MOANPaBUI B MpaBure), @,— aToMapHoe MOANPaBuro, KoTOpPoe
1CNOIb3YETCA B CNy4yae BbINOMHEHWS YCroBus if.
MpncnocobneHHOCTb XPOMOCOMbI OMpefensieTcs C Y4eToM KONMYecTBa NOSOXMTENbHbIX MPUMEPOB ¢,
KOTOpblE NOKPbIBAET NPaBuIio, U KOJIMYECTBOM aTOMApHbIX NOANPaBUN z:

az+(1-a)p, ¢>06
_{Q $<5
roe o —MMHUManbHoe A0onycTMOe KONn4eCTBO NONOXUTENBHBIX NPUMEPOB, & — NApaMeTp anroputMa.

PacyeT cTeneHn npucnocobreHHOCTM Ans KaXaoro npaBunia BbINOfHAETCS MO MPUHLMNY  «HEMpSIMOTo
nonagaHnsi»: ecni onpeaeneHHbIA NPOLEHT NOANPABIUN MOKPLIBAET MPUMEP NOMOXMTENBHO, TO CYMTAETCS, YTO
MPaBUO MOSTHOCTbLHO MOKPLIBAET PACCMOTPEHHbIN NPUMEp.

PekombuHaumu. lNpeactaBneHne npaeura B BUAE HEYNOPSIOYEHHOTO MHOXECTBA aTOMapHbIX MOAMpaBun
MO3BONSIET ONPEeAENnsTb TOYKY CEYEHUS MPON3BOMbHO. CKPeLLMBaHUE MPOMUCXOAUT 0BbeaMHEHMEM YacTeil ABYX
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XpoMocoM. C HEKOTOpOi BEPOSTHOCTBIO HACMEedHWKW MYTUPYIOT: MOTYT W3MEHATHCS MOMEHTbI BpeEMEHU
MPOM3BOMbHbIX NOANPaBUN S,K W rpaHuLbl MPUPOCTOB ¥,,Y,., C Y4ETOM [OMyCTMMOrO MpOCTPaHCTBa
3HaYeHUN.

CreneHb nopobus xpomocom. [uBepcucpukaumsa nomcka. Peann3oBaHO W MCCMELOBAHO HECKOMbKO
cnoco6oB 0T6opa AN PEKOMOWHALMM: MaHMUKCUS, WHOPUOMHT, ayTOPWAMHI, TYPHUPHbIA 0TGOp. [ns ux
peanusaumu Obino BBEJEHO MOHSTME MOJoOMS XPOMOCOM — CTEMEHW CXOACTBA WX reHoTunoB. [oHsTve
PacCTOSHASI  MeXZy XPOMOCOMaMM OMpPedesnisieTcsl MpoLeHTOM MogobHbIX MOANPaBMI M CXEMOM WX
PacronoXeHNst OTHOCUTENbHO fpYr Apyra.

OTtmeTuM, YTO Mpouedypa HaxokaeHus nogobus CMONb3yeTcs ANs UCKIYEHUst M3BbITOYHOCTM NpaBun Ha
aTane pekombuHaummu, npy fobaBneHu NpaBun B NONYNSUMIO Ha 3Tane 0T6opa K BbIKMBAHMIO C MOMOLLBH
npoueaypbl BbITECHEHMSl, HA 3Tane oTbopa K pekoMOuHaumm ans cnocoboB MHOPUOMHT M ayTOPUOWHT, HO
OCHOBHbIM MPEUMYLLECTBOM MCMOJb30BaHNS! BBEAEHHOI METPUKN SBNSIETCS BO3MOXKHOCTb (DOPMUPOBAHNS HULL.

Korna reHeTudeckue anmropuTMbl WCMONb3YIOTCS AR ONTMMM3aLMM, TO LENblo, Kak MpaBumo, SBMSIETCA
BO3BpALLEHNE EOMHCTBEHHOTO 3HAYEHUS| — HaWMyudllero HaigeHHoro petueHns. daktudyeckn, ecnu
TPAAULMOHHBIA TEHETUYECKMA anropuTM BbIMONHSIETCS [OCTaTOMHOE KONMMYECTBO UTepauuil, BCS MONynsuus
00bIY4HO CXOAMTCS K OKPECTHOCTW OAHOrO pelleHus. [ins nporHO3MpOBaHWs TaKoi MOLXOZ HEMpUrofeH,
MOCKOMbKY HEOBX0AMMO MOMY4UTb AOCTATOMHO LIMPOKYHD 6a3y npaBun Ans NOCTPOEHUs! (PUHANBHOMO NPOrHo3a.
[eHeTUYEeCKe anropuTMbl, MCMOMb3yloWMe MexaHW3Mbl (POPMUPOBAHMS HUL, MOALEPKWUBAKT HanMuMe
Pa3NNYHbIX CEMEICTB MpaBun B MONYMAUMA U MO3BONSIOT OLHOBPEMEHHYIO ONTUMMU3ALMIO B HECKONbKNX
0bnacTsax NpoCTPaHCTBA NOMCKa 3a CYET CHUKEHUS KOHKYPEHLIMW MEXIY [OCTaTOYHO Pa3HOPOAHBIMU 0COBAMM.

I'IOCTpoel-me MporyHo3sa. KpMTepI/IVI OCTaHOBKM LWKNa npu NOCTPOEHUN 6asbl npasun — KONMN4YeCTBO
NPOBEAEHHbIX MTepaLlI/IIZ. ,D.J'IFI NOCTPOEHUA NPorHo3a paspaGOTaH anropuTM paspeLueHus KOHCbJ'IMKTOB C y4eToMm
NOMHOIro MHOXeCTBa KOHCbJ'II/IKTOB 11 3HAYEHUI I'IpI/ICI'IOCO6J'IeHHOCTI/1 XPOMOCOM Ana MOMEHTa NpPorHoaa.

BbiBoAbI U HanpaBneHUa AanbHeNWnX UCcneaoBaHUN

MpeonoxeHsl noaxodbl K NPEACTABNEHMO [aHHbIX  ANS  3adady  MpOrHO3WpoBaHMs, W (DyHKLMK
NpuUCrocoBneHHocT, a Takke paspaboTaHbl CheuuanbHblii - OnepaTop PEeKoMOMHALWMM W MEXaHW3M
(hOPMMPOBAHNS HULI MPU PelUeHMM  3aday NpOrHO3WpoBaHMs ¢ ucmonboBaHuem [A. [ononHuTensHoro
nccrneaoBaHust TpebyloT BOMpochl BbiGOpa OMTUMarbHbIX 3HAYEHUA MapaMeTPOB anropuTMa, MOCTPOEHME
MpOrHo3a ¢ y4eTOB BIMSIHUSI HECKONbKIX (haKTOPOB, NPEeACTaBNEHHbIX BPEMEHHBIMM pPsiaaMu.

Cnucok nutepartypbl

[XaHk et al, 2007] Xank [O.3., YuuepH [.Y., Paittc A.x. BusHec-nporHosupoBaHue.— 7-e u3g. / lep. ¢ awrn. — M.
W3apaTenbckuit fom «Bunbsamey, 2003. — 656 c.

[Fernandez et al, 2010] A Fernandez, S Garcia, J Luengo, E Bernado-Mansilla, F Herrera. Evolutionary Computation, IEEE
Transactions, 14 (6), 2010, pp. 913-941.
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NOBbILWEHUE 3OPEKTUBHOCTW ANMTOPUTMA OMK A4 NPOrHO3UPOBAHUA
TPETUYHOM CTPYKTYPbI NPOTEMHOB METOAMU PACTNAPANIENUBAHUSA

Neonnp Nynannukuin, ButanuHa Pyabik

AHnHomauyus: [lpednacaemcs napannenbHbil  anzopumm OonmuMU3auuu  MypagbUHbIMU KOMOHUSMU Onsi
peweHust 3adadu nPo2HO3UPO8aHUsT Mpemu4Hol cmpyKmypbl npomeuHa ucxodsi U3 e2o0 nocredosamenbHOCMU
aMUHOKUCTOMHbIX ocmamkos. [Tposodumcs uccrnedosaHue 3ghghekmusHoCmU NPednioKeHHO20 an2opumma,
obcyxdatomes pe3ynbmambl 8bMUCUMETbHO20 3KCNEpUMEHMa Ha cynepkomnsromepax cemeticmea CKUT.

Kntoueebie cnoea: komMbuHamopHasi onmuMUu3ayusi, NPO2HO3UPOBaHUE MPEMUYHOL CMPyKMypbI NPOMEUHa,
Memodbl ONMUMU3aUUU MypaebUHbIMU KOTOHUSIMU, NapainiiesbHble anaopumml, cynepkomnbiomepsl CKUT.

BBepeHue

WccnepoBahusa B npuknagHbix cepax 4acto NpuBOAAT K pa3spaboTke mogenen npobnem, kotopble yao6HO
aHanu3MpoBaTb MaTeMaTu4eckMMM MeTodamu. Tak, Ha CTblke MaTemMaTuku 1 Guonorun BO3HMKNA obnacTb
BbIYMCIIUTENBHON BUONOrMK, KOTOpas BKMKOYAET B CeBS COBOKYMHOCTb MaTeMaTUYECKX MOAENEN U METOAO0B ANs
pelleHns npobnem, BO3HWKaOWWMX B OUOMOrMW, reHeTuke, dapmakonorui, MeguuuHe. [pu 3TOM LWMPOKO
NPUMEHAOTCS CTaTUCTUYECKNE METObI, aHanu3 AaHHbIX, MeToabl KOMGUHaTOpHOW onTummuaauun. Ocobas ponb
METOOOB KOMOMHATOPHOM ONTMMM3aLMM Bblgensietcs B reHeTuke, roe monekynbl OHK u PHK kogmpytotes
nocneaoBaTeNbHOCTAMW TEHOB UM BO3HMKAKOT 3af4ayuv OMTUMM3ALMM Ha CTpOKax, KOTOpble W MpUBOAAT
€CTECTBEHHbIM 00pa3oM K 3agayam KOMOMHATOPHON ONTUMM3ALN.

PaccmartpuBaeTcs ogHa 13 3afay BblYMCIUTENbHON B1OMorMM — 3apava NporHo3MpoBaHMs TPETUYHOI CTPYKTYPbI
Morekynbl npoTenHa B mogenu funna [Dill et al., 1995].

3afaya NPoOrHo3upPoBaHMs TPETUYHOMN CTPYKTYPbI NPOTENHA

Llenb 3agaun nporHo3vMpoBaHUS TPETUYHON CTPYKTYPbl NPOTEMHA — NOCTPOUTL TPEXMEPHYIO (OPMY MOMEKYbI
(TPETUYHYK CTPYKTYPY) MCX0OS W3 ee coctTaBa — LENM MOCNEAoBaTENbHO COEAMHEHHbIX aMWHOKMCIIOT
(NepBuyHON CTpyKTypbl 6enka). B mogenu [unna ang npeactaBneHus TPETUYHOW CTPYKTYPbI MCMOMb3yeTcs
HeKkoTopas [AWMCKPETHas pelueTka, B Yy3nax KOTOPOW pacnonaratoTcs amuHokucnoTbl. YTobbl Monekyna
OCTaBanacb CBS3HOW, CTOSLIME PSAOM B MNOCMEAOBATENbHOCTU aMUHOKMCNOTHI AOMKHbI pacnonaratbCs B
COCeAHMX y3nax peLleTkn. Bce aMMHOKUCIOTbI B COOTBETCTBUM C UX (DU3NYECKUMI CBONCTBAMU Pa3enatoT Ha
mapodobHble 1 nonsipHble.  Mexay 6nM3ko  pacnonoxeHHbiMW (B cocegHWX y3nax) rmapooBHbIMM
aMUHOKMCIIOTaMM BO3HUKAIOT ruapodobHble cBA3u. Kaxaas CTpyKTypa B pelueTke obnagaet HenonoxuTensHomn
3Heprven, paBHOM KOMMYecTBY rMapodhoBbHbIX cBA3ei B Hel. CumTaeTcs, YTO MOMeKyna NMPUHAMAET Takyto
opMy, B KOTOPOW ee 3Heprus JocturaetT MuHumyma. dopmanusaums 3Toi npobriembl NPUBOAUT K 3apade
kombuHaTOpHOI onTUMK3aLmuK, koTopas sensetcs NP-cnoxHon [Berger & Leighton, 1998].

napaﬂﬂeanblﬁ aliropuTM onTUMM3aumMn MypaBbMHbIMU KOJTOHMAMU ANA pelleHua 3aga4vun

MeTog ontummusauum MypaBbuHbIMK KonoHusMK (OMK) — paspaboTaHHas ans pelleHuns 3aaay KoMOUHATOPHOM
ONTUMM3aLMN Cxema MPUBNVKEHHOrO anropuTMa, KoTopas WMUTUPYET MPOLECC Noucka KOMOHWER MypaBbeB
KpaTyanwmx nyten K uctouHuky nuwm [Dorigo & Stitzle, 2004]. Mpu atom obuweHne mexagy ocobsmu
OCYyLLECTBNSETCH Yepe3 (hepoOMOHHbIE Criefbl, KOTopble CnOCOBCTBYIOT BbIGOPY OMTUMArbHBIX HanpaBfieHui
ABKeHNs. CrOXHOCTb BO3HMKAIOLEN 3adavv KOMOMHATOPHOM ONTUMM3auMM OBycraBnuBaeT aKTyanbHOCTb
BOMPOCOB pa3paboTku 1 UCCrefoBaHNS NapasnneNibHbIX anropuTMoB KOMOUHATOPHOM ONTUMM3ALIUN.

Anroputmbl Ha ocHoBe Metoga OMK paspabotaHbl B pabotax [Shmygelska & Hoos, 2005; Chu et al., 2005;
Fidanova & Lirkov, 2008]. Paspa6oTaHHblin Hamu napannenbHblit anroputM OMK oTnnyaeTcs oT NpeanoxeHHbIX
paHee, B YaCTHOCTW WCMOMb3YKTCA Apyrhe CxeMbl AN OBHOBMEHWS (HepOMOHHOM MaTpuubl, MOACYETa


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shmygelska%20A%22%5BAuthor%5D
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9BPUCTUYECKMX OLIEHOK, Cnocobbl KOAWMPOBaHWS CTPYKTYp (MCMONb3oBaHa Q-KOAMPOBKA, MPEANOXeHHas B
[Mynsunyskuin &Pyapik, 2013]). Ero cxema npefcrasneHa Ha puc.1.

MHuyuanuzayus®@epomorHotiMampuubi( )
fold, . = null

lMoka He BbinonHgemcs Ycnosue3asepuieHus
Ha noguuHeHHbIX npoueccopaxi=1,..., P
fold := JonycmumoePeweHue( @ )
fold, ¢ := [lokanbHaitilTouck( fold )

e = OHepeus(fold, )

pheromoneTrail = Bprucnumes®epomontbiiiCred( fold, )
Ha ueHTpanbHoM npoueccope
Onai=1,.,p
Monyuutsb e, , pheromoneTrail, ¢ nogYMHeHHOro npoleccopa
® :=® + pheromoneTrail,
Ecnu Snepeus( fold . ) >miin e

3anpocuTb ¢ npoueccopa argmin e, cTpyktypy fold

fold,_ :=fold

Mcnapumb®epomorHbieCriedbi( @ )
BepHytb fold, .

Puc. 1. Cxema napannensHoro anroputma

BblaensieTcs oAMH LeHTPparbHbIA MPOLECCOp, OCTanbHble — MOAYUHEHHbIE, MOMapHble B3aUMOLENCTBUS
MPOXOMAT MeXay LEHTparnbHbIM 1 KaxabiM W3 MOAYMHEHHbIX MPOLLECCOpOoB. PasfeneHne npoLeccopoB Ha
LiEHTparbHbIA 1 MOOYMHEHHbIE SIBNSETCS YCIOBHBIM, OT ApXUTEKTYpbl CeTU TpebyeTcs TONbKO BO3MOXHOCTb
BbiCTpoit Nepeaum coobLLEHMIA C OOHOMO 13 NPOLIECCOPOB Ha OCTamNbHbIE 1 06paTHO. KOnMYecTBo NpoLeccopos,
3a/€/CTBOBAHHbIX B CXEME, BbIGPaHO Ha OfivH 6orblue, YeM KONMYECTBO ANEMEHTOB B MOMYNALMN.

MepBblit War anroputMa — MHALManu3aumus MaTpuLbl epoOMOHHBIX CnegoB @ Ha LiEHTpanbHOM NpOLeccope.
KonnyectBo CcTpok MaTpuubl @ COOTBETCTBYET KONMYECTBY ONEMEHTOB Koda B BblOpaHHON peLleTke,
Konm4ecTBO CTONBLOB — ANMHE KoAa 3adauyn. M3HavamnbHO Kabl 3MeMEHT MaTpuubl MOCTaBUM PaBHbLIM
HEKOTOPOMY 3Ha4eHno L, > 0.

B npouecce paboTbl npoLeaypbl ONTUMANbBHYIO (B KOHTEKCTE MUHMMAILHON SHEPrUM) 13 HaAEHHbIX CTPYKTYpY
Bynem coxpaHsTb, 0603Haumm ee fold,,. .

Mocne wHWUManNW3auWW 3anyckaeTcs WTepauuoHHbld npouecc. Ha kaxnod ero utepauuy umcnonb3ys
WHOPMaLMIO, KOTOPYIO COLEPXUT (DEPOMOHHAs MaTpuua, CTPOUTCS HOBasi NONyNsALWS CTPYKTYp (KONMYecTBO
9NEMEHTOB MOMyNALUMK SBMSETCH napaMeTpoM anroputMa) nocre 4Yero kaxgas u3 CTPYKTyp Moaucduumpyet
(HEePOMOHHYI0 MaTpuLy, [06aBnss B Hee (PEPOMOHHbIe Credbl, KOTOpbIE YCUNAT NyTW, BEAYLMe K HUSKUM 3a
SHepriei CcTpykTypam. MocTpoeHne CTPYKTYpPbl HAYMHAETCS C NEPBOro ANeMeHTa U NPOXOAUT NOCNeA0BaTeNbHO.
Mo3numMs aMUHOKMCNOTBI BbIGUpaeTcs cnyyaiHbiM 06pa3oM cpean CBOBOAHbIX C BEPOSATHOCTbIO

 _ [T/,d]OL[T]i,d][3
" Z[T,-,/]“[n,-,/]B ’

leD

rae D — MHOXECTBO 3MIEeMEHTOB KOfla §-KOAMPOBKY, KOTOPOE OTpaXaeT HanpaBNieHnst K CBOGOAHBIM COCEAsaM
TeKyLLEro yana B 3a71aHHOM peLleTke, T, , — 3NeMeHT (hePOMOHHOI MaTPULbl, COOTBETCTBYIOLLIA HANPABAEHMIO

d anga nosugun i, M, g — 9BPUCTUHECKAA OLEHKA, KOTOPAsA 3aBUT OT yXKe I'IOCTpOGHHOI7I 4acTu CTPYKTYpbI, o
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W B — napameTpbl anroputMa, 3afalliue CTeneHb BIUSHUS (DEPOMOHOB U 3BPUCTUYECKOW MH(OPMALMK Ha
MOCTPOEHWE PELLEHNS.

Ecrnu Ha KakoM-TO Luare npoLecc NOCTPOEHMs 3allen B TYMUK — T.e. BO3HUKNA CUTYaLWs, KOrga BCe COCeaHNE C
KpaHei aMWUHOKMCIIOTOW MO3UUMM YKe 3aHATbl — [enaeTcs OTKaT Hasaj Ha OAWH Lar, a “Tynukosoe”
HanpaeneHne gobaenseTcs B cnncok Taby. MeHepaums peLleHnii NPpoM3BOAUTCS Ha MOAYMHEHHBIX NpoLeccopax,
KOTOpbIE MOMyYatoT Ha BXOA PEPOMOHHYI0 MaTpuly. [ns noBbieHUS 3DPEKTUBHOCTU UTEpaLMN Kaxabld 13
NOOYMHEHHBIX NPOLECCOPOB TaKKe BbINOMHAET NpoLeaypy JIOKanbHOro noucka.

[anee, Ha kaxaoM NoAYMHEHHOM NpoLeccope BbluMcrfeTcs epoMoHHbIN cried pheromoneTrail B hopmare
nocrefoBaTenbHOCT Nap (MHOEKC anemeHTa Matpuubl — Konnyectso depomona) (d,A,,.), roe d-
HanpaBfneHne, No KOTOPOMY PacriofioXeH OCTaTok B CTPyKType C, @ A, ;. — OTHOCUTENbHOE KayecTBO
CTPYKTYpbl C C y4eToM HanpaeneHus d . [ins Bbluucnenms A, , . paccmaTpuBaioTcs ABE CxeMbl. B nepsoi

A, 4 - OTHOCUTENbHOE Ka4YecTBO CTPYKTYPbI, KOTOPOE 3aBMCUT OT ee 3Heprun. BTopas paspaboTaxa ¢ yueTom
TOro, YTO HEOBXOAMMO YCWUNMBATL TOMbKO T€ (DEPOMOHHbIE MyTW, KOTOPble BRMUSIOT HA SHEPrK0 3a4aHHON
monekynbl. Cuna A, ;. ONPEe[eNneHHoro HanpasneHns d B CTPYKType C OMpedensietca Kak KonmuyecTso

cBsA3en, B KOTOPbIX 3TO HanpaslieHne 320e/CTBOBaHO. Takas cxema Mo3BonseT bonee TOYHO Yy4uUTbIBATb
NPMeMNemMocCTb TOW UMW UHOW YacTu CTPYKTYPbI MONEKYybl.

CreHepupoBaHHas MOCNeAoBaTENbHOCTL Nap BMECTE CO 3HAYEHWEM 3SHEpr Haumyuyllero M3 HamgeHHbIX
peleHns nepefaeTcs Ha LEHTpanbHbId MPOLECCcop, KOTOPbIA aHanmuaupyeT W arpervpyet nosyyYeHHyo
MHGopMaLmio: 40baBNAeT (HEPOMOH K COOTBETCTBYIOWMM BrieMeHTaM Matpuubl (T, =7, +A, .7, ¥ -
napameTp anropuTMma), CPaBHMBAET 3HAYEHWSI SHEPrUA C COXPaHEHHbIM ONTUMAanbHbIM 3HAYEHUEM SHEPTUM.

Ecnu Hawwnochb MeHblUee 3HAYEHWE SHEPrUM, MPOWU3BOAMTCS JOMOMHUTENbHBIA 3aNPOC HAa COOTBETCTBYHOLMNA
NPOLIECCOp NS NOMyYEHUs CTPYKTYpbI.

Ona nopgoepxaHnst akTyanbHOCTM (DEPOMOHHOW MaTpuubl, Cregys eCTECTBEHHOW aHamnoruu, npoBOAUTCS
npouenypa ucnapeHus (hepomoHa. Kaxzabli anemMeHT MaTpuLibl YMHOXAEeTCS Ha NOMOXUTENbHLIN NapameTp p,
MeHblMA emuHAubl: T, =(1—p)T,,, p - KOIDMUUMEHT wuCTapeHns - XapaKkTepusyeT, Kakas [OnA
WHhopmaLuu, cobpaHHOt Ha NpegpblayLLmMX aTanax, coxpaHseTcs. VcnapeHne hepoMoHa Takke BbIMOMHAETCA
Ha LEHTpanbHOM MpOoLeccope, MOCME YEro, eciM He BbINOSHAETCS YCNOBME 3aBEPLUEHWS, MPOU3BOAMTCA
cnegywwas utepauns anroputma. B Hawen peanusaumm anroputM 3aBepliaeTcsi, Korga OnTuMaribHoe
pellenne fold . He MEHANOCH Ha MPOTSXKEHUN ONpeaeneHHoro KoNnYecTsa utepaLmi.

WUccnepoBaHue adppekTMBHOCTU NapannenbHOro anroputma

PacnapannenveaHue BbIMUCIIEHNA HE BCEraa NPUBOAMUT K YMEHbLUEHWIO BPEMEHN BblYMUCIEHWIA. [103TOMY BaXHO
NPOBECTU aHanu3 BpemMeHn paboTbl NPEANOKEHHON NapannensbHoi npoueaypsl. [ns aToro BBeAem cneaytowime
0003HaYeHus:

— P - 4ACNO NOAYMHEHHbIX MPOLECCOPOB (paBHOE KOMWMYECTBY areHTOB B NOCNESOBATENbHOM
anroputme);

- 1, - cpeqHee BpeMs MHULManu3aLmm,

- 1

slavelter

- CpefiHee BPeMms, 3aTpaumBaeMoe NoAUYMHEHHBIM MPOLIECCOPOM Ha OHY MTEpaLyio (BKIOYaeT

B cebs reHepauuio pelueHus, NOKanbHbIN NOWUCK W BbIYMCIIEHMS (t)GpOMOHHbIX cne,qos);

-t

hUpdate ~ CPEOHEE BPEMS, 3aTPauMBaEMOe LeHTPparnbHbIM MPOLIECCOPOM Ha 06HOBMEHME (hepPOMOHHOIA

MaTpULbl ANst OLHOI CTPYKTYpbI;
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-t - cpefHee BpeMsi, 3aTpayMBaemoe Ha MOAUMUKALMIO (MCMapeHue) 3NeMEHTOB (PEPOMOHHON

vapor
MaTpuLbl;

- 1

cn - CPEMHee BpeMms,, 3aTpaumBaeMoe Ha 06MeH COOBLLEHNAMM LieHTPanbHOro NpoLeccopa ¢ OfHUM
MOAYMHEHHBIM  MPOLIECCOPOM  (BKMKOYAET Mepechbinky (DEepOMOHHON MaTpulbl C  LIEHTPanbHOMo
NPOLLECCopa Ha MOUMHEHHBI 1 NEepechinky (hepOMOHHOTO Crieda C MOAYMHEHHOro MpoLeccopa Ha

rMaBHbIN);
— | — KonnyecTBo UTepauuit anroputMa.
Torna cpenHee obluee Bpems BoinonHeHus napannenbHoro anroput™a t. .. =t + (P oxon ™ Lonupaare) +

+1 +t x 1, npn 3TOM cpefHee ob6liee BpeMsi BbIMOMHEHUS MOCNEAOBATENLHOTO anroputma

slavelter vapour )

tseq = tini + (p(tphUpdate+ tslavelter) + tvapour) x l .

yCKOpeHI/Ie, KOTOpOE 6y,qu NoNly4eHO npu UCNONb3OBAaHUK napannenbHOro anroptMa no OTHOWEHU K
nocnenosartesnibHOMYy paBHO

— tini + (p(tphUpdate+ tslavelter ) + tvapour) X I’ — 1 + ((p - 1)tslavelter — ptexch) X l .
Ztinf + (p(texch+ tphUpdate) + tslavelter + tvapour) x / tini + (p(texch+ tphUpdate) + tslave/ter + tvapour) x /

P

Mpy focTaTouHO 6OMbBLIOM KONMYECTBE UTepaLyii | BpeMeHeM UHULManu3aumn £, MoxHo npeHebpeyb, Toraa

S ~1+ (p ~ 1)tslaveller B ptexch

(]

p (texch + tphUpdate ) + ts/aveli‘er + tvapour

[ins fanbHeiLwero aHann3a 0603Ha4YM n YMCNO COCEAHMX Y3NOB B pAaCCMaTpPUBAEMON PELLETKE, @ /M — YUCNO
aMUHOKMCIIOT B 3aj@aHHOM NpOTenHe. Bblumcnum nopsaaky BpEMEHW BbINOMHEHWS OnepaLui B 3aBUCUMOCTY OT
3Ha4YeHUn N n m.

HauHem ¢ BpemeHun obMeHa coobLueHnamu. LieHTpanbHbIi NpoLECccop OTNpaBnsieT Ha MOAYMHEHHBIN NPOLECCOp
(PEePOMOHHYI0 MaTpuLy, KOTopasi COCTOUT M3 M x N 3NEMEHTOB. B CBOW oyepedb, NOAYMHEHHBIA NpoLeccop
nepecbinaeT pe3ynbTaT CBOWX BbIYUCIEHWA B (hOpMe NOCNeA0BaTENbHOCTY Nap (MHAEKC dNeMeHTa MaTpuubl —
KONMMYECTBO (HEPOMOHA) — BCETO /M x 2 3NEMEHTOB. Takum 06pasom, 06beM nepechinaeMbix COOBOLLEHN —
O(mx n+ mx2)=0(mx n). MNpeanonoxms, 4To BpeMs NEPECHINKN COOBLUEHMIA NIMHENHO 3aBUCUT OT €ro

pasmepa, nonyyum, yto t,., =O(mxn). Tpu ucnapeHnn epomoHa OBHOBMSETCH Kaxablil U3 mxn

3N1eMeHTOB (DepOMOHHOI MaTpULipl, criefoBatentHo £, = O(mxn).

Bpems, 3aTpaunBaemoe Ha 0BHOBNEHIE (PEPOMOHHON MaTPULIbl OIHAM areHTom, t

phUpdate — O( m) , MOCKONbKY

N3MEHSETCS OAMH NEMEHT B KaxgoM cTonbue epoOMOHHOIM MaTpuLbl (a 1x BCEro m).

OcrTanocb npoaHanuauposatb Bpems I,

‘siaverter - B HETO BXOOAT [BE COCTaBMAIOLWMX — BPEMS, KOTOPOE
TpebyeTca Ana reHepauuu OOMYCTUMOTO PELIeHMs Ha OCHOBE 3adaHHOM (PEPOMOHHON MaTpuubl, U Bpems
BblUMCNEHUA (DEPOMOHHBLIX MyTeW, UCXO4s W3 MOCTPOEHHOro pelleHus. HayHem co BToporo. [lpoueaypa,
BbIYMCNIAIOWAN KONM4ecTBO (hepoMOHOB, nepebupaeT Bce rmapodoBHbIE KOHTaKTbl B CTPYKTYpe (a WX
KOMMYECTBO NIMHEMHO 3aBUCUT OT ee ANWHbI /M), U ANA KKQOro Takoro KOHTakTa npubaBnsieT KonuyecTso
(hepoMOHa Ha ydvacTke Mexgy anemeHTamy, 0bpasyloLMMW KOHTAKT (MakCUMyM /17 3EMEHTOB). Takum

06pa3soM, CIOXHOCTb OnMcaHHoi npoLeaypsl — O(m?) .
OueHum Bpemsi, 3aTpauMBaeMoe Ha reHepauuto AOMyCTUMOrO pelueHus. HanoMHWM, YTO CTpYKTypa CTpouTCs

nocnefoBatenbHbIM 406aBNEHNEM dNEMEHTOB, NPU HEBO3MOXHOCTW Takoro 406aBneHus NPOM3BOAMTCA OTKAT.
B xyawem crydyae npoueaypa oTkaTa MOXeT CBECTUCb K MOSHOMY nepeGopy BHYTPU HEKOTOpoW obracTi, a

3Ha4UT, CNOXHOCTb HauxXyAuwero cny4yasa — O(Gm) .Ha NPaKTUKe Takue CUTyaLun Cry4aroTca pedko, Ho crnegyet
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3ameTuTb, 4To npobriema bonee akTyarnbHa B OBYMEPHbIX peLleTKax, YeM B TPeXMepHblx — B HUX Bornee
BEPOSTHO 06pa3oBaHME TYNMKOB. TEOPETUYECKUIA aHann3 CpeaHei CROXHOCTM BbIMUCIEHWUIA CBOAUTCS K
noacyety nyten 6e3 camonepeceyeHnin B ONpeaenieHHoN peLueTke, npearnonaraeTcs, YTo dTa 3agaya cama no
cebe ansetca NP-cnoxHon [Liskiewicza et al., 2003]. AHann3 BbIYMCINTENBHBIX KCMNEPUMEHTOB MOKa3bIBaET,
YyTO npoueaypa reHepauuu AOMYCTUMOTO peLUEHWUs SBRseTcs Haubonee BpemsasaTpaTHONM, OCOBEHHO Ha
NoCMegHUX uTepauusx anroputMa, korga (PepoMOHHas MaTtpuua CTAHOBUTCS B 3HAYMTENBbHOW CTENeHu
HEOLHOPOAHON.

[oabITOXMM NP1UBEAEHHbIE OLIEHKN:

S ~14+ (p=1)0(e") — pO(mxn)
P p(O(mxn)+O(m)) +O(e™) + O(mx n)
13 3TOro MOXHO caenath f1Ba BbIBOAA. Bo-NepBbIX, Mpu [OCTATOYHO GOMBLIMX - YUCTMTENb GOMbLUE HYMS,
Cref10BaTenbHO YCKOPEHIe NP UCMONb30BaHMN NapanmensbHoro anroputMa Gonblie eauHLL. Bo-BTopbIX, Npu

Bo3pacTaHuM m S, TOXe BO3pacTaeT M Mpubnmukaetcs Kk p, 4TO Joka3biBaeT LienecoobpasHocTb

ncnonb3oaHus MBK ans 3agay 60nbLunx pasmMepHOCTEN.

BbiBOAbLI M HaNpaBReHUs AanbHENWKUX UccnesoBaHui

[ins peweHns 3agayumn NPOrHO3MPOBaHNUS TPETUYHON CTPYKTYPhI CBOpauMBaHus npotenHa Ha MBK paspaboTaH u
peanu3oBaH napannenbHblii anroputM Ha ocHoee cxeMbl OMK. TMomnyyeHb! OLEHKMU YCKOPEHWS napasnnenbHoro
anroputMa no CPaBHEHMIO C aHanorMyHbIM NOCMeoBaTENbHBIM anropuTMOM. HanpaBneHueM LanbHEMLIMX
nccnepoBaHuin OydeT COMOCTaBREHWE TEOPETUYECKMX PEe3ynbTaToB C peanbHbIMM, NOMyYeHHbIMW NyTeM
BbIYMCIINTENBHOIO SKCMEPUMEHTa.
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K BOMNPOCY Ob OCOBEHHOCTAX MOCTPOEHUA 3HAHUEOPUEHTUPOBAHHbIX
COUMANbHbIX CETEW B UHTEPHETE B COEPE OBYYEHUS

Angpen [JaHunos

AHHOMayus: PaccmompeHb! achekmb! pa3pabomKu 3HaHUEOPUEHMUPOBaHHbIX HULIESkIX coyuanbHbIX cemel
g obnacmu 06pa3ogaHus 0n1F nosbieHUss ckopocmu 0bydeHuUs U Kadecmea obpas3osaHusi 3a cyem
LICNOb308aHUSI COBPEMEHHO20 HOOCGHEPHO20 MeMOOa — CLICMEMOI02UYECK020 KaccuguKayLIOHHO20 aHanu3a.

Knioyesble cnoea: ynpasneHue 3HaHusaMu, coyualribHble cemu 8 WHmepHeme, cucmemonoaus,
cucmemosnoauyeckull KnaccuguKayUoHHbIG aHasus.

BBepeHue

Pa3BuTie WMHAOPMALMOHHBIX 3HAHUEOPUEHTUPOBAHHbLIX TEXHOMOIMIA MPUBENO K LUMPOKOMY BHELPEHMIO
NHCTPYMEHTOB YNpaBIEeHUs 3HAHUSIMI B KOMMAHMUSIX Pa3nuuHbIX oTpachen AestenbHoct. OcobeHHO akTyanbHO
UCMONb30BaHWe METOJOB M TEXHOMOMMM YNpaBNeHUst 3HaHMSMM B cdepax CBsi3aHHbIX C OBY4YeHMEM W
ynpaBeHnem nepcoHarnom.

cnonb3oBaHWe HMILEBLIX COUManbHbIX ceTeil B VHTEpHeTe, Kak OAHOro W3 Hanbonee 9QEEKTUBHBIX
WHCTPYMEHTOB YNpaBMEHUs 3HAHWAMM, NO3BONUT MOBbLICUTL KOHKYPEHTOCMOCOOHOCTb COTPYAHMKOB 3a CYeT
NOCTOSIHHOrO OOMeHa 1 NpUOBpeTeHnst 3HaHWA U3 BHELHWX MCTOYHWKOB. B aaHHOW pabote paccMoTpum
HeKoTOpble 0COBEHHOCTW pa3paboTkm M NpPUMEHeHUs coumanbHbix ceTen B WHTepHeTe B cdepe 0byyeHns ¢
MCMONb30BaHNEM CUCTEMOIIOTMYECKOrO KnaccuthuKaLMOHHOo aHanmsa.

AKTyanbHOCTb NPUMEHEHUA coLuanbHbIX ceTel B UHTepHeTe B cepe obyyeHus

Ona paspabotkn addekTBHbIX 06pasoBaTenbHbIX CoUManbHbIX ceTeil B WMHTepHeTe  LenecoobpasHo
MPUMEHSATb COBPEMEHHbBIE Hay4Hble METOAbI, KOTOPbIE COOTBETCTBYHOT HOOCCHEPHOMY 3Tany pasBUTUS Hayku W
OpMeHTMpOBaHbl Ha paboTy ¢ copepxaTenbHonm WHdopMauuend. Hanbonee 3GhdeKTUBHBIM COBPEMEHHBIM
METOOOM  PELUEHUs  CMOXHbIX HedopManu3oBaHHbIX 3aday  SBMAETCS  METO4  CMCTEMONOrMYeCcKoro
KnaccuuKkaLmMoHHOro aHanuaa. MpuMeHeHne MeToAa CUCTEMOOTMYECKOro KNacCuuKaLMOHHOroO aHanuaa npu
hOPMMPOBaHWN KrnaccuukaLmini (yHKLUMA 1 CUCTEMbI CCbINIOK BHYTPU pecypca No3BOMSET MOBbICUTb CKOPOCTb
[0cTyna K HeobxoanMon WHGOopMaLMK, a Takke YMEHbLIAEeT Harpysky Ha norb3oBaTens 3a CYeT pasMeLLeHus
MHhOPMALMOHHBIX BIOKOB 1 MYHKTOB MEHIO COTMAcHO UX (hYHKLIMOHANBHOMY Ha3HaYeHMIO.

MpuUMeHeHNe MPeAnoXeHHbIX coumanbHbiX ceTel B WHTepHeTe ans obyyeHus nopgpasymeBaeT He TOMbKO
co3gaHne y4ebHbIX MaTepuanoB B cpefe VHTepHET W camocTosiTenbHyl paboTy COTPYAHWMKOB, a Takke
BO3MOXHOCTb HEMOCPELCTBEHHOTO KOHTaKTa MEX[y COTPYAHWKAMU, TPEHepamu W KOHCyNbTaHTamu B fioGoe
BpeMmsi cyTok. Takod noaxod B 0obyyeHMW NO3BOMMT OpraHM3oBaTb obyyeHWe B Bue MacTep Krnacca, YTo
3HAYUTENBHO MOBBICUT 3((EKTUBHOCTL OBYYEHWUS 3a CYET MPSIMOTO KOHTAaKTa MeXay y4acTHUKaMW CETU W
MPUrNALLEHHBIMW BHELHUMM «HACTaBHUKaMU-KOHCYNbTaHTaMuy [1].

MpUMEHeHNe 3HAHWEOPUEHTUPOBAHHBIX COLManbHbIX CeTelt B npouecce 0by4YeHUs MO3BOMMT OpraHM30BaTb
nHamBuayanbHoe ofyyeHne 6€3 NWYHOrO NPUCYTCTBMSI COTPyAHWKA Ha paboyem Mecte, uyto Oyadet
CnocobCTBOBaThL NOBBLILLEHNID Ka4yeCTBa NPOGECCHOHANBbHON NOArOTOBKMA, MO3BOMMUT MIOAAM C OrpaHUYEHHbIMM
BO3MOXHOCTSIMM NOMY4MTb Ka4eCTBEHHOe 0Bpa3oBaHne B KOMGOPTHbIX yCroBusx[1].
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PaspaboTka moaenu nepeaayun 3HaHui Ans hyHKLMOHMPOBaAHMA CoLManbHbIX ceTen B
WUHTepHeTe B chepe 0OyyeHus

[inst noHMMaHKs 3DHEKTUBHOCTM UCMOMb30BAHUS COLMAMNbHBIX CETEN, kak MHCTpyMeHTa 00y4eHus, B TOM Yucre
B pamkax camooByuyaroLLencs opraHusaumm, Gbina paspabotaHa MOAEMb PacNpOCTPaHEHUs 1 Nepefayumn 3HaHuii
B COLManbHbIX CETSIX.

PaccmoTpum TpeboBaHWsi, KOTOpbIM [OMKHA YAOBMETBOPSTb COLManbHasi CeTb B OpraHu3aLumM, TOuHee Te
(yHKUMM  0BYy4eHMs, KOTOpble Mbl [OMKHbI paccMaTpuBatb. Ha pucyHke 1 paccMOTpeHbl OCHOBHbIE
BO3MOXHOCTY UCMONb30BaHMS CoLManbHbIX ceTen B IHTepHeTe no 06y4eHnto COTPYAHMKOB.

O >

FOHCYNETALMK © 3KCNERTOM B @
PEzRMME RaNEHANOZEPSMEHH Hrenue y4eBHOR NUTEpaTYpEI

MpocwoTtp oByyalwero EMAED
MpochyLUMEAHHE aYAHD KYPCOE,
AYAMO KHHD

S

CoTpyAHHEK

% MpoeeneHKe OHNARH KOHpEepEeHLUMA
Jkcnept /

ELIHWEA NONE30EATENE

-

OByqeHHE Yepes NPMNOKEHWA

: /TpBHBHI’H ¢ yyacTue HP-manager

BzavmonefcTEME © ARYTHMA
NONLZOEATENAMMA HF-rnanager

Puc. 1. Bo3MOXHOCTW 1CMONb30BaHMS coumanbHbIX ceTeil ans 06y‘-leHI/1ﬂ COTPYAHMKOB KOMMaHWUK

BbiBoabl

Vcnonb3oBaHue counanbHbix ceTet B IHTepHeTe ans obyyeHns cneymanictoB NO3BOMMT NOBLICUTb CKOPOCTb M1
kayeCcTBO 0OyyeHus, npodeccuMoHarnbHbIM ypoBEHb 0OWecTBa UM co3daTb MOLWHbIM - hyHOAMEHT Ans
[arnbHenwero pa3suTus cdepbl 06pa3oBaHns B YKpanHe.

Cnucok Ucnonb3oBaHHOW NUTepaTypbl

1. Oanunos ALl. K sonpocy 06 akTyanbHOCTM pa3paboTku 3HaHMEOPMEHTUPOBAHHBIX COLManbHbIX CeTen B cdepe
obpasosanns. / 18- MexayHapogHbld MornogexHbin dopym «PaguoanektpoHuka u monogexb B XXI Beke». CO.
matepuanos copyma. T.9. MexayHapogHas KOHepeHuus «YnpaBreHue 3HaHusIMW W KOHKYpEHTHas passegka» -
XapbkoB: XHYP3. 2014. - ¢.50 - 51.

CeeneHus 06 aBTope

Hanunoe Andpel [mumpuesuy - acnupaHm, cm. npenodasamesnb kagpedpbl CU XHYP3; e-mail:
SkilO6@ukr.net
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MATPUYHAA MHOXECTBEHHAA PEFTPECCUA

Bnagumup [loHueHko, UHHaA Ha3apara, Onbra TapacoBa

AnHomauusi: MpednoxeH K paccCMOMPEHUI0 Kacc Mampu4HbIX (OyHKUUL Habopa Mampu4HbIX apeymMeHmos:
MampuUYyHyrO MHOXECMBEHHYI0 pe2pecculo. B pamkax pa3gumusi KOHUENUUu KOPMEXHbIX 0nepamopos
paspabomaH Mamemamudeckuli annapam cuHeynapHozo (SVD) pa3noxeHusi U mexHuku ncegdoobpauieHus
(r90) 3a Mypom-leHpoy3om, KomopbIll NO38OASEM nocmMagumb U KOHCMPYKMUBHO peums 3adady OUeHKU
mMemodom HaumeHbWwux keadpamoe (MHK) Ona MHoxecmeeHHOU MampuyHoOU peapeccuu.

Kntoyesble crosa: Mampu4Hasi MHOXeCmeeHHas pezspeccusi, ncegdoobpalieHue no Mypy - ﬂeroysy.

BBepeHue

3apava rpynnuposaHus uHdopmauun [Donchenko et al, 2012]: 3agaya BOCCTAHOBNEHWSI 3aBUCMMOCTEN W
3afava knaccudukalmm, knactepusaummn u pacnosHaBaHus 06pasos, - 3T0 3a4ada NPUHLMNUANBHON BaXHOCTY B
NPUKNagHbIX KUccnenoBaHnsX. BaxHbIM KnaccoM MatemaTudeckux cTpyktyp [[oHueHko, 2011], koTopble

MCMOMb3YHOTCS B PELLEHUN TakoW 3adaun, SBRSIOTCA 3BKNOOBLI NPOCTPaHCTBA R ynCroBbIX BEKTOPOB. Takoe
MCMONb30BaHMe OnpeaensieTcs, ¢ O4HON CTOPOHbI - 60raTCTBOM CTPYKTYPHbIX CBS3eN BKMNAO0BbIX MPOCTPAHCTB
B LIENIOM, C ApYroil — pasBMTON TEXHUKOW OMEPUPOBaHUS B 3TUX MPOCTPAHCTBAX, BKMtoYasa cuHrynspHoe (SVD)
pasnoxeHue 1 ncesgoobpallere (Ma0) no Mypy — Menpoy3ay [Moore,1920], [Penrose, 1955] (cm. Takxke [Albert,
1972]) B atmx npoctpaHcTBax. OTMETUM BbldatoLytocs ponb H.O. KupuyeHko W, B YacTHOCTM, ero paboTy
[Kirichenko, 1997], koTopasi passueaeT MaoO-TexHuky B R". Tem He MeHee, WCMONb3OBaHWe 3IBKMMLOBbIX
MPOCTPAHCTB YMCMOBbLIX BEKTOPOB CTAHOBMTCS OTPaHUYMBAIOWMM B PeLUeHWN MPUKMagHbIX 3adad, KOTOpbIMM
SIBMAKTCA, B YaCTHOCTM, 3aJayn pacrnosHaBaHus peun W oOpaboTkm u3obpaxeHwin. B aTux 3agavax
€CTECTBEHHbIM MPEACTaBUTENEM MCCrnedyeMblX OOLEKTOB SBMSIOTCS MaTpuLbl: CNEKTPOrpamMmbl M MaTpuLbl
n3obpaxeHun cooTeeTcTBEHHO. B pabote [Donchenko, Zinko, Skotarenko, 2012] npepnoxeHa KOHLUeNUus
KOPTEXHbIX ONepaTopoB, kotopast no3sonseT nepeHectn SVD — 1 MO — TEXHWKX Ha 3BKNMAOBLI NPOCTPAHCTBA
MaTpuL (PUKCMPOBaHHOW Pa3MEPHOCTW. Tam Xe YNOMsHyTble TEXHUKM WCMOMb30BaHbl ANs NOCTPOEHMS
paccTosiHUIA COOTBETCTBUS B 3afayax knactepusauun. B pabotax [Donchenko, Nazaraga, Tarasova, 2013-1],
[Donchenko, Nazaraga, Tarasova, 2013-2] pa3BWUT KOHCTPYKTUBHBIM annapaT MeToa HauMeHbLUUX KBaLpaToB
AN BEKTOPHbIX W MaTpUYHbIX HabniogeHWA ¢ npuMepamu  MPUKMAAHOrO  WUCMONb30BaHUA  Afis
MaKpPOIKOHOMWUYECKMX MOKasaTenen U MUKPOSKOHOMWYECKMX MokasaTenei. B npeanaraemoit  pabote
npeanaraeTcd  pacluMpeHne KOHLEMUMM KOPTEXHbIX OMepaTopoB, KOTOPOe MO3BOMSieT NOCTaBUTb U
KOHCTPYKTMBHO pelwnTb 3agavy MHK-oueHMBaHMS Ans MaTpuuHbIX  (DYHKUMA  HECKOMbKMX  MaTpUYHbIX
aprymMeHToB.

TeopeTqucxue OCHOBbI ManVI‘-IHOﬁ MHOXeCTBEHHOW perpeccuu

1.Teopema B1. (Basosas Teopema npo SVD-pasnoxenue [Donchenko, Zinko, Skotarenko, 2012].) Mycts A -
NWHEMHbIA  onepaTop Mexay AByms abCTpakTHbIMM - 3BKNMAOBbIMM  npocTpaHcTeamu A E, — E, |

A" E, — E, - conpsxeHHbIV kK Hemy, r =rankA =dimR(A) . Toraa:
o  obLee KOMYECTBO HEHYNEBBIX CUHIYNSPHOCTEN (Mapbl COBCTBEHHBIN BEKTOP — COBCTBEHHOE YKUCHO)
nByx onepatopoB AA", A"A paBHseTca T,

e HaBop coBCTBEHHbIX YMcen A’ >---> A > 0 yroMAHYTbIX ONepaTopoB SBNAETCS 0BLMM;

e ana (u,A’),(v,,A%),i =1,r cnpaBessmBbI COOTHOLLEHNS:

1
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U,':/l,‘ilAV/:/IiilA*’iZL_r; (1)

e orepaTtop MOXeT 6biTb NPEACTaBeH B TakoM Buge: AX = Z/l u(v,x),x ek, (2)
i=1

2. Onpepenenue B2. Mcesno-obpathbiM (MAO) k onepatopy A: E, — E, - byaem obosHavatb A* - HasbiBa-
etcs onepatop A" : E, — E;, koTopblit onpepienseTcs cootHowernem: A'y =>" 47'v,(u,,y),y € E, .

i=l1
3. Teopema B3. 3HaueHne A’y SBNSETCS MUHUMArbHBLIM MO HOPME PELLEHMEM ONTUMM3ALMOHHON 3adauu

MUHUMU3aLMN ANs X € E; dyHKuvoHana I Ax—y||2: A'y= argmin || z||2.

ze Argmin||Ax—y|*
xekEp

4. Teopema B4. (Mccneposanne CJIAY.) B npunaTtbix Bbile 0603HaYeHMsIX, HEOOXOAMMBIM U AOCTATOUHBIM
YCMOBMEM  PA3PELUMMOCT  OTHOCUTENBHO CUCTEMbI  NMHENMHBIX — anrebpanyeckux  ypaeHeHuin  (CJIAY)

Ax=y,y € E, , aBnseTcs ycnosue ( y.(lg - AA") y) =0, a MHOXECTBO BCEX PELUEHNA UMEET Takoi BIL;
Ay+(ly - A AE, . 3)

B cnyyae Hepaspewwumoctu CIIAY ( Yi(lg, — AA") y)>0, MHOXECTBO, ONpeAensieMoe COOTHOLEHWEM (3),

ONUCHIBAET MHOXECTBO argmin|| Ax — y ||*, TO eCTb MHOXECTBO BCEX PELUEHMIA ONTUMMU3ALIMOHHON 3afaqn

xeE,
HaWyywero KBagpaTuyHOro npubnvxenus npasoi yactu CITAY 3HaueHusimu neBoi yactu. Bce anemeHThI
MHOXeCTBa (3) B 9TOM Clyyae Ha3bIBaKTCS NCEBLO-PELLEHNAMM.
5. MHoxecTBeHHylo MaTpuuHyto perpeccuto  (MMP) ¢ maTpuuHbIMM - 3HaYeHWsIMM  Onpedenuv B
[IETEPMIUHNPOBAHHOI MOCTAHOBKE: Kak MaTpuuHylo (yHkumio Y, onpedensiemMylo  MaTpuuHbIM KOPTEXEM-
CTPpOKOM at,c = (X3P X)), X, € R™", k=LK, Buga Y(a,)=BX +BX0B R k=0K,

noanexawjeil  onpeneneHuio Ha  OCHOBE  HabromeHwii @0.Y),i=,N,  rae
Yo =Y(a).alk =( X5 X0, i =1,

1

6. OtobpaxeHune P : R — R™", KoTopoe OnpenenseTcs COOTHOLLEHNEM:
Y(al,K):ﬁl)(] +"'/HKX %Kﬂ ﬂ (ﬁl!"!ﬂK)’ﬂERKv (4)
Oynem Ha3biBaTb 4, » CNEnyst [Donchenko, Zinko, Skotarenko, 2012], KopTeXHbIM ONepaTopoMm.

7. Bypem Takxe ucnonb3oBaTb 0603HaYEHUS:

e ¥, - MaTpU4HbIi KOPTEX - CTONGEL, Momy4eHHbId U3 3HayeHuin HabmopeHuin Y.,i=1,N:

v

ty=| e V=T
YN

. ;(,(\ﬁ, j=1,K, - kopTexu - cTonbupl AnuHHbI N, NONy4YeHHbIE U3 j-TbIX KOMMOHEHT KOpTEXeN-

cTpok oy, i =1LK;
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® ayy - KOPTEX - CTpOKA A/MHbl K, MONyyeHHbld 3 KopTexer - cTonbuos 20 =1,K:

_ m: o J(KYy-.
Ak =Nyt Ny )

P RX — RM™" . MaTpuyHblit KOPTEXHbII ONEpaTop 13 eBKNMAOBA NpocTpaHcTea RX B

€BKITNA0BO NPOCTPAHCTBO KOPTEXEN - CTONBLOB ANMHbI N U3 111 N MaTpuL, C MOKOMMOHETHBIM
CKansipHbIM NPOU3BELEHNEM.
8. OueHka /3 € R* MeTona HaMMeHbLUMX KBAJpaTOB HEWU3BECTHOTO MapaMeTpa MaTpUYHON MHOXECTBEHHOI
PErPeccHn ¢ MaTpUYHbIMU 3HAYEHMSIMU ECTECTBEHHBIM 00PA30M ONpeaenseTcs kak peLleHne onTUMU3ALIOHHOI

N
3afaun MUHUMU3aLMU yHKUMOoHana Z|| Y =9 .8 |I2..,, MeToAa HalMeHbLUMX KBafpaToB:
f i

f— argmin| g JF 5
BeArgmin D |IYi—p i) Bllzen ( )

peRrK T ALK

9. Crangapthbim oBpasom MHK-ouerky Y(x )& = (X, 5...iX, ), X, € R™", k=1, K, matpudHoi

MHOXECTBEHHOM perpeccun 6y,u,eM onpenendrtb COOTHOLLUEeHneM
~ ~ K ~ —
Y(kx) = 9. B =D BXu X, e R™"k=1K.
k=1

10. flema 1. ®yHKUMOHan MeToAa HaWUMEHbLIWX KBALPaTOB MaTPUYHOM perpeccun A(S) MOXeT ObiTb
nNpeACTaBreH B BUZE:

Ap) =2l -

9
i=1

o'k

K .
B = 21w = 22812000 W=l 2y = 0, B (6)
j=1

11. Teopema 1. PelweHnem onTummaanmoHHon 3agayn (5) sensetcs B , KOTOpPOE OnpeaensaeTcs COOTHOLLEHNEM:

n_ .+

b= oy, Ay - (7
[lokasatenbctBo Teopembl 1 BbiTekaeT 43 obuwero BapuaHta SVD-pasnoxenus, onpegenenus MgO u
uccnegosanus CITAY 4ns nuHeHbIX onepaTopoB Mexy abCTpakTHbIMM 3BKIMAOBLIMM NpocTpaHcTBaMu(M1.3).

12.  OGosHaumm (v, A7),i =1r, Habop  HeHymneBbIX  CUHIynspHOCTeM  Matpuupl  [pamma

F:((Zf\jf],;(}\ﬁ),\,!mxn) __, Habopa ;(,‘\j,’l,i:L_K, r=rankl,A>>--> A’ >0, a (;(U,,,/l,z),izl,_r, -

ij=LK

CUHTYnsipHoCTW  onepaTopa o, ¢, . B cootBetcTBAM ¢ obleit Teopemoit o SVD-pasnoxeHuy

pa Vi 1
R .y
ZU,/ l

1

13. Teopema 3. OueHka MHK BekTOopa HeM3BECTHbIX MapamMeTpoB ONpefenseTcs COOTHOLIEHWEM
r

P + -1

B= Py Xy = Z/Ik Vi Zuis 2y Inmen
k=1

[okasatenscto TeopeMbl 3 nonyyaetcs NpsmbIM npuMeHeHnem Teopembl B1.

3aknioueHue

MpeanoxeH K pacCMOTPEHMIO KMacC MaTpuuHbX (DyHKUMA Habopa MaTpuuyHbIX apryMEHTOB: MaTpuyHas
MHOXECTBEHHast perpeccusi. B pamkax pa3BUTMS KOHLEMUWMM KOPTEXHBIX OnepaTtopoB pa3paboTaH
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MaTemaTuyeckuin annapat cuHrynspHoro (SVD) pasnoxeHus n TexHuku ncesgoobpatyenus no Mypy-lleHpoyay
ANS KOPTEXHbIX 0nepaTopoB. [peanoxeHHoe pasBuTME KOHLENUWMW MO3BONSET MOCTaBUTb U KOHCTPYKTUBHO
pewuTb 3agavy MHK-oLeH1BaHWS 4519 MHOXECTBEHHON MAaTPUYHON perpeccuu.
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1955. — P.406-413.
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method: foundation and application examples. International Journal Information Theories and Applications. — 2013. —
Vol.20, No 4.- P.311-322.
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P. 325-336.
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PA3PABOTKA XPAHUNULLA OAHHbIX ANA
WH®OPMALMOHHO-PECYPCHOIO LIEHTPA

AHHa XonHapckas

AHHomayusi: B poknage onpegensercs noHatue “UHopMaLMOHHO-PECYPCHbIN LEHTP”, KOTOpbIN
SIBMSETCS TEXHUYECKUM aAMMHUCTPATOPOM €AMHbIX U FOCYAAPCTBEHHbIX PEECTPOB. PaccmaTpuBatoTcs
OCHOBHblE (PYHKLWW [aHHOrO LeEeHTpa Takue, Kak obecreveHne (yHKUMOHMPOBAHWS peecTpos,
COXPaHHOCTb W 3awwmTa daHHbix. OnpegensieTcs cneundmka uHopMaLmmK, Kotopas nepegaertcs B
XpaHWUnuLLEe AaHHbIX. MccnenoBaHne NpoBOAUTCA C LEMb0 NOCMeayWero onpeaeneHmns KoHLenummn
OpraH13aLmm XpaHunuLLa AaHHbIX 4N MHEGOPMALMOHHOTO LieHTpa.

Kntoyeebie cnoea: VIHPOPMALMOHHBIN LEHTP, XpaHUNULie [JaHHbIX, Chneuuduka UHpopmaLmm,
obpaboTka HGopmauum, peectp.

BBepeHue

[aHHas paboTa COOEPXMT  pesynbTaTbl  WUCCMEAOBAHMIA,  MOCBALUEHHbIX — pa3paboTke  TeopeTuKo-
METOZONOMYECKMX OCHOB CO3A4aHWs MH(OPMALMOHHBIX XPaHUMUL, AN MHEOPMALMOHHO-aHaNUTUYECKIX
cuctem. O6beKMoM UccriefoBaHus IBNSIETCS NPOLIECC OpraHM3aLm XpaHUIuLLA AaHHbIX Anst MHGOpMaLMOHHO-
PECYPCHOro LieHTpa. [pedmem uccrenoBaHns — CPeACTBa OpraHn3aLn XpaHUNL AaHHbIX B MHOPMALMOHHO-
aHanuUTU4Yecknx cuctemax. Llesb uccrenoBaHnst — onpefeneHe KOHLENUMA OpraHmn3aLmm XpaHunuLY, AaHHbIX B
NHCOPMALIMOHHO-aHaNUTUYeCKUX cucTeMax. B aoknage Takke pacCMOTPEHbl TEXHONOMMM U MPUHLMMbI
OpraHM3aLmmn XpaHunuLLa AaHHbIX B MHCOPMALMOHHO aHaNMTUYECKUX CUCTEMAX.

MonsiTue «UHGOPMaLIMOHHO-PECYPCHBIN LIEHTP» U €0 OCHOBHbIE 3afayu

B Havane 80-x rogos, B nepuog OypHOro paseuTUSI PETUCTPUPYHOLLMX MHGIOPMALUMOHHBLIX CMCTEM, MOSIBUNOCH
0CO3HaHWE OrPaHNYEHHOCTY UX NPUMEHEHUS AN aHanM3a LaHHbIX U MOCTPOEHWS CUCTEM NMOAAEPKKNA MPUHATUS
peLLeHuit. Pernctpupytolime cucTembl CO3AaBanmMChb 415 aBTOMaTM3aLUMN PYTUHHBIX ONepaLuii; BbIMUCKKA CHETOB,
0(hOpMIIEHNs JOrOBOPOB, MPOBEPKM COCTOSHWA MPEAnpuaTMs W T.4., W NpegHasHavyanucb NS fIMHENHOro
nepcoHana. OCHOBHbIMM TpebOoBaHUAMM K TakuM cucTemMam Obinn obecneyeHne TPaH3aKLMOHHOCT BHOCUMBIX
M3MEHEHNA M MaKCUMM3aUMS CKOPOCTM, YTO M onpedenuno Torga Belbop pensumonHbix CYB[ u mopenm
NPEACTaBIEHNS AaHHbIX «CYLIHOCTb-CBA3b» B KAY4ECTBE OCHOBHbIX TEXHUYECKMX PELLEHWA MpU MOCTPOEHUN
PErnCTPUPYIOLLMX CUCTEM.
[Ins MeHemxXepoB M aHanWUTUKOB, B CBOK OYepedb, TpebOBanuUCb CUCTEMbl, KOTOpble Obl NO3BONANM:
aHanu3MpoBaTb WMH(OPMaLM0 BO BPEMEHHOM acnekTe, (hOpMMpOBaTb MPOM3BOSbHbIE 3anpoChl K CUCTEME,
obpabartbiBaTh HorbluMe 06bEMbI AaHHbIX, MHTETPUPOBATH AaHHbIE U3 PA3NUYHbLIX PEMUCTPUPYIOLLMX CUCTEM.
«/HDOPMALIMOHHO-PECYPCHBIN LIEHTP» SBMSIETCA NPEanpuUsaTUEM TOCYAAPCTBEHHOM (HOpMbl COBCTBEHHOCTM,
OCYLLECTBNSAET CBOK XO3ANCTBEHHYI0 AeATenbHOCTL ¢ 2005 roga.
OcCHOBHbIMM  pabouuMmn  LensaMM  [aHHOW OpraHu3auun  SBnseTcs npefocTaBneHne  WHGOPMALMOHHOM,
TEXHUYECKON MOAAEPXKKM, @ TakKe KOHCYNbTauuii pa3HooOpasHbIM roCy4apCTBEHHbIM Wi HErOCYAapPCTBEHHbIM
opraHu3aLmsm.
OpfHoM 13 OCHOBHbIX 3a4a4 HGOPMALMOHHOTO LieHTpa fBnseTcs obecneyeHmne YHKLMOHMPOBAHMS PEECTPOB:

e  EQuHOro rocyaapCTBEHHOrO peectpa KpUANYECKIX AL, 1 U3nYeckux nuu-npeanpuHumarenei (EMP)

e PeecTtpa [OKYMEHTOB pa3peLunTenbsHoro xapaktepa (POPX)

e EauHoro nuueHsnonHoro peectpa (EMP).
Kaxabil 13 BblLLENepeynCrieHHbIX PeecTpoB npeacTaenseT coboil  aBTOMaTU3MPOBAHHYK cuctemy cbopa,
HaKOMMeHMs, 3aLLWTbl, y4eTa U NpeaocTaBneHns nHhopMaLmm.
0606LLas BbILLEN3NOXEHHOE, MOXHO caenaThb BbIBOA, YTO MHAPOPMALMOHHO-PECYPCHBINA LEHTP - 3TO KOMMIIEKC,
BKIMIOYAIOWMA  MHEOPMALMOHHbIE, NPOrpPaMMHO-annapaTHble W Hay4YHO-METOAMYECKME CPEeAcCcTBa, a TaKke
COBpPeMeHHoe obopynoBaHWe W WHble BUObl PECYPCOB [N OpraHu3aumu npouecca (YHKLUMOHWPOBAHMS
PeecTpoB, COXPAHHOCTM W 3aLNThI AaHHbIX.
OpraHu3auus Takux pecypCHbIX LEHTPOB Jana noTpebHOCTb B NOSIBNIEHWNE TEXHONOTMU XPaHUINLL, AAHHbIX.
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TeXHONorMm 1 KOHLEeNLMM opraH3aLumn XpaHUnuL AaHHbIX B MHGOPMaLIMOHHO-aHANUTUYECKUX
cuctemax

B ocHoBE KOHLienLymM XpaHumnuLLa AaHHbIX Nexat Be OCHOBHbE MAew:

e VHTerpauns pasbearHeHHbIX 4eTann3MpoBaHHbIX AaHHbIX (AETANM3NPOBAHHbIX B TOM CMbICIE, YTO OHM
OMKCLIBAIOT HEKOTOPbIE KOHKPETHbIE (DaKTbl, CBOCTBA, COOLITUS 1 T.0.) B @AMHOM XpaHunmwe. B npouecce
WHTErpauum [OMKHO BbINOMHATLCS COMMAacoBaHWE PAacCOrnacoBaHHbIX AETaNM3NPOBaHHbIX AaHHbIX W,
BO3MOXHO, UX arperauusi. [laHHble MOryT NocTynaTh U3 MCTOPUYECKNX apXMBOB, ONepaTuBHbIX 6a3 AaHHbIX,
BHELLHWX UCTOYHMKOB.

e PasgeneHne HaboOpoB [AaHHbIX W MPUMOXKEHWUHA, UCMONb3yeMblX Ans  onepaTuBHOM 0bpaboTkn w
NpUMEHsIEMbIX ANS PELLeHIs 3aa4 aHanu3a.

VHTennekTyanbHbIM aHanu3 MHgopMauuy B MHOPMaLMOHHO-aHaNMUTUYECKMX CUCTEMAX YacTo paccmartpusartoT
KaKk eCTEeCTBEHHOE Pa3BWUTWE KOHLENUMW XpaHUMWLY [aHHbIX, B KOTOPOM HakannuBalTcs BCe HeobxoauMble
AaHHble NS OCYLLECTBIIEHNS OnpefeNieHHbIX 3a4ay CTPaTermyeckoro ynpasneHns pasHbix Nepuoaos.

KntouyeBbIMM KOMMOHEHTaMM Takom opraHnsaummn senstotcsa TexHonorun OLAP u Data Mining.

TexHonoruss OLAP n Data Mining "o6orawart" gpyr gpyra. OTv [OBa BWAa aHanuia OOMKHbl OblTb TECHO
006beanHeHbl, 4ToObl MHTErPUPOBAHHAs TEXHONOrMA Morna obecneynBaTb O4HOBPEMEHHO MHOrOMEPHbIN LOCTYN
1 nomck 3akoHomepHocTel. o crnosam N.Raden, "MHorve KomnaHuu co3gamv ... MpekpacHble XpaHunuwa
[aHHbIX, MOeanbHO PasnoXuWB NO MOMOYKaM ropbl HEMCNONb3yeMon MHGOpMaLmm, KoTopas cama no cebe He
obecneynBaeT H1 ObICTPOIA, HN JOCTATOYHO IPAMOTHOM peaKLMn Ha PhIHOYHbIE COObITUS",

CpencTeo OpraHu3aumn XpaHWnuL, AaHHbIX B MHMOPMALMOHHO-aHaNUTUYECKUX CUCTEMAX, OCHOBAHHOE Ha
METodaXx WMCKYCCTBEHHOTO WHTENNEKTa M MHCTPYMEHTaX MOAJEPXKKM MPUHATUS pelleHun — HasbiBaeTcs Data
Mining.

OyHkumoHupoBaHue Data Mining cocTouT B BbLISIBNEHWMM CKPbITHIX MPaBMA W 3aKOHOMEPHOCTEA B OOMbLUMX
MaccuBax AaHHbIX.

Metogpl Data Mining nossonstor oBHapyxuTb CTaH4apTHble 3aKOHOMEPHOCTU. BblgensioT naTb CTaHAApTHbIX
TUNOB  3aKOHOMEPHOCTEN:  accouuauns, nocnefoBaTenbHOCTb,  Knaccudukaums, — knactepusauus W
NPOrHO31POBaHME.

B OLAP, Tarxe kak 1 8 Data Mining, peanuayeTcsi CrOXHbIA MHTENNEKTYarbHbIi aHaNM3 AaHHbIX ¢ BO3MOXHOC-
TbH0 MCMOMb30BAHNS XOPOLIO 3apeKOMeHAOoBaBLUMX Ce0si METOAOB MAaTEMaTUYECKOW CTaTUCTUKW, HEMPOHHBIX
ceTelt, MalMHHOTO OByYeHWs, BU3yanu3auuu [aHHbIX, WHAYKLWW NPaBWi, HEYEeTKOW MOTUKK, reHEeTUYeCcKMX
anropuTMoB.

B ocHoee OLAP cuCTEMbI TNEXWT MHOTOMEPHOE KOHLENTyarnbHOe MpeacTaBreHue OaHHbIX. Takas cucTema,
OCHOBaHa Ha TEXHOMOMMM aHanMUTUYeckon 06paboTKM AaHHbIX B pexume pearnbHoro Bpemenn (On-Line Analysis
Processing).

B OLAP-cuctemax 0OCHOBHOE BHUMaHWeE YAeNeHo rmbKoCTM JOCTYNa U MaHUMyNMPOBaHNS MHGOpMaLMen.

B Data Mining, B otnuune ot OLAP, oCHOBHYt0 3adady POpMynupOBaHUs rMMOTE3 W BbISBIEHNE HEOObIYHbIX
WwabnoHoB BbINONHAET komnbtoTep. Data Mining no3BonseT BbisiBUTH HOBblE 3HAHWS, KOTOPbIE HEBO3MOXHO
Nony41Tb METOAAMM CTATUCTUYECKOTO, PErPECCUOHHOTO aHanM3a U SKOHOMETPUKHA.

Ha cerogHsHWA OeHb HemHorve nponssoguTeny peanusytoT Data Mining ans MHoromepHbIX AaHHbIX. Kpome
TOro, HekoTopble MeTogbl Data Mining, Hanpumep, Metog 6nwxanwwx cocegen wnu  GailecoBckast
Knaccudukaums, B cury MX HecnocoBHocTu paboTatb C arpervpoBaHHbIMK [AHHBIMU  HEMPUMEHWUMbI K
MHOTOMEPHbIM [JaHHbIM.

MpenmyLLeCTBOM 3TWX TEXHOMOTUA B TOM, YTO OHU MOCTOSIHHO Pa3BUBAKOTCA, NPUBNEKalOT k cebe Bce 6onbLUNi
WHTEPEC CO CTOPOHbI HAy4HOrO MUPA, TaK U CO CTOPOHbI MPUMEHEHUS OCTVKEHUA TEXHOMOIMIA B PA3NYHbIX
oTpacnsx.

I'Ipo6neMb| MHTerpaunMn gaHHbIX

OcTaHOBMMCS Ha HEKOTOPbIX NpobrieMax peanu3aumn XpaHunuLLa AaHHbIX:
e HeogHopogHOCTL NporpamMMHoON cpeapl
e PacnpepeneHHbli xapakTep opraHusauum
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o [loBblLeHHbIE TpeboBaHKS k 6E30MaCHOCTM AaHHbIX

o HeobxoanMmMoCTb HanMums MHOTOYPOBHEBbIX CIPABOYHNKOB METaAaHHbIX

o [loTpebHocTb B 3dhheKTMBHOM XpaHeHUM 1 0BpaboTke oveHb 60MnbLUMX 06BEMOB MHGOPMaLWK .
Mpn BbIGOpE CPeACTB peanu3auuy XpaHUnULa [faHHbIX MPUXOAMTCA YYWTbIBATb MHOXECTBO (DAKTOPOB,
BKITIOYAKOLMX YPOBEHb COBMECTUMOCTM PasnMuHbIX MPOrPaMMHbIX KOMMOHEHTOB, NErKOCTb WX OCBOEHUS W
NCNONb30BaHs, APEEKTUBHOCTb (DYHKLMOHMPOBaHUS. [pUXOAMTCA Takke peluaTb BOMPOCHI ayTeHTU(MKaLmm
nonb3oBaTenei, 3aLnTbl AaHHbIX NPU UX NEPEMELLEHUN B XPaHWMMULLE AaHHbIX U3 onepaTuBHbIX 6a3 AaHHbIX 1
BHELUHMX UCTOMHMKOB, 3aLLWTbl JaHHbIX NPU X nepeaade no cetu.

BesonacHocTb Mpu XpaHEHUM W Nepechinike AaHHbIX SIBMSIETCS OOHUM W3 OCHOBHBIX BOMPOCOB npu pabote
KOHbMAEHLMANBHBIMU W NPUBATHBIMU AaHHBIMU. BO3HWKLIYI0 HEOBXOAMMOCTL MOXHO OPraHU30BaTh C MOMOLLbIO
LIMKPOBAHHOTO XpaHUIMLLA ANs YAANEeHHOro pasMelLeHnst dhairos — Tak HasblBaemoe 06M1a4yHoe peLLeHme.

HapéXHocTb, CBOEBPEMEHHOCTb MOMYYeHIUs U AOCTYNHOCTb AaHHbIX B 00rlake OYeHb CUMbHO 3aBUCUT OT MHOMMX
MPOMEXYTOYHbIX NApaMeTPoB, TakWX Kak: KaHambl nepefaus AaHHbIX Ha MyTM OT KhueHTa K obnaky,
Ha[IeXHOCTb NOCNEHE MWUNKM, KayecTBO paboThl MHTepHeT-npoBaiaepa, AOCTYMHOCTb Camoro obraka B
[@HHbI1 MOMEHT BPEMEHM.

ObnayHoe XpaHWNWLWE [faHHbIX — MOAEMNb OHMaWH-XpaHUIWWa, B KOTOPOM [aHHble XPaHATCS Ha
MHOTOYMCIIEHHbIX pacnpefenéHHbX B CeTW CepBepax, NPedoCTaBnseMblX B MOMb30BaHWE KMWEHTaM, B
OCHOBHOM, TPETbeN CTOPOHOW. B npoTWBOBEC MOAENM XpaHeHUs AaHHbIX Ha COOCTBEHHbIX BbIAENEHHbIX
cepBepax, NpnobpeTaeMblx UM apeHayembIx crneuuanbHo Ans NogobHbIX Lieneit, KonM4ecTBo Ui kakas-nnbo
BHYTPEHHSS CTPYKTYpa CEpBEPOB KMMEHTY, B obWeM cryyae, He BWAHA. [laHHble XpaHATCS, a paBHO U
obpabartbiBaloTcsi, B Tak HasbiBaeMoOM obnake, KOTOpoe MpeacTaBnseT cobom, C TOUKM 3pEHUs KIMEHTA, OAWH
GonbLuoi BUPTYanbHbI cepeep. PU3NYECKM Xe Takue CepBepbl MOTYT pacnonaraTtbCsl YAaneHHO apyr oT apyra
reorpacmyeckut, BNNOTb 4O PacnoNOXKEHNS HA Pa3HbIX KOHTUHEHTaX.

3aknioyeHue

OnpegeneHo noHsTHe «MHMopMaLMOHHO-PECYPCHOrO LeHTpay. MpoaHan1aMpoBaHbl €ro OCHOBHbIE PYHKLMN 1
paboune uenwn. MpogemoHcTpupoBaHbl TexHonormn OLAP n Data Mining, koTopble SIBNSIOTCS KITHOYEBLIMM
KOMMOHEHTaMM OpraHu3aumn XpaHunuw, AaHHbix. B Data Mining, B otnuune ot OLAP, OCHOBHylO 3agady
(hOpMynMpOBaHNS MMNOTE3 U BbISBMEHME HEOObIYHbIX LIABNoHOB BbINOMHAET KomnbloTep. Data Mining
NO3BONSIET BbISBUTb HOBbIE 3HAHWS, KOTOPbIE HEBO3MOXHO MOMYy4YNTb METOZAMM  CTaTMCTUHYECKOro,
PErPECCUOHHOr0 aHanu3a WK 3KOHOMETPUKMW. TPeUMyLLecTBO 3TUX TEXHOMOMMA B TOM, YTO OHM MOCTOSHHO
pas3BMBALOTCS, NPUBEKaloT K cebe BCe BOMbLUMIA MHTEPEC, KaK CO CTOPOHbI HAY4YHOrO MUpa, Tak U CO CTOPOHbI
NPUMEHEHNS OCTKEHWNIA TEXHOMOMMI B PasinYHbIX OTpacsix.

[laHHble McCriefoBaHNs [OMKHbI  OMPENenUTb KOHUENUMW [N OpraHu3auui XpaHunuwa AaHHbIX Ans
NHGOPMALIMOHHOTO LIEHTpA.
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MPOrHO3UPOBAHMUE PUCKA BAHKPOTCTBA KOPMOPALIMA B YCIIOBUAX
HEOMNPELENEHHOCTU C UICNONb30BAHUEM HEYETKUX HEUPOHHbIX CETEM

KOpun 3anuyeHko, OBu Hacac Aram ar Famuw

AnHomauyus: B cmambe paccmMampugaemcsi npobriema aHanu3a pucka baHkpomemea Kopnopayud 8 ycrogusix
HeonpedeneHHocmu. [ns ee peweHus npednazaemcs NpUMeHeHUe KackadHbIX Heo-(ha33u HeUpPOHHbIX cemed.
MpusoOumces cmpykmypa kackadHoU Heo-(ha33u Helipocemu, onucaHbl ee caolicmea U aneopummsi 0bydeHus 8
nakemHoM U onepamugHOM pexumax. [lpusodsmes pesynbmambl 3KChepuMeHmasbHo20 Ucciedo8aHusi Ux
npuMeHeHus 8 3adaye NPOSHO3UPOBaHUSI pucka baHkpomcmsa npednpusmul YKpauHbl U CpasHUMesbHbIU
aHanus c pe3yfbmamamu ucnosib308aHus Knaccuyeckux memodos Anbmmara u [aebidogol- benukosa, makxe
Heyemkumu HelpoHHbIMU cemamu Mamdaru u Llykamomo.

Kntoyeeble croea: npozHo3uposaHue pucka baHkpomemea Kopnopayuli, kKackaOHble HEO-(ha33u HelipOHHbIE
cemu, Heyemkue HelipoHHble cemu Mamdaru u Llykamomo.

BBepeHue

OpHol M3 akTyanbHblX Mpobnem, CBS3aHHbIX CO  CTPATErMyeckUM MEHEMKMEHTOM, SBASETCH aHanu3
(hMHAHCOBOTO COCTOSHMS M OLIEHKa prcka BaHKpOTCTBa NPeanpUATUN (KOprnopavLuii).

CBOEBPEMEHHOE BbISIBIIEHWE MPU3HAKOB BO3MOXHOrO OaHKPOTCTBA MO3BONSET PYKOBOACTBY MPUHUMATbL
CPOYHbIEe MepbI MO UCMPaBIEHN (OMHAHCOBOTO COCTOSIHIS M CHIKEHMIO prcka GaHKpOTCTBa.

B TeyeHMe MHOMMX 1eT KnaccUYeckue CTaTUCTUYECKME METOoAbl LUMPOKO MCMONb30BaiMCh  Ans
MPOrHoO3MpPoBaHNs puckoB BaHkpoTcTBa. OHW BKIIOYAKT NPOLEAYPY Knaccudmkaumm, Kotopasi OTHOCUT Ty MIK
APYryio KOMNaHWHo K rpynne noTeHuuanbHbix GaHKPOTOB UMK K rpynmne KoMnaHmin ¢ 6naronpusiTHbIM (MHAHCOBbLIM
MOMOXEHNEM C ONpeeNeHHON MepO TOYHOCTW. B HacTosiLee Bpems CyLLECTBYET HECKONBKO OBLLENPU3HAHHBIX
CTaTUCTUYECKMX METOLOB U METOAMK OLEHKM pucka BaHKpoTCTBa. Hanbonee M3BECTHOM W LUMPOKO MPUMEHSAEMON
sBnsieTcss Memoduka npogeccopa Anbmmara [Altman, 1983; Altman, 1968]. BmecTe ¢ Tem, mogenb AnbTmaHa
UMeeT psg HeJoCTaTKOB M €e MPUMEHEHWe [AN19 OSKOHOMUKA YKpauHbl COMPSXKEHO C  OnpeaeneHHbIMMU
TpyaHocTsmu. [losTomy B nocnedHue rodbl pa3pabaTblBalTcA anbTepHATMBHbIE MOAXOObl M MeTogbl,
YUuTbIBAKOLLME CMEUMdUKy aHanu3a M MPUHATUS PELUEeHWA B YCNoBWSX HeonpeaeneHHoctn. K ux uucny
OTHOCATCA anmapat HEYEeTKUX MHOXECTB W HeyeTkue HeWpoHHble ceTw. B pabotax [3ryposckuin & 3ailyeHko,
2013] 6binM MccrnenoBaHbl HEYETKME HEMPOHHLIE CEeTW ¢ BbiBogoM MamaaHu n LlykamoTo, a Takke HEYeTKo -
MHOXECTBEHHbIN ,MaTpuyHbIn® MeTon [HemocekuH & Makeumos, 2003; HepocekwH, 2003] B 3agave
MPOrHO3MPOBaHNS pucka BaHKPOTCTBA KopropaLuii.

Llenblo HacTosiwen paboTbl SBASETCA PacCMOTPEHNE W CPABHUTESbHBIA aHanW3 3hDEKTUBHOCTU MPUMEHEHUS
KNacCMYeCcKMX METOLOB W HOBOFO Kracca HEeYETKUX HEMPOHHBbIX CETeN — KackadHblX Heo-(hassn HeipoceTei
METOLOB ANS NPOrHO3MPOBaHUS pucka BaHKPOTCTBA NPEANPUATUIA MPUMEHUTENBHO K 3KOHOMMKE YKpauHbI.

Mopenu oueHku PUCKa 63HKpOTCTBa Ha OCHOBE MHOrOMepHOro AMCKPUMUHAHTHOIO aHanu3a

K uncny Hanbonee 13BEeCTHbIX W pacnpoCTPaHEHHbIX MOZenel OLEeHKM pucka BaHKpOTCTBa OTHOCUTCS MOAENb
npocpeccopa E. Anbtmana [Altman, 1983]. Mogenb ArbTMaHa MOCTPOEHa C MCMOMb3oBaHWEM annapara
MYNbTUNAMKATUBHOTO OUCKPUMUHAHTHOTO aHanusa (MOA), koTopbiit no3sonseT nogobpatb Takie nokasaten,
AMCNepcus KOTOPbIX Mexay rpynnamn 6bina 6bl MakcMManbHOW, a BHYTPU Tpynnbl MAHUMAnNbHOW. B gaHHOM
crnyyae knaccudukaLms npoBogunack no AByM rpynnam KOMMaHui, OAHU U3 KOTOPbIX No3aHee 06aHKPOTUIKC,
a apyrvie, HaobopoT, CMOTN BbICTOATb 1 YNPOYUTL CBOE (PUHAHCOBOE NOSOXEHUE.

B pesynbtate npumererus MOA 6bina noctpoeHa mogenb ArnbTMaHa, uMetoLas crnegyrowwmi ug [Altman, 1968]:
Z=1.2 K1 +1.4 K2 +3.3 K3+0.6 K4+1.0 K5 )
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rae Ki = cobcTBeHHbI 060pOTHbINA KanuTan/ cymma akTuBoB; Ko= HepacnpeaeneHHas npubbins/ CyMMa akTUBOB;
Ks= npubbinb [0 ynnatbl NPOLEHTOB/ CyMMa aKTWBOB; Ks= pbIHOYHAs CTOMMOCTb COOGCTBEHHOrO Kanutana/
CTOMMOCTb 3aeMHOro kanutana; Ks= o6bem npogax/ cymma akTBOB.

B pesynbTate nogcyeta Z — nokasatens Ans KOHKPETHOMO NpeanpuUsiTiS OenaeTcs 3aknodeHue:
ecnn Z < 1,81 — 04eHb BbICOKas BEPOSTHOCTb BAHKPOTCTBA;
ecnn 1,81 < Z < 2,7 — BbIcOKasi BEPOSITHOCTb BaHKPOTCTBA;
ecnn 2,7 < Z < 2,99 —Bo3MOXHO BaHKPOTCTRO;
ecnn Z = 3,0 — BeposTHOCTL GaHKPOTCTBA KpaiiHe mana.

Mogenb AnbTMaHa AaeT A0CTaTOMHO TOYHbIN NPOTHO3 BEPOSTHOCTI BAaHKPOTCTBA C BPEMEHHbBIM UHTepBanom 1 —
2 ropa.

B nocnegHue rogbl 6bin BbINOMHEHbI MCCNELOBaHUS MO MPUMEHEHWIO mogen AnbTmaHa ans ctpad CHI ¢
MepexoaHoi 3KoHOMMKOM. [pn 3TOM KO3PUUMEHTbI MOZENM LOMKHbI OblTb CKOPPEKTMPOBAHbI C y4ETOM
cneundmkm AaHHOMo Tuna akoHoMuUKM. K uncny Hanbonee ycneluHbIx Mogenen oTHocuTes Mogenb [laBbiaoBon-
Benukosa, paspaboTtaHHas ans akoHomuku Poccum [JaBbigosa & benukos, 1999].

Mogaenb [laBbigoBoi — BenukoBa nveet Bua;
R =8.38K, +K, +0.054K, +0.63K, , (2)

rae K, - OTHOLeHre 0bopoTHOro KanuTana k CyMme BCeX akTBoB; K, - OTHOLLEHIWE YMCTON NpUbbINN K CyMmme
cobcTeeHHoro kanutana; K, - OTHowWweHue ofbema npoAax (BbIpyu4kW OT peanusauum) K CymMMe aKkTMBOB

(koathmumeHT obopaynsaemocTy); K, - OTHOLLEHME YMCTON NPNBLINKN K CeBECTOMMOCTH.

Mpn R < 0- BeposTHOCTL HaHkpoTcTBa MakcumanbHa (90 - 100%); 0 < R < 0,18 - BeposiTHOCTb GaHKpOTCTBA
Bbicoka (60 - 80%); 0,18 <R<0,32 BeposTHOCTb BaHkpotcTBa cpepHss (35-50%); 0,32 < R < 0,42 -
BEPOATHOCTb GaHkpoTCTBa HU3kas (15 - 20%); R = 0,42 - BeposTHOCTb 6AHKPOTCTBA MUHUMASTBbHA.

B akoHomuke YkpanHbl Mofienb AnbTMaHa noka He noryynna LWKMPOKOro MPUMEHEHUS MO CReayoLWMM NpUYMHaM:

1) TpebyeTcs BbluMCNEHWE COOTBETCTBYHIOLMX k03ahuLmMeHTOB npu nokasatensx Ki, i = 1.5, kotopble,
€CTECTBEHHO, OTIIMYAKOTCA OT MX 3HAYEHW ANns 3apybexHbIX CTpaH;

2) WHdopmaums o GhrHAHCOBOM COCTOSHUM aHanu3upyeMblx NPeanpusTuii, kak npaBnmno, HeaoCTOBEpHa,
PYKOBOACTBO psida NpeanpusaTuii ,CosHaTenbHO' NOAMpaBnsieT CBOM MoKasaTenu B (PUHAHCOBLIX
oTyeTax.

MoaTomy 3apaya OLEHKM BEPOSTHOCTW pucka BaHKpOTCTBA JOSKHA pPeLaTbCs B YCMOBUSX HEONpeaeneHHoCTH,
HenonHOTbI MCXO4HOM WMHAOPMALWK, U ANS ee pelleHuns NpeanaraeTcs MCcnonb3oBaTb afekBaTHbIA annapat
NPUHATUS PELLEHUI — HEYETKIe Heo-(ha3an HenpoHHble ceTn [BoasaHckuia, 2011; 3ryposckuin & 3aitveHko, 2013].
B noknage paccmaTpuBaloTCsi KackafgHble Heo-(hasa HeWpoHHbIe CEeTW, NPUBOAMTCA WX apXuTeKTypa U
paccMaTpuBaOTCS anropuTMbl UX 0ByYeHUs ANs PeXMMOB NakeTHoN 06paboTkn 1 pexuma ,on-line”.

AKkcnepuMeHTanbHble UCCNEeAOBaHUsA anrOPUTMOB NPOrHO3UPOBaHUA pUcka GaHKPOTCTBa

[ins aHamu3a pasHblX METOAOB OLEHKW pucka GaHkpoTcTBa Obin pa3paboTaH NporpaMMHbIA KOMMMEKC, B
KOTOPOM peanu3oBaHbl KMacCUYeckuit MeTod AUCKPUMMHAHTHOTO aHanu3a AnbTMmaHa, meTod [laBblgoBou-
BernukoBa n HeyeTkne KackagHble HEO-(pa33n HeWpOHHble ceTu. Mcnonbays pa3paboTanHbI NporpamMMHbIA
Komnnekc, Bbinu NpoBeseHbl NPOrHO3VUpoBaHNS 6aHKPOTCTBA ANS NATUAECAT BOCbMU NPEANPUSTAN YKpauHbI,
29 13 koTopblx B 2011 rogy apbutpaxHbiM CyaoM bbinn NprusHaHHble HaHKpoTamu.

BxoOHbIMK JaHHBIMKM 4115 pacyeToB Obinu (hMHAHCOBLIE KOIPMUUMEHTBI, KOTOPbIE MCYMCTISNUCL HA OCHOBE
[aHHbIx 13 Gyxrantepckux ot4etoB 3a 2009 1 2010 rogpl. MporHoaupoBaHMe NPOBOAMIOCH C MOMOLLbIO MOZENen
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AnbtMaHa, [aBblooBoi-benvkoBa, Heo-has3n HEMPOHHLIX CEeTel. AHanM3 NpOBOAMICS Ha OCHOBE TOSbKO
KOnuYecTBeHHbIX Mokasatenen. B Tabrmuyax 1-2 npuBoasTcs pesynbTaTbl NPOTHO3WMPOBAHUS - MPOLEHT
owmnboYHOM Knaccudmkaumm 6aHKpOTCTBA NPeanpuaTUn 3a rog A0 6aHKPOTCTBA ANst CTAaTUCTNYECKUX METOLOB
AnbTmaHa v [laBblgoBoi - Bennkosa cootBeTcTBEHHO. B Tabnuue 3 npueaeHbl pesynbTaTthbl Knaccudukalmm ¢
MOMOLLbI0 KacKaHbIX HEO-(ha33n HEMPOHHbIX CETEN.

Tabnuua 1. Pe3yanaTb| NPOrH03npoBaHna METOL0M AnbTMaHa 3a rog ao 6aHKpOTCTBa

AnbTMaH
[ons owwnbok nepeoro Tuna 0.3
[ons ownbok BTOpOro TUna 0.344
OTHocuTenbHOEe konuyecTso owmbok | 0.327

Tabnuua 2. Pe3ynbTaThl NPoOrHo3npoBaHns Moaenbio [laBblgoBoit-benunkosa 3a rog 4o 6aHkpoTCTBa

Mopgenb [1aBbiaoBon - benukosa
Ownbka nepsoro Tuna 0.206
Owwubka BTOPOrO TMNA 0.31
OTHOCUTENBHOE KONMYECTBO OLIMOOK 0.258

Takum obpasom, Bbibopka coctosna u3 58 npeanpusatuin. Mo rHaHCOBLIM AaHHbIM 3a 1 rog Ao BaHKpoTCTBa
MeToaoM AnbTMaHa 22 npeganpusTtust 6bino npusHaHo GaHkpoTamu, 8 npeanpusTuii - ¢ 6OMbLIAM PUCKOM
GaHKpoTCTBa M 26 NPeanpusTUil - C yOOBNETBOPUTENbHBIM PUHAHCOBLIM cocTosiHMEM. 1o mogenw [1aBblgoBon -
BenukoBa 26 npeanpusTWn NpuaHaHO GaHkpoTamu, 5 npegnpusTi - ¢ GonblMM puckom GaHkpoTCTBa M 29
NPEANPUSTUIA - C YOOBNETBOPUTESNbHBIM (PUHAHCOBBLIM COCTOSHUEM

Takum 06pa3om, METOAOM, KOTOPbIA CrpOrHo3vpoBan 6aHKPOTCTBO C HaubOMbLUEN TOYHOCTLIO 3a rof [0
OaHKpOTCTBA, OKasarncs MeTog C MCMOMb30BaHWEM KackafHblX HEO-(ha33n HEeMpOHHbIX CeTel. TOYHOCTb
nporHoaupoBanuns coctasuna 90% 3a rog go 6aHkpotcTea 1 85% 3a 2 roga Ao 6aHkpoTCTBa. Takom pesynbTat
LieNNKOM 3aKOHOMEPHbIN, MOCKOMbKY HEYeTKME HEMpPOHHble CETU, KOTOPbIN 6GasmpyeTcs Ha WCMonb3oBaHUM
TEOPUM CUCTEM C HEYETKOI TOTVKOIA,  NyyLUe NPOTHO3MPYET MPM YCIOBUSIX HEONPeAENeHHOCTU, HEOAHOPOAHOCTH
[aHHbIX, a TAKKe Y4YNTbIBAET CyOBEKTUBHBIE OLIEHKN SKCNEPTOB.

Tabnuua 3. PeaynbTathl NpOrHO3uMpoBaHuUs cTeneHun pucka 6aHKpoTCTBa 3a rog A0 BaHKpoTCTBa C
CMONb30BaHMEM KacKagHOW Heo-ha33n HENPOHHON CEeTH

YuebHas Bbibopka | TecToBas BbiOOpka
Owwubka nepBoro TMna 0.128 0.143
Ownbka BTOPOrO THMNA 0.0632 0.143
KonunyecTBo owmnbok nepeoro Tuna 2 2
KonunyecTBo owmbok BTOpOro Tvna 1 2
OTHOCHTENBHOE KONMYECTBO OLLMBOK 0.096 0.143

Kak, Bugum, ctatuctudeckas mogenb ArbTMaHa nokasana [OBOMbHO 6OMblUylo OWWOKY NpOrHo3upoBaHus,
kotopas paeHa 32.7% (3a 1 rog) u 38% (3a ABa roga). OTO CTaBMT MOA BOMPOC LenecoobpasHocTb
1CNOMnb30BaHMS 3TUX MOAENen Ans aHanu3a (PUHAHCOBOrO COCTOSHWS YKPAUHCKUX NPeanpUATUIA.

B pabotax [3ryposckuit & 3aityeHko, 2013] Bbinu uccnenoBaHbl MaTpuyHbIin MeTon HegocekvHa [HegocekuH &
MakcumoB, 2003], a Takke HeYeTKMe HEeWpoHHble ceTu ¢ BbiBoOM MampaHu u Llykamoto B 3agave
MPOrHO3MpoBaHMs pucka GaHKpoTCTBa. BbinK nonyyeHbl cneaytowme pesynbTathbl: TOYHOCTb NPOrHO3MPOBAHMS
3a rog Ao 6aHKpOTCTBA COCTaBMMNA: Ansg mMaTpuyHoro metoda - 86%, ang HHC Mampanm - 90,5%, ans HHC
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LlykamoTo - 85%. 3a aBa roga 4o 6aHKpOTCTBa TOYHOCTb MPOTHO3MPOBAHWSA COCTaBMNa: AN MaTpPUYHOrO MeToada
- 81%, ana HHC MampaHu - 86%, ana HHC Llykamoto - 82,2%. Kak Bugum, TO4HOCTb MPOrHO3MPOBaHUS prcka
GaHKpOTCTBa A1 KackagHoW Heo-hasan HEMPOHHON ceTn npubmmkaetcs k HHC MampaaHu, HO npu 3TOM HEo-
ha3an KackagHble CETM UMEKOT NPenMyLLeCTBa:

1) He HyxHO pa3spabatbiBaTh U HacTpamBaTb Gasy npasun;

2) 3HaunTenbHo 6onee BbiCOKast CKOPOCTb 06yquV|9|.

3aknioyeHue

B cratbe paccMOTpeHbl METOAbI NMPOTHO3MPOBaHMS pucka GaHKPOTCTBA MPEanpPUATWI: Knaccuyeckne Metogsl
AMCKPUMUHAHTHOMO aHanu3a AnbTMaHa W [laBblgoBon-benvkosa, a Takke npeanaraemblit METO4 Ha OCHOBE
KackagHbIX Heo-(ha33n HEMPOHHLIX ceTel. NpoBeaeHbl 3KCNepUMEHTArbHbIE MCCMEeL0BaHNS YKka3aHHbIX METOA0B
AN NPOrHO31POBaHUS pucka 6aHKPOTCTBA NPeAnpUSTUA YKpanHbI.

MpoBefeHHble WCCNeAoBaHUs nokasanu, 4TO Haubonee BbICOKY0 TOYHOCTb MPOTHO3MPOBaHWS pUcka
BaHKpPOTCTBA NMPUMEHUTENBHO K 9KOHOMUKE YKpPaUHbI AT HEYETKNE HENPOHHbIE CETU.
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AHANU3 N ABTOMATUYECKOE BbIQENEHWE MUMUYECKUX NPOABNEHWUN
XXECTOBOI'O A3bIKA B BUAEOIMOTOKE

KOpun Kpak, AHTOH TepHoB, Bnagucnas Ky3HeuoB

AnHomayus: MpednoxeHbl cpedcmea asmoMamuyecko2o 8bIOeeHUss MUMUYECKUX KOMNOHEHM Xecmogozo
A3blka 8 8udeonomoke, KOMopble Nokasanu pe3yrnbmambl 6rU3KUe K pydHOMY mpaHcKkpubuposaHuto. [ns
NOMy4YEHUST KOMUYECMBEHHbIX XapakmepucmuK MUMUYECKUX KOMNOHeHm eudenomok Obi1 obpabomaH ¢
ucnonb3oeaHuem anzopumma Optical Flow us 6ubiuomeku an2opummos KOMNbIOMEPHO20 3peHUs. Ha ocHose
koopOuHam omOenbHbIX 0amyukos ObuIU BbMUCIEHbI Xapakmepucmuyeckue npusHaku Ons onpedeneHus
8PEMEHHbIX XapakmepucmuK MUMUYECKUX KOMNOHEHM 8 8UAeoNOMOKe.

Knroueebie cnoega: mpaHckpunyus, 8udeodaHHble, SMOYUL, XeCmosbill S3bIK, KOMNbIOMEPHOE 3PeHUE.

BBepeHue

Mpennaraemble UCCNEAOBaHWS MOCBALLEHbI CO3AAHMIO CPEACTB aHanm3a MUMWYECKUX KOMMOHEHT JKECTOBOrO
A3blka B NOTOKe BMAEO. XKeCTOBbIN A3bIK — CMOXHAS B3aMMOCBS3aHHAs CTPYKTYpa, XapakTepuayoLwasncs MHOro
MOTOYHOCTbIO, CBOEN rpamMMaTKOM U CBOUMW CPEACTBaMM nepedayn WMHAopMauuy — Xectamu, MUMWUKON W
OPYrUMKU  anemeHTamn  (HemaHyanbHble kommoHeHTbl) [Krak, 2012]. Kak npaBuno, XecToBbil S3bIK
aHanu3MpyeTca C MpUBIEYEHNEM 3KCMEpTOB (CypLONEpEeBOAYMKOB) XKECTOBOA peyn. KOMMOHEHTbl S3blka
BbIZENAKTCSA BPYYHYIO C MOMOLLbIO CUCTEM HOTaumu. Takoi noaxogd TpebyeT 3HauuTenbHbIX Tpyao3aTpat u npu
BOMbLLIOM  KOMMYECTBE MOXOXMX APYr Ha Apyra 9feMEeHTOB MOXeT fAaBaTb 6onbluMe MNorpelHocT B
noeHtMdukaumm ux coctasnsiowmx. B paHHoM pabote npeanoxeH NOAXOA K CO3AaHMI0  CUCTEMbI
aBTOMATUYECKOrO BblAENeHNs MUMUYECKUX KOMMOHEHT B BUAEOMNOTOKE, KOTOPbIN BKMOYAET:

° BI/I,EI,GOCbpaFMeHTbI MUMUKN N METaaHHbIE, KOTOPbIE OMNCLIBAOT MUMUYECKUE NPOABNEHNUA,
L4 533y OaHHbIX, KOTOPaaA peann3yet MOAENb AaHHbIX (SJ'IeMeHTbI CUCTEMbI 1 B3aUMOCBA3N MeXOY HI/IMI/I);
° CpeﬂCTBa BblAeNeHNA KONNYECTBEHHbIX XapakTepPUCTUK MUMUYECKUX I'IpOFIBJ'IeHI/IIZ;

° MHCprMeHTbI BU3yanusauum BVI,D,GOCbpaFMeHTOB 1 MHTEPBANoB akTUBHOCTU MUMUYECKNX KOMMOHEHT.

MoaroToBka AaHHbIX

Ha ocHOBe faHHbIX, NONyYeHHbIX B uccnedoBaHun [Krak, 2012] Gbina npegnoxeHa uHdonornyeckas Moaens,
oTobpaxatolas CBeJeHWss O MUMWKE W MUMUYECKWX NPOSBREHMSX B BMAE CTPYKTYPbl M CBS3EM Mexay
komnoHeHTamu. [laHHas uHdhornormyeckas Mogenb Takke onpegenana obnactv Ha nuue, npeaHasHaueHHbIe 41
aHanusa nocne 3anucu BuaeodparMeHToB. Ha ocHOBe WMHGhONorMyeckoir Moaenu Bbin COCTaBMEH CLeHapuid
3anMc MUMWYECKMX KOMMOHEHT (OOBEKTOM WCCrenoBaHUs B3AT YKPaUHCKWA XECTOBbIM A3blK). Ero cyTb
3aknoyanacb B TOM, YTO neped 3anuCbid Ha NULO akTepa B 0cobbix 06nacTsx HaHOCWNWCH creuuanbHble
[aT4nKK, KOTOPbIE MO3BONSAMN MOMYYUTb YMCTIEHHBIE XAPaKTEPUCTUKM MUMWUYECKUX NPOSBNEHWNA. [onyyeHHble
BMAE03anmMCH, Kaxaas 13 KOTOpbIX OMUCbIBAET OOHO KOHKPETHOE MUMMUYECKOE BblpaXeHne, CerMeHTMpoBanmchb
Ha oTAenbHble hparmeHTbl-Tenku(takes). C nomoLlbto nporpaMMHoro obecneveHnss A0S MUHMBUCTUYECKOrO
aHarmsa Elan [ELAN, 2014], kaxgomy BugeodparMeHTy CTaBWUNMCb B COOTBETCTBME METafaHHble,
ONMMCbIBAIOLLME TaKME 3NEMEHTBI: Hayano, KOHeL, CTeneHb NPosiBneHui. 3atem, ¢ nomolbio anroputma Optical
Flow n3 6ubnnotekn OpenCV [ITSEEZ, 2014]) aHanu3npoBanuch kagpbl NOCNeaoBaTeNbHOCTI U B TEKCTOBLIN
hain 3anucblBanncb W3MEHEHUs KoopaMHaT AaTuuMkoB Ha nuue aktepa. C Uenbio obecneyveHus KOppeKkTHOM
paboTbl anropuTMOB Ha CREAylLEeM 3Tane TPaeKTOpuM ABWKEHUS [aTYMKOB CrMaxuBanucb BeWBneET-
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CbVIJ'IpraMVI. 370 NO3BONUNO YCTPaHUTb BITUAHWE BO3MOXHbBIX NOTEPb NO3NLUNKN OAaTYUKOB HA HEKOTOPBIX Kaapax
M NOrPELLHOCTU BbIMUCNEHUA LIEHTPA MapKkepa, He NCKa3nB Npu 3TOM 06LI.I,I/II7I BW[ TPAEKTOPUN.

MonyyeHune obyyatowen BbIGOPKU

Ha ocHoBe koopauHaT OTAENbHbIX JATYMKOB BbIMMCHSNIUCL XapakTEpPUCTUYECKUE MPU3HAKU AMst BblAENeHWs
OOHOCTOPOHHWX 1 [BYXCTOPOHHWUX MWUMUYECKUX MposiBneHuii. Takke Obina BBeJeHa KOPPEKTMPOBKA, KOTopast
Mo3BONISiNa aHan13MpoBaTb MUMUYECKUE NPOSIBIIEHNUS ¢ ahUHHBIMM UCKAXKEHUSIMM.

MonyyeHHble napameTpbl BEPUDULMPOBANNCL C MOMOLLBIO CTATUCTUYECKUX BEMUYUH — CPefHee, CTaHOapTHoe
OTKMOHEHWe W Ap., 4YTO MO3BOMMMO YCTAHOBWUTb MH(DOPMATUBHOCTb KaX4oro mnpusHaka. C  MOMOLLbO
pa3paboTaHHOr0 anropuTMa Ha OCHOBE YCPEAHEHHOM OLEHKM MOMOXEHWS Hayana U KOHUA W3MEHeHW Ans
KaXgoro 13 MpU3HAKoB, BbIMUCASNUCL KOOPAWHATHI Havana W KOHUA M3MEHEHWS OTAENbHOr0 MUMUYECKOro
KOMMOHEHTa. 3TV Xe napameTpbl UCMOMNb30BannUCh AN BbIMMCMEHWUS] OTHOCUTENBHOW BESUYWHBI U3MEHEHNS
MUMUYECKUX KOMMOHEHT U NPeaCTaBNeHNs UX B BULE KOAA U CTENEHN U3MEHEHMUS (B OTHOCUTESbHBIX €AMHMLAX)
onucaHus Mumuyeckux nposieneHunin FACS [Miller, 2011].

Ha ocHoBe NpeanoxeHHbIX anropuTMoB ObiNo CO3[4aHO MpunoxeHne - GUGNMOTeKa BuaeodparMeHToB. B
BnbnmnoTeky Gbina BKMtoueHa 6a3a AaHHbIX, SBNSIOLIAACS peanuaaLmen MHgonornyeckoin mogenu. bubnuoteka
MO3BONISIET BLIBECTW HA 3KPaH ONUCAHHbIE BbILLE NapaMeTpbl, rpadukn UX U3MEHEHWS!, UHTEepBarbl aKTUBHOCTY
MUMUYECKMX KOMTMOHEHT, TPAEKTOPUM ABWKEHUS [ATUMKOB 1 CaMi BULLEOdParMeHTbI.

BbiBoabl

Pa3paboTaHbl KOMNbIOTEPHblE CPEACcTBA ANst aBTOMATUYECKOTO aHanm3a MUMUYECKUX NPOSIBNIEHWA B MOTOKE
BMAEO, KOTOpble NOKasanu pesynbTathl 6nnskne ¢ pesynbTaTaMu pyyHOro TpaHckpubuposaHus. C nomoLLbio
00paboTku JaHHbIX OT AATYMKOB UM NPESNOKEHHbIX XapaKTepPUCTUYECKMX MPU3HAKOB YAAnoch OCYLIECTBUTb
pasgeneHune Gnuskix Apyr K Apyry MAMWYECKUX BbIPAKEHUIA, KaK MO KPUTEPUIO HAnNWuus NPOSIBRIEHUS, TaK U Mo
CTemneHn JaHHOro NposiBAEHNs. ITO NO3BONSET UCMOMb30BaTh Pe3ynbTaT aBTOMATUYECKOTO TPpaHCKpUbupoBaHus
ONS MOEHTMMKALMN OCHOBHBIX MUMUYECKUX BbipaxeHuin. B ganbHeiwem, ans 6onee kayecTBEHHOMO U3yyeHus
MHGOPMAaLMK, MOMNYYEHHOW OT AaTumMKoB, OyayT NpoBedeHbl SKCNEPUMEHTHI ¢ BOMbLLIOHA MPYNNoi SKCMEePTOB, Kak
HOCUTENEN XECTOBOrO A3bIKa, TaK 1 0BbIYHbIX NOMb30BaTENEN.
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METO[ NMMHENHOW NONOCHOW KNACCUSUKALMU CNOXHOPA3EUMbIX
OAKTUNEM YKPAMHCKOIO XXECTOBOIO A3bIKA

KOpun Kpak, M'puropun Kyaun, Mura ConomsHiok

AnHomauusi: [lpednoxeH memod Kraccugukauuu Oakmusem, Komopble Sensmces no0obHbIMU npu
opmuposaHuu U demoHcmpayuu. [na hopMupogaHus xapakmepucmu4yeckux NPU3HaKos UCNhOb3ymces
2e0MempO-MoNoI02UYECKUE NapaMempbl KUCMU PyKU U naibyes Yernogeka, OeMOHCMPUpPYWwe20 Oakmunems!,
HaHHble napamempbi 06be0uUHeHb! 8 wecmb 610K08, 8bINOSIHEHa honapHas Knaccugbukayus dakmunem e
pamkax Kaxdozo 6noka. [lokasaHo, ymo Haubonee aghghekmusHbIMU On Kraccughukayuu [ensomes
0ecKpunmopbI KOHMYPHO20 aHanu3a U 2eo0MempuUYeckue Xxapakmepucmuku dakmusnem.

Knroyeenbie cnoea: xecmosbili 3bIK, Knaccugukauyus dakmunem.

BBepeHue

Cnyxue NIoan UCnonb3yloT AaKTUMbHBIA A3bIK AN nepefayun MHopmaumuy B Tex Crny4vasx, Koraa HET XecToBOoro
aHarora aToit MHopMaLMKL, B YaCTHOCTM A1 nokasa uudp, UMEH, COKpaLLeHWi, reorpauyeckmx HassaHuim u
T.M. MHdopmaLms nepegaetcs npy NOMOLLM ABUKEHUIA KUCTU M NanbLeB YerioBeka, KOTOpbIE CTPOrO0 HaXo4ATCS
B obnactn BugumocTi cobecefHnka, NOSTOMY NMpU pacrnosHaBaHWMM AAKTUNEM NpeanoYnTaloT aHanuM3vpoBaTb
BMAEON300BpaKeHNe pyK YenoBeka 1 NpoCneXnBaTb 3MEHEHUE UX COCTOSHUS U POPMbI C TEYEHEM BPEMEHU
[Sing, 2010]. B cuny aToro, Ans NOCTPOEHWS CUCTEM Knaccudukaumm AakTURBHOW WHGOPMALMK, B KavecTse
MPU3HAKOB, BaXHO WCMONb30BaTb FEOMETPUYECKUE XapaKTEPUCTUKN KCTU W NanbLeB pyku venoeka [Krak,
2011]. B poknage npeanaraloTcsl LUECTb PasfMYHbIX CMOCOOOB BblgeNneHnst M (POPMMPOBAHWS BEKTOPOB
XapaKTePUCTUYECKUX MpU3HaKoB. [nNs [JakTUiem, KOTOpble CrOXHO pas3fenutb B cuny uX  nogobus
(hOPMMPOBAHWS UNK EMOHCTPALIMW, NPEASIOKEHO UCCNEA0BaTh YCOBUS KnaccuuKkaLmy No Kaxaomy U3 wectu
6rokoB Npu3HakoB. K criokHopasgenuMbiM JaKTunemam YKPauHCKOro eCTOBOrO S13blka OTHOCATCS JaKTUneMbl
AB,EEWIANTMHP,COTYUXH,A-Bcero n=19. B kauectse anroputmMa knaccudukauum npeanoxeHo
“Cnonb30BaTh NPOCTYIO B peanusaLmn NMHEenHy0 NonocHyto knaccudmkaumio [Kirichenko, 2009].

BbiaeneHue XapakTepucTuyeCKUX Npu3HakoB AaKTunem

[ns  opMMUpOBaHUS  XapaKTepUCTUYECKMX MpuU3HAKoB Oynem MCMonb3oBaTb  reOMETPO-TOMONOruyeckme
napameTpbl KUCTU PyKW W NanbLeB YenoBeka npy LEMOHCTpaLmm AakTuneM. [laHHble napameTpbl 06beaUHEHb! B
LLECTb CrieayroLLmx 6roKoB:

1) yribl MeXay BeKkTOpamu, MPOBEAEHHbIMI 13 LiEHTpa Macc NafoHW K KpaiiHUM Toukam — CrieBa, Crpasa,
CBEpXY W CHU3y 06NacTh — BEKTOp NPU3HAKOB pa3MepHOCTY 4;

2) HOPMMPOBaHHAs AnMHA BEKTOPOB, NPOBEAEHHLIMM U3 LIEHTPa Macc K KpalHUM TOYKaM — BEKTOP MPU3HAKOB
pasmMepHoCcTL 4;

3) KOMNAKTHOCTb, HAaNPaBEHHOCTb, BbITAHYTOCTb — BEKTOP MPWU3HAKOB pa3MepHOCTH 3;
4) ropu3oHTanbHoe ckaHupoBaHue (pasbuT Ha 11 Nonoc) — BeKTop Npu3Hakos pasmepHocTyn 11;

5) OTHOLLEHME KonM4ecTBa YepHbIX NuKcenei K oblemy konnyectay (06nacTb nokasa pasgeneHa Ha 25 KneTok)
— BEKTOP MPU3HAKOB pasMepHOCTH 25;

6) AecKkpuUnNTOpbI KOHTYPHOrO aHanu3a — BEKTOP NPU3HAKOB pa3MepHOCTH 4.

[ns kagon gakTuneMsl B pamkax kaxaoro 6noka 6bino nonyveHo 5 Habopos. MNpeaBapuTensHO Ans Kaxgoro
Bnoka ocyLLeCTBNEHO HOPMUPOBAHME BEKTOPOB MPU3HAKOB Ha npomexyTok [0,1].
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MeToa nonocHom knaccudukauum

Mpegnonaraercs, YTo U3BECTHO K KAKOMy W3 KIacCOB (OAKTUMEM) OTHOCATCS BEKTOpbl obyuyatoLieit BIGOpKM
x(j), J =1,n, B NPOCTPAHCTBE MpU3HakoB. ONpedenM YCrOBUSI NMHENHON OTAEGMAMOCTU KOHEUHOro
MHOXECTBa TOYEK B MHOrOMEPHOM MPOCTPAHCTBE W3 YCMOBWA CYLLECTBOBAHUS PELUEHUSI CUCTEMbI JIMHEMHbIX
anrebpanyecknx ypasHeHnit  x’ ( Da=y;, y;,2A, jzl,_n , OTHOCWTENbHO BekTopa a € R™ pans
HeKkoTopbiXx A >0 1 3HadyeHuit y.. lMpu duKkcMpoBaHHOM A HEobXOAUMOE W [OCTaToYHOE YyCroBiue

CyLeCTBOBaHNA peLleHnd 3TOW CUCTEMBI C UCMONb30BaHNEM onepauun I'ICGB,EI,OOGpaLIJ,eHMFI maTtpuy 6y,u,eT UMETb

BUA; min Yy Z(X)y=y (AZ(X)y.(A)=0, rme X=(x1):...: x(n)) = (x(1> ---x(m))T ,

yeD(A)
Z(X)=1,-X"X, D(A)z{y: Y= y,) y; 2 A, j:I,_n}. Mpn 3TOM MCKOMbIN BEKTOP @

npuHMMaeT cnepyowee 3Haverne: a(A)=(X")"y.(A), a TonWMHa MoNockl &, OTAENAKLEN MHOXECTBO

_ u
Tovek x(j), j=1,n, OT Havana koopawHat, OydeT paBHa BenU4YMHe y, = O = A/ (y*T (AR(X) y*(A))2 ,
rie R(X)=X"(X")". Ecom nonoxuts, uto A=1, y.(1)=y,, T0 MaKkcumanbHas TOMLMHA MOMOCHI

OMpe/IensieTcs U3 YCnoBus ¥, = argmigyTR(X)y, 8y =(X")" Vo, THE D= {y Yy Z(X)y =y!Z(X)y. =0 }
ye

anascex ey >1, j=1nel =(0,..0,10,..,0).

j—1

Haigem ycnoBus CyLLeCTBOBaHUS PELUEHUS W anropuTM MOMyYEeHWs CaMOro pelleHns 4ns 3afayuu NUHERHOM
MOMOCHOM OTAENUMOCTU [BYX KNaccoB TOYEK B MPOCTPAHCTBE MPWU3HAKOB, MCMOMb3ys BeLEHHble YCIOBUS
NUHeNHOW oTaenmMMocT Todek B R™. TlycTb M3BECTHO, YTO ANS NOCNEAOBATENbHOCTU ToYek Xx(j) B
, . . T . .
npocrparcree mpuaHakos  R™: x())e R™  x(j)=(X"\()).X () » X(D) =1 j=%n, Touwm
x(i,), kK=1n,, npuHagnexar nepsoMy Kraccy, a Touku x(j,), S=1n, - BTOpomy knaccy. Toraa noa
NIHEMHON NONOCHOM OTAENUMOCTBIO 3TUX KAacCoB MOHUMAETCS CyLLECTBOBaHME Takoro Bektopa ae R™, ans

kotoporo & x(i,) =1, k=1n, a x(j,)<-1 s=1n,
Otcloga, ycnoBMe NWUHEHOM MOMIOCHOW OTAENMMOCT MPUHUMAET CheayoLMn  BuA: miy y'Z(X)y =0,
ye
D= {y cely=ley<-1k=1n,s=1n, } , @ 3HaYeHMe BeKTOpa @ ONTUMAnbHO OnpeaensieTcs B
npowecce MaKkcuMmsaLmm TOSLUMHBI pasgenstoLen nosnochb! Yo =29 mi[p yTR(X ) y, roe
yeb,
D, ={y:y’Z(X)y=0}~D , s ycnosnsi a,, = (XT)+ Yoopt-

Mony4YeHHbIe YCrOBUS NIMHEMHOW MOMOCHOM OTAENMMOCTM UCMONb30BaHbl MPWU NOCTPOEHMM Kraccudmkatopa
CMOXHOPA3AENMMbIX JAKTUIEM XXECTOBOrO A3blKa.

Pe3y11bTaTb| maccudmxau,uu CNOXHOpa3aennuMbiX AakTunem

[ins aHanu3a aPdEKTUBHOCTM NOSyYEHHbIX BEKTOPOB MPU3HAKOB OCYLLECTBREHA MornapHas Kraccudukaums
Bcex 19 gakTunem B pamkax kaxgoro 6roka. [ns Konm4yecTBEHHOMO CPaBHEHMS NPEeAIOKEHO 415 Kaaon napl
[aKTUIEM onpesensiTb OTHOCUTENbHYIO BENUYMHY: OTHOLLEHWE MEXAY LUMPUHON MONOCkl U CyMMOW pacCTOSHUM
[0 COOTBETCTBYIOLMX CTOPOH Momnockl. [okazaHo, 4To Ans XopoLuen Knaccudukaumm 3T0 OTHOLLEHWE [OIKHO
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ObiTb Gomble 0,3. B Tabnuue 1 npuBedeHbl pesynbTaTbl NOMAPHOrO PasfeneHus HEKOTOPbIX AaKTUMEM,
NCNoNb3ys NPU3HaKM pasHblx 6rokos 1-6.

Tabnuua 1. PesynbTathl NonapHOro pasgenexns JakTunem
Ne 6r1oka npuaHakos | lMapbl gaktunem | OTHoweHue | Pagumycbl KnacTepoB gakTuiem
2,3,6. Bce 19 >0.30
1. BA 0.29 0.1 1.0

| B.E 0.29 01 10

tO,K 0.26 1.0 1.5

5. AB 0.11 1.7 2.7

| AT 0.01 17 18
B0 0.11 2.7 2.3

4 Ab 0.24 066 09

| Al 0.06 11 16
AM 0.03 1.1 1.2

AHanuaupys nonyyeHHble pesynbTaTbl, MOXHO OTMETUTb, YTO B paMkax pa3paboTaHHbIX METOAOB Knaccuduka-
WK1 1 BblaENEHNs reOMeTpO-TONOMMINYECKNX NPU3HAKOB JAKTUNIEM, CambIMU S(EKTUBHBIMU ObINK NpU3HaKK,
koTopble 06beaeHsl B 1,2,3 1 6 Grioku. MNMpusHaky 5 n 6 61okoB okasanucs MeHee 3 EKTUBHBIMMU.

BuiBoabl

MpeanoxeHHble XapakTEPUCTMYECKME NPU3HAKM Kakdoh AaKTUNEMbl, WX TpynnupoBaHWe B Onoku W
UCNoNb3oBaHMe MeToda MONIOCHOW KhaccudomKkaLmmu, nokasanu deKTUBHOCTL W MEPCNEKTUBHOCTb TaKoro
nogxoaa [N pacrosHaBaHusi COXHOPA3AeNUMbIX AaKTUNeM. B aanbHemwux uccnenoBaHUsX npeanaraeTcs:
YBENMUMTb 0By4atoLLyto BbIGOPKY NPU3HAKOB; Ans GrOKOB C NAOXON Knaccudukaumen 1 ¢ BEKTOPOM NpU3HaKoB
BOnbLLOI Pa3MepHOCTV MPOBECTU aHanM3 BINSHUS KakOoro npusHaka, Ans cnabopasgenyMbix AakTunem
NCMONb30BATh NIMHEIHYI0 ONTUMU3ALMOHHbIE NPOLEAYPY C LeMbHo YryuLleHns npoLecca knaccudmkaLmm.
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COOTBETCTBWUE CUCTEMbI YNPABIEHUA
NOTPEBHOCTAM OBBEKTA YMNPABJIEHUA

BuTtanuu Kocc

AnHomayus: o0obue aHmpPoNo2eHHbIX U eCMecmseHHbIX CUCMeM No38osisiem hopMynuposams Ux (yHKUUIO
yernenonazaHusi 8 mepMuHax npedHa3HadyeHus, ycmolyusocmu PyHKUUOHUPOBaHUS U  83aumodelicmausi co
cpedol. QyHKyUA yenenona2aHusi cmaHosumcs Kpumepuem 0ns aHanu3a banaHca 6a308bIX (yHKYUOHabHbIX
npouyeccos cucmemsl. Pe3ynbmambi aHanu3a cryxam ocHogaHueM 0511 060CHO8aHHbIX peweHul 8 cucmeme
ynpasneHusi. Coomeemcmeue cucmeMsl ynpassieHus nompebHocmsam obbekma ynpasnieHusi MOXHO UMepsimb
nokazamesiemM COOMHoWeHUs 06bekmugHol U cybbekmugHOU UHGhopMayuU, UupKynupyrowel e cucmeme.

Kntoyesnie cnosa: Cucmema, ynpaeseHue, 06bekm, UHhopMayus, UCMUHa, JTOXb.

1. BBepgeHue

BaxHeiwnm ycnoBmem CUCTEMHOW rapMOHWW NO6GON OpraHU3aLMOHHON (0BLLECTBEHHON) CUCTEMbI SBNSETCS
coomgemcmsue cucmembl ynpaserneHus nompebHocmsam obbekma ynpaeneHus. Matepwan [poknaga
HanpaBreH, B NePBYI0 04epeab, Ha OCBeLLEeHWe Npobnem peanu3ayuu 06bekmom cgoe2o npedHasHaqeHus . WU,
BO BTOPYl Ouepedb, Ha coomeemcmeue CUCMeMbl ynpaereHus peweHurd 3aday ycmolyusozo
YHKYUOHUPOBaHUS 0B BbEKTa.

2. CucteMHble NoTpe6HOCTM 06BLEKTA ynpaBneHus

PaccmoTpum B kavecTBe 0BbekTa ynpaBneHuns rocyAapcTBo, kak CUCTEMy OpraHu3aumn obLlecTsa , U CpaBHUM
ee C YeroBeKkoM, KaK xuBoi cuctemor. CoBpeMeHHble coLpanbHble Hayku nponaraHaupyoT 4eMOKpaTUYECKYHO
OpraHM3aLmio coobLLecTBa rpaxaaH B rocyAapcTBe kak Hanbornee coepLueHHY0. [OCMOTPUM Ha «4eMOKPaTUo»
B Tene yenoseka. OpraHuam nnoga Yenoseka pacTeT 3a CYET PeCypcoB Tena Matepu. Ho HeunsbexHo HacTynaeT
nepuog OTAEeneHns nnoaa ot nynoBuHbl. [ns opraHu3ma pebeHka a1o 06LecuCTeMHbIR Kpusuc. Ecnn opraHbl
Tena pebeHka cnocobHbI peann3oBaTb CBOe NpeAHa3HayYeHne Bo 6naro XusHu eauHoro Tena yenoseka, pebeHok
BbhkvBaeT. ECnn opraHbl NpogoOMXKaT ConepHMYaTh 3a pecypcbl - Nrog ymupaeT u pasnaraetcs. [lepuog
[EeTCTBA - €CTb NEpVos aganTtaumun HOBOPOXAEeHHOro pebeHKa K aTany peanusauum ero npegHasHadeHus. Yem
CTaple CTaHOBWUTCS 4enoBek, TemM BOMnblue OrpaHUYeHunii NPUXOAUTCS BBOAWUTb €My Ha (DYHKLMOHMPOBaHWE
CBOEro opraHuama (OrpaHnyeHne uanyeckux Harpy3ok, MUTaHus, pexuMa Tpyaa u otapixa v T.0.). AHanormyHo
B rocyfiapcTBe KOHCTUTYUMsi Bce Bonblue 1 Gorblue orpaHnyMBaeTCcs Kogekcamu 3akoHOB. [1epuop akTUBHOMO
CTapeHWs OpraHu3Ma XapaKkTepusyeTcs TeM, YTO MPOLIECC BOCCTAHOBMEHWS (DYHKLMI HauyMHaeT oTcTaBaTh OT
npoLiecca ux gerpapauun. Hexsatka pecypcoB NpoBOLMPYET BHYTPeHHo Bopbby opraHoB. HacTynaet nepuog
«emMoKpaTusauumy  (gucrapmoHusauuv) eguHoro opraHuama. B rocymapctee 3TOr0 nmepuoga  akTUBHO
(hOPMUPYIOTCA ONIUrapXnYeckne KnaHbl 1 NONUTUYECKUE NapTUK, KOTopble BOPIOTCS 3a JOCTYN K pecypcam Yepes
BNacTb, Yepe3 MOHOMONM3aLM0 SKOHOMMKM. [OCydapcTBeHHas MalluMHa paboTaeT Ha nepepacnpegeneHue
pecypcoB Hapoga B NOMb3y ONUrapxoB, Yepe3 MexaHnambl npuBatusaumn. Ctagus «AemMoKpaTuny HeusbexHo
NPUBOANT K TUpPaHWW. Teno YernoBeka akTUBHO TEPSIET CBOK (DYHKLMOHANBHOCTL (NOABWXHOCTb, MaMSTb W T.4.).
Teno Hapofa TepsieT pecypchbl CBOEN CTpaHbl, AerpaamupyeT KynbTypa, Hayka, akoHoMuKa. [lanee, Teno yenoseka
KaKk eduHbli OpraHuM3M ymupaeT W pasnaraetcs, a Teno rocygapctBa pacnagaetcs Ha 6onee Menkue
0bpa3oBaHMs UMK MOrMOLLAEeTCA COCeAHUMM rocydapcTBamu. EAuHbIA Hapog Opobutes Mo HauMoHanbHOMY
npu3Haky (cm. puc.1).

Kak BepHyTb pacnagarowmitCsi opraHuam B CTaZuto ero rapMOHNYHOrO (hyHKLMOHUPOBaHNA?

[ns pelueHns aTon 3agayun cuctemonorus [1] onucbisaet 6a3oBble CUCTEMHbIE NPOLLECChI:
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1. BonroLleHue (pocT) - paspyLueHue
E (UICTUHA \ NIOXKb) %

(BblOEneHue).
100\ 0 ! 1
oy e ! Mpoctpancrzo 2, Peanuaauns npeaHasHayeHns
Teokpatusa - et \J npeviywecTsa
— N ) e o vwervrs  (TPaHChopMaLms) - npefoTepaLyeHre
| o
P — e e , 62=3g 00nesHy (byHta, npectynneuii).
e 9=
50150 | J R 3. BoccTaHosnexve (Mcuenexue) -
DemokpaTtus AnekcaHap 3 O™ Nenmn 6%;"; :‘:B
(onurapxar) i : % & peopraHn3aums (BO3poxaeHue).
25\75 J -
basoBbll  npouecc 803pox0eHUs  No
TupaHus .
CcBOEeN cyTH eCcTb npoLecc
0 P;iﬁjﬁj‘yﬁ“ ; coop j PO nepenpoexkTUpOBaHUs [erpaavpoBasLUeit
CUCTEMbI B HOBYK CUCTEMY, CMOCOGHYI0
Puc. 1. Mpumep aerpagaumm rocyaapCTBeHHON BnacTy peanus3oBaTb CBOE NpeaHasHayeHue. [1ns

YeroBeka 3TO MEPEPOXOEHNE B HOBOM
Tene. Ana Hapoaga 910 obpasoBaHWe HOBOW OOLLECTBEHHOM (hOPMbl eanHeHust. ToaHATLCA W3 COCTOSIHMS
TUPaHWK N OEMOKPATUN K TEOKPaTUM BO3MOXHO TOMNLKO Yepes 0CO3HaHWe 3ambicna Teopua.

3. CyTb ynpaBneHus notTpedHOCTAMMU 00beKTa ynpaBneHus

3apava cuctembl ynpaeneHns — 6anaHcupoBaTb 6a3oBble cucTeMHble npouecchl. Kputepuem achdekTuBHONM
paboTbl OpraHn3ma niobomn cMCTEMbI SBNSIETCS CTENEHb peanu3aLum ee npeaHasHaueHns nyTem perynnpoBaHms
BanaHca B 6a30Bblx npoueccax. OCHOBHOE BNMSHME Ha Ka4yecTBO YNpaBneHWs OkasblBaeT mnokasaTenb
COOTHOLUEHMSI JOCTOBEPHOM MHGOPMALM K MHGIOPMALMM UCKAXXEHHOM, YTPAYEHHOW, HEaKTyamnbHO (CM. LKany
E Ha puc.1). ExecyTouHbIN, eXeHeaerbHbIA, eXeMECAYHbIN 1 eXEroaHbIN LKNbl NpoLeayp YNpaBneHns ecTb
NpOoLEeCC BOCMPUATUS WHOPMaLMK, ee TpaHCopMaLmn B OKYMEHTbI U Janee B ynpaBnstolme cTumynbl. B
HacTosLeM foknage TpebyeTcsa caenath akUeHT Ha TOM, YTO e/1aHbIM 3a0aHueM cucmeMs! ynpasneHusi ecme:

- CHabXeHue nepcoHarna akmyasnbHol u docmosepHol uHgopMayuel;

- UHmersinekmyaribHasa noddep)f(i(a npouyecca mpchd)opMauuu nepcoHasiom UH(pO,DMaL(UU. I'Iomep»«a
HeobxoaumbIMK KpUTepuamu, CI'IOCO6CTBy}0LLlVIMVI rapMoHuM3aLnn 6a30BbIX beHKuMOHaﬂbeIX npoLeccos.

4. BbiBoabl

Mpouecc NpoeKkTUpoBaHWS OWKMBOYHO BOCMPUHUMAIOT Kak MPOLIECC «MpUAYMbIBaHUS» CO3[aBaEMONA CUCTEMBI.
CoBpemeHHOe Hay4yHOe TBOPYECTBO TOSBKO TOrAa CTaHeT aPEKTUBHBLIM, KOrAa NPOEKTUPOBLLMKA NOAMYT, YTO
npoLecc (yHKUMOHArNBHOTr0 NPOEKTMPOBaHUS Ntoboi CUCTEMbl eCTb MoMbiTka MO3HAThb 3ambicen Teopua, a
npoLecc UHXEHepHON peanusauun yHKUUA co3gaBaeMoi CUCTEMbI eCTb NPOLECC COTBOPYECTBA C TBOPLOM,
roe Nioay NbiTalnTCs peann3oBaTh 3ambicen Teopya Hannyyiumm obpasom.

Bubnuorpacusa

1. borgaHoB A.A. Ouyepku opraHn3aumnoHHoi Hayku. http://www.uic.unn.ru/pustyn/lib/bogdanov.ru.html

WUHhopmaums 06 aBTope

Bumanuii Kocc — MMMMC HAH Ykpaubi, cmapwuli Hay4HbIl compyOHuK, nep. MomopHbili 5\7, ke.25, Kues,
Ykpauna, 03083; e-mail: vkoss@ukr.net
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ABTOMATUYECKOE NOCTPOEHWUE TEPMUHONOMMYECKUX OHTONOM MK
Omutpun Jlanas, AHapen CHapckun

AHnHomayus: [MpedcmagneH nodxod K asmomamu4yeckomy CO30aHUK MEPMUHOI02UYECKUX OHMOoMo2ull Ha
OCHO8E aHanu3a maccusog mekcmog no ebibpaHHol npobnemamuke. Mo0xo0 6asupyemcsi Ha NPUMEHEHUU
KOMNakmuuUUpoB8aHHbIX epagho8 20pU30HManLHOU sudumocmu Os MePMUHO8, @ MaKxe asmoMamu4yeckom
ycmaHosneHuu ca3ell Mexady Humu

Knroueenle cnosa: 2pah 20pusoHmansHol 6udUMOCMU, Cemb Uepapxuu MepMUHOB, MepMUHOI02UYecKast
0HMOI02USI, MeKCMOo8hbILi Kopnyc

BBepeHue

[ins pelleHns akTyanbHbIX 3a4ay NOCTPOEHUSI OHTONMOMA (AeTanbHOWM hopmanuaaumm BolbpaHHbIX obnacten
3HaHui) TpebyeTcs NpoBeAEHWe KOMMMEKCHbIX MCCMEeLOBaHWA, OMpeaeneHHbIM 3TanoM KOTOpbIX SBRSETCS
NOCTPOEHNE CMOBAapHbLIX HOMEHKNATyp, Te3aypycoB. OQeKTUBHbIA aBTOMATMYECKNA OTOOP OTAENbHbIX
TEPMWHOB [N TakUX KOHCTPYKUMA — HEe pelleHHas OKOHYaTeNbHO 3ajaya, a npobrema aBTOMaTMYecKoro
NOCTPOEHNS CETEN W3 TakuX TEPMUHOB O CWX MOP OCTAETCA OTKPbITOW. Kak TepMMHONOMMYECKYID OCHOBY AN
(hOPMUPOBAHWA  COOTBETCTBYIOLLEN TEPMUHOMOTMYECKOW OHTONOMAM MpeanaraeTcs UCnonb3oBatb  CeTb
€CTeCTBEeHHON nepapxum TepmuHoB (CEWT), kotopas 6asupyetcs Ha MH(OPMAaLMOHHO-3HAYNMBIX SMEMEHTax
TEKCTa, OMOPHbIX COBaX M crnoBocoYeTaHnsx [JlaHaa, 2014].

MocTaHoBKa 3agaun

OnopHble CroBa W CIOBOCOYETAHUS B TEOPUM MHKDOPMALIMOHHOMO MOWUCKA BbIBMPAKOTCS C YY4ETOM TaKOro MX
CBOWCTBA, KaK AWCKPUMMHAHTHas cuna. Bmecte ¢ Tem, OAHOrO 3TOro CBOMCTBA YaCTO OKa3blBAETCS
HeOCTaTOYHO AN OTPaXEHUs! CoepXaHus NpeaMeTHOM obnacTu. MHoraa cnoea C HU3KOM AMCKPUMMHAHTHOM
CWIMOW, B YaCTHOCTW, Hauboree 4acTOTHble CroBa M3 BblOpaHHOW npegMeTHOW obnacTu (Hanmpumep, Crosa
«Web», «Search», «Text» B kopnyce TEKCTOB NO TemaTuke WHMDOPMALMOHHOMO MOMCKa) OKa3sbIBaOTCS
BaXHeAWwVMM Ons  paccmatpuBaeMon 3agadun. B paHHon paboTe Ans aBTOMaTUYECKOro  BbISIBNEHWS
TEPMUHONOTMYECKON CETEBOM OCHOBbI MPU NOCTPOEHWUM OHTOMOMMA NpeaMeTHoW obnacTu npeanaraeTcs
CNONb30BaTb CETW E€CTECTBEHHbLIX WMepapxuil TEPMUHOB, Oa3MPYIOLLENCS Ha KOHTEHTE aHHOTALMA Hay4HbIX
cTateln BblOpaHHOM HanpaBneHHocTM. CBS3M B TaKOW CETW OMPedensitoTcs eCTECTBEHHbIM B3aMHbLIM
MOMOXEHNEM CIOB W CHOBOCOYETAHWN, KOTOPbIE 3KCTParMpylTCs M3 TEKCTOB. Takas CeTb, CO3daBaemMas
MOMHOCTbH0 aBTOMATWYECKW, MOXET pacCMaTpMBaTLCA Kak OCHOBA ANS AanbHEWWero aBTOMAaTU3MPOBAHHOIO
(hOPMUPOBaHMNS TEPMUHOMOTMYECKON OHTOMOMMM C Y4acTEM SKCMEPTOB.

MeToauka opmupoBanua CEUT

MeTognka pOPMMPOBaHMS! CETW ECTECTBEHHbIX MEpapXui TEPMUHOB NpedycMaTpyBaeT — peanu3auuio
nocnesoBaTeNbHOCTY LWaroB, OXBaTbIBAKLLEN NpeaBapuTenbHYo 06paboTky MCXOAHOrO TEKCTa, ONpeaeneHne u
COPTUPOBKY TEPMWHOB, BbIGOP M3 HUX HEOOXOAMMOro KonuyecTBa Hamboree BECOMbIX, HENOCPELCTBEHHOE
noctpoenne CEWT u ee otobpaxenue. Paccmotpum at warn Gonee nogpobHo. B Havane dopmupyetcs
NCXOOHbIA TEKCTOBbIA kopnyc. Kak npumep Takoro Koprmyca paccMaTpuBalOTCs aHHOTALWM 3NMEeKTPOHHbIX
npenpuHToB Arxiv (http://arxiv.org) no Tematuke MHOpMauMoHHoro noucka (pybpuka csir, cBbiwe 500
[0KyMeHTOB 3a 5 neT). MNpeasaputensHas obpaboTka Takoro TEKCTOBOro Kopryca npeaycmatpusana BblaeneHue
(hparMeHTOB TEKCTOB (OTAENbHbIX aHHOTauui, ab3aleB, NPEeanoXeHW, CroB), MCKMOYEHWE HETEKCTOBbIX
CUMBOIIOB, OTCEYEHWE (PNEKTUBHBIX OKOHYAHWI (CTEMMUHT). Ha BTOPOM 3Tane KaxaoMy OTAenbHOMY TEPMUHY 13
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TekcTa (cnosy, Gurpamme unu TpUrpamMme) CTaBUTCS B COOTBETCTBME OLEHKA MX AMCKPUMWHAHTHas cuna, a
uveHHo TFIDF, koTopas B KaHOHWMYECKOM BWAE paBHA MPOWU3BEAEHMI0 YaCTOTbl COOTBETCTBYHOLLErO TepMUHA
(Term Frequency) B cbparMeHTe TeKCTa Ha ABOWYHBIA NOrapum OT BennyMHbl, 0BpaTHONM K KOnM4ecTBy
(bparMeHTOB TEKCTa, B KOTOPbIX 3TOT TepMuH BCTpeTuncs (Inverse Document Frequency) [Salton, 1983].
Cnepyet otmeTtutb, Uto TFIDF — He eanHCTBEHHbIN METOL ANS BbIMMCAEHMS BECOBLIX 3HAYEHWA TEPMUHOB.
MoryT u“Cnonb30BaThCH TaKke pasfuyHble AUCMEPCUOHHbIE U BECOBbIE OLEHKM, LUMPOKO MPUMEHSIEMble B
NpaKkT1Ke MHOPMALMOHHOMO noucka. 3atemM AN NOCNEeA0BATENbLHOCTEN TEPMUHOB M UX BECOBbIX 3HAYEHWI NO
TFIDF ctpositca koMnakTudmUmMpoBaHHble rpadbl ropuaoHTanbHoi Buagumoctn (CHVG) [Luque, 2009], [JlaHgs,
2014] v BbINOMNHSETCA NEpeonpeaeneHne BECOBLIX 3HAYEHU CROB Y)Xe NO 3TOMY anropuTMy, 4To MO3BONSET
YUUTbIBATb B JanbHENLEM KPOME TEPMMHOB C GOMbLIOA AUCKPUMUHAHTHOA CUMON Takke BbICOKOYACTOTHbIE
TEPMUHBI, UMetoLLme 6onbluoe 3HayeHne Ans oblen Tematuki. B kayecTBe BECOBbIX OLEHOK OTAENbHbIX CMOB B
[anbHenwemM WUCNonb3yloTCs CTENEHM COOTBETCTBYIOWMX MM y3noB. [locne 9Toro BCe TEPMMHbI TeKcTa
COPTUPYIOTCA MO YObIBaHMIO pacCUMTaHHbIX BecoBbiX 3HayeHnit CHVG. [anbHeiwemy aHanu3y He nognexar
TEPMWUHbI U3 TaK Ha3blBAEMOro CTOM-CIIOBaps, ABMSOLMECH BaXKHbIMU A1 CBA3HOCTW TEKCTa, HO HE HecyLyne
MH(OPMALMOHHON Harpy3ku. Mcnonbayembldi aBTopamit CTOM-CroBapb Obi MOCTPOEH HA OCHOBE Pa3fMYHbIX
CTON-CrioBapei, npeacTaBneHHbIX B AOCTYMHOM BuUAe Ha pa3nuuHbiX Beb-pecypcax. OKCMEPTHbIM METOAOM
onpegensietcs Heobxoaumblii pasmep CEWT, nocne yero BbiGupaeTcs  COOTBETCTBYHOLIEE KONMYECTBO
YHUrpamMm (€AMHWYHBIX CroB), GurpamMm 1 TpUrpamMm C HaubonbluMMK BecoBbiMK 3HauyeHusamu no CHVG. Us
0TOBpaHHbIX TEPMMHOB CTPOSITCA CETU ECTECTBEHHbIX MepapXuii TEPMWHOB, B KOTOPbIX KaK  Y3nbl
paccMaTpuBaloTCA Camut TEPMMHBI, @ CBS3M COOTBETCTBYIOT HEMOCPEACTBEHHLIM BXOXKAEHNAM OfHUX TEPMUHOB B
apyrue. Ha nocnegHem atane dopmuposaHus CEUT ocyulectensietca ee Busyanusaums rpagos. Ha puc. 1
npueeaeHa Bu3yanusauus gparMeHToB paccmatpusaemon CEUT B Buae pagnanbHbix guarpamm, NonyumBLLKX
CEroAHs LUMPOKOE pacnpocTpaHeHne B 06nacTi M3y4eHNs IHOCTPaHHbIM A3bIKaMm.

1OVHIXE
NS KOJK

ONNELSATY /

Puc. 1. Busyanusaums pparmento CEWT B BUae paguanbHbix guarpamm

PanxupoBaHue y3nos CEUT

Panxuposanue y3nos B CENT Bo3moxHO no ceoicTBam, 0BycrnaBnmBaeMbiM CETEBON CTPYKTYPOW, CCbIMKaMMU.
Hanpumep, Ans onpefeneHns aBTOPUTETHOCTY y3ia Kak CrioBa — MCTOYHUKA MOPOXAEHWS CIIOBOCOYETAHWUA UK
KaK COCTABHOrO TEPMMHA, COCTOSILLErO W3 OTAEMNbHbIX BaXHbIX CrOB, MOXHO aHanuaupoaTb CEUT, Bbibupas
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npu 3TOM Hambonee BaXHbIX «aBTOPOBY UMK «xaboB». [1Ns pelieHns 3Toi 3aayv npeanaraeTcs Ucnonb3oBaTh
W3BECTHbIN ANrOPUTM paHXMpOBaHMsA Be6-CTpaHuL, OCHOBaHHbIX Ha cBs3sx, HITS (hyperlink induced topic
search), npeanoxeHHbin [hx. Kneiinbeprom [Kleinberg, 1998], KOTOpbIt MOXET NPUMEHATLCS, HAaNpUMeEp, Hapsay
¢ anroputMamu PageRank (B 3TOM cryyae — OLeHKa €AMHCTBEHHAs, MHTErpupoBaHHas) unu Salsa (3ToT mMeTog
uaeancHo nogxogut ans burpados, a paccmaTpuBaeMbli Hamu rpad) — TPEXYPOBHEBLIN).

Anroputm HITS obecneunsaeT BbIGOp 13 MHDOPMALMOHHOMO MaccuBa NyuLlnX «aBTOPOB» (Y3N10B, HA KOTOpbIE
BBEAYT CChIMKW) N «NOCPEHNKOBY (Y3M10B, OT KOTOPbIX MOYT CChIMKM BKMIOYeHMs). B paccMaTpuaemoMm cryyae
TEPMUH SIBMISIETCA XOPOLUMM MOCPEAHMKOM, ECI OT HEr0 MAYT CBA3M Ha BaxXHble CNIOBOCOYETaHUs, 1 Ha0b0opoT,
TEPMUH (CNOBOCOYETAHME) SBMAETCS XOPOLUMM aBTOPOM, €CIM Ha HEro BedyT CBS3W OT BaXHbIX aBTOPOB. B
cootBeTCTBUM C anroputmoM HITS Ans kaxaoro yana cet y PekypcuBHO BBIMMCNSETCS €ro 3HaYMMOCTb Kak

aBToOpa a(v j) W nocpeaHuka h(v j) no chopmynam:

a(vj):zi:h(v,); h(v,)=Ya(v,). )

i
B gaHHbIX thopmynax CymMMUpoBaHue MpOM3BOAMTCA NO BCEM y3rnam, KOTOPbIE CCbINaloTCs (MW Ha KOTOpble
CCbINTAOTCA — BO BTOPO hOpMyIE) Ha LaHHbINA y3en.

Hanbonee WHTEPECHBIMM C CEMaHTMYECKOM TOYKM 3peHus B paccMatpusaemon CEWT okasanmuchb yanbl ¢
HanbonbLLMM 3HAYEeHEM aBTOPCTBA W MOCPEHNYECTBA.

BbisBneHune accoumaTMBHbIX CBA3EN

PaccmatpuBaemble B npednoxeHHon wmogenu CEWT  cBssn  sBNSOTCS  HanpaBneHHbIMA WM MOTYT
paccMaTpmBaTbCsl Kak OTHOWEHWS «obliee-yacTHOE» Npu MOCTPpoeHWn obLlen oHTonmoruu. Bmecte ¢ Tem,
nocTtpoeHHas cetb CEWT moxeT paccmartpuBathbCs Kak OCHOBa Ans hOpMUPOBAHUS APYTUX CBS3EN Mexay ee

yanamu. Ecnn 0603HaunTh Matpuuy wHumaeHTHoctn CEWT Gykeon A, To matpuubl AAT u ATA 6yayt
OTpaxarTb CBA3N BXOX[EHUS TakX TUMOB: €CMM [iBa TepMUHa-yana AaHHOM CeTU &, 1 a; MOPOXZAKT TPETHi

TEpMMH a,,TO BymeM cuuTaTb, YTO TaKMe TEPMMHbI CBSi3aHbl  ACCOLMATUBHOM CBSI3blO, HA30BEM €€
accoLMaTMBHOM CBA3LIO NEPBOTO Pofia (puC. 2 @); ecrnn [1Ba TepMMHa-yana AaHHON CeTV &; W a, NopoXaaloTCs

TPETbUM TEPMUHOM a,, , KOTOprI;1 TakXe BXOAWUT B [aHHYK CETb, TO 6y,qu cynTaTb, 4YTO Takne TEepMWUHbI

CBSi3aHbl accoLMaTMBHOMN CBA3bI0 BTOPOro poga (puc. 2 6).

a; r~~ aj aj
o il . e
%k 4 ~ G
a o

Puc. 2. AccouuaTuBHble CBA3W: a) NepBOro poga «~»; 6) BTOPOro poga «=»

Ha puc. 3 npueaeH dparmeHT cetn CENT, oononHeHHoN accoumaTBHbIMM CBA3AMM.
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Puc. 3. ®parmeHt CEWNT ¢ accoumaTnBHbIMM CBA3SAMM (BU3yanu3aLums ¢ NoMoLLbto nporpammbl Gephi)
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BbiBOAbI

Takum 06pa3om, NpeanoxeHo:
- anropuTM NOCTPOEHMUS CETEN ECTECTBEHHbBIX MepapXnii TEPMUHOB Ha OCHOBE aHann3a TEKCTOB;
- MeTop Bu3yanusauuu hparmeHToB CEUT B BUae pagmanbHbIX guarpamm;
- anropuT™ NOCTPOEHMS acCoLMaTUBHbIX CBSA3eN Mexay TepmuHamu B CENT;
- ncnonb3oBaHue anroputma HITS ans Beibopa Hanbonee BaxHbIX anemeHToB B CENT.

CeTb fi3blka, MOCTPOEHHYO C NOMOLLbHO MPEANOXEHHON METOAMKN, MOXHO MCNONb30BATh B KayecTBe 6asbl Ans
MOCTPOEHNS1 OHTOMOMMK MpegMeTHoON obracTu (B paccCMOTPEHHOM MPUMepe — NO NpobremaTuke XUBY4ecTH),
NCNonb3oBaTb Ha NPaKTUKE B Ka4yeCTBE OTOBOTO K MPUMEHEHWID CPEACTBA HaBMrauuy B MHGOPMALMOHHBIX
MaccuBax, a TaKke AN OPraHM3auuM KOHTEKCTHbIX MOACKA30K MONb30BaTENsAM WH(OPMALMOHHO-MOMCKOBBIX
CUCTEM.
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[Manpgs, 2014] Naupgs O.B., CHapckuit AA. Tlogxog K CO30aHWK0  TEPMUHOMOrMYECKMX oHTonormi [/ OHTomorus
npoektupoanms, 2014. — Ne 2(12). — C. 83-91.

[Salton, 1983] Salton G., McGill M.J. Introduction to Modern Information Retrieval. — New York : McGraw-Hill, 1983. — 448 p.

[Luque, 2009] Luque B., Lacasa L., Ballesteros F., Luque J. Horizontal visibility graphs: Exact results for random time series
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OEAKI 3AOAYI OLIHKU NJIATOCNPOMOXHOCTI
NIANPUEMCTB Y COEPI KPEOUTYBAHHA

Mukona Mansip, Bonoaumup Moniwyk

AHomauyisi: Posansdaemscs npobnema nobydosu modenell i memodie OUIHKU KpedumocnpoMOXHOCMI
nidnpuememe, paHXyeaHHsI iHeecmuuitiHux npoexkmie i nidnpuemcme 018 NiOMPUMKU NPUUHIMMS PilleHb Y
baHKIgCbKill chepi.

Knroyoei cnosa: 6acamokpumepianbHul 8ubip, KpedumochnPOMOXHICMb, HEYIMKI MHOXUHU.

Betyn

Micns diHaHCOBOI KpU3W BCi Y4aCHWKN PUHKY Ayxe 06epexHo i 06rpyHTOBaHO NiaXoasTb 40 PO3MOAIMY rPOLIOBMX
KoLTiB Ta nepebyBatoTb Y HEBWU3HAYEHIN CUTYyaLlii NO BiGHOLLEHHIO 40 NPaBUNLHOMO BUOOPY NO3MYanbHUKIB LWOAO
HafaHHs KpeauTy. [0CTPO BUHMKae nNpobnema SKICHOrO BU3HAYEHHS NNaTOCNPOMOXHOCTI No3uYarnbHuKiB, TO6TO
BMOOpYy npeTeHaeHTiB Ans iHBecTyBaHHA. CyyacHi metogn i nmigxogu [0 OUHKM NnaTocnPOMOXHOCTI
no3nyarnbHWKIB, BXUBAHI Y BITUM3HAHMX DaHKax, 3BOAATLCA OO 3aranbHOro NOBEPXHEBOro aHanisy. Kpim Lboro,
OaHku, siK NpaBuno, BUBMpatoTb OaNH-ABA NiAXOAW ANS OLiHKM NNATOCMPOMOXHOCTI KNIEHTIB, Ha KIHLEBOMY eTari
CMMpaoYmMch Ha Cy6'eKTUBHI (hakTopy YXBaneHHs piweHb. [py LboMy iCTOTHAM HEOOMNIKOM € BiACYTHICTb E4NHOMO
KOMMJIEKCHOMO i aBTOMATW30BaHOrO Nigxody aHanidy iHaHCOBOrO CTaHy KrieHTa. B Takomy Bunagky HeoOXigHi
HOBI, Cy4acHi Teopii Ta KOHLenLii, sIki BPaxoBYtOTb TEMepiLUHi YMOBW BeeHHS Oi3HECY, pearyloTb Ha KOH'KOHKTYpY
PUHKY Ta, B Till YK iHLLIA Mipi, yCyBaKOTb HEBM3HAYEHICTb abo cy6’ekTUBI3M MOro yyacHukiB. MocTae akTyanbHa
npobnema ouiHkW Ta BUBOPY NIANPUEMCTB ANA HafaHHA KpeauTy, Yu (iHaHCYBaHHS AEsKOro iHBECTMLINHOTO
npoekTy Ta NobyaoBw crnewianbHoi iHopmMaLinHo-aHaniTnyHoi cuctemm (IAC) NiGTPUMKM NPUARHSTTS piLLeHb.

OcHOBHa YacTuHa

[ins BupileHHst gaHoi npobnemm noctae HeobXiaHICTb NOOyaoBM MOAenen i METOAIB, WO AO3BONSOTb YCYHYTU
cy0’eKTMBI3M eKCnepTiB, AaTW MOXIMBICTL HeynepemkeHoi 0bpobku iHdopmaLii i Ha iX OCHOBI aBTOMAaTU3yBaTK
npoLecy NpUMHATTS pilleHb Y cdepi kpeantyBaHHs. Mpueeaemo dopmanbHi NOCTAaHOBKM Aeskux 3adad Ta igel
METOZIB iX PO3B’A3aHHS.

3agaya (Z,) OuiHIOBaHHS i BCTAHOBMEHHS KPEAUTHOrO PENTUHIY MignpuemcTB. Hexan Ham 3aaHO MHOXMHY
kputepiis K =(K,,K,....,K,,), 32 SKIMI NOTPIOHO OLiHMTY Aeskui cy6’ekT (nignpuemcTeo). Ha ocHOBI faHuX
OUiHOK MOTPIOHO BM3HAYWTW ONS  PO3rnsdyBaHOro cyb'ekTa  OUHKY  pPiBHA  KPeAMTOCTPOMOXHOCTI
D=(Dy,D,,...,D,). AHani3 KpeauToCcnpoMOXHOCTI MiANPUEMCTB 3 BUKOPUCTAHHA arnapary HEYiTKol MOriK |
NIHrBICTUYHUX 3MiHHMX [Malyar, 2012], y akomy aHanisyeTbcsi 06’eKT i3 n BXOA4amu Ta OOHUM BUXOLOM —
W =LU,,U,,....U,,), pe W — BuxigHa ninreictnyna aminHa, U,,U,,...,U,, — BXiOHi NIHIBICTUYHI OLIiHKK,
wo GynyroThes Ha BignosigHux kputepisx K;,K,.,...,K,,, L — onepatop, Wo CTaBuTb iM y BigNoBiAHICTL

BMXIiZHY 3MiHHY. PilueHHS 040 NOTOYHOMO PiBHA (HiHAHCOBOTO CTaHy MiANPUEMCTBA 0BMPaETbCS Take, ANs AKOTO
(OYHKLiS HaneXHOCTi BMXigHOI 3MiHHOI Oyae HanbinblIO N0 3a4aHUM 3HAYEHHSM MOKA3HWKIB AiSNbHOCT
nignpuemcTea. [HWWiA MeToL BCTAHOBMKOE KPEAWUTHWUA PEUTUH MIZNPUEMCTB HA OCHOBI (DYHKLIN HamnexHoCTi

KpuTepiiB. Hexan anga KoxHOro nokasHuka K, BU3HauYeHo (yHKuito HanexHocti u(K;) €[0;1], i=1,m . [ani,

KOXXEH Takuid nokasHuK Byae onncyBaTCb MHOXMHOI BIAMOBIAHMX TM YUCMOBKX OLHOK. BUKOPUCTOBYHOUN 3ropTKY
3HaueHb QOYHKLLi HanEeXHOCTi KpUTepiiB i iX BaroBux KoediLlieHTIB, OTPUMYEMO OLiHKY KpeauToCIPOMOXHOCTI.
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Obnasa mMeToamn [03BONATL BU3HAYNTW (DIHAHCOBMIA CTaH i KaTeropito SKOCTi MiANPUEMCTB Y PUHKOBMX YMOBaX
(DYHKLOHYBAHHS!, KON HE MOXMWBO YHUKHYTU HEBU3HAYEHOCTI, BUKOPWUCTOBYIOUM anapaT HeYiTKUX MHOXMH.

3a ymMOoB, KON rpoLLoBi pecypcy 0BMeXxeHi, a MOnUT Ha HUX 3pocTag, noctae 3ajaya (Z, ) subopy nignpuemcTsa
ANA HaflaHHA KpeauTy 3a BaraTbMa KputepismMu Ta 3ajada (Z;) BIACIBY HENepecrekTMBHUX iHBECTULAHNX

npoekTiB. Lli 3agavi BUCBITMIOOTb HOBI iA€MHI NAXOAM ANS BUKOPUCTAHHS yKpaiHCbKuMK GaHkamu. [ns 3agaui
Z, 3anponoHOBaHO psf Pi3HNX MeToAiB po3e’asaHHs [Malyar, 2012b), ski ByayTb BiapisHATUCS NPeACTaBeHHAM
BXigHOI iHcbopMmaLlii Ta npoueaypamn NPUIAHATTS pileHb. PopManbHO Ui BCi METOAM NPEACTaBneHi y BUrnsgi
3afay baraTokpuTepianbHoro BuGopy anbTepHaTMB 3a iX OuiHkaMu 3a BCiMa KpuTepismu. HeobxigHoO, Ha OCHOBI
TaKuX OLiHOK, NoByayBaTV paHxyBamnbHWN psa, 3riAHO SKOro BU3HAYAETHCA MHOXHA HAKpaLLMX NignpUEMCTB.

dopmanbHo npeacTaBumo BaratokpuTepianbHy 3agady Zs OLiHKM Ta BuBOpY iHBECTULiHMX NpoekTis [Malyar,
2013] HacTynHUM YnHOM. Hexait Ham 3a3aH0 MHOXMHY IHBECTULNHKX NpoekTiB X = {X,X,,...,X, } , ki NOTPiBHO
npopaHxyeaTn. MHOXMHY NPOEKTIB OLHIOITbL EeKCrepTn 3 pisHKUX ranysen E'LE?,.E*' a Takox
BPaXOBYKOTLCA MipKyBaHHS iHBECTOpa, SiKi MO3HAYMMO — EX. KoxeH ekcnepT Ta iHBectop E!, (I=1,k)

BUKOPUCTOBYE CBOID MHOXWHY KpUTEPIiB If,]é,...,l,’n ANS OUHKW IHBECTULIMHMX MPOEKTIB, HA OCHOBI iX
OLiHKOETLCA Ta ByayeTHCA paHXyBanbHWUA P iIHBECTULINHUX NPOEKTIB.

BucHoBok

3anponoHoBaHi Mogeni i MeTogu Ong 3agadv OuiHkM Ta BMOOPY MigNPUEMCTB AN HagaHHa kpeauTy abo
(hiHaHCYBaHHS! iHBECTULIIHOMO MPOEKTY — € OCHOBOW [Ans cTBOpeHHs |AC, sika Mae akTyarnbHe 3Ha4YeHHs A
(DiHAHCOBMX YCTAHOB, LIO 3alMMalOTbCsl aKTMBHUMK onepauisMu. BupilieHHsSM npobnemu aBTOMAaTW3yBaHHS
MPOLLECIB NPUIHATTA pilleHb Y cdepi KPeaMTYBaHHS € CTBOPEHHS MiACMCTEMM MIZTPUMKM NPUAHATTS pilleHb, ska
[03BONSIE PO3KPUBATU HEBM3HAYEHICTb aHaniTUKIB Y CBOIX CY[KEHHSX i nigBuwlyBaT X OO’€KTMBHICTL B
OLiHIOBaHHi.
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OT ®U3NYECKUX OTPAXEHUNA MATEPUAITbHOTO MUPA
K OCHOBAHUAM UHOOPMATUKN U MATEMATUKK

AHatonui MepXBUHCKUK

AHHOmauyus. [IpednoxeHo uchonb308amb NOHAMUS CMamu4yeckoeo U OuHaMu4yecko20 ukcenel 0Ond
npedcmasneHull  MeHOBEHHbIX  cOCMOsSHUL  06beKkmos-npomomunog U 0bbekmos-ompaxeHull U
paccmampusamb UX 8 Kadecmee aneMeHmHol 6asbl MawuHHOU Mamemamuku, a udearbHble 00BEKMbI,
hopmupyeMble CO3HaHUEM Yeroseka, - 8 Kadyecmee dr1eMeHmHol 6a3sb! MeHmasnbHOU MameMamuku.

Kntoyeenie crnoea: ompaxeHue, KOMMyHUKam, UKCES, UHGhopMamuka U MaluHHas Mamemamuka.

BBepeHue

MpenmyLecTBeHHas npuBs3ka 6a30BbIX MOHATUA TEOPUM WHOPMATUKN W KUBEPHETUKU K LesTenbHOCTH
cybbekTa, K S3blkaM BEPXHEro YpOBHS, YAANEHHOCTb OT (IU3MYECKUX B3aMMOAENCTBMI MaTepuarnbHbiX 00bEKTOB
(MO) ocnoxHsieT uaeHTMMUKaLMIO CyTU MHGOPMaLMOHHBIX MawuH (M) u knbepHeTuyeckux cuctem, npoece
WHTErpaLum ux Teopum.

1. ®usnyeckue NPMHUUNBLI HOPMUPOBAHUA OTPAXKEHWUN

1.1 CBoicTBa 00bekTa. MbicrieHHbIll 0bpa3 mupa. OpraHbl YyBCTB YernoBeka, [LOMOMHEHHbIE PasnMYHbIMU
WHCTPYMEHTaMK, NO3BONSIOT NPEACTaBUTb peanbHbIi MUP Kak MPOCTPAHCTBO B3aMMOZENCTBYHOLMX OOBLEKTOB.
BaxHeliwue csolicmea OQMHOYHBIX MaTepuarnbHbIX 06bEKTOB NpUPOabI:

e (Ceolicmeo eeHepayuu — CMOCOBHOCTb CO3AaBaTh MONS M BOMHbI PA3NUYHON NPUPOAbI (INeKTpuyeckue,
MarHuTHble 1 Ap. NONs) U NOTOKW MaTepuarbHbIX YacTuL;

e (Csolicmeo paccesiHusi — cnocobHOCTb 0GLEKTOB paccenBaTh BONHbI U MaTepuaribHble MOTOKM, B YACTHOCTH,
NpenomnsTh 1 oTpaxatb UX.

e (Csolicmeo ompaxeHus — CNoCOBHOCTb OTpaxXaTb BOMHbI W MaTepuanbHble NOTOKW, B pesyrbTaTe 4ero
N3MEHSIETCS HanpaBlieHne UX pacnpocTpaHeHus:;

e (Cgolicmeo noanowieHuss — CNocOBHOCTb OOBEKTOB YaCTUYHO WMM  MOMHOCTHH nornoLliatb BOJNHbI U
mMaTepuanbHble NOTOKU

O mepmuHonoauu. B nutepatype He OAHO3HAYHbI NOHATUS Cu2Has, Hocumerb U nepeHocyuk. MoHaTue cueHan
WHOrAa TpaKTyeTca Kak Hocumesb curHana. llepeHocyuk curHana (B Buge konebaHuii anekTpu4eckoro Toka,
pagmo- UNn CBETOBO BOMHbI) MHOTAA UMEHYEeTCs Hocumernem. TepMUH HOCUMesTb MOXET OTHOCUTLCS HE TOMbKO
K CUTHasy, HO W K 3rieMeHTY MaLUMHHOM NaMsTh unu peknamHoMy nnctky 6ymarn. OTcyTcTByeT obLyenpuHsToe
(byHOAMeHTaNEHOE onpeaenexne NOHATUS UHGhopMayust. MIHGhopMaUUOHHBIU 0ObEKM NPUHSTO OMPeaenaTh Kak
OnuCaHMe B TOM WNW WHOM (POPME HEKOTOPOM CyliHocTU. Huke Oyaem wcxogutb M3 0BLIEN3BECTHOTO
onpepenexns “MatepumanbHblil 06bEKT — HEOAHOPOAHOCTb pacnpeaeneHns Matepumn” U onpeaeneHnun asTopa:
WHopmayusi - 3TO OTpaxeHus MaTepuanbHblX OBBLEKTOB-NPOMOMUNO8 WU pe3ynbTaToB [esTenbHOCTM
yenoseka B IM unu Ha HocuTene B BUAE COBOKYMHOCTU COCTOSHUIA 06bekTa-omobpaxeHusi [MepXBUHCKIN,
2012]. MHpopmayuoHHbIt 06bekm (MO) - 3To oTpaxeHue MatepuanbHoro obbekTa-npomomuna WK Apyroro
NO B VIM unu Ha HocuTene B BUAE COBOKYMHOCTU COCTOSHUIA WX 3nemeHTOB (ukcesnel) [MepxauHckuin, 2013).
Hapsgy ¢ TepMmHOM nepeHocyuk Bynem ncnonb3oBaTh TepMUH KommyHukam [MepxauHckuia, 2009].

1.2. UHchopmaLmoHHbIe npoLecchbl B HEXMBbLIX 06bekTax. MaTepuanbHblii 0B6bEKT MOXET paccMaTpuBaThCs
B MNOCTacu (PM3MYECKOro HocuTens oTpaxeHus (dunocodckas KkaTeropus), kak pesynbTata npouecca
"OTpaxeHns", 03HavaloLLero B 3TOM Cryyae BOCMPOW3BEAEHUE NPU3HAKOB, CBOWCTB M OTHOLLEHUIA HEKOTOPOW
MaTepuanbHo HeoaHOpoaHOCTH (06bekTa-npomomuna) B COBOKYMHOCTb 3NEMEHTOB [pYroi MaTepuarnbHOM
HeogHopoaHocTK  (obbekTa-ompaxeHus). [Mpumepsl UanMyeckoro npouecca "oTpaxeHus" B npupoge -
BOCMpou3BeAeHe n3obpaxeHns 0CBeLLeHHOro obbekTa Ha Benoi MOBEPXHOCTW HEMPO3paYHOW NePEropoaKon ¢
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y3kum oTBepctuem (puc.1). Mpyu paccTosHWM OT CBEYWM OO NNacTWHbI MHOTO Borbluero AvameTpa OTBEPCTUS
YMCNO nMKcenei ChopMUPOBAHHOTO WM30OPaKEeHWs ONpeaensieTcs OTHOLWEHMEM pa3MepoB CTOPOH dKpaHa K
OVaMeTpy  OTBEPCTMS.  FAPKOCTb  MUKCENs  OnpedensieTcs  SpKOCTbO  COOTBETCTBYIOLLETO  dremeHTa
oTobpaxaemoro 06bekTa 1 MOXET paccMaTpuBaThCA Kak MHAYLMPOBAHHOE COCTOSHWE MUKCENst B OTNNYME OT
cnyyasi, Korga COCTOSHWE MNWKCEens yAepXvBaeTcs nocne
npekpaLleHns BO3LENCTBMS.

OTMeTMM TakMe CTagum U CcpeactBa  (hOpMMPOBaHUS
humanyeckux omobpaxeHud:

- Amucemns 06BEKTOM KOMMYHUKama B cBobogHoe huanyeckoe
NPOCTPAHCTBO 1 POPMMPOBAHNE BOKPYr 0BbeKTa-npomomuna
obrnactn MHMOPMALMOHHOMO NOMS, W, MPU HaMMYMM ApYrux
0OBLEKTOB W3MEHSIOWNX CTPYKTYpY nonst (B AAHHOM cryyae

Puc.1. ammcenst KOMMYHWKaTa " 5 5 5
hopMMpOBaHMe  u3oBpaxeHms  obbekta M1ACTUHBI C oTBEpCTMEM), 06nacTh obpasa-usobpaxeHus.
OTBEPCTMEM B HEMPO3PAYHOI NEPEropOaKe. - _BocnpusdTtue HekoToporo (u3suyeckoro napametpa

SIBNEHUS KaK OTpaxeHus ¥ npeobpasoBaHne €ro ¢opmbl
(peuenyus), HanpuMep, ¢OTOAMOLOM, MpeobpasylowmuM ONTUYeCkUii NOTOK A OT HekoToporo obbekta B
ANEKTPUYECKNN TOK i .

- GOpMMPOBaHYE B OKPYXaIOLLMX MaTepuarnbHbix 06bekTax obpasa (ompaxeHus 0GbekTa-npomomuna) B BUaE
N3MEHEHHOTO COCTOSIHUSI MHOXECTBa MaTepuanbHbIX HOCUTENEN, HanpuMep, B Suekax namsiTy.

2. KoHuenuusa cTaTM4eckoro 1 AMHaMMYeCcKoro MKcenen Kak Hocutenen OTpa)KeHVIﬁ 00bEeKTOB

Cmamuyeckue u OQuHamuyveckue ukcenu. MatepuanbHble HEOAHOPOAHOCTW U CTPYKTYPbl KOHKPETHOMO
00beKTa-0mpaxeHusi Ha HWKHEM YpOBHE OObIYHO MpeAcTaBfeHbl OAHOMEPHBIMW 3EMEHTaMU: NUKCEeIamU,
gokcenamu, nepuoduyeckumu KonebaHusmu Hocumens; B 0onee CROXHbIX CRyyYasx - MHOTO3HAYHbIMM
KoMmnoHeHTamn hardware. B nuTepatype, K COXaneHuto, OTCYTCTBYET 000OLWAWMA TEPMUH, UMEHYHOLLWIA
HaUNPOCTENLLMA  (DU3NYECKUA Ompaxalowuli 31EMEHM HE3aBMCUMO OT TOro, YTO SBMSETCH HOCUTENEM
OMPaxXeHUs: OOHO- MMM MHOTO3HAYHbIA 3MEMEHT NaMsTH, HEKOTOPbIA annapaTHblil npecbpasoBatens W
kommyHukam [3]. Tlo aHanoru ¢ TepMUHaMKU NuKkcesb W ceHcenb (0T sensor element - 4yBCTBUTESbHBINA
9NEMEHT) [AN9 WMEHOBaHUS KOHCTPYKTMBHOTO 3neMeHTa  0Tobpaxalowmx HeOoAHOPOOHOCTEN  BBedeH
obobuyatowmin TepmuH ukcen (ixel — npoussogHoe ot icon-element) [2]. Ukcen (puc.2) MoxeT ObITb peanu3oBaH
Kak:

- Cmamuyeckuli (H-ukcen) - anemeHT hardware, pearMpytloLwmin Ha BO3LENCTBIE; HANPUMEP, SMEMEHT NamsTy,
SMUTTEPHbII NOBTOPUTENb.

- [uHamuyeckul (D-ukcen) - aneMeHT nepeHocYMka curHamnoB paboTatowen yHKUMoHanbHon uemu VM
(MMNYNbC NOTOKA 3MEKTPOHOB, DOTOHOB).

I/IH(bJHoaHT]* Uudnroant '
BXOHHOﬁ greree e ————— BBIXOHHOﬁ
KOMMYHH&TIP Ukcen H KOMMXHI/IKaT 2 — E Jlkcen D i HOTOK
a) (hardware) (Kommynuxkam) s =~~~ >
6) Cpena

Puc.2. KoHuenT cTaTu4eckoro 1 AnHaMU4eckoro ukcena

3. MepBUYHbIE OTpaXeHUs peanbHOro MMpa — 3NeMeHTHas 6a3a MHGOPMATUKKU U MaTeMaTUKK

Kaxabiit 06bekT MaTepuanbHOro Mupa, kak 0GbekT-npomomun, MOXeT ObiTb MOABEPrHYT UMK He NOABEPTHYT
BNUSIHUAM  KOMMYHUKamog - NOTOKOB (POTOHOB, SMEKTPOHOB W Pa3nMYHbIX YacTWL, M3 COMHLA, KOCMOCa,
TEXHOMOrM4eckoro o6opyaoBaHus. Mpu 3TOM MOXET NPOUCXOAUTL MPOLIECC M COBCTBEHHON M MHAYLMPOBAHHOM
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AMUCCUN KOMMYHUKama, Kak HOCUTENs onpeAeNieHHbIX CBONCTB obbekTa-npomomuna. ®opmuposanne MO kak
pesynbTata amuccun kommyHukamog MO nnbo B pesynbTaTe MeHTamnbHON AESTENBHOCTY YeNoBeKa No3BoNsieT
NHCOPMATMKY KaK HayKy CBSI3aTb MO BXOAAM C MaTepuarbHbIMU OObEKTaMM M YeNOBEKOM, a Mo BbIXOaMm - ¢
MaTeMaTUKON, TEXHUYECKMM, [yMaHUTapHbIMU U €CTECTBEHHBIMI HaykaMU. XapaKTepHble TpaH3aKUMM BXOAHbIX
1 BbIxoAHbIX MO oToGpaxeHb! cTpenkamu Ha puc. 3.

1

1
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Hayku Haykm

y v Vv
ObbeKTbI OTpaXeHNs NpneanbHble 00beKThI
MaTtemaTtuka malmHHas MartemaTtuka MeHTanbHas
L v
MatemaTuka MaTemaTuka
KOMMbIOTEpHast BblYMCNUTENBHASA

Puc. 3. WHdopmaLmoHHble 06BEKTbI B CTPYKTYpaX MHGOPMATHKK 1 MaTeMaTUKK

WcxopHble MO nopoxpaatotcss MO 1 YernoBekoM Ha OCHOBaHUM KOMMYyHUKaToB uanyyaembix MO. Bocnpunstbie
ceHcopamu R-l malwmHbl 1 peLenTopamm YenoBeka OTpaxeHust NPUBOAATCS K opme, NpuroaHoit ans 06pabotkm
[-I MawwHo. |-l MawwnHbl NpegHasHaveHbl ans 0bpaboTtkn MHopmauum v pewenus 3apad. BeixogHble WO
MoCTYNalT Ha UCMomnHUTenbHble |-R MawwHbl 1 TexHornornyeckne nuHuW. OueBMAEH hakT pacrnonoXeHus
UKCenbHo20 YPOBHA ompaxeHull ctatuku a0 Mexay YpOBHEM UKCenbHO20 NPEACTaBMeHUs pearbHbiX
bmanyeckmx 0OBHEKTOB, OTHOCALLErOCS K SKCMEPUMEHTANBHOMY MUPY, U YPOBHEM OTpaXeHWid 6onee BbICOKOrO
ypoBHs (M0), koTopble OTHOCATCS K TEOpUM MO3HaBaeMoro Mupa. Jlerko BUOETb Mepapxuto Takux YpOBHEW
OTPAXEHWUA: WKCENbHbIA (MHAMBUOYYMa WNM MHOXKECTBA 3IIEMEHTOB); YMCIOBOMW, LM(POBOIA; 0BpasHblii,
CUMBOIbHBIN  (MMeHa), aTpubyTHbINA; TEKCTOBbIN, NMPEAUKaTHbIM, MaTeMaTuyeckuit (B nocnegHeMm cnyyae
MaTemMaTuka paccMaTpuBaeTCs kak CPeAcTBO OTODpaxeHUs Mupa, a He pelleHns 3agady). MkcenbHoe
npedcmagrneHue No3BONSET NO-HOBOMY MOAOWUTU K HEKOTOPbIM acnektam matematuku. CyTb B TOM, YTO BOMPOC
006 OCHOBaHUsIX MaTemMaTWKu U O TOM, YTO npeacTaBnsieT coboil, B KOHEYHOM CcyeTe, MaTeMartuka, OCTaércs
OTKPbITbIM. 13BeCTHO, 4TO epmaH Beinb NECCUMUCTUHYECKM OLEHUST BO3MOXHOCTb AaTb O6LLEnpuHATOE
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onpeaeneHne npeameTa MaTemMaTuku.

Ecrnu ucxogutb n3 onpegenenns «Martematuka (rped. mathematike, ot mathema — 3HaHue, Hayka) - Hayka o
KOMMYECTBEHHbIX OTHOLUEHWSIX W MPOCTPAHCTBEHHbIX (hOpMax AEACTBUTENBHOMO MUpa», TO MCXOAHbIE
OTHOLLIEHS U MPOCTPAHCTBEHHBIE (HOPMbI MOTYT UCXOAUTb: @) U3 UKCENMbHBIX OTPaXEHWUA BOCTpUHUMaeMbIx NM;
0) 13 OTpaxeHWUn NPOOyKTa YEenOBEYECKOTO CO3HaHMS. JTO 3HAYMT, YTO OnpedeneHus mMoryT ObiTb gaHbl B
3aBMCUMOCTM OT OHTONOTMYECKOrO CTaTyCa UCXOAHBIX 3NIEMEHTOB MaTeMaTUKK W OTAENbHO paccMaTpuUBaTbCs:

- MeHmasnbHasi Mamemamuka, MOCTPOEHHas Ha pe3yrnbTaTax MPOLECCOB MEHTANbHOW U MPaKTUYECKOM
[EATENbHOCTM YernoBeka COornacHo (popmarnbHOI NOTvKe U Ha OCHOBE akcoM 06 anemeHTax, Npupoaa KoTopbiX
yXe He onpegeneHa (naearnbHble 06beKThI);

- MalWUHHaA Mamemamuka, co3fjaBaemMas Ha OCHOBE 3N1IEMEHTOB 13 06'b6KTOB-Ompa)K9HUL7 UKCE/1bHO20 YPOBHA
NOJTy4EHHbIX TEXHUYECKUMIK CpeacTesamMu 3aq:)VIKCI/IpOBaHHbIX Ha HEXMBbIX MaTepharbHbIX HOCUTENSAX.

CyLiecTByolme NOHATUS BbiquciumensHol, Kak u KomnblomepHoU, mamemamuKku MOXHO CBSi3biBaTb HE
TONbKO C MHCTPYMEHTaMI NOATOTOBKM M METOAAMM PELLEHMIA MaTEMATUYECKNX 3aa4 C MOMOLLbKO KOMMBIOTEPOB,
HO W COOTHOCUTL C MEPBUYHBIMK (HOPMaMM MaLUMHHBLIX OTOBPAXeHWI peanbHOro MuUpa (UKCeNbHbIMU) W, B
oblleM crnyyae, paccmaTpuBaTb MX, Kak pasfen MawuHHoU MaTemaTuku. He nyywe nn onpeneneHus
MaTeMaTVK1 HauMHaTb C OMpeaeneHuit aneMeHTHoN 6a3bl MaWUHHOU Mamemamuku (C ee LapcTBamMn UKCenei,
YMCen, CUMBOIIOB, CTPYKTYP) U lanee NepexoaunTb K UCTOPUYECKN CIIOXMUBLUEICS MEHTANbHOI MaTeMaTuKe.

UTo KacaeTtcs UHghopmMamuku, TO OY4EBMOHO, YTO B CTPYKTYpE B3aMMOCBSA3EW HayK MHOpMAaTHKa HaxoguTcs
Mexay peanbHbIMW MaTepuanbHbIMU 0BbekTaMu C O4HOM CTOPOHBI U €CTECTBEHHBIMM HAyKamMu U MaTeMaTUKOMN C
APYroi CTOPOHbI. MocKombKy NPOLECC OTPaXeHWs UMEET MECTO Npu (POPMUPOBAHUI NMOHATUIA U ECTECTBEHHBIX U
rYMaHUTapHbIX HayK, TO MPUMEHUTENBHO K AepeBy B3auMOCBA3eN HayK MHGopMaTka MOXET NpeTeHaoBaTh Ha
pOMb M paccmMaTpuBaTbCA Kak CBA3YHOLLEE 3BEHO OOBLEKTOB MPUPOAbI M MOHATUN W A3bIKOB €CTECTBEHHbLIX U
ryMaHuTapHblx Hayk. B knbepHeTuke 3agaun nHGopmaTuku (popMmMpoBaHns, TPAHCNIOPTUPOBKM W peanu3aum
WHhopMaLMK) AOMOMHEHDI 3afa4amit YnpaBneHus kak MHEhOPMaLMOHHBIMM Tak MaTepuasbHbIMU npoeccamu. B
AW a1 3apgaun OOMOMHEHbI CpeacTBaMi aBTOMATU3aALWMM MbICTINTENBHON LEATENbHOCTU M MPUBEYEHNEM K
peLLeHnto 3agad 6a3 3HaHuiA.

3aknioyeHue

BBeaeHWe NOHATN UKCEN U KOMMYHMKAT (B OTSINYWE OT MOHSTUSE «CUrHaM») NO3BONKNO NEPEerTH K SNEMEHTHO
6ase MM camoro HM3KOrO YpOBHSI — KOMMYHMKATHOrO, CBsidaTb MPEeLCTaBNieHWe (Pu3NYeckux OGHEKTOB,
OTHOCSILLMXCS K 3KCMEpPUMEHTaNbHOMY MUPY, C YPOBHEM OTpaxeHuit Gonee Bbicokoro yposHs (M0), koTopble
OTHOCSITCS K TEOpUN 1 BOree TOYHO ONMCaTh CTaANUM U CYLIHOCTb MH(OPMALIMOHHbIX NPOLECCOB.

INutepatypa

[MepxauHckmin, 2012] MepxauHckuit A.A., MepxeuHckuin T.A. OT CTPyKTypbl KaHana CBS3W K 3HAKOBOW MOAENN mupa
Tpyabl CeBepokaBkasckoro unmana MOCKOBCKOrO TEXHUYECKOTrO YHUBEpCUTETa CBA3U W uHopmaTuku, 2012, ¢.225-
229).

[MepxsuHckuin, 2013] MepxauHckuit A.A. VH(opMaLMOHHbIe MaLLUHBI: HEKOTOPbIE KaTeropuu (YHKLUMA U KOMMOHEHT.
International Journal “Information Theories and Applications”, Vol.20, Number 1, 2013 p. 75-87

[MepxauHckuin, 2009] MepxauHckuin A.A. Mogens yHusepcyma. Informations Models of Knowledge, XVI-th International
Conference Knowledge — Dialogue — Solution, N. 15. — ITHEA, Sofia, 2009. p.31- 39.

WUHopmaums 06 aBTope

MepxeuHckuti AHamonuti AnekcaHdpoeuy — MHecmumym kubepHemuku um. B.M.Inywkoga HAHY, 03680
'CI Kues-187, np-m AkaOemuka lmywkoea,40, YkpauHa; e-mail: merjv@mail.ru

HayuHble uHmMepechbl:  (bu3uKo-mexHomoaudeckue npobnembl KubepHemuKU, MUKPO-ONMO3MEKMPOHUKa,
buoceHcopuka
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ANrEBPU KBA3IAPHWUX BIQHOLLEHb TA IX BIIACTUBOCTI

HikiTyuenko M.C., WkinbHsak C.C., MaTsitok [1.A.

AHomauis: 88009MbCs NOHAMMS K8a3iapHO20 8IOHOWEHHS, onepauyii Had makumu 8iOHOWEHHAMU ma aneebpu
Kea3iapHUX 8iOHOWEHS.

Knrouoei cnoea: kgasiapHi 8iOHOWeHHS, onepaujii Had 8idHoWeHHAMU, anzebpa KeasiapHUX 8iOHOWEHD.

Mig n-apHUM BIQHOLWEHHAM TPagWUUIHO PO3YMilOTb MHOXWHY KOPTEXIB [OBXMHM n. CKiHYEHHe n-apHe
BiOHOLUEHHS MOXHA pO3rnsaaTh Sk neBHy Tabnuuto, sika Mae N CTOBMYKKIB. Tak BUSHAYEHe NOHATTS BiAHOLEHHS
HanNeXuTb 00 HaMBaXMBILMX NOHATL MaTeMaTtuku. BogHoyac HM3Ka 3agad iHPOpMaTVKKM Ta NporpamyBaHHs
BMMararTb NEBHOTO y3arafbHEHHS LbOro NOHATTA. Hanpuknag, sKWo po3rnsgaTtv eksameHaLinHy BigoMiCTb K
[esky Tabnuuto, TO He BCi il KNITUHKM MOXYTb GYTW 3anoBHeHi nig yac icnuty. PopmanbHO Taky 4acTKoBO
3anoBHeHy Tabnuu MOXHa 3a4aTi HACTYMHUM YMHOM. Hexan V — MHOXWHa aTpubyTis, A — MHOXWHA 3HAYeHb.
YacTkoBy ¢hyHKLUito i3 V B A Ha3BeMO HOMIHATUBHOK MHOXMHOK0. Knac BCiX Takux MHOXMH Mo3Havaemo VA.
KBasiapHum BigHOLLEHHAM Ha3BEMO AOBINbHY NiAMHOXMHY R YA. Y UbOMY BUNaAKY HOMIHATMBHA MHOXMHA, LLO
BXOOWTb Y BiJHOLLEHHS R, MOXe po3rnsiaaTv Sk YaCTKOBO 3aMOBHEHWIA POk Tabnuui.

Ha MHOXMHI BCiX KBasiapHWX BigHOLIEHb NPUPOAHUM YMHOM 3afatoTbest Bynesi onepaLii 06'eaHaHHs, NepeTuHy,
LOMOBHEHHS, a TaKOX CreLlianbHi HOMIHATUBHI onepaLii peHoMiHaLii Ta ksaHTudikauii [HikiTyeHko, 2008].

MeTot0 4OMOBIgi € BU3HAYEHHS Pi3HMX anrebp KBasiapHWX BigHOWEHb Ta OOCTIMKEHHS iX 3B'A3KiB i3 anrebpamu
npeavkartie. 3okpema, 0OBOANTLCS i3oMopdisM anrebpu KBasiapHMX BiOHOWEHb Ta NEPLIONOPSAKOBKX anrebp
TOTanbHUX NpeawKaris.

Takox 6yaoytotbes anrebpu 6i-kBasiapHuX BigHOLEHb, BM3HAYEHI HA MHOXMHAX nap KBasiapHWX BigHOLLEHb.
BusHavaloTbCs pisHi nigknacu Takwx anrebp Ta [OCTIMKYIOTbCA X 3B'A3KM 3 HELETepMIHOBAHUMM, AyanbHUMM,
HaCcMYeHUMM Ta pensuitHuMu anrebpamn YacTKOBMX NpeauKaTiB.

OTpumaHi pe3ynbTaTy y3ararnbHIOKTbCS Ha BUNagok 6aratocopTHx BigHowweHb [Nikitchenko, 2013].

Nitepatypa

[HikiTyeHko, 2008] M.C. HikitueHko , C.C. LLkinbHak. MaTemaTiyHa norika Ta Teopis anroputmis. Kuis: BIL, KuiBcbkui
yHiBepcuTert, 2008. 528 c.

[Nikitchenko, 2013] M.S.Nikitchenko, V. G. Tymofieiev. Satisfiability and Validity Problems in Many-Sorted Composition-
Nominative Pure Predicate Logics. Communications in Computer and Information Science, vol. 347, 89-110, Springer
Berlin Heidelberg, 2013.
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HaujoHanbHul yHigepcumem imeHi Tapaca Llesuenka, 01601 MCII, Kuis, eyn. Bonodumupceka, 64; e-mail:
nikitchenko@unicyb.kiev.ua

WikinbHAk Cmenan CmenaHosuY — npoghecop kaghedpu meopii ma mexHonoeii npoepamysaHHs, Kuiecbkul
HaujoHanbHUl yHigepcumem imeHi Tapaca Lllesuenka, 01601 MCII, Kuis, eyn. Bonodumupceka, 64; e-mail:
sssh@unicyb.kiev.ua

Mameitox [Jmumpo Anamonitioguy — acnipaHm CxiOHOe8PONeUCbK020 HauiOHanbHo20 yHigepcumemy iMeHi
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MOAENWPOBAHUE PbIHOYHbIX MEXAHU3MOB B ATEHTHO-
OPUEHTUPOBAHHOW MOOENN ®YHKLIMOHUPOBAHUA 9KOHOMUKU

Ovana OMenbAHYMK

AHHomauyusi:  [lpednoxeHa  a2eHMHO-OpPUEHMUPOBaHHas  M00€eNb  (DyHKUUOHUPOBAHUS — 3KOHOMUKLU.
[MpedcmasneHa peanusayus MexaHu3Mo8 83auModelicmeusi a2eHmoe Ha pbIHKax mpyda u mogapos.

Kntoyesble crnosa: a2eHMHO-0pUEHMUPOBaHHOE MOOEUpO8aHUEe MameMamuyeckass SKOHOMUKa.

BBepeHue

HeoGxoauMmocTb BbISIBNEHUS NPEANOChINOK rnobarbHbiX KpU3ncoB TpebyeT paspaboTki KauyeCTBEHHO HOBbIX
MOLXOAO0B K aHamnm3y PbIHOYHbIX MEeXaHW3MOB W MOAENMPOBAHMIO B3aUMOZENCTBUIA MeXy 3KOHOMUYECKAMM
areHTamu. OHUM 13 COBPEMEHHbIX METOJO0B SIBMSIETCS areHTHO-OpUEHTUPOBaHHOe MoaennpoBaHue. OCHOBHas
naes 9Toro Moaxofa 3akrioyaeTcs B NPeAcTaBneHun 06 SKOHOMMKE Kak O CROXHOW afanTWBHOWM cucTeMe,
MoBeLeH1e KOTopoii hopMUPYeTCst B pe3yNibTaTe MHOXECTBEHHBIX B3aMMOAENCTBIN aBTOHOMHbIX reTEPOreHHbIX
9KOHOMMYECKIX areHToB, 00r1aaaloLLmMX pasHbIM NOBEAEHNEM U CIOCOGHOCTBIO K 0BYYEHMIO.

OCHOBHbI€ pbIHKW B areHTHO-OPUEHTUPOBAHHOI MoAeNny (hYHKLMOHMPOBAHWUS IKOHOMUKM

PaspaboTaHHasi Moaenb COAEepPKUT ABa TWMa aKTMBHbLIX areHTOB: (DMPMbI-NPOU3BOAUTENN M [OMOXO3SMCTBA
[FynaHuukuin, 2014]. Bsaumogencteme mMexgy HUMM MPOMCXOQMT He MpsMo, @ C MOMOLLBI crheuuanbHbIX
CYLLHOCTEN-NOCPEAHMKOB — pPblHKA TOBApOB W pblHka Tpyda. Ha kaxgoir wtepauum MoZenvpoBaHus
nocnesoBaTesbHO BbIMOMHSOTCA Takme CTPYKTYpHble Onoku AeCTBUA: B3aUMOZENCTBME UPM 1 AOMOXO3SICTB
Ha pbiHKe Tpyda, MPOM3BOACTBO MpOAyKUMM, LieHooGpa3oBaHWe, ONpeaeneHue BennuuHbl NoTpebneHus,
B3aMMogencTene oupM M OOMOXO3SINCTB HA PblHKE TOBApOB, 00yveHue upM. Kaxabin CTPYKTYpHbIA Gnok
MOXET BbITb peanu3oBaH pasnuyHbIMK CNocobammn B 3aBUCMMOCTM OT Lienen UCCReaoBaHUs U He3aBUCUMO OT
peanusauuv apyrux Griokos.

OcraHoBuMcs no,u,p06Hee Ha peann3aymm MexaHWU3moB B3aUMOAENCTBUS Mexay areHtTamum Ha ABYX PbIHKax
MoZenun — pbiHKe Tpyaa U PbiHKE TOBAPOB.

PbiHok mpyda. PbiHOK Tpyda XapakTepuayeT Cpoc Ha TPy CO CTOPOHbI dvpM. 3anpoc hupMbl Ha 3anonHeHne
BaKaHCUI COAEPKUT KONNYECTBO PabOTHUKOB, KOTOPbIX TPeOYeTCs HaHATb, U NPEANOXeHHYIo 3apaboTHYt nnary.
Mouckom paboTbl Ha pblHKe Tpyda 3aHuMaloTcs 6e3paboTHble AOMOXO03AACTBA M HEAOBOSMbHblE CBOEW
3apnnatoil paboTHukM hupm. B3aumogencteue upM W AOMOXO3SIACTB Ha pbIHKE TPyAa peanu3oBaHO C
MOMOLLIbO CrieflyIoLLero anroputMa noabopa, MogenupyIoLLEro cneaytoLLve aTanbl:

° (DVIprI BbICTaBNAOT BakaHCMKN Ha PbIHOK Tpyaa,

e HesaHaTble [OMOXO3SMCTBA M [JOMOXO35IMCTBA, HEYAOBMETBOPEHHLIE CBOEH Tekyllen 3apaboTHO
NnaToi, paccMaTpMUBaloT OTKPbITbIE BAKAHCWM W MOAAKT 3asBKM Ha WX 3anOMHEHE;

e  Oupmbl paccMaTpyBalOT MOMyYeHHble 3asBKW W PacChbinaloT npurnaleHns uabpaHHbIM. KonuyecTso
TaKUX NPUIMaLIEeHN He NPEBbILLAET KONYECTBa HEAOCTAOLMX PABOTHIKOB (UPMbI;

e [lomoxo3siicTBa paccMaTpuBaloT MoryYeHHble 0T (UpPM MPEANOKEHWUS 1 BbIGUPAOT CaMblii BbIFOAHbIM
L1151 HUX BapUaHT;

o  OupMbl 0GHOBNSOT MHGOPMALIMIO O CBOMX PAOOTHUKOB HA OCHOBE PELLEHUS] AOMOXO3SNCTB.

MccnenoBaHust NOKasbIBakT, YTO LienecoobpasHo BbINOMHATL LMK noabopa POBHO [Ba pasa W NpepbiBaTb €ro,
[axe ecnu (ypMam He yaanoch MoNHOCTbIO 3aMONHUTL OTKPbIThIE BakaHCHM.
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PbiHok mosapos. [Mpeanonaraetcs, 4To upMbl NPOU3BOASAT TONMBKO OAMH MOTPEOUTENBCKMA TOBAP, KOTOPbIN
SIBNSIETCS TOMOreHHbIM, T.e. TOBapbl PasHbiX (PMPM-NPOU3BOAMTENEN OTNNYAKTCA MCKMIOUMTENBHO LIEHOM.
Mpon3BeaeHHbIN TOBap OTMPABISETC HA LIEHTPAnM30BaHHbIA PbIHOK TOBApOB, rae ero MoryT npuobpecty
nomoxossiicTea. MpeanoxeHne ToBapa COCTOUT U3 LieHbl Ha €OMHULY TOBapy M COOTBETCTBYHOLIEro 0Obema
TOBApa, BbICTABMNEHHOMO Ha MPOAAXY.

B pamkax 6a3oBoit Moaenu BbiGOp ToBapa AOMOXO3SMCTBOM CUMTAETCS CRyYalHbIM, MPUYEM BEPOSITHOCTb
NpUoBpPEeTEHUs TOTO UMK MHOTO ToBapa 0bpaTHO MponopLMoHanbHa ero LeHe. Toraa, ecn 0603HauYMTh Yepes

v(p)z—ln P LeHHOCTb ToBapa ANs [OMOXO3SWCTBA, BEPOSITHOCTb BbibOpa prob; ToBapa (MpMbl |

onpegensetcs dopmynoit [Dawid, 2009]

roe A — MHTEHCUBHOCTb KOHKYPEHLMM Ha pbIHKE TOBapOB.

Bbi6paB Takum 06pa3om TOBap, AOMOX03ANCTBO NbITAETCS MOHOCTLIO M3PaCX0A0BaTh BIMKET NOTpebneHus Ha
ero npuobpetenne. Ecnn gns aT0ro Ha pbiHKe TOBapa HEAOCTATOYHO, T.e. NOCMEe MOKYMKM Y JOMOXO3SICTBA
OCTaloTCA [eHbri, OTBEAEHHbIE Ha NoTpebneHne, TO OHO BbIOMPaET creaywuin TOBap 1 NbiTaeTca NOTPaTUTL
ocTaTok 6romkeTa Ha Hero. Tak MpoMCXoauT 40 Tex nop, nNoka GromkeTt He BygeT MCNONb30BaH MOMHOCTLIO WK
Ha pbIHKe He 3aKOHYaTCs TOBapb!.

OTMETUM, YTO BaXKHbIM and CI'IeLl,VI(*)VIKaLWIVI MoJenn ABngeTca npeanonoxeHuve o GeckoHeuvHom AeNMMOCTH
TOBapa unu ero oTCyTCcTBKeE. B nocnegHem cnyyae JOMOX035MCTBO MOXET OKa3aThCs B CuTyaumu, Korga OHO He
CMOXEeT WUcnonb3oBaTb HeHyJ'IeBOI;i OromxeT n0Tpe6neHm| Ha MOKynKy TOBApOB, MOCKOIbKY YCTAHOBNEHHbIE
CbI/IpMaMI/I LieHbl 6y£lyT CIMULLKOM BBICOKUMM. 3TO MOXET CyLLECTBEHHO NOBMUATbL HAa BENUYUHY I'IpI/16bIJ'II/1 (*)MpM n,
COOTBETCTBEHHO, NPUHUMaEMbIE UMW PELLEHWUA.

3aknioyeHue

MpeanoxeHa areHTHO-OPUEHTUPOBAHHAS MOAeMb (hYHKLMOHNPOBAHMS 3KOHOMMKW. Ha nepBoM aTane cospfaHus
9TOA Mofenu CTaBurachb Lenb BOCCO34AaTb PbIHOYHOA MEeXaHu3Mbl B3aMMOLENCTBUS MeXOy OCHOBHbLIMM
9KOHOMUYECKMMM areHTamu, upmami U AOMOXO3ANCTBAMW, Ha pPbiHKE TOBApOB M Tpyda. B AanbHeliwem
NNaHNPYeTCs PacLUMpUTb BO3MOXHOCTM MOZENM NyTeM BBEAEHWS HOBbIX PbIHKOB (BHELLHUIA PbIHOK, (DMHAHCOBbI
PbIHOK), HOBbIX TUNOB areHToB (GaHK, NPaBUTENBCTBO), HOBbIX MEXaHU3MOB B3aUMOIENCTBUS (ynnaTa Hanoros,
KpeauTOBaHMeE, OTKPbITUE JEN03UTOB) 1 HOBbIX NOACUCTEM HALMOHANBHOI SKOHOMUKY (PETVOH, OTPACTb).

Nutepatypa

[Dawid, 2009] Dawid H., Gemkow S., Harting P., Neugart M. On the effects of skill upgrading in the presence of spatial labor
market frictions: An agent-based analysis of spatial policy design // J. of Artificial Societies and Social Simulation. — 2009.
-N12 (4).

[FynsHuukmn, 2014] TynsHuukmn N.0., OmenbaHumnk 1.A. PaspaboTka 1 uccnegosaHue 6a3oBoit areHTHO-0pUEHTUPOBAHHON
Mogenu PyHKLMOHMPOBaHMS SkOHOMMKN // KomnbloTepHas matematuka. — Ne 1. — 2014. - C. 26-36.

WUHdopmaums 06 aBTope

JHuana OmenbsiH4uk — acnupaHm MHemumyma kubepHemuku umeHu B.M.Mmywkoea HAH YkpauHbi;
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AHANK3 CYLLECTBYHIOLUMUX KNACCUDUKALIUK KOMMETEHLUN

KOnus Manacosckas, Makcum BopoHou

HayyHbIit pykoBoguTens — A4.7.H., npo¢. ConoBbeBa E.A.

AHHoTauus: B foknage npencTaBneHbl paspaboTkM B npeaMeTHoin obractm «KomneTeHuuu», aHamnus
CYLLECTBYIOLMX  KnaccudMKaLmMii  KOMMETEHUMA, OLeHKa  LienecoobpasHOCTM  MpUMEHeHUs  MeToaa
CMCTEMOIIOrMYECKOr0 KMaccuhnKaLMOHHOMO aHanN3a, KOTOpbI NMO3BOMUT CUCTEMATIU3NPOBATL 3HaHWs B 06nacTu
yNPaBIEHNsi YeNOBEYECKAMU PECypCaMU.

KntoyeBbie cnoBa: KomneTeHumuu, npodeccroHarnbHbie KOMNETEHLMN, CUCTEMONOrMYECKNN
KnaccuuKaLmMOHHbIA aHanms, CUCTEMONOTUS, Knaccudukaums.

BBepeHue

B coBpeMeHHbIX YCMOBUSIX Ha PbIHKE OCTAKTCA TONMbKO Te KOMMaHUW, KOTOPbIE CBOEBPEMEHHO pearvpyloT Ha
N3MeHeHWe TpeGoBaHUA U BHEAPSIOT HOBOE, YTO CMOCOGHO CEPbE3HO YNyulwnTb pesynbTaT paboTsl. Ho Ans
TOr0, 4T00bl HOBOBBEAEHUS paboTany, a hpma COBEPLLEHCTBOBANACh W NoBbillana ahdeKTUBHOCTb paboThl —
eCTEeCTBEHHO, HeOOXOAMMbI BbICOKOKBANMMLIMPOBAHHbIE CMELMAnnCTLI, UMEtoLLMe TaraHT, xenaHue pabotatb
W BbICOKW YPOBEHb KOMMETEHTHOCTU B CBOEM fene. Mo3ToMy aHann3 KOMNEeTeHUMA COTPYAHWUKOB SBMSieTCS
aKTyanbHbIM.

AHanus cywecTByOLWKUX Knaccudukaumin KomneTeHLUN

YnpaBneHue 4enoBeyYeckUMM Pecypcamn COCTOMT B JEUCTBUAX MO JOCTUXKEHMIO OpraHW3auMOHHbIX Lienen 3a
cyeT obecneyeHuns Tpebyemoro opraHuaLmein NPOM3BOACTBEHHOMO NOBEAEHUS KaXAO0r0 U3 ee COTPYAHMKOB I
peanu3auu opraHu3aLMoHHbIX KOMMETEHLMIA, HEMOCPEACTBEHHO CBA3aHHbLIX ¢ nepcoHanom [1]. Ans onucauus
KOMMETEHLMI 1 X CBOWCTB LienecoobpasHo 1Cnonb3oBaTh KnaccudukaLmm KOMNETEHLMA.

AHarnu3 UCTOYHWMKOB NoKa3an, YTo «KOMMETEHLMM» — 3TO CMOXKHOE, MHOTOKOMMOHEHTHOE, MEeXAUCLMNINHAPHOEe
MOHsTe, ONpedensieMoe C MOMOLLbI MHOXECTBA PasnuuHbIX AeduHULMA. OnucaHus COAepXaHUst 3TOro
MOHATUS UMEKT HECTPOrui XxapakTep W OTAMYatoTCs Mo 06bemy, COCTaBy, CEMAHTUYECKOM U FOTUYECKOM
CTPYKTYpE, M He BCe ONnpefeneHus SBnsTcs pOLOBUAOBLIMM.

MpeameTHas obnactb «KomneTeHUum» aBnseTcs cnabo CTPYKTYPUPOBAHHON U He WMEtLLen OBLLENpPUHATOM
knaccucukaumm. Bmecte ¢ TeM BO3MOXHbI Knaccudmkaumy no pasHbiM OCHOBAHWSM, HampuMep: no YPOBHIO
pacnpoCcTpaHEHNs KOMMETEHLMIA, MO YPOBHIO Pa3BUTUS, MO CYLLHOCTM M COAEPXaHMI0, N0 CNocoby NosiBeHNs 1
Ap. bein npoeeaeH aHanu3 Knaccudmkauuii Ha COOTBETCTBME NpaBuiaM (hopMaribHON NOMMKK, KpUTEPUSM
€CTECTBEHHOM KnaccuukaLmy, KOTOPbIi BbISIBAN, YTO Kadas MpOBEpPeHHas Knaccudukaums nocTpoeHa ¢
HapyLLEHUSIMW 3TUX NpaBuIl.

[nsa npumepa npuBefeH aHanu3 CyLLecTBYIOLEN Knaccudukalmm npoecCuoHanbHbIX KoMneTeHuuin. B gaHHoM
knaccudukaumm npodeccuoHarnbHble Knaccugvkaummn 6binv pasaeneHbl Ha: KOMMYHUKATUBHbIE KOMMETEHLMM,
HPaBCTBEHHO-COLManbHble  KOMMETEHUMW, OpPraHU3aTopCKMe  KOMMETEHUMM, KPeaTUBHbIE  KOMMETEHLMM,
THOCTUYECKME KOMMETEHLMW, NPOEKTHbIE KOMNETEHLMW, MCCNEROBATENbCKME KOMMETEHUMM, pedrekcuBHbIe
komneteHumMn [2]. [aHHble MOHATWUA HaXOOATCS Ha OOHOM YPOBHE W ONPEdensioTcs Yepe3 poa
«npoeccuoHanbHble  KoMneTeHuuny. Ho MOHATMS  «KOMMYHWKATMBHbIE KOMNETEHUMU» W «HPaBCTBEHHO-
coumanbHble KOMNeTeHUUn» Heobxoaumo onpefensTb Yepes pPof «couuasnbHble KOMMNETEHUMU», a NOHATUE
«pedneKkcuBHbIE KOMMETEHLMMY HEOBXOAMMO OnpesensTb Yepe3 pod «MUYHOCTHbIE KOMMETEHLUMY. [oHATMS
«OpraHn3aTopcKue KOMMETEHLWWY», «KPeaTUBHbIE KOMMETEHLUMUY, «THOCTUYECKUE KOMMETEHLMU», «MNPOEKTHbIE
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KOMNETEHUMN»,  «MUCCriedoBaTeNbCkue  KOMMETEHUMM»  Heobxomumo  onpedenuTb  4Yepes  popd
«NPOECCHOHANbHbIE KOMMETEHLNY.

MMpoaHanuanpoBaB JaHHYK KnaccuukaLmio ¢ TOUKM 3peHns PopManbHON MOrMKK, MOXHO CAenaTb BbIBOA, YTO
Knaccudukalma He CooTBETCTBYET NpaBuram hopmaribHON NOTUKKM, Tak Kak HapyLIaeTes NpaBuno onpegenexns
NOHATUA Yepe3 GrivkanLumin pog.

lMpoBeds aHanW3 CyLEeCTBYIOLWMX KnacCuuKaumini KOMNETEHLMI, MOXHO CAenaTb BbIBOA, YTO AN AaHHOM
npegMeTHoON obracTu He HalgeHo Krnaccudmkaumm, OTBEYAlOLEen BCeM npasunam (POpManbHOA JOTUKKA, W
KOMMETEHLUMM HE NPOKIacCUPMUMPOBaHbl MO  (PYHKLUMOHANBLHOMY HasHayeHuto. [loaTtomy LenecoobpasHo
paspabotatb  KnacCU(UKaUMIO  KOMMETEeHUMd € UCMONMb30BaHMEM — MeToda  CUCTEMOIIOMMYECKOro
KNaccu(UKaLMOHHOMO aHann3sa, COOTBETCTBYHLLYK paHee YNOMUHABLUMMCS MpaBunam W HOBbIM CUCTEMHbIM
kputepusam [3].

Vcnonb3oBaHWe MeToAa CMCTEMONOMMYECKOrO KNacCcuhuKaLMOHHOTO aHanmsa no3sosseT NoOCTPOUTb U OLEHUTD
nobyio  KnaccupukaumMio € TOYKM 3peHnst ee O0BOCHOBAHHOCTW (MapamMeTPUYHOCTH), OTPaxXeHus B Hen
CYLLECTBEHHbIX CBOWCTB OOBEKTOB, BO3MOXHOCTM OBHapyXeHWs M npefckasaHus OOBLEKTOB MO MX MECTY B
KnaccudmkaLmm, To eCTb C TOYKM 3pEHUS] BOSMOXHOCTM NPUMEHEHNS KNacCUMKaLMK B Ka4eCTBE MHCTPYMEHTa
TEOPETMYECKOTO  aHanu3a B cooTBeTcTBytoweir obnactn [3].  [pumeHeHWe  CUCTEMONOTMYECKOrO
KNacCM(UKALMOHHOMO aHanmu3a No3BONUT pas3pabotaTb NapameTpuyeckylo  Knaccugukaumo npeaMeTHON
obnacti, KOTOPYK BO3MOXHO pacwupuTb W yrnybutb 6e3 ee uameHeHust. Takas knaccudukaums Oyget
COOTBETCTBOBATL TPEOOBaHMAM (hOpManbHOM NOMKK U KPUTEPUSIM €CTECTBEHHON Knaccudukaumm.

BbiBoabl

B pesynbTaTte NpoBeAeHHON paboTbl BbiNK NOMyYeHb! crieaytoLe pesynbTaThi:
- NpOBe/IeH aHanu3 npeaMeTHoON 06nacTu «KoMneTeHLUny;
- NPOBE/IEH aHanM3 CYLLECTBYHOLMX KNaccudmKaLmii KOMNETEHLMIA U BbISIBNEHbI UX HEJOCTATKM.

[anbHelline uccneaoBaHMss B paccMaTpuBaeMoir  nmpeaMeTHOW  obrnactu  no3sonar  paspabotatb
napameTpUYeckylo Knaccudukauumio npeameTHon obnactu «KomneTteHuuu», kotopas 6ydeT MakcumarbHO
NPUBAMKEHHON K ECTECTBEHHOM KnaccudukaLlmm.

Cnucok Ucnonb30BaHHOW NUTepaTypbl

1. KomneTeHuMu nepcoHana B COBPEMEHHON OpraHu3auuu [OnekTpoHHbI pecypc] — Pexum pgoctyna: www/URL:
http://www.e-xecutive.ru/knowledge/announcement/694102/ - 10.04.14 — 3arn. ¢ akpaHa.\

2. OcHoBHble MpogeccuoHanbHble KOMMeTeHUMM Oyayllero crneuuanucta 9KOHOMWYECKOTO Npoduns [ONEKTPOHHbIN
pecypc]. — Pexum poctyna: www/URL: http://www.ssc.smr.ru/media/journals/izvestia/2010/2010_3_32_34.pdf -
01.07.2014. - 3arn. ¢ akpaHa.

3. ConoBbeBa E.A. EcTecTBeHHas knaccudmkaums: cuctemonornyeckue ocHoBanus / E.A. ConoBbeBa. [TekcT] — Xapbkos:
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PA3PABOTKA METOOB CEMAHTUYECKOIO NMOUCKA WEB-CEPBUCOB HA
OCHOBE OHTOJNOMMYECKOroO AHHOTUPOBAHUA

Onua PorywuHa

AHHOomauyus: npednoxeHbl nodxoldbl K CeMaHmMuyeckoMy aHHomuposaHulo Web-cepgucos mepmuHamu
oHmonoauli npedmemHbix obnacmell 5151 Ux aghghekmusHo20 06HapyXeHUs U Knaccugukayuu

Kntoyeeble crioga: Web-cepsuc, oHmosoaus, ceMaHmu4eckas pasmemka

CemaHTHyeckas pa3mMeTKa MH(bOpMaLWIOHHbIX 06BLeKTOB

B obuwem cnyyae pasmeTka TEKCTOBOro WHopmaumoHHoro pecypca (MP) — 310 cBsisbiBaHMe dhparMeHTOB
TEKCTa C Taramu M3 Kakoro-nmbo MHoxecTsa. IMpy cemMaHTMYeCKon pa3mMeTke Mexay Taramu siBHbIM 0Bpasom
3a/al0TCs CeMaHTUYECKME CBSA3M (HanpuMep, nepapxudeckue). B cnyyae ecnu ans 3agaHus CeMaHTUKW CBA3EN
Mexay Teramu UCnonb3yeTcst OHTONOrUS, TO FOBOPST 06 OHTONOTMYECKON Pa3METKe.

CemaHTH4eckas pasmeTka NO3BOMSET MCMONb30BaTh A1 pacno3HaBaHMs MHAOPMaLMOHHbIX 0bbekToB (MO) -
Kak MaTepuanbHbX, TaK W BUPTYyarnbHbIX — MpW aHanuae KoHTeHTa WP anpuopHble 3HaHUS O NpeaMeTHOM
obnactu (MpO), B YactHocTk, 0 cTpykType MO, cBeaeHust 0 KOTOPbIX CoAepxatcs B aHanupupyembix MP. 31o
NO3BONIIEM 3HAYUMTENBHO CHU3UTb BbIYUCIIMTENBHYK CMOXHOCTL pacno3HaBaHus WO, T.K. BMECTO 3afgauu
KnacTepusaumu peluaeTca 3ajadva Knaccudukauuu. 3agada pacnosHaBaHUs COCTOMT W3 [ByX nopsafad,
KOTOpble BbIMOMNHSAKOTCA UTEPATUBHO: 1) MOCTPOEHWE TUMOTE3bl O MHOXECTBE KNaccoB, K KOTOPbIM MOryT
oTHocuTbes MO; 2) oTHeceHue koHkpeTHoro MO k ogHOMY M3 3TUX KrnaccoB. Hannume pasmeTkn obecneynBaet
pelleHne nepBon nogsagayn. B yacTHOCTM, OHTOMOrMYeckas pa3meTka 4acTo WCMOMb3yeTcs Ans noucka
knaccudukauum Web-cepsucos. B Web cemaHTuueckas pasmeTka UMEET CBOK CrieLudmnky.

Jranbl pacnosHaBaHua MO B Web

Otan 1. OnpegeneHue knacca uckomoro MO (sBHO, Yepes ceoiictea WO, yepes npumepsl M0).
Otan 2. dopmmupoBaHne Maccusa P, cogepxalumx ceegenms 06 MO.
Otan 3. dopmmpoBaHmue orpaHnyernit Ha ceoinctea MO 13 BbIGpaHHOro Knacca.

Otan 4. V3enevenune n3 VP cBegeHunin o cBorcTBax nckoMblx MO, KOTOpoe CBOAMTCS K CEMaHTUYECKON pa3MeTke
Habopa WP, chopM1poBaHHOro Ha aTane 2, NOHATUAMM (CBOMCTBaMM), BblAENEHHbIMM Ha aTane 3.

Mpn 3TOM MOryT NPUMEHATLCA METObI NIMHIBUCTUYECKOTO aHanM3a, pacno3HaBaHus peyun u n3obpaxeHnin (ans
aHanu3a MynbTUMeauiHbix  WP), a Takke cpeacTBa  MEHeQXKMEHTa 3HaHWW, HarnpaBneHHble Ha
aBTOMATU3MPOBAHHOE  WCMOMb30BaHME 3HAHMAW O  CTpykType wuckomblx WO, npeactaBneHHbix B
nHTeponepabenbHoi hopme, AoNyCKatoLMX aBTOMATU3MPOBaHHy 06paboTky.

[Ons wuHTeponepabneHoro npeacTaBneHns 3HaHWn cooTeeTcTByoWmMX [pO  LenecoobpasHo Wcnonb3oBaTh
OHTONOTMM, MCMONb3yeMble B KavecTBe MX popmanbHbix Mogenein. Semantic Web SBnsieTcs MCTOYHMKOM
CEeMaHTM4eckon MeTauHdopmaumn o pacnpegeneHHblx MO u WP, aHHOTMpYS UX KOHTEHT u obecneymBas
BO3MOXHOCTb aBTOMAaTWU3WUPOBAHHOMO M3BMEYEHNS U3 HUX cBefeHnn 06 nckombix MO.

OHTONOrMI0 MOXHO MCMONb30BaTh Kak OCHOBY Ans npefctasnenus cTpyktypbl MO (knaccel), a P - ang
co3faHns ak3emnnapos MO. 310 no3BONSET WHTErpupoBaTb WHGopMauuo 13 pasnuyHbix WP. Mpu atom
BO3HUKaeT psg nogsagay: 1) nouck oHTornoruu, otpaxatoen crpyktypy MO, 3HaHUs 0 KOTOpbIX HEOOXOAUMbI
nons3oeatento; 2) nouck WP, copepxawmx cBegenns o6 atux MO; 3) ussnevenue 3HaHuin o6 MO wn3 UP;
4) npefcTaBneHne M3BNEYEHHbIX 3HaHWA B (hopme, MOHATHOM M yaoBHOM nonb3osaTento [PorywwmHa, 2014].
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CnenyeT OTMETUTb, YTO BO MHOTMX CRyYasx 3TO MPOLECC SABNAETCS UTEpPaTMBHBIM U MpU NOBTOPHOM peLUeHUn
npobnembl MHdopmaumo 06 O Heobxoanmo OOHOBNATL, W3BMekas HeobOxoaumble cBefeHwst M3 Tex WP,
KOTOpble JOCTYMHbI NoNb3oBaTento (Hanpumep, Yepes Web unu kopnopaTtusHyio ceTb).

Mouck Web-cepBucoB Ha OCHOBE CEMAHTN4YECKOWU pa3MeTKM

PaccmoTpum B KayecTBe npumepa pacrno3HaBaHue ceegeHuin o Takom MO, kak Web-cepeuc (nogpasymesatoTcs
pelweHns Ha ocHose npotokonoB SOAP, UDDI n WSDL). My6nukaums cepaucos B yHueepcansHom UDDI He
obecneynBaeT Hu CEMaHTUYECKOro 0BHapyKeHMS, I komno3upoBaHus Web-cepsucos. YTobbl npeogoneTs aTu
OrpaHuyYeHmnsl, UCMONb3YITCA PasnuyHble Cnocobbl CEMaHTUYECKOW pasMeTKM 3TOro onucaHus. PasnuyHble
“ccnefoBaHMs NpeanaraioT 4N CEeMaHTUYeCcKoro aHHoTMpoBaHus Web-cepsucos Takue cpeactsa, kak: OWL-S,
Web Service Modelling Language (WSML), Web Service Modelling Ontology (WSMO), Web Services Description
Language Semantic (WSDL-S) u Semantic Annotations for Web Services Description Language (SAWSDL)
[Talantikite, 2009]. OWL-S paspabotaHa W3C v 6asupyetcs Ha si3bike npeactaenenns ontonoruin OWL. OWL-S
obecneunBaeT [feknapaTuBHble onucaHusi cBoicTB  \Web-cepBuca 1 BO3MOXHOCTM, KOTOpble — MOryT
NCMONb30BaTLCA ANS aBTOMATUYECKOro BbisBNEHUs cepsuca. [ns anHoTupoBaHus Web-cepsuca Hanbonee
nHTepecHb! noHaTMs npodmns OWL-S (Bxoabl 1 Bbixoabl) 1 ServiceGrounding.

AHnHoTupoBaHue Web-cepsuca COCTOMT M3 ABYX MPOLECCOB — KaTeropusaumm u conocTtaeneHus [Bouchiha,
2012]. B nepeom npouecce, WSDL-onucaHme cepsuca KnaccuuumpyeTcsl B COOTBETCTBYHOLWMIA OMEH. Bo
BTOpPOM npouecce cywHocT WSDL conocTaBnsitoTcs ¢ npeaBapuTenbHO Co3gaHHoM oHTonorven. Monck Web-
CEPBUCOB CBOAMTCS K CONOCTABMEHNO OHTOMOMMM 3anpoca C OHTONOTMSIMI CEPBUCOB.

Mpn ncnonb3oBaHUM Ans UMeHoBaHWs napameTpoB \Web-CepBUCOB MHOTO3HAYHbIX TEPMUHOB, MPUMEHSIEMbIX B
pasnuynblx MpO (Hanpumep, «uMs», «OLEHKa», «afpecy»), aBToMartudeckas knaccudukaums Web-cepsucos
nmbo KkpanHe HeTouHa, nubo BoobLle HeBo3MOXHa. MMoaToMmy LenecoobpasHo, uTobbl paspaboTunkm Web-
CEpPBUCOB 5IBHbIM 06pa3oM ykasblBanu NpOCTPAHCTBO MMEH, KOTOPbIE UCNONb3YHTCA ANt 0003HAYEHNS BXOAHBIX
1 BbIXOZHbIX NapaMeTpoB WX CEPBMCOB. Hanpumep, B Ka4eCTBE MCTOYHMKOB TaKMX MMEH MOTYT UCMONb30BaTLCS
cxembl RDF-S nnu OWL. B Takom cnyvae 1) Web-cepBuC ogHO3Ha4YHO MOXET ObITb KrnaccuuumpoBaH C
MOMOLLIbO  COOTBETCTBYIOLLEN OHTOMOMMKW; 2) Mexay TepMuHamn (M 0BO3HAYEHHbIMM 3TUMKU TEPMUHAMM
napametpamu \Web-cepBucoB) yxe yCTaHOBMEHbl CeMaHTU4Yeckue CBs3M, koTopble MoryT obpabaTbiBaTbCes
aBTOMATU3MPOBAHHO He TOMbKO A1 NoMCKa HeOBX0aNMbIX NONb30BATEN0 CEPBICOB, HO W AN KOMNO3MPOBaHKS
13 HIX COCTaBHbIX CEPBUCOB.

Nutepatypa

[PorywwmHa, 2014] Porywwiuna H0.B. 3HaHue-opueHTUpoBaHHbIE CPeACTBa NOAAEPKKM ceMaHTuYeckoro noucka B Web.
LAP LAMBERT Academic Publishing. 2014.

[Talantikite, 2009] Talantikite H. N., Aissani D., Boudjlida N. Semantic Annotations for Web Services Discovery and
Composition. In: Computer Standards & Interfaces Journal, Elsevier, CSI, 31:1108-1117, 2009.

[Bouchiha, 2012] Bouchiha D., Malki M. Semantic Annotation of Web Services In: Proc.ICWIT, 2012.
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KNACTEPHbIN AHANN3: NPOBNIEMA AQEKBATHOCTH

WUpuHa PsicHas

AnHomayus: Paccmampusaiomcs npobriembl nocmpoeHus adeksamHbix Mep cxodcmsea Ha ba3e Heyemkux
KayecmeeHHbIX  Xapakmepucmuk. — @opMmanu3oeaHo  NOHSIMUe  «HeYemkasi Wkana — cxodcmea» U
chopmynuposaHb! ycnogusi adekeamHocmu makol WKasbi ¢ No3uyuli penpeseHmamugHoU meopuu UMePEeHU.

Kntoyeeble crioga: Heuemkas mepa cxodcmea, adeksamHOCMb, WKana U3SMepeHUs.

BBepeHue

Mpu pelieHMn 3aday KNacTepHOTO aHanmm3a Ha OCHOBE CXOACTBA OOBLEKTOB B MHOrOMEPHOM MPOCTPaHCTBE
XapaKTepuCTHK (NPU3HAKOB), Kak NpaBurio, He uccneayetcs npobnema agexkBaTHOCTY NONyYaeMbiX pesynbTaTos
C No3vUMiA penpeseHTaTMBHON Teopun uamepenuin (PTU) [Luce, 2007]. [ina gokasaTenbCTBa afekBaTHOCTU
pesynbTaToB Heobxoanmo B pamkax PTU He TOnbKO foKa3aTb afeKBaTHOCTb UCMONb3YEMbIX MEp CXOACTBA, HO 1
MOCTPOUTL COOTBETCTBYIOLLYIO LKAy W3MepeHus. B fgoknage 9T BOMPOCHI paccMaTtpuBaloTcs Ans cnydvas
M3MEPEHNs (PYHKLUMA NPUHALNEXHOCTM HEYETKMX Ka4YECTBEHHbIX XapaKTEpPUCTUK OOBEKTOB B LUKanax Mopsiaka,
OTHOLLEHWA, MHTEPBArOoB M abCOMIOTHbIX LUKanax.

MocTaHoBKa K pewieHne 3agaiun

Myctb X — KOHEYHOE MHOXECTBO 3/IEMEHTOB (OOBEKTOB) amnmpuyeckoil cuctembl, W — KoHeYHOE MHOXECTBO
HEYETKNX KaYeCTBEHHbIX XapaKTepUCTUK anemeHToB MHoxectBa X . KayectBeHHoW xapaktepuctuke w e W

nocTaBM B COOTBETCTBME MHOXeCTBO T ={t, ..., t } BepbanbHbiX 3HAYeHWi 3TO XapaKTEepUCTUKM,

m

m= m(w). HeueTko mepoil cxoacTBa Ha MHOXeCTBe X HasblBaeTCs 0ToOpaxeHue

i Xx X—[0]1], (1)
YAOBNETBOPSIOLLEE YCNIOBUAM PEdPREKCUBHOCTU — ,u(X, x):l, Xe X, N CUMMETPUYHOCTN — ,u(X, y)=
=u(y,x), xyeX. OrobpaxeHue (1) 3amaet Ha X HedeTKoe OTHOLEHMEe CXOAcTBA 7. Matpuuy,
COOTBETCTBYHLLYIO 3TOMY OTHOLIEHMO, 0603HaUMM . . dnemeHTbl 3Toil MaTpuLbl . (X, y) MPeACTaBNsioT

coboM OLEHKy CX0ACTBA 9reMeHToB MHOXecTBa X . Cnocob BbIMMCIIEHUS 3HAYEHWUA i, (x, y) onpegenseTcs
KaKk TWMOM LUKan W3MEPEHWS XapaKTepUCTUK OOBEKTOB OMMMPUYECKOA CUCTEMbI, TakK W TEOPETUKO-
MHOXECTBEHHOMN WHTepnpeTaLmen cemantnyeckux onepatopos W (and), WA (or) B dhopme HEYETKNX NOrNYecKux
onepaTopoB. JlorMyeckum 3KBMBAmNEHTOM CEMaHTMYeckoro onepatopa W siBnsieTcs onepartop HOpMbl, a
onepatopa WM — onepatop koHopMbl [[Tocnenos, 1986]. B pamkax HeYeTKOW NOTMKK, CBS3AHHOW C Teopuen
HEYETKNX MHOXECTB, CyLLECTBYeT 3HauuTenbHas cBoboga B BbIOOpE BMOA MNOTMYECKMX 3KBMBANEHTOB
CEMaHTUYECKIX onepaTopoB. B aaHHo paboTe 1cnonb3yloTcs onepaTtopsl, BBeAeHHbIE 3aae v JlykaceBuyem.

CucTemoit ¢ OTHOLEHMAMM DT HasbiBaeTCs KopTex M = <A,Fx’1, ,Rp>, rae A — Hemyctoe MHOXECTBO,
Ha3blBaeMoe 06acTbio 3afaHns CUCTEMbI C OTHOLEHUAMN, R, ... ,F?p — OTHoLWeHMA Ha A . Ecnn MHOXecTBO

A COCTOUT U3 IMNUPKUYECKMX OOBEKTOB 1 OTHOLUEHWS Ha A onpedeneHbl aMnupudecku, To cuctema M
Ha3bIBAETCA SMMUPUYECKOI cUCTEMON C oTHOWeHuaMU. Ecnin A< R”, rae R — MHOXECTBO eMCTBUTENbHBIX
uncen, cuctema 9J1 Ha3bIBAETCA 7 -MEPHOM YMCIIOBOM CMCTEMOW C OTHOLUEHMsMM. Ecniv A — MHOXeCTBO
HEYMCrIOBbIX MaTeMaTU4EeCKUX ODOBEKTOB (Hanpumep, BEKTOPOB, (OYHKUWA, MaTpuu), TOo cuctema
Ha3blBaeTCS MaTEMaTUYECKON CUCTEMON C OTHOLLEHMSAMM.
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LLikanoit Ha3biBaeTCA romoMopdHoe Mbo n3omMopdHOe 0TOBpaxeHe IMNUPUYECKON CUCTEMbI C OTHOLLEHUSIMM
B YMCIIOBYIO MMM MaTEMATUYECKYIO CUCTEMY C OTHOLIEHWUSMU. HeyeTkas LWKana onpeaenseTcs kak roMoMopgusm
SMMUPUYECKON CUCTEMBI C OTHOLLEHUSIMW B CUCTEMY C OTHOLLEHUSMU HA MHOXECTBE HEYETKUX MOAMHOXECTB
[BrmwyH, 1988]. 3HauveHus yHKUMIA NPUHALNEXHOCTM HEYETKUX XapaKTepUCTUK SBMSTCA pesynbTaToM
NPSMbIX U3MEPEHUA U MOTYT U3MEPATLCA B MOPSAKOBOW LUKANe, a Takke LKanax OTHOLIEHWA, WHTEPBanoB W
abcontotHo wwkane. OAHaKo 3HaYeHUs (YHKUMM MPUHAAMEXHOCTM HEYETKOW Mepbl CXOACTBA SABMAKTCA
pe3ynbTaToOM KOCBEHHbIX M3MEPEHUI, @ TUN U afeKBaTHOCTb COOTBETCTBYIOLLEN HEYETKOM LUKasbl AOSMKHbI BbITb
YCTaHOBIEHbI B NPOLIECCE UCCreaoBaHus.

B poknage hopManun3oBaHO NOHATME HEYETKOW LUKamnbl CXOACTBA M NMpefrioKeHa MeTOAMKa NOCTPOEHNS TaKow
LKanbl, @ TaKkKke paccMOTPeHbl HeobXOAUMble U LOCTAaTOuHble YCNoBUS €€ adekBaTHOCTU. MccnenosaHbl ABa
cnocoba NocTpoeHnst HeveTkx Mep cxoacTea. [MpuBedeH NpUMEP MOCTPOEHWS afeKBaTHOM HEYETKOW LiKanbl
CXOACTBA B CIyyae M3MEPEHUs 3HAYEHUN (PYHKLUMA NPUHALNEKHOCTU HEYETKUX KaYECTBEHHbIX XapakTepuCTUK
00bEKTOB B LUKanax nopsiaka, OTHOLIEHMWIA, MHTEPBAOB W abCOMOTHbIX LUKanax.

3aknioyeHue

3afaun KnacTepHOro aHammsa KOPPEKTHO peLlatTcs Mpu MCMONb30BaHWWM afeKkBaTHbIX Mep CXOACTBa W
NOCTPOEHWNN afeKBaTHOW WKanbl cxoAcTBa. C nosuuuii penpeseHTaTMBHON TEOPUM U3MEPEHNS (hOpMani3oBaHo
NOHSATIE HEYETKOM LLUKarbl CXOACTBA, NPeasioKeHa MeTOAMKA NOCTPOEHNS TaKOM LUKasbl, PACCMOTPEHbI YCIIOBMUS
eé afeksaTHocTH. [puBedeH NpUMeEp NOCTPOEHUS aaeKBaTHON HEYETKOM LUKaMbl CXOACTBA B CryYae M3MepeHns
3HAYEHNN (OYHKUMA MPUHALNEXHOCTN HEYETKUX KAYECTBEHHBIX XapaKTepWUCTUK OBBLEKTOB B LUKanax nopsiaka,
OTHOLLIEHWIA, MHTEPBArOB 1 abCOMIOTHBIX LKanax.
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ABTOMATU3NPOBAHHAA CUCTEMA AIPErALIUN,
NMOWUCKA, BU3YANTU3ALIUK OAHHBIX

Muxaun Cokonos, Ceprent Hukonaes

AnHomauyus: Paccmampugaemcsi macwmabupyemasi asmoMamu3auposaHHasi UHGhOpMauUOHHas cucmema
aepezayuu, noucka, knacmepusayuu U eusyanusauuu 0aHHbIX. Onuckigaemcs apxumekmypa CUCMEMbI, ee
Ha3Ha4eHue, npuMepbI Ucnonb3osaHus. Mccnedyromes Memodbl a8mMoMamuyecKo20 U3eeyeHus epaghudeckux
OaHHbIX, nocnedyroweld ux obpabomku u eusyanusayuu. Lenbto uccrnedosaHusi siensemcsi cosdaHue U
gHedpeHue cucmeMbi agpeaayuu, noucka U eusyanu3sayuu OaHHbIX.

Knioueenie cnosa: Aspezayusi, susyanusauusi, knacmepusauusi, 0amamatiHuHe, 0aHHble, UHEOPMAUUOHHbIE
cucmemsl.

1. BBepeHue

Ob6bekmom 3TUX WUCCrIeaoBaHWi SBNSIOTCS apXUTEKTYpa CUCTEMbI, e Ha3HaueHWe, NpUMEePbl UCMONb30BaHWS.
3pecb, npedmem uccnefoBaHNs — METOLbI aBTOMATUYECKOrO U3BNIEYEHNS rpachnieckux AaHHbIX, nocneaytoLen
nx 06paboTKK 1 BuU3yanusauuu. Llesk vccnenoBaHns — co3aaHie U BHEPEHWe CUCTEMbI arperaLuu, noucka u
BM3yanu3aLmm AaHHbIX.

B ycnoBusx aKCMOHEHUManbHOTO pocTa WHTEPHeTa, CO3AaHune MacluTabupyeMblx CUCTEM arperauun AaHHbIX
MO3BONSAET YNOpSAo4NTL OOMbLUME MAcCKBbI (parMeHTapHOM uHdopMaumu. A CUCTEMBI MX KnacTepusaumm u
BM3yanu3aLuv no3BoNsT NPeACcTaBuUTb X B Hanbomnee NpocToM, 415 YeNoBeveckoro BocnpusaTis, Buae. OaHy
13 TaKMX CUCTEMBI Mbl OMWLLIEM B JAHHON CTaTbe.

2. Arperauus aaHHbIX

Paccmotpum arperaumio AaHHbIX, Kak npouecc cbopa ¥ W3BMeveHus COOTBETCTBYHOLIEN WHOpMaLun 13
Pa3NUYHbIX WCTOYHMKOB, 4TOObI 0Becneuntb yaobCTBO M [00aBUTb LEHHOCTb, aHanmavpys cobpaHHyo
MHOPMALMIO NS KOHKPETHbIX LENern C MCMoNnb3oBaHWEM WHTEpHET-TexHonornid [1]. Mpouecc arperauuu
[@HHbIX MOXHO YCIOBHO pa3fenuTb Ha HECKONbKO aTanos. PaccMoTtpum 6onee nogpobHoO Kaxabli 13 3Tanos.

e [lepBbiM 3TanoM $BNSETCA ONPedeneHue KOHEYHbIX Lenei arperaumn  uHgopmaumn. Yetko

ONpeAeneHHbIe Lien No3BOMSOT OrPaHNYNTb KAaTEropui UCTOYHUKOB.
e Ha BTOpOM 3Tane onpeaenstTCa U COPTUPYIOTCA UCTOYHUKN MHpopMaLmn. CosnaeTcs eanHbI peecTp
BCEX MCTOYHWKOB MHGOPMALMK.

e Tpetui atan — noaroToBka 6a3bl AaHHbIX, MHCTPYMEHTOB AJ151 U3BMEYEHUs AaHHbIX.

e YeTBepTbIN 3Tan — HENOCPEACTBEHHO COOP AaHHbIX.

e [latbii aTan — nocnegyowas obpaboTka 1 aHann3 nonyveHHbIX AaHHbIX.
PacnpepeneHHas 1 wmaclwTabupyemass apxuTekTypa CUCTEMbl arperauuu, Kkotopas Oyger onucaHa B
[arnbHenwem, no3BOMSET 3HAYUTENBHO COKPATUTL BPeMs arperauui. ABTOMAaTW3aUMs Ha KaxgoM W3 3Tanos
SBNAETCH OCHOBOW ANS CO3aHWs aBTOHOMHOW CUCTEMbI arperayuy AaHHbIX. B HAaCTOALLMIA MOMEHT CyLLeCTBYHOT
aBTOHOMHbIE CUCTEMbI arperauuy OaHHbIX, paboTallme C MUHUMAnNbHbIM Yy4acTUEM 4YeroBeka Ha NepeBoM
aTane, MCnonb3yemble, K MpUMEpy, B CMCTEMAaX MpOrHO3WpOBaHMS GupkeBbix KypcoB. C Apyron CTOPOHbI,
CYLLECTBYIOT W CUCTEMbI KOHCONMZauWM MHopMauuu, ¢ opmanusaumen npoLeccoB KOHCONMAALIMM,
WHOPMALMOHHON CUCTEMON, OfHaKo 6e3 aBToMaTu3aumu. Takue CUCTEMbI YacTo UCMONb3yrTea Ans GusHec-
aHanUTUKA W XyPHanNUCTWUKW. B Hawem cnyyae, Mbl ucnonb3yeM CUCTEMy ANS arperauuu BuayarbHbIX
NPOrPamMMHbIX KOMMOHEHTOB AN BeB-npunoxeHuir. Moatomy ocoboe BHUMaHWE Mbl yAenseM noacuctemMam
BM3yanu3aLmuv AaHHbIX.

3. ApxuTtekTypa Maclutabupyemomn CUCTEMbI

PaccmoTpM  KpaTko apxWTEKTYpy MacliTabupyemoii CUCTEMbl arperauuu  BU3yarnbHbIX  MPOrpamMMHbIX
KOMMOHEHTOB Ans Be6-npunoxeHuit (Puc. 1).
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Puc. 1. Cxema apxumexkmypbi Macwmabupyemol cucmemb| azpe2auuu OaHHbIX.

Kaxabil M3 y3noB cucTeMbl sSiBNsieTcsl 3ameHsieMbIM. Ouepedb 3ajay KOOPAMHUPYET paboTy KOMMOHEHTOB
cucTeMbl 1 0BecneynBaeT aBTOHOMHOE BbIMOSHEHWE 3afjaHWA B CTPOroi mocnegoBaTenbHocTU. Cuctema
[0CTATOYHO rMbKa, 4TOBbI AenaTb BO3MOXHbIM [OOABNEHME B HEE HOBbIX TUMOB OTHOLLEHWI, a Takke UmeeT
pacnpeneneHHyo apxuTekTypy, 4Tobbl He 3aBUCETb LIENMKOM OT LIEHTPANbHOTO KOMMLIOTEPA W OT LiEHTPabHOMO
opraHa ynpasneHusi. BpemeHHoe XpaHunuie obecneymBaeT JOCTYN K AaHHBIM, NONYYEHHbIM U3 UCTOYHUKOB. B
MOCTOSIHHOM ~ XpaHWNULLE HaxoauTcs yXe 0OpaboTaHHas MHgopMauus, roToBas K WCMONb30BaAHMIO.
PacnpenieneHHas apxuTtektypa o0ycnaBnueaeT pacnpeaeneHue He TONbKO BbIYMCIUTENbHBIX PECYPCOB, HO U
rnoGanbHOro ynpaBreHUs CUCTEMOI M B3aUMOENCTBMS Y3noB. B pacnpeneneHHoin apxuTekType UCnonbayoTes
HECKOMbKO napannenbHo paboTatoLmx NpoLeccopoB, NOAAKLMX MHGOPMALWMIO B CUCTEMY LUMH, U3 KOTOPOM OHa
MOXeT BbITb MonyyeHa ApYrMM Nonb3oBaTensamu Unu npoeccopami. LnHa moxeT BbiTb Ucnonb3oBaHa AN
3anpoca WHdopmaLmm OT Apyrix npoueccopos. Co3faBaemas WHaMM ropU3oHTarbHas MHTEerpaLns 4onyckaet
06MeH MHhopmaLmei Mexay BCceMu NpoLEeccopam v Apyrumi SNeMeHTamy cucTeMbl 1 06ecrieynBaeT BbICOKYH
cTeneHb rubKkocTY 1 aaanTUBHOCTY.

4. Knactepusauus gaHHbIX

PaccMoTpuM MexaHu3M Krnactepusauun faHHbiX [2]. B Hawem npumepe Mbl UCMOMb3yeM KiacTepuaaumio
n3obpaxkeHMn 1 napameTpoB. Knactepusaums - 3agada pas3bueHus 3agaHHOM BbIOOPKM OOBLEKTOB Ha
HenepecekaroLMecss NOAMHOXECTBA, Ha3blBaeMble KnacTepami, Tak, YToObl KaXabld Knactep cOCTosn U3
CXOXWX OOBEKTOB, @ 0OBEKTbI Pa3HbIX KITACTEPOB CYLLECTBEHHO OTIMYanMCh. 3adava Knactepusauum OTHOCUTCS
K LUMPOKOMY Knaccy 3apay obyueHus 6e3 yuutens. B Hawem cnyvae knactepusaumst Oyget nponsBoanTLES Mo
BM3yarbHbIM NpU3Hakam 1 napameTpam o6bekToB. /3 BU3yarnbHbIX NMPU3HAKOB BbiAenuM LieTa cnektpa RGB u
KOHTPaCTHOCTb M300paxkeHus. 3 napameTpoB: HAbOp TEXHUYECKMX XapaKTEPUCTUK BU3YambHbIX MPOrpaMMHbIX
KOMMOHEHTOB Ans BEB-NPUNOXEHUIA, Takue Kak COBMECTUMOCTb C Bpay3epom, COBMECTUMOCTb C YCTPOWCTBOM,
COBMECTUMOCTb C MnaTchopmoii BeG-npunoxenns v T.0. B pesynbrate Knactepusauuu nonb3oBaTenb WMeeT
BO3MOXHOCTb  ObICTPO  HaxoAuTb BU3yarbHble MPOrpaMMHbIE  KOMMOHEHTbI Ans  BED-MPUNOXEHWA Mo
onpeneneHHbIM Npu3HaKam.

5. Mouck nHdopmauum

Tak kaK AaHHble NMPUXOAAT B CUCTEMY W3 Pa3fNYHbIX WCTOYHMKOB, TO Y KaXJOro 3MieMeHTa AaHHbIX MOryT
NPUCYTCTBOBATL CBOW AOMOMHUTENbHBIE NOMS U XapaKTEPUCTUKM, KOTOPbIX MOXET He OblTb B OCHOBHOW CUCTEME.
Y Kaxgoro MCTOYHWKA AAHHbIX M3 €OMHOrO peecTpa MCTOYHWKOB MPUCYTCTBYET YHUKaNbHbIA Habop nonew,
KOTOPbIA OJHO3HAYHO OMUCHIBAET BCE 3MIEMEHTbI AaHHbIX, MOMyYeHHble C 3TOro WUCTOYHWKA. [loaToMy Ha
nocneaHeM NATOM 3Tane arperauuy AaHHbIX U3 BCEX UCTOYHWKOB NPOM3BOAMTCS UX 06paboTka C 13BneyeHem
nonesHoi MHpopmauum n e€ yHudvkaumein B eauHbii ¢hopmat, no KOTOPOMY B AanbHenwem w byget
npou3BOAMTLCA nouck. [Mpn  3TOM [N KaX[oro rpaduyeckoro  3remMeHTa  [aHHbIX  COXpaHseTcs
MeTauHopMaLms, KoTopas BKMIOYAET Kak KONMMYECTBEHHblE (YMCIEHHbIE XapaKTepUCTUKW OBBEKTOB), Tak U
Ka4eCTBEHHble (MMHIBUCTUYECKIE) NPU3HAKW, TaKWe Kak:
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®  OMNCaHMS SNEMEHTOB AAHHbIX;
®  MHOXECTBa METOK (TEroB);
®  Ha3BaHWA 1 B3aUMOCBSA3N C APYrMMU SIEMEHTAMM.

[MOMCKOBLIN MEXaHWU3M CUCTEMbI UCMOMb3YET JIMHIBUCTUYECKYIO 1 LIBETOBYKO METaH(OpMaLMIio Ans HaXOXAeHNs
[0MyCTUMOrO MHOXECTBa OTBETOB, @ C MOMOLLBIO YMACMOBBIX MPU3HAKOB MPOM3BOAUTLCS PaHXMpPOBaHWE
nouckoBomn Bbigauun. Cneayer OTMETUTb, YTO hopMyrna pacyéta paHXupoBaHUs pes3ynbTatoB [5] yuuTbiBaeT
W3BECTHYIO MeTauH(opMaLmMio O MoMb3oBaTensX, KOTOpble MNPOM3BOAAT 3anpoc, Takum 06pasoM, 4To6bl
YBEMNNYUTb PENEBAHTHOCTb PEe3ynbTaToB. Tak e B Ka4yecTBe YacTW PaHXWPYIOLLEro KpUTepus MOXeT ObiTb
1CNOnb30BaH pesynbTaTt KonnabopatueHoi unbTpaumm [3,4], NonyyYeHHbIN NyTEM OTCHEXMBAHWS NMOAMHOXECTB
B3aUMHO MHTEPECHBIX 3IEMEHTOB [JaHHbIX MOXOXUM MOMNb30BaTENAM.

6. Busyanusauums aaHHbIX

AnbTepHaTUBOI CTAHAAPTHOMY MOWCKY BbICTYNAeT MOACUCTEMA BM3yanu3aLmu KNacTepoB AaHHbIX. MpuHUmN
[@HHON CUCTEMbI OCHOBAH Ha WCMONb30BaHUN MPOEKTUPOBAHMS KNaCTEPOB rpaduyeckin 3aaaHHbIX LaHHbIX HaA
Nrockyto kapTy. B kauecTee napameTpoB KractepusaLymi 3a4aTcs Kak LIBETOBbIE XapaKTepPUCTUKMA SNEMEHTOB
[aHHbIX, TaK W NIMHIBICTUAYECKIE MPU3HAKM.

MMpy NPOEKTUPOBAHUM AaHHbIX HA KapTy 3adaéTcs WwabnoH MpoekuwW, KOTOPLIM UM CRYXUT 3aTpaBkoi Ons
TOMOMOMNYECKOTO Pa3MELLEHNs 9NEMEHTOB AaHHbIX Ha kapTe. [pu Mcnonb3oBaHWW LWAbGMNOHOB MpOEKLMM
yaaétcs [ocTMYb adbdekta BrM3KOrO TOMONMOMMYECKOTO PACMONOXEHWS Ha KapTe OnnMskux Mo MeTpuke
Knactepusaumn rpadpMyecknx NEeMEHTOB, NPWU 3TOM COXPaHss BbICOKME ICTETUYECKME CBOWCTBA BM3YasnbHOrO
oTobpaxeHns KapTbl. Mcnonb3ys pasnuuHble (UAbTPbl, BO3MOXHO, Tak Xe Kak M B MOWUCKE, W3MEHATb
oTobpaxkaemyto MH(OPMALIMIO 1 TONOMOTMK KapT.

7. 3akntouyeHue

B paHHOM cTaTbe Obina paccmoTpeHa Maclutabupyemas aBTOMaTW3WpOBaHHas pacnpepenéHHas cuctema
arperawuu, noucka v Bu3yanu3auun AaHHbIX, 3agaHHbIX B rpadnyeckom Buae. ApXMTEKTYpa paccmaTpuBaeMon
CUCTEMbI SBNSETCS MHOrOYPOBHEBOW W aAanTUBHOW K PasnuyHbIM UCTOYHUKAM LaHHbIX, YTO AAET BO3MOXHOCTb
CUCTEME arperMpoBaTh [aHHbIE C PasHOPOAHbLIX UCTOYHWKOB. MMocne cbopa M3 JaHHbIX U3BMEKAETCS LieHHas
MHOpMAaLKs, KoTopasi COPTUPYETCS U COXpaHSieTCs B enHon 6ase. prMeHEHHbIE MeXxaHW3Mbl KnacTepusaumm
W BW3yanu3aLuu NO3BOMAKT YAyyWwUTb YAOOCTBO W MOBbICUTb CKOPOCTb M KA4yecTBO Moucka MHOpMaLmK,
WHTEPECHOW NONb30BaTENSM.

Mo HaleMy MHEHWUo, UCCreaoBaHNUs B 9TOM HanpaBneHUn No3BOMSKOT YNYULWNTb AOCTYNHOCTL MHAGOPMaLK,
CKOPOCTb M Ka4eCTBO MoWcKa, YTO MOBLILLAET YA0BNETBOPEHHOCTL MONb30BaTENEN U YA0BCTBO MCNONb30BaHNS
CEPBICOB, NOCTPOEHHbIX NO MPUHLMNY PacCMaTPUBAEMOII apXUTEKTYPbI.
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O CNEQYIOLLEM 3TAMNE KOMMbIOTEPHON CEMAHTUKU

Bnagumup Cropox

AHHOomayus: [ns shghekmugHo20 aHanu3a mekcma ¢ hOMOWbI0 KoMnblomepa Heobxoduma nepepabomka
mekcma nod 3ada4u Nob308amerisi, 8 MOM Yucsie nymem co30aHUsi HOBbIX N0 OMHOWEHUIO K aHanu3upyemomy
meKcmy UHmennekmyarnbHblXx 06bekmos 8 8ude KOHUENnmos U cxeM. Takue uHmennekmyasnbHble 06bekmel
npedcmasnsom cobol npoueccbl 8mopo2o nopsidka u Mo2ym bbimb peanu3o8aHbl Npo2paMMHbIM 06pa3oM Kak
OuHaMuyeckue 0bbekmb|

Kntoyeeble crnioea: aHanus mekcma, KOMNbOMepHasd cemMaHmuka, UHmenneKmyaanbu? o0bbekm

BBepeHue

KonnyecTBo MHopMaLym, reHepupyemMoi YeNoBEYECTBOM, PacTeT 3HAYUTENbHO ObicTpee, YeM BO3MOXHOCTU
OTLENbHOTO YenoBeka BOCMPUHAMATL M aHanuaupoBaTb 3Ty MHopMauuio. VIHTepHeT cam no cebe nuib
HEe3HaYMTENbHO peluaeT 3ajadvy aHanmsa MHQopmauun. FABNSeTCS HacylHO HeobXoaMMbIM - CO3aaHue
KOMMbIOTEPHBLIX METOLOB aHanm3a TEKCTOBOM MH(OpMaLmMKM, MOUCK B 3TOM MHGOpMaUMM maen, HeobXoamMbIX
Nonb30BaTENiO U UX NPEQOCTaBIEHNE B CKATOM M aganTUpOBaHHOM BUIE.

OcHoBHOE copepaHue

CoBpeMeHHbIE KOMMbIOTEPHbIE MOZENM CEMAHTUKN TEKCTA 1 PEeYN UMEIOT 3HaunTenbHo 6onee 6eaHbIN xapakTep
Mo CPaBHEHWIO C 6OraTCTBOM COLEPKaHMS YENOBEYECKOTO MbILNIEHMS!, BO3HWKAIOLLErO B MPOLECCe BOCMPUATIS
TEeKCTa MWW peun. OTO CYLLECTBEHHO OrpaHW4MBaET WCMONb30BAHWE KOMMLIOTEPOB MPU aHanM3e TEKCTOB,
0COBEHHO B Hay4HOM LEATENBLHOCTU M Ntoboi TBOpUECKOM paboTe.

OrpaHU4YeHHOCTb KOMMBIOTEPHOTO aHanM3a TeKCTa Bbi3BaHA TEM, YTO KOMMbIOTEP «YraBNMBaET» b
HE3HaUMTENbHYK YacTb «PEeneBaHTHON» CEeMaHTWKM, BO3HWKAOWEA Y 4eroBeka Mpu MpouTeHuM TekcTa. B
KOMMbOTEPE CEMaHTKA TEKCTA CBOAMTCS K CYMMe CEMaHTMKN OTAENbHbIX CIOB TEKCTa U UX CBA3Ei. Yenosek xe
B pesynbTaTe MHTepnpeTaLuv U NOHUMaHMUS TEKCTa CO3aeT CyLLECTBEHHO OTMNYAlOLLIeecst OT UCXOAHOMO TecTa
cofepkaHue, B pesynbTate Yero MOXET MOSIBUTBCA Psf MPUHLMMMANBHO HOBbLIX MOHSTMIA, BaXHbIX AMS
MOHUMAHUS TEKCTA W OTCYTCTBYIOLLMX B UCXOAHOM BapuaHTE, HOBble CBS3M, BbIBOAbI U T.4. [1].

Bcnencteue atoro, and nepexoga Ha Cﬂeﬂy}OLLLI/IVI YpOBEHb KOMI'Ib}OTepHOI7I CEeMaHTUKN Heobxoaumo
peanu3oBaTb KOMMNbIOTEPHOE «MOHWMAaHWE» TEKCTa N Ha 3TOi OCHOBE NnocTpoeHne HOBOW (I'IO OTHOLUEHNO K
ncxogHomy TeKCTy) CUCTEMblI  B3aMMOCBA3aHHbIX MHCbOpMaLLI/IOHHbIX, nnn  npaBuiibHee  CKasaTb,
WHTENNeKTyarnbHbIX, 00beKTOB, cogepxallnx Hekne mMofenbHble npeactaBNeHNA OTHOCUTENbHO TEKCTa W ero
BOCMNPUATUA Cy6'beKTOM.

KntoyesbIM (hakTOpOM B HOBOIA CEMaHTUKe SIBNSIOTCS CO3aaBaeMble B MPOLECCEe MHTEpNpeTaLmn 1 NOHUMaHUS
TEKCTa WHTENNeKTyanbHble 0ObekTbl. BO3HMKaeT uemblt psih BOMPOCOB 06 WX MpUPOAE, BO3MOXHOCTSIX,
WHCTPYMEHTapUW ANs NOCTPOeHUs U ap. Be3 pelueHns aTux W APYrX BO3HMKAKOLMX BOMPOCOB BCE MOMbITKM
CO30aHNs HOBOW CeMaHTUKM ByayT HOCWUTb HECUCTEMATMYHbIA XapakTep M MpuBeayT NULb K CYLLECTBEHHO
orpaHuyYeHHbIM peayrbTatam. Moatomy chopmynmpyem 3Tv BOMPOCHI U BO3MOXHbIE HANPaBMEHMs UX PELLEHMS.

UTo ecTb MHTENneKkTyanbHbli OOBEKT B UCKYCCTBEHHOM WHTENMEKTe, Aa, COOCTBEHHO M CaM WCKYCCTBEHHbIN
UHTennekT? Mogenb ecTeCTBEHHOrO MHTENnekTa? YactuuHas peanusaums, u 4to ato Takoe? Kakos Bknag B
WHTENMEKT PU3MYECKON 1 NpOrpamMMHON coctasnatowein? U psa apyrx sonpocos. O4eBraHO, B 3aBUCUMOCTYN OT
OTBETOB Ha 3TV BOMPOCHI ANS CO3A4aHWS MHTENNEKTYanbHbIX 06BEKTOB MOrYT ObiTh MCMONb30BaHbI COBEPLIEHHO
pasHble NPUHLMMbI, UCLUNNHBI, NHCTPYMEHTapWiA, Aa 1 cnocobbl hnanyeckoi peanusaumu.

CI'IeLLVIaJ'IVICTbI NO UCKYCCTBEHHOMY UHTENNEKTY UCNONb3YOT NOHATNA COAEPXaHUA, UHTepnpeTaunun u CEMaHTUKK
Kak B 3HA4UTENbHOM Mepe B3alMO3aMEHAEMbIE. He ocnapueas O6LLI|HOCTVI B CoAepXaHun 3TuX MOHATHIA,
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HeOBXOAMMO OTMETUTb TaKKe W CyLIeCTBEHHble Pasnuunst MeXay HUMUW. YkadaHHble MOHSTUS LOMKHbI HECTH
Pa3NNYHYI0 CMbICTIOBYHO Harpyaky, y4acTBOBaTh B PasNyHbIX OOBACHUTEMbHBIX CXEMaX, W pelaTb pasnuyHble
3a4aum. A HEKOHTPONMPYEMOe CMeLLMBAHWE W MOAMEHA 3TUX MOHSTUIA MPUBOAWT K MyTaHWULe, B pe3ynbTaTe Yero
HUM cneumanncTbl no WA, Hi gake NUHTBMCTLI HE MOTYT CKasaTb, B YeM e Npobnembl, W Kak Ux peLuatb.

CywiecTByeT Lenblil psg WHTENNEKTyanbHbIX 1 (U3NYECKUX 0BBEKTOB, MCMOMb3yEMbIX NPY BbICOKOYPOBHEBOM
aHanuse MHgopmauun:  ¢peimMbl, Knaccol (B NporpamMmMMpoBaHMM), KOHLENTbI, aBToMaTtbl No ¢oH HeiimaHy,
NCKYCCTBEHHbIE HEMPOHbI, peanbHble HEeMpoHbl W Ap. Heobxogumo B Oonbluei CTeneHn MOHATb CTENeHb
OOLHOCTM Mexay STUMW MOHATUSMKM W OObEeKTamMu, M MPUHUMNLI MX pasnuuus. JTo no3sonut Gonee
aheKTMBHBIM 06pa3OM CTPOUTL Ha X OCHOBE MHTENNEKTYarbHble 0GBEKTbI HOBOW CEMaHTUKN.

Mo cBoel CyTM WHTEnNneKTyanbHble OBObLEKTbl HOBOW CEMaHTUKM AOMKHbI MPeAcTaBnsaTb CoBOM  Hekue
YCTONYMBbIE UMW KBA3WYCTONYMBBIE NPOLIECCHI, BO3HUKAOLLME 1 CYLLECTBYIOLLME B pe3yrbTaTe B3aMMOAENCTBIS
HEKMX MepBUYHbIX NPOLLECCOB, T.e., 06pasHO roBOps, MPOLECCH BTOPOro nopsigka. B moary XwmBbix CywlecTB
TaKue NpoLecchl BTOPOrO NopsaKa peanuayloTes 3a cyeT BOMbLIOro KOMMYeCTBa CUHANCOB, MPUXOAALLMXCS Ha
OOMH HelpoH (nopsigka 104), CUCTEMbl MEpapXMYECKUX CBS3EW, CROXHOCTW CMHANCoB. C TOUKM Xe 3peHus
KOMMbIOTEPHON MAEONOMMN WHTENMNEKTyarnbHble OObEeKTbl CEMaHTWKM [OMKHbl NpeacTaBnsaTb cobOi Hekue
[VHaMUYeCK1e nporpaMMHble 06bEKTbI, BKIOYatoLLMe B cebs BO3MOXHOCTY: @) CO3A4aHMs HOBbIX 0OBEKTOB TUNa
3K3emnnspa knacca ¢ y4eToM BXOAHOM MHAOPMAaUMW, 3HaHW W Lenen cybbekTa; 6) BKIOYEHUS BO BHOBb
CO3AaHHbIN OOBEKT YXe CyLeCTBYHOLMX OOLEKTOB, B 4YaCTHOCTW, 6a30BbIX OMMCAHWA KOHLENTOB, CXEM,
penmoB, rpacdioB; B) PacCMOTPEHWE B WHTENNEKTyamnbHbIX OMepauusix HOBbIX WM MOAMQULMPOBAHHbIX
0DObEKTOB KaK HEKVX LIEMOCTHOCTEN C TOUKM 3PEHINSI CEMAHTUMKN 1 Ap.

Peanusauus 13noXeHHbIX Bbille MAEN BO3MOXHA B BUAE NPOrpaMMHbIX MPOAYKTOB AN OTAENbHbIX NPeaMETHbIX
obnacTeit, 3agay, nonb3oBatenei. Takue MPOAYKTbl AOMKHbI MMETb Pa3BUTblE BO3MOXHOCTM Auanora C
Nnonb3oBaTeNEM, HaCTPOWKM W CaMOCOBEPLUEHCTBOBAHWS B pesynbTate, Kak Awanora, Tak WM BHYTPEHHMX
WHTENMeKTyarbHbIX NPOLEeccoB. B cryyae akTMBHOMO Auanora ¢ nonb3oBaTeneM, HacTpPOMKK Nog ero 3agadn u
BbINOSHEHNS BonbLuoro o6bema paboT Mo aHanu3y TEKCTOB M PeyW, TakoM MPOrpaMMHbIA MPOAYKT MOXeET
NpuobpecT HeKoTopble YEePTbl WHAWBMOYarbHOCTU U WUCMOMHATL POfb MHAMBWAYANbHOMO aHanUTUYeCcKoro
MOMOLLHWKA TEKCTOBOW 1 CXEMHOM MHEOpMaLnK.

3aknioyeHue

Cnepytowmin atan pasBUTHS KOMMbIOTEPHON CEMAHTUKN JOMKEH CyLLECTBEHHO OCHOBLIBATHCS Ha nepepaboTke
aHanuanpyemoro TekcTa W 3aMeHOl ero aganTMpOBaHHbLIM MOA LEenu nonb3oBaTens cogepxaHuem. ns atoro
HeobXxoaMMO peLunTb NPobnemy CO3AaHNs HOBbIX MHTEMNMEKTYanbHbIX 06 BEKTOB B BUAE CIIOXHBIX ANHAMUYECKUX
npoueccos. PelueHne 3Ton Npobrembl NO3BONUT NEPENOXUTL C MOMb30BATENSA HA KOMMBIOTEP MOUCK HYXHbIX
naen B Ype3sblyanHo GonbluMx 0Bbemax HOPMaLMK, HaXOAAWMXCS B VIHTepHET.

Bubnuorpadus

[Ctopox, 2014 ] B.B. Ctopox CemaHTuka 1 OHTONOMM B €CTECTBEHHBIX W UCKYCCTBEHHbIX cuctemax  B: Open Semantic
Technologies for Intelligent Systems - OSTIS-2014 - MuHck: BIYWUP, 2014. - ¢.415-422.
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O NPUMEHEHWUM CUCTEMOINOIun B
TPAHCOUCLMNNUHAPHBIX UCCNEOOBAHUAX

EkatepuHa ConoBbeBa

AHHomayusi:  Paccmampusaemcss  yenecoobpasHocmb — NPUMEHEHUs  cucmemornoeuu U memoda
CUCMEMOI02UYECKO20 KITacCughUKaUUOHHOR0 aHanu3a 3HaHuli 8 mpaHCOUCUUNIUHapHbIX UccnedosaHusx ons
obecneyeHus Ux UenocmHocmu, 3¢hghekmusHoCmU U 060CHO8aHHOCMU.

Kniouesble crnosa: mpaHcOUCUUNIUHAPHOCMb, 3HAHUS, CYWHOCMb, CUCMEMOMOoaus, CUCMEeMOo2UYecKul
KnaccughuKayUOHHbIL aHanus, cucmema, UeocmHocmb, HooCgepa.

BBepeHue

TpaHCAUCUNNIMHAPHOCTL  aKTyanbHa Ans Haykn W obpasoBaHust Oymyllero; YCTOMYMBOTO — PasBUTHS
UMBUNM3aLMK, TOCy[apcTBa M GU3Heca; CO3[aHUs WHTENneKTyanbHOro Kanutana, Hoocgepbl, obliecTsa U
OKOHOMMKI 3HaHW. TpaHCOMCUMNIMHAPHOCTb KaK MCKMIOYMTENbHO BaXHOE SIBMEHWE B PasBUTUN  Haykw,
obLLecTBa, YenoBeka MOXHO paccMaTpuBaTb B pasfMuHbIX acrekTax. B Teaucax HEBO3MOXHO OXBaTUTb BCE
acrnekTbl, OCTAHOBMMCS Ha OfJHOM U3 ONPeAEeNSIOLLMX - CUCTEMHOM acrekTe, 1 04eHb KPaTKO — Ha JyXOBHOM.

AHanus uenecooGpasl-locm NPUMeHeHnAa CMCTemMoJsiormm u cucteMmonornyeckoro
KHaCCVI(bVIKaLWIOHHOFO aHanusa B TpaHCANCLUNIIMHAPHBbIX nccnegoBaHnAX

Bo3HMKHOBEHWE TPAHCAMCUMNANHAPHOCTY CBMAETENLCTBYET O MOHMMAaHWM HeobXoaMMOCTU  Lies10CMmHOo20
(SMEPMKEHTHOTO)  PAaCCMOTPEHUST  AEMCTBUTENBHOCTW.  TpaHCAMCUMNMWHAPHOCTL  OCHOBLIBAETCA  Ha
codepxameribHOU Ka4ecmeeHHOU CmMopoHe UHghopMayuu, paboTe CO 3HaHUAMM, TPAHCAUCLMMIIMHAPHOW 3TUKE.
MomobHble uMaen BbiCkasaHbl ewe B XapTuu  TpaHCAMCUMNAWHApHOCTW, npuHaTon B 1994  rogy.
TpaHCAMCLUMNIMHAPHOCTL CBA3aHa C MPOHUKHOBEHWEM B CyWHOCMb, YrnybneHneM Ha CUCTEMHOW OCHOBE
HaLLero NOHUMaHWS 1 3HaHWUIA, C yXOBHbLIM Pa3BUTUEM YESIOBEKA.

YyeHble MpUXOaAT K MOHUMaHMIO HEOBXOAMMOCTM HOBOMO CUCTEMHOrO Moaxoda Ans TPaHCAUCUMNAMHAPHBIX
uccnefosaHuin. Hanpumep, paspabotka TpaHCAMCUMMMWHAPHOTO CUCTEMHOMO MOOXOA4a BKMKYEHA B LEMM
WHCTUTYTa TpaHCOMCUMNAMHAPHBIX TexHonoruin. OTMevaeTcs Takke CABUM HAyyHOro 3HaHWs «B obracTb
OObEMMIOILEr0  €ro  3HaHMS  XM3HEHHOro  mupa»  (Xaptua  TpaHcaucuunmmHapHocT  2).  [ns
TPaHCANCUMNIIMHAPHBIX UCCIEO0BaHNA HEOOX0ANM HOBLIN CUCTEMHBIN MOAXO0A, KOTOPbIA paccmaTpuBaeT noboi
0BbEKT LEenoCTHO, KaK CUCTEMY; YWMTbIBAET OMNpefensiowylo ee Hagcuctemy, noatomy LenecoobpasHo
NPUMEHEHNE CUCTEMOSOTUM B TPAHCAUCLMMIIMHAPHOCTMW.

Cucmemonoaudeckull nodxod HOOCKHEPHOTO 3Tana pasBUTUS HayKM WCCReayeT CUCTEMY, HauuHas C
onpefeneHns HaacucTeMbl W ee 3anpoca K CUCTEME; YUMTbIBAET (DYHKUMOHAMbHYK, CTPYKTYPHYI W
cybCTaHUMOHaNbHYK LenoCTHOCTb CUCTEMbI; 0OecneuMBaeT MOHUMAaHWE CYLWHOCTW CUCTEMbl, MPUYUH €ee
BO3HWKHOBEHWS 1 AMHAMUKM pa3suTus. Cucmemonoaus MOXeT ObiTb YCMELWHO NpUMEHEHa npy UCCreaoBaHnm
CIIOKHbIX KayecmeeHHbIX Heghopmanu3ogaHHbiX (ill-structured) npobrem B NpOM3BOMbHBIX, B TOM uuUCre
CnaboCTPYKTYPUPOBaHHBIX NpeaMeTHbIX obnactax. CuCTeMonorus no3BONSIET W3yvaTb CUCTEMbI MEPBOM
NpUPOAbI, HE CO3MaHHbIE YEOBEKOM, U CUCTEMBI, BKITIOYAIOLLME YEroBeKa.

Ob6obwweHne noHaTMs cuctembl cuctemonorn .M. MenbHukoBa no3BonsieT 3MEKTUBHO MPUMEHSTD
CUCTEMONOTUIO AN uccrefoBaHns 3HaHuii [1]. Tak, HOBbIA KOrHWUTWBHBIA Memod CUCMEMOI02U4eCcKo20
KrnaccughuKayUOHHO20 aHaru3a 3HaHWUA Ha OCHOBE KOHCTPYKTUBHbIX KPUTEPUEB eCTECTBEHHOW KnaccudukaLmm,
obobLarowmx 1 passuBaloWyX npasuna OpManbHOA NOrMKW, MO3BONSET CUCTEMATM3MPOBATb MOHATMSA W
nonyyatb HOBble riy6uHHbIE 3HaHNSt 060CHOBAHHO C Y4ETOM CYLLECTBEHHbIX U CYLLHOCTHbIX CBOWCTB [2].
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Takum 06pa3om, CUCTEMOIIOTUS MOXET CTaTb CUCTEMHOI METOAO0MOIMEN TPAHCANCLUMNIMHAPHBIX UCCNELOBaHMNA,
a CMCTEMONOr1Yeckni KnaccuuKaLMOHHbIA aHanu3 1 paspaboTaHHas M 0DOCHOBaHHas Ha ero OCHOBE CUCTeMa
kateropuin C./\. MaTopuHa - 62301 ans ux ycnewwHoro paseutis. CUCTEMONOrNYECKM NMOAXOL Kak 34paBbIi
CMbICIT U LENOCTHbIA HOOCKEPHBIA B3rMSA «CBEPXY» Ha CUCTEMY, €e CYLIHOCTb, CBOMCTBA, agantauuto,
3BOMNIOLUMIO, (OYHKLMOHMPOBAHME U Pa3BMTME, MO3BOMAIOLIMIA CUCTEMHO pacCcMaTpuUBaTb MaTepuanbHbil U He
MaTepuanbHbiii MMp, B TOM YMCIE - 3HAHWUS 1 MEHEMKMEHT 3HaHMiA, 0Decneynt 0DOCHOBAHHbIE PELLEHUS W
MPOrHo3bl B Nt0bbIX chepax AesTeNbHOCTM YENOBEKa U B TPAHCAMCLMMAMHAPHBIX MCCNEA0BAHNSIX.

K TpaHcaucumnnvHapHoMy 06pa30BaHMI0 MOXHO OTHECTM CUCTEMOSIOMNYECKOE 3HAHWEOPUEHTUPOBAHHOE
KOTHUTUBHOE 0OyYeHWe MarucTepckon cneumanbHocTh «KoHconuamupoBaHHas uHdopmaums» Ha 6asoBon B
YkpanHe kacpegpe  CouyuanbHol — UHbopMamuku B XapbKOBCKOM — HAUWMOHanbHOM  YHUBEpPCUTETE
pagmoanekTpoHukn. OByyeHue BKMKOYaeT (POPMUPOBAHWE HOBOTO HOOCKEPHOTO CUCTEMHOTO MbILUIIEHNS,
OCHOBaHO Ha coaepxatenbHon 0bpaboTke MH(OpPMaLMK 1 CUCTEMHON paboTe CO 3HaHWAMK, HanpaBneHo Ha
NOBbILLEHE KOHKYPEHTOCMOCOBHOCTY U ynyyLleHue nioboin esTenbHOCTU C YH4ETOM STUYECKIUX MPUHLMMOB.

[lyx0BHbIN acnekT He BXOAUT B 0By4eHne M He BCEraa YNOMMHAETCS B TPaAHCAMCUMNNMHAPHBIX paboTax, HO B
CBSA3M C TEM, YTO XapTust TpaHCAMCUMNIMHAPHOCTY BKIKOYAET TONEPAHTHOCTb (KaK (hyHOAMEHTabHbIA MPU3HAK
TPaHCAMCLMNINHAPHOMO MOAXOAA M BUAEHWS, KOTOPbLIN «NpeanonaraeT npusHaHue npasa Ha MAEU U UCTWHBI,
NPOTMBOMONOXHbIE HALUM COBCTBEHHBIM»), XOTENoCb Obl OTMETUTb He OBLLENPUHATYI BO3MOXHOCTb
NPUMEHEHNS B TPaHCAMCLMNNIMHAPHBIX MCCMedoBaHusX metoga Oyaausma (He penurnosHoro) paboTbl
4enoBeyeckuM YMOM. OTOT MeTog Onu3oK K MpeacTaBreHnsiM COBPEMEHHOM Hayku, ero Moaaepxvsan u
naypeatbl Hobenesckoin npemuun. Hanpumep, A. SWHWTEAH yTBepxaan, yto Oyaamsm npeactaenseT coboi
«nocrnefoBaTeNibHyl0 NOMMYECKyl0 CUCTEMY, OCHOBAHHYIO Ha OMbITe MEPEeXMBaHWS peanbHOCTM BO BCEW ee
NOMHOTE, 1 NO3TOMY MOXET CYMTATLCH COOTBETCTBYIOLMM Hay4HbIM CTaHaapTamy [3, ¢.23].

BbiBoabl

B pesynbTate npoBefeHHOM pabOoTbl MOXHO cAenaTb BbIBOAbI O LienecoobpasHoCTM M HeobXoaUMOCTy
MPYMEHEHNs1 HOOC(EPHOrO CHUCTEMONOTMYECKOrO NOAXOAA WM CUCTEMOSONMYECKMX METOLOB NSt obecneyeHus
LIeNoCTHOCTH, KayecTsa, rnyOuHbl U 0GOCHOBAHHOCTM TPAHCAMCUMMIMHAPHBIX MCCRENoBaHUiA, 3theEKTUBHOI
cucTeMaTU3aLMM 3HaHWUA, coaepxaTenbHoil 06paboTkm MHGOPMALMK, NO3HAHNS CYLLHOCTM, PELEHNS COXHBIX
Ka4eCTBEHHbIX NPOBNEM 1 AanbHEMLero CUCTEMHOMO Pa3BUTUS TPAHCAUCLMNIIMHAPHOCTY.

ABTOp BbIpaXaeT MCKPeHHIOW 6GrarogapHocTb akagemuky A.B. ManaruHy 3a  obcyxaeHue BOMPOCOB
TpaHCANCLMNIMHAPHOCTI U BokTopy dunocodun A, bpaxmaHy 3a obcyxaeHue NPUMEHEHUI CUCTEMONOMN B
MaTepuanbHbIX 1 HeMaTepuanbHbIX cdepax.

Cnu1cok Ucnonb30BaHHOW NUTepaTypbI

1. bongapeHko, M.®. OcHosbl cuctemonorn / M.®. BonaapeHko, E.A. ConosbeBa, C.M. MatopuH. — Xapbkos: XTYP3,
1998. - 118 c.

2. ConosbeBa E.A. EcTecTBeHHas KnaccudmkaLms: CMCTEMONOrMYEckMe 0CHOBaHNS.— XapbkoB: XHYPO, 1999. — 222¢.

3. ®opma u nyctota. Ot Byaamama k Hayke u obpatHo. Mop pea. A. Mwmbbicnasckoro.— Knes. BorHsiHe koneco, 2013.-231c¢.

CseaeHusa o6 aBTOpe

ExamepuHna Conosbeea — 3a8. kaghedpol CoyuanbHol uHgopmamuku, npogbeccop, GOKMOop MexHUYECKUxX
HayK, XapbKosCKUU HauuOHanbHbIl yHuUsepcumem paduodanekmpoHuku, np. JleHuHa, 14, Xapbkoe 671166,
YkpauHa; e-mail: si@kture.kharkov.ua , gt_ekasolo@yahoo.com
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KNACCU®UKALNA BUOSNEKTPUYECKUX CUTHAINOB
HA OCHOBE HEMPOMOAOBHbLIX MOJENEN

Haranbs H. ®unatoBa, Amutpuit M. XaHeeB

AHHOmauyus: B cmambe onucbigaemcsi an2opumm Knaccugukayuu 6UONEKMPUYECKUX CU2Hano08. [laHHbIl
Kraccughukamop OCHO8aH Ha udee pacmyuwiell nupamudanbHol cemu, adanmuposaHHoU Ons pabomb! €
HeyemKkumu onucaHusiMu obbekmos. Paccmampusaemblili  aneopumm pewaem 3adayy Knaccughukayuu,
06beduHss ee ¢ 3adadell ceameHmauuu.

Knroueeble cnoea: knaccuhukayus, pacmywue nupamudarnbHble cemu, 2pagbl, obyyarowas ebibopka,
Heyemkasi fio2uKka.

BBepeHue

OfHO 13 COBPEMEHHbIX HampaBiEHWA PasBUTUSI MEWLMHCKOM TEXHUKM CBS3aHO C CO3[4aHMEM BUPTYanbHbIX
npubopoB AN YHKUMOHaNbHON auarHocTukm (BM®L) KkoTopble MOXHO 3(GEKTUBHO MPUMEHATb NpU
CKPUHWHIOBbIX MeToaukax obcneaoBaHus. [ns aBTomaTtusauuy npoueayp Mx NpOEeKTUPOBaHUS mpeafiaraeTcs
yHudmumpoeatb  cTpyktypy BIM®L, Bbigenve 6a30Boe sApo, pellaioliee 3agady — knaccudukaumm
B1O3NEeKTPUYECKINX CUTHANOB M (HOPMUPOBAHMSA NpaBun 4Ns UX pacno3HaBaHus. B goknage paccmatpusaeTcs
OOMH 13 BO3MOXHbIX MyTEN PELIEHWs 3TOW 3adaun C NMOMOLLbIO CreLmanbHOi HeMponogoBHON nepapXmM4eckoi
ctpyktypbl (HWC), ocHoBaHHOW Ha waee pacTywmx nupamugancHbix ceten [[nagyH, 2004] n nossonstowlein
reHepupoBaTh Npasuna KnaccuukaLum CUrHanoB ¢ HeYeTKO NPOSBAAKLLMMUCS CBOCTBAMMU.

ABTOoMaTuyeckas reHepauua npasun KﬂaCCMCbVIKaLIVIVI 6“03neKTpVI‘-IECKMX curHanos

Buoanektpuyeckne curHansl (BAC), aenswowmecs obbektamu  Knaccudmkauum, npecTaBneHsl  00bIYHO
Gonbwum uucnom Touek [lfeachor, 2002]. ®yHKUMOHanbHbIE npeobpasoBaHus MO3BOASIOT YMEHbLUMTb
pa3MePHOCTb OMUCaHWA, HanpuMmep, Ans NpeacTaBneHus anekTposHuedanorpammel (33 no 9 oTBeaeHNaM
PaCcCUMTLIBAKOTCA CMEKTPbl MOLUHOCTM, KOTOPbIE B COBOKYMHOCTM MO3BOMSAKT MPeacTaBUTb 3TOT OOBEKT
BEKTOPOM, BKIIOYaOLLMM 558 COCTaBNSIOLLMX.

CywecTBytolme MHAMBUAYaNbHbIE OCOBEHHOCTM MCTOYHWKOB CUrHAanoB, NO3BOMSOT BblABUHYTb TMNOTE3y O
LienecoobpasHoCcT nepexofa K JMHMBUCTUYECKMM NEPEMEHHBIM MpW OnucaHun NoaobHbIX rpadukos. Torda
KoOpAMHaTbl ToYek rpadmka no ocu abcumce OyayT paccMaTpuBaTbCA Kak CMMCOK MPU3HAKOB, M 3HAYEHUs
Kaxgoro npusHaka Gyget onpefensatbCs kak HEYeTKoe MHOXECTBO, Supp KOTOPOro 3afaeTcs Ha OCK OpaumHaT.
Takum 00pa3oM, HEYETKUMM CTAHOBATCS BCE OLIEHKM OpamMHaT Touek rpacdmka. [Ans HenWHenHbIX rpadukoB
pasbpoc 3HaYEHMI Kaxgoro NpusHaka Ha MHOXeCTBe OOBEKTOB OAHOrO Krnacca 6ydeT pasnuuHblin. B cBs3m ¢
9TUM Ans hasndrkaLmmn Kaxaoro npusHaka HeobXxoauMMo co3haHne MHAMBMAYANbHON fIMHTBUCTUYECKON LKanbI.
Tak kak BCe NpuU3HaK1 XapakTepU3yoT TOYKM OAHOrO rpaduka, TO AN NOCTPOEHUS BCEX HEYETKNX LKA MOXHO
NCMONb30BaTb OAHO U TO XE TepM-MHOXeCTBO, Bkmtovatowee Tpu Tepma: HI, MID, LOW. Takum obpasom,
obyyatoLas Bbibopka NpeacTaBnsSeTcs HEYETKUMM ONUCAHUAMW NATTEPHOB OMOINEKTPUYECKUX CUTHATIOB UMK UX
(DYHKLMOHaMNbHbIX NpeobpasoBaHui.

lMocTpoeHne CeTu BhIMOMHSETCS B ABa NocnegoBaTenbHbIX aTana. Ha nepeom atane dopmupyetcs CTpyKTypa
CeTW, B CETb BBOASTCS HOBble BEPLUMHBLI U CBA3W MEXOY HUMU, ANS 3TOr0 UCMOMb3yKTCA npasuna u3 paboTbl
[(nagyH, 2004], moanduumpoBaHHbie 4N aHann3a 0ObeKTOB, 3aAaHHbIX HEYETKUMK npusHakamu. OCHOBHas
3afjadva NepBoro dTana 3akmioyaeTcsl B BblAeNeHUM NepeceyeHunii B NpU3HaKoBbIX OnMuCaHMsX 06bekToB. Ha
BTOPOM 3Tane OCYLIECTBNSETCS pa3MeTKa KOHTPOSbHbIX BEPLIMH CETW, KOTOpbIM COOTBETCTBYIOT Haubornee
XapaKkTepHble Ans OnpefdenieHHoro Knacca COYeTaHus Npu3HakoB. [locTpoeHHbI knaccudmkatop B3C
NOKanu3yeT y4vacTki C OOMHAKOBLIMW 3HAYEHUSIMM HEYETKMX MPU3HAKOB, HO 3TO (PAKTMYECKUM NPUBOAMUT K
CerMeHTaLuM NaTTepHoB Ha y4acTku ¢ BrIM3KUMM OLIEHKaMK UX CTPYKTYPHbIX CBOWCTB. [poueaypa cermeHTaumm
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CMrHaroB no3BosisieT ChopMMPOBATL HOBOE MPOCTPAHCTBO YKPYMHEHHbIX MPU3HAKOB M BOCTPOU3BECTY OMUCAHNS!
06BEKTOB C MOMOLLBIO MepapXMYECK B3aUMOCBSI3aHHbIX NPU3HAKOB

lMpeanoxeHHble MAeuM peanu3oBaHbl B Buge HenponogobHoro  mepapxudeckoro ceteeoro  (HWC)
Knaccudmkatopa, KOTOPbIi NO3BONSET aBTOMATMYECKM (POPMUPOBATL MOHATWUS O Knaccax OOGBLEKTOB Mo
Pa3sHOPOAHbLIM AAHHBIM, C BO3MOXHOCTbIO 06aBNEHMs HOBON MHAOPMALK O Kraccax no Mepe ee NOCTyMeHus.

Ctpyktypa HWC nerko koHBepTupyeTcsi B HabOp NOTMYECKUX BbICKA3blBaHMIA, KOTOPble MCMOMb3YITCS B
[anbHelilemM Kak aBTOHOMHble MpaBura, OMPedensiolme OTAeNbHble Khacchl curHano. B pexume
KnaccuduKkaLumm ¢ NOMOLLbI0 anropuTMa He4eTkoro forM4YecKoro BblBOAA OCYLLECTBMSIETCS aHaNn3 OnMCaHus
o6bekTa, 1 hopMUPYETCS CYXKAEHWE O CTEMEHW ero NPUHAANEXHOCTY K KnaccaM.

WUccneposanune HUC-knaccudpukaTopa

Mporpamma-knaccudukaTop WCCreaoBaHa Npy pelleHun 3adady Knaccudukaluv 3Haka SMOLMM Ha OCHOBE
aHanmuaa cnekTpanbHoW nnotHocTu MowgHocTi (CIM) 3anmuceit curHanoB anekTposHuedanorpamm (33l) w
peyeBoro curHana (PC), a Tak xe knaccudukaumm AbixaTenbHbIX WyMOB M3 KnaccoB «Hopmay u «[atonorumy.
WccnegoBaHua nokasan BO3MOXHOCTb BblJeneHust MHTepBarnoB Haubonee MHGOPMATMBHBLIX MPU3HAKOB,
No3BONAKLLMX 06eCneynTb XOPOLLMIA ypoBEHb 0B06LLEHMS 1 YyTOUHEHNS OnucaHus 06bekToB B knaccax. [ns [LU
Hanbonee MHADOpPMaTMBHbIE NPU3HaKK HaxoasaTcst B ananasoHe 0-2100 'u, ana PC - B ananasoHe 1100-5100 I,
[ns natTepHoB O3l Npu3HaKK, Nonyyaemble 13 OTBEAEHWUN TONMBKO NPABOro NOMyLUAPKs roNIOBHOTO Mo3ra.

OGobuleHne npu3HakoB CnOCOOCTBYET YMyyLIEHMIO Pe3ynbTaToB Knaccudmkauuu, ogHako npu atom HUC
YCINOXHSETCS, YTO NPOSIBNSETCS B YBENIMYEHWUN KONUYECTBA aCCOLIMATUBHDIX SIEMEHTOB 1 CBA3EN MEXAY HUMM.

KnaccudmkaumoHHble npasuna, NOMyyYeHHble C MPUMEHEHWEM anroputMa OOBbEAMHEHUSt MPWU3HAKOB, Myulle
ONUCBIBAKOT  MCCreyeMble KnacChl M MO3BONSKT YBEMWUYUTL TOYHOCTb  Knaccudmkaumu. MakcumansHo
[OMYyCTUMBINA YPOBEHD LyMa, 0becneunBatoLLmin pasgeneHne 0bbekToB He JomkeH npesbiwathb 20%.

3aknioyeHue

HUC knaccudpmkaTop npoLien TECTUPOBaHME Ha WCKYCCTBEHHbIX M pearbHbIX KIMHMYECKUX AaHHbIX. Habop
CreHepUPOBaHHbIX  KNaccuUKaLMOHHbIX MpaBun, oTobpaxarowumx 3akoHomepHocT B cTpykType HUC, w
pesynbTaThl knaccugmkauum Boibopok curHanos (AL, PC n 33 B 6onbluMHCTBE CRyyaeB COrnacytoTcs no
(hopMe C NOTNYECKMM BbIBOAAMM, CAENAHHBIMM SKCNEPTaMi NMPU aHann3e Tnx ke BbIGOpOK.
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MPUMEHEHUE LWABJIOHOB NPU NPOEKTUPOBAHWUW OHTONOrnMK Angd
WU3BNEYEHUA 3HAHWUM U3 NMPABOBbLIX JOKYMEHTOB

EkatepuHa Xana

AxHHomayus: [poekmupogaHue npagogoll oHmomnoeuu - mpydoemkas 3adaqa, komopas mpebyem HaMHO20
bonbwe, 4Yyem NPOCMO 3KCNEPMHbIX 3HaHUl. Yacmu4yHo 3mo 006yCro8NIeHO MOHKOCMbI  HOPUOUYECKUX
paccyx0eHull, MHO203Ha4YHOCMbIO N102UYECKUX ymeepx)OeHUll 8 NpagosbIX NPUIOXEHUSX, HenomHomol u
npomueope4UBoCMbI0  npumeHsiemol  3akoHodamesibHoli 6asbl. B pabome npednazaromcs Hekomopble
NPOEKMHbIE PEWeEHUs], 0CHOBaHHbIe Ha BbIOeNeHUU PeaynsipHbIX 8bIPaXeHUl 8 Kopnyce npagosbIX MEeKCmos
0ns nocmpoeHus1 WabioHO8 CUHMAaKCUYECKUX CMPyKMYyp 3HaHull npu CUHMEe3e CeMaHMUuYecKux cmpykmyp
3HaHul, Komopkle npedHasHaqeHb! A1 pa3pabomku npagosbix oHmomnoaul. lNpedcmasneH 0630p MunosbIx
3aday u ycrye 0na npedcmagneHust npasosbIx 3HaHUL, 88e0eHO noHaMue wabroHa OHMOooaUU, U NOKa3aHa
aghhekmusHOCMb €20 UCNOb308aHUs Npu pabome ¢ npagosoli 0bnacmelo.

Knroyesble crioga: npagogas OHMOI02US, CMPyKMypa OHMO02UU, aHanu3 meKcma, peaynspHble 8bIpaxeHUs,
meKkcmosbIl KOHMeHM.

BBepeHue

,D,J'Iﬂ MoJennpoBaHua 1 onucaHua npaBOBbIX SBNEHUIA K npoueccoB akTyanbHa 3agava CO3AaHuA CUCTEM,
OCHOBaHHbIX Ha 3HaHWSX. Takue CUCTEMbI, BKnovawwme B cebs anemeHThI SKCI'IepTHOIZ O6pa6OTKVI n
WHTENNEeKTyanbHoro noucka, Moryt Ctatb He3aMeHUMbIM  WUHCTPYMEHTOM B I'IpaBOTBOpl-ieCKOVI n
npaBonpmmeHMTeanoﬁ [esTenbHOCTH, CTaTb OCHOBOM pa3nn4HbIX CeMaHTUYECKUX I'IpI/IJ'IO)KeHVIﬁ.

MepBbiM LWarom B pa3paboTke Takon CUCTEMbI SIBNISIETCS NOCTPOEHUE W MPUHATE OHMOI02UU — B PON €ANHOMO
NCTOYHMKA AOKYMEHTUPOBAHHOWM COBOKYMHOCTY TEPMUHOB NPEAMETHON 0Bnacti W npaBus, COrMacHO KOTOPbIM
3TN TEPMMUHbBI MOTYT BbITb MCMOMbL30BaHbI ANS NOCTPOEHNS 4OCTOBEPHbIX YTBEPXKAEHMIA O COCTOSHUN CUCTEMBI, @
Takke ANA  CaHKUMOHMPOBAHHOTO NOMMYECKOTO BbIBOAA HOBbIX YTBEPXKAEHWA. Mcnonb3ys OHTOMOrMM,
nonb3oBaTenu M cuctembl MorytT obliaTtbCs Apyr C [pyroMm, MOAAEPXMBas MH(OPMALMOHHBIA OOMEH,
BasnpytoLLMICa Ha CEMAHTUMKE (@ HEe TOMbKO Ha CMHTAKCKCE) 9TOr0 eAnHON TEPMUHOMOrMYeckon 6asbl.

¢yHKL|VIOHaJ1bHOCTb n Metoabl I'IpaBOBOFI OHTONOTNKU

3-3a aBTOHOMUM W 3aBUCUMOCTW NPABOBOrO 3HAHWSA U OT (PU3NYECKWX, U OT COLMArbHbIX 3HaHWUIA, NMPaBOBbIE
3afjauvm paccyxneHus passuBanuchb cneuuduyeckum obpasom, Hanpumep TpebosaHue — [locrnedcmeue (ecnm
P thakTyeckume 3HaHus, TO npaBoBble 3HaHus Q), Obsisamenscmeo — [Ipaso (ecnm y A ecTb 0bsi3aTensCTBa no
OTHOWeHWO K B, T0 B umeeT npasBo k A), Hopma < Cnyyall (ecnv cuTyauusl BbINOMHAET YCroBus Ans
HapyLLEHNS HOPMbI, 3TO CTAHOBMTCA MPaBOBbIM CryyaeM — cyaebHbiM aenom), CueHapuli lMpecmynneHus
(MpecTynneHne COBEPLUEHO NPECTYNHUKOM ¥ NPUBMEKAET BHUMAHME BACTEN, KOTOPbIE NPECNeayT NpecTynHoe
LEncTaume) v ap.

Pa3paboTunk OHTOMOTMM WMEEeT [eno C MPOEeKTUPOBaHWEM, YNpaBreHWeM W JKcrryaTtauueidl OHTONMorviA B
npegenax MHMOPMALMOHHBIX cucTeM. [lpecmasrneHue 3HaHUU C NOMOWbKO  OHMomoeuu —  Hawubonee
BbIpa3uTENbHbIA CNOCOD, UCMOMb3YIOWMA BCe NPENMyLLECTBA SIBHOMO NPEACTaBNEHNS 3HaHWA. [JOCTOMHCTBOM
[aHHoro cnocoba ABSETC TO, YTO OHTONOMMU MOXHO OBBbEANHATL C APYTMMI KOMMOHEHTaMK, 4TO6bI MOCTPOUTD
CEMaHTUYECKU-ABHbIE MPUIOXEHUS, Hanpumep, WCMOMNb30BaTb COBMECTHO C: [0Ka3aTeNlbCTBOM TEOPEM,
kaTeropusauuen un knaccudukatopamm aksemnnspa [Gangemi, 2004], BblumcnntenbHbIMM crnoBapsmi [Gangemi,
2005], [Sagri, 2005], anroputmamu nnanupoBanus [Gangem, 2004], [Sagri, 2005], cnyyasimu, OCHOBaHHbIMK Ha
paccyxaeHusx [Sagri, 2005], cuctemamm ocHoBaHHbIMK Ha npasunax [Motta,2003], [Sagri, 2005].

[ins obecneyeHuns paboTbl C pasnnyHbIMK TUNAMK LJOKYMEHTOB, B CUCTEMY HEOOXOAMMO BKITIOUYUTL KOMMOHEHTBI,
obecneunBaroLie YHUDULMPOBAHHbIA AOCTYN K AOKYMEHTaM B pa3nuuHbiX hopmatax. Peanusauyns Takux 3agad
MOXET ObiTb OCHOBaHa Ha WCMONb30BaHUM LWABNOHOB, 06pa3LoB, MO3BOMAIOWMX PACMO3HaTb CTPYKTYPY
LOKyMeHTa. Mcnonb3oBaHue peayrisipHbix ebipaxeHud [Friedl, 2003] no3sonseT Nerko yuutbiBaTb pasinyHbIe
copmbl cnoBa W pabotath ¢ Gonbmmu obbemamu MHGOPMaUMK. HemocTaTkoM perynsipHbIX BblpaXeHWN
SBMSAETCS TO, YTO MPU NOUCKE OHM HE MO3BONSIOT YUMTbIBATH MECTOHAXOXKAEHME MCKOMOrO CrnoBa/dpassl.

MeToabl pa3paboTKM OHTOMOIMKM WCTIONb3YIOTCA B KOHTEKCTE «Cryyaun OBLLEro MpuMEHeHWsl», onpeaeneHHble
ans obnact npuMeHeHns. HekoTopble MeToAbl, KOTOpble MOryT ObiTb peanu3oBaHbl MOCPEACTBOM
CEMaHTUYeCKU-SIBHBIX MPUOKEHA B NPaBOBON 0611aCTy, NPUBELEHDI HIKE.
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o MexcyObekTHble COrnalleHns 1 CMbICTOBbIE [0rOBOPEHHOCTW, 3aAada KOTOPbIX COCTOMT B NOMyYeHuu
cornacuss (Wnu pasHornacusl) 0 NoApasyMeBaeMOM CMbiCie MPaBOBOTO TEPMUHA, MPaBOBOTO TEKCTOBOO
Moayns, 1 T.4.

o |I3BN€YEHME 3HAHWI, NPOLIECC M3BNEYEHUS MOHSTWNA, OTHOLIEHWA, MOMMEHOBAHHbIX OOBEKTOB, U CMOXHbIX
WabnoHOB 3HaHMI 13 6a3bl AaHHbIX, AOKYMEHTA, UNK Kopnyca.

o [lpoBepka COOTBETCTBUS — 3TO 3afaya, HaLeneHHas Ha MPOBEPKY TOro, YTO coumarnbHas cuTyaumus (kotopast
HekuMm 06pas3om COBMECTUMA C MpaBOBbIMA HOPMamu) YOOBMETBOPSET NPaBOBOMY OnucaHuio. B
0606LLEHHOM Cryyae, Korga CuTyauuu, o HEKOTOPBIM MPUYMHAM, YXKE M3BECTHBI, Kak MPaBOBbIE OTHOLLEHNS
(Hanpumep, cuTyauus C NPECTYNNEHNEM), MX MOXHO NMPOBEPUTL HA COOTBETCTBME [anbHENLEro npaBoBoro
onucaHust (HanpuMep, NpoLeaypa peLeHns no anennsauum).

e Opuamnyeckas KOHCYNbTaLMs MOApPa3yMeBaeT WCCeAoBaHUE OTHOLUEHWA Mexay, Hanpumep, cyaeGHbIMU
[enamu 1 cUTyaLusiMm1 CO 31paBbiM CMbICIIOM.

° CQaBHeHI/Ie HOPM — 3TO NPpOBEpPKa COOTBETCTBUA MEXAY pPasnnyHbIMU HOPMaMU. CpaBHeHme HOPM BKNOYaeT
Takue 3agayu, Kak:

- HOpMaTVBHasi NpoBEpKa KOHGNMKTA 11 06paboTKa HOPM C TEM e CaMbiM TUMOM CUTYaLK,
- BbISIBNEHNE HESIBHBIX OTHOLLEHMIA MEX[Y HOPMOWA 1 JpYrMMI HOPMaMy 13 U3BECTHOrO Kopryca.

e [lepechpasnpoBaHne HOPM, BbIPAXXEHUE COAEPXAHUS HOPM B Pa3fMYHbIX TEPMUHAX, KOTOPble MOryT ObiTb
WNM NepeBoamMi Ha Apyrue ecTecTBEHHbIE S3bIKW, UMK pasHbIMM hopMaMm B Npeaenax OgHOro U TOro ke
€CTECTBEHHOIO fA3blKa.

e Crnyx6bl COOTBETCTBUS M KOMNO3WLIMM BKIIOYAKOT ONepaLiyy, OCyLLECTBISIOLLME OnUCaHNe Cnyx0, Hanpuvep,
AN NPOBEPKM TOr0, YTO MpeanoxXeHHas chyxGa COOTBETCTBYET 3amnpallvBaeMoid, WM KOMMOHOBKM
HECKOMbKMX MPOCTbIX CAYX0 ANs nonyyeHns Gonee CrioxHo.

LabnoHbI NPOEeKTUPOBAHNUA OHTOJIOTUU

CeMaHTUYeCKM-SBHbIE MPUINOXEHNS B MPABOBOM 06nacTi TpebytoT COOTBETCTBEHHO pa3paboTaHHbLIX NPaBOBbIX
thopmanbHbIX OHTONOMMA. YacTb 3aday NPOEKTUPOBAHUS MOXHO YNPOCTUTL MYTEM CO3AAHUS UM U3BMEYEHMS
«WwabnoHoB npoekTupoBaHus oHTonoruiy (LUMO) ans npuknagHon obnact [McGuinness, 2006]. PeanbHble
npeumyLecTa oT ucnonb3oBaHust LUMO B KM3HEHHOM LMKIE OHTONOTMM MOTYT ObITb nonyyeHsl, ecnm LWMNO
MMEIT CreaytoLLyio (hyHKUMOHaNbHOCTL: knaccudukaums LUMO gomkHa 6a3npoBaTbcs MNM Ha NpeLedeHTax,
KOTOpble OHa MOAAEPXMBAIOT, UM HA NOHATUSX, KOTOPbIE OHA KOAMPYET; LOMKHbI NMPUCYTCTBOBATL anropUTMbl
conocTasneHust ¢ wabnoHom ana nonydvenus LUMO, Hanpumep, cneundukaLuum eCTeCTBEHHOrO A3blka Unu
3CKIM3a OHTONOMMK; NOAAEPXKMBaTLCS cneuuanuaaumn u ctpyktypsl WMO, B3anmogeicTere mexay LUMO ong
BU3yanuaaumn, obcyxaeHus u codgaHust ©asbl 3HaHWW; NMPUCYTCTBOBATb GoraThil HAabop MeTagaHHbIX Ans
ManunynuposaHus MO n ncnonb3oBaHus B NPUNOXKEHNSX.

LUMO Hopma < Crnyyait (puc. 1) ucnonb3yetcs B kayectse obpasua Ans npefcTtasneHus cynebHoro gena,
HanpuMep, Ans UCCNefoBaHWS NPECTYNNEHUs U CONOCTaBNEHUs C APYrMMI LWabnoHamu; B kayecTBe NpoBepKM
koHcnmkToB B HopmMax. B LUMO Hopma <> Crnyyai HopMbl MCMOMb3YOT 3aaauu, ponu 1 napametpbl. CyaebHble
[iena COOTBETCTBYIOT HOpPMaM, KOraa AeicTBrs, 06BEKTbI U 3HAYEHNS KnaccuuumpyoTcs 3agadamu, ponsmu, 1
napameTpamm COOTBETCTBEHHO. KpoMe TOro, OTHOLIEHWS MEXAY NPaBOBbIMIA PONISIMM, 3adavamu U napamMeTpamm
COOTBETCTBYHOT OTHOLIEHMAM MEXAY 06bEKTaMM, AEACTBUAMM U 3HAYEHNAMM.

WHTYyUTMBHO NoHsTHas xapaktepucTuka MO obecneunsaetcs cneaytoLwmm:
o LUMO aBnseTcs 3TanoHoM 415 NPeLCTaBNEHNs, U, BOSMOXHO, peLueHns npobrnem MoAenmMpoBaHns;
e LUMNO "n3enekaet" cBA3HbIN hparMeHT 3TarOHHON OHTONOMAY;

e OrtobpaxeHne u komnosnuns WabnoHoB TPeOyloT 3TanOHHOW OHTOMOMMWM AN TOro, 4Tobbl NPOBEPUTH
HenpoTUBOPEYMBOCTb KOMMO3WLWI, I CPABHUTL HABOPbI aKCMOM, KOTOPbIEe AOMKHbI ObITb 0TOOPaXeEH;

e LUMNO moxet 6bITb npenctasieH Ha A3blke NpeacTaBneHns OHTONOMN, HO ero MHTYUTUBHAA U KOMMNaKTHadA
BU3yanunsauma aBnAaeTca BaXxHbIM Tpe6OBaHVIeM;

e LMNO moxeT GbITb 3NMEMEHTOM B YaCTHOM MOpsAKe, rae OTHOLWEHMe ynopsiaoumBaHus Tpebyet, Ytobbl, No
KpanHen mepe, OfMH W3 KNacCoB WK OTHOLLEHMIA B LWabnoHe Obin cneyuanusmposaH. Wepapxua LMO
MOXeT BbITb MOCTPOEHA NyTeM cneuuanmsaumn unu 0600LEHNS HEKOTOPbIX 3NIEMEHTOB (UMK KNaccoB, Minu
OTHOLLEHNA).
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e LWMNO pomkeH WHTYWTUBHO MMAKOCTPUPOBATLCA U yNABMMBATL COOTBETCTBYHOLWME “Da30Bble” MOHATMSA
obnactu.

e LUMNO moxeT YacTo co3aaBaThes U3 HehOPManbHbIX MMM YMPOLLEHHBIX CXEM, UCMONb3YEMbIX dKCNepTaMm B
aTOi obnacT, BMeCTe C MOAAEPXKOW Apyroro AonyckawoLiero nosTopHoe ucnonb3oaHue LWMNO wnm
3TanoHHOM OHTOMOMW M METOZOSIOTUI AN aHanM3a OHTONOorMM npeameTtHom obnactu [McGuinness, 2006],
[Moore, 2002], [ Sagri, 2005].

e MO moxeT noxoautb Ha cxeMbl 6a3 AaHHbIX, HO WABMOH onpeaenseTcs No OTHOLIEHWKO K 3TarnOHHOM
OHTOMOrWK, 1 UMEeT 0BLWMIA XapakTep, He3aBUCUMO OT KOHCTPYKUuK cucteMbl [McGuinness, 2006], [Moore,
2002], [Gangemi, 2007].

HeobxooumocTe

Lol MpumMeHeHre
\\-V e Hopua
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Puc. 1. LLMO Hopma < Cnyyait

3aknioyeHune

Boina obocHoBaHa akTyanbHOCTb MCMONMb30BaHMS LWAGMNOHOB NPOEKTMPOBAHWS OHTOMOTMM [N MHXEHepuu
npaBoBbIX 3HaHWA (MM3). [Ins HEKOTOpPbIX YHMBEPCArbHLIX BapuaHToB ucnonb3oBaHua LWMO gna WM3, Geim
npuBeaeHbl peleHns no obocHOBaHWK W mogenuposanumio. lMpusegeH npumep WMNO Hopma <« Crnyuvan,
nokasaHa acpdekTneHOCTb ucnonb3osaHus MO npu paboTe ¢ npaBoBoi 06nacThbHo.
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NMPOEKT CO30AHUA 3NEKTPOHHOIO MO3rA
WHTENNEKTYAINbHbLIX POBOTOB (3MWUP)

Butanuun AweHko

AHHomauusi: B pabome paccmampusaemcst NPOeKm no pa3sumuto 31eKmpPOHHO20 M0O32a UHMESIIEKmyarbHbIX
pobomos. [Npoekm 6a3upyemcs Ha OCHOBe HO8020 MuNna HEUPOHHbIX cemell - MHO20MEPHbIX PeyenmopHo -
3heheKMOPHbIX HEUPOHHBIX pacmyujux cemed.

Knrouesble cnoea: 351eKmpOoHHbII M032, MHO2OMEDPHbIE PEUENMOPHO - 3h(hEeKMOPHbIe HelPOHHbIe pacmyuiue
cemu.

BBepeHue

B HacTosiLee Bpemst B Mupe uaeT GypHoe pas3euTie poBOTOB M poBOTM3MPOBAHHBLIX YCTPOMCTB. AH [MpCoH,
OOVMH W3 CaMbIX W3BECTHbIX BpuTaHCKMX GyTyponoros, yTBepxaaeT: rog 2015-i1. B BbiTy B kayecTBe npucnyru
OyoyT NOBCEMECTHO MCMOMNb30BaTLCA OomalHue poboTbl; rog 2018-i. MCKyCCTBEHHBIM MHTENNEKT Mony4nT
HobGenesckyto npemuio; rog 2020-1. NeKTPOHHbIE HOPMbI XWN3HW NOMYy4YaT KOHCTUTYLMOHHLIE NpaBa; rog 2025-
. B passuBatowmxcs ctpaHax byget 6onble pobotos, yem nwogeit; rog 2030-n. PoboTbl 1 dusmyecku, u
YMCTBEHHO npeB3onayT ntogeit [1]. Ans Toro 4tobbl He NPOM3OLLIO YMCTBEHHOTO NPEBOCXOACTBA PODOTOB Hag
YeroBeKOM, yyeHble paboTatoT Hag naeei cumbuosa Mo3ra YenoBeka C KOMNbIOTEPOM, @ BEPHEE C BCEMUPHO
CeTblo KoMnbtoTepoB. AmepukaHckue yveHble T.FopgoH v O.Xanmep npeanonaratot, YTo 3Ta uges cmbuosa
[OMKHa peanusosatbesa okono 2015 roga. Bukrop Muxannosuy Imywwkos nporHosuposan 2020 rog. Ha moit
B3rNsA, 9TOT nporHo3 Bonee peaneH. OgHako TeMmbl PasBUTMS Hayku onepexatoT Nobble, Aaxe camble
CMernble NPOrHo3bl.

Kak ctano n3sectHo, B [OHKOHIe B COBETE AMpeKTopoB BeH4ypHoro ¢oHaa Deep Knowledge Ventures (DKV)
pabotaer uckycctBeHHbIn uHTennekT VITAL (Validating Investment Tool for Advancing Life Sciences). 310
camoobyyaroLiasca nporpamma, kotopas crnocobHa [aBaTb pekoMeHZauuu Mo WHBeCTUUMAM B cekTop life
science [2].

B mupe Ha peweHne npobnembl CO30aHWS MOSHOLEHHOMO WCKYCCTBEHHOTO WHTENeKTa BKagblBaKTCs
OrpoMHble cpeacTsa: Human Brain Project npoekT 3aka3aH npasutensctBoM CLUA. Obbem huHaHcupogaHus -
1 mnpd. espo Ha 2012-2023. WcTouHnk dmHaHcMpoBaHus - LUBeapckoe npaBuUTenbCTBO, rpaHThbl EBpocotosal.
Mpoekt SpiNNaker - Spiking Neural Network Architecture. MaHuyecTepckuii YHUBEPCUTET, YHUBEPCUTET
CaytremnToHa (Benukobputanus). Uctounnk dmHancuposanus - EPSRC (Engineering and Physical Sciences
Research Council). Obbem ¢puHaHcuposaHus £ 2.5m Ha 2005-2010 u ewe £ 2.5m Ha 2010-2014. MpoekT
NeuroGrid - Grid technology for neurosciences. IBM, CtaHadopackuit yHusepeuteT u gp. (CLA). VctouHmk
tuHaHeuposaHua - NSF (National Science Foundation), NIH (National Inst of Health). O6nem ¢puHaHcuposaHus
$ 4,9 mnH. Mpoekt BrainScaleS - Brain-inspired multiscale computation in neuromorphic hybrid systems, 18
nccneposatenbckux rpynn (8 7.4. 13 yHuBepcutetoB) 13 10 eBponeickux CTpaH._UCTOYHNK hMHAHCUPOBaHMS
rpaHT EBpocotosa. Obbem ¢puHaHcuposaHus € 8 500 000 cHavana, nmoc € 700 000 & npodonxkeHue.  2005-
2010 - npoekm FACETS, ¢ 2011 - 2014 BrainScaleS.

Mpoekt SyNAPSE - Systems of Neuromorphic Adaptive Plastic Scalable Electronics. IBM, Hughes Research
Labs, HP, Begywwe yHuepcuteTbl: Konymbuickui, KopHensckuin n gp. (CLUA). Wctouruk duHaHcupoBaHus -
DARPA (Defense Advanced Research Projects Agency), IBM. O6bem ¢punaHcuposaHusi 2009-2016: § 102 mH.
IBM npeactasuna SyNapse — uun, koTopblii paboTaeT no TOMy e NpuHUMMY, 4To U Mo3r yernoseka. SyNapse
cTan BO3MOXHbIM Grarofaps AOCTUXEHWAM B 0611acTU KOMMbIOTEPHON SMEKTPOHWKKM 1 HeBponorun. SyNapse —
9TO MOMbITKa CO34aTb «MOMHOLIEHHbIN WCKYCCTBEHHbIN WHTENMEKT», OCYLLECTBAAS UMUTALMO B OOHOM uyune
OfHOBpEMEHHY0 paboTy neBOro M MpaBoro nomyliapuii 4enoBeveckoro mosra. [dpyrumu crnosamu, IBM
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MbITAETCS CO3AATb KOMMbIOTEP, KOTOPKIN AyMaET B TOYHOCTH, Kak venoBek [3].

OTOT NoaAXo4 K CO3AaHU0 MOMHOLEHHOTO MCKYCCTBEHHOTO WMHTENeKTa NEepeknuKaeTcs C HalMM MpOeKToM
pa3paboTky SNEKTPOHHOrO Mo3ra MHTenNmnekTyansHbIx pobotos (AMWUP), cuctem ynpaBneHUs 1 BbIYUCTUTENbHbBIX
CUCTEM C OOQHOPOAHOM, MHOrOCBSI3HOM, MHOrOMEPHOWN, HEMpPONOoAoOHON, aKTMBHOW, acCOLMATVUBHOM, pacTyLuen
ctpyktypon (OMMAAHPC). B npoekTe pelueHue 3aton npobnembl OCYLIECTBSETCS 3@ CYET TOr0, YTO CO3AaH
HOBbIA TUM HEMPOHHBIX CETel, KOTopble He WMelT aHarora. Co3faHa Teopus M METOZonorUs paspaboTku
CUCTEM WCKYCCTBEHHOrO WHTENMeKkTa, MpoBEAEeHO  MOAENMpoBaHWe U TEeCTUPOBAHWE BUPTYaNbHOTO
WHTENNeKTyarnbHoro pobota. OcTaToyHasi CTOMMOCTb paspaboTku coctasnseT npumepHo $ 50 000 Ha 1 roa.
Huskas cToMMOCTb peanu3auuu npoekta O6BACHSETCA BbICOKOA OAHOPOAHOCTBIO SMEMEHTOB W MPOCTOM
MaTPUYHOM CTPYKTYPON aHanu3a, CUHTe3a W HaKkonmeHus (3anoMuHaHus) Hopmauu.

Mpoekt SMUP

B 0CHOBY npoekTa MONOXeH HOBLIM TUM HEMPOHHBLIX CETEN W TeopUst UCKyCCTBEHHOro uHTennexta (TWN). TUU
BKIIOYAET yYeHne 0 HeMponogobHbIX aNeMEHTax M MHOrOMEPHbIX HEMPONOLOBHbIX PACTYLLMX CETAX, BPEMEHHOM
W [ONrOBPEMEHHON NamsAT, y4yeHWe O (PYHKLMOHANbHOM OpraHusauuuM «Mo3ra» CUCTEM C WUCKYCCTBEHHbLIM
WHTENNEKTOM, O CEHCOPHON CUCTEME, MOZYMPYIOLLEN CUCTEME, MOTOPHOM CUCTEME, YCIIOBHOM M 6€3YCOBHOM
pechnekcax, penekTopHoN gyre, MOTUBALMK, LeNeHanpaBneHHOM NOBEAEHUN, O «MbILIEHUUY, KCO3HAHUMY,
«MNOACO3HAHNN M UCKYCCTBEHHON NIMYHOCTM, POpMMPYEMOi B pesynbTaTe 00y4YeHust U BoCnUTaHus». B ocHoBe
TEOPUM UCKYCCTBEHHOMO MHTENMEKTA NEXUT aHanorus ¢ HEPBHOM CUCTEMON YenoBeka [4,5].

Teopnsi UCKYCCTBEHHOTO MHTENNEKTA BKIKOYAET HOBYH MEXHOMO02UK pPa3pabomKu 37eKmpoHHO20 Mo32a
UHmennekmyanbHblX cucmem U pobomos. TexHonorus co3pgaHa Ha 6ase 00HOPOOHOU, akmugHOU,
MHO20MepHOU,  peuenmopHo-aghchekmopHoli  HeliponodobHol  pacmywell cemu, KOTOpas —aHanornyHa
€CTECTBEHHbIM HEMPOHHBLIM CETAM MO3ra YefioBeKka. TeXHONoMs npefHasHaveHa ans Co3aaHus 3rneKTPOHHOMo
Mo3ra poboToB pa3nUYHOro NPUMEHEHUs M poHOTOB aHAPOWAOB C MHTENNEKTOM PaBHbIM UHTENNEKTY YenoBeka,
WHTENNEKTYanbHbIX BbIYACIIMTENBHBIX CUCTEM C HOBOW acCoLMaTUBHOM He (POH-HEMMAHOBCKOM apXUTEKTYPOMN.
B nepcnexT1Be nonyyeHne UCKYCCTBEHHOMO MHTENMNEKTa NPEBLILLAIOLLErO UHTENMNEKT YerioBeka.

HoBas TexHONnorvs No3BonsaeT 06beANHUTL (U3UYECKWIA U BUPTYanbHbIA MUPLI B MHTENNEKTYanbHbIX CUCTEMAX.
Takoit nogxoL AaeT OCHOBaHWe NS PasBUTMS M MaccOBOro MPOM3BOACTBA MPOABMHYTHIX XMBYYMX pPOBOTOB
WHTENNEKTYamnbHbIX CUCTEM YNpaBneHUs W BbIYMCIUTENbHLIX CUCTEM C  OOHOPOAHOW, MHOrOCBSI3HOWM,
MHOTOMEPHOW, aKTUBHOWN, acCoLMaTUBHON, HEMpOnoaoOHO, pacTyLei CTPYKTYPOiA, BbIMOMHSIOWEN onepauum B
peXx1me MaccoBoro napannenuama nofgobHo pabote Mo3ra YenoBeka.

Llenb npoekra AMUP

Llens npoekma: Co3spaHwe aNeKTPOHHOMO Mo3ra Anst MHTENNeKTyanbHbIX CUCTEM U poBOTOB, KOTOpble MoK Bbl
MOHUMATb YeroBeKa U NOMHOCTLI0 3aMEHSATb ero B PYTUHHOM TPYAE UMK B OMaCHbIX MECTaXx.

ONEKTPOHHBIN MO3I MOXET NPUMEHSTLCS B Mto6oi chepe pobOTOTEXHWKM, OT UrpyLLEK [0 CNIOXHbIX MOBUIbHBIX
06bekToB. /nn npocto ObiTb  BMPTYanbHbIM LyMatoLMM NOMOLLHUKOM BHYTPWU OBBIYHOTO KOMMbIOTEPA UI
CaMOCTOSTENbHON MHTENNEKTYanbHON CCTEMOI pacnosHaBaHus 06pa3oB, CUCTEMOW noucka MHGOpMauun B
cBepXBOMbLUMX MHAPOPMALMOHHBIX Ba3ax M np. AMEKTPOHHbIN MO3r NOTEHUMarnbHO B cocTaBe pobota MOXeT
pelwatb BCe 3adaun, Heobxoaumble Ans poboTa-rymMaHomaa, a MMEHHO: YYMTbCS Ha OnbiTe, OBHapyXWTb
3aKOHOMEPHOCTW W paspabaTbiBaTb [MNOTE3bl, @ TakKe OPUEHTMPOBATLCA B MPOCTPAHCTBE; «MOHUMATHY
YeroBEYECKyH pedb; BbIMONHATL AENCTBIUS N0 Npocbbe Nonb3oBaTens; XoauTb, beratk, Npbirath U T.4.

MaBHble aneMeHTbI KoHUenuun npoekta IMUP

[nagHble anemMeHmb| KOHUEeNYUU: ABOUYHOE KOAMPOBAHWE MHAOPMALK; YNpaBreHue eNCTBUSMU U NPUEMOM
WHcopmaumu - obyyeHne (OTCYTCTBME MPOTPAMMHOTO YNPaBNEHWs); MPUHUWN XPaHEHWUs MHdopMauun -
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aKTMBHasi, HeiponopobHas, accouuaTvBHas NaMsTb (@Hanor MO3r YeroBeka); MPUHUMM  napannenbHo
opraHm3auu 06paboTku MHGOPMAaLMK, COrnacHo KOTOPOMY onepaLy Hag NHopMaLMen NPOBOAATCA N0 BCEMY
obbemy namsTi 0OQHOBPEMEHHO (aHanor MO3r YeNoBeka).

®yHKUMOHaNLHasi cCXxeMa aNeKTPOHHOro Mo3ara po6oToB

B pabotax dwmamonoro A.P. flypus, E.H. Cokonosa [6,7] n gp. ¢ nosuyuu cucmemHOU oOpeaHu3ayuu
¢yHKyull dessmenbHOCMU MO32a BbISENAT TPU OCHOBHbIX (PYHKUMOHaNbHbIX Onoka: 6rok npuema u
nepepaboTkn CEHCOPHOW MHGOPMALMN — CEHCOPHble CUCTEMbI (aHanM3aTopbl); 60K MOAYNALMK, aKTMBaLMN
HEPBHOW CUCTEMbl — MOAYNMPYKOLLME  CUCTEMbI  (MMMOMKO-PETUKYNSAPHbIE  CUCTEMBI)  MO3ra; 6ok
NpPOrpamMMM1POBaHNs, 3amnycka W KOHTPONMS NOBEAEHYECKUX aKTOB — MOTOPHbIE CUCTEMbI (ABUraTenbHbIi
aHanmaartop).

Cucmema hopMupOBaHUSs UCKYCCMBEHHO20 UHMeESIeKma — «M032» CUCMeMbI NPeaCTaBnseT coboit akTUBHYIO,
accoLMaTVBHY0, OLHOPOAHYK CTPYKTYPY — MHOTOMEPHYIO peLenTopHO-addeKTOPHYI0 HenponogobHyo
PacTyLLYK CETb, COCTOALLYIO U3 MHOXECTBA HEMPONOAODOHbIX 3NEMEHTOB, CBA3AHHbLIX CUHANTUYECKMMIA CBA3SMM.
HeiponogobHble 3neMeHTbl  BOCMPUHWMAIOT, aHamM3WUpYlOT, CUHTE3WPYKT W COXPaHSIoT  MHGOopMaLmio,
NO3BONAKOT CUCTEME MO3HABaTb, 00y4aTbCsl, MbICAUTL JIOTUYECKW, CUCTEMATM3MPOBATL W KnaccuduumpoBaTb
WHOPMaLMO, HaxoouTb B HEW CBSA3WM, 3aKOHOMEPHOCTU, OTNNYMS U BblpabaTbiBaTb CUrHamnbl yrpaBneHus
BHELLHWUMM YCTPONCTBAMM.

OyHKYUOHaNbHasi CxeMa 3JIeKmpPOHHO20 Mo32a pobomos (puc.1) npeactaBnsieT cobow accouuaTuBHyo,
aKTUBHYI0, MaTpuyHyto cpefy. 1o aHanormm ¢ yHKLUMOHaNbHOWM opraHu3aLmen 4esTenbHOCTM MO3ra COCTOMT U3:
YCTPOWCTB BOCMPUATUSA MHEpopmaLun (1); Habopa OAHOPOAHBIX, MHOTOCBS3HbIX, MHOTOMEPHBIX, aCCOLMATUBHBIX,
akTuBHbIX, HeiponogobHbix (OMMAAH) ceHCOpHbIX MaTpWL, BPEMEHHOM 1 AONTOBPEMEHHON NamsTh (2); Habop
OMMAAH mogyrvpytowmx matpuy (3); Habopa OMMAAH MOTOpHbIX MaTpuy namsTi aercteuin (4);
NCMONHUTENbHBIE MexaHuaMmbl (5).

Bmox
Cexcopunrit DNIO T JESTARH M Mo Top nerit Gox
Box
1 [ 4 p |
2 1 3 |_ 1
Omiopomian O OmHoposHan
YcTpolicren MuoromepHaa M MHuoromepHan
ssoaa (enaso, AKTHEHAR A AXTHEHAT
ZEYK, CHMBONE Heﬁponoﬂoﬁﬂaﬂ H Heﬁpono.ﬂo BHaa
mnp.) Pactynuas P Pactymuaa
CrpyxTypa(nansrs) C CrpyxTypamansrs)

CIpyKTYpHAS CXerra 3MeXTPOHHOTO M03Ta poSOTOE MpeacTarnAeT cofioi I 5 .l f .
OMHOPOMIYI0, MHOTOCBASHYIO0, MHOTOMEPHYIO, AcCOLMATHBHYIO, AKTHBHYID, L
HeHpOMOmOGHYI0 PAcTVIMYHD MATPHUKYI cpemy. CocTOMT M3 YCTROHCTE verpoiicreo
socmpATHA  sebopmaromt (1), mafopa ommMOpomeDG MHOTOCEASHEIX,
NMHOTOMEPHED,, ACCOLMATHEHBIX, AKTHEHELX, mﬁpommﬁmx CeEHCOPHEIX

BEHIBCAS (BWae0,

MATPHI BPEMEHHON M ANIMOBPeMEHHOH MaMATH (2), MWTYIHpYIOLEt 3BYK, CMMBOADI,
maTpHIEr (3); Habopa OmHOPOIMHELL MHOTOCBAHELY, MHOTO MEPHEIX, MCNOAHMTEALHBIE
ACCOUMATHBHELX, AKTHBHBIX, HeHpOMOMOSHEIX MOTOPHBIX MATPHI( ITaMATH MEEHBMbE W

OefcTs 101 (4), HCMOUTHHTENBHBIE Me XaHEes Mol (5).

np.)

Puc.1. (DyHKLI'I/IOHaJ'IbHaH CXemMa opraHu3aumm «mosra» CuUCTemM C UCKYyCCTBEHHbIM NHTENNEKTOM

CeHcopHble cucmembl (aHanusamopbl) Mo3za (2). B CeHCOpHOW cuCTEME B KaxaoM  peuenTope,
BO3AENCTBYIOLNA (r3ndeckuin haktop (CBET, 3BYK, TeNro, AaBneHne), npeobpasyetcs B NOTEHLMAN AENCTBUS.
AHanusatop — 3T0 MHOrOypOBHEBas CUCTEMA C MEPAPXMYECKUM MPUHLMMNOM OpraHu3auui. B3anmooTHoLEeHNs
Mexay nocrneaoBaTenbHbIMU - YPOBHAMM — @HANM3aTOPOB  MOCTPOEHbI MO MPUHUMNY  «AWBEPreHumm —
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koHBepreHumny. Modynupyrowue cucmembi Mo32a (3) SBASIOTCA annapaToM, BbIMOMHSOWMM POofb perynstopa
YPOBHS 60APCTBOBAHNSA, TakKe OCYLLECTBASIOWMM N3BMpaTeNbHYD MOZYNALUMI0 U akTyanu3auumio npuoputeTa
TOM Mnn uHOW oyHKUMM. MomopHble (dsuzamenibHbie) cucmembi mo3e2a (4). [ns gBuraTenbHbIX CUCTEM
XapaKTepHa OKOHYaTenbHas TpaHcopmaums adepeHTHbIX BANSHWUIA, HanpaBneHHas Ha BbICTpenwnin BbIXOA
addepeHTHbIX BO3OYXAEHNN Ha nepudeputo, T.e. Ha annapaTbl pean13aLmm KOHEYHON CTaauM NOBEAEHMS.

BbiBoAbl

Om  useecmHbIXx  mexHonoauli  npednazaemas  MEXHOM0_US
omnuyaemcs  HOBbIM ~ TWMOM  HelpoceT  (puc.2) U HOBOM
HETPaaMLUMNOHHON He (POH-HENMaHOBCKOW apXWUTEKTYPOA CUCTEMBI.
lMpeumywecmea  npednazaemoli  mexHonmozuu -  abconioTHas
OLHOPOAHOCTb  CTPYKTYPbl,  MacCoBbld  mapannenuam,  maroe
notpebneHne aHeprum, ceepxbbicTpogencTane. [lpeumywiecmsa
KOHEYHo20 npodykma, NpOoU3BOAMMOrO Mo Npeanaraemoi TEXHOMOorum
B CpaBHEHMW C MPOAYKTAMM, MMEKLUMMUCS HA PblHKE CErOAHs:
Omcymemeue npo2pammuposaHus - CUCTEMA peLLaeT NocTaBneHHbIe
3ajaum C nomowplo 0obyyeHWss unu  camoobyyeHus, nonyyvas W
CUHTE3Mpys HOBble 3HaHus. CBepxbbiCTpOAEenCcTBUE  BOCTPUSATUS U
00paboTkn WMHGOpMaLMM 3a CYET OLHOBPEMEHHOTO BbIMOMHEHNS
onepauuin no Bcemy OObeMy aKTUBHOW CTPYKTYpbl (Mamsitu).
Ucnonb3osaHue KoHeYHo20 npodykma, pas3pabomaHHO20 Ha O0CHO8e
npednazaemoli mexHomo2uu, No380UM 3aMeHUTb NioAei Ha paboTax,
Tpebylowmx HanpsHKeHHOW WHTENMeKTyanbHOM AesTenbHOCTH (Hanp.,
pa3paboTka HOBOW TEXHWKM W NPOEKTUPOBAHWE Pa3NNYHbIX OOBLEKTOB,
aHanuTMyeckas LesTenbHOCTb, MPUHATUE PeLUeHuit), B ynpaBneHuu

B R R R R RS R R N LR RE LA BE AR N AR GE LRI IR R IR EE

Puc 2. Bocxogsiwas (accouMaTuBHas),
nokanbHas (MoflynupyiolLias) 1

HUCXOAALLAA (MOTOPHas)

Heliponoo6Has pacTyiLast ceT CBEPXCIOXHbIMU cuctemMamu (aTOMHble ANEKTPOCTaHLK,
aBMaTpaHCnopT U T.4.).
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A FORMAL SEMANTICS OF ADDITIONAL OPERATIONS
OF MULTISET TABLE ALGEBRA

Dmitriy Buy, Iryna Glushko

Abstract: Signature of previously known multiset table algebra is filled up with new operations such as inner and
outer joins, semi join and aggregate operations (Sum, Min, Max, Count, Avg). A formal mathematical semantics
of these operations is defined. The aim is to expand of possibility of relational databases due to use of multisets
(bags).

Keywords: relational databases, multisets, multiset table algebra.

Introduction

Nowadays the relational data model is widespread in use both in database scientific research and in practice. In
its formal definition, originally proposed by E. Codd [Codd, 1970], the relational model is based on sets of tuples,
i.e. it does not allow duplicate tuples in a relation. But many database languages and systems require a relational
data model with multi-set semantics. There are two major reasons for this. In the first place, relations allowing
duplicate tuples are useful in many application domains where duplicate entities can exist. For example, these
are sociological polls of different population groups, calculations on DNA and others. In the second place, in the
relational data model process of removing duplicates after implementation of projection (or union) operation
assumes merging of identical elements or realizing some other labour-intensive actions. Naturally there is a need
to expand of possibility of relational databases due to use of multisets. This problems were also considered in the
works of Paul W.P.J. Grefen and Rolf A. de By [Grefen, de By, 1994], G. Lamperti, M. Melchiori, M. Zanella
[Lamperti, Melchiori, Zanella, 2001], H. Garcia-Molina, J.D. Ullman, J. Widom [Garcia-Molina, Ullman, Widom,
2009], V. Redko, J. Brona, D. Buy, S. Polyakov [Redko, Brona, Buy, Poliakov, 2001]. However this question
requires specification and extension as in one of the specified works the due attention isn't paid to operations of
inner and outer joins, semijoin and aggregate operations of multiset table algebra.

Multiset table algebra

Let’s consider following sets: A is set of attributes and D is the universal domain. An arbitrary (finite) set of
attributes R < A is named scheme. The tuple of scheme R is the nominal set on pair R, D . The projection of

this nominal set for the first component equals R. The table is pair <1,//, R) , Where s an arbitrary multiset
(O(y) is a basis of this multiset — an arbitrary set of tuples of the same scheme R ), and R is a scheme of

table. Thus, a certain scheme is ascribed to every table. The multiset table algebra is an algebra <\P,QP,E>,

peP.te=
where W is a set of all tables, Q- :{ s a0 s T R®R,Rtm,~ﬁ}xm ) is signature, and
e AR, Ry cA

P, = are sets of parameters.

The operations of signature are defined in [Glushko, 2011]. These are multiset union, multiset intersection,
multiset difference and also special operations (selection, projection, join, active complement and renaming). For
each operation a basis of the resulting table and number of duplicates of every tuple are defined. It's shown how
some operations can be expressed from other (main operations).

Additional Operations Of Multiset Table Algebra

Signature of multiset table algebra is filled up with new operations such as inner and outer joins, semi join and
aggregate operations (Sum, Min, Max, Count, Avg). A formal mathematical semantics of these operations is
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defined. There are four kinds of inner joins: Cartesian Join Cj , Inner Natural Join R@% , Inner Join using
R.,R, 1,112

attributes A,..., A, ® and Inner Join on predicate p g@ﬁ . Moreover the following inclusions hold:
PRy, Ay

A Ay RLRy
(Wi R) G (v Ro) =i R) 8 (v R). (v R), ® (ruRo)=(wiR) 8 (v h)

((z//l, R]>p,HC>1<,)R2<l//2,R2>jlj ((z//l, R]>R]C§)q2<¢//2, ,‘-?2>j1 , Where < is a binary relation of inclusion over multisets

[5]. The values of the operations in the left parts of these two equalities and inclusion must be defined. Notation
(v, R>)l denotes first component of pair (y,R) , e.i. multiset y .

There are four kinds of outer joins: Outer Left Join, Outer Right Join, Outer Full Join and Outer Union Join. The
special element NULL is inserted in the universal domain for to define outer joins. We use the logical scheme
from [Redko, Brona, Buy, Poliakov, 2001] for definition outer joins. Four kinds of outer joins are defined as
subordinated to one of inner joins operation.

Let's describe the scheme of define the aggregate operations. The functions of summation, taking of the
minimum and maximal values, definitions of an arithmetic average and quantity of elements are defined on a
finite multiset. Then these functions are transferred to the tables. It should also be noted that the parameter of
aggregate operation can be not only a separate attribute, but also a function of the tuple.

Conclusion

A formal mathematical semantics of the advanced operations of multiset table algebra is defined. The advanced
operations include inner and outer join, semijoin and aggregate operations (Sum, Min, Max, Count, Avg). The aim
is to expand of possibility of relational databases due to use of multisets (bags).
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GENERAL APPROACH FOR THE CLASSIFICATION PROBLEM SOLUTION
Mykola Budnyk

Abstract: A theoretic approach for classification problem is presented which include correct problem statement,
definition of under-, over- and well-determined cases, feathers space dimension, complexity (multi-valuing) of
decision-making rules, and number of learning groups. The principal condition of exact solution of the well-
determined problem and relationships between feature space, decision rule and learning groups are obtained.

Keywords: classification, discrimination, feature space, multi-value decision-making rule.

Introduction

Many researches are solving problem for distinguishing between different groups of objects, i.e. classification
problem (CP). Importance of questions of features selection, syntheses of decision-making rule, building of
robust, high-accuracy, and reliable classifier are clearly evident [Budnyk, 2006; Budnyk 2009; Liu, 2014]. That is
why, in my opinion, some general approach should be developed in order to give researchers working in different
areas by some unified viewpoint on CP solution. This paper is aimed to compare the performance of various CPs,
and to develop a general view to achieve exact or general CP solution.

What is well-defined general classification problem?

General CP is defined as problem in which quantity of classes QcLass is unknown. Here for classification an
analogy from system of linear algebraic equations is used so that 3 cases should be considered:

a) Over-determined CP in which cells of feature space (FS) are more than classes. In this situation the CP
can be solved but solution is non-unique and many variants may be obtained. In each solution some
classes may cover more than one respective cell. In “bad” limit some cell cannot be interpreted, i.e. it is
obtained undefined cell in which diagnosis is unknown. In result, it is impossible to obtain correct decision
rule, that is why above solution is called as quasi-solution of CP.

Qeere > Qorass (1)

b) Well-determined CP in which number of cells is equal number of classes. In this situation the CP can be

solved in unique manner so that each cell relates only single class. In result, it is possible to obtain unique
rule, that is why above solution is called as correct solution of CP.

Qeere = Qerass (2)

c) Under-determined CP in which classes are more than cells. In this case the CP cannot be solved in

narrow sense because we have deficit of cells. In wide sense solution is existed but non-unique and many

variants may be obtained in which some cell may include more than one respective class, i.e. diagnosis. In
result, it is impossible to obtain correct rule, that is why above solution is called as pseudo-solution of CP.

Qerrr < Qorass (3)

Below we assume that well-defined in narrow or wide sense CP is well-determined CP according to (2) or (1-2).

Solution of well-defined general classification problem at homogeneous space

It is well-known that number of subsets of set having n elements is equal to G=2". Here set is population involved
in study consisting from N (minimum — 2) groups of objects. From the other hand, maximal quantity of classes
QcLass of set formed by N groups, which are intersected with each other, is also equal (4a)

Qorass = 2N, Qeer =M b (4a,b)
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Feature is defined as simple parameter, general parameter (e.g., additive or multiplicative its function) or
combination some simple and general parameters. Number of cell of homogeneous FS Qcev. is equal (4b) where
D is space dimension and M is number of grades for each feature.

If number of classes is known one can obtain such 2 kinds of particular CP:

1) If number of classes is equal to (4) we have per se CP.

2) So-called discrimination problem (DP) is obtained if uncertainty class is removed from consideration so
that number of classes is equal

Quiscr =Qoiass —1=2" 1. (5)

The CP is inverse problem, which is known as non-correct problem. That's why the CP solution is inverse
problem solution, which in overall case is non-unique, i.e. includes many particular solutions. The CP and DP
solution are well-defined problems in wide sense (so that full solution is achievable in principle) if such problem is
well-defined in wide sense (1-2) and FS is homogeneous (4). Eq. (6) is main equation for CP and DP solution in
wide sense including over-determined and well-determined cases according to (1) and (2).

MP = Qguss MP > Qpyscr- (6)

Solution of the well-defined classification problem

Combining (2) and (4) it will be obtained general condition for exact CP solution

MP =2N (7)
Eq. (10) is main equation of the CP solution which can be considered as condition on FS dimension D if number
of feature grades M is known (8a) or vice versa for calculating number of grades M if dimension D is known (8b)

D=log, 2" = NM, M=2MNP. (8a,0)
09,

Two limiting cases of the feature space (FS):

1) Binary space (M = 2) - condition to the FS dimension is obtained from (8a)

D=N. 9)
2) 1D space (D = 1) - condition to the feature grades is also obtained from (8b)
M=2" (10)

The simplest problem (SP) of classification is defined if only 2 groups are involved into consideration N =2. In
result, from (4a) one can obtain 4 classes Qcass= 4. Concerning to solution of SP at FS from (8) we can obtain
such cases for various dimensions:

a) 1D space D =1, if number of grade is equal to M = 4;

b) 2D space D = 2, if number of grade is equal to M = 2;

c) 3D and higher spaces at the lowest number of grades M = 2, i.e. binary spaces have too many cells (8 and
more) that lead to the over-determined problem.

So, solution into 1D and 2D FS space is achieved, but for 3D and higher spaces problem is over-determined and
solution is non-unique. Figure 1a presents Euler's diagram reflecting principle of solution of the classification SP
onto 4 classes into theoretic-set space and interpretation of classes. Figure 1b and 1c present general decision
rule, i.e. proposed interpretation of cells into term of classes at 1D (Fig. 1b) and 2D (Fig. 1c) feature spaces.
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Figure 1. Solution of the SP of classification and discrimination (without uncertain class) at theoretic (a), 1D (b)
and 2D (c) feature space: 1- negative class, 2 - positive class, 3- intermediate class, 4 — uncertain class.

Solution of well-determined discrimination problem

Combining Eq. (5-6) it will be obtained main equation of the DP exact solution as condition
MP =2N_1. (11)
Analogously to CP at above section, from (11) FS dimension D and number of grades M can are obtained
D =log,, [2” —1] M=RN 1. (12a,b)
At special case of binary (M = 2) and 1D (D = 1) feature space we obtain from (12)
D=N+|og2[1—2-N] M=2"_1. (13a,b)

According to (13a) for many groups N >> 1 quantitative difference between discrimination and classification is
neglected, but in fact threshold is equal to N = 3 corresponding with 7 classes.

The simplest problem (SP) of discrimination: from (5) at N=2 one can obtain 3 classes Qciass= 3, relative
expressions for FS dimension D and number of grades M are obtained from (12)

D =logy, 3, M=L3. (14a,b)

Since M and D can be only integer number, Egs. (14) has only 2 solutions:
1) D=1if M=3, according to (14a) — well-determined case (exact solution);

2) M =ceil(sqrt(3)) =2 if D=2, according to (14b) - over-determined case.

Figure 1 relates to DP also if uncertain class 4 is omitted.

Exact solution of well-defined CP in narrow sense

All above expressions include integer number N, D and M and should be understanding as Diophantine-like
equations. Solution in narrow sense assumes that only well-determined cases are involved according to (2). It is
obvious that Eq. (7) in integer numbers has exact solution if next condition is only take place

M=2t, (15)
where L is order of feature gradation. Substituting (15) to (7), condition for solution is found as
N=D*L, L=logo M (16)

Results about matching between N, D, and L or M in order to achieve the exact CP solution are summarized
below at Table 3-4 describing order of gradation L, if groups studied N and FS dimension D are known (Table 3),
and describing the FS dimension D if number of groups N and grades M are known.
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Table 3. Order of gradation L, in which CP is exactly Table 4. Dimension of FS D, i.e. number of features
solved, from groups studied N and FS dimension D needed, in which CP is exactly solved, depending from
number of groups N and number of grades M

D Number of groups, N M Number of groups, N

2 3 4 5 6 7 8 2 3 4 5 6 7 8
11213 4 5 6 7 8 2 2 |3 4 5 6 7 8
2 |1 2 3 4 4 1 2 3 4
3 1 2 8 1 2
4 1 2 16 1 2
5 1
6 1
7 1
8 1

Conclusion

Binary FS M = 2 is the best classification space because exact solution is always at D = N, i.e. if space dimension
is equal to number of groups. For 1D space synthesis of multi-value feature gradation is not clear, because need
many learning groups, and for 2 groups at M >4 is under-determined problem. For more detail gradation,
existence of exact CP solution is too rare events among all possible combinations of group quantity and space
gradations. Therefore, proposed approach should be developed for: 1) over-determined case, 2) discrimination
problem, 3) non-homogeneous feature space. Also, for differential CP analysis on “solvability” should be made. In
this connection, developed previously [Budnyk, 2012] method for creating 3-8 gradation at N = 2 is promising.

It should be noted that the well-known binary test (dividing 2 groups onto 2 classes by threshold rule at 1D space)
is under-determined case for CP solution. Threshold rule is appropriate for solving the SP of classification or
discrimination at only 2D space [Budnyk, 2012] and, strictly speaking, can be recommended only for feature
selection. For application it is attractive advanced method proposed early [Budnyk, 2007; Budnyk 2008].
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ONTOLOGY DRIVEN CONTEXT BASED DECISION-MAKING
Yuriy Chaplinskyy, Olena Subbotina

Abstract: Presented approach of support decision-making is based on usage of ontology and context. These
realize activities and give possibilities of support of functional integration of decision-making processes;
interdisciplinary integration of applied & scientific information and knowledge; access to the information and
applications, outgoing from needs and competence of the user; reliable, scalable and safe architecture;
integration of resources.

Keywords: decision-making, knowledge management, context, ontology

Introduction

Comprehensive and systematic support of decision-making is the dominant dynamic business environment.
Typical for humans is the ability to use only those features of reality that is important for a particular situation or
decision-making problem. Therefore it is important to support the decision-making task in problem situations
using decision support systems (DSS), which developed on the principles of knowledge engineering for a set of
specific subject areas. The usage of the knowledge-oriented technologies for decision-making is one of basic
conceptions and facilities of modern influence on efficiency and rationality of functioning of different management
systems. Modern realization of such knowledge-oriented technologies is based on the organization of integrated
information environment for the effective use of experience of specialists and modern technologies of
management, analysis, modeling and design, decision-making, realization of advice and business processes,
modern technologies of delivery of information and knowledge. In this way one of the effective tools of supporting
of decision-making is ontology. The ontology is a system which describes the structure of a problem area, and
consists of a set of classes of concepts, which are related by relations, their definitions and axioms, which define
constraints on the interpretation of these concepts within the applied area or set of the applied areas [Staab et al,
2001]. Ontology give possibility consideration of factors, which can include the following: generic view: it provides
the general understanding of the nature of the processes; contents view: it reveals the contents of the processes;
contexts view: it reveals relevant process description; presentation view: the process is seen as a set of
expressions presented in some language(s); physical view: it reveals the appearance(s) of the processes;
structural view: it is defined as a modular structure of various parts.

Ontology & Context for decision-making

As stated above ontologies should support multi-disciplinary advice/decision-making, assist formulate problem
and select appropriated models using data, user information and problem solution requirements etc., select
appropriate solving method and algorithm, choose solution and analyze the solution implementation.

Taking into account given requirements, we define the ontology of decision-making as the interrelated set of
ontologies, which have an associative multi-level structure: meta-ontology, basic ontology, contextual ontology,
multi-layer specified ontologies, realization ontology, and user presentation and interaction ontology.

These ontologies consider area of decision-making as a multi-level structure, which includes problems, models,
methods and realizations. The description of decision-making defines the concepts and structures that describe
the nature, structure and presentation of the process of decision-making and appropriated areas, which describe
such a process. Levels interacted via relations: results and restrictions. The problem is a task, which is
characterized significance, necessity, sufficient of the content, multiplicity of possible solving ways and variance
results. Problem is based on a semantic basis, and defines the requirements for the development of the model.
Models use a system of concepts and formulated to represent a problem situation or task to some specific
language. The models are implemented and used in methods. Methods define the decision-making processes on
the basis of model building and provide solving direction. Methods in the wide sense are represented through
schemes and scenarios, methods in the narrow sense (defined methods) and the appropriated algorithms.
Realization defines how and by what tools, in what environment models or methods can be implemented in the
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DSS. This implementation consist three software based layers: the data source layer, the logic layer and the user
interface layer. Integration on the data source layer provides a unified view on heterogeneous data sources.
Integration on the logic layer unifies different implementations of logic of advice and decision making, each using
its own data sources, under a common user interface. Integration on the user interface layer unifies different user
interfaces in one common system.

Context is any information that can be used and describes the relevant problem area. [Dey et al, 2001]. Context
system [Leppanen, 2007] assists to identify, understand, and provide the relevant elements of advice and
decision-making both the contexts and within contexts. We define the context as an environment in which the
task is performed. Context provides relevant, actual and accessible information to solve the problem or to
understand the current situation of solving the problem. Context management approach should provide
mechanisms that allow to process contextual information, as appropriate for the specific conditions for the defined
purposes. We use three types of context: abstract, concrete and context of realization. Abstract context is an
ontological model of decision-making tasks, which built on the basis of the integration of domain knowledge,
which is relevant for this problem. Concrete context is an abstract specification of context in actual conditions by
the data, which is derived from information resources. Context of the specification is a concrete context for real
minds and taking into account the requirements of the hardware platform, software, and user competence.

Conclusion

Presented approach for decision-making was implemented within USAID-funded project “Improving income of
private Ukrainian agricultural producers through agricultural extension” (Ukraine), Ukrainian-Indian project
“Development of integrated consulting and decision-making — oriented environment for agricultural extension
services”.
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FRAMEWORK TO MANAGE SCRUM MEETING ARTIFACTS
Elena Chebanyuk

Abstract: A framework and analytical apparatus for software model comparison are represented in this paper.
The framework implements the sequence of operations that are necessary to perform in order to manage both
software artifacts history and changes in architectural solutions. Analytical apparatus of software model
comparison is based on Set-theory tool operations.

Keywords: Scrum meeting, software model comparison, Set-theory tool, software architecture, UML diagram.

Topicality and challenges

Software development process according to Agile methodology becomes widespread today. lterative and
incremental software development lifecycles propose possibility to change requirements in every development
iteration, namely during scrum meetings. That is why the task of designing approaches and frameworks to
manage software artifacts that are appeared (changed or removed) after scrum meetings is important.

Most software artifacts that are changed during scrum meeting are software models (SM) that are represented as
UML diagrams [UML 2.5]. In order to propose an approach to consider SM changes it is necessary to solve the
next tasks:

o Design an analytical representation of SM.
¢ Propose a format for storing information about SM.
¢ Provide a tool of scrum artifacts matching.

Papers [Chebanyuk, 2013], [Chebanyuk, 2014] propose solution of the first task. To represent software models,
namely Class and Use Case Diagrams, it is proposed to use Cartesian products. Elements of Cartesian products
are constituents of these software models.

In order to design formats for storing data about software models XMI and XML formats can be used.

This paper proposes a framework for matching scrum artifacts changes that are represented as Use Case
Diagrams. Use Case diagrams and their varieties, namely user stories, are central artifacts that are changed
during scrum meetings. Also software prototypes and other artifacts for description of software behavior can be
converted to Use Case diagrams too.

Analytical apparatus for the Use Case diagrams matching

Consider the analytical representation of Use Case diagrams that was proposed in paper [Chebanyuk, 2014].

o c P xK” x A® x P®(include) x P* (extends) x Y x T*

P x K” x A® x P®(include) x P“(extends) = {< p,p, >,< ap, >,< ak,p, >,< pk,p, > 1
< pu,p, >,< P,T,P, >,< p,(include)p, >,< p,(extends)p, >,< p;p; ® PP, > ’
<sign pzsign p4 >}

wherep, e P®,i=1,...,7, k, €K®, a, € A®, p,(include) € P*(include),  p;(extends) € P"(extends), v, €Y,
T,eT’.
More detailed description is introduced in the paper [Chebanyuk, 2014].

A reference Use Case diagram is denoted as follows:
®C P xK”x A” x P (include) < P® (extends) x Y x T®
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And Use Case diagram that was changed after scrum meeting is denoted as follows:
o <P xK® xA” xP (include)x P (extends)x Y* xT¢

Consider main operations that are executed when Use Case Diagram are proceeded and introduce their

analytical representation. At our case it is necessary to define changes in o' software model.
Model comparison

1. Defining newly appeared SM constituents after scrum meeting
n_a=o\w (2)
where n_ a - newly appeared SM constituents.

The note: When operation (2) is performed corresponding sets of models @ and @', namely
P®,K®,A® P®(include),P*(extends),Y,T”, are subtracted. Also this approach is used when further
operations are introduced

2. Defining model constituents that disappeared after the last scrum meeting
d=o\o (3)
where d - disappeared SM constituents.
2. Defining components of an architecture solution that shouldn’t be changed
s c=0 Nw (4)

where s _ ¢ - stable components of an architectural solution

Framework to manage scrum artifacts

The process of scrum artifacts management contains from the following steps:
1. Obtaining updated Use Case (US Figure 1) diagrams after scrum meeting

2. Converting Use Case Diagrams to their analytical representation (AR Figure 1). In order to do this the
format of file XMl or XML can be used.

Processing analytical representation of SM (MCAT Figure 1) using analytical apparatus for Use Case
diagram matching, namely expressions (2)-(4).

3. Defining both parts of architectural solution that should be changed (Ch p Figure 1) and stay without
modification (SP Figure 1) for its further effective processing.

4. Using an analytical representation software artifact history can be stored and managed.

The numbers in the list described above, correspond to the activities in framework presented in Figure 1.
Activities are marked as arrows.
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uc2 - AR 2 =2+ C 3 SP
- : i4
. . A Software
ucN 1, AR N —2,. T _4_ artifacts
history
4 &

[ ] Scrum Meetings area
1 Format for saving information about software Use Case Diagrams
5 Software architecture artifacts

UC Use Case Diagram AR Analytical representation of Use Case

Diagram
MCAT Model Comparison analytical tool &

Ch P Parts of an architectural solution that need be modified after
Scrum Meeting
S P Stable parts of an architectural solution

Figure 1. Representation of the framework for scrum artifacts management

Case tool

Consider a scrum artifacts history. Figure 2 represents a Use Case diagram, containing traces of two scrum
meetings. Black colored parts of the Use Case Diagram are the parts that are stayed the same in reference and
new diagram. Dashed lines and precedents of the Use Case diagram are the parts that are appeared after the
last scrum meeting (Reference diagram was free from these parts). Dashed lines and precedents with dots of the
Use Case diagrams are the parts that are disappeared after the last scrum meeting.

User ~

Check b

Figure 2. Use Case Diagram

Using an analytical tool for comparing Use Case diagrams define newly appeared and disappeared components
of software architecture and also stable parts of an architectural solution.

1. Performing the same operations, as was described in [Chebanyuk, 2014] obtain an analytical
representation of both Use Case Diagrams
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1.1 Reference Use Case Diagram (Figure 2)

P® ={pg .....ps |pg =inputa,p;” =checka,p; =sqrt(a),p; =output rez}

A® ={g] |aj =user}, P (include) = {pg (include)p;}

oc{<ay,py >,<py.(include)p) >,< p3,ps >,<ps,pg >}
1.2 Changed Use Case Diagram after the next scrum meeting (Figure 2)

P ={(P"\pg) (o' 05’5 1pg’ = inputh,pg’ = checkb,ps’ =a-+b|

AY = A, P° (include) = {p¢ (include)p? }

o c{<a g ><py (include)py’ >,< pg (include)pg’ >,<pg .y’ >,<py oy >|
3. Defining newly appeared SM constituents after scrum meeting

n_a=o\o= {< p;" ,(include)pg’/ > < pg"/ ,p;’/ > < p;"/ ,pj;" >}

These components match of the Use Case diagram parts containing dashes. See Figure 2.
2. Defining model constituents that disappeared after the last scrum meeting

d=o\o ={<p,p ><p,p >}

These components match of the Use Case diagram parts containing dashes and dots. See Figure 2.

4. Defining components of an architecture solution that shouldn’t be changed
s c=0 Nno= {< ad ,py ><py (include)p’ >}

These components match with black colored parts of Use Case diagram. See Figure 2.

Conclusion

The framework and analytical apparatus to manage scrum artifacts are represented in this paper. Proposed ideas
are illustrated by means of case tool. Using both framework and analytical apparatus for processing Use Case
diagrams allows designing effective tools for managing architectural solutions. Also it is possible to process
software artifacts history. Effective solving of these tasks allows improving many activities such as code reuse,
test cases designing, processing software prototypes, correcting algorithms for solving different task and others.
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EXAMPLE OF MULTI-LAYER KNOWLEDGE REPRESENTATION
BY MEANS OF NATURAL LANGUAGE ADDRESSING

Krassimira lvanova

Abstract: An approach for knowledge representation based on post-relation type of information bases is outlined
in the paper. The idea of Natural Language Addressing and based on it idea of Multi-layer Knowledge
Representation are presented.

Keywords: Multi-layer Knowledge Representation; Natural Language Addressing

Introduction

There are a lot of approaches for knowledge representation [Sowa, 2000]. In this work we show an example of
knowledge representation by means of Natural Language Addressing (NLA) [lvanova et al, 2012; Ivanova et al,
2013; Ivanova, 2014]. NLA is based on the Multi-domain Information Model [Markov, 1984; Markov, 2004]. In this
paper we outline an approach for knowledge representation based on post-relation type of information bases.

We follow the proposition of Kr. Markov to use the computer encoding of name’s (concept’s) letters as logical
address of connected to it information stored in a Multi-dimensional numbered information spaces [Markov, 2004;
Markov, 2004a]. This way no indexes are needed and high speed direct access to the text elements is available.
It is similar to the natural order addressing in a dictionary where no explicit index is used but the concept by itself
locates the definition.

The idea of NL-addressing is to use encoding of the name both as relative address and as route in a Multi-
dimensional information space and this way to speed the access to stored information. For instance, let have the
next definition: “Pirrin: A mountain with co-ordinates (x, y)”. In the computer memory, it may be stored in a file at
relative address “50067328” and the index couple is: (“Pirrin”, “60067328”). At the memory address “50067328"
the main text, “A mountain ... (x,y)” will be stored. To read/write the main text, firstly we need to find name “Pirrin”
in the index and after that to access memory address “560067328" to read/write the definition. If we assume that
name “Pirrin” in the computer memory is encoded by six numbers (letter codes), for instance by using ASCII
encoding system Pirrin is encoded as (80, 105, 114, 114, 105, 110), than we may use these codes for direct
address to memory, i.e. (“Pirrin”, “80, 105, 114, 114, 105, 110”).

Above we have written two times the same name as letters and codes. Because of this we may omit this couple
and index, and read/write directly to the address “80, 105, 114, 114, 105, 110”. For human this address will be
shown as “Pirrin”, but for the computer it will be “80, 105, 114, 114, 105, 110”.

Models for knowledge representation

Maybe the simplest model for knowledge representation is one used for dictionaries and vocabularies.
Representation as vocabulary is given in Table 1. It is good for using by humans but it is not appropriate for
processing in the computer. The same knowledge may be represented in the most popular data format - the
relational one (Table 2).

Table 1. Representation as vocabulary Table 2. Relational representation
name definition object | South_Side | North_Side | Co-ordinates
Pirrin | A mountain Pirrin Aphla Ateb (x,y)

Aphla | The South Side of Pirrin mountain
Ateb | The North Side of Pirrin mountain
(x,y) | Co-ordinates of Pirrin mountain
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Knowledge from Table 1 or Table 2 may be used for creating ontology with four concepts which may be
represented by an ontology graph (Figure 1):

Co-ordinates_of

(x,y) —— > Pirrin
South_Side_OJ/ \\forth_Side_of
Aphla Ateb

Figure 1. Ontology graph

RDF representation of ontology from Figure 1 is given in Table 3. Now we are ready to illustrate our approach for
storing RDF-graphs by means of the NLA. Taking in account the interrelations between nodes and edges on
Figure 1, a two-dimensional “multi-layer” representation of knowledge becomes possible (Table 4). It is usual for
humans but it is not wide used in the computers. The layers form Table 4 may be stored in different files. If we will
use the possibility for NLA, the name “Pirin” of the column will define locations in files of layers.

Table 3. RDF representation of ontology Table 4. Multi-layer representation of ontology
subject relation object object o
Pirrin
Pirrin South_Side Aphla layer
Pirrin North_Side Ateb South_Side Aphla
Pirrin Co-ordinates (x,y) North_Side Ateb
Co-ordinates (x,y)

To receive all knowledge for given node, we have to take node (column) name as NLA, for instance “Pirrin”, and
read all information stored at location determined by its encoding (“80, 105, 114, 114, 105, 110”) as NLA in
different layers (rows “South_Side”, “North_Side”, and “Co-ordinates”). In this multi-layer knowledge
representation we have important achievement — only cells from Table 4, given in bold, will be stored in computer
memory. All other information is “virtual” address information used for access to real information. This causes
avoiding of supporting indexes for speeding of information search and as a result reducing of used computer
resources - memory and processing time.

Conclusion

Concluding, let point on advantages and disadvantages of the illustrated above multi-layer knowledge
representation by means of the NLA. The main advantages are reducing the number of tables, which represent
the graph as well as reducing the number of filled cells. The main disadvantages are: the tables are sparse;
avoiding pointers we receive a variety of names, which have different lengths and cause difficulties for the
implementations in the data bases where the fixed length is preferable; the number of nodes may be very great
and this way needs corresponded number of columns in the table (in any cases hundreds or thousands). The
disadvantages may be avoided if we will use the Multi-Domain Information Model (MDIM) [Markov, 2004] and
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corresponded Multi-Domain Access Method (MDAM) [Markov, 1984]. We upgraded MDAM to NLA. The
experiments with NLA and multi-layer organization of the information have shown that they are good basis for
implementing for real solutions.
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ONTOLOGY USING IN GEOMETRICAL MODELS DATA PROCESSING
OF COMPLEX TECHNICAL OBJECT

Dmytro Konotop

Abstract: Geometrical models of complex technical object are created by means of different information
technology selected by enterprise or departments of enterprise. However information technology formats of the
geometrical models are not combined and consequently it is hard enough to process the different information
concerning geometrical models. The approach offered in present work shows attempt to connect different
information technology formats of the data which is working out of geometrical models, using ontology.

Keywords: ontology, geometrical models, complex technical object, information technology formats, CAx and
PLM-systems.

Introduction

Different information technologies (IT) are widely used at the enterprises which are developing complex technical
objects (CTO) for simplification of CTO design process and manufacturing, for the decision of the most important
problems at all CTO design stages and the coordination of simultaneous work of designers over the project
during CTO creation.

CAD/CAM/CAE (CAx) - systems under control of PLM-system are used at creation of geometrical models (GM).
However there is a communication problem between GM created on previous and the final stages of CTO design
and manufacture. There are also often the lacks connected with transfer of high-grade data concermning GM from
different IT formats data. Present work offers use of ontology for the decision of the problems set forth above.

Representation of CTO GM design process using of ontology approach

There are the following main GM of CTO design stages with the use of IT: master geometry, distribution of
objects, and complete definition of product on which criteria of GM design are imposed and methods of
experimental and numerical researches are selected. Actually, now at the enterprises these GM design stages
are not connected and every GM from its design stage is designed separately from another stages. And the first
problem of CTO GM design is GM connection for different design stages.

Geometrical models of CTO are created by means of different IT, which formats are not combined and
consequently it is hard enough to process the information about GM. Loss of data during translation leads to that
transferred GM between different systems becomes incomplete. Also accessible translators are created for
concrete IT and are not universal and have a high cost. This is the second problem of CTO GM design is the IT
formats exchange. One of the attempt to solve these problems is the ontology approach using.

Ontology is defined as specification of a representational vocabulary for a shared domain of discourse -
definitions of classes, relations, functions, and other objects. [Gruber, T.R., 1993] For the coding of ontology,
formal language of the ontology description is used. The most widespread language of ontology coding is OWL
(Ontology Web Language). Among a considerable quantity of ontology editors easily expanded editor Protégé
has been selected. This work presents the concept of control parametric model (CPM) which is a managing
structure, which intended for support of initial data inheritance at all CTO design stages in CAx-system. The
control parametric model consists from the following models: kinematic, construction, systems and equipment. On
fig. 1 and 2 the ontology of knowledge-based CTO GM design with the use of CPM and activity diagram of
ontology-based CTO GM design respectively are presented.
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Documents

Fig. 1. Ontology of knowledge-based CTO GM design

Ontology-based approach level CPM design level GM design level

M

@efine the necessary parameter%

Kinematic scheme design

Greate links between paramete@
Gonstruction scheme desigD-\\

GM of construction design

Gcheme of systems and equipment desigD\
GM of systems and equipment design

Have the restrictions of GM

Control of GM

Fig. 2. Activity diagram of ontology-based CTO GM design

Conclusion

This work describes the ontology-based approach which is used in geometrical modeling of complex technical
object and helps to connect of all complex technical object design stages. Also proposed approach is possible to
use for exchange of different formats of geometrical models.

Bibliography

[Gruber, T.R., 1993] A Translation approach to portable ontology specifications. Knowledge Acquisition 5, pp.199-220, 1993.

Authors' Information

Dmytro Konotop — National Technical University of Ukraine “Kyiv Polytechnic Institute”, PhD student, engineer-
designer, P.O. Box: 03056, Peremogy av., 37, Kyiv , Ukraine; e-mail: konotop.dmitriy@gmail.com



mailto:konotop.dmitriy@gmail.com

120 XX-th International Conference "Knowledge - Dialogue - Solution"

GLOBAL SYSTEM FOR MONITORING, DIAGNOSTIC AND MANAGING OBJECTS,
AS AN INTEGRAL PART OF THE INFORMATION SOCIETY OF THE FUTURE

Alexander Kosianchuk

Abstract: Systems position monitoring of objects in space are an integral part of the modern information society.
Extension of such systems can be called a system of monitoring, diagnosis and control. To audience it will be
presented a prototype aircraft equipment monitoring and control system of flight data.

Keywords: building the information society, system of monitoring, diagnosis and control, aircraft equipment.

Introduction

Monitoring - continuous process monitoring and recording parameters of the object, as compared with the set
criteria. Systems position monitoring (SPM) of objects in space is an integral part of the modern information
society. It should be emphasized that a mandatory attribute of any SPM is mapping software that allows you to
put the position on the map to determine the relative positioning. Extension of such systems can be called a
system of monitoring, diagnosis and control. The basic principles of operation of such systems will be considered
on the example of aviation equipment “Luch-14".

The Main Theses of Manuscripts

An information society is a society where the creation, distribution, uses, integration and manipulation of
information is a significant economic, political, and cultural activity. The aim of the information society is to gain
competitive advantage internationally, through using information technology (IT) in a creative and productive way.
SPM are an integral part of the modern information society.

Examples of monitoring systems are services such as Google locations, allowing the user to track the position of
users through the provision of mobile devices; Flight Radar 24, visualizing information ADSB on the map of the
planet; also this list includes a lot of the monitoring system of land transport, for example Naviset, Euromobile and
others.

It should be emphasized that a mandatory attribute of any SPM is mapping software that allows you to put the
position on the map to determine the relative positioning. Thus the foundation of the SPM is mapping services
Google (Google Maps, Google Earth) or analogues of other companies (Yahoo! Maps, Microsoft Bing Maps,
WikiMapia et al.).

For efficient and more economical operation of SPM can use available communication channels, such as WiFi,
EDGE / GPRS, 3G, 4G, Iridium.

One of the most high-tech spheres of human activity today is aviation. Leaders of the air transportation system is
widely used SPM, where they are called flight data monitoring system in real time (FDMS). Examples of these
airlines are British Airways, Malaysia Airlines and others.

Ukraine also is providing researches in this area. Nowadays, the company “Aviatsiyni system" earned a prototype
system FDMS "Luch-14", designed to replace obsolete aircraft emergency registrar "SARPP", which numbered
around the world in the tens of thousands.

Hardware-software complex "Luch-14" for SARPP designed for the collection and analysis of flight data for the
purpose of regular processing and statistical analysis, control, flight technical crew, troubleshooting avionics,
proactive actions anticipation of aircraft accidents and incidents (AAl), and reactive actions after AAl to prevent
recurrence of situations.

Components "Luch-14";
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— Protected onboard storage, storage systems equipped with parametric audio and video;
— Coding unit (conversion of sensor signals in ARINC);

— Additional built-in sensors barometric altitude dimensional overloads, three-dimensional magnetic field
and GPS coordinates;

—  Communication tools, Iridium, Wi-Fi, GPRS / EDGE / 3G;
— Lightweight onboard storage;
— Software environment data processing and visualization.
"Luch-14" was tested on Mi-8 and proved calculated results about data transcribing speed.

Extension of such systems can be called a system of monitoring, diagnosis and managing (SMDM). The concept
of SMDM is installing the program sequence (in the case of an automated system), monitoring of parameters of
movement and interference in the control loop if necessary (for example in a critical situation).

Conclusion

In the future, when SMDM is widely used, single center (aviation, transport, agriculture) management will be able
to assume responsibility for the management of all subordinate means and do it more effectively and in a
coordinated manner. Besides regular users will be able to control the movement of their vehicles or accurately
calculate the arrival of the bus at a stop that will undoubtedly make life more comfortable and will free up more
time for cultural, spiritual and physical development of the individual and society as a whole.
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ENERGY VERSUS INFORMATION

Krassimir Markov

Abstract: The interrelation between concepts “Energy” and “Information” is considered in the paper. Using simple
example, it is shown that the concept “Energy” has objective foundation but the concept “Information” has
subjective one.

Keywords: General information theory, Energy, Information.

Introduction

The interrelation between energy and information is fundamental and needs to be clearly explained.

Mark Burgin explained one of the common understandings of this relation as “Energy is a kind of information and
information is a kind of energy”. More concretely, in his monograph “Theory of information” [Burgin, 2010, p.117]
he had written: If we take that matter is the name for all substances as opposed to energy and the vacuum, we
have the relation that is represented by the following diagram called the Structure-Information-Matter-Energy
(SIME) Square (Figure 1). In other words, we have the following principle: Information is related to structures as
energy is related to matter.

similar
Energy = Information
contains contains
similar
Matter = Structures

Figure 1. The Structure-Information-Matter-Energy (SIME) Square [Burgin, 2010, p.117]

From our point of view, this is not correct conclusion. Below we will present a simple example to show the main
difference between “Energy” and “Information”. Before the example, we will remember our definition of the
concept “Information” and the common understanding of meaning of the concept “Energy”.

Information

Following “General Information Theory” [Markov et al, 2007] we may define concept “Information” as quadruple:
i = (source , recipient , evidence , Infos) = (s, r, e, I)
where:
— Source “s” and Recipient “r’ are structured sets;
— Infos “I’ is an intelligent system;

— Evidence “e” is a mapping from s in r which preserves (all or partial) structure and resolves the
Information Expectation of Infos.

In mathematics, a structure on a set, or more generally a type, consists of additional mathematical objects that, in
some manner, attach (or relate) to the set, making it easier to visualize or work with, or endowing the collection
with meaning or significance. A partial list of possible structures are measures, algebraic structures (groups,
fields, etc.), topologies, metric structures (geometries), orders, events, equivalence relations, differential
structures, and categories.
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Sometimes, a set is endowed with more than one structure simultaneously; this enables mathematicians to study
it more richly. For example, an order induces a topology. As another example, if a set both has a topology and is
a group, and the two structures are related in a certain way, the set becomes a topological group.

Mappings between sets which preserve structures (so that structures in the domain are mapped to equivalent
structures in the codomain) are of special interest in many fields of mathematics. Examples are homomorphisms,
which preserve algebraic structures; homeomorphisms, which preserve topological structures; and
diffeomorphisms, which preserve differential structures [Mathematical_structure, 2014].

Resolving of Infos’ Information expectation is constructing of commutative diagram:

e
s > r Reality
receptoril I receptor j Infos’ consciousness
Si > I
€

where:
— Source “s” and Recipient “r’ are structured sets;
— Infos is an intelligent system;
— Evidence “e” is a mapping from s in r which preserves (all or partial) structure;
— Mental source “s;i” and Mental recipient “r” are structured sets;
— Mental evidence “e;” is a mapping from s;in r; which preserves (all or partial) structure.

We use the name “Information expectation” because of creation of the triple (s;, r;, €;) in advance by Infos.

Energy

In physics, “Energy” is a property of objects, transferable among them via fundamental interactions, which can be
converted in form but not created or destroyed. There are many forms of energy, but all these types must meet
certain conditions such as being convertible to other kinds of energy, obeying conservation of energy, and
causing a proportional change in mass in objects that possess it. Common energy forms include the kinetic
energy of a moving object, the radiant energy carried by light and other electromagnetic radiation, the potential
energy stored by virtue of the position of an object in a force field such as a gravitational, electric or magnetic
field, and the thermal energy comprising the microscopic kinetic and potential energies of the disordered motions
of the particles making up matter. Some specific forms of potential energy include elastic energy due to the
stretching or deformation of solid objects and chemical energy such as is released when a fuel burns. Any object
that has mass when stationary, such as a piece of ordinary matter, is said to have rest mass, or an equivalent
amount of energy whose form is called rest energy, though this isn't immediately apparent in everyday
phenomena described by classical physics.

According to mass—energy equivalence, all forms of energy (not just rest energy) exhibit mass [Energy, 2014].

Energy versus Information

From definition of Information given above follows that the information is a kind of reflection but not every
reflection is information. Only the reflection, for which given Infos (subject, intelligent system) has evidence what
the reflection reflects, is information only for this concrete Infos.
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It is clear, to create a reflection, the energy is needed. Without energy no internal changes (reflections) in the
entities may be realized. This means that energy is needed to realize reflection which may become information
for given Infos.

Without energy information is impossible.

But the opposite correspondence does not exist. Energy does not depend on information. It exists in reality
without subjective “decisions”.

Energy is objective phenomenon, Information is subjective phenomenon.

Example

Let we have two equal pieces of paper.

They contain some energy, let assume that its quantities are equal in both pieces. In other words, for instance, if
we burn these pieces they will release practically the same quantities of energy.

If | have such piece of paper and you have another such one, we may exchange them as equivalent without any
additional conditions.

Let now the pieces of paper are painted with some colors. The paint will add some additional energy to pieces.
Let assume that, again, it is in equal quantities in both pieces.

Again, we may exchange pieces as equivalent without any additional conditions.

At the end, let pieces of paper are painted as follow:
— the first piece is painted as USD 100 (one hundred dollars);
— the second one is pained as RUB 100 (one hundred rubles),
i.e. let have two real banknotes.
Now, we will not agree to exchange these pieces of paper without additional conditions.
As it is shown by Bloomberg, on 08/29/2014, 12.59:59, (http://www.bloomberg.com/quote/lUSDRUB:CUR)
US DOLLAR-RUSSIAN RUBLE Exchange Rate is: Price of 1 USD in RUB is 37.1189,
i.e. now the first piece of paper is equivalent to more than 37 pieces of second one.

Because of information for the subjects, the pieces became different notwithstanding that the energy quantities
are equal in both pieces.

The subjective decisions have important role in this case.

Conclusion

Our understanding of the relation between energy and information differs from one in [Burgin, 2010]. After reading
the example, presented in this paper, Mark Burgin had remarked: “Author very well explained the differences
between energy and information in the sense of General Information Theory (GIT) [Markov et al, 2007]. These
differences appear because GIT studies information on the higher level than the General Theory of Information
(GTI) [Burgin, 2010]. If we look into mathematics, we see that group theory studies mathematical structures on
the higher level than set theory. Although set theory is most basic, while group theory has more applications
outside mathematics, both theories - set theory and group theory - are necessary for mathematics as a whole.
Thus, we may compare GIT to group theory and GTI to set theory as groups have additional structure in
comparison with sets as the information quadruple of GIT has additional structure in comparison with the
information triad of GTI.”
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We agree that the “Energy” may be explained by triple: (source, recipient, transition) => (x, y, f) =>y = f(x), but
“Information” has to be explained by quadruple (source, recipient, evidence, Infos) = (s,r,e,l). From our point of
view, the energy and information are different phenomena — objective and subjective, respectively.

The triples are object of study by Mathematics, quadruples — by Informatics.
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A COMPUTER DIALOG WITH WIND POWER
GIVES THE NON-EMERGENCY WIND ENERGY

Valery Pisarenko, Julia Pisarenko, Vladimir Malachinskij

Abstract; The variant of vibration diagnostics system for wind turbines, actual for remote diagnostics operating of
commercial wind turbines, is proposed.

Keywords: vibration diagnostic, spectral analysis, vibroacoustic signal, spectrogram, wind turbines.

Introduction

In recent years, in most industrialized countries in the world are actively expanding network of industrial wind
turbines. Technologically are very attractive the location of wind turbines industrial capacity in such areas of relief,
where the average wind speed is maximum for the given area. At the same time, it is preferable to choose a
place remote from the main local region's infrastructure (lack of roads, residential areas, industrial complexes). As
a result of putting into operation new and powerful wind turbines in the majority of cases are removed from the
control points and control of their work by people (operators).

About the system of natural modeling of diagnostic equipment vibro windmill

The above circumstances (extreme modes of wind turbines operation, the distance of technical personnel
placement, designed to monitor the performance of wind-energy complex) are forced to develop a highly reliable
means of remote control of wind turbines monitoring. This is especially important for minimize of probability of
accidents on wind turbines in extreme weather conditions [Bardik, 2012], the complicated conditions of staff
access to wind turbines. In particular, in such difficult conditions are working offshore wind turbines in the North
Sea, remoted is not uncommon for a distance 100 km or more. In the context of Ukraine, the actual of remote
monitoring at any time in any weather high for existing and future wind turbines mountainous terrain of Carpathia
and Transcarpathia. Especially given the fact that these regions, as known, have a high industrial wind potential,
yet poorly developed. In our paper [Pisarenko, 2012], sets out a vision of an expert vibro diagnostics system of
wind turbine using remote of current operation mode monitoring by the operator with the sensors mounted in the
nacelle wind turbine. For the purpose of simulation modeling of called technique of remote control of pre-
emergency modes of wind turbines operation in this paper are presents the results of full-scale experiments on
the operating model of rotary mechanisms with a number of important features, highly informative for remote
monitoring of rotating machines type wind turbine and industrial ventilators.

The goal of experiments, in this case, was to identify possible situations that resonant oscillations occur within the
test speed range of the main shaft of the rotor installation. Technologically for solving the problem was used the
following installation scheme, comprising: main shaft of rotary, sensors of vibration frequencies of the main shaft
near the resonant frequencies of the individual components of the entire system (provides the ability to identify of
the pre-emergency modes of vibration due to wearuot of rolling bearings of the shaft defects, violating the normal
mode of the fixation of through-hole assemblies of throughout installation, etc.).

The Table 1 shows the indications for each of the three cases of forced frequency selected for experiment. At first
was extracted from the spectrum the four nearest competitor, then were calculated for each of the frequencies of
the most dangerous competitors. According to the criterion

min (5(f,,,c.a )~ (%)), 1)
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— frequency in emergency mode of wind turbine vibration, f — frequencies-satellites from the

I

where f

forced

spectrum the four nearest competitor,

was selected the most dangerous mode with f,

forced

)=70 Hz.

Table 1 - Severity of accidents (f, — frequencies-satellites off, .., ) for three variants of the forced frequency

[«

fforced
Ne | Mocer:H2 | 8(fos) 0B | £ (fomog) Hz | 8(1),0B | min(8(feq) ~5(1)) B
1 42 255 50 31 5,5
55 36,5
2 70 16 52 225 6,5
| 87 32
| 105 33
125 45
3 73 16,5 50 26,5 6,5
| 54 23
| 125 28
| 150 28
Conclusion

In this paper were presents the results of full-scale experiments on the operating model of rotary mechanisms
with a number of important features, highly informative for remote monitoring of rotating machines type wind
turbine and industrial ventilators. In experiment were identified possible situations when resonant oscillations
occur within the test speed range of the main shaft of the rotor installation.
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WIRELESS SENSOR NETWORK FOR PRECISION FARMING AND
ENVIRONMENTAL PROTECTION

Volodymyr Romanov, Igor Galelyuka, Oleksandr Voronenko

Abstract: In the paper it is described the wireless sensor network for precision farming and environmental
protection, which is developed in V.M.Glushkov Institute of Cybernetics. The main aim of the wireless sensor
network is data acquisition in real-time mode of state of plants on large territories, on-line data processing and
timely decision making according to specified criteria.

Keywords: wireless sensor network, biosensor, wireless data acquisition.

Introduction

In modern industrial farming it is necessary to obtain information in real-time about influence of climatic and
anthropogenic stress factors on state of agricultural crops. For protection of green plantation in megalopolis,
forest reserves and national parks it is reasonable to use similar tools for estimating impacts of stress factors of
different origin on plantations of these territories. Up-to-date achievements of biosensorics, microelectronics and
information technologies make it possible to successful solve this very complicated task for large territories.

Wireless sensor network development

Several years ago portable computer devices of "Floratest" family were developed and prepared for full-scale
production [Romanov, 2012]. The main purpose of these devices was diagnostics of plant state in real-time mode
in laboratory and field conditions. Industrial precision farming and environmental protection are main application
fields of these portable devices. But, the field testing in German agrarian farms showed some restrictions during
active work with "Floratest" device in the field conditions. In particular, experienced specialist had to run
measurements and the one measurement, including dark adaptation, took a long time. For speedup of
measurements in general it is necessary to use a large number of autonomous portable devices. To avoid these
restrictions it was started development of data acquisition systems on the base of portable computer devices of
"Floratest" family [Palagin, 2011]. Such approach allowed to centralize running of measurements, made with
many devices, and accumulate obtained information in the control center. This handling lets to cover by
monitoring a large territory of agricultural lands, parklands or woodlands.

Modern achievements in microelectronics and information and communication technologies after detailed
analysis show possibility of creating wireless sensor network for express-diagnostics of state of plants on large
territories with using the same effect of chlorophyll fluorescence induction, on which the operation of devices of
"Floratest" family is based on. Application of microsensors for measuring additional parameters of air and soil in
sensor network gives possibility in indirect method to measure not only the general state of plant, but also such
parameters, as pesticides content in soil, water and plants, level of soil corrosion, level of pollution in air efc.

Wireless sensor network for our applied problem has to satisfy requirements to typical sensor network for
application in agriculture and environmental protection. Development of wireless sensor network depends on
many factors, including failure-resistance, scaling, manufacture cost, type of operational environment, topology of
sensor network, hardware restrictions, data transferring model, energy consumption and etc. Schemas for initial
placing of nodes of sensor network have to satisfy requirements of cost reducing of installation, removing
necessary of preliminary planning of placing schemas, improving flexibility of node placing, and assisting self-
organization and failure-resistance. Nodes of our wireless sensor network are deployed in static mode. Since
nodes of sensor network sometimes fail because of battery discharge or physical impacts, the structure of sensor
network has to change its topology very often after the sensor network has been deployed. Changes of topology
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cause modification of characteristics of network nodes, notably location, accessibility (because of noise, moving
obstacles etc.), battery charge, failures, changing of node functions in network. It is specified possibility to include
additional nodes in sensor network for replacement of non-working nodes or expansion of network or network
functions.

For global data transfer in sensor network it is necessary, that communication environment was accessible in
many countries. The best way to solve this task is to organize communication between nodes with using of
industrial frequencies, which are accessible without licenses in majority countries. Hardware restrictions and
compromise between antenna efficiency and power consumption put some restrictions on choosing of frequency
for data transferring. The main advantage of frequencies for industrial application is wide frequency spectrum and
their accessibility almost in whole world. For purpose of data transferring via wireless channel there were chosen
tiny wireless modules (NXP company manufacture) with embedded multichannel ADC. Wireless modules work at
frequency of 2,4 GHz.

During development of sensor network it is necessary to provide the possibility to integrate the sensor network
with systems of top level, for example, decision-making and agrotechnological operation generating system and
"cloud" technologies.

Conclusion

Detailed analysis of modern literature and technical solutions shows, that development of wireless sensor
network for industrial agriculture and environmental monitoring is very complicated task. Implementation of
proposed wireless sensor networks to industrial agriculture and environmental protection makes it possible to
increase efficiency and quality of end product, spare fertilizers, water and energy resources, timely protect plants
of woodlands and parklands from infections and anthropogenic impact.
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RESEARCH OF THE FLUOROMETER «FLORATEST» SENSITIVITY IMPACT
OF STRESS FACTORS ON THE PLANTS

Volodymyr Romanov, Volodymyr Hrusha, Oleksandra Kovyrova

Abstract: Results of research of fluorometer "Floratest" sensitivity to impact of stress factors on state of plants on
example of datura are considered in the article.

Keywords: chlorophyll fluorescence induction; fluorometer.

Introduction

Portable computer devices of "Floratest” family were developed in V.M. Glushkov Institute of Cybernetics of NAS
of Ukraine. Serial production of devices was started few years ago [Palagin, 2012]. The devices can provide
express-diagnostics of changes of alive plant state and give opportunities for fast estimation of environment
influence level and technological stresses on alive plants. The device principle based on measurement of
chlorophyll fluorescence induction (ChFI) curve in real time without damaging alive plants [dasd.com.ua).
Application fields of the devices are quite wide and cover both scientific researches and industrial agriculture.

Experiments description

In 2012-2013 in the Institute of Cybernetics some researches was completed for purpose of estimating the
fluorometer sensitivity to impact of stress factors on alive plant state. Changes of curve form of chlorophyll
fluorescence induction of weed Datura under influence of herbicide «Roundup» were studied.

Times of beginning measurement, parameters of environment (air and ground temperatures and humidity) were
fixed. The dark adaptation of leaves was equal 3 minutes. The time of every measurement was 160 s. Leaves for
measurement were being chosen from one level. It is known if leaves are under direct rays of the sun they need
more than 10 minutes of dark adaptation before measurement. This fact also was confirmed with the fluorometer
“Floratest” [[pywa, 2012]. For the purpose of reduction of the dark adaptation period the plants were taken away
from the sun and placed in the shadow for 30 minutes before the start of the measurements.

In 2012 experiment was conducted from July 07 till September 13. 16 measurement runs were completed on 32
plants. The plants of Datura were divided into equal groups: one control and two experimental. The two last
groups were sprayed with two different doses of herbicide.

In addition in 2013 two experiments were completed too. The first experiment was conducted from April 12 fill
August 08. 15 measurement runs were completed on 44 plants. The plants were divided into three groups: one
control and two experimental. Experimental groups were sprayed with two different doses of herbicide that
differed from doses in 2012. The goal of the second experiment was to receive more large quantity of ChFI
curves of plants that weren't sprayed with herbicide. Experiment was conducted from July 15 till September 10.
Two measurement runs on 44 plants were completed. Some preliminary results of the analysis were presented in
[Fpywa, 2013].

In 2014 two-factor experiment was completed. Plants of Datura were chosen again for experiment. Influence
factors were different doses of watering and herbicide. In addition it was estimated the sensitivity of “Floratest” to
different properties of water to artificial watering.
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Initial results

Analysis of obtained ChFI curves showed a depression of plants photosynthesis under stress factors. An effect of
the herbicide expresses in gradual increase of ChFI level in groups of sprayed plants [Mpywa, 2012]. Besides it
also showed an influence of weather conditions on beginning points of ChFI curves.

In 2012 in different days of experiment the parameters of temperature and humidity were varying from 13 to
30 °C and from 27 to 92% properly. Calculation of linear correlation coefficient between values of ChFI curves
parameters (Fp, Fs, Fo [Rohacek]) and values of environment parameters (tar, hair, tground, hground) Shows a
correlation presence. In 2013 the measurements were completed in days without sharp changes of the weather
parameters. The air temperature was in range 23-30 °C, humidity — 28-44 %. Calculation of the linear correlation
coefficient showed practically lack of the correlation between changing form of ChFI curve and weather conditions
as opposed to results that we watched in 2012.

Conclusion

The estimation method of plants state based on analysis of form of ChFI curves gives opportunities to diagnose
the state of plants in latent period when the influence of spraying with herbicide aren’t seen directly. It gives
opportunities to evaluate an effect of herbicide in express mode and to make conclusion about efficiency of
herbicide and thus its doses can be optimized.
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ARCHITECTURE OF SMART SENSOR NETWORK
FOR AGRICULTURAL PURPOSES

Yevgenia Sarakhan

Abstract: Rapid and unpredictable change in climatic conditions and the consequent difficulty of using statistical
calculations to predict yields showed an acute need to develop models predicting crop yields and the influence of
climatic conditions, based on the use of non-statistical but operational data. Preliminary data also are essential for
precision farming technology, which including operating models predict yields and is used to optimize the costs,
such as water, fertilizer, etc., and to maximize the resulting crop.

Keywords: information technology, information system, Wireless Sensor Network, agriculture, ontology method.

Introduction

The most important agricultural purposes may include timely, accurate and prompt informing farmers about
climatic changes, both at the individual sections of the field and at the level of administrative- territorial areas.
Today one solution, which can be useful for automatic acquisition of knowledge about climate change indicators,
is using a wireless sensor network. Distributed self-organizing network of many sensors that are combined with
each other through the air, will be useful for the timely application of technological measures to obtain high yields
of agriculture. Sensors convert environmental variables in the data that the output of the wireless sensor network
through radio coming to the computer input , which with the help man turn into knowledge. For example, wireless
sensor network the sensors measure the temperature and humidity, barometric pressure, wind speed and
direction. With the release of the wireless sensor network computer input data entering the temperature and
humidity, pressure, speed, wind direction, etc. Agronomist by processing these data on a computer receives the
prediction, which help to obtain new knowledge, to get, to plan and carry out certain technical measures for the
care of agriculture.

Development of smart sensor network

Field data network consists of two levels: the first level is the transfer of data within the device. The second level
is the transfer of data between devices for sending to the central unit for the purpose of delivery to the server data
processing. These recommendations on the production network of the first level should be the result of further
research and implementation.

The network of the second-level is based on the protocol of IEC 60870-5 (IEC 60870-5). This protocol allows you
to transmit sensor readings on request, a timer and change the measured values, as well as monitor the health of
the devices themselves. In addition to the functions of the telemetry and remote signaling protocol supports
remote control. Thus, the device can, using a special module, pouring or lighting control command from the
server.

Use of the standard protocol will allows building high compatibility system with third party software, as well as
simplifying the development of the system. Also it will allow integrating easily them with RDF storages.

For replacement of addresses of information objects by predicates, special function which accepts the identifier of
the sending device and the address of information object and returns the proper predicate in reply.

Structurally a network of the second level includes a self-organizing network of transceivers, such as ZigBee.

The central node has additional transceivers for communication with the server via two independent channels.
For example, these channels can be — wired shedding data and GSM line. However, no wire line and Wi-Fi,
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which eventually connected to the same wiring line.

The solution to this problem is achieved by a wireless sensor network has ontology-managed node (Ye.
Sarakhan, A. Palagin, V. Romonov. Global network for the automatic acquisition of knowledge. Patent of Ukraine
Ne 89025 of 04/10/14, Bull. Ne 7) [Sarakhan, 2014], the global Internet, computer and human-machine interface,
the output of the wireless sensor network is connected to the input of the global Interet through ontology -
controlled node, and the output of the global Internet through a computer linked to man- machine interface.

The introduction of new network nodes and connections can expand the functionality of the particular gain new
knowledge automatically without human intervention.

Data about the environment come in ontology - controlled junction. Ontology -managed node collects information
about the current state of the environment (declarative knowledge) and processes the data using procedural
knowledge in the form of appropriate algorithms. As a result, processing of declarative knowledge that is running
the agent (a computer program) is formed, such as weather or assessed the environment. This information
comes from the output of user man- machine interface that is connected to ontology - controlled unit via a
computer.

The proposed scheme of sensor network consisting of a global network to automatically acquire knowledge, can
be implemented using serial tablet computers, notebooks, Smartphone, PDAs, etc., and does not require
additional devices. This approach ensures the accuracy and completeness of the knowledge generated
automatically without human intervention, and can be used to generate new knowledge about the objects or
processes that occur, for example, in natural or artificially created environment for monitoring and control in
agriculture.

Conclusion

Successful testing independent serial device with wired sensor and dozens of orders of network sensor systems
confirm appropriateness of implementation of proposed distributed smart sensors to industrial agriculture.

In addition to laboratory tests, this method is also used in industrial agriculture. It is especially important to use
this method in terms of precision farming, which involves the integration of the monitoring of plant state in real
time by means of application of fertilizers, pesticides and artificial irrigation controls, etc., and data collection and
visualization require accurate binding to a digital map of the field. Especially effective is using precision
agriculture with a compatible remote, such as space and ground-based monitoring of plant state.

The ultimate goal of this system is to maximize agricultural productivity while optimizing costs with the ability to
make accurate predictions about future crop. It's worth to note that under this approach to creating and building a
sensor network, biosensor devices can operate synchronously with space and other means of observation of the
plants that provide the maximum requirements of precision farming.
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JOINT STUDY OF VISUAL PERCEPTION MECHANISM AND COMPUTER VISION
SYSTEMS THAT USE COARSE-TO-FINE APPROACH

Anton Sharypanov, Alexandra Antoniouk, Vladimir Kalmykov

Abstract: Another aspect of coarse-to-fine approach for technical vision tasks is presented. On the basis of
systemological analysis of neurophysiology sources a new hypothesis about visual neuron's functioning is
proposed. This hypothesis explains the mechanism and takes into account receptive fields excitatory zones
resizing during visual act.

Keywords: coarse-to-fine, visual perception, intercellular processes, pattern recognition, variable resolution

Researches in the field of visual perception physiology and creation of information technologies for automatic
processing of visual information are fairly interconnected domains of human activity. Indeed, the subject in both
disciplines is the study of visual perception. For physiology of vision the subject is the visual perception of
humans and animals, while one of the subjects for computer sciences is creation and testing of technical vision
means. The progress in one of these domains may initiate the progress in the other.

One of the strategies that solves the problem of great computational complexity in various image processing
tasks is so-called “coarse-to-fine approach’, i.e. the technique of refining initial data that exclude inappropriate
objects or irrelevant ranges of the image on earlier stages of processing in order to apply computationally
intensive part of the algorithm to reduced volume of data.

Consider an image consisted of a line of arbitrary text on a one-color background and another one where the
same line of text is placed over an arbitrary grating (Fig. 1). The text on (Fig. 1a) can be processed by both
statistical and structural methods of recognition. The text on (Fig. 1b) can not be recognized by known methods.
At the same time visual perception cope with similar tasks insensibly, seemingly on subconscious level. It is
naturally to conjecture that the best resolution for decision making is selected in visual system in the sense of
image processing, when the unnecessary details don't arise and the essential parts of objects don't disappear.

A65H7

a) neutral background; b) square grating in background

Figure 1. Examples of image with arbitrary text

It is possible to suggest that it is the processing of observed low resolution images at the beginning of visual act
that makes possible consistent visual perception of symbols on different background texture. The text on Fig.1a is
recognized successfully by standard OCR program. Processing the text on Fig.1b gives denial of recognition
because of inability to determine an object on image. After digitizing these images with six times lower resolution
(Fig. 2a, 2b) the text string is recognized successfully on both of them. In this case the coarse-to-fine approach is
used to solve the problem that can not be addressed at all by traditional methods.

It was discovered that the sizes of receptive fields' excitatory zones of visual neurons change during visual act,
which eventually mean dynamical changes in visual system's resolution. Even though this phenomenon is
examined well, the mechanisms for generation of receptive field center width dynamics are unclear and further
studying of intracellular processes in visual system is needed.

Proposed model of visual neuron's functioning during action potential generation is developed on the basis of
systemological analysis of known ideas about neurons' functioning and results of other researchers. It is an
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attempt to explain the mechanism and to take into account receptive fields excitatory zones resizing during visual

AG65H7 A65H7

Figure 2. Images from Fig. 1 (a, b) having 6 times lower resolution

Under the influence of excitatory receptors post-synaptic potential and also with no impact of inhibitory receptors
the potential-dependent sodium channels start to open and the spike begins. Sodium flow increases and
depolarization increases too, resulting in opening more sodium channels, so the intracellular membrane potential
increases up to the value of sodium equilibrium potential. Chlorine ions enter cell through membrane pores due to
concentration gradient while counteractive electrical potential decreases. After spike ends, the cell membrane
potential doesn't return to its initial value and resting potential shifts toward hyperpolarization due to chlorine ions
ingress. It is known that the opening threshold of potential-dependent sodium channels increases with the
distance growth from axon initial segment. At the beginning of each next pulse this results in potential-dependent
sodium channels located outermost from axon hillock stops to open under the post-synaptic potential impact of
excitatory receptors, located in the same area as these sodium channels. This means that potential of opening
threshold for mentioned sodium channels is greater than initial resting potential plus shift value and they failed to
participate in charge accumulation for the next pulse generation.

It is also possible to assume that the distance from excitatory receptor to axon hillock matches distance in the
field of view from the point of given receptor to receptive field center. So the “nonparticipation” of some receptors
in pulse generation matches lessening of receptive field excitatory zone.

Conclusion

As for now we can state that a coarse-to-fine approach is used spontaneously by researchers in different fields of
technical sciences. At the same time some studies are carried out in the domain of neurophysiology, showing the
presence of such mechanism in living beings' visual system. A hypothesis explaining the functioning of that
mechanism in retinal ganglion cells and LGN neurons was presented.

This hypothesis approval perhaps will enable systematization of coarse-to-fine approach in the field of technical
vision; developing of general recommendations and best practices for its application to recognition tasks that can
not be resolved at all by traditional methods.
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MATRIX-EVOLUTIONARY METHOD FOR TIMETABLE FORMING
Vitaliy Snytyuk, Olena Sipko

Abstract: In this papert proposed a new method for automatic generation of timetables, based on the use of the
objective function preferences of students and teachers, as well as matrix-slatted his presentation.

Keywords: timetable, matrix-evolutionary method.

Introduction

Development of technologies for forming the timetable in universities has more than one decade. On the urgency
of solving this problem indicates the number of stakeholders - lecturers, students and controllers. Today are used
hundreds of software systems for scheduling, but the task of forming a truly effective timetable remains
unresolved. The proposed models and methods are only partially closer to the achievement of the global goal -
the creation of an optimal timetable. The main aspect is the need to meet the interests of stakeholders in terms of
restrictions on the accompanying resource potential.

Forming timetable as a matrix-lattice structure

To solve the problem of constructing an effective timetable by the authors earlier proposed the objective function

/ K M no
F(r)=asy xx\Z}+ 2y, x{L T3 d] -;({Z;f}—>max, (1)
j=1 j=1 i= 1=t
reQ(P,S,L A),

where r- timetable, a4, «,- weights indicating the priorities of lecturers and students as subjects of the

educational process, X;- priorities requirements of students and lecturers, Z7- demands from groups of

students, L, - lecturers, T] group of lecturers, Z;f - lecturers preferences, d,{ - priorities such preferences, | -

the number of students requests, K - the number of groups of lecturers defined their position, academic degree
and academic rank, M - the number of lecturers, n, - the number of lecturers in /™ group, Q- restrictions area,
P, L, A- set of academic disciplines, lecturers and classrooms, respectively.

Solution of the problem (1) is requested to carry out using evolutionary techniques [Snytyuk, 2013]. To develop a
structure of potential solutions, and using (1), we can estimate its prospects. But, unlike many optimization

problems, the computation of the objective function as well as the verification of restrictions compliance are a time
consuming processes.

In order to optimize the computational process is supposed to use a matrix-evolutionary method. Then the
timetable can be represented as a table with some fields

Sh =< Day, Time, Year,Group, Course, Lecturer, Type, Room >, (2)

where Day - day of the week, Time- the number of class, Year - student learning year (course), Group -
the group code (ID), Course - the name of academic discipline, Lecturer - a lecturer, Type- the type of
class, Room- the number of classroom.

Then visual timetable looks like a three-dimensional lattice structure. Such a structure would be in the form of a
rectangular parallelepiped with sides lie on the axes:

X, =< Day — Time >, X, =< Year — Group >, X, =< Classroom> . 3)
The nodes of the lattice parallelepiped will be the value
Z =< Lecturer — Course — Type > . (4)
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Assuming that the number of school days per week is 6, and the possible number of lessons per day also 6, we
find that X, € {1,2,...,36}. A maximum of courses at universities is 6, the number of groups varies (suppose

200), then in this case, the total number of nodes in a three-dimensional lattice will be 2160000, at provided that
the number of potential audiences is 300. Content of the lattice nodes may be different. As a first option there
can be a number Z € {1,2,...,800000}, considering that the number of teachers 200, items - 1000, and forms

of training sessions - 4.

Thus, the schedule will be a collection of fragments { X, X, X;,Z} . Since the definition of the structure of a

problem potential solution of the creating schedules is important to optimize the computational process, we note
that the transformation of the triad <Lecturer-Course-Type> to an integer should be on some algorithm. Here are
its features. In the first stage we write all forms of learning in one subject for specific lecturer. Further, the same
for the other object, but the same lecturer. In the next step we write subjects and forms of learning for another
lecturer, etc. Note that lecturers are ordered by position, degrees and titles. If these attributes are the same, the
lecturers are written in alphabetical order. After receiving the list in the specified format we perform coding, so
that the first record will be responsible one, and the last - 800000.

In the second variant, the lattice nodes can be coded only objects and forms of learning, as in the first two
attributes, and the database can be uniquely set lecturer. However, this process probably will require more
resource that will be installed additionally.

The proposed method of formation of the potential solutions fragment will optimize the computational process
using the elements of a computer strategy by ensuring the continuity of obtained solutions. In particular, if it is
found that some lecturers can not spend a learning session on the subject, it is more likely that the first thing the
next step will be requested to change the shape of a class or subject.

Simultaneously with the construction of a timetables parallelepiped efficiently build another a parallelepiped of the
same dimension, but in the lattice nods which will be unity, indicating that in such day and such time for a group
of students in the classroom is lesson and goes to zero if there are no classes. Such a parallelepiped is needed
to accelerate the construction of the potential solutions-timetables and check their adequacy, as well as to
calculate the values of the objective function.

In contrast to the traditional variant of evolutionary strategy using we offer an emphasis on ensuring the continuity
of the search for new potential solutions, which corresponds to the logic of the process of timetable forming: "If
the timetable is not satisfactory, then will be most effective its minimal changes."

Conclusion

In the report will be shown a new method of creating timetables at the university, which is based on the
development and use of the objective function, in the basis of which are the preferences of lecturers and
students. We propose a new approach to the formation of potential solutions-timetables, based on the composite
elements using evolutionary strategy, the fuzzy set theory and the analytic hierarchy process. The process of
checking constraints and the adequacy of timetables is optimized.
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A HIERARCHICAL APPROACH TO MULTICRITERIA PROBLEMS

Albert Voronin, Yuriy Ziatdinov, Igor Varlamov

Abstract: It is shown, that any multicriteria problem can be represented by a hierarchical system of criteria.
Individual properties of the object (alternative) are evaluated at the bottom level of the system, using a criteria
vector; and a composition mechanism is used to evaluate the object as a whole at the top level. The problem is
solved by the method of nested scalar convolutions of vector-valued criteria. The methodology of the problem
solving is based on the complementarity principle by N. Bohr and the theorem of incompleteness by K. Gédel.

Keywords: hierarchical structure; nested scalar convolutions; multicriteria approach; decomposition; composition.

Introduction

The problem of decision making in general view can be represented by the scheme
{{x} , Y} —X*,

where {x} is a set of objects (alternatives); Y is the function of choice (rule establishing a prefer ability on a set
of alternatives); x* is the chosen alternatives (one or more).

The function Y'is used to solve the problem of analysis and evaluation of alternatives. On results of estimation the
choice of one or a few best alternatives from the given set follows. In decision theory, there are two different
approaches to evaluating objects (alternatives) subject to choice. One of them is to evaluate an object as a whole
and to choose an alternative by comparing objects as gestalts (holistic images of objects without detailing their
properties). The second approach is detailed elaboration and assessment of various object vectors of properties
and making decisions after comparing these properties. If a holistic approach implies choosing x* directly using
choice function Y, the vector approach requires a mechanism to carry out decomposition of Y into a set (vector)
of the choice functions y. By decomposition of the choice function Y is understood its equivalent representation by
a certain set of other functions y which composition is the initial choice function Y.

Separation of properties of alternatives on the basis of the analysis is the decomposition leading to the
hierarchical structure of properties.

Properties, for which there exist objective numerical characteristics, are called criteria. The approach of
comparison on separate properties, at all its attraction, derivates a serious problem of return transition to required
comparison of alternatives as a whole [Voronin, 2013].

Statement of the Problem

Quality of an alternative is determined by hierarchical system of vectors

nti=

YU = {y}””}_

where /™" is the vector of criteria on the (j-1)-th level of the hierarchy, by the components of which the quality

jelam),

1

of properties of alternatives for the j-th level is assessed; m is the amount of levels of the hierarchy; n"/~" is the
amount of estimated properties on (j-1)-th level of the hierarchy. The numerical values of n criteria y'" = y of
the first level of the hierarchy for the alternative are given.

The same criterion on (j-1)-th level can participate in the evaluation of several properties of the j-th level, i.e. in

the hierarchy are possible cross-links. It is clear that ' =>"r. =n and n'™ =1.
i=1
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Importance (significance) of each of the components of the criterion of (j -1)-th level in the evaluation of properties
of k-th level is characterized by a property coefficient of the priority, their set forming the priority vectors system

D
, je[2,m] .

k=1

(/-1 _ | (/-1
Pi —{pfk }

It is required to find an analytical evaluation y* and qualitative evaluation of the effectiveness of this given
alternative, and from the alternatives available to choose the best.

The Method of Solution

At the study, the approach is used consisting in the creation and simultaneous co-existence of not one but many
theoretical models of the same phenomenon, and some of them conceptually contradict each other. However, no
one can be neglected, as each describes a property of the phenomenon and none can be taken as a single
because it does not express the full range of its properties. Compare the said with the principle of
complementarity, introduced into science by Niles Bohr: "... To reproduce the integrity of the phenomenon should
be used mutually exclusive "complementary” classes of concepts, each of which can be used in its own, special
conditions, but only when taken together, exhaust the definable information." It is the principle of complementarity
that allows for separating and then linking these criteria in multicriteria evaluation. Only a full set of individual
criteria (vector criterion) enables an adequate assessment of the functioning of a complex system as a
manifestation of the contradictory unity of all its properties.

However, this possibility represents only a necessary but not a sufficient condition for the vector evaluation of the
entire alternative as a whole.

For a complete evaluation it is necessary to go out from the lower level of the hierarchy and to rise on the
following tier, i.e. to carry out an act of criteria composition. Let's compare this with the incompleteness theorem
of Kurt Gddel "... In every complex enough not contradictory theory of the first order there is a statement, which
by means of the theory is impossible neither to prove, nor to deny. But the self-consistency of a particular theory
can be established by means of another, more powerful formal theory of the second order. But then the question
of the self-consistency of this second theory arises, and so forth.” We can say that Gddel's theorem is a
methodological basis for the study of hierarchical structures.

With reference to our problem it means that for an adequate estimation of an alternative as a whole we should
solve a task of the criteria composition on levels of hierarchy, consecutively passing from the bottom level up to
top.

A scalar convolution of criteria can serve as a tool for the act of composition. The scalar convolution - it is a
mathematical technique for data compressing and quantifying its integral properties by a single number.

A scalar convolution on nonlinear compromise scheme for the criteria subject to be minimized is proposed
[Voronin, 2014]

—1

YIy(0l=Y P A A -y (x)] .

Mo

=
i

applied in cases where the decision-maker considers as the preferred those solutions in which the values of
individual criteria y(x) are farthest from their limit values, A.. This convolution has a number of essential
advantages, which include flexibility, universality and analyticity.

The choice of a compromises scheme is made by the decision-maker and appears as explicitly conceptual.
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Nested Scalar Convolutions

It is proposed for analytical evaluation of hierarchical structures to apply a method of nested scalar convolutions.
The composition is performed on the “matryoshka principle”: the scalar convolutions of the weighted components
of vector criteria of lower level serve as the components of the vectors of higher level criteria. Scalar convolution
of criteria obtained at the uppermost level is automatically considered as the expression for the analytical
evaluation of effectiveness of the entire hierarchical system.

The algorithm for nested scalar convolutions is represented by an iterative sequence of operations of the weighed
scalar convolutions of criteria for each level of the hierarchy from the bottom up, taking into account the priority
vectors, based on the selected compromise scheme

{(yu—«),p(f—«) ) —>y‘“}je [2,m] (1)

and the searching and evaluating of effectiveness of the entire hierarchical system (alternative) as a whole is
expressed by the problem of determining the scalar convolution of criteria on the top level of the hierarchy:

yr=y".
When using the recurrent formula (1) important is the rational choice of the compromise scheme. For the method
of nested scalar convolutions the adequate is a nonlinear compromise scheme. It is established that, without loss

of generality, a premise for its use is that all the partial criteria were non-negative, were subject to minimization
and were limited:

0<y, <A A={A},

where A is the vector of restrictions on the criteria of the current level of the hierarchy; n is the amount of them.
Proceeding from (1) the expression to evaluate k-th property of an alternative for the j-th level of the hierarchy by

using the nonlinear compromise scheme looks like
-1
, L3 » oy -1 .
v =2 e 1-ya ] keltn?) @
i=1

where criteria of the (j-1)-th level are normalized (reduced to unity). Thus, y{," are the normalized vector's
y{™" components involved in the evaluation of properties of the k-th alternative on the j-th level of the hierarchy;
n™ is their amount; N/ is the amount of evaluated properties of the j-th level.

In the most simple and rather common case the multicriteria problem is formulated and solved without priorities,
when decision-makers believe that all the importance parameters for all properties of alternatives are the same.
In this case, a simple scalar convolution with the nonlinear trade-offs scheme in a unified form is used.

In order to formula (2) reflected the idea of the nested scalar convolutions method in accordance with the
recurrent relation (1), this expression should be normalized, i.e., must be obtained a relative measure such that it
were subject to be minimized, and it were the unit for it as the limit value.

The structure of the nonlinear compromise scheme enables normalizing the convolution (2) not to the maximum
(which in this case is difficult), but to the minimum value of criteria convolution. Indeed, the ideal values for the
criteria that are subject to be minimized are their zero points. Putting in (2)

o =0,vie[,n/™]
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n ,
and taking into account the normalization " p; =1, we obtain y\/) =1.
i=1

After calculations and normalizing (reducing to unity), the final expression for the recurrent formula for calculating
analytical assessments of the alternatives properties at all levels of the hierarchy becomes

A -
=S o [T kel el
i

Conclusion

The foregoing leads to the conclusion that any problem of vector assessment of an alternative can be
represented by a hierarchical system of criteria, resulting from the decomposition of alternative properties. The
lower level of the hierarchy is an object (alternative) assessment on selected properties, using initial criteria
vector, and the upper level is obtained through the mechanism of the composition as a whole object evaluation.
Central here is the problem of the composition of criteria for levels of the hierarchy to be solved by the method of
nested scalar convolutions.

The methodological basis of an alternative properties decomposition to obtain the initial criteria vector is the
Bohr's principle of complementarity. This is a necessary condition for vector estimation of alternatives.

The methodology of a criteria composition for levels of the hierarchy is based on the Godel's theorem of
incompleteness. This is a sufficient condition for vector estimation of alternatives.

We dare say that above inferences about notions of criteria decomposition and composition can be extended on
the more general notions of analysis and synthesis.
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A HIBRID TECHNOLOGIES TO OPTIMIZE CONSTRAINED EOQ MODEL

Olha Yegorova

Abstract; in this paper the aspects of program realization of hybrid method of fuzzy simulation and evolutionary
technologies of directed optimization to optimize constrained EOQ model are considered.

Keywords: EOQ, fuzzy simulation, evolutionary technologies of directed optimization

Introduction

The economic order quantity models with constraints for deterioration items with two level of trade credit in one
replenishment cycle, inspection errors, planned backorders, and sales returns are developed in both crisp and
fuzzy environment in [Yegorova, 2014]. Here objectives are to maximize the return on sales. Demand rate, selling
prices, interest paid rate, and interest earned rate are considered as fuzzy variables.

In this paper carried out the simulation technique to estimate the fuzzy parameters and solution methodology for
fuzzy expected value model along with theoretical results to identify global optimal solution.

Model formulation

Fuzzy expected value model constructed as follows
E[(Rs)i]_K_E[(PC)i]_E[Csi]_
-E[ ¢, |-E[C,]-E[C,]-E[C,]-E[C,.]-
—E[C,,;|-E|C,,|-E|IP]|+E|IE ,
E[ROS, (lyhyls ) |= (Ces |- ELCra |- L] - ELE ] Li=12,..,14, (1)

E[(R) ]

subject to the constraints

— Tmax’

En <E[ P |<E,... b-c-d-n-(E[]+E[F, ])<wW .E[C, ]<E[ R ].

EIEAEA

where R, - sale revenue, K - the ordering cost, P, - the purchase cost, C - the (inspection) screening cost,

P|a, <1-

<p,

C,,— the cost for return the rejection items to supplier, C, - the inventory holding cost per cycle, C,- the

deterioration cost, C, - the shortage cost per cycle due to backlog, C,, - the opportunity cost due to lost sale
per cycle, C,; —the cost of accepting a defective items, C,,, — the cost of rejection a non-defective items, /P -
interest paid, /E - interest earned.

Fuzzy simulation technique

In model (1) it needs to find the appropriate vector (I [..] ) such that satisfies the constraints and reaches it

br'mits
maximal value. For the fixed value of (/,,/,,,l,) a fuzzy simulation technique [Taleizadeh, 2013] is employed to

bi'ms's

estimate the fuzzy parameters such as demand, selling prices, interest paid rate and interest earned rate.
Step 1. Set E=0 and initialized G and O.

Step 2. We randomly generate sequences (Dg P ,pg i i il ) from the o -level sets of fuzzy variables D ,

prlwrle
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D, pb, A ,g =12,...G, where , is a sufficiently small positive number.

Step 3. Calculate ROS, (I, 1,,,/;,D%,p¢,p¢ i%,i,i¢ ) forg =12,...6, i=12,..14.

br'mitss p'W!e

Step4. Set a, =ROS,(1,./,,.1;,D",p b iL,i% it )A ... AROS, (Iy, 15,00 05 i8,i9,i2 ),

b'y'mi's: by'mi's p’W’

by =ROS, (.15, D",0! o0 i1, i8 it v o ROS (1 1D p. 08 i8,i8,i8 )

bi'mi'sy by'mi'sy prwi'e

Step 5. Randomly generate s; from [a- ]

~

Step 6. 1f 5, >0, then E, < E, +Cr{ROS, Iy 15,05, By 7, 7 T, )25, |, where

j ..... { |ROS (/b’lm'IS’D ’pV/"pb/"ipj'iWJ"iej)ZSI}+1_
{HU|ROS ( b2im> S’D p‘//’pbl pj’ WJ”61)<S}

DB, ,5b,7p iy Te )SS,},where

:1263(,0{”’7|ROS (Ib’/m’IS’D ’pvﬂpb/ pirwis 'e/ }+1—

1] =,
2 _'Mg{o{””ROS (Ib’lm’IS’D ’pvﬂpb/ pj? W/ 9/) S}

Cr{ROS (Ib,lm,IS,D ’pvj’pbjlipj’in’ief)ZS’} :%

Otherwise, E; «E; Cr{ROS (Ib, [

Cr {ROS ( oolmi 1D, 'pvj’pbj’ip/’iWi’iel')sz}:

Step 7. Repeat 5 and 6 for 0 times.

Step 8. Calculate E[ROS, (.1, /5. 5.5,.5,.7..7 7. =2, B o

Here in order to solve the EVM, we choose Evolutionary Technologies of Directed Optimization [Snytyuk, 2004]
as the foundation to design an algorithm which integrates fuzzy simulation and Evolutionary Technologies of
Directed Optimization, where the fuzzy simulation is employed to estimate the maximal revenue on sales, and
Evolutionary Technologies of Directed Optimization is used to find the optimal solution.

Conclusion

The results of experiments and comparative analysis of classical genetic algorithm and the developed method
were shown to reduce search time by 7-12% and increase the accuracy of the result.
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NOCTPOEHME NPOLIECCA YOANEHHOIO UHTENNEKTYAINIbHOIO OBYYEHUA

AnekcaHap babeHko

AHHOMayus: MHmennekmyansHoe ydaneHHoe obydeHue cmpoumcs Ha nnamgopme C KueHm-cepeepHol
apxumexkmypol. OcHogHoU Mmodenbio 0byyeHuss sensiemcs (hyHKUUS 3HaHUl, Komopasi cmpoumcs npu
obpabomke exodswel uHgopmauuu. [lpednazaemcs peanu3osamb Kraaccugukayulo homeHyuanbHo20
cmydeHma no muny OCHOBHOU ModanbHOCMU 80CnpusMuUs UHGOPMauUU U UCNob308amb Camooby4eHue
OUCMaHUUOHHOU cucmeMb! UHMesieKmyanbH020 00yYeHUs.

Knoyesble crnoea: uHmennekmyansHoe 06ydeHue, obpabomka exodawiel UHopMayuu, 8HYmMpeHHuUe
NPOUECCHI, MUNbI 8OCNPUAMUS.

BBepeHue

OG6BEKTOM WCCNEnoBaHUs SBNSETCS MPOLECC MHTEMNneKTyanusauum AUCTaHUMOHHOro obyuyeHus. Mpeametom
UCCIeaOBaHUs SIBNSIETCS MOCTPOEHWe Mpouecca YAaneHHOro WHTEeNnekTyanbHoro obydyeHusi, camoobyyeHue
CUCTEMbI NCTaHLMOHHOO 06y4eHws.

Knaccuyeckuit npouecc obyyeHus BkMoyaeT B cebs OUCKPETHOe pacnpedeneHust BpeMeHW NS NeKLWA,
NPaKTUYECKUX 3aHATUI U MPOXOXOEHMS 9K3AMEHOB, YTO TPeOYeT M3MEHEHWsl HOPMANbHOrO PUTMA KU3HM,
[OMONHMTENbHBIX TPAHCMOPTHBIX pacxooB. Kpome TOro, Ypoku yCpeaHeHbl W He MPUHMMAIOT BO BHUMaHMe
ricuxonoruyeckie 0COBEHHOCTH TeX, KTo 0ByyaeTcsi. TPeTUi HeraTUBHBIA acMekT Kaccu4eckoro obpasoBaHus -
CYObEKTMBHAS OLEHKA 3HaHMA. BbIXxogom M3 3TOW CUTyauuu SIBNSIETCS OWUCTaHUMOHHOE MHTemnneKTyanbHoe
0byyeHue. YaaneHHoe MHTennekTyanbHoe 06yYeHne No3BonuT y4nThes B Noboe BpeMs 1 B NtoGOM MecTe, umest
[0CTYN K CETU VIHTEpHET 1 NPUNOXeHNs Ha paboden CTaHLmu.

O6y4aembIn-cuctema-odyyaembIn

MpoekTnpyembln npouecc 0byyeHns SBNSETCA MHTENNeKTyanbHbIM, BKIYas NOCTOSHHY0 0bpaTHy CBA3b —
obyuaemblii-cuctema-obyyaembld.  Utobbl OxBaTUTb HambOMbLIEE KOMMYECTBO IKEMNAWMX, B 00y4eHMu
Hanbonee adeKTUBHO NCMONb30BATL CUCTEMY KIMEHT-CEPBEPHOrO Tuna. Takum obpa3om, 0bpaboTka AaHHbIX
OCYLLECTBNSAETCH ANCTaHUMOHHO. BO BCex cnydasx, KOrda eCTb MOAKMIOYEHME K CETW MHTEPHET KNWEHTa,
YCTAHOBNEHHOrO Ha pabounx CTaHLusX, 0ByyaeMble UMEKT AOCTYN K 0byyatoLLen MHopmaLm 1, COBCTBEHHO, K
npoueccy obyyeHns. B npouecce 0OyyeHMs NpoOMCXOQUT (POPMUPOBaHWE HYHKLUMM (MOZENM) 3HaHWA
0by4yaemoro. PucyHok 1 unniocTpupyeT npoLecc MHTENNEeKTyansHoro 0byyeHus.

3arpyska AaHHbIX

06yyeHuns ' »  [Npouecc obyyeHust

KoHTponb
3HaHUN

CoxpaHeHune HoBbIX
AaHHbIX 06y4YeHus

| opmupoBaHue Moaenu
3HaHW 06y4aemoro

=

Puc. 1. Mpouecc nHTennekTyansHoro 0byyeHus
Mpouecc 06yyeHuss BypeT npoxoauTtb 6onee 3hPEKTMBHO MpU MpeacTaBneHUM AaHHbIX obyyalowmmes B
3aBMCMMOCTM OT TIMa OCHOBHOWN MOZANBHOCT BOCMPUATUS MHGOpMaLmm y 0by4aemMoro.
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Bcex ntoaei MOXHO pa3genuTb Ha YeTbipe KaTeropuu no Ty OCHOBHOM MOAANBbHOCTW BOCMPUSTUS: BU3yarbl,
ayamanbl, KNHECTETUKN U AUCKPETbI (Tabn.1), ogHako HeobXoaUMo 3aMEeTUTb, YTO OYEHb TPYAHO HAWTV NOAEN C
SIPKOBBIPAXEHHBIM TOMBKO OAHUM JOMUHWPYIOLWMM TUNOM BOCTPUSTUS, yale Bcero byget Habmopatbes
koMOuMHaLus Bonee BbIpaXXeHHbIX HECKOMbKMX TUMOB BOCMPUATUS MHCDOpMaLK.

Tabnuua 1. Tunbl BOCNPUATHSA

Tun Bocnpustus XapaktepucTuka Tuna BOCpuATUS [poueHT ntoaen ¢ OCHOBHBLIM
TUMOM BOCMIPUATUS
BusyanbHbin (V) | VHdopmaums BocnprHumaeTcs Yepes 0bpasbl, 35
KapTUHKM
AyavaneHbiii (A) | VHdopmaLms BOCNPUHUMAETCS Yepes 3ByK 20
KnHecTeTuueckuit | MHdopmaLms BOCNPUHUMAETCS Yepes JeicTBme 1 40
(K) OM3NYECKMIA KOHTAKT
OuckpeTHbit (D) | VHbopmaums BOCMPUHUMAETCS NyTEM NOMMYECKOro 5
OCMbICIEHNS

,D,J'Iﬂ JAOCTUXEHNS MaKCUMarnbHOW TOYHOCTY OLEHMBaHMUA TuUNa BOCMNPUATUA, NEepeoLeHKa OCHOBHOIMO Tuna

MPOMCXOAMT Ha Kaxaom aTane obyueHus (puc. 2) [1].
v 4 j;

TecT Ha TvN MopTpeT MopTpeT
BOCTIPUATUA TMna Tect Ha TMN ™Na
BOCNPUATUA BOCNPUATUA BOCMAPMATUA
@-’ (Vo, Ao, Ko, Do) nocne i-ro (V,A,K;, D)
YPOKa
o

PucyHok 2. [IMHamuka nopTpeTa Tuna BOCNpUsaTHS

B cuctemy BBopsTcs napametpsl - X, Xe[V,AK,D], i - war npoyecca obyyenus, ie[0..n],

ij?
0 xapaktepusyeT HauanbHbld 3Tan OByYeHus; j — YPOBEHb AOCTWKEHWA B ONPESENIEHHOM HanpaBfeHuM,
je[O...1], 1 cooTBeTcTBYET abCcontoTHOMY 3HaHW0. 3HadeHust V, A, K, D cBs3aHbl C TUnamu BOCMPUSATHS.

Mepen Havanom npouecca obyyeHns ycTaHaBnMBaeTcs Lenb 0byyeHus (kakue pasgensl He0BXo4UMO M3yunTb,
KaKoi ypOBEHb AOCTUIHYTb) 1 BPEMSI, KOTOPOE MOXHO MOCBATUTL 00y4eHnto. Moaenb 3HaHuit BKMoYaeT B cebst
NCUXONOrMYeCcKMin NOpTpeT 0by4aemoro, KOTopblii OBHOBNISETCS C NPOXOXOEHUEM Kaxzaomn CTagum obydeHns, u
BbIpaXatoTcs PyHKLMen 3HaHni [1].

O0y4aembIn-cuctema-aKcnepT

Cnepyet paccmoTpeTb COMpOBOXAEHWE mnpouecca obyyeHus akcnepToMm. ECTb aBa AeNCTBYHOLMX nuua:
y4aLLuincs, KOTOPbI HaLeneH Ha uyyeHne Heobxoaumoro Matepumana, yaaneHHas CUcTeMa MHTENNEKTyanbHoro
0by4yeHus, oCHOBaHHas Ha base 3HaHuit (Hanpumep, B 0BnacT MHOCTPaHHbIX S3bIKOB), koTopas obecneynsaeT
y4ebHbIn MaTepuan, nnaHupoBaHue 00y4YEHNS U NPUHATMS peleHns 06 YCnewHOM 3aBepLUEHUI MPOXOXAEHUS
AaHHOTrO MaTepuana. TpeTbuM [OENCTBYIOWMM JMLOM SBRSIETCS 9KCMepT (dKCmepTHas rpynna), kotopast
OCYLLECTBNSET KOHTPOMb (PYHKLIMOHUPOBAHMS CUCTEMbI MHTENNEKTYaNbHOTO 06YYEHUS U MPUHUMAET PeLleHNs
OTHOCWTENLHO COBEPLLEHCTBOBAHNS Basbl 3HaHWI cucTembl [2,3].

Ha paHHux cTagusax paboTbl CUCTEMbI PUCK NPUHSATIS CUCTEMO HEMPABUILHOTO peLleHns 6yaeT OTHOCUTENBHO
BbICOKWM, TaK KaK M3HayanbHO HEBO3MOXHO NpeayCMOTPETb BCE BO3MOXHbIE BapyaHTbl NOBEAEHNS yJaLLerocs 1
ONs CBEdEHUS K MUHUMyMy pUCKA HEMpaBMIbHOTO OMpefeneHust HanpaBfeHus OanbHEeMWero WayveHns
maTtepuana HeobxoaumMo MMETb NpsMyld W 06paTHYK CBA3M C 3KCMEPTOM. OKCMepT BHOCUT HeobXxoanMble
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N3mMeHeHUst 6asy 3HaHWM C TeM, 4TOObI YMEHBLUINTL PUCK MPUHSTUS CUCTEMOI HENPABUILHOMO PELLEHIS, A TaKkxe,
npy HeOBXOAMMOCTM, OCYLLECTBNSIET KOPPEKLMIO NaHa 0ByYeHUs CTyaeHTa, CreHepUpOBaHHOMO MPOrpaMMHbIM
KOMMEKCOM.

[ins OLeHKW TeKyLlero YpOBHS KayecTBa WHTENNEKTyarbHOW LesTernbHOCTU CUCTEMbI, 3KcnepTy Heobxoanmo
aHanuaupoBaTb  OTYeTbl, KOTOpble  BKMIOYAKT  MH(OPMALMIO O  pELUeHUsX, MPUHATBIX  CUCTEMOM
WHTENNeKTyansHoro obyyeHus npu reHepauuy y4ebHbIx nnaHoB. B 6ase 3HaHWN XpaHATCS BCE CBEAEHMUS O BCEX
WHUMAEHTaX C HenpaBMIbHOM OLIEHKOW, YTODbI 3bexaTb NPUHATUS HEMPaBUMbHBIX PELLEHU B NOCNeayHoLLen
pabote cuctemel [4,5]. PucyHok 3 MnnocTpupyeT B3auMoLenCcTBIE CTYAEHT-CUCTEMA-IKCTIEPT.

OKCMEPT

YyebHbIN nnaH

A\ 4

/ Basa 3HaHui

Tekyuiee obyyeHne

\ 4

[MpUHSTME peLeHmns

PucyHok 3. Bsaumopenctaue obyvaeMblin-cuctemMa-akenepT

ObpatHas cBsi3b

BbiBogbl

KnneHT-cepBepHbIn Noaxoa no3sonsiet 0byyatbCs BHE 3aBUCUMOCTW OT MECTOMOSOXEHNS Y4aLLerocs U BpeMeHu
nposeaeHns 3aHATWiA. MpoLecc NOCTPOeH Ha MOCTOSHHOW KOPPEKUMU (PYHKLUMW 3HAHWA Ha OCHOBE OBpaTHON
cBA3n obydyaemblil-cuctema. B co3gaBaeMon yOaneHHOW CUCTEME WHTENneKTyanbHoro ofyyeHus ans
WHTEHCM(MKaLUMM npouecca 0ByyeHWss ucnonb3yeTcs Knaccudukaums CTYLEHTOB MO MCUXOMOrNYECKUM
npusHakam. CamooByyeHne cucTeMbl MPOXOAMT MOA KOHTPONEM 3KCMepTa 4SS COBEPLLEHCTBOBaHUS npoLecca
obyyeHus.
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