Bucnosku

Takum uumHOM, y naHiii poOOTI MOCTaBieHA 3ajada CTBOPEHHA 1H(OpMAaLIiHOT
CUCTEMH aBTOMAaTH30BaHOTO TECTYBaHHA 3HaHb. B pe3ynbTaTi NpPOBEIEHOTrO
JochiKeHHs: Oynu chopMynboBaHi (PYHKIIOHAIBHI Ta He (YHKI[IOHATbHI BUMOTH 10
nporpaMHoi cucteMu. J[o OCHOBHUX (DYHKLIOHAJIBHHUX BUMOT HalleXaThb CTBOPEHHS
TECTIB, IPOBEJICHHS TECTyBaHH:, OL[IHKA PIBHS 3HAHb Ta OLIHKA HaAIMHOCTI TecTiB. [o
HE(YHKIIOHAIbHUX BHMOT HalleXkaTh 3PYYHICTh BHKOPUCTAaHHS Ta 3AATHICTH [0
NIepEeHECEeHHH.

[lepcriekTHBOIO BUPIIICHHS IMOCTABJICHOI 3aJadl € MPOEKTYBaHHS, peasizallis,
TeCTyBaHHs 1HPOpPMAIlIHHOI CUCTeMHU Ta ii arpoOarlis y HaB4aJIbHOMY ITPOIIEC.
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HOPMAJIM3ALIUA MOJAEJIN B3A:I/IMOI[EI‘/JICTBI/I$I OBBEKTOB
NHPO-KOMMYHUKAIIMOHHOU CETH

CdopmynboBaHO y3arajlbHEHY MOIENIb B3a€EMO/IIT BUIAIICHUX 00'€KTIB iH()O-KOMYHIKAIIHOT MEepexi y
BUTTISAL (ppakTamy Mepexi Uisi  JOBUIBHOTO THITy MpOAYKTY oOMiHy. IlpoBeneno Hopmaizaiito
dbpakTambHO1 MOEN1 iH(QOpPMAIIHHUX TTOTOKIB.

Karwouosi ciioBa: Mozens Mepexi, iHpopmaniiHuil moTik, GppakTal, HopMami3amis

ChopmynupoBana 00o0OIIEHHAs MOAETb B3aHUMOACUCTBUS  BBLICICHHBIX OOBEKTOB  HH(O-
KOMMYHUKAIIHOHHOM CEeTH B BHJE (hpaKTama CeTH A MPOM3BOJBHOTO THIA MPOJYKTOB OOMEHa.
[IpoBenena HopManu3zanus GpakTaaIbHONR MOAETH HH()OPMAIIHOHHBIX TOTOKOB.
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KuroueBsble cioBa: Mozenb cetr, MHPOPMAIMOHHBIN MOTOK, (hpakTall, HOpMaau3aIus

The unified object interaction model defined innfoof the network fractal for arbitrary product type
exchange in the info-communication network. Thenmadization provided for the information flow
fractal model.

Keywor ds:Network model, information flow, fractal, normaltzan

Bsenenne

OnmHMM W3 HaNpaBJICHWI ITOBBIMICHUS KadecTBa OOCIYy)XKMBaHHS B HH()O-
KOMMYHHKAITHOHHBIX CETAX M CHCTEMax SBJSETCS JHHAMHYECKAs PEKOHQPUTYpAIHS
CeTe M ONTUMAJIbHOE YIIPaBJICHHE CETEBBIMH pecypcaMy Ha OCHOBE KOMITBIOTEPHOTO
MOJICIUPOBAHUS ceTel. B 9T0# 00/1acTH HCTIONMB3YIOTCS TAKUE M3BECTHBIC METOJIbI, KaK
teopusi rpadoB [1] m cereit Ilerpm [2], Teopust maccoBoro ooOciyxuBanus [3],
(b pakTaIbHBIN aHaIu3 [4], HCKyCCTBEHHBIC HEHPOHHBIC ceTH [S] u ap.

[lepcieKTUBHBIM TIOJXOAOM K YIPABICHUIO CETEBBIMH pecypcaMH B CETsX
SBJISICTCS NPUMEHEHHE TEH30pHOW METOJOJIOTMM aHaiu3a W CHHTe3a ceted [6].
Ten3opHble METOABI TIO3BOJISIIOT HCCIENOBAaTH B OOIIEH MOJENH COBMECTHO
CTpYKTypHble M (YHKIMOHAJIbHBIE cBOicTBa ceredl [7]. B pabore [8] momydena
TEH30pHasE MOJENb IM(PPOBLIX TMOTOKOB, KOTOpas OMHUCHIBAET B3aMMOICHCTBHE
O00BEKTOB CETH B KOMILUIEKCHOM IPOCTPAHCTBE COCTOSHUW. B oTiamume oT apyrux
TEH30PHBIX MOJICJICH CETH, OHA MO3BOJIACT OIMCATh CBOWCTBA aHW3OTPOITUU TIOTOKOB B
OTKPBITBIX ceTAX. Oonaxo 3Ta MoJieibh chopMyIHpoBaHa B JOCTATOYHO OOIIEM BHIIE H
TpeOyeT najdbHEHWIIEeH KOHKPETH3aIlMk, B YAaCTHOCTH MPEOOpa3oBaHMsS MOJCIH K
HOpPMaJIM30BaHHOMY BHJTY, YIOOHOMY JIJISl pacyeToB Ha IU(PpoBbIX DBM.

Llenvio naHHOW pPaOOTHI SBISETCS HOPMAlW3alysg MOJAETU B3aUMOACHCTBUS
00beKTOB  HMH()O-KOMMYHHUKAIIMOHHOW  CETH  JUIA  TPOU3BOJIBHOTO  THIIA
WH(POPMAITMOHHOTO TIPOAYKTA, TIEPEIaBaeMOTO 110 CETH.

1. ®pakTaj nHPO-KOMYHHUKAIIMOHHOI ceTH

[Tycte B Hekoropoit cetn Web ycnoBHo Bbiienena cers V, cocrosimas u3

MHOX€ECTBa X CeTeBbIX 00BEKTOB X, € X, n=1, 2,..., N(moxacereii, cepBepoB, y3J0B
OMOPHOM CeTH, W T.I.) M CHCTEMOH TeJIeKOMMYHHUKauuu &, KOTopas SBISETCS
GHYMPEHHUM NoIeM 83auMoOelicmeus 1Sl 0OEKTOB MHOXKECTBA X MEXKIy cOBGOH U C
snewnum norem G, T.e. cereBbIM OKpykeHueM cetu V. Bynem cuutarh, uro mose &
«OmKpwuimo Hapydicy» (T.e. IMEET OTKPBITHIM KaHal CBS3U C @Hewnum noiem G) n
KOMKPBIMO BOBHYMPb», M.€e. UMEET CBOE COOCTBEHHOE JIOKAIbHOE CETEBOE OKPYKECHHE,
B KOTOPOE HE BXOJAT 0OBEKTHI MHOXKECTBA X,

OOBbeIMHEM MHOXKECTBO X ¢ mosieM @ Bo MHOXkecTBo X=X U@. [Tone @ HazoBeM
OMKPLIMbIM NYCMbIM dJleMeHmoM MHOXKecTBa X, a caMO MHOXKECTBO X Ha30BEM
CBA3HbIM  3AMKHYMO-OMKPLIMbIM  MHOMCecm8oM. MHOXKECTBO X 3aMKHYTO B TOM

CMEICIIE, YTO OHO «HMeeT O0O0JOYKY», T.e. BCE OOBEKTBI X,€X MHOxkecTBa X © X
U30JIMPOBAHBI OT MPSIMOTO KOHTAKTa ¢ BHEIIHUM 1osieM G; B TO e BpeMsi, MHOXKECTBO
X OTKpBITO B TOM CMBICIE, YTO B OO0OJIOYKE MHOXECTBa X HMMEETCs KaHal

B3aUMOJIeHCTBHSI BHyTpeHHETO ToJist D € X ¢ BHemHUM 1osieM G.

O6bexTsl XX MHOKecTBA X U mone @ OymeM CuUMTaTh  yacMUYAMU
00BETMHEHHOTO MHOXKECTBa X, U COXpaHUM JUIsl HUX O0O3HAYCHHE X,, Mojaras, 4To
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WHIEKC N UIg JacTul] X, udMensercss B auana3one or O no N: x.£ X, n=0, 1,..., N.
OOBeKTHI X, € X, a TakKe MHOXKECTBO X OyJIEM CUMTATh KOMKPbIMbIMU 606HYMPL, B

TOM CMBICIIE, UTO KaX/blii 0OBEKT X, € X MOKeT ObITh MPECTABICH B BHJIE CBSI3HOTO
3aMKHYTO-OTKPBITOTO MHOXeCTBA X | HIKE JIGKAIIEro ypOBHS HEpapXui. MHOKECTBO
X MOKeT ObITh MPEACTABICHO KAK OTKPHITHI BOBHYTPh OOBEKT MHOXKECTBA X
BBIIIIEJIEKALIETO YPOBHS HEPAPXUMU.

Takum o6pa3zoMm, ceTb V CHapyXH BBIIJISIAUT KaK OTKPBITHIA BOBHYTPb OOBEKT
MHOXecTBa X', a M3HYTpH ceTh V BBINIUT KAaK CBS3HOE 3aMKHYTO-OTKDHITOE
MHOXXECTBO X, B KOTOPOM MMEETCS OTKPBITHIA MyCTOH AneMeHT @ (CoequHSIONIHA BCe

00bekThl X, € X, n=1, 2,..., NB LIEJOCTHYIO CBS3HYIO CEThb M OOECIEYMBAIOLIMIA
OTKPBITOCTh MHOXECTBa X [0 OTHOLICHHIO K BHemHeMmy moiito G). MuoxecTBo X,

coctosmee u3 N+1 wactumm X.€ X, n=0, 1,..., N,o0manatomee yka3aHHBIMH BBIIIE
cBoiicTBamH, OyaeM paccMaTpuBaThb Kak  THUIOBOM  CTPYKTYPHBIM  CErMEHT
MHOTOYPOBHEBOW HEpaApXUUECKOW HH(PO-KOMYHUKAITMOHHOW CETH. DTO MHOXKECTBO
HA30BeM @paxkmanom uH@o-KOMYHUKAYUOHHOU cemu, WIA TPOCTO @hpaxkmanom
(0o603HauMM ero F).

Cnoxnast MH(O-KOMYHUKAIIMOHHAs CETh MOXET OBITh TMpEACTaBICHA Kak
o0berHeHNE (PPAKTANIOB PA3IMYHBIX YPOBHEH HepapXuH, KKl U3 KOTOPHIX MOKET
UMETh BHYTPEHHIOIO
ctpykrypy.Ha puc.l mnokazan \aar
dbpaktan cetu V nana ciydas
N=2. OTKpBITOCTh BOBHYTPb
BCEX TPEX YacCTHUI[ MHOXecTBa X
0003HaueHa MYHKTUPHOU
OKPYKHOCTBIO BOKPYT' KaKI0U
yacTULbl. OTKPBITOCTh HAPYKY
9acTUIBI Xo=J 0003HAUYE€HA OTKPBITHIM KaHAJIOM CBSI3M BO BHemHee moie G.

CesizHocTh cet V' o0003HAu€Ha JBYMS 00543ameNbHbIMU CUMMETPUIECKUMU
CBSI3IMU OOBEKTOB X; M Xp C dyieMeHTOM . DTH CBS3M Ha30BeM crabvimu (Wnn

Puc. 1. ®pakran cetu V U3 TpeX 4acCTHUII

mononoeuveckumu) ceazsimu. OObeKTbl XX Takke MOryT MMeTh (CHMMETpHYHBIE
u/uM aCUMMETPUYHBIC) TPSIMbIE CBSI3M, IOKa3aHHBIC JBYCTOPOHHEH ITYHKTHPHOW
CTPEJIKOW; 3TU CBSI3U HA30BEM CUNbHBIMU, UU CIPYKIMYPHOIMU CEAZAMU.

2. CTpykTypa Ta0JauIbl NOTOKOB AJs1 paKTaia ceTu

Bbynem monarate, 4To B3aMMOICCTBHE MEXKIY BCEMU HacTUllaMu X.¢ X, n=0, 1,...,
N dpakrana F ocymecTtBiasercs myTeM oOMeHa CTPYKTYPHBIMU €IUHHIIAMU A€
WHPOPMAIMOHHOTO TpoAykTa €. [IpoaykT € HasoBeM abcmpaxmHou dHepeueti, a
eIUHULIBI A€ — Kgammamu Oelicmeus, WIA TPOCTO KeaHmamu. B 3aBUCUMOCTH OT
MIOCTAaHOBKM 3aJladll MOJICIIMPOBAHHUA WH()O-KOMMYHUKAIIMOHHOW CETH, B KadeCTBE
KBAaHTOB A€ MOTYT OBITh BBIOpaHbI: OUT, OalT, Kaap, IMaKeT, CErMEHT JJaHHBIX,
coob1enue, Qaitn, u ap.

Kak mokaszano B [9], ¢pakTan ¢ OTCYTCTBYIOIIMMHU CHIBHBIMH (T.C. MPSMBIMH)
CBSA3SIMH MEXIYy OOBEKTamMH X, € X, n=1, 2,..., N sBusercs OUCKpEemHbIM
MONOI02UHEeCKUM NPOCMPAHCMEoM (T.€. IPOCTPAHCTBOM C MPUBUATLHOL MONOL02UEL).
Jlia  KOHKpeTH3aluu O0000IIEHHON (pakTadbHOW MOJEIM CETH HEeO0OX0IUMO

103



KOJIMYECTBCHHO OITMCAaTh BCC BO3MOXKHBIC I/IH(I)OpMaHI/IOHHBIC CBA3H MCXKAY YaCTULIAMH

X€ X, n=0, 1,..., N dpakrana, T.e. OnpeleluTh KOHKPETHYIO (HETPUBUAIBHYIO)
TOTIOJIOTHIO M METPUKY (ppakTana.

[Mpennonoxum, uyto BHyTpu cetm WeD B TeyeHme HEKOTOPOrO WHTEpBaja
HaOmonenust T (4ac, CyTKH, HENENs W T.I.) MPOBEJEH AKCIEPUMEHT 10 PETHUCTPaIiU
KBaHTOB JIEHCTBHS MEXIy pasziauuHbiMu cymHocTsmu cetn Web B pesymbrate
IKCIIEPUMEHTa OlpenenaeHa o0o0eHHas Moiedb HH(PO-KOMMYHUKAMOHHOM ceTu V B
BuJe Ppakrana 3Toil cetu F, T.e. HASHTUPUIIMPOBAHO MHOXKECTBO X yacTuil (ppakraia
F u mocrpoena Tabauma F(N, M) motokoB oOMeHa KBaHTaMH A€ MEXIy 4YacTUI[AMH
¢dpaxrana. Tabauma F(N, M)onuceiBaeT TOMOJIOTHIO M METPUKY (ppakTana F, mosromy
0003HaUUM €e TeM

m 0 1 2
’K€ CHMBOJIOM, YTO n
u ¢paktan, T.e. F. F(n, m)=| 0 X1—@ %—0
Crpykrypa GG | DG
Tabmuupel F g
N=2 ! HOKaBEHa Puc. 2. CtpykTypa TabIuIbl TOTOKOB IS
puc.2 dpakrana F mpu N=2

Kaxxnmas mapa nuaroHaibHBIX 3JIEMEHTOB TaOMUIBI F KOJMMYECTBEHHO OMUCHIBAET
B3aMMOJICHCTBHE YacThIl Ppakraia ¢ BHemHUM 1ojeM G. JleBsii anmemeHT napel F(n, N)
— JTO KOJHMYECTBO Mpoaykra €, (BbIpakeHHOE B eIWHUIAX A€), TPHHATOES

(«mornomennoe») vactuneit X,€ X, n=0, 1,..., N u3 BuemHnero nois G 3a Bpems
HaOmoaeHuss 1. AHAJIOTM4HO, HpaBblii 37eMeHT mapbl F(N, N) — 3TO KoIHMYECTBO

POJYyKTa €. B euHHIAX A€, HanpaBlieHHoe (M3iIydeHHoe) yactuueh X, X, n=0, 1,...,
N Bo BHemHee none G.

Kaxnmas mapa HeauaroHajdbHBIX 3JIEMEHTOB TaOJUIBI MOTOKOB F omumchIBaeT
B3aMMOJICUCTBUE MEX Ty YacTuliaMu (ppakrana. Bce HemaroHaabHbIC Tapbl 3JIEMEHTOB
HYJIEBOI CTPOKH M HYJIEBOT'O CTONOIA TabmuIel F —3T0 B3aMMOEHCTBUS OOBEKTOB X,

€ X, n=1, 2,..., Nc yactuueii X=0, T.€. ¢ BHYTpeHHHM M0JeM. [0 OTHOWIEHUIO K
BBIJICJICHHOW WH(O-KOMMYHUKAIIMOHHONW ceTh V, dacthma Xo=@ wurpaer poiib

TEJICKOMMYHUKAIIMOHHON COCTABJISIONIEH ceTh V, a MHOXKECTBO OOBEKTOB X, € X,
n=1, 2,..., Nurpaet ponp uapopmanronHoil cocrasmsoomei ceru V. Takum o06pazom,
HEJIMaroHaJbHBIC TMaphl AJIEMEHTOB HYJIEBOW CTPOKHM M HYJIEBOTO CTOJIONA TaOJUIIBI
MOTOKOB F oOmuChIBaIOT B3amMOJeHCTBUS WH(OOPMAIMOHHBIX OOBEKTOB cetu V ¢
CErMEHTOM TEJICKOMMYHHUKAITMOHHOW CETH, BKIIOYEHHBIM B cocTaB cetu V. Taxkoe
B3aMMOJICHCTBHE, KaK TPaBHJIO, SBISIETCS CIIY)KEOHOW W/WIM  TEXHOJOTHYECKOM
COCTAaBIISIONIEH OOIIUX ITOTOKOB CETH.

Henuaronaneheie mapel smementoB F(n, n), n=1,2,.., N tabmuupt F , He
IpHUHAJJICKAIIME HYJIEBOH CTpOKe W/WIM HyJIeBOMY CTOJIOIY TaOiuibl MOTOKOB F,

OTUCBIBAIOT TIPSIMbIE B3aMMOJICHCTBUSI OOBEKTOB X, € X, n=1, 2,..., Nmexay co0oi.
OTH B3aMMOJIEHUCTBUSA BBIIIE OBUIM Ha3BaHLl CHJILHBIMH B3auMoieHcTBUAMU. OHH
OTIPEICIIAIOT KOHKPETHYIO TOITOJIOTHIO U METPUKY TOJANPOCTPAHCTBA, OMPEISICHHOTO
Ha MHOeECTBE X .
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3. HopmupoBka TadauIbl MOTOKOB /AJis1 ppaKTaia ceTu

YcaoBumcst, uto 3a BpeMst HabmoeHus T B cetu V ObUT0 3apeructpupoBaHo L map
KBaHTOB JieiicTBUs A€. O603HaunM Ae=2-Ae keanm 63aumooelicmsuss Ajig OJHOU Maphbl
kBaHTOB JeicTBus Ae. HazoBem Benmmuuny E=L-Ae nonnou snepeueti ppaxmana F xax
MOJIeJIN B3auMOJIeHCTBUSL 00BeKTOB B ceTtu V. CpeaHsisi MOIIHOCTH P cetu V ecThb
byHKIIHS

p =E/T =2L-AelT = 2Ae(L/T)= 2:AeV , (1)

rae v = L/T —cpenHsis yacToTa MmosBJICHUS Tap KBAaHTOB JeHCTBUS A€ B cetr V 3a
Bpems T.

BBegem HOpMHUPOBOUHYIO KOHCTAHTY B3aMMOJICUCTBUS kB TakuMm 00Opa3zoM, 4TOObI
BBITIOJIHSJIOCH YCIIOBHE!

E=2 L-Ae=h-v. (2)

Otcrona h=2AeT =AeT. (3)

Jns  dopmanuzanuu  0000IIeHHON  (dpaKTaIbHOM MOJIeNI  B3aUMOJICHCTBUS
00beKTOB B ceTu V BBIJICIMM HEKOTOPYIO 4acTh & MOJHOW 3Hepruu E, kotopyro
HA30BEeM c@sa3aHHOU dHepeuel Gpakrama. OctaBiiyrocss 4acTh €=E— g, HazoBem
c60000H0U dHepeuel (paktana. bynem cuuTaTh, YTO DSHEPrUS & OMPEIEISIET
MUHUMAaJIBHBIN YPOBEHBb CBS3HOCTH BCEX YacTHI] (pakTana (Mexay coOoi, a Takxke ¢
BHENTHUM TiojieM G), mpu KOTOpoM (ppakTaja COXpaHsSET CBOIO ICJIOCTHOCTh W HE
pacnagaeTcs Ha OTAeHbHBbIe dacTh. CBOOOJHAS SHEPTHS & MOXKET PACTIPEACISITHCS
MEXIy Pa3TuIHBIMHA YACTUIIAMU, U3MEHSISI YPOBEHB CBSI3HOCTH YACTHIl BO (hpaKTare.

[IpumeM crleayroulyl0 aKcuomy O C8A3aHHOU 3Hepauu. CBSI3aHHAs DHEPrUs &
PaBHOMEPHO pacmpejiesieHa MEX1y BCEMHU 3JIEMEHTAMH HYJIEBOW CTPOKH M HYJIEBOTO
cTos01a B Tabuuie motokoB F(N, M) a BenmuunHa CBSI3aHHON SHEPTUU paBHA

go=[2:(N+1)]-Ae = (N+1)Ae. (4)
[locTtpouM Tabmuily pacrnpeneseHusi KBaHTOB JedctBus Ae s ¢pakrana F,

umeroriero N+1 gactuiy X.€ X, n=0, 1,..., N, puc.3. [lna npoctoTsl nanee Oyaem
1oJjiarath, 4To BCE 3JCMEHTHI B TaOiuIie moTokoB F(N, M)3amnucanbl B enuHuiax Ae
(T.e. B KBaHTax JaeWcTBUsA). 13 akCHOMBI CBSI3aHHOM SHEPTUU CIIEIYET, YTO KaXKIbIN
9JIEMEHT HYJICBOW CTPOKH M HYJIEBOTO CTOJIONA B Tabiuie motokoB F(N, m) momkex
COJIEPKaTh XOTs ObI OJHY CJIMHHUILY CBSI3aHHOUW SHEPTUU &y (T.€. OJMH KBAHT JACHCTBHS
Ae), puc. 3.

m 0 1 2
n
= (n, m): 0 1 | 1 1 1
1 1 3 | 3 2 B
2 1 2 T

Puc. 3.TIpumep pacnpeneneHue s3HEpruil & v € B Tabimiie moTokoB F mpu N=2

OneMeHThl Tabmuipl F(N, M) ¢ HeHyJneBbIMH HHACKCAaMH N U M 0o0pa3yroT
BJIOXKeHHYI0 B F Tabmuiry @(n, m), n, m=1,2,...,NOOmee Koau4ecTBO JuaroHaabHbBIX
KJIETOK B Tabuie @ paBHO 2-N; KOJIMYECTBO HeaUaroHaIbHbIX Ki1eToK paBHO N-(N—1);
KOJIMYECTBO BcexX KieTok Tadiumibl @ paBHo N-(N+1). Boibepem BeanunHy KBaHTa
neicTBus Ae TakuM o0pa3oM, 4TOOBI CBOOOIHAS SHEPTHUS & OKa3alach paBHOMN

e=[2:N-(N-1)-(N+1]-Ae = N(N-1)-(N+1)-A¢ . (5)
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Eciu sHeprus &€ paBHOMEPHO pacrpejesieHa B AUATOHAIBHBIX KIETKaX TaOIHIIbI
@, To B Xaxaouh mauaroHanbHON KieTke Oyaer mo (N-1)-(N+1) xBaHTOB A€; B
HEeIMaroHaIbHBIX KieTkaX — 1o 2:(N+1) kBaHTOB A€, BO BceX KIIETKax TaOIHIbl @ — 110
2:(N-1) xBanToB Ae. Takum 00pa3zoMm, BbIOpaHHAas HAMH HOPMHUpPOBKa (5) TaOMUIIBI
noTokoB F(N, M) maeT BO3MOXXHOCTh PABHOMEPHO U CHMMETPHUYHO PACIPEIEITUTh BCIO
CBOOOJIHYIO DHEPTHUIO € HA MArOHAIN BJIOXKEHHON TaOiwiel @, BHE JUArOHAIU 3TOMN
TAOJIMIIBI ¥ BO BCEX KIIETKAX TaOIHIBI D.

[Tomuas »Heprus B3auMoaericTus i ppakraia F paBHa cymme Buaa

E= got e=[2-(N+1)+2-N-(N-1)-(N+1)]-Ae =2(1+N°%-Ae (6)

B uactHoctH, npu N=2 umeem: g,=6-Ae=3A¢; ¢=12-Ae=6-A¢; E =18Ae=9Ac.

W3 (6) momyuum koHcTaHTy h:
E ne Ae
h=v = v -2(1+N%= v -(1+N°). (7)

[Ipumem akcwomy cBoOGomHOW dHeprum (Gpaktana: Ceob60OHass dHepeusi &
¢paxkmana F pacnpeodensemcs maxkum o0pazom, 4mo 6 O0OHY KIemKy mabauybsl
nomoxoe F mooxcem 6vims pacnpedeneno ne 6o0/ee nonosunsl gceti c60600HOU IHEPUU
€.

N3 akcrombl cBOOOTHOM SHEPTUH CIIEIYIOT CBOMCTBA:

Csoticmso 1. Ecnu cBoOomHast sHeprus ¢pakTaia & JOKAIU30BaHA B OJHOW Tape
KJIeTOK Tabmuiel F(N, M) pacnojoXeHHbIX CHMMETPUYHO OTHOCHUTENIBHO IJIABHOM
nuaroHany Tabmuiel F, To cBOOOIHAS SHEPTHSI & pacIpeesieTcs MOPOBHY B KaKIYIO
U3 3THX KJIETOK (T.€. 1o &/2).

Csoticmeo 2. MakcumanbHO BO3MOXKHAs SHEPTHsl B OJHOW KJIETKE TaOJIHUIIBI
F(n,m) paBHa 1+¢&/2 (ecnu kieTKa HAXOAUTCS B HYJICBOUW CTPOKE HITM HYJICBOM CTOJIOIE
tabymiel F) u paBHa &/2 (ecim KieTka HaXOJIUTCS B HEHYJIEBOH CTPOKE U HEHYJICBOM
cToyioe Tabnuibl F); oTcioma BO3MOXKHOE YHCIO KBAHTOB JEHCTBUS A€ B OJHOI
kieTke Ttaoimiel F(nN,m) paBHO (Aete/2)IAe=1+e/(2:Ae)=1+elAe (ecnm KiteTka
HaXOIUTCS B HYJEBOW CTPOKE WM HyJIEeBOM cronome Tabmmuel F) wu
(e/2)Ine=¢el(2-Ae)=¢clAe (111 HEHYICBOW CTPOKH M HEHYJIEBOTO CTOJIONA).

[Tprmem akcHOMY YETHOCTHU paclpeieNieHus SHepTun (paKTania:

Obwee Koauuecmeo K8AHMOB OeUCmBUsl Ol KAMCOOU Napvl CUMMEMPUUHBIX
NEMEHMOB OOJINHCHO BCe20a OCMABAMbCSL YeMHbIM YUCTOM.

PaccMoTpuM HekoTOphIe TomoNOrHYeckue cBoiictBa ¢pakrana F. Kak ormedeno
BBIIIIC, CBSA3aHHASI DHEPTHS &9 0OecreunBaeT (ppakTasy TOTOJIOTHYECKYIO CTPYKTYPY C
MUHUMAJIBHON CTEMEHBIO CBSA3HOCTH YACTHII; 3Ta CBA3HOCTh OCYIIECTBISIETCS Yepes
IOCPEACTBO BHYTpeHHero nojisi @. Pacnpenenenue cBOOOIHON SHEPTUH & ONPEIEISICT
MHOT000pa3ue TOMOJOTUYCCKIX THIIOB M CBOMCTB (pakTania. PaccMoTpuM HEKOTOpBIC
YaCTHBIE CIIy9aW paclpeeiecHHld CBOOOTHOW JHEepruu & B Tabmuie morokoB F(n,m)
¢dpaxrana F.

1) CBoOomHast PHEpPrUs &€ PaBHOMEPHO M CHMMETPHUYHO paclpeaesiceHa MEXIy
BCEMH JMArOHAJIBHBIMH JJIEMEHTAMHU BIIOKEHHOW Tabmuubl @, puc. 4. JlanHoe
pacmpe/eneHre 03Ha4aeT, YTO YaCTUIIbI X1 U Xp PpakTana F cCuiabHO B3aUMOJICHCTBYIOT
¢ BHemHMM TmosieM G, OgHAKO MEXIy COOOH HE HWMEIOT B3aUMOJCHCTBHUSA. ITOT
CTPYKTYPHBIN THIT ()paKTaja B U3BECTHOW MEPE COOTBETCTBYET MOHATHIO KOUCKPEMHOe
monoyioeudeckoe NpoCmMpaHcmeo» B KIACCUYECKOW TOMOJOTUM HA MHOMKECTBaX
(o603naunm ero koporko DTS— Discrete Topological Space) [10].
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m 0 1 2
n
F(n, m=[0 1 | 1 1 1
1 1 3 | 3 0 _
2 1 0 3 1 3 |-°™

Puc. 4. CumMmerpuuHas riao0anbHas JUCKPETHAs TOMOJOrus (ppakTana

2) CBoOomHasi PHEprusi & paBHOMEPHO M CHUMMETPHYHO paclpeleieHa MEexXIy
HEJMAaroOHATbHBIMU 3JIEMEHTaMU HYJIEBOM CTPOKH M HYJEBOro crosidua Tabmuisl F
(kpome nByx ameMeHTOB ¢ mHAeKcaMu N=0 1 M=0, B KOTOPBIX UMEIOTCS 110 OJTHOMY
KBaHTY A€ CBSI3HOU dHEPTHUH &o.), PHC. 5.

m 0 1 2
n
F(n, m)=|0 1 | 1 4 4
1 4 o [ o 0 =@(n, m)
2 4 0 0 | 0

Puc. 5. CumMeTpuuHas JTOKalbHas AUCKPETHAs TOOJIOrus (ppakraia

Pacnipenenenne cBOOOMHOW SHEPTUHM Ha PHUC.S TakkKe OJNM3KO IO CMBICTY K
u3BeCTHOMY moHsATHI0O DTS, mockonbky dacTuiel X; U X ¢pakrana F He umeror
B3aMMOJICHCTBHSI MEXIy COOOH, HO CHUIIBHO B3aUMOJCHCTBYIOT C BHYTPEHHUM IIOJIEM
@. Takum o6pazoM, hpaktan F MokeT UMeTh 1BE CHMMETPUYHBIC TOTIOJIOTUH, OJTM3KHE
no cmeicity Kk DTS, oTnmuatonuecss Mexmy coOOi TeM, 4TO B TIEPBOM CIIydae YaCTHUIIbI
X1 U Xp ppakrana F cunbHO cBs3aHbl ¢ BHemHUM moyieM G (puc.4), a BO BTOpOM — ¢
BHYTpeHHUM mojieM @ (puc.5). O003HaYMM 3TH JBE TOIMOJIOTUU COOTBETCTBEHHO KaK
cummempuunas enooanvuas ouckpemuas (SGD wu  cummempuuynas nokanvhas
ouckpemnas (SLD) Tononorun ¢pakrana.

Huckpernsie  Tomonoruu SGD  w SLD  sgBasitoTcs  BBIPOXKJICHHBIMU
(TpuBHanbHBIME) CTPYKTYpaMu ¢paktana. Eme oqHa (mpOoTHBOMOJIOXKHAS IO CMBICITY)
TpUBHATbHAS CTPYKTYpa dpakTaja mpeacraBieHa Ha puc. 6.

m 0 1 2
n
F(n, m=[0 1 | 1 1 1
1 1 o [ o 6 =@(n, m)
2 1 6 0 | o

Puc. 6. CI/IMMCTpI/I‘{Ha}I AHTU-AUCKPCTHAS TOIIOJIOTHA

Kaxk n3BecTHO M3 Kilaccudeckoii Tormonoruu [11], Ha MHOXKecTBe eMeHTOB I, X;
X MOYKHO OIIPEIEITUTh TOJIBKO JIBE TOTIOJIOTUH, KOTOPBIE 00€ SBISIFOTCS TPUBUATBHBIMH
(omHa mUICKpeTHAs!, a BTOpas — aHTH-AUCKPETHast, W IPUMUTHBHAs). Ha aHanmoruanom
MHOXECTBE YaCTHIl (paKTajga MOXKHO ONpPEICIUTh 3HAYUTEIBHO OOJbINEe YHCIIO
TPUBHAJIBHBIX TOMOJOTHHA, HAMPUMEP: CHUMMETPUYHAS AHTU-IUCKPETHAs TOMOJIOTHS
(puc.6), cumMMmeTpuuHBIE JAHCKpeTHBIE Tomosoruu  (puc.7). HekoropeiM U3
CUMMETPHYHBIX JHUCKPETHBIX TOIOJIOTUH Ha PUC.7 MOXKHO TOCTaBHTh B COOTBETCTBHE
pa3InYHbIe aCHMMETPUYHbBIE AUCKpETHBIE Toronoruu. dpakran u3 Tpex yactun G, X; ,
X2 IOITyCKAeT HECKOJIBKO HETPUBUAIBHBIX TOMOJOTHH (Hampumep, Ha puc.3). Ecoun N>2,
TO ()paKTal JIOIMYyCKAET pa3IHIHbIe ACUMMETPUYHBIC aHTU-TUCKPETHBIC TOMOJIOTHH.
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1[1] 1 1 1[1] 1 1 1]1] 1 1
1 [3[3] 0 1 |6]6] 0 1 |oJo][ O
1 0 |3]3 1 0 |ofo 1 0 |66
1]11] 4 4 11| 7 1 1]1] 1 7
4 lolo] o 7 [o]lo] O 1 [o]/o] O
4 0 |00 1 0 |ofo 7 0 |ofo

Puc. 7. CumMeTpuuHbie TUCKpETHBIE TOnoNoruu ¢pakrana mpu N=2

W3 mpuBeAEeHHBIX pAacCyXJIEHUN BUAHO, YTO METpUKa U Tomosorus (ppakrana F
OTIPENIETISIOTCS  XapaKTepOM PpACTIpPEIICHUs] KBAHTOB B3amMOJeHCTBUS Ae=2-Ae
CBOOOMHOM OJHEPrHMH & MEXKIY OTICIbHBIMU KJIETKaMu TaOJauIbl TOTOKOB F.
MunumanbHOe HW3MEHEHHE (pakTana OMpeAeNseTcs MEePeCTaHOBKOW JI000W mapsl
KBaHTOB JeHCTBUA 2-A€ B Tabiuile NMOTOKOB F. DTO 3HAUUT, YTO y OJHOM Maphbl
CUMMETPUYHBIX JJIEMEHTOB TaOnuibl F u3bIMaeTcs mapa KBAHTOB JeHCTBUS 2-Ae
CBOOOJIHOM APHEPTUU &, @ HEKOTOPOM JIPYroil mape CUMMETPUYHBIX AJIEMEHTOB TaOJIUIIbI
F nobGamnsieTcss mapa KBaHTOB 2°A€ CUMMETPUYHBIM WJIM aCUMMETPUYHBIM CIIOCOOOM.
Takoe U3MEHEHNE MOXET BBIMOJIHATLCS M JJI CAMOM Maphbl 3JIEMEHTOB (Iapa KBaHTOB
neiictBus 2-A€ mepepacnpenessieTcss BHYTPU Mapbl djieMeHTOB). [Ipu 3TOoM oOIiee
KOJIMYECTBO CBOOOJHON 3HEPTUU €& M MOJHOW 3Hepruu E Bo ¢Ppakrane F ocraercs
HEU3MEHHBIM.

CoryiacHO aKkCHMOME YETHOCTH, 00IIlee KOJIMUYECTBO KBAHTOB AEHCTBUA I KaXKIOU
napbl CUMMETPUYHBIX 3JIEMEHTOB JOJDKHO BCErJa OCTaBaTbCsd YETHBIM YHCIIOM.
HazoBem Takoe m3meHenue ¢pakrana xkeanmom pabomwvr AW. KBanT paboTel Oymaem
CUMTATh KOJMYECTBEHHO PABHBIM KBAHTY SHEPTUU B3aUMOJCHCTBUS, T.€. AW=Ac=2-A€.
[TocnenoBarenbHOE TpeoOpazoBaHME TOMOJOTUHM M METPUKU (pakTana F kBaHTamu
paboThl AW Ha30BEeM HenpepuvléHbiM npeobpazosanuem paxmanra. B oTaudyue oT
CTaHAAPTHOTO aHalli3a, TOHITHE HEMPEePHIBHOCTH MpeoOpa3oBaHUil OOBEKTAa THUIMA
«ppakTan» He TpeOyeT COXpaHEHHUs TOMOJIOTMYECKOW CTPYKTypbl oObekTa. Tak,
HalpuMep, IeNoYKa HEMPEPHIBHBIX MPEOoOpPa30BaHU MOMXKET TIEPEBECTH JIHO0OM

(paxTan B COCTOSHUE, IIPH KOTOPOM YacTHLLI X, € X, n=1, 2,..., N«mouru ucuesaror,
T.c. CBOOOJHAs DSHEPrUs B3aUMOJCHCTBUS & IIOJHOCTBIO TICPEXOJUT B DHEPTHIO

B3aMMOJICHCTBHsI BHyTpeHHeTO mouisa & ¢ BHemHUM mosieM G. [Ipu 3ToM gacTuis X, €

X, n=1, 2,..., N ocraiorcs pa3sIMuMMbLIMH Ha MHMHUMAJILHOM YPOBHE DHEPIHU
B3aMMOJICHCTBHS STUX YACTHI] ¢ BHYTPEHHMM noneM @ (kaxaas yactuna X, € X, n=1,
2,..., Numeer sHepruio B3auMoaeicTBust Ae=2-A€).

BriBOJ

B pabGore momydyena o0oOmieHHas ¢GpakTtagbHas MOJIETh B3aUMOJICHCTBUS
00BEKTOB MH(O-KOMMYHHKAIIMOHHON CETH ISl IPOM3BOJILHOTO THITA KBAHTOBAHHOTO
UHPOPMAIIMOHHOTO  TpojaykTa oOMeHa. Jlins  ¢pakrama ceTH  MOCTPOCHA
HOpMaJI30BaHHAs Ta0JMIa WHPOPMAIMOHHBIX MOTOKOB. OmpenencHbl HEKOTOPhIC
TUIIOBBIC TOIMOJIOTUU IS (paktana cetr. Hopmanu3oBaHHas (pakTajibHas MOJENb
MOJKET OBITh MCIIOJIB30BaHA JJIsl MIOCTPOCHUS KOMILJICKCHOTO TEH30pa B3auMOICHCTBUS
00BEKTOB UH(PO-KOMMYHHKAIIMOHHON CETH, OMUCAHHOTO B [9)].
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OBPABOTKA TEKCTOBBIX JOKYMEHTOB C HOMOLIBIO
AJAIITUBHOI'O HEYETKOI'O OBYYAEMOI'O BEKTOPHOI'O
KBAHTOBAHUA

PaccmarpuBaercs mpoOnemMa WHTEIUIEKTyallbHOM 00pa0oTKM TeKcToB. llpencraBieHa apXUTEKTypa
HEHpo-(ha33u CHCTEMBI JUI KiIaCCH(PHMKAIIMKA TEKCTOBBIX JOKYMEHTOB W ON-line aaroputm o0ydeHus
CCTU aJalITUBHOI'O HECYCTKOI'O BGKTOpHOFO KBAHTOBAaHUs.

KioueBble cj10Ba: TEKCTOBBINA JOKYMEHT, HeueTkas kiaccudukanus, AFLVQ

Posrnsimaetscst  mpoOsiemMa  iHTeneKTyabHOI 00poOku  TekcTiB. [lpemcraBiieHa apXiTekTypa
HEWPOHEUITKOI CHCTEeMH s Kiacudikamii TeKCTOBHX JOKYMEHTIB Ta ON-line anroputM HaBuaHHS
MepeXi aJanTUBHOTO HEYITKOTO BEKTOPHOTO KBAHTYBaHHSI.

Kuro4oBi cjioBa: TeKCTOBUI JOKYMEHT, HeuiTka kinacudikamist, AFLVQ

This article discusses a problem of an intelligemt processing. Architecture of the neuro-fuzzy
system is presented for classification of text awents and on-line learning algorithm for fuzzy
network adaptive vector quantization.

Keywords:. text document, fuzzy classification, AFLVQ

1.BBeaenue
OO0paboTKka TEKCTOBBIX JTOKYMEHTOB, 1O CYTH, BKJIIOYaeT B CeOS KOMIUIEKC
B3aMMOCBSI3aHHBIX 3a/la4, HAMpaBJICHHBIX Ha TMPEJICTABICHUE TEKCTOB B BHJE,
NPUTOJHOM JIJII MX HCMOJIb30BAHUS KOMITBIOTEPHBIMU mMporpammMamu. OpHOM U3
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