MUHHUCTEPCTBO OBPASOBAHNA N1 HAYKH YKPAUHDI

XAPBLKOBCKMIT HALIMOHAJIbHBII
YHUBEPCUTET PAJIMODJIEKTPOHUKU

ISSN 0135-1710

ABTOMATU3NPOBAHHBIE
CUCTEMDBbI YITPABJIEHHUA U
INPUBOPbLI ABTOMATHUKUAU

BceceykpauHckuii MexkBeIOMCTBEHHbII
HAYYHO-TeXHUYECKUl COOpPHUK

OcHoBaH B 1965 1.

Beimyck 153

XapbkoB
2010



YK 62-50

B C60pHI/IK6 MNpeaACTaBJICHBI PE3YJIbTAThI HCCHCI[OBaHHfI, KacCaromuxcs KOMHLIOTepHOﬁ HWHXKC-
HCpuUH, yripaBJICHUA, TEXHHYCCKOMN AUarHOCTUKH, aBTOMATU3AIUU ITPOCKTUPOBAHU A, OITUMU3NUPO-
BAaHHOI'O HCIIOJIb30BaHUA KOMIIBIOTCPHBIX CCT el u CO3JaHUA HMHTCIUICKTYAJIbHBIX 3KCICPTHBIX
CUCTEM. HpeZ[HO)KCHLI HOBBIC IMOAXO/JbI, AJITOPUTMBI U UX NIpOrpaMMHas pcajin3alusd B obmactu
ABTOMATHUYCCKOT' O YIIPABJICHUA CIIOKHBIMH CUCTCMAaMH, OpUT'MHAJIbHBIC I/IH(l)OpMaLII/IOHHLIC TEXHO-
JIOTWH B HAYKC, 06p330BaHI/II/I, MCIOHUIIUHE.

I[J'ISI npenoz[aBaTeneﬁ YHUBCPCUTCTOB, HAYYHBIX pa60THI/IKOB, CIICHUaJINCTOB, ACTIMPAHTOB.

VY 30ipHUKY HABEACHO PE3YJIbTATH IOCTIIHKEHb, 110 CTOCYIOTHCS KOMIT IOTEPHOI iHXKEHEepIi,
yIpaBiiHHA, TEXHIYHOI 1IarHOCTUKH, aBTOMATH3a1lil IPOEKTyBaHHSI, ONITUMi30BaHOT0 BUKOPUCTaH-
HSl KOMII'IOTEpHUX MEPEX 1 CTBOPEHHS IHTEICKTYalbHUX EKCIEPTHUX CHCTEM. 3alpOrOHOBAHO
HOBI MiAXOAM, AITOPUTMH Ta iX MporpaMHa peamizalis B 00JIACTI aBTOMaTHYHOTO YIPaBIiHHS
CKJIQIHIMH CHCTEMaMH, OpUTiHAIBHI iH(OpMAaIiiHi TEXHOJIOTi B HAYIli, OCBITi, MEIUIIMHI.

J171s1 BUKIIa/1a4iB yHIBEPCUTETIB, HAYKOBLIB, ()aXiBI[iB, aCHIPaHTIB.

Pedaxuyuonnas konnezus:

B.B. Cemeney, n-p TexH. HayK, npod. (t1. pen.); M. @. Borndapenxo, A-p TEXH. HAYK, MPod.;
uJl. I'opbenxo, n-p TexH. Hayk, npod.; E.[l. [lymamun, a-p TexH. HayK, npod.; B.Il. Tapa-
CeHKo, I-p TeXH. HayK, nipod.; I 1. 3acapuii, n-p TexH. HayK, npod.; .. Kpusyas, N-p TEXH.
HayK, npod.; Yymauenxo C.B., 1-p TexH. HayK, npod;, B.A. Quramos, n-p TeXH. HAYK, IPOQ.;
E.B. Foosuckui, n-p TexH. HayK, ipod.; 2.1 [lempos, n-p TexH. HayK, npod.; B. @. [llocmak,
I-p TexH. Hayk, npod.; B.M. Jlesvikun, n-p TeXH. HayK, npod.; Jlumeunosea E.H., n-p TexH.
Hayk, nipod.; B./4. Xaxanos, n-p TexH. HayK, mpod. (OTB. pen.).

CBHIETENBCTBO O TOCYIaPCTBEHHON perucTpanuu
MEYaTHOTO CPEACTBAa MaCCOBOM MH(pOPMAIIHH KB Ne 12073-944I1P ot 07.12.2006 r.

Aodpec pedakyuonrou xoeeun: Yxpanta, 61166, Xappkos, ipoctt. Jlenwna, 14, XapbkoBCKUil HaITHO-
HAJIbHBII YHUBEPCUTET PAAMOAIIEKTPOHUKH, KOMH. 321, Ten. 70-21-326

© XapkiBChbKHi HAI[IOHATEHUH YHIBEPCUTET
pamioenexTpoHiku, 2010



COJEPXAHUME

XAXAHOB B.H., YYMAYEHKO C.B., TIECOURA YVES, BACHJIEHKO B.A.,
I[EPEHH JI.A.

UHOPACTPYKTYPA BBIUMCIIMTEJIBHOTO TIPOIIECCA HA OCHOBE
BEKTOPHBIX JIOTUUECKUX OIEPALIMM. .......ovoovoeeeeeeeeoeeeeeeeeeeeeeeee e eeee e 4

BbAPKAJIOB A.A., THTAPEHKO JI.A., XEBJIA E.Il., COJI/JATOB K.A.
CHUHTE3 ABTOMATA MVYPA C IIPEOBPASOBAHUEM PACIHIMPEHHBIX
KOJOB COCTOSHHI. .......c.ccoiiiiiiiiiiiiiiiie ettt 12

XAXAHOB B.H., YYMAYEHKO C.B., MHII[EHKO A.C., 3A1JAPHBIH A.B.,
XAXAHOBA 1O.B.

NHOPACTPYKTYPA JTUATHOCTUPOBAHUSA BPEJOHOCHBLIX ITPOTPAMM

B MHAMBUAYAJIBHOM KHMBEPHETHUYECKOM ITPOCTPAHCTBE....................... 19

BECAPAL B.1., BOPOIIA€EBA I.0. )
AHAJIITUYHA MOJEJIb AMCKPETHO-BE3IIEPEPBHOI CUCTEMU
3 3ACTOCYBAHHAM AITAPATA MAX-PLUS AJITEBPU........cccccooviiiiiiiiiiee, 33

JEBBIKHH B.M., XBOPOCTHHHHA O.C.
OBOBIIEHHAS MOJEJIb CUCTEMbI CBAJIAHCUPOBAHHBIX
TTOKASBATEJIEN......ooiiiiiiiiiiiit et 40

KAKYPHH H.A., JIOIIYXHUH 10.B., BAPEIIA B.B., KATACOHOB B.B.,
MAKAPEHKO A.H.

AHAJIN3 TIPEOBPA3OBATEJIEM JBOWYHO-K-UYHOI'O KOJA

B JIBOMYHBIN KOJI IO METOHAY JOCUETA........c.cooioeveeeeeeeeeeiesieeeees s 45

SHKOBCKHH A.A., BYTPHH A.H.
KPUTEPUU BbIBOPA METOJIA BUHAPU3ALIUM TP OBPABOTKE
N30BPAXEHUMN JIABOPATOPHBIX AHAJIM3OB......oooioeeee oo 53

BbABUY A.B., EMEJIBAHOB HU.B.

JINCTIEPCUOHHBI AHAJIM3 B IMPOLIECCAX IMACCHBHOI'O

MOHUTOPUHI'A 1 TUAT HOCTUPOBAHNMS KOPIIOPATHUBHBIX
KOMIIBIOTEPHBIX CETEMN........ooiiiiiiiiiiiiiieiiie ettt e 56

MHUPOHOBA H.A., TABYHIIIHK I'.B.
OKCHEPTHASI CUCTEMA BbIbBOPA MOINOUKALIMM METOJIA AHAJIM3A
PIEPAPXIIL. ... ettt et ee et eeee e e 62

3ABU3HCTYII 10.10., IIAPTBIKA C.A.
METO/] ITPEOBPA3OBAHUA CTATHUYECKUX SPT AJIT'OPUTMOB

B JUHAMIUECKIE ... ...ttt ettt e e 70
TAAHOB B.A.

IMOBIPHICHI TA CTATUCTHUYHI XAPAKTEPUCTUKNU MO/JEJII

BUAUIEHHA HAUWBUIBII CTABUIBHUX OB’€KTIB KJIACIB.........cceevviiiiiieeneee. 75
PEDEPATI..... ..ottt et e e e e et &4

MPABUJIA ODPOPMIJIEHUS PYKOITMCEN
U1 ABTOPOB HAVUYHO-TEXHMYECKOI'O CBOPHUKA.........ccooviiiiiiiiiiieeen. 88



YK 658.512.011:681.326:519.713

B.U XAXAHOB, C.B. YYMAYEHKO, TIECOURA YVES, B.A. BACHJ/IEHKO,
. A. LIEPEUH

HHOPACTPYKTYPA BBIYUCJ/IIMTEJBHOI'O NPOLECCA HA
OCHOBE BEKTOPHBIX JIOTUYECKHUX OIIEPAIIAM

HpezmaraeTCﬂ anrapaTrHas rmaT(bopMa 1 TEXHOJIOTUH IJI 3KCHEPTHOI'O O6CJ'Iy)KI/IBaHI/I$I
3aI1poOCOB B PCAJIbHOM maciraoe BPCEMCHH B BU/IC MyJIBTPIHpOHeCCOpHOﬁ CHUCTCMbI HAa KpUCTAJI-
JIC, OpPIeHTHpOBaHHOﬁ Ha aHAJIN3 JIOTUYCCKNUX AaCCONUATHUBHBIX CTPYKTYDP AaHHBIX JJIS ITOJTYYCHUSA
TOYHOI'0 ACTCPMHUHUPOBAHHOI'O U MHOI'O3HAYHOI'O PCHICHUSA, BAJIUIHOCTH (COCTOHTGJ’ILHOCTB)
KOTOPOro OLICHUBACTCA UHTCTPAJIbHBIM KPUTCPUCM Ka4YCCTBA B3aHMOI{€ﬁCTBHH 3a1poca € BEKTO-
paMu N-MEPHOIro aCCONUATUBHOI'O ITPOCTPAHCTBA.

1. BBengenue

Mo3ronogoOHOCTh MYJIBTHIIPOLIECCOPHON IU(POBOH CUCTEMBI Ha KPUCTAJUIE €CTh KOHLEMIINS
CO3JaHUs APXUTEKTYPBI M MOJEICH BEIYUCIUTENBHBIX MTPOIIECCOB, OPHEHTHPOBAHHBIX Ha 3 dek-
TUBHYIO M OBICTPOACHCTBYIOLIYIO peann3auuio GyHKIMOHAIEHOCTEH, CBOMCTBEHHBIX MO3TY, Ha
OCHOBE HCIOJIb30BAHMSI BEKTOPHBIX JJOTHUECKHUX OINEpaluii Ui pelieHns 3a/1au MoKucKa, pacios-
HaBaHUS U IPUHATUS PEILICHUH.

CymiecTByeT OONBIION KJIACC IOTHYECKUX 3a/1a4, KOTOphIe B HACTOSILEE BPeMsl PEIIAlOTCs He
3¢ ($EeKTUBHO Ha YHHBEPCAIBHBIX KOMIBIOTEPAX IMyTEM HCIIONB30BaHUA apu(PMETHIECKIX OIepa-
nuii. CrucTemMa JTOrM4ecKHX KOMaH[ SIBJISIETCS YHHBEPCAJIbHBIM U MOJHBIM 0a3HCOM, a COTJIaCHO
teopeme [locra criocoOHa onucaTh U pemwnTh Jito0yIo 3anady. OnHaKo mpakTHyeckue pazpador-
YUKH MPOrpaMMHO-alapaTHBIX CUCTEM YKe 3a0buid 00 M3HAYaJbHOM JIOTHUECKOH CYIIHOCTH
kommbioTepa. OHn npuBBIKIN HedhdekTuBHO (Ha 5-10%) MCIONB30BaTh MOIIHOCTH CHUCTEMBI
KOMaHJ1, KOMITUJISITOPOB, ONEPAllMOHHBIX CUCTEM, OT/AaBasi KOMIaHUAM-TIPOU3BOJUTENSM MOPSI-
ka 90% IEeHEeKHBIX CPeACTB Oe3BO3ME3THO NPH MOKYIKE KOMITbIOTEpa. PelieHne JTornyeckux
3aJad C MOMOILBI0 apH(hMETHYecKoro Mmporeccopa HE €cTh NMPaBHIBHBIA BBIOOP C IMO3MLMHU
TEXHOJIOTMYECKOH M MaTeMaTHYECKOW KyJbTypbl. B HacTosimee Bpems cymiecTByIOIIas IUIaT-
¢dopma UPOBBIX CHCTEM Ha KpHCTaIaX MPEAOCTaBIACT MPAKTUICCKH HEOIPaHUUCHHBIE BO3-
MOXHOCTH JJIsl IEPEOpUEHTAMN HHPPACTPYKTYphl MOJeel M METOIOB Ha CO3[aHUeE CIICHHATIH-
3MPOBAaHHBIX KOMITBIOTEPOB ¢ MUHMMAJIbHOM CHCTEMOW JIOTHYECKUX BEKTOPHBIX ONEpaluid Win
KoMaHJ. MoTuBanusi — co3zaHue MYJbTHIIPOLIECCOpPA, KaK CIENHaIN3UPOBAHHONW CHUCTEMBI Ha
KpHCTaJjie AJIsl aHAIM3a U CHHTE3a JIOTMYECKHX acCOLMATHBHBIX OTHOILCHHUN, CBOMCTBEHHBIX
Mosry. IloaTBepxkaeHneM akTyalM3alluu TAaKUX M3ACNUHN SBISIETCS MOsBICHHE Ha peiHKe iPad
maHmera (TonmuHoi 12 MM u Becom 0,68 Kr), porieccop KOTOPOTO BBHITTOTHEH B BUJIE CUCTEMBI
Ha kpucramuie Apple A4 ma Gaze mHOrosaepHoro ARM-mpomeccopa Cortex-A9 MPCore ¢
WCTOIb30BaHNEM KOHTPOJIIEPOB MAMATH U TPa(QUKH.

Hannuue anmapaTtHOro, OBICTPOACHCTBYIOIIETO U IEIEBOTO CIIEHATU3UPOBAHHOTO JIOTHYEC-
KOT'O BBIYMCIIUTENS MO3BOJSIET 3P PEKTUBHO PEIIaTh HHTEPECHBIE AJISl PhIHKA MH()OPMAIIMOHHBIX
TEXHOJIOTuH 3am1aun: 1. AHaMU3 U CHHTE3 CUHTAKCHUYECKUX U CEMAHTUYECKUX S3BIKOBBIX KOHCT-
pykumii (peeprpoBanue, ncnpaBiIeHHE OIIMOOK, OLICHUBAaHUE KauecTBa TEKCTOB). 2. PacniozHaBa-
HUE BUJEO- U ayJH0-00pa30B IIyTEM UX MPEICTaBICHH BEKTOPOM CYLIECTBEHHBIX TapaMeTpPOB B
IHMCKpEeTHOM IpocTpaHcTBe. 3. CepBHCHOE 00CTY)KMBAaHUE CIIOKHBIX TEXHUYECKUX H3IETUIl U
BOCCTaHOBJIEHHE PabOTOCIIOCOOHOCTH B mpouecce ux (yHkunonupoanus. 4. TectupoBaHue
3HAaHUH U SKCHEPTHOE 00CITy>)KUBAaHNE OOBEKTOB MIIM CYOBEKTOB ISl ONPENeNIeHUs MX BaJIHIHOC-
Tu. 5. UnenTndukanus 00beKTa WK MpoLecca I IPUHATHUS PEILEHNUS B YCIOBHIX HEONpeeneH-
HOocTH. 6. TOUHBIN MOWCK 3aJaHHON BEKTOPOM MapameTpoB WH(popMmaruu B Internet, rae mo
3arpocy MOJb30BaTeNs] OYEHb YacTO BBIAAIOTCS [BA COOOIICHUS: OTCYTCTBYIOT JaHHBIE WIN
CIIMIIKOM MHOTro MH(pOpManuu, caabo acCOmMHPYeMOH ¢ BXOAHBIM 3allpOCOM. 3A€Ch HY>KHA
MpaBUJIbHAsI METPHKA OLICHUBAHMS W BaNMIHBIN 3ampoc. 7. Koppekmus Tekcra B mporecce ero
Habopa, Koraa aBTOMaTHUECKH HCIPABIISIIOTCS TOJIBKO TPUBHAIBHBIC OIIMOKH, TAKUE KaK MOBTO-
peHue OykBBI B ciioBe. MOXKHO Taxke KOPPEKTUPOBATh OoJiee CI0KHbBIE CEMAaHTHUECKHE OIINOKH,
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CBSI3aHHBIC C HEBEPHBIM OKOHYAHWEM, M TpeiaraTh 0Oojee MpUEMIIEMbIe BapHAHTHI MOPSIKA
CJIOB B MpPEUIOKCHUU WU B ero yacTu. JlaHHas 3amaua aktyanbHa s 100% monb3oBaTeneit
KOMIIbIOTEpOB. 8. Boree cephe3Has mpobieMa BhIOOpa MPUHAUICKHUT KPUTHUECKIM TEXHOJIOTH-
SIM: TIeIeyKa3aHUue B UCTPEOUTEIIE WM B aBTOMATHYECKOW CUCTEME MTOCAJIKH JaitHepa, paboTaro-
IMX B peaJbHOM MacmTade BpeMEHU B MUKPOCEKYHIHOM Juara3oHe u3mepenus. 9. O0patHoi
3aiadyeil BEIOOpA IEITH B KPUTUYECKUX TEXHOJIOTUSAX SBISIETCS pa3BelcHUE 00ObEKTOB BO BpEMEHHU
Y B MPOCTPAHCTBE, HAIIPUMEP, B AUCIIETYCPCKON CITyKOE a3poropTa Wild ONMTHUMHU3AIK HHppa-
CTPYKTYpbI TOPOJICKOTO TPAHCIIOPTA AJIsL UCKIIOUCHUS KOJUTH3UU. [IpakTHyecku Bce yIOMSHYTHIE
3aJlauydl PEIIAlOTCS B PEATBHOM MaciiTade BPEMEHU, SIBISIOTCA CXOMHBIMHU IO JIOTHMYECKOU
CTPYKTYpE Mpoliecc-MoIeield Ha OCHOBE UCIIOIh30BAHMSI aCCOIMATUBHBIX Ta0muIl. [{s ux perie-
HUS HEoOX0ouMa OBICTPONISHCTBYIONIAS U CIICIIUATN3UPOBAHHAS allliapaTHas IaTgopMa B BHIIE
JIOTMYecKoro acconuaruBHoro mynbrunponeccopa (LAMP — Logical Associative MultiProcessor),
OPUEHTHUPOBAHHOr0 Ha NapalIeIbHOE BHIIOIHEHUE NPOLICAYP MOMCKA, PACTIO3HABAHUS U PUHATHUS
pelICHUH, OLICHUBAEMBIX ITyTEM HCIOIb30BAHUS HHTEIPAIIBHOIO KPUTEPHUS KauecTBa.

I]env — cyleCTBEHHOE TOBBIINICHUE OBICTPOACHCTBYS TPOIEAYP IMOMCKA, PAacliO3HABAHUS U
MPUHATHSI PEIICHUH ITyTeM MYJIbTUITPOIIECCOPHOHN pealih3alliy MapauiedIbHbIX CPEACTB 00padoT-
KM aHAJIUTHYECKHUX, TPaOBBIX U TAONHYHBIX (POPM 3aJaHUs MHQPOPMAIMK YIS ONpPEICICHUS
JICTEPMUHUPOBAHHOTO MHOTO3HAYHOTO PEIICHUS B N-MEPHOM JHUCKPETHOM OYyJIeBOM IPOCTpaH-
CTBE.

3adauu: 1) AKTyadbHOCTH CO3JJaHHS MO3TOMONOOHBIX BhIUMCIUTENEH. 2) MeTpuka oneHuBa-
HUS BEKTOPHO-JIOTUYECKUX pEIICHUH. 3) APXUTEKTYphl CTPYKTYp ITaHHBIX M aCCOIMATHBHBIX
OTHOIICHUH: TaOIUIIBL, Tpadbl, ypaBHeHUs. 4) ONTUMHU3AIUS TOTHYECKUX CTPYKTYD JTaHHBIX.

Cywnocmp — anmapaTHOe 00eCTIeUeHUE IKCIICPTHOTO O0CITY>)KUBAaHHS 3aIIPOCOB B PEaTbHOM
Macitabe BpeMeHH B BUJIC MYJIBTUIIPOIIECCOPHON CHCTEMBI Ha KPUCTAJLIE, OpPUCHTHPOBAHHOMN Ha
aHaJu3 JIOTUYECKUX aCCOLMATUBHBIX CTPYKTYP JAaHHBIX JJIS MOIXYYEHUS] TOYHOTO IETEPMUHUPO-
BaHHOTO M MHOTO3HAYHOTO PEIICHUS, BAUAHOCTH (COCTOSTEIBHOCTh) KOTOPOTO OIICHUBACTCS
MHTETPaIbHBIM KPUTEPUEM KauecTBa B3aMMOJCHCTBHUA 3aIllpoca C BEKTOPAMHU N-MEPHOIO acco-
LUATUBHOI'O TPOCTPAHCTRA.

Obvexm uccnedosanus — anmnapaTHas HHPPaCTPYKTypa SKCIIEPTHOTO OOCITYy)KUBAaHHS 3a/1a4
MOKCKA, PACIIO3HABAHUS U PUHATHUS PEIICHUH B TUCKPETHOM OyJICBOM MPOCTPAHCTBE HA OCHOBE
WCIIONB30BaHMS WHTETPAIbHOTO KPUTEPHS KauecTBa U HEPAPXUIECKUX CTPYKTYP JaHHBIX.

Ilpeomem uccnedosanus — amnmapaTHas aTGopMa U TEXHOIOTHH JUIS pealli3allid MYJIbTH-
MIPOIECCOPHON CHUCTEMBI Ha KPHUCTAJlIe, OPHEHTUPOBAHHOW Ha OOCIY)XHBaHHE 3aad ITOWCKa,
pacrmo3HaBaHHS W BHIOOpA PEIICHUS B ACCOIMATHBHBIX MH()OPMAIMOHHBIX CTPYKTYypax ITyTeM
WCIIONB30BaHMS MHTETPATFHOTO KPUTEPHUS KauecTBa B JUCKPETHOM OYIIEBOM IPOCTPAHCTBE.

Uctounuku. 1. AnmapaTHble BRIYUCIATEIBHEIE U3IEHs, OPHEHTHPOBAHHEIEC HA PEIICHNE JIOTH-
YECKUX 3allay acCOLMaTUBHOro mnoucka [1-4]. 2. AccollMaTUBHBIE U JIOTMYECKUE CTPYKTYpPbI
TMaHHBIX JUIA pelieHrs WHQPOPMAIMOHHBIX 3amad [5-8]. 3. Mopenn u MeTOOBI JAUCKPETHOTO
aHanm3a nHpopManuu [9-12]. 4. MynsTUIIPOIIECCOPHBIE MOJIETH M CPEICTBA IS PelIeH s HHOP-
MaIlMOHHO-JIOrn4eckux 3agad [13-19].

2. UHTerpajibHasi MeTpPHMKa OLECHUBAHUS PpPelIeHHs

IIpu cozmanum anmapaTHOW MIaTGOpMbI A1l WH(POPMALMOHHO-JIOTHYECKUX 3a/a4 AKLEHT
Jenaercs Ha CIedylolIue XapakTepucTuku: 1) Bricokoe ObICTpoieiicTBHE MapasuieNbHOIO BbI-
MOJHEHUSI MUHIUMAJIBHOTO MHOXKECTBA JIOTHUECKHX KoMaH[. 2) MckiroueHue M3 Ipoleccopa
MOIIHOW CHCTeMBI apu()METUIECKUX BBIYUCICHUH, KaK (PYHKIHOHAIBEHOCTEH, HECBOMCTBEHHBIX
4enoBeKy. 3) Jlormdeckuit CeKBEHCOp — 3IIEMEHTApHBIN MPOIECCOp — CONMEPKHUT 4 KOMAaHJBI,
KOTOpBIE KOAUPYIOTCS ABYMs pa3psigaMu. 4) Y CTPOHCTBO yrpaBieHHs! JOTHYECKUM acCOLUaTHB-
HBIM MYJIBTHIIPOLIECCOPOM JOJDKHO 00€CTIEUHBATh MApaJIJIEIbHOE BBIIOJIHEHHE 3a1a4 JIOTHYECKO-
ro a”anu3a. 5) Kaxnplil cekBeHCOp MMeEET acCOLMATHBHYIO IMaMATh, a TAKXKE PETHCTPBI VIS
XpaHEHUs! Pe3yIbTaTOB JOTMYECKUX BBIYMCIICHUH U CBS3H C IPYTUMH cekBeHcopaMu.6) Kommuiis-
TOp IUIA SI3bIKa OMMCAHMS allapaTypbl WM IPOrpaMMHUPOBAHMS €CTh BHELIHAS Iporpamma Io
OTHOIIEHHIO K MYJIBTHIIPOLIECCOPY, KOTOpasi o0ecreyrBaeT KBa3HONTUMAIBHOE TUIAHUPOBAHNE
BBIYMCIIUTEIBHOTO MPOLecca BO BPEMEHH U B TPOCTPAHCTBE CEKBEHCOPOB C YUETOM OrpaHMYCHUIN
Ha pa3MepHOCTh OJIOKOB accouuaTHBHOM mamstu. 7) Ilamste mpsimoro moctyma oOcCiTy:KHUBaeT
MYJIBTUIIPOLIECCOP M XPAHUT HPOrPaMMy BBIUUCIUTEIBHOIO IPOLIECcca, OMYYCHHYIO OT KOMITUJISI-
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TOpa, JUIS PeIeHUs JIorn4eckoi 3amaun. 8) ['mOkast HHPpPACTPyKTypa acCOLMATUBHON MaMATH
obecrieunBaeT pa3Merienue Tadaui npousBoiabHoi pasmepHoctd. 9) GUI (Guide User Interface)
npenHasHadeH Uil dPEKTHBHOIO M JIPYKECTBEHHOIO OOIICHHUS C TOJIb30BATEIEM B IPOLIECCe
peteHus jgorndeckux 3aaad. 10) TouHbId ¥ SKOHOMWUYHBIM N0 BPEMEHH IOJCYETa KPUTEPHM
Ka4ecTBa MOIYyYaeMOro PEIICHHUS.

B mocnenHem ciydae peub MIET O KauecTBE B3aMMOJCHCTBHUS 3ampoca (BXOIHOTO MHOTO-
3HAYHOT'0, B YaCTHOCTH, TPOMYHOTO BEKTOPA M) C CUCTEMOW acCOIMaTUBHBIX BEKTOPOB (2CCOIH-
aToOpOB), B pe3yJbTaTe KOTOPOTrO JOJDKEH OBITh CTCHEPHPOBAH KOHCTPYKTHBHBIA OTBET B BHJIC
OJIHOTO WJIM HECKOJILKUX acCOLMaTOpoB (A ), a TaKKe YHCICHHON XapaKTEPUCTUKU CTCIICHU
NPUHAUISKHOCTH ((DYHKIIMY Ka4ecTBa) BXOIHOTO BEKTOpa M K HalICHHOMY PEILICHHIO: pi(m € A).
Bxoauoii Bektop m=(mp,my,..,mj,.,mg), mj €{0,l,Xx} u mMaTrpuma A; accouHaTOpPOB
Ajjr (€ Ajje Aj € A) ={0,1, X} 1OIKHBI UIMETh OJUHAKOBYIO Pa3MEPHOCTb, paBHyIO (. Jlaiee, 1is
yI00CTBa M3II0KEHHUS MaTepHaia, CTeleHb MPUHAUISKHOCTH M-BEKTOPA K OTHOMY aCCOLIMATOPY
Wi A-BekTopy Oyzaer 00o3HavaThcs B BUAEC w(me A).

Cy1iecTByeT BCEro 5 BHIOB WM PE3YNIbTATOB JIOTHUECKOTO (TEOPETHKO-MHOXKECTBEHHOIO)
A -B3auMOJIeiiCTBUS (TIepecedeHrs) ABYX BEKTOPOB m M A, ONpeAeieHHbIX Ha puc. 1. OHu
(GOpMHUPYIOT BCe MEpPBHYHbIC NMPUMUTHBHBIC BapuaHThl peakiuu 0000meHHoi [TPII-cuctembl
(IToucka, PacnoznaBanus u [IpuHATHS pelieHns) Ha BXOAHOE BO3/CHCTBIE-3a1IpOC.

[€D)/CO

Puc. 1. Pe3ynbraThl nepeceueHus AByX BEKTOPOB

B TexHonOrMmUeckoi orpacnu 3HaHUN — TexHU4eckor nuarHoctuke (Design & Test) — ykazan-
Hasl IMOCIEeNOBaTeIbHOCTh AEHCTBUI TpaHcHOpMHUpYeTCs K MaplIpyTy: HOUCK Ae(eKTOB, HX
(pacnio3HaBanue) uneHTHGHUKAIMS, (MPUHATHE PEIIeHNs Ha) BOCCTAaHOBIIEHHE paOOTOCTIOCOOHOC-
TU. Bce Tpu cTaguy TEXHOIOTMYECKOro MapuIpyTa HyKAal0TCs B METPUKE OLICHUBAHUS PEILICHH
JUIs BBIOOpa ONTHMAJIBHOTO BapUaHTA.

Omnpenesienne. MHTErpanbHas TEOPETUKO-MHOKECTBEHHAS METPUKA I OLIEHUBAHUS Kade-
CTBa 3ampoca ecTh (PyHKIHS KayecTBa B3aUMOAEHCTBUS MHOTO3HAYHBIX BEKTOPOB m M A , KOTO-
pas ompenensercs CpeaHell CyMMOHW TpeX HOPMHMPOBAHHBIX IapaMeETPOB: KOJOBOE PACCTOSHUE
d(m,A) , pyHKIHA TPUHAUISKHOCTH (M € A) 1 3P (HEKTUBHOCTH NCIIOIH30BAHIS BXOIHOTO 3a1l-
poca — GyHKIUS MPUHAAISKHOCTH (A € m):

Q= [dm, A)-+(m = A) + w(A € m)], d(m, A) = [n - cardam ﬁlAi - o)
1=
w(meA)= anrd(mmA)—card(A) « card(m N A) =

n n
=card(m; NA; =x) &card(A) = card(JA; = x);
i=1 i=1
WA €m) = peard(mNA)—card(m) card(m A A) = (1)
n n
= card(m; NA; = x) & card(m) =card( Um; = x).
i=1 i=l1



[Tosichenns. HopMupoBaHue mapaMerpoB IMO3BOJISAET OLIEHMBATh YPOBEHb B3aMMOJECHCTBUSA
BekTOpoB B nHTepBase [0,1]. Ecnu 3admkcupoBano npenensHOe MaKCUMalbHOE 3HAYEHUE KaX-
JOTO TapaMeTpa, paBHOE |, TO BEKTOpbI paBHBI MKy coOoil. MUHMMambHAs OleHKa, Q=0,
¢uKcupyercs B ciydae IMOJHOTO HECOBMNAIEHHS BEKTOPOB MO BCeM n KoopAuHataMm. Ecin
MOIIHOCTh MTPOCTPAHCTBA BEKTOPa m (m A =m ) paBHa MOJOBUHE MPOCTPAHCTBA BEKTOpa A,
TO QYHKIMH MPUHAIICKHOCTH M KA4eCTBAa COOTBETCTBEHHO PaBHBI:

umeA)= 2 u(Aem) =1 dmA)=L QmA)=——=>.
2 2x3 6
AHaﬂorI/Ique 3HAQUCHUC 6yﬂeT HUMCTH HapaMeTp Q , €CJIM MOIIHOCTb HpOCTpaHCTBa BeKTOpa
A paBHa MOJOBHHE BEKTOpa m . ECIM MOIIHOCTh MPOCTPAHCTBA mepecedeHus: card(m M A)
paBHa ITIOJIOBUHEC MOHIHOCTCﬁ HpOCTpaHCTB BeKTOpOB A n m, TO q)yHKLH/II/I HpI/IHa,I[He)KHOCTI/I
HUMCIOT 3HAUYCHU A .
1 1 4 4 2
p(meA)=—:p(Aem)=—: dmA)=1 QmA)= = =2=7.
Cneﬂye’r TaKKEC 3aMCTUTH, YTO €CJIU pGByHLTaT HepecequI/Iﬂ Z[ByX BeKTOpOB paBeH HyCTOMy
MHO)KCCTBy, TO CTCIICHBb HBOﬁKH OT CHUMBOJIa «HyCTO» paBHa HyﬂIO (HO HEC eI[I/IHI/I]_IC):

peardmNA)=0 _»D _ 51 peiicrurensHo 03HAYaeT, YTO KOIMYECTBO OOIIMX TOYEK IPH
MepECceueHNH IBYX MPOCTPAHCTB PABHO HYJIIO.

3. IIpouecc-Moaeb MOMCKA, PACIIO3HABAHUS W NPHHATHA pelleHUus!

Merpuka kauecTBa, npeacTaBieHHas B (1), JaeT BOZMOXHOCTh OLIGHUBATh OJIM30CTH IPO-
CTPaHCTBEHHBIX OOBEKTOB APYT K APYTY, 8 TaKKe B3aUMOACHCTBHE BEKTOPHBIX MPOCTPAHCTB.
[IpakTH4yecKMM TPUMEPOM MOJE3HOCTH WHTETPAIBHOIO KPUTEPUs KauecTBA MOXKET CIYXKHTh
cTpenb0a 1o LelH, KOTopasi HIUTFOCTPUPYETCs paHee NPUBEICHHBIMU AUarpaMMaMu (cM. puc. 1)
B3aMMOJEHCTBHSI BEKTOPOB: 1) My momasna TOYHO B LIENb U ITOpa3ua ee MOTHOCTHIO; 2) MHUILIEHb
nopakeHa He0OOCHOBaHHO OOJIBIINM KanOpoM Iy (CHapsina); 3) kaimbpa Myiid HeA0CTATOUHO
IUIsl IOpayKeHUs1 KpYHO# nenu; 4) HeapPeKTUBHBINA U HETOYHBII BBICTPEN CHAPSIOM OOJBIIOTO
kanuOpa; 5) mysst mponeTena MAUMO MHIIEHHU. J{JIsi peleHus] MpakTHYeCKUX 3a/1a4 B3anMOJIei-
cTBuA P(m,A) WHTErpanbHbI KpUTEpHUil KauecTBa aeT TOUYHYIO OILICHKY TONaJaHus HITH ITPoMa-
Xa, a Takke 3PPEKTHBHOCTD UCIIOIB30BAHNUS «KATHOpa OPYKHUS».

AHaJIMTHYECKast MOZIEIb OITMCAHMS U PELICHHs JIOTHYECKUX aCCOIIMaTHBHBIX OTHOIICHUH Mpe-
CTaBJICHA CUCTEMOU YpaBHEHUM:

n
P(m,A) = maXQi(m.AIAi); Q(m,A)=(Q1,Q2,.-,Qj,--,Qp);
1=

A=(ALAy,.. A, ,Ap); Q(m,Aj) = %[d(m,Ai) +u(meAj)+u(A; em)];

Q(m,A;)=[0,1]v (1 < m=A); A ={and, or, xor, not,slc,nop}; )

Aj = (Ail,Aiz,...,Aij,...,AiS); Ajj = (AijlaAijZa-'-»Aijra-'-aAmsq);

m= (ml,mz,...,mr,...,mq).

3mech ompeneneHsl MpearKaThl (BBICKa3bIBaHUS) TpexX ypoBHeH mepapxuu: 1) CucTeMHBIN

ypoBeHb (pyHKIIMOHATBHOCTH P(m,A) 3amaer He CTPYKTYpHI JaHHBIX, 2 AHAIUTHYECKYIO MOJIEIb
BBIYHCIUTEIHHOTO TIPOIlecca B BHJIE MPEIUKATa, MAKCHMU3HPYIOIIETO WHTETPAbHBIA KPUTEPUN
MPUHAIIKHOCTH B WHTepBasie Q(m,A)=[0,0-1,0], Ha MHOXECTBE BBEJCHHBIX OINEpamuii. 2)
CuctemMa TpEAWKATOB CPEIHETO YPOBHS MPEACTABISAETCS B BHJIE BEPIIMH-TAONHI] Tpada
A=(A1,Ay,...,A,....,A) , TOTHYECKH B3aUMOCHCTBYIOIMX MeX Ty coboid. 3) [Ipennkart HikHE-
TO YPOBHS 3aJaerT YIOPSAJIOYEHHYI0 COBOKYITHOCTh BEKTOP-CTPOK acCCOIMATHBHOW TaOIHIIBI
Aj = (Ajl,Aj2, Ajjos Ajs) , TIE cTpOKa Ajj = (Ajjl, Ajj2 - Afjro--»Amsq) €CTh HCTUHHOE BBICKa-
spiBanue. [Ipemukat Aj =(Aj,Aj2,...,Ajj,-»Ajs) =1 3amaercss COBOKYIHOCTBIO aCCOLMATHBHBIX
BEKTOPOB, (hOPMHUPYIOIINX MHOTO3HAYHYIO TAONUITY SBHBIX penieHui. [lockonbKy (hyHKIIMOHAT He
MMeeT TIOCTOSHHBIX BO BPEMEHH BXOIHBIX M BBIXOJHBIX IEPEMEHHBIX, TO JAHHAS CTPYKTypa

OTIINYacCTCA OT HOCHG,Z[OBaTeHLHOfI MalIrMHBI (I)OH HeﬁMaHa, saz[aBaeMoﬁ KOHCYHBIMHM aBTOMaTa-
Mu Muiau u Mypa ACCOI_II/IaTI/IBHOCTL HWJIN PAaBHO3HAYHOCTHL BCEX INCPEMCHHBIX B BCKTOPC

Ajj = (Ajjl, Ajj2>-» Ajjr»-»Amsq) CO3IaET paBHBIEC YCIOBUS UX CYIIECTBOBAHMS, 4TO O3HAYaeT
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WHBAapHAaHTHOCTb pelIeHHs 3ahad NpsAMON M 00paTHOM MMIUIMKAMK B MPOCTPAHCTBE A;j € A.
AccouMaTUBHBIA BEKTOP Ajj ONpPENENAeT COOOM SBHOE PEIIEHHE, TJe Kakaas NepeMeHHas
3aJaeTcsi B KOHEYHOM, MHOIO3HAYHOM M JHUCKpPeTHOM anaBute Ajjr € {01,02,...,0,....0k § =P
BsaumopeiictBue P(m,A), BXOZHOro BeKTOpa-3ampoca m=(mj,mj,...mp,..Mq) ¢ rpadom
A=(A,Ag,..,Aj,sAp), GOPMHPYET MHOXKECTBO PELICHHH C BHIOOPOM IyYIIETO M3 HUX IO
MaKCHMaJIbHOMY KPUTEPHIO KauecTBa: P(m,A) =maxQi[mA(A;v Ay v..VA;Vv..VAyL)].

Konkpernoe B3ammMonelicTBie BeplinH rpada Mexay coOoil co3maeT (QpyHKIHOHAIBbHOCTD
A=(A,Ag,..,Aj,.; Ap) , KOTOpas MOXKeT ObITH 0hopMIleHa B crienytomue cTpykrypsl: 1) Enun-
CTBEHHAas accollMaTuBHAs TabnMiua, comepkamias Bce peLIeHUs JIOTHUECKOW 3aJadd B SIBHOM
Buge. [IpenmyniecTBo — MakcuManbHOE OBICTPOJCHCTBHE MapaIJIeIbHOTO aCCOLIUATHBHOIO T0-
WCKa peureHus no tabmuue. HemocraTok — MakcMMallbHO BBICOKAs amlmapaTypHas CIOKHOCTh
pewenus 3anaun. 2) JpeBoBunHas (rpadoBasi) CTpyKTypa OMHApHBIX OTHOIIEHUH MEXIy Ipenu-
KaTaMH, KaXIbIi U3 KOTOPBIX (OpMUpPYET TablHIly HCTHHHOCTH AJIsl HE3HAYUTEIBHOTO KOJIHYe-
cTBa (OBYyX) mepeMeHHbIX. [IpenMyIecTBO — MaKCMMallbHO HU3Kasl ammapaTypHasi CJIOKHOCTh
pemieHus 3agaun. HemocTaTok — MUHHMaIbHOE OBICTPOJCHCTBHE MOCICIOBATENBHOIO acCora-
TUBHOTO TOWCKa pemieHus nmo naepeBy. 3) KommpomuccHas rpadoBasi CTpyKTypa JIOTHUECKH
MOHSATHBIX JJIs TOJIB30BATENS OTHOLICHUH MEX Iy MPEeANKaTaMH, KaXKIbIi U3 KOTOPBIX (hopMupyer
TaOJIUIy HCTHHHOCTH JJIS JIOTHYECKH CHIIBHO B3aMMOCBSA3aHHBIX ITepeMeHHBIX. [IpenmyiecTBo —
BBICOKOE OBICTPOAICHCTBUE MapaJIENbHOI0 aCCOLUATUBHOTO MOMCKA PELICHHUH 10 MUHUMAJIEHOMY
yrciny Tabnun. CpaBHUTENBHO HEBBICOKAs ammapaTypHasi CJIOKHOCTh pemeHus 3agadu. Hemo-
CTaTOK — CHIYKEHHE OBICTPOASHCTBUS M3-3a TOCIEeN0OBaTENbHOM Jorndeckoil 06padoTku rpado-
BOH CTPYKTYpBI pEelICHU, HaliICHHBIX B TaOauIaX. Pa3oreHre onHol TabnuIb! (aCCOIMaTUBHON
namsTH) Ha k 4acTell MPUBOIUT K YMEHBIICHHIO allllapaTHBIX 3aTPaT, BHIPAKEHHBIX B KOMITOHEH-
tax (nyrax) (LUT — Look Up Table) nporpammupyemoii noruueckoi MaTpuisl. Kaxknas srueiika
MaMTH CO3JA€TCs C MOMOILBIO YETBIPEX JYTOB. B CBSA3M C T€M, YTO aCCOLUATHBHYHO MATPUILY
MOXKHO IIPEJCTABUTH KBaJAPAaTOM CO CTOPOHOM N, CyMMapHbIE allllapaTHbIC 3aTPaThl Ul PEAJIU-
3alliW MaMATH CHUCTEMBl OyAyT MMeTh (PYHKIHMOHAJbHYIO 3aBHCUMOCTH OT YHCIa pa3OMeHHid,
KOTOpasi OIPENENIeTcsl CAENYIOIIUM BBIPAKCHUEM:

1 n 2 n2
Z(n)=kxzx(ij +h=—"—+h, (h=n,const} 3)

Bropoe cnaraemoe, paBHOe h — ecTb 3aTpaTbl Ha OOIIyI0 CXEMYy YIIPaBJICHHS CHCTEMOW
accouraTUBHBIX mamsTed. [lnaToit 3a ymeHbleHHe annapaTypbl SIBISETCS CHMXKEHHE OBICTpPO-
nercTBUA 0OpaOOTKH CTPYKTYphl MaMATed WM yBEIHMYEHHE NEpPHOAa aHAJIM3a KOMIIOHEHTOB
cucteMbl. DyHKIIMOHATIbHASI 3aBUCUMOCTh BPEMEHU aHAJIN3a JIOTHYECKOT0 ACCOLIMAaTUBHOIO Ipa-
¢a oT yncna BepIIUH WK Pa30MEeHUI TaMATH UMeeT CIeNyIONN BU:

Ty =K 4 & 4, (1 = const). )

tek  telk  telk
3aeck nepuon 06pa60TI<H OJIHOH acCOLIMAaTUBHOM NaMATH NPEACTABIEH LIMKIOM, COAEPKAILUM

4 cuaxpouMnyibea. Unceno pa3oueHnit k mponopLIoHaTbHO YBETUUYNBACT KOJTMYECTBO TAKTOB B

XyAUeM BAapHaHTC IMMOCJICA0BATCIILHOIO COCAUHCHUA ImaMsITeH. BTOpOG ci1aracMoc 3a41acT

telk
BpeMsi, HEOOXOAMMOE JUTsl TIOATOTOBKY JTAaHHBIX Ha BXOJE CUCTEMBI, a TakKe Ul UX JEKOANPOBa-
HUSI Ha BBIXOZIC BEIYHCIUTENBHON CTPYKTYphl. OyHKIMOHATIBHBIE 3aBUCHMOCTH alllapaTHBIX 3aT-
paT M BpeMeHM aHanu3a rpada acCOIMAaTHBHBIX MaMATeld OT YMCia BEPIIMH WM pa3OHeHH
NPeNICTaBIICHbI HA PHUC. 2.
[TocTpoenne 0600meHHOH GyHKINHN 3h(HEeKTUBHOCTH I'padoBOM CTPYKTYPHI OT YHCIIa BEPIIHH

2
4
f[Z(n), T(n)] = Z(n) + T(n) = | ——+h [+| ——(k +1) (5)
4xk telk
MO3BOJIACT ONPEACIUTh ONTHUMAJIBHOC p3.36I/IeHI/Ie COBOKYITHOI'O M Hanepea 3aJaHHOIo 06’LeMa
aCCOHHaTHBHOﬁ namaTtu. B AaHHOM CJIy4dae 3TO €CTb MUHUMYM a,[[,[[PITPIBHOﬁ q)yHK]_II/II/I, KOTOpBIfI
ompesienseTcs 3HaueHHeM K, oOpamaronmM mpou3BoAHY0 (YHKIUK B Hydb. B TaHHOM ciiy4ae
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(n=600, h=200, tcx =4 ) ONTUMANBHOE YMCIIO pa3OMeHUi k AJIS MaTPHUIIBI HaMsITH, Pa3MEPHO-
ctrio 600x600, paBHO 4.

f(Z,T)

i T

N,

\

A
0] \

\

©
w
=
N

ardware

~_ Performance

0 5 10

Puc. 2. @ynkimu anmnapaTypsl 1 BpEMEHH OT YHCIIa pa30oneHuni

4. BeKTOpPHO-10THYEeCKHI KPHUTepHil KadecTBAa pelleHUs!

Llenp BBeneHNA KpUTEPHUS 3aKIIIOYAETCS B MCIONB30BAHUH TOJBKO JIOTMUECKUX OMEpanuil u
UCKITIOYEHUH apu(PMETHYECKUX BBIYUCIEHUH U3 IPOLEAYphl (OPMUPOBAHHSI OLIEHKU B3aNMO/IEH-
CTBHSA KOMIIOHEHTOB m M A MAJIS CYILECTBEHHOI'O IMOBBIILICHUS OBICTPOAEHCTBHUS JOTHYECKOTO
aHaJn3a CTPYKTYp MH(POPMAIIMOHHBIX TaHHBIX.

Wnes — oieHnBaTh pelieHue 3a1auy B3auMOEHCTBUS BXOJHOIO BEKTOpA M C aCCOLUATUBHBI-
MU Ta0JIMIaMHd MOLIHOCTBIO €IMHUI] B BEKTOpPE KayecTBa Q IMyTeM HCIOIb30BaHUSI BEKTOPHBIX
JIOTMYECKUX onepauuid. Apudmernyeckas oeHKa KayecTBa B3aUMOACHCTBUI MOXET (HOpMHUPO-
BaThCs CIOKEHHEM Oe3 yCpemHEHUS! NMPUBENEHHBIX KPUTEPUEB MPHHAISKHOCTH U KOIOBOTO

pacCToOAHUA, YTO OIMPEACIACTCA CICAYIOIINMU (l)OpMyJ'IaMI/I:
n(m)
Q=d[m, Aj(j)]+pulm € Ajcj) 1+ p[Aj¢j) € m], d(m, Aj(j)) =Card[m,(,@)9 lAi(j) =1];
1(])=

n(m)
p(me Ai(j)) = card[Ai(j) =1]-card[m A Ai(j) =1];
i(j)=1 (6)
n(m)

H(Ai(j) em)=card[m=1]-card[m A Ai(j) =1].
i(j)=1

[lepBbIit KOMITOHEHT, COCTABIAIOMINNA KPUTEpHid, (POPMUPYET CTENIEHh HECOBMAICHUS N-Mep-
HBIX BEKTOPOB — KOJOBOE PACCTOSIHUE IyTE€M BBIMIOJHEHUS ONEpalld XOr, BTOPOH M TpeTuit
ONPENENAIOT CTENEHD HENPUHAIEKHOCTH PE3YyJIbTaTa KOHBIOHKIIMY K YHCITY EAUHULL KaXXA0T0 U3
JBYX B3aUMOJCHCTBYIOIIUX BEKTOPOB. IIOHATHS MPUHANICKHOCTH U HENPUHAAJICKHOCTH SBJISI-
FOTCSl B3aHMOJONOJHAKIIMMHA, HO B JAHHOM CJIy4a€ TEXHOJOTMYHEE BBICUMTHIBATH WMEHHO
HEeNpPUHAUISKHOCTh. TakuM 00pa3oM, nieanbHBId KPUTEPH KauyecTBa paBeH HYJIO, KOTJa J1Ba
BEKTOpa paBHBI MEXIy co0oil. OleHKa KavyecTBa B3aUMOJEWCTBUS JBYX ABOMYHBIX BEKTOPOB
yObIBaer mo mepe pocra kputepus oT 0 k 1. UToOBI OKOHYATENEHO YHTH OT apH(METHYECKUX
ofepanuii Mpu MOJICUETe YK€ BEKTOPHOIO KPHUTEPHsl KayecTBa, HEOOXOAMMO BbIpaxkeHHs (6)
npeoOpa3oBaTh K BUAY:

Q=d(m,A)vp(me A)Vv (A € m),d(m,A) =m D A;
WmeA)=AAmAA; p(Aem)=mAa mnaA. (7)
3aech KpUTEpUHU MPENCTABIEHBI YK€ HE YUCIaMH, a BEKTOPAMH, KOTOpPbIE OLICHUBAIOT B3au-
MOJEHCTBUE MEKTy KOMIIOHEHTaMH m, A . [Ipy 3TOM 4KcIo HyJed B TpeX OLIEHKaX €CTh XOPOLLO,
a eIMHUIIB] YXYAIIAI0T KAYeCTBO B3auMoaehcTBUA. ONTUMHU3alMsl PELICHUS JIOTMUECKON 3a1auun
HanpaBJeHa HA MUHAMHU3ALUIO YACIIA €AUHHL 1 MAKCUMH3ALHIO KOJIMYECTBA HYJIEBBIX KOOPAUHAT
B BEKTOpax KpuTepws KadecTBa. /[ cpaBHEHUS IBYX OIEHOK HEOOXOTUMO OIpPENeNsTh MOII-
HOCTh €IMHHII B KaXKJIOM BEKTOpe 0e3 BBHINOIHEHHWS Omepalii CyMMHUPOBaHUA. DTO MOXKHO
caenaTh, HallpUMEp, C IIOMOLLBIO perucTpa [4] yrioTHEHUs €IMHHULL U UX CABUTA BIEBO, IPEICTAB-
JIEHHOTO Ha puC. 3. PerucTp mo3Boisier 3a OMH TaKT BBIIOIHUTh CABUT BJIEBO U YIJIOTHUTH BCE
€IMHUYHBIE KOOPAMHATHI N-Pa3psiAHOrO JBOMYHOTO BEKTOPA.




[Mocne mporenypsl cxaTHsS HOMEP MOCISTHET0 WIH MPAaBOTr0 SAMHUYHOTO OUTa YIUIOTHEHHOW
cepuu eNMHULl POpPMUPYET MHJIEKC KaYeCTBa B3aUMOJICHCTBUS BEKTOPOB. J[1s1 ABOMYHBIX BEKTO-
poB m=(110011001100), A =(000011110101) ompenmeneHue KadyecTBa UX B3aUMOJCHCTBUS B

COOTBETCTBUU C MOACIIBIO (7) npeacTaBJICHO B CJICAYIOUIEM BUJC (HyJ'ICBI:Ie KOOpAWHAThI OTME-
YCHBI TO‘{KaMI/I)l

m 11 . .11 . .11..

A T I R D R |

mAaA N G SEDU B

mAA 1111 . .111. 11

dm,A)=m® A r1Tr . ... 111 . .1

pAem)=mA maAA e

pmeA)=AAmaA U N B |

Q=d(m,A)vumeA)vp(Aem) |l 1 . . . . 1. 1 1 . . 1
Q(m,A)=(6/12) 111111

11

I B

Puc. 3. Peructp yIuroTHeHHMS eTHHUT]

3neck chopMuUpoBaHa HE TOJNBKO OIEHKA KayecTBAa B3aWMOJNCHCTBUSA BEKTOPOB, paBHaS
Q(m,A)=(6/12), HO, 4YTO caMo€ TJaBHOE, €JUHUYHbIE KOOPAUHATHl CTPOKHU
Q=d(m,A)v u(meA)v (A em) uaeHTUOUIHPYIOT BCE T€ MECTA WM MMO3UIUHU, IO KOTOPBIM

CYIIECTBYET HEKaueCTBEHHOE B3aUMOJEHCTBUE BEKTOPOB. Jpyroil mpumep WLIIOCTpUpYeT Gop-
MHPOBAaHHE MAaKCHMaJlbHOTO KPUTEpPHs KadecTBa IS JABOMYHBIX BEKTOPOB

m = (1100001100 11); A = (110000110011) , UMEIOLIUX COBIMAACHHUE 11O BCEM KOOPIUHATAM:

m

A

maA e ..

mAA .. 1111 s 011

d(m,A)=m® A

p(Aem)=mA (mAA)
p(meA)=AA(mAA)

Q=d(m,A)vpu(meA)v uAem)

Q=(0/12)

| ot [ et
| ot [ et
— | | —
— | | —
— | — | —
— | | —

3aech KpUTEpUil KauecTBa, paBHbII HYJIO BO Beex 12 paspsagax Q = (0/12), aBiusieTcss Makcu-
MalbHBIM  HWJIM  CaMbIM  JYYIIMM  AJd  B3aUMOJCHCTBYIOUIMX  BEKTOPOB
m = (1100001100 11); A = (1100001100 11) , TOCKOJIBbKY OH ONPEAETIEH MUHUMAIbHBIM YU CIIOM €U~
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HUII] Ha IBCHAAATU KOOpAUHATAaX BEKTOpA. ILHH CpaBHCHUS ABYX pemeHm?I, TMOJIYYCHHBIX B PE3YJIb-
TaTe JIOTMYCCKOro aHajinsa, CJICAYCT UCIIOIb30BATh CKATHIC BEKTOPLI Ka4E€CTBA Q , Hal KOTOPbIMHA
H606XOZ[I/IMO BBITIOJIHUTBH TPOLEAYPY, BKIHOYAIOUTYHO CJICAYIOINE BEKTOPHLIC OIICpaIium:
Om.A) - {Ql (m,A) < Q) (m, A)®Qy(m, A) A Q2 (M, A) =0 .
Q2(m,A) ¢ Q) (m, A)® Q) (m, A) A Q (m, A) # 0.
HHH ABOUYHBIX BEKTOPOB, NIPCACTABIAIOIINX coboit KpUTCPUU Ka4CCTBA, BBINIOJIHCHA MTPOLICAY-
pa BLI60pa JIY4YHICTO U3 HUX Ha OCHOBC BbIPAXKCHUSA, ITPEACTABJICHHOI'O B (8)

Qq(m,A) = (6,12) 111111
Q,(m,A) = (8,12) T 1111111
Q1(m,A)AQp(m,A) L1t
QI(mA)®Q(mA)AQymA) [. . . . . .
Q(m,A)=Q;(m,A) I 1T 1111

Hpel[J'IO)KeHHa}l MOZECIIb BBIYHUCIUTEIILHOIO MpoHecca Ha OCHOBE BCEKTOPHBIX JIOTMYCCKUX
onepaunﬁ nu paBpa6OTaHHLI€ AHAJIMTHYCCKHUE MOJCIM KW MCTOAbl aHaIu3a Ta6J'H/I]_I, a TaKXeE
KPpUTCPUHU Ka4YCeCTBA PCHICHUS MMO3BOJIAIOT UCIIOJIB30BaTh BCC YIIOMSAHYTOC B BUJC I/IH(l)paCprKTy-
PbI AJIA TOUCKA KBAa3UONITUMAJIBHOT'O TOKPLITUA, AUATHOCTUPOBAHUA OAMHOYHBIX U KPATHBIX AC-
(l)eKTOB nporpaMMHBIX W/Unu anrmnapaTHbIX OJIOKOB. Mopenb BCKTOPHBIX BBIYHCIICHUN MOXET
CIIy’)KUTh OCHOBOM I pa3pa60TKM CHGHHaHHBHpOBaHHOﬁ MyﬂLTHHpOHeCCOpHOfI APXUTCKTYPHI,
OpI/IeHTI/IPOBaHHOfI Ha pCIICHUE, HAITPUMCEP, CICAYIOIMINUX 3a1a4 TEXHUYECKON JUArHOCTHKH: MOMC-
JIMPOBAHUEC UCTTPABHOI'O IMOBCACHUSA L[I/I(l)pOBOI‘O yCTpOfICTBa, 3aJaHHOIro Ta6J'H/I]_ICI\/'I HCTUHHOCTH,
ONPCACICHUC KaYyeCTBA TCCTA 110 Ta6J'H/I]_IC HeHCHpaBHOCTGfI; MHHHMU3alUsA TCCTOBBIX Ha60pOB;
IIOUCK TCCTOBBIX HOCHGﬂOBaTGﬂLHOCTCﬁ, pacrno3Haromumx Z[e(i)CKT; I/IZ[CHTI/I(l)I/IKa]_[I/ISI KpaTHOfI HEC-
HCIIPABHOCTH, I/IMGIOH_[CI‘/'I MECTO B L[I/I(l)pOBOM n3acinun.

5. BoiBoanl

1. Hayunasa nogu3na npencrapiicHa HOBOM MOJENBIO BRIYUCIUTEILHOTO IIPOIIEcca Ha OCHOBE
BEKTOPHBIX JIOTUYECKUX OIEpalluil Ui peleHn 3a/1a4 [IOUCKa, TMarHOCTUPOBAHM S, paclio3HaBa-
HUs 00pa30B U MPHUHSITHS PEIICHUI B BEKTOPHOM JMCKPETHOM OYyJI€BOM MPOCTpaHCTBE. Moenb
OPHEHTHPOBaHA Ha JOCTIKEHHE BBICOKOTO OBICTPOJEHCTBUS MPOLEAYP MapajlIeIbHOTO BEKTOP-
HOTO JIOTUYECKOTO aHanu3a TaOaudHbIX (opM 3amaHud WH(OpMAaNWH, B MpeEAeNie IMOITHOCTHIO
WCKITIOYAOIIEr0 MCIONBb30BaHuEe apu(PMETUYECKUX OINEepanuii, B TOM YWCIe W Ul ToJcuera
KPUTEPHsI KAYECTBA PELICHUS.

2. Ilpakmuueckas 3HauuMOCMb 3aKIIOYAETCS B OPUEHTALIMM IPEIIOKEHHOM MOAEIH, UC-
TTOJTB3YIOIIEH BEKTOPHBIE OTIEepallii, Ha aHAIM3 aCCOIIMATUBHBIX TAOHI] C TOMOIIBIO JIOTHYECKOTO
MYJIBTHIPOIIECCOPA C OTPAaHMYEHHON CHCTEMOH KOMaHJ, YTO O0ECHeYHMBaeT BHICOKOE OBICTPO-
JelicTBHE TapaiuieTbHONH 00paboTKH OONBIINX MacCHBOB MH(OPMAIINH, MPENCTABIEHHBIX B 00-
meM cirydae rpadOBbIME CTPYKTYPaMH aCCONMATUBHBIX MATPHIL WU TAOJIHII.
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VIIK 681.3

A.A. BAPKAJIOB, JIL.A. THTAPEHKO, E.Il. XEB/[A, K.A.COJIJJATOB

CHUHTE3 ABTOMATA MYPA C IIPEOBPA3OBAHUEM
PACIHIAPEHHBIX KOJIOB COCTOSSHUM

[Ipennaraercs MeToA yMEHBLIEHHS YHUCIa MAKpPOSUEEK NPOrpaMMUPYEMON MaTpHUYHON
JIOTUKH B CX€ME MUKPOIPOrpaMMHOr0 aBTomMarta Mypa. Meroa ocHOBaH Ha PEACTABICHUH KOJla
COCTOSIHHS B BU/I€ KOHKaTEHAIMH KOJIOB KJIacca MCEBI0IKBUBAIICHTHBIX COCTOSHHUN U COCTOSTHUS
BHYTPH 3TOT0 Ky1acca. Tako# oaxo MO3BOJISIET YCTPAHNTh MPSIMYIO 3aBHCHMOCTB MEKTY COCTO-
SIHUSIMU ¥ MEKpoonepanusiMy. J{i1st hopMupoBaHUsS MUKpPOOIIEpaNnii HCIIONb3YeTCs CIIerallb-
HBIN TIpeoOpa3oBatTens Koma. B pe3ynpTaTe onTHMU3UpyeTcs Kak 010K popMupoBaHUs HyHKITHN
BO30YKIEHUSI, TaK U OJI0K (hopMupoBaHust MEKpoonepauid. [IpuBoanuTcs mpumep IpUMEHEHHS
TIPEATI0KEHHOTO METO/IA.

1. BBeaenue

[IpakTnyecku Kaxkaas HUQpoBas CUCTEMa BKIIOYAET YCTPOWCTBO yIPaBIICHHUS, KOOPAUHUPY-
fomiee pabory Bcex ee OnokoB [1]. OmHOM M3 MIMPOKO MCHOIB3yEMBIX MOJENEH YCTpOMCTBa
yIpaBleHUs SIBISAETCSI MUKporporpaMMHbi apTomaTt (MIIA) Mypa [2,3]. B HacTosmee Bpems
IUIsl peasin3aluy cxeM ObicTpoaeiicTByommx MITA nprMeHSIOTCS TPOrpaMMHpPYEMBbIE JTOTH4ec-
kue nnTerpanbhele cxemsl ([IJIMC), makposiueikn KOTOPBIX BKIIOYAIOT OJIOKH MpOrpaMMHpye-
Mmoii matpuuroit noruku (IIMJI) [4,5]. Onnoit u3 ocobernocteit [IMJI sBisiercss orpaHYEeHHOE
YHCII0 MPOMEXKYTOUHBIX IIUH (TEPMOB), UTO BEI3BIBAET HEOOXOAMMOCTH MUHUMH3ALIUHU pean3ye-
MbIX GyHKIHi [6,7]. Cxema MITA Mypa coctouT u3 611oka popmupoBanus GyHKIIHI BO30YXK1e-
Hus namat (BBII) u 6moka GpopmupoBanus mukpoonepaiuii (bMO), KoTopbie peannu3yroTcs Ha
I[IMUJI. UzBectHble Meroabl cuHTe3a MITA Mypa [2] m03BOJISAIOT ONTUMU3UPOBATH anmapaTyp-
HbIE 3aTPaThl TONBKO B omHOM M3 OiokoB MIIA. B Hactosmieit paGorte mperaraercss METO,
MO3BOJISIOMMKA onTUMu3UpoBaTh uncio [IMJI B o6onx Giokax MITA Mypa. Meron ocHOBaH Ha
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BBEJICHUH JOTOJHHUTEIBHOTO MPeo0pa3oBaTeNs KOIOB U HECTAHAAPTHOM IMPEICTABICHUU KOJIOB
COCTOSIHUIM aBTOMATA.

I]envio uccnenoBanus sABisiercs ontuMusanus cxembl MITA Mypa 3a cuér npeoOpa3zoBaHus
PacCIIMPEHHBIX KOJOB COCTOSIHUH B KOJIbI HA0OPOB MHKPOOTIEpAITUil.

3aodaua uccnenoBaHus COCTOUT B pa3paboTke Merona cuHTesa MITA Mypa, mo3BOJNSIOIIEro
yMeHbnTh uncio [IMJI B cxeme aBToMara.

2. O0mee moJioKeHHe W OCHOBHAsl WAesl NpeNIaraeMoro Meroaa

[TycTb anropuTm ynpasieHus 3aaaH B Buje rpad-cxemsl anroputma ('CA) T™, oTMeueHHON
coctogHuAMH aBToMaTta Mypa [2]. Cocrosuus MIIA obpa3syror MHOKECTBO A = {ay,...,aN}, a
A7 MX KOJMPOBaHMs MCIONb3yloTCs BHyTpeHHHe nepeMenHble T, € T ={Ty,..., TR }. IIpu atom
YHCJI0 BHYTPEHHUX MIEPEMEHHBIX onpeneisieTcs GopMynoi

R =[log, M]. (1)

B ycnosubix BepmmHax I'CA 3anucansl norndeckue ycnosus (JIY) x; € X = {xq,...,x}. B
onepaTopHbIX BepmmHax I'CA 3amucanel Habopsl Mukpooneparmii Yq € Y, rae q =E, a
Y ={y{,.--, YN} — MHOXXECTBO MUKPOOIEPALIIH.

[Ipencrasnenne anroput™a ynpasienus B Buae ['CA ucnons3yercs A MOCTPOESHHS MPSIMOH
crpykrypHoit Tabmuuel (IICT) [2], umeromelt crondusl: a,, — HcxoaHoe cocrosHue MIIA;
K(ay,) — xox cocrosHusa a,, € A paspaaHoctd R ;ag — cocrosuue nepexozna; K(ag) — kon
COCTOAHMA ag; X}, — BBIXOJHOH CHUTHAJI, ONpEENAIomuUi nepexon u3 a,, B ag; Py — Habop

(bynkimii Bo30y:xaenus peructpa namatu (RG), onpenensromuii nepexon n3K(a,y, ) B K(ag);h

— nomep crpoku IICT, rne h =1,H; . B cronbue a,, 3anuceiBaercs HOMEp MHKpoonepanuii

(HMO) Y(ay)= Yq , hopMUpPYyeMBIX B COCTOSAHHHU a;, € A . Kak npaBuio, ans peanusanuu RG

ucnonbssyercsa D-tpurrep. [ToaTomy MHOXKECTBO (yHKIUIT BO30YKAEHHUS (D COAEPKHUT DIIEMEH-
ol D, (r= I,_R) Ota Tabnuna sBISETCS OCHOBOM Uil (POPMHPOBAHUS CUCTEMBI (YHKLINN

O =d(T,X), 2)

Y=Y(T). 3)

Cucrema (2) — (3) onpenensier morudeckyro cxemy MIIA Mypa, npencraBneHnyio Ha puc. 1.

B ar1oit cxeme 6ok BBII peammsyer cucremy (2), a 6mok BMO — cucremy (3). YcinoBumcs B

nanpHeimemM o6o3HavyaTh cxeMy Ha puc. 1 cumBonom Uj. Ilpu stom Ul(Fj) 03HA4aer, 4To

asromar Mypa U; peamusyer 'CA TI'j. Curnan Start ucmonssyercst wist ycranopku MIIA B
HavaJbHOE COCTOsIHME, a curHas Clock — mist 3amaHust MOMEHTa U3MeHeHHUs coaepkumoro RG.

X @ T Y
BBII RG BMO |

\4

\ 4
A

Start 1 1

_Clock |

Puc. 1. CtpykrypHas cxema MIIA U,

B MIIA Mypa uucno nepexonos H 3HaumTensHO mpesocxoauT ymcino Hg mepexomos
skBuBasieHTHOro MITA Munu [2]. OgHako cOOTBETCTBYIOIIEE KOAUPOBAHUE COCTOSHUM MTO3BOJIS-
€T YMEHBIINTh ITOT Mapamerp, 4yTo ymenbpmaer uncio [IMJI B 6noke BBII [8]. s ymenbie-
Hus yucna [IMJI B 6moke BMO Takxke HCIONB3YIOTCS pa3IuYHbIE METOIBI KOAMPOBAHUS COCTO-
sani [3,8]. OgHako He cymecTByeT 3G (GEKTUBHOTO METOa KOXUPOBAHUS COCTOSHUM, KOTOPHIi
OZJHOBPEMEHHO ONTUMHU3UPYET 00a OJoKa.
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B Hacrosimieli pabore npemnaraercst meroy] cuate3a MITA Mypa, mo3BosisoInii MaKCUMalb-
HO ymeHbIHTh yrcio [IMJI B 6mokax BBIT u BMO. DToT Meron 3akiitoyaercss B CIICIYHOIEM.
[TycTs MHOXECTBO A pa3OuBaeTcst Ha| KJIacCOB IICEBIOIKBHBAIICHTHBIX COCTOSHUI, 00pasy-

tomux pasouenue Il ={By,...,By}. Hanomuum, 4ro cocrosiHus a;,aj Ha3bIBAIOTCS ICEBIO-
9KBUBAJICHTHBIMHY, €CIIU BBIXOJbI OTMEUEHHBIX UMU BepmHH I'CA CBsA3aHBI CO BXOIOM OIHOHM U
ToM e BepunHbl [3]. 3akoaupyem knaccel By € [T xomamu K(B;), umeromumu R pasps-
JI0B:

Ry = |_10g2 I—‘. 4)
Hcnonp3yeM /i KOAMPOBaHMS KJI1aCCOB IIEPEMEHHBIE T, € T, IJIe |r| =Rj.

ITycte knacc B; e I15 comepxuT M; COCTOAHUH M IIyCTh

Mgy = max(My,...,My). (%)
3aKkoaupyeM COCTOsAHMA a,, € B; komom C(a,,) pa3psaaHocTH
R, =[logy My | (6)

U MCIOJIB3yeM I KoaupoBanusa nepemennsie T, € T, rae |T| =R,.
B sTom ciydae cocrosiHMe a,, € A OJHO3HAYHO ONPEIENAETCS PACIIMPEHHBIM KOJIOM
K(am) =K(Bj)*Clay), ()
rae * — 3HaK KOHKaTeHalluyk, m = I,_M , 1= I,_I .
[TogcraBuM B COOTBETCTBUE KaXKIOMY HaOOpy YgcY JIBOUYHBIN KOJ K(Yq) paspsaHOCTH
R3 =[logs Q]. ®)
Hcnonezyem s koguposanus HMO nepemennsle z, € Z, rae |Z| =R3. B orom ciayyae ans

unrepnperanuu I'CA I' npemnaraercas MITA Mypa U, (puc. 2).

X T
) bBII (D RG i
i

Startj i 7
Clock TIK », BMO

V=<

Puc. 2. CtpykrypHas cxema MITA U,
3. Meron cuuresa apromara Mypa U,

B aBromare U, 610k BBII peanusyer cucremy QyHkmmii
Q= P(1,X), ©)
BKIoyaronyo Ry + R anemenTos. biok nmpeobpasosarens koo (IIK) popmupyer nepemen-

Hble Z, € Z. Jlns 5TOro peanusyercs cucreMa (pyHKIUH

Z=7(t,T). (10)
brnok BMO peanusyer Mukpoonepauuu y, €Y , Kak QYHKIUH CHCTEMBI
Y=Y(2). (11)

Takoii noxxox 1aér cnenyromue NpeuMyniecTsa o cpasuenuto ¢ MIMA Uy :
— 4YMCIIO TepMOB B cucteMe (9) rapanTupoBaHo paBHsieTcss H( npu 000M KOIMPOBaHUM
knaccoB Bj eIlp;
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— KonupoBaHue HA60poB Yq © Y MOXKET OBITH BBIIIOTHEHO TAKUM 00Pa30M, YT0ObI MHUHUMH-
supoBaTh uncio [IMJI B 6moke BMO.

HenmocraTtkamMu SBISIFOTCS YBEIWYCHHE 4yuCiia (YHKIMA B CHCTEME (D IpPH BBIIOTHCHUU
YCIIOBUS

Rl + R2 >R, (12)
a taxoke Hanudue 6noka IIK. Ormerum, uto koampoBaHue KinaccoB B; e I[1p u cocrosHuit
a € B MOXKXHO BBINONHUTE TaK, 4T0ObI yMeHbIIMTH urcio [IMJI B 6noke I1K. IIpu BeinonHenuu
YCIIOBHS
R 3 < R (13)
YMEHBIIAIOTCSl anmaparypHeie 3atpatbl B Oimoke BMO, ecnu oH peanu3yercss Ha 3aKa3HBIX
MaTpunax [9] nubo makposueiikax namstu [3].
B nacrosmeit pabore npemiaraercs mero cunresa MIIA U, , BkIroyaronuii ciemyrolme
JTamebl:
1. ®opmupoBanue pazouenus I1 4 .
2. ®opmupoBanKe HAGOPOB MUKpoonepanuii Yq = Y .
3. OntumansHoe konupoBanue HMO.
4. Kopupopanue knaccoB B; e I1 5 u cocroanuii a, €B;.
5. @opmMupoBaHue npsMoii cTpykTypHo# Tabmuuel MITA U, .
6. ®opmupoBanue cucteM pynkuuii (9) — (10).
7. Peanmuzanus cxembl MITA B 3agaHHOM 3JIEMEHTHOM OasHce.

Pacemorpum npumep cuntesa MITA U, (I7), rne TCAT mpencrasiena Ha puc. 3.

(Sar )

X1

\ 4
y1y2y7 |2

Y3¥Y5Y6| a3 Y1Y3Y7 | a4

[\ /]
Ll ]
y

3 >

Y1Y2Y6Y8|as | Y1Y2Y7 as [Y2Y4Ys5|a; |Y2Y4Ye| ag
I | | |

v X2
Y1Y3Y7| ag
Y2¥aY¥s aio
End aj

Puc. 3. I'pad-cxema anropurma I'j oTMedeHHas cocTosHUAMU aBToMaTa Mypa

Kak BunHO 13 puc. 3, aBromat U, (1)) umeer M =10 cocTosHuid, 4ro gaer R = 4. Mcxons
W3 ONpENENCHUs] IMCEeBIO3KBUBAJECHTHBIX COCTOSIHUH [3], MOXHO HalTH MHOXECTBO
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HA ={B1,...,B4}. 3nech Bl = {al}, Bz = {az,a3,a4}, B3 = {35,...,38}, B4 = {a9,a10}.
Hrak, [=4, Ry =2.

B oneparopubix Bepmunax ['CAT| naxomarca Q =7 pasnmunbix HMO: Y1 =Y(a;)=4,
Yo ={y1,y2,¥7},  Y3=1y3,¥5.¥6)»  Y4=U1,¥3,¥7),  Y5={¥1.¥2:Y6,¥8} >
Y6 ={y2,¥4,Y5}, Y7 ={y2,Y4,Y6}- Takum obpaszom, maisa koguposanus HMO nocraTouno
R;=3 nepemennsie u Z = {z1,z9,z3}. Ormerum, uto ycnosue (13) B J7aHHOM CiIydyae BBINOJIHSA-

€TCH.

bynem moHuMaTte nox «ONTHUMAaJbHBIM» TaKO€ KOAUPOBAHUE HMO, xorma cucrema (11)

HMEET MUHUMAJIBHO BO3MOYKHOE uMciio TepMoB. Ha puc. 4 NpeAcTaBJICH OJWH M3 BapHaHTOB
TaKOIr'o KOOIMPOBaHUA.

2273

Z 00 01 11 10

0 Y | Ys3 Y4 *

1 Y7 Y6 Y2 YS

Puc. 4. OnrrumanbHbIe KOABI HAO0POB MUKPOOTIEpaIHit
C yuérom aTHX KOzioB MMeeM cucteMmy (14) nna aBromara U, (I7):
y1=YavYsvYs=2z3;y2 =Yy vYeVvYsvYy=2z
y3=Y3vYq=2123;y4 =Y6 Vv Y7 =21Z3;
v5=Y3 Vv Yg=2223;¥6 =Y3 VvV Y5V Y7 =21Z923 vV Z1Z3; (14)
vy7=YoVvYyq=2923;28 =Y5=2923.
Knaccel Bj €15 u cocrosHus a;, € Bj Heo0OX0oaMMO 3aK0oAMpPOBAaTh TAK, YTOOBI yMEHb-

muTh uncio tepMoB B cucteme (10). IIpu aTom ontumusupyerca uncio [IMJI B cxeme 610ka
[IK. TTocTtpouM Tabmuiy, OTpa)kalolIyl0 CBSI3b MEXAY KojamMud HabopoB MO H cocTOSHHAMHU

aBromara U, (I') (tabm. 1).

Tabmuna 1
K(Yg) | o001 011 100 101 110 111
am az | 24,29 | ag, 8]0 ay as ay, ag
Yq Y3 Yy Y7 Y Ys Y,

B xaxxgom cronbiie tabm.1 mepBbIi paspsa koma K(Yq) COOTBETCTBYET IIEPEMEHHON Z7,
BTOPOH — z W TpeTuil — z3. DTO NO3BONAET MOCTPOUTH CIEAYIOILYIO CUCTEMY (DyHKIIMI:
Z1 =apvasvagvazrzwvagvaip,
Zp =ap vagvagvao, (15)
Z3 =apvazvaygvagvasgVvag.
CocTosHUA ay €A JOIKHEI OBITh 3aKOAMPOBAHBI TaK, YTOOBI Y BCEX ay €Bj xox K(Bi)

COBITaall.
OnTtumusanus cucteMsl (15) — 3To THNHYHAS 3a7]a9a CUMBOJBHOTO KOJUPOBaHUS. MeTopl
peleHns TOA0OHBIX 3a/1a4 MOXKHO HAalTH B [1]. O1H U3 BApUaHTOB ONTHMAIIEHOTO KOJAMPOBAHMS

kiaccoB B; e [1 4 u cocrosnmii a,, € Bj npencrasnen Ha puc. 5.
Hcnons3ys koAbl U3 pUC. 5, MOXKHO TOIYYUTH CIEAYIONIyr0 cucteMy (16) n3 cucremst (15):

71 =1, Ty v 1yt v T T T);

zy =TTy v12Ty; (16)
z3 =Th vTIT).
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T,T,
co>_ 00 01 11 10

00 | a * * *

01 * aj as | A3

11| as | ag | a7 | ag

10 * * A | a

Puc. 5. KogupoBanue kiaccos u cocrosuuit aBromara Uy(I'y)

Ecmn qis peanuzauun 610ka [1K ucnons3ytorest [IMJI, umeromue q =3 Tepma, To Kaxzaas
byHkuusa z, € Z peanusyercs Ha oHoi Makposiueiike [TIMJL.
s noctpoernst [ICT HeoOX0aUMO MOMYyYUTh cHCTEMY 0000IIEHHBIX hopMyn iepexona [3].

B cmywae MITA U, (I'7) ara cucrema MMeeT CIEAyIOUIMA BHIL:
B] — X127 VX(X2a3 VvV X1X9oay4;
By = xpX3a5 Vv X9X3ag VXpXga7 VXoXgag;

B3 —>X3ag Vv x2§3a10 V§2§3ag; (17)
By —ay.
Ota cucreMa OueBHIHBIM 00pa3oM IpeoOpa3oBhIBaeTcA B TaONHIly mepexoqoB (Tabi. 2).
Ta6nuna 2
Bi [ KB [ a5 [ K@) [ Xy o, |n
aj 0101 X1 D;Dy 1
B, 00 as 0110 | X1X2 D;,Dj3 2
ag | o1 | x;x, | DyD3Dy | 3
as 1100 X92X3 DD, 4
B, o1 ag 1101 f2i3 D1D,Dy 5
a7y 1111 | Xox4 | D1DyD3Dy4 | 6
ag | 1110 | XpX4 | DiD,D3 |7
ag 1011 X3 D1D3Dy 8
Bj 11 ajg | 1010 | X3x3 D1D3 9
ag 1110 | X3X» D1D»D3 10

U3 Tabn. 2 crpoutcs cuctema (9), KoTopas 3aTeM MUHUMH3HPYETCS AJsl peaju3aluy Ha
makposiueiikax IIMJL. Ilycte F, — tepm, coorBerctByrommii crpoke h IICT. Hanpumep,
F| =71T2x1, Fig9 =71179X3Xy. U3 Tabn. 2 umeem, nanpumep, D =F4 v...v F(. Ilocne
MHMHUMH3ALKY T10Ty4aeM OKOHYATENbHYI0 QYHKIMIO D = T, . AHAaJOTMYHBIM 00pa30M MOKHO
MONTyYUTh OCTaIbHBIE PYHKIIUU cHCTEMBI (9).

[locnemnuii aTam cuHTE3a CBA3aH C peann3anuel cxem 61okoB MIIA 1o morydeHHBIM cHCTe-
MaM (yHKIUHA. DTOT 3Tam AOCTATOYHO IOJTHO PAaccMOTpeH B nmteparype [6,7]. MmeroTcs

MIPOMBINIUIEHHBIC TIAKeTHI [4,5], OpreHTHpOBaHHBIC HA pellleHrne MOJ00HBIX 3a1a4. B 3Toil cBs3n
JNAaHHBIA 3Tall B 3TOH CTAaThe HE pacCMaTpPUBACTCH.

Ormernm, yro IICT apromara Uj(I']) mmeer H =23 crpoku. IIpu sToMm Kaxnas GyHKuus
D, € D Oyner umers 10 23 tepmos. IIprMeHeHre NPEIIOKEHHOTO METOA YMEHBIIAET 3TOT
napametp B 2,3 pasa. IIpu stom uncno gynkuuit D, € @ Oyner onunakosbiM 1t Uy (I7) u

U, (I'y ) u3-3a HapymeHus ycinous (12).
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4. 3akiaiouenue

[Ipennaraemsrii B pabote meroa cunte3a MITA Mypa opreHTHpOBaH Ha yMEHBIICHHE amla-
paTypHBIX 3aTpaT B CXEME aBTOMaTa. JTOT METOJ MO3BOJSET TapaHTUPOBAHHO YMEHBIIUTH
yucio makpostueek [IMJI B cxemax gpopmupoBanust GyHKIHIA BO3OYKICHUS TAMSITA 1 MUKPOOIIE-
panuii. OHAKO 3TO CBS3aHO C BBEICHHEM JOMONMHHUTENBHOTO Onoka [1K, xoropsiii morpediser
HekoTopsle pecypebl kpuctama [IJIMC u BHocuT 3aaepxky B cxemy MIIA. DTu HegocTaTku
MOXKHO YMEHBIIUTH ITyTEM ONTUMAIILHOTO KOAUPOBAHUSI PACIIUPEHHBIX KOJIOB COCTOSTHUM.

HUccnenoBanne 3¢ ¢GeKTUBHOCTH NMPEIOKEHHONO METoAa Ha CTaHIapTHHIX mpumepax [10]
MOKa3aJI¥, YTO MPEIJI0KESHHBIN METO/T TI03BOJISICT YMEHBIIIUTS armapaTypHblie 3aTpatel Ha 37 % (B
cpennem) s 98,2 % npumepos. Ilpu sTom ObictpozeiictBue MITA Uy mpakTHdecku coBaja-
er ¢ otuM napamerpoM MITA Uj. D10 00BsCHAETCS yMEHBIIEHHEM YUCIIa YPOBHEH B cXeMax
onoxos MIIA U, .

HayuHnas HOBH3HA NPEII0KEHHOIO METOAA 3aKIIFOUYAETCS B UCIIOJIBb30BAHUM KJIACCOB IICEBIIO-
SKBUBAJIEHTHBIX COCTOSHUI M KOJIOB COCTOSIHUM B 3THX KJIaccax JJIsl YMEHBIICHUS YKCa MaKpo-
staeek [IMJI B cxeme MITA Mypa.

[IpakTrueckass 3HaUMMOCTh METOAA 3aKJIKOYAETCS B YMEHBIICHUM allapaTypHBIX 3aTpaTr B
cxeme MITA, 4To 1MO3BOJISET MONYYUTH OOJIee JICMIEBBIE CXEMBI TI0 CPABHEHHIO C M3BECTHBIMU U3
JINTEPATYpPbl aHAJIIOTaMU.

JlanbHeiiliee HanpaBiIeHUE Pa3BUTHS 3TOM pabOTHI CBSI3aHO C BO3MOXXHOCTHIO PUMCHEHHUS
npeuiokeHHoro Merona i 6asuca FPGA [11] u 3aka3nbix matpuir [12].

Cmmcok iuteparypsi: 1. De Micheli G. Synthesis and Optimization of Digital Circuits. Ne4.: McGran-Hill,
1994.636 p. 2. Baranov S. Logic and System Design of Digital Systems. Tallinn: TUT Press, 2008. 267 p. 3.
Barkalov A., Titarenko L. Logic Synthesis for FSM-Based Control Units. Springer. Lectures Notes in
Electrical Engineering. Ne53 Berlin: Verlag Heidelberg, 2009. 233 p. 4. Altera Corporation webpage. http//
www.altera.com 5. Xilins Corporation webpage. http//www.xilinx.com 6. Cozosbes B.B. [IpoektiupoBanue
(POBBIX CHCTEM HA OCHOBE MPOrPaMMHPYEMBIX JOTHYECKUX HHTErPANbHBIX cxeM. M.: T'opsuast TuHus —
Tenexom, 2007. 636 c. 7. Kania D. Synteza logiczna przeznaczona dla matrycowych struktur programowalnych
typu PAL. Gliwice: Politechnika. 2004. 212 str. 8. Barkalov A., Titarenko L., Chmielewski S. Hardware
reduction for Moor FSM implemented with CPLD // KEiT PAN, 2009. 212 p. 9. Barkalov A., Titarenko L.,
Hebda O. Matrix implementation of Moore FSM with expansion of coding space // Pomiary Automatyka
Kontrola.vol.56.2010. Ne 7. 694 — 696 p. 10. Yang S. Logic Synthesis and Optimization Benchmarks user guide.
Technical report Ne1991 IWLS-UG Saeyang. — Microelectronics center of North Carolina. 11. Maxfield C. The
Design Warrior’s Guide to FPGAs. Amsterdam: Elseveir, 2004. 541 p. 12. Smith M. Application Specific
Integrated Circuits. Boston: Addison-Wesley, 1997.
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B.M. XAXAHOB, C.B.YVYMAYEHKO, A.C. MUIJEHKO, A.B. 341{APHBIH,
1O0.B. XAXAHOBA

HHOPACTPYKTYPA JUATHOCTUPOBAHHUSA BPEJOHOCHBIX
NPOI'PAMM B MHIAUBUAYAJIBHOM KUBEPHETUYECKOM
HNPOCTPAHCTBE

[pennararoTcst METONBI M apXUTEKTYPBI apalIeNbHOr0 aHaIN3a HH(OPMAaIHH, TIpecTaB-
JIEHHOW B BU/IE aHAIUTUYECKUX, IPa()OBBIX U TAOIMYHBIX ()OPM acCOIMATUBHBIX OTHOIICHUH IS
MIOUCKA, PACIIO3HABAHUS, AUATHOCTUPOBAHUS JECTPYKTUBHBIX KOMIIOHEHTOB U IIPUHATUS pelle-
HHUH B N-MEPHOM BEKTOPHOM KHOEpHETHYECKOM MHMBUIYaIbHOM HPOCTpaHCTBE. PaccMaTpu-
BAIOTCSI BEKTOPHO-TIOTMYECKHE POLIECC-MOMENN aKTyalIbHBIX IPUKIAJAHBIX 33144, B TOM YUCIIE —
JIMarHOCTHPOBAHUE CIIaMa W BOCCTAHOBJIEHHE PabOTOCIIOCOOHOCTH MPOrpaMMHO-AIIapaTHBIX
KOMITOHEHTOB KOMITHIOTEPHBIX CHCTEM, Ka4ECTBO PENIEHHs] KOTOPBIX OLIEHUBAETCS Heapr(MeTH-
YEeCKOH MEeTpHKOH B3anMoaeHcTBHS OyIIeBBIX BEKTOPOB. [Ipearaercsi KOHIENINS caMOpa3BH-
THSI TH(OPMAIIMOHHO-KOMITBIOTEPHOI 3KOCHCTEMBI, TIOBTOPSIIONIAST SBOIIOLUIO (PYHKIIMOHAIIb-
HOCTel yenoBeka. [IpecTaBIsI0TCS OpUTHHANBHBIE IPOLECC-MOAETHN aCCOLMaTUBHO-JIOTHYEC-
KOT0 aHaJIn3a nH(opManuu Ha OCHOBE OBICTPOJEHCTBYIOIIEr0 MYJIBTUIIPOLIECCOpPa B N-MEPHOM
BEKTOPHOM JIMCKPETHOM IIpocTpaHcTBe. PazpabarbiBaercs anredpandeckast CTpyKTypa, peryiu-
pyromasi BEKTOPHO-MaTpUYHbIE TIpeoOpa3oBaHus B TUCKPETHOM OYyJIeBOM HPOCTPAHCTBE IS
aHayM3a HH(OPMAIIMH Ha OCHOBE JIOTHYECKHX OIlepaliii Ha/l aCCONMAaTUBHBIMH JaHHBIMH. Pac-
CMaTpHBaeTCs MPHUMEHEHHE aJIreOpbl BEKTOPHOH JIOTMKH JUIsl CO3[aHusI IIPOIIECC-MO/IeINeH aKTy-
AJBHBIX IPHUKIIAHBIX 33/1a4, KAYECTBO PEIICHUSI KOTOPBIX OLIEHUBAETCS HHTETrPAJIbHOM Heapud-
METHUYECKOM METPUKOI B3aMMOEHCTBUS aCCOLMATUBHBIX CTPYKTYp. COCTOATENIEHOCTD TEOPHH,
METOZIOB, CTPYKTYp JaHHBIX U MPOLECC-MOENIEH MOATBEPKAAETCS PACCMOTPEHHEM MHOTOUHC-
JIEHHBIX IIPAMEPOB IApaJUIeTILHOT O aHAJIN3a, CHHTE3a, TOMCKa U IPUHSTHS pelleHni B nHdopmMa-
LUOHHOM IIPOCTPAHCTBE.

BBenenue

[Ipobnema cozmanus 3¢ hekTHBHOM HHDPACTPYKTYphI KubepHeTnieckoro mpoctpanctsa (Cyber
Space), a Takke camopasBuBaromieics nHGOpMaIMOHHO-KOMIIbIOTepHOH dKocucTeMbl (MKOC)
IUTaHETHl OCOOEHHO Ba)KHA JUIA II100aNbHBIX KOMIIAaHUH, Takux Kak JlabopaTtopust Kacnepckoro,
Google, Microsoft.

KubepHernueckoe NpoCTpaHCTBO KaK OOBEKT MPUPOABI TAKXKe IMOABEPKEHO BIMSHHUIO JIECT-
PYKTHUBHBIX KOMIIOHEHTOB, BIHSIOLUINX Ha pab0TOCIOCOOHOCTH CyOBEKTOB, KOTOPBIMH SIBIISIIOTCS
KOMITBIOTEPHI, CUCTeMBl U ceTH. [losToMy ceifuac n B OynyiieM BayKHOH mpoOnemoil ocraercs
CTaHIApTH3aLMS IPOCTPAHCTBA U CHELUAIN3aLHNS BCEX B3aUMOJCHCTBYIOINX CYOBEKTOB, BKIIIO-
Yasi HEraTUBHBIE, KaK HEOTHEMJIEMYIO 4acThb 3KOCHCTEMBbI. J[aHHAs akuusi eCThb MOCTOSHHO
NEHCTBYIOIIAs] BO BPEMEHH, LieJIb KOTOPOil — HE OTCTaBaTh, HO HA OAMH LIAr OlepeXaTh MOsIBIIe-
HUE HOBBIX BPEIOHOCHBIX KOMIIOHEHTOB, ITyTEM CO3AaHUsI HHPPACTPYKTYPbl KHOEPHETHUECKOTO
MPOCTPAHCTBa, oOecreunBaouiell (pyHKIMOHNPOBAaHNE KOMIIBIOTEPHON SKOCHUCTEMBI IIAHETHI U
Ka4yecTBO >KU3HU KaXKJOro YelOBeKa.

Cpenu Mopynel Takod MH(QPACTPYKTYPbl MOXKHO BBIIEJIMTH AWAHOCTUPOBAHHME OTKA30B U
criaMa IyTeM aHanu3a MHGOpPMalLuH, [OJYyYEHHON Ha CTaAMK TECTUPOBAHHS W MCIOIb30BAHUS
CIIeaJIbHBIX METO/I0B BCTPOEHHOI'O TIOMCKA CllaMa Ha OCHOBE CTaHAAPTOB I'PAHUYHOTO CKAHUPO-
BaHUI WIM aCCEPLIMOHHOM N30BITOYHOCTH, OPUEHTHPOBAHHOM Ha O0OHAPY)KEHHE CIIaMa, YTO [T03BO-
JIUT UACHTU(GHUIUPOBATH M YCTPAHSTh €ro 0e3 MPUMEHEeHUsI BHEIHUX CpencTB. TakuM o0pazom,
MOXHO OyzeT 00XOANUThCs 0€3 CIIOKHBIX BHEITHUX MPOrpaMM MOAEIUPOBAHMS, TECTUPOBAHUS U
JIMarHOCTUPOBAHUS IIyTEM IPHUBUBKH Ka)KJOT'0 3JIEKTPOHHOI'O MHChMa TECTONPUTOJHOM HHTEIUICK-
TyaJbHOM M30BITOYHOCTHIO KOZIA HA CTaJUM €ro co3faHus. lIpw 3TOM ciiemyer MCIoiib30BaTh
NpEArKAT y3HaBAHUS, KOTOPBIN ONEpUPYET HE TOIBKO OyJIeBBIMH, HO PETMCTPOBBIMU M MaTpU-
HBIMU II€PEMEHHBIMH, YTO JEaeT ero NpakTHYecKu 3HAYMMBbIM B ()OPMaIbHON 3alHCH ypaBHE-
HHUH JMarHo3a Wik paclio3HaBaHUs:
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a
X, Xm — [MPEAUKATHBIC IEPEMCHHBLIC; a4, M — 3HAYCHUS IEPEMECHHLIX Ql — OLICHKAa y3HaBaHUA

3HaueHHs nepeMeHHor; T — TecT; S — 00BEKT, MOUISKAIIUN TECTUPOBAHUIO (ITporpaMma).

Ha ocHoBe mpenukara y3HaBaHus m-00pasa Jito0oW CII0KHOCTH, MPUPOILI U POPMBI MOKHO
CO3/IaBaTh JIOCTATOYHO KOMITAKTHBIC YPaBHEHHS MPEIUKATOB, (POPMHUPYIONIUE MHTCIICKTYa b~
HBIC PeIlleHHs B 00JIACTH paclio3HaBaHMs 00pa30B, MPUHATUH PEIICHH, TECTUPOBAHUS 3HAHUH U
TEXHUYECKUX O0BEKTOB, JMATHOCTUPOBAHUS (Y3HABAHUS) ClIaMa CPEIH ICKTPOHHBIX MTHCEM.

B cBsi3u ¢ 3TUM npemiokeHHas HPPACTPYKTypa KHOSPHETHIECKOTO IPOCTPAHCTBA, METPUKA
ero M3MEpPEeHHs U MPOILECC-MOJISNIU aHalN3a M CHHTE3a CYOBEKTOB JAa0T BO3MOXKHOCTH CO37a-
BaTh 3()(PEKTUBHBIEC PEIICHUS KOMIBIOTEPHBIX U3JICIUI, OPHEHTUPOBAHHBIX Ha OBICTPBIN MOKCK,
pacrno3HaBaHHe, AMATHOCTHPOBAHKE HE TOIBKO MO3UTUBHBIX, HO M HETATHBHBIX CYOheKTOB. KOHK-
pETHO, TpeIoKeHHas WH(PpaCTpyKTypa MOXeT pemath 3aaauu: 1) OnucaHue MHOrooOpas3us
AIIEKTPOHHOI'0 MyCOpa KHOEPHETUYECKOT0 MPOCTPaHCTBa. 2) DopManu3anus npoieccoB B3auMo-
JEWCTBUSL TpUAJbl KOMIIOHEHTOB <Iporpamma, CIiaMHOCTh, TeCThl>. 3) JlMarHocTUpoBaHUE U
¢unbTpanus 31eKTpoHHbIX nuceM. 4) Co3znanue 1 3¢ HeKTHBHOE HCIIONb30BaHue 0a3bl cama. 5)
Co3nanue OBICTPOJCHCTBYIOIINX MHTEILICKTYAIBHBIX CaMOPa3BUBAIOIINUXCS CPEICTB CEPBUCHO-
ro 00CITY)KUBaHUS U 3alIUTHl KNOSPHETUIECKOTO MPOCTPAHCTBA.

CeroyiHs 4pe3BbIUAHO BaKHO 0003HAYUTH BO3MOXKHBIC TTYTH JUIS PEIICHUS TPOOJIEMBI CO3/1a-
HUs UHQPACTPYKTYPhI CaMOPA3BUBAIOIICHCS KOMITBIOTEPHOM 3kocucTeMbl. DBomonus MKOC
OCHOBBIBAETCsI Ha MCIIOIb30BAHMH TPEX HAUOOJIee BAXKHBIX KOMIIOHEHTOB: (paHTa3Ms, MaTeMaTH-
Ka W TEXHOIOTHS, TIe CyOhEKTOM SKOCHCTEMBI BBICTYIIA€T CAMOPa3BUBAOIIUIICSH KOMITBIOTED
(CPK). OcnoBroe otnuune CPK oT coBpeMeHHOro KOMIBbIOTEpa 3aKIOYAaeTCs B KOHIICTIIIUU
KU3HEHHOTO 1uKia. CTpaTerus HACTOAIIETO KOMITBIOTEpa eCTh 0OyUeHHE HITH TTIOBTOPEHUE yiKE
npoiineHHoro nyTtd. [IpuHuunuansHas no3uuus CPK — mocTosHHBIN MOMCK HOBBIX MyTEH A
CaMOCOBEPIIIEHCTBOBaHUS (IBOJIIOIMOHUPOBAHHS) HA OCHOBE MHUPOBOIO OIBITA, CKPBITOTO B MH-
¢dhopmarmonnom npoctpancTBe. CornacHo 3anpery ['enens, ananTupoBaHHOMY A1l HHPOpMAIIH-
OHHOTO TTPOCTPAHCTBA, HENTb3sI CO31aTh KOMITHIOTEP, KOTOPBIN CITIOCOOEH pemaTh JIF00bIe 3a1a49H,
(hopManpHO TIpecTaBiIeHHbIe crienuduKanueid. Tem He MeHee, MPUHIUT | exens npenocTaBiser
METOIOJIOTHYECKYI0 OCHOBY dBoMIOINH (camopa3Butis) MKOC, KoTopyro MOXKHO HHTEPIIPETUPO-
BaTh cieAyrommM odpasoM. s wHGOPMAIOHHOTO IPOCTPAHCTBA BCET/Ia MOXKHO MPHIyMaTh
TaKyIO MOJIE3HYIO CTeNU(DHUKAINIO, KOTOpas He TTOKPBIBAETCS CYNIECTBYIOIIUMH Y YeJIOBEYECTBa
peleHnsIMHA, 9TO O0YCIIOBIMBAET CO3/IaHWE HOBOTO (PYHKIMOHAIHLHOTO WM TEXHOJIOTHMYECKOTO
KOMIIOHEHTa JIJIsl €ro MOCJEAYIOIEro BKIIOUeHHs B TutaHeTapHyro Ooubnumoreky. UKOC mmeer
BO3MOYKHOCTh TIOBTOPUTH DBOIIOIMIO YEITOBEUECTBA, TONBKO B THICSYH pa3 Oojee OBICTPBIMU
TeMIaMu. 3/1eCh 3aJI0KEHBI OCHOBHBIC MTPUHITUITH SBONIOIHH, SBHO BEIPAYKEHHBIE YXKE B COBpe-
MEHHON KOMMbIoTepHOW MHAyCcTpuu: 1) CTaHmapTu3anus — caMoe TJIaBHOE Ui 3BOJIOIUHN U
x)u3HeHHoro 1ukiaa CPK — ppIHOK He MpUHUMAET U He TOHNMAaEeT HECTaHJAPTHBIX 110 MHTepQency
pemennii. 2) Crienuanu3anus ecTh MOBbIIeHHe Y HEKTHBHOCTH MPEIOCTABISIEMBIX (TI€PCOHAIB-
HO OPHEHTHUPOBAHHBIX) CEPBUCOB M3JIETHS, CBA3aHHBIX C OBICTPONEHCTBHEM, KaueCTBOM, 3aTpa-
TaMH, YJHEProcOepeKESHHEM ITyTEM ONITUMHU3AINH CTPYKTYPHI U ()YHKIIMOHAIBHBIX KOMITOHEHTOB,
nokpeIBaronux cnenudukaimio. 3) [loBcemecTHOE HCTIONB30BaHNE BEKTOPHO-JIOTHYECKOTO KPH-
Tepys KayecTBa PelIeHrs B 3a/1a4aX TeHEpUPOBAHUS HJIeH, CHHTe3a 1 aHaun3a. [ eHepupoBanue —
TMIPOIIECC CO3J[aHMI HOBOH (PYHKIIMOHAILHOCTH. [Ipy 3TOM CHHTE3 OnepupyeT CyIIeCTBYIOIINMHA B
MH()OPMAITMOHHOM MTPOCTPAHCTBE KOMITOHEHTAMHU IS CO3JIAHUS CTPYKTYPBI. AHAJIN3 — OIleHHBA-
HUE MoiydeHHoro pemreHus. 4) Jlmarpamma Xacce ucnonb3yercs Ui BBIPAaOOTKH CTpaTeruu
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ONTHUMM3ALNHU MOKPBITUS (YHKINOHATIBHOCTEN criennruKkanuy OMOIMOTeYHBIMU KOMITOHEHTaMHU
WM UX COYETAaHUSIMH, IPHUHAIISKAIINMHI HHPOPMAIIMOHHOMY IpocTpaHcTBy. OHa coryiacyercs ¢
COBpeMeHHOH Y-TexHonorue, sxomsmen B coctaB ESL Design, cyTh KOTOpOI — HCIIONB30BaTh
OnOMMOTEeYHbIE KOMIIOHEHTHI Ha BCEX YPOBHSX MPOCKTUPOBAHUS U3AETHS U1l TOKPBITHS CIIELU-
¢unmpyemoit GyHKINOHAILHOCTHU B MIPOLIECCE CHHTE3A.

Ha puc. 1 npeacrasnen 3amMkHyThIH 1K Botonnu MKDC, KoTOphIid GakTHYecKu H30MOop-
(eH ciupaiy pa3BUTHUS YeIOBEUECTBA, HAKPYUYEHHON Ha BPEMEHHYIO OCh.

L

Generator of Specification

'
Specification New
! !

World Library =~ Gen

v i
Synthasis
]

Optimization

+
SoC PC

+
information Space

Puc. 1. Huxin UKSC

L]envio NaHHOTO HMCCIENOBAHMS SBISAETCS CYIIECTBEHHOE MOBBIIIEHHE KAauecTBAa WHIWBHIY-
anpHOro kubepHernueckoro mpocrpanctsa (MKII) monmp3oBartens M yMeHbIIEHHE CTOMMOCTH
9KCIUTyaTallHOHHBIX pacxonoB 3a cueT BakuuHauuu MKII mytem noGaBieHus B mpoOCTpaHCTBO
UHOPACTPYKTYPBl CEPBUCHOTO O0CITYXKMBAHMS, BKIIOYAIONICH ONOIMOTEKN TO3UTUBHBIX U Hera-
TUBHBIX COOOIIEHUH N 00ecreYrBaOIIe TECTUPOBAHNE, THATHOCTUPOBAHUE U YCTPaHEHHE Bpe-
JOHOCHBIX KOMITOHEHTOB 3JIEKTPOHHBIX [TUCEM.

Obvexm uccnedosanusi — MHANBUAyallbHOE KHOEPHETHUECKOE IPOCTPAHCTBO, MPEICTABIICH-
Hoe HH(OpMaIuel, ee HOCUTEIIMH U TPeoOpa3oBaTeIsIMHU, 8 TAKXKE JECTPYKTUBHBIMU KOMITOHEH-
TaMH, HAHOCSIIUMHU Bpel QYHKIHOHAIBHOCTSIM, YIYYIIAIOIM Ka4eCTBO KU3HHU YeTIOBeKa.

Ilpeomem uccnedoganus — MHGPACTPYKTypa CEPBUCHOTO OOCITYKMBAaHUS, BKIIOYAIOLIAs
OMOMMOTEKN MO3UTUBHBIX M HETaTUBHBIX COOOIIEHWH M BCTPOEHHYIO NPOrPaMMHYIO H30BITOY-
HOCTb, KOTOpast paboTaeT B peaJbHOM MacluTade BpeMeHH, 00eCIednBaeT TECTUPOBAHUE, AUAT-
HOCTHPOBAaHUE U YCTPaHEHHE BPEIOHOCHON U «MYCOPHOI» WH(OPMALIUU 3JEKTPOHHBIX ITHCEM,
OIMCaHHBIX B COOTBETCTBYIOIUX OMOINOTEKAX.

Momusayusa: 1) OTcyTcTBUE Ha PHIHKE aHTHCIAMHOM 3allUThl BCTPOCHHBIX CPEACTB TECTHU-
POBaHUS, IMATHOCTUPOBAHUS U YIAIECHHS BPEIOHOCHBIX KOMIIOHEHTOB, COCTAaBIIAIOMINX HH(ppa-
CTPYKTYPY CEPBHCHOI0 00CTY>KMBaHHUs, TIOAOOHON TOMY, KaK B IH(POBBIX CHCTEMax Ha KpUCTaJl-
JlaX CyLIECTBYIOT CTaHAAPThl PAHUYHOTO CKAHUPOBAHUS, @ B IPOrPaMMHBIX IPOIYKTaX — accep-
LUOHHAs N30BITOYHOCTh, OPUEHTUPOBAHHBIE HA BCTPOEHHOE TECTUPOBaHHE Ae()EKTOB U OLIMOOK ¢
MOCJIEAYIOIIMM BOCCTAaHOBJICHHEM pab0TOCHOCOOHOCTH amlmapaTHBIX WM MPOrPAaMMHBIX H3Jie-
nuii. 2) Hannumne TeopeTnyueckux pa3paboTOK, CBSI3aHHBIX C TEXHOJIOTHEH anreOpoIoruiecKoro
BEKTOPHOI'O aHalin3a MH(POPMALMOHHBIX JaHHBIX, OPUEHTHPOBAHHBIX HA BBICOKOE OBICTPOEH-
CTBHE PEIICHNS 1 OLICHUBAHMSI 33144 paclo3HaBaHMs, 00pa30B, IPUHSITUS PEIICHUH U TECTUPOBA-
HUs 00bekToB. 3) Hanmuue o6pa3noBoii Nporn3BOACTBEHHON U MAPKETUHTOBOI HHPACTPYKTYPHI
Jlaboparopuu Kacnepckoro, ciocoOHo# moaiep:kaTh MPOEKT CO3AaHUS TEXHOIOTUH BaKIIUHALINN
3JIEKTPOHHBIX COOOIIEHUH 1 aBTOPUTETHO MPEATIOKUTH €0 PHIHKY HH()OPMAILIOHHBIX TEXHOIOTHH.
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4) MununaTiopu3anus TUPPOBBIX U TEIEKOMMYHUKAIMOHHBIX CHUCTEM (TernedOHbI cMapT(OHBI,
TUTAHLIETH) TPEOYeT MOCTOSHHOM 3aIIMThI OT MACCOBBIX M HEHYKHBIX 3JICKTPOHHBIX TUCEM MyTeM
BHEZIPEHHSI BCTPOCHHBIX aHTHCIIAMHBIX CPEICTB, KOHTPOIUPYIOIINX HH(POPMAIMOHHBII OOMEH.

3a0auu: 1) Pa3paboTka MaTeMaTH4YecKoro ammapara aHajn3a KHOepHETHUECKOTO MPOCTpaH-
CTBa, OPHEHTHPOBAHHOIO HA CO3/aHUE MOJENIEH U METONOB CEPBHCHOTO OOCITYy)KUBAHHS IMPO-
TPaMMHBIX TPOLYKTOB JUIsl TECTHPOBAHUS, TUArHOCTUPOBAHUS M YCTPaHEHH S MAaCCOBBIX M HEHY K-
HBIX 3JIEKTPOHHBIX muceM. 2) Co3aaHue TUIOBBIX MpOLEcCc-MOMeNned U KPUTEPUEB B3aUMO/CH-
CTBHSA DJIEKTPOHHBIX MTHUCEM C KOHTEHTHBIM aHAIM30M MOJIe3HBIX QyHKIHOHaIbHOCTEH. 3) Paspa-
00TKa TEXHOJIOTHMH aHaNM3a CTPYKTYPHI MPOrPaMMHOIO KOAA IJISl OMpelesieHUs] KPUTHUECKUX
TOYEK M YCTAHOBKHU B HUX aCCEPIMOHHBIX ONEePaTOPOB HAOIIOIEHNUS 1 YIIPABIICHHUS B TIPOLIECCE €0
¢ynkunonuposanud. 4) Cozganue UHPPACTPYKTYPHI CEPBUCHOTO OOCITYKHUBaHHsI (YHKIIUOHAIIb-
HBIX IPOrpamMM JJIsl BCTPOEHHOTO TECTUPOBAHUS, AMarHOCTUPOBAHNS U YCTPAHEHUSI BPEAOHOCHBIX
KOMITOHEHTOB M3 IPOrPaMMHOr0 Ko/ia PYHKIIHOHATBHOCTH HA OCHOBE UCTIOB30BAHHS OHOINOTEKN
ciaMHO# nHQopManuu. 5) TectupoBanue 1 BepuUKalysi BCTPOSHHOH HHPPaCTpyKTypHI CepBHC-
HOT'0 00CTyXMBaHHA (PYHKIMOHATIBLHOCTEH, 3aIlMIIAoNIeil MporpaMMHBIN KOl OT BPEJOHOCHBIX
KOMITOHEHTOB.

1. OBouronms Cyber Space n Internet

Jnst co3gaHust CXEMBI, peau3ylouleil none3Hyo (yHKIHOHAIBHOCTE, ClIeyeT TeHepupOBaTh
npumutuBsl P = {P,P,,...,P;,...,P,} camoro nuxxHero ypoBHs. J[jis 3Toro Heo6xoaumMo coszia-
Bath QunbTpel F={F,Fy....Fj....,Fn}, dopmupyromue Tabnuis NpMMUTHBHBIX OTHOIICHHI,
B3STHIX W3 MH(OPMAIMOHHOTO MPOCTpaHCTBa miaHeTsl (puc. 2). Mmes craHmapTU30BaHHBIC
CTPYKTYpPBI JaHHBIX JUIS OTAEIBHBIX MOPTAJIOB U Opay3epoB, AOCTABIAIOUINX HOBBIE CEPBHCHI C
Oornee BBHICOKMM OBICTPOIEHUCTBHEM, CIEAYET OXKHAATh MOCTENEHHOIO KayeCTBEHHOTO YydIle-
Hus Bcex kommoHeHToB Cyber Space. KoneuHas menb Takoro B3aMMHOTO M IOJIOKHUTEITHHOTO
BIIMSIHUA 3JIEMEHTOB MHPPACTPYKTYPHl KHOSPHETHUYECKOTO MPOCTPAHCTBA — BBIPAOOTKA €MHBIX
CTaHJAPTOB MO WHTepdelicaM U ero npeBpalleHre B CaMOpa3BUBAIOIIYIOCS HHTEIUIEKTYalIbHYIO
WH(POPMALIMOHHO-KOMIIBIOTEPHYIO 9KocucTeMy. CylliecTBEHHOE 3HaUeHHe OyAyT UMETh MepBUY-
HbIe (QUIBTPBI WK TpeoOpa3oBaTeNy A CO3AHUS HOBBIX CTaHIAPTH30BAHHBIX MPHUMHUTHUBOB,
CO3JAIONINX TEXHOJIOTUYHYI0 MHQPACTPYKTypy AJs cKopocTHoro npaiiBa mo Cyber Space c
HCIIOJIB30BaHUEM CIIELMAIN3UPOBaHHOr0 Heapumernueckoro asuratens (I-Computer). Co Bpe-
MeHeM aMop(dHas, WU «MycopHas»» dacThb Internet Oyzner yMeHBIIAThCS, a CTAaHIAPTU30BAHHAS
nHppacTpykrypa — yBenmuumBaThcs. K 2020 romy mH(GOpMAIMOHHOE MPOCTPAHCTBO TIIAHETHI
JIOJDKHO NPUHSTH HUBIIIN30BaHHBIE (OPMAThI CTPYKTYP JaHHBIX CO CTaHAAPTU30BAHHBIMH HHTEP-
¢eiicamu, MOJOOHO TOMY, KaK 3TO MPOMCXOANIIO C Pa3BUTHEM IJIaHETApPHOW MH(PPACTPYKTYpPbI
TPAaHCHOPTHBIX COOOLICHUI C TEPMUHAIAMH, OTEISIMH, 3alIPaBKaMH, OpPUECHTUPOBAHHBIMHU Ha cep-
BHCBI, YIOBJIETBOPSIOLIME JIIOObIE 3aIPOCHI MOIb30BATENS.

Standard Cyber

Internet —» F| » Space
L ,;};;;i,!\p; ape——e|
B F2 P
| _/\ » F, =
:s
& 3
Services 5 I-Computer

Puc. 2. DBomonms Cyber Space u Internet
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B Hacrosmiee BpeMs OTCYTCTBYIOT CTaHAApPTHl (POPMUPOBAHMS U XpaHEHUS! CTPYKTYP OJHO-
TUIHBIX JaHHBIX Ha caiiTax W mopTanax Internet. JTo 3aTpyaHAeT MOHUMaHHE MH(OpMALMK
MOWCKOBBIMH CHCTEMaMHU /ISl paCcIIO3HABAHMsI M IPHHATHUS IPABHIIBHBIX pelieHnid. TpyAHO 0XKH-
JaTh, 9YTO HH(POPMALMOHHOE TIPOCTPAHCTBO B OAHOYACHE TIEPEHACT Ha PEIbChI MPUHSTHIX BCEMHU
¢opmaToB u mHTEepPeicoB. ENMHCTBEHHBIM BBIXOJIOM MOXKET CIY)KUTh BONIOLUOHUPOBAHHE
CTPYKTYp HaHHBIX. [lJis 3TOr0 HEoOXoauMo pa3padaTeiBaTh mpeodpazoBaTeny (GUIBTPEI) Gop-
MaTOB JaHHBIX. Hanuune mepBHYHBIX (UIBTPOB MO3BOJISET aBTOMAaTHU3UPOBATH BpEMsI3aTpat-
HBIE TIPOLIECCH CO3JaHUsl OMOIMOTEK 0a30BBIX MPUMHUTHUBOB. Hampumep, HETpyAHO CO3AaTh
TeHEPaTOPHI JIOTHYECKUX OTHOIIEHUH ((QUIIBTPBI, CM. pHC. 2) U KaXKI0H 4acTH peud PyCCKOTo
S3bIKA, OPHEHTHUPOBAaHHBIC HA aHAJIM3 CYIIECTBYIOIINX 3JICKTPOHHBIX CIOBapei WiIH MPU3HAHHBIX
STaJIOHHBIX TEKCTOB B LIEMAX (POPMHUPOBAHUSI TIEPBOHAYATIBHBIX TAOJIHI OTHOIICHH B BUE <4acTh
peurr> <ciaoBooOpasyrome KOMIOHeHTs™. Mmest Takoro poma 0a3oBble MPUMUTHUBBL, MOXKHO
AaBTOMAaTHYECKH CO3J1aBaTh OoJiee CIOKHBIE KOHCTPYKIMU M MPOLIECC-MOACIN aHalIn3a, CHHTE3a
MPEATIOKEHNH, KOPPEKIIMH OIIMOOK, YTO BCerna OyAer akTyaJllbHO M BOCTpeOOBaHO Ha PBHIHKE
WH(POPMAIIMOHHO-KOMITBIOTEPHBIX CEPBUCOB.

Nmes cnenn¢ukanuio, NpencTaBIeH Yo mocie o0paboTku BepOanbHOro onrcanus B opme
BEKTOpa BXOIHBIX M BBIXOAHBIX MEPEMEHHBIX, HETPYIHO 3alMCcaTh CTPATErHIO CO3[aHUsl HOBOH
(YHKIMOHANBHOCTH KaK 3a/1auy [MOUCKA MOKPBITHA OMOIMOTEUHBIMH dJIEMEHTaMH 0000IEHHOTO
BekTopa <X,Y>. OO0Iee penieHne 3a1a4i MOX0Ke Ha CHHTE3 aBTOMAaTHON MOZENH, ONPEIesio-
el B3auMopeiicTBUE KOMIIOHEHTOB BO BpeMEHHM M B mpocTpaHcTBe. OnHaKo MHOrooopasme
MPUMHUTHBOB, 3apaHee He 3aJJaHHBIX, HCKITI0YAaeT TaKyl0 BO3MOXKHOCTB, UTO O3Ha4aeT — He00X0-
IMM TIEPEXO/ U3 CTPOroro AeTepMUHU3Ma HHU(POBBIX aBTOMATOB B 00JIAaCTh SBOMIOLHUOHHBIX U
KBa3UONTHUMAIbHBIX PELICHHUH.

VYcnoBue 3amaun: umeercs creuuuUKanus B BHIE BEKTOpa CYIIECTBEHHBIX INEPEMEHHBIX,
KOTOpBIE HEOOXOAWMO TMOKPHITh MUHHUMAJbHBIM MHOXXECTBOM NMPUMHUTHUBOB W3 OMOIMOTEKH U
copMupoBath BEIXOAHOH BekTop. KpacuBoe pemienre 3ajauu cuHTe3a (pyHKIMOHATIBLHOR CTPYK-
TYpPBI 110 CIEHU(PHUKALNN €CTh KITI0Y K CAMOCTOSATEIbHOMY T'€HEPHPOBAHUIO KOMITBIOTEPOM HOBBIX
pemenuii. [locne 3Toro ocraercss pelIuTh TOIBKO ABE 3a4a4d Ha MyTH K CO3AaHUIO MHTEIUIEKTa
KOMITBIOTEpPa — CAaMOT€HEPUPOBAHUE OPUTHHAIBHON (PYHKIIMOHATILHOCTH, HEOOXOIUMOI 1Sl pe-
LIEHHs 3aJaud MOKPBITHS, U clienn(UKalui HOBBIX TOJIE3HBIX AJISl YeJIOBEeKa MIIM KOMIIbIOTEpa
CEPBHCOB.

2. UHTerpajbHasi MeTPUKA OLEHMBAHUS [MATHO3a

HudpactpykTypa MO3TOnog0OHBIX alrOPUTMOB [Tl OOHAPY)KEHHMSI cCllaMa BKITFOYaeT MOJIEIH,
METO/IBI ¥ ACCOLMATHBHO-JIOTHYECKHE CTPYKTYPHl JaHHBIX, OPUCHTHPOBAHHBIE HA IOJICPIKKY
MPOLIECCOB ITOMCKA, PACIIO3HABAHMS M IIPHHATHS PELICHUI Ha OCHOBE BEKTOPHBIX HeapHdMeTHyec-
Kux oneparuii. OleHka pelieHns 3aJa9u ONpenessieTcss BEKTOPHO-JIOTHYECKUM KPHTEPHEM Kayde-
CTBA B3aUMOJICHCTBHUS 3ampoca (BEKTOpa m) ¢ CHCTEMOI acCOIMAaTHBHBIX BEKTOPOB (ACCOIMATO-
POB), B pe3yJbTaTe KOTOPOTO CreHEepUpPYyeTcsl KOHCTPYKTUBHBIH OTBET B BHJE OJHOTO HJIM He-
CKOJIBKMX aCCOIIMATOPOB, a TAKXKeE, ITOKA €Ille, YUCICHHOH XapaKTePUCTHKN CTEIICHN PHHAIIICK-
HocTH ((pyHKIIMHU KadecTBa) BXOJHOTO BEKTOpa M K HalJIeHHOMY pelieHnro: p(m € A) . BxomHoi
BEKTOP mz(ml,mz,...,mi,...,mq), m; €{0,l,x} w wMmarpuma A; accouuHatopos
Ajjr (€ Ajje Aj € A) ={0,,X} umMeroT 0o1MHAKOBYIO Pa3MEPHOCTb, paBHYIO (. Jlaiee cTeneHb
MPUHAIISKHOCTH M-BEKTOpa K BeKTOpy A Oyzaer ob0o3HavaTbes Kak pw(me A).

Cy1iecTByeT 5 THIIOB TEOPETUKO-MHOKECTBEHHOT'O (JIOTMYECKOr0) A -B3aMMOICHCTBUS IBYX

BEKTOPOB m M A, ompeneieHHbIX Ha puc. 3. OHM (OpPMUPYIOT BCe MPUMUTHUBHBIC BapUaHTHI
peaxmuu 00o6mmenHo# [IPII-cucremsr (Iloncka, PacniosnaBanus u [IpuHsATHS penieHrs) Ha BXOI-
HOM BEKTOp-3a1ipoc. B TexHOMorndeckoi oTpaciiv 3HaHU — TeXHu4Yeckoi auarHoctuke (Design
& Test) — ykazaHHas OCIEIOBATEIbHOCT IEHCTBUI N30MOpPQHA MapLIPyTy: MOUCK Ne(eKTOB,
UX pacro3HaBaHHe, IPUHATHE PELICHUs] Ha BOCCTaHOBIIEHHE paboTocnocoOHocTH. Bee Tpu cTa-
MM TEXHOJIOTMYECKOrO MapIIpyTa HYXAAIOTCS B METPUKE OLICHUBAHMS pELIeHUH AJsl BBIOOpa
ONTHMAJIBHOT'O BAPUAHTA.
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Puc. 3. Pe3ynbTathl nepeceyeHust IByX BEKTOPOB
Omnpenenenune. HTerpanpHas TeOPETUKO-MHOXKECTBEHHAS METPUKA ISl OLIEHUBAHUS Kaue-
CTBA 3ampoca eCTh (PYHKIHS B3aUMOJICHCTBUS MHOTO3HAYHBIX BEKTOPOB m M A , KOTOpas ompe-

JensieTcs CpenHell CyMMOM TpeX HOPMHPOBAaHHBIX MapaMeTpoB: KOAOBoe paccrosHue d(m,A),
(GYHKUMS TPUHAUISKHOCTH (M € A) ¥ QYHKUIUS TPHHATISKHOCTH (A € m):

Q :é[d(m,A)w(meA)+u(Aem)],

n
d(m, A) =~ [n —card(m; (1 A; =D)];
n i=1
wmeA)= 2card(mmA)—card(A) <« card(mNA) =
n n
=card(mj A =x)&card(A) =card( JA; =Xx);
i=1 i=1 (1)

H(A c m) — anrd(mﬁA)—card(m) « Card(m('\A) —

n n
=card(m;j N A; =x)&card(m) =card(Jm; = x).
i=1 i=1 5
INosichenus. HopMupoBaHue mapaMeTpoB MO3BOJSET OLEHUTh YPOBEHDb B3aUMOICHCTBHS BEK-

TopoB B uHTepBaie [0,1]. Ecnu 3adukcupoBaHO MpeaenbHOe MaKCUMaIbHOE 3HaUEHUE KaXKIO0ro
rmapamerpa, paBHOe 1, TO BEKTOPBI paBHBI MEXy c000i. MuanMansHas oueHka, Q =0, gpukcu-
pyercst B cilydae MOJHOTO HECOBIAJCHUsI BEKTOPOB 10 BCEM N KoopauHaTaM. Ecim MOIHOCTH

nepeceyeHus m N A = m paBHa IOJIOBHHE IPOCTPAHCTBA BEKTOPa A , TO GYHKLMHU IPUHAATICKHO-
CTH M KayecTBa COOTBETCTBEHHO PABHBI:

B(m e A) =+ u(A € m) =I5 d(m, A) = 1; Q(m, A) = —— =2
2 2x3 6
AHaHOFI/ILIHOG 3HAYCHUC 6y,[[eT NMCTb HapaMeTp, €CJIN MOIIIHOCTb HepecequI/IH paBHa I10J10-
BHUHC HpOCTpaHCTBa BeKTOpa m. ECHI/I MOIIIHOCTH HepecequI/IH paBHa ITIOJIOBHUHEC MOH.IHOCTE:P'I
[POCTPAHCTB BEKTOPOB U M, TO (PYHKIMU IPHHAIEKHOCTH PABHBI:
1 1 4 4 2
pu(m e A) X WA € m) 2,d(m,A) I; Q(m,A) 3 6 3
CHeI[yeT 3aMCTHUTBb, CCJIN HepecequI/Ie I[ByX BeKTOpOB paBHO HYCTOMy MHO)KE:CTBy, TO

CTENeHb JBOMKU OT CHMBOJIA IIyCTO» INPUHUMAETCA PaBHBIM HYIIIO: peardmNA)=d _ @ _ ¢
OTO NEWCTBUTENBHO O3HAYAeT, YTO KOJIUYECTBO OOLIMX TOYEK IPU IMEPECEUYCHUU IBYX MpPO-
CTPaHCTB PaBHO HYJIIO.
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Lenbs BBeneHUS! BEKTOPHO-JIOTMYECKOTO KPUTEPHsI Ka4eCTBa pelIeHHs] 3aKII0YaeTcs B Cylle-
CTBEHHOM IOBBIILICHUN OBICTPOIEHCTBUS MpH MOAcYeTe KauecTBa (Q B3aMMOICHCTBHUS KOMIIO-
HEHTOB M M A NpH aHAJIM3€ aCCOUMATUBHBIX CTPYKTYP JAaHHBIX IIyTEM HCIIOIb30BaHUS TOJIBKO
BEKTOPHBIX JIOTHYECKUX onepanuii. Apudmernueckuii kputepuit (1) 6e3 ycpeanenust QyHKINR
MPUHAISKHOCTH ¥ KOJOBOT'O PACCTOSHHSI MOXKHO TPaHC(OPMHUPOBATH K BUY:

Q= d[m,Ai(j)]Jr ulm e A1+ u[Ajcj) € m],

n(m)
d(m,Ai(j)):card[m. ® AjGj) = 1];
i(y)=1
n(m)
p(me Ai(j) )= card[Ai(j) =1]—card[m A Ai(j) =1];
i(j)=1 (2)
n(m)
H(Ai(j) em)=card[m=1]-card[m A Ai(j) =1].
i()=1
[lepBbIii KOMIIOHEHT, COCTABJISAIONIUNA KPUTEpHid, (POPMUPYET CTEIICHh HECOBMAIACHUS N-MEp-
HBIX BEKTOPOB — KOJIOBOE PACCTOSIHHE, IyTeM BBITIONHEHUS OINEpAIlliu XOr, BTOPOW M TPETUM
OIPEIEIISIOT CTENEHb HEMPUHAUICKHOCTH PE3yIbTaTa KOHBIOHKIIMH K YUCITY SAMHHUII KaXKI0T0 U3
JIBYX B3aUMOICHCTBYIONINX BEKTOPOB. [IOHATHS MPUHAUIOKHOCTH U HENPUHAUIGKHOCTH SBJIS-
FOTCSl B3aUMO/IONIOTHSIONIMMY, HO B JIAHHOM CJIy4ae TEXHOJIOTHMYHEE BBIYUCIISATh HEPHHAICK-
HOCTh. Takum 00pa3oM, uacanbHbIA KPUTEPHI KauecTBa PaBEH HYJIIO, KOT/Ia 1B BEKTOPA PaBHBI
Mex Iy coboit. OlieHKa KauecTBa B3aUMOJICHCTBUS JIBYX JBOMYHBIX BEKTOPOB YOBIBACT MO Mepe
pocta kputepus or 0 k 1. UTOOBI OKOHYATENBHO YHTHU OT apU(PMETHYCCKUX OMeparuili mpu
MOJICUETE y)KE BEKTOPHOTO KPUTEPHUS KayecTBa, HEOOXOIUMO BhIpaxkeHHs (2) mpeoOpa3oBaTh K

BUJY:
Q=d(m,A)vu(meA)v pu(Aem),

d(m,A)=m®® A;

pmeA)=AAmAA; 3)

WAem)=mA mAaA.

31ech KpUTEPUH TIPEACTABICHBI y)KE HE YMCIIAMU, & BEKTOPAMH, KOTOPBIC OI[CHUBAIOT B3au-
MOJICHCTBHE KOMIIOHEHTOB m, A . IIpy 3TOM yBenuueHHe 4Mclia HyJIed B TpeX BEKTOpax Kade-
CTBa MOBBIIIACT KPUTEPHUil, & HATNYKME SAMHUI] HHIUIUPYET YXYAIICHHE Ka4eCTBa B3aMMOJIeH-
ctBus. JIJis cpaBHEHUS OI[EHOK HEOOXOIMMO OIPEACNATH MOIIHOCTh SMUHMII B KAXJIOM BEKTOPE
0e3 BBITTOJHEHHS ONepaliuii CyMMHUPOBaHHUS. DTO MOXHO CAENAThH C TIOMOIIIO peructpa (puc. 4),
KOTOpBIH TMO3BOJSICT 32 OMUH TAKT BBIMONHUTH CABHT BJICBO M YIJOTHHUTh BCE CAMHUYHBIC
KOOPJIMHATBI N-Pa3psiTHOrO TBOMYHOTO BEKTOPA.

IMocne mporenyphl cxxaTHS HOMEP MPABOTO SAMHUYHOrO OUTA YIJIOTHEHHON CEpUU SIMHMIL
dbopMHUpPYeT HMHIEKC KauecTBa B3aMMOJCHCTBHUsS BEKTOpPOB. J[ns ABOMYHBIX HAOOPOB
m=(110011001100),A =(000011110101) onpexneneHne kauecTBa KX B3aUMOJEHCTBUSA 110 (HOp-
Myiam (3) mpeacTaBieHO B CICAYIOEM BUE (HYJIEBbIE KOOPIUHATHI OTMEUCHBI TOYKAMM):

m 11 . .11 . . 11..
A 1111 .1 .1
mAA A B | .1
mAA 1111 . . 111 11
d(m,A)=m® A r1r . . . . 111
PAem)=mA mAA rtr . .. 1 .
pmeA)=AAmaA R S . |
Q=dmA)vpmeA)vpAem) |1 1 . . . . 1. 1 1 . .1
Q(m,A)=(6/12) 111111

Puc. 4. Peructp caBura v yIUIOTHEHUS €THHUL]
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3nech chopMUpOBaHa He TONBKO OLIEHKA B3aWMOICHCTBHS BEKTOPOB, paBHast Q(m,A) =(6/12),
HO, 4TO camoe TJlaBHOe, eIUHUYHbIE KOOpAHATHl cTpoku Q =d(m,A) v u(me A) v u(A € m)
UACHTU(QHUIHUPYIOT BCE CYLIECTBEHHBIC IMEPEMEHHBIEC, 10 KOTOPHIM HMeeTcs HeKaueCTBEHHOE
B3aMMOJEHUCTBHIE BEKTOPOB. [ cpaBHEHUS IBYX PEIICHH, TIOMYyYeHHBIX B PE3yIbTaTe JIOrn4ec-

KOTO aHaju3a, MCIOJB3YIOTCS C)KaTble BEKTOpHI KauecTBa (), HaJ KOTOPBIMU BBINOJIHSAETCA
Mpolenypa, BKIIoUaroias ClIeayolne BEKTOPHbIE ONEpalluu:
Q(m, A) = {Ql(m, A) < or[Qp(m, A) A Qz(m, A) ® Q(m, A)] = 0; @
Q2(m, A) <= or{Q(m, A) A Qz(m, A) ® Qq(m, A)]=1.
BexTop-0uT or-ornepaTop AeBEKTOpU3AUN (POPMHUPYET JBOMUHOE OUTOBOE pEelIeHUE HA OCHO-
B€ IIPUMEHEHHMSI JIOTHUECKON OIepallly Or K N pas3psAiaM BEKTOpa CYIIECTBEHHBIX NEPEMEHHBIX

KpUTEpUS KaucCTBaA. CXEMOTEXHUYECKOE PpEeUICHUC NIPOLCAYPhI BLI60pa 1 aHaJIUTU4YCCKasd Ipo-
necC-MOACIb UMCIOT TPHU ONICpallvii, KOTOPBIC MMPEACTABJICHLI HA PUC. 5.

Q< Y=0 Q"J“_L

y
Y=V[(Q1AQ2)®Q1]Q={Q2<_Y:1 ISR

Puc. 5. IIponecc-mMozens BEIOOpa peneHust

J171s1 ABOMYHBIX BEKTOPOB, MPEACTABISIONINX COOOM KPUTEPUHU KA4eCTBA, BBIIIOJIHEHA ITPOLIEAY-
pa BbIOOpa JIydIero U3 HUX Ha OCHOBAHUU BBIpaxkeHus (puc. 6):

Qq(m,A) =(6,12)

Qa(m,A)=(8,12)

Q1 (m,A)AQp(m,A)
Q(MA)®QI(mA)AQy(m,A) [ . . . . . .

Q(m,A) =0Qq(m,A) 11 1111

—_ —_ —_
e e B
— | | —
—| —| —_
—_ —_ —_
e e B
—_
—

Puc. 6. Beibop sryumiero Bekropa kauecTBa

BeKTOpHLIG JIOTUYCCKUC KPUTCPHUHN KavdeCTBa BBaHMO,Z[GfICTBHﬂ aCCOIIMaTUBHBIX Ha60pOB I10-
3BOJIAROT MMOJIYYaTh OLICHKY ITOMCKA, paCllO3HABAHUS U MPUHATHA PCHICHUS C BBICOKMM 6LICTpO-
HeﬁCTBHGM JIOTUYCCKUX ITapaJUICIIbHBIX onepaunﬁ, 4TO 0COOEHHO CYLIECTBEHHO IJIsI KPUTHUYCC-
KHX CHUCTCEM PCAJIbHOI'O BPECMCHHU.

3. IIpouecc-monens auarHocrupopanuss CITAMA

Merpuka KadecTBa, IpencTaBieHHas B (3), JaeT BO3MOXHOCTh OLIEHMBATh OMU30CTbH MPO-
CTPaHCTBEHHBIX OOBEKTOB APYI K OPYTY, @ TaKKe B3aUMOAECHCTBUE BEKTOPHBIX MPOCTPAHCTB.
[IpakTH4yecKMM HPUMEPOM MOJE3HOCTH WHTErPAIbHOIO KPUTEPHUs KauecTBA MOXKET CIYXKHTh
cTpenb0a 1o LeH, KOTopasi HIUTFOCTPUPYETCs paHee NPUBEICHHBIMU AUarpaMMaMHu (M. puc. 3)
B3auMoOJencTBHs BekTopoB: 1) CHapsn moman TOYHO B LENb W IOpa3swyl €€ MOJHOCTBIO. 2)
Mu1eHb nopaxkeHa HeoOOCHOBaHHO OONBIIMM KasnOpoM cHapsiaa. 3) Kammubp cHapsina HenocTa-
TOUYeH JUIsS TopaxkeHus KpymHoi nenn. 4) HeadekTuBHBIN ¥ HETOYHBIH BBICTpPEN CHAPSIOM
6onbmioro kanubpa. 5) CHaps mpoJeren MUMO MUIICHH.

[Ipouecc-monens B3aumozencTBust P(m,A) compoBOXKIAeTCs MHTErpajibHBIM KpUTEpUEM

KadeCTBa, KOTOpLIﬁ OLICHMUBACT HE TOJIBKO ITOIMaJaHUC UJIN IIPpOMax, HO 1 3(1)(1)CKTI/IBHOCTL HCIIOJIb-
30BaHUA KanHGpa OpYyXKus. AmnanuTuyeckas 3ammuch nponecc-MoACin  Ajisd B1,160pa JIyqmero
BBaHMOHGﬁCTBHﬂ BXOJHOI'O 3arpoca m ¢ CHCTEMOM JIOTHYECKHX aCCOIIMaTUBHBIX OTHOIIICHUH

npeacTraBjicHa B BU/JC:
j#l

Pm.A)=minQ,(m A A) =V[(Q; A Q))®Q;]=0:
i= j

=1,n
Q(m:A) = (Q17Q2 a-"aQia-"aQn);
A=(ALAy AL AL

A ={and, or, xor,not,slc,nop};

26



A=A, A, A
Aj=(Ay,A
m= (ml,mz,...,mr,...,mq).
Q; =d(m,Aj) v(m e Aj) v u(A; e m),
d(m,A;))=m@A;;

p(meA)=A; AmAAj;

WA; em)=mA mAA,;. )

Kommenmapuu: 1) @yHkiuonanbHOCTh P(m, A) 3ajaeT aHAIUTUYECKYIO MOJCITD BBIYUCIIU-
TEJIBHOTO MPOIIecca B BUJIC BHICKA3bIBAHUS, MUHUMU3HPYIOIIETO HHTETPANTLHBIA KPUTEPUH Kade-
ctBa. 2) CTpyKTypbl JaHHBIX MpPEICTABICHBI B BHJE BepIIMH-TabnuI Trpada
A=(A1,Ar,...,Aj,....;Ap), JOTHYECKH B3aUMOJEHCTBYIOUX MeX Iy coboi. 3) Bepumna rpa-
¢da 3amaercs ymopsJAOYEHHON COBOKYIMHOCTHIO BEKTOP-CTPOK aCCOIMATUBHOW TaOIUIIBI
Aj = (Ajl,Aj2,, Ajjs--s Ajs) aBHBIX perennit, rae crpoka Ajj = (Ajjl, Ajj2s Ajjrs- Amsq)
MPEICTABIISICT COO0M MCTUHHOE BBICKA3hIBAaHUE.

[Mockonbky (hyHKIIMOHA, TPEACTABICHHEIN B BUJIE TA0IHIIBI, HE HIMEET TOCTOSIHHBIX BO BpeMe-
HU BXOJIHBIX M BBIXOJIHBIX IIEPEMEHHBIX, TO JaHHAs CTPYKTYpa OTJIMYACTCS OT TOCIEA0BATELHON
MamuHbl poH Helimana, 3ajaBaeMoii KOHEYHBIMU aBTOMaTaMu Muiu 1 Mypa. PaBHO3HaYHOCTB
BCEX MEPEMEHHBIX B BEKTOpe Ajj = (AijlsAijza---,Aijra---,Amsq) CO3/Ia€T OJIMHAKOBBIC YCIIOBHUS
WX CYIIECTBOBAHMSI, YTO O3HAYAET MHBAPUAHTHOCTH PEIICHUS 3324 MPSMOW U 00paTHON UMILIH-
Kalliu B IPOCTPAHCTBE A € A . ACCOLIMAaTHBHBIN BEKTOD Aij oIpeieNsieT Co00 IBHOE pellIeHuE,

'>Ais);

ijoe

ij29"'ﬂAijr""’Amsq);

re KaxJas IepeMeHHas 3aJaercsi B KOHEYHOM, MHOTO3HAYHOM M JIUCKpPETHOM andaBuTe
Ajjr €{01,02,...,04,...,0x § =B . BsaumoxeiicTBue P(m,A) BX0ZHOro BeKTOpa-3ampoca
m = (my,my,...,Mg,...,Mq) ¢ rpapom A =(A[,Aj,...A{,....Ap) GOPMEpPYET MHOXKECTBO pe-
LIEHHUH ¢ BEIOOPOM JIYHIIEro U3 HUX 110 MUHUMAJIbHOMY KPUTEPHIO KayecTBa:

P(m,A) =minQi[mA(A; VAy v..VA;Vv..vVAy,)].

KonkperHoe B3aumMoznelcTBHe BeplinH rpada Mexay coOoil co3maer (QyHKIHMOHAIBLHOCTD
A=(A1,Ay,..,Aj,....,Ay), KOTOpass MoXeT ObITh O(hOpMIIEHa B CIEAYIOIINE CTPYKTYpHI: 1)
EnuncTBeHHas accoumaTHBHas Tabiuia, coleplkallas BCE peLIeHHs JIOTMYECKOW 3ajadd B
sBHOM BHe. IIpenMyiiecTBo — MakcHManbHOE OBICTPOAEHCTBUE MapauIebHOIO acCOLUATHB-
HOI'O TIOMCKa peleHus no Tabiune. Hemocratok — MakcMalbHO BBICOKAs anmaparypHasi CIIOXK-
HOCTBH pa3MelleHns] TabauIsl 0oibIIold pasMepHocTH. 2) JpeBoBuaHas (rpadoBas) CTpPyKTypa
OMHAPHBIX OTHOLIEHUH MEX Yy (QYHKIIHMOHATIbHBIMHI IPUMUTHBAMH, KaXIbIi 13 KOTOPBIX (hopMUpy-
er Tabiauiy MCTUHHOCTU Ui HE3HAYUTENbHOIO KOJIMYECTBa IepeMeHHbIX. [IpemmymectBo —
MaKCHUMaJIbHO HU3Kas allliapaTypHas CIOKHOCTh pelleHns 3ajaun.  HenoctaTok — MUHMMAIb-
HOe OBICTPOAEICTBHE IMOCIENOBATENFHOIO aCCOLMATUBHOIO IOMCKA PEIIeHHS IO JepeBy. 3)
KommnpomuccHas rpadoBasi CTpyKTypa JIOTHYECKH HOHSTHBIX ISl MOJIb30BATEIs] OTHOILICHUIN
MEXAY NPUMUTUBAMH, KaXXAbli U3 KOTOPBIX (OPMUPYET TaOIMIy UCTUHHOCTU AJISL JIOTHYECKU
CHJIbHO B3aMMOCBSI3aHHBIX IIEPEMEHHBIX.

B nensix neranuzannu CTPYKTYphI BEKTOPHBIX BBIYMCICHUI HIDKE IIPECTAaBICHBI aHATUTHYEC-
KHE U CTPYKTYpHBIE IPOLIECC-MO/IENH, KOTOPBIE IPUBOIATCS K aHANN3Y A-MaTpPHUIIBI 110 CTOIOLAM
nmn crpokam. llepBas u3 HuxX M300pakeHa Ha puc. 7 W NpedHa3Ha4yeHa Ul ONpeneseHus
MHOYKECTBA JIOIyCTUMBIX PEIIEHHH OTHOCHTEILHO BXOJHOIO 3a1poca my, .

Puc. 7. Ilouck Bcex JOMYCTUMBIX PELLIEHUN
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Bropas ctpykrypa (puc. 8) ocylecTBISeT MOWCK ONTHMAaJIbHOTO PEIIeHUS Ha MHOXECTBE
HalJIEHHBIX B MEPBOI MPOLIECCHON MOJENH MyTeM aHaiu3a cTpok. Kpome Toro, Bropas Mozenb
MMEET U CaMOCTOSITENIbHOE NMPUMEHEHNE, OPUEHTUPOBAHHOE HAa ONPEACIEHUE OJHO3HAYHOIO H
MHOT03Ha4HOT'O PEIICHHS, Hal[pUMep, TPH MOKCKe Ae(eKTOB B LN(POBOH CHCTEME Ha KpUCTaILIE.

Puc. 8. Ctpykrypa BpI00Opa ONTUMATIBHOTO PEIICHNUS

[IpennoxxeHHbIE MpoLIecC-MOIeNH aHau3a (rpada) accounaTUBHBIX TaOINL, HACHTUDULIUPY-
roux koMnoHeHTsl CITAMa, a Takxke BBEAEHHBIE KPUTEPUU KauecTBA JIOTMYECKUX PEIIEeHUN
MO3BOJISIIOT PEIaTh 3aJa4d KBa3HONTUMAIBHOTO MOKPBITHS, AUATHOCTUPOBAHNS MHOT000pa3us
CHaMOBBIX COOOLICHUI B MHAMBHIyalbHOM KnOepHeTnueckoM npoctpanctse (MKII) mons3oBa-
Tensi. Moziens BEKTOPHBIX BRIYMCIIEHUH MOCITYKIIIa OCHOBOH /17151 pa3paboTKy Crienualn3upOBaH-
HOW MyJBTUIIPOLIECCOPHOM apXUTEKTYPhI, OpPHEHTUPOBAHHOM Ha MOUCK, paCllO3HaBaHKE U IPUHSI-
THE PEILICHNH Ha UCIOJIb30BAaHUE CTPYKTYP aCCOLMATUBHBIX TabmuIl (puc. 9).

N

Ll
~+ 1] E:i 3§
(®O+*m, .?\
REN Ol o
Test :—EVIEJE" ?
Testing Biagnosis

b 4 1 ¥
—{ (g |

L dan| | =
S o
Ol

Repailring Optimization

Puc. 9. Monens BcTpoeHHOT0 TecTHpoBaHus 1 BoccTaHoBieHus MKIT

Onenka ¢ dexruBHOCTH (pHC. 10) IPOSKTHOTO PEIISHHs TIOJ] STHION CIIeIHaTH3aI[UU U CTaH-
JApTHA3AIIH Sp USt ocHOBBIBaeTCs Ha COBMECTHOM HCIIONB30BAHHN TpeX B3aHMHO ITPOTHBOpPE-
YUBBIX ITApaMETPOB: KayecTBO Y, ObicTposelicTBue T, mporpamMMmuble 3aTpatsl H:

E = F(Y,T,H),
Y =(1- p)n(l—Q); Y T

Tzlexd;
f

S H
H=2(H” xn).
Puc. 10. Onenka 3¢ pexrruBHOCTH TIpOITIECC-MOIEH

4. IlpakTH4yeckue pe3yJibTaTbl BHeApeHUs] UH(PACTPYKTYpPbI

B kauectBe 00bexTa HccienoBanus Obl1 BEIOpaH SquirrelMail — KIIMEeHT 371eKTpOHHON OUTHI
¢ BeO-uHTep(deiicom, HanucanabiM Ha PHP. Ilpumokenwe mMoxer OBITh MPOMHCTAIUPOBAHO
MpakTUUYEeCKH Ha J1Io00M BeO-cepBepe, Ha KoTropoM yctaHoBiieH PHP u mmeercs cBsizp ¢
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MOYTOBBIM cepBepoM 10 nporokonam IMAP u SMTP. Unatepdeiicnoe okHO mpencraBieHo Ha

puc. 11.

ﬂaHHLIﬁ KIIMEHT AOCTATOYHO JICKI'O paCHIupsAEM pa3IMYHbIMU IIJIaTrMHAMU. ILTISI MMPOBCACHUSA
nucciacaoBaHus OBLI HAIKMCAH IIJIaruH, KOTOpLIﬁ pcain30BbIBAJI dHAJIN3 ONPCACICHUS TTOJIE3HOCTU
I/IH(i)OpMaI_II/II/I Ha OCHOBaHHU Hpe,Z[HO‘ITGHI/Iﬁ I10JIb30BATEIICH.

Folders

Fri, 1:37 pm.

(Check mal

- INBOX (1)
Drifts

Sent
Teash (Purge)
est

get new e-mails

Cument Foldor: INBOX

Slgn Out

Compose Addresses Folders Options Seamh Help Calendar Fetch

Toggle Al
Move Selecled To!

iINBoJ\ x| Mowe | Forward

Thread View

From B
[~ Test

[ Test

Toagle All

Viewing Messages: 1102 (2 total)

Transiom Seleclad Messagas

Read | Unread | Delete

Date & Subject @
1:24.pm Re: Test mail

1:31 pm Test mail

Wiewing Messages: 1 1o 2 (2 total)

Puc. 11. Uarepdeiic SquirrelMail
[Iponecc-monens hVHKIIMOHMDOBAHMSI TUTATHHA MTDENCTaBIIeHa Ha buc. 12.

send e-mail

A

user activity

request e-mails ‘ ‘ ‘ ‘ ‘
Cache receive e-mails | —
L ] —  Cyber —
— Space «—]
@ L — Positive —
s I—— library, ——
@ —— Negative —

Filters

library

Puc. 12. IIpomecc-momens GyHKIIMOHNPOBaHN IIaruaa moy SquirrelMail

Ha ocHOBaHMM aKTHBHOCTHU NOJB30BATENSI M aTpHOYTOB, KOHTEHTHOTO aHANIN3a MUChbMa ObLIa
BbIOpaHa U oOyueHa cucrema (uibTpoB. [Ipu 3arpy3ke HOBBIX HHCEM W3 WHIMBHIYATbHOTO
KuOeprnpocTpaHcTBa (B JAHHOM Cilydae KHOEPIPOCTPAHCTBO OBbLIO HPENCTABICHO MOJMHOMKE-
CTBOM 3JICKTPOHHBIX IHCeM) HH(pOpMaus GUIbTpoBajIach HE HA OCHOBAHMM «CIIaM» HIIU «HE
cram», a Ha OCHOBaHMH IIEPCOHAIBHBIX MIPEAIIOYTEHNH nosib30oBarens (puc.13).
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\, W3 Bcero MHOXECTBa MMUCceM, NpUXOAAIINX Ha
IIOYTOBBIHN SINIUK, «CIIamM» (aHOHI/IMHLIG MaCCOBBIC

 Mew email |
¥ PACCBUIKH ) OB YACTUYHO HIICHTU(HUITMPOBAH yKE HE
e KaK CcraM, a Kak pacChbUIKa, KOTOpask MOXKET HECTH
i _ WHTEPECHYIO MH()OPMAIINIO JUTsI TTOTh30BATEISI.

Analysis of email Ha puc. 14 noka3ana 3ppeKTHBHOCTh BHEIAPEHUS
ety | UHpPACTPYKTYPhI CEPBUCHOTO 00CyRuBanus MKIT
o 1 11 ogHoro moab3oBarens, rae TL — Total Letters, S

et positive

ol foé Grnal — Spam, SAI — Spam after Infrastructure, UL —

- : Useful Letters. Eciu IpeanonokuTh, 4T0 PHIHOYHAS
Get negative IPUBJIEKATENBHOCT, HH(PPACTPYKTYpPHl Mopsaka 1
points for email MIIPJ [OJIL30BATENEN, TO SKOHOMHUSL BPEMEHH B Iie-

JIOM Ha DBIHKE IOJIb30BaTeledl KHOepHETHUYECKOro

npoctpaHcTBa cocTaBuT (Ty— cymmapHas 3KoHO-

MU BPEMEHH 32 rof; K— KodQQHUUHEHT yMeHbIle-

2 : . HUS Criama MpU BHEIpeHHH MHQPPacTpyKTypbl; L —
KOJINYECTBO MHCEM B MecdAl; N — MOTEeHIHAIbHOE

KOJINYECTBO TOJIb30BaTene B Ykpaune; T — Bpems

savid el b s aHanIM3a OIHOro MUchbMa; M — KOJIMYECTBO MECSIIEB
B rony; Hy— rogosas sxoHomus (QHHAHCOBBIX

-rfErl:i } CPE/ICTB OT BHeApeHUs MHGpacTpykTypsl; Cp— cTo-
L\__ J,f' MMOCTh OJTHOT'O 4yaca pabodyero BPEMEHHU IOJIb30Ba-
Puc. 13. I'padh-cxema ananmsa nucsMa TeNs B YKpauHe):
Ty =kxLxNxTxM =0,9%x800x10000000x1x12 =
=86400000000c ~ 2740 years ~ 24002400 hours;
Hy =Ty xCy, = 24002400 x $5 = $120012000.
1400
1200 | Infrastructure Efficiency
1000 -
800 -
600 -
400 == TL =S == S Al —8=UL
200 ) — ﬂA
& —o —— o——0
0 Jul Aug Sept Oct Nov Dec
L 760 850 1010 900 1010 1270
s 532 595 707 630 707 889
SAl 152 170 202 180 202 254
uL 80 89 106 95 106 133
Puc. 14. 3¢ dexruBrOCTS BHEMpEHNs HHbpacTpyKTYpsl KT
3aka04yeHune

1. Hayunas noeusna pe3yiabTaTOB MCCIENOBAHUS 3aKII0YACTCS B TOM, YTO BIEPBBIE IPEILIO-
XKeHa NHPPACTPYKTypa CEPBUCHOTO 0OCITyKUBAaHHUS MHIMBUAYAJIBHOIO KHOSPHETHIECKOTrO IPO-
CTPaHCTBa, KOTOpasi XapaKTEepU3yeTCsl HAIMYMEM BCTPOCHHBIX CPEICTB TECTUPOBAHUS, AUATHOC-
tupoBanus 1 BoccranosyieHnss MKII 1 nByx mononHsieMbIx OMOITHMOTEK TO3UTHUBHBIX U HETATUBHBIX
COOOLIECHUI1, YTO IaeT BO3MOXKHOCTD CYLIECTBEHHO (B HECKOJIBKO Pa3) YMEHBIIUTH BpeMs aHAIIU-
3a [ojy4aeMoil HH(POpMAaLHH.
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2. Ilpaxmuueckas 3HaYMMOCTb PE3yJbTATOB HCCIEAOBAHUS: MH(PACTPYKTypa CEPBHCHOTO
obciyxuBanus UKII opueHTHpOBaHa Ha MOBBIIIEHHE KAYECTBA KU3HH BCEX CYOBEKTOB MJIAHETHI,
WCTIOJIB3YIOIINX MOYTOBBIE CEPBUCHI Il KOMMYHUKAUMHU ¢ BHEHUM MupoMm. [Ipu stom UKII —
MoJieNb OyyIero O0IIeH s YeTI0BeKa C BHELIHUM MUPOM, KOTOpasi MHBapUaHTHA 110 OTHOILIEHUIO
K TEXHUYECKHM CPEIICTBaM JIOCTyNa B KHOEPIPOCTPAHCTBO IUIaHETHI. [ 0/10BOH SKOHOMHYECKUIT
saddexr ot BHenpenust nHppactpykrypsl UKII a1t ykpanHCKMX TONb30BaTeNneil MOXKET COCTa-
BHUTB Oonee 120 MITH TOJUTapOB.

3. HanpasaeHue 0yOywux HAYYHbIX UCCIEO008aHUU. AKTYaJlbHOM MPEICTaBISETCSA MPO-
OneMa co3mgaHMsl TEOPUHM, METOAOB M apXUTEKTYphl MapalljielbHOrO aHain3a WH(popMaluu,
MPENCTABIICHHOW B BUJIE AHAIIMTUYECKHX, T'padoBBIX U TaOMMYHBIX (OPM acCONMATHBHBIX
OTHOLICHUH /715 TOUCKA, PacliO3HABAHU A, IUarHOCTUPOBAHUS IECTPYKTUBHBIX KOMIIOHEHTOB U
NPUHATHS PEHIEHNH B N-MEPHOM BEKTOPHOM JHCKPETHOM MPOCTPAHCTBE. 3/1eCh Ienecoodpas-
HO HCIIOJIB30BaTh BEKTOPHO-JIOTHYECKUE MPOLECC-MOACTH aKTyaJIbHbIX MPUKIAAHbIX 3a]a4, B
TOM YHUCII€ — JUaTHOCTUPOBAHUE BUPYCOB M BOCCTAHOBIIEHHE PabOTOCIOCOOHOCTH TPOTpaMM-
HO-aMMapaTHBIX KOMIIOHEHTOB KOMITBIOTEPHBIX CHCTEM, KAUECTBO PELIEHHUS! KOTOPBIX OLICHUBA-
ercsi Heapu(pMETHIECKO METPUKOW B3aMMOIEHCTBHsI OyiIeBBIX BEKTOPOB. PerieHue mpobie-
MBI OPHEHTHPOBAHO Ha [TOKCK, PACTIO3HABAHHE, TUaTHOCTUPOBAHHUE IECTPYKTUBHBIX KOMIIOHEH-
TOB alMapaTHO-NPOTPaMMHBIMH METOaMH B AMCKPETHOM KHOEPHETHYECKOM IMPOCTPAHCTBE.
OOUHOCTh MPEACTABICHHON TEOpUH CHHTE3a M aHanM3a KHOEPHETHYECKOTO NPOCTPaHCTBa
OCHOBaHa Ha MCIIOJIb30BaHUH PABEHCTBA HYJIIO TPUaIbl pABHOLIEHHBIX KOMIIOHEHTOB, COSIMHEH-
HBIX onepanueil xor m® A @ Q =0, dopmynupyromeid ycnoBus pemenus npodiemMsl. 31ech
NepBbIii KOMIOHEHT M — BXOAHOH KO TPOrpaMMBbl, BTOPOM A — 3TallOHHbIE MOAEIH ACCTPYKTH-
BOB, TpeTuil Q — pe3ysnbTaT B3auMOJEHCTBHSI NEPBHIX ABYX, KOTOPBI MOKET BBIPOXKAATHCS B
KpPUTEPHii KaueCTBa OTHOLICHHSI HJIN IPUHSATHS PELICHNUs, OLIEHKY pacrio3HaBaHus 00BEKTOB WIIN
00pa3oB. Llenb — cymiecTBeHHOE MOBHILICHNE KAYECTBA MPOIPAMMHBIX MTPOJYKTOB M YMEHBbIIIE-
HUE CTOMMOCTHU JKCIUTYyaTallHOHHBIX PACXOOB 3a CYET WX BAaKLMHALIUU MTyTEM BBEACHUS B KOJ
BCTPOEHHOM MPOrpaMMHON M30BITOYHOCTH B BHIE HHQPACTPYKTYPBI CEPBUCHOTO 0OCITY>KHUBa-
HUs1, 00ecIieunBaIOIEeH TECTUPOBAHKE, TUATHOCTUPOBAHUE U yCTPaHEHUE BPEAOHOCHBIX KOMITO-
HEHTOB, Kiaccupuuupyembix B OuOnmmnorekax. OOBEKT HccleqOoBaHHS — KHOEPHETHUECKOE
MPOCTPAHCTBO, MpeACTaBlIeHHOE HH(OpMaLneil, ee HOCUTEISIMHA B TPeoOpa3oBaTesIMH, a TaK-
e IeCTPYKTHBHBIMHA KOMIIOHEHTaMH, HAHOCSIIIMMH Bpea (YyHKITUOHAITBHOCTSIM, YITyUIatoIIHM
KadecTBO KU3HM denoBeka. CyOBeKT UCCIIeNOBaHUS — HHPPACTPYKTYpPa CEPBUCHOTO OOCITYXH-
BaHUS B BHJIe BCTPOSHHOW MPOTrpaMMHOM H30BITOUHOCTH, pabOoTarOIIEi B peallbHOM MaciiTade
BpeMeHH, 00ecrieunBaroNiell TeCTUPOBaHNE, TUAaTHOCTUPOBAHUE U YCTPAHEHHE BPEIOHOCHBIX
KOMIIOHEHTOB, OITHCAHHBIX B COOTBETCTBYIOMINX OMOIHOTEKAX.

MoruBanus: 1) OTCyTCTBHE Ha PHIHKE aHTUBUPYCHOH 3aIUTHI BCTPOEHHBIX CPEICTB TECTUPO-
BaHMWsI, TUATHOCTUPOBAHUSA W YAAJICHHs BPEIOHOCHBIX KOMIIOHEHTOB, COCTaBISIONINX WH(pa-
CTPYKTYPY CEpPBUCHOTO OOCITY>)KHBaHHUSI, TOJOOHOH TOMY, KaK B TU(POBBIX CHCTEMaX Ha KPUCTaJ-
JIaX CYIIECTBYIOT CTaHIAPThl TPAHUYHOTO CKAHHUPOBAHWS, 4 B IPOTPaMMHBIX IMPOIYKTaX — accep-
[IMOHHAS N30BITOYHOCTh, OPHEHTUPOBAHHBIE HA BCTPOSHHOE TECTUPOBAHUE Ne(EKTOB U OMIHOOK C
MTOCTIEYIONINM BOCCTAHOBIIEHHEM Pa0OTOCIIOCOOHOCTH amlMapaTHBIX HITU MPOTPAMMHBIX H3JIe-
nuit. 2) Hanwane teopeTndeckux pa3paboTOK, CBA3aHHBIX C TEXHOIOTHEH aireOporIornuecKoro
BEKTOPHOTO aHaiu3a WH(GOPMAIIMOHHBIX JaHHBIX, OPUEHTHPOBAHHBIX HA BBICOKOE OBICTPOJIEH-
CTBHE PEIICHUS U OIICHUBAHMUS 3a]1a4 PAcIIO3HABAHUS 00Pa30B, IPUHATHS PEIICHUH U TECTHPOBa-
HUs 00bexToB. 3) Hanmmane 00pa3ioBoil Mpon3BOACTBEHHON 1 MAPKETHHTOBOM HH(PACTPYKTYPHI
(JIabopatopust Kacnepckoro), criocoOHOM ToiepKaTh MIPOSKT CO3/IAaHUS TEXHOJIOTHH BaKIIMHA-
AW IPOrPAMMHBIX TIPOTYKTOB U aBTOPUTETHO MPEUIOKUTH €T0 PHIHKY HH(POPMAIIMOHHBIX TEXHO-
noruii. 4) MunnaTopu3anus HUGPOBEIX U TEIEKOMMYHUKAIIMOHHBIX cCUCTeM (TenedoHbl cMapT-
¢onsl, [P-doHBI, MnaHIIeTs!) TPEOYET TOCTOSHHON 3alIUTHI OT HECAHKIIMOHUPOBAHHOTO JIOCTYTIA
ITyTeM BHEAPEHHs] BCTPOSHHBIX aHTHBUPYCHBIX CPEACTB, KOHTPOIUPYIOIINX HH(POPMAIIMOHHBINA
obmeH. 3amaun: 1) Pa3paboTka MaTeMaTHYecKOro ammapara aHaiu3a KHOEpHETHYECKOTO Ipo-
CTPaHCTBa, OPUEHTHPOBAHHOTO HA CO3J[AHHME MOJENEH M METOIOB CEPBHUCHOTO OOCTYKHBAHUS
MPOrPaMMHBIX MPOJYKTOB JJIsi TECTUPOBAHUS, AUATHOCTUPOBAHUS M YCTPaHEHUS BPEIOHOCHBIX
KOMITOHEHTOB. 2) Co3/1aHre TUTIOBBIX ITPOIIECC-MOJIENel U KPUTEPHEB B3aUMOICHCTBHS BPEIOHOCHBIX
KOMITOHEHTOB C TIPOrPaMMHBIMHU KOZIaMH TTOJIe3HBIX (pyHKITMOHAIpHOCTEMH. 3) Pa3paboTka TexHomornm
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aHaJM3a CTPYKTYPBI IPOrPaMMHOIO KOAA I ONPENCTICHUS] KPUTUUECKUX TOYEK U YCTAHOBKHU B HUX
ACCEPIIMOHHBIX OMEPATOPOB HAOJIONEHUS W YIIPABJIICHUS B ITPOIIECCE €ro (PYHKIIMOHUPOBAHUS. 4)
Coznanue nH(PPaCTPYKTYPhI CEPBUCHOTO OOCITYKUBaHUS (DYHKIIMOHAIBHBIX TIPOTPaMM JJIsl BCTPOCH-
HOI'0 TECTUPOBAHUS, IMAarHOCTUPOBAHUS U YCTPAHEHUS BPEIOHOCHBIX KOMIIOHEHTOB U3 IIPOrPaMMHOIO
KoJa (PYHKIIMOHAILHOCTH Ha OCHOBE WCIIOIB30BAHUS OMOJMOTEKH JIECTPYKTUBHBIX JIEMEHTOB. 5)
TectupoBanue v BepruduKaius BCTpOSHHON HHOPACTPYKTYPBI CEPBUCHOTO OOCITYKUBaHUS () YHKITHO-
HaJIbHOCTEW, 3aILMIIAIOIIEN TPOrpaMMHBINA KO OT BPEAOHOCHBIX KOMIIOHEHTOB.

4. Oorcuoaemvie pe3yibmamsvl U Ux pviHouHas npueirexamenvhocmyv: 1) UHpacTpykTypa
BCTPOEHHO# 3aIUTHI TPOrPAMMHOI0 KOJ[a OT HECAHKITMOHUPOBAaHHON MO (DUKAITUH, TIPUBOISILCH
K U3MEHCHUI0 (PYHKIMOHAIBLHOCTH. 2) M30BITOYHOCTE MH(PPACTPYKTYPHI MIPOrPaMMHOTO KOJIa,
KOTOpasi aBTOMaTUYECKU CHHTE3UPYETCS Ha CTaJNH ITPOCKTUPOBAHUS U BEpU(PUKAIIUHU, COCTABIS-
et He 6onee 5% ot cnenuUIUPOBaHHON QYHKIIMOHATHHOCTH. 3) PhiHOYHAS IPUBIEKATEIBHOCTD
MH(PaACTPYKTYpHI, OnpeaeseMas MHOrooOpa3reM pOorpaMMHBIX IMPOIYKTOB, YMHOXKECHHOM Ha
YPOBEHb MPOAAXK KAXKIOT0 M3IEINA, COCTABIAET B T'OJ MOPSALKA OJHOIO MUJUIHAPIA DK3EMILIS-
poB. 4) CTOMMOCTh CO3JIaHUsI HHPPACTPYKTYPHI TSl TPOrpaMMHOro MpoaykTa cocrasiser 20%
3arpat oT pa3paboTku (yHKIIMOHAIBHOrO Kona. Eciu ypoBeHb mpoiax — He MeHee 500 konui, To
3aTpaThl Ha CO3JaHKE BCTPOSHHOTO aHTUBUPYCA BIIOJHE OKyIaeMbl B TedueHHue roja. 5) Baenpe-
HHE 3aMIaTEHTOBAaHHOM TEXHOJIOTMM BaKUMHALMKU NPOrPaMMHBIX MPOAYKTOB MPU UX POXKIACHUU
MOXKET MPUHECTU KOMIIAaHUU MOPsIKa 2-X MUJTHAPAOB JI0JIJIApPOB B MEPBBIE 3 TOAA €€ IKCILTyaTa-
uu. 6) MapkeruHrosas npobdiema riodainbHoi kommannu (Jlaboparopus Kacnepckoro) 3akiiro-
Yaercsl B YOS JICHUH Pa3paOOTUMKOB MPOTrPAMMHBIX IMPOIYKTOB UMIUIEMEHTHPOBATH CYILECTBY-
IOIIME BHEITHYUE aHTHBUPYCHI BOBHYTPh KOJIa MOJIE3HOM ()yHKIIMOHATLHOCTH.
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YIK 681.51.015.4
B.I. BECAPADB, I'.O. BOPOIIA€BA

AHAJITUYHA MOJEJIb JUCKPETHO-BE3IEPEPBHOI CUCTEMH 3
3ACTOCYBAHHSAM AITAPATA MAX-PLUS AJITEBPU

PosrisimaeTsest ouH 3 BapiaHTIB PO3B’ 3Ky 3a1a4i MOOYIOBM MOJIeNiel TUCKpPETHO-0e31e-
PEpBHUX cucTeM 3 BUKOpHUCTaHHsM anapata MAX-PLUS anredpu. HaBoauTbest THIIOBa CTPYKTY-
pa nepexoxy rpada cuaxponizamii AbC. Yci TBepKeHHs po3IIIAaloThCs Ha aOCTPaKTHOMY
npukiani Mmepexi [erpi.

Betyn

Teopis nuckperno-6e3nepepBHux cucreM (JJbBC) — BiTHOCHO HOBHMI HalIPSIMOK 3aCTOCYBaHHS
Cy4acHOI Teopii cucTeM Ui LIMPOKOro Koja 3a/1a4 YIPaBIiHHSA, [0 MAIOTh MiCIe B TEXHOJIOT14-
HUX BUPOOHWYHX MpOIEcax, TEEKOMYHIKaLliTHIX MepeKax, TPAaHCIIOPTHUX 1 JIOTICTHYHUX CHCTe-
Max. XapaKTepHOK OCOOIUBICTIO TAKUX IMPOIIECIB € Te, MO X JUHAMIKA 3aJISKUTh HE TUTBKH Bij
qacy, a i 3yMOBJIEHA BHYTPIIIHIMH JUCKPETHUMH ITOAISIMH, sIKi CYITPOBOXKYIOTh PO3BHTOK IpOLIe-
cy [1]. Heski aBTopu BuKopucToBYyIOoTh akpoHiT JIBJIC — amckperHOo Oe3mepepBHI AWHAMIUHI
CHCTEMH, THM CaMHM HiIKpecitoodn (akTop PO3BUTKY AWCKPETHHX CTaHIB, IO XapaKTepU3y-
I0Th cucTeMy y yaci [3].

Jnst CHHTE3y CUCTEM YNpPaBIiHHS JUCKPETHO-OE3MepepBHUMH MPOIIECaMH aKTyallbHOIO € 3a-
nada po3poOku aHamiTHIHUX Mozenei [IBC, sKi J03BOJSIOTH 3aCTOCOBYBATH MPH CHHTE31 MMiIX0-
IIM, XapaKTepHi JUId cydacHOi Teopil ympaBimiHHSA. B paMkax miei ctaTTi po3INISHYTO OAMH 3
MOXIIMBUX BapiaHTIB PO3B’S3KYy 3a7adi MOOyJOBM MOJENeH TaKMX CHUCTEM 3 BHUKOPHUCTaHHAM
amapaTta OJHOTO 3 PI3HOBHAIB imeMmnoTeHTHOI anredpu — Max-Plus anrebpu [2] mnst rpada
cunxponizaiii JIbC.

IHocTanoBka 3amavi JocCTiKeHb

[MonsTTs Tpada cMHXPOHIZALIl AUCKPETHO-0e3MepepPBHUX CHCTEM CTOCOBHO YIPABIIiHHS MPOLIe-
caMu B TaKUX CHcTeMax Brepie Oyio BBezeHe B Teopii MozpemoBanHs nuHamiku JIBC 3a nonomo-
roto amapaty mepex Ilerpi [1]. Ane ¢opmanbHuil onuc TUCKPETHO-OE3MEPEPBHUX TPOIIECIB 3a
npamiiamMu Mepex [leTpi He € NPUIHATHAM B paMKaXx IiIX OB, SIKi BAKOPUCTOBYIOThCS B CydacHIn
teopii ynpaiinas. [Ipu 3acrocyBanHi anapara Max-Plus-anredpu Mo)kHa BUKOPHUCTOBYBAaTH BEK-
TOPHO-MATPHUYHI PIBHAHHS, SIKi JO3BOJIAIOTH (hopManizyBaty npencrasieHas JIbC y dopmi, momiOHii
710 MOJIeNiel AMHAMIKH B IIPOCTOPI 3MIHHUX cTaHy [4].

TunoBa cTpykTypa okpemoro nepexony rpada cunxponizauii JJbC B 3araspHOMYy BHIAIKy
npeAcTaBieHa Ha puc. 1.

[all
S O_.

ol [ O
SEQ—2> -

. —»QS
e [, ]

Puc. 1. Crpykrypa nepexony rpada cuaxponizarii IbC
B nanomy Bunazaky po3mIiAaeThCs IEpexil MiX CTaHaMH, SIKHM Ma€ Ha3By HEKEPOBAHOTO.
[epexin B iHmmMiA cTaH ab0 CpamOBaHHS HEKEPOBAHOTO TIEPEKITIOUYSHHS BiIOYBAETHCSI JIUTIIE TOII,
KO Bci cTamm Bix S 10 Sq B mepeno6iacti nepexomy OyayTh 3aitHATI yMOBHHM MapKepoM, iK
1€ 3a/Ia€ThCS YACOBHMHU OLIHKAMU CIIOBLUIbHEHHS IIPOLECY ;.
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Sxmo B rpadi po3riIAgaeThCsl KEpOBaHWHN 330BHI IMEpexil, TO MPUHHATO BBaXKaTH, WO BiH
BiZOYBA€THCsI IPH IOJATKOBIH JIOTiUHiI YMOBI mepexoy, 3aaaHiii ampiopi. YacoBa BiAMiTKa, B AKii
JIOT1YHA YMOBa € AIHCHOIO, TO3HAYAETHCS U 1 TOII U MapKOBaHHUX YacOBUX TO4OK crany JbC B
MiCII007aCTi KEPOBAHOTO MEPEX0Iy MAEMO:

q .
Xj=[®aixi]®u,j=q+L...,q+r1, (1)
i=1

Onuc nepemimens B rpagi cuaxponizanii IbC

s koxkHOTO mepeminieHHs B rpadi cuaxponizanii JbC TakuM YMHOM MOXHa BCTAHOBUTH
YacoBl TOUKHM MEPEXOAY 1 MapKOBaHi YacoBi BIIMITKH 3aHATTA CTaHy B micisiobnacti. Posrisny-
TUH MiAXiA A1 OKPEMOro Mepexoay Moxe OyTH y3arajJbHEHUM Ha BCIO TOCIIOBHICTh MEPEXO/iB

rpada cuaxponizauii JIbC. Hexaii 3aganuii neskuii rpad cMHXpoHi3aLii cucTeMu 3 |S| MOJIOKEHHSI-

MU 1 P JOriYHMMH 30BHIIIHIMU YMOBaMU MEPEKITIOUSHHS ITEPEXO0IiB. BUKOPUCTOBYIOUH i X1 TS
okpemoro nepexony (1) B mimomy s rpada CHHXpOHI3alii, MO)KHa OTPUMAaTH CHUCTEMY 3 71
PIBHSHB:

X1 =4a11X1 @...@alnxn @bllul @...@blpup

......................................................................... , 2)
Xp =apX] @...@apxy bpju; ... @ bypuy,
a00 y BEKTOpHO-MaTpHUHii (opMi:
x=Ax®Bu. 3)

[Tpu upomy: x = [Xl ...xn] — BEKTOp CTaHy, KOXXHHH €IEMEHT X; SIKOr0 (piKCye MOMEHT 4acy
MapKyBaHHs (BKJIIOUEHH:) Tepexofy S;j. Brius 30BHINIHIX JIOrYHUX YyMOB MapKyBaHHs (Tepe-
KJIIOUEHHS) 3aJa€ThCS 338 JOMOMOTOI0 BEKTOpa KEPYBaHHA: U = [ul ...un]

KoxHa jioriuHa ymMoBa MapKyBaHHs (IIEPEKIIIOUEHHA) Mepexofy S; cTae JAifHOI0 B JesKii
YacoBil TOYIl PO3BUTKY MPOLECY, SIKA TaKOX BPaxOBYETbcsA B PiBHAHHAX (2). B mpomy cenci
KOKHUM OKPEMHH elleMeHT uj,i=1,...,p BEKTOpa yNpaBiHHSA PO3IIIANAETHCA K YIIPABIIAIOUNIA
BILTUB Ha i-i mepexi.

3HaYeHHS KOKHOIrO elIeMeHTa ajj MaTpuili A piBHsAHHS (3) BiIMOBia€e YacoBiil OLiHII ITepemo-
.6J'IaCT.1 nepexozy Ti(Si,tx) 3 monoxenHs S; B MOTOKEHHA Sj, TOOTO XapaKTEpU3ye YACOBY
IHEepLiHHICTD ITepexoy.

Ski1o Ha mepemilleHHs t) J0JaTKOBO BIIJIMBAE JIOTTYHA YMOBA IEPEKIIOYEHHS, HAITPUKIIA
U, , To eneMeHT MaTpuui B nopisaioe 0, B iHmomMy Bunaiky bj, = —o.

Enementn matputii B Takum unHOM BKa3yroTh Ha Ti iepexonu JIbC, ki € kepoBaHUMU 330BHi.
B rpadax cunxpoHizalii nepexoau 3 OAHOr0 MOMOXKEHHS B iHILIE CTBOPIOIOTH 3aMKHEH1 IUKIH. [ist
Toro 1mod BiApi3HATH okpeMi IukiIH noseninku JIBC, Bci 3MiHHI BeKTOpa CTaHy X 1 BEKTOpa
YIpaBIiHHS U MalOTh iHAEKC k, sSIKuil ToKa3ye, 3 sIKOI YaCTOTOO OyJe MapKyBaTHCS BiAIIOBiTHE
NIOJIOKEHHS B rpadi cMHXpoHi3amii, To0To x;(k) — Le 4acoBa Toyka, B sKili IONOKEHHA S;.
3aiiMaeThesl (MapkyeThes) k-if pas.

J171s1 BCTAaHOBJICHHSI IIOYATKY HOBOT'O IIEPEMILLIEHHS 110 UKy Ma€ OyTH BU3HAYCHO TIOJIOKCHHS
Si, 3aliHATTA (MapKyBaHHs) SKOIO O3HAYae, IO 3aKIHYEHO LMKI K 1 mounHaeTbes k+1 muxn
nepeMimeHHs 1o rpady cHHXpoHi3amii. 3a3Bruail s BUOOPY rpaHMIl TOYATKY HOBOTO ITUKITY Ha
rpadi 3a7ar0Th TOYATKOBY (CTAPTOBY) MO3HIIIIO, BITHOCHO SAKOI 1 BEAYTh BiJIIK MOYATKy HOBOTO
nuKiIy. B nboMy BUnanKy B TepMiHax 3MiHHUX CTaHy TOBOPSITH PO po3paxyHok ctaHy X(k +1)
gepe3 X; (k) . SKmio x monoxeHHs S; HE € CTapTOBOIO NO3MIIEI0 IMKY, TO X;(k +1) 3HaX0mUTh-
cs depe3 X j(k +1), T06TO BiTHOCHO YacOBOi BiAMITKM B MOTOYHOMY HuKIi. HaBemeni cTepa-
KEHHS JJIs1 OKpeMoi CTapToBOi Mo3uiii rpada CHHXpOHi3amii, IO PO3rIsAaeTbca Ha puc. 1,
MaTHMYTb TaKe IPEACTABICHHS 3 YPaxXyBaHHIM BIUIMBY 30BHIIIHBOIO JIOTIYHOIO YIIPABIiHHS U:
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-1
Xj(k+1) =a;x;(k)® (q(-B anj(k-‘rl)) @ aqxq(k) @uk+1).
i=2

[H11eKC 30BHILIHBOTO YITPABIiHHA IPUUHATHI TAKUM CAMUM, SIK 1HIEKC 3MiHHUX CTaHy BiIIOBi-
JTHOTO LIHKJTY.
Sk mpuKnaz po3rasnaeThes rpad CHHXpOHI3allii, 110 Mae CTPYKTYpY, IPEACTABIEHY Ha puc. 2.

(o)lal I 2 e

Puc. 2. TIpoctnii rpad cuaxpoHizamii

Sk craproBa 1o3uIlis Mo4aTKy IMKIy YMOBHO B3sTa mo3ullis S, . Toni cucrema piBHAHB 3i
3MIHHHMH CTaHy B 3araJIbHOMY BHIIaJKy MaTUMe BUTIISL:

x(k+D=Apx(k+1) @ A1x(k) ®Bu(k +1). 4

3aIeKHO BiJ] I0YaTKOBOIO MapKyBaHHs MO3UIii S; MaTpuis A po30MBaeThCcsa Ha Bl A 1
A1, npuuomy:

A=Ay DA;. 5)

Matpuui Ag i A| BU3HAYaIOThCA 13 MATpUIll A 3a JIOOMOIOI MaTpHllb TpaHchopmarlii

TA0 i TA1 . Uepes matpuui Tpancdopmaitii BpaxoBYyIOTHCSI MOXKIIUBI Pi3HI TIOYAaTKOBI MapKyBaH-

Hs O3MLIT S Tak:

(T €, SIKIIO 1=] 1 HOJOXEHHS S, He MapKOBaHe,
A . = . . 6
©™¥ |g— B yCiX IHIIMX BUMAKAX; (6)
(T €, SKIIO 1=] 1 IOJOXEHHS S, MapKOBaHe,
A i = L 7
""" |e— B yciX iHIIMX BUNaIKAX. (7

Tyt e=0,&=—00 — 3aranpHONpHHATI MOHATTS B MAX-PLUS anre6pi.

3 Bu3HaueHHs MaTpulb (6) 1 (7) BUTIKaE, 0 TUTBKK €IEMEHTH TOJIOBHOI JiaroHaji MaTpHUIb
TpaHcopmarii MoxxyTh OyTH BigmiHHEMH Big €. Cyma 000X MaTpHIlh 3aBXKIH Ja€ ONUHUYHY
MaTpUIo.

Cucrema piBHIHB (4) Moxe OyTH pO3B’si3aHa BIJOMUMH METOIAMU:

x(k+1)=Agx(k +1)® A;x(k) ® Bu(k +1) =
=A% x(k+1)® AgAx(k) ® AgBu(k + 1) ® Apx(k) ® Bu(k +1)=

..................................................................................................... ®)
=ADx(k+DO[AD T @.. @A) @TIAIx() B[A) ' ©..® Ag @ I]Bu(k +1).

BBengeMo mosHadeHHS: Aa =I©A)® AS @D..D Ag_l, M = A8A15 piBHsiHHS (8) crpo-
Iy€EThCS:
x(k +1) = Mx(k) ® AgBu(k +1) - ©)

B IbOMY BUIIQAKy MaTpulsd N[ MOXKE PO3IIAAAaTUCA AK MaTpHIA ,Z[I/IHaMiKI/I cucremu 0e3
30BHIIIHBOIO KCPpYBAHHS — ,Z[I/IHaMi‘IHa XapaKTCpUCTHKA BUIBHOT HOBCI[iHKI/I CUCTEMMU:

x(k +1) = M x(k) .
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Junamiuni xapaktepuctuku JIBC 3amexarb Bif CTPYKTypH 1 BIACTHBOCTEH MaTpULi M .
[TowyaTtkoBO MapKoBaHi Mo3uLii rpada CHHXPOHI3aLil 3aBXK /AN PO3IIAIAIOTHCS K BEpIIMHY rpada

G(M), ski MalOTh TUIBKM BUXiOHI peOpa, i TOMy OYEBHAHO, IO AJS KOKHOTO IOYaTKOBO
MapKOBaHOI'0 NOJIOKeHHs S; Tpada cUHXpOHi3alii B MaTpulli A € xoya 6 OIUH €IEMEHT B
crosmui (Af)e j, BiIMiHHUI B & , 110 TOBOPUTH PO Te, IO iCHYE HACTYIIHE HOTOKEHHS S , B SIKE
000B’A3KOBO TEPEXOJUTh CHCTEMA 3 MOJOKEHHs S; . SIKIIO K MONOKEHHA S; HE € IOYaTKOBO

MapKOBAHHM, TO j-ii croBmens Matpuili (A])ej Ma€ TIMLKH IEMEHTH & .
[loBeninky B uaci HekepoBaHOro rpada CHHXPOHi3alii MOXKHA AOCTIOUTH 3a JOIOMOTOIO

piBHsHHEA (9), sKmo 3amaHi mouatkoBi ymoBu X(0). 3 ypaxyBaHHSM TOro, IO LMKIIYHICTH

KPUTHYHOTrO rpada G¢ (M) nopiBHtoe 1, icHye uncno K , Take Io:
vk > K : M¥ =2kQ.

3Bigku BumumBae x(k) = 2K Qx(0)= Wy

Ha ocHOBI IbOTO CIIIBBiIHOIIEHHSI MOJKHA CTBEPAXKYBATH, 10 MOBEAIHKA rpada cCHHXpOHi3alii
1151 OyIb-SKAX MOYaTKOBUX YMOB BU3HAYA€ETHCS CTAIMM CTAHOM 4epe3 IesKy KUIbKICTh MpoOiriB
0 LMKITY 3aJISKHO BiJl BIACHOTO BeKTopa V MaTpuli M.

B 3aranpHOMY BUINIAAKY:

vk >K:M¥P = aPmk,

x(k + p) = MK+Px(0) = WP x(k),
T0GTO 3aIXKHO Bix ruKTiunocTi p rpada GC (M) 3aHATTA BIIIOBIIHUX MO3ULIH rpadya CHHXPOH-
HO noBTOproEThCs micst A oguaumIe yacy.

[MpuitasaTo BBaxkatn, mo uist k < K BiANOBigHI MO3UILT 3aiiMatOThCsl B HEPETYJIAPHI 4acoBi
MIPOMIXKKH, 1 11eil epio MoXke pO3TiIsAaTUCh SIK EPEXiAHNHI mpoliec B cuctemi (puc.3):

Puc. 3. I'pad cuaxponizamii Mmepexi [letpi 11 aGcTpakTHOTO PUKITATY
Jns imroctpallii HaBeleHNX TBEPPKEHBb PO3TIIsiHeMO a0cTpakTHUH npuknay. Hexait JIBC mae
IIICTh ONepaliiHuX NO3ULIH Si,...,S¢, TpU3 AKX Sy, Sy ,Sg — € M0YATKOBO MAPKOBAHUMH.
CrioyaTKy 4acoBH apaMeTp 3aTpUMKH a NokiagaeMo piBHUM 0. B nboMy Bunaaky Matpuus
IUHAMIKM A MaTHMe BUTJISIA:

e ¢ 2 7 ¢ ¢

2 & € g 6 ¢

e 1 ¢ ¢ ¢ 7
A =

2 € € &g 6 ¢

e 1 € ¢ ¢ 7

& ¢ 2 7 ¢ € |
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3 ypaxyBaHHSM BiJICYTHOCTI JJOAATKOBUX JIOT1YHUX YMOB TIEPEKIIFOUCHHS HEMAE HEOOXITHOCTI
. * .
B MaTpulli B. 3 ypaxyBanuaMm (9) 3HaxomumMo Ay 1 M :

[0 ¢ 2 & ¢ ¢ (e 3 & 7 ¢ 9]
2 0 4 ¢ 6 ¢ e 7 ¢ 9 ¢ 13
" e ¢ 0 g ¢ ¢ e 1 € € ¢ 7
Ag = M= ‘
2 ¢ 4 0 6 ¢ e 7 ¢ 9 ¢ 13
e ¢ ¢ ¢ 0 ¢ e 1 € ¢ ¢ 7
€ € 2 € ¢ O_ | € 3 ¢ 7 ¢ 9_

Crpykrypa rpada G(M) matume Burisg (puc.4):

/T\t3

Puc. 4. Tpad G(M)

Kputnunnii rpad G¢ (M) TpeICTaBIlIeHHi Ha puC. 5.

@,

kﬁ

Puc. 5. Kputnanuii rpad G© M)

Cepennst Bara KpUTUIHOTO ITUKITY € BiacHe yucio MaTpuili M—A = (13+7)/2 =10 omuHUIB
qacy.

MoxHa MepeBipUTH JAOCTOBIPHICTh I[LOTO PE3YJIbTATY i 32 JOMOMOIOK OYIb-SKOr0 3 alro-
puTtMiB popMambHOTO 3HAXOMKEHHS A Ut MaTpuii M . s BnacHoro uncia MaTpui M icHye

BITaCHHMit BeKTOp: V=[3 6 0 6 0 3]T.

[Ipyr npoMy mepexigHuil HpoLec 3aKIHUYeThCS Al OyIb-SKMX MOYAaTKOBHUX YMOB BJIACHUM
cranom JIBC.

[oBeninky rpacda cunaxporizamii J[bC MokHa OLITBIIT HAOYHO OSICHUTH 32 JIOTIOMOT OO TpadikiB,
MPEACTaBICHUX HA puUC. 6.
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3 puc.6 BUIHO, 1110 TPOMDKOK yacy Mk k -M 1 (k 4+ 1) -M MapKyBaHHSIMH B [1EpiOA MEPEXiAHOTO

MPOIIeCY MOKe OyTH OLMBIINM, HiX BiIacHe yuciio A MaTpuili M. ITicas 3akiHYeHHS MepexiHOro
PeXUMY MapKyBaHHS TO3ULII BinOyBaeTbcsi modyeproBo uepe3 9 i 11 ogmuuns yacy. Cepenne
3Ha4YEeHHS LIbOTO YaCOBOT'0 MIPOMIXKKY TOYHO JIOPIBHIOE BIIACHOMY YMCITy MaTpuLi M.

Xj(k+1)=xj(k)

S$5.S
4 2>54

SI,S6
121

101

53,55

0 1 2 3 4 5 6 T k

Puc. 6. [epexinuuit npouec B IBC npu mukivsocTi p = 2

SKmo 3MiHUTH OUHAMIKY Tpada CHHXpOHi3alii, YMOBHO MPUUHSBLIM, 1110 TapaMeTpa =2 B
rpagi Ha puc. 3, oep>KUMO HOBY MaTpHIIIO:

e 5 ¢ 5 ¢ 9
e 9 ¢ 7 ¢ 13
, e 3 € € € 7
M’ =
e 9 ¢ 7 ¢ 13
e 3 ¢ ¢ ¢
K: 5 € 5 ¢ |

3 BIIACHUM YHUCIIOM A =9 1BIIACHUM BEKTOPOM v = [2 6 0 6 0 2]T , KpiM TOr0, IUKJIIYHICTh

rpada 3miHUTECA HA p =1.

I'pacdiuna inTeprperamis moseninku [IbC B AHAaMII HAOYHO MPOLTIOCTPOBAaHA HA PHUC. 7.

Brponosx wacy mix k i (k+1) MmapkyBaHHSMHI 4aCOBHIA BiZIpi30K MOKE 3MiHIOBATHCH (KOJIHBa-
Trch). Ll moBemiHKa MOXKe TPaKTyBaTUCh SIK mepexigauii npomec B JIbC.

Sxmo mae mice k > K, To MO3ULiT MapKyIOTbCs 4epe3 peryssipHi NpoMiKKY yacy. Bunukae
MTOCTIOBHICTH MapPKyBaHb, 110 ITOBTOPIOETHCS 3alIeKHO Bif mukimigHocTi rpada G(M) . Sximo mis
KPUTHYHOTO rpada G¢ (M) 1MKI4HICT p =1, TO NIPOMDKOK Yacy Mk k 1 k +1 MapKyBaHHAMHM
CKJIaZiae TOYHO A onuHuub 4acy. [loBeminka JIBC Ha mpoMmy erami MOXKe pO3INIANATUCH SIK
BIIACHUH yCTalieHHii cTaH, a0 KopoTko — BiacHui ctaH JIBC.
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X (k+1)—x; (k)

S»,S
147 224

121 S1.56

10 [

Puc. 7. Mepexinuuii npouec B JIBC mpu tuxrmivnocti p = 1

BucHoBKH

1. AnamitTiyHa MOAENb TpeAcTaBicHHsS rpada curxponizamii JIBC mo3pomnsie posrismatu
MoJenb y GpopMi, moAiOHii J0 IpeACTaBIeHHS 32 JONOMOTOI0 PIBHSIHb CTaHY MpOLecy B Cy4acHii
Teopii ynpaBIiHHS.

2. Junamika JIbC 3anexuTs Big BnacTuBocteld MaTpuli auHamiku JIBC, 30kpema nepexingauii
MPOLIeC BU3HAYAETHCS Uepe3 BIacHE YUCIIO 1€l MaTpHIIi.

3. BcraHOBIEHO 3B’SI30K Mi>K TOKa3HUKOM LUKJIIYHOCTI KpUTUIHOTO Tpada MaTpuIli THHAMIKA
JBC i cranoM mporiecy, SKHii MOXKE TPAKTYBATUCh K YCTAJIEHUI CTaH CHCTEMH.

4. TlpencrasieHa mozaenb auHaMiku [IbC mo3BoIsie BAKOPUCTOBYBATH ii AJIsi CHHTE3Y CHCTe-
MU YIIPaBIiHHA JUCKPETHO-OE3MepEepBHUM IIPOIECOM 3 33/IaHUMH MOKa3HUKAMH SIKOCTi, aie B
paMKax IbOro JOCIIKEHHS 3a/ja4a CHHTE3Y HE PO3TIISIIAEThCS.

Cuucoxk gireparypu: 1. becapa6 B.1. Buxopucranas amapara ,, MAX-PLUS” 11 MonemtoBaHHS AMHAMIKH B
iH(popMaIiHHIX Mepexax i3 mpoctoro Torooriero / B.1. becapa0, €.I'. Koanenko// Haykosi npami [HcTuTyTy
npobinem MozentoBaHHsA B eHeprerumi iM. [.€. IlyxoBa. Bum. 44. Kwuis, 2007. C. 59-62.
2. David R. Petri Nets and Grafcet: Tools for Modeling discrete event Systems/ R. David, H. Alla. London:
Prentice Hall, 1992. ISBN: 0-13-327537-X. 3. Cassandras C. G. Introduction to Discrete event Systems/ C.G.
Cassandras, S. Lafortune. — Kluwer academic Publishers, 1999. 4. Cunnindham-Green R. Minimax Algebra
and applications/ R. Cunnindham-Green// advanced in Imaging and Electron Physics. Vol. 90. New York:
Academic Press, 1995. P. 1-121.
Haoiiiuwna 0o peoxoneeii 15.10.2010
Becapa6 Bonogumup IBaHoBUY, KaHA. TeXH. HAYK, IOLEHT, 3aBixyBad kapenpu AT JorHTY.
Haykosi inTepecn: Tpancnioptai Mepexi SDH/PDH; metoam aHai3y AMHAMIKK TEIEKOMYHIKaIlii-
HUX Mepex. Xo00i: oxora. Anpeca: Ykpaina, 83000, JoHeupk, Byn. Aprema, Oyx. 58, e
0623325537.
Boponaesa I'anna OnexcanapiBua, acucrent kadenpu AT JJorHTY . HaykoBi iHTepecu: meromm
ONTUMI3allii Ta YIIPaBIIiHHA PO3IMOIIICHIMH TEIEKOMYHIKAiHHUMI MepekaMu. X00i: aHami3
IUHaAMiKH (QYyHKITIOHYBaHHS 00’ €KTa TeIeKOMYHIKaIliil. Anpeca: Ykpaina, 83000, /lonensk, ByII.
Aprema, 6yz. 58, Ten. 062 334 11 72.
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VIK 044.03
B. M. JIEBBIKHH, O.C. XBOPOCTHHHHA

OBOBIIEHHASI MOJIEJIb CUCTEMBI CBAJIAHCUPOBAHHBIX
MOKA3ATEJIEN

Pa3zpabaTeiBaeTcs oOmmas Mozenb cucTeMbl cOamancupoBaHHbIX mokasatedeit (CCIT), obec-
TIeYMBAIOIIAst OAAEPIKKY CTpaTerniecKoro ynpasienus npeanpustaeM. Moznens CCII mo3sons-
er Qopmanu3oBaTh MpoLecchl (OPMUPOBAHMS U BEAEHHS COATAHCHPOBAHHBIX ITOKa3aTelseH,
BBIOOpa MepPCIIeKTHUB, IeNel ¥ oKa3aTesnel, orpenersromux 3pGeKTHBHOCTD NesTeTbHOCTH KOM-
MIaHWH, a TaKKe 00pabOTKy MH(POPMAIMK O TPEIIPHUIATHH B paMKaX (YHKIIHOHAIBHBIX 3a/1a4
noacucteMsl «IImaHnpoBanue, y4eT, KOHTPOJIb, ¥ ITPOTHO3MPOBaHKE cOaIaHCUPOBAHHBIX MOKa-
3aresnei» aBTOMaTH3npOBaHHOM nHpopMannoHHOH cucteMsbl (AVC) mpennpusTas.

1. BBengenue

B nensix a3 pexTHBHOro cTpaTernueckoro ynpasieHus IpeanpusTHEM 1IeJeco00pa3Ho prMe-
HEHHE MPOLECCHOr0 MOAX0/1a K OpraHu3alii U YIPaBICHUIO €ro AesTedbHOCThI0. Ha maHHBIN
MOMEHT OOJIBIIMHCTBO MPEANIPUATHH HCIONB3YIOT CTPYKTYPHO-()YHKIMOHAIBHBIA MOAX0, B KO-
TOPOM JIeATENFHOCTD OpraHN3alluy MPEICTaBIseTCs B BUAE Ha0opa QyHKUNH, 3aKpEIUIEHHBIX 32
CTPYKTYPHBIMH TOJpa3jeNeHusIMU. [ TaBHBIM HEOCTaTKOM TaKOro NMOAXOAA SIBJSETCS TO, YTO
MOZIpa3/ACNEHUsl HAIPABIIAIOT CBOKO NEATEIBHOCTh HAa JIOCTH)KEHUE JIOKAJIBHBIX LENel, Mexay
KOTOPBIMH MOTYT OBITh OOBEKTUBHBIC POTUBOPEUHS, YTO MPUBOIHUT K CIOKHOCTH BHEAPCHUS
KOPIIOPAaTUBHBIX HHPOPMALIMOHHBIX CHCTEM. B TO e BpeMs MpoIecCHBI MOJX0] OPHEHTHPOBAH
Ha OM3HeC-TpoLecchl, 00ecreynBacT MPO3pauHOe CTPATErHUYECKOe yIpaBieHHe, THOKO alanTH-
pyercs moj JIF00ble U3MEHEHHSI.

[NoBbimenune 3¢pPpeKTHBHOCTH TAKOTO YIPaBIeHUs BOSMOKHO Ha OCHOBE CUCTEMBI cOanaHCH-
poBanHBIX noka3zateneii (CCII).

Haznauenne CCII 3akirouaercs B GOpMyJINPOBAHUM NEPCIIEKTHB CTPATETHUECKOT0 Pa3BUTHUS
MPEANPHUSTHS, TOCTAHOBKE CTPATErMYECKUX LIENIeH T KaXKAOH MepCIeKTUBE U (hopMUpOBaHUHT
CIIMCKa ITOKa3aTellel, OIIEHUBAIOIINX CTENIEHb TOCTIKEHNS NaHHbIX Leneid. Hemocratouno dop-
MaJM30BaHHBIN ITpoLiecc BEIOOPA MEPCIEKTHUB, LIeIeH 1 IoKa3aTelei, OLIEHKH Ba)KHOCTH [TOKa3aTe-
Jelt 3aTpyAHseT NMPUMEHEeHHnEe MHPOPMAMOHHBIX TEXHOJIOTUH Ul MPAaKTHYECKOW peaan3anuu
CCII [1].

[ponecc popmupoanust CCII Tpedyer pa3paboTKi MOJENTH, OMUCHIBAIOIIEH OCHOBHEIE KOM-
noHeHTHl CCII 1 cBA3M MeX Iy HUMH, a TaKKe MeTozia It (POPMHUPOBAHUS 1 BEICHUS cOalaHCH-
pOBaHHBIX MoKa3aTeneil. JlaHHas mozmens M Meron OyAYT HCHONB30BaThCS VIS ONPEACICHUS
KOMILIeKca (DyHKIMOHAIBHBIX 3a/1a4 moacucteMsl «llnannpoBanue, yuer, KOHTPOJIb U IPOTHO3H-
poBanme cbamancupoBaHHbIX mokasarteneiy (I[IYKIICIT) AUC npennpusrus, GhopMHUpYOIIEH
3¢ (G eKTUBHBIE TPOLIECCHI YIIPABICHUS IPENIPUATHEM, KOTOPBIE TAPAHTUPYIOT BBICOKOE KaYEeCTBO
1 aHAJIMTUYECKOE MMPEBOCXOACTBO NMpeUlaraeMbIX peleHni mpobiem pa3Butus 6usHeca. [loncu-
crema [TYKIICII nomkHa obecrieunBaTh peann3annio (yHKIIMOHAIBHBIX 3a/1a4 110 CTpaTerniec-
KOMY YIPaBICHUIO NPENNPUATHEM U OLEHKU 3(PQPEKTUBHOCTH €ro NEATEbHOCTH C MOMOIIBIO
ydyera BINSHUS BCEBO3MOXHBIX (PaKTOPOB IPH BHIOOPE CTPATErMUECKUX HAIIPABIICHUN M LieNeH
MPeNIpPHUSITHUSL.

2. Onucanune moxeaun CCII

[onmnepxka mpomecca (opmupoBannss CCII moxer OBITh OCYIIECTBIIEHA MOACHCTEMON
ITYKIICII B pamkax cremyronmx (pyHKIIMOHATBHBIX 3a/1a4:

— IIJIAHUPOBAHUE LENEBBIX NIOKA3aTeNeld Ha TOJ U CPEIHECPOUHYIO IEPCIEKTUBY;

— IJTAHUPOBAHHE U KOHTPOJIb PALIMOHAIBHOTO HCIIOIB30BAHUS PECYPCOB IIPEANPHSTHUS;

— y4eT ¥ KOHTPOJb (haKTHUECKUX 3HAUYCHUH MoKa3zaTtenel 3(eKTUBHOCTH;

— IJIAHUPOBAHME OTIEPATUBHBIX MEPOIIPHUATHIA;

— aHaJIM3 U IPOTHO3UPOBAHHUE OTKIIOHEHHIA;

— yIpaBJieHue pa3paboTKOi CTpaTerndecKor KapThl MPEONPHSTHS;
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— ynpaBlieHWEe UHAWBUAYaIbHBIMU 3aJaHUSMHU COTPYIHHUKOB 10 3aIIOTHEHUIO CTPAaTErHuecKOn
KapThl.

Peanuzanus oOMeHa naHHBIMHE B paMKax ¢yHKkunoHanbHbIX 3aaad [TYKIICII tpebyer dop-
MaJbHOTO ONMMCAHUsI KOMIIOHEHTOB, MO3BOJISIOIINX OCYILECTBIATH YIPaBICHUE MIPEANPHITHEM C
ucnonszoBanneM CCII. Monens kommonentoB CCII npencraBieHa B CleaylonieM BUIE:

MCCH =<P,G,[LA >, (1)
rae P — MHOXECTBO MepCHeKTUB ACATENbHOCTH mpeanpusitus (perspective); G — MHOXKECTBO
CTpaTernyecKux Iefield, ycTaHaBiIuBaeMbIX mpeanpustueM (goal); | — MHOXecTBO mokazaTesei
3¢ ()EeKTUBHOCTH TOCTHKEHUS MOCTaBJIeHHOH 1enu (indicator); A — MHOXECTBO CTpaTerHUIeCKUX
MeponpusThii (activities).

[lepcnekTuBBl — 3T0 HambOoyiee 3HAYMMBIE C(Epbl, B KOTOPBIX NPEANPUATHE CTPEMHUTCS
JOCTUTHYTH PE3YJBbTATOB.

Crparteruueckas Lelb — 3TO TI00aibHas 1eNb, TOCTHKEHNE KOTOpol Hambosee BaKHO IS
ycrnexa U BBDKMBaHUS oprannsanni. OHa MOXKeT OBITh IPEACTaBIIeHa B BUC:

Gi =<A AGy AL >, (2)
31ech A; — BecoBOW Ko uureHT uenu (onpenensiercss MeToJ0M SKCIEPTHHIX OIICHOK B Tperie-
nax [0;1]; 1 — IOPAKOBBLA HOMEp CTpaTerMYecKOd Lenu B BbIOpaHHOI meperekruse; {Gj}—
MHOKECTBO CTPaTETHUECKUX LIeneil ypoBHS NoApas3aeieHnid, rae G; — npoekuus uenu G; Ha l-e
noapas/eleHue NPEeANpHITHS, CoAeprKalliee TaHHy0 1erb; {ljj} — MHOXecTBO mokasaTeneit, riae
Iij — j-1i moKa3aTelb IS i-d CTPATETUYeCKON IIEIH.

[Nokazarens 3pPEeKTUBHOCTH — ATO MapaMeTp, SIBIAIOMINNACS CPEACTBOM OLICHKH HPOJBIIKE-
HUS K peaii3aliy CTPaTernyecKou Lelu.

B mporecce nccnenoBanuii ObUIO BBISBICHO, YTO AJIsI OCYIIECTBICHUS OLEHKH IeSITENbHOCTH
obbexTa ynpasnenus (OY) nokazatensiM ) HEeKTHBHOCTH HEOOXOAMMO ONPENETHUTh CIIENYIOLIHe
aTpUOYTHI:

I =<nl, form,f,p, v, pr, {H},, tgr, bgr, 6 max,d min, T max, Tmin > , 3)
rae nl — HauMeHOBaHKE MoKa3aTens 3PPEKTUBHOCTH AOCTHKEHHSI TOCTaBICHHOM 11eNH; form —
¢dopmyna pacuera mokaszarens; f — QakTHUecKoe 3HaueHHe mokaszarens 3((EeKTUBHOCTH 3a
OIpEIeNICHHBII Mepuoa; p — MJIaHOBOE 3HAa4YeHHE MoKa3aTels 3 PEeKTUBHOCTH; v — BECOBOH
ko3 dunmeHT nokasarens 3p(eKTHBHOCTH (HOPMUPOBaHHAs BelnmduHa [0;1], ompenensercs

METOJIOM J3KCIEpPTHBIX OI[EHOK); Pr — MepuojJ W3MepeHHus IMokaszatens; {H}— MHOXECTBO
MpenbIayInuX GakTHYeCKUX 3HAUCHUH 1MoKa3aTels 3¢ (HeKTUBHOCTH; T — TaHHBIE O JTUIIE, OTBET-
CTBEHHOM 3a BHECEHHE 3HAUCHHUH MOKa3aTeNs; tgr,bgr — BEPXHsSA W HIKHSS TPaHUIBl (aKTH-
YECKUX 3HAYEHUH MOKa3aTeNs; §max,dmin — MaKCUMalbHasi U MUHUMAaJIbHas TPaHUIbI JOMYyC-
THMOTO OTKJIOHEHUS ()aKTHUECKOT0 3HaUEHU I TI0Ka3aTeNs OT I[eIEBOTO 3HAYCHHU S, T max, T min —
BEPXHsISI U HUIKHASA TPAHULBI KPUTHIECKOTO OTKIOHEHHS (DaKTUYECKOTO 3HAYCHUS TOKa3aTeNs
OT I1E€JICBOrO 3HAYCHHS.

CrpaTternueckue MEpOIpUATUS HANIPaBJIECHbI HA JOCTHKEHHE TOCTABJICHHBIX LIENel B TEUCHUE
3aJIaHHOTO TIEpHOJIa BPEMEHH | IIPH YCTAaHOBIIEHHOM Otopkere. OCHOBHBIE TapaMeTphl, XapaKTe-
PpU3YIOLIME MEPOIIPUSTHUE, CIEAYIOIIHUE:

A =< nA,Ci,dSp,dep,dsf,def,{I},eji >, 4)

riae nA — Ha3BaHue MeponpusaTus; C;- 3h(EeKTUBHOCTH i-TO CTPATETHYECKOTO MEPOIPHSITHS,
dsp,dep — maHUpyeMble MaThl Hayana M 3aBepiieHusi MeporpusaTus; dsf,def — daxruyeckue
JaThl Hadaja W 3aBepIICHUS MEPONPHTHS, {I}— MHOXKECTBO TOKa3zarened 3P QPeKTUBHOCTH, Ha
JOCTHKEHHUE 1IEIEBBIX 3HAUEHNI KOTOPBIX HAIIPABIEHO MEPOIPUATHE; €ji — KOINYECTBO pecypca
j-To BUIA, TpeOYIOMIET0Cs U BHITOIHEHHS 1-TO CTPATErnYeCKOr0 MEPOIPHUSTH.

Monens CCII mo3Bomsier onpeaenuTh coctaB (POPMUPYEMO B XpaHUMOW HHPOPMAIIUH TIPH
cozmanuu 0a3bel naHHbIX (b/1) mokasareneit, HeoOXOAMMOM ISt hOpMAITU3AIIIH TTPOIIECCOB BBHIOO-
pa MepcneKTuB, 1eel u mokasareneii 3¢ (heKTHBHOCTH A TENbHOCTH KOMITAHUU, KOTOPBIE peali-
3YIOTCSI 3TanaMu Merona (OpMUPOBAHUS U BEACHUS cOaTaHCHPOBAHHBIX MOKa3aTeNnel B paMKax
¢yHKIMOHANBHBIX 3a7a4 noncuctemsl [TYKIICIT
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3. Meton ¢opmupoBanusi U BeJeHHs] COAJTAHCMPOBAHHBIX MOKAa3aTeJeil

Meron ¢opmupoBaHus U BeeHUs cOalaHCUPOBAHHBIX MOKa3aTeled BKIIOYAET CICAYIOLIHE
STambI:

1. ®opmupoBaHue CTpATErHYECKON KapThl MPEATIPHUSTHSI.

2. TloctpoeHue nepapxuu CTpaTErHYecKuX KapT IS MOIpa3/ieseHUuH.

3. Bnecenue BbIOpaHHBIX TIOKazaTenelt apdexkruHocTH B B/I.

4. VYder u KOHTPOJIb 3HaYCHUI YCTaHOBJIEHHBIX [TOKa3aTeNeH.

Crparternueckass KapTa HOPEANPHUATHS TO3BOJSET OCYHIECTBUTH BHU3YaJTU3WPOBAHHOE IMPEH-
CTaBJICHHE CTpAaTernd B BHJE HA0Opa MEPCIEKTHB, CTPATErMYECKUX LeNel, MoKazaTened u
NPUYMHHO—CIICICTBEHHBIX CBsi3el Mexay uensmu [2]. [losTomy Ha nepBoM 3tamne s GopMHUpPO-
BaHUSl CTPATErMYECKON KapThl MPEANIPUATHS U3ydaroTcs 1IEH, 3aa4ll ¥ OCHOBHBIC BUIBI Jes-
TENBHOCTH MPEANPHATHS, HA OCHOBAaHHH Yero co3farorcs corijacoBannbie Mogenu OVY. Iloctpo-
eHUEe MoJeNiell HauYMHaeTcs ¢ MPEACTaBICHHUS BCE CHCTEMBl B BHJE KOHTEKCTHOM AMarpamMmbl
IDEFO0, koTopasi mo3BoJIsIeT BHISIBUTH BHEIIHUE U BHYTPEHHUE TEHICHLIIUU B ACSITEILHOCTH MIPE-
npuatus [3], 4To JaeT BO3MOXKHOCTH ONPEACIUTH MEPCHEKTUBBI NESITENbHOCTH MPEANPHITUS
P, . Takas nnarpamMma mo3BossieT BELACTUTH OCHOBHBIE (hakTopbl 1ist SWOT-ananusa (Strengths,
Weaknesses, Opportunities, Threats) Ha ocHOBe TOTOKOB WH(OPMALIUU M OTHECTH K KOHKPETHON
MepCIeKTHBE.

UcnonszoBanne SWOT-ananusa ais OLEHKH SKCIEPTaMHU YaCTHBIX (PaKTOPOB, IPENCTABIISIO-
KX cO0O0H coueTaHue CHIIBHBIX M CIa0bIX CTOPOH JAEATEIbHOCTH MPEIIPUATHS C BO3SMOKHOCTSI-

MU U YIrpo3amMu, IMO3BOJIACT BLI6paTL CTpAaTEruucCKueC Iein Gi JUIS KaXKIou MEPCIICKTUBbBL Pm .

[Ipu 5TOM KOHTEKCTHAs aUarpaMma JeKOMIIO3UIIUPYETCs, OMUCHIBAas B3aUMOCBSI3H MEXY OH3-
HEC-TIPOIeCCaMu, MaTEpUATBHBIMU U MH(DOPMAIIMOHHBIMU ITOTOKAMU, TAPaMETPAMHU, XapaKTePH-
3YIOIIMMHU OU3HEC-TPOLIECC, YTO JIENIaeT BO3MOKHBIM MPOBEACHUE aHAMHU3a (DYHKIIMOHUPOBAHUS
OV u no3BOJISET BBISBUTH Y3KHUE U HEONTHMAIILHBIC YUACTKU OM3HEC-TIPOIIECCOB, MPEISITCTBYIO-
IIHe JOCTHKESHUIO BEIOPAHHBIX CTPATETMUCCKUX LICNIEH.

[Mapamerpsl Ou3Hec-TIpolecca, MO3BOJSIONIME OICHUTh CTENCHb JOCTHXKEHHS BBIOpAHHOU
CTPATETUYECKON 1K, (PUKCUPYIOTCSI Ha CTPATETUYECKON KapTe MPEANPHUATHS B KaU4eCTBE MOKa-
3ateneit sddexruBroctu nenu Ij. Onmcanue ux arpuOyToB MO3BOISET KOHTPOIMPOBATH BBI-
TIOJTHEHHWE CTPATETUH MPEANPHUSATHS, TUIAHUPOBAThH IIeNieBble 3HAUYEHHUsS ToKa3aTeleld Ha Tof U
CPETHECPOUYHYIO TIEPCIIEKTUBY, a TAKIKE PECYPChl IPEATPHUSATHSI.

Takum 00pazoM, pe3ylbTaTOM dTara SIBISAETCS CTpaTerndeckas KapTa IPeANpUATHS U IUar-
pamma IDEF(, orpakaromiast Ou3HecC Mpolecchl BEPXHEro YPOBHS, HEOOXOIUMBIE [T pean3a-
UMM cTpaTerunyeckux uenei OVY.

[pu perrernn 331291 B3aMMOCBSI3H CTPATETMUECKOTO U ONIEPATUBHOTO YIIPABIICHHSI CTIONbB3Y-
eTCs CTPYKTYPHBIN TTOIXOM JUTSl TIOCTPOCHUS MEPapXHH CTPATErHYECKUX KapT MMOApa3JeleHnul,
YTO peann3yercs BTOPBIM 3TaroM MeToia OpMUPOBAHUS U BEACHUS COAlaHCUPOBAHHBIX MOKa-
3areneii. Ha aToM sTame ocymiecTBiseTcsl ynpaBlieHHe WHANBUIYabHBIMA 3aJaHUSMHU COTPY/I-
HUKOB TIO 3aITOTHEHHIO CTPATErHIecKOr KapThl, KOTOPOE BKIIOYAET: IEKOMITO3HIINIO CTpATer -
YeCKOM KapThl MPENNPHUITHS Ha BCE YPOBHH OPTaHU3AIMOHHOM CTPYKTYPHI, YCTAHOBKH IIEIEBBIX
3HAYSHHH ToKa3aTenel 3PeKTHBHOCTH MO OTACIBHBIM OTpe3KaM Iepruona, popMupoBaHue 3a-
JaHWI COTPYAHUKAM 10 3aIlOTHEHHIO CTPATErMUECKUX KapT MOApa3 IeNIeHHHA.

[TocTpoeHne cTpaTernvecKuX KapT MOApa3lelieHHil MpeaycMaTprBaeT MOCTPOSHUE Mojieen
OM3HEC-TIPOIIECCOB C BhIJIETIEHHEM (PYHKITUI ToApa3AeieH i, WH()OpMAIIMOHHBIX ITOTOKOB, OM3HEC-
MIpaBMII, BPEMEHHBIX XapaKTEPUCTHK U OIMCAHUEM PerliaMeHTa paOoThI TEPCOHAIA, YTO MO3BOIS-
eT BBIOpATH 1IENIM CTPATErHUeCKON KapThl MPEIIPUATHS, ABISIONIMECS [EeNsIMH JaHHOTO Toapas-
nenenus. [lomuMo 3TOro, Takue MOJENTH AAFOT BO3MOXKHOCTH (DOPMHUPOBATH B3aMMOCBSI3aHHBIE
WHCTPYKIIUU COTPYIHWUKAM II0 3aMOJHEHHIO CTPATErMYeCKOW KapThl, PeaM30BaHHBIX B BHJIE
IMHAMHYeCKHX BeO-cTpanuil. Co3maHue Mojeneld OM3HEC-POLECCOB MPEPUATHS B IIETIOM U
ero Mmojipa3ieJIeHu MpeaycMaTpUBAST HATMYHE TEXHOIOTHIECKUX CPENICTB UX JOKYMEHTHPOBa-
HUS, PETIO3UTOPH Sl YHU(PUIIMPOBAHHBIX CEPBUCOB, TEXHOIOTHIA HX PEaTN3aIlH U BEITOTHEHH .

PesymbraTOoM 3TOrO 3Tama SBISIOTCS HepapXHUYecKHue CTpaTerHuecKHe KapThl MoJpasjelne-
HUH, MOJIeTT OM3HEC-TIPOIIECCOB U MONTHAs (yHKIMOHAIbHAs OMOTMOTeKa TToKa3aTeNneH moapasie-
TieHHst ¥ 0000IIEHHBIX OIIEHOK MTOKa3aTelNel Mo YPOBHSM MOIpa3eieHUH.
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Peanuzanus 1-ro u 2-ro sTamoB Meroaa npexycMmarpuBaeT ¢opmupoBanue bBJl. Ilpu stom
mozenb CCII ompenensier crpykrypy B/l: aTpuOyThl 1 cBA3M CYIIHOCTEH B BHJE KOHICTITYalb-
Hout moaenu BJI.

VYnpaBieHue cTpaTerniecKUMH KapTaMi NPEANPUATHS U MOApa3aeieHuil TpedyeT co3aanus
tabmun B/l «Ctparernyeckasi kapra npennpusaTis», «CTparerndyeckas KapTa IMOApas3AeleHU»,
«IlIepcnextuBay, «llenun», «llokazarenuny».

Ha tperpem sTame Merona OCyLIECTBISIETCS MOMApHOE CpaBHEHHE BHIOPAHHBIX MOKa3aTenen
U yXe CYIIECTBYIOUIMX Ha MPEeNNpUsATHH, KOPPEKTHPOBKA MPH HEOOXOAMMOCTH HX aTpHOyTOB,
BHeceHHe mokaszaTeneil B bl mins HaOopa cCyliecTBYIONIMX MMOKa3aTelled A0 CTpaTernyecKon
KapThl. YTpaBieHHE 3aJaHUSIMU COTPYIHUKOB T10 3aIIOHEHHUIO CTPATErHYecKOd KapThl TpeOyer
cozpanus cymHocrel «[lonpasnenenue», « IHauBuayanpHbIe 3aAaHud» U «CoTpyaHUKN». CoOT-
BETCTBHE LeNIei cTpaTernueckoi KapTsl IPEANPUATHS IPU AEKOMITO3ULINHN J0 YPOBHS Noapasie-
JICHUH peanun3yeTcs CyIHOCTAMHU «CBsA3b» U «PonuTenby. YUeT U KOHTPOJIb 3HaUeHUH ToKa3aTte-
nelt 3¢ (PeKTUBHOCTH, IIAHUPOBAHUE OMEPATUBHBIX MEPONPHITUH, OI0KeToB U pecypcoB OY
npeaycMaTpuBaer BHeceHne nH(popmaruu B Tabiuubl BJ] «Peectp puckoBy», «OTKIOHEHU»,
«Meponpustus», «Ilnanupyemsie MeponpusaTusy, «Pecypcbi».

Jlornyeckast mozens b/l pa3pabaTeiBaeTcs Ha OCHOBE KOHIETITYaIbHON C Y4€TOM BHIOpaHHON
PETSALMOHHON MOJIENTN OpTraHU3allly JaHHBIX (pUCYHOK). Dopmanu3amnus torudeckoit moxenu bJ1
JaeT BO3MOXKHOCTH TOCTPOHUTH (U3MYECKYI0 MOJENb, pealu3yeMyio B BHAE 0O0BeKToB bBJI,
KOTOpBIE MPUMEHSIOTCS B TIONB30BaTENbCKUX (POPMax U MPUIIOKEHUSX [4].

Peanuzanus Tperbero sTama MO3BOJISIET CO3JaTh €AMHOE MH(POPMAIMOHHOE MPOCTPAHCTBO
YIIPaBJICHYECKUX PELICHUH U YIPaBIAIOUINX BO3ACHCTBUHN, YTO HCKIIIOUAET AyOIIMPOBaHHE TTOTO-
KOB JaHHBIX U QYHKIHUH yrpaBieHus, a Takxke nHTerpupoBath nogcuctemy [TYKIICII ¢ moacuc-
TeMaMH TJIAHUPOBAHUS, OTYETHOCTH U OIOKeTupoBaHMs. PenieHne mpoOieMbl MHTErpanuu
JaHHBIX TpeOyeT YCTaHOBJICHHUS BCEX MCTOYHHUKOB JaHHBIX, UCIIONB3YEMBIX I paboThI ¢ MMOKa-
3arensmMu 3¢ PexTuBHOCTHU [5], I Yero MOTyT OBITh HCIONB30BaHbl MOAETH OM3HEC-TIPOLIECCOB
noapasaeneHuii npeapiyniero srana. Mcenons3oBanue mogenu CCII pemaer npobiemsl coria-
coBaHus GopmaTa BHYTPEHHEH OTYETHOCTH U 00ECTIeUeHHsI JOCTOBEPHOCTH AAHHBIX Pa3IUIHBIX
HUCTOYHUKOB, YTO TPeOyeTCs sl CIACAYIOIIETO dTama METoa.

YeTBepThlif 3Tall METOAA OCYLIECTBISICTCS MyTeM ydyeTa (haKTHUECKMX 3HAaueHUH IoKas3arte-
e 3¢ (HEKTUBHOCTH COTIIACHO YCTaHOBJIEHHBIM TepronaM n3Mepenus B moacucreme [TYKIICII,
910 TpeOyeT ONucaHus MpoueccoB coopa HH(OPMALIMK IO COCTOSHHIO LIENEH 1 IoKa3aTeseH.

J71s1 oriepaTHBHOIO KOHTPOJIS peajiu3aliy CTPaTeruu IeaTelIbHOCTU IpelnpusTHs Heo0X0Iu-
MO 00ecIIeuuTh XpaHeHHE KaK HHPOPMAaLNH AJIsl CTPATErHYECKOro YIIPaBIICHNS, TaK U IeTaIbHbIX
JIaHHBIX, HA OCHOBE KOTOPBIX 3Ta MHGoOpMaLus Obula MojydeHa, 4ToObl 00eCHeYnTh BO3MOXK-
HOCTb IIEpPEX0/ia OT CTPATETHUECKUX LeNiel K (PaKTHUECKUM TaHHBIM, KOTOPbIE ONPENeNsioT 3TH
nenu. Peanuzanus gynkimonansHbix 3amau nogcuctemsl [TYKIICII Tpebyer paspaboTku xpa-
HWIMIIA JAaHHBIX, KOTOPOE 3arpyaeT, COrjacoBbIBAeT M 0000LIAET JaHHBIE M3 Pa3IMYHbIX
HUCTOYHUKOB M TOAJECPKHUBACT AHAIUTUYECKHE BO3MOXHOCTH. OTO MO3BOJSET OCYLIECTBHUTH
IUTAHUPOBAHUE ONEPATUBHBIX MEPONPUSATHI [TPY BOSHUKHOBEHUH OTKJIOHEHUS (PaKTHIECKOro 3Ha-
YEeHUS [TOKa3aTelsl OT LEJIEBOro, IPOBOIUTH UX aHAJIM3 U IPOTHO3UPOBAHHE, YIIPABIATE MOAU(H-
KallMel CTpaTern4ecKOW KapThl MPEAIPHATHS.

4. BnIBOABI

Hayunasa nosusna. Paspaborannas obmast monens CCII ommchiBaeT KOMIOHEHTHI, HEOOXO-
MBI TSl CTPAaTErnYecKoro yIpaBiieH!s MPENpUsITHEM Ha OCHOBE COaaHCHPOBAHHBIX MOKa-
3areneil U (hopMaH3aIy MpoIeccoB BEIOOpA MEPCIEKTHB, IeJel U ImoKa3aTenei 3ppeKTHBHOCTH
NeATeIbHOCTH KOMIIAaHUH, KOTOPhIE PEalTM3yIOTCA dTarnaMu MeTofa (OPMUPOBAHUS W BEICHUS
cOaaHCHPOBAHHBIX MTOKA3aTeNEH.

Ipaxmuueckas 3uayumocmo. J|JaHHBII METO]T OMMCHIBAET MPOLIECCHl CO3IaHU U MOAM(IKA-
MM CTPATETMUYECKUX KapT, COTJIACOBAHMS IUTAHOBBIX IENEBHIX M (PaKTUUECKUX IOKa3aTelen
3¢ (HeKTHBHOCTH, KOHTPOJIS AATENFHOCTH MPEATIPUATHS Ha OCHOBE aHAIH3a JTOCTHKECHUS TIEIeH.
[Ipumenenne Meroa npu peanu3anuy GyHKIHOHANBHBIX 3a1a4 noacuctemsl [1YKIICIT mo3Bo-
JIUT OCYIIECTBIATh YUET U KOHTPOIb TMOKa3aTeneil 3¢ (eKTUBHOCTH, MOBBIIIATH CTENEHb aJieK-
BaTHOCTH MPUHUMAEMBIX YIIPaBIEHUECKNX PEIICHUH, a TAK)KEe HHTErPHUPOBATH ITOJICUCTEMBI T1J1a-
HUPOBaHUA, OTYETHOCTH, OIO/PKETHPOBAHMS ¥ MOTHBAIIMH ITEPCOHAIA B €IMHYI0 HH(POPMAIIHOH-
HYIO CHCTEMY CTPAaTETHYECKOTrO YIPaBICHHUS MPEIIPUITHEM.
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H KAKYPHH, F0.B.JIOIIYXHH, B.B. BAPEI[A, B.B. KATACOHOB,
A.H MAKAPEHKO

AHAJIN3 NPEOBPA3OBATEJIEN JTBOWYHO-K-WYHOTI'O KOJIA B
JIBOMYHBIN KO/ 110 METOAY JOCUYETA

PaccmatpuBaetcs cTpykTypa u (PyHKIMOHHPOBaHKE peodpaszoBareei 1BonaHo-K-naHo-
IO KOZIa B IBOMYHBIN KO BEIONHAETCS aHAIN3 MX OCHOBHBIX XapaKTEPHUCTHK.

1. ITocTaHoBKA 3aga4M

B coBpemeHHBIX yHHBepcanbHEIX OBM mpeoOpa3zoBaHue yHceNn BBITOIHICTCS OOBIYHO MPO-
IPaMMHBIM CIIOCOOOM, YUTO MIPUBOAUT K YMEHBILICHUIO IPOU3BOANTEILHOCTH LIEHTPAIBHOTO IIPO-
neccopa. Ilpu ncnonp3oBaHuM crenualbHBIX MpeodpasoBarteneit kogoB (I1K) B xauecTBe mpea-
MIPOLIECCOPOB M MOCTIPOLIECCOPOB ITOT0 HE MPOUCXOIUT [1].

B pesynbrate yBennmuuBaeTcsi MpoU3BOIUTENbHOCTE DBM, a B ciiyyae mpuMeHeHus nmpeodpa-
30BaTenei KoJoB B MHTepdelicax BBOAA-BBIBOA HH(OPMALINH YIYUIIAIOTCS HX OCHOBHBIE XapaK-
TEPUCTHUKH.

[IpenmymectBomM mpeoOpaszoBateneii kogoB mo Mmerony nocuera (IIK JICY) sBnstorcs
MaJble anmnapaTypHbIe 3aTpaThl, CXeMHas MPOCTOTa W JHMHEHHAasl 3aBUCHMOCTh alnapaTypHbIX
3aTpaTr OT Pa3psiAHOCTH BXOAHOTO KOJAa M HEBBICOKAS CTOMMOCTb.

Cnenyer otrmeruth, yTo ctouMocTh 11K JICYU siBisieTcs MO OTHOLIEHUIO K amnmapaTypHbIM
3aTpaTtaM BTOPUYHOM M ONpenenseT KauecTBO CXEMbl B 3aBHCUMOCTH OT THIIOB IPUMEHSEMbIX
3JIEMEHTOB.

L]envio HacTosIIeH pabOTHI SBISETCS:

— aHanu3 ocHOBHBIX Xapakrepuctuk [1K JICY;

— paccmotpenune Meroauku HaxoxaeHus [1IK JICY ¢ makcuMalbHBIM OBICTPOAEHCTBUEM;

— CpaBHUTENbHAs XapaKTEpUCTHKA OCHOBHBIX mMapameTpoB cTpykTyp IIK JICY, a Takxke
aHaJIM3 IPOrPaMMHOI0 CPEIICTBA JUIA pacyeTa OCHOBHBIX xapakTepucTuk 11K storo tuna.

2. Crpykrypa nu pyHkuumoHupoBanue MHorocekuumonsoro IIK JCYU

B mpocreitmmem ciyuae mpeobpazosarenem [1K JICU u3 K-u4HOI cHUCTEMBI B JBOMYHYIO
SIBJIICTCST OJTHOCEKIIMOHHAS CXeMa, ColepikKallas OAWH BXOTHOW BeIUMTAIOMMN cueTdnk (B K-
WYHON CHUCTEME) U OJTMH BHIXOTHOW CyMMHUPYIOIIHI B JBOUYHON CHCTEME CUETa.

Henocratkom ogroceknmonHoro 1K JICY siBisercst 3HaUNTENFHOE YHCIIO TAKTOB HA TIPeoo-
pazoBaHUE MaKCHMAaILHOTO YHUCIIA.

[lycte cucrema cumcnenuss Ha Bxome — K; cucTemMa CUUCIIEHHS Ha BBIXOAE — p; YHCIO
BXOZHBIX Pa3psAloB — NZ; JNIUTENBHOCTD IIEPHOAa UMITYJILCOB IeHepaTopa — T .
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Tornma mpu K=10; p=2; nz=6 Bpems npeodpa3oBaHus onpeneisiercs GopMyIoi:

tp = Tr *Nygge = Tr (K™ ~ 1) (1)

Makc

mpu T =1-10c.; ty, =1-107°(10° —=1)=1-107° 1999999 = 0,999999¢ ~ lc.

B mensx yckopeHms mporiecca NmpeoOpa30oBaHMS YHCET MOXHO HCIONB30BaTh Pa3iHYHbIC
MPUEMBI, B YACTHOCTH pa30MEHIE BXOIHBIX U BBIXOJHBIX CUCTUYMKOB Ha JiBe [2,3 ] miu Ha OorbIiee
YHUCIOo cekumii [4].

[IpeoOpazoBanue yrcen B MHoroceknuonHoM 1K JICY (puc.1) mpoucXoauT myTeM Hocieno-
BaTEIbHO-BO3BPATHOT'O OOHYJICHUS KaXJIOTO BXOJHOTO cueTyrka. [1pu 3ToM criocobe oOHyneHue
BXOJIHOTO CYETYMKA BTOPOH CEKIIMM HAYMHACTCSA TOJBKO IOCIE MOJIHOTO OOHYJICHHS BXOJIHOTO
CUETUMKA TIEPBOW CEKIIMH, OOHYJICHUE TPETheH CEKIMU BO3MOXKHO IOCIE TOJHOTO OOHYJICHUS
MPEAbIAYIINX BXOAHBIX CEKIIUM, T.€. BTOPOU U MEPBOM.
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Puc. 1. Ctpykrypa maOrocekmmonsoro 1K JICY

[Ipeobpa3zoBaTenb comepKUT Nz npeodpasyromux cekuui [; kaxnas npeodpasyromas cekuus
I — mexany (mpu K =10) mBOMYHO-AECATUYHOTO CYETYHKA 3, ABOMYHBIN (p=2) cUETYHK 2,
nemmdparop Hyns 4, snemeHnt U 5. Bee cexuunm [, kpome mmammmeit, cogepsxat anement WJIN 6;
BCe CEKIUH, KpoMme cTapiieit, — anmemeHT HE 7. Bee mpeoOpasyromue ceknum, KpoMe cTapiiei,
cozepat mudpaTops 8.

[IpeoOpa3zoBartenb CONEPKUT TeHEpaTOP UMITYIILCOB 9 1 Bxox mmycka 10. O6o3HaunM k03 du-
IIMEHT MEPECYETa IBOMYHBIX CUETUYMKOB 3; 4epe3 M (i=1,nz). YCTpoHcTBO paboraer creny-

tomuM obpasom. B ucxonnom cocrostiuun B K-nuHbix cuerynkax 3;(i=1,nz) 3anucaHbl 4ucia
aj,a,,...,a, npeodpasyemoro K-u4HOro kosa, a JIBOUYHbIE CUETIUKU 2, (i =1,nz) yCTaHOBIE-
HbI B Hy1Ib. [Ipu 9TOM Ha BeIXOZie femudpaTopa Hys 4, HOSBISETCS 3aMPEINAoNINi HOTCHIHAIL,
€CIIU B ABOMYHO-IECATUYHOM CUETYMKE 3; 3alHCaHO KaKoe-TuOo 4Kcio, OTIn4Hoe oT Hynd. Ilo
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curnainy “Ilyck” ummysbChl ¢ BbIXOAa reHeparopa 9 mocrymaror vepes snement M 5, Ha
CYETHBIN BXOJ] BBIYMTAHUSA CYETYMKA 3, M Ha CUETHBIA BXOJ CJIOKEHHUS CYETYMKA 2, U IPOU3BO-
JIAT BBIYMTAHUE EIMHUI] U3 CYETYMKA 3, U NPUOABJIEHUE €IUHUI B CYETUHK 2, (IIO €IMHHULE HA
Kbl MMITYJbC) IO T€X IIOp, TOKAa B CYETYMKE 3, HE YCTAaHOBMTCA Hynb. Takum oOpasom,
4uCcNo a; OyJeT MepeHeceHo B IBOUYHBIH cyeTunk 2. Eciu a; Oonblie uiin paBHO MaKCHMAllb-
HOMY JIBOMYHOMY YHCITY 23, KOTOPOE MOXET OBbITh 3allMCaHO B CYETYMK 2 , TO B TPOLECCE
npuOaBJIeHHs €MHHUIL B CYETYMK 2, € €r0 BBIXOJIAa BO3HUKHET €IMHHUIIA [IEPEHOCA, KOTOpas Yepes3
snemenT MJIM6, mocTynmaer Ha CYETHBIA BXOJ CYETYMKA 2, , @ B CUETYMKE 2, OCTAHETCA
9HUCI0 m| =a, —23 .

Ecimn a, < 23, To B cueTuHKE 2, OCTaercs Yuciao m; =a,.

Ha Bpixone memmdparopa Hylas 4, NOSBISETCS pa3pellalONMii MOTEHIHUAaN, a Ha BBIXOE
snementa HE 7, — sanpemarommii. IMiysibe ¢ BeIxoaa renepatopa 9 mpoxoiuT yepes dJ1eMeHT
W 5, ¥ npou3BOUT BEIYMTAHKE SAHHUIBI U3 CUETUHKA 3, , PUOABIEHHE EAMHUIBI B CUETUHK 2,
u 4epe3 mudpaTop 8 — ycraHoBky uucia R, =R,; =10-M; B cueruuk 3,. Ha BhIXO#E
nemmdparopa 4, cHOBa MOABIIAETCS 3aMPEIIAIONINiA TTOTEHIUAN, a Ha BhIxoze snementa HE 7, -
paspemaromuii. Cremyromas cepust UMITyJIbCOB IIPOM3BOAUT BBIYMTAHKE UYucla R, U3 cueTynka
3, u mpubaBjeHHE 3TOro 4Mcia B cYeT4UK 2,. Ecau mpu 5TOM BO3HMKAET NMEPENOIHEHHE
cueryMka 2 , TO efuHMUa TepeHoca vepes siaement WJIM 6, mocTynaer Ha CUETHBIA BXO[
cuerunka 2,. Takas mocienoBaTelbHOCTh ACHCTBHN LIUKIMYECKH IIPOJOIDKAETCSA JO TEX IIOp,
MOKa YMCIO M3 CYeTYHKa 3, He OyJeT MONHOCTBIO HepeHeceHo B cuerduk 2,. Ilocnme storo
OTKpBIBaeTcs axeMeHT U 5 cnemyromeit cekinu I 1 HauMHAeTCs BBIYMTaHUE €AUHUI] U3 CUETUMKA

3 ¥ npubaBeHUE UX B CUCTYHK 2 STOH CEKIIHH.
[pouecc pa3dreHnst BBIXOAHBIX CYETYNKOB Ha CEKIIUH OYyIET JeTalbHO PACCMOTPEH B IIYHKTE

3. Ceityac npumeM, 4TO BXOAHBIE CUETUHKH 3, (i = 1, nz) conepkat no ogHomy K-uunomy pasps-

1y, a BBIXOJIHBIE CUETYMKHU 2; COZepKaT COOTBETCTBEHHO (3,3,4,3,3,3) pa3panoB (4ucio cnpasa
COOTBETCTBYET YUCITY ABOUYHBIX Pa3psA0B IMEPBON CEKI[UHU; YUCIIO CJICBA — IIECTON CEKIIHH).
Mogens mpomecca mpeodpaszoBanusi tpexcekinuonHoro 1K JICYU ¢ mpencraBmeHuem s
ynoOCTBa pe3ysbTaTOB B JECATUYHOMN CHCTEMe Mpe/cTaBieHa B Tabm. 1.
Tabmuna 1
Takr 0 1 8 9 10 12 13 15
CTBBIX | 000 | 001 | 010 011 021 023 033 035
CTBX X99 | X98 | X91 | X90 X82 | X80 | X72 | X70
Takr 16 18 19 20 21 22 24 25
CTBBIX | 045 | 047 | 057 060 061 071 073 103
CTBX X62 | X60 | X52 | XS51 X50 | X42 | X40 | X32
TakTt 27 28 30 31 32 33 34 36
CTBBIX | 105 | 115 | 117 127 130 131 141 143
CTBX X30 | X22 | X20 | X12 XI11 | X10 | X02 | XO00

B Ta61.1 cumBon X o3Hayaer, 4TO BXOJHON CUETUHK 3-i CEKIIUU MOXKET MPUHUMATh 3HAYCHUS
ot 0 mo K-1. [IpoBenem mHTEpIIpEeTanInio pe3yabTaTa MoAeTupoBaHus (Tabdm. 1).
[Tocne 36-ro TakTa B Tpex MIAAMINX ABOWYHBIX CUETUMKAX OyIyT 3a(UKCHPOBAHBI CIICAYIO-
L€ 3HAYEHHS OUT:
CTBbIX; CTBbIX, CTBbIX;

Butsl 987 654 321
3HaueHus our 001 100 011
Cremnens Ownra 876 543 210

OxoHuaTedbHBIM pe3yabTaT JOBOMYHOro uucia Ha Bbeixone IIK JCY pasen

99,0 =2%+2° +2" +2% =64 +32+2+1=1100011, -
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3. Meroanka pacdera ocHOBHBIX xapakTepuctuk IIK JCU K-2
Crpykrypy 1K JICY, cocrosinyto 13 psijia nz cekiuii, Oynem oToopaxars yuciamu K-uaHbix

BXOJIHBIX Pa3psfioB n;(i=1,nz, )1 YMCIaMU P-UYHBIX BBIXOAHBIX paspsmoB m;(j=1nz;) B
BHJIe (TpuMeM, 4To nz = N):
my, My_g,My_p, My My, (1)
nN,anl,anz, ...... ’nz’nl X

Haubonpmmm ObicTponelictBueM obnamaer crpykrypa IIK, HaspiBaemas ¢yHmameHTalb-
HbIM pazouenneM (OP) u comepxkarnias no onnomy K-udaHOMy paspsay Ha BXOJE.
@®P Moxer ObITh MPEICTABICHO CIEMYIOINIEH MHOIOCEKIIMOHHOM cTpyKTypoit [1K:
myN,MN-1,MN-_2, M)y My | @
LLLe--- L1 . )
Yucio BBIXOAHBIX JBOMYHBIX pa3spaa0B m j CeK]_II/II/Ij ONPCACIAOT U3 HCPABCHCTBA:
j i
2 mj xnj
p <K , 3)

KaK HarOOJIBLIYIO LIETYIO CTENEHb P, YAOBIECTBOPAIOUIYIO HEpaBeHCTBY (3).
Paccmotpum paa npuMepoB HaXOXKJIEHHS CTPYKTYPBI CEKLIUU.

Hano p=2; K=10; nz=6. [nsa nepsoii cexuun 2™ < 10! ; M, =3; s BTOPOM CeKUUH
pmptmy < 102; 233 < 102; 26 < 100; m, = 3 ; aHAJIOTUYHO ISl TPEThEN U YETBEPTON CEKLIMH
MOy IHM:

pmirm2imy <103, 29 <103, 512 <1000;m, =3,
QMmN 104 913 < 10, 8192 < 10000;m, = 45

JUTSI TISITOM M LIECTOM CeKIUM MOIyYUM COOTBETCTBEHHO
Qmptmp+m3z+mgtms 105; 216 < 105; 65536 < 100000;m5 =3;
Qmptmp+mz+mqtms+me 106; 219 < 106; 524288 < 1000000;m6 =3.

BennunHbl KOppEKTUPYIOLIUX TOIPABOK R; (i = 2,N) paccuuThIBaioOT 110 dopmyne
i-1 i-1
20 2 m;
Ri =Ki=l _pi:I . (4)
Torna s npeapIayIero NpuMepa MoIy4uM:
R, =10"-2°=2,,; Ry =10" =2 =100-64 = 36,,;
R, =10 -2*7" =10° -2° =1000-512 = 488,,;
R, =10% 2777 =10* -2 =10000-8192 = 1808,,;
R =107 = 231313443 _ 105 _ 216 100000 - 65536 = 34464, -

OOu1yro cyMMapHyro onpasky R; HEOOXOIMMO pas[ennTh Ha CEKIMH I10 COOTBETCTBYIOIIE-
My YHCITy Pa3psi0B B BUAE KOPPEKTUPYIOLINX MONPABOK B CEKLIUH.

B urore nomyunm: R, =R,; =2; R; =R ;R3;R3, =3;R;, =6;
R, =R R 4R 5R ;3 =4 Ry, =Ry =8
Ry =Rg:Rs3R5 R Rsy =LRs3 =8 R5, =0;R5, =8;
R =Rgs: R R R 6 R6 3R =3 Ry =R =R =4 Ry, =6;
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Matpuuei KOppeKTUPYIOIIMX OMPAaBOK I pacCMaTPUBAEMOro MpUMepa SIBIISIETCS:

2 2
3 36

Ry =[R;]=4 4 8 8
5/ 180 8| )
6|3 4 4 6 4

[IpeobpazoBanue yncen B MHOorocekunonHnoi cxeme [1K JICY ananorn4Ho moicyeTy 4ucia
HMITYJIbCOB B HEOJHOPOJHOM MO3ULIMOHHOM CUCTEME CUHMCIIEHHS C BECAMU Q;i=LN).

BecoBble koadduuuenTsl Q; onpenensoT no Gopmyne:
i-1
Q=1+ ZlRiij: (6)
J:

rae Rij — KOPPEKTHPYIOIIUE MOMPABKH U3 CEKIIMH 1 B CEKITHUIO j.
MakcruMaabHOE YMCIIO0 TAKTOB Ipeo0pa3oBaTeeit Ty MHOIOCEKIUOHHOTO IIK ICY naxomsar
W3 BBIPAKEHUS:

N
Ty =2 (K" -1)Q; (7)
i=1
B cootBerctBuu ¢ popmynamu (6) u (7) ma K=10; p=2; N=6 Haxogum:
Qs =14+R4s5 Qs +Rgy - Qs +R3-Q3+Rg - Q) + R -Qp =
=1+3-234+4-97+4-16 +36+41=1177;

Ty =13752T1akra .

C nomotukto paccmorpernHoro Boiiue [IK JICY ms psna 3nauenuit K=3,5,7,9,10,12; p=2 u N=9
ObuT0 BhITIONHEHO pa3duenue 1K Ha cekuuu. PesynbraTel npuBeneHs! B a0, 2.

Tabmura 2
K > m; 9 8 7 6 5 4 3 2 1
3 13 2 1 2 2 1 1 1 2 1
5 19 2 2 3 2 2 3 2 2 2
7 25 3 3 3 2 3 3 3 3 2
9 28 3 3 3 4 3 3 3 3 3
10 29 3 3 4 3 3 4 3 3 3
12 32 4 3 4 4 3 4 3 4 3

CrpykTypHasd cxema ajroputMma pacdyera ocHoBHbIX napamerpoB I[IK JICYH u3 K-uunoit
CHCTEMbI CUHMCIICHHS B IBONYHYIO IIPUBENICHA Ha puUC.2.

4. IIporpammuoe cpeacrBo miasa anaausa IIK JICU «PREOBRAZOVATEL K-2»

B kauectBe MHCTpyMeHTa Al pa3paboTku mporpammHoro nakera «Preobrazovatel K-2»
ObLITa HCIONTb30BaHa cpea nporpamMmmupoBanus Microsoft Visual Studio 2005. Microsoft Visual
Studio 2005 — cpencTBo OBICTPOI pa3padOTKH MPHUIIOKEHHIA, TTO3BOJISIONIEE CO3AaBaTh MIPOTPaM-
Mbl Ha s3bike C#. [laHHast cpena mporpaMMHUpPOBAaHUS YaCTHYHO MCIOIb3YyeT NpuHIuIbl RAD.
RAD o3navaer ObIcTpyIO pa3paboTKy NPUIOKEHHH. ITO KOHLENIHS TO3BOJISIET CO34aBaTh MPO-
rpaMMHBIE IPOAYKTHI, IPHUEM 0co00€ BHUMAHUE YAEIACTCS ObICTPOTE M YAOOCTBY IPOrpPaMMHU-
POBaHUS, CO3AaHUIO TEXHOJIOIMYHOTO MPOLIEcca, MO3BOJISIOLIErO IPOrPaMMUCTY MAaKCHMAJbHO
OBICTPO MUCATh KOMIIBIOTEPHBIE IPOIPAMMBI.
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Beog K, nz
| ]
HaxoxgeHnne ®P Beluncrierue Q,
1=2 HaxoxpgeHue uncna
TaktoB T
J nz
] |
HaxoxgeHue R
e ! [ OcTaHoB j
I=1+1
lMepeBon R
B K-nynyto
cucremy
Paspenenve R Ha
1,J
HeTt Aa

Puc. 2. CtpykTypHas cxema anropurma pacuera napamerpos 1K JICU

[Tpu pa3paboTke MPOrpaMMHOTO CPENICTBA UCIONB30BAINCH CIACAYIOIINE CTPYKTYPbI TaHHBIX.

Knace Convertor : K — BXomHas cucrema CUMCIEHHMS;- matrix — JABYMEPHBIA MacCHB, B
KOTOpOM (OPMHUPYETCSI PEe3yJIbTaT BBIYMCIICHHN;- N — ompenenser pe3yabTUPYIOIIUi pa3Mep
MaTpHIBL, a TakKe ciuckoB n_list, z_list, R_list, Q_list;- n_list - cnucok ko3¢ ¢uueHToB n;- nz —
BXOAHOW MapaMeTp, KOTOPBIi OMPEAENseT YHCIIO Pa3psaoB B Pe3yIbTaTe BEIUUCICHUN U YCIOBHE
OKOHYaHWs TTpeodpa3oBaHud, e p - cucremMa cuncienus; Q list — cnucok korddunmenTos Q;
R_list — cimcok koad¢unmentoB R; T — Bpems paboTel anroputma mnpeodpa3oBaHus B TaKTax;
z_list - ciucok K03 PUITUEHTOB Z.

Meronpl, ucnoneizyemsie B nporpamme: Calculate — pyaxums st npeodpasoBanusi; Convertor
— KOHCTPYKTOp KJlacca, KOTOPBIX BBINOMHIET HA4aJIbHYI0 HHULINAIU3aLMIO IEPEMEHHBIX B KJ1acCe;
GenerateList — BbIIOTHIET MHULMATU3ALMIO CIIMCKOB N, z; GenerateMatrix — pyHKUus, KOTOpast
pacuuThIBaeT pe3ynbTupylomyto MaTpuity; GenerateQList — pyHkums mis pacuera 3HaueHuit Q;
GenerateR — ¢ynkius ans pacuera 3nadenuit R; GenerateT — ¢yHKIMS 118 pacdera BpeMeHH
BbInosiHeHUs anroputma; GetBoolArray — pyakuus amnst npeoOpa3oBaHust BXOAALIEr0 yucia R B
K-nunyto cucremy cuucnenus; Getlnt — ¢pyHKus 11 npeodpazoBaHust BXoaHOro yucna ¢ K-
WYHOM CHCTEMbl cuMcieHus B Aeciatuunyto; GetN — ¢yHKuus ais onpeneneHus napamerpa N;
IsEndOfListGeneration — orpesenser ycioBre OKOHYaHHsI [IUKIIA T TPeoOpa3oBaHMs.

[ocune 3amycka nporpaMmbl HOSBATCS TPHU TEKCTOBBIX MOJIS U1 BBOZA AaHHBIX. C IOMOIIBIO
9THX 3JIEMEHTOB YIIPABJICHUS HEOOXOAMMO 3aJaTh UCXOJHbIE JaHHBIC IS peKUMa IIpeodpazoBa-
HuUs gncen (puc.3).

[lpeofipazoeare Ab

Pacyer

Puc. 3. UnTepdeiic mis BBoIa HCXOMHBIX JaHHBIX TporpaMMel «Preobrazovatel K-2»

PesynbraT pabotel mporpammHoro cpencta «Preobrazovatel K-2» mns p=2; K=10; nZ=20
MpUBEAEH Ha puc.4.
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Puc. 4. PesynbraT pabots! nporpamMmsl «Preobrazovatel K-2»

[IporpamMmHoe cpenctBo pabortaer mpu p=2; K=3-60. dnst K=3 ymcio BXOAHBIX pa3psioB
nZ=20; mns K=10 (nZ=12); mns K=60 (nZ=5). C nomoIpo JaHHOH NporpaMMbl MOJNy4YeH H
MPOaHAIM3UPOBAH Pl OCHOBHBIX XapaKTEPUCTHK MHOTOCEKLIMOHHBIX IIpeoOpa3oBaTenell 1BOnY-

HO-K-WYHOro K0/1a B IBOMYHEIN KOJ TTO METOy JocueTa jis p=2 (tadiu. 3,4).

Ta6mmma 3
K Ty Ty T, T Ts T, T T, T,
3 294 184 138 78 38 20 10 6 2
5 11608 4288 2248 744 264 120 40 12 4
7 39342 12558 3618 990 582 318 102 30 6
9 98168 22792 8680 6720 1648 400 112 24 8
10 825324 | 206073 | 76293 | 13752 3159 1053 180 36 9
12 1972828 | 368313 | 132682 | 28919 4312 1265 176 66 11

B T1a6:1.3 npuBeneHo yKucio TakToB npeodpazopanua T; 1A yucia paspanos i=1-9 u 3Have-
Huit K=3,5,7,9,10,12. B Tab:x1. 4 npuBeneHsl 3HaUeHUs KOd(G(UIIMEHTA BHIMTPHITIA YHCIa TAKTOB

peoOpa3oBaHNs MHOTOCEKIIMOHHOM CXEMBI 10 CPaBHEHHIO C OJTHOCEKITHOHHOH T, /T;(i=2)9).

Ta6mmma 4
K 9 8 7 6 5 4 3 2 1
3 66,9 35,6 15,8 9,3 6.4 4 2,6 2 1
5 168,3 91 34,7 21 11,8 5,2 3,1 2 1
7 1024.9 459 227,6 118.8 28,9 7,5 3,35 1,6 1
9 3945,5 | 1888,8 551 79,1 35,8 16,4 6,5 33 1
10 1211,6 | 4853 131 72,7 31,6 9,5 5,55 2,75 1
12 2616,2 | 1167,4 270 103,3 57,7 16,4 9,8 2,17 1

51



BriBoabl

1. IIpoananu3upoBaHa cTpykTypa u QyHKImoHupoBaHue MHorocekinonHoro [TK nBonuno-K-
HWYHOTO KO/Ia B IBOMYHBIM KOJ| [0 METOy JIOCUeTa.

2. PaccMmotpen metop pacuera ocHOBHBIX xapaktepuctuk [IK JICU: naxoxaeHue CTpyKTyphl
CEKIIUH, MATPHUI[bI KOPPEKTUPYIOIINX ITOMPABOK, BECOBBIX KOI((DUITMEHTOB CEKIUI U YMCIIa TAKTOB
npeoOpa3zoBaHus PyHIaMEHTAILHOTO pa30reHHsl.

3. IlpemnoxkeHno mporpammHoe cpenctBo «Preobrazovatel K-2y», mo3Bosnstoiiee aBToMaTH3H-
poOBaTh 3TAIbl CUCTEMHOI'O IIPOESKTUPOBAHUS U HaXO0XKIECHNUSI OCHOBHBIX CUCTEMHBIX XapaKTepucC-
tuk [1IK JCY.

4. BeInoHEH CpaBHUTENBHBIN aHAIN3 CTPYKTYpHhI ceKiuii OP mi1st paznuuHbix ocHOBaHUM K=3-
12 1 mokaszaHo, YTO MO CPAaBHEHUIO C OAHOCEKIMOHHOW cxeMoil MHorocekinuonusit [1IK JICYH
HMMEET BBIUTPHII B 4-5 MOPSAKOB, KOTOPBIA pacTeT C yBeauueHHeM ocHoBaHus K u uwucna
BXOJHBIX pa3psaoB nZ.

Hayunas moeusna cocTOUT B pa3paboOTKe METOJa pacyera OCHOBHBIX Xapakrepuctuk I[1K
JCY u3 K-uyHoii cuctemsbl cuera B JBOMYHYIO Ha ocHOBe OP u peanuszanuu 3TOro MeTonaa Ha
sI3bIKE TporpammupoBanus C#.

Ilpakmuueckas 3Hawumocmsv Pe3yabTATOB HMCCICAOBAHUS 3aKIIOYAETCA B aBTOMATH3HUPO-
BaHHOM HaxoxJeHuHu OCHOBHBIX mapamerpoB [IK JICY, 4yTo mo3BOMNSET CYIIECTBEHHO YCKOPUTH
3Tal CHCTEMHOI'0 MMPOSKTUPOBAHUS Peo0pa3oBaTENC ATOrO THIIA.

Cuucoxk gureparypst: 1. Cyxommunos M.M., Bvixosaney B.H. IIpeoOpa3zoBartenu koo uncen. Kues: TexHu-
Ka, 1965. 136 ¢. 2. A.C. 468236 SGOGF 5/02. Y crpoticto st ipeodpazoBanust kogoB /B.M.I'ycsatun, H.B. Anu-
moB, A.Il.Pynenko //Otkpertus, uzooperenus. 1975. Nel5. C.108. 3. Maxapenko A.H. Anropurmusarms
pa3buennii npeodpasoBareneii k008 // ACY n npudops! aBToMatikd. 1990. Bemm. 94. C.103-109. 4. 4.C.
1153323 5GO6F 5/00. IIpeobpa3oBatens ABOMYHOrO kojaa B aponuHO-K-wmunsrii kox / H. 5. Kaxypus, H0.K.
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IHocmynuna 6 peoxonnezuto 02.10.2010
Kaxypun Huxonaii SIkoBjieBuy, KaH/. TeXH. HayK, npogeccop kadenpst AIIBT XHYPD. Hayu-
HBIE MHTEPECHI: PUKJIAAHAs TEOpUs HU(PPOBEIX aBTOMATOB, aBTOMATH3alUs IPOSKTUPOBAHUS
I QpOBBIX yCTPOHCTB. Anpec: Ykpauna, 61166, Xapokos, nip.JIenuna, 14, ten. 70-21-326.
Jlomyxun FOpuii Bragumuposuy, ct. npenonasatens kadenpst AIIBT XHYPD. Hayunsie nnre-
pechl: MPOSKTUPOBAHKE MPOrPAMMHOIO 00ECIICUEHNUS], aBTOMATH3AIINS IPOSKTUPOBAHUS U~
POBBIX yCTpOWCTB. Anpec: Ykpauna, 61166, Xapekos, p.JIennHa, 14, Ten. 70-21-326.
Bapena Buranmii BukTopoBuY, acnupaHT Kadeapsl aBTOMATH3AINA TPOSKTUPOBAHUS BEIUHCITH-
tenpHOU TexHnkn XHYPO. Haydnpie uHTEpeCcH: MPOSKTHPOBAHNE IIPOrPAMMHOTO odecmeye-
HUSL, AaBTOMATH3AIINS IIPOSKTUPOBAHMS ITU(PPOBBIX yCTpoiicTB. Anpec: YipanHa, 61166, Xapbkos,
ip.JIennna, 14, Ten. 70-21-326.
KaracounoB Banepuii BaueciaBoBuu, crynent rpynmst KH-07-6 XHYPJ. Hay4ansie uaTepecst:
aBTOMATH3AIIUs TPOSKTUPOBAHHMS HU(PPOBBIX YCTPOHCTB, IPOSKTHPOBAHKIE TPOrPAMMHOT0 00ec-
nedeHms1. Anpec: YipanHa, 61166, Xapekos, nip. JIleanHa, 14, Ten. 70-21-326.
Maxkapenko AuHa HukomnaeBHa, KaHA. TeXH. HayK, JOLEHT Kapeapbl THOOPMAIMOHHBIX TEXHOIO-
ruii XapbKOBCKOTO HHCTUTYTa OaHKOBCKOTO jiena. HaydHbie HHTepechl: HHPOPMAIIMOHHBIE TEX-

HOJIOTWH, aHAJIM3 U CHHTE3 IIpeodpazoBaTesel KoJoB. Anpec:. Yikpanna, 61074, Xapbkos, Tp.
IToGenprl, 55, Ten. 336-05-64.

52



VJIK 004.932
A.A. AHKOBCKHH, A.H. BYTPUH

KPUTEPUN BBIBOPA METOJA BUHAPU3AILIMU ITPU OBPABOTKE
W30BPAXKEHUN JIABOPATOPHBIX AHAJIN30B

HpI/IBO,HHTCH PE3YIbTATHI UCCIICAOBAHUA OCHOBHBIX MCTOI0B 61/1Hap1/13au1/n/1 H306pa)K€HHI>i
MMPUMCHHUTCIIBHO K pa3JIMIHbIM I/1306pa>K€HI/I$IM J'Ia60paT0pHLIX MCIUIMHCKHUX aHAJIU30B. Ha oc-
HOBAHUHU 3TOT'O MPpEIararoTCa KpUTECpun BLI60pa OIITUMAJIBHOI'O METOAA 61/1Hap1/13au1/11/1.

BBenenue

OnHol W3 Ba)KHBIX 3a7ay MPU HCCIIENOBaHUU (POTOCHHUMKOB Ja0OpPaTOPHBIX MEAULIMHCKUX
aHaJIM30B sIBJIsETCS BhIIeneHue 00bekToB nHTepeca (OU), HanpuMep, AJ1sl MOJICUeTa X KoJIuye-
cTBa, aHanm3a (opmbl. Bo MHOrumx ciyuasx mepBoil mpoueaypod o0OpaOOTKH H300pa)kKeHUs
SBIISIETCS] OMHAPHU3ALIMSL, TIOCIE KOTOPOi MUKCEIbl H300paskeHHns MOT'YT MPUHUMATE OTHO U3 JBYX
3Ha4yeHuil : ) — muKcen YepHoro uBera win 1 — nukcen Oenoro nBera.

Lenb qanHOrO HCClenoBaHus — pa3paboTKa MpaBuiIa BBIOOPa ONTUMAIBHOIO METo/la OMHAPH-
3alluu U1 U300pakeHnH, copepKalnx 0ObeKThl HHTEpeca pa3inuyHoro BUaa.

s uccnenoBanuii ObUTH BEIOpaHBI LIBETHBIE M300paxkeHus popmaTta bmp paspemenuem 300
dpi, xoropele mpeoOpa3yloTcs B MOIYTOHOBBIE M300pakKeHHsS W IMOMEIIAIOTCA B MaMSITh Kak
MaTpuLa pasMepHocTbio MXN, cOOTBETCTBYIOLIAS Pa3MEPHOCTH UCXOAHOT0 N300pakeHus. Kax-
JBIi 3JIEMEHT MaTPHIBI COIEPXKUT HHPOPMALUIO O SIPKOCTH COOTBETCTBYIOLIEro nukcens. Janee
K IOy TOHOBBIM M300payKeHUSM IPUMEHSIETCs TpoLeaypa OnHapu3aluy.

HccnenoBanusi mpoOBOJMIUCH MO CIEMYIOMIMM METOIaM OWHapU3aLuy.

Bunapu3zauusi orceyeHueM IO MOPOry SIPKOCTH

Jns uccnenoBanuii Obuta BEIOpaHa OMHApHU3aLus ¢ HIPKHUM IIOPOTOM, Pealn30BaHHAs COrJlac-
HO MPaBUITY:

F(m.n) = {0, f(m,n) <t;

1,f(m,n) > t,

e f (m, n) — APKOCTH MHKCENS HA UCXOTHOM H300paxkeHuH; f(m,n) e [0.2X —1], f(m,n) — 3Haue-

HUE TTUKCENS Pe3yIbTUPYIONIero n3odpaxkenus; f'(m,n) €[0,1], t — mopor OMHApHU3ALIHH.

Jto6ast Touka m300paXkeHHsl, UII KOTOPOW BHITIONHSETCS ycioBue f (m, n) > t, Ha3pIBaeTCA
TOYKOM 00BEKTa, a B IPOTHBHOM CiIydae — TOUKOi ¢oHa [1].

Metox OTtca

B sToM Merone BeIUHMCISETCS OPOr t, MUHUMU3UPYIOIUI CPEAHIO OMMOKY OT MPUHSTHS
peLIeHus] 0 NPUHAATIEKHOCTU MUKCeNed N300pakeHust 00beKTy WK GoHy. 3HaUeHHS SPKOCTEeH
NUKcenel N300pakeHs pacCMaTPUBAIOTCA KaK CllydaiiHble BEIMYMHBL, @ X TUCTOrpaMMa — Kak
OLICHKA IIJIOTHOCTH paclpeneseHus BeposTHocTel. Eciu mioTHocTH pacnpeneneHus: BeposiTHOC-
Teil U3BECTHBI, TO MOKHO ONPENEIIUTh ONTUMAIBHBIA ITOPOT I CETMEHTALMN N300pakeH sl Ha
IBa Kiacca o U ¢; (00beKThl 1 QoH) [2].

HccnenoBanust OCHOBBIBANIKCH Ha CIEAYIOIEM: H300pakeHHe MPEACTABIISETCS C TOMOLIbI0 L
YpOBHEH ApKOCTH; hi — 9HCII0 AIEMEHTOB N300paXkeH s, MMetonuX apkocts i,i=0, 1, ...,L-1; H —
o01ee Yrcio nukceneld Ha n300paXeHuH; TUCTOrpaMMa N300paKeHus SIBIISICTCSl HOPMalli30BaH-
HOU M ee MOXKHO paccMaTpUBaTh KaK paclpeeneHie BEpOsTHOCTEN:

he L-1
p; =ﬁl’i =0,1,.,L-1; ¥ p; =1.
i=0

DJeMeHThI N300paKeHus! IeATCA Ha J1Ba KJ1acca Co M €1 C IOMOIIBIO IOPOrOBOro 3HAUEHHUS t,
IZie KJIacc Cy COOEPKUT MUKCEIH ¢ ipKocTsaMHU u3 MHOecTBa (0, 1, ..., t), a KJacc ¢, — MUKCENH ¢
SIPKOCTSIMU 13 MHOXecTBa (t, t+1, ..., L — 1). BepoaTHOCTH Ka)KIOro M3 3THX JIBYX KJIACCOB U
CpelHHe 3Ha4eHHS UX SIPKOCTH OMUCHIBAIOTCS BBIPAKCHUSMMU:
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t L-1 L-1
Po=>p;=P ,P = Yp;=1-P, o=21pi/Po =1¢/P, my = X2ipi/P = —p)/(1-P),

i=0 i=t+1 i=t+1
L-1
TI€ Wt = ».ip; O3HA4aeT CPEIHION0 SIPKOCTb BCEr0 M300pa’KEHUSL.
i=0
Meton bepHcena
Bce nzo0pakeHue nenuTcs Ha KBaapatThl rx1 (r — HEYETHOE) C IIEHTPOM B Touke (m, n). [{ns
Ka)KJIOTr0 ITUKCEITs H300paXKeHHsI B IPEJIeNiaX KBapaTa UCIIOIb3YeTCs IOPOT, UMEIOIIN 3HAaYCHUE

L
(m, n) = Jhigh ) Jlow ’

T1€ Jhigh U jloy SBIIOTCS COOTBETCTBEHHO HAMMEHBIIUM M HaMOOJBLINM YPOBHEM SIPKOCTH B
kBajipaTe. Ecnu B nmpuHsATON 001acTH MCIOIb3yeMasi Mepa KOHTPACTa YAOBJICTBOPSET YCIOBUIO
G(m,n) = (jhigh ~ Jlow )< &

I/ €— 3aJaHHasl IOPOroBas BEIMYMHA, TO UCCIEIYyEMbId KBaJpaT CONEPKHUT OOBEKTHI TOIBKO
OJTHOTO Ki1acca: 00beKTOB miu ¢oHa [3].

Hawnnyuime pe3ynnbraThl ObUTH MOYYSHBI IPU £ =15 U r=15.

Metoa JiikBesist

B atom meTose HCTIoNb3yIOTCs IBa OKHA T M R, M3 KOTOpBIX Oosbiiee 1o pa3mepaM (0KHO R)
CIIY’)KUT I BBIYMCIICHUS 3HAYCHMsI 1OpOra, B TO BpeMsi KaK MeHbIlee (OKHO I) Ompeesnser
00J1acTh M300paXKEeHUs, B KOTOPOI Oy/ET MCIOJIb30BaThCS MOMyYeHHBIH mopor. O0a okHa Tiepe-

MCHIAIOTCA MapauICIbHO I10 I/1306pa)KGHI/IIO C ImaroM, paBHBIM pa3MCpy MCHBLLIICIO OKHA I, U
Ka)KI[LIfI pa3 mjid BCEX 3JICMCHTOB OKHaA R BBIUKCIISCTCSA ONTHMAIIBHBIN mopor 1mo Meroay Orca.

Ecnu BeluMCIIEHHBIE CpEHIE 3HAUEHUS (L M || PA3IMYAIOTCS CUIIBHO M Ul HUX BBINOJIHACTCA
YCIOBHE |pg —py| > €, Te & — 3a1aHHBIA apamMeTp, TO MUKCETH BHYTPH OKHA I' IOABEPraloTcs

OvHapH3aLKy B COOTBETCTBHHU C BBIYMCICHHBIM MTOporoM t. Ecim ke \ o — Hl‘ <&, TO BCE MUKCEIHN
BHYTPH OKHA I OTHOCSITCSI K KJIACCY € OMMKaWIINM CpeTHUM 3HaYeHreM [4]. BbuTi HCIToNb30BaHbI
CJICAyIOIIME 3HAYCHUA MapaMeTPoB: r=3x3,R =15x15 U ¢=15.

Meroa HuoasKa

B narHOM MeToze st KaXKIOT0 TTUKCENS N300paskeHHs HCIIONIb3YEeTCsl CBOE 3HAUSHHE TTOpOra.
Bennuuna nopora onpenensercss Ha OCHOBE BBIYMCIIEHUS JIOKAJIbHOIO CPEIHEr0 U JIOKAIBHOIO
CPEIHEKBAIPaTHYECKOT0 OTKIIOHEHUS1. 3HAYEHHE ITOpOora B TOYKE C KOOpIUHATaMH (M, N) BBIYKC-
JISETCS B COOTBETCTBUU C (POPMYIION:

t(m,n) = p(m,n) +k - o(m, n),

rae w(m,n) — cpenHee, a o(m,n) — CPEAHEKBAIPATUUHOE OTKIOHEHUE B JJOKAJIIBHON OKPECTHOCTHU
TOUYKH U300pakeHus (m, n) [5].

Pa3mep okpectHOCTH mHKcens ObLT BBIOpaH r=15x15,a k=-0.2.

Jis peanu3aiiy pacCMOTPEHHBIX METOJIOB OblIa HamucaHa rporpamma Ha C++.

Pe3yabTarbl Hcciie10BaHU

HccrnenoBanust mpoBOAMIUCH CO CIASAYIOUIMMHE KJIaccaMH u300paxxenunii (puc.1).

Nzobpaxkenus, conepxamme O B Buge 00HEKTOB OKPYTIICHHON )OPMBI OTHOPOTHOTO IIBETA,
PacnoiIoKeHHBIX Ha OTHOTOHHOM (oHE (PHCYHOK, 1103.2); n300paxkenws, Ha kotopsix OU mpen-
CTaBJICHBI B BHJIE OOBEKTOB, OTIIMYAIONINXCS OT OCTANBHBIX DJIIEMEHTOB H300paKEHUS Pa3MepOM,

LBETOM M KOHTPAaCTHOCTBHIO (PUCYHOK, 1103.0, B); M300pakeHus:, Ha koropbix OU mpencraBieH
00BEKTOM, pacrpeleseHHbIM [0 BCeMY M300pa)KeHHUI0 B BHUJIE ceTH (puc.l,r).
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[InopooOpa3Hble CIUPUILTEI (2); OaKTEpUH CTPENTOKOKKA ITHEBMOHUH — TOYEYHBIE 00BEKTHI OBBIIICH-
HOI KOHTpacTHOCTH (0); yBeIMIEeHHbIE TPOMOOLMTHI ITPU OCTPOH JTMM(OLMTAPHOMH JIeiikeMuH (B);

Helipons [lypkuHbe (T)

[Ipumenenue mis M300pakeHMH Ha PUCYHKE, 1103.2,0,B METOJa OTCEYCHHS IO IOPOryY
SIPKOCTU co 3HaueHusimu mnopora 0,3, 0,5, 0,7, 0,9 moka3ano, 4TO HaWIAY4YIIUH pE3ynbTAT
nocturaerca npu nopore sipkoctd 0,5 — GoH craHOBUTCA OENbIM, IIYM Ha H300pa)KeHUU
MPaKTHYECKH OTCYTCTBYET, a OOBEKTHl MHTEpeca CTaHOBATCS Oojee KOHTpacTHBIMU. [lpu
JOPYTuX 3HAYEHUSAX IOpOra SPKOCTH Ha MOJYyYEHHOM H300pa’keHUH OCTAIOTCSA DIIEMEHTHI
¢doHa, 3aMETHBI IPYTrHUe 3JIEMEHTHI HCXOIHOTO N300paKeH s, HHOTJa HaOMI0Jal0TCA NCKaKe-
Hus Gopmer OU. ns u3o0pakeHnus Ha PUCYHKE, T103.T HAUITYUYLINe pe3yabTaThl JOCTUTHYTHI
npu 3HadeHuu nopora sipkoctu 0,7 — ¢pon cran Genbim, u Bee pparmentsl OU octanuch Ha
n300pakeHuu 0e3 HCKaKEHU.

[Ipumenenune meroma OTca a0 XOpOIIME PE3yibTaThl A M300pakeHHs] Ha PHCYHKE,
no3.a — uBer ¢ona cran 6exasiM, a OM cranu paBHOMEpHO OKpameHHbIMU. 11 n300pakeHui
Ha PHCYHKE, 1103.0,B,l 3TOT METOJA NPUMEHATH HENb3s, MOCKOJIbKY Ha PE3YyIbTHPYIOIIEM
n3o0paxxkenun ocrarorcs 1 OW, u snaeMeHTH (oHa, a Takke APyrue OObEKTHl HCXOAHOTO
n300pakeHusl.

Merton bepHcena He moka3al MoJIOKHUTEIbHBIX PE3yJIbTaTOB HU C OAHUM U3 U300paKeHUH,
npencTaBleHHBIX Ha pucyHke. Ha n3oOpaxkeHun ocramucek ¢pparmentsl ¢pona, OU momyun-
JIUCh CUIIBHO UCKAKCHHBIMHU.

Meton DiikBens mokasajl XOpOIIME Pe3yIbTaThl TOJBKO C M300pakeHHEM Ha PHCYHKE,
no3.r. Bee pparmenTsr OU coxpanunucek 6e3 nckaxxeHui, (oH crai OenbiM.

Meton Hubiska He man mojaoXUTENbHBIX Pe3yIbTaTOB HU C OAHUM W3 HCIIOJIB30BAHHBIX
n3odpaxkeHuil. OM momyyminuch HCKaXeHHBIMH, (OH ObLI CHIJIBHO 3aIIyMJIEH.

O} eKTUBHOCTH UCIIOIB30BAHHBIX METOAOB OMHAPU3aLMH IIPELIaraeTcsl OLeHUBATh Cie-
nyrmuM obpazom: «xopomo» — OW 0e3 uckaxkenuit, poH — Oemoro 1Bera , Oe3 mIyma;
«ynoBierBoputenbHO» — OU 6e3 uckaxkeHuit, HO QoH 3amrymieH; «mioxo» — O ¢ uckaxe-
HUAMH, (OH 3auryMiIeH. Pe3ynbpTaThl HCCIEAOBaHUM OTpakeHbI B TaOIHIIe.

Pe3ympTaThI HCCIeI0BaHUN METOZOB OMHAPH3AITIH

MeToap! OMHAPU3AIMH U X PE3YJIbTaThI
OTceyeHHeM 10 TOPOTY SIPKOCTU
N3obpaxxenune MeTton Meton Meton Meton
Ha PUCYHKE 0.3 0.5 0,7 0.9 Otca | bepucena | DiikBenst | Hubmaka
Io3., a IUIOXO | XOPOIIO | YAOBI. | YIOBI. | XOpOIIO IJI0XO0 YJIOBIL MJI0XO0
ITo3., 6 IUIOXO | XOpOIIO | IUIOXO | IJIOXO | IUIOXO IJI0XO0 IJI0XO0 IJI0X0
Io3., B wIoxo | xopomo | MmIOX0 | MWIOX0 | IUIOXO IIJI0X0 YJIOBIL. IIJI0XO0
ITos., T IIOX0 | IUIOXO | XOpOmIo | IUIOXO | ILIOXO IIJI0X0 XOPOIIO IJI0X0
BriBoabI

Ilpaxmuyeckasn 3nauumocms TPOBEINCHHBIX HCCIEIOBAHMI 3aKiIO4aercs B pa3paboTke
PpeKOMEeH a1 1o BEIOOPY MeToja OMHApU3aL UK, OITUMAJIBHOTO AJIs HCIIOIb3yeMbIX H300pa-
xeHuil. Tak, mis OMHapu3auMu HW300paKEHUH , Ha KOTOPBIX OOBEKTHl MHTEpeca HMEIOT
rnaakyo (opMy OJHOPOIHOrO IBETa, LenecooOpa3sHo BbIOMparh uiaum Mmeron Orca, uiu
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METOJ] OTCEUCHHS 10 TIOPOTY SPKOCTH, 3HAUCHUE KOTOPOro pexomeHyercs B3sthb (,5. J{is uzobdpa-
JKCHUH, Ha KOTOPBIX OOBEKTHI MHTEpPECa OTIUYAIOTCS MOBBIINICHHOW KOHTPACTHOCTHIO 1O CpaBHE-
HUIO C OCTIbHBIMH 00BEKTaMU U300paskeHusI H (POHA, PEKOMEH TyeTCsl TPUMEHSATh OMHAPHU3AIINIO
OTCEYEHHEM II0 MOpOry sipkocTd co 3HadeHuem 0,5 B ciyuae, ecnmu OUW umeroT HeOonbive
pa3Mepsl 10 CPAaBHEHUIO C APYTMMHU 00bEKTaMH Ha M300pakeHnH. B ToM ciydae, korma pa3mepbl
OU Oomblille, 4eM Yy OCTAIBHBIX 3JIEMEHTOB W300pa)KEHHS, PEKOMEHIYETCS BOCIIOIh30BATHCS
meronoM Otca. bunapuzanuto uzodpakenuii ¢ O B BHjIE pacnpeieNieHHON CTPYKTYPBI LIENeco00-
Pa3HO MPOBOIUTH MO METOAY DUKBENS WM 1O METOAY OTCEUECHUS MO MOPOry SPKOCTH, 3HAUCHUE
KOTOpOro pekoMeHyercs B3sTh 0,7.

JlanpHelmuM HampaBlieHuEM paboT MOXKeT ObITh HccienoBaHue dPPEKTUBHOCTU pas-
JINYHBIX METOJ0B (DHIIBTPAIIUN MPUMEHHUTEIBLHO K PACCMOTPEHHBIM U300paXKEHUSIM.
Jluteparypa: 1. ['oncanec P., Byoc P. lludposas odpaborka nzodpaxenuit. M.: Texnocdepa, 2005.
1072 c. 2. Otsu N. A threshold selection method from gray-level histograms IEEE Trans. Systems,
Man, and Cybernetics. 1979. Vol. 9, no. 1. P. 62—66. 3. Bernsen J. Dynamic thresholding of grey-level
images Proc. Eighth Int’1 Conj Pattern Recognition, 1986. P. 1,251-1, 255, Paris. 4. Eikvil L., Taxt T,
and Moen K. A fast adaptive method for binarization of document images Proc. First Int’l Con$
Document Analysis and Recognition, 1991. P. 435-443, Saint-Malo, France. 5. Niblack W. An
Introduction to Digital Image Processing, 1986. P. 115-116. Englewood Cliffs, N.J.: Prentice Hall.
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YK 004.732
A.B. BABHUY, U.B. EMEJIbAIHOB

JJACIIEPCUOHHBIN AHAJIN3 B MMPOIIECCAX ITACCHUBHOI'O
MOHHUTOPUHTA U JTUATHOCTHPOBAHUA KOPIIOPATHUBHBIX
KOMIBIOTEPHBIX CETEM

PaccmaTpuBaroTCst aCTIeKTHI MPUMEHEHHS TUCIICPCHOHHOTO aHAIN3a B IPOIECCAX MTACCHB-
HOTr'O MOHUTOPHHTA ¥ THaTHOCTUPOBAHIS KOPHOpAaTHBHBIX KoMIbioTepHBIX cetelt (KKC). Lemsio
TIPUMEHEHNUS TUCIEPCHOHHOTO aHaIN3a SIBISIETCS BBIABICHUE (haKTOpa, OKAa3hIBAIONIETO HAH-
Oorblee BIMSHNEC HA KPUTEPHI KadecTBa paObOThl KOMITBIOTEPHOI CETH, YTO BXOIWT B 33141
muaraoctapoBanmst KKC. Ommceraercs Mmogens KKC kak o0bekTa MoHUTOpHHTA. DOpMyIHApy-
I0TCS TIpaBUJIa BBIIOMHEHHS ANCIIEPCHOHHOrO aHaim3a B paMkax monenn KKC kak oObekTa
MOHHUTOPHHTA. BeIMoONHsAETCS MpakTHYecKas peann3alys 1 ONMCHIBAIOTCS 3KCIIEPHMEHTaIbHbIE
Ppe3yaIbTaThl IPUMEHEHHS AUCIIEPCHOHHOTO aHAM3a B MPOIIECCaX MAaCCHBHOIO MOHUTOPHHTA U
maraoctupoBanmsi KKC.

BBenenue

CornacHo [1], BHeApeHnE CTATUCTUYECKMX METOJOB aHAIM3a U MOHUTOPHHTA I'€TEPOreHHbIX
TEICKOMMYHHMKALIMOHHBIX CEeTeH, K KAKOBBIM OTHOCSTCS KOPIOPATUBHBIE KOMITBIOTEPHBIE CETH
(KKC), na ocHOBe nepexBaTa U JEKOAUPOBaHUS TpadrKa ¢ UCIOIb30BAHUEM JOCTYIIHOIO HHCT-
pyMeHTapusi (aHaJIM3aTOPBl MPOTOKOJIOB, BCTPOCHHBIE CPEICTBA ONEPALMOHHBIX CHCTEM JUIS
MOHUTOPUHIA CHCTEMBl M CETH M Ap.) SIBIAETCA 3ajadeil, B Hacrosulee BpeMms TpeOyromien
petieHust. 3To 00yCIOBICHO HEOOXOANMOCTHIO HKCILTyaTallMH M HaJISKHOTO ()YHKLIMOHUPOBAHUS
JOCTaTOYHO OOJNBIIOro Habopa HH(POKOMMYHHKAITMOHHBIX CEPBHCOB, 00ECIIEUNBAIOIINX I deK-
THUBHYIO paboTy mosb30oBaTens ¢ pazHopoanoit nHpopmarmeit B KKC. [Ipu pocte uncna ymomsiHy-
THIX CEPBHCOB BO3PACTAET CIOKHOCTH OOCIYXHBAHHUS U 00ECIeUeHHs JOIKHOIO YPOBHS Kade-
cTBa paboThHl KOMIIbIOTEpHOW ceru. Kak ciencrsue, Bo3pacTaeT TPYIOEMKOCTh MPOLIECCOB
MoHuTOpuHra u auarmocruposanus KKC, n HeobxoauMocTs GpopMannsannuy ynoMsHYTBIX IIPO-
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LIECCOB M 3aJICHCTBOBAHUS MAaTEMaTUYECKUX METOJIOB B XOJIC MOCTAHOBKU HMAarHO3a MPEICTaB-
JISICTCSL OYEBHIHOMA.

Ucxons w3 [2], nog mouutopuarom KKC Oynem moHMMAaTh KOMIUIEKC MEp M TPOLEAYD,
BKJIFOUAIONIHI B ceOs cOop mHpopMaIMU O pabOTe OCHOBHBIX KOMITOHEHTOB U CHCTEM CETH,
aHanu3 coOpaHHOW WH(GOPMAIMU M, KaK CICICTBUE, BHITIOIHCHHOTO aHAIM3a — ONpPEICIICHHE
HOPMAJIBHOTO TPO(UIISI CETH U BEISBICHUE OTKIIOHEHHUH OT HEro. Y CTaHOBJICHUE TIPUYHH MOSIBJIC-
HUSI 3TUX OTKIOHEHUM OTHOcUTCS K 3amayaM auarHoctupoBanus KKC u HemocpeAacTBEeHHO
0asupyercs Ha pe3yibTaTtax paboThl IPOIIECCOB MOHUTOPHHTA.,

OCO0EHHOCTBIO MTACCHBHOTO MOHUTOPHHTA SBJISIETCS OTCYTCTBUE aKTUBHBIX BO3JICHCTBUI Ha
00BEKT HAOJIOJACHUS CO CTOPOHBI HAOJIOJATENs, YTO J1aeT BO3MOXKHOCTH IMOCTABUTHh B
COOTBETCTBHE TACCHBHOMY MOHUTOPHHTY (DYHKI[MOHATHHOE TUATHOCTUPOBAHUE B TEPMHUHAX [3].
C oHO¥ CTOPOHBI, TAKOH PEXKUM JUATHOCTUPOBAHUS HE TPEOYET MPEKpaIleH sl IITaTHOH pa0oThI
JTUArHOCTUPYEMOT0 YCTPOMCTBA, UTO SIBISETCS CYIIECTBEHHBIM MPEUMYIIIECTBOM C TOUKHU 3PEHUS
nons3oBareneit KKC. C apyroit cTopoHsl, 715 TOCTaHOBKHU JOCTOBEPHOI'0 AMArHO3a 1o pe3yabraramM
MaCCUBHOTO MOHUTOPUHTA TPeOyeTcs ropasio O0JbIHi 00beM COOpaHHBIX JAHHBIX B CPABHEHUU
C aKTUBHBIM MOHUTOPHHTOM, YTO BEAET K HENMHEHHOMY BO3PACTAHUIO TPYIOEMKOCTH U BPEMEHHBIX
3aTpat Ha UX aHalK3. B COBOKYITHOCTH CO CKa3aHHBIM 3TO MOATBEPKIAACT AKTYAIbHOCTh PEILICHUS
3aiaun pa3paboTKu (pOpMaTM30BaHHBIX METOJIOB M aJITOPUTMOB CTATUCTHYECKON 00paboTKU
JAHHBIX, COOPAHHBIX B XOJI€ MACCUBHOTO MOHUTOPHHTA, B ILEISIX CHUXCHHS TPYIOEMKOCTH H
MOBBITIICHUS 3¢ (HEKTHBHOCTH MPOIECCOB MOHUTOpUHTA U AuarHoctupoBanus KKC.

Mopeas KKC kak o0bexkTa MOHMTOPHHIA

KKC kak o0bext MonutopuHra (OM) ompenensiercst cooTHomenueMm (1), CBsI3BIBAIOIIMM
kputepuii kauectBa padotsl KKC y ¢ dpakTopamu, oka3plBaloUIMMU Ha HETO BIUSHHE:

Y =@(Sp {X1,X2.. Xk },Sa {X1, X2 X1}, Sgys X[, X2-- X } . SposiX 1, X2-- X }), (1)
rze y — Bpems peakuuu npukiagaoro [1O cepBepa Ha 3anpoc KiueHTa; GakTophl, XapaKTepu3y-
toune komnoneHTsl KKC kak OM u Brusiiomine Ha 3HaYeHue Kpurepus kadectBa padorsr KC,
MIPEACTABIICHB! CIEAYIOIMMU MHOKECTBAMMU: Sp {X1,X2..XK} — COBOKYINHOCTH XapaKTEPHUCTHUK
KaOeNbHOI CHCTEeMBl U JPYroro MacCHBHOTO 00OpYHOBaHHSA; S, {X],X2..X|} — COBOKYIHOCTb
XapaKTepUCTUK aKTUBHOI'O CETEBOTO 00OPYIOBAaHUS (CETEBbIE IIAThI, KOHLEHTPATOPHI, KOMMY-
TaTOPbI, MapIIPYTH3ATOPHI); Ssys{xl,xz.._xm} — COBOKYNHOCTb XapaKTEPUCTUK CHCTEMHBIX

pecypcoB cepBepa 1 pabodrx CTaHITH; Snos{xlaXZ--Xn} — COBOKYITHOCTh KOH()UTYPAIIHOHHBIX U
CETEeBBIX HACTPOEK CETEBOH OMEepaIliOHHONW CHCTEMBI.

Ocobennocteio KKC kak OM sBnsiercss TO, 94TO MPU UCIPABHOM TEXHUYECKOM COCTOSHUHU
KaXJIOTO W3 CETEBBIX KOMIIOHEHTOB B OTMEIBHOCTH MOXKET MMETh MECTO CHUTYyalHs, KOT/a
paboTa ceTH B LIEIOM HE OTBEYaeT TpeOyeMOoMy YpOBHIO KadecTBa W, ciemoBarenbHo, KKC ¢
TOYKH 3PEHMsI MONIb30BaTENe U BBIMIONHIEMBIX B HEl CETEBBIX 3a7ad UCIPABHON HE SBISAETCS.
DT0 00BSCHSIETCS HAJTMYMEM OMIMOOK Ha dTare MPOSKTUPOBAHUS U Pa3BepTHIBAaHUS CETH, HecOa-
JTAHCHUPOBAHHOCTHIO HATPY3KH M CETEBBIX KOMIIOHEHTOB, Hcmonb3oBaHueM 110 ¢ HeappekTuBHBI-
MU QJITOPUTMaMH peanu3anuu. Takum o0pa3oM, CTAaHOBUTCS aKTyalbHOW 3ajjada OIpeeleHHs
CTENeHH BIUSHUS KaxJoro u3 (pakTopoB Ha kpurtepuii kadectBa paborel KKC, uro, mpu He-
YIOBJICTBOPUTEIBHBIX 3HAUCHHUSIX KPUTEPHS, IO3BOIUT OMPENENNTh, KaKoil U3 ()aKTOpOB C HaW-
OoubIIel BEPOSITHOCTEIO SIBIISICTCS TIOTEHIIMATEHBIM HOCHUTENEM ITPUYHHBI HX TTOSBICHUS.

C npyroit croponsl, Mozaenb KKC kak OM MOXHO NpencTaBUTh B BUAE ALUKINYECKOU
npeoBuiHOM cTpykTyphl H=<V,W>[4],rne V=D JE USS UF — MHOXeCTBO KOMIIOHEHTOB
kommnbroTepHOH ceTn; W < D x ExSSx F - nepapxudeckne B3auMoCBA3M MEXIy HUMHU. 311ECh
anemeHT d moaMHOXKecTBa D — KOMIIOHEHT KaK yCTPOMCTBO, MpUHAMJISKAIIEE MTOIMHOKECTBY
BBICIIIETO YPOBHS; € € E — KOMIOHEHT Kak 3JeMEHT YCTPOWCTBA; ss € SS — KOMIIOHEHT Kak
MOJICKICTEMA DJIEMEHTa yCTpoiicTBa; f € F — akTop, MpuHaANISKAIIHI TOAMHOXKECTBY HH3IIIETO
ypoBHst KKC kak OM.

BzanmocBs3u Mexay yKa3aHHBIMH MTOJIMHOXECTBAMHU M UX DIIEMEHTAMH OPTraHU3YIOTCS Clie-
nyrommM obpasom (puc. 1):

1) mns kaxgoro ss eSS cymectyer rpynma snemenToB fi(ss) € F, nna xoropeix ss
SIBJIICTCSI OOIIel BEpIINHOI;
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2) mns Kaxaoro e e E CylIecTBYeT rpynmna s1eMeHToB ssy(€) €SS, ans kortopeix e
SIBJIICTCSI OOIIeH BEPIINHOI;

3) s xaxgoro d e D cymectByer rpynna snementoB ey (d) € E , ans kotopeix d sBnser-
cs1 o01el BEpIINHOM.

| CeTb kKak 06beKT MoHUTOpuHra (OM) |

S feeerreer R NI Eeeererres DU ,

! KommnoHeHT Kak KomnoHeHT Kak ... | KomnoneHT kak (D} i
H yCTPOWCTBO yCTPOWCTBO YCTPOWCTBO E
H KOMMoHeHT kak KomnoHeHT kak KomnoHeHT kak H
! anemeHT anemeHT wus |ONEmMeHT H
| yCTpOWCTBa yCTpOWCTBa yCTpOWCTBa {E} :
]

] 1
1 1

snemeHTa snemeHTa SHGMGHTG SﬂeMeHTa SJ'IeMeHTa 3ﬂ€MeHTa

|
KomnoHeHT kak KomnoHeHT Kak KomnoHeHT kak KomnoHeHT Kak KomnoHeHT kak [ | KomMnoHeHT kak |
nogcuctema nogcucTema nogcuctema ... | noacucrema nogcuctema nogcuctema {SS} :
1
1
'
]

[POPSPURR WAL (N ERPURRRRPUMPR RPN [ S PR (Y S PR PR G S P R () S p—— N U K —_——————

]

:l d)aKTopbl |'|_|| ¢aKTOpr |'|_|| PakTopb! I_’_l | ¢aKTopb| "|_|| d>aKTopb| |'|_|| <DaKTopb| |'|_| {F}E
1
1
1

Puc.1. Nepapxuueckas crpykrypa KKC xak OM
Yem riryOrxe BIOKEHHOCTh KOMIIOHEHTOB, TEM BbIIIE 3P PEKTHBHOCTh JaHHBIX, COOPAHHBIX HA
HavansHOM dTane Morutopunra KKC, ¢ Touku 3penust onpenenenus HopMaiabHoro npoduis KKC
Y OTKJIOHEHUH OT Hero. Puc. 2 WILTIOCTpUpPYET IpUMEP MOCTPOCHUS UEPAPXUUECKON CTPYKTYPhI
KKC xak OM (puc.2, 6) ais TpakTa nepenavyu AaHHBIX U3 PUC.2, a.

IlHCHepCHOHHbIﬁ AaHAJIU3 B MpoueccaxX MOHUTOPMHIa M JHArHOCTUPOBAHUSA

Hucnepcuonnblii ananu3 (JA) — craTucTUYeCKUi METOJ], TO3BOJISIOMINK aHATU3UPOBATD
BIUSHUE Pa3IMYHBIX (PAKTOPOB HA HCCIIEAYEMYIO MEPEMEHHYIO ITYTEM MPOBEPKH 3HAYHMOCTH
pasnuuus MeXAy CpeIHMMHU C MOMOIIbI0 cpaBHeHUs auctiepcuid [5]. Takum oOpazom, JIA
SIBJIIETCSL HHCTPYMEHTOM, C IIOMOILIBI0 KOTOPOrO HEMOCPEICTBEHHO PEeLIaeTcs 3a1a4ya onpesne-
JIEHUS CTEeTIeHN BIUAHUA (HakTopoB, onuckiBatomux Moaens KKC kak OM B cootHomeHuu (1),
Ha KpUTEepuil kauecTBa pabOThI CETH ¥, O BAXKHOCTH KOTOPOH y’ke ObUIO CKa3aHO BBIILE.

s obecniedueHusi BO3MOKHOCTH puUMeHeHHs [IA K CTaTHCTUYEeCKUM JaHHBIM, COOpaHHBIM
B IpOLIECCe NAaCCUBHOIO MOHHMTOPMHIA, HEOOXOOMMO, YTOOBI B Xoze cOopa oOecrneunBaoch
BapbUpOBaHUE 3HaYeHUH (PakTopoB. [IocKONbKY PH MaCCHBHOM MOHUTOPHHIE HCCIIEA0BATENb
HE OKa3bIBaeT HUKAKUX AaKTUBHBIX BO3ICHCTBUI HA XapaKTEPUCTUKHU CETH, YTO FrapaHTUPOBAHHO
obecrieunsio Ol TpeOyeMoe BapbUPOBaHKE IO YPOBHSM, TO HEOOXOANMO IMPOBOANTH HaOIII0e-
Hus 3a KKC xak OM Takum 00pa3oMm, 4TOOBI BapbHpPOBaHUE OOECIIEYHBAIOCH THIIOBBIMU
3agagamu, pemaemMbiMu B KKC. [Ins 3T0oro Heo6xoauMo 3HaTh XapakTep M HEPUOAUYHOCTH
WHTEHCUBHOCTH OM3HEC- U MHBIX IPOLIECCOB, BHIMOIHAEMBIX Ha IPEANPUATHH C TPUMEHEHHEM
KKC.

B npoueccax Mmonuropunra u auarHoctupoBanuss KKC Oyner npuMeHsaThesl Kak oqHO(DaK-
TOPHBIN, TaK 1 MHOTO(aKTOPHBI JJA B COOTBETCTBUU CO CIEAYIOLIMMHU MIpaBUIaMu, 6a3upyto-
muMucs Ha uepapxuueckoit crpykrype KKC xak OM:

1) Eciu haxTopsl mpuHauIexkaT oJHON BepIIuHE SS — SS , — BRINOITHAETCS OAHO(AKTOPHBIH
JA, npu 3TOM p=n, IIe p — YUCIO, ONpPEHENAIOIIee, CKOIBKO pa3 OyIeT BBINOJIHATHCS
onHOoQakTopHEI JIA, n — ancino pakTopoB, MpUHAMISKAIUX 3aJaHHON BEpIIMHE ss. TakuM
00pa3oM, BBIIOIHSICTCS aHAIN3 KaXaAoro (axkropa Ha npenMer OOHApYKEHHsI OKa3bIBAIOLIEr0
HauOonplee BIMSHUE HA KPUTEPUH KauecTBa padoThl ceTd. JlaHHYIO 3a7ady LenecooOpasHo
pemaTh B paMKax ONTUMHU3AIWHN (I «ToHKOW» HacTpoiikn ) KKC.
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Puc.2. Tloctpoenne uepapxmdeckoit cTpykTypsl KKC kax OM: a— tpakt nepenagu ganabix (TIIT) KKC;
0 — nepapxuaeckas ctpykrypa TII/]

2) Ecnu axropsl npuHamiexaT pa3HbIM BEpIIMHAM SS C SS, HO IIPU 3TOM KaXJas U3 3THX
BEPIIMH NPHHAICKUT TAKOH Ipymie >1eMeHToB sspy(e€) =SS, ansa koTopoi umeercs oOumas
BepuIMHa ¢ € E , — BhIIONHAETCA n-(paKTopHEIi [JA, T1e 7 — KOMMYecTBO 1IeMeHTOoB sspy(e) = SS
c oOmeil BepnHOi e. Takum 00pa3zom, peruaercs 3aaada oOHapyKEHUs HOTEHIUAILHOTO HOCH-
TeJs IPUYMHBI OTKIIOHEHUs 0T HopMainibHoro npoduist KKC Ha ypoBHE KOMITOHEHTa KaK MOJCHC-
TeMbl 37eMeHTa. JlaHHas 3amada pemaercst B pamkax auarHoctupoBanus KKC (o6napyxenue
HEHMCIIPaBHOCTH M IIOCTaHOBKA THarHo3a).

3) N-dakropHbiit [IA mpuMeHsieTcs TakkKe U TOorJa, Korjaa GakTopbl MPHUHAIEKAT Pa3HBIM
BepIIMHAM 8§ C SS M AJs 3THX SS HET oO0IIel BEepIIMHBI e, HO ecTh obmas BepmmHa d — D .
3necy n = xonuuectBy 31eMeHTOB rpynnbsl ey (d) C E ¢ obwmeii Bepmmnoil d. Pemaercs
3aj1a4a 00HAPY)KEHUS MOTCHLIUATBHOIO HOCUTEIS IPUYUHBI OTKJIOHEHHS OT HOPMaJIbHOTO IPO-
¢uns KKC Ha ypoBHE KOMIIOHEHTA Kak 3JIeMeHTa yCTpoiicTBa. JlaHHas 3a/1aya Tak e, Kak U B
.2, pemaercs B pamkax aquarHoctuposanus KKC, Ho ¢ MeHbIIeH neTann3anuell NoCTaHOBKH
IMarHo3a.

4) Eciu hakTopbl IpUHAUISKAT Pa3HbIM BepIIMHAM 8§ C SS My HUX HET OOLIMX BEPILIMH HH
B IMOIMHOXKECTBE £, HU B TIOAMHOXXECTBE [, — PEKOMEHIYeTCsl BBITIONHSTE NBYX(aKTOpHEIH JIA,
IPU 3TOM BBINOJIHATH €ro p pa3, 1< p < C4, rae Cﬁ - KOJIMYECTBO COYETaHMH MO 2 U3 Bcex

2 A&t
d" 2rd-2)°

d b

dcD:C
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31ech perraercs 3amaya oOHapyKEHHS MOTCHIIHAIBHOTO HOCUTENS MTPUYMHBI OTKJIOHEHHS OT
HopMmanbHOro npoduinst KKC Ha ypoBHE KOMIIOHEHTa KaK yCTPOMCTBA, YTO SBIISCTCS HAYallbHBIM
stanom auarnoctupoBanus KKC.

Hpalcrnqecxaﬂ peajin3aliusd U IKCIHCPUMEHTAJbHBIC JTaHHBbIC

Paccmotpum mpuMep BBISIBIICHHSI KOMITIOHEHTA KaK yCTPONHCTBA, OKa3bIBAIOLIEro HanbobIiee
BIIMSIHME HAa KPUTEPU KauecTBa paboThl ceTH. BBHINMOIHUM AMCIEPCUOHHBIN aHANN3 IS CTaTUC-
TUYECKHMX JaHHBIX MO (PaKTopaM «yTHIH3aLus mpoieccopa cepsepa, %o» (paktop A) U «3arpyska
MarucTpaibHOro Kommyratopa, %» (daxrop b), rme HaOmogaemoll HepeMEHHOH SABIsAETCA
KpUTEpUi KadecTBa pabOTHI ceTH ) «Bpems peakuuu npukiaaHoro I1O cepeepa Ha 3ampoc
KJIMEHTa, ms». B cOOTBETCTBUY ¢ MPUBEACHHBIMH BBILLE MPaBUIIaMu BeIOOpa THna J{A, a UMEHHO
c 1.4, 311eck cieayeT npuMeHnTs aByxdakropusiit JA. CornacHo [5], aByxdaxropHas qucnepcu-
OHHas MOJEIb UMEET BUA:

Xijk=M+Fi+Gj+Iij+8ijka 2)
re Xjjk — 3Ha4YeHUe HAOIIOCHUs B sUeliKe ij ¢ HOMepoM k; W — obuwias cpenusst; F — sbdexr,
00YCIIOBJICHHBIN BIMSAHUEM i-TO YPOBHS (balg)pa A, rne i =1,m; Gj —3ddexr, 00ycnoBneHHbIH
BIIMSHUEM j-TO ypoBHs (haktopa b, rae j = 1,1; Ljj — addexr, 00ycnoBieHHbli B3aUMOJIEHCTBHEM
IBYX (aKTOpOB, T.€. OTKJIIOHEHHE OT CpelHel Mo HaOIIOJCHUSM B sSTYEHKE 1j OT CyMMBI MEPBbIX
TpeX craraeMbix B Mojenu (2); €jjk — BO3MYLICHHE, OOYCIOBICHHOES BAPUALIUEH NEPEMEHHOM
BHYTPH OTJEIbHON STYEHKHU ij.

Ipenmonaraercss, 4To &jjk MMEET HOPMaNbHbIA 3akoH pacmpenenenus N(0; c?), a Bce
matoxuganus F, G, Ijj paBubl Hyso. I'pynnoBbie cpeHue BEIMUCISAIOTCS CIEAYIOMUM 00pa3oM:
1

n _ m
2 Xijk 2. Xjj > Xjj

oo o=, k=1 .= )=l N | .
B sueiike: Xjj = , IO CTPOKE: X; = o crojomy: X j=——. o0Imas cpemHss:
n m
m 1
2 2. Xj
X = i=1j=1 , TIIe N — KOJIMYECTBO HAOIIOJCHUH B sSUCHKe ij.
ml

B Tabn. 1 npeacraBneH oOmUH BU BBIYUCICHUS 3HAYEHHH C MTOMOIIBIO JUCIEPCHOHHOTO
aHaIu3a.
Tabmuma 1. bazoBas Tabnnma AByX(haKTOPHOr0 AUCIIEPCUOHHOI0 aHAIN3a

FommnonenTa Cymma KEaIpaToR Uucno cTrenesed CpenHHE
DHCHEpCHH cEohogE FEANpATH
Wexrpy) 10Ban HEI Wi 2 O
:j i— = S =
{(harTop A) £h HJZ_;. (xi—x) -1 e
Memrpynnosan - = a_ &
=l = . .
(thaxtop B) (= m n:Z_‘{(xs x) -1 e
BraumogefictEne A e a &N
O ==n (xy—xi—x5+2)° 111 by =———
3 g}z_i t 4 (m-1)(1-1) (m—1(0 = 1)
CcTaTodHand e - a o
= o e 2 Sy =—
y g. 32.1' E. (X = %) mln - ml 4 i =D
OE)H.[ELH wm I m .
Q:ZZZ(:‘;‘;‘&_J‘)E miln - 1
ial Fal kel

IIpoBepka nyneBbix runore3 Ha, Hg, Hap 00 OTCyTCTBMM BAMSIHHSA Ha paccMaTpHUBaeMylo
nepeMeHHyI0 (pakTopoB A, b u ux B3aummoneiictBust Ab ocyIecTBisieTcss CpaBHEHUEM OTHOIIIE-
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S8y 83

S 421 - 421 - 421 C COOTBETCTBYIOIIMMH TaONMUYHBIMU 3HaUeHUusIMH F—kpurtepus Gumiepa. Ecinu
Foxen.<Fragn, — TUIIOTE3a 00 OTCYTCTBUU BIHSHUS IPUHUMAETCS, B IPOTHBHOM CITydae OTBEpraeT-
cs.

COop U aHaIU3 CTaTUCTUYECKUX JAHHBIX MO 3aJaHHBIM BbIlIE (PAKTOPaM BBIIOIHSIICS TPU
crenyomux ycnopusax: m=2, A1=20%, A,=75% npu noporoBom 3HaueHuu Qaxrtopa 90%; 1=3,
Bb1=10%, b,=15%, b5=25% nipu moporosom 3nauenuu paxropa 35%; n=4.

Tabmuna 2. [IByxdaxropHsit JJA 115t BEISBIEHHS KOMIOHEHTa KaK YCTPOHCTBa

HUH

E; Ea Bz cpeAEne B Aueime (i) cp. o cTh. [1):
& 10,00 g,00 13,00 111 8,50 pa) 0,50
2,00 8,00 15,00 x1a 8,35 b 50,432
7.00 7,00 10,00 T3 11,75
2.00 7,00 0.00 cp. mo crah. (7):
1 47,50 pa) 22,00
iy 50,00 55,00 55,00 b 51,25 x 75
45,00 50,00 @0,00 by 52,50 pict 32,13
40,00 55,00 45,00 |
35,00 45,00 0,00 0bTad cpeEa:
X 20,04
CWI KBE,EI;p&Tl.:IBZ Cf e AEEE K#aﬂpamx: EpHTepii *:I:'Iwm.tepé (=ECIL):
(o]} 237,09 | 1004504 22 1004504 . A 51787
Qa 8,57 68 58 22, 34,20 . E 177
Qs 4,02 16,06 22 803 . AF 04l
Qg 34923 22, 1940
Eprreprd Promepa (Tabm):
. Ao a1 441
th. By s:2:18) 355
d. ABmpsge 353

[Ipu ykazaHHBIX yCHOBHUSX IUIsl HaONMFOMaeMOl TepeMeHHOH ) OBLIN TOMyYeHbl Pe3yNIbTaThl,
MIpUBEICHHBIE B Ta0JI.2, BHITOIHEH ABYX(PaKkTOpHBIN [IA, X0 KOTOpOro Takke oToOpakeH B Ta0MI.
2, TIOTy4eHbl DKCIIEpUMEHTaIbHbIC 3HaUeHUs Kputepust Duriepa 1mo kaxaoMy u3 GakTopoB U UX
B3ammMozeicTBuio. 13 Tabn. 2 BuaHO, YTO HyseBas rumote3a Hy oTBepraercs, HylneBble TUIIOTe-
361 Hy 1 Hup - mpuauMatotcs. Bonee Toro, mo CyIecTBeHHOMY pa3phIBy MEXIy SKCIIEpUMEH-
TaTbHBIM M TaOJIMYHBIM 3HAYEHUAM KpuTepus Duiepa MOXKXHO OIHO3HAYHO YTBEPKAAThH, UTO B
JAHHOM CITydae MOTEHIMAIBHBIM KPUTHYECKAM KOMIIOHEHTOM KOMITHIOTEPHOIH CETH SBIIIETCS
YCTpOHCTBO, XapakTepusyemoe (akropom A. JlanpHelIre ucciaeoBaHus TOKa3alld, 4To cep-
Bep, MOCJIe MOIKITIOUYEHUS ero K THTAOUTHOMY TIOPTY KOMMYTaTOpa, He CIIPAaBIISIETCS C SKCIIOHEH-
[MaJbHO BO3POCIIMM YPOBHEM BXOJMIIEro Tpaduka B IMEPUOIBI OCYIIECTBICHHS MaCCOBBIX
orepanuii ¢ mpukiagaeiM 110. Pexomenayercss MopepHHA3AIMS BEIYACIUTENBHON MIATPOPMBI
cepBepa.

BriBoabI

PaccmoTpeHbl MoJenb ¥ METOJl MacCHBHOTO MOHUTOpUHTA M nuarHoctupoBanus KKC nHa
0a3e MMCIIepCHOHHOTO aHaM3a. MIX HaydHast HOBU3HA 3aKIIF0YaeTCsl B IPUMEHEHUH K 3a/1adaM,
0003HAaYECHHBIM B CTaThe M TPAAUIIMOHHO PEIIAOIIUMCA AMIUPUYECKUM ITyTEeM, ammapara
MaTeMaTH4YecKol cTaTHCTUKH. [IpakTndeckas 3HAYMMOCTh COCTOUT B (pOpMaTH3alllK TIPOLIEC-
ca 00pabOTKM CTaTHCTHYECKUX NAHHBIX, COOpPAHHBIX B XOJI¢ MaCCHBHOTO MOHWUTOPHHTA, YTO
MIPUBOJUT K CHUKEHHIO TPYI0EMKOCTH ¥ TTOBBIIIEHHIO () (PEKTUBHOCTH MPOIIECCOB MOHUTOPHH-
ra u nuarnoctupoanus KKC. B nepcrnekTiBax nccienoBaHus — HallbHEHIIee pa3BUTHE TIPH-
MEHEHHSI METOJIOB CTATHCTHYECKOW 00pa0OTKH JaHHBIX K MpoIeccaM aKTHBHOTO MOHUTOPHHTA
u nquaraoctupoBanust KKC.
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HA. MUPOHOBA, I'B. TABYHII[UK

IKCIIEPTHASA CUCTEMA BBIBOPA MOAU®UKAIIMU METOJA
AHAJIM3A MEPAPXUI

Hpe,unaraeTCH OKCIICPTHAA CUCTEMA, KOTOPpAsA NO3BOJIACT OXBATUTL CYIISCCTBYIOIINE MO~
(bI/IKaHI/II/I METOZa aHaJIn3a HepapXHﬁ. Peanmaunﬂ 3KCH€pTHOI>i CHUCTCMbI CHOCO6CTBy€T MOBBILIC-
HHUIO 3(1)(1)€KTI/IBHOCTI/I pa6OTLI IIOJIb30BaTEIICH B HHTCpaKTHBHOﬁ Cpeac KOJIJICKTUBHOT'O B3aUMO-
,Heﬁc’l" BUA U O6YCJ'IaBJ'H/IBa€T TNEPCIICKTUBHOCTD UCTTOJIB30BAHUS TAKUX CUCTEM IIPU PCIICHNUH TIPAK-
THYCCKUX 3a1a4.

1. BBeaenue

B coBpeMeHHBIX YCIOBHSIX OOIBIIMHCTBO BAXKHBIX COMMATFHO-)KOHOMHYECKHX PEIIeHNUH MTPpH-
HHMAIOTCS B IPOIIECCE KOJIEKTUBHOTO 00CY X IeHHs. | pynoBoe NpuHsTHE PEIICHHA TTPEAIIOuTH-
TeNbHEH WHANBUAYAIBHOTO TEM, YTO C YBEIHMYEHHEM CIOKHOCTA M 00beMa 33124 OJIH YEIOBEK
HE MOXKET ObITh KOMITETEHTHBIM BO BCEX BOIPOCAX U BHITIOTHUTH BCeil pabOTHI IO BHIPAOOTKE U
peanuzanuu pemerus. Kpome Toro, 0TCyTCTBHE TIOTHON ¥ TOYHON MHGPOPMAINH, HEOOXOIUMO
JUT TIPUHSTHS pEIIeHHs], TPUBOAUT K TOMY, YTO BHIOOpD ONTHMAIBHOTO HCXOJa MPOHCXOIUT
MMEHHO B pe3yJIbTaTe IPYIIOBOr0 00CYXICHHs PyKOBOIUTESIMHE, CIIEIIHAINCTaMH, SKCIIEPTaMU
Y KOHCYJTbTaHTAMH.

AKTyanbHOCTh pa3pabOTKH MOAENeH CHUCTeM IMOMNCPKKH MPHHSTHS TPYIIOBBIX pEIICHHH
00yCIIOBIIEHA MTOTPEOHOCTHIO B MOBBIIICHNHN Y()(PEKTUBHOCTH KOJIIEKTHBHOTO B3aMOIECHCTBHS Ha
dTane MPUHATHS TPYIIIOBBIX PEIIEHUH 3a cueT pa3paboTKH HOBBIX, YCOBEPIICHCTBOBAHUH H
aJanTalyy CYIIECTBYIOIINX METOIOB IIPUHSATHUS TPYIIIIOBBIX PEIICHUN.

W3 MHOXECTBa M3BECTHBIX METOJIOB ¥ MTOJIXO/IOB K MPUHATHIO PEIICHU HAauOOIBIINI HHTEpeC
MIPEJCTABIISIOT T€, KOTOPhIE AAIOT BO3MOXXHOCTh YUYUTHIBATH MHOTOKPHTEPHAIILHOCTh M HEOMpe-
JIETICHHOCTh, a TaK)Ke IMO3BOJISIOT OCYIIECTBISATH BHIOOP PEIICHHH W3 MHOXECTB aJIbTEPHATHB
Pa3IMYHOTO TUTIA TPY HATMYNH KPUTEPUEB, UMEIOIINX Pa3HbIe TUTIBI mIKai u3mepenus [1]. Cpenu
TaKMX METO/IOB, KOTOPBIE YUUTHIBAIOT CIIEIU(UKY TpoIecca OOCYKISHHUS MPOOIEMHON CHUTya-
[IWU, SBISIETCSA KaccHueckwii meroy aHanmza uepapxuit (MAU), npemnoxennsiii T. JI. Caa-
™ [2].

L]envio paboOTHI SBIIACTCS pa3paboTKa IKCIEPTHOIH CHCTEMBI BBIOOpa MOMU(MUKAIIMA METOa
aHaIIM3a NepapXuii Ha OCHOBE MPOIYyKIIMOHHON MOJIENH JUIsl HHTEIDICKTYaJIbHBIX CHCTEM TIOJIEPK-
KU MTPUHATHS TPYTIIOBBIX PEIIEHUI.

3adauu, KOTOpBIE HEOOXOAMMO PEIIUTh ISl JOCTHIKEHHSI IIOCTaBIICHHON TIEITH:

— BBIMTOITHUTH aHAJIH3 CYIIECTBYIOMMX Moaudukanuit MAU u npoBecTy ux Kiaccu(prKanuio;
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— pa3paloTaTh 3KCIIEPTHYIO CHCTEMY, KOTopas Obl o0ecreuniia pauroHaIbHbBIH BEIOOP METO-
JIOB TIPUHSATHUS PEILCHUH.

2. IlocTanoBKa 3agaum

J1J1s TOBBITIIEHUS CTEIIEHN OOBEKTUBHOCTH M KA4eCTBa MPOIICYPhl IPUHSITUS PEIICHUN T1elIe-
co00pa3HO YyYHTHIBATH MHEHHE KOJUIEKTHBA dKcnepToB. MAMU [2] mpemocTaBisieT BO3MOXKHOCTD
TpyIIe JIoJel B3auMOJICHCTBOBATh MO MHTEPECYIONIed UX mpodieMe, MOAU(UIIMPOBATh CBOH
CYXJICHUST M B pPE3yJIbTaTe OOBENAMHATh UX B COOTBETCTBHHM C OCHOBHBIM KDUTEPUEM: IPHU
MIPOBE/ICHUY TMOMAPHBIX CPABHEHU 00BEKTOB 110 OTHOIICHUIO K HEKOTOPOI XapaKTEepUCTHKE, UITH
XapaKTePUCTUK OTHOCUTEIBHO TTaBHOMU 1enu. OOpaTHBIE CBSI3M 00ECIICUMBAOT KITHOY K 00BeIH-
HEHHIO TPYIIIOBBIX CYXICHUI PallMOHAILHBIM 00pPa3oM.

JlaHHBII METOA MO3BOJISECT BBHIMOJIHUTH MUCCICAOBAHUE CIOXKHBIX CHCTEM B3aMMO3aBHUCHUMBIX
KOMIIOHEHT (Pecypchl, KelaeMble UCXOAbl WIH IIEIH) MyTeM JCKOMIIO3UIIUU WX Ha OTACIbHBIC
cocrapismuye. Jig OIEHKM KOMIIOHEHTOB CHUCTEM HCIOIB3YETCS METO] MOCIEI0BATEIBHOIO
MOMAPHOTO CPaBHEHHUS 00BbEKTOB.

MOo>KHO BBIICIUTH Clienyrotnue 3tarbl MAU: moctpoeHue nepapxuu, GoOpMHUPOBAHUE MATPHUIIBI
norapHbeix cpaBHeHuii (MIIC), momy4yeHne BeKTOpa MPUOPUTETOB, OIIEHKA CTSIICHH COTIaCOBAaHHO-
ctu MIIC, nony4yenue HauIy4Iien aibTepHATUBBIL.

C momenTa nosieneanst MAU oH ObUT TTyOOKO MCCIIENOBaH, MOAPOOHO U3YUCHBI €T0 MPEUMY-
IIECTBA U MOTCHIIMATIbHBIC HEJOCTATKH, YTO MPUBENIO K pa3paboTKe MHOXKECTBA MOIU(DUKAIIAN
METO/1a, KaCAIIIUXCS, B OCHOBHOM, H3MEHEHUS BHYTPEHHUX Mpoleayp (YIydIleHus, yCOBEPIIICH-
CTBOBaHHS OIPEJICIICHHOT0 ATAla) ¥ HAPaBICHHBIX HA HCIIPABJICHUE MPUCYIIUX KIACCHUECKOMY
METOly HEIOCTAaTKOB.

Jist noBbItieHns 3P PEKTUBHOCTH CHCTEM MOJICPIKKHU ITPHHSITUS TPYIIOBBIX PEIICHUH HE00XO0-
MO BBITIOTHUTH Pa3pabOTKy IKCHEPTHON cHUCTeMbl BbIOOpa moaudukanuu MAW Ha ocHOBE
MPOAYKIITUOHHOW MOJICITH.

3. AHau3 MOIM(pUKAIMI KJIACCHYECKOT0 MeTOJa aHAJM3a HepapXuil

B nacrosiiiee Bpems cyliecTByI0T MHOXecTBO Moaudukanuii MAU [3-19], koTopbie MOKHO
KJaccU(UIMPOBATH OTHOCUTEIILHO CIEAYIOUIUX KPUTEPHEB:

— II0 TUITY CUCTEMBI IPEATIOUTEHUS IKCIIEPTOB;

— I10 TUITY HepapXuii;

— 110 MeToy (POpMHUPOBAHUS MATPHLL IONAPHBIX CPABHEHUH;

— 110 c1oco0y U3MEPEHUs MIPEATIOYTEHUH SKCIEPTOB (MCIIOIb30BAHUE PA3IUUHBIX KAl H3MeE-
peHus);

— 10 C1I0CO0Y OLEHKH M KOPPEKLUH DKCIIEPTHBIX CY>KACHHIA;

— I10 METOy CHHTE3a UTOIOBOI'O PEILCHHUS;

— B 3aBUCHMOCTH OT CTPYKTYpPhl METOZA.

B tabmn. 1 mpuBeneHo ornrcaHue CymecTBYIOMUX MoaruduKamnmii knaccuaeckoro MAU.

4. PazpaborTka 3KcHnepTHOH cucTeMbl BbIOOpa moaudukanuii Meroga aHajausa
nepapxuit

3amada aHaJIM3a M BBIOOpA MOJEINEH NPUHATHS PELIEHUH U1l aBTOMAaTU3UPOBAaHHOM CUCTEMBI
MOJJIEPKKH TPYIIIOBOr0 OOCY)KICHUSI B OCHOBHOM COOTBETCTBYET IOCTAHOBKE 3a7aydl OIpere-
JICHUSl IPEANOYTUTENIFHOTO BapraHTa. B Hacrosiiee BpeMs MPOSKTUPOBAHUE CUCTEM KOMIIBIO-
TEpHOH MOAJIEP>KKH KOJIJICKTUBHOTO IPUHSATHS PEIICHUH CBA3aHO C IPUBJICUCHUEM HHTEILICKTY-
QJIBHBIX CPEICTB, TAKUX KaK MOJIENb IPEACTAaBIICHHS, CII0CO0BI 00pabOTKH, XpaHEHHs U mpeodpa-
30BaHMA 3HaHUI. Hannuue nepevrcieHHbIX 3JIEMEHTOB COYETACTCs B MHTEIUIEKTYalbHBIX CHCTE-
Max nouepkku npuHsaTus pemennii (MCIIIP). UCIIIIP otHOCATCS K Kilaccy MHTETPUPOBAHHBIX
WHTEJICKTYaJIbHBIX CHCTEM, COUYETAIOIINX CTPOTHE MaTEeMaTUYECKUE METOIbl U MOJEIHN ITOHUCKA
peLIeHHs C HECTPOIrMMH, SBPUCTUYECKUMHU MOJEISIMHE 1 METOaMH, 0a3UpPyIOLIMMHUCS Ha 3HAHUAX
CIELUAINCTOB, MOJEISIX YEIOBEUECKUX PACCYKICHUN U HAKOILJIEHHOM onbite [20].

Anpom UCIIIP sBnsercs skcneptHas cucrema (OC), B apXHTEKType KOTOPOW BBIACISIIOT
CIEYIOLINE OCHOBHBIE KOMIIOHEHTHI [21]:

— 0azy 3HaHM# ((akTbl, IpaBUiIa U 3BPUCTUKHU, HPEICTABIAIOIIME SKCIEPTHBIC 3HAHUS O
MpeaMeTHONH 001acTh);
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— MaIlMHY JOTUYECKOro BbIBOJA (COIEPIKUT CTPATETUHU U YIIPABISAIOLINE CTPYKTYPHBI, HCIIOJb-

3YCMBIC I NPUMCHCHUSA 3H3.HI/II\/'I, CoACpKalIUuXCAa B 6336 3HaAHUM JUIA pCIICHUA MOCTaBJICHHOM
poOJIeMbl);
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— MOJCKCTEMY NpPUOOpETeHHsl 3HaHWH (aBTOMATH3HPYET MPOLECC HAMOIHEHUS! SKCIEPTHOU
CHCTEMBbI 3HAHUSAMH );

— mojcucTeMy OOBSICHEHHS peLICHUH (ITO3BOJISIET KOHTPOIMPOBATD X0 CY>KACHHUH SKCIIEPTHON
CHCTEMBI 1 OOBSCHSTH €€ PELICHHUS WU UX OTCYTCTBHE);

— pabouyro namsTh (0a3a JaHHBIX);

— MOJIb30BATENILCKUI MHTEp(eiic, KOTOpHIH ynpaBiseT B3aUMOACHCTBUEM C IOJIb30BATEIIEM
(YynpasieHue 3KpaHOM, OpraHU3aLMs Juanora, 00bsICHUTEIbHBIC CHOCOOHOCTH CUCTEMBI).

B kauecTBe Moenu npezcTaBieHus 3HaHUH B mpoekTupyeMoil DC HCHONb3yeTcsl MPOAYKIIH-
OHHasi MOZIeITb, B KOTOPOI 3HaHMS MPEACTABICHB COBOKYITHOCTBIO TaK Ha3bIBAEMBIX MPOILYKIIMOH-
HBIX [IPaBHJI BUJIA ECIIH — TO», JOTOJIHAEMBIX JIOTHUYECKUMH OIEPaTOPAMHU.

Pazpabotka 3C BriOOpa Monudukanuun MAU Brimrouaer B ce0st hopmupoBanue 6a3sl 3HAaHUN
«Moaudurkanuu MeTona aHanu3a uepapxuii». OnuiieM MHOXECTBO BO3MOXKHBIX (akToB (0a3y
¢akroB) F=(f],fp,....,ff) , bopmupyemoe mpu pa3paboTke JaHHOH HH(POPMALIMOHHON CHCTEMBI
(tabm. 2).

3anonHenue 6asbl paBwi (MHOMkecTBO npasun P =(p,,p, ,...,pnp)) BBITOJIHSIETCS] B COOT-
BETCTBUH C CHHTAKCHUCOM MPOAYKIHOHHON Mozenu. [IpuBenem npumep npaBuia:

py: ECJIW mun uepapxuu = f,,,

WU cnocob usmepenus npeonoumenuii sxcnepmos = f, ,
U memoo napnwix cpasnenuii = f,,

U memoo nonyuenus eexmopa npuopumema = f, ,

U cnoco6 oyenku u xoppexyuu sxcnepmuvix cyxcoenui = i,

U memoo cunmesa umozosozo pewenus = f,,

TO pexomendyemvlii mMemod = KiacCUHecKuli Memoo aHAIU3a UEPaApXull.

Cdopmupyem rpad JOrH4ecKoro BbIBOJA IS pa3padaThiBaeéMOM CHCTEMbI (PUCYHOK). Bep-
muHb Tpada — dakTel 0a3bl 3HAHWMA, JYTW XapaKTEpU3yIOT MexaHu3M paccyxaeHus JC, T.e.
npaBuiIa 0a3bl 3SHAHHUM.

Tabmua 2
Omnpenenenue .
HazBanue o0bekTa pex Haspanue atpubyTta (cBoiicTBa) 00BEKTA
CYIIHOCTH
1 2 3

Xapakrep cBs3eit

] =mun uepapxuu mexy kputepusmu 1 | f]1=nepssiii, f17= Bropoit, f]3= Tperuit

NOJIYYeHUs 6eKMopa
npuopumema

AbTePHATHBAMHU
fr =cnoco6
Vlcnonbsyemas Wand | ¢ _ youequag fy= croxacTHuecKas
usmepenui M3MepeHus CyKIeHH | 21 » 122 ’
npeonoumenuil YKCIIEPTOB fy3=mneuerkas, 4= nnrepBansHas
IKCNepmos
f31= Caarn, f35= oTHOCHTENBHO CTAHAAPTOB,
f33 = konuposanuem, f34= cokpaieHHas npoueaypa
f3=memoo napuuix Croco6
cpaswenuii dopmuposamst MIIC dopmuposanust MIIC, f35= momuduxarms s
CIy4aeB ¢ GOJBIIMM KOJMIECTBOM OLIEHHBAEMBIX
napameTpoB, f3¢= e Tpebyer hopmupoanms MIIC
£4=nemoo f41 = st Toueunsix MIIC, f4o = s croxacTHueckux

Merton o6paboTku
MIIC

MIIC, f43= mus Hewerkux MIIC, fgqq= s

unrepBanbhbix MIIC, f45= He Tpebyercs

f5 =cnoco6 oyenxu u

Crioco0 OIeHKH,
YIIY9IIEHHS

fs 1~ B 3aBUCUMOCTH OT CTPYKTYpPbl MCTO/Q,

CUHmesa unmoco6020
peuierus

kopperyuu f5o = o Tumy ouexok, f53 =10 crocoby mepecMoTpa,
oKCnepmHbIX COTJIACOBAHHOCTH U

cyacoenui KOPPEKLUH CYXKIECHUHI f'54 = ne Tpebyercs

£ = nemoo fg1= crocob ceprku kputepues, g1 = nuHeiiHas,

Merton nosyueHus
HAWITYYIIero peeH s

f12 = Henuneiinas, fg)3= MynbTHILIMKATHBHAS,

fgo = tun mozenu, fg3=THn onexok
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B pesynbraTte paboThel co31aHO MPOrpaMMHOE OOECIIeUeHHe, peaan3yIoliee MPeaIoKEHHYIO
3C BbiOOpa Mogudurannu MAMU, B cocTaB KOTOpOH BXOIAT CIEAYIOLINE IPOrpaMMHBIE CPEe-
CTBa: MOJIL30BATENBCKUI HHTEpQeiic, 0a3a 3HaHNH, pelakTop 0a3bl 3HAHHM, MaIlIHA JIOTHYECKOTO
BbIBOZA, 06a3a Mozeneld MeTooB aHanu3a uepapxuil. Paspaborannas OC obecrieunBaeT pamuo-
HAJBbHBIN BEIOOP METOAOB PUHSTHS IPYNIIOBBIX PEIICHUH.
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5. BeiBoabI

BrimonHena pa3paboTka SKCIEpTHON CHCTEMBI BBIOOpa MOAU(UKALIMY METO/IA aHAIM3a Hepap-
XM Ha OCHOBE MPOIYKIIMOHHON MOJIENH.

Hayunas nosusmna wccnenoBaHUsl COCTOMT B TOM, YTO BBINOJMHEHA KiIacCH(UKALMS CyIle-
CTBYIOILIMX MoAM(UKauui Merola aHalu3a HUepapXuil Mo CICAYIOIIUM KPUTEPHUSIM: MO THUILY
CHCTEMBI MPEATOYTEHUS] DKCIIEPTOB; MO THUITy HMEpapXHii; mo Merony (OpMHUPOBAHHS MaTpPHUIL
MOMAPHBIX CPaBHEHMI; 110 CIoco0y M3MEPEHUs MPEANOUTEHUH IKCIIEPTOB (MCIIOIB30BaHHE Pas3-
JIMYHBIX [IKaJl U3MEPEHUS ); TI0 CIIOCO0Y OLICHKH U KOPPEKLUH IKCIIEPTHBIX CY>KACHUH; IO METOLLY
CHHTE3a WTOIOBOTO PELIEHHS; B 3aBUCUMOCTH OT CTPYKTYpBl METO/A, YTO IO3BOJISAET OCYILE-
CTBHUTH PallMOHAJIbHBII BEIOOP METOa IIPY MPUHATHH IPYIIIOBBIX PEILIEHUH, ONMCATh OHTOJIOTHIO
MIPUMEHEHMS TAaHHOI0 METO/Ia aHaJIM3a UepapXuil B CUCTEMAaX MOAJAEPKKH MPUHATHUS TPYIIIOBBIX
PpELIEHHI.

IIpakmuueckas yennocms UCCIEAOBAHUS 3aKIIOYAETCA B TOM, YTO pa3paboTaHa IKCIEpT-
Has CUCTeMa, KOTOopas MO3BOJIIET OXBATHTh CYIIECTBYIOIIME MOAM(HUKALIMK METOJa aHAIM3a
Hepapxui.

Hcnonps3oBanue peaan30BaHHON 3KCIEPTHOM CHCTEMBI B KA4ECTBE HAJCTPOWKH ISl CHUCTEM
MOJUAEPKKH IPUHSTHA KOJUIEKTUBHBIX PEICHUH IPUBOAUT K JaJIbHEHIIEMY pa3BUTHIO UHTENJICK-
TyaJbHBIX CHCTEM MOJICP>KKH MPHUHATHS TPYNIIOBBIX PELICHUH W 00ycIaBIMBAET MEPCIEKTHB-
HOCTb IPUMEHEHHUS JaHHBIX IPOrPaMMHBIX CPEJCTB IIPH PELIEHNN IPAKTUUECKUX 3ajad.
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10.10. 34ABU3HCTVYII, C.A.IIAPTBIKA

METO/J NPEOBPA3OBAHUSA CTATHUYECKUX SPT AJITOPUTMOB B
JANHAMMNYECKHUE

Hpe,unaraeTCH METOA TpaHC(bOpMaHHH CTaTUYCCKUX AJITOPUTMOB IO CKA KpaT‘laﬁHIHX my-
TeH Ha rpaq)ax B JMHAMHNYCCKHC. OTINYUTETBHON OCOOEHHOCTHIO JaHHOI'O METOAA ABJISACTCA
MOAACPIKKA CIICIIUAJIbHBIX CTPYKTYP AaHHBIX JJISI KOPPCKIUU TCKYIINX 3HAYCHHUHI JUIMH Mapuipy-
TOB. HpI/IBO,HHTCH 3aBUCUMOCTH YHCJIa onepaum‘/'l CpaBHCHUA OT KOJIMYECTBA BEPIINH rpaq)a JJIsL
CTaTUYCCKUX U JUHAMHUYICCKHUX aJITOPUTMOB. HpOBO,HI/ITCH KpaTKI/Iﬁ AHAJIN3 MMOJTYYCHHBIX PE3YIlb-
TaToOB.

1. BBengenue

B coBpeMeHHOI1 TeIeKOMMYHUKATMOHHON HHAYCTPUH MHOKECTBO TPAHCIIOPTHBIX MPOOJIEM, B
YaCTHOCTH MPOOJIEM MapLIpyTH3alMH, HY>KIAI0TCS B 04eHb THOKUX U 3()()EKTUBHBIX peLICHHUIX
3aja4, CBA3aHHBIX C MOMCKOM KpaT4alux myTed Ha rpadax. [Ipu 3Tom KimroueBbIM MOKa3ate-
neM 3((eKTUBHOCTH pelIeHusl 3a1auu SIBJISETCS, KaK MPaBHJIO, 3HAUYCHHUE BBIYUCIUTEIbHON
CIIOXHOCTH, C TOYKH 3PEHUS NPOJOJDKUTEIBHOCTH PabOThl aJrOPUTMOB, KOJIMUYECTBA ONEpaLuil
CPaBHEHHS, a TAKXKE CUCTEMHBIX TPeOOBAaHUN K ONIEPATUBHOM MaMSITH.

HenpepbIBHBIN HCcIeI0BaTENbCKUI HHTEPEC K TPOOIeMaM MapIIpyTU3aluH B CETsIX nepena-
9d JaHHBIX W pabote anroputmoB SPT, B WacTHOCTH, COXpaHSeTCs B TEUEHHE IOCIEIHHX
necatwinetuit [1-3], ¥ 4TO YaCTHYHO MOTHUBUPYETCS MPOOIEeMOl HEYCTOHYMBOCTH MapIIpyTH3a-
uuu B cetu UHTepHer [5].

OCHOBHOH HENOCTATOK HCIIOJb3yEMbIX B MPOLIECCE MAPLIPYTU3ALUN CTATHUYECKUX aJITOpUT-
MOB 3aKIII0YaeTcss B HEOOXOIMMOCTH TOJHOrO Tepecuera aepeBa kparuaiimmx myteit (SPT) B
cllydae U3MEHEHUS TONOJIOTHH ceTd. PaKTHUECKH MOce HEKOTOPHIX U3MEHEHUI B COCTOSIHHUAX
cBsi3eil Toronorusg HoBoro SPT ornuyaercs ot craporo He 3HaunTenbHO. [loaTOMY cTaTHueckue
AJITOPUTMBI, KOTOpPBIE MOBTOPHO BEIUUCISIOT SPT, sBHO HEa((HEeKTUBHEI.

Lenv uccaedosanus — tmpeodpaszoBaHue cratudeckux SPT anroputMoB ¢ opraHu3zauei
odepesei B BUJIE CBA3aHHBIX CIIMCKOB B INHAMHYECKUE JUIS CHIKEHHS aITOPUTMHUYECKOH CI0XK-
HOCTH ITyTeM HCIIOIb30BaHMsI TocTymHON nHopmaruu SPT.

2. Mertox mpeoOpa3oBaHusi AJITrOPUTMOB

[Tycts G =(V,€) obo3HauaeT OpUEHTHUPOBAaHHBIN rpad, rae V — Habop y3710B, a E — Habop
pebep B rpade. [Iycts N — ob1iee Konu4ecTBo y310B B V U E — o01ee KoauuecTBo pedep B € .
I'pad G cocromT M3 KOPHEBOrO y3na, 0003HAYEHHOrO Ny, M BCEX APYIHX Y3I0B N..0y _;,
JIOCTYIIHBIX M3 N, [0 OPUEHTHPOBAHHBIM ayraM B G . Kaxmoe pedpo e; (i=0,..,E—~1) umeer
MOJIOKUTEBHBIHN BeC o; .

Hns xaxxnoit nyru e € E | myctsb W(e) o003Ha4aeT Bec (PacCTOsIHKE), aCCOLMUPOBAHHBIMN C €,
S(e) nu E(e) 0003HaUaIOT COOTBETCTBEHHO HAudaJbHbIM M KOHEUHBIH y3en pedpa e. JnuHa nnm
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paccTosHIE HAPaBIECHHOT'O ITyTH — CyMMa BecoB pedep B myTH. [laH psin y310B N < V , KOTOPHIit
accoruupyercsi ¢ [Byms Habopamu pedep rpada: I(N) = {e e€lE(e) e N} (mabop pebep, HaTpaB-
JIeHHBIX B Y376l N )1 O(N) = {e e €lS(e) e N} (Habop pebep, HampaBIeHHBIX U3 y37108 N ). [TycTh
n, ompenensier kopHeBoil yzen SPT.

[lycTs npeBoBHIIHAS CTPYKTypa AAHHBIX T MOMJICPKUBACTCS AITOPHUTMOM JUISl TOTO, YTOOBI
CIICIUTh 3a CYIICCTBYIOIIMM JIepeBOM Kparuaiimmx myted. [lycth kaxnawii y3en rpada G,
Hapsy C €ro POJUTEIbCKUM aTpuOyToM P(n,T), uMeeT crnucok motoMkoB C(n,T), a Takxke ero
aTpuOyT paccrossHuss D(n,T) .CTpyKTypa JHaHHBIX T WU3MEHSETCS MPOrPECCUBHO B TCUCHUE BhI-
YHCIICHHs], U KOorja paboTa alropuTMa 3aBeplileHa, npencrasiser codoir SPT.

B nomonHeHue K CTPyKType NaHHBIX T aJIrOPUTM TaKXKe MOIJEPKUBACT CBA3aHHBIN CITUCOK
Q, KOTOPBIIl BPEMEHHO COJICPKUT MOJAMHOXKECTBO y3JIOB BMECTE C IByMs Mpu3HaKamu. Kaxublit
37eMeHT B Q mMeeT dopMy {n,(x,D)}, Tae X OmpeensieT MOTEHIMATLHOTO POAUTENS s y3/a
n,aD ONpeAesieT NOTSHIIMAILHOE PACCTOSHHUE K Y311y n .

HNucTpykuus ENQUEUE(Q{n,(x,D)}) JO0aBJISET elie OAWH dieMeHT K Q. Ecmu y3en yxe
MPUCYTCTBYET B OYEPEIH, TO HOBBIC aTpUOYTHI 3aMCHSIOT CTapbie. B J1F000i MOMEHT TOJBKO
OJIMH HAOOp aTpuOyTOB JOCTYIEH Ul Kaxaoro y3ia B Q. Korjga BEINONHSIETCS MHCTPYKIUS
EXTRACT(Q), BeIOMpaeTcs mepBbiid (BEpXHUIT) 3JEMEHT U yIAISICTCS U3 OUepPE/Iu.

ANTOpUTM TaKKe MCIONb3YyeT BCIIOMOraTelbHylo mpouenypy. IIpouenypa B q(n, T) Haxo-
IUT MHOXKECTBO Y3JIOB (BKJIIOYAsl n ), KOTOpBIE SABIIAIOTCS MOTOMKAMH n. JTO MHOXECTBO
MOJKHO JIETKO BBIYMCIIUTB, CIIyCKasACh HenocpeAacTBeHHO BHU3 10 T . SPT cTpoutca B T, U3MeHAA
aTpUOYTHI y3JI0B B TEUEHHE KAXKIOH UTEPALlUH allTOpPUTMA.

OTOT METOA MOXKET OBITh UCIIOJIB30BaH B HECKOJILKUX M3BECTHBIX CTATHUECKUX aITOPUTMAX,
Harnpumep, Takux kak D’Esopo-Pape, bennmana-®opna win Jleiikctpel. OCHOBHOE pa3iuuune B
paboTe JaHHBIX AITOPUTMOB 3aKIIIOYAETCS B TOM, KAKMM CIIOCOOOM MPOMCXOAMUT OpraHU3allys
BPEMEHHOI'0 CBSI3aHHOI'O CIIUCKA Q .

3. Cneundukanus ajropurma

lar 1: Uauuuanusanus

(A) Cratuueckasi Bepcus

V(n € V) # root(G)
P(n,T) « (O)
D(n,T) <« MaxInt
C(n,T) « (O)

ENQUEUE(Q{root(G), (0, D)})
Go To Step 2
(B) Junamuyueckas Bepcus (mpu Hanmuuuu craporo SPT)

Cuyuaii 1 (Pebpo ¢; € €' ypenuuusaer cBoii Bec Ha A ):
N«0

Ve, e€"

Wi(e;) < W(e;) + Ai

if S(e;) = P(E(e;),T)

N« Bepjla (E(e;), T)

VneN
D(n, T) =D(S(e), T)+ W(e)
N <« N UN
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Vee I(N)

if D(E(e), T) > D(S(e), T) + W(e)
D(E(e), T) = D(S(e), T) + W(e)

C(S(e), T) « C(S(e), T) + {E(e)}

C(P(E(e), T), T) <~ C(P(E(e), T), T) - {E(e)}
P(E(e), T) < S(e)
ENQUEUE(Q{E(e), (S(e), D)})

Go To Step 2

Cuyuaii 2 (PeOpoe; e €~ yMeHbIIaeT cBoii Bec Ha A, ):

Vei (S 8_

W(ei) < W(ei) — Ai

if D(E(e;),T) > D(S(e;),T) + W(e;)
C(S(e), T) « C(S(e;), T) + {E(e;)}
C(P(E(ej), T), T) < C(P(E(e;), T), T) - {E(e;)}
P(E(e;),T) < S(e;)

N < Bepitg(E(€;), T)

VneN

D(n, T)=D(S(e), T) + W(e)
ENQUEUE(Q{E(e), (S(e), D)})

Go To Step 2

[Tar 2: M3BnedeHue BEpILIMHBI
ifQ=0

Terminate

else

{y,(x, D)} «-EXTRACT(Q)

[ar 3: O6HOBIEHNE PaCCTOSHUN

Ve e O(y)

if D(E(e),T) > D(y, T) + W(e)

D(E(e), T) = D(y, T) + W(e)

C(y.T) « C(y.T) + {E(e)}

C(P(E(e). T), T) « C(P(E(e), T), T) - {E(e)}

P(E(e),T) <y

ENQUEUE(Q{E(e), y, D)})

Go To Step 2

Bo BpEMs BBINTOJIHCHUS (1)3.3[,1 HWHUIIMAJIN3Aallu MMPOU3BOAATCA HAYaJIbHbIC YCTAHOBKH JIA
CTaTHYECKO BEpCUU alNropuTMa. B nanpHelIeM Takke KOPPEKTUPYIOTCS 3HAYEHUS aTpUOyTOB,

3aTPOHYTHIX U3MEHEHUSMHU BecoB pedep rpada y3moB ajis fuHamMuyeckor Bepcuu. llpenmnonara-
ercsi, 4yTo B cyuecTBytomeM (yctapeBiuem) SPT Bce y3ibl MMEIOT POAMTENLCKUI aTpuOyT

P(n,T), uMeroT cnucok motomkoB C(n,T), a taxke aTpuOyT paccrosaus D(n,T) . Anroputm

cHadana obOHoBmsier SPT co Bcemm pebOpamu, Beca KOTOPBIX yBEIHUYWBAKOTCA (ciydaid 1), a
3areM oOHOBisieT SPT co BcemMu peOpamu, Beca KOTOPBIX YMEHBIIAOTCA (Caydait 2).

B cnydae 1, mocie oOHOBIIEHHS KaXI0T0 pedpa e; ¢ HOBBIM YBEITUUYEHHBIM BECOM, IIPOBEPSIET-
cs1, HaxonuTcs Jin pedpo B cymectByomeM SPT. Ecnu ycnoBue BbINONHSAETCS, TO BBIOMpAETCs
y3en E(e;) u Bce ero moToMku B cymiecTBytomeM SPT. Bee Takue y3ibl BKIIOYAIOTCS IPOLETY-
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poit B q(n, T) B MHOXKECTBO N /ISl JAJIbHEHIIIEro OOHOBJIEHUSI UX paccTosHUM. s Kakaoro
pedpa e, HAPABJICHHOTO B y3€N n , IPUHAJISKAIINNA MHOKECTBY N , IPOM3BOJUTCS CPaBHEHHE
TeKymero arpubyra paccrosHusi D(n,T) ¢ NOTEHIHaTbHO BO3MOXKHBIM PACCTOSHHEM Yepes3
S(e;) . B cinyuae, eciu MOTEHUHAIBHO BO3MOXKHOE PACCTOSIHUE MMEET MEHBIIEE 3HAUYECHUE, YEM
D(n,T) , pOUCXOIUT KOppeKius arpudyTa D(n, T) , y3ein yaajaseTcs U3 ClucKa MoTOMKOB P(n, T)
u 100aBIsieTCsl K CHUCKY OTOMKOB S(e) . Taxoke uaMeHsercs poautenbekuid atpudyT P(n, T) Ha
S(e) u BemomnHsercsa uHcTpykuuss ENQUEUE.

Caydaii 2 Ha mare uHUIUaIM3auuu Oonee mpoct. Ilocne oOHOBIEHUS Kaxkaoro pedpae; ¢
HOBBIM YMEHBILIEHHBIM BECOM, NOZ00HO Cily4aro 1, MPOM3BOJUTCS CpaBHEHUE TEKYILEro aTpuoy-
Ta paccrosHus D(n,T) C MOTEHIMaNbHO BO3MOXKHBIM, U €CJIM BBIIIOJIHSAETCS YCIOBUE HEPABEH-
CTBa, € MOMOUIBIO Mpouenypsl B, ,(n, T) dopmupyercst MHOKecTBO N . s Bcex y370B U3 N
BBITOJIHSETCS] KOppeKuus aTpudyTtoB D(n,T) , a Takxe uHcTpyKiust ENQUEUE.

[locne mara MHUIMANIM3alMK Ha IIare 2 U3 CNHMCKAa Q M3BJIEKAaeTCsl MepBbIN anneMeHT. Kak
ObLTO 3aMedeHO paHee, (POPMHPOBAHUE CBI3AHHOTO CIHCKAQ TMPOMCXOAUT B COOTBETCTBHH C
HCIIOJIB3YEMbIM CTATUYECKUM AJITOPUTMOM.

Ha mare 3 paccmarpuBaerca kaxuelid y3en E(e;), KOTOpBIH NpUCOeOUHEH K pedpy e;,
HampaBJieHHOMY U3 y37a Y. Eciau moreHunanbHO HOBoe pacctosinne E(e;) (KoTopoe siBiseTcs
paBHBIM W(e;) mimtoc paccrosHue D(y,T)) siBisgeTcs MEHBIIMM, YeM €ro crapoe 3HayeHHue, TO
MPOMCXOAUT COOTBETCTBYIOLIEE KOPPEKTUpOBaHHE aTpuOyToB M E(e;) CTaBHTCS B ouepens B
cinucok Q. ITocne Toro, kak 3TOT 1Iar 3aKOHYEH, BBHINIOJIHEHKE IIaroB 2 U 3 OBTOPSETCS 10 TEX
1op, MoKa CIUCOK Q He OyIeT MycT.

4. Metonnka MOJeJUPOBAHUS M AHAIN3 IOJYYEeHHBIX Pe3yJbTaTOB

Bb110 TPOBENEHO SKCIIEPUMEHTAIbHOE MOJAESIMPOBAHUE B LEISAX IIOATBEPKACHUS TEOPETHYEC-
KHX BBIKJIJJOK, M3JI0’KEHHBIX BBIIIE, TPOBEPKH 3P PEKTUBHOCTH NPELIOKEHHOTO METO/Ia ITpeodpa-
30BaHMS CTATUYECKUX aJITOPUTMOB MOKMCKA KpaT4allMx IyTed Ha rpadax B IMHAMHYECKHUE, a
TaKXKe CPaBHHUTEIBHBIA aHaNW3 paboThl AJITOPUTMOB C TOYKH 3PEHHS KOINWYECTBA OIEpAIHs
CpaBHEHHSI.

B xone npoBeaeHHOro MOJEIMPOBAHUS MPOU3BOIMIACH TeHepalus rpadoB co ClydaiiHON
Tonojorueil B nuana3one ynciaa BepmuH ot 100 1o 2000 ¢ marom B 100 BepuIMH 10 METOAMKE,

yka3zaHHOM B [4]. CpenHss cTerieHb BepIuH coctaBiisiia 8. Beca pebep rpada ycraHaBIuBaInCh
PaBHBIMH E€BKJIMI0BOMY PACCTOSHHIO MEXKIY BEpIIMHAMM:

Li :\/(Xi —x))7+(yi-yp’

TI€ Xi,Xj,Yj,Yj — COOTBETCTBYIOIIME KOOPJAMHATBI BEPUIMH | H j.

JU71s1 KaXKI0ro 3Ha4eHH s uiciia BeplunH rpada reHepupoBainock S0 pa3auyuHbIX Tonoioruii. s
CTaTH4eCKUX aiaroputMoB Ha rpade 300 pa3 ciyuailHeIM 00pa3oM BeIOMpanack HaydalbHas
BepirHa. Ji1st ATMHaMUYecKUX BEPCHIA allTOPUTMOB I10 Kax10ii Toronoruu rpada 300 pas ciryqaii-
HBIM 00pa3oM MEHSIMCh HAOophl BecoB pedep (umcio pedep, OAHOBPEMEHHO MEHSIIOLIMX CBON
BeC, HAXOIWIIOCh B MHTEpBaie 5 — 30).

Ha puc. 1 noka3aHbl NOITy4eHHbIC 3aBUCUMOCTH YHUCIIA ONlEpalii CPAaBHEHHUS OT KOJIMYECTBA
BEpUIMH rpada A CTaTHYECKUX aJITOPUTMOB.

U3 rpadukoB, mpuBeneHHBIX Ha puc. 1, ciaemxyer, yTo anroputMsl bemnmana-®opna u D’Esopo-
Pape, umeromye OoJbIIyl0 aCUMITOTHYECKYIO CIOXKHOCTh, Ha NPAKTHKE paboTalOT HAMHOTO
s¢pexTrBHEe anroputMma JIeHKCTphI, 4TO CBSI3aHHO C MPOBEIECHHEM MOIEIMPOBAaHUS Ha paspe-
XeHHbIX Tpadax. [lomyueHHble pe3ynbTaThl yKas3bIBaloT Ha TO, uTo D’Esopo-Pape nmeer sBHbIE
npeumyniecTa nepen anropurmamu bennmana-®opna u JedKcTpsl.

B cnydae n3MeHeHUs! cOCTOSIHMA CBsi3el (BecoB pebep rpada), Kak M OXXHMIAJIOCh, 33 CUET
MOJJIEPKKH APEBOBUAHON CTPYKTYPBHI T HPOHCXOIUT JIOKanu3alus odnactell rpada, A1 KOTo-
pBIX Tpedyercss moBTOpHOE moctpoeHre SPT. CtouT oOpaTuTh BHUMaHHE Ha TO, YTO JAaHHBIH
MOJXO0[ TO3BOJISIET TOOUTHCS 3HAUNTEIBHOTO CHIDKEHHSI aJITOPUTMUYECKOM CIIOXKHOCTH (pHC. 2).
Kpome Toro, B oTaMume 0T CTaTHYECKUX aJITOPUTMOB IPEAIOKEHHBIH METOA MPUBOAUT K TUHA-
MHYECKHM aJrOpUTMaM C CyOIUHEHHON CI0XKHOCTbIO OTHOCHTENBHO Pa3Mepa CETH.
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5. 3akaroueHue

Hayunas HoBu3Ha. [{nst mpeoOpa3oBanust ctatnueckux Bepcuii SPT anropuTtMoB B quHaAMU-
YecKHe MPeIoKeH METOJI, MO3BOJISIONINNA JTOOUTHCS 3HAYNTENLHOTO CHIDKEHHS alITrOpUTMHUYec-
KoM cinoxHocTU. [IpuBeAeHHbIE MILTIOCTPAMK TOKA3bIBAIOT CYLIECTBEHHOE COKPAILIEHUE BBIUHC-
JINTENBHBIX 3aTPaT [IPU UCIIONb30BAHUU JUHAMUYECKUX BEPCUI aIrOPUTMOB.

[Ipaktruueckoe 3HaueHue. [lokazaHo, 4TO MCHOIB30BAHUE NUHAMUYECKUX AITOPUTMOB HUC-
KITF0YaeT HeoOXOAMMOCTh TIOJHOTO IepecyeTa JiepeBa KpaTyailimx MmyTel B ciiydae W3MEHEHHS
TOIIOJIOTUHN CETH 32 CUET HCITONIb30BAaHUS JOCTYITHOM MHpopMaliu u3 ycrapesirero SPT. Takum
00pa3oM, CyIIeCTBYeT BO3SMOKHOCTh 3HAUNTENFHOTO CHIDKEHHUS BBIUMCIUTEIBHON HAarpy3Kd Ha
MPOLECCOP MAPLIPYTU3ATOPA.
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YK 004.93
B.A. TAIHOB

IMOBIPHICHI TA CTATUCTUYHI XAPAKTEPUCTUKHN MOJEJII
BUALIEHHSI HAMBLIbII CTABLJIBHUX OB’EKTIB KJIACIB

PosrnsmaeThest KOHCEHCYCHUIMA i IX1]T IO IPUHHATTSA pimieHb. KoHceHcyce OyayeThes Ha oc-
HOBI JIBOX QJITOPUTMIB, II[0 € MAKCUMAITLHO HECX0K1 32 YUCIIOM 00 €KTiB, Ha SIKUX HE IOCSTAETHCS
KoHceHcyc. [1iXif 1ae MOXKIIHUBICTh BUALTSTH HAHOLTBIT CTaOLThHI 00’ €KTH, Ha SIKUX TOCSATAE€THCS
KOHCEHCYC MaKCHMATBHO HECXOXKHX aaropuTMiB. OJHOYACHO ITi X Ta€ MOXIIUBICTh OyAyBaTh
OLIIHKHM MMOBIpHOCTEH MOMaJaHHs KOXKHOTO 00’€KTa JI0 OMHIET i3 TPHOX TPy 00’ €KTIB: TPYyIH
00’€KTiB, Ha SIKMX JTOCATAETHCS MPABHIBHUN KOHCEHCYC, TPYIH 00’ €KTIB, Ha SKUX KOHCEHCYCHI
aJTOPUTMU OTHOYACHO TOMUIISIOTHCSI, Ta TPYITH 00’ €KTiB, Ha IKUX HE JOCATAETHCSI KOHCEHCYC.

1. Beryn

ANTOopUTMH NPUKHHATTA PillleHb BUKOPUCTOBYIOTHCS B TAKHX 3aJauax po3Ii3HaBaHHs 00pas3iB:
pO3Ii3HABaHHS 3 BUMTEIEM Ta po3Mi3HaBaHHs Oe3 BUMTENs. 3ajadi po3izHaBaHHS 0e3 BUMTENS
HOCSITh Ha3By 3aJlad KJIACTEPU3allii i CTOCYIOTBCS TEOpil KIIaCTepHOro aHajiisy. 3afaui po3mi3Ha-
BaHHS, JI¢ mependaueHo BTPYYaHHS ormepaTopa B IPOLEC PO3IMi3HABAaHHS, CTOCYIOTHCS TEOpii
HABYaHHS, 30KpeMa MallMHHOro. Benukuii HampsMOK B Teopii MAalIMHHOTO HAaBYaHHsS HOCHTH
HAa3BY CTaTUCTHYHOTO MAIIMHHOTO HaBYaHHs, 3all04aTKOBaHWK B poborax B. Bamnuika Ta f.
Yepponenkica B 60-70-X pp. MUHYJIOTO CTOJITTS 1 TpOoAoOBKeHUH y 90-X pp. Toro x cromtrs [1].
3amada KJIACTEpHOro aHamizy Qopmyiroerses Tak. [loTpiOHO po30uTH BXimHI JaHi Ha 30HU
(kymactepu) 3riiHO 3 TPUHHATHM KpuTepieM. Kpurepiem Moke BUCTYNaTH, HAIPUKIa, PO3KH]
JaHHUX BiTHOCHO JESKOrO LICHTPY, 10 Ha3MBAETHCS LIEHTPOM Kiactepa. B Teopii kiacTepusauii
HANOLIBII BiZIOMI JIBa QJITOPUTMH: aJiTOPUTM BHYTPIIIHBOrpYNoBUX cepenHix (k-means algorithm)
Ta AJITOPUTM MaKCUMi3alii MaTeMaTiHaHoro odikyBanHs (Expectation maximization (EM) algorithm)
[2]. OcraHHiii € HaHOIBII TOMYIAPHUM aJTOPUTMOM B OCTaHHiH Yac, OAHAK Ma€ TOM HEAOIIK, 10
9aCTO HE 3HAXOIUTHCA II00aNbHHIT MakcuMyM. B 3alauax KiacTepu3allii 4acTO BBAXKAEThHCH,
10 HEMA€ JKOHOI anpiopHOi iHpOpMALii PO HANEKHICTH JAHUX 110 BIANOBIAHMX KiacTepis. I3
3aJayaMi KJIACTEPHOrO aHaNi3y Ta i3 3aCTOCYBaHHSIM Pi3HHUX AITOPUTMIB 1 MIOXOIIB MOXKHA
03HaMOMUTHCH B [3, 4].

[ToTpiOHO BiI3HAYNTH, IO ANTOPUTMH TTOOYIOBH KIacu(pikaTOpiB HA OCHOBI HABYAIOYHUX BHOI-
POK € HeCTablIbHUMHU, OCKUIbKH HEPEry/IAPHOIO € caMa HaBuaroua BHOIpKa. BHacizok mporo i
BHUHUKJIA iiesl y po3po0Li 1HIIKMX ajIrOpUTMIB, SKi 4aCTKOBO BHKOPHCTOBYIOTH CTATHCTHYHE Ma-
LIMHHE HAaBYaHHA, OJHAK MAIOTh 3HAYHO MEHIIY YyTJIUBICTh A0 HEOAHOPIIHOCTI HaBYAIOUMX
BUOIpOK.

2. ®opmyaOBaHHA 3a1a4i

B naniit po0oTi yBara npuauiseTbes 3agadam, 10 YaCTKOBO BHKOPHCTOBYIOTh HaBYaHHS,
TOOTO 3a/1auaM MAaITMHHOT'O HABYAHHS. 3TiHO 13 3aTaIbHOI0 KOHLEINII€I0 MAITMHHOTO HABYaHHS
reHepajibHa BHOIpKa pO30MBAETHCA Ha HABYAIOUY Ta TECTOBY, a00 KOHTPOJIBHY ITiIBUOIPKH.
s HaBuarouoi minBHOIpKH BBaXKAETHCS, 110 HAIEKHICTH 00’ €KTa JI0 CBOTO KJIACy € BiOMOIO.
Ha xonTponi nepeBipseThcss HaAiHICTh poboTH anroputMy. HaniliHicTh poO0TH anropuTMiB
HepeBIPAETHCS METOJaMH KOB3aI0UOT0 KOHTPOITIO, SIKUX € JJOCTaTHBO BEJIHMKA KUIBKICTh Pi3HO-
BHIB [5,0].

3aJIeXXHO Bijl CKIIAAHOCTI Kitacudikallii Bci 00’ €KTH MOYKHA PO3OUTH HA TPH TPYIIH: 00’ €KTH, SKi
€ CTaOLTPHUMH 1 KITACU(DIKYIOThCS 3 BEIMKOIO HAJIHHICTIO, 00’ €KTH, 10 HAJISKATH TOrPaHUYHIN
30HI MIX KJTacaMu, Ta 00’€KTH, IO HAJIeKaTh OJHOMY KJIacy Ta 3aHypeHi IMOOKO B CepenuHy
iHmmoro nacy [7]. Cepen Tux 00’€KTiB, SKi MOXYTh CIPHUYUHUTH MTOMHIIKY, HAHOLIBITy YaCTHHY
CKJIaJIA0Th TIOTPAaHIYHI 00’ €KTH. TOMY BaXKIIMBUM € PO3POOUTH aJITOPUTM, IO IO3BOJISE BUIUISATH
HaWOUTBITY KUTBKICTh TOrpaHUYHUX 00’ €KTiB. OCKUTPKY KiTach(DiKallis MOrpaHUYHUX 00’ €KTIB €
HEHaIIHHOK0. TO MOTPIOHO 3aCTOCYBATH CIEMialibHI BepuQiKaIliiiHi anroOpuTMH 1010 BUSHAYSHHS
KJIaciB, 10 SIKMX JIFICHO HaJIeKaTh MOrpaHnyHi 00’ ektH. OHaK 1aHa podoTa NPUCBSIYEHA EPIIO-
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My €Taly i€papXiqyHOro aaropuTmy kiacudikaiii — po3poOLi KOHCEHCYCHOTO aJITOpPUTMY JUIs
JIeTEeKTyBaHHS OrpaHMYHUX 00’ €kTiB. Takoxk 3a1ayua mojsrae y BU3Ha4eHH1 HIMOBipHOCTE# mona-
JaHHA 00’ €KTa y KOXKHY 13 3raJJaHuX BHILE TPy 00’ €KTiB.

OcCKiJIbKM MaTeMaTHYHHUI amapaT, 10 BUKOPHCTOBYETHCS B JaHii poOOTi, BiTHOCHTBCS 1O
oOyI0BH KOMOIHOBaHUX a00 iepapXidHUX aITrOPUTMIB, TO BaXKJIMBO IPUCBATHTH JIEKIJIbKa PO3ALTIB
posrisiay 3anadi Kiacudikaiii came 3 miel TOYKH 30py.

3. KomOinyBaHHS pe3yJbTaTiB KJacHpikamii

PosrnsHemo 3amauy knacudikamii 00’e€kTiB Han KiaciB. BBakaemo, mo kmacugikaris
3IICHIOETBCS aHCaMOieM abo Komno3ulieto kinacudikaropi. Hexait 1 — umcno 00’exTiB, a p —
4uCIo anropuTMiB kinacudikaii. Koxxauii anroputm (1mo3HavaeThest iHAEKCOM p, p =1,...p) aco-
IiF0€ KOXKHHI 00 €KT 3 OHHM 1 JIUIIIE OTHUM KJiIacoM. MoKkHa 300pa3uTH pe3ysbTat poOoTH P -T0
aJropuTMY 3a JIONOMOroto GinapHoi npsiMokyTHOi MaTpuii BP 3 1 psakamu i J, croBnusmu, je

J, — 1e uncno knacis:
v |Liek;

Yoo, igk,
tyr i=1..I, k=1..,J,,a BP HasuBaerbcs Onounor0 martpuueto. llepemiynMo BiacTHBOCTI
Mmatpuui BP :
1) Bci konoHku MaTpulli B opToroHaibHi.
Ip
p
2) Z Bik =1,
k=1
Ip
3) Sxmo o6’ektu i Ta 1 3 OIHOro Kiacy (MaroTh OJHAKOBY MITKY), TO kzl BE Bl =1, inakuie
2 P BP
2 ByBj =0.
k=1

[IpencraBumo matpuuio B y Burisai o6’ ennanus Matpus BP Tak, 1o
B=[B',....B",..,B"].

Tyt Bincrane Mixk 00’exkTamu i Ta | Moxe OyTH npeacTaBiIeHa y BUIAai 100yTky B; ta B, .
Sxmo o0’ekty i Ta 1 3aBXOM B TOMY caMOMy KJIAci Ajsl Pi3HUX aJITOPUTMIB P, TO CKalsapHUNA
no0yTok BektopiB B;B; piBHuii P, B iHIIOMY BUIIAAKY BiBi =0 . CkanspHuii 100yTOK

p
2 p
oop=l
B;B, = kzl By By, =0

Ma€ AB1 BaXKJINBI BJIACTUBOCTI:
1) oOMexeHHs 3HWU3Y 3HAYCHHSM HYJISI,

2) oOMexeHHsS 3HaUeHHSIM P 3BepXy.
[Ticns HOpManizanii Ha P oTpumaeMo () < BiB'1 <1.
Bincranp mMixk 00’ekTamu i Ta | MOXe OyTH MpencTaBieHa Y BUTIII:

P
2
, p=l
d(B;B))=1- % ByBy "
kol

4. BiaouHni anropur™Mu

Busnaunmo eBkiioBy Biactanb dg (B;B;) Mix Toukamu B, Ta B;:
P
2 Jp
p=l |
dg(B;.B)=(B;-B))’= ¥ (By —By)’=2P-2BB"
k=1
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XeMmiHTOBa BiJICTaHb MiXK 00’€KTaMH i Ta | TPEACTABISETHCS Y BUTIISI:
1 .
dy(B;,B)) ZEdE(BiaBI) =P-BB,.

XeMmiHTOBa BiJICTaHb IMOKA3Y€E YUCIO OIT, Ha SIKi BIPI3HSIOTHCS JIB1 JBIIIKOBI ITOCITIIOBHOCTI.

5. ImoBipHicHa Moaesb KiaacTepu3anii Ha ocHOBI po3moxiny Bepryoi

OckinbKy MaTpusi B € OiHapHOIO, TO BBaXKAEMO, 110 BCi 11 KOJIOHKU MalOTh po3noain bepryti
3 MapamMeTpoM [, :

I B 1-B;
PBIw=[Ip;’A-py)
j=1

ne 1= {ty,..,Hjs-.s Uy} . Cepeie 3HaueHHs posnominy pisae E[B]= ., a koBapiauiiina MaTpHis
nopisutoe cov[B]=diag{p;(1-p;)}.

Cymim 3 k KoMIOHEHT po3noainy bepHyii a1 06’ekta B; Mae Burisan
K
P(B; [, 0) = X oy P (By [ ),
k=1
me 1= {Wj,-s Hijoes Mg}, @ fiMOBIpHICTB 151 B; mamoro p, €

I B
1
P (B ) = HMij (1= py)
j=1
3HaiiieMo npaBaonoAiOHIcTh A 00’ekTa B;, JaHUX W 1 o, AKIIO JaHi y B HE3aleKHi Ta
IIEHTUYHO PO3MOILICHI:

l—Bij

i=l i=1
BuxopucToBytouu Teopemy baeca, MojkHa OTpUMaTH Baru W 00 yMOBHY HMOBIPHICTB TOTO,
110 3HaUeHHs B; Hanexuts kinacy Kk :

| | K
log P(B|p,a) =log [TP(B; [, 0) = 3 10g{k210tk1’k (B; | uk)} ,

_ P (Bilp)

T K
120‘11)1(]31 | w)
=l

Jns BU3HaYeHHs TapaMeTpiB posnoniry beprymii npononyetbes EM — anroputM. [lapamerpu
[ Ta o OOYMCIIIOIOTHCS Ha Kpouli M, a Baru obuucmoroThes Ha Kpoui E. OvikyBaHa KiIbKICTb

ik

I
00’exTiB N; KomnoHeHTa k €: Ny =2 w;, .
i=1
Cepe/iHe 3HAUEHHS |, KOMIIOHEHTA JOPiBHIOE

1 J N
Mg =—2 Wy Bj i o =—% |
k i=l N
Bigznaunmo, 110 MaroTh BUKOHYBaTHCh TaKi HEPIBHOCTI:
K .
Zk:1ak =1
J _1
2 j=1HKj = 1;
0<oy <1

Ha puc.1 naBeneni ncegokomu EM — anroputmy uis posnoainy beprymi.
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Initialise K means py, and oy,
E-step
21: Calculate probabilities Py (B; | 14;,)

J
\ Bi;, i, -
Pu(B; | pr) = Hg:-k_?' (1 —g:;cj](l By)

j=1
2.2:  Calculate weights 1wy,
s R Pr(B; | i)
ik = I = - &
> aP(B; | )
1=1
4 M-step Re-estimate parameters N,
I
41: Ne =D waa.
i=1
1 I
4.2 Hiy = E ; H,‘i;‘.B.;J;.
;\rk =
4.3: = —.
=N

wn

Evaluate the log-likelihood function:

T K
log P(B | p,a) = Z L:rg{z v, P B; | H—A-:'}
i=1

k=1
6 If log-likelihood is converged,

then stop,

else go to Step 2.

Puc.1. IlceBnokox EM — anropurmy mts posnoniny beprysi

6. IouainomianbHa MOAEJD

[oniHOMiaNpHMIA PO3MOILT 3aCTOCOBYETHCS TO/II, KOJH €IEMEHTH OiHApHOT MaTPHIIi € B3aEMO-
BUKIIIOYHUMH. SIKIO p — YMCIO PI3HMX KIacTepusalii, KokHa 3 gkux mae KP Kmacrepis,
_ O P . o .. B
p=L...P, = L....K" —1aekc knacrepy Jp BKIacTepusani P. NMoBIpHICTB TOTO, 1110 Bijp =1,

piBHa pijp . Tom
Ip
P(Bj; )= IT m;
Up p Up ,
Jp=1
R . . 5 . .
TYT Wi, > 0i) 1= L Vi,p. TloninomianbHui pO3NOMLT IPU LHOMY 3aITHIIETHCS Y BUTIIAIL:

P Ip ij
PBIW=T11 Ty "
p=ljp=1 P

ne U= TSNS ip e HJP }. CyMmimn 3 kK KOMITOHEHT JUTsl TOTIHOMIQJIBHOTO PO3ITOJILTY 3aIHIIEThCs
Y BUTTISII:

K
P(B; [n,0) = X o P (B [y ) |
k=1

dynKuis BiHOIIEHHS MPaBAONOAIOHOCTEH Ta yMOBHA MMOBIpHICTB Toro, mo B; ek, npexn-
CTaBJISETHCS aHAJIOTIYHO OIHOMIAIbHOMY BHITAJIKY.

OuikyBaHa KUIBKICTh eleMeHTiB N, Kk -ro KOMIIOHEHTa Ta iHIII €IEMEHTH, IO BXOAATH Y
MOJIeNb CYMIIll, MPEACTABISIEThCS TaK:
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1 1
Higp, = N—kzl By, -

Jlns ininianizanii koeilieHTiB o, YacTo npuiiMaroTs, mo oy, =1/K.

Ha puc.2 naBezaeni nceaokoau EM — anroputmy JUist HOTIHOMIQIEHOTO PO3MOILTY.
1 Initialise I\’ means ¢, and ay.
2 E-step
21: Calculate probabilities Py, (B; | 1)

L2 jp B
Pu(Bi | ) = [T T ras”

p=1jp=1
2.2 Calculate weights w;y,

o opP(Bi | )
Wi = P\—
Z“‘zps( Bi | p1)
I=1
4 M-step Re-estimate parameters Ny
I
4.1: N = Z Wik
z‘=11 2
‘1:2 H“"JP — KZ; Bijp'
Ny
43 Ny = —.
i lk 3\"-
5: Evaluate the log-likelihood function:
I K
log P(B | p,ex) = Z log Z arPr(B; | 1)
=1 f=1
6: If log-likelihood is converged,

then stop,

else go to Step 2.
Puc.2. TIceBnoxon EM — anropurmy mist HOJiHOMiaIbEHOTO PO3IIONLTY

7. Mopespb kJjacTepu3auil HA OCHOBi BU3HAYEHHS1 HAWOLILII cTA0LILHMX 00’€KTIB

Inest moOymoBH MaHOT MOJIEN| MONATAE B TOMY, III0 3araJibHa CYKYITHICTh 00’ €KTIB, SIKi Mifsra-
10Th Kinacudikaiii po3duBaeTbes Ha TpHu (YHKIIOHANBHI Tpynu. J[o mepiioi rpynu Hallexartb
00’€KTH, 1110 MafOTh BUCOKY HaiiHICTh Kitacu(ikamii. Bucoka HaiiftHicTh Kitacu(ikaii o3Havae,
10 00’ €KTH KITacu(PiKYIOTHCS KOPEKTHO MPH CHIIBHUX (MaKCHMAIIbHUX ) BIAXUIEHHAX TTapaMeTpiB
BiJl ONTUMaJIbHUX. 3 TOYKH 30py CKIAIHOCTI Kiacudikaiii 1i 00’€KTH BITHOCITHCA A0 TPYMH
nerkux o0’exrtiB. o npyroi rpynu HamexaTh 00’€KTH, Ha SKHX HEMae KOHCEHcycy. SKimio
BHOpPATH J[Ba AJITOPUTMH Y KOMITO3HIIi] aJITOPUTMIB, TO BOHH IIOBUHHI OyTH MaKCHMaJIbHO HECXOXKI
[8] i Ha HUX HE TOBUHHO OYTH KOHCEHCYCY. SIKIII0 BUKOPUCTOBYBATH OLTBITY KUTBKICTh aITOPUTMIB,
TO 00’€KT HalKaTUME JI0 APYroi TPyIH, SKII0O HeMae KOHCEHCYCY Ha BCIX alNropuTMax. SIKIIo
1151 TTOOYIOBU KOHCEHCYCY BUKOPUCTOBYBATH IMPOMIXKHI aJITOPUTMH, ITAPAMETPH SKHX 3HAXO/SATh-
csl B MeXax IHTepBaJliB MiXK ITapaMeTpaMH JBOX HaHOLIBIII HETOAIOHNX alTOPUTMIB, TO II€ HE 1€
MOKJIMBOCTI BUIUISATH OUTBIIY KUTBKICTE 00’ €KTIB, Ha IKUX HEMa€e KOHCeHCycy. HemomiOHicTh Mix
aNrOpUTMaMH BH3HAYA€ETHCS HAa OCHOBI XEMIHTOBOI BiJICTaHI MiX pe3ylbTaTaMd POOOTH ITBOX
aJITOPHUTMIB, 3a/ITaHNX Y BUIJISI IBIMKOBUX MOCIIIOBHOCTEH. Ha mpakTui 1ie 03Havae Takox, 1110 B
iIoMy He OyayTh BUAUISTHCH 1 HOBI 3a CKIIaJIOM 00’ €KTH, SKIIIO0 BUKOPUCTOBYBATH KOHCEHCYC 13
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OUIBILIOro YKciIa aaropuTMiB. TpeTs rpymna CKIagaeThes 3 THX 00 €KTIB, Ha SIKMX MOMUJISIFOTHCS
o0uBa aJrOPUTMHU i IPU LILOMY BOHH 3HAXOMAAThCA Y KoHCeHcycl. [ToMuinka, 1110 00yMOBIIOETHCS
OUMH 00’€KTaMH, He MO)Ke OyTH 3MEHILIEHA BXKE 3a KOAHUX yMOB. TakKMM YMHOM, IOMHIIKA HE
MOKe OyTH MEHINIOK 3a 3HAYCHHsI, 0 00YMOBIIIOETHCS BIIHOCHOIO J0JICI0 00’€KTIB i3 TPEThOl
rpynu. HactynHum kpokom Oyze nepekiacugikalist 00’ €KTiB 13 Ipyroi rpynu, TOOTO BU3HAYEHHS,
70 SIKOTO caMe KJIacy HaJIeXUTh TOM YW iHIIUI 00’ €KT.

JlocmimKkeHHsl, 110 MTPOBOIATHCSA B LIl pOOOTi, CTOCYIOTBCS aHaMi3y CTATUCTUYHHUX XapaKTepH-
CTHK pe3yNbTaTiB KOHCEHCYCY, MOOyJOBaHMX Ha OCHOBI IBOX aJITOPUTMIB. 3aJavyelo aHai3y €
BH3HAYEHHS PETYISPHOCTI CTATUCTUYHUX XapaKTEPUCTHK Ha PI3HUX MiABUOIpKaX, B3TUX IUIIXOM
PO30UTTS reHepaibHOI BUOIpKHU Ha OJIOKM pi3HUX po3MipiB. Po3noainu HMOBipHOCTEH 1O KOHCEHCY-
Cy A7l TPhOX TPyN 00 €KTIB 3MiHICHIOBAaNMCH HEMapaMETPUYHUM OLIHIOBAHHIM 3a JIOMIOMOTOI0
BikHa [lap3eHa 3 BUKOpUCTAaHHSM rayCiBCHKHX sziep.

Ha puc. 3-6 naBeneni rpadiyni 3aJIeKHOCTI pe3ysbTaTiB KOHCEHCYCY ISl 3ajad, B3SATHX i3
pemnozutopito UCI. Lelt penozuTopiit chopmoBanmii y Kamipopuificekomy yHiBepcuteTi. CTpyKTY-
pa DaHMX B 3a7adax i3 LbOTO Permo3uTopito € Takor. KokHa 3amava 3amucaHa y BHIVIAAI
TEKCTOBOTO (hailily, e CTOBIISIMU € O3HAKH TOTO YM iHIIOTrO 00’€KTa, a PSAAKH CKIAJArOThCS 13
CYKYIHOCTI O3HaK JijIsl TOrO YM iHIIOrO 00’€KTa, TOOTO KUIBKICTh PAIKIB BiINOBITa€ KUTBKOCTI
00’€KTiB, a KUTBKOCTI CTOBIIIIIB — YMCJIO O3HAK I KOXKHOro 00’ekra. OKpeMuil CTOBIEIb
CKJIQJIA€ThCS 13 MITOK KJIACIB, IKUMU MMO3HAYCHUN KOXKHUI 00’ eKT. [[yxe OaraTto 3amad i3 boro
PEO3UTOPII0 CTOCYIOTHCS TaKHX ranysei, sik Oilomoris Ta meauuuHa. Ha puc. 3-6 cyuinbHOO
JHI€IO TO3HAYEHO PO3MOALT PE3yIbTATIB, OTPUMAHUX 32 JIOTOMOTOI0 alTOPUTMIB KpOC-Baigaii
Ha miaBuOipKax 3 MiHIManbHUM po3MipoM Q=200, a IWITPUXITYHKTUPHOIO — Ha MiABUOIpKax i3
MiHiMaJIbHIM po3mipom Q=30.

Puc. 3. 3agaua “ pima-indians-diabetes” i3 pero3uropiro UCI: a — HemapameTpu4yHO OIliHeHA TYCTHHA
PpO3TOniTy HMOBiIpHOCTEH IPaBIIIFHOTO KOHCEHCYCY 13 IBOX aITOPUTMIiB;0 — HelTapaMeTpHIHO OIliHEeHA
TYCTHHA PO3MOALTY IMOBIpHOCTEH HENPaBMIIFHOTO KOHCEHCYCY i3 ABOX aJITOPUTMIB; B — HEMTapaMETPUIHO
OIliHEeHAa TYCTHHA PO3MOALTY HMOBIpHOCTEI HEKOHCEHCYCY 13 TBOX AJITOPUTMIB

®,)

0 001 002 003 004 005 006 007 008 009 0.1 026 028 03

a 0 B
Puc. 4. 3amaga “bupa” i3 penmosutopiro UCI: a — HemapaMeTpryHO OLliHEeHa T'YCTHHA PO3MOALTY HMOBipHOC-
Tell IpaBIIIHLHOTO KOHCEHCYCY i3 ABOX aJITOPUTMIB;0 — HEMapaMeTPHUIHO OIliHeHA TYCTHHA PO3TIONLTY
HMOBiIpHOCTEH HEMPaBMUIIEHOTO KOHCEHCYCY i3 IBOX aJTOPUTMIB;B — HEMTApaMETPHYHO OIliHEHA TyCTHHA
Ppo3ToniTy HIMOBIpHOCTEH HEKOHCEHCYCY 13 IBOX aJITOPUTMIB
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Puc. 5. 3anmaya “haberman” i3 penozutopito UCI: a — HemapaMeTpr4HO OLliHEHa T'YCTHHA PO3IOLTY IMOBI-
pHOCTEl ITPaBUIIEHOTO KOHCEHCYCY 13 ABOX aITOPUTMiB;0 — HelTapaMeTpUYHO OLliHEHa I'yCTHHA PO3IIOLTY
HMOBipHOCTEH HENPaBUIILHOTO KOHCEHCYCY 13 IBOX aJITOPUTMIB;B — HEIapaMETPUYHO OLliHEHa I'yCTHHA
PO3IOAITY HIMOBIPHOCTEH HEKOHCEHCYCY 13 IBOX AJITOPUTMIB
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Puc. 6. 3anaua “dermatology ” i3 penosuropiro UCI: a — HemapaMeTprn4HO OLiHEHa TyCTHHA PO3IOALTY
HMOBipHOCTE} IPaBUILHOIO KOHCEHCYCY 13 IBOX aJITOPUTMIB; O — HeapaMeTpUYHO OLliHeHa I'yCTHHA
PO3MoALTY UMOBIPHOCTEU HENPABUIIBHOI'O KOHCCHCYCY 13 IBOX aJITOPUTM1B; B — HENAPAMETPUIHO OL[IHCHA
T'yCTHHA pO3MOALTY UMOBIPHOCTEU HECKOHCCHCYCY 13 IBOX aJITOPUTMI1B
VY Tabn. 1-4 HaBezeHI OI[IHKK TMOBIPHOCTEH MOMaJaHHI KOXKHOT0 00’ €KTa i3 3a]1a4 PEero3uTO-
pito UCI y xoxHy i3 TppOX TpyI 00’ €KTiB. Y TaHOMY BHIaIKy 00’ €KTH, Ha SIKUX ICHY€ KOHCEHCYC
HaWOUTBII HEMOMIOHNX aNTOPUTMIB, BITHOCATHCSA MO “TIPOCTUX’ 00’ €KTIB, a 00 €KTH, Ha SIKUX
00uBa AITOPUTMH, [0 YTBOPIOIOTH IIOMIIKOBHI KOHCEHCYC, BITHOCATHCS J0 TPYIH 00’ €KTIB, 1110
CIPUYMHSIOTH HEKOPEKTOBAHY MTOMUJIKY, IKY HE MO)KHA 3MEHIITUTH B IPUHITUII; 00’ €KTH, Ha IKHX
HEMa€e KOHCEHCYCY, BIIHOCATHCS 0 TPYIH MOTpaHUIHUX 00’€KTiB. Y Tabim.1-4 Takoxx HaBeleHi
JCTIepcii BimoBiMHUX iiMoBipHOCTEH. MiHIManbHHN po3Mip OJIOKIB, Ha OCHOBI SKHX 1TO0Y/T0BaHi
OIIIHKH, B OJJHOMY BUTIAAKY ckiagae 30 00’exTiB, a B iHmomy — 200.

Tabmums 1. 3agaga “pima” i3 penmosutopiro UCI

Q=200 Q=30
u c u c
VIMOBIpHICTb KOHCEHCYCY 0.635 0.024 0.611 0.064
[Tomunka KoHCEHCyCY 0.041 0.006 0.046 0.013
IMOBipHiCTb HEKOHCEHCYCY 0.324 0.019 0.344 0.052

Tabmums 2. 3amaga “bupa” i3 permosuropito UCI

Q=200 Q=30
u c M c
VIMOBipHICTh KOHCEHCYCY 0.616 0.008 0.599 0.030
IToMmiKa KOHCEHCYCY 0.040 0.002 0.048 0.016
JIMOBIpHICTb HEKOHCEHCYCY 0.344 0.008 0.353 0.017
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Tab6mus 3. 3agaga “haberman” i3 penozuropiro UCI

Q=200 Q=30
n c n o
JIMOBIpHICTb KOHCEHCYCY 0.767 0.006 0.771 0.013
[Tomunka KOHCEHCyCY 0.051 0.004 0.043 0.013
VIMOBIpHICTh HEKOHCEHCYCY 0.183 0.004 0.186 0.011
Tabmus 4. 3anaya “dermatology” i3 penozutopito UCI
Q=200 Q=30
n c n c
VIMOBipHiCTb KOHCEHCYCY 0.962 0.004 0.961 0.007
IToMuika KoHCEHCYCY 0.002 0.002 0.001 0.001
JIMOBIpHICTb HEKOHCEHCYCY 0.036 0.003 0.038 0.007

VY Tabn. 5 HaBeneHa OIS MOMUJIOK Ha TECTOBHX JaHHMX MPU TECTYBaHHI Pi3HUX aJTOPUTMIB
knacugikanii s 1Box 3agad i3 penozutopito UCIL [lng 3ampornoHOBaHOr0 METOAy HaBelleHi
MiHIMaJIbHI Ta MAaKCUMaJbHI IOMHJIKH, 0 MOYKHA OTPUMATH HA MPUBEICHUX TECTOBHX 3a/adax.

Tabmus 5. [TopiBHSHHS pe3yabTaTiB KiIacudikanii pisHIMU METOJaMA

Meron | 3amaua bupa pima
Monotone (SVM) 0.313 0.236
Monotone (Parzen) 0.327 0.302
AdaBoost (SVM) 0.307 0.227
AdaBoost (Parzen) 0.33 0.290
SVM 0.422 0.230
Parzen 0.338 0.307
RVM 0.333 -
3anpONOHOBAKNI METOL 0.040/0.212 0.041/0.203
(min/max)

B Tabu. 5 mis 3anmporioHOBaHOTO aITOPUTMY 3HAYEHHS MiHIMAJIBHOT IIOMUJIKU JJOPIBHIOE TIO-
MHJIL KOHCEHCYCY, @ MaKCUMAJIbHOI — CyMi MiHIMaJIbHOI Ta ITOJIOBHHI HOMMJIKH HEKOHCEHCYCy. SIK
BUJIHO i3 TaOJI. 5, 3HAYEHHS MaKCHMAaJIbHOT MOMIJIKM 3HAYHO MEHIIIE BiJ] HAHMEHILIOrO 3HAYeHHS
MOMUJIKH BCIX HaBEIECHUX aJIrOpUTMIB Il 000X 3amad i3 penosuropito UCIL. B nopiBHsHHI i3
JESKMMH aITOpUTMaMH 3HaUYSHHS MIHIMAIIbHOT TOMIJIKH TS 3aIIPOIIOHOBAHOTO aJIrOPUTMY MEH-
e Ha TOPSANOK. 3alpOIOHOBAHUN METOJ XapaKTepU3YEThCA 3HAYHO OUTBIIO CTaOUIBHICTIO
MTOMUJIOK KJTacH(iKaIlii 3a iHIII METO/IH.

8. AHaini3 OTpUMAHMX CTATHCTUYHHX XAPAKTEPUCTHK

Ha puc. 3-6 HaBenieHi mapaMeTpUYHO OLliHEH] TYCTHHHU PO3MOIiIiB IMOBIpHOCTEH ISt HMOBIp-
HOCTI TIPaBHIIBHOTO KOHCEHCYCY, IMOBIPHOCTI HEMPaBHILHOI'O KOHCEHCYCY Ta IMOBIPHOCTI HEKOH-
ceHcycy. Slk MoxHa 1Mo0aYnTH 3 UX PUCYHKIB, AaHi PO3MOIUTH MOXYTh OyTH TIPEACTaBIIeH] 3a
JOTIOMOT' 00 OJTHOKOMIIOHEHTHOI, IBOKOMITOHEHTHOI 200 6araTOKOMITOHEHTHOT MOJIEITi PO3ITOILTIB.
BaraTokoMmoHeHTHa MOJIENb 33/1a€THCS CYMIIIIIIIO TayCiaH, sIKi BXOAATH 13 CBOiMU KoedimieHTa-
MU BrutuBy. [lapamerpu po3noiniB Ta Koeilli€HTIB y4acTi y MOZAEINI OIIHIOIOTHCS 32 JOIIOMOT OO
EM — anroputmy. OniHIOBaHHS 3HaY€Hb BiAMIOBIIHUX WMOBIPHOCTEH 3/1iHCHIOBAJIOCH OJIOKaMH 3
MiHiMambHIM po3MmipoM y Q =30 ta Q =200 enemeHnTiB. J{aHi po3MipH OJIOKIB 00yMOBITIOIOTHCS
po3MipaMu MaiMx BUOIPOK, SIKi 332 PI3HAMH KPUTEPIIMH KOMMBaIOThCA B Mexax Bin 30 mo 200
eneMeHTiB [9]. 3rigHO i3 cTaHAAPTHUM O3HAYEHHSM MaJiOl0 BHOIPKOIO HA3MBAETHCS BHOIpKa, 10
XapaKTepU3YEThCS HEPETySIPHUMHU CTATUCTUYHHMHU XapaKTepPUCTHKAaMH. SIK BUIHO i3 BCIX pH-
CYHKIB, OLIIHKH 110 OJI0KaX i3 MiHIMaJIbHIM po3MipoM y 30 elleMeHTIB € HepeTyISpPHUMH, 1110 BKa3ye
Ha Te, [0 IS JaHUX 3a7a4 miaBubipku po3mipom y 30 eneMeHTiB i emo OuTtbIuM € MaimMu. Ha
IIe BKa3yIOTh JIOBI1 XBOCTH Y BIATIOBIAHUX PO3IOALTaX WMOBIpHOCTEH. MaKkCUMyM Yy HYJIbOBil
TOYIL TS TBOKOMITOHEHTHUX MOJIENIeH XapaKTepH3Y€eThCs BETMKOIO KUTBKICTIO HYJIOBUX HMOBIp-
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HocTel. Lle Moske OyTH, KO HEMae MOMUIIOK Y poOOTi KOHCEHCYCY i3 IBOX anropuTMiB. OLiHKK
BIJINOBITHMUX WMOBIPHOCTEW Ha OCHOBI CEPEIHIX 3HAYCHb Ta 32 MAKCUMYMOM BiJIIOBIJHHX PO3-
MOJiJIiB iMOBIpHOCTEH (OILIIHKa 32 MAKCHMYMOM IIPaBIONOAIOHOCT]) He CHIIBHO BIAPI3HSIOTHCS, 1110
Jla€ TOJATKOBY FApaHTIIO Ha MPaBONOAIOHICTh BIATIOBITHUX OLIHOK. 3HAYEHHS OTPUMaHHX OLIHOK
HMOBIpHOCTEH MPAaBUILHOIO KOHCEHCYCY, HEMPaBUIILHOTO KOHCEHCYCY Ta HMOBIPHOCTI HEKOHCEH-
CYCy Ja€ MOXKJIMBICTb OLIIHUTH CKJIAJHICTh 3a]1a4 3 TOYKH 30py Kiacudikauii. 3agayi Ta aaropur-
MU OLIHKH CKJIAAHOCTI 3a1a4 po3mnizHaBaHHs po3nisiHyTi y [10]. Tak, 3amaui “pima” i “bupa” €
NpUOTU3HO OJJHAKOBI, OCKUIBKH 3HAYCHHS 3a3HaY€HUX TPhOX MMOBIpPHOCTEH € MPUOIU3HO OJJHAKO-
BuMH. 3anaya “haberman” € MeHII ckaaHOO, a 3aAa4a “‘dermatology” € HaiimpocTimIoro i3 BCix
YOTHPHOX 3a/1a4. MaTeMaTHYHHIA aHalli3 OOYA0BH KOMIIO3ULiH alrOpUTMIB AETaJIbHO PO3TIISIHY-
tuity [11].
9. BuCHOBKH
B po6oti Bu3HaueH1 HIMOBIpPHOCTI ONa aHHS B KOXKHY 13 TPHOX IPYIl 00’ €KTIB: TpyMa IPOCTHX

00’€KTIB, Ha SKUX JOCIATAETHCS MPABUILHUI KOHCEHCYC 13 ABOX aJIrOPUTMIB, Ipyna 00’ €KTiB, Ha
SKHUX JIOCSTHYTUH HENpaBUIBHUI KOHCEHCYC 13 IBOX AITOPUTMIB, Ta Ipymna 00’ €KTiB Ha SIKHX HeE
JIOCSITAETBhCSL KOHCEHCYC. AHali3 MOKa3ye, IO ICHYIOTh PO3MOIUIN JaHUX WMOBIPHOCTEH, fKi
MOXHA MPEACTABIATH y BUTIISAI OaraTOKOMIIOHEHTHUX MOJIENEeH, 30KpeMa 0araTOKOMIOHEHTHOT
MoJieni cyMili rayciad. Bee 1ie 1a€ MOXKITMBICTS aHATI3YBaTH 3apOIIOHOBAH1 aITOPUTMHU METOa-
MU MaTeMaTHYHOI CTATHCTHKH Ta Teopil HMOBIpHOCTEW. 3 HaBEACHUX PUCYHKIB 1 TAOIHIb BUAHO,
110 OL[IHKH MMOBIPHOCTEH MPH BUKOPHCTAHHI METO/IIB KOB3aI0UOT0 KOHTPOJIIO 3 YCEPEIHEHHSIM 10
O10kax 3 MiHIMaIBHUM po3MipoM Y 30 Ta 200 erxeMeHTIB Majo Bigpi3HAIOTHCA MK cO0OI0, 110
Jla€ MOKJIMBICTh 3pOOMTH BHCHOBOK MpPO T€, MIO TaKHi METOA MOOYAOBH KOHCEHCYCY, A€ Y
KOHCEHCYCl OepyTh y4acTb HaWOUIbII HECXOXI aITOPUTMH, € JOCTATHHO PEryJSPHUM 1 HE Mae
TaKOi YyTIMBOCTI 10 BUOIPKH, SK 1HIII aJITOPUTMH, 110 BUKOPUCTOBYIOTh HABYaHHA. SIK BUAHO 13
BIJINOBITHUX TaOINIIb, MiHIMAJIbHA TIOMUJIKA KIacu]ikallii € mpakTUYHO Ha MOPSAI0K MEHIIIOO Bijl
HalKpalMx iCHYIOUMX ajrOpUTMIB, a MaKCMMajbHa IOMHJIKa — MEHILOIO Bix 1,5 1o 2-X pasis.
Takosx BIIMOBIIHI MOMUJIKH € 3HAYHO CTaOLIBHIIII SK BITHOCHO 33]J1a4i, Ha SIKiil TECTY€EThCSI METO]I,
TaK 1 BiIHOCHO cepii HaBeAECHHX AJITOPUTMIB, ¢ 3HAUYCHHS MOMWJIKH MAa€ JIOCTATHHO BEIUKY
aucnepcito. binpiie Toro, OCKUIbKM 3HaY€HHS MiHIMalbHOI MOMWJIKH € JAOCTaTHHO MaJIUM i
CTaOUIBHUM, TO L€ TapaHTY€E CTaOLIBHICTh OTPUMAaHHSA KOPEKTHHUX Pe3yJbTaTiB Kiacu(ikamii Ha
00’€KTax, Ha SIKUX JIOCATAEThCS KOHCEHCYC MaKCHMAJbHO HECXOXKWX alropuTmiB. BimHocHO
IHIIMX aNropuTMIB Takoi BIieBHEHOCTI He Oyxe. [lilicHo, 3HaueHHs noMuikH Ha piBHI 30-40% (y
NOpPiBHSIHHI 13 4%) He 1a€ ’KOIHOI BIIEBHEHOCTI y pe3yibTaTax Kiacudikarii.
Cnucok aiteparypu: 1. Vapnik V. The nature of statistical learning theory. New York: Springer-Verlag, 2 edn,
2000. 2. Bishop C. Pattern recognition and machine learning. New York: Springer, 2006. 3. Kyrgyzov L.
Recherche dans les bases de donnes satellitaires despaysages et application au milieu urban :clustering,
consensus et catgorisation. Ph.D. thesis. Paris: L’cole Nationale Supriere des Tlcommunications, 2008. 4.
Taylor, J., Cristianini, N.: Kernel methods for pattern analysis. New York: Cambridge University Press, 2004.
5. Kohavi, R. A study of cross-validation and bootstrap for accuracy estimation and model selection // 14th
International Joint Conference on Artificial Intelligence, Palais de Congres, Montreal, Quebec, Canada, 1995.
P. 1137-1145. 6. Mullin, M., Sukthankar, R. Complete cross-validation for nearest neighbor classifiers //
Proceedings of International Conference on Machine Learning, 2000. P. 639-646. 7. Vorontsov K. Combinatorial
approach to quality estimation of learning algorithms // Mathematical questions of cybernetic, 13, 2004. P. 5—
36. 8. Vorontsov K. On the influence of similarity of classifiers on the probability of overfitting pattern
recognition and image analysis: new information technologies // Pattern Recognition and Image Analysis:
new information technologies (PRIA-9), Volume 2, Nizhni Novgorod, Russian Federation, 2008. P. 303-306. 9.
T'ypos C. /. OnieHka HaAEKHOCTH KITaCCUPUINPYIONIX anroputMoB. M.: UzmaTensckuii otaen ¢p-ra BMuK
MI'Y, 2003. 45 c. 10. Basu M. Data complexity in pattern recognition. London: Springer, 2006. 11. Zhuravlev,
J. About the algebraic approach to recognition or classification tasks solution // Problems of cybernetics, 33,
1978.P. 5-68.
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VK 658.512.011:681.326:519.713

IndpacTpykTypa 004HCII0BAIBHOIO NPoOLeCcy HA 6a3i BeKTOPHUX JIOTiYHUX onepauiii / B.1. XaxaHos,
C.B. Uymauenko, Tiecoura Yves, B.O. Bacunenko, /1.O. lllep6un / ACY ta npriamu aBromatukd. 2010. Bur.
153.C4-12.

3arpornoHoBaHO MOJIENIb OOYHCITIOBAIEHOTO Mpoliecy Ha 06a3i BEKTOPHUX JIOTIYHUX ONepariil Juis BUpi-
ILIIEHHS 3a/1a4 MOIIYKY, AiarHOCTYBaHHsI, pO3ITi3HaBaHHS 00pa3iB Ta IPUHHSTTS PillIeHb Y BEKTOPHOMY JTHCK-
peTHOMY OyseBoMY IIpocTopi. Moienb OpieHTOBaHa Ha JIOCATHEHHSI BUCOKOI IIBUJIKO/IT ITpoLieyp napajieib-
HOT'0 BEKTOPHOTO JIOTIYHOT'0 aHaIIi3y TaONMMIHUX (GOpM 3aJaHHs iHpOpMAIii.

I 3. Bi6umiorp.: 19 Hazs.

UDC 658.512.011:681.326:519.713

Infrastructure of computational process based on vector logical operations / V.I. Hahanov,
S.V. Chumachenko, Tiecoura Yves, V.A. Vasilenko, D.O. Shcherbin // Management Information System and
Devices. 2010. N 153. P.4-12.

This article describes a model for the computational process based on vector logical operations to solve
the problems of searching, diagnosis, pattern recognition and decision-making in the vector discrete Boolean
space. The model focused on high-performance concurrent vector logical analysis of information in tabular
form.

Fig. 3. Ref.: 19 items.

VK 681.3

Cunre3 aBTomaTta Mypa 3 nepeTBOpeHHsIM po3umpenux kofis cranis / O.O. bapkanos, JI.O. Turapenxo,
O.I1. Xeoma, K.A.Commatos // ACY Ta mpunamu aBToMatuku. 2010, Bum. 153. C.12-18.

3arpornoHOBaHO METO I 3MEHIIEHHS KIJTBKOCTI MaKpOKOMiPOK IIPOrPaMOBaHOI MATPHYHOI JIOTIKH B CXEMi
MiKponporpaMHoro asromata Mypa. MeTtos 3acHOBaHHMI Ha NIpeCTaBICHH] KOy CTaHy y BUTJISII KOHKaTe-
HAIIi1 KOZiB KJIacy NCEBIOCKBIBAJICHTHIX CTAHIB Ta CTAHIB BCEPEIUHI IIHOTO Kacy. Taxuii miIXi1 T03BOIIE
YCYHYTH IPSIMY 3aJISKHICTh MiXK CTaHaMH 1 MikpooriepanissMu. st popMyBaHHS MiKpooIieparii BUKOpUCTa-
HO clieniabHAHN IIepeTBopioBay koay. B pe3ynbrati onTnMisyerbes sk 010k popmyBaHHs GyHKIIN 30yKeH-
H#, TaK 1 010K (hopMyBaHHS Mikpoonepaniil. HaBeneHo npukiaa 3acTocyBaHHS 3alIPOIIOHOBAHOTO METO/Y.

Tabm. 2. In. 5. Bibmiorp.: 12 Ha3B.

UDC681.3

Synthesis of Moore finite state machine with transformation of extended state codes / A. Barkalov, L.
Titarenko, O. Hebda, K.Soldatov // Management Information System and Devices. 2010. N 153. P.12-18.

The method is proposed for reduction of macrocells amount of programmable array logic in circuit of
microprogrammed Moore finite state machine. It is based on representation of the state code as a concatenation
of code for class of pseudoequivalent states and code of states inside this class. Such an approach allows
elimination of dependence among states and microoperations. The special code converter is used for
formation of microoperation. As a result, both circuits for generation of input memory functions and
microoperations are optimized. An example of the proposed method application is given.

Tab. 2. Fig. 5. Ref.: 12 items.

YAK658. YAK 658.512.011:681.326:519.713

In¢pacTykTypa AiarHoCTyBaHHS HIKIIJIMBUX MPOrpaM B iHIHUBiTyaIbHOMY KiGepHEeTHYHOMY POCTOPi /
B.I. Xaxanos, C.B.Uymauenko, O.C. Mimerko, A.B. 3anapanii, F0.B. Xaxanosa // ACY Ta npuiay aBTOMaTH-
ku. 2010. Bur. 153. C.19-32.

3anpornoHOBaHO METOAN W apXiTEKTYpH MapaielbHOrO aHami3y iHpopMaIii, IpeICTaBIeHO! Y BUTIIAAL
aHAIITHYHAX, TPpaOBUX i TAOMUIHUX (DOPM acOIiaTHBHUX BiTHOCHH IS MOIIYKY, PO3ITi3HABaHHS, TiarHOCTY-
BaHH IECTPYKTUBHUX KOMIIOHEHTIB i IPUHHATTA PillIeHb B N-MipHOMY BEKTOPHOMY KiOEpHETHIHOMY iHTUB-
imyamsHOMY TIpocTopi. [IpencraBieHo opUTiHATBHI POIIEC-MOIEN] aCOIIaTHBHO-JIOT19HOT 0 aHAII3Y iH(pOp-
Mallii Ha OCHOBi IIBHAKOMIIOYOTO MYJBTIMIPOIECOPa B N-MipHOMY BEKTOPHOMY IHUCKPETHOMY IPOCTOPI.
Po3pobiena anrebpaiuHa CTpyKTypa, IO PETYITIOE€ BEKTOPHO-MaTPHUUHI IIEPETBOPEHHS B IUCKPETHOMY OyIre-
BOMY IIPOCTOPI TSI aHATI3Y iH(pOpMaIlii Ha OCHOBI JIOTIYHUX OTIepariiii Ha 1 ACOI[iaTHBHUMHA JaHUMH. Po3ris-
HYTO 3aCTOCYBaHHS alureOpH BEKTOPHOI JOTIKH ISl CTBOPEHHS IPOIIEC-MOJIeNel aKTya bHUX MPUKIAJTHHX
3aB/IaHb, SKICTh PIIICHHS SIKAX OIIHIOETHCS IHTETPATHHOIO Heapru(PMETHIHOIO METPUKOIO B3a€EMO/Ii1 acorria-

THBHHUX CTPYKTYD.
1. 14. Bibmiorp.: 9 Ha3B.
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UDC 658.512.011:681.326:519.713

Infrastructure of diagnosis of malvare in individual cyber space /V.I.Hahanov, S.V.Chumachenko,
A.S.Mishchenko, A.V.Zatsarnyj, J.V.Hahanova// Management Information System and Devices. 2010. N
153.P.19-32.

Methods and architecture of the parallel analysis of the information submitted as analytical, graf and
tabulared forms of associative relations for search, recognition, diagnosing of destructive components and
decision-making in n-dimensional vector cybernetic individual space are offered. Original processes - models
of the associative - logic analysis of the information are represented on the basis of the high-speed
multiprocessor in n-dimensional vector discrete space. The algebraic structure regulating vector-matrix
transformations in discrete boolean space for the analysis of the information on the basis of logic operations
above the associative data is developed. Application of algebra of vector logic for creation of processes -
models of actual applied problems which quality of the decision is estimated by the integrated non-arithmetic
metrics of interaction of associative structures is evaluated.

Fig. 14.Ref.: 9 items.

VK 681.51.015.4

AHaJIITHYHA MOJIeJIb JUCKPETHO-0e3epepBHOI cHCTeMH 3 3acTocyBaHHAM anapata MAX-PLUS anreo-
pu/ B.1. becapa6, I'.O. Boportaesa // ACY Tta npunagu aBromatiki. 2010. Bum. 153. C.33-39.

Po3B’s13aH0 3amaqy moOyI0BM MOAENI AUCKPETHO-0e3MepepBHOI cUCTeMH. BCTaHOBIEHO YacoBi TOUKH
nepexoy Ha npukitani rpada cuaxponizanii ABC. Po3risiHyro Matpuiro iuHaMiku cucreMu. JlociimkeHo
TIOBE/IiIHKY B Yaci HEKepOBaHOT'o rpada CHHXPOHI3aLlii.

Inn. 7. Bibmiorp.: 4 Ha3BM.

UDC681.51.015.4

Discrete-continuous systems analytical model using MAX-PLUS algebra/ V 1. Bessarab, A.A. Voropaeva
// Management Information System and Devices. 2010. N 153. P.33-39.

The problem of constructing discrete-continuous systems (DCS) models is solving. Established time
transition point on example graph synchronization DCS. The matrix dynamics system is considered. There is
researching of time-behavior uncontrolled synchronization graph.

Fig. 7. Ref.: 4 items.

YK 044.03

Y3aranbHeHa MojieJIb cuCTeMH 30a/1aHcoBaHuX noka3HukiB / B. M. Jlesukin, O.C. XBopocrinina // ACY
Ta npunaau aBToMaTuki. 2010. Bum. 153. C.40-45.

Po3rnsHyTO MpOoIecH I MiaXia 0 OpraHi3allii Ta YIpaBIiHHSA DisUTBHICTIO mianpueMcTBa. Po3podieHo
3arajgbHy MOJIENb CHCTEMH 30aTaHCOBAHHX ITOKA3HUKIB, III0 ONMCYE OCHOBHI KOMIIOHEHTH, 3B’ I3KM MK HUIMHU
1 mo3BOIISIE (hopMaTi3yBaTH mporiecH popMyBaHHS i BeIeHHS 30aJaHCOBAHNX ITOKA3HHUKIB. LI Moiens BUKOpH-
CTOBYETHCS IJIs1 BU3HAUCHHS KOMIDIEKCY (DYHKITIOHABHUX 3aBAaHb migcucremu «[lmanyBanHs, 007K, KOHT-
POTB i MPOrHO3YBaHHA 30aTaHCOBaHUX MOKa3HUKIB» AlC migmpueMcTBa, Mo JO3BOIUTH 30UTHIIATH e(eK-
THUBHICTB CTPATETiYHOTO i OIIEPATHBHOTO YIPABITiHHS i IIPHUEMCTBOM.

In. 1. Bibmiorp.: 4 Ha3BwH.

UDC044.03

Generalized model of a balanced scorecard / V.M. Levykin, O.S. Kavorostinina / Management Information
System and Devices. 2010. N 153. P.40-45.

We consider a process approach to the organization and management of the enterprise. A general model
ofthe balanced scorecard, which describes the basic components, their relations and allows to formalize the
process of creating and maintaining the balanced scorecard, is developed. This model is used to define
complex functional tasks of the subsystem ‘“Planning, accounting, control and prediction of balanced
scorecard “ that will increase the effectiveness of strategic and operational management.

Fig. 1. Ref.: 4 items.

YIK 681.325.53: 37:004.5

AHaJi3 neperBoproBayiB ABilikoBo-K-iunoro koay B ABiiikoBuii ko1 3a MeTonoM aosivenHs / M.
Kakypin, F0.B. Jlonyxin, B.B.Baperna, B.B. Karaconos, I'.M.Maxkapenko // ACY Ta mpuizaay1 aBTOMaTHKH.
2010. Bum. 153. C.45-52.

PosristHyTa CTpyKTYpa 1 GYHKITIOHYBaHHS IIEPETBOPIOBAUiB qBiHKOBO-K-i4HOr0 KOy B IBIHIKOBHIT KO 32
METOIOM JIOTiueHHsI. BukoHaHwMit aHAI3 IX OCHOBHUX XapaKTEPHCTHK.

Tabm. 4. In. 4. Bi6miorp.: 4 Ha3BH.
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UDC 681.325.53:37: 004.5

Analysis of code converters from binary-k-valued code to binary code by the method “to accounting to the
zero”N.Ya.Kakurin, Yu.V.Lopuhin, V.V . Varetsa, V.V. Katasonov, A..N. Makarenko / Management Information
System and Devices. 2010. N 153. P.45-52.

The structure and functioning of code converters from binary-k-valued code to binary code by the
method “to accounting to the zero” are examined. The analysis of their basic characteristics is executed.

Tab. 4. Fig. 4. Ref.: 4 items.

YK 004.932

Kpurepii Budopy meroay 6inapu3sanii mpu 06pooui 300paxeHp MeqnIHIX aHAJTI3IB / O.A. STHKOBCHKHH,
AM. Byrpiit // ACY Tanpunaau aBromatukd. 2010. Bur. 153. C.53-56.

HaBeneHo pe3yabraTu g0OCTiPKEHHSI OCHOBHIX METOAIB OiHapu3allii 300pa’keHb CTOCOBHO Pi3HHX 300pa-
KEHb JJA0OPAaTOPHUX MEIMYHMX aHai3iB. Ha OCHOBI IbOT0 3aIIPOIIOHOBAHO KPUTEPii BHOOPY ONTUMAIHHOTO
MeToxy OiHapu3aIrii.

Tabm.1. L. 1. Bi6miorp.: 5 Ha3s.

VK 004.932

Criterion of choice of a banarization method at image processing of the medical analyses / A.A.
Yankovsky, A. N. Bugriy// Radioelektronica i informatika. 2011. N 153. P. 53-56.

Results of investigation of the basic binarization images methods for a medical laboratory tests are
considered. Criteria selecting the optimal method of binarization are proposed.

Tab.1.Fig. 1. Ref. 5 items.

VK 004.732

Jucniepciiinuii anas1i3 B mponecax NIaCHBHOr0 MOHITOPHHIY TA AiarHOCTYBAHHS KOPIIOPATUBHIX KOMIT 10
TepHHX Mepe:x/ I'.B. ba0iy, [.B. EmenssHos // ACY ta npunaam asromatrkd. 2010. Bum. 153. C.56-62.

PosrisiHyTO 3acTOCYBaHHS qUCHIEPCIHOTO aHaTi3y B ITPOLIECcaX MACHBHOTO MOHITOPHHTY IJISl BUPIIICHHS
3a1a4i BUSIBJICHHS (pakTOpa, 110 HalOUTBII BIUTMBAE Ha KPUTEPIiH SIKOCTI poOOTH KOMII IOTEPHOI MEPEXKi., IKa
BXOJHTH 10 3a1a4 niaraoctyBarnas KKM. IIpencraBneno moaens KKM sk 06’ exra MoHiTOpUHTY. HaBeneHo
MIPaKTHYHY Pealizaliio JaHOro METOLy Ta pe3yAbTaTH HOT0 3aCTOCYBAHHS.

Tabm.2. I. 2. Bi6miorp.: 5 Ha3B.

UDC004.732

Dispersion analysis in processes of passive monitoring and diagnosing of enterprise computer networks
/ G.V. Babich, I.V. Emelyanov // Management Information System and Devices. 2010. N 153. P.56-62.

The applying of dispersion analysis in processes of passive monitoring for detecting of factor, which
takes the most considerable influence onto criteria of networking quality, has been concidered. This task is
included into tasks of diagnosing of enterprise computer networks (ECN). The model of ECN as an object of
monitoring has been represented. The practlcal realization of the given method and results of its applying
have been represented.

Tab. 2. Fig.2. Ref.: 5 items.

YK 004.942:519.816

ExcneptHa cuctema Budopy monudikauiii merony anamisy iepapxiii / H.O. Muponosa, I'.B. TaGyrmk /
/ ACY Ta mpmnamu aBromatrki. 2010. Bum. 153. C.62-70.

Bukonana po3poOka ekcrepTHOI cucTeMu BHOOpy Moaudikariii MeToqy aHaji3y iepapXiii Ha OCHOBI
MIPOMYKITIHHOI MOZIEII [T iHTENIEKTyaIbHOI CHCTEMH ITi ITPUMKHY IPUIHATTS TPYHOBHX PillIeHb.

Tabm. 2. I. 1. Bi6miorp.: 21 Ha3Ba.

UDC004.942:519.816

The expert system of Analytic Hierarchy Process modifications choice /N. Mironova, G. Tabunshchik
// Management Information System and Devices. 2010. N 153. P.62-70.

The development of expert system of Analytic Hierarchy Process modifications choice, based on
production model for intellectual group decision support system is carried out.

Tab. 2. Fig. 1. Ref.: 21 items.

86



VK 681.324

Merton neperBopenns cratnyaux SPT anropurmis y nunamivsi / 10.10. 3asizucryn, C.O. [Taptuka /
ACY ta npunaau aBroMaTuky. 2010. Bum. 153. C.70-74.

3arporoHOBaHO METO/] IEPETBOPEHHSI CTATHYHUX aJITOPUTMIB ITONIYKY HAHKOPOTIIHX HUIAXiB Ha rpadax
Ha AMHaMi4yHi. Bupa3Hoi 0coOMMBICTIO METOMY € MIATPUMKA CIIEIialIbHUX CTPYKTYP AAHHX JUIS KOPEKIii
3HAYEHb JIOBXUH MapupyTiB. OTpUMaHi 3aJI€KHOCTI KUTBKOCTI oneparliii MopiBHSHHS BiJl KIIbKOCTI BEPIINH
rpada I CTATHYHHX Ta JUHAMIYHHUX anropuTMiB. [IpoBeieHo KOpOTKHit aHaIi3 OTPHIMaHUX pe3ysbTaTiB.

In. 2. Bibmiorp.: 5 Ha3B.

UDC681.324

A method for transformation of static SPT algorithms into dynamic/Y.Y. Zavizistup, S.A. Partyka //
Management Information System and Devices. 2010. N 153. P.70-74.

A method for transformation of static algorithms into dynamic is proposed. The feature of such method is
in supporting of special data structures for correction of current value of route length. Relations for a number
of comparison operations and graph’s nodes quantity are derived for static and dynamic algorithms. The
briefanalysis of presented results is conducted. Advantages of dynamic algorithms application are underlined.

Fig. 2. Ref.: 5 items.

YK 004.93

IMoBipHicHI Ta CTATHCTHYHI XapAKTePHCTUKN MO/eJIi BUILICHHS Hai0IbII cTa0lIbHUX 00’ €KTIB Ki1aciB
/B.A. TasoB // ACY Ta npunaam asromatrku. 2010. Bum. 153. C.75-83.

3anpornoHOBaHO MPUHIMIIOBO HOBHH ITiIX1JT IO KiTack(ikallii 00 €KTIB KJIaciB, IO IPYHTYETHCS HA PO3-
OUTTI BCi€i MHOXXHHHU 00’ €KTIB, sIKi MTOTpiOHO KiacudikyBaTH, Ha 3 (YHKUIOHAJIBHI MiIMHOXHHH, 110 HE
nepeTHHAIOTHCS. Lli M IMHOKHHN CTBOPIOIOTHCS 32 JIOIIOMOTOI0 BUKOPHCTAaHHS IBOX KOHCEHCYCHHX ajro-
PHTMIB, 10 € HAHOLTHII HECXOXKUMH Y CBOTH Tpymi. [Tepiioro miMHOXHHOIO € ITiIMHOXKHHA 00’ €KTiB, Ha SKUX
JIOCSITA€THCS PABUIIBHUI KOHCEHCYC, IPYTO0 — Ha SIKil J0CATaeThCsl HOMMIIKOBHI KOHCEHCYC, Ta TPETS — Ha
SIKIH He ocsITaeThesl KOHCeHCycy. [loMuiika, o 00yMOBIIOEThCSI 00 €KTaMH 13 IPYTol i IMHOXHHH, HE MOXKE
OyTH 3MeHIIeHa B mpuHuMi. [licis mboro noTpidbHO 3acTOCYBATH CIIENiali30BaHi alTrOPUTMH, IO JAIOTh
MOXJIUBICTB Nepekacu(ikyBaTu 00’ €KTH 3 TPEThOI I AMHOXKHHY. SIKIIO K1acu(iKyBaTH 00’ €KTH 3 TPETHOI
MATPYNH HaBMaHHS, TO HaBITh 3a TAKMX OOCTaBMH CyMa IOMMJIOK, IO OZICPXKYIOTHCS Ha JPYTil 1 TpeTiit
iIMHOKUHAX, Oy/le CYyTTEBO MEHIIIOIO 32 TY, III0 OTPUMYETHCS 3a JJOIIOMOTOI0 HAaHKpaIiX iCHYIOUHX ajro-
pHUTMIB KIIacu(iKari.

Tabm. 5. I. 6. Biomiorp.: 11 Ha3B.

UDC004.93

Probabilistic and statistical characteristics of the detection model of the most stable class objects/ V.A.
Tayanov // Management Information System and Devices. 2010. N 153. P.75-83.

The totally new approach to the class object classification based on division of all object set that is need
to be classified on tree nonoverlapping functional subsets has been proposed. These subsets have been
created with help of using of two consensus algorithms that are the most different in the same group of
algorithms. The first one is the subset of objects on which consensus of two algorithms works correctly. The
second one is subset of objects on which consensus is incorrect and the third one is subset of objects on
which two algorithms have no consensus. The error conditioned by the second subset of objects can not be
reduced at all. After that one needs to use some special algorithms that give the possibility to classify again
the objects from the third subset of objects. If one classifies these objects even fifty-fifty then the sum of two
errors conditioned by the first and the second subsets will be essentially less than the error level that
characterize the best of existing classification algorithms.

Tab. 5. Fig. 6. Ref.: 11 items.
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MNPABUJIA
odopmiieHUs1 PyKoNHCeld Jis1 aBTOPOB HAYYHO-TEXHUYECKOr0 COOPHUKA

"ACY u npubopvr aemomamuxu'"

@Dopmat crpanunsl — A4 (210x297MMm), mons: cBepxy, crpasa, cilieBa, cHU3y — 30 MM.
Penakrop: Pagemaker 6.0, 6,5 (MmoxHO, HO HexenarensHo Word), rapautypa Times New Roman
Cyr, kernb — 11 myHKTOB, MexcTpouHoe pacctosHue — 110 %, Tabynsaust — 5 M.

O6bem pykomucu — 10 10 c. (A3bIKK: pycCKuil, yKpauHCKu, aHrnuickuii). Copepxanue
JOJDKHO OTPayKaTh aKTyaJIbHOCTb UCCIIENOBAHUS, IOCTAHOBKY 3aJlauH, Liellb, CyLTHOCTh, HAy4YHbIE
U TIPAaKTUYECKHE Pe3yIbTaThl, CPAaBHEHHUE C JIyYIIUMH aHAJIOTaMH, BHIBOJBI.

CTpyKTypa pYKONHKCH: 3ar0JIOBOK, aHHOTALMSI, TEKCT, JINTepatypa, pedepaT Ha YKpauHCKOM U
AHTJIMICKOM f3bIKaX, CBEJCHUS 00 aBTOpax.

OBPA3EL] O®OPMJIEHUA

YIAK 519.713
H.O. QAMUITHA

HA3BAHUE PYKOIIUCH

Amnsoranus (a63am 5-10 cTpok, keriib 10) nomeniaercst B Hayaje CTaThH U COAEPKUT HHPOP-
MaIHIO O Pe3yNbTaTaX ONUCAHHBIX UCCIEI0BAHUN.

OCHOBHOI1 TEKCT MOXKHO pa3JieNiaTh Ha 2 U OoJiee MMoIpa3AeiioB ¢ 3aroJIOBKaMU, BBIICICHHBI-
MU TOJTYKUPHBIM MPU(PTOM, MPOHYMEPOBAHHBIMY apaOCKUMU U (PpPaMU, KaK MOKa3aHO B CICY-
IOIIEH CTpOKe.

1. HazBanue pazgena

Pucynku 1 Tabuuiipl (YepHO-Oesble, KOHTPACTHBIE) TOMEIIAIOTCS B TEKCT I10CIIE IEPBON CCHUIKH
B BUJIE NEPEHOCUMBIX 00BbEKMOE U PA3IeNbHO HyMEPYIOTCS, IPH HAIWYMU O0jiee OMHOTO PHCYHKA
(Tabnusl), apadbckuMu nudpaMu. PUCyHOK conep KUT MOAPUCYHOUHYIO HEHTPHUPOBAHHYIO OAHICh
(TekcToBast CTPOKa, pacIloNoKeHHas BHE pHUCYHKa, Keruib 10) oz wiutrocTpanueii, Kak NokazaHo Ha

S
ol o

Puc. 1. I'pad ¢ koHTYpamu

TabnuuHBINA 3aroJOBOK pacroyiaraeTcs crpaBa HaJl TaOIuilel, YTo HILTIOCTpUpyeTcs Tadu. l.
Penaxtopsr: CorelDraw, Table Editor u mp.

Ta6numa 1

Mari |1]2]3]4]5]6
OI(13) 1|22 ]4]6 1

DopMyITbl HyMEpYIOTCS TIPY HaJMYHUU CCHUIOK HA HUX B PYKOMUCH. PeKOMeHTyeMblii Kerib
(hopmynapHOTO HabOpa: OOBIYHBIN (TIepeMeHHast) — 11 MyHKTOB, KPYIHBINH WHAEKC — 8, MENKUAN
WHIeKC (Haa- M TMOAWHICKC) — 8, KPYMHBIH CUMBOJ (OCHOBHOM) — 12, MenKuil (MHICKCHBIH)
MateMaTuyeckui cumBoi — 10:

L Eo i1, yznk
Fi+j :.Zle - 1_[1 PRj+i +F7 +X ) (1)
i= j=
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dopmat mepeMeHHBIX (KENAaTeIbHO HE KYPCUBOM — 0€3 HakjioHa) B TEKCTe M (hopMynax
JIOJDKEH OBbITh MIICHTUYHBIM. B TekcTe Haj- W momuHAeKchl coctaBisitor 70 % OT Kerisi, KOTopbie
pekoMeHtyeTcst onyckath (mogauMath) Ha 17 (33) % OTHOCHTEIHLHO OCHOBHOM CTPOKH.

CHucoK JUTepaTyphl (BKIIOYACT OMYOJIUKOBAaHHBIC UCTOYHUKH, HA KOTOPHIC HMEIOTCS CChLIKU
B TEKCTE, 3aKIIOUYCHHBIC B KBAJPATHBIC CKOOKH) Ie4aTaercs 0e3 OTCTyIa, Kerib 9 MyHKTOB.

OO0pas3el] OKOHYaHUS TEKCTa PYKOIUCH (JIMTEpaTypa, CBEIACHUs 00 aBTOpax, pedepat) mpea-
CTaBJICH HUXKE.

Chnucoxk sinrepatypsl: 1. @avunus M. O. HazBanue kuuru. I'opon: Usnatensctso, 1900. 000 c. 2. Hazsanue
coopruka / [Tox pex. Y.O. @amrmwst. opox: MznatensctBo, 1900. 000 c. 3. @amunus Y. O. HazBanue ctathu /
/ Ha3zBanme xypnana. Hazsanue cepuu. 1997. T. 00, Ne 00. C. 00-00 .

Iocmynuna 6 pedxoanezuro 00.00.00

damuins, UM, 0TYECTBO, YUCHAs CTEIICHb, 3BaHNE, JODKHOCTh M MecTo paboThl. Hay4unbre
HHTEpechl. AQpec, KOHTAKTHBIHA Teae(oH.

PC(I)GpaTLI Ha YKpauHCKOM U AHTJIMHACKOM SI3BbIKaX:

YV AK 000.000.00
Ha3sga crarTi ykpaincbkoro MmoBoro / [nimiamm. [1pizsune // ACY ta npunamm aBromatuxu. 2000. Bum. 00. C.
000-000.

Texer pedeparty.
Ta6m. 00. I 00. Biomiorp.: 00 Ha3B.

UDC 000.000.00

Title of paper / Initials. Surname // Management Information System and Devices. All-Ukr. Sci. Interdep.
Mag. 2000. N 00. P. 000-000.

Text.

Tab. 00. Fig. 00. Ref.: 00 items.

IIpencraBieHrue MaTEpUAIOB

Pyxonucse, pedepar, cBeneHus: 00 aBTopax — B OJHOM (ailie, noumenosanHom amunuei
nepgozo agmopa, Ha nuckere 3,5 aroiiMa. TBepaas Konusi MaTepranoB — AJsl TPayKAaH Y KpauHbl
— B OIHOM 3K3EMILSIPE: PYKOIHCh, TOANHMCAHHAs aBTOpaMu, pedepartbl, akT 3KCIIEpTH3bI, BHE-
LIHAS PeLeH3Ms], MOANMCAHHAs OKTOPOM HayK, 3asBJICHHE Ha MM IJIaBHOTO peJakTopa co
CBEICHUSIMHU 00 aBTOpax.

Anpec penakuuu: YkpauHa, 61166, Xapekos, np. Jlenuna, 14, XHYP3, komnata 321, Ten. 70-
21-326, e-mails: ri@kture.kharkov.ua; hahanov@kture.kharkov.ua. http://www.ewdtest.com/ri

Tematuka crateii, myOINKyeMbIX B COOPHHKE:

— KommnbrorepHas nHxeHepust

— MaremaTiueckoe MOIETHPOBAHHUE

— OnTrMu3anys 1 IpoLecch yIpaBIeHUs

— ABTOMAaTH3aLuUs IPOEKTUPOBAHNS M AUATHOCTUKA

— NadopManioHHbIe HHTEIIEKTYaJIbHBIC CUCTEMBI

— IlpoexTrpoBaHUE HHTETPATIBHBIX CXEM U MUKPOCHCTEM
— KommbroTepHble TEXHOIOMH B 00pa30BaHUH
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