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YK 519.713:681.326
UB. XAXAHOBA

KBAHTOBBIN IMPOIIECCOP ONITUMAJIBHOIO IMOKPHITHUS

[pemnaratorcst KyOUTHBIE (KBAHTOBBIC) CTPYKTYPBI JAHHBIX M BHIYUCITATENBHBIX POLIECCOB
JUISl CYIIECTBEHHOTO ITOBBIIIEHHS OBICTPOICHCTBHS PU PEIICHNH 3a7ad IIONCKa, paclio3HaBa-
HUSL, IPUHATUS PELICHUH, TUCKPETHON ONTHUMHU3ALUU U OTKa30yCTOMYMBOrO MPOEKTUPOBAHMUS.
[TpuBoauTCs Cyneprno3uMOHHBIN METOI CHHTE3a KyOa (DYyHKIIMOHAIBHOCTH JJIS €€ MMILIEMEHTa-
IIMH B KPUCTAJUIBI MPOrpaMMHpPYeMoi JIorukd. ONMCHIBAIOTCS alllapaTHO-OpPUEHTHPOBAHHBIE
MOJIEJIH TapaJUIEIBEHOrO (32 OJMH IMKIT) BEIYHCICHUS Oyiieana (MHOXXECTBA BCEX IIOMHOXKECTB)
Ha YHMBEPCYME M3 N NMPUMHUTUBOB JUIS PEUICHHS 3a/1a4 MOKPHITUS, MUHUMH3ALUH OYyIIEBBIX
(YHKIMIHA, CXaTHS JaHHBIX, CHHTE3a U aHAJIM3a [M(POBBIX CHCTEM 3a CUET peajli3alny porec-
COpPHOM CTPYKTYpHI B popMe auarpaMmbl Xacce. [Ipezaraercst ipoTOTHI KBAHTOBOT'O YCTPOH-
CTBa, PEAIM30BAaHHOTO HA OCHOBE IPOrPaMMUPYEMON JIOTHKH, JUI ONTUMAJIBHOIO PEIICHUS
3a]1auM MOKPBITHS TIPH aHATTN3€ KHOEPIIPOCTPaHCTBA.

1. BBeaenue

KBaHTOBEIC BRIUYUCIICHUS B TIOCIICAHKIE TOJIbI CTAHOBSATCS WHTEPECHBIMH IS aHAIIN3a Kuoep-
HETHYECKOTO MPOCTPAHCTBA, CO3/IaHUs HOBBIX MIHTEPHET-TEXHOIOTHI Oarofaps uX HEKOTOPOU
aJbTEPHATUBHOCTU CYILIECTBYIOIIUM MOJIENISIM BBIYMCIUTENBHBIX TMpoieccoB. Kpome Toro, pui-
HOYHAs TPUBJICKATSIHLHOCTh KBAHTOBBIX MJIM KyOUTHBIX MOJICIICH OCHOBBIBACTCS HA BBICOKOM
MapaJieNTi3Me PEIICHUs] MPAKTHYSCKH BCEX 3a7ad JUCKPETHON ONTUMHU3alnU, (DaKTOpHU3aIluH,
MUHUMU3AHUH OyJIeBbIX PYHKIHHA, 3()HEKTHBHOTO C:KATHUS, KOMITAKTHOTO TIPE/ICTABICHUS U TEIIe-
MOpTalMK JAHHBIX, OTKA30yCTOMUMBOIO MpoekTupoBanud [1-10] 3a cuer CyIecTBEHHOTO MOBBI-
LICHUS annapaTHbIX 3aTpaT. Ho Takas miuata B HacTodIlEe BpEMs BIIOJTHE OMYCTUMA, ITOCKOJIBKY
CYIIECTBYIOT MPOOJIEMBI 3aTIOTHEHUS TUIOMAACH CUITMKOHOBOTO KPUCTAILIA, KOTOPBIM COICPIKUT
J0 1 Munmuapa BEHTHIIEH pU TOMIIMHE MIACTUHBL, paBHOU 5 MukpoH. [Ipu 3ToM coBpeMeHHbIe
TEXHOJOTUU JOMYCKAIOT CO3/JaHKE TTAKeTa WM «CIHIBUYAY, COACPKAILETO A0 7 KPUCTAILIOB, YTO
COM3MEPHUMO C 00BEMOM HEHPOHOB TOMIOBHOTO MO3ra 4eloBeka. lIpakTudeckn «OecripoBOIHOS
COeNMMHEHNE TaKUX IJIACTHH OCHOBBIBAETCS HAa TEXHOJOTHYECKOH BO3MOXXHOCTH CBEpPJICHHUS I10-
psaaka 10 TeICSY CKBO3HBIX OTBepcTHii (vias) Ha 1 kBaagpaTHOM caHTUMeTpe. HamomHuTs mosmes-
HOW (PYHKIIMOHAILHOCTHIO TaKOW OOBEM MOMYCTHMBIX Ha KPUCTAJIE BEHTHIJICH B HACTOSIIES
Bpemsi mipobieMaTndHo. [1o3TOMy MOXHO W HYXHO HCIOIB30BaTh <OKaIHBIE» K amnmaparype
MOJISTA W METOJIBI U CO3MaHus. braromapst AMCKPETHOCTH W MHOTO3HAYHOCTH ai(aBUTOB
ornrcaHusl WH(HOPMAITMOHHBIX MPOIECCOB, CBOMCTBO Mapayiein3Ma, 3aJ0KEHHOE B KBAaHTOBBIX
BBIYHCIICHUSAX, SBJISIETCSI OCOOCHHO BOCTPEOOBAaHHBIM MPH CO3MaHMUH d(PPEKTUBHBIX M HHTEIIICK-
TyallbHBIX «JBHKKOBY JIJIsl KuObepmpocrpancTsa uinu MaTepHera [11]; cpencTB cuHTe3a 0TKa30y-
CTOMYHBBIX IIU(PPOBBIX IPUMHUTHBOB U cUCTeM [12]; TeCTHpOBaHHS M MOJETHUPOBAHS TG POBBIX
cucrteM Ha kpuctamuiax [13-15]; TexHomoruit 3ammThl HHOOPMAITUK ¥ KOMITBIOTEPHBIX CHCTEM
[5-7]. 3mech He paccMaTrpuBaercs (U3MUYECKas OCHOBAa KBAHTOBBIX BBIYHCICHUN, W3HAYAIBHO
3all0)KeHHAsl B TPyaX YUeHbIX, ODUSHTHPOBAHHBIX HA BO3MOYKHOCTh HCITONTb30BaHUS HEIETEPMHU-
HHUPOBAHHBIX KBAHTOBBIX B3aMMOJEHUCTBUI HA YpOBHE aToMa [16-17].

2. KyﬁI/ITHbIe, KBAaHTOBbIC MOACIU JAHHBLIX U BBIYMMC/IHUTEJIBHLIX IPOLECCOB

KBaHTOBBII1 KOMITBIOTEP NIPEAHA3HAYEH /ISl OTKa30yCTOMYMBOIO IPOCKTUPOBAHUS U PEILICHUS
ONTHUMM3ALKMOHHBIX 33/1a4, CBA3aHHBIX C MTOJIHBIM [1epe0OpPOM Ha OCHOBE HCIOIb30BaHMS TEOPUU
MHOXecTB. OCOOEHHOCTh B TOM, YTO MHOKECTBO 3JIEMEHTOB B KOMITBIOTEPE BCE PABHO YIIOPSAO-
YEHHO, TOCKOJIBKY Ka)KIbli OaliT mMeer cBoil anpec. Ilo3ToMy TeOpeTHKO-MHOKECTBCHHBIE
olepalyy CBOIATCSA K Iepedopy BCeX alpecoB NPUMHUTUBHBIX 3JIEMEHTOB. AJPECHBIN MOPSIOK
CTPYKTYpP JAHHBIX XOPOLI ISl 3a1a4, Te KOMIOHEHTHI MOJIENel MOXKHO CTPOro PaHKHUPOBATH,
YTO Ja€T BO3MOXKHOCTD BBIIIOTHSTh UX aHAJIM3 33 OJUH MPOXOJ WK OIHY UTepanuio. Tam, rae Het
MOpPSIZIKA B CTPYKTYpE, HaIIPUMeEP, MHOXKECTBO BCEX ITOAMHOMKECTB, KJIaCCHYECKasi MOZIENb maMsi-
TH ¥ BEIYUCIIUTEIBHBIX MPOLIECCOB HAHOCHUT BPE BpEMEHH aHAJIN3a ACCOLUALIUH PABHBIX 110 PAHTy
MPUMUTHBOB WIIH, B JIy4IIeM ciydae, o0paboTKa acCOLMAaTUBHBIX TPy SBIAeTCS Hed((HEeKTHB-
HOH. UTO MOXHO NPEATIOKHUTH IS HEYNOPSAOYCHHBIX NAaHHBIX BMECTO CTPOroro mnopsiaka?
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[poueccop, rae eMeHTapHO SYeiKoi CITy:KUT 00pa3 WK MalIoH yHUBEPCYMa U3 N IPUMHUTH-
BOB, KOTOpBI# reHepupyeT Q =2" Bcex BO3MOXKHBIX COCTOSHHIA Takol sSYeHKH B BuE OyneaHa
WM MHOXECTBa BceX MoAMHOXkecTB. [IpsiMoe pemieHne co3gaHus Takod sUEHKHM OCHOBaHO Ha
YHUTApHOM MO3ULIMOHHOM KOIMPOBAHUH COCTOSHUIM MPUMHUTHBOB, KOTOPOE C TIOMOIIBIO CYNIEPIIO-
3ULUYU TOCIETHIX 00pa3yer MHOXKECTBO BCEX MOIMHOXKECTB, (POPMHPYIOIIEE B MPEAeie YHHBEP-
CyM NpUMHTUBOB. Hanpumep, 4eTsipe NpUMHUTHBA CO3AAI0T OyJieaH, Colep Kalluii IeCTHAANATh
COCTOSIHUH (coueTaHMil), C MOMOILBIO YETBIPEX ABOMYHBIX Pa3psioB:

A={Q=(1000), E=(0100), H=(0010), J=(0001), O={Q,H}=(1010), I={E,J}=(0101),
A={Q,E}=(1100), B={H,J}=(0011), S={Q,J}=(1001, P={E,H}=(0110), C={E,H,J}=(1110),
F={Q,H,J}=(1011), L={Q,E,J}=(1101), V={Q,E,H}=(1110), Y={Q,E,H,J} =(1111), U=(0000)}.

Hpyras natepnperanus OyieaHa U3 4eTblpeX MpUMUTHBOB (1BonuHble Konsl: 00, 01, 10, 11),
MIpECTaBIICHHAS HIDKE:

00000000001 1111111
010000111100001111
100011001100110011
11101 01010101010101

cozfaer 16 pa3nnuHbIX GYHKUUI OT IBYX NepeMeHHBIX. B TO ke BpeMs MoCienHIOn TalIuiy
MOXHO MIPEACTaBUTH KaK KOJbI CHMBOJIOB MHOT'O3HAYHOTO aj(aBUTa, KOTOPBIMH JIETKO OIIEPUPO-
BaTh JUIA PELICHHs 3aJjad CHHTE3a U aHaln3a OyneBbIX GYHKIUI:

QIo0000OD0O00OOTITITII1TITII1IT1TTII1
E/000O0O111100001111
H001100110011001 1
JI010101010101010°1

IJHBEIPCQSOFALVY

Takyto TabIUILy JIETKO OCTPOUTS IS JIFOOOT0 YKcia NpuMUTUBOB (n=2, 3,4, 5,6,7,8 ...), rae
TEOPETUKO-MHOXKECTBEHHBIE OTEpalliy HaJl CHMBOJIAMHU CBOJISATCS K JIOTMUECKUM OMEpalusIM Hal
BEKTOpaMH.

KyOut ecTh MBOMYHBINA BEKTOpP, COAEPKALIMI n OWTOB, AJs 3ajaHus OylieaHa (MHOXECTBa
BCEX TOAMHOXKECTB) COCTOSHUN Q = 2™ Ha OCHOBE HCIIONB30BAHUA N MPUMHUTHBHBIX CUMBOJIOB
(2JIEMEHTOB).

KyOutr — COBOKYITHOCTH paBHO3HAYHBIX JBOWYHBIX N OUTOB, (OPMHUPYIOINX €AMHHUYHBIM
3HAYEHHEM N MPUMUTHBOB, IUIsI 0003HaueHus Q = 2™ cocTosHMIT, COCTABISIIOLIMX OymeaH —
MHOKECTBO BCEX MTOJMHOMXKECTB OT N MPUMHUTHBOB.

3nech Her uncen! Bee OuTHI KyOHUTa paBHBI IPU CO3IaHUU TIPUMUTHBOB H OTIIMYAIOTCS TOIBKO
aapecoMm. Jlrobast TeOpeTHKO-MHOXKECTBEHHAS OTlepaIlisl BHITIONIHIETCS 33 OJIMH TaKT, YTO HEBO3-
MOYKHO TIPH 3aJ]aHWH acCOIMAlli{ MPUMUTHBOB Ha CUETHOM (YIOPSIOYEHHOM) MPOCTPAHCTBE
MaMsATH KOMITbIOTepa. MeTpurka (BeKTopHas M CKaJsipHas) aHallN3a PacCTOSHUH, PeIoKeHHAS
B [11,13], aOconroTHO mpUTOaHAS ISl U3MEPEHHS B3aMMO/ICHCTBHSI MHOTO3HAYHBIX (TBOMYHBIX )
KyOUTHBIX 00BEKTOB, TTPOIIECCOB U SIBJICHUH ITyTEM UCIIOIH30BAHUS XOr-OIEPaIlnu.

B nneane npumeHeHue KyOUTHOM CTPYKTYPHI Ja€T BO3MOKHOCTB IIPEICTaBUTh JIFO0YIO (DYHK-
[IMOHAIFHOCTh B BHJIE IBYX KyOOB, TPHUBS3aHHBIX K HYNIO U equHuIle. Takue KyObl (OpMHUPYIOT
KH® u IH® coorBercTBeHHO. MOXKHO yIpOLIATh U Jajiee MyTeM UCKIIOYEHHS U3 pACCMOTPEHUS
HYJISl ¥ IMHUIIBL, HeIBHO UMes X B BUAY. [Ipu aToM 1Ba KyOa, opMupYIOIIIe BXOTHBIE YCIOBHS,
OyayT Bcerna B3aMMHO WHBEPCHBIMH, ITOCKOJIBKY OHH JIOMONHSIOT APYT Apyra 10 YHHBEpCyMa
npuMHUTHBOB. ClieoBaTeIbHO, HEOOXOMMO OCTaBIATh JIUIIL OJHY OYKBY (CHMBOIT), a 3HAYUT
OJIH JBOUYHBIN KOJI, KOTOPBIN €CTh TaOJINIla HCTHHHOCTH (PYHKIIMOHAILHOTO (JABYXBXOJIOBOTO)
MIPUMHTHBA!

Y=P=EVH=A1VA2 ZXIXZVX1X2.
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3. Kyour-npoueccop (KpantoBblii mpoueccop)

Lenb co3maHus KyOWUT-TIpoLiecOpa — CYIIECTBEHHOE YMEHBIICHHE BPEMEHH IPH PELICHHH
3a]a4 ONTHMHU3ALUH MTyTEM NapaJliebHOrO BEIUMCIICHHS BEKTOPHBIX JJOTHYECKUX ONepanui Hajl
MHOKECTBOM BCEX MOJMHOMECTB OT MPUMHUTHUBHBIX KOMIIOHEHTOB 3a CUET YBEIMYEHUS MaMSITH
JUISl XpaHEHUs TPOMEKYTOUHBIX JaHHBIX.

3amaun: 1) OmpeneneHue CTPYKTYp HaHHBIX AJs B3sATHs OyjeaHa MpH pEIICHUH 3alaqd

MOKPBITHS CTOJIOIOB MaTpPHUIIBI Mz‘M“,i:l,m; j=1,n eIMHWYHBIMHM 3HAYEHUSMHU CTpOK. B

YaCTHOCTH, IPH M =1 = § HEOOXOAUMO BBINOTHUTH MapalIeIbHO-JIOTHUECKYIO OTepaniio Hal 256
BapHaHTAaMH BCEX BO3ZMOXHBIX COUETAaHUI BEKTOPOB (CTPOK MaTPHIIBI), COCTABIISIONINX OyleaH.
2) CucremMa KOMaH[ Ipolleccopa JOJDKHA BKJIIOYaTh onepanuu (and, or, Xor) HaJX BEKTOpaMHU
(cmoBamm) pazmepHocTd m. 3) Pa3paboTka apXUTEKTyphl KyOUT-TIpoLieccopa Ui MapajijienbHO-
ro Belumcienns 2" —1 BapHAHTOB COYETAHMIi, HATIPABJIEHHBIX HA ONTHMAIbHOE pemreHue NP-
MOJTHOM 3a1a4un MOKpbITUs. 4) Peannzanus npororuna KyOuT-niporeccopa Ha 6a3e mporpaMMupy-
emoii toruku PLD u Bepudukanus (Banuganus) annapaTHOTO PelIeHNs Ha TpUMepax MUHIMHU3a-
uuu OyneBbix QyHkuui. 5) [IpuBenenne npyrux NpakTHYECKUX 3a7a4 AUCKPETHON ONTUMH3ALNHU K
(dbopme 3a1aul OKPBITHS T TOCIESAYIOIIETO PELICHU Ha KyOUT-TIPOLIECCOpe.

B xauectBe mpumepa mpeanaraercsl pelIMTh 3aJadd MOMCKAa ONTHMAJIBHOIO €JUHHUYHOIO
MOKPBITHS BCEX CTOI0I[0B MUHUMAIIBHBIM YHCIIOM CTPOK MAaTpHULIBI M, IPEACTaBIEHHOW HIKE:

M|123456738
1. ...1

SR ho A0 O®
—_
—_

st 3TOr0 HEOOXOOMMO clienaTh nepedop Bcex 255 coueTaHUil: U3 BOCBMH 10 OJHOM CTPOKE,
IO IBYM, TPEM, YETBIPEM, ITATH, IECTH, CEMU ¥ BOCBMU. MUHUMAaIBbHOE KOTNYECTBO IPUMHUTHBOB
(cTpok), hopmupytolIee TOKPHITHE, €CTh ONTHMAaJIbHOE pemeHue. Takux permeHnii MoKeT ObITh
HecKonbKo. J[narpamma Xacce ecTb KOMIPOMHCCHOE NMPEIOKEHUE, OTHOCHTEIEHO BPEMEHH U
MaMsATH, WJIN TaKas CTpaTerusl peleHHs 3a1a4y MOKPBITHS, KOTr1a paHee MOyYeHHBIN pe3yabTaT
BIIOCJIEACTBUM UCIIONB3YETCA Ul co3MaHusl Oojee CIoXHOMN cyneprno3unuu. [loaTomy mmst kax-
J0H TaOJIMIBI HOKPBITHSI, COAEp KaIle N MPUMHUTUBOB (CTPOK), HEOOXOAMMO I'E€HEPUPOBATH COO-
CTBEHHYIO MYJIETHIIPOLIECCOPHYIO CTPYKTYPY B (hopMe AuarpaMmbl Xacce, KOTopast Jajiee JOJK-
Ha OBITh MCIIOIB30BaHA AJIsl TOYTH-TIapaJuIeNbHOrO petenns NP-nonnoi 3agaun. Hanpumep, s
YeThIpeX CTPOK TaONMHUIBl IMOKPBITHS AuarpaMma Xacce — CTPYKTypa MYyJIbTHIIpoLieccopa —
OyzleT uMeTh BUJ, IPEICTABICHHBIA HA PUCYHKE.

OnTuManbeHbIE pEIEHUs 3aJa4M MOKPBITH U1l MaTpULel M, KoTopas reHepupyer 255 BapHu-

AHTOB BO3MOXKHBIX COYETaHWH, MmpencraBieHsl crpokamu B hopme JTHD: C = fgh v efg v cdf .

ABTomar YIIpaBJICHUS BBIYUCIUTCIBHBIM MPOLECCOM UIA KBAaHTOBOH CTPYKTYPBI ITYTEM BOC-
XOIALICTO aHalln3a BCPUINH rpaq)a OCHOBAH Ha MOCJICAOBATCIIBHOM BBIIIOJIHCHUU CJIICAYIOIIUX
mIaros:

1. 3anecenue nHGOPMALIUHU O IPUMUTUBAX B PETUCTPHI (MATPHILIBI) Lli = P; mepBoro ypoBHs ¢

MOCIICAYIONIUM aHAJIU30M Ka4CCTBA MOKPBITHA KAXKIBIM IPUMHUTHBOM B IBOUNYHOM q)opMaTe (1 -

m
€CTh MOKPBITHE, O — HET TOKPBITHST). ECIN O/1MH U3 IPUMUTHBOB OPTaHU3YET MOKPBITHE A L =1,

MpOLIeCC aHajIM3a CTPYKTYphl Xacce 3akaHunBaeTcsa. VHaue — BBINOMHEHUE mepexoaa (r =r + 1)

Ha CIIeyIOIINH YpOBeHb rpada: L1 P> A L1

_{0—>n—n+l;
j=1

1 —>end
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KpanToBas CTPYKTYpa BbIYHUCIHUTCIIbHBIX TPOLCSCCOB
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2. WuunuupoBaHue KOMaHIbI 00paboTKu ouepenHoro (BToporo) yposHs. [locinenoBarensHoe

BBINOJIHEHNE BEKTOPHBIX (MATPUYHBIX) onepanuii (or Lr Lr -1 Lr ! ,and A Lr =1) B mensx
J= 5 J=l
aHallM3a MOKPHIBAIOIIEH CIOCOOHOCTH COYETaHW NPUMHUTHBHBIX 3JIEMEHTOB I-YPOBHS. 31€Ch

t=1,m,i=1,m,r=1,n, N — YUCIO APYCOB MJIM KOJMYECTBO CTPOK B TAOJHIIC MOKPHITHS, M —

YKCIIO0 CTONONOB B Heil. Ecnm cymecTByeT coueTaHHE Ha pacCMAaTPUBAEMOM YPOBHE, CO37ar0-
1Iee OJTHOE OKPBITHE, KOTOpoe (OPMHUPYET OLICHKY, paBHYIO 1, TO 00paboTKa BCEX MOCIIEYIO-
IIMX YPOBHEH Mpolieccopa HE BHIMOMHAETCS. B MPOTUBHOM ciiyyae BBIMIOMHSACTCS MEPEXOHd s
aHaJu3a CIEeAYIOIIEro YPOBHs MPOLIECCOPHOU CTPYKTYPHI:

L= ijlALr I /\Lr -
ISR

HoctonHcTBa KyouTHOTO Xacce mpoieccopa (Qubit Hasse Processor — QHP) 3akmovarorcs

B BO3MOXKHOCTH HCIIOJIb30BaTh He 0ojiee, YeM IBYXBXOJOBBIE CXEMBI BEKTOPHBIX JOTHUYECKHX
oneparuii (and, or, Xor), a 3HaYMT, B CYINIECTBEHHOM yMEHBIIECHHH CTOMMOCTH 10 KBaiiHy
peann3aliy MPOIECCOPHBIX 3JIEMEHTOB (BEPIIMH) M MaMSITH 3a CYET MPUMEHEHHsI MMOC/IeI0Ba-
TEIbHBIX BBIYMCIICHUI U HE3HAYHUTEIIBHOTO YBEIMUYECHHSI BpeMEHH 00pabOTKH BCeX BEpIINH rpada
Xacce. Jlns KaXIOM BEPIIMHBI MCIONB3YETCS KPUTEPUH KavecTBa MOKPHITHS — HAJM4YHE BCEX
SIMHUI] B KOOpAMHATAX BEKTOpa-pe3yibraTa. ECIM KpuUTepuil KauecTBa BBIMOIHSIETCS, TO BCE
OCTaJIbHBIC BBIYHCIICHUSI MOXHO HE MPOM3BOANTDH, IMOCKOJIBKY AMarpaMma Xacce eCTh CTPOro
HepapxXuueckas CTPYKTypa [0 YHCIY COYETAHHH B KaKIOM sipyce. DTO O3HAYaeT, 4TO CaMoe
JIydIliee pelieHue HAXOAUTCs Ha 0ojiee HM3KOM YPOBHE MepapXuu. BapuaHThl OTHOTO ypOBHSI
PaBHO3HAYHBI 10 peaIM3aIiK (CTOMMOCTH ), TIO3TOMY MOJYYEHHOE MIEPBOE KAUYECTBEHHOE MOKPbI-

O0->r=r+1;
1 — end.

e (Q= Z‘h =1) ecTh JIydlllee pelIeHUe, TPEAIOIaraoiee OCTAHOBKY BCEX MOCIEIYIOIIIX
i=1

BBIUMCIICHUH IO CTpaTerddl AuarpamMMbl Xacce. YUHUThIBas IOCIeIOBATEIbHO-IAPAJUICIBEHYIO
CTpaTeruio aHanu3a BepiuH rpada, Bpems (k1) oopadorku Beex mpumutrBoB QH-npoueccopa
OIIPEAEIISETCS] YUCIIOM YPOBHEH Hepapxuu (KOIHYecTBOM OUTOB (IPUMHUTHUBOB, CTPOK B TabiuLe
MOKPBITHSI) B KyOMTHOH NEPEeMEHHOH), YMHO)KEHHBIM Ha BpeMS aHajii3a OAHOW BEpIUMHBI:

=logy 2" xt=txn . IIpu 3TOM JAIMHA M CTPOKM TAaGIHIIbI MOKPHITHS HE BIMAET HA OIEHKY
ObIcTponeiicTBUS. AHaiW3 BEpIIMHBI BKIIOYAET JBE KOMaHABL: Jiornyeckyroo (and, or, xor) m
OIepalfI0 BBIYMCICHUS KPUTEPUSl KadecTBa HMOKPHITHA B (OpME CKaisgpa IMyTeM MPUMEHEHUS
¢ynkuuu and Ko BceM paspsiiaM BEKTOpa-pe3yibTaTa:

mjp j =M j er,j,(j =Ln{i#r}=1,m;);

S
mg. = Amj =AM jv M j)



AnmnapaTHble 3aTpaThl Ha peanusanuio QH-mporeccopa 3aBHUCAT OT CyMMapHOTO 4HCIla
BepuIMH rpaga Xacce v OT KOMTHYECTBa OMTOB (Pa3psAaoB) B CTPOKE TaOIHIIBI IIOKPBITHUS:

H=2"xkxm,
rze k— ko3¢ punuenT annapaTHOR peanu3anuu (CI0KHOCTH ) OHOTO pa3psaa OMHaApHON BEKTOP-
HOM JIOTMYECKOH onepanuy U Nocienytonieil KoMaH bl BBIYHMCICHHUS KPUTEPHUsl Ka4eCTBa MOKPHI-
THS.
Takum 00pa3om, BbICOKOE OBICTPOJCHCTBHE PELIEHHs 3aJa9i MOKPHITUS TOCTUTAETCs CyIlie-

CTBEHHBIM MOBBIIEHUEM anmapaTypHeIx 3atpaT (B 2" xkxm/kxmxn =2"/n pa3 no cpasne-
HUIO C TOCJIeNoBaTeNbHONH 00paboTKON TpadoBBIX BEPLIMH), KOTOpoe oOecreuuBaeT KOMIPO-
MUCCHBIN BapHaHT MEX/Iy MOTHOCTHIO apajieIbHON CTPYKTYpOH BBIYMCIUTENBHBIX MIPOLIECCOB
(3mech 3aTpaThl ammapaTypbl ONpEAeNAIOTCS YHCIOM NPUMHTHBOB B Ka)KIOW BepIIMHE

n
H=kxmxnx2" a ysenuuenue anmapaTypsl coctaBiaser 2" pa3) m HoCIeIOBaTeIbHBIMHU
BBIYMCIICHUSMH OJHOIMPOLIECCOPHOTO KOMITBIOTEpa (37ech ObicTponencTBre o0paboTku rpada

Xacce papuo T =tx2" | a anmaparnsie 3atpats! paasl H* = kxmxn ). YMeHbIIeHHe anmapa-
TYpbl TIO CPaBHEHHIO C MapajjielibHbIM BapuaHTOM o00paboTku rpada cocTaBiseT

QH =kxmxnx2? /kxmx2" =n . Kak cneacreue CYIIECTBEHHOH aImapaTHONH M30BITOYHOC-

TH, YMEHbLICHHE BPEMEHH aHAJIN3a BEPIINH rpada 1o CpaBHEHUIO C MOCIIEA0BATEIBHON 00padoT-
KOW CTPYKTYPBI HMEET CIICAYIOIIYIO OLCHKY:

QT _ tx2" _ 2
txn n

Peanuzanus BEIYMCIUTENHLHOTO YCTPOWCTBA BBITIONHEHA Ha ocHOBe Kpuctamia FPGA ¢gupmbl
Xilinx xc3s1600e-4-fg484, rie OCHOBHBIC TapaMeTPhl UMEIOT CIICAYIOIIUN BU/T:

JIuctunr Map-report

Logic Utilization:

Number of Slice Flip Flops: 2,286 out of 29,504 7%

Number of 4 input LUTSs: 2,715 out of 29,504 9%

Logic Distribution:

Number of occupied Slices: 1,514 out of 14,752 10%

Number of Slices containing only related logic: 1,514 out of 1,514 100%

Number of Slices containing unrelated logic: 0 out of 1,514 0%

*See NOTES below for an explanation of the effects of unrelated logic.

Total Number of 4 input LUTs: 2,715 out of 29,504 9%

Number of bonded I0Bs: 321 out of 376 85%

Number of BUFGMUXSs: 1 out of 24 4%

Timing parameters of project:

Tclk to clk=4.672 ns

Tclk to pad max =11.552 ns

Period = max{ Tclk to clk, Tclk to pad max };

Period=11.552 ns

Fclk=86,5 MI'u

4. 3akaouyeHnune

Peanu3zanus KBaHTOBOTO ITpoLIECCOpa Ha OCHOBE CTPYKTYPHI Xacce M03BOJIMIIA B N pa3 YMEHb-
LIMTh allapaTyPHBIE 3aTPAThI 10 CPABHEHHUIO C TApaJIJIEIbHON peaan3ainei, 9To B CBOIO OUepeb
YMEHBIIWIO OBICTPOAEHCTBHE IpolLieccopa Takke B N pa3. BeiBog — HeoOXomumo co3naBathb
HOBBIE CTPYKTYPBI JAHHBIX [U151 CHIIKCHUSI allllapaTHOM CTOMMOCTH KBAHTOBBIX BBIYMCICHUN /W
Oonee MHTENJIEKTyaJIbHBIC AJITOPUTMBI PELICHHUS 3aJadd MOKPBITUS Ha IOUarpaMMax Xacce.
CunTe3 Mogenu (GyHKIMOHAIBHOCTH, IPEICTAaBICHHON B OpMeE OJHOTO KyOa, MOXKHO HCIIONIB30-
BaTh NpHU co3naHuu PLD-opueHTHpOBaHHBIX MPOTOTUIIOB BBIYUCIUTENBHBIX YCTPOICTB, KOrAa
3HaHUE Ky0a (YHKIMOHAIBHOCTH MPUBOJUT K TPUBUAIBHONW TEXHOJIOTUH HMIUIEMEHTALUU €€ B
KpHCTaJLI.



Hayunas HOBH3Ha — BIIEpBBIE MIPEUIOKEHA MOAECNIb AaHHBIX U CTPYKTYpa anmnapaTHON peaiu-
3allMM KBaHTOBOTO KOMIIBIOTEPA, KOTOPAsl XapaKTEPU3yeTCs NCIOIb30BaHUEM CTPYKTYpHI Xacce,
YTO AaeT BO3MOXKHOCTH cymiecTBeHHO (x100) MOBBICHTH OBICTPONEHCTBUE PELICHHUS MPaKTHIEC-
KHX 3aJad AWCKPETHOW onTHUMM3auuu. [IpeanoxkeH cymneprno3uIMOHHBIA METOA CHHTe3a Kyba
(YHKIIMOHATBHOCTH, KOTOPHIN XapaKTepru3yeTcsl UCTIONb30BAHUEM CTPYKTYPBI IPUMUTHBHBIX dJle-
MEHTOB M JJIsl ONPENEIIEHHOTO KJlacca yCTPOMCTB MO3BOJSET CYIIECTBEHHO YMEHBIIUTH BpEMS
MOTy4YeHUS MOZICTH U (POBOTO YCTPOKUCTBA, OPUEHTHPOBAHHOM Ha MMILIEMEHTALMIO B KPUCTAJIIBI
PLD.

Cnucok murepatypst: 1. Beth T. Quantum computing: an introduction // Proceedings of the IEEE International
Symposium on Circuits and Systems, ISCAS. 2000. Geneva. Vol. 1. P. 735 -736. 2. Jonker P., Jie Han. On
quantum and classical computing with arrays of superconducting persistent current qubits // Proceedings of
Fifth IEEE International Workshop on Computer Architectures for Machine Perception.2000. P. 69 —78. 3.
Keyes R.W. Challenges for quantum computing with solid-state devices // Computer. Jan. 2005. Vol. 38, Issue
1.P. 65-609. 4. Glassner A. Quantum computing. 3. //IEEE Computer Graphics and Applications. Nov/Dec
2001. Vol. 21, Issue 6. P. 72 —82. 5. Marinescu D.C. The Promise of Quantum Computing and Quantum
Information Theory — Quantum Parallelism // Proceedings of the 19th IEEE International Parallel and
Distributed Processing Symposium (IPDPS’05). 2005. P. 112-114. 6. Oskin M., Chong F.T., Chuang I.L. A
practical architecture for reliable quantum computers // Computer.Jan. 2002. Vol. 35, No.1. P.79-87. 7. 4.

Glassner. Quantum Computing, Part 1 //IEEE Computer Graphics and Applications.— July/August 2001. P.84-
92. 8. P. Aliferis, F. Brito, D. P. DiVincenzo, J. Preskill, M. Steffen, B. M. Terhal. Fault-tolerant computing
with biased-noise superconducting qubits // New Journal of Physics. January 30, 2009. 19 p. http://
iopscience.iop.org/1367-2630/11/1/013061 /pdf/1367-2630 11 1 013061.pdf. 9. Huntting B., Mertz D.

Introduction to Quantum Computing // http://www.ibm.com/developerworks/linux/ library/l-quant/index.html.
10. DiVincenzo D. P. The Physical Implementation of Quantum Computation // IBM T.J. Watson Research
Center, Yorktown Heights, NY 10598 USA. July 9, 2004. Preprint available online http://arxiv.org/PS_cache/
quant-ph/pdf/0002/0002077v3.pdf. 11. Hngpacmpyxkmypa M0O3rono100HBIX BEIYUCINTEIBHBIX IPOLIECCOB /
M.®. bornapenko, O.A. I'y3p, B.1. Xaxanos, }O.I1. IlTadanoB-Kymnapenko. Xapskos: Hooe croso.2010. 160
c. 12. Mark Gregory Whitney. Practical Fault Tolerance for Quantum Circuits. PhD Dissertation in Computer
Science. Berkeley: University of California. 2009. 206p. 13. Xaxarog B. 1., Jlumsunosa E. 1., Yymauenko C.

B., I'y3v O.A. Jlorndeckuii acCOLMAaTUBHBIN BEIMUCIUTEND. DIeKTpoHHOE MozemmpoBanue. 2011. Ne 1. C. 73-
90. 14. Hahanov V., Wajeb Gharibi, Litvinova E., Chumachenko S. Information analysis infrastructure for
diagnosis. Information. An international interdisciplinary journal. 2011. Japan. Vol.14.,No 7. P. 2419-2433. 15.
Xaxanoe B. Y. TIpoexTrpoBaHUE U TECTHPOBaHIE MU(POBBIX cucTeM Ha kpucrawiax / B.J. Xaxanos, E.1.

JIutBuHOBa, O.A. I'y36. Xapekos: XHY PO, 2009. 484c. 16. Stig Stenholm, Kalle-Antti Suominen. Quantum
approach to informatics. Published by John Wiley & Sons, Inc., Hoboken, New Jersey. 2005. 238p. 17.
Michael A. Nielsen & Isaac L. Chuang. Quantum Computation and Quantum Information. Published in the
United States of America by Cambridge University Press, New York. 2010. 676p.

Hocmynuna 6 peokonneeuro 11.10.2012
Xaxanosa Upuna BuranbseBHa, 1-p TEXH. HAYK, podeccop Kadeapsl aBTOMATH3AIMN TPOSKTH-
PpOBaHUs BEIMHACIUTENBHOM TexHIKH XHY PD. Hay4drabie HHTEpeCH: MPOSKTUPOBAHNE U TECTUPO-

BaHWeE IA(PPOBBIX CUCTEM U ceTell Ha KpucTaiuiax. Aapec: Ykpaunna, 61166, Xappkos, mp. JlennHa,
14, ten. 70-21-326. E-mail: hahanov(@kture.kharkov.ua.



YK 658.512.011:681.326:519.713
B.U. XAXAHOB, ANDERS CARLSSON, C.B. YYMAYEHKO, BYTEHKO C.A.

MOJAEJIM YIIPABJIEHUA YA3BUMOCTBIO

[Ipennaraercs MaTeMaTHYECKUH armapar co3laHnst ”HQPaCTPYKTyphl IPOrpaMMHO-arla-
PaTHBIX TEIEKOMMYHHKAIIMOHHBIX HH(OpMAaMOHHBIX kKnbepaetnueckux cucreM (KC), opuenTn-
POBAHHOM Ha 3aIUTY OT HECAHKIIMOHUPOBAHHOI'O JOCTYIIA K CEPBUCAM, ONPEICICHHBIM B CIIE-
U(UKAIMN CHCTEMBI, ITyTEM NPOHUKHOBEHHMS Yepes3 JIerajJbHble HHTEp(EHCH B3anMOACHCTBHS
KOMITOHEHTOB, MIMEIOIINE YI3BUMOCTH. IHPpacTpyKTypa 3aIlIMTHBIX CEPBHUCOB CO3/IaETCsI BMEC-
T€ C KHOEPCUCTEMOM 1 COIIPOBOXIAET MOCIIETHIOO B TEUEHHE BCETO )KU3HEHHOTO IIUKJIA, 00CITy-
xuBas Bce nocuenyronme Moaudukammu KC, n cama IOCTOSHHO TOBBIIIAET CBOM MHTEIUICKT
ITyTEM TOIOIHEHNS HICTOPUH 1 ONOIMOTEK KOHCTPYKTUBHBIX U JIECTPYKTUBHBIX KOMIIOHEHTOB.

1. Mogens mpomeccoB TeCTHPOBaHHUSI YAA3BUMOCTeH M NPOHUKHOBEHHMH

[IpennararoTcs TeXHOIOTHYHBIE B 3((EKTUBHBIC MPOLECC-MOACIN U METOMBI JHarHOCTHPO-
BaHUS ySI3BUMOCTEH MM (D YHKIIMOHALHBIX HAPYIICHUH B MPOrPAMMHBIX H/HJTH allliapaTHBIX KOM-
MOHEHTaxX KubepcucTeMbl. Mcnonp3yoTes perucTpoBbie (BEKTOPHBIC) MIIM MaTpUUHBIE (TaOIny-
HBIC) CTPYKTYPHI JaHHBIX, KOTOPHIC OPHEHTHUPOBAHBI HA TTAPAJUICITHHOE BBHITIOTHEHUE JIOTHICCKUX
olepanui Mpy NoucKe yA3BUMbIX komnoHeHToB KC.

[Ipobnema cuHTE3a MM aHATN3a KOMIOHEHTOB ITPOM3BOJIBHOM CUCTEMBI U HHPPACTPYKTYPHI
CEpPBHCOB MOXET OBITh C(HOPMYIUPOBaHA B BUAE B3aMMOJCHCTBUS (CHMMETPHUYECKOH Pa3sHOCTH
— aHaJIOT XOr-orepaluy Ha OyneaHe) B KHOSpHETHYECKOM MPOCTpaHCTBe ee Moaenu F ¢ BXOqHbI-
mu BozzeiictBusamu T u peakuusmu L: f(F,T,L)=C — FATAL=O .

KubepnpocTpaHCTBO — COBOKYITHOCTH B3aMMOJEHCTBYIOMIKMX 110 METPHKE HH()OPMAIIMOHHBIX
MPOLIECCOB U SIBIICHUH, HCIOIB3YIOMINX B KA4ECTBE HOCUTEINS KOMIIBIOTEPHBIE CUCTEMBI U ceTH. B
YaCTHOCTH, KOMIIOHEHT NIPOCTPAHCTBA MPEACTABICH K-MEpHBIM (KOPTEXKEM) BEKTOPOM

a=(aj,ap ,---,aj,---,ak), a;= {0,1} B nBomunoM andasute. Hymb-BeKTOp ecTh k-MepHEIi Kop-

TEXK, BCE KOOPAMHATBI KOTOPOTO PaBHBI HYJIIO: @ j = 0,j=Lk.
Merpuka 3 KuOEpHETHYECKOTO (IBOMYHOIO) MPOCTPAHCTBA OMPENENSieTCs] AMHCTBEHHBIM

PaBEHCTBOM, KOTOpOe (pOPMHUPYET HYJIb-BEKTOP I XOr-CyMMBI PACCTOSHUM dj MeXITy HEeHylle-

n
BBIM ¥ KOHEYHBIM YHCIIOM TOUYEK (OOBEKTOB), 3AMKHYTHIX B ITHKIL: B= .@ dj =0.
=1

Wnaue: Merpuka [3 BEKTOPHOIO JIOTMYECKOTO JBOMYHOIO MPOCTPAHCTBA €CTh paBHAsl HYJIb-
BEKTOpPY XOr-CyMMa PacCTOSHUN MEXIy KOHEUHBIM YHCJIOM TOuYeK (BepIunH) rpada, odpasyro-
mux UK. CyMMa n-MepHBIX ABOMYHBIX BEKTOPOB, 331aI0IINX KOOPANHATHI TOUEK [IUKIIA, paBHA
HyJb-BeKTOpY. JlaHHOE onpeneneHue METPUKHU ONepUpYyeT OTHOIICHUSIMH, YTO MO3BOJISIET COKPa-
TUTH CUCTEMY aKCHOM C TPeX 0 OZHOW M paclpOCTPaHUTD ee AciCTBUE HA JII00bIE KOHCTPYKIIMU
N-MEpHOro KuOEpIpoCTpaHCTRa.

Merpuka 3 KHOEpHETHUECKOr0O MHOTO3HAYHOTO HPOCTPAHCTBA, Ile KaXkaash KOOpOHHATA

BeKTOpa (00BbEKTa) omperneneHa B andasure, cocTaBisioneM OyjaeaH Ha YHUBEPCYME IPUMHUTH-

BOB MOIIHOCTBIO P: @j={0l],002,...;0lps..0; Oy J, M = 2P ecth paBHas (@ -BexTopy (IO BCeM
KOOpAMHATaM) CUMMETPUYEcKasi pa3HOCTh PACCTOSHUHI MEXIy KOHEUHBIM YHCIIOM TOYEK, 00pa-

n
syrouwx kit B= A dj =&.
i=1
PaBeHCTBO MyCTOMY BEKTOPY CUMMETPHYECKON Pa3HOCTH MOKOOPAMHATHOIO TEOPETHKO-MHO-
’)KECTBEHHOTO B3aUMOJICHCTBUSA MOJYEPKHBAECT PABHO3HAYHOCTh KOMIIOHEHTOB (PaccCTOSHMIA),

(OPMHUPYIOIINX YPaBHEHHSL.
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BBenenHasg mMeTpuka NpeacTaBiIAeT HE TOIBKO TEOPETHUYECKUI HHTEpEC, HO UMEET M MPaKTH-
YeCKyI0 HAaIpaBJIEHHOCTh Ha 0000IIeHHEe U KIacCU(UKALMIO 3a1a4 TECTUPOBAHUS IyTeM CO3/a-
HUS MOJEIH XOr-OTHOIIEHUI Ha MHOYKECTBE M3 UETHIPEX OCHOBHBIX KOMIOHEHTOB. [Ipouenypsl
CHHTE3a TECTOB, MOACIHPOBAHMS YSI3BUMOCTEH M MX AMAarHOCTUPOBAHUS MOXHO CBECTH K XOI-
OTHOILEHUSAM Ha rpade (puc. 1) IOIHOro B3aUMOACHCTBUS YeThIpeX BEpIIHH (()yHKIIMOHATBHOCTS,

kubepcuctema (Unit Under Test), Tect, ya3sumoctu) G ={F,U,T,L}.

Puc. 1. I'pad B3anMomeiicTBHSI KOMITIOHCHTOB TECTUPOBAHUS

Takoili Tpad mopoxnaer 4erbipe 0a30BbIX TPEYrONbHUKA, KOTOpbIE (OPMHUPYIOT 12 mpakTH-
YEeCKH MOJIE3HBIX TPHAl OTHOLICHHUH, (OPMYNHPYIOIIUX 3a1a491 TECTUPOBAHUS:

TOFO®L=0] TOLOU=0| T®OF®U=0] FOLOU=0
DT=F®L |4 T=LOU | ))T=FOU |10)F=LOU
2)F=T®L |5 L=T®U |8 F=TAU |I1) L=F®U
3)L=T®F | ) U=T@L |9) U=TOF |[12) U=FOL

Beenenne Bepmmnbel U B Tpad B3auMOAEHCTBHS KOMIIOHEHTOB TECTUPOBAHHS pacIIHpsET
(yHKUMOHANBbHBIE BO3MOKHOCTH MOZEINH, MOABIISIOTCS HOBBIE CBOMCTBA TOJYYEHHON CHUCTEMBI.
BBenenve B CTpyKTypy HOBOW BEpUIMHBI JOMKHO MMETh BECOMBIE apryMEHTHI B IOJIb3Y €€
nenecoobpasHoctu. YTo Kacaercs MpencTaBieHHOro Ha puc. | rpada, comepkaTenbHO Bce
(OopMyIBEHO ONHMCaHHBIE 3aJa41 MOYKHO KJIacCU(UIIMPOBATH B IPYIIIBI CIIEAYIOMIUM 00pa3oM.

I'pynmna 1 — TeopeTnyueckre 3KCIIEPUMEHTHI (Ha MoJeny GYHKIIMOHAIBHOCTH), 0e3 Kubepcuc-
Tembl: 1) CuHTe3 TecTa o Mozaenu (yHKUNOHATIBHOCTH JUISl 3aJaHHOTO CIMCKA YSI3BUMOCTEH. 2)
[TocTpoenne Moaenu GyHKIHMOHAIBHOCTH HA OCHOBE 3aIaHHOTO TECTa U CIIMCKA YSI3BUMOCTEH. 3)
MogenupoBaHnue ys3BUMocTell (PyHKIIMOHAIBHOCTU Ha 3alaHHOM TECTe.

['pymnma 2 — peasbHBIE SKCIIEPUMEHTHI (Ha Kubepcucteme), 6e3 Moaenu (yHKIIHOHAIBHOCTH
4) Cunte3 Tecra myreM (usmdeckor smymsnuu ysazsumoctedt B KC. 5) Omnpenenenne crvcka
YSI3BUMOCTEH yCTPONCTBA IPH BHIIOJIHEHUN THArHOCTHYECKOTo SKCIIepuMeHTa. 6) Bepudukanus
TeCTa U YA3BUMOCTEN B AKcrepuMeHnTe Ha peanbHoil KC.

I'pynma 3 — TecToBBIe dKCIIEPUMEHTHI (BepuduKaius), 0e3 ysa3pumocteil: 7) CuHTE3 Tecta
ITyTeM CPaBHEHHUS Pe3yNIbTaTOB MoAenupoBanus Monenu u peanpHoii KC. 8) Cunrtes ¢pyHKIHO-
HajpHOCTH 110 peanbHOi KC u 3amanHOMY Tecty. 9) Bepudukanus Tecta u Monenu GyHKIIHO-
HAJBHOCTH OTHOCUTENBHO peanbHoi KC ¢ cymecTBYIOMMMHI yA3BUMOCTSIMH.

['pynma 4 — sxcniepuMeHTHI B TIporiecce (pyHKIIMOHUPOBaHUS, Ha pabounx Bo3neicTBuax: 10)
IIpoBepka npaBuiibHOCTH MOBeAeHMs peanbHoN KC Ha cylecTBYIOINX WM 3aJaHHBIX YSI3BUMOC-
1ax. 11) IIpoBepka paboTOCTIOCOOHOCTH YCTPOWCTBA OTHOCHUTEIFHO CYIIECTBYIOIIEH MOJIENTH B
npouecce GpyakuronupoBanus. 12) Bepudukanus QyHKIMOHAIBHOCTH M CIHMCKA YA3BUMOCTEH
OTHOCHUTENBHO noBeaeHus peasbHoro KC.

Hawnbonee nomynsspHpIMU 3a1a4aMy U3 TIEPEUNCISHHOTO BHIIIE CIIUCKA BIisttoTes: 1, 3, 5, 8, 9.
MOXHO BBECTH U IPYryl0 KIacCH(PHUKALMIO THUIOB 3a4ad, KOTOpas JaeT BO3MOXKHOCTh OMperie-

mutb Harpade G = (F, U, T, L) Bce koHIeNTyanbHbIE TyTH PEIICHUS LIENEBBIX TPOOIEM: CHHTE3a

TECTOB, ONpeeNeHus] MOJeNH (PYHKLNOHATBHOCTH, TeHEPUPOBAHUS MOJEIH YSI3BUMOCTEH U ITPO-
extupoBanug KC:

)T=F®L; 4F=T®L; 7)L=T®F; 10)U=T®L;
) T=U®L; 5)F=UDL; 8) L=T@®U; 1) U=T®F;
3)T=FOU; 6)F=T®U; 9)L=F@U; 12) U=F®L.
1



Bce koHCTpyKIMH, MPENCTaBICHHBIC B OTHOIICHUIX, 00JIaal0T 3aMeUaTeIbHbIM CBOWCTBOM
obpatuMocTu. KOMITOHEHT, BBIYUCIIIEMBIH C TIOMOIIBIO IBYX APYTHX, MOXKET OBITh UCIIOIB30BaH
B KayecTBEe apryMeHTa IJisl OmpeneieHus Jo00oro u3 ABYX MCXOAHBIX. [loToMy 316eCh MOXKHO
TOBOPUTH O TPAH3UTUBHOW 00PaTUMOCTH KaXI0W TPHa bl OTHOILICHUI Ha MOJIHOM rpade, Koraa rmo
JBYM JIFOOBIM KOMIIOHEHTaM BCEr/la U OJHO3HAYHO MOXXHO BOCCTAHOBHTH WJIH ONPEACITHTH
tperuil. [Ipu aToM hopmaT mpeacTaBiieHUs KakI0ro KOMIIOHEHTA JIOJKEH ObITh OJJMHAKOBBIM I10
¢dopme u pa3mMepHOCTH (BEKTOPHI, MaTpuibl). Ha ocHOBe mpennokeHHOH METpUKHA U MoJeel
TECTUPOBAHUSA Jajee PacCMOTpUM Oosiee MOAPOOHO METOABl JHAarHOCTHPOBAHHS YSA3BHMOCTEH
WY (QYHKIIMOHAIBHBIX HAPYIIICHUH.

2. I'pag-meTon moucka GpyHKuMoHANBHBIX Hapymennid B KC
Hcnone3yeTcs ypaBHEHHE IPOCTPAHCTBA
f(F,T,LLU)=0>F®T®L®U=0,

kotopoe TpaHcopmupyerca K Buny L=(T@F)@(T@® U). [duarHocTHpoBaHUE YA3BUMOCTEH
(pyHKUIMOHANBHBIX HAPYIIEHWH) CBOAUTCS K CpaBHEHMIO pe3ynbTatoB moxensHoro (T@F) u
HatypHoro (T @ U) skcnepumeHTOoB, KOTOpoe (OPMUPYET CIUCOK (PYHKIHMOHAIBHBIX HAPYIIEHU I
L, npucyrcTBytomux B 00bexTe AuarnoctupoBanus. Gopmyna-monens nporecca nmoucka 6Joka
F; ¢ GyHKuMOHaNBbHBIMM HapyIIEHUSMH CBOJMTCS K BBIOOPY pEIIEHHs MOCPEACTBOM ONpeere-
HUS XOr-B3aMMOJCHCTBHS MEKIY TPEeMsI KOMIOHEHTAMHU:

L=F, «[(TOF) €I|)-)(T®Ui)]=0.
i=1

AmnanuTtuyeckas MOICIb BepI/I(l)I/IKa]_II/II/I HDL-KOI[a C HUCIIOJIB30BAHHEM MCXAaHH3Ma accepunﬁ
(Z[OHOHHI/ITCHLHLIX JIMHUMN H36HIOI[CHI/I$I) OPUCHTHPOBAaHA HAa JOCTHIKCHHUE BaﬂaHHOfI I‘Hy6I/IHLI -
ArHOCTHUPOBAHUA U MPEACTABJICHA B CICAYIOIICM BU/JIC!

M=f(F,A,B,S, T,L), F=(A*B)xS; S=1(T,B);
A= {Al,Az,...,Ai,...,An}; B= {Bl,Bz,...,Bi,...,Bn};
S={51,52,....5i,-..Sm}; S = {Sil,Sig,...,Sij,...,Sip};
T={T.Ts,....Tj,....Tx}; L={Ly,Lo,...,Lj,...,Ly}.

3nech F=(A*B)xS — ¢pyHKIHOHAIEHOCTD, TpeACTaBiIeHHas TpadoM (puc. 2) TpaH3aKIUN

nporpammHubix 0110koB (Code-Flow Transaction Graph — CFTG), rae S ={S,S,,....S;,....Sm} —

BEPIIMHBI HJIM COCTOSIHUS IIPOrPAMMHOT0 MPOIYKTa IPH MOACIUPOBAHNH TECTOBBIX CETMEHTOB.
Nnave rpad moxHo maentudunuposate kak ABC-rpad — Assertion Based Coverage Graph.

Kaxnoe cocrosuue Si = {Sj,Si2 ..., Sjj,.-.Sip} ompenensiercs 3HaueHUsMH CYIIECTBEHHBIX Ie-

pemennbix KC (mepemeHHbIe, maMsTh, TEPMHUHAJBI, KOMIbIOTEPH!). OpHEHTHPOBAHHBIE IYTH
rpaga npencTaBieHbl COBOKYITHOCTHIO (YHKIIMOHATIBHBIX OJIOKOB!

B=(By,B»,...,,Bj,....,Bp), EIJ B; =B; rr; B =9,
i=1 i=1

rae KaXJIoMy M3 HHX MOXET OBITh IOCTaBJI€Ha B COOTBETCTBHE accepuus
Aje A={A,Ar,..,Aj,...,Ap}. Kaxnas nyra B; — rpynna onepatopos koaa — (opMupyer
cocrosuue Bepmmubl S; =f(T,B;) B 3aBucumoctu or tecra T ={Ty,T,,...,Tj,..., Ty } . Kaxmon
BEPLIMHE MOXKET OBITh MOCTABJIEH aCCEPLUOHHBIA MOHHUTOpP, OOBbEANHSIOIINN acCEepLUH BXOIS-
mmx B BepumHy myr A(Si)=Aj VA V..VAjjV..VAj,. Bepmmna moxer umers Gonee
OIHOM BXOoIsIer (Mcxoasmen) nyru. MHOXecTBO OJ10KOB ¢ (DyHKLHMOHATIBHBIMUA HapYIIEHUIMHU
npezacTaBieno couckoM L ={L{,L»,...,L;,....L}.
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B =(B1B3Bg v (ByB7 v BiBs)B; )B13 v
v ((B1B4 v BB6)Bjg v BoBgBj2)By4 =
=B1B3BgBy3 v ByB7B11B13 v B1BsBy1By3 v
v B1B4BjB14 v B2BeBB14 v B2BgBy2Bi4.
Puc. 2. [lpumep ABC-rpada st HDL-kona
Mogens HDL-kona, npeacraBnennas B ¢popme ABC-rpada, oroOpaxaeT He TONBKO CTPYK-
Typy POrPpaMMHOTO KOJa, HO M TECTOBBIE CPe3bl (PYHKIIMOHATBHBIX MOKPBITHIA, (YOPMHUPYEMBIE C
MOMOLIBIO TPOrPAaMMHBIX OJIOKOB, BXOAIIMX B paccMaTpuBaeMyto BepiunHy. [locaennss omnpe-

ACITACT OTHOIICHUE MCKAY JOCTUTHYTBIM Ha TECTC MPOCTPAHCTBOM NCPEMEHHBIX U IMMOTCHIIUAJIb-
HO BO3MOXHBIM, KOTOPOC Q)opMprer q)YHKLII/IOHaJ'ILHOG IMOKPBITHEC KaK MOIIHOCTb COCTOSTHHUA i-

BepIIKHBI rpada Q = cardCir / cardC? . B coBokynHocTH Bce BepmHHBI rpad)a JOIKHBI COCTaB-

JIATH IMOJIHOEC IMOKPBITHUE IMPOCTPAHCTBA COCTOSIHHI MEPEMCHHBIX KC, KOTOpPOC (bopMprer Kade-

m m
cTBO Tecta, pasHoe 1 (100%): Q=cardU Cir/ card U C? =1, Kpome Toro, Mmexanusm accepiruii
i=1 i=1
< A,C >, cylecTByrOIIUH Ha rpade, To3BOJISIET BBIMIOIHATh MOHUTOPUHT IyT (function-coverage)
A={A1,A),...,Aj,...,Ay} n BepumH (state- coverage) C={C;,C»,...,Cj,...,Cp,}. Accepuun
Ha JiyraX OTBEUAIOT 3a JUArHOCTHPOBaHUE GyHKIMOHANBHBIX Hapymennit B KC Gnokax. Accep-
I[UY Ha BepIIMHAX rpada AarT JONOTHUTENbHYIO HH(OPMAIIHIO O KAUeCTBE TECTOB (accepiuii) B
HEMSIX UX yAydllieHus1 Win gonoiaHeHus. Tpansakiponnsiii rpad KC 6510koB 1aeT BO3MOXKHOCTB: 1)
WCIOJIb30BATh aNmnapaT TeCTOMPHUTOJHOrO MPOSKTUPOBAaHUS Ui OlleHKH kadecTBa KC; 2) ore-
HUTbh 3aTPAThI HA CO3JIAHKE TECTOB, IMATHOCTUPOBAHUE U HCTIPABIICHHE (PYHKIIMOHATLHBIX HAPY-
NICHHI; 3) ONTUMH3UPOBATh CHHTE3 TECTA MYTEM PEIICHUsI 3aJa4 TMOKPBITHS MUHUMAJIbHBIM
MHOXXECTBOM aKTHBH3HPOBAHHBIX MyTeH BcexX Iyr (BepiiuH). HampuMep, MUHUMATBHBIN TECT IS
npuBeneHHoro ABC-rpada umeer mecTh CerMEHTOB, KOTOPbIE aKTHBH3HPYIOT BCE CYIIECTBYIO-
IKE MyTH:

T =S¢S15357S9 v S¢S1S4S8S9 v S¢S1S557S9 v
Vv 50S254S8S9 Vv S¢S2S557S9 v SnS2S6S8Sg.

TecTy MOXKHO TIOCTABUThH B COOTBETCTBUE CIETYIONIYIO MATPHUILY AKTUBU3ALUU MPOTPAMMHBIX
OJIOKOB:

B;j |B1 |B2 |B3|B4 [Bs |Bg|B7 |Bg |Bg|Big|B11|B12|B13 |B1g
T |1 1] . 1. . | . . . 1

Tp| 1 1 1. 1

Y1 S PR O R I U R O VR N I O AR B I

Ta| { U] o]

Ts| .|| ... [. |t . [.|.[t].|1].

Te| . || .| | | .. [t].|.|.[1].]1

Martpuna akTHBH3aLMU WLIIOCTPUPYET (aKT HEPa3TUYMMOCTH Ha TecTe (PYHKLIHMOHAIBbHBIX
HapymreHu# B Onokax 3 1 9, 8 12, KOTOpBIE COCTABIISAIOT JIBa KIIacCa SKBUBAJIEHTHOCTEH MpH
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HaJM4MU OJHOM accepiuu (MoHUTOpa) B BepimHe 9. /i ycTpaHeHHs TaKOi Hepa3TuYMMOCTH
HEOOXOIUMO CO3JIaTh JBa JONOJHHUTEIBHBIX MOHUTOpPa B BepmmHax 3 u 6. B pesynbrare 3
accepuuu Ha BepmmHax A =(A3,Ag,Ag) JalOT BO3MOXKHOCTb Pa3sIM4YUTL MEXIYy cO0OH Bce
OJIOKH TIPOTPaMMHOTO Koja. TakuM 00pa3om, rpad Mo3BOJSET HE TONBKO CHHTE3UPOBATH OITH-
MaJIBHBIN TECT, HO U ONPEAENATh MUHUMAJIbHOE YUCII0 aCCEPLUMOHHBIX MOHUTOPOB 3/IECH U AaJiee
B BEPIIIMHAX JJIs TOMCKA HEUCIIPABHBIX OJIOKOB C 33 JaHHOM ITyOMHON TUarHOCTUPOBAHUSL.

YBennueHue ynciia acCepIuOHHBIX MOHUTOPOB MMPUBOAMT K MOIU(UKAIIUY TaOIHUIIBI aKTHBH3A-
nuu. MHade, Ha 3a/laHHOM TECTe M MEXaHHM3ME accepluil HeoOXOAMMO OJHO3HAYHO PEIIaTh
3aJlayy AMarHOCTUPOBaHMs (yHKIIMOHANIBHEIX HapyiieHui KC ¢ rimyOnHoM 10 (yHKIIMOHAIEHOTO
onoka. [Ipu 3TOM YKCIIO accepIuii M TECTOBBIX CETMEHTOB JIOJIKHO ObITh MUHUMAJBHO JOMYCTH-
MBIM JJIs1 KOJIOBOH UACHTU(UKAIIUY BCeX OJIOKOB:

|T| + |A| > 10g2|B| = cardT + cardA > log, cardB.

HepBOHa‘{aJ'ILHO KOJIMYCCTBO aCCEPLIUOHHBIX MOHUTOPOB paBHO YUCITY TCCTOBBIX CETMCHTOB.
Ta6nnua AKTHBU3allUH Q)YHKHHOHBHLHLIX MOZ[yHCfI IIO3BOJIACT BBIIIOJIHATH I/IZ[CHTI/I(i)I/IKaL[I/IIO 6110-
KOB KOJa C (l)yHKLII/IOHaJ'ILHLIMI/I HapyumeHusMHU Ha 0606H_[CHHOM BEKTOpPC BKCHCpHMCHTaHLHOﬁ
IIPOBEPKU (aCCCp]_[I/IOHHOI‘ (8} MOHHTOpI/IHI‘a):

V=(V,Vo,..,Vi,..., V), V; ={0,1},V; =T; @Bj,Vj(Bij =1).

Koopunata Bekropa Vi =T ®Bj =1 unenrndunupyer paxr «manenus» recr-cermMenTa Ha

MMOAMHOXKECTBC aKTUBHU3UPOBAHHBIX UM 0110k0B. B cooTBeTcTBHH C BCEKTOPOM V, 3aJaHHbIM Ha
Ta6J'H/I]_IC AKTHUBU3AlIMU C YYETOM NPUBCIACHHOI'O BBIIIC ITPABUJIa BBIYUCIICHU €r0 KOOPAWHAT:

Bij |B1 |B2 |B3|B4|Bs5|Bg |B7 |Bg|Bg |Byg |B11|B12 |B13 [Big |V
T 1 T[T .. 1 0
T, | 1 /10 R R A O I T A R R S I B
Tyl .||t ... .. ]1].]1]|.]o0
o /" VO A VR I T R O (R S (O R AR B B B B
Ts| .| L. ||| [v|.|.[.|1].[1].]o
Te| . | 1| .|| |- .[t].].|.|1].[1]1

CTpoUTCs Jornueckast GyHKUus (QyHKOHMOHaNbHBIX HapymeHuil KC, xotopas ymporiiaercs Ha
OCHOBE HCTIOJIb30BaHMUSI KOOPAMHAT BEKTOPA IKCIIEPUMEHTAIbHON ITPOBEPKH V:

B=(T1\/BlVB3\/B9VBI3)/\(T2VBI\/B4VBlo\/B14)/\
A(T3 VB VvBs v By vB3) A (T4 vBy vBg v Big v Big) A
/\(TS v By vBy vBllvBl3)/\(T6vB2ngvB12 v B14);
{V,T}=(010101) >
B=(0vByvBsVvBjgVvBi4)A(0VvByvBgVvBigVvBig)A
v(0vByvBgVv By vBiy)=
=(B1vBgVvBigVvBig)A(ByVvBgVvBigVvBig) A
v(ByvBgVvBiyvBig)=
=B|By vB4Bj v...vB3BgBio v...v Byg.
[Tocne mpeoOpa3oBaHHusS KOHBIOHKTUBHOW HOpManbHOH (Gopmbl (KH®) k AM3BIOHKTHBHON
HOpPMAaJIBHO (hopMe MOTydeHHBIE TEPMBI COJIEPKAT BCE BO3MOXKHBIC PEIIEHUS B BU/I€ TOKPHITHS
EMUHUYHBIX KOOPAMHAT BEKTOpPa AKCIEPUMEHTAIBLHON MPOBEPKH OJMHOYHBIMH MM KPATHBIMU

¢ynkunonansHeIMU HapymeHusiMu KC 0mokoB. BeiGop nydiiiero pemenns cBsA3aH ¢ ONpeacIieH -
em tepma JJH® muHumansHON AnuHBL. B 1aHHOM NprMepe ONTHMaIbHBIM PEILICHUEM SBIISETCS

TepM, coaepkamuil oquH 6110k B = B4, KOTOpbIH cBOMM (DyHKIMOHAIBHBIM HapyLIEHHEM IO-

KpBIBAaeT TPU €AMHHMIIBI B BEKTOPE dKcIiepuMeHTanbHoi posepkn V = (010101) . dannsrit dakr
TaKKe OYEBUJICH M3 CPABHEHUS JBYX ITOCIIEIHUX CTOJIOLOB MAaTPHUIIBI aKTHBH3aIuH B.
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JIpyroe anmapaTHO-OpHEHTHPOBAHHOE AaHATUTHYECKOE PEIICHHE CBSI3aHO ¢ CHHTE30M MHOTO-
BBIXOJIOBOM KOMOWHAITHOHHOM CXEMBI — e (paTopa Mo MaTPHIle AKTUBU3AIINH MPOTPAMMHBIX
OJIOKOB:

B) =TiTyT3T4Ts T By = i Ty T3 T4 TsTg;
B3 =T1TpT3TyT5Tg; ... Bjg = 1T T3T4 T5Te.

Taxoe yCTpOﬁCTBO HUMECT YUCIIO BXOA0B, PAaBHOC KOJIMYCCTBY TECTOBBIX CCTMEHTOB, a4 BBIXO-
HbIX JIuHUi — paBHoe urcny KC 610koB. [Ipu nmogade Ha BXObI AeMH(ppaTOpa BEKTOPA IKCIIEPH-
MEHTAJILHOMI IIPOBEPKU Q)OpMpreTCﬂ CANHNYHOC 3BHAYCHUEC HA OAHOM U3 €0 BEIXOJ0B. HpI/I 3TOM
HOMCP BbIXOJa COOTBETCTBYCT 6HOKy, HUMCIOLIEMY Q)yHKHHOHaHLHLIe HapyuieHus. Taxkas cxema
NpeaAcCTaBJIACT UHTEPEC IAJid CO3JaHUsA 3aMKHyTOI\/'I B IIUKII I/IH(l)paCprKTprI TECTUPOBAHUA U
HCIIPpABJICHUA Q)yHKHHOHaJlLHLIX Hapy]_HCHI/H‘/II, rae aapec ysa3BUMOro 6HOKa MOXET 6LITL HCIIOJIb-

30BaH JUISl €r0 aBTOMAaTHYECKOM 3aMeHbl Ha albTepPHATHUBHBIM MOIYJIb M3 CYLIECTBYIOLICH
OMOMMOTEKH TUBEPCHBIX PELICHHUH.

3. BeKkTOpHO-JIOTHYeCKHe MeTOAbl TUATHOCTHPOBAHHUS YS3BHMOCTEH

OcHOBHa# 11e7b METOJIOB — OIPENENCHHE MECTa IPUYNHBI U BUJA YA3BUMOCTH Ha CTPYKTYype
KC nyrem ananuza tabmun ys3BumMocTel (pyHKIHOHATBHBIX HapylieHuid — @H), mocTpoeHHBIX B
Mpolecce MOJIETMPOBAaHUS BCEX BOSMOXKHBIX JIECTPYKTHBOB. AHaIUTHUECKash MOJENb IPOBEPKU
KC c ucnonb3oBanremM MexaHU3Ma acceplfii OpUEHTHPOBaHA Ha JOCTHXKEHUE 3a1aHHOM TTTyOUHBI
JMarHOCTUPOBAHUS YSI3BUMOCTEH U MpeACcTaBlieHa B CISIYIOLIEM BUE:

M =f(F,L,T,C,A,1); C={C{,C2.....Ci»..Cy}: L={L{,La,.. Livoos Ly };

A)={A1,A7,...,A{,.,Ax}; AcL; F=LxC; k<n; T= {Tl,Tz,...,Ti,...,Tp}.

3nech Ci — Ipynmna onepaTopoB Koja, HarpykeHHas Ha BepiuMHy (komnoHeHT KC) L; u
¢dopmupytomas ee cocrosinue; F — GyHKINOHATBHOCTE, IPEACTABICHHAS TPaH3aKIMOHHBIM I'pa-
¢om F=LxC B Buze nekapToBa mpoU3BeICHNS MHOXXECTBA BEPILIMH M IyT; A — COBOKYITHOCTh

accepLyii, Kak TOAMHOKECTBO BEPIIMH TpaH3aKHMOHHOTo rpada A L. Meron noucka QpyHKIH-
OHAJBHBIX HapyLIEHUH 0J0Ka KHOepCHCTEMBI HCIIOIB3YET MPEABAPUTENBHO MOCTPOSHHYIO TabIH-

uy ®H B =[Bjj], rae crpoka ecth oTHOLICHHE MEX/Ty TECTOBEIM CETMEHTOM H TIOIMHOKECTBOM
onokos Tj = (Bj1,Bi2.,.... Bjj,.... Bin) ¢ Bosmoxkubvu ®H. Cronber Tabmuibl hopMupyer OTHO-

menne Mexy 61okom u TecToBbiMu cermentamu Bj = (Tij, Toj,.... Tjj..... Tpj) , xoTOpEIE MOTYT
nposepath 0ok ¢ ®H. Ha craguu MoAeNMpoOBaHMS ONPENENseTcs OOOOIIEHHAs peaKIus

m={mj,mj,..,mj,...My} Mexauusma accepuuii F mHa Tect, myrem dopmupoBanus

m; =(AjvAyv..vAjVv..VA|), A; ={0,1} xak peakuuu accepumii Ha TecT-cerMeHT Tj.
ITouck ®H ocHOBaH Ha ompenerIeHUH XOr-onepanuy MEXAY BEKTOPOM COCTOSHHSI acCepuuil u

cron6uoB tabmunel ®H m® (ByvBy v..v Bj V..vBy). Beibop pelieHus ompenensercs

COBOKYITHOCTBIO BEKTOPOB B_] C MUHUMAJIbHBIM YHCJIIOM CAMHUYHBIX KOOpANHAT

p p
B = min [Bj= X (Bj ®mj)],
j=ln i=1 i=1

(dhopmupyromux nporpammusie 0moku ¢ ®H, mposepsieMble Ha TECTOBBIX CerMEHTaX.
[NoBrienne anexBaTHOCTH Mozenu nuaraoctupoBanus ®H 6mokoB KC cBs3aHo ¢ pacmmpe-

HHEM MPOCTPAHCTBA PEaKIMH MPOEKTa B MPOIECCe ero TeCTOBOH Bepudukanuu. B aTom ciyuae

CIeqyeT PACIIUPUTH NPOCTPAHCTBO CYLIECTBOBAHMS MEXaHHM3Ma acCEepLUil JO IBYMEPHOro Iy-

TeM MOIU(UKAIINK BEKTOPOB M U A:

A = (AjL A2 Ajjrm Ajk ); My = (M|, Mj3,..., M., Mk );

Bij :(Bijl’Bij2""’Bijr""’Bijk); {Aij»mij:Bijr}={0a1}§ i=Lp; j=1,n; r=1,k
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ITpu sTom Tabnuna @H craHOBUTCS TPEXMEpPHOH 1o mapaMerpam: i =1, p; j:L_n; r=1,k —

YHCIIa CTPOK WIIH TeCT-CETMEHTOB, CTOJIOIOB MU (DYHKITHOHAIBHBIX OJIOKOB, aCCEPIIUI HITH TOYCK
HaOJIrOIeHUs 11 OJIOKOB COOTBETCTBEHHO:

B Al Ay A3 Ay As Ag A7 Ag
By B, B3z By Bs Bg By Bg m
T; {1001 1110 0001 0110 0011 1110 0001 1110|1001
T, |1010 1000 0001 0110 0001 0001 1110 1110{1000
T3 (1110 0001 1111 O111 1011 1110 1001 1101|0011
T4(1000 0111 0110 1001 1000 0001 1011 1110|1011
T5 ({0001 0110 1100 0111 0010 1110 0001 1000|1001
Te (1110 1011 0110 0001 1110 1100 1001 0111{1110
T710110 1101 0110 1000 0111 1011 0101 1110|0001
Tg (1000 1110 1001 0100 0101 1001 0111 0001|1110

[orenumansHo TpexMepHocTs Tabauubl OH yBennunBaer 00beM AMArHOCTUYECKOH HHGOP-
MaIH, YTO AaeT BO3MOKHOCTh MIOBBICUTH TIyOWHY MOWCKA YSI3BUMOCTH, B Mpefese 10 HeaeH-
moro npumutuBa KC. Ongnako s ananusa TpexmepHoi Tabnuisl ®H HeobxonumMo Monuuim-
pOBaTh MpeNI0KEHHbIE METOABI AMArHOCTHPOBAHUS.

[Mouck ysa3BumocTeii 1o Tabauie GyHKIHOHAIBHBIX HApYIIEHHH Ha OCHOBE BEKTOPA SKCIEPH-
MEHTalbHOM MPOBEPKHU —  peakuuu (m) KubepcrucTemMbl Ha TecT

m = (my,my,...,mj,...my ),m; ={0,1} cBOAUTCA K METOAaM aHalIM3a CTPOK MJIU CTONOLOB.
[epBBIit METO OCHOBAaH HA MPUMEHEHUU BEKTOPHOMW Xor-orepanuu Mexay peaknuedi m KC Ha
TecT, (hOPMaAIBHO paccCMaTPUBAEMBIN B KA4eCTBE BXOJHOIO BEKTOP-CTONONA WM MAacKH m, U

cron6uos tadmunsl ®H m@ (B vBsy v...vB jVav By, ). Jlna moxcuera xadectsa B3amMO-

neiicteus BekTopoB Qj(m® Bj) B nensx BeIOOpa TydIero pemeHus onpeaensioTcs CTONOLE! ¢
MUHUMAaJIbHBIM YHCIIOM €IMHUL PE3yIbTUPYIOIIEr0 BEKTOpa!

n n
B= min [Bj= % (Bjj ® mj)]

Onu naeHTHOUIHPYIOT ¥ (OPMUPYIOT MPUMHUTHBEI C PYHKIIMOHATBHBIMH HAPYIIECHUSIMH, TIPO-
BCPACMBIC HAa TCECTOBBIX Ha60an. AHanmuTnueckas MOZCIIb MpoHecca MOJYy4YCHHUS PCIICHUA B
BHUJEC CIIMCKa OJIOKOB C YA3BUMOCTAMHU, NPUCYTCTBYIOIINX B KC, npeacTaBjicHa B CIICAYHOLIECM
BUJIE:

. n n 0 n n
B=min [Bj= ¥ (Bjj ®mj)]; B"= V_[Bj= X (Bjj ® mj)=0].
=Lk i=1 i=1 j=1,k i=1 i=1
3nech GUrypupyeT BEKTOp SKCIIEPUMEHTAILHON MPOBEPKH, KOTOPBIN ABJISICTCS BXOAHBIM TS

*
nocienyromero ananusa tTadoauiel ®H m=f(A,B)®f (A,B,L) ects pe3yabrar npoBeneHus

TECTOBOT'0 PKCIIEPHMEHTA — CpaBHEHHE (PYHKIIMOHAIOB (COCTOSHIM BBIXOIOB) ATanoHHOH f(A,B)
%
n peampHoit f (A,B,L) KC ¢ ®H L Ha TectoBBIX Habopax A. Bo BTOpoMm ciydae, ecnu

muoxkectso BY > 1, 970 03HaUACT HANMUKE SKBUBAIICHTHBIX, HE PA3IHUNMbIX HA JAHHOM TECTE H
MeXaHu3Me accepuuil, QyHKUMOHAIBbHBIX HapylmeHHU. BrpiGop nydmero pemeHwus

Y =v[(Q1 AQ2)®Qq] ¢ MUHUMAIILHBIM YUCIOM €JUHHYHBIX KOOPAMHAT U3 JBYX albTepHa-

TUB, PEJICTABIECHHBIX BEKTOPHBIMU OLEeHKaMK Q1 v Q9 , OCYLIECTBISAETCS C IIOMOIILIO CTPYKTY-
PBI, H300pakeHHO! Ha puC. 3.
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Y =v[(Q; AQ2)® Q] &lie—= 1
Qr—

Puc. 3. Cxema BbIOOpa JTy4IIIEro penieHus

JIOCTOMHCTBO MeToJla — BBIOOP JIyUILIero pelieHus: U3 BCeX BO3MOXKHBIX OIMHOYHBIX U KpaT-
Heix @OH. Ilo cymectBy, B cnucok ®OH Brirodarorcss takue oguHouHble @H, koropele npu
JIOTUYECKOM YMHOXXEHUU HAa BEKTOP SKCIIEPUMEHTAIbHOU IPOBEPKU HAIOT PE3YIbTaT B BUJIE
COOTBETCTBYIOILETO BEKTOp-cToI0Na. [IM3BbIOHKIKS BCEX CTONOLOB, COCTABIIOMINX PELICHHE,

T
paBHA BEKTOPY PKCIIEPUMEHTAILHON MPOBEPKU 'VI(B I B)=m
J:

BrrunciaurtenpHas CIOKHOCTh METOAA aHaJIM3a CTOH6]_IOB ONpCaAcCIACTCA cnez[ylomeﬁ 3aBHCH-

moctsio: Z° =3n2 +n? = 4n2; Z' =3n+n =4n. 371ech mepBas OLEHKA YUUTHIBAET BBINOJTHE-
HHE KOOPJIMHATHBIX ONEpalluii HaJl MaTpULIeH, Pa3MEPHOCTBIO n x n . BTOpas oleHKa orpenenser
BBIYUCIUTEIBHYIO CIIO)KHOCTh PETUCTPOBBIX MapalICIbHBIX OMEpaluil A MmojcueTa KpUTepreB
KauecTBa U 00pabOTKM MATPHUIBI COOTBETCTBEHHO.

Jlorndeckuit Meron ananmsa crpok Tabmuiet ®H. Ctparterus ompeneieHUs: OMIMOOK IPo-
rpaMMHOTO Koja 1o Tabnuie @H cBsi3aHa ¢ aHaIHM30M €€ CTPOK, COCTOSIINM U3 IBYX MPOIETYP:
1) BBIYHCICHUE JIOTHYECKOTO MPOU3BEICHUS KOHBIOHKIIUU CTPOK, OTMEUCHHBIX CIMHHUYHBIMU

3HaueHUAMHM BekTopa Tj(m; =1), Ha OTpULlAHKE TU3BIOHKIHMH HYJEBbIX cTpoK Tj(m; =0) ms
OJMHOYHBIX Je()EeKTHHIX OJIOKOB; 2) BRIYMCICHUE JOTHYECKOT0 MPOU3BEACHHUS AU3BIOHKINH M-
HUYHBIX CTPOK Ha OTpULAHHE TUIBIOHKINY HYJIEBBIX CTPOK JUIsl KPATHBIX Je()EeKTHBIX OJOKOB!
B =( A THA( vV T);B"=( VvV T)HA( VvV T (1)
Vm;=1 Vm;=0 Vm;=1 Vm;=0
@DopMyIIbl UHTEPECHBI TEM, YTO OHM HE MPHUBA3aHBI K KPUTEPHUSIM KauecTBa JUArHOCTHPOBA-

HUS, a OTIEPUPYIOT JIUIIb IBYMsl KOMIIOHEHTaMH, Tabnuieid @H u BeKTopoM 3KcIiepuMeHTaIbHON
MpOBEPKH. BrimonHeHune npoueaypsl AMarHocTUpoBaHus 1o popmynam (1) 11 BEKTopa SKCIepH-

MeHTapHOK mpoBepkr mp =(0101010010010), 3anannoro B mocneanei tabmuue ®H, naer

pesynbrar: B®(my,T)=D,, KOTOpBIA He XyXke, 4eM PaHee TOTYYEHHBIH METOJIOM aHAIU3a

cronouos. Jlnd BeKkTOpa 3KCHEPUMEHTANbHOM mpoBepkn mp =(1110011100000) pesynsrar
qmarHoctuposanus umeer Bux: B™(m,,T)=L; v L,. Beruucnurenshas clokHOCTH METOIA

aHAIM3a CTPOK OMPEACIAETCS CISIYIOMEeH 3aBUCHMOCThIO; Z° :nz- 7Y —n. TlepBas oleHka
9

IpeAHa3HadyeHa Ul IoACYeTa Yhcia KOOPIMHATHBIX ONepauuid, BTopasi ONpenessieT BhIYUCIIN-
TENBHYIO CJIOKHOCTB Ipolecca 00pabOTKM Ha OCHOBE PErHCTPOBBIX HapajlieNbHBIX ONEpariii.
[Ipennoxxennsle MeTombl AuarHoctupoBaHus yssBumocTedd mms KC ects omuH u3 HamOolee
CYILECTBEHHBIX KOMIIOHEHTOB HH(PACTPYKTYPBl CEPBUCHOTO OOCTYKMBAHUS MPOEKTUPYEMBIX U
¢yukmonupytromux KC.

4. 3D-meron AMATHOCTUPOBAHMS YSA3BMMOCTel

MotuBanus orpeensercss ppIHOYHON MPUBIEKATETFHOCTHIO0 MATPHYHOTO MeToa morcka OH
B kommoHeHTax KC kak camMoro TeXHOJIOrMYHOTO, KOTOPHI OPHEHTHUPOBAH Ha IMapalliellbHYO
00pabOTKy JaHHBIX, YTO Aa€T BO3MOXXHOCTh CYIIIECTBEHHO YMEHBIIUTH BPEMS THAarHOCTUYECKO-
T'0 00CITY’)KWBaHUS TP BOZHUKHOBEHUH YSI3BUMOCTEH (ITPOHUKHOBEHHH ).

Lenb uccnenoBaHus — Co3aHNe MOJIENTH, METO/Ia M FIX IIPOrpaMMHO-aNapaTHONW peaTu3alni,
OPHEHTHPOBAHHBIX Ha CYIIIECTBEHHOE YMEHBIIIEHUSI BpEMEHU TECTHPOBAHHUS U 3aTPaT MaMSATH IS
XpaHEeHHUs] MaTPUIbl TUATHOCTHPOBAHHS MyTeM (OPMHUPOBAaHHS TEPHAPHBIX OTHOIIEHUH (TecCT-
MOHUTOP-(QYHKIIMOHATBHBIN KOMITOHEHT ).

3amaun: 1) Paspaborka mozenn KC B Buae TpaH3akIIMOHHOTO Tpada, a TakKe MaTpPHUILBI
AKTUBU3AINH (PYHKIIMOHAIFHBIX KOMIIOHEHTOB Ha TECTaX OTHOCHUTEIFHO BEHIOPAHHOTO MHOXKECTBA
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MOHUTOPOB. 2) Pa3paboTka MeTona aHanmn3a MaTPULBI aKTUBU3ALMH JJ151 [IOUCKA YSI3BUMOCTEH ©
3agaHHON TTyOnHOM. 3) CHHTE3 TornuecKuX GYHKIU U1 BCTpOeHHOro tuarHoctupoBanust GH.

Mopgenb TecTUpOBaHMs KHOEPCHCTEMBI IPEICTaBIIeHa B BHJIE CIIEAYIOUIEro MpeoOpa3oBaHus
HAYaJbHOTO ypaBHEHUS TUArH03a, ONPEACIEHHOTO XOr-OTHOILEHNEM apaMeTpoB <TecT — yHK-
LIUOHANBHOCTH — YS3BUMBIC OJTOKK>:

TOF®B=0>B=T®F >B={TxA}®F >B={TxA}®{Fxm},
KOTOpOG 0(1)0pMJ‘IeHO B TepHapHoe ManI/ILIHOC OTHOIIICHUEC KOMIIOHCHTOB:
M={{TxA}x{B}} <—Mij =(TxA); @Bj,
31ech KOOpaAMHATa MAaTPULbI (TabuuLbl) paBHa 1, ecnu napa tect-monuTop (T x A); poBepsi-

er (axruusupyer) @H pynxunonansaoro 6noka Bj € B.
Mogens kubepcucTeMbl NpeAcTaBiIeHa B BHJAE TpaH3aKUMOHHOro rpada
G=<B,A>B={B;,B>,...,Bj,..By},A= {Al,Az,...,Aj,...,Am} , TJIe OMpeIeeHbl MHOYKe-

CTBO OYT — q)YHKLII/IOHaJ'ILHLIX OJIOKOB U BEpIIMH — MOHUTOPOB JIA H36HIOI[€HI/I$I COBOKYITHOCTH
MIPpUMUTHUBOB KC. HHH nenei ANarHOCTUPOBAHUA HA rpa(bOBy}o MOJECIIb HAKJIaAbIBACTCS COBOKYII-

HOCTb TeCTOBBIX cermeHToB T = {T1,T7,..., T},..., T } , KOTOpas aKTUBU3UPYET TPAH3AKLMOHHBIE
nyTd B Tpade. B obmiem ciyuae Mozmens TeCTUPOBaHUS MPEACTaBICHA JIeKapTOBBIM MIPOM3BEIe-
HUEM M =< Bx A xT > , KoTopas uMmeeT pasmepHocTh Q=nxmxk . UroOs yMeHBIINTH

o0BeM JHArHOCTUYECKOM I/IH(l)OpMa]_II/II/I KaXXIOMYy TCCTY MpeAjiaracrcsa mnoCTaBUTb B COOTBCT-
CTBUC MOHMUTOD, KOTOpLII\/'I OTBCYACT 3a BHU3YyaJIU3allMIO IIYTU aKTUBHU3ALlUU q)YHKLII/IOHaJ'ILHI:IX

OJIOKOB, YTO AaeT BO3MOXKHOCTh YMEHBIIUTH pa3MepHOCTb Mopaenu (MaTpuisl) 1o Q =nxk
MIPH COXPaHEHHH BCEX BO3MOXXHOCTEH OTHOIIEHUS TpHadbl M =< Bx A x T > - st mapsl TecT-

MOHHUTOP BO3MOXXHbI B3aUMHO-OAHO3HAYHBIC COOTBETCTBUMA < T] - A] >, (byHKLII/IOHaJ'ILHLIC

<{Tj, Ty} > Aj> wu unsexrususie <Tj = {Aj,Ag}> . Takoe MHOrooGpasme COOTBETCTBHIL

Ja€T BO3MOXKHOCTb Z[y6HI/IpOBaTL OOUH TECTOBBIM CETMEHT JIs Ppa3siinIHbIX MOHUTOPOB, PABHO
KaK M HarpyxaTb HECKOJIbKO TECTOB Ha OAWH W TOT K€ MOHHUTOP. HpI/I 9TOM s4CiiKa MaTpUulbl

Mj; ={0,1} Bcerna coxpaHser cBOXO pa3MEPHOCTH, PABHYIO OJHOMY OHTY.

AnanuTtuyeckas 0606HI€HHa$I MOZCIIb MATPUYHOIO AWUATHOCTHPOBAHUA C HCHOJB30BAHUEM
MCXaHH3Ma MOHUTOPOB OPUCHTUPOBAHA HA NTOCTUIKCHUC BaﬂaHHOﬁ FJ'IY6I/IHLI IIOHUCKa ,Z[e(l)eKTOB nu
npeacTaBjicHa B CIICAYIOLIEM BUC:

M=f(G,L,T,B,A,t); B={B{,B>,..,Bj,....By}; L={L{,Lo,...Li,....Ls};
A)={A1,Ay,.,A{,.,Ax}; AcL; G=LxB; k<n; T={T1,T2,...,Ti,...,Tp}.

3pmeck Bj — rpymma onepatopoB Koja, Harpy:kenHas Ha Bepumny L; (6mox KC) u dopmupy-
fomas ee cocrosiane; G — (QyHKIMOHAIBHOCTD, MPEICTABICHHAS TPAH3aKIHOHHBIM Tpadom
G =(L,A)x B B BuIe nexkapToBa MPON3BEACHUS MHOXKECTBA BEPIINH U IYT; A — COBOKYITHOCTb
MOHHTOPOB, KaK IIOJIMHOKECTBO BEPIINH TPaH3aKIHOHHOro rpada A L . Meroy 1movcka ysi3Bu-
MocTell GYHKIHOHANBHBIX 0110k0B (DB) HCIONb3yer MpeABapuTENbHO MOCTPOSHHYIO TalIHILy
(maTpuny) aktmBmzanmn TADB M =[Mjj], rae cTpoka ecth OTHOIIEHHE MEKIY TECTOBBIM
CErMEHTOM u MOJMHOXECTBOM aKTHBH3UPOBAHHBIX OI0KOB
Ti > Aj = M1, Mig,....Mjj,....Mip ),Mjj = {0,1} , nabnronaempix na Monutope A j. CronGen
TabIuIBl HOPMUPYET OTHOIICHHE MEKIY (PYHKIIMOHABHBIM OJIOKOM, TECTOBBIMU CETMEHTaAMH 1
monutopamu M =B ~f(T,A). B MexaHusM MOHHTOPOB MOKET OBITH BBEJCH IapaMeTp

MOZCIbHOI'0 BPEMCHHU, KOTOpLIfI YaCTUYHO YCJIOXHACT MAaTpULly aKTUBHU3allUH, YKa3bIBasA BPC-
MCHHOH MIn MO,Z[GJ'ILHHﬁ TAaKT, Ha KOTOPOM BBIIIOJIHACTCS MOHUTOPHUHT COCTOAHUS BEPIINHBI NI

dyskumonansHoro 6noka Ha rect-cermente Aj =f(Tj,Bj,t;).
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Jliss MuarHOCTHPOBAaHMS HEUCIPABHOCTEH Ha CTaIUM MOJCITUPOBAHUS ompezaensercs 0000-
IICHHAsT peakius (BeKTop-cTonder) m = {ml,mz,...,mi,...,mp} MeXaHU3Ma MOHHUTOPOB A Ha
TecT-cerMeHThl T myrem dopmupoBanus m; = f(Tj,A;). Ilouck ysassumoctu ®b ocHOBaH Ha
OIPEJICTICHUH XOr-Olepaliii MEeXIy BEKTOPOM COCTOSIHHSI accepiiuii U cTonbioB tadmmubsl OH
m@®M;vMyv..vM VeV M, ). Pemenne BBIOUpPAETCS METOIOM XOr-aHAlIM3a CTONOLOB,
IyTeM BBIOOPA COBOKYIIHOCTU BEKTOPOB B j C MUHHMAJbHBIM YHUCIOM CAMHUYHBIX KOOPAHHAT

. ; ] .
j=1n i=1 1=
BEPAEMBIMH Ha TECTOBBIX CErMEHTaX. B 10MONHEHNE K MOJIENN MaTPUYHOIO TUATHOCTUPOBAHUS

HeO6XOZ[I/IMO OonucaThb CICAYIOIINE BaKHBIC CBOICTBa MaTpUulbL:

p p
B = min [B =2 (B;; @1 m;)], popmupyromux GyHKIHOHANIbHBIE OJOKH C yI3BUMOCTSIMHU, IIPO-

m
I)Mi=(Ti—Aj); 2)VMij—)VMJ’=1;
i=1
n k
3) Mij @erj # Mij; 4) Mij '®1Mir # Mij;
J: 1=

5)logan <k <> log|B| <[T|; 6) Bj = f(T,A) > B&T® A =0.

CaoiictBa o3HauatoT: 1) Kaxkgas crpoka MaTpuIbl eCTh COOTBETCTBHE HMJIM MOAMHOMXKECTBO
JeKapToBa MPOU3BEACHUS (TECT-MOHUTOD). 2) JIM3BIOHKIMS BCEX CTPOK MATPHIBI JaeT BEKTOP,
paBHBIN eIUHHIIAM 10 BCceM KoopanHaTaM. 3) Bee cTpokn MaTpHubl pa3iudHbl, YTO UCKITIOYAET
TECTOBYIO M30BITOYHOCTH. 4) Bce cTonOupl MaTpuubl pa3andHbl, YTO MCKIIIOYAET CyLIeCTBOBA-
HUE SKBHBAJICHTHBIX HEUCTIPaBHOCTEH. 5) UnCIO CTPOK MaTpHIBI AOHKHO OBITH OOJBILE TBONY-
HOro Jiorapuma OT yHcia CTOJAOLOB, YTO ONpPEAENseT MOTEHHHAIbHYIO ITHAarHOCTHPYEMOCTh
Bcex @H 6mokoB. 6) dyHKUUMS quarHoCTHpoBaHUs 6yioka ¢ OH 3aBUCHT OT COBOKYITHOT'O TECTa U
MOHHUTOPOB, KOTOpPBIE AOJKHBI OBITE MUHUMU3HPOBAHBI 03 HAPYIICHHUS JHAarHO30MPUTOJJHOCTH.

Jns mosicHeHUsT pabOTOCIOCOOHOCTH MOJETH M METOJa PacCMOTPHM (PYHKIHOHAIBHOCTH
Tpex moayned, Bxomaumx B mpumepa KC. IlepBeiM siBmsercs kommoHeHT Row buffer, mis
KOTOpOT'o CO3JaH TpaH3aKUMOHHBIN rpad (puc. 4). BepinHbl npencTaBaeHbl COCTOSHUSMHE Iepe-
MEHHBIX 1 MOHUTOPOB, OTBEYAIOIINX 32 BXOSIIME B BEPUINHY TPAaH3aKIUU WIH yTH, KOTOPEIM

COOTBETCTBYIOT ()YHKLIMOHAIBHbIE OJIOKH.
10

1

Puc. 4. Kommonent Row_buffer Tpan3akumnonnoro rpagda

Ha ocHoBe rpada, monyuenHoro B mporecce aHanm3a KC, cTpouTcs Tabnuia akTHBU3AINH
(YHKIIMOHABHBIX OJIOKOB, CTPOKH KOTOPOU MPEACTABIAIOT IYTH AKTUBU3AI[UH OJIOKOB K 3aKa3aH-
HOW BepIIMHEe-MOHUTOpY. Tabnuia mpencTaBiser coOOW MOKPHITHE CTPOKAMH-TYTAMH BCEX
cToOIOB MM (YHKIMOHAIBHBIX OJOKOB. IIpy »TOM B HEW He JNOIDKHO OBITH XOTS OBl JBYX
OJIMHAKOBBIX CTONOIOB. OTiHYKe TAONHUIBI 3aKITF0YAETCs B POPMUPOBAHHH MAPhI <TeCT-HAOIO-
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JacMast BepH.II/IHa>, YTO AAa€T BO3MOKHOCTL CYIIECTBECHHO COKPATUTH €€ pa3MCPHOCTH IIpU 100%
pacrnodHaBaHUU BCCX Z[eq)CKTHLIX OJIOKOB. 3Z[GCL CaMO€ TJIaBHOC OTJINYHUC Hpe,I[J'IO)KCHHOfI MOa€C-
JIN 3aKJII0YacTCd B BO3MOXXHOCTH OIIMCAaHHA C ITOMOIIBIO Ta6J'H/II_ILI CJICAYHOIIUX OTHOIIICHUI:
Pa3INYHBIC TECThI — OJHA BEPUIMHA; OAWH TCCT — Pa3JIMYHbIC BEPIINHBI:

Ajj  |T1|T2|T3|T4|Ts |Te |T7 (T8 |To [Tio | T11 | T12 [Ti3
t1=>D3 | .||
ty —)Dl 1] ..
t3 —)Dl A I I O
t4—>D1 S IR I R I U O R B . .
ts=>Dy || o] . 1
te—=>Dy (.| |- ] |1
ty>Dy | |1 |.].
tg —)DZ N I O I O R
to=>Do | .| . |.|.|-]1].
tto=>Do .| ||| .
11 —>D2 R I I P O I I IR I 1

— = e e

— ek ko

C noMoIIbI0 MaTPHIIBI aKTUBH3AIHMH (YHKIHMOHAIBHBIX OJ0KOB (TpaH3aKIMOHHOTO rpada) u
XOr-MeToJja MOUCKa AE(PEKTOB AOCTATOYHO MPOCTO CHHTE3UPOBATH JIOTHUECKHE (PYHKIUH IS
(bopMHpOBaHHUS KOMOMHAITMOHHON CXEMBI, ONPENCISIIONIEeH B MpoLecce U Mo pe3yibTaTaM MoJie-
JUPOBaHUsS HOMEP (PYHKIIMOHATILHOTO OJI0Ka, KOTOPBII MMEeT CEMaHTUYECKHE OIIHOKH:

Dj =T,;
PSS RS R RS LS [SES y (y  pt o
Dy =TTy v T3 vT 3T v Ty v T Ty,

il el el d ol il
Dy =TTy vIp Ty vIp T v I T v T -
Takoe cBOMCTBO CTAHOBUTCS BO3MOXKHBIM GHaFOL[apSI OTCYTCTBHIO 3KBUBAJICHTHLIX YA3BUMO-
CTEW WIn OAMHAKOBBIX CTOH6HOB B MATpHUILIC aKTUBU3ALIUU. HOBTOMy (I)I/IKcaI_II/IH (I)aKTI/I‘IeCKOFO

COCTOSAHHA BCCX MOHUTOPOB B BCpHIMHAX DI,D29D3 Ha 11 TecTOBBIX Ha60an Ja€T BO3MOXK-

HOCTb OIHO3HAYHO HICHTU(PHUIIMPOBATH HEKOPPEKTHBINH (PYHKIMOHATIBHBII MOILYJIb ITyTEM BBIIOJ-
HEHHS XOr-0OIepaliy MeKAy BEKTOPOM acCepLuii ¥ cTonOnaMy MaTpuLbl akTuBu3anuu. Hynesoe
3Ha4YeHHUE BCEX KOOPAMHAT Pe3yJIbTaTa XOr-olepaliy Onpenesnser HoMep cToia01a, COOTBETCTBY-
IOLIEr0 yA3BHUMOCTH MOAyisl. VIMIuieMeHTanusi MOAEIM M METola B JIOTMYEeCKylo (YHKLHUIO
MO3BOJISIET BO3MOXKHOCTh ONPEACIATH YS3BUMBIN OJIOK ellle O 3aBepIICHHs TUarHOCTHYECKOro
SKCIIEPUMEHTA, €CIIM 3TO BO3MOXKHO. JTO 03HAYAET CYIIECTBEHHYIO SKOHOMHUIO BPEMEHH IUArHO-

CTUPOBAHUS OTACIBHBIX BUIOB YHSBHMOCTGﬁ. HaanMep, TECT-MOHUTOD tl —> D3 Jac€T BO3-

MOXXHOCTDH I/I,I[GHTI/Iq)I/ILII/IPOBaTL YK€ Ha ICPBOM TECTC YyA3BUMOCTDH OJ0Ka B8 .

B xauectBe BTOPOIr'0 TECTOBOT'O MMpUMEpA I MTPAKTUYCCKOI'0 NCIIOJIb30BAHU S paspaGOTaHHoﬁ
MOACIN aKTHUBH3aIlMM KW XOr-mME€ToJa ITOMCKa ,I[eq)eKTOB Aajiee mpeajara€rcsl CUMHTC3 MAaTPHUIbI
AUArHOCTUPOBAHUA U MOAYJIA, IIPEACTABIICHHOI'O HA pHUC. 5.

Puc. 5. Tpan3akunonHsi rpad main-TL
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HaHHOMy rpaq)y CTaBUTCA B COOTBCTCTBUEC CJICAYIOIIIAasd MaTpulla JUArHOCTUPOBAHUA:

Ajj  |T1|Ty|T3|T4|T5|Tg |T7 | T3 | To | Tio | T11 | T12 | T13 | T4
H%H 1.1 1. 1].

Pyo>F|. |1 (1|1 | |1].|.].

Py—o>E (1. |1 .. [1].|.].1|". 11 .
M%ﬁo.l 1 N A . L1 .
Ps>Fo 1| [ ||| | [t . |.].]1].
%%53.1 ! 1. O 1 R . 1
H%& 1] .

b%% 1

Cuctema (QyHKUUH IUarHOCTUPOBAHMSI UMEET TAKOW B

P R, o
By =T\ T,TsTs: g =TT, TsTg: Fy =T, T¢T, T3 ;

Iplpll Iplplll J IS S S B
Fo =TyTsTeTyps B2 = T T3TsToT 55 Fi3 =TTy TeTy 0Ty >
1. 1
B=ﬂ,%=%.
5. MyJabTuypoBHEeBasi MoJejb U MeToA AuarHocrupoBanuss ®H

HpeZ[CTaBHCHa MYJIbTUACPCBOM B, rae Kaxaad BEpliMHa €CTb TPpEXMEpPHasd Ta6n1/1ua AKTUBH-
3alu (1)YHKLII/IOH3J'H>HLIX MOZ[yJ'ICI\/'I, a Oyru, UCxXodnume U3 HEC, €CTh IMEPEeXOJbl Ha HIDKHUHN
YPOBCHb ACTAIU3allMU TIPHU AUATrHOCTHUPOBAHWH, KOrjga 3aME€Ha pacCMaTpruBaACMOI0 YA3BUMOI'O
(l)yHKLII/IOHaJ'ILHOI‘ 0 OJIOKA CITMIIKOM aopora:

rs nomp Krs rs
B=[Bij ], cardB= Y Y > Bij
r=1 s=1 j=I ’

n — 4uciio ypOBHefI MYJIBbTUACPCBA JUATHOCTUPOBAHUA, mr — KOJIHMYECTBO Q)YHKHHOHaHLHLIX

Is IS
OJIOKOB MM KOMIIOHEHTOB Ha YPOBHE 1] krs — YU CJIO KOMIIOHEHTOB B Ta6J'II/II_Ie B 5 Blj = {071}

— KOMITOHEHT TaOJIHUIIbl AKTUBU3ALIMH, OIPEIeTICHHBIA CUTHAJIaMH IPOBEPKHU (HETIPOBEPKH) PyHK-

ONUOHAJIBHOI'O MOAYJA TCCT-CCTMCHTOM Ti-A‘ OTHOCHUTCIBHO Ha6J'IIOI[a€MOFO MOHHUTOpa Al
1

Kaxxpas BepiimHa-TabIMIa UMEeT YMCIIO UCXOISIINX BHU3 IYT, PABHOE KOJINYECTBY (DYHKLIHO-
HaJNbHBIX OJIOKOB, TUAarHOCTHPYEMBIX (TMpeAcTaBiIeHHBIX) B Tabnuue akTuBu3auuu. CTpyKTypa
MYJIbTUAEPEBA, COOTBETCTBYIOIAS MOAECIN MHOTOYPOBHEBOI'O AMAarHOCTUPOBAHHUSI, PEICTaBIIC-

Ha Ha puc. 6.
G
DEEE

OO
SEla

Puc. 6. ®parmeHnT My IbTHIEpEBA TUATHOCTHPOBAHNUS
[Iporecc-Monenp MM METOJ TMOKCKa MePEeKTOB MO0 MYIbTHIEPEBY NUATHOCTHPOBAHHS CBO-
TUTCS K CO3/IaHUIO IBMXKKA (prc. 7) IS CITycKa MO OIHOW M3 BETBEH JiepeBa Ha TaKyro IIyOHHY,
KOTOpast yAOBJICTBOPSET MOJIB30BATENS O CTEIEHU IETAIN3aUHN:
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Puc. 7. [IBmxok 00xo1a MyJIbTHIEPEBa THArHOCTUPOBAHHS

32[60]: BBIITIOJIHACTCA BCKTOPHAA XOr-orepanuda MCEKIAY CTOH6]_IaMI/I MaTpulbl U BCKTOPOM

o Is o o
OKCIICPUMCHTAJIbHOU ITPOBCPKU A , KOTOPBIU OMPCACIEICTCA PECAKIIUCHU (byHK]_II/IOHaHLHOCTI/I, CHA-

TOH C MOHUTOPOB (accepum?l) IIpu moaave BCEX TCCT-CErMCHTOB. Ecnu xotst 66l O/lHa KOOpAWHA-

. o rs s _

Ta MOJIy4EHHOU BEKTOPHOM XOr-CyMMEBI paBHA HYIIIO B i DA =0 , TO BBIIIOJHIETCS OJHO U3
. . Br+1,s

JICNCTBUH: MEPEXO] K MATPULE aKTHBU3ALMH HWIKHENO yPOBHA B WJIA BOCCTAHOBIICHUE

IS
paboTOCOCcOOHOCTH (yCTPaHEHHE YSA3BUMOCTH ) PYHKIIMOHAIBEHOro Oj1oka B i [Ipu 3TOM anamm-

3UPYETCs, YTO Ba)kHee: 1) BpeMs — TOrAa ycTpaHeHHe YS3BUMOCTH paccMaTpuBaeMoro 0Joka; 2)
JCHBIY — TOTZIa OCYLIECTBIISICTCS] IEPEXOA BHU3, ISl YTOUHEHHS MECTa YSI3BUMOCTH, TOCKOJIBKY
3aMeHa Oosiee MENKOro OJI0Ka CYIECTBEHHO YMEHBIIAET CTOMMOCTh BOCCTAHOBJICHUS HEYS3BH-
Moctd. Ecim xors Obl omHa KOOpAMHATA IMOMYYEHHOTO BEKTOpA XOr-CyMMBI paBHA CAWHUIIE

IS IS
B_] DA =1, TO BBIIIOJIHACTCA NCPEXOA K aHaJIM3y CICAYIOLICTO CTOJ'I6I_Ia MaTpulbl. HpI/I

IS
HyJIEBBIX 3HAYECHHUSAX BCEX KOOPIMHAT BEKTOpa (acceplnoHHbIX) MoruTopoB A~ =0 dukcupyer-

Ci HCYA3BUMOC COCTOSAHUC BCCro U3ACIIUS. Ecmu B paCCManHBaeMOﬁ Ta6m/1ue Sa(l)I/IKCI/IpOBaHLI

IS IS
BCC BCKTOPHBIC XOr-CYMMBbI, HC PAaBHBIC HYJIIO B_] ®A” =1 , TO KOPPCKIHHU IMOAICKHUT TECT,

MOCTPOEHHBIH U151 IPOBEPKU AAHHOW (PYHKLINOHAIBHOCTH.

TexHonoruueckast Mozelab HHPPACTPYKTYPbI BCTPOCHHOIO TECTUPOBAHUS, TUATHOCTUPOBAHUS
1 BOCCTaHOBJICHHSI HEeysI3BUMOCTH (puc. §) umeer Tpu kommoneHTa: 1. TecrupoBanne KC (Unit
Under Test (UUT)) c ucnonb3oBanuem stamonHoir monmenu (Model Under Test (MUT)) mus

(opMHpPOBaHMs BEKTOPA SKCIEPUMEHTAIBHON NPOBEPKH M, , PA3MEPHOCTh KOTOPOIO COOTBET-

CTBYET YHMCIy TECTOBBIX Ha0OpoB. 2. Ilonck nedeKToB Ha OCHOBE aHANIM3a TaOIMLbI yA3BUMOC-
teit A. 3. BoccranoBnenue Heysa3BuMoctd KC mocpeacTBoOM 3aMeHBI YS3BHUMBIX OJOKOB Ha
KoMmoHeHTHI u3 Spare Good Primitives.

IIpouecc-Mozens BCTPOEHHOTO CEPBUCHOTO OOCITYyKHMBaHHsI padOTaeT B pealbHOM Macurade
BPEMEHH M TO3BOJISIET IMOIEPKHUBATh B PabOTOCIIOCOOHOM COCTOSIHMH, O€3 BMeEIIATeIbCTBA
yenoBeka, KC, uTo sBisieTcs 11e1ecoo0pa3HbIM PEIICHUEM B CIydae MPUMEHEHUS TEXHOIOTHM,
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CBA3aHHBIX C TMCTAaHLIIMOHHOM dKCIUTyaTanuei uznenus. IlpenngoxeHHple Mporecc-MoAey aHalu-
3a acCOLMATHBHBIX Ta0NUI], a Takxke BBEACHHBIE KPUTEPHH KadecTBa JIOTHUSCKUX PEIeHUN
MO3BOJISIIOT pellaTh 3aJa4d KBa3HONTHMAJIBHOTO MOKPBITUS, TUATHOCTUPOBAHMS YA3BUMOCTEH
MPOrpaMMHBIX U (WJIM) anmapaTHBIX OJOKOB. MoJenb BEKTOPHBIX BBIUMCICHHUN CTana OCHOBON
IU1sl pa3paboTKH CHEeHUaIN3UPOBAHHON MYJIBTHIIPOLIEC-

= —){ Testbench ] COPHOM apXUTEKTYPbl, OpPUEHTUPOBAHHOU Ha ITOUCK, Pac-
l MO3HAaBaHUE U IPUHATHUE PEILICHUH Ha OCHOBE HCIOIb30-
- BaHUS CTPYKTYpP aCCOLMATUBHBIX TaOJIUII.
£ "—'Pl uuT ] [ GMU ]— Takum oOpa3om, peAcTaBIeHHAs HAa pUCYHKE Tpad-
E cXeMma JaeT BO3MOXXHOCTh I(PQPEKTUBHO OCYIIECCTBIATH
CEpBUCHOE OOCTY)XKMBAaHHE CKOJb YTOAHO CIIOKHOH KH-
[ ® ] Oepcucremsl. [IpenmyiecTBa TakKoro ABMKKA, HHBAPH-
L I AQHTHOTO K YPOBHSAM HEpapXuH, 3aKII0Ya0TCsl B IPOCTO-
= [ = ] T€ MOJATOTOBKH M MPEICTaBIeHHs THarHOCTHYECKOW WH-
| o (dopmanyu B BHAE MUHUMH3UPOBaHHOH TaONUIIBI aKTUBH-
3aluu (QYHKIHOHAJIBHBIX OJOKOB HMIIM ACCTPYKTHBHBIX
A = KOMITOHEHTOB (ysSI3BHMOCTEW) Ha TECTOBBIX CErMEHTAaX.
B mocnennem ciydae 3¢pdext (ymMeHbIIEHHE BpeMe-
2 | 1 ~ HU) TTOJTy4eH Onaronaps BBEACHHIO IONOTHUTEIbHON HH-
=) | 1 | r 11 & ¢dpacTpykTypsl (pHc. 9) K GYHKIHOHAIBHOCTH MIPOEKTA,
o 1 _J MO3BOJISAONIEH HM30MpATEIbHO OCYIICCTBISITH TECTHPO-
[ L BaHWE M AMAarHOCTUPOBAHHE, a TAKXKe TepernporpaMMu-
l pOBaTh OTACIBHBIC MOAYNIU B CiIyyae (UKCALUU YSI3BU-
MOCTEH.
Lme ) [Lmo ]
/ Infrastructure—lP\
& |
DI
— Fi| F12| .. | Fn| "
Il [ e S
F- i v
T F21 | 'F22 || F2n
5 »{ DT
g >
1 I
—_
g s Fn1| Fn2 F
n n nn »| DA
i A g
Wrapper +
1 | | & I I
Y T FC [ Repairing ]1— FB
S G /

Puc. 8. Monenb BCTPOSHHOTO TECTHPOBAHHS

coMmonenTos KC Puc. 9. Madpactpykrypa TectupoBanust KC

3necep mpexncraBieHsl Omoku: Testbench — TecTs
MpoBepKH (pyHKIIMOHANTBHBIX 0110K0B, FC — pyHKIIMOHATBHOE MTOKPEITHE TeCcTa, F — PyHKIIMOHAIb-
ubie 6moku KC, DI — muarnoctuueckast nadopmanus, DT — MeTozb! u cpencTBa AMarHOCTHPOBa-
Hus, DA — pe3ynbTaThl aHaM3a mporecca Tuarnoctuposanus, FB — ys3BuMeble QyHKITMOHATBHBIE
MoxyH, Repairing — BoccTaHOBJIeHHE PabOTOCITOCOOHOCTH (DYHKITMOHATBHBIX Moaysel. CepBuc-
HOE 00CITy>)KHUBaHHE OTJIENTFHON STYSHKH ()YHKITHOHATBHOCTH OCYIIECTBIIACTCS C TIOMOIIIBIO STYSHKA
TPaHUYHOTO CKAHUPOBAHUS, TTPECTaBIeHHOM Ha puc. 10.

6. BriBoABI

Hpe/:[nonceHa YCOBCPIICHCTBOBAHHAA IMPOLCCC-MOALCIb ONPCACICHUA YHSBHMOCTGﬁ B KC,
KOTOpasA OTINYACTCAd MCHOJb30BAHUCM XOr-orepanuu, 4To Aa€T BO3MOKHOCTb IMOBBICUTH OBICT-
pO,Z[GfICTBPIG ANarHOCTUPOBAHUWA OAUHOYHBIX WJIN KPATHBIX ®H Ha ocHOBE napajiuieJIbHOI o aHaJiu-
3a Ta6J'II/II_ILI ®H ¢ MMOMOIIBIO JTOTUYCCKUX BEKTOPHBIX onepaunﬁ and, or, Xor.
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Puc. 10. fueiixa rpaHUYHOTrO CKAHUPOBAHUS

Pa3paboraHbl CTpyKTypHasi MOZIENb B BHJIE MYJIbTHAEPEBa U METOA (IBMKOK) €ro OBICTPOro
00x071a, KOTOpbIE OTIIMYAIOTCS HHBAPHAHTHOCTHIO K ypoBHAM uepapxun KC mis nuarnoctuposa-
HUS YA3BHMOCTEH Ha TECTOBBIX CErMEHTaX, YTO JaeT BO3MOXKHOCTH 3()(heKTHBHO, B peasbHOM
MaciTade BpeMeHH, OCYIIECTBIISATh CEPBUCHOE 00CTY)KHBaHUE CKOJIb YTOJHO CIOKHON KHOepcH-
CTEMBI.

Crucox aurepatypsi: 1. bonoapenko M. ., Xaxanos B.H., Jlumeunoea E.H. CTpyKTypa JIOTHIECKOTO acCo-
LMaTHBHOT O MYJIBTHIIpOIieccopa // ABToMaTnKa 1 Tenemexanuka. 2012. Ne 10. C. 71-92. 2. Hahanov V., Wajeb
Gharibi, Litvinova E., Chumachenko S. Information analysis infrastructure for diagnosis // Information an
international interdisciplinary journal. 2011. Japan. Vol.14, Ne 7. P. 2419-2433. 3. Bishop M. About Penetration
Testing // IEEE Security & Privacy. 2007. Vol. 5, Iss. 6. P. 84 —87. 4. Mainka C., Somorovsky J., Schwenk J.
Penetration Testing Tool for Web Services Security // 2012 IEEE Eighth World Congress on Services
(SERVICES). 2012. P. 163 - 170. 5. Salas P.A.P., Padmanabhan Krishnan, Ross K.J. Model-based Security
Vulnerability Testing // 18th Australian Software Engineering Conference. 2007. P. 284 —296. 6. Bau Jason,
Bursztein Elie, Gupta Divij, Mitchell John. State of the Art: Automated Black-Box Web Application
Vulnerability Testing // 2010 IEEE Symposium on Security and Privacy. 2010. P. 332 —345.7. Shahriar H.,
Zulkernine M. Automatic Testing of Program Security Vulnerabilities // 33rd Annual IEEE International
Computer Software and Applications Conference. 2009.Vol. 2. P. 550 — 555. 8. Sedaghat S., Adibniya F.,
Sarram M.-A. The investigation of vulnerability test in application software // International Conference on
the Current Trends in Information Technology (CTIT). 2009. P.1—5.9. Wilhelm T. Professional Penetration
Testing. Syngress. 2009. 524 p. 10. Shakeel A., Heriyanto T. BackTrack 4: Assuring Security by Penetration
Testing. Packt Publishing. 2011. 392 p. 11. Xaxanos B.H., Anders Carlsson, Yymauenxo C.B. NUadpactpykry-
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YK 681.324:519.613
B.A. MU3b, A.B. XAXAHOBA

AHAJIM3 CUCTEM ABTOMATU3NPOBAHHOT'O MOHUTOPHUHI' A
ABTOMOBUJIBHOTI'O TPAHCIIOPTA U YIIPABJIEHUA
JOPOXKHBIM JABUXEHUEM

Amnanm3upyrorcsi HanOoliee MacITaOHbIE IIPOEKTHI, HAIPaBJICHHBIE HA PEaIN3alnio aBTO-
MaTHU3UPOBAHHOTO YIIPABJICHNUS IOPOXKHBIM JIBIPKEHHEM ¥ MOHUTOPHHTa aBTOMOOMIIBHOT'O TPaHC-
nopra. PaccMaTpuBaloTcs Kak yXKe pealn30BaHHBIE B peaIbHBIX MAcCIITa0aX MPOEKTHI yIpaBIie-
uus 1 Mouuropunra OnStar, NEXCO Central n ECall Japan (CIUA, Kanana, Anonust), Tak u
pa3pabatsiBaeMble B HacTosmni MoMeHT cucteMbl « OPA-I'JTIOHACCy» u ECall Europe (EBpoco-
103, Poccmiickas ®@eneparms).

BBenenue

Ha ceronusmnmii 1eHb akTyaqTbHOCTh CHCTEM aBTOMAaTU3UPOBAHHOIO YIIPABIICHHSI TOPOKHBIM
JBIDKEHHEM HeTIpephIBHO Bo3pacTaeT. KonmuecTBo aBToMOOMIIeH Ha TOpOrax yBenU4nBaercs, a
C HUM — KOJIMYECTBO aBapuil, TpaBM M cMepTeil. [IpaBUTENbCTBA MHOTHMX CTpaH 03a00YEHBI
npobieMaMu PeryJnpoBaHusl, KOHTPOJS 1 MOHHUTOPHHTA JOPOKHOTO ABMKEHUS. B cBsi3u ¢ rino-
0aJbHBIM TIEPEXOAOM KOpIOpalMid M TOJIb30BaTeleil B oOnaka 4pe3BBHIYAHHO aKTyalbHOU M
PBIHOYHO MPHBIIEKATENFHON CTAHOBUTCA MpodiieMa 3aIluThl HHPOPMAIMH U KOMIIOHEHTOB KHOep-
MIPOCTPAHCTBA OT HECAHKLIMOHUPOBAHHOI'O IOCTYIA, AECTPYKTUBHBIX MPOHUKHOBEHUM, BUPYCOB.
Bosaukaer He00X0AMMOCTE CO3JJaHNS HAZIG)KHOM, TECTOIIPUTOAHON 1 3aIINIIEHHON OT HECAHKIIH-
OHUPOBAHHBIX MPOHUKHOBEHUH HHPPACTPYKTYPHI KHOSPIIPOCTPAHCTBA B €0 KOMIIOHEHTOB (BUP-
TyaJbHbIE IEPCOHANIBHBIE KOMITBIOTEPHI U KOPIIOPATHBHBIE CETH) 110 aHAJIOTUH C CYLIECTBYIOIIH-
MU CEroJHsI pelICHUSIMU B PealbHOM KnOepHeTndeckoM Mupe. Takum o0pa3oM, KaxKAblid CEpBHC,
paspabaTbiBaeMbIii B peabHOM MHUpE, IODKEH OBITh MOMENIEH B COOTBETCTBYIOILYIO SUEHKY
obnaka, KOTopoe 00beANHseT OJIU3KUE IO PYHKIHOHATBFHOCTH H MOJIE3HBIC YeTOBEKY KOMIIOHEH-
1. B CIIIA, Kanane u SlnoHnu yxe pearn3oBaHbl MACIITAOHBIE TPOSKTHI, TPU3BaHHBIC PEITUTH
CO3JIABIIHECS TPOOJIEMBI. DTO CHENHATN3UPOBAHHBIE CUCTEMBI aBTOMAaTH3HPOBAHHOTO MOHHTO-
punra popoxHoro nexkenns OnStar [7], NEXCO Central [8] u ECall Japan [2]. B HacTosmmit
MomeHT Poccuiickas ®eneparnus u EBpocoro3 3aHUMAaIOTCS pa3pabOTKOi CITyTHUKOBBIX CHCTEM
HaBHUTAIUU B KOHTPOJIS AopoxkHOTo ABrkeHus — « OPA-I'JIOHACCy [6] u ECall Europe [1, 3-5].

Jannas paboTa pacKphIBae€T OCHOBHBIC MPEHMYIIIECTBA U HEAOCTATKU KaXKI0H U3 CUCTEM, UTO
MTO3BOJISIET MPUHATH MPaBHIFHBIE HHTETPAIIHOHHBIC apXUTEKTYPHBIEC PEIIEHUs U CO3IaHus a0-
COJIFOTHO HOBOW CHCTEMBI MOHWUTOPHHTA JOPOKHOTO IBM)KEHUS M YIPABICHHS TPAHCIIOPTOM.
3amaya vicciaeOBaHUs COCTOUT B OMPEACIeHUH HEOOXOANMOCTH, BO3SMOKHOCTH U HEM30EKHOCTH
CO3JTaHUS HHTEIJIEKTYaIEHOTO OOJIAYHOTO CEpBHCAa MOHUTOPHHTA U YIIPABIICHHUS JOPOKHBIM JABH-
KEHHEM, ONITHMHU3HPYIOIIETO MCIIONIHEHNE TPAHCIOPTHBIX MAPIIPYTOB BCEMH YYaCTHUKAMH JO-
POXHOTO IBUKEHUSI.

L]envio JTAaHHOTO MCCIIEIOBAHUSI SIBIISICTCS BBISBIICHHE OCHOBHBIX JOCTOMHCTB M HEIOCTATKOB
B apXUTEKTYpe, DPTOHOMHKE U MPUHITUITHAIBHON cxeMe ()YHKITMOHUPOBAHUS KaX IO U3 CHCTEM,
aHAJIH3 CYIIECTBYIONINX U pa3padaThIBaEMbIX PEUICHUN.

1. CucreMa MOHMTOPHMHIAa TPaHCHOPTHBIX cpeacts OnStar

Cucrema pazpaborana komnanueir OnSatr Corporation, ocHoBarHO#H B 1995 romy. B camom
HayvaJjie CTaHOBJICHHUS KOMIAHUH POJABAINCh OTAEIbHBIE YCTPOWCTBA, KOTOPbIE OBIIIM AOCTYITHBI
TOJNILKO BJIAJIENIbIIaM OTpenelieHHbIX Mozenel aBromooueii: Cadillac DeVille, Cadillac Seville u
Cadillac Eldorado. K 2005 romy OnStar cepBHCHI CTalld JOCTYITHBI BJIaeNbIlaM aBTOMOOWIIEH
HECKOJIBKUX HamOosee pacrpocTpaHeHHBIX Mapok: Acura, Audi, Isuzu, Subaru, Volkswagen.
CTouT OTMETHTB, YTO K 3TOMY BPEMEHHU YCTPOMCTBA IOCTYNWIH B CEPUHHOE MPOU3BOACTBO U
yCTaHaBJIMBAJIKCh B aBTOMOOWIN Ha 3Tane cOopku. B ampene 2006 roga yxe HaCUMTHIBAIOCH
500 000 nonw3oBarteneid cucreMbl. B 2009 rony xommnanus Bbinuia Ha Kutaiickuil peiHok. Ha
JaHHBII MOMeHT HacuuTbiBaeTcsi okosio 4 000 000 monb3oBaTeneil ganHoro cepsuca [7]. Cto-
HMOCTh OJTHOTO YCTPOHCTBa MOHUTOpHHTA mopsiaka $ 200.
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Paccmotpum noapoOHee TEXHOJIOT MU, KOTOPhIE HCIOIB3YIOTCS A1l MOHUTOPHUHTA TPaHCIIOPT-
HBIX cpencTB. Cucrema ucnonszyer CDMA kaHam CBs3M, MPENOCTaBIISIEMbI TPEUMYIIECTBEH-
HO Verizon Wireless B CILIA u Bell Mobility B Kanage. ns onpeneneHus MeCTOMOIOKEHUS
ucnonbzyercs GPS. MMeercs BO3MOKHOCTD TOJIOCOBOH CBSI3U C OIEpaTOpaMH.

Wndopmanust ¢ ceHCOpoB (B OCHOBHOM 3TO AAaTYMKH YAAPOB U CpabaTbIBaHHs MOAYLIEK
0e30MacHOCTH) aBTOMAaTHUYeCKU Tepenaercs B call-eHTpsl. DTO MO3BOIIsET HEMEUIEHHO OMOBe-
CTHTB O MECTOIIOJIOKEHUH aBapHH CliacaTelbHbBIE U IPaBOOXPaHUTENbHbIE Opranbl. Kpome sToro,
BCE MaIllMHBI, 000pYAOBaHHbIE JaHHOH cucTeMol, nuMeroT GPS nmepenaTunk, KOTOpBI MO3BOIISET
OTCJIEIUTh YTHAHHBIA aBTOMOOMIB. Taxke MMeercsi BO3SMOKHOCTh MONy4eHUs] HHPOPMAIUH O
CKOPOCTH, pacxo/ie TOIUTMBA U HalPaBJICHUH ABIKEHHS. DTO MO3BOJISIET CHIENAaTh BBIBOJBI O CTUIIE
BOXKAEHHUS aBTOoMOOWsA. [laHHas MHGpOpPMaLUs MCIONB3YETCS CTPAXOBBIMH KOMIAHUSAMH JUIS
pacuera CTOMMOCTH MHIMBHIYATbHBIX CTPAaXOBBIX moiucoB. HoBbie Monenn aBToMoOMIeii 060-
PYAYIOTCSl CUCTEMOM YyAaJeHHOW OCTaHOBKM ABHratens. Ilocie Takoil OCTaHOBKH aBTOMOOWIIb
MOYHO 3aBECTH TOJIBKO MOCIE BBOJA CIEHUAIBHOIO CEKPETHOTO KOJa.

[Nonp30BaTen MOTYT IPUMEHATH pa3InyHbIe Tapu(HBIE IIaHbl [7]:

1. Safe & Sound: 18.95% B mecs.

Tapud BrIIOYaEeT aBTOMaTHUECKOE OMOBEIICHUE 00 aBapUH, MOHUTOPHUHT YTHAHHOTO aBTOMO-
OIS, aBapUiiHBIE CEPBHCHI (BBI30B 3BaKyaTopa, nepeasiwkHoi CTO u T. 11.) B HE 30HBI TOKPBITUS
MOOHJIIBHOI CeTH, a Takke yAaJIeHHYIO0 AMarHOCTUKY TPaHCIOPTHOTO cpencTBa (TMO3BOJSIET pe-
LIMTH HE3HAYUTENbHBIE TPOOJIEMBI PH TOMOILIN HHCTPYKIHA call-ieHTpa).

2. Directions & Connections: $ 28.90 B mecs.

Tapud BrIrOUaeT Bce MepedyrcICHHBIC BBILIEC CEPBUCHL. JONMOMHUTENHHO UMEETCS BO3MOXK-
HOCTb MOHHTOPHHTA HANIPABIICHUS JBMKEHHS M CTUIISL BOXKICHHST aBTOMOOHITUCTA.

[o3Bosnsier momy4YuTh CKHAKY PH 0)OPMIICHHH CTPAaxOBOIO MOJIHCA.

2. Cucrema ynpanjienusi 10poxubiM ABu:keHneM NEXCO Central

Cucrema paspaborana Japan Highway Public Corporation. Ilpuniun paboTs! 3akitodaercs B
r7100aJbHOM MOHUTOPUHTE JOPOXKHOTO ABHKEHUS Ha TNIABHBIX aBTOCTpaaax cTpanbl. Ha naHHBIN
MOMEHT cucTeMa nokpseiBaeT nopsaaka 2000 km popor|8].

Cucrema nentpaiau3oBaHa. LleHTp ympaBiieHHs IBMXeHHeM HaxomuTca B Toxuo (puc.l).
JlataneHTp oOpabaThIBacT OrpOMHOE KOJIMYECTBO JAHHBIX, OIYyYaeMbIX C TOPOXKHBIX JATYUKOB
C MHUHYTHBIM HMHTEpPBAJIOM. DTO OOECIIEUHMBACT MAaKCHMAJIbHO PEajbHYI0 KapTUHY IOPOXKHON
CUTYAIHH.

Puc. 1. Lentp ynpaBieHus JOPOKHBIM ABIDKECHUEM B SToHMN

Ha moporax ycranoBieHo 744 TOYKM OCTyIa, KOTOPBIE TO3BOJISIFOT pabOTaTh aBapUHHBIM
Tene)OHHBIM KaHallaM U TaTYMKaM Ha Tiepenady HeoOXoauMoi HHPOPMAIHH O JOPOKHON CHUTY-
anuu [8].
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Jns mepenayun TaHHBIX HCHONb3yeTcs riaobanbHas [P ceTs, mpu momomu KoTopoi nHpopma-
LU C JATYMKOB MOCTYNAET HA MOHUTOPHI LIEHTPA yNIPaBICHUS ABM)KEHUEM.

I'moGanbHas nepegada AaHHBIX 0OECIIEUMBAETCS MOCPEACTBOM ONTOBOJIOKOHHBIX KOMMYHH-
Kalui. JTo mo3BojsieT ObIcTpo 00pabdaThIBaTh TeleOHHBIE 3BOHKH U MOCTYIAIOINE JaHHBIC.

Ora cucreMa 3amyllleHa NapajuleldbHO ¢ AeiicTByrouielt B ampene 2012 roma. CepBepHoe
npocTpancTBO Ha 90% MeHblIe, YeM y CTapol CHCTEMBI, cIeOBaTeNbHO, HAOMIOIaeTCsl 3HAYH-
TeNbHOE dHeprocoepexenue [8].

Pa3paborunku cucTeMbl IpeIararoT MOMHBIA CIEKTP YCIyT Mo pa3paboTKe W BHEAPEHUIO
MoJOOHON CHCTEMBI B APYTHX CTpaHax (puc.2). ~N

[Ipeamnonaraercs co3aHne HaAWTy4IIeH CUCTEMBI
YIIpaBJIEHUs TOPOXKHBIM JIBHKEHHEM, M03BOJISIONIEH
Paspabotka Moziemu cobuparb, 00padaThIBaTh HHPOPMALINIO U HUCIIOJIL30BATh
CHCTCMBI MOJTy4YEeHHbIE JIAHHbIC JJIsI PEILICHNUST TOCTaBICHHBIX
mpobaeM
A4
( ) N N
IMoaroroska [Mopsimok neWcTBuUil 1Sl TPOSKTHPOBAHUS CUCTEMBI.
PYKOBOJICTBA IO —» Cocrasienue TpeboBanuii 3G hexTHBHOCTH
peanuzanun (YHKIIMOHMPOBAHUS CUCTEMBI
. J/ \_ Y,
y
q ™ 4 A
PaspaboTka Coznanue crenuduKanuy ycTpOoHCTB, HEOOXOANMBIX IS
3
crnenudukanuu " peau3ay MOACIH
\ y, \ J
! ) g
Peanmusanust npoekTa. YcTaHOBKa 000pyIOBaHHS C
Peanmzanus > HHA 1P . pYA
| ) pacyeToM Ha MaKCHMAJbHBIN CPOK CITYKOBI 3JIEMEHTOB
A 4
f ) ITpoBe/IeHUE TPEHUHIOB TIEPCOHANIA, HAMPABJICHHbIX Ha
OKcmtyatauus N
MOBBIIIEHHE OBICTPOJICHCTBHS 00PaOOTKH 3a1IpOCOB
\ J

Puc. 2. Ilpeyraraemple yCIyrH 1o pa3paboTKe CHCTEMbI MOHUTOPHHTA

3. ECall Snonus

C cepenunbl 1980-x IT. Ha Bcex Aoporax CTpaHbl OblIa 3amyllieHa HHTEIUIEKTYalbHas TPaHC-
MOPTHAs CUCTEMA, IPU3BAaHHAS OCYILECTBIISATH ITOJHYIO aBTOMATH3ALMIO YIIPABICHUS TOPO>KHBIM
nprokeHneM. Ha Bce aBTOMOOMIIN CTajIi ycTaHABJIMBATH ClIEMaIbHOE OOPTOBOE HABUTALIMOHHO-
KOMMYHUKAIIMOHHOE 000pYI0BaHHUE, C IIOMOILBI0 KOTOPOTO 00ECIIEYNBAETCA KOHTPOJIb MECTOIIO-
JIOKEHUS M COCTOSIHUS TPAHCIOPTHOIO cpeacTsa [1].

[lepenaua napopManuy U ynpaBJsIOLINX CUTHANIOB, a TAKXKE AYMJIEKCHAsS CBA3b C BOAUTEIIEM
OCYIIECTBIISAETCS TUCIIETYEPCKOi cayx00if ObICTporo pearnpoBaHus moj HaspaHueM Ecall [4]

(puc. 3).
ﬂchoeHHaﬂ cucTeMa aBTOMoﬁl/lﬂn Internet Call-uentp

eciﬂl i’ GSM/3G/LTE ] ~( CiyxO0bl criaceHust ]
YCTPOUCTBO CeTh J
AxcenepomeTp

PSTN wmm IP C Séc
L

CCTh

A AN

Puc. 3. Cxema pyaxumornpoBanus cucrems! ECall

27



B pesynbpTaTe ycmnemHoil AesSTenbHOCTH CHCTEMBI CMEPTHOCTh Ha jJoporax SIMOHMM 3Ha4H-
TeNnbHO cHU3MIach, B 2009 romy coctaBmia 5 ThIC. 4en. [2] Bnactu cTpaHbl MIIaHUPYIOT COKpa-
TUTH YHUCIIO TOTHOIIUX 10 HYJIS.

4. Cucrema rio6anbHoro MoHutopunra tpancnopra «9PA I'NIOHACC»

Cucrema «9PA TJIOHACC» npoekTHpyeTcsi B COOTBETCTBUHU € pacmopsbkeHueM IlpaBu-
TenbeTBa PO 1 npenHazHayeHa JUIsl CHU)KEHHUS] YPOBHSA CMEPTHOCTH U TpaBMaTH3Ma Ha J0porax
3a CUET YCKOPEHHUs OMNOBEIICHHUS CIIy)KO DKCTPEHHOTO pearupoBaHMS NpPU aBapHUAX M APYTHX
Ype3BbIYaWHBIX CUTYAIUAX.

Cuctema Oyner BKIIOYaTh HABUTAMOHHO-TEICKOMMYHHKALMOHHBIE TEPMUHANbI, KOTOpPHIC
Ha4yHyT MacCOBO YCTAHABIIMBATHCS Ha TPAHCIOPTHBIE cpelcTBa, HauuHas ¢ 2013 roxa, u coort-
BETCTBYIOUIYIO HH(DPACTPYKTYpy, OXBaTBIBAIOIIYIO Bce cyObekTsl PO (puc.4). [Ing obecnieuenus
paborocniocobHocTH cuctembl Ha Tepputopun PO IlpaButensctBo Poccuu 3apesepBupoBaiio
criequanbHble Tene(OHHBIE KOABI, KOTOpble OyAyT WCIONB30BaTh Ui CBSA3U C DKCTPEHHBIMHU
LeHTpaMH niprueMa nadpopmanuu [6].

[Ipeamomaraercss 3aKOHOAATENBHO 00A3aTh BCEX AaBTOBIANCIBLEB YCTAHOBUTH OOpPTOBOE
obopynoBanue k 2020 rogay, CTOMMOCTh KOTOPOT'O COCTABHT OKOJIO 3 TBIC. POCCHICKHX PYOJIeH.
[Inata 3a monp3oBaHue cucTeMoi B3uMatbesl He OyzaeT. «PA JIOHACCy Oyner coBmecTnMa
C aHAJIOTUYHBIMU CITy’KOaMH, KOTOpbIe OYAyT CO3JaHbl B CTpaHaX TaMOXXEHHOTo COro3a, a TaKkkKe
EBpocotoza, rie ¢ 2015 rona nomxHa 3apaborath cuctema eCall [6].

Cucrtema uIeHTU(UKAIUN U MOHUTOPHHTA OOBEKTOB JAOPOKHOTO JIBUIKEHHUSI OCHOBBIBACTCS
Ha TEXHOJIOTHH PajnovyacTOTHON maeHTH(UKanuu manoro paauyca aeiictsus (RFID) B couera-
Huu ¢ cucremamu cnytHukoBoi Hapuranuu ['JIOHACC u GPS. [IpoekT peraeT 3ajauu MOHUTO-
pPHHTa TPAHCIIOPTHBIX CPEICTB, YAAIEHHOr0 KOHTPOJIS JOKYMEHTOB U UACHTU(UKAUN 00BEKTOB
TPaHCIOPTHOW HHPPACTPYKTYPBHI.

CeTtu MOOUILHOI PernonansHbIin
CBSI3U LEHTP Oreparopa
(LTE/GPRS) «9PA TJIOHACC»

T f
I

ABTOMOOWITEHBIN CnyTHuKOBas ) PernonanbHbli
TEpMHHAI cucremMa uentp MUC
«OPA T'JIOHACC» ''IOHACC/GPS (cuctemal 12)
- . T J
r
OKCTpeHHbIE
OTlepaTHBHbIC <
CITYKOBI
\. J

Puc. 4. Cxema pa6otsl cuctemsr «IPA TTIOHACC»

[Mpuammm paboTel cucTeMbl 3akitodaercs B ciemyromeM (cMm. puc.4) [6]. [lpu Tsoxemoi
aBapuu, HAIpUMeEp, CONMPOBOXKIAIOIICHCS cpadaTbIBAHMEM MOAYIIEK 0e30M1aCHOCTH, TEPMHHAI
aBTOMATHYECKH OIpEAeNsieT KOOPAXHATHI OCTPAaaBILIEro TPAHCIOPTHOIO CPEACTBA Yepe3 CITYT-
Huku cuctemsl [ JIOHACC, ycranaBiIuBaeT CBA3b C CEPBEPHBIM LICHTPOM CHCTEMbBI MOHUTOPHUH-
ra ¥ nepefaer AaHHbIe 00 aBapuu IO KaHajlaM COTOBOHM CBs3U omepatopy (puc.5). Omepatop
TOJIOCOM YTOYHSICT JETalld IPOUCIIECTBUS U B Clydae MOATBEPKICHUS MHGOPMALUU WU IpU
OTCYTCTBUH OTBETa HAIIPABJISET CIYXObl SKCTPEHHOI'O pearnpoBaHus. Bogurens nian naccaxu-
PBI MOTYT TaKKe BPYUYHYIO BKJIIIOUUTBH YCTPOICTBO, MEpEAaTh AaHHBIC U CBS3aThCS C OINEpaTo-
poM.

Cucrema «OPA T'JIOHACC», TepMuHanmbl KOTOpOM IMUIaHUPYETCS yCTaHABIMBATH HA BCE
HOBbIE AaBTOMOOMJIH, MTO3BOJISICT ONEPAaTUBHO IepeaBaTh SKCTPEHHBIM CIIy>K0aM WH(pOpPMAaLUIO
o IITII. B MOMEHT aBapuu TEpMHHAJ OIpEAENseT reorpaduvyecKkie KOOPAHHATHI, HCIONb3YS
HaBuranuoHHbI curHan cuctembl [ JIOHACC (a mpu Heobxomumoctu u GPS), u mepenaer ux
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BMECTE C JIOTOJIHUTENLHOU WH(popMaIuei B ciyx0y «112» depe3 TOCTYIHBIE CETH ONepaTopPOB
GSM-cBs31.

CepBHC-KOHTEHT IIpOBaiiiep OKCTpEHHBIE CITyXKOBI

A A
\4 r
4 N
denepanbHbll LEHTP HAaBUTALIUU
¥ HH(OOPMHUPOBAHUS
\, J *
7y

v
- o Call-nenTp
PernoHanbHbIN LIEHTP HABUTALIUA

1 THHOPMHUPOBAHUS
\\ S

T— GSM GPS

T f
1

TpaHcnopTHOE CpPEeCTBO

OKCTpEeHHBIE CEPBHUCHI

A

A 4

Puc. 5. Apxurexrtypa cucrems! «9PA TJIOHACC»

[TporHo3bI aHATUTUKOB YTBEPKAAIOT, YTO CUCTEMa MOXKeT CHU3UTH komuuectBo A TII B cpen-
HeM Ha 5-10% ¥ COKpaTHUTh HAHOCUMBIN PKOHOMUKE yIIepO He MeHee, ueM Ha 2% [6].

5. Cucrema riodanbHoro mouutopunra tpancnopra ECall EBpona

C 2001 roma crpanamu EBpocoro3a Takxke cTanma paszpabaTeiBaThcs nporpamma eCall,
coryacHo kotopoil B 2015 rogy Bech aBTOTpaHCHOPT, MPOAABAEMBIN Ha TEPPUTOPUN COAPYKe-
CTBa, JOJKEH OBITh YKOMIUIEKTOBAH HABUTAIMOHHO-KOMMYHHKALIMOHHBIMU CPEICTBaMH, cpada-
THIBAIOIIMMH TPU aBapuM, mocie 4ero Ha HoMmep 112 mo kaHamam GSM-cBs3u nepemaércs
nH(OpMAIHs 0 MECTOHAXOXJICHUH aBTOMOOMIISI Ha ONMMKAWIINI AUCTIETYePCKAN MYHKT (pHC.6)

[3].

—‘ CepBUC-KOHTEHT MpOBanIep < LenTp nanHbIX

*

GPS GSM <> Call-uenTp
) ) Y
1 4

v
A

TpchnopTHoe CpCaACTBO Heotnoxxuas IIOMOIIb

Puc. 6. Apxurexrypa cucremsl ECall

B I'epmarnu Takumu nmpudopamu yxe ¢ 2005 roga cranu ocHamarbes Gypsl rpy30IMoabEMHO-
cThi0 cBhile 12 T, B [lIBenuu — rpy30BUKHM Maccoil cbile 3,5 ToHHBI. [IporpamMmma npoaBuraer-
Csl MEAJICHHO M3-32 3aJEPKKH Pa3BEPThIBAaHMS CITyTHHUKOBOW cuctembl Galileo u OropokpaTiuec-
KHX CIOKHOCTEH IMPUHATHS COBMECTHBIX PEIIeHH B paMkax perinamenta EC.

[TpuaIIT paboThl CHCTEMBI 3aKIIOYalOTCs B cremyromeM (cM. puc.6) [6]. eCall aBTomaTn-
YEeCKH aKTUBU3UPYETCS, KOTAa AATYNKU, KOTOPBIE HAXOISATCS BHYTPH aBTOMOOMIIS, ONIPENCISIOT
aBaputo. CricteMa HaOHMpaeT eBpONeiHCcKuil SKCTpeHHBIH HoMep 112, yctaHaBimBas TeneOHHOE
coequHenne ¢ OmmxaiimmM Call-leHTpoM, M OTHpaBisieT AETald MPOHCLISCTBHUS B CIIY>KObI
CIIaCeHMs, BKJIIOYAsi BPEMS IIPOHCILIECTBHSA, TOUHOE MECTOIIOJIOKEHNE aBTOMOOWIISI M HampasJie-
HUE JABWXEHUs (0COOEHHO BaKHOro Ha noporax M B TyHHensiX). eCall moxer Takxe OBITh
BKJIIOUEH BPYYHYIO, C IOMOIIbIO HAXKATHsI KHOIIKA B aBTOMOOWIIE, HAIIPUMED, €CIIH KTO-TO CTall
CBUJIETEIEM CEpbEe3HOM aBapuu [3].
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ITo nexoropeM omenkam, eCall cMOXET YCKOpUTH BpeMsl pearMpOBaHHUSl Ha SKCTPEHHBIC
cutyanuu Ha 40 % B roponckux pernoHax v Ha 50 % B cenbCKOM MECTHOCTH, M criacath a0 2500
XHU3HEeH B roa. Mepsl, npunsTeie 26 Hos0ps 2012 roga, ycTaHABIMBAIOT YCJIOBHSA, COTJIACHO
KOTOPBIM LIEHTPBI pearupoBaHUsl Ha HKCTPEHHBIC BBHI30BHI OYyAyT CIIOCOOHBI MPABUIBHO MPUHH-
MaTh U 00pabaThiBaTh BhI30BEI eCall 112[5].

6. CpaBHHMTEJBHBI aHAJIN3 PacCMOTPEHHBIX CHCTEM

OOt aHaHM3 IEPEYNCIICHHBIX BBIIIC CUCTEM MOHUTOPUHTA JOPOXKHOTO IBHIKEHHSI TIO3BOJISI-
T MOHSTh, YTO HA CETOJHSAUIHUN ACHb HE CYIIECTBYET MPOEKTA, HAMPABICHHOTO Ha KOMIUJIEKCHOE
pellicHre TIOCTaBJICHHON MpoOiieMbl. Hu oflHA CyIecTBYIOIIast M HU OJJHA MPOSKTUpYeMasi CUCTE-
Ma He IPeAIoiaraeT HaJTMYUs TOTHOTO CIIEKTPa YCIIYT, HAIIPABJICHHOTO Ha TIOBHITIICHHE KoM(opTa
aBToMoOMHCcTa. Peub muer b0 TONBKO 0 MOTHOM MOHHUTOpUHTE aBToMoOmIs (OnStar, ECall,
«9PA T'JIOHACCy), 1160 o rnobansHoM MoHuTOpuHTE Tpaduka (NEXCO Central) Ha ocHOB-
HBIX U CaMBIX OKHBJIEHHBIX Maructpaisix crpansl. OcobeHHocTrio cucteM «9OPA T'JIOHACCy
n ECall sBrisieTcst ncnonp30BaHue COOCTBEHHBIX CITYTHUKOBBIX cucteM Hapuranuu — [JIOHACC
u Galileo cootBercTBeHHO. OJHAKO HUYTO HE TOBOPUT O TOM, YTO IpuMeHeHHne cucteMbl GPS
(OnStar) menee 3 dexrrnBHO. OCHOBHBIM MPEUMYIIECTBOM CITyTHUKOBBIX CHCTEM HaBHUTAIlUU
SIBJIICTCS OOJIBIIOE MOKphITHE. HemocTaTku TakKUX CHCTEM MOXXKHO YBHJICTh B TOHHENSX, ITOA3EM-
HBIX ¥ MHOTOYPOBHEBBIX MarucTpaisx. B TakoM ciiyuae HE0OXOIMMO BBEJCHHUE Ha3EMHBIX
JATYNKOB JBIOKEHUs. Takoe pemeHue npemnaraer smoHckas cucremMa NEXCO Central. Taxke
MPEUMYIIIECTBOM CHCTEMBI SIBIISICTCS OTCYTCTBHE HEOOXOAMMOCTH YCTaHOBKH CIIEIHAIIbHBIX
YCTPOMCTB Ha aBTOTPAHCIOPT, OJAHAKO TAKOW MOAXOJ MOJHOCTHIO MCKIIOYaeT MOHUTOPUHT OT-
JENbHBIX TPAHCIOPTHBIX CPEeACTB. OCHOBHBIM HEIOCTATKOM AAHHOIO MOAXOMA SIBJISETCA Orpa-
HUYCHHOE MTOKPHITHE (TOJFKO OCHOBHBIC aBTOMAruCTPal M TPACCHI).

Yenyru nonb3oBaTensaM npegocTaBisier Toabko cuctema CIHIA OnStar. [lannHas cuctema
OpPHEHTHPOBaHa Ha obecrieueHrne KoMpopTa 1 0E30MaCHOCTH KaK BOIUTENS U MAaCCaXXUPOB, TaK U
CaMoro TPaHCIOPTHOro cpencta. OAHAKO 3TUM CUCTeMa U orpanuyeHa. OnStar He npegocTas-
JISIET KaKOW-TM00 CTaTUCTUYECKOW MH(OpMAUKU O JOPOXKHON cUTyanuu. TakKe HET MOHSATHS
HEHTPAIN30BaHHOT O yrpaBiicHus. CrcTeMa OpUEeHTHPOBAaHA TOJIBKO Ha OT/ACIBHBIC aBTOMOOWIIH,
a HEe Ha TPAHCIOPTHBIHN MOTOK.

BriBoabI

Takum 00pa3oM, MOXKHO CHENaTh BEIBOJ, 4TO Hambolnee 3(()EKTUBHBIM pelieHueM Oyaer
WHTETpaIys PacCMOTPEHHBIX CHCTEM B OJHOH YHHBEPCATbHOH. OTO IMO3BOIUT OOECTIEYHTH
ABTOMOOWJIFICTA TIONHBIM CIIEKTPOM YCIYT, HaunHas oT 3()()EeKTUBHOW HABUTAIIMH 3aKaHIMBAs
KPYTJIOCYTOYHEIM TIPENOCTaBIeHHEM HH(QOpPMAu 00 aBTOTPAHCIIOPTHOM cpencTBe. Heobxo-
IMa pa3paboTKa MHTETPUPOBAHHOW CHCTEMBI, HANPaBICHHOW KaK Ha MOHHUTOPHHT Ka)JIOTO
aBTOMOOWJIS B OTAEIHHOCTH, TaK M Ha KOHTPOJb TOPOXKHOTO JABMKEHUS B 1IENOM. MIMEHHO 3TO 1
nperaraer cucrema MoHuTopuara Green Wave Traffic, kotopas maer BOZMOXKHOCTh aBTOMa-
TU3UPOBATh MPOLECCH] ONTUMAJIBHOIO YIPABIECHUS TPAHCIIOPTHBIMU CPEACTBAMH M JTOPOYKHBIM
JIBV>KEHHEM B PEKMUME PEATbHOT0 BPEMEHU IS PELIECHHS COLMAIBHBIX, TYMaHUTAPHBIX, YKOHOMH-
YeCKUX W IKOJOormueckux rmpobnem. [Ipemnaraemas mHTeIUIeKTyaapHas cucreMa (MHPpacTpyK-
Typa, TPAHCIIOPT, 00JaK0) MOHUTOPHUHTA W YIPaBIEHHS JOPOKHBIM IBMKCHUEM OTIHYAETCS OT
CYLIECTBYIOLUX CTPYKTYPHOU MHTErpalueil TpeX B3aMMOCBSI3aHHBIX HHTEPAKTUBHBIX KOMIIOHEH-
ToB: 1) CyIlecTByOImME CEPBUCHI ANEKTPOHHON KapTorpaduu cO CPEACTBAMHU PaTHOIOKAIINN 1
panuroHaBuranuy. 2) HoBbIif 001auHbBIH CEpBIC MOHUTOPHHTA M YIIPABIICHUS JOPOXKHBIM JIBHKEHHU -
€M Ha OCHOBE JIOPOXKHBIX KOHTPOJLIEPOB. 3) Y COBEPIIIEHCTBOBAHHBIE CPEACTBA PAAMOYaCTOTHON
HUIeHTH(UKAIHA aBTOMOOWIIS 1 TOCTYTIA K 00a9HbBIM cepBHCcCaM Tt KOM(OpTHOTO U Oe30macHo-
r0 MEePEeIBIKEHUS 110 MAPLIPYTY, ONTUMHU3ALNN BPEMEHHBIX U MaTepHalbHbIX 3aTpat. Hayunas
HOBHM3HA ITPOEKTA OIPEeNseTcs CHCTEMHOW MHTErpaIuei o0iaka MOHUTOPHHTA U YIIPaBIICHIS,
OJIOKOB paJio9acTOTHON MACHTU(UKAIINH TPAHCIIOPTA, @ TAKXKE CPEICTB MOHUTOPHHTA U YIIPaB-
JICHUS TOPOXKHOU HH(DPACTPYKTYPBHI.

Cnucoxk autepartypsl: 1. Filjar. R. ECall: Automatic notification of a road traffic accident / K.Vidovic, P.
Britvic, M. Rimac // MIPRO. 2011. C. 600-605. 2. SY Hu. Simplified Design of the Embedded e-Call System
Using GPS/ TS Wey, MH Lin, NT Hu A// Display technology. 2011. C. 45-53. 3. Pinart Carolina. ECall-
compliant early crash notification service for portable and nomadic devices / J. Carlos Calvo, Laura Nicholson,
Josii A. Villaverde// MIT. 2011. C. 134-146. 4. Werner Marc. Cellular In-Band Modem Solution for eCall
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B.A. BOI'OMOJIOB, C.H. HEBJIEBA, U.JI. PA3HUI[bIH, M.B. CHJ[OPOB

YUCJEHHBIA AHAJIN3 HANPSI)KEHHO-JIE®OPMUPOBAHHOI'O
COCTOSIHUS CJIOSI TOPOXKHOM OJEXKJbl KAK JUHEMHOMW U
TEOMETPUYECKU-HEJIMHEMHOM BSI3KOYIIPYI'OM CPEJbBI HA
OCHOBAHHUHU PEOJIOTHYECKOM OJHOSJEMEHTHOM MOJEJIH
KEJIbBUHA

PaccmartpuBaercs 3a1a4a MaTeMaTHYECKOTO MOJETIUPOBAHUS CIIOSI JOPOXKHBIX OJEkK KaK
JIMHENHOH U reOMeTpUYeCKU-HENUHEHHON BSI3KOYIpyrux cpell. Ha ocHoBaHUHM METOI0B TEOPUH
BSI3KOYIPYTOCTH C HCIOJIB30BAaHUEM OIHO3JIEMEHTHON Mozeny KenbBrHA CTPOUTCSA ypaBHEHHE
Oayanca — aHaJIOT IIPUHINIIA BUPTYaJIbHBIX EpEMENIEHIH TEOPHHX yIpyrocTH. i1 9ucieHHoro
aHaJINA3a IOCTPOEHHON MaTeMaTHYECKOH MOJIENIN IPEIAraeTcsl UCIOIb30BaTh METO/ KOHEUHBIX
3JIEMEHTOB.

BBenenue

AxmyanvHocmo ucciedosanus. JJopokHas onexxaa sBISIETCS OTHOM M3 HauboJee pacipocT-
PaHEHHBIX M 3aTPATHBIX CTPOMTENBHBIX KOHCTPYKLHM, CONEP)KAIIMX CIOW W3 MaTEpHalIOB C
pa3HBIMH CBOWCTBaMHM, Ha KOTOpBIE NEHCTBYIOT Harpy3kud OT TPAaHCIIOPTHBIX CPEICTB U €cTe-
CTBEHHO-KJIUMAaTH4YecKuX (akTopoB. B Hacrosmiee Bpemst npu pemieHuH HpoOJieMbl pacdera
HaNPsHKEHHO-1eOPMUPOBAHHOTO COCTOSIHHUA CJIOEB JOPOXKHBIX OJEXKI HCIIOIB3YIOTCS TOJIBKO
METObl, OCHOBaHHBIEC HA OCECUMMETPUYHON IIOCTAaHOBKE 3a7jad TeopuH ympyroctu. Ha ocHoBa-
HUH 3TOH Teopuu pa3paboTaHbl ASHCTBYIOLINE HBIHE TOPOKHO-CTPOUTENbHBIE HOPMBI AJIs1 Y Kpa-
nHbl, Poccun u benmopyccun [1 — 3, 6]. Bo MHOTHX 3apyOeKHBIX METOTUKAX JOPOXKHAS OIEKIa
TaKXe paccMaTpUBaeTCsl KaK MHOTOCIOHHas ympyras cpema. Kpome Toro, maremaThueckas
MOCTaHOBKA 3a/1a4M MPEAyCMaTPUBAET, YTO AOPOKHAS OAEKIa HHTEPIPETHPYETCS KaK MOTYIPo-
CTPAHCTBO WJIH TUTHTA B ToynpocTpancTse [8, 9, 11]. Takum 0Opa3oM, CymecTBYIOIINE METOAH-
KU pacdera XapaKTepUCTUK JOPOKHBIX OIEK TOCTPOEHBI B TOMOTHUTEIBHBIX MPEATION0KEHUIX
HaJIW4Hs OCEBOM CHMMETPHH B MaTepuale W B Harpys3kax, a TakKe HE YUMTHIBAIOT HaIU4Us
BA3KOCTU M HEMMHEHHBIE CBOWCTBA MaTepHala, YTO B CBOIO OYepelnb HE MO3BOJSIET B 0OLIEM
cllydae onpeaeuTh MOMHbIE TEH30ph! HaNlpsbKeHni 1 nedopmanuii. Kpome Toro, cymectyromme
METOIBI HE MO3BOJISIIOT PACCUUTATh U CIIPOTHO3MPOBATH 00pa3zoBaHue Kojen. C yderoM cKas3aH-
HOI'O aKTYyaJbHOW SIBJISIETCS 3alladya MOCTPOCHHUSI MaTeMaTHYecKOH MOJEIH JAOPOXKHOM OHEXIbI
KaK BSI3KOYNIPYTOi cpeabl M pa3paboTKa HOBBIX YMCICHHBIX METOIOB IUIA €€ aHaIM3a.

Lenu u 3a0auu uccredosanus. 1lenpio HACTOSIIErO HCCICAOBAHUS SBISETCS pa3paboTKa
MaTeMaTHYeCKOX MOJETIN M HOBOI'O METO/A YMCICHHOI0 aHaJIn3a JOPOXKHBIX OACK] KakK JIMHEH-
HOU ¥ TeOMETPUYECKH HETMHEHHOM BA3KOYIIPYTOH Cpeibl HA OCHOBAHHH OIHORJIEMEHTHON MOZCIN
KenbBuna. 151 3TOro HEOOXOANMO PELINTH CIEAYIOLINE 3a0a4u:

— IIOCTPOUTH HAa OCHOBAHMHM MPHHLIUIIA BO3MOKHBIX NEPEMEIIECHUH MaTEMaTHYECKYO0 MOJIETb
CIIOSl IOPOKHBIX OZEKI KaK BSI3KOYNPYTOH cpenpl (paccMOTPETh OTIEIbHO JTUHEHHYIO U TeOMeT-
PHUYECKU-HETTMHEHHYIO TOCTaHOBKN);
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— OMCaTh aJiIrOPUTM YUCIICHHOI'O aHAJIM3a HOCTpOCHHOﬁ MaTeMaTHYCCKOU MOACIN Ha OCHO-
BaHWU MCTOJA KOHCYHBIX 3JICMCHTOB.

HJ’IH peHICHUS MOCTAaBJICHHBIX 3a/ia4 UCIIOJIb30BaHbI METOAbI TCOPUHN BA3ZKOYIIPYIOCTU U YUC-
JICHHBIC MCTOJbI PCIICHUA 3aa4d MaTeMaTHYCCKOU (1)I/IBI/IKI/I. Cnoit AOPOXKXHBIX OACK NPCACTAB-
JIACTCA KaK TCJIO B TPCXMCPHOM IMPOCTPAHCTBC, HAXOAANICCCA IIOL HeﬁCTBHCM 00BEMHEIX
(MaCCOBLIX) CHJI, ITIOBCPXHOCTHBIX CUJI U HepeMCH.[CHPIfI, 3aJaHHbIX HAa TOBCPXHOCTHU TCJIA.

B pa60Te HC paCcCMaTpHBAIOTCA BOIIPOCHI CYICCTBOBAHUA U CAUHCTBCHHOCTH IMOCTABJICHHBIX
KpacBbIX 3aaa4. Hpez[nonarae’rcsl, YTO BCC 3a7a4U IMOCTABJICHBI KOPPEKTHO B HCKOTOPLIX (bYHK—
MUOHAJIBHBIX IMPOCTPAHCTBAX JIA 3aJaHHBIX BXOAHBIX JAHHBIX U BCC MATCMATHYCCKUC MOJCIIN
paccMaTpuBarOTCAd € TOUYKU 3pCHUA UX aJITOPUTMU3ALUN [UTA nanLHeﬁmero pCUICHUSA Ha OBM.

1. IlocTanoBKa 321a4Yd M OCHOBHLIC COOTHOLIEHHS IJIS1 OJHODYJIEMEHTHON MOJEIHN
KeanBuHa

HyCTI: TCIO () HAXOOMTCA B PAaBHOBCCHHU IO ﬂeﬁCTBHCM 00BEMHBIX (MaCCOBLIX) CUi Fl 5

MMOBCPXHOCTHLIX CHJI ti n HepeMCH.[CHPIfI, 3aJIJaHHBIX Ha IOBCPXHOCTHU S = oQ) Tena (). HyCTB
TAKXXC 3aJlaHbl HATPY3KHU U KUHEMATUYCCKUC OI'PaHUYCHUA HAa IICPCMCIICHHN A TECIA. HOZ[ HeﬁCTBH-

€M 5TuX (haKTOPOB B TeJI€ BOSHUKAKOT NMEPEMEIIEHUS U;, AehOpMaluK € W HanOpsHKEHHs Ojj,
i=1,2,3,j=12,3.

BYZ[CM CUuTaTh, 4YTO HA 4aCTHU SG MOBEPXHOCTH S 3aJaHbl NOBEPXHOCTHBIC HAIPYy3KH:

Moo

: Oynj=t j=1,23,naS_;

a Ha 9acTH S, MOBEPXHOCTH S 3aJaHbI IEPEMEICHNS u=u Ha S,.
3nece S=S,US n=( T enMMHWYHBIA BEKTOp BHEHIHEH K S_ HOpMAaH
s Uy, m=(ny, n,,ny) p s HOP ’

T v — T -
u=(uy, uy,u;) — MCKOMBIH, U= (T, U,, U;) — 3aJaHHbIH BEKTOPHI.

YpaBHeHUE paBHOBeCHS 1e(hOPMUPOBAHHOIO TeJIa TOIYYUM HAa OCHOBAHUU MTPUHIIUITA BO3MOXK-
HBIX NlepeMelIeHui [7]

33 3 3
J.I.[ z z Gl_laglde = J.J.J. Z Fi6uidQ + J.I Z tiﬁuids (1)
Q i=1j=1 Qi=l Sgi=1 ’
rac Gij — KOMITOHEHTBI TE€H30pa HaHpH)KCHI/Iﬁ KOHH/I, Sgij — Bapualuu KOMIIOHEHT TE€H30pa

nedopmaruii, OTBeYarolMe BO3MOXKHBIM IepeMelIeHHAM; F, — KOMIIOHEHTBI BEKTOpa 00BEMHBIX
ChII, t; — KOMIIOHEHTHl BEKTOpA IOBEPXHOCTHBIX CHJ; OU; — BapHallMd KOMIIOHEHT BEKTOpa
BO3MOXKHBIX TIepeMelenni, 1, j=1, 2, 3.
OTMeTHM, YTO Ha YacTH S, MOBEPXHOCTH S, I€ 3aJaHbI epememenus, du; =0, i=1,2, 3.
JUi1st onrcaHust CBOMCTB MaTeprala JOPOKHBIX OICKT UCTIOIb3YEM OJJHOIIEMEHTHYIO MOJIENb
KensBuHa (pucyHok) [4].

OnnosnemenTtHas moaens Keappuaa
st 5TOi MOZIENH UMEIOT MECTO CIEAYIOIINE COOTHOLICHHUS:

G;; = 2ng; + 2G¥;, ()
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n+p)f. G
Gep. :W Eep. +;gcp. . (3)

. do,. . ds. _
3nech G = N = &j Gij, &j — KOMIIOHCHTBI JICBUATOPHON YaCTH TEH30POB HaIpsKe-

s &= s
Toodt Y gt

HMH U JedopMaluii COOTBETCTBEHHO, 1, j=1,2,3; O¢p , €¢p. — CPEIHME 3HAUEHHS KOMIIOHEHT

1
IIApOBBIX TEH30POB HANpPsKEHUH M JiepOopMalUii COOTBETCTBEHHO: Ocp. = 5(01 | T02 +033),

1
€cp. = 5(811 +t&y t+ 833) ; G — Monyne yopyroctu; M — KOB(l)(l)I/ILII/IeHT BSI3KOI'O COIIPOTHUBIJICHUS,

1 —koapdunuent [lyaccona.
KoMroHeHThI MOJTHBIX TEH30POB HANPsDKEHUIA U e opMannii ONpeaenstoTCsi COOTHOIIEHHSIMU

Ojj =i +6;{0¢p., &j=5j+0i€cp., 1,j=1,2,3,

1, i=j,
rae O = {0’ iz cumBon Kponekepa.
C yuerom hopmyn (2) 1 (3) KOMIIOHEHTBI ITOJIHOTO TEH30pa HAMPSKEHUH 3aITUIIYTCS B BUIC
_ - _ n(1+p)(. G
Gij = Gij + SUGCP = Zn gij + 2G8ij + 811 T E— SCp. +_8Cp. . (4)
1-2p n
Jis cokparieHus 3anucH BBeieM 0003HaueHue uist qud GepeHIINaIEHOTO ornepaTopa
D= 21]i +2G,
dt

Torna (4) npuoOperaer BUA

I+p
GU = DEU + 81] —Dgcp. ,

1-2un
a C y4eTOM TOTO, 9TO &j = &jj — 8ji€cep., MOMYINM
3u
oj; = Dejj +;; mﬂgcp. . 5)

2. IlocTpoeHne MaTeMaTH4eCKOl MoOJeJH CJI0s JTOPOKHON OJexkAbl KaK

BSAI3KOYNPYroii cpeabl (IMHEHHBbIH Cjay4ail) ¥ NpPUMeHEHUEe MeTOAa KOHEYHBIX
3J1eMeHTOB [JIsl ee YMCJEHHOr0 aHAIN3a

Jnis TeoMeTpuvecKu-IMHEHHBIX 3a/lad KOMIIOHEHTHI TeH3o0pa AehopManuil OnpeaesiroTcs
cootHotenusmMu Koru [7]

Lo o |
Sij_a GXJ gl 515_]:172535 (6)
a Bapuanus ,Z[e(l)OpMaI_[I/II/I ONPCACIACTCA TaK:
1{ odu;, Odu;
Sep = LM T L
1 2 axj Ox. , 1,_]—1, 2,3.

1

C yuerom cootHomenuit Komm (6) u (5) momyanm
_L S ou

e =
@ 31(:1 an ’
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2| ox. OX; T-2u&ex,

1{ 8 8 ER
Gif‘{—ﬂu#—pu}a 3 =Duy | j=1,2,3. (7)
j i

IToncraBu (7) B (1), And HEW3BECTHBIX INEPEMEILEHHH U;, U,, U; MOIYy4UM HHTErpo-
i hepeHInaNIbEHOE COOTHOIICHNE

3 . Odu;
—UIZZ 2y L |45, 5 Ly, || %, 2N go -
Ql 1j=1 2| Ox; oX. 1—2|Jk=18Xk .€ OX

J 1 J 1

_MZFSudQ+HZt6u ds (8)

Qi=l1 So i=1
JI7is 4MCIIEHHOTO ONpe/IeNeH s IepEMEIEHUH U, , U,, U; Ha OCHOBAaHUH ypaBHEHUs OanaHca
(8) BocmONMB3yeMcsi METOAOM KOHEYHBIX 2ieMeHTOB [10]. [lepemerneHuss MOXHO ONpPEACITHUTH

4epe3 y3JI0BbIE NepeMelieHus (0000IEHHbIE KOOPAUHATBI) qp

M
u; =ui(x), Xg, X3, = X qp(ONP(x), X5, X3), i=1,2,3, )
p=1

rae M — umucno crenenerr cBoooabl; p=3(n—1)+j; n — NOPSAAKOBEIA HOMEp y37a; j — HOMEP
KOOPIMHATHOT'O HAITPABIICHHSI.
Torna

ou; —215qu (X1> X2, X3) | j=1,2,3. (10)
p
[Moacrasum (9), (10) B (8), mpuBenem monoOHbIE, BEIHECEM H3-110]] 3HaKa HHTErpaia GpyHKIuu

ot Bpemern q,(t). B pesynsrate momydnm

3,3/ 1[oNP ONP po 3 ONP || M ONi ONj
LANED) U 8q, | —-+—1|[dQ;=
Z o Iggzuzl 2{ax 5") U1~ 2“kzlaxk =i e

i ] i

_Lzﬂ(lle[rzlaqr ljjdg+sﬂ(lzlt[r218qr IJJ (11)

ITocne BapbupOBaHUs K00 U3 mapaMerpoB dq,, r=1,2,.., M (8q, =1; 6q; =0, i #r)
u3 (11) momyunM cucteMy OOBIKHOBEHHBIX AU (EepeHLNANbHBIX YPaBHEHUH Ul HEU3BECTHBIX

3HAYEHUH q, ..., Q!

M 3 aNP ONP 3 ONP I ONG
EOL TR IR T oL LA P
2p:1 Q i=lj=1 8x aXi 1—2“ k=1 an an aXi

3 r 3 T
(S oo (S 0N Jos, eo2 1)
Q \i=l Sg \i=l
O603HaYNM

3 p aN‘.’ 3 p r ANt
Ap=1l] Z Z N, L1+ E_s N || 2 +—1 1dQ
Q i=lj=1 X 5X 1=-2p5 Oxy || Ox;  Ox; )

1

w

Q,(t)= m(ZFN JdQ+jj[Zth J

O \i=1
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Toraa (12) 3anuiercs B Bue

1M
5 zlArqup(t) =Q(M), r=1,2,...M,
p:

HJIM B pa3BCPHYTOM BHJIC

M
2 A (10,0 + Gap ()= Qu(0), 1=1,2, . M. (13)
=

OtmeruM, uTO ypaBHeHHA cucTeMbl (13) crnenyer emie ynpocTHTb (IS Y370B, COOTBETCTBY-
IOLIMX 3aKPEMJICHHBIM Y4acTKaM I'paHHIIbI, CISAYyEeT COOTBETCTBYIOLIME 0000IIEHHBIE KOOPIHA-
THI OJIOHUTH PAaBHBIMHU HYITIO).

s cuctembl ypaBHeHU# (13) Hy)KHO Takke 3aJaTh HauyajlbHbBIE YCIOBUS
0
q0)=q" - (14)
Nx MoxHO ONPCACINTb U3 HAYAJIbHOT'O YCJIOBUSA

ll|t=0 = llo .

s perenus 3agaun Komm (13), (14) MOKHO BOCHONB30BaThCss MeronaMu PyHre-KyTThI ¢
ABTOMATHUYECKUM YIIPABICHUEM IIarOM UHTETPUPOBaHUS [5].

3. IocTpoeHne MaTeMaTH4eCKOHl MOJEJHM CJIOSl TOPOKHOH OHEXKIbl KaK
BSI3KOYNPYIroi cpeabl (reoMeTpuyecKH-HeJIUHEHHBI c/y4yail) 4 mpuMeHeHHe
MeT0Ja KOHEYHBIX 3JIEMEHTOB /Ul €€ YHCJEHHOI'0 AHAJIN3a

HHH FCOMeTpHHGCKH-HeHHHCﬁHLIX 3aa4 KOMIIOHCHTBI TCH30pa z[e(1)0pMau1/I171 ONPCACIAOTCA
CJICAYIOIIHUMHU COOTHOILICHUAMUA Komu:

1{%&}  duy ouy

€. =— Cos
1 2 6XJ aXi ar’ aXi 6XJ > 1, ] 19 25 3. (15)
Jlnst Bapuaruu epopMariuy IPUMEM TAKOE JKe BBIPAXKEHHE, KaK B II. 2:
68 . l 56ui 4 aau] L.
1 2 axj aXi , 1,J=1, 2,3.

C yuerom cootHomennit Ko (15) u (5) momyunm

2
13 0u 12 3(0du
Scp. > _k+_22{_dj,

U3 00%, 3kcidal 0xy
3
2 GXJ @Xi l—zukzlaxk
2
3 ous Ou 1) 3 3 ou
1y LaMd 5 DI B R
| [axl GXJJ J1_2Mk=1d=1 an > L] L 253 (16)

IToncraBus (16) B (1), A HEM3BECTHBIX NEPEMEMIEHUH U;, U,, U; IOIYYHM HHTErpo-
i QepeHInanbHOe COOTHOIIICHUE

33 X . .
lmZZ . i1)lli+iD‘1J‘ +5ij—“ Z—a Duy 0du; | OO 140y
2°ginjm| 2\ 0x; Ox; 1- 20 2 0% _ o, om

Liss| s | Qe po 2 aug ) |[ adu,  ddu
LX) XD 2o |+ > > D i 4O =
2°qgis1jm] a=1 | Ox; OX; 120G |ox, ox, | on
3 3
=[]l X Edu;dQ+ [ ¥ t;3u;ds an
Qi=l Sy i=l :
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JI7is 4MCIIEHHOTO ONpe/ieNeHus IIepEMEIEHUH U, , U,, U; Ha OCHOBAaHUH ypaBHEHUs OanaHca
(17) Takke Bocmonb3yeMcs METOJJOM KOHEUHBIX 3y1eMeHTOB [10].

[epemenienus Oynem uckath B Buge (9). [loacrasum (9), (10) B (17), mpuBenem nogo0HbIS

BBIHECEM H3-TI0J 3HaKa MHTerpana GpyHKIuK ot Bpemenu d,(t). B pesynpraTe momyunm

33]1[oNP ONP 3 OND M ONI  ONj
ERNED) i, s B s —JldQt+
Z T Iggzuzl[z X ax-J o ] z q{@x ox

]

M r o ON%
> 8q, N, T ||do+
r=1 5XJ 5Xi

| M 3 ONP GNS  ONE ON 2u 3| ONg NG
Ay sop d 949N 5 d
Pgl -l (qpqS)jszjlzlleU { Ox; OXj Oxj 0% "1- Z[ D]

2
336 |5 TS, 3[6N5]

Q i=1j=1| d=1 5Xi an ljl—2uk:1 axk

[\

i 2u| Oxy OXy
S#p

(oo 25 Jooe(ae B oo B Esur o o

i=l1 r=1

ITocne BapbupoOBaHUs K00 U3 mapaMerpoB dq,, r=1,2,.., M (8q,=1; 6q; =0, i #r)
u3 (18) moaydunm HeTHHEHHYIO cHCTeMY OOBIKHOBEHHBIX HU(QepeHINaNbHbIX YpaBHEHUN IS

HEU3BECTHBIX 3HAYCHUI dis -+ Am -

33 p 8N‘? 3 NP | o ONt
—z@qp 1130 o1 Rt i s I PSR LI HCa ) TOY O
Qi=lj=1 2| ox aX-

i ; Y1-2u5 ox, ox;  0x

o i=1j=1| d=1| OX; OX; T _on & OX .

2 T
PRI D> 5| DN 5 M i(aNp {aﬂ+%]dm

an 5Xi

1M M 3| &[ONGONG ONGONG o 2u ONB aNS || || oNF - ON;
=2 2 D)l XY | 2] =44 +—1 5 Z e -+ dQ =
20063 " S'[g'gi:ljzl do1| Ox; Oxj  OXj OX; O 2| Oxy Oxy ox; O

S#p

(S oo (SN s oy

! SG (19)

O06o03HaYUM

2
33| 3| ONP ONP 3 [ ONR ONI - ON'
Bp=lIL2) ¥ adaxd 8‘Jluz ox axl”LaJ de
Qi=lj=1| d=1| OXj j M k=1 k X ;

] i

P ANS P AN 3 P AN r ANt
IIJZZ ONj ONj | N} Ny 5, 243 oNg oNg ||| aNF L NG )
Q i=lj=1 8X 6 5XJ 5Xi 1- 2“, k=1 GXk 6Xk 6X_] GXi :

Torma (19) 3aIUILIETCA B BUIIE

—ZA qu(t)+ ZB D, (1) += ZIZICrpsD(qp(t)qs(t)) Q(t), r=1,2,.
p s
S#D
WIH B Pa3BEPHYTOM BHJE
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M M
X A (0,0 + G (D) + 2 By (211, (0)+ Gy (0) +
p= p=

M M
+21 Zl Crps (M5 (DG, (1) + 1, (D45 () + G, (DG () = Q(V), r=1,2,.., M. (20)
p=ls=
Sip
OTmeruM, 4YTO, TAKXKE KaK M B JIMHEHHOM cllydae, ypaBHEHHS cucTeMbl (20) criemyer ere
YIIPOCTUTH (Z[HSI Y3J10B, COOTBCTCTBYIOIINX 3aKPCIUVICHHBIM Y4YaCTKaM TI'paHUIIBI, H606XO,Z[I/IMO
COOTBETCTBYIOIIME 0000LICHHBIE KOOPAMHATHI MOJIOXKHUTH PABHBIMH HYJIIO).

s cuctemsl ypaBHeHU# (20) Hy>)KHO TakKe 3aJaTh HauyajbHbBIE YCIOBUS

a(0)=q"- 1)
HUx MmoxxHO ONPCACINTb U3 HAYAJIbHOT'O YCJIOBUSA

0

“|t:o =u

s perenus 3anaun Komm (20), (21) MOKHO BOCHONB30BaThess MeronaMu PyHre-KyTThl ¢
ABTOMATUYECKUM YIIPABIECHUEM IIarOM UHTETPUPOBaHUS [5].

BriBoaBI

Takum 00pa3om, BHepBbIE U1 MATEMAaTHUECKOTO OMUCAHUS HaNPSKEHHO-Ae(OPMUPOBAaHHO-
IO COCTOSIHHSA CJI0S IOPOMKHOM OEXK]IbI KaK BSI3KOYIIPYTOM Cpenbl C TMHEHHBIMU WJIN T€OMETPH-
YeCKH-HETMHEHMHBIMU CBOMCTBAMHU Ha OCHOBAHMM OAHO3JIEeMEHTHON Moaenu KenbBuHa nmocrpoe-
HBI COOTBETCTBYIOIIME HHTErPaIbHbIE TOXKIECTBA. J{JIs MX YMCIEHHOI 0 aHaJIN3a ONUCaHO IprUMe-
HEHHE METOJla KOHEYHBIX 3JIEMEHTOB: IOCTPOEHBI 3a1aun Komm 1y y3/l0BBIX MepeMelieHHi.
[TonyuenHble pe3yiabTaThl MOTYT OBITH MCIOJNB30BAHBI IJIS1 CO3IaHUSI POrPAMMHOTO MPOIYKTa
MpH pacyeTe HanpsHKeHHO-1e() OPMUPOBAHHOTO COCTOSIHUSI MHOTOCTIOMHBIX HEXECTKUX JOPOKHBIX
0N, a TaKXKe U1 METOAUYECKMX PEKOMEHIALMM IO ONpPEAEICHUI0 PACUETHBIX BI3KUX U
YIPYTUX XapakTepUCTHK acdanbTooeToHoB. KpoMme Toro, mpemiaraemas MeTOAMKA MO3BOJISET
MOJIETUPOBATH PEAKIUIO CIIOEB JOPOKHBIX OJIEXK C YIETOM BA3KOYIPYIMX CBONCTB MaTepHUaJIOB,
4TO JlaeT OoJiee peaTMCTUYHYIO KapTUHY COCTOSIHUSL MOKPBITHS MPU Harpy3kax. DTUM H Ompere-
JIETCS HAYYHASA HOBU3HA W NPAKMUYECKAA 3HAYUMOCHb NOIYYEHHBIX PE3yIbTaTOB.

Cnucoxk aurepatypsi: 1. A6momobinsui noporu. BusHaueHHS TpaHCTIOPTHO-EKCINTyaTaIli HHIX OKa3HHKIB
nopokarX ofsiriB: COY 45.2-000 18112-042: 2009. Bug. odirr. K.: YrpasTomop: Crarmapt Yxpastomop, 2009. 46
c. 2. Acgpanbmobemon nopoxxHUA. MeTon BUIPOOYBaHHS HA CTIHKICTh 10 HAKOIMMYEHHS 3aJTUIIIKOBUX Jiedop-
Mariiit: COY 45.2-00018112-020; 2009. Ogin. Buz. K.: Yrpasromop, 2009. 11 c. 3. Acgparsmobemon mopoxHUHA.
MeTtommKa OITiHKY 3UeTUIeHHS Mk ac(arbToOeTOHHIMH miapaMu rpu 3¢yBi: COY 45.2-00018112 — 046: 2009.
Odin. Buz. K.: JIep>xaBHa ciry»x6a aBTroMo0iUTEHIX Aopir Y kpainu (Ykpasromop) 2009. 11 c. 4. brerno /. Teopus
TUHEHHOM Bs3Koynpyrocti. M.: Mup, 1965. 199 c. 5. Beporcouyxuii B.M. OCHOBBI YHCIEHHBIX METOOB. M.
Bercm. mik., 2002. 840 c. 6. Mucmpyxyusa o IPOSKTHPOBAHUIO TOPOKHBIX 0K HexecTkoro Turma: BCH 46 —
83 —Munrpanccrpoit. M.: Tparcmopr, 1985. 157 c. 7. Meiis /[o«c. Teopus v 3a1a4n MEXaHUKH CIUIONTHBIX CPEI.
M.: Mup, 1974. 318 c. 8. Lemaitre J., Chaboche J. Mechanics of solid materials. Cambridge University Press,
1990. 556 p. 9. Marvalova B. Viscoelastic properties of filled rubber. Experimental observations and material
modeling // Engineering Mechanics. 2007. Vol. 14, No. 1/2. P. 81 —89. 10. Zienkiewicz O.C., Taylor R.L. The
Finite Element Method. Vol. 1: The Basics. Oxford: BH, 2000. 689 p. 11. Zienkiewicz O.C., Taylor R.L. The
Finite Element Method. Vol. 2: Solid Mechsnics. Oxford: BH, 2000. 459 p.
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YAK 631.31;519.71
C.A. JUILIEHKO, A.C. JIALIEHKO

HOCTPOEHHUE JIMHEAPU3UPOBAHHBIX MATEMATHYECKHUX
MOJIEJIEA PABOTHI BAKYYM-AIIIIAPATOB
KPUCTA/UVIMNBAIMOHHOI'O OTAEJEHHUA CAXAPHOT'O 3ABOJA

PaCCManI/IBaCTCH pa60Ta OTACJICHUS KPUCTAJUIN3AalIUN CaAXapHOT'0 3aBOJa. Hpeﬂﬂal"aIOTCH
JIMHCAPU30BAHHBIC MATEMATUYCCKUEC MOACIN pa6OTLI BaKyyM-alIiapaTosB, H€O6XO)_'[I/IMI)I€ JIIsL
HCIOJIb30BAHUA B ABTOMATU3UPOBAHHBIX CUCTEMAX YIIPABJICHUS TEXHOJIOTMYCCKUMMU ITpoLecca-
MU KPUCTAJITU3AMUOHHOI'O OTACIICHUS.

1. BBenenue

Pa3BuTHe npon3BoACTBa caxapHOUM IPOAYKIMHN B Y KparHe — OHO U3 OCHOBHBIX CTpaTernyec-
KHMX HalpaBJIEHUH B CENbCKOXO35AHCTBEHHOM ITPOU3BOACTBE. | TaBHBIM TPOM3BOICTBEHHBIM IIPO-
LIECCOM TIOy4EHHs caxapa Ha caxapHOM 3aBOJ€ ABIIsIETCA Mpolecc Kpuctammsanuu. Kpucrani-
JU3alyd caxapa — 3aBEpIUAIOLIUI 3Tall B €ro MPOU3BOACTBE. 3AECh BBIICIAIOT MPAKTHUECKU
YHICTYIO CaXapo3y U3 MHOTOKOMIIOHEHTHOM cMecH, KOTOpOH sIBiIsieTcs cupon. B cokoouncTuTens-
HOM OT/eNeHnd 13 An(Py3HOHHOTO COKa yaasieTcs okoio 1/3 HecaxapoB, ocTalbHBIE Hecaxapa
BMeECTE C caxapo30i MOCTYNMalT B NPOAYKTOBOE (KPHCTAIM3AlIOHHOE) OTHeNeHue, rue 00ib-
1Iasi 4acTh caxapo3bl BHIKPHCTAJUIM30BBIBAETCA B BUJE caxapa-Tliecka, a Hecaxapa OCTaloTCs B
MEXKpPUCTAJIBHOM pacTBope. Brixon caxapa Ha 75% 3aBHCHT OT MOTEph caxapa B Menacce.
[Torepy B mpoOAyKTOBOM OTIEIEHUHU OINPENENSIOT TEXHUKO-9KOHOMUYECKUE TT0KAa3aTeN! 3aBOAA.
KauectBO caxapa nmpsiMo CBA3aHO C IOTEPSMHU €ro B Menacce. 3ajadell ONTUMHU3ALUN TEXHONIO-
THYECKOTO TpoLecca SBISETCS BHIOOP MEXKAY TTyOOKMM HCTOLIEHHEM MENacchl U KauecTBOM
necka. 3ajada MOJy4yeHHsl caxapa CTaHAAPTHOIO KauecTBa PELIAeTcsl C MOMOUIbI0 TEXHOIOTUU
MHOTOCTYIIEHYATOH KpUCTAIIM3aLUN PacTBOPa, MO3BOJISAIOLIEH CBECTH MOTEPH K MUHUMYMY.
Haubonee pacnpocTpaHeHbl ABYXCTyIeHUATas] U TPEXCTyIeHJaTasi CXeMbl padOThl IPOIYKTOBO-
ro oraeneHus. s moaydeHus caxapa XOpOLIero KauecTBa He0OOXOOMMO MCIOJIb30BaTh THOKHE
CXeMbl MPOU3BOJCTBA, NMPEAYCMaTPUBAIOLINE ONIEPaTUBHOE IepepacipeieiieHie MOTOKOB U pe-
XKHUMOB PalOOTHl B COOTBETCTBMM C CHTyallMell Ha 3aBOJle M KAa4eCTBOM IiepepadaThIBAeMOro
ceipbs [1].

PanmonanbHas TEXHOJIOTWYECKasi CXeMa MPOLYKTOBOI'O OTAEIEHHs AODKHA MMETh CTOJIBKO
CTyNeHel KpHCTaIN3aliy, 9To0bl ee cyMMapHbIi 3¢dekTt coctaBisut 30-33%, a koaddunueHT
3aBoza cocTaiisi1 Okl 6onee 90% mpu cpeqHeM KadecTBe CBEKIBI. B TOCTOMHCTBA TPEXITPOLYK-
TOBOH CXeMBbI PabOThl MOXKHO BKJIFOUHTH OOJIee BRICOKHH BBIXOA MPOoAyKuu (37%) u BbICOKOE
Ka4yecTBO MOIy4aeMOro TOBapHOro npoxykra. OT mpouyux CXeM KpUCTAJUIN3aluU OHA OTJINYaeT-
Csl IPSIMOTOYHOCTBIO, B KOTOPOH CYILECTBYET OMH PELUPKYJIILUOHHBIA KOHTYpP - BO3BPAT Kle-
poBKU. MICXOAHBIM CBIPbEM UI IPOLYKTOBOI'O OTIEJNICHUS SIBISETCS CyJIb(UTHPOBAHHAS CMECh
cupona ¢ Ki1epoBkoii caxapoB Il kpucrammmsanuu u caxapa-apdunana Il xpucrammzanum c
YHCTOTON He MeHee 92%.

B caxapHOM IpoH3BOACTBE TEXHOIOTMYECKHH MPOLECC MOTYUYEHHS caxapa MOCTOSHHO MEHSI-
€TCsl B 3aBUCUMOCTH OT MU3MEHEHUS KayecTBa MPOLYKIHH.

Hcxons n3 N3105KeHHOr0, MOJKHO CIIeIaTh 3aKIF0UCHUE, YTO IPOLECC KPUCTAJUIM3aLNH, KaK 1
BCE JpyrHe OCHOBHBIE ITPOLIECCHI IEPEPAOOTKH CHIPhSI B 3aBOAE, SABJISIETCS CIOKHBIM AMHAMHUYEC-
KAM mporeccoM. sl monydeHHs ONTHMAIbHOTO BBIXOAA MPOAYKLIMH HEOOXOOUMO YIEIHTh
BHHUMaHHE BOIIPOCaM BHEAPEHUS COBPEMEHHBIX aBTOMaTH3UPOBAHHBIX CUCTEM YIIPABIICHUS TEX-
Honorndeckumu npomeccamu (ACYTII).

O exTHBHBIA BBIXOI MPOLYKLUH IPOU3BOICTBA 3aBUCUT OT CHCTEMBI YIIPABICHHSI OTIEIICHH-
eM KpHCTaJIM3aluy Ha 0a3e mporpaMMHo-TexHnuecknx koMiuiekcoB (IITK), obecnieunBarommx
yIpaBJIeHHE TEXHOIOTMYECKUM IPOLECCOM B OTIEIEHUH KPUCTATM3ALMH 110 33JaHHBIM Oe3o11ac-
HBIM TEXHOJIOTMYECKUM M SKOHOMHYECKHM KPHUTEPHUSIM, KOTOPBIE ONPENessIIoT KaUeCTBEHHbBIE U
KOJIMYECTBEHHbIE IIOKA3aTeH BBIXO0a caxapa U COIyTCTBYIOLIEH npoayKuuu otaeneHus. Cope-
menHass ACYTII Bxirodaer B cebs TEXHHYECKHE CPEACTBA, MPOrpaMMHOE oOecrieueHne U
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olepaTopa, poJib KOTOPOrO B aBTOMaTU3UPOBAHHOM IIPOLIECCE MPOU3BOACTBA CBOAUTCA K HaIA-
Ke, pETYIHPOBKE 1 0OCITy)KUBAaHHIO CPEACTB aBTOMATH3aLUK HAOIIONEHHUIO 32 UX JIEUCTBHEM.

ACVYTII ormenenus KpUCTALIM3alMK HPEICTaBIsieT coOol pacnpenenéHHYyI0 CHCTEMY YII-
paBIIEHHsI MaJIOr0 MaclITada, Kak 1 B TU(PPy3MOHHOM, COKOOUYHCTUTEIHHOM H BHIIAPHOM OTAEIE-
HUSIX, BKITIOYAIOIYIO TIOACUCTEMBI cOopa 1 0ToOpakeHHsI H(POPMAalLli1, aBTOMAaTHUECKOT0 Pery-
JUPOBAHHUS, M CKPETHO-JIOTMYECKOTO YIIPaBJIeHHS, IPOTHBOABAPHIHBIX 3aIIUT U OJOKHPOBOK. OHA
MPEAOCTaBIIAET ONEepaTOpy MOAPOOHYIO HH(POPMALIUIO O MPOTEKAHMH TEXHOJIOTHIECKOT0 IPOoLec-
ca, IPOU3BOAUT apXUBUPOBAHUE OCHOBHBIX TEXHOJIOTMYECKUX 1aPAMETPOB, BEAET IPOTOKOI CO-
ObITHH, TTI03BOJISIET (POPMUPOBATH OTUETHI B PA3IMUHBIX BHJIAX U HMEET BO3MOXKHOCTb CaMOJUar-
HOCTHKH. DTH CBOWCTBA MOBHIILIAIOT HAISKHOCTh U YAOOCTBO AKCILTyaTallMd CUCTEMBI, & TAKXKe
MOBBIIIAIOT OE30MaCHOCTD IKCIUTyaTallui 000pYAOBaHHUS.

IIpu nomout ACYTII B oTneneHuy KpUCTAJUIM3alMU JOCTUraercs yIydlleHUe: peKHMa
yYBapUBaHMs CUPOIIA JO MPECHIEHUS B BaKyyM — allaparax MoJ pa3pexeHUeM, 3apoKACHUE U
HapallMBaHWE KPUCTAJUIOB M TIOCIEyIOIIee pas3lielieHne B LeHTpU(yrax Ha caxap- IEeCOK U
HIEPBBIA OTTEK.

Baxxny!o poJib B cHCTEME yIPABIIEHUS TEXHOJIOTHYECKUM IIPOLIECCOM KPUCTAILIN3ALUU UTPAET
QJITOPUTM YIPaBJICHUS, IPEICTABIISIONINI cOO0l onucanue npouenypsl 00padboTku HHPOPMALUU
0 HaOJI0aeMbIX MEPEeMEHHBIX COCTOSHHS B LEJSIX ONpeleieHus YIpaBJsIOMX BO3ACHCTBUH,
peanu3yeMbIX ISl OoMy4eHHs TpeOyeMbIX Mmoka3aTeneil yrpaslisieMoro mporecca Kak B yCTaHO-
BUBLIEMCS, TaK U B IIEPEXOIHOM PEXUME.

ANTOpUTM yIIpaBlIeHHs JOJDKEH YETKO OMPEAENATh MOCIeA0BaTeIbHOCTD AEHCTBUI, HE00XO0-
JUMBIX JJIS1 TOTO, YTOOBI HAWIYYILIMM 00pa3oM PEelIuTh MOCTaBIIeHHYIO 3aaa4dy. OH cocTaBiseT-
Csl TEXHOJIOTOM JJIsl YIPOLIEHHS 3a1a4i TPOrpaMMHUCTa P HAIMCaHUU IPOrPaMMHOro odecre-
YEHMS AJI KOHTPOJLIEPA.

HcxonHbIM 3TanoM MOCTPOEHUS MOAENH SIBISIETCS pacdeT M aHalMu3 CTaTHKHU IIpoLecca, T.e.
PacCMOTpEeHME JaHHBIX O PABHOBECHH, HA OCHOBE KOTOPBIX OIPENEIISIOT HAIIPABJICHUE IIPOTEKAHUS
U BO3MOJKHBIE IIPEJENBl OCYILECTBIIEHU Ipolecca. Mcxons u3 3HaHUs 3HAYEHUN U [1apaMeTPOB
TEXHOJIOTHYECKOT0 MpoLiecca MOoyYeH s caxapa (Ha Bcex dTanax npou3BoacTsa (audysus, nede-
KaI¥sl, BBIApKa, KPpUCTAIUIN3ALHST) ), HA OCHOBAaHHHM 3aKOHOB COXPAHEHHS MACCHI M DHEPTUHU COCTAB-
JISIFOTCSL YpaBHEHHsI MaTEpHaIbHOTO M HHEPreTHYecKoro OanaHca. 3Has 3T ypaBHEHHS, MOXHO
OIIPEAENINTh KNHETUKY MPOLIECCA U CKOPOCTB €r0 MPOTEKaHUsI TIPH Pa3INIHbIX H3MEHEHUSX.

2. OcHOBHOII MaTepuaJ

Jns ontuManbHOH pabOThl BCEr0 KPUCTAUIM3ALMOHHOIO OTAECIEHMS CleqyeT coOmoaTh
TeMIIEpaTYPHBIH PeXHUM BO BCEX BaKyyM-ammnaparax oraeineHus. CocTaBUM ypaBHEHHE TEIUIOBO-
ro OanaHca npouecca KpUCTaUIM3aluy B BaKyyM-annapaTax [2]:

Qnap +Qi<p = garp +QJBBIHap ’ (1)
rae Qpup — KOIMYECTBO Telula, KoTopoe mocTymaer ¢ mapom; Q. — KOJIMYECTBO Teria,
MOTy4aeMoe IPH KPUCTALTM3aLUH B | -M amliapare; anrp — KOJIMYECTBO TEIJIa, 3aTPaueHHOE Ha
HarpeB NpojaykTa j-ro ammapata; Qpuap — KOIMYECTBO TEIUIa, MOTPAUYCHHOE HA BHIIAPUBAHHE
B j-M ammapare.

Kaxyto u3 cocraBisitomnx ypaBHeHHUs (1) MOKHO NMPEACTaBUTH B BHIE:

Qnap = Gnapcnapenap 5 (2)
31ech G pqp — KomuuectBo mapa; C,g, — TemnoemMkocTs mapa; 0y, — Temmeparypa napa;
pr :GKpCerKpa 3)

rae Gy, — konnyecTBo npojykTa Kpructammsanuu; C,, — TeImI0eMKOCTh IPOIYKTa KPHCTAILIN-
sauun; O, — Temmeparypa NpoayKTa KPUCTAIH3AIHH;

QHarp = GHaI‘pCHaneHaI‘p P (4)
G yarp — KOMMYECTBO HCXOAHOTO MPOAYKTA; Carp — TEMIOEMKOCTD HCXOAHOTO HPOAYKTa, Oy —
TeMIIepaTypa UCXOAHOTO MPOAYKTa;

QBLIHap = GBLIHapCBLIHapeBLIHﬁp P (5)
rae Gpypap — KOIMYECTBO BBITAPEHHOrO pacTBOPUTENs, Cpyypap — TEIIOGMKOCTH BBITAPEHHOTO
pactBoputensi; Oy, — TEMIEpaTypa BHITAPEHHOTO PACTBOPUTEIIS.

39



COOTBETCTBEHHO MOJIy4UuM YpPaBHCHHUEC TCIIOBOI'O Oamaunca IUId BaKyyM-alimaparta nepBoﬁ
KpUCTaJUIM3aluun:

Gnapcnapenap + GKpCerKp = GHanCHaI‘peHan + GBLIHapCBBIHapeBBIHap. (6)
[Tpu Hapymennu TemnoBoro OanaHnca ypaBHeHue (6) IpUMET BUA:
do
lecl d};ar = A(Gnapcnapenap + GKpCerKp - GHarCHareHar - GBmeBbmeBun), (7)

rae V; — o0beM IepBOro BakyyMm-annapaTa; P — INIOTHOCTh CHPOMNA; C; — y/elbHas TEILIOeM-
KOCTbH BEIIECTBAa B MEPBOM amrmapare.

OTKIIOHEHN TIEPEMEHHBIX B KPUCTAJUIM3ATOPE, C YIETOM JTMHEAPU3aLUU, IPUMYT CIEIYIOIU I
BUJI:

1 1 1 1 gl 1
Zha LG 0 CoranAOrap +C O AG iy + G CL AL +CL 0L AG!
dt V1p01 (8)
01 01 01 01 01 01 1 1 1 1 1 1
- GHar'pCHarpAeﬂarp - CHar'peﬂarp AG Harp GBbmapCanapAeanap - CBBIHapeBLIHapAG BBITIAP )

COOTBETCTBEHHO JUIA OCTAJIBHBIX BaAKYyM-aIlllapaTOB YPAaBHCHUA COCTABJIAIOTCA aHAJIOTMYHO:

4012 1
2 ~2 2 2 n2 2
% = —(GmpcmpAenap + CorapBrapAG 1ap + G pCrpABz, + C 1,02, AG, —
T V2 (%) (9)
12 12 12 12 12 12 2 2 2 2 2 2
- GHarpCHarp AB Harp CHarpeHarp AG Harp GBLInapCanap A BBIIAD CanapGBbmap AG BBITIAp )’
462 !
Hal 3 ~3 3 3 n3 3
Trp = W(Gnapcnapmnap + CorapOnapAG 1 + Gp Cop A0, +C1, 03,AG, —
3Kv3
(10)
23 23 23 23 23 23 3 3 3 3 3 3
- GHarpCHarp A Harp CHaI‘peHaI‘p AG Harp GBLInapCanap A BBIMAp Canapeanap AG BBHITIAP )’
deiﬁrp 1 4 ~4 a4 4 4 4
T = W(GnapcnapAenap + CnapenapAGnap + GKpCKpAer + CerKpAGKp -
4PCy
(11
34 34 34 34 34 34 4 4 4 4 4 4
- GHarpCHarp AB Harp CHarpeHarp AG Harp GBLInapCanap AB BBIIAD CanapGBbmap AG BBITIAp ) .

Ha ocnoBe MMOJIYUYCHHBIX COOTHOIIICHUH MOT'yT OBITH pcain30BaHbl B(I)q)CKTHBHLIG IOAXOJbI
U CUHTE3a CUCTCMBI YIIPAaBJICHHA.

3. BniBoaBI

HUccrenoBaB paboTy OTIeNeHNUS KPUCTAUIM3AINH CaXapHOTO MPOU3BOCTBA, MOXKHO C/IENaTh
BBIBOZbI, YTO OAHUMH U3 OCHOBHBIX YCTPOKCTB, OTBEUAIOLIUX 32 KAYECTBO M KOJMYECTBO caxapa,
SIBIITIOTCS. BaKyyM-alapaThl IepruoAgrndecKkoro aeiictsus. HopmansHas paboTa JaHHBIX ammapa-
TOB 3aKJIIOYAETCs B NOAACP>KaHUM ONTUMAJIbHBIX 3HaUYEHUH KOJIMYECTBA CUPONa MPHU 3aJaHHBIX
TeMIeparypax, A1 yCTPaHEHUsI OCTATKOB BJIard M3 CUPOIIA M ITOJIYYEHUS KPHUCTAJUIOB caxapa.
Beutn moctpoeHs! ypaBHEHHS TEIIOBOTO OajaHca JjIs BCEX BaKyyM-alllapaToB OTAEIEHUS, U3
JAHHBIX YpaBHEHHWH TOIYyYeHBI JIMHEAPU30BAaHHBIC MaTEeMaTUYECKUE MOJETH PaboThl TeriIoo0-
MEHHBIX YacTell KPHCTaJUIM3aTOpOB. Y YUTHIBAS TMHEHHOCTh COOTHOIIEHUN, BO3SMOXKHO Y deK-
TUBHO HCIOJb30BaTh IPU IOCTPOCHUH CHUCTEM yNPABICHUA.

Croucok muteparypsl: 1. Jlawenxo C.A., JIawenxo A.C., Bersesa Y. C. Konuenwy moBHIIeHAS 3 HEKTHBHO-
ctu ACY TII npu npon3BoacTBe caxapa B YKpaunse / BicHuk XapKiBCbKOT0 HaIllOHAJIBHOTO TEXHITHOTO
YHIBEpCHUTETY CLIILCHKOT0 rocriogapcrsa iMeri [lerpa Bacmernka. “CydacHi HapsSIMKH TEXHOJIOTI] Ta MEXaHi-
3amii mpomneciB nepepoOHuX i xapyoBux BupoOHMITB”. Xapkis. 2008. Bun. 74. C. 54-63. 2. Jioyp B.A.,
Cmpyuaee M.1. TernorexHika, TEIIOMOCTAYaHHS 1 BHKOPUCTAaHHS TEIUIOTH B CUTECHKOMY TOCTIONApCTBi / 3a

3ar. pea. B.A. linypa. K.: Arpapna ocsita, 2008. 233c.
Hocmynuna 6 peokonneeuro 11.12.2012
JIsmenko Cepreii AjiekceeBHY, KaHII. TexXH. HayK, HoreHT kKadenaps! bXX XHTYCX mm. I[1.Bacu-

JieHKo. HayuHble nHTEpechl: MOIENMPOBAHKE CJIOKHBIX CUCTEM YIpaBlIeHUs. Afpec: YKpauHa,
61002, XaprkoB, yi1. Aprema, 44, Tem. 732-76-26.

JIsmenko Anekceii CepreeBud, KaHI. TeXH. HayK, MoreHT Kadeapsl OBM XHYPO. Hayunsie
HWHTEPECHl: aBTOMATU3NPOBAHHBIE CUCTEMBI YIIpaBieHus. Anpec: YKpanna, 61166, Xappkos, mp.
Jlenuna, 14, e, 702-13-54.
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VJIK 004.358:681.518
U.A. BOJKHHCKHU

Ob OJHOM INOAXOJE K MOAYJbHOMY NMPOEKTUPOBAHUIO
HHO®OPMAIIMOHHBLIX CUCTEM

[pemnaraercst moaxon K MpOSKTUPOBAHHIO HHPOPMAIIMOHHBIX CHCTEM Ha OCHOBE CTPYKTYp-
HO-JIOTUYECKOTO CHHTE3a YHUBEPCAIBHBIX MOAyned. Kaxaplii MOAyab COOTBETCTBYET OAHOU
THUITOBOH (PYHKIIMOHAIEHOM KOMITOHEHTE PH POSKTUPOBAHNH HHPOPMAIIOHHONW CUCTEMBIL: OT
MOJIYJISl, PEaIM3YIOIIEro THIT MOJICNN JTaHHBIX, 0 THIIOBBIX MOJYJIEH MOCTpoeHHs HHTepdetica
nonb3oBarens. B kauecTBe MHTETpaIbHOM 000JI0UKH CHHTE3UPYEMOi HH(POPMAIOHHOH crcTe-
MBI IIpeIaraercs ppeMoBast MOJIEIb.

BBenenue

PaspaboTka u peanuzanusi COBPEMEHHBIX KPYITHBIX WH()OPMAIMOHHBIX MPOSKTOB UMEET, KaK
MPaBUIIO, 3aTSDKHOW XapaKTep, UX CTOMMOCTD IMTPEBOCXOIUT 3aIUIAHUPOBAHHYIO, 8 OKOHYATEbHBIN
MPOAYKT MOTYYaeTCsl HCHAICKHBIM U CJIOKHBIM B COITPOBOXKACHUU [ 1]. DTO PUBENO K CHUTYAIIHH,
KOTOpasi U3BECTHA I0J1 HA3BAHUEM «KPU3HC IPOrPAMMHOI0 00ecIiedeHUs1». X 0TS MePBbIC YIIOMHU-
HaHUs O KpU3Kce ObUIM CHICNaHHI eile B KoHIe 80-X roaos, aaxe ciycts 30 JeT ero Bce eie He
yaanoch mpeonosieTs. B Hacrosiiee BpeMss MHOTHE aBTOPBI BUISAT MPUYUHBI 3TOTO KPU3HCa B
CIEAYIOIIEM:

— pa3pabotka okoio 40% cucTeM 3aKaHYMBACTCA HEYIAYHO WM MPEKpaIlaeTcs 10 3aBepiiie-
HUS padoT;

— palMoHAILHO UHTErPUPOBATH MHTEPECHI OM3HECA M HCIIONb3yeMol NH(OPMAIMOHHON TEXHO-
JIOTHH yjaercs He Oojee ueM B 25% MPOEKTHPYEMBIX CHCTEM;

— Tonbko 20-30% nH(OPMAIIMOHHBIX CHCTEM OTBEYAIOT BCEM KPUTEPHUSIM JIOCTHKCHUS yCIIeXa.

OcHOBHBIC HEyJaYl TP CO3JaHHHU TPOTPAMMHOTO OOCCIICUCHHS BBI3BAaHBI OTCYTCTBHEM
MOJIHOM crienu(pUKaK BCeX TPeOOBaHMIT HA dTaIle MPOSKTUPOBAHMS, PUEMIIEMON METOI0JIO-
U Pa3pa0O0TKH WY HEIOCTATOYHOH CTEMEHbI0 pa3eneHusl O0IIero riio0albHOro MPOeKTa Ha
OTJeNbHbIE KOMIIOHEHTHI, Toaatoniecs 3(h(GeKTHBHOMY KOHTPOIIO U yrpaBieHuto. Jis pas-
PEIIeHUs ITHX IPOOIIEM B MMPAKTUKE MPOSKTHPOBAHUSI MH()OPMAIIMOHHBIX CHCTEM OBLT TIpeIIo-
XKEH CTPYKTYPHBIM TOJXOJ, Ha3bIBAEMbIH XU3HEHHBIM IUKIOM pa3paboTKu MPOrpaMMHOTO
obecneueHus.

[on >kxM3HEHHBIM ITUKIIOM pa3pa0OTKU HH(POPMAIIMOHHBIX CHUCTEM TPAIHIIIOHHO TTOHUMAETCS
YIOPSIIOYEHHAs] COBOKYITHOCTH ATAIOB, 00ECIIEYMBAIOIINX CO3/IaHNE Ka4eCTBEHHOTO MTPOrpaMM-
HOTO TIPOAIyKTa. B nmurepatype cyrecTByeT MHOKECTBO HapeKaHUI Ha HECOBEPIIEHCTBO JTAHHOTO
CTPYKTYPHUPOBaHHUS, HO CMBICTI €T0 B IIEJIOM JIOCTATOYHO sICEH — 00ph0a CO CI0KHOCTHIO IPOIIeC-
ca pa3paboTKH MPOTrpaMMHBIX TPOAYKTOB IIyTEM pa3AeieHus dTAloB U JIOKAIN3AIHH TOJIBKO TEX
3aJ1a4, KOTOpble MOTYT W JIOJDKHBI PemaThCsl UIMEHHO 3/1ech [2].

00630p coBpeMeHHBIX METOI0B NPOEKTHPOBAHUSA HHGOPMAIMOHHBIX CHCTEM

TexHOMOTrHs MPOrpaMMHUPOBAHUS YK€ MPOIILIA JTOCTATOYHO AOITHH ITYTh Pa3BUTHS, U ceiidac
MIPOMCXOIUT TIepeolleHKa ee (PyHIaMEHTAITbHBIX MCXOIHBIX MOCHUTOK. [lepBBhIM KaHIHIATOM
JUTSL TAKOM TIEPEeOleHKH CTalla TpaJuIlMOHHAs TOYKAa 3pEHUs Ha Tpolecc pa3pabOTKU KakK Ha
MPOLIECC, OCHOBAHHBIM HA MOHATHUH >KU3HEHHOT 0 UKIa [3].

CymiecTByIOT pa3MYHbIE MOAXOABI K pa3padoTKe MHPOPMANMOHHBIX MOJAEIEH W CHCTEM.
Opno n3 Takux HampasieHuil npencraBisier W/O (Warnier/Orr) merononorus DSSD (Data
Structured System Development), koTopasi 00bequHAET MeToHoI0rHI0 Warnier 1o MCIOIb30-
BaHUIO JIOTHYECKUX CTPYKTYp AaHHBIX W JIOTMYECKUX KOHCTPYKUHUA nporpamm. Takas meromo-
JIOTHS MPEATIONATAET, YTO B PACTIOPSIKEHUHN MPOSKTHPOBINKKA WH()OPMAITMOHHON CUCTEMBI IMe-
eTcs MPEICTABUTENbHBIM Ha0O0p MPOIENyPHBIX MA0I0OHOB IS MTUPOKOTO Kilacca MporpaMMHu-
pyembrx 3amad. B macrosimee Bpemss DSSD-meromonmorust «mepepociay W3 METOTOIOTHH
pa3paboTKH MPOrpaMM B METOJOJIOTHIO Pa3pabOTKH CHCTEM.
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CrnenyronmM NoaX0/I0M K CO3JaHUI0 MOJENel MmporpamMm SIBISETCS JOTMUYECKOe MOAEIHPO-
BaHue I»iiHa. Jlornyeckas Monenb CHUCTEMBI MPOEKTHPYETCS B IPOLIECCE MOCIEN0BATEIBHOIO
MPUMEHEHHUS TAKHX HTATIOB!

— OIMCaHMe MPHUPOJBI MPEIMETHON 00JIACTH C TIOMOIIBIO TUarpaMM MOTokoB AaHHBIX (Data
Flow Diagrams);

— CBEZICHHE TIOIYYSHHOW Ha MpebIayIeM dTane HHPOpMaiK B IByMEpHbIE TaOIHUIIbI, KOTO-
pble B JaNbHEHIIeM HOPMalu3yIOTCs;

— xoppekuust DFD ¢ yuerom pe3ynbTaToB HOpMallM3allui MPEAbIIYIIEro 3Tamna;

— pa30OHreHue MOTY4YEHHO! B pe3yJIbTaTe BHIOIHEHHS MPEABLIYIIMX 3TAIIOB MOENH Ha «ITpoLie-
IypHBIC AMHULBD), a TAKKE ONpeeeHUe AeTallell KaKI0i MPOLeaypHON SAHHULIBL.

TperbuM B psAAy MOAXOIOB K CO3AaHUIO MOJENH TMPOSKTUPYEMOW HpPOTrpaMMbl SIBISETCS
Mmeron Mopnana. OH BKIIIOYaeT ABa KOMIIOHEHTA: MHCTPYMEHTANbHBIE CPEACTBA M METOAMKH.
Merononorust Mopiana opueHTUpOBaHa Ha MPOEKTUPOBaHKUE cHCTeM 0OpaboTKH naHHBIX. [lox
WHCTPYMEHTAJILHBIMU CPEACTBAMH 3J1eCh TOHUMAIOTCA Pa3IMYHbIC JHarpaMMBbl, HCIIOIb3yeMbIe
MIPH OTIMCaHUU MozeIel TpeOoBaHUH 1 MOJIeNiel apXUTEKTyphl IPOSKTUPYEMOH HHPOPMaLOHHON
cucteMbl. CaMble N3BECTHBIE U3 TAKUX JUArpaMM - JuarpaMmmbl HoTokoB JaHHbIX DFD. Ongnako
WX HEIOCTATKOM SIBJISIETCS OTCYTCTBHE CPEICTB ONHCAHUS OTHOLICHUI MEXIy NaHHBIMH M MX
«TIOBEZICHHUS» BO BpeMeHU. BoT mouemy B MHCTpyMeHTallbHBIE cperncTBa Merona Mopnana Ha
ceropusamHui neHs kpome DFD Bkmouensr ERD-nuarpammer (Entity Relationship Diagrams) u
STD-muarpammel (State Transition Diaggams).

IMoaxoxn, ocHoBanHbIM Ha Merone Mopaana, momoraer nepeiiTu oT OaHKa Ha Oymare u/win
9KpaHHOH (POPMBI K XOPOILIO OPraHM30BaHHOM CUCTEMHON MoJienu. [lepBoHavyanbHO 3TH METOAUKI
0a3upoBaNIKCh HA TPAAULIMOHHOM top-down mpoeKTHpoBaHUH. B HacTosmIee BpeMst HCIIOIb3YeTCs
MeTo[ cOOBITHITHOTO pa3duenus (event partitioning). IIpu 3ToM cHavyana cozgaercst KOHTEKCTHAS
qrarpaMMma BEpPXHEro ypOBHS, TI€ ONPENEISIFOTCS CUCTEMHBIE OrpaHHuYeHUss U WHTep]eicHl ¢
«BHEITHUM MHPOM». 3aTe€M C MOMOIIBI0 TEXHUKH HHTEPBBIO OPMHUPYETCsl CIMCOK COOBITHI U3
BHEIIHEW cpelpl, Ha KOTOphIe CHCTEMa JIOJDKHA pearnpoBaTh. Takod momxon oOecrieuynBaer
npoctoii Oaszuc ans opmupoBanusi «ceipoit» DFD. Heckonsko DFD-peaknuii Morytr ObITH
o0benMHeHBI B pefakiuio 0ojee BEICOKOTo ypoBHs. [IpobiemMbl, BO3HUKAIOIINE TPH UCTIONB30Ba-
Huu Meroga ERD-auarpamm, cBsi3aHBI, IPEeX/Ie BCErO, C TPYIHOCTAMHU WHTETPALlUN KOMITOHEH-
TOB TIpH pa3paboTKe Beel cucteMbl. BoT moueMy B mocienHee BpeMs 3TOT MeTox Obu1 000011eH
3a CUeT BBEICHUS MHTErpUpOBaHHON 0a3bl maHHBIX. [Ipu aTom ERD-meron tpancdopmupyercs
B CTPYKTYPHYIO METOJIOJIOTHIO, OCHOBHBIE ATAIbl KOTOPOH cBOAATCS K paspaboTke ERD [4].

[TocienHUM METOIOM, KOTOPHIA paccMaTpUBAECTCS B JaHHOM 0030pe, SBIISETCSI METOJ CTPYK-
TYpPHOTO NpoeKTHpoBaHUsl. CTPYKTYpHOE IPOEKTUPOBAHUE CHAETANIOCH AEHCTBUTEIFHO MOLIHBIM
1 aKTHBHO MCIIOJb3YEMbIM Ha MIPAKTUKE ITOIXOI0M H3-3a TOT0, YTO K MOAENISAM U METOAaM ObUIN
N00aBJIEHBI OLIGHKU PE3YJIbTATOB MIPOEKTUPOBAHMA. 3€Ch NPEIIararoTcsl BCe MPOCKTHBIE pellie-
HUS pacrojlaraTb B TPEXMEPHOM IIPOCTPAHCTBE «COAEPKAHHME — CIOKHOCTh — CBA3HOCTHY. U
YTBEPKAACTCS, YTO XOPOLIMMHU MPOSKTHBIMU PEILCHUSIMH OyIyT JIMILG T€, KOTOPbIC NPH 3alaH-
HOM COZIEpKaHUU UMEIOT MUHUMAJBbHYIO CJIOKHOCTh U MAKCUMAJIbHYIO CBSI3HOCTb.

ITocTanoBKka 3agaum

B cBs131 ¢ M3710)KEHHBIMY BbIIIE TEHACHIIMSIMU B IPOEKTUPOBAHUN HH(POPMALIIOHHBIX CHCTEM
MpeAIaraercsi Ha OCHOBAaHMH aHAIN3a PEIALMOHHBIX MOJEJIeH TaHHBIX PAa3IMYHBIX IPUKIIATHBIX
WH(GOPMALIMOHHBIX CHCTEM pa3paboTaTh TUIOBBIE CTPYKTYPHO-TOTHYECKHE MOMYJIH, COOTBET-
CTBYIOILIME KJIaccaM 3aJjad MPOCKTUPOBAHUS PESILMOHHBIX MOZAENIEH NaHHBIX, a TAKXKE TUIIOBBIC
uHTepdeiicsl monp3oBatens. Kaxaplil Takoi MOIyIIb BKIIOYAET ()YHKIHOHAIBHO ITOJTHYIO PesIsiy-
OHHYIO MOJEJb AJISl PEIICHNS 3a1a4l XpaHEeHUsI 1 00paOOTKH JaHHBIX HAa OCHOBE PEIALMOHHON
CYB/] (cucremsl ynpaBneHnus 0a3aMu JaHHBIX) U HHTEPQENC MOIb30BaTeNs.

Pewenue nocmaenennoil 3adavu

B kauecTBe CTPYKTYpHO-JIOTHUECKOW E€AMHUIIBI, COOTBETCTBYIOILEH CHHTE3UpPYeMOi HHGOp-
MaIlMOHHOH cucTeMe, mpeanaraercs ¢periMoBas moxaenb. DpeiiMm — Kapkac, pamka, KOTOPBIHA
o0benuHseT B cebe CI0Thl — He0OXOIUMBbIE KOMIIOHEHTH! HH(OPMALlMOHHON cucTeMbl. B obmem
BHJIE TaKas MOJENb MOXKET OBITh 3alrcaHa CIeqyoIIuM o0pa3oM:

FR{<R,,C,,C,, C,, >..<R,,C,,,Csy .Cor >,<R,,,Cy >}, 1)

2m,
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rae FR — ums ¢peiiMa (naeHTHQUKATOp MPOEKTUpYyeMol MH(OPMAIIMOHHOM CHUCTEMBI); Hapa
<Ri,Ci> — i -ii cnoT ¢peiima; Ri, — ums cnora; Ci — 3HaUSHHE CIIOTA.

Cunor B Mmonenu (1) sBIsieTcst CTPYKTYPHO-JIOTHYECKOH KOHCTPYKIIMEH JUIsl peann3aui KOHK-
pETHBIX (YHKIMH HHPOPMALMOHHOMH cucTeMbl. CIOTHI U3 (PpeiiMa MOXKHO yIalsiTh, J00ABIISATh,
M3MEHATh WX (pyHKIMOHAIbHOE HazHauyeHue. [ ynoOcTBa MambHEHIIMX PACCyKISHUI CIOT-
KOMITOHEHT (peiima onpenenum Kak ¢ . JIloboMy KOMIIOHEHTY-CIIOTY € OyAeT COOTBETCTBOBATH
ompezeneHnas apHocts Dim(e), KoTopasi MOoKa3bIBaeT YKHCIIO MOJIYJCH compsbkeHus. Momynu
COTIPSDKEHUS] KOMIIOHEHTOB-CJIOTOB MOT'YT OBITh OIMMCaHbl HAOOPOM IPU3HAKOB HIIU MTAPAMETPOB.

Taxum 00pazoM, OJHUM U3 (PaKTOPOB, ONPEILISAIOIINX (YHKIIMOHAIBHBIC BO3MOKHOCTH KOM-
MOHEHTOB-CIIOTOB Ka)XKJIOT'0 KJlacca, sIBISICTCS HAIMYME M TUIIBI BCTPOCHHBIX MOMIYJICH COMpsiKe-
Hust. JIpyrum akrtopoM sBIsieTcst pa3iuyHas IporpaMMHasi peain3alnus KOMIOHEHTOB-CIIOTOB U
THII TTOTPEOIISIEMOT0 B peKUMe (QyHKIIMOHUPOBaHUS pecypca. KOHKpeTHO# mporpaMMHO#M pealu-
3aI[l KOMIIOHEHTA-CJI0Ta € (PYHKIMOHAIBHOMH JIEMEHTHON 0a3bl COOTBETCTBYET €r0 MPEACTaB-
JIeHHEe BEKTOpoM mapamerpoB V(e).

JIr000it KOMIIOHEHT-CJIOT ¢ (PYHKIIMOHAIBHOM 0a3bl MOKHO MPEACTABUTH CIICIYIOIIMMU 00pa-
som e =[I(e),G(e),V(e)], rael(e) — Homep knacca kommoHenTa-cinora; G(€) — THI CTPYKTY-

pbI MOftyJieii conpspkeHust; V(€) — BeKTOp KOHCTPYKTHBHBIX TapaMeTPOB.

Jlnst popmanbHOTrO OmnpeeneHnss BO3MOXKHBIX (PYHKIMOHAIBHBIX BapUAHTOB KOMITOHCHTOB-
CJIOTOB BBEZIEM IpeoOpa3oBaHue moaoous s, orodpaxaromiee MuoxkectBo E Hacebs s:E — E.
JlBa 00pasyrolmx KOMIOHEHTa-ClIoTa €, U €, TOJ00HBI, €ClIM CYIIECTBYET HEKOTOPOE MPeod-
pasoBaHueE M0JI00MA S € S, TaKOe, UTO €, =€, . MHOXKECTBO S COMEPHKHUT CPEIH MPOIMX MPeod-
pa3oBaHHE MOJ00US BUIA S, UL KOTOPOro S € = €. KoHKkpeTHBIH BUJ IpeoOpa3oBaHUM MO0~
Ousi 3aBUCUT OT IPOCKTUPYEMOro CeMeNCTBa MH(POPMALIMOHHBIX CHCTEM.

Bynem cuntaTh, 4TO HCHONB3yeMbIe TPEOOPA30BAHUS TOIOOHS YAOBIETBOPSIOT CIIEIYIONINM
TpeOOBaHMSIM:

— MHOYECTBO S TIpeoOpa3oBaHuii MOA00Us S SBISETCS TPYIIIION;
— moboe s €S orobpaxaer kiacc E. B cebs mpu mo0oM HOMepe Kjlacca KOMIOHEHTOB-
CIIOTOB;

— BJIEMEHTBI MHOXKECTBA S HE BIUSIOT Ha CTPYKTYPY MOIYJEH CONPSIKEHUS, HO MOTYT BIUSITh
Ha UX IPU3HAKH.

Takum 00pazoM, CTPyKTypa MOZYJIEH CONPSLKEHMS M MHIEKC Kilacca KOMIIOHEHTOB MHBapUaH-
THBI OTHOCUTEIILHO TPe00pa30BaHus Mo100HS.

C y4erom cBOMCTBAa HHBAPUAHTHOCTH JJIs1 KOMIIOHEHTA-CI0Ta MOXKHO BBECTH IOHATHE (QYHK-

[IMOHAJIBHOrO Kiacca KoMmoHeHTa-ciora: Z =[I(e),G(e)], xoropoe orpaxkaer Hamboee Baxk-
HYI0 HH(GOPMALUIO O KOMIIOHEHTAX-CJIOTaX, 3aKJII0UYEHHYIO B HOMEpE KJlacca U CTPYKTYpe MOAY-
neit conpspkenud. g gyHkmoHaneHON 0a3bl E MOXKHO ONPENeUTh HHTErPAJIbHYI0 KaTErOPHIO
BEPXHEr0 YpOBHA — (PyHKIMOHAIbHYIO 6a3y THmos. Paccmorpum oro6paxenne h:E — E |

rneE u E — nBe ¢pynkunonansHple 0a3bl OHOTO M TOTO XK€ CeMEHCTBa, CBSI3aHHBIE C OHOM U
TOI K€ TPYIIOH Mpeodpa3oBaHUM OJ00HS § .

Byz[eM Ha3bIBaThb npe06pa3OBaHHe h HWHBApHUAHTOM CBHSeﬁ, €CIIN 11 JIF000r0 KOMITOHEHTA-

cinota € € E xommonentsr € u e = h(e) UMEIOT OJIHY M TE JKe NPOrPaMMHBIE MOIYJIU CONPSIKe-

HUA, a Takke S€ —>se i VSES Ve € E . C nomompio orobpaxkenus h moxzO ocyre-
CTBHTB Iepexoll 0T GYHKIMOHAIBbHON 0a3bl E K HOBOH 3i1eMeHTHOH O0aze E , He Hapymias oOmieit

CTPYKTYPbI HH()OPMAIIMOHHBIX CHCTEM, B KOTOPBIX HCIIOIB3YHOTCS KOMIIOHEHTHI E .

JlauHbIi cilydyali BO3HHMKAaeT NPH 3aMeHe WMelomieiics (pyHKIMOHaIsHOW 0a3bl ceMeiicTBa
3JIEMEHTHOM 0a30if HoBOro nokosieHus. CTpyKTypa 3JIeMEeHTHOH 0a3bl cemeiicTBa popmupyercs
KJlacCaMH KOMIIOHEHTOB-CIOTOB. BHyTpu Kiiacca CIOTBI OTJIMYAIOTCS CTPYKTYPOH MOIyJel
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COIIPAKCHUA G(e) . KomnoneHTh OJHOI'0 Ki1acca, OTIIMYaroIueCsa KaKHUMU-TH00 U3 MEePCUUCIICH-

HBIX BBIIIC XapPAKTECPUCTUK M IIPU3HAKOB, 6yI[CM Ha3bIBaTh MOI[I/I(I)I/IK&]_[I/ISIMI/I KOMITOHCHTOB-
CJIOTOB KJ1acca. MO}.‘[I/I(l)I/IKa]_II/II/I KOMIIOHCHTOB YYHMTHLIBAEM pPA3JIMYHBIMU HOMEpPAMH KOMIIOHCH-

TOB; TaK, IpU IBYXCUMBOJIbHOM 0003HaUYEHNH eij HepBLIfI CHMBOJI YKa3bIBA€T KJIIAaCC KOMITIOHCH-
Ta-CJI0Ta, BTOpOﬁ — HOMEp MOZ[I/I(I)I/IKa]_II/II/I.

KomioHeHTBI KJj1acCa, CBA3aHHLIC C IPYT'UMHA €TI0 KOMIIOHCHTAMHU OJJHUM U TEM KE Hp606p330-
BaHUEM HOZ[06I/I$I S, ABIAIOTCAH YHUBCPCAJIbHBIMHU. Yucao YHUBEPCAJIbHBIX KOMIITOHCHTOB-CJIOTOB

B KJIACCE ONpeeisieTcs YUCIOM HCIOIb3YEMbIX MTPeoOpa3oBaHUi MONO0HS.

Ha pucynke mpencraBieHa CTpYyKTypHas cxeMa YHU(UIUPOBAHHOW MOIYJIBHOW CHCTEMBI
CHHTe3a MH(POPMAIMOHHON CHCTEMbI Ha OCHOBE CTPYKTYPHO-JOrn4yecKux 3iaeMenToB. I1 — 6ok
YHU(UIIUPOBAHHBIX THIIOBBIX PEISIIMOHHBIX cXeM 0a3 naHHbIX; 12 —0nok yHHUIUPOBaHHBIX
TUTNIOBBIX HHTEP(EHCOB MOIB30BaTENsl, KOTOPBIM COCTOUT U3 MOAYJiel: €21 — «rJiaBHas KHOMOYHAS
¢dopmay, e22 — «ieHTouHas GopMay» u T.1. In — 670K yHHPHUIUPOBAHHBIX TUIIOBBIX BBIXOAHBIX
¢$hopM TONB30BaTENS.

ell

\ el3 e
A 4
In

ell el2 0 x \ - \

e21 e22 ei3

—

enl en2

CprKTypa YHHUBEPCAJIBbHBIX Mo,uynef/i JJIs1 CHHTE3a I/IH(l)OpMaHI/IOHHLIX CHUCTEM

BriBoabI

IIpennokeH MoAXOA K CHHTE3Y THIIOBBIX MH(POPMAIIMOHHBIX CHCTEM OCHOBaHHBIN Ha yHU(HLIH-
POBaHHBIX CTPYKTYPHO-JIOTHYECKHX MOJIYJISIX, COOTBETCTBYIOLIMX KJaccaM 3ajad IMPOeKTHPOBa-
HUS PEISIIMOHHBIX MOJENel NaHHBIX, a TaKKe TUIOBBIX MHTepdelricax monb3oBaTend. Kaxasii
TAaKOW MOAYJIb BKJIIOYAET PYHKIHMOHAIBHO MOIHYIO PESLIHOHHYI0 MOJENb, IS PELIeHUs 3a1a4n
XpaHeHUs 1 00pabOTKH TaHHBIX HA OCHOBE PEJISIIMOHHON CHCTEMBbI YIIpaBJICHUS 0a3aMy JaHHBIX U
uHTepdeiic monp3zosarens. IlpennaraeMplii MOAX0/ MO3BOJIUT 3HAYUTENBHO YBEINYHUTH A QeK-
TUBHOCTH IIpoLlecca MPOSKTUPOBAHUS MH(MOPMAIMOHHBIX CHCTEM Ha OCHOBE PESLHOHHBIX 0a3
JaHHBIX.

JanbHelme uccneoBaHus MPearoiaractcsi IpOBOANTH B HAIIPABIECHUHU UCTIONb30BaHUS IPel-
JIOKEHHBIX CTPYKTYPHO-JIOTHUECKUX MOAYJIEH Ul MOCTPOCHUS! aBTOMATU3HPOBAHHBIX aJITOPUT-
MOB CHHTE3a HH(POPMALIHOHHBIX CHCTEM.

Crucok murepartypst: 1. Ilaciunux B. B. Opranizaniist 6a3 qanux ta 3HaHb / B. B. ITaciuank, B. A. Pe3nivenko.
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pacupeneneHHbIx 6a3 nanHbx / B. A. @umnaros, P. B. Cemener / BectHrk XepCcOHCKOr0 HaITHOHAIEHOTO
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YJIK 004.89
H.M. KOPABJIEB, A.A. ®OMHYERB

HOBBIIIEHUE 2®PEKTUBHOCTU UMMYHHBIX METOJA0OB
KIIACCUO®PUKALIMN OBBEKTOB C IMOMOULIBIO HEJEBOI'O
KJIOHAJIBHOI'O OTBOPA

PaccmaTpuBaeTcss IMMYHHBIH aJITOPUTM KiacCH(UKauK 00bEKTOB, paboTaronyii Ha oc-
HOBE MOJIeST 0TOOpa KIIOHOB NPH MCIOJIb30BAHHUH ITOCIIEIOBATEIBHOTO KIIOHUPOBAHHMS C KOHKY-
PEeHTHO-1IeIeBEIM 0TO0poM. OCHOBHOE BHUMAaHUE yAENISeTCsl ollepaTopaM MyTalldy U IepBUY-
HOro oTOO0pa, MPUHIMIIAM 0TOOpa IETIEBBIX aHTUTeHOB. J{J1s Kiaccu(uKayuy aHTUTeN, He TIPo-
LIE/IIINX TIEPBUYHBIN 0TOOP, MpeIIaraeTcs UCIoIb30BaHNE AaHTHTE-/IENIETaTOB C N3BECTHOM ITPH-
HAJJIEXHOCTBIO K KIIaCCaM.

1. BBenenue

B Hacrosimiee BpeMs B cpepe MoaeTupoBaHUs NCKYCCTBEHHOTO MHTEIIEKTa OOJIBIIIOE BHUMA-
HUE yJeseTcs cucreMaM 00padoTku nHGopMaIuu, QyHKIIMOHUPYIOIIUM Ha OCHOBE OMOJIOTHYeC-
KHX TPUHIMIIOB OpPTaHU3AIMK BBIYMCICHH. B CBsI3U ¢ 3TUM OONBIIUM HCCIEI0BATEIBCKUM
WHTEPECOM I0JIb3YIOTCSI MOJICIIA UCKYCCTBEHHBIX MMMYHHBIX cucteM (MMC) n ux mpakTudeckue
peanuzanuu. PaznuyHbie UMMYyHHBIE MOJCIH M METOABI YCIEUIHO MPUMEHSIIOTCS JUIsl pelIeHUs
3aJ1a4 KIaccu(UKaluy 1 Kiacrepu3aiuu nanueix [1, 2]. [Iporece kinaccudukanum o0beKTOB Ha
ocHoBe MNC pasnensiercs Ha 1Ba Tama: Ha MEPBOM dTalle MPOUCXOIUT BOCCTAHOBJICHHUE ITPU3HA-
KOB KJIACCOB MCXOJHBIMH OOBEKTAMHU C TIOMOIIBI0 WMMYHHBIX ONEPaTOPOB KIOHWPOBAaHUS U
oTOOpa KIIOHOB, Ha BTOPOM 3Tale MPOU3BOAUTCS OIpPEICICHHE KIACCOB i OOBEKTOB, HE
OTHECCHHBIX HU K OTHOMY KJIaccy.

Hawnbonee 4acTo HCIONb3yeMbIMH UMMYHHBIMA METOJIAMH KIaCCH(DHUKAIIUU SBIISIOTCS METO-
161, (PYHKIIMOHUPYIOIIME HAa OCHOBE MOJCIH OTOOpA KJIOHOB, M METOJbl Ha OCHOBE MOJICIU
nMmyHHO# cetu [1, 2]. [Ipu npumenennu merona CLONALG [1, 2] st knaccudukanuu o0bek-
TOB o0ecreunBaeTcsi BHICOKas CKOPOCTh PabOThl IPH HHU3KOW TOYHOCTH Kiaccudukanuu. [Ipu
ucnonb3zoBannu Merona BCA [1] mns knaccudukanmm odecriednBaercs BRICOKask TOYHOCTh TPH
O4YeHb OONbIIMX 3aTparax BpeMmeHH. llpuMeHenne meroma aiNet [1, 2] xapakrepusyercs 00ib-
el TouHOCThIO Kinaccudukamyu, B ommnane or CLONALG, Ho MenbIneit, gem Toanocts BCA.
Kpome Toro, meron aiNet sBisiercs Oonee MemieHHBIM 110 cpaBHeHHio ¢ MeronoM CLONALG.

B [3, 4] npennoxken Meron Kiaccu(UKaIi, OCHOBHBIM OTJIMYMEM KOTOPOTO SIBJISAETCS MPH-
OPHUTETHOE TIOCIIEIOBATEINbHOE KIOHUPOBAHUE C KOHKYPEHTHO-IIENEBEIM OTOOPOM KIIOHOB, YTO
MIPUBOIUT K COKPAIIEHWIO0 M30BITOUHBIX BBIYMCICHUH, MPUCYIIUX MTEPEUHCICHHBIM UMMYHHBIM
MeToiaM. JTo PHOIIKAeT ero 1mo ToO9HoCcTH K Meroxy BCA, a mo BpeMeHH, 3aTpaynBaeMoro Ha
KIaccuukanuio — Kk Meroay aiNet. OCHOBHBIMH HEOCTaTKaMH METOAa, MPENIOKEHHOTo B [3,
4], siBysieTcs BBICOKAs CJIOKHOCTb pealn3alli, HE ONTUMAaJbHAasg MyTalus, KOTOpas NPUBOIUT K
YBENTMYEHUIO BpeMeH! Kiaccuukanuu. [Ipemmaraemerii B paboTe MeTo]] MMMYHHOU KiIacCU(H-
Kanuu OOBEKTOB sIBIAETCS MomuUKamuend Merona, mpemiokeHHoro B [3, 4]. V3MmeHeHusaM
MOJIBEPTIIMCH OINEPATOP MYTAIlUK M CIIOCOO OTpEIeNieH sl [IeIeBbIX aHTUTEHOB, YTO MPUBOIUT K
MTOBBIIIIEHUIO TOYHOCTH M COKPAIIIEHUIO BPEMEHH KIIACCH(PUKAIIH.

2. IlocTanoBKa 3agaum

JlaHo MHOXEeCTBO KiaccH(pUIHMpPyeMBIX OOBEKTOB, MPEICTABICHHBIX IOMYJSIUEH aHTHTEN
AB{aby;...;ab,, } , M MHO)KECTBO KJIACCOB, ITPEACTABIICHHBIX MOIMYJISILIMEH aHTUTeHOB AG{ag;...;ag, } .
dopMaToM MpencTaBiIeHUs aHTUTEN U AaHTUTEHOB MOTYT OBITh MaTPHUIIBI IPU3HAKOB, JTHOO MHO-
KECTBO BEKTOPOB MPHU3HAKOB NIEPEMEHHON JITHHBI, IPH 3TOM KaXKJIbIi CTONOEN MaTPUIBI (Kax-
IIBI BEKTOP TPU3HAKOB) MPEACTABISAET COOOH OTAENBHYIO TPYIITY MPU3HAKOB aHTHUTEHA WU
antutena. Kaxxnad rpynna npu3HakoB XapaKTepUu3yercs AJIMHOM, T.€. KOJTUYECTBOM MPU3HAKOB B
CPYIIIE, U BECOM, T.€. CTEINIEHbIO BAXXKHOCTU JaHHOU IPYIIIbI IPU3HAKOB IIPH ONPENEICHUH TPUHA-
JISKHOCTH K KakoMy-r0o kimaccy. [Ipu 3ToM Beca v JITHHBI COOTBETCTBYIOIINX TPYIIT TPU3HAKOB
OJMHAKOBBI KaK IS aHTUTEN, TaK U JIJIT aHTUT'CHOB.
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B xauectBe MCpPhbI 6HI/IBOCTI/I MCKIY aHTUTCHAMU U aHTUTCIaMH UCIHOJIb3YCTCA a(l)(l)I/IHHOCTL
1, 2]:

aff(agi;abj):(1+d(agi;abj))_l, (1)

rae aff(agi;abj) — apduHHOCTD MEXKIY | -M QHTUTCHOM H j-M aHTHUTEIIOM; dlag;;ab j) — EBKIIH-
JIOBO PaccTOSHUE MEXKIY HUMH.

Crenyer OTMETUTB, UTO onpenencHue adpGuHHOCTH ¢ moMouIpio (1) mpuMeHsieTcs TONBKO IS
METpHUYeCKUX Npu3HaKkoB. Kpome Toro, BeipaskeHue (1) mcrmonb3yercsa B MPOCTEHIIEM ciydae,
KOr'Jla KJIaCChl M OOBEKTHI XapaKTEePU3YIOTCsl TOJIBKO OIHOM IPYNIIOi MPU3HAKOB — OJHUM BEKTO-
pOM MpH3HAKOB. B cilydae, KOraa NMPUMEHSIOTCS MATPHLBI MPU3HAKOB, JIMOO COBOKYITHOCTD
BEKTOPOB MEPEMEHHOM UIMHBI, a(PUHHOCTh MKy aHTUTCHAMHU M aHTUTEIAMH OIpeessieTcs
clleyomuM o0pa3om:

aff(agj;ab;) = ilwc(l-i-d(agi;abj)cyl ; (2)
o=

34eCh k — 06]1_[66 KOJIMYCCTBO I'pyIIl MPU3HAKOB, T.C. KOJINYCCTBO CTOJ'I6]_IOB B MaTpuuec Win
BCEKTOPOB HepeMCHHOI\/'I JUIMHBI; W — BEC I'PDYIIIILI ITPU3HAKOB; d(agi ; abJ) — CBKJIMJAOBO paCCTOA-
C

HUE MKy TPU3HAKaMH JaHHOW TPYNIIBI 1Sl | -TO aHTUTEHA U j-TO aHTUTea.

Lenv uccneoosanus. Heobxoqumo pa3paboraTb UMMYHHBIH MeTOJ KilacCU(UKALUU O0BbEK-
TOB, YCTPaHSIOINH MpobieMy N30bITOUHOCTH BRIYHCICHUH, XapakTepHoi 11 metonos BCA [1]
u aiNET [1, 2], u npobiaemy OONbIIMX BPEMEHHBIX 3aTpaT Ha KIACCH()UKALUIO, MPUCYILYIO
Mmerony BCA, 6e3 motepu TOUHOCTH OIpEAeNeH sl KIacCoB.

3. Metox MMMYHHOIl KJaccHpuKaAIMA

[Ipennaraemsblii Meron Kiaccu(rKauyu 0OBEKTOB SIBJIIETCS MOAU(PUKALIUEH METOAA, IPEAIO-
EHHOTO B [3, 4]. VI3MeHeHnaM NOoABEpriach MOCIE0BATEIbHOCTh BBI30BOB MMMYHHBIX Ollepa-
TOPOB ¥ IPUHIIMIIEI OpraHnu3aluK UX padoTsl. [Ipeqyiaraemplii MeTo Ha3BaH aITOPUTMOM LIEJIEBO-
ro KIOHaJIBHOro oTOopa (targeting clonal selection algorithm — TACSA). ®opmanbHo Ha ypoBHE
UMMYHHBIX oniepaTopoB Meron TACSA omuceiBaercs ciaeayromuM 00pa3om:

TACSA(AG,AB,p) = AgP resentation(AG, AB) - FirstSeleCtion(AB) - TrgDetection(AB) -
— AB'[Cloning(ab, CL ) — Mutation(CL ) — TrgP resentation(ab g ,CL) — 3)
- ClonSelection(CL) — Apoptosys (ab,cl)]TermTest(p) 5

rae AgP resentation(AG, AB) — OIlepaTop MPEACTABICHUSA aHTUICHOB aHTUTENAM I Ompenere-
Hus ahpUHHOCTEI; FirstSelection(AB) — OllepaTop MEePBUYHOTr0 0TOOpPA aHTHUTET, TrgDetection(AB)
— OIIepaTop ONpPENETICHUS LIEJIEBBIX AHTUTCHOB U aHTUTEIN-/IEIIEraToB; Cloning(ab, CL) — KJIIOHUPO-
BaHUE aHTUTEN, MPOIICANINX NEPBUUHBIA 0TOOD; Mutation(CL) — OIepaTop MyTallMM KIIOHOB;
TrgP resentation(abTRG,CL) — OIEepaTop NPEACTaBIECHUS LENEBbIX AHTUIECHOB KIOHAM;
ClonSelection(CL) — KOHKYPEHTHBIN TIeNIeBOi 0TOOp KIIOHOB; Apoptosys (ab,cl) — omeparop crape-
HUsl aHTHUTEN, TermTest(p) — IpoLenypa IPOBEPKU KPUTEPUS OCTAHOBA.

3aBepienue padorel Merona TACSA MOXET TPOMCXOMUTHh TPH BBITOIHEHHH OJHOTO W3
CIIEeYIOIIMX YCJIOBHM: 1) TOCTHKEHUE MONMHON CIIeM(PUIHOCTH — COCTOSIHUSA, IPU KOTOPOM BCE
aHTHUTENA CTAM CIEUU(PUUHBIMU KaKOMY-THOO aHTHUI€HY B XOJ€ KJIIOHMPOBAHMS W MYTalLlUy;
2) BOCTH>KEHUE NPEeIbHOro KOJIMUeCTBa NOMysauui antuTen. CnenuuuHbIM aHTUTEHY SIBIISCT-
Csl aHTHUTENO, KOTOPOE B XOJI€ MyTallii IOTHOCTBIO IPHHSIIO 3HAYECHUS IPU3HAKOB aHTUTeHa. B
merone TACSA nansi TOBBIIIEHHS CKOPOCTH OOpaOOTKH TOMYNAIHHA AHTUTEN HCIONB3YIOTCS
aHTHTena-nenerarsl. 1lox aHTUTEIOM-IeneraTtoM MOHMMAETCsl AaHTUTEIIO ¢ Xopole adduHHOC-
TBIO K aHTHUI'€HAM, KOTOpPOE MPEACTaBisIeT IPyINIy ONMKaWIIMX K HEMY aHTUTEN C Xy.IIen
ad¢uHHOCTBIO K aHTUreHaM. Clielyer OTMETHTh, YTO OIEpaTOphl NPEICTABICHUS aHTUIECHOB,
MEPBUYHOrO O0TOOpA M ONpeleCHUs LIEIEBbIX aHTUICHOB M aHTHUTEN-IENEeraToB BBI3BIBAIOTCS
TOJIBKO OJWH pa3 Al HCXOAHOM MOMYJIALIUY aHTUTEN U HE HCIIOJIb3YIOTCS B AAbHEHIIEM.

Omneparop npencTaBieHUs aHTUTEHOB Ag Pr esentation(AG,AB) peanu3yer HeCKOIbKO (PyHK-
LU onpereneHre KpUTepus epBUYHOT0 0TOOpa aHTUTEN U onpeneneHre apguHHoCcTed MEeX Ly

46



aHTureHaMu W antutenamu (2). Kpurepuem orOopa aHTHTEN SBISIETCS 3HaYCHUE CpEOHEH
adpuHHOCTU MEXIY aHTUTeHAaMH CSel [3, 4]:

n
CSel = 1 Y aff(AG,ag;) , 4)

0=
e aff(AG,ag;) — aQpUHHOCTH | -TO AHTHTEHA CO BCEMHU OCTANbHBIMH AHTHTEHAMH, OpesieNisie-
Masi B COOTBETCTBHH C (2).

Onepatop nepBuuHOro ot6opa FirstSelection(AB) BBI3BIBAETCS U BbIIEIEHHS AHTHTEN HC-
XOHOHU MOMYJISIUH, Y KOTOPBIX ap(PUHHOCTH C HONMYJISIIAEH aHTUTEHOB YIOBJIECTBOPSIET CIEAYIO-
ieMy ycioBuio [3, 4]:

aff(AG,ab; )>f-CSel, (5)
3aech aff(AG,ab;) —addUHHOCTD i -TO aHTHTENA C MOMYNIALNEH aHTUTEHOB AG , f — KO3 PuIm-
eHT MEPBUYHOr0 0TOOpa aHTUTEN, 3HAaYEHUS] KOTOPOro IMpeisiaraercs BHIOMpaTh B AMAIla30HE
[0.85; 0,95].

Orepatop onpe/iesieHus 1eIeBbIX AHTUTEHOB M aHTHTE-jieleratoB TrgDetection(AB) ucnoss-
3yeTcs U BBIAETEHHs! 1eJIeBbIX aHTHUTEHOB AJISl aHTHUTEIN, MPOIIESIIINX MePBUYHBIA 0TOOp Ha
ocHoBaHWH apuHHOCTEH, ONpenenEHHBIX Ha dTalle MPeICTaBIeHHs aHTUTCHOB aHTUTeNaM. AH-

TUTEH CTAHOBUTCS LIEJIEBBIM JUIA aHTHUTENA M €r0 KJIOHOB B CIIyyae BBINOJHEHHS CIEAYIOIIEro
YCIIOBHSL:

aff(agi,abj)2r~CSel , (6)

rae aff(agij,ab;) —aduHHOCTD | -rO aHTUTEHA C j-M QHTHTENOM; r — KOO HUIMEHT COoKparie-
HUS 00JIACTH TIOMCKA T[EJICBBIX aHTUTCHOB, 3HAYEHU S KOTOPOT'0 MPeJiaraeTcsl BRIOMPAaTh B quarna-
some [1,5; 1,9]. Eciu aHTHTENO He MMeeT HM OJHOTO IIENeBOr0 aHTUTEHA — OHO He MPOXOIUT
MepBUYHBIA 0TOOp. J[JI1s BCeX aHTHUTEN, HE MPOIISAIINX EPBUYHBINA O0TOOpP, BRIOUPAETCS aHTHUTE-
JIO-JIeNIeraT U3 YKCIa aHTHTEN, MPOIICANINX epBUYHBIA 0TOOp. TakuM 0o0pa3oMm, B pe3yibTare
MIEPBUYHOTO 0TOOPA U OTIPEIIeNICHH I IIEJICBBIX AaHTUT€HOB MCXO {HAS OIS AaHTUTEN pa3zeis-
€TCs Ha JIBE YaCTH: MHOXKECTBO aHTHUTEN-JIENIEraToB, UMEIOIINX XOTs ObI ONIMH LIENEeBOM aHTUTEH,
HaJ| KOTOPBIMH OYIIyT MMPON3BOAUTHCS JabHEHIIe NecTBUs (KJIOHUPOBAaHUE, MyTaIus, cTape-
HUE), © MHOXXECTBO aHTUTEN, He MPOMICANINX MTePBUYHBIN 0TOOpa JIN00 HE NMEIOIINX HU OJHOTO
IIEJIEBOTO aHTUTEHA U OIPENENMBITNX aHTUTENO-AeNerarT 1o Hawrydmield ahpuHHOCTH. AHTHTENA,
HE POIIEIINE 3Tl TEPBUYHOTr0 0TOOPA, HE MMOIBEPTAIOTCS KIIOHUPOBAHUIO, MyTaIlUH U JCHCTBH-
SIM IPYTHX UMMYHHBIX OTepaTopoB. VX MprUHaANEKHOCTh K KAKOMY-THOO0 KITacCy ONpeaensieTcs
M0 pe3ysibTaTaM KIACCH(PUKAIUU MX aHTHTEN-Ie]eraToB, T.e. aHTUTENO, He MPOIIeIIee dTarl
MIEPBUYHOTO 0TOOpPA, MPUHAMISKUT TOMY XKe KIIacCy, YTO U ero aHTHUTeNo-JeieraT. AHTUTeNa-
JleNieraThl ONPENeNsIoTCS TaKUM e o0pa3oM, KaK W IeleBble aHTHTeHbl. B ciywae, eciu
AHTHUTEJO HE MEPBHYHOrO OTOOpa HE MOXKET ONPENCIUTh aHTHUTENO-Ie]eraT B COOTBETCTBUU C
(6), BEIOOp aHTHTENa-JeneraTa OCYIIECTBISETCS MO Hawmrydiield ah@uHHOCTH ¢ KaKUM-JIHO0
AHTHUTEJIOM, MPOIIEIINM TIEPBUYHBIN OTOOpP M MMEIOIIMM IleJieBble aHTUTeHBI. Vcnonp3oBanme
AHTHUTEN-JEJIETATOB COKpAIIaeT 00beM H30BITOYHBIX BBIYHCIHTENHHBIX OIEPalnid, BO3HUKAFO-
IIMX Ha 3Tare KIOHUPOBAaHUS M MYTaIlUH B IPYTHX KIMMYHHBIX METO/IAX.

Onepatop KIOHUPOBAHUSA Cloning(ab, CL) HUCTIONIB3YETCA JUIsl KIOHUPOBAHUS aHTUTEN, IIPO-
HISIINX TIEPBUYHEII 0TOOD, IPU ATOM MTPUMEHSETCS TPOMOPIIMOHATBHOE KIIOHUpoBaHwue [1], mpu
KOTOPOM KOJIMYECTBO KIIOHOB, CO3/IaBAEMBIX aHTHTEIOM, IPSMO IIPOMOPIIHOHATBHO €ro cpeHen
ad(UHHOCTH C 1eNeBbIMU aHTUTeHaMHu. ClielyeT OTMETHTh, YTO aHTUTENA, CTABIIUE CIIEU(pUI-
HBIMH KaKOMY-JIN0O aHTUTEHY, HE TIOJIBEPTar0TCs ISHCTBHUIO OIIEPaTOPOB KIIOHUPOBAHUS U CTape-
Husl. B apyrux uMMyHHBIX MeTonax [1, 2] Takue aHTUTENNa HA3bIBAIOT KIETKAMH MAMSTH.

Oneparop MyTamuu Mutation(CL) HCIONB3yeTCs U1sl BHECEHUS M3MEHEHUH B IPU3HAKH KIIO-
HOB aHTUTEN JJIS JOCTH)KEHHUS COCTOSHHS CIENU(PUIHOCTH KIOHOB KAKOMY-ITHOO IEIEeBOMY
aHTUreHy. [Ipu 5TOM BayKHYIO POIIb HTpaeT KO3PPUITUEHT MyTalllH, KOTOPBIHA OMpesesseT Xapak-
Tep U3MEHEHUN MPU3HAKOB KJIOHOB. B cymecTByromux UMMyHHBIX MeTogax [1, 2] Hanmmydiunii
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s ekt 1aér 00paTHO MPOMOPIIUOHATBEHAS MYTAITHS, TIPH KOTOPOi KO3 (UITHEHT MyTaIMH OTIPe-
ACIACTCA CIICAYIOIUM 06p330M:

u= rand(O; 1—aff (AG; ab; )) , (7
rjie aff(AG;ab; ) — adpUHHOCTD | -T'O KIOHUPOBAHHOTO AHTUTENA C HOMYJISIUEeH aHTUT€HOB.

JIaHHbBIH TOIXO/] HE ONITHMAJIEH, TIOCKOIBKY e MPHU UCITOIh30BAHNH HAIPABICHHON MyTaIH
[1] mocTHKEHHME COCTOSHUS CIEU(PUYHOCTH KIIOHAMH BO BPEMsS MYTAllMHd MaJIOBEPOSITHO, YTO
o0ycnaBnuBaeTCs HYJACBOM HIDKHEN rpaHuIiell onpeaeneHus kodddurpnenta mytanuu. CyTh qaH-
HOU TPOOJIEMBI 3aKITIOYaeTCS B TOM, YTO B Clydae, €Cld 3HaueHHe KoddduimeHta MyTanun
Oymer OJIM3KO K HIKHEH TPaHuIle — M3MEHEHHUS B KIOHAX MPU MyTaluu OYAyT OueHb HE3HAUM-
TENBHBIMH, B PE3YJIBTATE YEro JUIs JOCTHIKEHHUS COCTOSHUS CHEU(PUIHOCTH TTOTpedyercs: 00Ib-
110€ KOJIMYECTBO MOMYNISAINNA aHTUTEI, YTO B CBOIO OUepelh MPUBEAET K YBEIUYCHUIO BBIUUCIIC-
HU.

B mpemmaraemom Meroge TACSA HWKHSS TpaHUIIa IPH ONPEICTICHUH KO3 PUIIMeHTa MyTa-
WU SABJSIETCS 3HAueHWeM ah(GUHHOCTH AHTUTENA-TIPENKa W3 TPEAIISCTBYIONIETO MOKOJCHUS
anTuTen. OnpeaenuM TaKyro HHKHIO TPaHuily Kod(huilneHTa MyTanun Kak apUHHOCTH 1ajThb-
Hero mpeaka. [Ipu 3ToM KO3 GUITMEHT MyTallUU MPEAIAraeTCsi ONMPEACNAThL B COOTBETCTBHH C
BBIpKCHHEM:

u = rand(1 - aff(abygg ;ab} ); 1-aff(abrrg:ab;)), (8)
rae aff (abTRG; ab§) — ap$UHHOCTD i-TO aHTUTENA, MOPOJHMBILETO KIOHUPOBAHHOE AHTHTEINA

TEKYLIEH NOMYJISALNH C LEIEBbIMU aHTUT€HAMU, a aff (abTRG; abi) — ad(UHHOCTD | -TO aHTHUTENA,
IUIs1 KJIOHOB KOTOPOTO onpenensiercs kodhduuueHT mytauun. Ciegyer OTMETUTD, YTO MOCKOIb-
Ky JUIS KJIOHOB, C)OPMHUPOBAHHBIX HCXOAHOM MOMYJISIMel aHTUTEN, TadbHUX IIPEIKOB HE CyIIle-
CTBYET, IPH ONpeaeleHnd Kod(duunenta MyTauy UCHONb3YeTCsl HyJeBasi HHKHSSI TPaHULA.
[Mpumenenue appuHHOCTEH NTAITEHUX IPEIAKOB IPH ONpeeliecHH K03 puireHTa MyTauu Haum-
HAaeTcsi COo BTOPOW MOMYJSALMHU aHTHTen 10 3aBepuieHus padotsl TACSA. Takum o0pazom,
pemaercs mpobieMa MpenelibHO MajbIX 3HAYCHUW KO3 UIMEHTa MyTAllMH, XapaKTepHasl s
JIPYTUX UMMYHHBIX METOZOB [1, 4].

Omnepatop OpeACTaBICHUS IENEBBIX AHTUTEHOB TrgP resentation(abTRG, CL) HCIOIb3YyETC
T otpenenenus apUHHOCTEW MEXy MyTHPOBAaHHBIMH KIIOHAMH U II€I€BHIMH aHTHTECHAMH.
Takum 0Opa3oM, BMECTO BCEH MOMYNSAINHA aHTUTEHOB BO B3aUMOZEHCTBUE C KIIOHAMH BCTYITAIOT
TOJIEKO HEOOJIbINAs TPYIITIA IEJIEBBIX AHTUTEHOB, YTO TPUBONT K CHUKEHUIO KOJIMYECTBA BBIUHC-
JIUTENBHBIX ONEpalui.

Omnepatop ClonSelection(CL) WCIIONB3YETCsl IS TPOBEeHUsS 0TOOpa KJIOHOB M OMpEAeIeHUs

OJTHOTO KJIOHA C HaWjIy4ied aQ(puHHOCTHIO C OHUM U3 CBOMX IIEIEBBIX aHTUTEHOB. MexaHN3M
KOHKYPEHTHO-I[EIIeBOro 0TOOpa omnucad B [3, 4] u He moaBepraercs moaudukanuu B TACSA.

Omnepatop crapeHust Apoptosys (ab,cl) WCIIONIB3YETCsl IUTsl 3aMeHbl KIIOHUPOBAHHOTO aHTUTENA
KJIOHOM, OCTaBIIIMMCSI B PE3YJIbTaTe KOHKYPEHTHO-IIeNeBoro oroopa. KioHnpoBaHHOE aHTUTEIO
3aMEeHseTCs CBOMM KJIOHOM B TOM clly4ae, eciu ero aQuHHOCTh Xyxe appuHHOCTH KiIoHA. B
MIPOTUBHOM CiTydae KJIOH YIallsIeTcs, U aHTUTENO OCTaeTCs U KIIOHHPOBAHMS Ha CIEMyoIen
TIOITYJISALIHH.

[Iponemypa npoBepku kputepus octaHoBa TermT est(p) MIPUMEHSIETCS JUIs 3aBepIIeHus pado-
ThI METO/Ia, KOTOPOE MOXKET MPOU30MTH B CITydae JOCTHIKEHHS MPENeNbHOT0 KOJUYeCTBa IMOIMy-
JSAUI aHTUTEIN, TH0O0 TOCTHYKEHUS COCTOSHUS MTOJTHOM Crien(PUIHOCTH aHTHTEIL.

Cnenyer ormeruth, uto B TACSA kak m B BCA kaxmoe aHTHUTEeNno oOpabaTeIiBaeTcs
MOCTIEIOBATEIBHO, T.€. U KaKIIOTO0 aHTHTEIa, MPOUIEIIEro Mpoueaypy NepBUYHOrO 0TOOpa,
BBI3BIBACTCS ITOCIIENOBATEIHHOCTh OMEPATOPOB KIIOHWPOBAHUS, MyTAIllH, MPEICTABICHHS IIelTe-
BBIX aHTHTEHOB KJIOHaM, 0TOOpa KiIoHOB W crapeHus. B meromax CLONALG [1] u aiNet [1]
MIPOUCXOIUT 00paboTKa BCEH MOMYISIIIAA aHTUTEN, YTO IMOBBIMIAET CIOKHOCTh MX PeaIn3allii,
YBETMYMBAET KOJIMYECTBO BBIUYMCIHUTENBHBIX ONEpaliii U YBENUYMBAET BpEMs, 3aTpadynBaeMoe
Ha KJIaCCU(PHUKAIIHIO.

[Ipomecc knaccudukanuu ¢ nomomeo Merona TACSA mpencraBisercs CIemyrOIIUM 00-
pazom:
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Omnpenenenue kputepus oTOOpa anTUTEN (4).

[epBuunsiii oT60p anTHTEN (5).

Omnpenenenue 1elIeBbIX aHTUTEHOB U aHTHUTEI-1eneraToB (6).

J71s Ka>KA0ro aHTHUTENA, MPOILIEIIIETro IEPBUYHBIA 0TOOD, BBIITOIHSIETCS:

4.1. IIponopuroHaTbHOE KIIOHUPOBAHHE.

4.2. MyTanus KIOHOB Ha OCHOBE a)YMHHOCTH MPEABIIYIINX ITOKOIEHHH (8§).

4.3. IlpencraBieHUE LEIEBBIX AHTUTEHOB KJIOHAM.

4.4. OTOOp KIOHOB.

4.5. CtapeHue KIIOHHPOBAaHHOTO aHTHUTENA.

5. TlpoBepka KpuTepusi OCTAHOBA, B CIIydae ero JOCTHKEHHsI — Iepexoll K 6, HHaue nepexo K 4.

6. Komnen.

B pesynbrate paborel Meroma TACSA s MHOXECTBa HMCXOIHBIX KJIACCH(QHIHUPYEMBIX
00BEKTOB MPUHAIISKHOCTH K KiaccaM ONpEeNeNsioTcs MO OJHOMY M3 MEPEYMCIICHHBIX HUXKE
CII0CO00B:

— crienrUYHbIC aHTUTeHaM aHTHTENA IPUHAAISKAT TOMY XK€ KIIaccy, YTO U aHTHIeHBI,

— He crienn(pUYHbIe aHTUTeHAM aHTUTeIa MPUHAIJISKAT TOMY KI1accy, K KOTOPOMY OTHOCHUTCS
OOJNBIIMHCTBO €ro LeNeBbIX aHTUT€HOB;

— aHTUTENa, He MPOLISAIINE MPOLeayPy NEPBUYHOTO 0TOOpa, OTHOCATCS K TEM JKe Kiaccam,
4TO U UX aHTHUTENa-JAeNeraTsl.

Takum 00pazoM, Bc€ MHOXKECTBO MCXOAHBIX 00BEKTOB OyIeT KiIacCU(PUIIMPOBAHO HE3ABUCH-
MO OT ITPOXOXKACHHS IPOLIELYPHI IEPBUYHOTO 0TOOpA.

bl

JKcnepHMeHTANbHbIE Pe3yJbTaThl

DKcIiepUMEHTANIbHBIE MCCIe0BaHus Tpou3Bommiack s meronoB BCA [1], aiNET [1, 2],
CLONALG [1, 2], meroaa, mpemioxenHoro B [3, 4], npeanaraemoro merona TACSA, a Taxxke
merona kNN [5] ¢ konuuecTBoM Onmxaimx coceneit, paBHbIM 3. [Ipu nccneqoBaHUM UCTIONB30-
BaJIUCh TPU HaOOpa BXOAHBIX JIAHHBIX: MEPBBIH HA00p cocTosut u3 100 0OBEKTOB U 5 KIIaccoB, B
KOTOPOM KaXJIblii OOBEKT MPEACTABISUICS BEKTOPOM M3 5 MPHU3HAKOB; BTOpoi Habop — u3 300
00bekToB U 10 KJIaccoB, B KOTOPOM OOBEKTHI NPEACTABISUIMCH MATPUICH 3 x5 TNPU3HAKOB;
Tperuii Habop conepxan 500 0OBEKTOB, MPEACTABICHHBIX MATPUIAMU 5x 5 TpPHU3HAKOB U 15
KJIacCaMH.

B kauecTBe KpuTEpHsi OCTAHOBA KCIIOJIB30BAIOCH IPEAEIBHO JOMYCTUMBIE KOIMYECTBO MOITY-
nsuit anTuTen (100). PesynbpTarhl KitaccuuKaiy MPUBEAEHBI B IPOIEHTHOM OTHOIIEHUH K e
ATAJIOHHBIM pe3ylbTaTaM. DTO 3HAYUT, UTO I KaK0ro Habopa Kiaccu(UIUPyeMbIX 0OBEKTOB
CYIIECTBYET 3apaHee M3BECTHBIN Pe3yNIbTaT KIaCCH(PUKAIIUU, KOTOPHIH SABISIETCS ITATIOHHBIM 110
tounoct (100%) st uccnenyemMpix MeTonoB. Ilpu oneHke ObICTPOACHCTBUS Cpelr MCCIIemye-
MBIX METOZIOB OBbLI BHIOpaH caMblii MEIUIEHHBINH, KOTOPBIH U sBisiercs 3TanoHHBIM (100%) mo
OTHOIIICHUIO K OCTaJbHBIM (TakuM sBisiercs Metoq BCA). Ilocite aToro mis ocTaabHBIX METO-
JIOB Kiaccu(UKaIMy MPOBOAMIIOCH COTMIOCTABJIEHHE UX BPEeMEHH paboThl ¢ BpeMeHeM paloThI
ATAJIOHHOTO METOJIa, HA OCHOBE KOTOpPOro (hopMupyeTcsi KOHeYHOe 3HaueHne. Pe3ynbTaThl Kiac-
cuUKaUY TI0 TOYHOCTH U BPEMEHHBIM 3aTpaTaM MPHUBE/CHBI B TAOIHIIE.

Tabmma
[ HabGop maHHBIX IT HaGop maHHBIX Il HaGop maHHBIX
Meton N N TouHOCTS, N N o
Tounocts, % | Bpewms, % o Bpewms, % | Tounocts, % | Bpems, %

kNN(3) 93 12,78 91 12,52 88 12,39
CLONALG 62 41,24 61 42,01 52 41,67
BCA 95 100,00 94 100,00 91 100,00
aiNET 78 76,39 79 75,98 76 76,03
meron [4,5] 92 65,17 91 64,81 89 65,29
TACSA 96 56,11 96 55,83 95 56,42

ITo pesynpTatam KiIaccH(UKAIWU PAa3TMYHBIMA METOJAMH BHIHO, YTO MMMYHHBIE METOJBI
KIIacCUpUKauu TpeOyIoT Uit paboThl Oonbie BpeMeHH, yeM Meron kNN, omHako HEeKOTOpbie
U3 HUX IPEBOCXOJIAT €ro 10 TOYHOCTHU Jake Ha HeOOMbIINX Habopax naHHBIX. Cper MMMYHHBIX
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MeTo10B HambOonbsiiuM ObicTponeiictBueM Boiaensiercs CLONALG, ogHako OH OTiIHuaercs
TaKKe M HauMEHbIIEH TOYHOCTBIO MpH ompenencHun kinaccoB. BCA sBusercs Haubonee men-
JICHHBIM METO/IOM KJIacCH(HUKAIMH, OAHAKO OH JA&T OYEHb BBICOKYIO TOUHOCTH OIPEACIICHHS
MPHUHAISKHOCTH 00BEKTOB K KilaccaM. MeToa, MpeanokeHHbIH B [3, 4], Mo TOUHOCTH Kinaccu(u-
Kaluu conoctaBuM ¢ MeronoM BCA, HO mpeBocxoauT ero mo ObictponeiicTBuio Ha 35-40 %.
[Ipennaraemserii Mmeroq TACSA npeBocXoAuT MO OBICTPOAEHCTBHIO M MO TOYHOCTH OOJIBIIMH-
CTBO UMMYHHBIX METO/IOB, HCHONB3YIOIIMXCs s kiaccudukannu. Kpome Toro, mo To4HOCTH
pa6oter MmeTog TACSA npeBocxoaut meroq KNN B cpenHem Ha 4-8%, ocoOeHHO Tpu pabote ¢
OonpiinmMu HabopamMu 0OBEKTOB, U COMOCTaBUM Tolibko ¢ BCA.

BriBOoaBI

Hayunas nosuszua. B npemnoxxennom meroje kinaccuduranuu o0bektoB TACSA Ha ocHOBe
MCKYCCTBEHHBIX UMMYHHBIX CUCTEM HCITOJIB3YIOTCS HOBBIC MTOJIXO/bI K MyTallMK U Kiaccuduka-
Mu 00bEKTOB, Hanbosee YAaNEHHBIX OT KIIacCoB. biaronaps npumeneHuto adGUHHOCTEH 1aih-
HUX MPEIKOB TP ONpeeIeHUN KO3(PPUIIMEHTa MyTaI[UH IMOBBIIIACTCS OBICTPOJCHCTBUE METO/IA
3a CU€T COKPAIICHUS KOJIMYECTBA MOMYJISIUN aHTUTEN U 00bEMOB BBIUMCIICHUH MTPY ONPEICICHUN
MPUHAISKHOCTH 00BEKTOB KiaccaM. /it 0O BEKTOB, pacionaratonxcs Ha OOIbIIIOM PacCTOs-
HUU OT KJIacCOB, HCITOJIb3YIOTCS aHTUTENA-JCNeraThl, KOTOPbIE BBIOMPAIOTCS U3 MHOXKECTBA
00BEKTOB, TIPOIICANINX MPOIECAYPY MEPBUYHOIO 0TOOpa M MMEIOIIUX IelieBbie aHTUTeHbI. [1pu-
HaJUISKHOCTh 00BEKTOB K KJaccaM, He MPOIIEAIINX TEPBUYHBIN OTOOp, ONMpPEaenseTcss MpuHa-
JISKHOCTBHIO VX aHTUTEN-JIENIEraToB, YTO BEACT K COKPAIICHUI0 00bEMOB BBIUUCIICHUH U yCKOpe-
HUIO Knaccudukanuu oobekToB. Kpome Toro, mpemioxennsiid merox TACSA Gonee mpoct B
peanu3anuu ¥ MOTU(GUKALMK JJIS PEIICHUs PA3IMYHBIX MPAKTHYECKUX 3a/iay, YTO yCTPaHSET
HEJOCTaTKU METOJIa, U3JIOKEHHOTo B [3, 4].

[IpemiokeHHBIH METON KJIACCU(UKAIMKA 10 TOYHOCTH U CKOPOCTH PabOTHI MPEBOCXOIUT

OOJIIITMHCTBO UMMYHHBIX METOJIOB, SIBJISIONIMXCS HAanOOJee YacTo UCTIOIb3yEMbIMU TIPU pellie-
HUW Pa3iMYHbIX MPAKTUYECKUX 3aJ[a4, B TOM YHCJC 33734 KIACCH(PUKAIUU U KJIACTEpU3ALUU
JIAHHBIX.
Cnucok murepatypst: 1. Dasgupta D., Immunological computation, theory and applications/ D. Dasgupta, L.
F. Nino — CRC Press, 2009. 298 p. 2. Timmis J. An Overview of Artificial Immune Systems / J.Timmis, T.
Knight, L.N. de Castro, E.Hart // Natural Computation, Springer, 2004. P. 55-86. 3. Kopa6nés H.M. Knaccudu-
KaIsi 0OOBEKTOB HA OCHOBE HCKYCCTBEHHBIX IMMYHHBIX crcteM / H.M. Kopabiés, A.A. ®omuués // Cucremn
00po6ku iHopmartii. 2010. Ne 6 (87). C. 13-17. 4. Kopabrés H.M. ViccnenoBaHue IMMYHHBIX OIIEPaTOpPOB B
3amade Kiactepuzanni 00bexToB / H.M. Kopabné, A.A. ®omuués // brnonnka uaremrekra. 2010. Ne 1 (72).
C. 70-74. 5. Fayyad U.M. Advances in knowledge discovery and data mining, / U.M. Fayyad, G.P. Shapiro /
/ AAAI Press, 1996. 356 p.
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YK 004:519.2
A.JO. BEP3JIEB

PA3PABOTKA KOMBUHUPOBAHHBIX MOJEJEN
MPOTHO3UPOBAHHUSI C KJIACTEPU3ALMEN BPEMEHHBIX PSIJJOB
MO METOJY BJIMKAMIIETO COCEJIA

PaccmatpuBaercs mpobiiema pa3paboTKi KOMOMHUPOBAHHBIX MOJIENEH TPOTHO3UPOBAHMS
BpEeMeHHBIX psizoB. [IpeyiaraioTes KOMOMHUPOBaHHBIE MOJIETH IPOTHO3UPOBAHMS CEIEKTHBHO-
ro U THOPUAHOTO THIIOB C NMPEIBAPUTEIHHON KiIacTepU3alrell BPEMEHHBIX PSAIOB MO0 METOMY
ommxkaiiniero cocena. IIpemoxeHHbIE MOJIETH MOTYT OBITH COCTaBHBIMH MH(OPMAIMOHHBIX
MIPOTHO3HBIX CHCTEM, a TAKXKe MCIIOJIb30BATHCS ISl MOBBIIIEHHUSI TOYHOCTH U 3((EKTUBHOCTH
YIpaBJIEHUs] MPOLECCOM IMPOTHO3MPOBAHUS B 4YACTU y4deTa MPEUMYINECTB KOHKYPHPYHOILUX
MIPOTHO30B.

1. BBenenue

[IpuHATO CUNTATh, YTO HA CETOAHSIIHUMA AEHb PA3BUTHE YIKOHOMUYECKUX CUCTEM XapaKTepH-
3yeTcsi BBICOKOHM CTENEHBI0 M3MEHUMBOCTH, KOTOPOE MPOUCXOAUT B YCIOBUSIX HEOMPEAEIEHHOCTH,
HEYCTONYHMBOCTH M prcKa. [IpearnocbuIKoil 3TOro SBISIOTCS TeHICHIINH TII00aJIN3aliH, YCIIOKHE-
HUE XO3SUCTBEHHBIX B3aMMOCBS3EU, POCT TEMIIOB Pa3BUTHUSI HAIIMOHAJIBHBIX PHIHKOB U T.O. B
YCIOBUSAX HECTAOMIILHOCTH YKOHOMHYECKHX PHIHKOB MPUMEHEHUE KIACCUYECKUX CTaTUCTHYEC-
KHUX MPOTHO3HBIX MOJIENIEH U COOTBETCTBYIOIIMX METO/IOB MIPOTrHO3UPOBAHUS BPEMEHHBIX PSAOB,
KOTOPBIE MPEJCTABIISIOT COOOH IKOHOMHUYECKHE MTOKA3aTENH, JIOBOJIBHO OrPAHUYECHO. DTO 00BsIC-
HSETCS TaKXKe TE€M, YTO MOJABIISIONIee OOMBIIMHCTBO BPEMEHHBIX PSIIOB HE TOIBKO SKOHOMHUYEC-
KOH MPUPOBL, VTSI KOTOPHIX BO3HUKAET 3a]ja4a IIPOrHO3UPOBAHUS, XapaKTePU3YeTCsl HEMMHEHHOC-
ThIO, HECTAI[MOHAPHOCTHIO U HEYCTOMYMBOCTHIO OTHOCUTENHHO CPEIHEro YpoBHS. MHOrHe npo-
THO3HBIE MOJIENTH, B YaCTHOCTH SKCIIOHEHITHANbHEIE [ 1,2], nuHeliHbIe perpeccuoHHsle [3,4], aBTo-
perpeccuonnbie Tuna ARIMA [5] He mpeaHa3zHayeHBl ISl TPOTHO3UPOBAHUSA TAKUX BpPEMEH-
HBIX PSIJIOB, TAK KaK OTPaHUYEeHbI TPEOOBAHUAMH CTAIHOHAPHOCTH, HOPMAIILHOCTH M HE3aBUCHMO-
CTH OCTATKOB Ps10B. Moandukaiiy npuBeAeHHBIX MOJIENeN TS TPOTHO3UPOBAHMSI HETMHEHHBIX
MIPOIECCOB TaK)Ke MMEIOT HelocTaTKW. HenmmHelHas perpeccHoHHas MOJelbh XapaKTepH3yeTcs
CIIOKHOCTHIO0 nAeHTH(prKanmy (QyHKIIMOHAIBHBIX 3aBUCUMOCTEH, a mpruMeHeHue mosiern ARIMAX
OIPaHMYEHO CIIO)KHOCTBIO pacdeTa MHOTOYHCIEHHBIX MapamerpoB. Bce 3To obOycrmoBnmBaer
HEOOXOIUMOCTH Pa3pabOTKH HOBBIX M MOIU(DHUKAIIMK N3BECTHBIX METOJIOB U MOJIENEH POTHO3H-
pOBaHMsI BpEMEHHBIX psiioB. [T X MpOrHO3UpOBaHUS Ha (PMHAHCOBOM PBHIHKE TAKHE MOIEITH
JIOJDKHBI XapaKTepU30BaThCd HEOOXOMUMON TOYHOCTHIO, THOKOCTBIO M MPO3PAYHOCTHIO B OIEHKE
rapamMeTpoB, JOJDKHBI 9KOHOMHTB BpEMs ¥ TTPE0JI0JIeBaTh OrpaHNYEHHS, HAIOKEHHBIC Ha KIIACCH-
YeCKHe CTaTUCTHIECKUE MOJIEINTH, a TAK)KEe CBOEBPEMEHHO pearupoBaTh Ha U3MEHEHHS B JTTHAMHU-
K€ pa3BUTHS PHIHKA.

B mocnennee Bpems B ob1actu pa3paboTKH CHCTEM ITPOTHO3UPOBAHUS C(HOPMUPOBAIKCH J1Ba
OCHOBHBIX HAITpaBIICHHS HCCIICIOBAHUI:

— CO3/IaHUE aJalTHBHBIX KOMOWHUPOBAHHBIX H MHOTOYPOBHEBBIX MOJIENEH MPOrHO3UPOBAHUS
[4-6];

— pa3paboTKa W WCMOIb30BaHHE METOMIOB MHTEIUIEKTYallbHOTO aHAIHW3a BPEMEHHBIX PSIIOB
[8-10].

KomOuHMpOBaHHBIE MONENN TPUMEHSIOTCS JJIs MOBBIIIEHUS TOYHOCTH MPOTHO3HPOBAHMSL.
Lenbto ympaBieHus MPOIECCOM POTHO3UPOBaHMUS KOMOMHHUPOBAHHBIX MOJICNICH SBIISETCS YIET B
OLIEHKE IMPOTHO3a 0COOBIX TIPEUMYIIIECTB U «IOJE3HBIX» XapPAKTEPUCTHK KaXKIOW U3 MPOrHO3HBIX
MOJIENe, KOTOPhIE COCTaBISIOT MX OCHOBHOE MHOXKECTBO, T.€. OTOOPaHHBIX JUIA MOCTPOSHUS
MIPOrHO3a Ha OTIpe/ieNieHHOM Iiare. Hemoctarkamu KOMOMHUPOBAHHBIX MOJIENEH SBIISTFOTCS CIIOXK-
HOCTb Pa3pabOTKH U HEOOXOIUMOCTh KOMITEHCAIIMN HEJOCTATKOB KaXK/IOW U3 MOJIeNell OCHOBHO-
T'0 MHOXKECTBA, TIPU STOM HeE Tepsisl X NMPEHMYIIECTB.

Ha ceromusmniamii 1eHb TakkKe MOIb3yeTcs MOMYIISPHOCTHIO HHTEIUIEKTYaIbHBIN aHAIN3 Bpe-
MeHHBIX psanoB mwn Time-Series Data Mining, KoTopbIii ipezncTaBisier coboit Habop MHHOBAIIMOH-

51



HBIX METOJIOB, IpeIHa3HAUYEHHBIX IS HISHTU(UKAINHN CKPBITBHIX MIIK aCCOLMATUBHBIX MPaBUII B
JAHHBIX BPEMEHHBIX PSANOB, METOAbI HEMMHEWHOH auHaMuku [11], onTUMH3alUM Ha OCHOBE
TEHETUYECKUX aJTOPUTMOB M MPOrpaMMHUpPOBAHUSA TeHeTH4ecKuxX BblpaxkeHui [12] u t.a. C
MOMEHTAa BOSHUKHOBEHHS HHTEIUIEKTYaIbHOTO aHaIM3a BPEMEHHBIX PSAJOB pa3padoTaHO MHOMKe-
CTBO CIIELIMAIbHBIX METO0B, KOTOPBIE KaCAIOTCS 3a1a4 MHIEKCALlUH, KJIaCTepU3alluH, Ki1acCHu(u-
kauui [8-10], nopenTudukannm BEIOPOCOB U T.11. B mocneanue romsl nosBiseTcs IOHUMaHKe TOTo,
YTO JUIl MHOTHX 3a/1a4 MHTEJUIEKTYaJIbHOTO aHaJi3a JaHHBIX HEOOXOAUMO MPUMEHSITh HEe OBICT-
PBIi ¥ IPUOIU3UTENbHBIN, a MEJICHHBIH, HO TOYHBIM U MOoApoOHbIH mouck [13], mpemiaraercs
WCIIOJIB30BaTh METO/BI, KOTOPbIE MOTYT OBITh MaKCHUMAJIBHO JIETKO MPAKTUYECKH TPUMEHHMBI.

ABTOpOM MpEIUIOKEH MOAXO0/, KOTOPBI 0a3upyercsi Ha MPUMEHEHUH B KOMILJIEKCE aJanTHB-
HBIX KOMOMHHPOBaHHBIX MOJeNeld MPOrHO3UPOBAHMSA M KJIACTEPU3ALMU BPEMEHHBIX PSAIOB IO
Merony OmmKaiiiero cocena.

AKTyanbHOCTB 3THX HCCIEOBAHUN NMEET HE TOIBKO MPaKTUUECKOE 3HAaUE€HUE [Tl TPOrHO3U-
CTOB, HHBECTOPOB U aHAJIUTHKOB, HO 1 TEOPETHYECKOE: pa3padoTKa KOHIEMIUI 1 MaTeMaTHIecC-
KOTO MHCTPYMEHTapHs, KOTOPbIE MOTYT COCTABUTh OCHOBY JUISI IabHEUIIINX HAYUYHBIX HCCIIENO-
BaHU.

L]envio sBIsIETCS pACCMOTPEHHE OCHOBHBIX NMOHATHH KJIaCTEpU3aLlMK BPEMEHHBIX PSAJOB, CIO-
co0OB TpencTaBleHU KiacTepoB W (opMyll pacyera Mep OIM30CTH MEXKAY HHMH, a TaKkKe
pa3paboTKa aJanTHBHBIX KOMOMHHPOBAaHHBIX MOJIENIel TPOrHO3UPOBAHUS, MEXaHU3MBI CENIEKIINH
W THOpUAM3AaLMU B KOTOPBIX KOPPEKTUPYIOTCS Ha OCHOBE MpEABApUTEIbHOM KIIACTepU3aluu
BpPEMEHHBIX PSIOB MO METOAY ONIMKalIIero cocena.

2. IlocTanoBKa 3aJa4M NMPOTHO3UPOBAHHNS BPEMEHHBIX PS/I0OB
[lycte S — mucKpeTHOE MHOXKECTBO. JIMCKPETHBIM BPEMEHHBIM pPAI0M

{zitie ={z1,29,...,20 ) = {z(t)), 2(to)..... 2(ty)}
6yZ[CM Ha3bIBATh KOHCYHYIO ITOCJICAOBATCIBHOCTDH HBMepCHI/II\/'I, MMpOBOAUMBIX B JUCKPECTHBIC

MOMEHTBI BpEMEHH t; € S, i=1,n U QUKCHPYIONIMX ONpE/IENEHHBIE XaPAKTEPUCTHKH M3MEHEHNUSI
COCTOSTHUI HCCIIEAYEeMOro Tpoliecca WIN ABJIEHHS, t; — HA4aJbHBI MOMEHT BpeMeHU. byaem
CUMTaTh, YTO U3MEPEHUS MPOBOIATCA Yepe3 ONpEACICHHbIE BPEMEHHbIE MHTEPBAJIbl: MUHYTA,
qac, JeHb, HeJelsl, MecsIL, KBapTal U T.1. Pe3ynbraTsl U3MEpeHUi z; NeWCTBUTEIBHBI U MOTYT

MPEACTABIATE COO0M OJHOPOIHBIE 3KOHOMHYECKHE MOoKas3aTenu (ypoBeHb MHOISIMH, 00BbeM
BBIITYILICHHON MTPOAYKUHXH), (pPrHAHCOBBIE OKA3aTeNH U T.A4. B s9KoHOMeTpHKe 4acTo paccMaTpu-
BalOT BPEMEHHOH P KaK YaCTHYHYIO PeaJIM3alUI0 CTOXaCTUYECKOro Ipolecca, KOTOPbI Mpea-
craBiisiercsi OECKOHEYHOH CIydailHOW mocienoBaTenbHOCThi0. Ho B oTiaMume OT 3i1eMEHTOB
CITy4aiiHOW BBIOOPKH, 3HAUYEHHS BPEMEHHOI'O psiia HE SBJSIFOTCS HE3aBHCUMBIMH M OAMHAKOBO
pacnpeneneHHbIMU.

BeinensiioT cinemyronyie OCHOBHBIE 3a1a4 IPOTrHO3UPOBAHMS BPEMEHHBIX PSIIOB: IPOTHO3UPO-
BaHUe OyIyIIMX 3HAUEHUH, TPOrHO3UPOBAHMSI 3HAKOB IIPUPOCTOB BPEMEHHBIX PSIOB, HACHTU(DHKA-
LU MOMEHTOB JIOKAJIbHBIX DKCTpeMyMoB. B maHHol pabore Oynem orpaHHMYMBATHCA HEPBON

3agaueil. ChopmynupyeMm ee Tak: Ha OCHOBE PETPOCHEKTHBHBIX 3HAYCHUN Z,,Z,_1,Zy_m4l»
m<n psaga {z;}!',, HanOoJee TOYHO OLEHHUTH €r0 IMOBEACHUE B OyIaylleM B MOMEHTBI
tne1stns2se -+ tnsp » T-€. MOCTPOUTH MOCIEAOBATENILHOCT MPOrHO3HBIX 3HAYEHNUH
2 = 2041204205 Znso )

rie § — FOPU3OHT MPOTHO3UPOBAHMS, @ m — 00BEM PETPOCHEKTUBHON BbIOOpKH. OO03HAUNM
gyepe3 2.(n) — MPOTHO3, KOTOPBIH PAacCUMTHIBAETCA B MOMEHT t, (B TOYKE n) HAa 1 TOYEK
BIIEpen, t=1,0.

Takast pyHKIMOHAIBHAS 3aBUCUMOCTD f , KOTOpasi O3BOJISIET OMKMCATh [T0BEACHHE BPEMEHHO-
o psia, Ha3bIBAETCA MOJEIBIO MPOrHO3UpOBaHuUs. [IpOrHO3 BpEMEHHOIO psia {z;}!, Ha OIHY
TOUYKY BIIepes MOXKHO (hOpMaNbHO 3amucaTh B BUAE 2,1 =21(0) ={(Z,_mi1>Zn_mi2s--»Zn) - B
CJIy4ae IPOTHO3UPOBAHMS C TOPU30HTOM O > | MPUMEHAETCS UTEPALlOHHBIN TOIXO/:

201 =21(0) =1(Zy_m41>Zn-m25--2Zn) >
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2n42=29M) =1(Zy_m42:Zn-m+3>-++:Zn>2n+1)»

2n10 =29() =f(zy_my0s-->2n16-2>2Zn40-1) > m<n -

Heo0xomumMo OTMETHTB, 4TO pa3Hble MOJETH NPOTHO3UPOBAHMUS MOTYT MMEThb Pa3InYHbIC
MeXaHH3MBl pacyera MPOrHO30B, K MPHUMeEPY, B HUX MOTYT YYHUTBIBATHCS BHEIIHHE (aKTOPHI,
KOTOpBIE OIPEACIICHHBIM 00pa3oM BIMSIOT Ha MOAEIMpyeMblid mpouecc. Kpome Toro, mozens
MOXKET HMETh psAJ MapaMeTpoB, TPEOYIOIIMX OTAENBHOrO OleHHMBaHMA. K Takum Mopensm
OTHOCSTCSI PETPECCUOHHBIE, ABTOPErPECCHOHHBIE, IKCIIOHEHINAJIbHBIE, alalTUBHbIE TTOJTMHOMHU-
anbHble Mozenu [3,4]. Eme onHOW Ba)XHOM XapaKTEpUCTHUKOW KaKIOM M3 Mojeiel sABIsercs
00beM peTPOCTIEKTUBHOM BEIOOPKH, HCIIOIB3YEMOM [T pean3aliy IPOrHO30B.

[TocTpouTh HanboNee TOUHBIH MPOrHO3 03HAYAET MOCTPOUTH TaKyl0 MOAENb, KOTOpas yAOB-
JIETBOPSAET COOTBETCTBYIOLIUE KPUTEPUH OLIEHKH KauecTBa MPOrHO3UpoBaHHUsl. [l JaHHOM 3a1a-
Y1 TAaKUMHU KPUTEPHSAMH MOTYT OBITH CpeliHee aOCON0THOE OTKIIOHEHHE, CPEAHSS KBaIpaTHUHAs
MOTPELIHOCTb, CTAHAAPTHOE OTKIOHEHNE, OTHOCUTENbHAS TOTPEUIHOCTD U T. 1.

3. OcHOBHBIC MOHATHS KJACTePU3allMd BpPeMEHHBIX PSAOB

ITycth 3aman BPEMEHHOW DAl {z;}{., KaK KOHEYHAs MOCICIOBATENbLHOCTD JCHCTBUTEIBHBIX
unrcen. KnacrepoM mIMHBL m BpPEMEHHOrO psna {z;}!, OyaeM Ha3bIBaTh IOAIOCIEHOBATENb-
HOCTh {ij}?; JAHHOTO Psifid ¢ m 9JEMEHTOB, n>m, Kjr1 =Kj+1 mia j=1,m-1. VubiMu
CJI0BaMH, KJIAaCTepbl JI000r0 BPEMEHHOIO psza MpPEJICTAaBIAIOT COO0OH €ro peTpocHeKTHBHBIE
MOAMOCICAOBATEIBHOCTH ¢ m JJEMEHTOB, MPUYEM TMOPSAIOK CIICIOBAHMS J3JIEMEHTOB B HHX
TaKoM, KaK U BO BpeMeHHOM psny. [l 3a1anus Kiactepa HeOOXOAMMO yKa3aTh MHIEKC Havyaslb-

HOIro 3JICMCHTa pdaa U JJIUHY. Byz[eM 0003HaYaTh KJIaCTEPbl 4€PE3 Zgn), ra€ N — HHIACKC
HavYaJIbHOI'0 3JIEMCHTA pAAd, BKIIIOYCHHOI'O B KJIACTEP, UK HOpHI[KOBLII\/'I HOMEp, a m — AJIMHA.

orja KaacTephl BPEMEHHOTO PAfa {z;}", MOXHO ONPENETNTh TAKMM 00Pa3oM:
T pbI Bp p it p op

1 mo ol 1 L _

(Im) - KIACTEP — Z(m) =1Z 1,2 1>+--2,1 } =1Z1}j=1, Kj =kj+1, j=Lm-1, 2,1 =2,
1K m ] 1

2 m 2 2 P vt _
(2,m) - KHacrep — Z(my =42, 2.2 2,..,2 3 } =4z 2 }j=1, ki1 =kj+1, j=Lm-1, 2,2 =22,
ki ks ki K ki

n-m-1 m
(n-m-Im) - Kmacrep - Z(m) = {an—m—l > an—m—l ERERE an—m—l )= {an—m—l }jzl >
e - 1 2 m ]
?Hm = k? m +1, j=I,m-1, anfmfl =Zn-m-1,
1
n-m _ _ m n-m n-m

(n—m,m) - KJgacrep — Z(m) = {an—m ’an—m "'-’anm—m }= {an—m }j=1 5 kj+1 =Kj +1,
- 1 2 j

j=lm-1, Z nm =Zp_m, T.C. (s,m)- KJIacTep A s=1,n—m B LEJIOM Ompenesercs TaK:
1

KS =Zg, (1)

S ¢ — m S  _1,S N e
Z(m)—IZkT,Zkg,...,ZkISn}—{Zk?}_lzl, j+1_kj+1’ le,m—l, Z 1

(n—m,m)— Knactep psaga {z;}, Oyaem HasbiBaThb ONOPHBIM. Bce npyrme xmacrepsl Oynem

HA3bIBaTh HEOIIOPHBIMHU.

UYucno HeONOPHBIX KIACTEPOB UIMHBI m , MOCTPOCHHBIX Ha OCHOBE BPEMEHHOTO psaa ¢ n
3JIEMEHTOB, PaBHO n—m .

Crenyer OTMETUTb, YTO CYILECTBYET HEKOTOpasl HEONPEAENEHHOCTh B TepMUHOIOTHH. Tep-
MHUH KJacTep (pattern) BpeMEHHOTO psiia, KOTOPBIM B JajbHeWIIeM OyAeM IMOJb30BaThCs, MPH-
MeHsercst B padore [9]. B padore [10] ucmonb3yoT TepMuH vector, BCTpedaeTcss TaKkKe TePMUH
KycoukH (pieces), set u T.11. 1 onpeneneHus onopHOro KiacTepa NPUMEHSIOT TaKkKe TEPMUHBI
nocnenHui npuronHeiii Bekrop (last available vector), ucropus psaa.

BBenem crenyromye mpeacTaBiIeHHUs KIacTepOB:
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1. Knactepsl MOryT MpeACTaBISITHCS HEMOCPEIACTBEHHO KaK IMOJMOCICIOBATEIILHOCTH 3Jie-
MEHTOB BXOJIHOTO BpeMeHHOro psiaa (1).
2. IlpencraBienue KIacTepoB ¢ MOMOIIBIO 3HAKOBOM mocnenoBareabHOCcTU. Ha ocHOBE psiaa

{z;}_; TOCTPOMM 3HAKOBBIN PN {y;}L,, A€ ¥; =sgn(z; —zj_j), i=2,n. Torga 3HaKOBbIE HEO-
MOPHBIE KJIACTEPHbI OyAyT UMETh BHUI:

2 -
Ky =200, 20 %2 =2, Ky =kG +1, j=Tm—1, X2 =12,
1 % m i

3 [
Kim) = 320,35 1,3 3= 103855 ki =k +1, j=Lm—1, 3 =13,
1 %2 i

n—m-—1 m
= —m—1> O = Cm—1 = n-m-1 _ {n—-m-1 .
X(m) {inl m-1 ng m-1 anmm 1} {Xk;l m 1}J 1’ ij _kj +1’ _]=1,In—1,
anfrnfl =Xn-m-1
1 .
3HaKOBBIN 0H0pHLIﬁ KJ1acTep 6yZ[CT HUMCTh BU

n-m _ _ m
A(m) = {inl—m anrzl—m ,---,Xk?n—m )= {Xk?—m }j=1 , k?;lm _ El—m +1, j=L,m—1, Ln-m = Xn-m.

O‘IGBI/I,L[HO, YTO YHUCJIO 3HAKOBBIX HCOIMOPHUX KIIACTEPOB MJIMHBI m , IOCTPOCHHLIX Ha OCHOBC
BPEMCHHOI'O psi/ia Cn 3JIEMCEHTOB, PaABHO n—m -1.

3. Tpe’mﬁ TUIT OIPCACTABJICHUA OCHOBAH HAa BBCACHUHN PACCTOAHUSA MEKAY IJICMECHTAMU KJlac-
TEPOB. HyCTL IOCTPOCHBI KJIIACTEPhI ICPBOI'0 TUIIA. B KaXXI0OM KJIaCTEPEC BbIYMUCINM MHUHUMAJIb-

HOC U MAKCUMAJIbHOC 3HAUCHHUA U TIOCTPOUM HOPMHUPOBAHHBIC KIIACTEPHI 110 IIPABUITY:

S
st ~ Zmin
s _ m s - m ; -
Zmax =MAX{Z }i=|, Zmin =MiNZ ¢jj-1, Torxa 8 s =5178 , s=Ln-m, mpuuem
J J j Zmax ~ Zmin

8 ¢ el0,1]
k> .
J
Taxum 06pa30M, JUIS KaXXJ0ro S = 1, n—m MOJy4YMM HOPMHPOBAHHBIC HCOITOPHBIC KIIACTEPhI U
HOPMUPOBAHHBIA ONOPHBIN KIacTep:

N

Z, —Z

) =18, 28 g 0esd s J =18 1My kS, —KS 41, joLmo1, 05 = >
(m) k? k; k?n k?] s Ryl j > J=1 ) kl anax—anin

Yucno HOpMUPOBAHHBIX HEOIOPHBIX KIIACTEPOB AJIMHBI m , IOCTPOEHHBIX HA OCHOBE BPEMEH-
HOT'O psiZia Cn DJEMEHTOB, PABHO n—m -

BBenem mnoHsATHE Mepbl ONM30CTH MEXIy KiIacTepaMH, YTO B Cllydyae KOJIMYECTBEHHOU
OLICHKH BBIPA)KaeTCsl Ha OCHOBE ONpenefieHHOW MerpukH. [lonobue Mexay AByMs KilacTepaMu
OIIpEZIENIeTCS HA OCHOBE METPHUYECKOr0 PACCTOSHUS MeXIy HUMH. Kakaplil kimactep MOXKET
OBbITH NPEACTAaBIEH TOYKOW B m -MEPHOM IPOCTpaHCTBE. B 3aBHCHMOCTH OT mpencTaBiIeHUs
KJIACTEPOB MOXKHO BBIACIUTH PA3JINYHbIE METPHUECKUE PACCTOSHHUA WM Mepbl OnmzoctH. B
JNaHHOW paboTe orpaHMYMMCS MepBbIM THIOM npexnctasieHus (1). Ilycts 3amaHBl MHOXKECTBO
Z{m)» V=Ln-m—1 ¥ ONOPHBIH KIACTEP Z(y) PpAXA {z;}l,, TOrAa Mephl OIM30CTH MEXIY
OIIOPHBIM U BCEMHU HEONOPHBIMU KJIaCTEPAMU MOT'YT OBbITH ONPEAENEHBI 10 U3BECTHBIM (OPMY-
Jam:

m
n—-m
1. do(Z(m) »Z(m)) =+ 2= Z,n-m ~Z_y | — pacCTOsIHHE IBKIHJIA.
AN ]

m
n-m _v _
2. 4 (Z(m) »Z(m)) = Z Z n-m ~ % v| — MAaHX?TTEHCKas (TOpPOJCKasl) METPUKA.
= i

kS
o |-

3. dy(Z(m) 22 (m)) = 2z — pacctostHue MHHKOBCKOTO.

j=1

Ms

-
-F
=

|

N
-
<
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n-m _v -1
4. d3(z(m) 9Z(m)) = Zkl_l—m Y Si Zkr_l—m _ZkY , S =cov| an—m -z
] J J J J

v | — paccros-
j

Hue Maxananoouca.

m . .
5. dy(z(m)Z(m) = 21, tae I} =
i=1

— paccrosiaue JKypaBieBa.

0, Zn-m ~Z v

j

MogenupoBaHie BpeMEHHBIX PSAAOB Ha OCHOBe KiacTepusauuu [8, 10] Gazupyercs Ha TOM,
9T0 JI000H BpPEMEHHOH psii MOXKET OBITh MPEACTaBIEH KaK KOHEWHAs I10CIeNOBATEIbHOCTh
KJIACTEPOB OJJMHAKOBOW JUTMHBI, UCTIONB3YIOMINXCS B HENSX MPOrHO3UPOBAHUS U aHATTN3a AUHAMH-
Kd. sl IpOorHO3UpOBaHKs BPEMEHHOTO Psifia CHavyalla Ha OCHOBE HEKOTOPOM CTeleHH OIM30CTH
HaxoJsIT Kiacrep, monooHbIN (closest match) onmopHOMy, MOCHEIHUN AIEMEHT KOTOPOTO Mpe-
cTraBiisieT co0Oil TOYKY, B KOTOPOHl paccuMThIBaeTcsi MporHos. Jlajee mpenmomaraercsi, 4TO
MOBEICHHE BPEMEHHOI0 pAa, KOTOpoe HabIro1anock mociie mogo0Horo Kiacrtepa, Oyer moBTo-
pATBCS W TIOCHE OMOPHOTO KiacTepa. HemocTaTKOM METOOWKH SIBISIETCS HEOAHO3HAYHOCTD
3aBHCUMOCTH Pe3yJIbTaTOB MPOrHO3UPOBaHUs OT BbIOOpa Mephl 6mu3ocT. Kpome Toro, naHHBIN
noaXo[ Al OONBIIMHCTBA BPEMEHHBIX PSAOB, B TOM YHCIE T€X, KOTOPBIE MPEACTABIISIOT cOO0H
9KOHOMHYECKHUE MPOLIECCHI, HE OTMEYAETCsI BBICOKONH TOYHOCTHIO.

4. AnanTuBHble KOMOMHHUPOBAHHBbIE MO/JeJH NMPOTHO3ZUPOBAHMS C KJacTepu3alHei

BPEMEHHOI0 psijia M0 MeToay OJM:Kaiilero cocejaa

Iocmanoexa 3a0auu. IlycTh 3a1aHO TPOrpaMMHOE MHOXKECTBO Jpg MOJEINEH MPOrHO3HPO-
Banus f),f,,...,fx, HA OCHOBE KOTOPBIX M psAa {z;}]; B TOYKEn MOIYT OBITH MOCTPOEHBI

OleHKH OyJyIIMX SIeMEHTOB BpeMeHHoro psama {zF 2P . ....2P 4. Ha ocHoBe MHOMNeCTBa
Sps M PETPOCNEKTUBHBIX 3HAYEHMH BPEMEHHOrO psAla {z;}j, NOCTPOUTH HaubOJEe TOYHYIO

I10C/ICI0BATENBHOCTD IIPOTHO3HBIX 3HAYCHHH 7 = {23000 =z | 5 o 2 o,

n
Pewenue 3adauu. Ilycts 11 BpeMEHHOrO psna {z;}!, nmo mpasuiy (1) mocTpoeHo MHOXe-
CTBO HEOITOPHBIX KJIACTEPOB OJMHAKOBOM UIMHBI m :

ZE/m) :{Zklvazkxzfa"')zk?/n}:{Zky}gi], k}:q :k}/‘i‘l, j=1,m—1,v:1,n—m—1, ZkV :ZV. (2)
J 1

O6o3HaunM ero depes R . [I[porHo3, KOTOPEIi peanu3yercss Ha OCHOBE Kax 1ok Moaenn fp, u3

MPOrpaMMHOI0 MHOXeCTBa Jpg,p =1,K B TOukax psiza m,m+1,...,n—1, m <n , COOTBETCTBYIO-

IIMX OC/IETHUM DJIEMEHTaM HEOIOPHHUX KIACTEPOB Z(p,) (2), v=1,n—m~—1 JmuHbl m Ha t=1,0

TOYCK BIICPECA, 0003HAYNM qepes:

m . [
va :fp {Zky}jzl ,w:v+m—],k}/+1=k}/+l,_]Zl,m—l,ZkV:Zv, V:1,1’1—1’1’1—1,
wl i 1
p — m p . o — _
Zk" _fp {ZkY}le’zkv ,w:V+m_1,k}/+1=kJ\-/+l,_]=l,m—1,zkv—Zv,v:2,n—m—l,
w+2 ] w+l1 1
p — m- ,p p p T
Zkv _fp {ZkY}le’zkv ’Zkv s"'ozkv , w=v+m-1, k}/+1:k}+1, le,m—l,
w+0 ] w+1 w+1 w+0-1

zZ , =2 — “m—
klv v,v=0n-m-1,
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rae Ziv — IIPOTrHO3HOC 3HAYCHHUE 3JIEMCHTA w + T V -T'0O KJIaCTe€pa, IMOJYYCHHOC Ha OCHOBE P -
W+T

NPOTHO3HOM Mozenu. 3anucs f, {zkV }}il 03HAYaeT, YTO JAJISl MOCTPOCHHS MPOrHO3a M0 MOJCIU
i

f, mcromb30BaH COOTBETCTBYIOLIMIT v -if HEOMOPHBIN KiacTep. J{yist ynpoueHus 3anuceii Oyaem

CUHTATH, YTO va =2P .. =22(w), roe 2P(w) — NPOTHO3, PaCCUMTBHIBAIOIIMKCI B TOYKAX W
WwW+T

Ha t TOYECK BIICPEI IO P - MOZECIIHU, KOTOpas AJid MOCTPOCHUA MPOTrHO3HOT'O 3HAUYCHU A UCIIOJIB3YCT

KJIaCTep ZE/m) ,V=1T,n—m—1 M3 MHOXECTBa HCOIIOPHBIX KIACTEPOB ‘R .

[TocTponm onopHEIi Ki1acTep

n-m m
Zim) = {Zk{“m ’Zkg_m ""’Zk{‘n‘m} = {Zk?_m }i=1 ;

n-m n-m s T -
kj+1 =% +1, j=L,m-1, anfm =Zn-m 3)

1
1 Ha OCHOBEC HeKOTOpOfI MCPhbI 6HI/IBOCTI/I, Hanmpumcep, ¢ IOMOLIBIO paCCTOSAHU A EBKJ'H/IZ[B. 10 MCTOY
OmKaniero coceaa Hal\/'IlleM M3 MHOXECTBA HCOIIOPHBIX KIACTCPOB R HOZ[06HLII\/'I OIIOpHOMY.

HeonopHbli KIacTep Z(m) € R HA3BIBACTCSA MOJOOHEIM OIOPHOMY KIACTEPY Z(y) , CCIH HE
CyIIECTBYET APYIHX HEONMOPHBIX KJIACTEPOB z{‘m), ke[l,n-m-1], kzx, JI5 KOTOPHIX

d(z{a s z6my) < Az Zim)) -

CormnacHo MpUHIMIIAM TOCTPOSHUSI KOMOMHHPOBAHHBIX MOZECIIEH €CTh ABa IIPUHIIUIIA pacueTa
MIPOTHO30B: CEJIEKTUBHBIN 1 THOPHIHBIM.

CeneKTHBHBIM MMOIXO0J 3aKII0YaeTcsi B 0TOOpe Ul KaXJI0ro 3HaUYeHHUS T M3 MPOrPaMMHOTO
MHOXECTBa Jpg €IMHCTBEHHOH MOAENH, KOTOpasi 00ecIeunBaeT BICOKYIO TOUHOCTD ITPOTHO3H-
POBaHMSI IO ONPEACIEHHOMY KpUTepHIo cenekunu: B- [4], R-xpurepuii [7]. [lapamerps! kputepu-
€B CEJEKLHH, KaK IMPaBHJI0, UMEIOT alalliTUBHBIN XapakTep. KpoMe Toro, 4acTo /i MOBBILIEHUS
TOYHOCTHU ITPOTHO3UPOBAHMSI KPUTEPUH OTOOPa MPUMEHSIOT HE K IPOrPaMMHOMY, a K TaK Ha3bIBa-

€MOMY OCHOBHOMY MHOXECTBY Tfhq - 9TO MHOXECTBO COCTOHUT M3 Moz[eneﬁ Jarommx HaunOoee
BS ’

. o
TOYHBIE IIPOTHO3bI HA ONPEAEIEHHOM Y4acTKe BPEMEHHOI0 psajia, Ipg < Ipg. OTOOp Mozeneit B
OCHOBHOE MHO)KECTBO MOKET OCYILECTBIIATLCS, HallpUMep, Ha ocHoBe D-kputepus [4].

[IporHo3 mo ruOpUAHOMY MOAXOIY PACCUMTHIBAETCS KaK B3BELICHHAs CyMMa IPOIHO30B IO
BCEM MOJIEISM, COCTABJIAOIIMM OCHOBHOE MHOXECTBO T .

HOCTpOI/IM IIPOrHo3 Ha OCHOBE 3TUX MOAXOA0B, MCIIOJIB3YA PE3YJIbTAaThl KIIACTCPU3ALUN BPC-
MCHHOT'O psaa. HYCTL Ha OCHOBC onpez[eneHHoﬁ MCPBI OJIM30CTU OBLI ONPEACIICH KJIACTCP

zf‘m_;nﬂ eR, x e[m,n-0-1], nonoGHbIit omopHOMy Kiactepy. [TocieTHIM 31eMEHTOM KiacTepa

Z(m).

ITocTponM OCHOBHOE MHOXECTBO MOZIEIIEH MPOrHO3UPOBAHUS, HCIIOIB3Ys D-Kputepuii. 3Haue-

*l OyzeT >IeMeHT z, .

Hue D-KkpuTepus B MOMEHT t, MOXXHO paccuuTaTh 1o (hopmyIe:
1 X—C p
D,(t)=——> (2 x-t-j)-z _')z
P x—c+1 5 f = )
rae t — IE€PHOJ IPOrHO3a; ¢ — IEPHO MPEABICTOPUH; 2P (x — 1~ j) — IPOrHO3, KOTOPBIA paccyu-
TBIBACTCSI B MOMEHT tx_;_j (B TOYKE Xx—T—j) Ha T TOYEK Brepex 3a moxenbiofp,p=1K.
Toraa ocHOBHOE MHOXKECTBO MOJIENel Ui PUKCHPOBAHHOTO T OMPEHESIeTCS TakK:

Shs =Ty < 3ps| Dp() SADypin (1).p = LK, Dy (1) = min Dy (9. 5)
p=1
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30€Ch A\ — JICUCTBUTEIIbLHBIN mapameTp, KOTOpLIﬁ ONpCaACIACTCA IKCIICPUMCHTAJIbHBIM ITYyTEM.

OGo3Ha4MM MOZIEIIH, BKIIOYCHHBIC B MHOXKECTBO Jpg, Uepes fi',f5,....f[ , L, — KommuecTBo
T

Mojieneil B MHOXeCTBEe Jhe, 1=1,0, L, <K.
Jist Kak10if MOJIENI M3 OCHOBHOTO MHOXECTBA Jhq PACCUNTACM 3HAUCHHS B-kpurepus:

BﬂfT =(-ag)Bit edt(x-1), (6)

x-1,1

rae 0<op <1 — mapaMerp Criia)kuBaHHs; a edt(x—1) =237 (x -1)—2z,| — aBcomoTHas ommoOKa

o T
MMpOrHo3a, KOTOPbIM paCCYUTLIBACTCA B MOMCHT tx—‘t Ha t TOYCK BIIEpEO MO MOACIAM qu 5

1=1,0, q,=1,L,. Torga camoif TouHOil Mozenbro s (PUKCUPOBAHHOrO t IO B-kpureputo

6yZ[CT CUHUTAThCA TakKasa MOJICIIb f‘f*, JJIA KOTOpOﬁ obecrieunBaeTCsl MUHHMAILHOE 3HAUEHUE

KpUTEPHS, min BL% . [IPOrHO3BI, pacCUMTHIBAIONMIMECS HA OCHOBE MOJENEH ¢T* B TOUKE n Ha
qr=1L¢
T TOYCK BIICpEI, 0603Ha‘lI/IM quepe3 Zt(n). Torz[a IMpOrHo3 1o KOM6HHHpOBaHHOI>'I MOAOeIn

CEJIEKTUBHOTO THIa 1Mo B-kputepuio cenekuuu (6) ¢ KiacTepusanueldl BPEMEHHOTO psla II0
MeTony OMKaiIiero cocena OyIeT pacCUUTBHIBATHCS MO (opMyIe:

*
2.(n) =z (n)+(1—a)Zy ;> (7
rae z,,, — 3HAYCHHE BPEMEHHOI'O psAla, KOTOpOe CIAEAyeT MOCcae KilacTepa zz‘g)mﬂ , TTIOI00HOTO

onopHoMy; o €[0,1] — mapameTp, yka3pIBarouIMii Ha BaKHOCTh ydYeTa MPOTHO3HBIX 3HAUYEHHIl
0TOOpaHHOM MOAENN B IPOTHO3E.

[Mpumenum rubpunasii nogxox. Ilycts mocie mpoBeaeHHON KiacTepu3alud B TOUKE x VIS
KaXJ0ro t ObLIM CQOPMHPOBAHBI OCHOBHBIE MHOXECTBA Jhg M PacCUMTaHbl 3HavYeHMs B-

kputepues BT, ¢, =1,L, . O603HaunM yepe3 23t (n) — NPOrHO3, KOTOPBIH PACCUNTHIBAETCS B

X,T?

T _ -
TOYKE n Ha T TOYEK BIEpEI MO MOJEIISIM qu 13 OCHOBHOI'O MHOXECTBA Jhg, q; =LL;, 1=1,0.
Toraa mporxo3 Mo KOMOMHUPOBAHHON MOJIENM THOPUIHOTO THITA C KIacTepHU3alield 10 METOIy
OnmuKkaifiero cocena ornpenensercs o Ghopmyse:

Lt
2:(m) =0 L oft 28 () +(1-a) 7 e @®)
qr=l1

rae ael0,1], Beca wlt ompenensoTcs Ha ocHOBe B-kputepus (6) ¢ yuerom koddumenta

L'C
NponoOpHHUOHAJIBHOCTHU, HAXOAALICIOCs U3 PABCHCTBA CYMMbI BCCX BCCOB CANHUIIC, 20)(1:“ =1,

qr=l
Harpumep, Kak B padore [4]:
2 1
B B
1 X,T 2 _ X,T
i Lo =2 e 2
Bx,‘c + Bx,‘c Bx,‘r + Bx,r
2 n3
1 _ Bx,‘c Bx,‘c
st Ly =3 O =1 L2 I n3 2 o3
Bx,‘c Bx,‘c + Bx,‘c Bx,‘r + Bx,‘r Bx T
1 3 1 2
o2 By« Byt 3 B\ . B3, L

Ll w2 1 13 2 3 0 0r=
BX,’E Bx,‘c + Bx,‘c Bx,‘c + Bx,‘c Bx,‘c Bl{,‘c B)z(,.c + Bl{,‘c Bf{,‘c + B)z(,.c Bi,‘c
[locne pacuera MporHo3a MPOrHO3HAs TOYKA 2, (n) HCHOJIBb3YETCs JUIA MOCTPOSHHS HOBOTO
n-m+l _ 5 7z =z
OIOPHOTO KIAcTepa Z(m) = {an_m+1,2kn_m+1 s Zy neomil s 1(n)}, k?—mﬂ n-m+l, a CTa-
1 2 m-1
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p]:lﬁ 0H0pHLII>i KJIaCTep Z?r;;n CTAaHOBUTCA HCONOPHBIM, T.C. BKIKOYACTCSI B MHOXECTBO R, U
mpouecc pacdyera HAUYUTACTCA CHadalla: HaXOAUTCA Ha OCHOBC OHpeﬂeﬂeHHOﬁ MCpPhBI OMM30CTH

10J00HBIN OIIOPHOMY KIIacTepP, POPMHUPYIOTCS MHOKECTBA Jfg JUIS KaXKIOTO T, PACCUMTHIBAIOT-

Cs1 3HAYCHUA B-KpI/ITepI/IH JJIA Ka)K,Z[OI\/'I HpOI‘HOBHOﬁ MOZ€IH, KOTOpasA HCHOJIb3YET HOH06Hy10
HCOIIOPHYIO ITOCICAOBATCIIBHOCTL B KAUYCCTBC peTpOCHCKTI/IBHOI\/'I I/IH(l)OpMaL[I/II/I. I[am;me CTpOUT-
Cs IIPOIrHO3 COIrJIaCHO CEJICKTUBHOMY WJIN I‘I/I6pI/I,Z[HOMy MPpUHIHUITY.

6. BoiBoabI W 4YMCIeHHBIE Pe3yJbTATHI

OnwucanHas MeToAMKa ObLIa peajn3oBaHa B IporpaMMHOI cpene. Ha ocHOBe mporpaMMHOTo
MHOKECTBa M3 MPOCTBIX AKCIOHEHIIMATBHBIX Mojienel criaxuBanus (SESM) nnn amanTuBHbBIX
MOJIMHOMUANBHBIX Mozeineil bpayHa 0-ro, 1-ro u 2-ro nopsakoB ¢ napamerpaMu criaxupanus 0,2
OBUTH MOCTPOCHBI OOBIYHBIC AANITUBHBIE KOMOMHUPOBAaHHBIC MOJIETH THOPHUIHOTO THIIA M CEJIeK-
TUBHOTO THIA 110 B- (6) 1 R-kputepusm [7], a Taxke HOCTpOeHbI MOAU(PUKALNH JAHHBIX MOJIENeH
C IpenbIayIel KiacTepu3alueil BpeMEHHOTO psijia o MeToy Omrkaiiiero cocena. B kauectse
Mephbl 6Jr30cTH OBLTO BEIOpaHo paccrosiHue EBknnaa. B kaxmol ToUke A KaKIOro T aBTOMa-
THYECKH (POPMHUPOBATIOCH OCHOBHOE MHOKECTBO Mojienell Jg¢ (5) mo D-kpurepuro (4) ¢ napa-
Mmerpom A =1,9. [Tapamerp crnaxusanus B B-xputepuu (6) ag = 0,6 , IEpHOA NPEIBICTOPUH IS
nocTpoeHus 3HaueHuid B-kputepus pasen 10. s TecTupoBaHust MoJeneil BEIOpaHbI eKeTHEB-
HbIE BpeMEHHBIE PSIbI IICH Ha ChIpbe: alllOMUHHN, OEH3UH, cepedpo u T.1. 3a mocjeaHue 3 roja.

Bcero mo 700 m3mepenuii. beun paccuntaHsl cpegHue OMMOKK MPOTHO30B HAa t=1,10 TOYeK

BIICPEa 11O OIIMCAaHHBIM MCTOAMKAM (7,8) TounOCTB KOM6I/IHI/Ip0BaHHLIX MoJeIe ONpCaACIACTCA
TEM, Ha CKOJIbKO TOYHEC UX IMPOrHO3 B CPAaBHECHUU C MOACIIbIO-IMACPOM, T.C. TaKOl MOZCIBIO U3
MMporpaMMHOI'0 MHOXECTBA, MJIA KOTOpOﬁ B CpCaAHEM JJId (bHKCHpOBaHHOI‘O T MOJIy4ae€TCsA MUHU-
MajJbHas OH.II/I6Ka, B JaHHOM CJIy4a€ OTHOCHUTCIIbHAs. TaK, mpocTasd agaliTUBHaA KOM6I/IHI/Ip0BaH-
Hasa CCIICKTHBHAA MOJCIIb 110 B-KpI/ITepI/I}O yiy4dlinia caMyro TOUHYIO MOJCIIb U3 IMTPOrpaMMHOI0O

MHOXeCTBa (MOZIeNb-JIHAeP) TONIBKO Uit T=1,3 B cpeaHeM Ha 8,52%, a npemiokeHHas Mo du-

Kalusl JaHHOW MOJENH C MpeAblIylie KiacTepuzauneil BpemeHHoro psaa (o =0,95, m=20)

yIydIInia MOAEIb-THAEP TONBKO IS =810 B cpenHeM Ha 2,59 %. IlomnoGHble pe3ynbTaTsl

TONTy4aroTCsl U B cliydae ucnonb3oBanust R-kputepus. [Ipoctas amantuBHA THOpUIHAS MOJEIb
yAIydIIaeT MOJENb-JIUaep s Bcex t=1,10: s t=1,5 B cpenHem Ha 4,71% 1o cpaBHEHHIO C
pe3yAbTaTOM MOAETH-IHIEPa, U 1> 5 B cpeqHeM Ha 1,62%. AnmanTuBHas rTHOpUAHAS MOZIEITH
¢ wracrepusanuerd (o =0,95) ymydmiaer Momenb-TuAep A t>5 B cpenHeM Ha 1,97% wu
MPOCTyI0 THOpHUIHYIO Mozelb B cpenHeM Ha 0,45%.

Hayunaa nmosusna. B 1ensx MOBBIMIEHUS TOYHOCTH IPOTHO3MPOBAHMS BPEMEHHBIX PSIIOB
paspaborana aganTHBHAsT KOMOMHUPOBAaHHAS MOZENH ITPOrHO3WPOBAHUS C TIPEAbIIYIIEeH KiacTe-
puzanueii BpeMeHHOTo psjia Mo MeToy Omkaiimero cocena. OTiamane OOBIKHOBEHHOM a/IariTH-
POBaHHOI KOMOMHHPOBAaHHONH MOJENH OT MPENJIOKEHHOW OTINYAETCS TeM, YTO B IOCIEIHEH
0TOOp JIYYIINX MOJENEH I pacyera MPOorHo3a Mo CEeIeKTUBHOMY WM THOPUAHOMY MPUHITUITY
OCYILIECTBIISIETCS HE TI0 pe3yabTaTaM MPOrHO3WPOBAHUS Ha YYaCTKe Psjia, MPEANIeCTBYIOIIETO
TOYKE TPOTHO32, TaK HA3BIBAEMOM OITOPHOM KIIACTEpe, a IO pe3yiabTaTaM MPOTHO3HPOBAHUS
MOJIeNie Ha JIPYroM ydacTke (KJacTepe) psizia, KOTOPBIA MOJ00HBIA OMOPHOMY, T.€. METpHYeC-
KO€ PacCTOSTHHE KOTOPOTO K OMOPHOMY KIIaCTepy MUHUMAIIBHO.

Ipaxmuueckasn yennocms pabOTBHl B TOM, YTO MPEUIOKEHHBIE MOJEIN MOTYT HCIIONB30-
BaTbCsA B KAa4eCTBE COCTABIISIFOIIUX WH(OPMAIMOHHBIX MPOTHO3HBIX CHUCTEM, JIJISI TTOBBIMICHUS
TOYHOCTH MPOTHO3UPOBAHUST KOMOWHUPOBAHHBIX MOJIENIEH C IIEPUOIOM t > 5 ¥ JUIS TIOBBIIIEHHS
3¢ (eKTUBHOCTH yIpaBIIEHHS IPOIIECCOM ITPOrHO3UPOBAHUS B YACTH yUeTa MPEUMYIIECTB KOHKY-
pupyromux Mporao3os. [IpoBeneHHbIN CpaBHUTEIHHBINA aHAIIN3 PE3yIbTAaTOB MPOTHO3HUPOBAHUS
BPEMEHHBIX PS/IOB IIeH Ha CHIPhE C MIOMOIIBI0 OOBIKHOBEHHBIX aJIalITUBHBIX KOMOWMHHUPOBAaHHBIX
MoJieNed 1 KOMOMHUPOBAaHHBIX MOJZENeH C MpeIBapUTENbHON KllacTepu3alueil psaa mo3Boser
clenath BBIBOJ, YTO MPEMIOKEHHBIH TOAXOJ JaeT BO3MOXKHOCTH JOOWUTHCS Ooliee BBICOKOU
TOYHOCTH B CITy4ae IMPOrHO3WPOBAHUS C IIEPHOAOM T > 5.
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VJIK 519.7

10.C. HOBHUKOB

CTPYKTYPU3AIIUA COCTABHBIX OBBEKTOB IIPH
®OPMHUPOBAHUU MPOLIECCHOT'O NMPEJICTABJIEHUS 3HAHUI

IIpennaraercs moAXO K BEINOTHEHNIO CTPYKTYPH3AIMH COCTABHBIX 00BEKTOB KaK JIEMEH-
TOB ITPOLIECCHOTO ITPEACTABICHHS 3HAHUHN. [IpH CTPYKTypH3anny BEIIOIHAETCS TIOCIEI0BATEb-
HOE CpaBHEHHE IPOCTHIX aTPHOYTOB OOBEKTOB M MX COBOKYHMHOCTH Ha OCHOBE MX THIIOB H
3HAYEHWH, CPABHEHNUS YHUKAJIBHBIX aTpUOYTOB HAa OCHOBE CIEIHAIN3UPOBAHHBIX AJITOPUTMOB,
CpaBHEHHMS BJIOKEHHBIX 00BEKTOB.

1. AKTyalbHOCTH

IIpoueccHoe npencTaBieHne 3HaHUI HOpPMUPYETCsl HA OCHOBE aHajii3a HabOpOB MocienoBa-
TENBHOCTEN COOBITHH, NMEIOIINX BPEMEHHbIE METKH, U BBISIBIICHHE Ha OCHOBE TaKOTO aHAIN3a
CTPYKTYPHUPOBAHHBIX OOBEKTOB M IIOCIEAOBATEIBHOCTEH NEHCTBUH, COCTABIAIOIIMX MpoLece, a
TaKXe MPUYNHHO-CIECICTBEHHBIX 3aBUCHUMOCTEH MEXIy TaKUMH AeHcTBUSMH. sl perieHus
YKa3aHHBIX 3aJla4 aHalIKM3a TPaAWLMOHHO HCIONB3YIOTCS MeToabl data mining M, B mOCIenHHE
rO/Ibl, METOIbI OYPHO Pa3BHBAIOLIEIOCS HAIIPABIICHUS Process mining (MHTEIUIEKTYaIbHOIO aHa-
nn3a npoueccos). IcX0qHBIMY JaHHBIMH IIPY PELIEHUH TaKUX 3aJad sSBJSIFOTCS HA0OPHI ocieo-
BaTENIbHOCTEH COOBITHI, (PUKCUPYIOIINX MOBEICHNE HEKOTOPhIX OOBEKTOB U CBA3aHHBIX C HUMHU
nporeccoB. VIHTeIIeKTyalIbHbIH aHAJIN3 IPOLIECCOB HAIPaBJIeH Ha BRISBICHUE IIOCTIE0BATEIbHO-
CTH B3aUMOJCHCTBUS TaKUX OOBEKTOB C YYETOM CKPBITBHIX NPUYMHHO-CIEICTBEHHBIX CBS3EH
MEXKIy HUMH. Pe3ynpTaToM IaHHOTO aHalu3a SBIAETCS IPOLIECCHOE MPEACTAaBICHUE 3HAHMM,
OTpakarollee He IPOCTO BO3MOYKHBIE HAOOPHI ACHCTBUI B IPEAMETHOM 00JIaCTH, HO U 3aBUCHMO-
CTH MEXKIY HUMH, YTO CO3/1a€T BO3MOXXHOCTh OPraHMU3aLliH JIOTHYECKOr0 BEIBOAA Ha MPOLIECCHBIX
3HaHUAX. B TO e BpeMs BbISABICHHbIC MPUYMHHO-CICACTBEHHBIC CBSI3H MEXIY ICHCTBHAMHU
IpoLecca OTPaKatoT JIMIIb «BHELIHIOI» IPUPOAY IPOLECCHBIX 3HaHUH. JlaHHbIE 3aBUCUMOCTH B
3HAYUTEIILHON CTEIEHH 3aBUCST OT HPUPOABI U CTPYKTYPHI OOBEKTOB, C KOTOPBHIMH OIEPHUPYET
npouecc. CiienoBaTenbHO, CTPYKTYPa TAKUX OOBEKTOB OTPaXaeT «BHYTPEHHHE) 3aKOHOMEPHOC-
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THU OPOILECCHBIX 3HaHPIfI, KOTOPLIC B 3HAYUTEILHON CTEICHU OIrpaHUYIMUBAIOT BO3MOXKHBIC Ha60pLI
HOCHCﬂOBaTCﬂLHOCTGﬁ JEUCTBUM mpounecca. B 10 *Xke BpE€Md 3a/iada BBIABJICHUA CTPYKTYPBI
TaKHuX 06’[;6KTOB, a TaKiXKE OIPCACICHHUA HX BJIUAHHA Ha 3aBUCUMOCTU MCKIY JIEUCTBUSIMH
mnmponecca A0 HACTOAIIEro BpEMCHH HC pacCMaTpUBaJIacCh. HOBTOMy TeMa JaHHOM pa6OTLI
SABIIACTCA aKTyaJ’ILHOI\/'I.

2. AHAIIN3 MOCJeAHMX HAYYHBIX MYyOJMKANMH

Bompocsl HHTEIeKTyaaIbHOTO aHalu3a MPOLECCOB paccMaTpuBaluCh B padorax [1,2], toe
OCHOBHOE BHUMaHHE Y/ICJIEHO O0OHAPYXEHHUIO MOCIEA0BATENbHOCTH JEHCTBHI IpoLiecca, a TaKKe
MpaBuJI, 33JJaI0IIMX B3aUMOCBA3M MeX 1y HUMH. B [3] paccMoTpeHbI BOPOCH! BBISBIEHUS CTPYK-
TYpBI CJIOKHBIX HA0OPOB JaHHBIX B 0a3aX JaHHBIX.

Takum 00pa3zoM, BOIPOCH! BBIJIETIEHUS 3aBUCUMOCTEH 1 TIPaBUJI IIPH IIPOLIECCHOM ITpeACTaBIIe-
HUY 3HAHUH, a TAKOKe CTPYKTYpU3aii 00BEKTOB IPY NPOBEACHUH HHTEIJIEKTYaIbHOTO aHATN3a
JAHHBIX B JINTEPAType pacCMATPUBAIOTCS Pa3pO3HEHHO. B TO jke BpeMsl HepapXxUUuecKu yCTPOEH-
HBIE CIOKHBIE OOBEKTHI SBISIOTCS CYIIECTBEHHBIM 3JEMEHTOM IPOLECCHOTO MPENCTaBICHUS
3HAHMM, BIMSIOIIMM Ha I1OCIeI0BATENbHOCTD ASHCTBHII ITpoliecca.

3. IIocTaHoBKa 3agauM HCCJIET0BAHUA

3amaya AaHHOTO HCCIENOBAaHUS 3aKIIOYaeTcs B pa3paboTKe MoAxoda K CTPYKTYpH3alHuH
COCTaBHBIX 00BEKTOB IpH (YOPMUPOBAHUH IPOLIECCHOTO MPECTABICHMUS 3HAHUM.

Pa3pabotka ganHoro noxuxona TpeOyer: BbIIENCHUS HEPAPXUH CTPYKTYPHBIX COCTABIISFOLIMX
COCTaBHBIX OOBEKTOB KaK 3JIEMEHTOB IIPOLIECCHOTO MPEACTABICHUS 3HAHHUI; ONpeneNeHns Kilac-
ca MeToA0B (IIOAXOAOB), IPUTOJHOTO JJIsl CPAaBHEHUSI YKa3aHHBIX COCTABIISIOIINX M BBIJCICHUS
UX aTpuOyTOB.

Pe3ynbpTaToM CTPYKTYpH3alUU CIOKHBIX COCTABHBIX 00OBEKTOB sIBIsETCSI HAOOp IAaOIOHOB U
MPaBHJI, OTPAKAIOIINX 3aBUCHMOCTH MEXKIY €ro dJIEMEHTaMHU M HETTOCPEACTBEHHO BIUSIONINX HA
CTPYKTYPY IPOLIECCHOTO IPE/ICTaBIICHUs 3HAHUH.

4. CTpykTypHM3auusi COCTABHBIX 00bHEKTOB

CH0oXHBIE cOCTaBHBIE 00BEKTHI SBJISIOTCS AIIEMEHTAMH IPOLIECCHOTO MPEACTABICHUS 3HAHUH,
OCHOBaHBI Ha CTPYKTYPUPOBAHHBIX AAHHBIX M COJAEPKAT HEPAPXHUIO CBSI3aHHBIX MPOCTHIX 00BEK-
TOB, B3aMMOCBSI3U MEXKIY KOTOPHIMU BJIMSAIOT Ha IOCIEJOBATEIBHOCTh IMPOLIECCHBIX EHCTBHUH.
CrenoBaTenbHO, BO3MOXKHOCTH MaHMITYJIUPOBAHUS CEMAaHTHUYECKU CBA3aHHBIMH OOBEKTaMHU, KO-
TOpBIE COCTABIISIOT HEPAPXUUECKYIO CTPYKTYPY, 3aBUCAT OT HAOOPOB MX aTprOyTOB, BO3MOXKHBIX
rabJIOHOB M IpaBUi UX B3auMmopeicTBus. [Ipumepamu mpenMeTHbIx oOnacTei, AIsi KOTOPBIX
XapaKTepPHO MAHUITYJIMPOBAHNE TAKUMHU 00BEKTaMHU, SIBIIIOTCS MEIULIMHA, OMOMIOT s, PEHHKMHH-
PHUHT OM3HEC-TIPOLIECCOB.

PaboTa co cnoXHBIMH OOBEKTaMU U IIOCTPOECHHE WX HEPAPXUU ILIMPOKO HCIIOIb3Yercs B
00s1acTH 00BEKTHO-OPUEHTUPOBAHHOTO MIPOrpaMMupoBaHus. KiIroueBsIMU 3JIeMEHTaMH OIHUCa-
HUS CJIOKHBIX CTPYKTYPHUPOBAHHBIX OOBEKTOB IIPU 3TOM SIBJISIIOTCS: HACHTU(UKATOPHI 00BEKTOB,
uX aTpuOyThl, KJIACChI, a TAK)KEe MEXaHNU3M HaclenoBaHus. [Ipu padore ¢ mpoLecCHBIMU 3HAHMSI-
MH MEHSETCs] HallOJTHEHUE YKa3aHHBIX HJIEMEHTOB.

O06paboTKa TaKUX CTPYKTYPUPOBAaHHBIX OOBEKTOB OCHOBAaHA Ha BBHINOJHEHUH ONEpalui ¢ UX
aTpuOyTaMy, HAaIpUMEP CPaBHEHHE aTPUOYTOB Ul COOTBETCTBYIOIIMX 3JIEMEHTOB OOBEKTOB.
Takoe cpaBHEHHE B 3HAUUTENBHON CTENIEHH 3aBUCHUT OT TUIIOB CpaBHUBAaeMbIX aTpuOyToB. Tak,
111 aTpuOyTOB C MPOCTHIMU THUIIAMH [IEPBOHAYAIILHO BBINIOIHSAETCS CPaBHEHUE THIIOB, a 3aTeM
CpaBHEHHE 3HAUYEHUH C HCIONb30BaHHEM HEKOTOPOH METPUKH. AHAJIOTHYHO BBIIIOJIHSIETCS CPaB-
HEHUe rpynisl aTpuOyToB. B To ke Bpemsi npy cpaBHEHUH CHIeLU(UUECKUX TUIIOB JaHHBIN IOAXO0.
crnabo npuMeHnM. B 3ToM cirydae ucnonb3ytoTes pa3paboTaHHbIE MOIH30BATENIEM CHELUATHN3H-
pOBaHHbIE QYHKIMHU WIH O0IIME IPHUHLIMIIBI CpaBHEHUSL. JlOIOIHUTEIbHBIE TPOOJIEMbl BO3HUKAIOT
IPU CPaBHEHUH aTpUOYTOB, OTIMYAIOLIMXCS pa3MepaMH, CMbICIOBBIM HAaIlOJHEHHEM U T.I. B
JAaHHOM CiIydae HEeO0OXOOUMBI KOMIPOMHCCHBIE PELICHUS, KOTOPbIC YYHTHIBAIOT YKa3aHHBIE
cocraisitomye. CpaBHEHHE HepapXUl 00bEKTOB OOBEIMHSIET BCE YKa3aHHBIE TUIIBI CPAaBHEHUI
aTpuOyTOB (prCYHOK). CII0OKHOCTb TAKUX CPAaBHEHHM 3aBHCUT OT IIIyOMHBI HEpapXuu OObEKTOB.
Oto TpeOyeT MpoBedeHUs! CTPYKTYPHU3ALUN TaAKMX OOBEKTOB IIyTEM BBIIEIECHHS COOTBETCTBYIO-
LIMX M1a0JIOHOB, HEPapXUi U IPAaBUI B3aUMOJCHCTBHS X COCTaBIISIIOLINX Ha OCHOBE BBISBIICHUS
pasnu4uii B CTPYKType OOBEKTOB.
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CocraBHOM 00BEKT

CpaBHEHHUE TUIIOB,
3HAYC HUI

\ 4

IIpocteie aTpudyTHI

Criennan u3upo BaHHbIE
METpHKH

ITop30 BaTEINB CKUE P OCTHIE
aTpuOy THI

\ 4

CpaBHenue mo
aTpulyTam

v

CocTaBHBIE aTpHOY THI
CpaBHEHHE THUIIOB,
3Ha4YeHUH, M0aTpuOyTHOE,
CIelMaIu3Up OBAaHHBIE
Gy HKIAN

»  epapxus BIOKEHHBIX 0 OBEKTOB

CpaBHeHI/Ie CJIOKHBIX COCTaBHBIX O0BEKTOB U UX COCTaBJIAIOIINX

[IpennaraeMplii TOAXOA K CTPYKTYPH3ALMU CIOKHBIX HEPAPXUUECKUX OOBEKTOB 3aKII0YAET-
Cs B IIOCNIEAOBATEIbHOM ONPEACNIEHUN DPA3NHUMi MEXKIY UX 3JIEMEHTaMH COTJacHO CXEMe,
MPEACTaBICHHON Ha pucyHKe. Mepapxus QyHKUMN CpaBHEHHUS COTJIACHO MpeiaraeMoMy MOJIX0-
Iy BBIIJISLAMT CleqylomuM oO0pa3oM. Ha HMKHEM ypoBHE BBINOJHSIETCS CpaBHEHHE OTIEIbHBIX
aTpuOyTOB C MPOCTBIMU THIIAMH, YTO MO3BOJISIET OLIEHUTH HaJHMYhe 0a30BbIX THIIOB B CTPYKTYpE
obbekTa. [y cpaBHEHUS! COBOKYMHOCTH BCEX MPOCTHIX aTpUOYTOB LEIecO0Opa3HO MCIIONB30-
BaTh 0000LIEHHYIO (PYHKIMIO, KOTOPAst BBIAEISET OTIIMYMS AJIsl 3HAYEHUH TPOCTHIX TUIIOB O0OBEK-
Ta B enoM. Crenyromuii ypoBeHb CPaBHEHUS — BBISIBIIEHHE IONTYCTUMBIX OTKJIOHEHHH, TTOJTy4YeH-
HBIX B PE3yJbTaTe€ CPaBHEHHUS MPOCTHIX aTpHOyTOB HEPApXMUYECKOr0 YCTPOEHHOTO OOBEKTa.
Jlanee HEOOXOOUMO CPaBHHUTH OOBEKTHI, COCTABIISIIOLINE CIIOKHBIA MepapXUYecKuil OOBEKT, Ha
OCHOBE CpaBHEHHUS X aTpUOYTOB, KaK 3TO OBUIO TOKa3aHO paHee. 3aBepIUaroIyil dTal npeiara-
€MOr0 MOAX0a 3aKII0YaeTCs B MOMAPHOM CPaBHEHUH HEPAPXHUECKU YCTPOEHHBIX OOBEKTOB Ha
OCHOBE BBISIBIICHHS Pa3IMYMi B BBIIOIHEHHON Ha MPEABILYIINX 3Tanax CTPYKTYpH3aLuH.

5. BpIBOABI

[IpemioxkeH MOAXOM K CTPYKTYpPU3AllUHA COCTABHBIX OOBEKTOB KaK 3JIEMEHTOB IPOIECCHOTO
npencrapiieHus 3HaHuil. OH IpeaycMaTpUBAET BBIIOJHEHUE CTPYKTYPU3ALUU ITYTEM MOCIENO0BA-
TEIBHOTO CPaBHEHUS MPOCTHIX aTpHOYTOB 00BHEKTa W MX COBOKYITHOCTH Ha OCHOBE UX THIIOB U
3HAYEHHH, CPaBHEHHsI YHHKAIBHBIX aTprOyTOB Ha OCHOBE CIEIHAIN3UPOBAHHBIX alTOPUTMOB,
CpaBHEHHS BIOXEHHBIX 00beKTOB. [Ipemraraemplii moaxof co3laer BO3MOXKHOCTh BBIJEICHUS
CTPYKTYPHBIX DJIEMEHTOB CIIOKHBIX COCTABHBIX 00BEKTOB METOJAMH HHTEIIEKTYaIBHOTO aHaJH-
3a JAHHBIX U MPOLIECCOB M TEM CaMbBIM 00ECIIeUuBaeT YCIOBHS IS POPMHUPOBAHUS TIPOIECCHOTO
MpeCTABICHUS 3HAHUH.

Cnucoxk aurepatypsi: 1. Process Mining : Discovery, Conformance and Enhancement of Business Processes
/W.M. P. vander Aalst . N.-Y. : Springer Verlag. 2011. 370p. 2. Aalst, W.M.P. van der Process mining in web
services : the websphere case / Aalst, W.M.P. van der, Verbeek // Bulletin of the IEEE Computer Society
Technical Committee on Data Engineering. 2008. Ne31(3). P. 45-48. 3. Han J., Nishio S., and Kawano H.
Knowledge discovery in object-oriented and active databases. In F. Fuchi and T. Yokoi, editors, Knowledge
Building and Knowledge Sharing, pages 221-230. Ohmsha, Ltd. and IOS Press, 1994. 5.

Hocmynuna 6 peokonneeuro 16.11.2012

Hosuxkos FOpuii CepreeBuu, actpanT kadenpst [IIC XHYPO. Anpec: Yipanna, 61166, Xapb-
KOB, TIp. JlernHa, 14, Temn. 70-21-446.
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VIIK 004.89
B.B. JINTBUH, M.ATOIAK, A.BJEMYYK

METOJI ABTOMATHU30BAHOI PO3BYJOBU TA OIIIHIOBAHHS
SIKOCTI OHTOJIOI'T BA3 3HAHb

PosrisimaeTsest 3aada aBTOMaTHYHOL po30ynoBU 0a30B01 OHTOINOT1. 1151 TTiIBUIIICHHS e(heK-
TUBHOCTI 023 3HaHb, SAPOM SIKUX € OHTOJIOTis1, IIPOITOHYETHCSI 3BAYKYBATH ITOHSATTS Ta BiJHOIICHHS
OHTOJIOTiH. PO3p0o0IAI0TECS METOAM 3aBIaHHS Bar BiIIOBIHIX €JIEMEHTIB Ta ONTHMI3alis CTPYK-
TYpH OHTOJIOTIH 6a3 3HaHb. [IpoIOHyeThCS OLIHIOBATH SIKiCTH OHTONOTH Ha 0cHOBI ISO 9126.

1. Beryn

OCHOBHOIO KOMITOHEHTOIO IHTENEeKTyalbHUX cucteM € 0a3a 3Haub (b3), mo ¢opmyerbes
BiAmoBinHO 10 npeamMerHoi obnacTti (I10), Ha Ky 30pieHTOBaHE QPYHKIIOHYBaHHS L€l CHCTEMH.
Tpaguuiiini MeToan iHXeHepii 3HaHb (OTpUMaHHS 3HAHB BiX excriepra, IHTeJeKTyaIbHUI aHami3
JaHUX, MAIIMHHE HAaBYAHHS TOILO) HE TPYHTYIOThCS Ha cHCTeMi BUBIPEHUX Ta 3araJIbHOMPHHHATHX
CTaHJapTiB, TOMy OOyIOBaHi Ha ixHiif ocHOBi b3 3 uacom BTPAYaloTh CBOIO (YHKLIOHANBHICTD
4epe3 HU3bKY e(heKTHBHICTD iX (YHKLIOHYBaHHs. SIK CTaHAAPT iHXeHepil 3HaHb BUKOPHCTOBYIOTh
OHTOJIOTTYHMH IHKMHIPHHT, Y PE3yJIbTaTi 3aCTOCYBaHHS SIKOI'0 OTPUMYIOTh OHTOJIOTiI0 0231 3HAHb.
Onronorisa — ue AeTanbHa popMaizallis AesKoi 00JacTi 3HaHb, MMOIaHa 33 TOMOMOT0I0 KOHLIENTY-
anbHOi cxeMH. Taka cxeMa CKJIAAA€ThCs 3 i€EpapXidHOl CTPYKTYpH HOHSTbH, 3B S3KiB MK HHMH,
TEeopeM Ta OOMEXKEeHb, siKi mpuitHATI y neHii [10 [1].

BpaxoByrouu HaBeieHe BUIIEC, i ¢opmaibHow modennto oumonozii O po3yMitoTh:

0=(C,R,F), (1)
ne C — CKiHUeHHAa MHOXXHHA TIOHATH (KOHIenTiB, TepMiHiB) [10, sxy 3amae ontonoris O; R:C — C
— CKIHYeHHa MHOKMHA BiJHOILIEHb MDK MOHATTSAMH (TepMiHaMH, KoHIenTamu) 3afganoi [10; F —
CKIHYEHHa MHOXHHA (DYHKLIH iHTeprpeTaii (akciomaTu3anist, 0OMeXEHHS), 3aIaHIX Ha IIOHATTAX
YY BIZHOIIEHHSIX OHTOJIOII O.

Buxopucranns onTONOTIH Y ckitaai b3 qonomarae BUPIIMTH HU3KY MPOOIEM METOI0IOTIYHOTO
Ta TEXHOJIOTTYHOTO XapaKTepy, AKi BAHUKAIOTH IiJ] 4ac PO3pOOIEHHS TAKMX CUCTEM. 30KpeMa JUIs
YkpaiHnu xapakTepHi poOIeMH IMONATAIOTH Y BiICYTHOCTI KOHIENTYaIBHOI IUTICHOCTI i Y3roKe-
HOCTI OKpeMUX MPUIIOMIB Ta METOIB iH)KeHepil 3HaHb; HecTadi KBamiikoBaHUX (axiBIlB y il
raiy3i; >KOPCTKOCTI pO3poOJIEHUX MpOrpaMHUX 3aco0iB Ta 1X HHU3BKIH aJanTHBHIA 3JaTHOCTI,
CKJIAZIHOCT] BIIPOBAPKEHHS 1HTEIEKTYaIbHUX CHCTEM, 110 3yMOBJICHO MICHUXOJIOTTYHUMH acIIeKTa-
MU. Bce 11e cBiquuTh Ta miATBEpAXKYE aKTYaJIbHICTh MPOOIEMAaTHKH JOCIiIKEHb BUKOPUCTaHHS
OHTOJIOTIH y TIporieci ToOYA0BH IHTEIEKTyaIbHIX CHCTEM.

s Toro mo6 BpydHy 1moOyyBaTH TIOBHY 3B’si3aHy OHTONOTIIO s nieBHOI [10, HeoOxinHO
3aTPaTUTH IOCTaTHBO OaraTo yacy Ta pecypcis. Lle MosSCHIOETbCS THM, IO NPUKJIAAHI OHTOJOTI]
MOBHHHI MICTUTH IE€CATKHU THCAY €JIEMEHTIB, 11100 OyTH NPUIATHUMH sl O3B’ I3yBaHHSA LIMPOKO-
ro Koja 3aj1ad, siki BuHHKaoTh y nux [10. Pydna noOynoBa oHTOMNOTrI — 11€ TOBTUH pYTHHHUN
MpoLec, KUK 0 TOrO K, BUMarae rpyHToBHUX 3HaHb 11O Ta po3yMiHHS NPUHLMIIIB OOYI0BU
OHTOJIOTiH. TOMYy aKTUBHO PO3BHBAIOTHCA METOAM Ta aJrOPUTMU aBTOMATHU30BaHOI MOOYIOBU
oHroorii. Po3pobnmMo MaTeMaTiu4He 3a0e3edeHHs MpoIlecy aBTOMAaTH3aIlii T00yI0BH OHTOIOT 1,
a TouHime, 1i po30yMOBH, OCKUIEKH MPUWHATO, MO 0a30Bi TEPMIHM Ta BiIHOMIEHHS MK HUMH
JIIOAMHA-EKCIIEPT alpiopi BBea B OHTOJIOTIIO BpyuHY. TaKy M04aTKOBY OHTOJIOTI0 HA3UBATHMEMO

=(C,.R,,F,) , TOOTO 1106y10Ba OHTONOT{i I0YMHAETHCS 3 MOMEH-

Ty, KOJH B Hill BXKe € sKich naHi. ToMy Takuii porec Ha3BaHO po30yIOBOIO 0A30BOi OHTOJIOTII.
dopmManbHO 3aIHIIEMO:

0a30Bo10 1 mo3HaYaTUMeMO O,

base

Obase - O (2)
Onronorig — e MoBa Hayku. MoBa HayKH, K CTPYKTYpOBaHE HayKOBE 3HAHHS, 3a71a€ bararo-
IIapoBe iepapxiyHe YTBOPEHHS, B TKOMY BUIUISIOTH TaKi OJIOKH: TEPMIHOCHCTEMa; HOMEHKIIATY-

pa; 3acobu Ta mpaBuia (GopMyBaHHS MOHATIHHOTO anapaty i TepMiHiB. OTxe, o0 MO0y yBaTH
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OHTOJIOTi10, HEoOXiHO MoOyAyBaTH ii TepMiHOcUcTeEMY O, Ta HOMeHKnatypy O, . bazoBa oHTO-

JIoTiss 000B’SA3KOBO MICTHTH YacTHHY TEPMIHOCHCTEMH, TOOTO O,

base

NO, =< . Exnuknonenii,
TEpMIHOJIOTIYHI Ta TIyMayHi CIIOBHUKHU, Ha MiACTaBi SKUX OyayioTh TepmiHocuctemy I1O, sk
MPaBHUJIO, MAIOTh YiTKY CTPYKTYPY 1 CKJIaJaroThCs i3 CIOBHHKOBUX craTell. [Ipouec moOynoBu
HOMEHKJIATYpH CKIaJHIWK. Ko B CIOBHMKaxX TEPMiHM B)K€ BUOKPEMJIEHI, TO B HAYKOBHX
TekcTax (MiIpydyHHKH, MOHOTpadii Tomo) iX HEoOXiqHO BUIUIATH, BECTH MOIIYK BIACTUBOCTEH
MOHSATH 1 BIAHOLIEHb MDK MOHATTAME. OTXKe, TOTPiOHA TEXHOJIOTiS HPUPOJHOMOBHOTO ONPAIIOBAH-
HSl HAYKOBOT'O TEKCTY.

Mertoto AoCTiKEHHS € po3pO0JICHHSI METOy aBTOMAaTH30BaHOI po30y10BH 0a30BOi OHTOMOT1T
Ta OLIHIOBAHHA 1 IKOCTI.

2. CTpyKkTypHa MOJe/ib KOHIENTIB TAa BilHOIIEHb OHTOJIOTII

Hexaii 3agaHa MHOXXKMHA Ha3B BlJHOIIEHD Vz{vl,vz,...,vs} . Toni BigHOIIEHHS B OHTOJOIII
3aaeThes K BijmoOpaxkeHHs i3 C B C 3 BUKOPUCTAHHIM €IeMEHTa MHOXUHU V: R.Cc—/ > C,

TOOTO BiZ[HOH.IeHHﬂ ¥, — TPUILIICT BUITISAAY:

7 :<Cil’vi,’ciz>~ (3)

OckinbKu OHTONOTIA (POPMY€E TAKCOHOMIIO MOHATH, TO, BUKOPUCTOBYIOUH TEPMiHOJIOTIIO 00-

’€KTHO-OPIEHTOBAHOTO MiIX0/Ty, KOYKHE MOHATTA SIBJIsi€ o000 Kiac. BU3HaYMMO MOHSATTS SIK KJ1ac
3 TAKOIO CTPYKTYPOIO:

C=(N,R*,R",S,D,4,0b), )

ae N — iM’S HDOHATTA;, RY — MHOXHHA BiIHOIIEHb, B SKHUX KiIac C € JAoMeHoM (00JacTio
BH3HAUCHHS); R’ —MHOXUHA BIIHOIICHB, B SIKUX KJIaC ' € MHOXXHHOIO 3HAYCHb; § — CYNEpPKIacH
C; D —migkiacd C; A — aKkClOMHU BU3HA4YeHHSI C; Ob — eK3eMIyspu C .

Otxe, po30OynoBytoun 06a3oBy oHTOJOri0 O,,,, HEOOXITHO OyIyBaTH TPUIUIETH 7, Ta HOBI

MOHATTA C , SIKi 3aJaI0ThCsl CTPYKTYpOIO (4). Y 1LI0 CTPYKTYpYy BXOIUTH HaOlp akciom A, ofHaK
aBTOMATH30BaHO MOOYAyBaTH Takuil Halip akcioM Iyxe CKIaaHO (MPUHAWMHI aBTOp HE 3HAE
’OoIHOI Takoi cripoOun). ToMy 1MOKHM 110 TaKKi poLiec BUKOHYIOTh BPYYHY.

JU71st orpalroBaHHs IPUPOAHOMOBHHX TEKCTIB 3 METOIO pO30y/I0BH OHTOJIOT1i HAMU BUKOPHCTA-
HO TOTOBI mapcepH, a came Link Grammar Parser [2]. Po3poOieHo ma0iionn BigHOIIEHD IS
mectu Tpym: 1) iepapxis, 2) arperamis, 3) QyHKIiOHambHI, 4) CEMIOTHYHI, 5) TOTOXKHOCTI, 6)
Koperiii, moaioHo sk y po6oTi [3]. Ha ocHOBI ux mabioHIB 3ICHIOETHCS TIONIYK BiIITOBITHUX
BiTHOIIIEHB y TEKCTI.

ase 2

3. Aaroput™m po30yaoBu 0a30BOi OHTOJIOTIL

Hama ines, sika I©XKUTH B OCHOBI aBTOMAaTH30BaHOI P030Y/I0BH OHTOJIOTIH, TIOJISTAE B TOMY, 11O
OnpaIboBaHi TeKCTH i3 3HaHHAME [10 BUKOPHCTOBYIOTHCS [UISl OTPUMAHHS JaHUX JUIS IOTIOBHEH-
HS HasBHOI OHTOJIOTT. Y TOM camMuii yac MpOMiXKHA OHTOJIOTisl BAKOPUCTOBYETHCS IS ONPAIOBaH-
Hs TekcTiB [10. YV pe3ynbTarti oTpuMyeMO peKypCUBHHIA TPOIIEC, SIKMI MOYKHA BBa)KATH CAaMOHAB-
qaHHAM cuctemu (puc. 1). HaBuanHs Moke OyTH SIK aBTOMAaTU30BaHUM, TaK i HalliBABTOMATH30-
BaHMM, 3a JIOMIOMOTol0 BunTens. [1o Mipi HaBUaHHS CHCTEMH HEOOXiJHICTh Y BUMTENI Bimnazae i
IpoLeC CTaHe MOBHICTIO aBTOMaTH30BaHUM. [logaTkoBa oHTOINOTA 13 6a30BHUMU MOHATTAME [10
Ta 3araJbHOBKMBAHUMH TEpPMiHAMU TTOBUHHA OYTH 3a]]aHa arpiopi.

Po30ynoBy oHTOIIOTIT OpTaHi3yeEMO y BUTIIAII 1l HABYaHHS HA OCHOB1 HAYKOBUX TEKCTIB 3aJIaHOL
1O, BiopsiIKOBaHMX 3a 3pOCTaHHIM CKJIaJHOCTI ONpalfoBanHs. Mipa CKIIaTHOCTI OIIpaIllOBaHHs
TEKCTY MOXKE I'PYHTYBaTUCh Ha PI3HUX KPUTEPISAX, HAMPUKIIAJ, 32 KUTbKICTIO HEBIZIOMUX TEPMIHIB,
AKi 3yCTPIYAIOTBCS y TeKcTi, abo 3a JOIMOMOIOI0 TOIOJOTIYHOrO MOPSAKY JepeBa HAyKOBUX
Ipalb, SKi ITOCUIIAIOTHCS OJJHA HA OTHY.

JIi1st BU3HaUEHHS HOBHX €JIEMEHTIB, SIKI MOXKYTb OyTH JJ0/IaHi B OHTOJIOTII0, MOYKHA BHKOPHCTO-
BYBaTH Pi3HOMaHITHI METO/M, EPEBAXKHO 3aCHOBAaHI HA €BPUCTHKAX, 110 BPAXOBYIOTh HAsBHI B
OHTOJIOTI] eneMeHTH. BukoprcTaBIm pi3Hi METOIH, OTPUMYEMO HaOlp MOXKINBHX MOIU(IKaIini
OHTOJIOTH, cepejt AKUX MoTpiOHO BUOpATH paBwiibHi. Bubip 3aiiicHIOE BunTeNb a00 11e 3IHCHIOEThCS
aBTOMATH30BaHO, HAa OCHOBI ITONIEPEIHHOI0 HABYAHHSI.
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EBpucrtuku, 1o 6epyTh y4acTh y BA3HAYCHHI HOBUX €IIEMEHTIB, MOXKYTh MaTH BUTJIS]] IPOTYK-
LIHHUX TpaBwI 200 IPYHTYBATHCS HA AJITOPUTMAX PO3ITi3HABaHHS 00pa3iB, HAMArar4Kch JIOMOB-
HUTH AUISTHKY OHTOJIOTiH MPOMYIICHUMHU €JIEMEHTaMH Ha OCHOBI1 ICHYFOUHMX MIA0I0HIB.

1. Link
Grammar
Parser

[xepeno Hokyment
OOKYMEHTIB

3. AHanis
NOHATTS

CeM aHTHYHA

Mepexa .
SKLMOXKYTb Oy TH

BKJIIOYCHI B
OHTOJIOT1 10

2. AHanis
OOKyMeHTa

Indopmartist, orpumana

3 JOKYMCEHTA ICHY}OL”

€NIEMEHTH
OHTOJIOTII

OHTonoris

KnieHTcbka
cuctema

Puc. 1. Jliarpama oTOKIB JaHUX aBTOMATH30BaHOI PO30YIOBH OHTOJIOT

Po3pobnennii Hamu aaropuT™ po3BUTKY 0230BOT OHTOJIOTT Ha OCHOBI aHAI3Yy IPUPOJIOMOBHHIX
TEKCTIB € TaKHUM:

1) i3 TEKCTY BUIUISAIOTHCS CEMaHTUYHI OIMHUILI 13 TPUB’I3KOIO JI0 BIATOBIAHUX 1M EIIECMEHTIB Yy
OHTOJION T

2) cepen B3a€MOIOB’SI3aHUX CEMaHTHYHUX OJMHULb BUALIAIOTHCA MTIAMHOKHHH THX, SIKI YTBO-
PIOIOTH IIEBHI CEMaHTU4HI MAOIO0HH, KOTPi MOXKYTh YTBOPUTH HOBi €IEMEHTH JIJIsl OHTOJIOTI;

3) cemaHTWYHI MWAOJIOHH AONAIOTHCA Y MAacHB, IO SKOMY IICIS ONPAILIOBaHHS TEKCTOBOTO
JOKYMEHTa 3A1HCHIOETHCS cepist MpoxoiB. IIpoTsarom KokHOTO MpOXoay MIa0JIOH PO3TISAAETHCS
Ha MOXJIMBICTh JOJaBaHHS Yy OHTOJOT 0. SIKIIO Takuii mAOIOH € JO3BOJICHUH AJsl JOAaBaHHS
TTOJIITHKOIO TTO0Y/TOBH OHTOJIOT1, TO BiH IMTOMIMIIAETHCS B UEPTY JUIS PO3TIIALY afMiHicTpaTopoM abo
aBTOMATH30BaHO AOJAETHCS 3aJIEKHO BiJ MipH IOBIp s A0 THITY MIAOI0HY, BCTAHOBIICHOIO ITOJIITH-
Koo 1modyznosu. Ilpoxoan 3AiHCHIOIOTECS A0 TOIO MOMEHTY, IIOKH HE IepecTaHyTh J0JaBaTHCS
HOBI eleMeHTH a00 3k (iKCOBaHY KUTbKICTh pa3iB, BCTAHOBJIEHY MOJITHKOIO MTOOYIOBH;

4) uyepra maOI0HIB SBJISAE COOOO OPIEHTOBAHMM AIMKIIYHUHN Tpad MPOITO3HIIii BCTABKH HOBUX
€IIeMEHTIB Y OHTOJIOTi0. AZIMIHICTPaTOp PO3TIIsAA€E MPOMO3HUILiT 3 BEpXHBOTO PIBHS, SKIIIO POITO3H-
IiI0 BIAXWJIEHO, TO aBTOMATH30BaHO BiIXHUIISIOTHCS BC1 MPOMO3HUIIIi 3 HIDKHIX PIBHIB, SKi CTaN
MOXJIMBUMH 3aBJISKU TOJaBAHHIO CKACOBAHOI B Uepry. SIKI0 MPONO3UIIiI0 MIPUHHAB aAMiHICTpa-
TOp, TO HOMY HaTalOTh A0 PO3INIALY HACTYIHI HPOIO3MLIi MOTOYHOTO PiBHS; SIKIIO TAaKUX HE
3aIUIIAIIOCA, TO BiIOYBAa€ThCS TIEpeXij 10 HACTYITHOTO piBHSA. Poib aaMiHicTpaTOpa MOXXKe BUKO-
HYBaTHUCS EBPUCTUYHUM AITOPUTMOM AOaBAHHSL, 3aJISKHO BiJ] TIOJIITHKH OOYI0BU OHTOJIOTII;

5) Oymp-siki Oii B OHTOINOTII JIOTYIOThCS y 0a3i JaHWX, MIATPUMYETHCS TPAH3AKIIHHICTH i
MOXJIUBICTb BIIXWJINTH 3MiHH, IOYMHAIOYH BiJ IEBHOTO MOMEHTY.

JeranpHime el mpoiiec HaMu orrucaHo B podorax [4, 5]. 3a3Ha4nMO, 10 HAPSIM JTOCHTIKEHb
aBTOMATH30BaHOI po30ya0BU OHTOJOTH, b3 3a JOMOMOror0 NPUPOIOMOBHUX TEKCTIB T4 CUCTEM
Ha TXHiif OCHOBI aKTUBHO PO3BHBAETHCA. 30KpeMa IopidHa €Bponerichka KOH(EpEeHIIis 31 I TyIHO-
rO iHTENEKTY NMPOBOJMTH 3aCiIaHHsI OKPEMOI CEKLil 3 HaBYaHHs OHTOJIOTIH, Ha SIKii po3risaae
JOCSTHEHHS B Tally3i IX aBTOMaTH30BaHOTO (hOPMYBaHHS.

AJOpPUTM HpAaLIOE 13 CeMAaHTUYHOIO MEPEKEI0, OTPUMAHOIO micis Bukopuctanua Link Grammar
Parser. [Ipuknax Takoi ceMaHTHYHOI MepeKi HaBEJEHO Ha pHC. 2.
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linkparser> the quick brown fox jumped owver the lazy dog

+H++Time 0.04 se
Found 2 linkages (2 had no P.P. wviclations)

Linkage 1, cost wector = (UNUSED=0 DIS=0 AND=0 LEN=18)
JsmmenERaA T + i e e +

| e O + | o mm e Ds----f

| | +———A-—+-—=55-—+--MVp-+ | +--A-—+

the quick.a brown.a fox.n jumped.v over the lazy.a dog.n

Press RETURN for the next linkage.

Puc. 2. Burisn TekcroBoro JokyMmeHTa miciist Bukopuctanss Link Grammar Parser

Hexait 3apano peyenns: ,,The quick brown fox jumped over the lazy dog”. diecnoso ,,jumped”
BIZTHOCUTBCSA 10 QYHKIIOHATBLHUX BiHOIIEHDb Fun(v,x,y,z) (puc. 3). Jani HeoOXiIHO AOCHIANTH, YU
ICHYIOTh 3HAMJICHI IOHSATTS B OHTOJIOTi1. MOXKITUBI IT’SITh BUIIAJIKIB Ta BIIMOBITHUX JTiH (TaOmuIIs).
VY Bumagkax 2 Ta 5 HOBi MOHATTS BHOCATHCS B OHTOJIOTIO, B iHIIIMX BUIAKaX ab0 irHOPYIOThCH,
a00 3aHocaThes y B/l s mopaneiioro aHamizy.

Fun(v,x,y,z)
x = —>  Fox
z -
y - - Dog

Puc. 3. BignosigHicts mabioHy
Mo>kITUBI Aii Imi] 9ac aBTOMATHYHOI pO30YIOBH OHTOJIOTIH

Ne €3B's130k | €cyd'ekt | € 00'exT MozxmBa st

1 + + + BanecTH 10 6a3u JaHKUX BiIHOILIEHD

2 + + - Tonat ~ HeBimOME  MOHATTS 0|
oHTONOT 1

3 + - - |AnamizyBaTu (IrHOpYBaTH)

- - - [rHopyBaTu

5 + - + Tonati ~ HEBiOME  MOHATTS 0|

oHTOIOT i1

SAxmmo 3amano pedeHHs: “A steel has internal structure”, To B pe3yibTarti HOro onpaoBaHHS
LinkParserom orpumaeMo BimHOmEeHHS “has”, sKe HaJIGKHUTH A0 3B’S3KIiB i€papXiyHOTO THITY, a
fioro mabnonom € Hier(a,x,y).

4. 3BaxKyBaHHSl eJIeMEHTIB OHTOJIOTil

Edexrusnicts ananTamii orronorii b3 g0 ocobnuBocreii [10 BU3HAUAIOTH €1EMEHTH 11 CTPYK-
TypH Ta MEXaHI3MH 11 a1arTallii uepe3 caMoOHaBYaHHS ITij] 9ac ekcrutyaTallii. OTHUM 3 TiAXO0IIB A0
peaizawii TaKMX MEXaHi3MiB € aBTOMAaTH30BaHE 3BayKyBaHH: MOHATH b3 Ta ceMaHTHYHMX 3B S13KiB
MDK HUMH IiJ 4yac caMOHaBYaHHA. LIf0 poib BUKOHYIOTh Baru Ba)JIMBOCTI MOHATH Ta 3B S3KiB.
Bara BaxumBoCTI MOHATTA (3B’A3Ky) — Il YHCIIOBA Mipa, KOTpa XapaKTepu3ye 3HAUYIIiCTh
TIEBHOTO TTOHATTS (3B’13Ky) y KoHKpeTHii 110 1 muHaMiuHO 3MIHIOETBCS 33 IEBHUMU TIPaBHIIAMU
MiJ] 9ac eKCIUTyaTallii CHCTeMHU. 3arpoIlOHOBAHO PO3MUPHUTH MOJIENb oHTOoorii (1), BBIBIIH B 1l
(hopMabHHI OMIC Bard BaXIJIMBOCTI ITOHSTH Ta BiTHOIIEHb [6, 7]. Taky OHTONOTiI0 BU3HAYEHO SIK:

0= <é,1é,F>, (5)
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ne C= (C, W> s R= (R,L) , CBOEIO 4eprow W — Bara BaxJIMBOCTI MOHTH C; L — Bara Ba)JIMBOCTI

BIJHOIIEHE R.

BusHaveHy y Takuii criocié OHTOJIOr 0 Ha3BaHO Al TUBHOIO, TOOTO TAKOI0, IO AAANTYETHCS
1o I10 3a gomomororo 3aJjaHHs Bar BaXKJIMBOCTI MOHATH Ta 3B S3KiB MK HUMH.

Jlnst 3a1aHHS Bar BayKIMBOCTI BiIHOIIEGHD [T CEMAaHTHYHHX 3aJjad BUKOPUCTAHO JOCIIKEH-
HS, SIKI IpoBeM JaTchbki BueHi Kuamme, BynpmkoB Ta Annpeaced [8]. BoHu BU3Haumnm Taki

3Ha4YeHHs Bar BimHoweHs: L, =0,9; L, =0,8; L, =0,3; L, =0,2. J[ng BiAHOWIEHHS TOTOXHOCTI

OpUUAHATO, W0 L, =1. BigHOmeHHs KOpemALii 3ycTpiyaeThes JUIE B 03HAKOBHUX 3aaavax. s
O3HAKOBHX 32/1a4 BUXOANMO i3 €BPUCTHKH, L0 MIOHATTS, SIKi 3HAXOIATHCS HIKYE 3a 1€papXi€ro, €
BaYKJINBIIIMMH, OCKUIKY BOHH PUIMAaIOTh KOHKPETHI 3HaYeHHs. BUX01514M 13 IHOT0, BBAXKA€EMO,

mo L, =L, =1,1, Baru iHIMX aHAJIOTIUHI fK JUII CEMAHTUYHUX 3a7a4. BigHOLIEeHHs Kopemsmii €

JIBOCTOPOHHIM 3B’s13k0M. Moro Bara J0piBHIOE MOJTYITFO KOPEIISIIii Mixk o3HaKaMu: L, = |nf| .

Meroau 3aJJaHHS Bar BasKJIIMBOCTI IIOHSITH € TAKUMH:

— eKCIIePTHI OIlIHKY;

— 4acTOTa BXKMBAHHS MOHATh Y HAYKOBUX TEKCTaX;

— 3a JIOTIOMOT010 1HTeNeKTyaabHoro aHamizy aanux I10, B axiit pynkaionye ICIIIIP.

Meron oO4HCIICHHS Bar MOHATH HaBelleHO y pobotax [9, 10].

Buznauena mojens oHTONOrI b3 1a€ 3MOTy po3paxoByBaTH Bard CBOIX €IEMEHTIB Y TIPOIIEC iX
JOZIaBaHHs, BUIYYCHHS | BUKOPHUCTAHHS Iij] Yac eKCILTyaTallii CHCTEMH, 3aBJIIKH YOMY peallizye
MeXaHi3M aJarnTaiii 1o 3ajanoi kopucryBauem [10.

OTpumaHi Barm Ha3BaHO BaraMH 0a30BHX IOHATh, MHOKMHY iX mo3HaueHo W, . Lli Barm

pO3BUHYTO Ha BCH OHTONOT0 [1O 3aBISKM TAaKCOHOMIi NOHATH OHTOJOTII, BIJIHOIICHHIO MiX
MOHATTAMHU Ta iX iHTeprpeTanii. MaTemaTryHO (OpMaIbHO) LiEH MpoLec 3aIIMCaHO0 Y BUIIISII:
W,—2—>Ww. (6)

Po3BrHEHHS Bar Ha BCIO OHTOJIOTIIO 3aJIGKHUTH BiJi BU3HAYCHHS (akciomaTH3allii) KiaciB, ix
iepapxii (BepTHKaIbHUX 3B’S3KiB) Ta TOPU30HTAIBHUX 3B’S3KiB. MU MPONOHYEMO BHKOPUCTATH
JiepeBa pillleHb s 3aJaHHsI I0YAaTKOBUX Bar MOHSTh.

Bepmmau (03HaKH ) OKpeMoi TUIIKH iepeBa pillleHb po3MilleHi Ha k piBHAX. O4eBUIHO, IO UM
BHIIUI piBeHb, TUM OUTBII 3HAUYIa O3HAKa, SKa MiCTUThCS Ha IboMy piBHI. KpiM Toro, 3ampo-
TTOHOBAHO I1i Bar'W HOPMYBATH, MI00 iX cyMa JUIst KOXKHOT0 Kiacy (TUIKH JepeBa pillieHb ) TOPiBHIO-
Bana 1.

Baru BU3HA4arOTLCS K BiTHOIICHHS pi3HUI (k+1) piBHS JepeBa Ta PiBHS, HA SIKOMY MICTUTh-

k+1—i  2(k+1-i)
;j_ (1+k)k

csl 03HaKa, JI0 CYMH BCiX PiBHIB TUIKH, TOOTO: W, =

IIpomoHyeMo Takuii MeTOJ] BU3HAUCHHS Bar MOHITH HA BCIO OHTOJIOT 0. CrIoYaTKy Bard BCiX
03HaK A0piBHIOIOTH (. J[11s1 03HAK, siKi OepyTh y4acTh y IepeBi pillieHb, IS BiIIOBITHOTO KIIACY JI0
MOYaTKOBOI Baru JOJAEMO Bary, OTpMMaHy Ha OCHOBi JepeBa. Bci iHII 00YMCIIOEMO IS
OHTOJIOT1i BiMOBiHOI 331241 3TiHO 3 POPMYIIOHO:

W
VV.,:RZXLI-,--VWRZY /ij. 7)

VY 3araapHOMY BHIAIKY (7) € CHCTEMOIO JIIHIHHUX anreOpaidHuX piBHAHb. OJHAK B OKPEMHUX
BHIakax (7) € MOCTiIOBHICTIO JIHIHHUX CITIBBITHOIICHb.

5. OnTuMmizanisa OoHTOJIOriH Ta KpuUTepii sAKocTi il OUiHIOBAHHA

ABTOMaTH30BaHa po30yJI0Ba OHTOJOTII MPHU3BOMUTH 10 BHHUKHEHHS NESIKUX HEIONIKIB y il
CTPYKTYpi Ta 3MICTi, HEBiAMOBIMHOCTI 1i HarOBHEHHs iH(popMalifHUM TToTpedaM KOpHCTyBada.
Tomy Taki cucTeMn HEOOXiTHO «yKOMILIEKTOBYBATH» HAOOPOM IIPOIIEyp ONTHUMI3allii OHTOJIOTII.

Kpwurepii ontumizanii copMoBaHO BigmoBigHO 10 craHAapTy skocti [ISO 9126 [11]. 3rigHo 3
IIUM CTaHIAPTOM XapaKTEPHCTHKAMH SIKOCTI €:

1. @yukyionanrvna npuoamuicms 3aJSKUThH BiJ] MTOBHOTH Ta HaJIGXHOI MMOOY0BH OHTOJIOTII,
HAaCKUIbKM TOYHO BOHA ommcye crienudiky 110 Ta 3amad, ski y Hilt BHHHKaOTh. CBOEIO YepTrofo,
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MMOBHOTA OHTOJIOTIH 3aJIEXKUTh BiJl BMIHHS JaBaTH MPAaBWIIbHI BIIMOBIMI HA 3aluUTH A0 HEL, a 1
3aJIeKHTD BiJl TOTO, UM BMI€ CHCTEMa OL[IHIOBATH HOBU3HY 3HaHb, IO IPOMOHYETHCS I0AABATH JI0
oHTOJIOTii. Mipoto SIKOCTi PyHKIIOHATBHOT MPUAATHOCTI Oy/e BiICOTOK HETPHUBiaJIbHUX (HEHYIbO-
y4
. . v e _ q 0
BHX) IPaBWJILHUX BIAMIOBiAEH HA 3alIUTH 10 OHTOJIOTII, TOOTO ¥, = ~ 100% . BuznauenHs QyHK-
q
HiOHAFHOI IPUAATHOCTI € OJHIEIO 3 0a30BUX XapaKTEPUCTHK OHTOJIOTIH.
2. Kopexmuicmov (abo Oocmogipnicms) GyHKIIOHYBaHHS B3 — Iie BiJICOTOK JOCTOBIpHO

P
po3B’si3aHuX 3a1au. Lle ocHoBHa xapakrepuctuka sikocti b3. OTxe, 7, :%—5-100%.

3. Bukxopucmosysanicmv pecypcie (a60 pecypcHa eKOHOMIuHicmb) y CTaHIApTax BimoOpa-
Ka€EThCS 3alHATICTIO PECYpPCiB LIEHTPAIBLHOTO IPOLIECOpa, ONePaTUBHOI, 30BHIIIHBOI Ta BIpTyailb-
HOI aM’sITi, KaHAJIB BBEACHHA-BUBEICHHS, TEPMIHATIB 1 KaHAJIB 3B’s13KYy. J{J1s1 MOKpaIeHHs i€l
XapaKTePUCTUKHU PO3IIIAIAIOTh ONTUMI3aliiHy 3aauy, KpUTepieM SIKoi € MiHiMi3anis (i3H4HOro
00’eMy 1mam’sITi, 1110 3aiiMa€ OHTOJIOTS. 3 1HIIOro OOKY, OYEBHTHO, IO OHTOJIOTIS 3aiiMae HalMeH-
muid 00’e€M maM’sTi, SKIIO B Hilf HEMa€ >KOTHOTO MOHSATTSA. TOMYy BBEIEHO NEBHY MOPOTOBY
BEJIMYMHY HA 3aiiMaHU{ OHTOJIOTIEI0 00 €M TaM’SITi.

4. [Ipaxmuunicms — BaxkkoopMmaizoByBaHe MOHATTA, SIKE BU3Ha4Yae (PyHKIIOHATIBHY MPH-
JaTHICTh 1 KOPUCHICTD 3aCTOCYBaHHSI IS IEBHUX KOPHCTYBAviB. Y L0 IPYIy [TOKa3HUKIB BXOAATH
cyOXapaKTepUCTUKH, Ki 3 PI3HUX acleKTiB BioOpaxatoTh PyHKLUIOHATIBHY 3pO3YMLIICTh, 3pyUHICTh
OCBOEHHSI, CUCTEMHY e(EeKTUBHICTb 1 MPOCTOTY BHKOPUCTAaHHS OHTOJIOTIH. Taka mpuaaTHIiCTh
I'PYHTY€EThCA Ha LUTICHOCTI OHTOJIOT11, TOOTO BiICYTHOCTI B 11 TiMi B3aEMo3anepeayBabHUX TBEP-
KeHb Ta AyOIIoBaHHA, a TAKOX Ha 30anancoBanocTi [10, sixa nondrae y piBHOMIpHOMY OAaHHI i
OKPEMHUX MiIPO3.1iJ1iB y OHTOJOTTI.

5. Cynpogooaicysarnicmp BiToOpaXKae€ThCs 3PYYHICTIO Ta SPEKTUBHICTIO BUITPABJICHHS, YI0C-
KOHaJIeHHs a00 ajanTauii CTPYKTypH Ta 3MicTy oHToJorii b3 3anexHo Bix 3MiH y 30BHIIHEOMY
CEpEIOBHILI 3aCTOCYBaHHSI, & TAKOXK Y BUMOTaX i (byHKuiOHanLHI/Ix cneumbiKauiﬂx 3aMOBHHKA.

6. Mobinvuicmo XapaKTepU3yeThCs TpI/IBaJ'HCTIO i prz[OMlchCT}o iHcramauii b3, amanramii
Ta 3aMilleHHs y pasi TEPCHECEHHs Ha THII anapaTH1 Ta onepammn 1aTHOPMH. KpHTep1eM
MOOLITBHOCTI € IIBUAKOIA, IKa BUPAYKAETHCS YACOM BIATYKY Ha 30BHIITHE 3BEPTAHHS (4ac peaKxiii
Ha 3MiHY ITapaMeTpiB 30BHIIIHBOTO CEPEIOBHUIIA, JI0 SIKMX YyTJIMBA CUCTEMA).

3Ba>i<a10q1/1 Ha HaBeIeHi BHIIE KpI/ITepﬁ METOJI ONTHMI3alii OHTOJOTrI Mependadae 3amaqy
OZIHAaKOBUMHM IapaMeTpaMH Ta IHIIMX OCOOIMBOCTEH CTPYKTYpH rpady OHTOJOTI, sIKi MOXKYTh
MOPYIIUTH ii IITICHICTD 1 3HUXKYIOTh e(PEeKTUBHICTh q)yHKuiOHyBaHHﬂ iHTeJ‘IeKTyaJ‘ILHI/IX CHCTEM
(3amaya ontumizarnii CTPYKTypH OHTOJIOTT); 2) ONTHUMI3alis 3MiCTOBOI YaCTHHU OHTOJIOT1i 3 METOIO
301IbIIEHHS 11 MBHUAKOMIT Ta iH(pOpMANifHOT HACHYEHOCT] 3a 3aJJaHUX OOMEXEeHb Ha (I3HYHMI
00’eM mam’sTi cuctemu. Po3B’s3yBaHHS IIUX 3aJa4 PO3HECEHO y 4Yaci, Mpu4yoMy, 1mod 30epertu
IUTICHICTH OHTOJIOTI, CIIEPIITY BUKOHYIOTH il CTPYKTYPHY IEPEBIpPKY 1 JIUIIIE MTOTIM — ONITUMI3aIlif0
3MICTOBOI YaCTHHH MOCTIIOBHOIO PEAYKITi€to 1i rpadyy 10 BUKOHAHHS BUMOT BUOPaHHUX KPHUTEPIiB
Yyepe3 MaKCHMI3allifo CYMH Bar BEpIIUH Ta pedep Takoro rpady.

B ocHoBy 3aaui MiHiMi3aIlil CTpyKTypH Tpady OHTOJIOTIT MOKTaIEeHO TUIIOBY ONTHUMI3aIliiHy
3amady Teopii rpadiB mpo BiANIYKaHHA MIHIMAJIBHOTO KIiCTSAKA, SKa IOJIATAE Y TOUIYKY KiCTSKa
MiHIMaJNBHOI Baru y 3BakeHoMy Tpadi. 3amaua 3a0e3medeHHs y3roKeHOCTi B CTPYKTypi rpady
eEeKTUBHO PO3B’SA3yETHCS METOJOM pE30NIolNiii. 3amada onTuMizamii 3MICTy 3BOIHUTHCA [0
obepHeHOI 3a7adi Tpo HaruligyHUK. Hexall OHTOMNOTISI CKIIAA€ThCs 3 /1 €IEMEHTIB 3arallbHUM
00’eMoM mam’siTi M. Y poii «HaIuTiYHMKa)» BUCTYIA€E TIeBHA 3a]]aHa YacTka 00 €My, HaIllpHKIal
N=0,1-M, 00 AKOI CIIiJ BITHECTH HAWMEHII I[iHHI eJIEMEHTH (IOHATTSA 3 MiHIMAJIBHOIO Baroro
BKJIMBOCTI Ta MaKCHMaJIbHHUM 00 €MOM) JUIA TOAANBIIOro ix BuiydeHHS. Toxmi HeoOXimHO

"] n
MaKCHMi3yBaTH: D —x, —>max, TaKMX €JEMEHTiB, JUId AKHX Y mx <N, Je
i=1 i i=1
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m, — 00’eM mam’sTi, skuil 3aiimae emement C,. [lus

x, =0, axuo noHATTA C; 3aIMIIAEThC,
x, =1, axwo nonsrra C; BUIy4aeThCa, !

PO3B’sI3yBaHHS Ili€] 3a]]a4i BUKOPUCTAHO JKaliOHUN anropuTMm. JleranbHinie 3a1a4di onTuMizarii
OHTOJIOTiH HaBeneHo Y [9].

BucHoBKH

PosrnsHyTo MeTos; aBTOMAaTUYHOI PO30Yy0BH 0Aa30BOi OHTOJOTIT 3 BUKOPUCTAHHSIM IPOTpam-
Horo 3a0e3neuenHst Link Grammar Parser. 3ailicHeHo kiacudikallito TUITIB BiHOIIEHb. Po3po0-
JICHO MaTeMaTUYHEe 3a0e3MeueHHs Ta aJITOPUTM BU3HAYCHHS TUITY BiJIHOIICHB, SIKi 3yCTPIYaOTh-
cs y HayKOBUX TekcTax. Jyis amanranii oHTomnorii 6a3u 3HaHb JI0 3aJ1a4, SKi HEIO PO3B’S3YIOThCA,
3aIpPOIOHOBAHO 3BAXKYBATH €JIEMEHTH OHTOJIOTIH. Po3po0iieHo MeTo ] 3ajaHHs BiIIOBITHIX Bar
SNIEMEHTIB, 10, Y CBOK 4Yepry, Ja€ 3MOr'Yy ONTHMI30BYBaTH 3MICT Ta CTPYKTYpPY OHTOJOTIH.
3anpomnonoBano Bukopucratu ISO 9126 s oriHroBaHHS SAKOCTI oHTONOrH. [loganbiimm nocmin-
YKCHHSIM CTaHE 3aJla4ya OI[iHIOBAaHHSI HOBH3HU 3HaHb, SIKi TPOMOHYIOTHCS JI0JJAaBATH B OHTOJIOT .

Cnucoxk agitepatypu: 1. Gruber T. A translation approach to portable ontologies / T.Gruber // Knowledge
Acquisition. 1993. N 5 (2). P. 199-220. 2. Link Grammar Homepage | Enexrponauii pecypc]. Pexxum nocryrry:
http://bobo.link.cs.cmu.edu/ link. 3. Haiixanosa JI.B. TexHonmorust co3iaHusi METO/IOB aBTOMAaTHYECKOTO
MIOCTPOEHHSI OHTOJIOTHH ¢ IPUMEHEHNEM I'€HETHUECKOr0 M aBTOMATHOro rporpammupoBanus / JI.B. Haiixa-
HoBa. Yian-Ym3: Usn-so BHI] CO PAH, 2008. 244 c. 4. Jlumeun B.B. MeTto aBTOMaTHYHOI PO30YI0BH
agantuBHOI oHTONOTIT / B.B.JIutBuH, JI.1. Yrpun // Bicauk HanionansHOro TexHigHOTO YHiBepcuTeTy « XI1D».
XapkiB. 2011. Ne 10. C. 75-82. 5. Jlumeun B.B. ABToMaTH3allis IIpOLIECY PO3BUTKY 0a30BOi OHTOJIOTIT HA OCHOBI
aHanizy TekcToBux pecypcis / B.B.JIurun // BicH. Har. yu-Ty «JIbBiBchbKa nositexHika». Cepist: [ndopmariiini
cucremu Ta Mepexi. 2010. Ne 673. C. 319-325. 6. Jlumsun B. B. MynbTHareHTHi CHCTEMH I ATPUMKH ITPUHHSTTS
pileHb, 1110 6a3yI0THCS Ha IIPELe/ICHTaX Ta BUKOPUCTOBYIOTH aanTiBHi onTosnorii / B.B.Jlureun // Pagioenek-
TpOHiKa, iHpopMaTuka, ynpasiinas. 2009. Ne2(21). C. 120-126. 7. Jlumeun B.B. IaTenekryanbHi areHTH
TIOIIYKY PEJIEBAHTHHUX MPELe/ICHTIB Ha OCHOBI aJallTUBHUX oHTOMOr# / B.B.JIutBUH // MatemarnyHi MalinHu
icucremu. Kuis. 2011. Ne3. C. 66—72. 8. Knappe R. Perspectives on Ontology-based Querying [ EnexTponHnit
pecypc] / R.Knappe, H. Bulskov, T. Andreasen // International Journal of Intelligent Systems, 2004. Pexum
nmoctymy: http://akira.ruc.dk/~knappe/publications/ijis2004.pdf 9. /lumeun B.B. ba3u 3HaHb IHTENEKTyaIbHIX
CHCTEM HiATPUMKH NPUHHATTS pimens / B.B.JlutBun; MiHicTepcTBO OCBITH 1 HAyKH, MOJIOAI Ta CHOPTY
VYxpainu, Haionansauii yHiBepceuteT «JIbBiBChKa momtiTexHiKay. JIbBiB: BumaBHUIITBO JIEBIBCHKOT IO TEXHi-
ku, 2011. 240 c. 10. Japesuu P.P. Oninka nmoniOHOCTI TEKCTOBHUX TOKYMEHTIB Ha OCHOBI BU3HAYeHHSI iH(opMa-
uifiHoi Baru eneMentiB 6a3u 3HaHb / P.P.[lapesuy, JI.I'.Jocun, B.B.Jluteun, 3.T.Hazapuyk // LTyanmii
iaTenext. Jlorempk. 2006. No 3. C. 500-509. 11. ISO/IEC 9126:1991. Information technology — Software
product evaluation — Quality characteristics and guidelines for their use. 1991. 39 p.
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VJIK 519.7
A.H. TBO3JUHCKHHU, M. AHOB

UCCJIEJOBAHUE 3AJJAY NMPUHATHUS PEIIEHUA B CUCTEMAX
YIIPABJIEHUSA OI'PAHUYEHHBIMU PECYPCAMU

PaCCManI/IBaIOTCSI MCTObI pCHICHUA 3a1a4, HAIIPABJICHHBIX Ha OIITUMU3ALUIO B CUCTEME
YIipaBJICHUA C OI'PaHUYCHHBIMUA PECYPCaAMU. BLI,HCJ'IHIOTCSI MMpeuMyniecTBa U HEAOCTAaTKU Tpaau-
IIMOHHBIX U 3BOJJIIOIIMOHHBIX MCTOIOB.

1.BBegenue

B mocnennee pecsatunerne BO BCEM MHPE HMCIOJB3YIOTCS MOAXOABI 3KOHOMHKO-MaTeMaTH-
YEeCKOro MOAENUPOBAHMS TSI OLeHKU 3()()EKTUBHOCTH YIIPaBIICHHUS LENSIMH TIOCTABOK M HPOU3-
BOJICTBEHHOTO MEHEKMEHTa. B OONbIIMHCTBE CilyyaeB AJISl ATOTO MPUMEHSIOTCS MOJIEIH JIH-
HEITHOTO U LEJIOYMCIIEHHOT O JIMHEHHOr0 IPOrpaMMHUPOBAHMS, I'/I€ B KAUECTBE KPUTEPHEB MTPHHU-
MaloT T100 MPHUOBLIb, MONYYEHHYIO NPEANPUATHEM IPU peaqu3alui TOH WM MHOH MPOU3BOA-
CTBEHHOH NpOrpaMMbl, 10O H3AEPKKH, CBSI3aHHBIE C MPOM3BOJACTBOM KOHEUHOH MPOLYKLIUH.
OCHOBHBIM HEIOCTAaTKOM 3TOTO MOAXOJA ABISAETCA JKECTKOE 3aKpEINICHHE MPOU3BOJCTBEHHBIX
PECYpCOB NP BBITOJTHEHUH BCETO KOMILIEKCa padoOT Ha BCceM BpPEMEHHOM MHTEpBaJIe IUIaHUPOBa-
Hus. B nanHON paboTe paccMOTpeHBI METOABI, MMO3BOJAIOLIME MPEOAONETh 3TO OrpaHUYCHUE,
pa3pelnB nepepacnpeensTh IPOU3BOACTBEHHBIE MOIITHOCTH B IPOLIECCE peaTU3alluy IPOU3BOI-
CTBEHHOM nporpammsl. [Ipeioskensl momyyaeMble IpU ’TOM MOJIETH ONITUMAIBHOIO YIIpaBIEHUS
pecypcamMu IpeANnpUATHS 1 METOABI UX aHAIU3a.

Axmyanvnocme uccneoosanus. Co3faTbh TaKyl0 OpraHHU3alUI0, KOTOpas 00ECIIEUUT BBIITYCK
BBICOKOKAQUEeCTBEHHOM MPOAYKIMH (MIJIK YCIYTH) B HY>KHOM 00beMe 1 acCOPTUMEHTE, Oe3 IpoBe-
JICHUS UCcCIeJOBaHN HEBO3MOKHO. Oco0YI0 POJIb 3/1€Ch HTPAOT MCCIIENOBAHUS CUCTEM YIIPaB-
neHus. Ota npobiiemMa ObUIa aKTyalbHOW BCET/a, OAHAKO 0 HEAaBHErO BPEMEHH OHa B OOJIbILeH
CTEMEHH pellanach B paMKax MaTeMaTHYeCKUX TUCHUIUIMH, TAKUX KaK TEOpPHsS BEPOSTHOCTEH,
MaTeMaTH4yecKas CTaTHCTHKA, JIOTHKA, TEOPHs] MHOXKECTB M 1p.

Lenvio 0annozo uccredoganus apiusiercs: nlydeHrne 3(pPeKTUBHBIX METOJOB HMPUHATHS pe-
LIEHUH, UX CpaBHEHHE, ONPEACIICHNE JTyUlIero ONTHMHU3AMOHHOIO METOA sl pelIeH s 3a1a4
YIIpaBJIEHHUS.

2. TpaguumoHHBIE MeETOAbl pelleHHs

B nauane, 1 cpaBHEHUS, IPUBEIEM ONKCAHHE JIMHEHHBIX aNropuTMoB. OIZHUM M3 HUX,
BEPOATHO, CAaMbIM HOMYJISIPHBIM, SIBJISIETCSI CUMIUIEKC-METO/.

CumMIeKc-MeTo/1 — JITOPUTM peLIeHHs] ONTHMHU3ALMOHHOM 3a1a41 JIMHEITHOTO TPOTrpaMMHUPO-
BaHUS MyTEM Iepedopa BEpIIMH BBIIYKIOr0 MHOIOTPaHHHWKAa B MHOTOMEPHOM IPOCTPAHCTBE.
JlaHHBIH METO/, UMEIOIIUKA HECKOIBKO Pa3NnYHbIX GopM (Momudukanmii), ObII pa3paboTaH B
1947 rogy I'. Jlanuurom.

3amava TMHEHHOr0 MPOrpaMMHUPOBAHUS COCTOUT B TOM, YTO HEOOXOJMMO MaKCUMHU3UPOBATh
WM MUHAMHU3UPOBATh HEKOTOPBIH JIMHEHHBIN (yHKIMOHAI HA MHOTOMEPHOM ITPOCTPAHCTBE PU
3aJJaHHBIX THHEHHBIX OrPaHUYCHHSIX.

Crenyer yka3aTh, 4TO Ka)KIO€ M3 JIMHEHHBIX HEPABEHCTB Ha INEPEMEHHBIC OrpaHUYUBACT
MOJIYHIPOCTPAHCTBO B COOTBETCTBYIOLIEM JIMHEHHOM NPOCTpaHCTBE. B pe3ynbpTare Bce HepaBeH-
CTBa OrPaHUYUBAIOT HEKOTOPBI MHOI'OIPAHHUK (BO3MOXKHO, OECKOHEUHBIN ), HAa3bIBAEMBIH TaKKe
MTONTURIPATbHEIM KOHYCOM. Y paBHeHHe W(X) = ¢, e W(X) — MaKCHMH3UPYEMBbIi (M MUHUMH-
3UpYeMBIi ) INHEWHBIH (PyHKIHOHAJ IOPOKAAET TUIEePIIocKocTh L(c). 3aBHCHMOCTB OT C TOPOXK-
JlaeT CeMEeHCTBO MmapajuleNbHBIX THIlepIuIockocTeid. Torna skcTpeManbHast 3agada npuooperaer
clenyrony (HopMyIupoBKy TpeOyeTcsi HaWTH Takoe HauOonpliee ¢, YTOObI TMIIEPIIOCKOCTh
L(c) nepecekasia MHOrorpaHHHUK XOTs ObI B OJHOH TOYKe. 3aMETUM, YTO I1EPECceIeHNE ONTHMAIb-
HOM THIEPIJIOCKOCTH ¥ MHOTOTpaHHHUKa OyIeT coaepkaTh XOTs Obl OAHY BEPLIMHY, MIPUIEM HX
Oyzmer Oosiee OIHOM, ecly mepecedeHHe CoAepKUT pedpo minu k-mepHyro rpasb. IlosTomy
MaKCUMyM (YHKIIHOHAJIa MOKHO UCKATh B BEPILIMHAX MHOTOTPaHHUKA.
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[TpuHIMT CUMIUIEKC-METO/Ia COCTOUT B TOM, YTO BEIOMpAETCs O/IHA M3 BEPIINH MHOTOIDaHHU-
Ka, I0CJIe Yero HayMHaeTcs JBHKEHHE MO ero pédpaM OT BEpUIMHBI K BEPLIMHE B CTOPOHY
yBeIIMUeHUS 3HaUeHHs pyHKunoHana. Koria nepexos o pedpy U3 TeKyiieil BepIInHbI B APYTYIO
BepLIMHY ¢ 0oJee BRICOKMM 3HaYeHHWEeM (YyHKLIHOHAIa HEBO3MOXKEH, CYMTACTCS, YTO ONTHMAIb-
HOE 3HauCHUE C HailIeHo.

Jis pelieHust CHCTEMBI BCE HEHM3BECTHBIE MPOM3BOJIBHO MOAPA3ACISIOT Ha OasuCHBIE H
cBoOoxHbIe. Ynco 6a3MCHBIX TIEPEMEHHBIX ONPEAENIeTCs YUCIOM THHEHHO-HE3aBUCUMBIX YPaB-
HeHui. OcTanbHBIE HEU3BECTHBIE CBOOOIHBIE. IM MpUAatoT MPOU3BOJIbHbIEC 3HAUCHUS U TTOJICTAB-
JSI0T B cucTeMy. JIroOoMy HaOOpy CBOOOIHBIX HEM3BECTHBIX MOXHO NMPHAATH OECUHCICHHOE
MHOKECTBO IMPOHM3BOJIBHBIX 3HAUYEHHH, KOTOpPBHIE NaayT OecUMCIeHHOE MHOXKECTBO PELICHHH.
Ecnu Bce cBOOOAHBIE HEM3BECTHBIE NPUPABHATH K HYJIIO, TO pelIeHHE OydeT COCTOATh W3
3Ha4YeHUI 0a3MCHBIX HEM3BECTHBIX. Takoe peleHue Ha3bIBaeTCsl Oa3MCHBIM.

B Teopun IMHEWHOr0 MPOrpaMMHUPOBAHUs CYIIECTBYET TeopeMa, KOTopasi yTBEpKIaeT, 4To
cpeau OasMCHBIX pPElICHHH CUCTEMbl MOXKHO HAWTH ONTHMAIIbHOE, a B HEKOTOPBIX CIydasX U
HECKOJIBKO ONITUMAaIIbHBIX PEeIeHHH, HO BCE OHU 00ecIevaT SKCTpeMyM LieneBoil GyHKuH. Takum
00pa3oM, eciM HaWTH KaKoi-mnO0 Oa3WCHBIA IUIaH, a 3aTeM YJIYy4YIIUTh €ro, TO MOJTYYHTCS
ONTHUMaJIbHOE perieHre. Ha 3ToM mpuHIUIE U TOCTPOEH CHMIUIEKC-METOI.

[ocenoBaTensHOCTD BBIYMCIEHUH CHMILIIEKC-METOIOM MOYKHO Pa3felinTh Ha JBE OCHOBHEIC
¢asbr:

— HaXOXK/ICHUE MCXOHOW BEPIIMHBI MHOKECTBA JIONMYCTUMBIX pelieHui (HaxoKaeHue oa3uc-
HOT'O pelIeHus),

— TIOCJICIOBATENBHBIN TEpPeXo] OT OJAHOW BEPIIMHBI K IPYTroi, BENyIIUH K ONTUMH3ALUH
3HA4YEeHUs LeNeBOl (QYHKIMH ([IOCIEOBATEIbHOE YIIy4llleHHE HailIeHHOTO Ha IEPBOM JTale
0a3MCHOTO peuIeHus).

[Ipu 3TOM B HEKOTOPBIX CIy4asX MCXOAHOE PEHICHHE OYEBHIHO MM €ro ONpeleneHHe He
TpeOyeT CIIOKHBIX BBIYMCICHUI, HapuMep, KOrjia BCe OrpaHMYCHHs MPEACTAaBICHBI HEpaBEH-
CTBaMH BHJA «MEHBILIEC HJIU PaBHO» (TOrJia HYJCBOW BEKTOP COBEPILEHHO TOYHO SIBIISETCS
JOMYCTHMBIM PELICHHEM, XOTS M, CKOpee BCEro, JajeKo He CaMbiM ONTUMallbHbIM). B Takux
3aJadax MepBYIO (a3y CHMIUIEKC-METOJa MOXKHO BOOOLIE HE MPOBOAUTH. CHUMILIEKC-METOM,
COOTBETCTBEHHO, ETUTCS Ha OAHO(A3HBIN U ABYX(a3HBIM.

3. I'eHeTHYeCcKHEe AJTOPUTMBI

[IpennoxeHHble CpaBHUTENBHO HEAABHO — B 1975 rony — J>xoHOM X0JUIaHAOM T'€HEeTH4ec-
kue anroputMbl (I'A) ocHOBaHBI Ha IPUHIIHIIAX ecTecTBeHHOro otOoopa Y. Jlapeuna. I'A oTHOCST-
Csl K CTOXaCTUYECKMM METoJaM. DTH aJlFOPUTMBI YCIICIIHO MPUMEHSIOTCS B Pa3iInYHbIX 00Jac-
TAX JeATeIbHOCTH (SKOHOMUKA, (PH3KKaA, TEXHUYECKUE HAYKH U T.I1.). | eHeTH4YecKue aaropuTMel
OTHOCST K 00JIaCTH MSTKHMX BBIYMCICHUN. DTO MOHATHE 00BbEANHSAET TaKue 00JacTH, KaK HedeT-
Kas JIOTMKA, HEHPOHHBIE CETH, BEPOATHOCTHBIE PACCYXKIEHHUS, CETH JOBEPHUS U IBOJIOLMOHHbIE
AJIITOPUTMBI, KOTOPBIE JIOMOJHSIIOT APYT ApYyra U UCIIOIb3YIOTCS B Pa3IMYHBIX KOMOMHAIUSIX HIIN
CaMOCTOSITETIbHO Ul CO3AaHUSI TMOPHIHBIX WHTEIUIEKTYalbHBIX CHUCTEM. | @HeTHYecKue ajiro-
PUTMBI — 3TO aJaTUBHBIE METOJbI MTOUCKA, KOTOPHIE B MOCICAHEE BPEMS MCIOIb3YIOTCS JUIS
pelIeHus 3a1a4 ONTHMHM3aUMK. B HUX NPUMEHSIOTCA KaK aHaJIol MEXaHHW3Ma I'€HETHYECKOro
HacCIleIOBaHUsl, TaK U aHAJIOI ecTecTBeHHoro ordopa. Ilpu 3ToM coxpansiercst Guonmoruyeckas
TEPMHHOJIOTHS B YIPOLIEHHOM BHJIE€ K OCHOBHBIE

Cosriantie HawATBHOM S TIOHATHS JINHEWHOW anTeOpBl.
TIOTYJISIIHH - Orbop OCHOBHOU HJIeeil TEHETHYECKUX AITO
PUTMOB
A | (puc.1) siBisercst opraHu3anus «0opbOBI 3a Cy-
LIECTBOBAHME)» M «ECTECTBEHHOI0 0TOOpa» cpe-
CxpemuBaiie |y hoGHEIX peleHHil, KOTOpble BHIOUPAIOTCS
HOI:;]::;HG \l/ CllydaiHBIM 00pa3oM Ha TpeOyeMOM OTpe3Ke.
[TockonbKy reHeTndecKue aJropuTMbl HCIONb-
Myranus 3yIOT OMONIOrMYECKUE aHAJIOTUH, TO U IPUMEHSI-
IOLIAsACs TEPMUHOJIOTUS HAlIOMUHAET OMOJIOTH-
\1' geckyto. Tak, oqHO MpoOHOe pelieHne Ha3blBa-
Puc.1.CxeMa reHeTHIEeCKOro Pesynbrar ercst 0COOBI0 HIIM XPOMOCOMOI1, a Habop Bcex
anropuT™Ma MPOOHBIX perreHni — romyssnueid. Kaxmas ocods
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OLICHUBAETCS C UCIIOIb30BAHUEM «(YHKIIMH TPUCIIOCOOICHHOCTIY, B PE3YIbTATE YETO C KAXKIBIM
TCHOTHIIOM aCCOI[UMUPYETCS OINPEEeNICHHOE 3HAaYeHUE («IIPHUCITOCOOICHHOCTRY), KOTOPOE OIpesie-
JISIeT, HACKOJILKO XOPOIIO (PeHOTHIT, KOTOPBII UM OMUCBHIBACTCS, PEIIaeT MOCTABIICHHYIO 3a]1a4y.

Janee HacTymaeT MpoIecc «Pa3sMHOKEHUSY. ITOT MPOLIECC B Pa3HBIX aIrOpUTMaX pealn3o-
BaH MO-Pa3HOMY, BCE 3aBUCHT OT IMPEICTABJICHUS NaHHBIX. [ 1aBHOE TpeOOBaHME K pa3MHOKE-
HUI0 — YTOOBI IIOTOMOK HJIA TIOTOMKH MMEIIH BO3MOXKHOCTH YHACJIEAOBATH YEPThl 0OOMX POJIH-
TeJlel, «CMEIIaB» UX KaKUM-THOO CIIOCOOOM.

Takke BoO3MOXkeEH dTan «Mmytanun». OH Topa3syMeBaeT U3MEHEHHE 0COOU M0 ONpPeACIICHHON
(dbopMmyse ¢ HENbI0 YAYYIIUTh €€ MPUCIOCOOICHHOCTh aHAJIIOTUYHO CIIyYalHbIM MyTallUsM B
npupoze. B ciydae yxynmieHus pesyibTaTa 0CoOb OCTAeTCS HEU3MEHHOW. DTO TO3BOJSET
MPUBHECTHU B PE3YJIbTAT CTOPOHHUE 3HAUYEHHU S, KOTOPBIE BEPOSITHO XOPOILIO CKaXKYTCS Ha CIIEAYIO-
LIEW MOMYJIALUH.

Ha srane or0opa MOMKHBI OBITH BBIJCICHBI M3 TOMYJSIMU HanOoiee MPHUCIIOCOOICHHBIC
ocobu. OOBIYHO WX KOJMYECTBO 3a/a€TCs MapaMerpoM B Hadaje pacyeroB. Bce ocobu, He
MPOIICANINE OTOOpP, CUUTAIOTCS YMEPIIMMH U Jajiceé HE YYMTHIBAIOTCS. A OCTaBIIUECS CTaHO-
BATCS POAUTEISIMU I CIEAYIOLIEW UTEpAalUU AJITOPUTMA.

['eHeTnyeckuii anropuT™ — 3TO NPOCTasA MOJIEIb SBOJOLUH B IPUPOJIE, pealin30BaHHAsA B BUIE
KOMITBIOTEPHOH TIporpamMmbl. Pe3ynbraToM ero paGoThl SBISETCS HE ONTHUMAINILHBIN pe3yJbTaT, a
MPOCTO JYYIIMK ISl JAHHOTO KOJIMYECTBA WUTEpALUii, HO NaHHBIM pe3yJbTaT 4acTo SBJSAETCA
YAOBJIETBOPUTENBHBIM JUISl CIIOXKHBIX CHUCTEM.

K mpeumymiectBaM reHETMUECKUX alTOPUTMOB MOXKHO OTHECTH IMPOCTOTY UX pealu3alllH,
MapaJIeNIbHBIA MMOMCK PEIISHNS, YTO MO3BOJSET PEUINTh MPOOJIEMY JOKaIbHBIX ONTHMYMOB, U
JIOBOJILHO BBICOKYIO CKOPOCTH pa0oThl. HOo BO3MOXEH MCXO/, KOTJa BCE MPEICTABUTEIH TOMYJIs-
LMY UIEHTUYHBI, YTO OCTAHABJIMBAET JAJIbHENIITYIO SBOIIOLHIO U HAYMHAETCSA BBIPOKICHUE MTOMY-
nsiuu. Taxoke TpeOyeTcs OmpeneNiuTh CUCTEMY KOAMPOBAaHMS 0co0ei M criocoObl MX CMeElIBa-
HUs, 4TO ObIBAET MPOOIIEMATHYHO B 3aBUCHMOCTH OT ITOCTABIICHHOMN 3aJlauH.

4. MypaBbHHbIe AJTOPUTMBI

Wmurtanus camMoopraHu3aluy MypaBbHHON KOJOHHH COCTABIISIET OCHOBY MYpPaBbUHBIX aJIrO-
puT™MOB ontumm3anuu (puc.2). KomoHusi MypaBbeB MOXKET paccMaTpUBaThCsl KaK MHOTOAreHT-
Hasl CUCTEMa, B KOTOPOH KaXKAbI areHT (Mypasel) (yHKLHOHUPYET aBTOHOMHO I10 O4Y€Hb IPO-
CTBIM IpaBWJIaM. B mpoTnBoBeC MOYTH NPUMUTHBHOMY IOBEICHHUIO areHTOB, IIOBEIEHHE BCEH
CHCTEMBI MOJIy4aeTcsl Ha yOUBIICHHE Pa3yMHBIM.

MypaBbHHBIE AJITOPUTMBI CEPHE3HO UCCIEAYIOTCSI €BPONEHCKUMH YUEHBIMH € cepeanHbl 90-X
ronoB. Ha ceromHsmHuil 1eHb yXe NOITyYeHbl XOPOIINE PE3yAbTAaThl Ul ONTHMH3ALNU TaKHX
CIIOHBIX KOMOMHATOPHBIX 3a/1a4, KaK 3ajadya KOMMHBOsDKEpa, 3a/laua ONTHMHU3ALUU MapIIpy-
TOB TPY30BHKOB, 3ajlaua packpacku rpada, KBagpaTHuHas 3ajada O Ha3HAUCHHUSX, 3a/1ada
ONTHUMM3ALNHU CETEBBIX rpauKOB, 3a7jaua KaJeHJapHOro IUIaHUPOBaHMs U MHOTHeE pyrue. Oco-
0eHHO 3()(peKTHBHBI MypaBbHHBIE AJITOPUTMBI IPH ANHAMHYECKOH ONTUMH3ALMH MPOLECCOB B
pacrpeneneHHbIX HECTallMOHAPHBIX CUCTEMAaX, HalpuMep, TpaprKOB B TEIEKOMMYHHUKALIMOHHBIX
CeTsX.

Wpes MypaBbMHOTO anropuTMa — MOJEIMPOBAHUE IOBENEHUS MYpaBbEB, CBS3AHHOTO C MX
CIIOCOOHOCTBIO OBICTPO HAaXOAWTH KpaTyalIIMi MyTh OT MypaBeHHHKa K MCTOYHHMKY IHIIH U
aJanTHPOBATHCS K M3MEHSIOIIMMCS YCIIOBHSAM, HaxXo[s HOBBIM Kpardaimmil myTs. [Ipu cBoém
IBIDKEHUH MypaBed METUT IyTh epoOMOHOM, M 3Ta HHPOpMALHs HCIONb3YETCsl APYTUMH Mypa-
BBAMH JUISL BBIOOpA IyTH. DTO 3JEMEHTapHOE MPABUIIO MOBEACHUS U ONpenessieT ClIoCOOHOCTh
MypaBbEB HAXOAWTH HOBBIA IyTh, €CIM CTapblii OKa3blBaeTcsd HemOCTynHbBIM. Hampumep, Ha
ONTHUMAJILHOM Jl0ceie MYTH BO3HUKAaeT Iperpaga. B 3ToM ciryyae HEoOXOIMMO OIpeAeiieHHe
HOBOT'O ONTHUMaJbHOTrO myTH. [loins mo mperpaisl, MypaBbM C PaBHOM BEPOSATHOCTBIO OyayT
ob0xomuTh e€ cmpaBa M cieBa. To ke camoe OyIeT NMPOMCXOAWTh M Ha OOpaTHOW CTOpOHE
nperpazasl. OnHAKO Te MypaBbU, KOTOPbIE CIIy4ailHO BBIOEpYT KpaTdalIuuil myTh, OyayT OBICT-
pee ero mpoxoIMTh, U 33 HECKOJIBKO INepenBKEHUI OH Oynmer Ooiee oOoraméH ¢GpepoMOHOM.
IlockonbKy ABMKEHHE MYpPaBbEB ONpEAENsAeTcs KOHLEHTpauued (epoMoHa, TO CIEAYyOLIe
OyIyT HpennoYuTaTh UMEHHO 3TOT IIyTh, MPONOJIKAs 00oramaTth ero GepoMOHOM 10 TeX II0p,
MIOKa 3TOT MYTh 10 KAKOW-JINOO0 MPUYNHE CTaHET HeJOCTYIIEH.
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Puc. 2. Cxema MypaBbHHOIO aJITOPUTMA

Kak ObL10 cKka3aHO BbIIIE, MypPaBbHHBINH aITOPUTM MOJETUPYET MHOIOAreHTHYIO cucteMy. Ee
areHTOB B JajbHeiileM OyaeM Ha3blBaTh MypaBbiMu. Kak W HacTosiIue MypaBbH, OHU JJOBOJIb-
HO IIPOCTO YCTPOEHBI: JJIs1 BHITIOJTHEHUS! CBOMX 00S3aHHOCTE OHM TPEOYIOT HEOOIBIIOE KOIHYe-
CTBO NaMATH, a Ha Ka)KJOM IIare padoThl BHIIIOIHSIIOT HECJIOXKHbIC BHIYNCIICHHS.

Kaxnp1it MypaBeil XpaHUT B IaMSATH CIHCOK ITPOMIEHHBIX UM Y3J0B. DTOT CIIMCOK Ha3bIBAIOT
ciickoM 3amnperoB (tabu list) uiau mpocTo mamsThi0 MypaBbs. BeiOupas ysen ams ciemyroniero
miara, MypaBeil «IIOMHHT» 00 yXe MPOHIEHHBIX y3JlaX W HE paccMaTpUBAaeT MX B KayeCTBE
BO3MOXKHBIX JUIA Mepexona. Ha kaxIoM miare CucoK 3arpeToB MOMONTHACTCS HOBBIM Y3JI0M, a
nepen HOBOW MTepaliell anropurMa — T.€. Iepes TeM, Kak MypaBeil BHOBb IPOXOIUT MyTh — OH
OITyCTOIIAETCS.

Kpome crincka 3anperos, mpu BIOOpE y3Ja JUIs Tepexoa MypaBeid pyKOBOJICTBYETCS «IIPH-
BJIEKaTEIILHOCTBIO» pedep, KOTOpbIe OH MOXKeT MpoiiTn. OHa 3aBUCHT, BO-TIEPBBIX, OT PACCTOSHHUS
MeXIy y3iaamu (T.e. OT Beca pedpa), a BO-BTOPHIX — OT CIIeHOB ()EPOMOHOB, OCTAaBICHHBIX Ha
pedpe MpoLIeAIMH 110 HEMY paHee MypaBbsMU. ECTeCTBEHHO, YTO B OTJIMUHE OT BECOB pedep,
KOTOpBIE SIBJITIOTCS KOHCTAHTHBIMH, CJeibl (PepOMOHOB OOHOBIISIFOTCS Ha KaXKIOH HTepanuu
aJTOpUTMa: KaKk M B NPHPOZE, CO BPEMEHEM CIEIbl MCIApSIOTCs, a MPOXOMASAIINE MYypaBbH,
HaIPOTHB, yCHJIMBAIOT UX.

[Tycts MypaBeit HaXOAUTCS B y3JI€ 1, @ Y3€J j— 9TO OMH U3 y3JI0B, JOCTYIHBIX IS ITepexoa:
JeS;. O6o3naunm Bec pebpa, COEIMHSIOIETO Y3JIbI 1 M j, KAK Wjj, @ MHTEHCUBHOCTD (DepoMOHa Ha
HeM — Kak tj;. Toraa BeposATHOCTB Tepexojia MypaBbs U3 i B j OyJeT paBHa:

1
o
tij + B
Wi

pjj =
Z . t.a + L (1)
leSi| il B
W
il
rae 0 U B— 3TO peryiaupyemble MapaMerpsl, ONpelessiolie Ba)KHOCTh COCTaBIIIOIIUX (Beca
pebpa u ypoBHs hepomMoHOB) 1pu BeIOOpe myTr. OueBUAHO, 4TO IIpu 6=0 anropuT™ rnpeppamniaer-
Csl B KJIACCUYECKHH JKaJHBIA alnroput™, a npu B=0 oH OBICTPO coiizercsi K HEKOTOPOMY CyOOnTH-
MaJbHOMY pelIeHUI0. BrIOOp NMpaBMIIBHOIO COOTHOILEHHUS MAapaMeTpPOB SBISETCS HPEIMETOM
WCCIIeNOBAaHUH, U B O0IEM ClTydae MPOU3BOIUTCS HA OCHOBAHUH OIIBITA.
I[Tocine Toro, Kak MypaBeil yCIIeIHO IPOXOANUT MapIIPYT, OH OCTAaBJIET HA BCEX MPOIAEHHBIX
pebpax cient, 00paTHO NPONOPLMOHANBHBIN JUTMHE TPOHCHHOTO ITyTH:
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o) (i)er
ij= L 2
0, (1]) ¢P
rae L— mna myTH, a k— perynupyemsiii nmapamerp. Kpome atoro, ciensl epoMoHa UCTIApSIOT-
Ci, T.C. HHTCHCUBHOCTb (bepOMOHa Ha BCEX pe6pax YMCHBIIACTCA HA Ka)K,I[OI\/'I HUTCpalu aJropuT-
ma. Takum 06p3.30M, B KOHIIC Ka)K,I[OI\/'I urepanuun H606XOI[I/IMO OOHOBUTH 3HAYEHUSI HHTEHCHUBHOC-
Tei:
ti = (1—e)-tjj + At 3)

PeByHLTaTLI MEPBBIX SKCOCPUMEHTOB C IPUMCHCHNUEM MYPABbUHOI'O AJITOPUTMA JId PCHICHUSA
3ala4u KOMMUBOSIKEpPa ObLIH MHOFOO6CH_[3.IOH_[I/IMI/I, HO JAJICKO HE JY4YIIMMHU 1O CPAaBHCHUIO C
YK€ CyHICCTBOBABIIMMHU METOJAaMU. O,Z[HB.KO MMPOCTOTAa KIIACCUYCCKOT0O MYPaBbMHOT'O aJIrOpUTMa
(HaBBaHHOFO ((MypaBI:I/IHOI\/'I CI/ICTCMOI\/'I») OoCTaBJIs1JIa BOBMOXXHOCTHU JIA Z[Opa6OTOK — U UMCHHO
AJITOPUTMUYCCKUEC YCOBECPIUICHCTBOBAHUA CTAJIM TPEAMETOM Z[aHLHCI\/'IHII/IX I/ICCHCI[OBB.HI/II\/'I MapKo
HOpI/IFO " ApYyTrux CrieiuajairucCToB B o0Jractu KOM6I/IH3TOpHOI\/'I OIITUMU3ALlNU. B OCHOBHOM, 3TH
YCOBCPUICHCTBOBAHUA CBA3AHELI C OOJIBIIIMM HCIIOJIb30BAaHUEM HUCTOpHHU MOMCKA U Ooitee THIaTClIb-
HBIM HMCCJICJOBAaHHUEM oOJacreit BOKPYT YK€ Haﬁ,Z[CHHLIX YAQUIHBIX peHleHHﬁ.

3¢ eKTHBHOCTS MYPaBbUHBIX AJITOPUTMOB CpaBHUMA C 3(PPEKTUBHOCTHIO OOIINX METa3BpPHC-
TUYCCKHUX METOMA0B, 4 B PAJAC CIIy4acB — U C Hp06ﬂeMHO-OpI/IeHTHPOBaHHLIMI/I METOJaMU. Hau-
JIyqmme pe3yJjibTaTbl MYPABbHUHBIC aJITOPUTMBI IMOKA3bIBAIOT JId 3a1a4 C OOJIBIIIUMH pasMEpHO-
cTIMHU 00J1acTeN IMOKCKA. MypaBLI/IHLIC AJITOPUTMBI XOpOLIO MOAXOAAT AJId MPUMCHCHUA BMCCTC
C npoucaypamu JIOKaJIbHOI'O IOMUCKa, ITO3BOJIAA 6LICTpO HaXO04UuTh HAYAJIbHBIC TOUYKHU JJIS HUX.

Haubonee TMEPCIICKTUBHBIMU HAITPABJICHUAMU Z[aHLHCI\/'IHII/IX I/ICCHCI[OBB.HI/II‘/'I CJICAYCT CUUTATDh
aHaIu3 crocoda BLI60pa HaCTpanBaACMbIX IMMapaMETPOB aJITOPUTMOB. B MocCjeAHUEC roJbl npeajia-
raroTCsA pas3jinuHbIC CIIOCOOBI aJanTanuy napamMeTpoB aJrOPUTMOB «HA JICTY». HOCKOHLKy oT
BLI60pa nmapaMeTpoB CUJIBHO 3aBUCUT INOBCACHHUC MYPABbLUHLIX AJTOPUTMOB, UMCHHO K ITOM
Hp06neMe 06pameH0 HauOoJblllee BHUMaHHUE I/ICCHC,I[OBB.TCJ]CI‘/'I Ha Z[aHHLII\/'I MOMCHT.

BriBOoaBI

Nzydens! > pekTrBHBIE METOBI IPUHATHS pelIeHri. BaxkHO MOHATH, YTO BBIOOP TOTO 1100
MHOI0 METOJa 3aBUCHUT OT THIIA pPelIaeMON 3aJayi.

B npotuBoBeC TpaAULIMOHHOMY CUMILIEKC-METOLy T€HETUUECKUN U MypaBbUHBII aJITOPUTMBI
MIPEJCTABIISIIOT COO0M CIOKHYI CaMOOPTAaHU3YIOIIYIOCS CUCTEMY M TEPCIIEKTUBHEI B MTPUMEHe-
HUU C UCTIOJIb30BaHUEM COBPEMEHHBIX MH(POPMAIIMOHHBIX TEXHOJIOTHIA.

Hayunas nosusna: pe3ynpTaToM NPOBEACHHOIO UCCIEOOBAHUS SIBISIETCS PELIEHUE MHOrO-
KpUTEpUATIbHOM 3a]1a4i C IPUMEHEHHUEM BONIOLMOHHBIX AT OPUTMOB.

Ipaxmuueckasn 3Hayumocmy: peIOKEHHAs HHPOPMAIIMOHHAS TTOJICUCTEMA TTO3BOJISET YII-
PaBIATH MPENPUATHEM C OTPAHHYSHHBIMHU PECYpPCaMH C IPUMEHEHNEM COBPEMEHHBIX HH(opMa-
LIMOHHBIX TEXHOJIOTUH.

Cuoucox gutepatypsl: 1. I'so30unckuii A.H., Axumosa H.A., I'youn B.A. MeTrons! oNTUMHU3AIHNHI B CHCTEMaX
npuHATHS perteHnd. XappkoB, XHYPD. 2006. 325 c. 2. bordapenxo M. D., '6o30unckuii A.H. Onrrumu3any-
OHHEIE 33/1a41 B CHCTEMaX MPUHATASA pemeHuin. XapbkoB, XTYPD. 1998. 3. I'so30unckuii A.H., Knumenko E.T.
[IpuMeHeHNe TeHETHYECKUX aITOPUTMOB ISl PEIICHNS ONTUMHU3AIIMOHHBIX 3a1a4. Xapbko, XHYPD. 2001.
C.390-391. 4. I'so30unckuii A.H., Manviukun B.A. TIlpuMeHeHe METOI0OB SBOTONMOHHON ONITUMH3AIIAH TS
peleHns 3a1a49 MPOU3BOACTBEHHOTO ITaHMupoBaHms. XapekoB, XHYPD. 2011. C.97-102. 5.Masyp U., Lllanu-
po B. Yrupasnenue npoexramu. M.: OMET'A. 2007. 6. 5yoxos B.M. MatemaTi4uecKre OCHOBBI YIIPaBICHUS
npoektamu. M.: Hayka. 2005.
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I'Bo3aunckuii Anatonuii HukosiaeBu4, KagHa. TeX. HayK, mpodeccop kadeapsl HCKyCCTBEHHOTO
naTemekta XHYPO. Hayunbie nHTEpeCcH: ONTUMU3AINA IPOLICAYDP IPHHSATHS PEIICHUH B CTIOXK-
HBIX CHCTeMax yrpasieHms. Anpec: YkpanHa, 61115, Xapekos, yi1. Akagemuka JIsmyHoBa, 7, KB.
9, Temn. 702-38-23.
SAnoB Imutpuii MuxaiijioBu4, CTyIEHT, 0aKajgaBp CIIeHHAT-HOCTH HHTEIUICKTYa IbHBIE CHCTEMBI
npunsTas perenuii, paxynsrer KH XHYPD. Anpec: Yipauna, 61172, yi. JIyu [Tacrepa, 322,
kB.109, Tem. 716-36-99, email: dmyto.yanov@gmail.com.
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YK 539.231
B.H. I'VPUH, A.I'" ®UPCOB, /[.B. 'YPHUH

MATEMATHYECKHE MOJIEJIN TEXHOJOI'MYECKOI'O
HNPOIECCA HAINIBIJIEHUSA HAHOCTPYKTYPUPOBAHHBIX
JAADJIEKTPUYECKUX IIVIEHOK, NOJYYEHHBIX METOJOM
NOHHO-NIJIABMEHHOT'O PACIIBIVIEHUA

IIpuBoxATCS MaTeMaTUYECKHE MOJENHU IMpPOLEcca HANbUICHUS HAaHOCTPYKTYPHPOBAaHHBIX
JUBIEKTPUUECKHX IJIEHOK, T0JTy4eHHBIX HOHHO-IIIIa3MEHHBIM METOAOM PACIbUICHUSI KDEMHUS B
aTMoc(epe KHCIoposia, a30Ta ¥ ux cMeced. OnpenessiFoTcst ONTUMANIbHBIE YIPaBIISIOIINE BO3-
JIeHCTBUS MapaMeTPOB HalbUICHUS, IPUMEHEHUE KOTOPBIX Ja€T BO3MOXKHOCTb IOJIy4aTh Kaue-
CTBEHHBIE AUAIIEKTPUUECKHE IIJIEHKH C 3aJaHHBIMU TapamMeTpaMi. [IprBeeHHbIE ONTUMANIBHBIE
YIIpaBIISIOINE BO3ACHCTBHS MOTYT OBITh Mcnonib30BaHb! 1iist ACY TII nosry4eHus IeHOK.

1. AHaJIM3 NMpHMeHeHUs] U MeTOAOB MOJy4YeHHUS] HAHOCTPYTYPHMPOBAHHBIX
AHDJIEKTPHYECKUX TJIEHOK

B nocnennue ronsl OypHO pa3BUBAIOTCS TaKWe HAINPABIICHUS HAYYHBIX M TEXHOJIOTHYECKHX
HCCIIEIOBAaHU M KaK «HAaHOHAYKa» U «HAHOTEXHOJIOTUs». DTH HANPABJIIEHUS paCCMAaTPUBAIOTCS KaK
OCHOBA HOBOW ITPOMBIIIJIEHHON PEBOJTIOLUH.

B o5T0#i cBA3M TOHKME MJICHKH U B OCOOCHHOCTH HaHOCTPYKTYPHPOBaHHBIC TOHKHE IJICHKH
WTPalOT O4YEHb BaXKHYIO pOJb B COBPEMEHHOM TeXHHUKe. VX 3HaueHHe B Hay4YHO-TEXHHYECKOM
mporpecce Yype3BbYaifHo BearKko. OHU HCIONB3YIOTCS B CAMBIX Pa3HO00Pa3HBIX 00JacTsAX HAYKU
W TEXHUKH, HAIIpUMep, B KaUeCTBE 3alIUTHBIX TIOKPBITUH, U1 TPe0Opa30BaHNs COTHEYHOH DHEp-
THH B 3JICKTPUYECKYIO, B CBEPXIPOBOJHUKOBBIX MPUOOPax, B MHTErpaJbHON U (PYHKIMOHAIEHON
MUKpO - 1 HAHODJIEKTPOHUKE, KOMIBIOTEPHON TEXHHUKE, B METUIIMHE.

B 1O XKe BpeMs COBpEMEHHBIE METOJbl MOJYYEHHS TOHKHMX IIJIEHOK SBIIAIOTCA HE TOJBKO
WHCTPYMEHTOM JJIsl UX HaHECEHWs, HO U METOJIOM, KOTOPHIH MO3BONAET (POPMHPOBATH COCTAB,
CTPYKTYPY U CBOICTBa IJICHOK, IPHIABAsi UM TEM CaMbIM CBOWCTBA, KAUECTBEHHO OTJIMYAOLIH-
ecsl OT CBOMCTB MCXOIHOr0 MaTepuana. B pesynabrate co3maercs BO3MOXKHOCTD Lie/ICHAIIPABIICH-
HOro )OpMHUPOBAHUS CBOMCTB IUIEHOK U IPUAAHUS UM CTaTyca NoIn(yHKIHNOHAIBHOCTH.

OnxHUM U3 XOpOLIO U3YyYEHHBIX METOAOB IOJIyYeHUS! TOHKUX IJICHOK SIBJISETCS MOHHOE IUIa3-
MEHHOE HallbUICHHE, Pealn3yeMoe B MAarHETPOHHBIX CUCTEMaX U B IIEHHMHIOBCKOW ra3opaspsii-
HOH Kamepe, B KOTOPBIX IPUMEHEHNE MarHUTHOTO OIS TO3BOJISIET TIOHU3HUTH Ha TIOPAJOK padouee
JaBJIeHHE U 00ECIICUYNTh BHICOKHE CKOPOCTH HambUleHNs IIeHoK [ 1-4]. K HenocraTtkam obopymo-
BaHUS, PEAJM3YIOIIEr0 3TH METOAbI MOIYYEHHUs] TOHKUX IUIEHOK, MOKHO OTHECTH OTCYTCTBHE
aBTOMATHYECKOTO YIPABICHUS TEXHOJIOTHUYECKUM IIPOLIECCOM, OCHOBOM KOTOPOIO CIIy’KHT MaTe-
MaTH4ecKas MOJENb MPoLecca HAHECEHUS! TOHKMX IUICHOK - €0 KOJIMYECTBEHHOE OIHMCAaHUE.

L]envio pabOTHI SBISETCS] TIOCTPOCHNUE MATEMAaTUYECKOH MOZENH Ipolecca MOydeHus IH3-
JEKTpHIECKUX TIEHOK Si0,, SisNy, SiyOyN, , a Takke CTpYKTyp Ha uX ocHOBe. CBOMCTBA 9THX
IUIEHOK XOPOLIO HM3Y4YEHbl U OHU LIMPOKO MPUMEHSIOTCA B MOJIYHIPOBOIHUKOBOW 3JIEKTPOHHKE
[5-71.

2. MaremaTH4ecKoe MOJeJHPOBAHHE MNPOLECCA HANBLICHUS JAHIJIEKTPUYECKHX

IUVIEHOK W OmpejiejieHHe ONTHMAJBHBIX YNPABJIAIIMX BO3JeiicTBHUI

Hpouecc OCAKACHUSA NUDJICKTPUUCCKHUX IIJICHOK XapaKTCPU3YCTCA CICAYHOUIMMHA YIPABJIIATO-
MU BOSHGﬁCTBHHMH: JaBJICHUEM pa60qer0 rasa P, TeMnepaTypoﬁ ITOJIOXKKH T u TokoMm
pas3pdaaa I, ONpCACIAOIINM CKOPOCTh OCAKACHUSA, T.C IPOU3BOAUTCIIBHOCTEL IIPOIeCcCa. Maruurt-
HOC II0JIC OCTACTCA IOCTOSIHHBIM Ha YPOBHEC, 06GCH6‘II/IBaIOH_IeM pa60Ty PaCbUIUTCIIBHOI'O 3JIC-
MCHTA TP MUHHUMAJIbHOM aBJICHUHU B KaMEpe.

Macc- CHGKTpOMeTpI/I‘IeCKI/Iﬁ daHaJIn3 OCTaTOYHOIo n pa60qero CcoCTaBa ra3oB IIOKasaj, 4ToO
HaunOosee CyHICCTBEHHO BJIMACT HA MPOLECC OCAKACHUS U BHCKTPO(I)I/ISI/I‘IGCKI/IQ CBOMCTBa AU~
JICKTPUYCCKUX IVICHOK ITPUCYTCTBUC I1APOB BO/BI. HOBTOMy OCHOBHBIM BO3MYIIAIOIINM BOBI[GfI-
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CTBUEM HaMH BLI6paHO KOJIMYCCTBO ITapOB BOJHI, coz[epmameﬁc;l B OCTaTOYHOM aTMOC(I)Cpe
IIOJKOJJIIIAaYHOT'O yCTpOﬁCTBa.

KauectBO AUDJICKTPUYCCKUX IIJICHOK XapaKTECPpU3YCETCA TPEMSA OCHOBHBIMHU IMApaMCTpaMMU:
TAHI'CHCOM YyTJia AUBJICKTPUYICCKUX ITOTCPD, Z[HBHGKTpH‘ICCKOfI MPOHULIACMOCTLIO, BHGKTquCCKOﬁ
IMPOYHOCTBIO. B [8] YCTAHOBJICHO, YTO YCJIOBUSA, COOTBETCTBYIOIIMEC MUHUMAJIIbHOMY 3HAYCHUIO

TaHIeHCa JMANICKTPUYECKUX NoTeph (tgd), obecrednBaroT MOIydeHNEe IUICHOK ¢ HAMIy4YLIInMU
napamerpamMu. B cBs3u ¢ 3TUM A ynpaBiIeHHs MPOLECCOM OCAXKICHMS MPUHAT KPUTEPUH —
MHUHHMMYM tg0 MOTy4eHHbIX IJICHOK IIPY 33 JaHHOM BO3MYILAIOIIEM BO3ACHCTBIM ) :

min (I, P, T,y) _

Y
rne (L, P, T,y)— 3aBucumocts tgd or LP,T,y.

JUIsl OJTydeHUsT MaTeMaTHYEeCKOM MOJICNH Ka4yeCTBa KaKIOH IUICHKH B SIBHOM BHIE HAMU
IPOBe/IeH TPeX(HaKTOPHBIHA, TPEXYPOBHEBBIN IKCIIEPHMEHT CO CITy4aillHbIM H3MEHEHHEM YeTBep-
TOro (hakTopa — BO3MYILAOIIEr0 BO3ACHCTBHS. B X0z SKCIIEpMMEHTA TUICHKH OCaXAalH MpH
TPEX pas3InyYHbIX 3HAUECHUSIX YIPABISIOIIMX BO3ICHCTBHIT U BCEX BO3MOKHBIX KOMOMHALMSIX STUX
3HAYCHUH.

B nensx nonaydeHus B JAHHOM PEKHME OCaXICHHS IUICHOK IPH BO3MOKHO 0ojiee paBHOMEp-

Yo, (H

HOM pacrpeaciiCHun tg8 , B IOITYyCKa€MOM JInana3oHe HU3MEHEHUM Y oT 1 103 YCJIOBHBIX CAWHUAIL,

TS KaXK 10U 13 27 KOMOMHAIMI YIPaBIISIIOIIMX BO3ICHCTBUI SKCIIEpUMEHT MoBTOpsuics 5-10 pas.
B pesynbraTe 06padorku 600- 700 sxcriepuMeHTaIbHBIX 3HAUYSHUH 110 KaXKI0H JUAIEKTPUIECKON
IIJIEHKE HaMU MOJIy4eHbl METOAOM HaUMEHBIINX KBAJpPaTOB MOJIMHOMHUAIBHBIE MATEMAaTHUYECKUE
MOJIENTM Ka4yecTBa IUICHOK:

Psio, = (24870P +65,61° +0,1039y” —1685P — 31,0941+ 1,672y — 0.05T +7.789) x 107,
2)

rae P — usMmensierca B untepsaie or 1x 107 10 5x107 mm pT.cT., | M3MeHseTCcs B MHTEpBalie
or 0,2 10 0,3 A, T — usmensercs B uatepsaiue or 160 mo 250 °C

s, = (171300P* +32,811° +0,00018T* +0,495y* —0,0607T —12,8581 965y +0,365y-
—0,0036Ty —2,427y —95Py +12,951)x107%»

3neck P — n3mensercs B unrepnaie ot 0,133 no 0,665 Ila, [-uzmensiercst B unteppaine ot 0,18 1o
0,28 A, T — u3mensercs B uaTepsaie ot 160 1o 300°C;

Psip o . =(4.05-0,61P—0,512T +0,69247 +0,23185T +0,31667P* +1,0972T" +0,069447+
XOynN,

+0,724417 +0,0027778PT + 0,1568 1P + 0,04381PT + 0,0055556 T + 0,46389TT —
—0,041117T)x107%,
re P=Px107 -3, T=Tx107? -1,8, 1 =1x10-2,5, Yy =y—2, P uaMensiercs B uuTep-
Bae or 1x107° o 5x107° MM pr.ct., T usmensierca B unteppane or 180 mo 200°C, 1
u3Menserca B uurepsaie ot 0,210 0,3 A.

IMony4eHHbIe MOJIEIH CIIPABEIIMBBI B HHTEPBAJIC U3MEHEHUH Y B quana3oHe ot 110 3 ycioB-
HBIX equHUIl. [Ipu 5TOM BCe 3HAUYCHUS YIPABIISAIOIINX BO3IACHCTBHI HE BBIXOIAT M3 00JIACTH

JOIYCTUMBIX 3HAYCHUH.
B ciydae kBagpaTHUHON 3aBUCHMOCTH AJISI ITOY4YEHHs ONTUMAaJIbHBIX YIPABJISIOMINX BO3AEH-
CTBHI JOCTATOYHO MPUMEHUTH TPUHIIAIT HEOOXOJMMBIX YCIOBUH SKCcTpeMyMa [9]:

do..
(Z;O—z = (2x 248700P 183,57 ~1686) x10~° = 0, @)
do..
% = (2% 65,61 - 2,755y —31,094)x 10 =0
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Pemienune cucremMsl ypaBHEHHH JaeT 3HAUEHHSI ONTUMAIIBHBIX YIPaBIIAIOLIMX BO3ACHCTBHI TPH
BBIpAIMBaHUN JUAJIEKTpUUEcKOr ieHKH Si0;:

73 _ _
P, =(2818+0,27757)x107, I, = 0,196+ 0,037y, T,, =168,6+10y.  (4)

Omnpenenenne ONTUMaIbHBIX YIIPABISIOUIMX BO3ICHCTBUI MTPH MOJTyYeHUH TUIEHKH SizN4 ocy-
LIECTBIISIETCS] PEIIEHHEM CIEYIOIIeH CHCTEMbl YpaBHEHUI:

dog;
TN =(2><171><300P—965—95}()><10_3 =0,
d(PSi3N 5 (5)
~=(2x32,81-12,858-2,427y)x10™ =0, (6)
do iy
;TN“ =(2x0,00018T —0,0607 —0,00367) x 107 =0.

Perrenune cuctemsal ypaBHCHPIfI (6) AaCT CJICAYIOUINE 3HAYCHUA OIITUMAJIbHBIX YITPABJIAOMINUX

BO3/ICICTBHUI IPY BBIPAIMBAHUY JUDICKTPHIECKOM mteHKH S1; N,
-3 _ _
P =(2,818+0,2775y)x107, 1, = 0,196+ 0,037y, T, =168,6+10y.

Hnst nmonexrpuueckoit mienkn Si, O N, cucrema ypaBHEHHI Ul OHPEIEICHHS ONTU-
MaJbHBIX YIPaBISIOMINX BO3ACHCTBUI OyleT Clemyromei:

d(PSiX Oy,

—5 —0,61056 — 0,63334P +0,0027778T — 0,15687 +0,43611 =0,

dog; N . )
% =0,23185+1,44881 +0,04361P + 0,46389T — 0,04111y =0, 7)

d(PSiX
# =-0,512+2,1944T + 0,027778P + 0,00555567 + 0,463891 =0.

[ocne npeoGpasoBanus (7) U peleHUs: CHCTEMBI JIMHEHHBIX YPaBHEHHI ¢ MapaMeTpoM Y B
MPaBOH YaCTHU MOITYYUM:

P, =0,982+0,2467, 1, =0,283+0,02357, T, =0,2919+0,0078027 .

C yaerom toro, uto P=Px107> -3, T=Tx102 -18, [ =Ix10-2,5, ¥ =y —2, mony-
YUM CIIE/IYFOLINE ONTHMAJbHbIE YITPABISIOIIME BO3ICHCTBHS:

_3 _ _
P, =(3,49+0,246y)x107, 1, =0,00235+0,217y, T, =210,75-0,7802y

> ~opt

IIpu usmenenuu Y ot 1 10 3 yCIOBHBIX €AMHHUI BCE 3HAYEHUS ONTUMAIbHBIX YIIPABIIAIOLINX
BO3/ICMCTBUI HE BBIXOAAT U3 00JIACTH AOIYCTUMBIX 3HAYCHUH.

3. BniBoaBI

B pesynpTare akTHBHOIO IUTAaHHPYEMOIO SKCIEPUMEHTA MOJIYyYEHbl MaTeMaTHYECKHE BbIpa-
YKEHHS, TTO3BOJISIOIINE YIPABIATH MPOLIECCOM HAINBUIEHUS TOHKUX IJIEHOK. ONpeneneHbl ONTH-
MaJIbHBIE YIPaBIAIOLINE BO3ACHCTBHSA, IPH MCIIOIb30BAHMUHN KOTOPBIX 00ECHEeUNBAETCS HOIyYe-
HUE IUJIEKTPUYECKHX IJIEHOK C 3alaHHBIMU IMapaMerpamMu. Ha OCHOBe MONy4eHHBIX MaTeMaTH-
YECKHX BBIPA)KEHUI BO3MOKHO CO3aHHE aBTOMAaTHYECKOrO YIIPABJIEHUS MPOLIECCOM, YTO 3HAYH-
TEJIBHO MOBBICUT BOCIIPOU3BOAMMOCTD [TapaMETPOB JUDIIEKTPUUIECKUX TIICHOK.

HanbHeiei 3anaueii sBisercs nccaegoBanue 3¢ HeKTHBHOCTH UCTIOIb30BaHUS ONTHMAIbHO-
ro ymnpaBlnenus, popmupoBanue anroputMa yrnpasierus 1 ACYTII u moctpoenune GpyHKImo-
HaJbHON CXEMBI JUISl €r0 peaanu3aliu.
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E.C.CAKAJIO

UCCJIIEJOBAHUE U MOCTPOEHUE OBJIAYHOW MOJAEJH YCJIYT
B CLOUD-CPEJE

ITpennaraercs myOimuHas Moaesb 00IaKa JIsl IIONCKOBBIX CHCTEM C UCIOJIB30BAHUEM Pac-
NIpeIeIEHHBIX BEIYMCICHUH A7 OOJIBIINX HA0OPOB JAHHBIX.

1. BBegenue

OOnauHble BBIYUCIEHMS MPEACTABIIAIOT COOOW NMHAMMYECKH MacIuTabupyeMblil criocod
JOCTyIa K BHEIIHUM BBIYMCIUTENBHBIM pPecypcaM B BHJE CEpPBHCA, MPEJOCTABIISIEMOIO ITOCPE-
ctBoM MHTepHeTa, mpy 3TOM I0JIb30BATENIO HE TPeOyeTCsl HUKAKUX OCOOBIX 3HaHMH 00 nH(pa-
CTPYKTYpeE “00JaKa” MITM HaBBIKOB yIIPABJICHUS 3TOH “00IauHON” TEXHOIIOTHUEH.

[Ton “obmaxom™, moapasymeBaercss He cam HTepHeT, a Bech TOT HA0Op ammapaTHOTO U
MpoOrpaMMHOro obecrieueHus, KOTOpbIi obecrieuuBaer 00pabOTKy M HCIONHEHHE KIMEHTCKHX
3as1BOK ““c TOM cTOpOHBI”. EClii HE MyIIpUTh C ONPEACIEHUSIMU U BIIISAETHCS B CYTh, Ja)KE CaMOe
pocToe NeHCTBHE MOCPEncTBOM VHTepHETa — 3ampoc CTPaHMLBI CaiiTa B KaKOH-TO CTEHNEHU
MpeAcTaBIIsgeT co00i npruMep 00JIAYHOr0 BEIYMCIICHUS. IHTEpHET, 10 CYTH, U BO3HUK UMEHHO VIS
TOr0, YTOOBI MPEJOCTABIIATh YAAIEHHBINA TOCTYN K Pa3IMYHBIM BBIUMCIUTEIBHBIM PECypcaMm.

Takum 00pazoM, pacpoCTpaHMBILEECS B MIOCIEAHEE BpeMs MHEHHE 00 00JIaYHbBIX BBIYMCIIC-
HUSIX KaK O 4éM-TO CHEHU(PHUUECKOM, UMEIOLIEM OTHOIICHHE K HAayYHBIM HCCIEHOBAHUSIM HIIN
MOLIHBIM KOPIIOPATUBHBIM CUCTEMaM KaK MUHHMYM HEOOBEKTHBHO, a C TOUKH 3PEHHS KIMEHTa —
KOHEYHOI'O TI0JIb30BATElNIs, M BOBCE HE COOTBETCTBYET JIEHCTBUTENBbHOCTH.

Kaxk pesynbrart, konuenuusa Cloud Computing — 0671a4HBIX BEIYUCICHUN — TO3BOJISIET OPraHU-
3aLlUsM MOBBICUTH 3QPEKTUBHOCTD NPEAOCTABICHHS YCIIYT, YIIPOCTUTH YIIPaBICHHUE U YIy4LIUTh
coriacoBanue M T-cepBUCOB ¢ MEHSIOIIMMUCS NOTPeOHOCTSIMU On3Heca.

77



B nHacrosiiee BpeMsi IpUMEHSIOTCA Kak myonudaHbie (public), Tak u yacTHbIE (private) Moaenu
Cloud-cpenpi.

[Ty6muaneiMu Moaemnsimu Cloud-pemeHnii MoOXeT MOoIb30BaThCs JII000i YeoBEK € AOCTYIIOM
B MIHTEpHET. ACIIEKT ayTCOpPCUHTA 3aTPYAHACT MOAAECPKaHUE LIEIOCTHOCTH M KOH(PHUICHIIUATBHO-
CTH JaHHBIX, oOeclieueHrne NTOCTYITHOCTH JaHHBIX U TOTOBHOCTH CEPBHCA, a TAKXKe AEMOHCTpPa-
LUIO0 COOTBETCTBUSI HOPMATUBHBIM TPEOOBAHHMSIM.

daxtnyeckn koHuenuus Cloud Computing mepenaer 3HAYMTENBHYIO YacTb KOHTPOJIS Han
JaHHBIMH ¥ ONEPaLUsIMU OT KJIIMEHTCKOM OpraHu3aluy K ee noctaBmuky Cloud-cepBrcoB mogooHo
TOMY, KaK OpraHu3anus qoBepsier yacts cBoux U T-onepanuii ayrcopcuHroBoit kommnanuu. axe
Takue 0a30BbIE 3a]1a4H, KaAK YCTAHOBKA [TAKETOB C UCHPABICHUSIMH U KOH(QHUTYPHUPOBaHUE MEXKCe-
TEBBIX DKPaHOB, MOTYT CTaTh 00s3aHHOCTBHIO moctaBuiuka Cloud-cepBUCOB, a HE KOHEYHOTO
MOJB30BATEIA.

[Tpu npumenenun monenu gocryna Kk UT-pecypcam Cloud Computing (o6iauHble BeIYMCIIE-
HUS) MHQOPMAIIMOHHBIE CEPBHCHI NPENOCTABIISIOTCS TaKUM 00pa3oM, YTO O0ECHEUMBAIOLIME
TEXHOJIOTUU CTAHOBSATCSI MPAKTUYECKH HEBUAMMBIMH 3a MpefeiaMy IO0Ib30BaTeNs yCTPONUCTBaA.
A TIOCKOJIBKY 3TO TO3BOJISIET OTACIUTH NPUIOKEHHS M CEPBUCHI OT olecneunBaromeid nappa-
CTPYKTYpPBI U TEM CaMbIM ITO3BOJIUTH OM3HECY OBICTpEE aAanTUPOBATHCS K U3MEHEHHUSIM, 00J1au-
HBIE BBIYMCIICHHUSI MOTYT OBITh YaCTBIO CTPATErnH 10 NOBBIILIEHUIO JUHAMUYHOCTH MPEANPHUSITHS.

[Tpu pa3paborke moaenu nouckoBoit cucrembl B Cloud-cpene 3a ocHOBY Obliia B3ATa ITOMCKO-
Bast cucteMa Amazon CloudSearch. Amazon CloudSearch mpencraBiaser co0oil MONTHOCTHIO
yIIpaBJIIEMbIi MOUCKOBBIN CEpBHC B 00IaKe, TO3BOMIACT 3aKa3uMuKaM JIETKO M ObICTPO HHTETPUPO-
BaTh MacIITabupyemble GYHKIIMH IOMCKA B CBOUX MPUIOKEHHSIX.

Amazon CloudSearch nerko macmrabupyercsi, Korga o0beM MOUCKa JTaHHBIX yBEIUYHBACT-
csl, a pa3padOTYMKU MOTYT W3MEHHTH MapaMeTphl MOWCKAa W NMPUMEHUTh HOBBIE HACTPOWKH B
mo6oe Bpemst 6e3 HeoOXOIMMOCTH 3arpyaTh JaHHBIE elle pa3. JTa TEXHOJIOTUs HalpaBieHa Ha
yIIpOILIEHHE TIpoLecca sl BeO-pa3pabOTUMKOB, KeIaroIUX HHTEIPUPOBATH TOUCK B CBOUX Pa3-
MEIICHHBIX caiiTax.

[Touck nomeHa I Ka)JI0ro Habopa AaHHBIX, KOTOPbIE HEOOXOIUMO CAENAaTh JTOCTYITHBIMH,
UMeeT OOMH WM HECKOJBbKO CIydaeB, KaKAbIM W3 KOTOPBIX 00JazaeT KOHEYHBIM 00BEMOM
OIEpaTUBHON MaMATH H PECYPCOB MPOLIECCOPa VI WHACKCUPOBAHUS JaHHBIX M 00paOOTKH 3a1po-
coB. KonmuuecTBO NMOMCKOBBIX Clly4aeB JOMEHa 3aBUCHT OT KOJIMYECTBA JOKYMEHTOB, a TaKkKe
o0beMa U CIOKHOCTH 3alpocoB. B ympaBisieMbIX ycioyrax IOHMCKOBOH CHUCTEMBI B OOJauHON
cpene cucTeMa OIpEAeNseT pa3Mep M KOIWYECTBO IMOMCKOBBIX CIIy4aeB, HEOOXOIUMBIX IS
JOCTHKEHUS HU3KOHN 3aJ1€P’KKHU, BEICOKOI MTPOM3BOAUTENLHOCTH ITOUCKA MTPOITYCKHOM CIIOCOOHOC-
tu. Korzma nonb3oBaTensd 3arpykaer JaHHbIE M HACTPOWKHM WHAEKCOB, CHCTEMa IIOMCKa CTPOUT
WHAEKC W BBIOMPAET COOTBETCTBYIOLIMH HAdajbHBIM JK3EMIUISP THIA IOMCKA, YTOOBI MHIECKC
KJIMEHTa MOT' XpPaHUTHCS B ONIEPATHUBHOM aMSTH.

ITouckoBas cucrema OymeT mMaclITaOMPOBAThCA OO MOMCKa 0OjacTé (MM pasnena MHIEKCA
10 HECKOJIBKUM 3K3eMIUIIpaM, eClii KIMEHT yxe B caMoM OosbiioMm). Y HaobopoT, koraa oobem
JAHHBIX COKpAILAeTcsl, CHCTeMa MacIuTabupyeTcs 10 MOMCKAa MEHBIIUX CIy4aeB WIM MEHBILETO
TUIA TIOMCKA, HAIIPUMEP, €CIIM MHIEKC TOMEIIAETCSl Ha OHOM paszele.

3adauu ona docmudicernus yeau: 1) JleranbHo MpoaHATM3UPOBATH PadOTy HECKOIBKUX TTOMCKO-
BbIX cpen [1, 5]. 2) IlocTpouTh apXuTeKTypy HporpaMMbl, OCHOBAHHYIO Ha 00JIAYHBIX BEIYMCIEHUSIX
[1,6,7].

B kauectBe o0bekTa pa3pabOTKH BBICTYHaeT nouckosas cucrema B Cloud-cpene. C yuerom
BCEX HEIOCTATKOB CYIIECTBYIOLIMX MOMCKOBBIX CUCTEM BO3ZHHMKAET OCTpas 3aJ1ada IOHCKa ajro-
pHUTMa 711 TOCTPOEHHSI TOMCKOBOW CHCTEMbI Ha OCHOBE 00JIAYHBIX BBIYMCICHHUH.

2. BHeapenue 00JIaYHBIX BbIYMCJICHUI NMPU NPOEKTHUPOBAHUM HACTPOMKHU 00JaKka

JUnst penieHns 3aja4l BHEAPEHUS 00JaYHbBIX BBIYMCICHUN MPH MPOSKTHPOBAHUN HACTPOHKH
obiaka B pabore ucnoib3oBanack TexHonorus Map Reduce. B pamkax sroii rexnomorun Google
ObLJIa MpeIIokKeHa abCcTpaKkTHAs MOJIENb, KOTOPAs IMO3BOJIMIIA BBIPAXKATh MPOCTHIC BEIYHCIICHNUS,
B TO K€ BpeMs IpsA4a CIOKHBIC JIeTaH Napauleu3auu: 00padoTKy OIMOOK, pacipeiereHue
JaHHBIX, OaTaHCUPOBKY HArPy3KH.

ITepBas peanu3anus 3Toi Mojeny ObUIa BBHIIIOIHEHA HAa OCHOBE pacrpe/eneHHol (aiiinoBoii
cuctemsl Toit ke komnanuu GFS (Google File System). Ota peanuzaius akTHBHO HCIIONB3YETCS B
IpOrpaMMHBIX ITPOIyKTax camoii Google, HO sIBIsieTCs CyTy0O IPONPUETAPHOM M HEOCTYITHA JUIs
ucrnionb3oBanus BHe Google.
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AnbrepHaTuBHasA, cBOOOAHO noctymHas peanmsauus Hadoop MapReduce (c oTkpbITbIMH
HCXOJHBIMH TeKcTaMH) Oblia BhINIONHEHa B mpoekte Hadoop coobmiectBa Apache. ApXxuTeKTy-
pa 0bnavHOl MOJEeIM OCHOBaHA Ha IOMUHHPOBAHUH BEO-TIPHIIOKEHNUH HaJ OOBIYHBIMH (YHKITUS-
mu OC. KitoueBast poss mpu 3ToM oTBOAUTCS Opay3epy. CTpaTerus co3naHusi HOBOTO MPOIYKTa
MOJpa3yMeBaeT apXUTEKTYpy, HETpeOOBaTENbHYIO K anmapaTHBIM pecypcaM IepCOHATBHOTO
KOMIIbIOTEPA, UCIIOIB3YEMOr0 AJs BBIXOAA B ceTh MHTepHeT. OTa TeHeHIMs MepeHoca EeHTpa
TshkecTn ¢ nonb3oBarens 1K Ha MHTepHET-pecypchl M COOTBETCTBYET HACONOTHH OOIayHBIX
BBIYMCIEHUN. B 3TOIl Mojenu BbIYMCIEHUS NPOU3BOAATCA HAJl MHOXKECTBAMM BXOAHBIX Hap
“KIIIOY-3HA4YEeHUE”, U B pe3yjibTaTe Ka)KJOro BBIUMCIEHUS TaKKe NPOU3BOIUTCS HEKOTOPOE
MHO’KECTBO Pe3yIbTUPYIOLINX Nap “Kito4y-3HaueHue”. [ npencTaBieHus BEIUNCIEHUH B cpefie
MapReduce ncnions3ytorcst 18e ocHOBHBIE pyHKIMHI: Map u Reduce. O6e pyHKIUY SIBHO KOTUPY-
10TCsl pa3paboTunkaMu npuiioxeHuil B cpene MapReduce.

Oynkuus Map B uukie oOpadaTeIiBaeT KaKAYIO apy U3 MHOXKECTBA BXOIHBIX I1ap U MPOU3BO-
JIUT MHOXECTBO MPOMEXYTOUYHBIX map “kimrou-zHadyeHue”. Cpena MapReduce rpynmnupyer Bce
MPOMEXYTOUHBIE 3HAUCHUS C OJHUM U TeM ke KirouoM | u mepenaer ux ¢pynkuun Reduce.

Oynkuua Reduce nomyuaer 3HaueHue kimova [ 1 MHOKECTBO 3HAUYEHMI, CBSI3AHHBIX C ATUM
KIII0YOM. B THNHYHBIX cuTyanusax Kakaas rpynmna odpadaTeiBaeTcs (B LUKIIE) TAKUM 00pa3oM,
4YTO B pe3yJbTaTe OTHOTO BbI30Ba (YHKIMH 0oOpasyercst He Ooiee OJHOTO PE3yIbTUPYIOIIETO
3HAUEHMUS.

Peanuzanun MapReduce ot Google 1 Hadoop opreHTHpOBaHBI Ha UCIIONIB30BaHKE B KiIacTep-
HOW pacrpeieneHHON Cpesie CO CASTyIOIUMU OCHOBHBIMM XapaKTEPUCTHKAMMU:

— y37BI cpensl BblnoiHeHHss MR-puiioskeHnii 00BIYHO MPENCTaBISIIOT CO00M KOMIBIOTEPHI
00111ero Ha3HauYeHHs ¢ ONePalMOHHON cucTeMoit Linux;

— HCIIONB3yeTCsl CTaHOApTHOE CeTeBoe OOOpYAOBaHME C aJanTepaMu, PacCUMTAHHBIMHU Ha
ckopocTH nepenauun B 100 MeraObuT B CeKyHIy WK | TUTaOHUT B CEKyHIY, HO CPEIHSS MIPOITYyCKHAs
CIOCOOHOCTH CYILIECTBEHHO HHIKE;

— KJIACTEpP COCTOUT M3 COTEH WJIM ThICAY MAIIMH, TaK YTO BIIOJIHE BEPOATHBI OTKA3bl OT/IENb-
HBIX y3JIOB;

— JUIsl XpaHEHUs NaHHBIX MCIONb3YIOTCS HEJOPOrHe IMCKOBBIE YCTPOWCTBA, MOAKIIOUEHHBIE
HANpPsAMYIO K OTJAEIbHBIM MalIMHAM;

— JUIS yIpaBlieHUs] JAaHHBIMH, XPaHAIIMMUCS Ha 3TUX JUCKaX, IPUMEHSIETCA pacipeaenecHHas
¢aioBas cucrema;

— TOJIB30BATENU MPEACTABIISIIOT CBOM 3aJaHMs B CHCTEMY IIJIAHMPOBAHUS, Ka)XI0€ 3aJaHue
COCTOHUT W3 HEKOTOpOro Habopa 3afad, KOTOpbIe OTOOpa)aroTcsl IUIAHWPOBIIMKOM Ha Habop
y3110B KJactepa. Paccmorpum peannsaunto mogenu MapReduce B pacnpeneneHHol cpene.

Be13oBe1 Map pacnpenenstoTcs 0 HECKOIBKUM y3J1aM KJlacTepa IyTeM pa3ieneHHs BXOIHbIX
JTaHHBIX Ha M Henepecekarommxcs rpymi (split). Bxognsle rpymmmsl MOryT napasiensHo o0pada-
THIBaThCSl Ha pasHbIX MamuHax. Bwi3oBel Reduce pacmpenmensioTcst myreM paszeneHus IMpo-
CTpaHCTBA MPOMEXYTOUHBIX KJIIoued Ha R wacreil ¢ MCronb30BaHHWEM HEKOTOPOH (YHKLUU
paszenenus (Hanpumep, GYHKIUHM X3IIupoBaHus). Yncno paszenoB R n GyHKOus paspeneHus
3aJal0TCsl MOJIB30BATEIIEM.

Brmonaenne MR -niporpaMmbl MporucxoauT ciaeayrommM odpasom. CHavama cpena MapReduce
pacuienisier BXogHoH ¢aiin Ha M yacreid, pa3Mep KOTOPBIX MOXKET 3a1aBaThCs MOIb30BATEIEM.
3areM cpasy B HECKOJIBKUX y371ax KiacTepa 3aIycKaeTcst OCHOBHas nmporpamMma MapReduce. Oaun
U3 ee SK3EMIUIIPOB MIPAET CIIENUAIBHYIO POJIb M Ha3bIBaeTcs pacropsiureneM (master). OcTaib-
HBIE SK3EMIUISPHI SABJISIFOTCS UCTIOTHUTEAMH (Worker), KOTOPBIM PacHopsiAUTENb Ha3HadaeT pado-
Ty. PacnopsianTens noimkeH Ha3HAYUTh UCIOJIHUTEISAM JUIs BeIonHeHUs: M 3amad Map u R 3apau
Reduce. B 6ubmmoreke MapReduce nonnep>xuBaercst BO3SMOXHOCTb YTEHHSI BXOJHBIX JAHHBIX B
HECKOJIbKUX pa3HbIX (hopMaTax. Hanpumep, B pesxume “text” kaxaasi CTpOKa TPaKTyeTcs Kak mapa
“KITI0Y-3HaYeHHE”, T/Ie KITF0Y — DTO CMEIIIeH!e JI0 JAHHOW CTPOKH OT Havana ¢aiiia, a 3HaueHne —
Ccozlep’)KUMOe CTPOKH. B npyrom pacrpoctpaHeHHOM ¢opMmare BXOJHbBIE JaHHBIE IPEACTABIISIOTCS
B BHJE Nap “KIIIOY-3HAYECHUE , OTCOPTUPOBAHHBIX MO 3HAYCHUAM KiIto4a. B kaxaoi peanuzanuu
¢dbopMaTa BXOOHBIX JAHHBIX M3BECTHO, KAKMM OOpa3oM ClleqyeT pacLICIsATh AAHHBIE HA OCMBIC-
JICHHBIE YacTH, KOTOpble 0OpadaThIBalOTCA OTHAEIbHBIMU 3ajadyamMu Map (Hampumep, AaHHbIE
(hopmarta “text” pacIeIUISTFOTCS TOIBKO MO TPAHHUIIAMHU CTPOK).

[Tonp3oBaTenn MOryT HOOaBUTH K peain3allud COOCTBEHHBbIE (hOPMAThl BXOAHBIX IAaHHBIX,
obecrieunB HOBYIO peanm3anuio wmHTEp(detica reader (B peanm3anuu Hadoop — RecordReader).
Reader He 00s3aTenbHO NOJKEH YMTATh AaHHBIE M3 (haiina, MOXKHO JIETKO ONpenenuTh reader,
YUTAIOIINN TaHHbBIE U3 0a3bl JaHHBIX WIIK U3 HEKOTOPOH CTPYKTYPHI B BUPTYaJIbHOM MaMSITH.
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AmnHaornuyHeIM 00pa3oM MOANEPKUBAIOTCS BO3MOKHOCTH TeHepaluy AaHHBIX B pa3HbIX (op-
MaTax, U MMEeEeTCsl IpocTasi BO3MOXKHOCTH ONpeNeNieHns HOBBIX (YOPMATOB Pe3yIbTUPYIOLINX
JaHHBIX.

OCHOBHBIMH OCOOEHHOCTSIMH CHUCTEMBI €CTh: CKOPOCTh 3arpy3KH, BbIxoJa B MIHTepHeT, momy-
YEeHUs! DJIEKTPOHHOW MOYTHI, TECHAsE HHTErpalysl ¢ HHTEPHET-CEpPBUCAMH, HAJIGKHOCTh paboThI,
obecrieueHre 0E30MaCHOCTH B aBTOMAaTHYECKOM DPEKHME, aBTOMAaTHYecKoe OOHOBJIEHHE, MpO-
crora. Kak 1 00beM JaHHBIX, CHCTEMa aBTOMAaTHYECKH MAacCIITaOUpyeT MOMCK JOMEHa B COOT-
BETCTBUU C TPeOOBAHUAMHU.

KitoueBpIM niieMeHTOM I1aT(HOPMBI €CTh CPEACTBA aBTOMATHYECKOrO OOHApYy>KEHHS, CIIO-
COOHBIE BBIIETUTH KOMIIOHEHTHI CEPBUCA U UX U3MEHEHHSI, BKIIIOYas BUPTYalIbHbIE H (PU3NUECKHE
CEepBEPBI, CETEBbIE COEANHEHUS U TPUIIOKEHHUSL.

Karanor cepBrcoB mpenocTaBisieT MEHIO OOJIAUHBIX CEPBUCOB M JOJDKEH COMPOBOXKIATHCS
peanu3anueil crienquaabHOro MOIb30BaTENbCKOrO OpTajia cCaMOOOCITyKUBAHUSL.

BeruncnurenbHeie 00jlaka COCTOSIT M3 THICSIY CEPBEPOB, Pa3MEUICHHBIX B JaTalleHTpax,
obecrieunBaOIMX padoTy AECATKOB THICAY MPHUIIOKEHUH, KOTOPbIE OMHOBPEMEHHO HMPUMEHSIOT
MUJIIHOHBI TIONb30BaTeneld. HempeMeHHbIM yciioBreM 3¢ peKTHBHOTO yrpaBieHUs TAKOH KPYITHO-
MaciuTaOHOM MHAPACTPYKTYpOH SBIISIETCS MaKCUMaJIbHO TIOJNHAs aBToMaTtu3anus. Kpome Toro,
115t o0ecrieyeH s pa3IYHbIX BUA0B NOJIb30BaTeNel - 00JIauHbIX OIepaToOpoOB, CEPBUC-TIPOBaiiie-
poB, nocpengHuKoB, UT-aIMUHICTPATOPOB, MOJIB30BaTENEH MPUIIOKEHNH - 3aIIMILIEHHOT0 JOCTyTa
K BBIYMCIIMTENBHBIM pecypcaM oOnayHast HHPPACTPYKTypa IODKHA MPEeSyCMaTpPUBAaTh BO3MOXK-
HOCTb CAaMOYTIPaBJIEHU U IEJIETHPOBAHUS TOJITHOMOYHNH.

Konuenuus 061a4yHbIX BEIYUCICHUH 3HAYUTENHHO H3MEHIIIA TPaJUIIMOHHBIN TOAXO/ K JOCTaB-
Ke, YIIpaBJIeHUIO U HHTETpaliy puiiokeHnH. [1o cpaBHEHMIO ¢ TpaIMIIMOHHBIM IOAX0I0M, 00Iay-
HBIE BBIYMCIICHNS TIO3BOJISIIOT YIPABISTH OONBIINMHI HHPPACTPYKTypaMu, 0OCITYKUBATh Pa3iny-
HBIE TPYIIIBI TOJIb30BATENEH B MIpeAenax OIHOro obaka.

3. 3akawouenune

Ilpeonoosicena obnadnas Moaenb yCIyr. DTo THOKasi, 3KOHOMUYEeCKH d((EKTUBHAS U MPOBE-
peHHAsI TEXHOJIOTUs Jyis tocTaBku UT-cepBUCOB OpraHU3anusaM Wik WHAUBUIYaIbHBIM TOTPEOU-
TeNAM C ucnoiib3oBanueM cetu MHTtepHer. Pecypebl Cloud-cpensr ObICTpO pa3BopaynBarOTCsS U
JIETKO MacCIITaOUPYIOTCS, IPH 3TOM MHHUIIMAIU3AINS BCEX MPOIIECCOB, MPUIOKEHUIN U CEPBUCOB
OCYIIECTBIISCTCS 110 TPEOOBAHUIO, HE3ABUCUMO OT MECTOMOIOKEHUS TOTPEOUTEIIS WIIH UCTIOh-
3yeMOro KOMITBIOTEPHOT0 YCTPOHCTBA. MOJIeNb C MpUMEHEHNEM O0IavHbIX BEIYUCIICHUH SIBIISCT-
csl AMHAMUYHO MacIITaOUpyeMOii ISl OCTyIa K BHEITHUM BBIYMCIUTENFHBIM pPecypcaM B BUIE
cepBHCa, IPEAOCTaBIIIEMOrO TIOCPEACTBOM VIHTEepHEeTa, MPU 3TOM TOJIB30BATENI0 HE TpeOyercs
HUKaKHX OCOOBIX 3HAHUH 00 HHPpacTpyKType “obiaka’ UM HABBIKOB yIIPaBIEHUS 3TOH ““‘00sad-
HOI”’ TEXHOJIOruei.

Ipaxmuueckas 3nayumocms. JlaHHAsE MOJIETh — OTO €IMHAS APXUTEKTypa, KOTopas oObenu-

HSIET BO3MOXHOCTH TI0 HCITOJIb30BAHUIO «JaCTHBIX», «THOPUAHBIX» U «ITYOIUYHBIX» O0JIAKOB, a
TaKKe MO3BOJIIET COBMELIATh UX ¢ TpaauunoHHoil UT-cpenoil. biaronapss npuMeHeHHIO CTaH-
JAPTHBIX MOIYJFHBIX KOMIIOHEHTOB, a TAK)KE UCIIOIh30BAHHIO Pa3pabOTaHHOTO METO A TTO3BOIS-
€T ONepaTHBHO HAXOIUTh HEOOXOIMMYIO HH(POPMAIIHIO.
Chnucoxk qurepatypsi: 1. A distributed storage system for structured data / Chang, J. Dean.Seattle, USA,
2006. C. 205-218. 2. Dean, J. and Ghemawat, S. MapReduce: Simplified data processing on large clusters. San
Francisco, USA, 2004. C. 137-150. 3. Barroso, L. A., Dean, J., and Urs Hylzle, U. Web search for a planet: The
Google cluster architecture. Seattle, USA, 2003. C. 22-28. 4. Hadoop Map/Reduce Tutorial [DmexTpoHHBIH
pecypc]. Dmexrpon. maH. Pexmm moctymna: http://hadoop.apache.org/common/docs/current/
mapred_tutorial.html, ceo6oxssrii. 5. CloudEra [OnexrponHbIit pecypc] DneKTpoH. gaH. Pexxum mocryma:
http://www.cloudera.com/, ceobonusrit. 6. How to Create and Debug an Amazon Elastic MapReduce Job
Flow, www/ URL: http://aws.amazon.com/articles/3938 7. Examepuna bapanosa, «Kounemmmsa Cloud
computing» www.itcontent.ru/archives/blog/cloud computing.
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YK 004.915:655.021
10.C. I'VEHUIIKAA

WH®OPMALIMOHHBIE MOJIEJIU JJAHHBIX U KPUTEPUU OIEHKH
KAYECTBA KOMIIOHOBKHM CTATEHN HA NOJIOCE ITPH
JOMEYATHOM MOJATrOTOBKE H3JAHUI

Ha ocHoBe nccenoBanus mporiecca J0Ie4aTHOW NOATOTOBKY M3/IaHHs CTAaBUTCSI MH(pOpMa-
LIMOHHO-TEXHOJIOTnUecKasl 3a71a4a (JOpMHUPOBAHMS OpUTHHAI-MaKeTa u31aHusl. B pamkax pere-
HUS 9TOH 3a/1a41 IPOBOAUTCS YHU(UKAIMS JaHHBIX U pa3pabaThIBAIOTCST MO UX YHU(DHUIIHU-
POBAHHBIX CTPYKTYP, @ TAK)KE CTPOSATCS J[BAa B3aUMOCBS3aHHBIX HA0Opa KPUTEPUEB ISl OLIEHKH
KayecTBa KOMIIOHOBOK CTATel Ha I10JI0CaX M3/1aHHs U KOMIIOHOBOK MX ()parMeHTOB.

BBenenune

TenmeHIIMM pa3BUTHUS MUPOBOIO PHIHKA TMOIHTPAPUYECKUX TOBAPOB U YCIYT yOSKIAOT B
HEOOXOAUMOCTH ¥ 3(P(PEKTUBHOCTH BHEPEHHS HOBEUIIIMX WH(POPMAIIMOHHBIX TEXHOJIOTUH B IEISIX
VIIYYIICHUS] TEXHUKO-9KOHOMUYECKHUX ToKa3zaTeneld M3laTelnbCKUX MpoeKToB. Beck mporece us3-
TOTOBJICHUSI TIEYaTHOI'O U3JaHUA Pa3ACAIOT Ha TPU CTAAWHU, MEepBas U3 KOTOPHIX — JoledaTHas
MOJITOTOBKA, B 3HAUUTEIILHOW MEpe OMPENEIIAIONas KaueCTBO U Ce0eCTOMMOCTh M3aHMsI.

JloMuHMpYIOIIEH YacThIO TOTIEYATHOW MOATOTOBKHU M3JIAHUS SIBISETCA PEAAKIMOHHBIN 3Tam
(POTIN), xapakTepu3yIOIUKACA Pa3HOPOTHOCTHIO MPUMEHSAEMBIX H3AaTEIbCKUX KOHIICTIIIHT,
MH()OPMAIMOHHBIX TEXHOJIOTH, TEXHHYECKMX M MPOrpaMMHBIX cpencTB. Ha ocHoBe aHamu3a
Pa3IUYHBIX TEXHOJIOTHYECKUX MPOIECCOB JIOTIEYATHOM MOATOTOBKU U JIMYHOTO OIBITa paOOTHI B
M3JIATENLCTBE Co37aHa MH(popMalmoHHas mMozaenb obobmmenHoro POJIIIN [1], oxBaTeiBatomias
YeThIpe TEXHOJIIOTHYECKUX Tepernena: 1) IepeHoC aBTOPCKUX PYKOIMHKCEH cTaTeil Ha 3JIEKTPOHHBIS
HOCUTENIN MH(POPMAIMK PENaKInu; 2) KOPPEKTHPOBKA TEKCTOBBIX U rpauuecKux (hparMeHToB
crareii; 3) popMUpOBaHUE CTPYKTYP IMOJIOC U3NIaHUs; 4) BEPCTKA U3aHUS.

JTa MOJIeIb UCTIOIB30BaHA JJIs IOCTAHOBKY HOBOW WH()OPMAIMOHHO-TEXHOJIOTMUECKOH 3a/1a-
4yi (hOpMHUPOBaHUS opuTrHHaAI-Makera n3ganus (POMU), koTopasi, B CBOIO ouepelib, NCIOIb30Ba-
Ha TpU TIOCTAaHOBKE ONTHMHU3AIMOHHON 3a/Jlaull pa3MelleHus craTed Ha monoce u3mganus (G-
3amaun). [loctaBnenHas G-3amavya OXBaThIBaeT OBE B3aMMOCBsI3aHHBIE mom3agaun POMU —
«cOopka ¢parMeHTOB B CTATHIO» U «pa3MeIleHne cTaTel Ha roioce uzganus». C MmaremaTiudec-
KOH TOYKH 3peHus 00e 3TH MOoA3a/1aull OTHOCATCS K KIIACCY ONTHMHU3AIMOHHBIX 3a71a9 pa3Mellle-
HUSI TEOMETPUYECKHX OOBEKTOB, KOTOphIe B HamOojee OOIIeM NpPEINCTaBICHWH CBOAATCS K
MOHUCKY dKcTpeMyMa (yHKIMOHANa F Ha HEKOTOPOM MHOMKECTBE PacCTAaHOBOK T€OMETPHYECKUX
o0bekToB K, ocymiectBisiemMblx B obmactu pasmemienus Z (Zc R, rme R — merpuueckoe
MIPOCTPAHCTBO) TIPH BHITIOJTHEHUH MHOXKECTBA OTpaHmdeHmid D.

Pa3zpaboranHbie MeTOABI U aNTOpPUTMEI perenns G-3amaun [2] peaan3oBaHbl B aBTOMATH3H-
POBaHHOM cucTeMe AONEeYaTHOM MOAroTOBKU n3nanuit G1.

Llenv uccnedoganus — CO3MaHHE METOAOB UM WHCTPYMEHTAIIBHBIX CPEICTB JOINEYaTHOM
MOJITOTOBKH M3JIAHUHN. 3adauu ucciedosanus — pa3paboTka Mojenel yHu(UIIHPOBAHHBIX CTPYK-
Typ AaHHBIX H ITOCTPOSHHE HAOOPOB KPUTEPHEB U OIEHKH KayecTBa KOMIIOHOBOK CTaTeill Ha
1oJiocax U3JIaHus. DT MOJEIU JaHHBIX U KPUTEPUU OLICHKH SIBJISIIOTCS OCHOBHBIM COIEPHKAHUEM
MOCJIEAYIOLIUX Pa3/leioB CTAThHU.

1. Bolgep:Kku U3 NOCTAHOBKHU 331244 (pOPMUPOBAHHMS OPUTHHAJI-MAKETA U3IAHHUS

B kpaTtkom m3noxxenun npenmerHas obnacte Y 3amaun @OMMU ompenenena Tpoikoil MHO-
xectB Y = (I1, Q, ®), rne I1= {n} — MHOXECTBO IpeAMEToB; (2 = {o)} — MHOXECTBO
olepaluii, 3alaHHbIX Ha []; ® = {9} — MHOXECTBO OTHOLIECHH, 3alaHHBIX HA [ U @ .

OmnpeneneHsl claeqyrolye TUIBI IPEIMETOB: M3JaHHUe, 10J0ca M3aHUs, CTaThs, (parMeHT

CTaTbH, nopT(l)em,, KOMIIOHOBKA, OpUTHUHAJI-MAKET U3AaHU. Hpe;[Mer KaxXI0ro Tuia XxapakTepu-
3yeTCd MHOKCCTBOM CBOMCTB M COCTOSHUM.
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Koneunsim MMPpOAYKTOM, IMOJYyYa€MbIM B IIPOLECCCE peﬂaKHHOHHO-HBZ{aTCﬂLCKOﬁ JCATCIBHOC-
TH, ABJIACTCA «HU3JaHUCH. I/IBZ[aHI/IC (I) COCTOUT U3 OJJHOM MJIH HECKOJIBKHUX «CTaTe.
H3manue MOXHO paccMaTpuBaTh KaK COBOKYIMHOCTb «IIOJIOC H3AAHU. Ilonocel u3manus

cocraBisioT MHOXKecTBO: B = {f;},1= 1, m; me N, rae N — MHOXXECTBO HaTypaJIbHbIX YHCEIL.

Paznuuatorcs cnegyromue 4acTy Mojockl U3aHus: padodast 001acTb (MPAMOYTOIbHOU (POPMBI)
u nonsi. B paGoueit obmacTu moaoce! n3gaHus pa3MenIaoTcsl CTaThu.
KonuentyansHo, Hanbosee BaKHBIM MIPEAMETOM SIBJIsIeTcs cTaThst. CTaTbU M3IaHUS COCTaB-

mstoT MHOXKecTBO: A = {0l;}, 1 = I,n; ne N. KaxJas craThs XapaKkTepu3yercss MHOXXECTBOM

CBOMCTB, pa3AelsieMbIX Ha TPU KaTEerOpHH: WACHTH()UKALIMOHHBIC, TEOMETPUYECKHIE U PEIaKIIHOH-
HO-M3/aTeNbCKue. PazinuaroTcs cieayonye YacTi cTaThl: 0a30Bas TOYKa ¥ TpaHUYHAs TOYKA.
CraTbst ©UMeeT NPAMOYTOIbHYIO (POPMY M TOAJIEKHUT Pa3MEIIEHHIO B padodeil 00JIacTH MOJIOCHI
M3JAHHUSL

Ha ocHoBe craThu MOpOXKIaercs MHOXKECTBO (D, COCTOSIEE M3 OAHOTO WM HECKOIBbKHX

DJIEMEHTOB, KOTOPbIE Ha3BaHbl «(parMenTamu cratbi»: o )=> O, ={ P}, rne j=1,k ; ke N. C
TeKCTOrpa)uuecKoll TOYKH 3peHus parMeHT SBJSETCS] TEKCTOM WM u300pakeHneM. Paznnya-
I0TCSI TPU THIA (PParMeHTOB: TEKCTOBBIM, «TEKCT-BCTaBKay, rpaduueckuii. Kaxapiii ¢pparment
XapaKTepU3yeTcsi MHOKECTBOM CBOMCTB, pa3fenseMbIX (Kak M sl CTaTbu) Ha TPU KaTErOpHH:
UAEHTH(HUKALMOHHBIE, TEOMETPUYECKHE M pelaKMOHHO-U3aTenbeckue. Pasnuyuatores ciemyro-
mue yacTu ¢parMeHTa: 0a3oBasi TOUKa, rpaHUYHAs TOouKa. DparMeHT UMeeT MPSIMOYTOJBHYIO
(dopMy u pacronaraercsi B rpaHUIaX CTaThH.

JlaHHBIE O CTAaThAX M HMX (parMeHTax Xpassrcs B «mopTdemix». Iloprdenn cocraisroT
muoxecreo H=H, UH o> Tae H — MHO)XecTBO moptdeneii crareit monoc nnanus, H(p —
MHOXeCTBO noptderneil hpparmeHToB.

KommnonoBka mpezacrasiser coboil UM COBOKYITHOCTE (pparMeHToB, pa3MeleHHBIX B pabouei
o0nacTu cTaThH, MM COBOKYITHOCTH CTaTel, pa3MelIeHHbIX B paboueil 001acTH MOIoCk U3/a-
nust. Komnonosky cocrapisior muoxkectso K =K, UK, rae K¢ — MHOXecTBO KOMIIOHO-
BOK (parmenToB, K, — MHOXECTBO KOMIIOHOBOK cTaTeil. [ TaBHBIMH CBOHCTBaMU KOMIIOHOBKU
ABISIOTCA (popma (MPSAMOYTONBHUK), JIMHEHHBIE pa3Mephl (IIMPHHA, BBICOTA) U KOOPAHHATHI
0a30BBIX TOYEK pa3MEIIeHHBIX 0OBEKTOB ((PparMeHTOB WM CTATEH ).

KoneunsiM pe3ynbraToM, moiaydaembiM B pamkax POJIIIN, sBiseTcss «OpUrHMHAI-MAKET.

OpurunHan-makersl cocrapisier MHO)ecTBo: M ={M ,M ,M,, M.}, rie My — noamuoxe-

CTBO NPOMCEXKYTOUYHBIX HCIBETOJACICHHBIX OPUTMHAJI-MAKETOB 0e3 CITyCKa I10JIOC, M1 — OKOHYa-
TEIbHBIN He].IBeTO,Z[eJ'IeHHLIfI OpUTHUHAJI-MAKET 0e3 CITyCKa I10JIOC, M2 — OKOHYATEIbHBIN HCIIBC-
TO,Z[GHGHHLII;'I OPUTHUHAJI-MAKET CO CITYCKOM I10JIOC, M3 — IIOJMHOKCCTBO OKOHYATCIbHBIX IIBETO-
ACIICHHBIX OPUTHHAJI-MAKETOB CO CITYCKOM I10JIOC.

2. Yuudukanusa U MoJeaH JAHHBIX K 3amaye (GopMHpPOBaHUS OPUTHHAJI-MAaKeTa
U31aHuS

VYkazaHHBIC U JpYrHe CBOWCTBA BBEACHHBIX B PACCMOTPEHUE MPEAMETOB 3aJal0T COBOKYII-
HOCTb IaHHBIX. [Ipu pemennu 3amaun @OMU 3Ta COBOKYITHOCTh U3MEHSETCS] HA KAXJIOM Il1are
peLIeHus 10 Tex 1op, MoKa He OyAyT HOoIydeHbl HeoOXOAUMbBIE 3HaUeHUS aTpUOyTOB, XapaKTepH-
3YIOIIMX 3TH JaHHble. J[Js yCIEIHOro pelleHHs yKa3aHHOH 3amadu TpeOyercsl JeTanbHOe
OIIMCAaHNE U CTPYKTYPUPOBAHHE AaHHBIX, YHU(PHUKALNS CTPYKTYp AaHHBIX, a TAKKe BEIOOP (OPMBI
u cnocoba mpencTaBieHUs] YHUGHUIMPOBAHHBIX CTPYKTYP NAaHHBIX B 0a3e NaHHBIX W3JaHMA.
[IpencraBum Hanbonee BaXKHYIO CTPYKTYPY NaHHBIX.

WnentndrkannonHslie aTpuOyThl JAHHBIX, XapaKTepH3YIOIINE IPEIMETHI, TO3BOJISIOT Pa3iiu-
4aTh caMH IpPEAMETHl M MX 4acTH. MneHTudukaTopaMu MpeaMeroB HNPUHATHL: AaTa (BBITYCKa
W3JaHuA), HoMep (M34aHus, MOJIOCH U3aHus), Kox (CTaThH, (hparMeHTa cTaThH, aBTOpa CTaThbH,
KOMITOHOBKH, ITOPT(es, OpUrnHai-MaKkera), Ha3BaHue (M30aHus, CTaThH, pparMenta). I'eomer-
puueckrue aTpuOyThl ONPEACNAIOT (hopMy mpenMera WM €ro 4acTu (CTaThu, QparmeHra, pado-
4el 00J1acTH MOJIOCHl M3IaHM), @ TAK)KE MECTOPACIIONIOKEHUE ITpeaMeTa (CTaThH, pparMeHTa) B
obnactu pa3Meruenns. PenakinoHHO-3AaTENbCKIE aTPUOYTHI ONPENENIOT MIMPOKUI Tuana3oH
Pa3HOPOIHBIX CBOMCTBA MPEIMETOB, KOTOPBIE HEOOXOAMMO YUHUTBIBATh IIPH JONIEYATHOM MOATO-
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TOBKE M3JaHHA (OT KOJIWYECTBa CTPAHUI] M3AaHUS U KauecTBAa KOMIIOHOBKH JI0 HCIIONB3YyEMBIX
mWpHUQPTOB, KOINIECTBA KOJIOHOK U LIBETHOCTU CTATeH).

Jns mpenmera Ka)Ioro THIIa BBeAeH YHUGHUIMPOBaHHBIN ciucok L ero arpudytoB: L = (L,
Lg, Lp), rne L, Lg, Lp— moxcnucku, COOTBETCTBEHHO, MACHTH()UKAIIMOHHBIX, TCOMETPHUYCCKHIX U
PEeOaKIMOHHO-U3AATENbCKUX aTpuOyToB. JleTanu3upyeM 3TH MOACIUCKH AJISl TIpeaMera THIa

A

«cTathsin: LA = (LI , Lé , L’; ). L? = (namepub, numpub, numbar, author, codeart, titleart), rue

namepub — anI/I6yT, onpe):[ensuomnﬁ Ha3BaAHUC H3AAHUA, K KOTOPOMY HNPUHAIJICKUT CTATHS,
numpub — CKBO3HOH HOMCp HU3JaHHA, KOTOPOMY IMPUHAIICKUT CTAThA, numbar — HOMED
IIOJIOChI HU3OaHHusA, K KOTOpOﬁ npumnucaHa CTaTbs, author — I/IZ[GHTI/I(I)I/IKaTOp aBTOpa CTaTbu,

codeart u titleart onpeaensiFoT Ko U Ha3BaHUE CTAThH. Lé = (form, sizes, coord, square), rae form

— THUI T€OMETPUYECKON (OPMBI CTaThU. B COOTBETCTBHHU C PENaKIIMOHHO-H3/IATEIbCKOM MpakK-
TUKOH B KA4eCTBE THIIA TEOMETPUYECKOW (POPMBI BBHIOpAH MPSMOYTOIBHUK; SiZeS — BEKTOP
JUHEHHBIX pa3MepoB CTaThbu mocie cOopku (parmentoB (sizes = (width, height)), rae width u
height — mmpuHa M BBICOTa CTaThM; coord — BEKTOp KOOpAWHAT 0a30BOM TOYKU CTAThU
(coord=(x, y)), Tie X U y — KOOPAMHATHI X U y 0a30BOM TOYKH CTaThbH (B MPSIMOYTOJILHOU
JICKApTOBOM CHCTEME KOOPJAMHAT); square — IUIONIa b CTaTbHU MOCIe COOpPKH (PparMeHTOB.
L’; = (status, recsym, recsqr, equsym, imppub, impread, adv, topic, type, frag, cost, fee, range,
color, col), rae status — aTpuOyT, OMpPEASNAIONUN COCTOSHUE (CTENEHb MOATOTOBICHHOCTH )
CTaThH; recsym — 3aKa3aHHOE aBTOPY KOJMYECTBO 3HAKOB; recsqr — SKBUBAJICHTHAs 3aKa3aH-
Hasl IJTONIA/Ib CTAThHU; eqUSyM — YKBHBAJICHT TUIOIIAIM CTAaThH B 3HAKAX MOCIE COOpKH (hparMeH-
TOB; imppub u impread — M3maTENbCKAS M YMTATEIbCKAS WH(OPMAIMOHHAS BAXXHOCTh CTAaThH;
adv — WHIUKATOp TOTO, SIBJIACTCS JHM CTAaThi SBHOW pPEKJIaMOM; tOpic — MAaCCHB, KaXKIbIA
3JIeMeHT topic (*) KOTOporo — HIEHTU(HUKATOP TEM TEMAaTHUECKH CBSA3aHHBIX CTaTel; type —
CTPYKTYPHBIH (TeKCTOrpauuecKuii) TUIl cTaThh; frag — KOMUYecTBO ()parMeHTOB B CTAThE;
COSt — CTOMMOCTHBIC 3aTPAThl HA MOATOTOBKY CTAThU Ha TIEPBOM W BTOPOM TEXHOJIOTMUYECKHX
nepenenax; fee — pasmep roHopapa aBTOpy 3a HAITMCAHUE CTAThU WM M3ATENIO 32 €€ OIyOiIu-
KOBaHHE; range — paHr craThl (B moptderne crareii); color — HBETHOCTH (KOIMYECTBO LIBETOB
U [IeYaTH) CTaThu; col — KOIMYEeCTBO KOJIOHOK B cTaThe. Bee arpubyThl cnmcka LA 06beuns-
torea B arperat STRARTICLE.

Bce atpulyThl 1 uX onucaHus, IOMOHEHHBIE YKa3aHUSIMH O TUIIE OpraHu3anuu, cdepe nei-
CTBUS M IPYTUMHU XapaKTEePUCTHKaMH (TabIUIa) COCTABISAIOT OAHY U3 00BEKTHO-OpUEHTHPOBAH-
HBIX Mojieriell YHH(UIIMPOBAaHHBIX CTPYKTYp AaHHBIX A1 3agaun POMMU. [loguepkuaem, 4To 311
MOJIENT B COBOKYITHOCTH Ba)KHBI HE CTOJIBKO IS pa3pabOTKH ONTHMHU3AIMOHHBIX METOJIOB
pa3MelieHns craTeid Ha MoJ0ce U3JaHMs, CKOJBKO JIIS MPOEKTUPOBAHUS aBTOMATH3UPOBAHHOM
CHCTEMBI JIOTIEYaTHON IMOATOTOBKH M3JaHUs, IPETEH/IyIoNed Ha peabHOe MPUMEHEHHE B I10-
BCEIHEBHOI paboTe M3IaTelbCTB.

VcnoBHbIe 0003HaYeHU B Ta0IUIIE: B CTON0IE 4 «S» — OMMHOYHEIH, «D» — MaccuB; 5 — «I»
— BXOJHOM, «O» — BBIXOAHOU, « W» — BHYTpEHHUI; 6 — «1» — MOCTOSAHHBIHN, «2)» — YCIIOBHO-
MTOCTOSTHHBIH, «3» — TiepeMeHHbIH; 7 — «C» — CUMBOJBHBIHN, «A» — apudmMeTraeckuii, «R» —
3aITHCh.

Ha pucynke oroOpaskeHbl OCHOBHBIE CTPYKTYPBI IaHHBIX C MILTIOCTPATUBHBIMH 3HAYSHUSIMU
Te€OMETPUUYECKUX aTprOyTOB W TJIABHBIE CBSA3H 3TUX CTPYKTYP.

3. HaGopsbl kpuTepueB M BbIYHUC/IeHHE IOKa3aTeseil KauyecTBa KOMIIOHOBOK
B nocraBnenHoit G-3amaue Ajsl OLIEHKH KOMIIOHOBKH (pparMeHTOB BBOAMTCS (YHKLMOHAI

E ¢ = ZQE (P)ti((p) , & JUIs OLIEHKH KOMITOHOBKH ctatel — pynkuuonan F, = qua)tga) ,TIe ti((p)
1 j

o
nu tg ) — OAHMHOYHBIC ITOKa3aTClIM KadeCTBa, COOTBCTCTBCHHO, KOMIIOHOBKH (bpaFMeHTOB nu

v o
KOMITIOHOBKH CTaTCH, ql((P) nu qg ) — BCCOBBIC KOB(I)(I)I/II_II/IGHTLI. KOHerTI/I?»aI_[I/IH OTHUX (I)YHKI_II/IOHa-

JIOB ITYTEM YTOYHCHUS HaGOpa IoKa3aTejel KadecTBa KOMIIOHOBOK, YTOYHCHHA HX CMbICJIIA U
npoucayp BbIYUCICHUA 3HAYCHHUH IT0Ka3aTelIeH SIBIIICTCS HEOThEMIIEMOM YacThiO peuIeHus moa-
3aga4 «060p1<a (bpaFMCHTOB B CTaThIO» U «PA3MCUICHUC cTaTe Ha I10J0Ce U3JaHusD).
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Ta6mna. CTpykTypa JaHHBIX JUIS IPEMETa «CTaThs»

Ilox | Ums co- | Umsa Tum op- | Coepa Crenens | Tun | Egunanna | Ile
CIIU- | CTaBHOTO | MPOCTOTO ranMsza- | JeMCTBUS | M3MeH- 3Ha- | BeNU4YU- | pe-
cok | arpubyra | aTpudyTta UU YUBOCTH | ye- HBI Jen

1 2 3

namepub

numpub

Lf numbar

author

codeart

title

form

sizes width MM

2 height MM

coord X MM

y MM

square MM®

status

recsym 3H.

recsqr MM®

equsym 3H.

imppub

impread

adv

53

topic

type

frag

cost eBpo

fee €Bpo

range

B[ W =W N — NN W =] =] W[W[W]W]|W|W| === =N =] =]
DW= NN NN == =W == =W W[ W[ W|W| === =] =] =] \O

color R

jus]
> Al >alalalz === = e = e e alalalal x| alalw| &

|||l nlwn|Olwr|n| ||l |||l s~

col 2 - 4

I1pu ananu3e myOIMKaLUil HE BBISBIEHO TAKOTO HA0Opa KPUTEPHEB, KOTOPBIE MOYKHO OBLIO OBl
3¢ (heKTHBHO MPUMEHHTH JIJIs OIEHKH KauecTBa KOMIIOHOBOK (CTaTel U (pparMeHToB), 4TO 00yC-
JIOBHJIO HEOOXOAMMOCTh pa3pabOTKH JABYX HAOOPOB KPUTEPUEB, paCCMAaTPHBAEMBIX Jajee.

OCHOBBIBasICh Ha T€OMETPUYECKOM CXOJICTBE CTaTeil M (parMeHTOB, BBEIEM JIBAa B3aWMO-
CBSI3aHHBIX Ha0opa yHU(HIMPOBAHHBIX KPUTEPHEB: OJHMH VIS OLEHKH KayeCcTBa KOMITOHOBKHU
craTei, Ipyroii — JUIs OLIEHKH KayecTBa KOMIIOHOBKU (parMeHTOB. B kakmom Habope Kpute-
pHUM TIOZApa3JeieHbl Ha JIBE TPYMIBI («IKOHOMUYECKHE» H «ICTETUYECKUE»), KOTOPBIE COOTBET-
CTBYIOT TaKHM PaclpOCTPAaHEHHBIM TJI00AIBHBIM LEISIM M3aTelbCTBA KaK JOXOI U dCTETHYeC-
Kasi MPUBJIEKATEIFHOCTh M3MaHUs (KOTOpas B ONpENEICHHOW Mepe OO0yClaBIMBAET MPECTHK
n3nanus). KaxaoMy KpUTEpHIO ITOCTAaBIEH B COOTBETCTBHE MOKA3aTelb.

JIJIst OLIeHKH KavecTBa KOMIIOHOBKH CTaTel BBeeM HA0Op U3 14 CKaISpHBIX KPUTEPHUEB.

Oxonomuvecxkue Kpumepuu
1. «MaccoBocTtb». IlokazaTeib tga) — KOJINYE€CTBO CTaTefI, PasMCIICHHBIX Ha II0JIOCE
n3aaHusd. 3HadcHUE tga) COBIIAJACT CO 3HAUYCHHUECM CUCTUMKA PA3MCIICHHBIX cTaTei.
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2. «llokpeiTocTh». Ilo-

Kas3aTenb t(za) — cymmap-

Had 1mjiomanb, 3adHiaTas cta-
ThAMHKX Ha II0J0CC H3Ja-

t(0)
1
HI/ISIit(Z(x) = )'S. ., rmes;—
i=1
IJIOMIA b pa3MEIeHHOH 1-i
CTaTbH.
3. «3amoIHEeHHOCTEY.

[MokazaTteno tga) cre-

IICHb 3aII0JITHCHUA pa6oqel71
00JIaCTH MOJOCEHI n3nga-

(o)

s 8 = —2—-100%
SC

rae S, — momans pabdo-

Yei 00JIACTH MOJIOCHI n3naa-

HH.

4. «3HaunMocthy. Ilo-
(o)

Kasarenb t,”) — cymmap-
Hasi ”HPOPMAIMOHHAS BaXK-
HOCTh pPa3MEIICHHBIX CTa-

Teil: t'
t}a) O] t%a) (2)

=2 Vi + 2 v.7 rae
i=1 i=1

Vi(l) — HU3JAaTCJIbCKasa BaxX-

HOCTb i-if crateu; v

i

YUTATEIbCKAS BAXKHOCTD 1-H

MMA ATPEIATA
TN NPEOMETA

STRPUBLISHING
W3OAHUE

STRBAR
MONOCA N3OAHUA

STRFRAGMENT
OPATMEHT

STRPLACEMENT

KOMMOHOBKA
(cbparmeHTOB)

STRARTICLE
CTATbA

STRPLACEMENT

KOMIMOHOBKA
(cTaten)

ATPUBYThbI

uwma
n3gaHua

HoMmep

n3gaHua

cdopmat
nagaHus

Ny

Homep
nonocsl

pasmepb!
pabouen
obnact | = =

—

I

Ko

reomeTpuyeckmne atpubyTbl hparmeHTa

cppar-
MeHTa

wvpuHa

BbiCOTa

KOO
X

MHaTb!

01

104

200

S

Homep
KOoMno-
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OCHOBHBIE CBSI3U CTPYKTYP AaHHBIX B 33/1a4€
(hopMupOBaHUs OPUTHHAI-MAKETa H3JaHUs

5. «PeiituHrOBOCTBHY». IlOKa3aTenn t(sa)

()

cTatbu (cM. aTpuOyTHI imppub u impread).

— CYMMAapHbIil PEUTUHI pa3MEIICHHBIX CTaTew;

1
~ ~ 1 2 —~ —~
tgo‘) = Z‘i (qs; + q2(Vi( ) ¢ Vi( ))) ,TI€ , U (, — MOIOXKHUTENbHbIE BECOBbIEC KOI(PHIMCH-
i=

TEHI.
6. «JloxogHocth». Iloka3zaTens tga) — CYMMAapHBId [10XOJ OT pPa3MELIECHHBIX CTaTew;
()
3 4 Lo
t(6°‘) = > (Vf ) +V§ )), rae v — pasmep romopapa 3a Hamucanue i-it craten; v
i=1

3aTpaThl Ha MOJTOTOBKY i-il cTaThu (cM. aTpuOyTHI fee u cost).

Ocmemuyeckue Kpumepuu

7. «PexnamuocTthy. Iloka3aTeinn t(7°‘) —

PEKIIAMHBIMH CTAThIMHU: tg“) = =l 100% » TA€ v

(o)

1

> v
1

(
£{)

csl SIBHOM pekiaMoit (cM. aTpuOyT adv).

(5)

i

CTCIICHb 3allOJIHCHHUA INIOIAAN IT0JOChI HU3AaHUSA

— IUIOLIAb 1-i CTaThH, SIBJISIOLIEH-
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8. «Tekcrorpapuunocts». [lokazaTens tga) — COOTHOIICHHE TEKCTOBBIX M TI'paUUeCcKHX

v

= TIOO% , TIe v CyMMapHO€ KOJMYECTBO

)

(parMeHTOB Ha IMOJIOCE M3AAHUS: t§

(7

TCEKCTOBBIX (bpaFMeHTOB Ha II0JIOCEe U3JaHusl;, V — CYMMApHO€ KOJINYCCTBO I‘pa(l)I/I‘ICCKI/IX

(parMeHToB.
«enTpupoBanHocTb». [lokaszarens tg“) — COOTHOILCHHE CTaTed, PacloiOKEHHBIX B
8
@ v®
o . ) 9
LIEHTPAJILHOM 30HE MOJIOCHI M3/IaHus U B iepudepuitHoi 30ne: Ty~ = NO) —57100%  rpe v&® u v

— KOJIMYECTBO CTaTeil, MOJHOCTBIO PACHOJIOKEHHBIX, COOTBETCTBEHHO, B LIEHTPAJBLHOW U B
nepudepuitHoi 30He. (3aMedanue: eciii CTaThs PacioiIokeHa OTHOBPEMEHHO H B IIEHTPAIbHOU, U
B nepuepuiiHON 30HE, TO MPH BBIYMCIEHUH IMOKa3aTelsi OTHOCUM €€ K TOH 30He, B KOTOpOH
HaXoIUTCcs OyINblas 4acTh MJIOMWAAN CTaTbu. OTMETHUM, YTO COOTHOLICHUE MEKAY LIEHTPaIbHON
u niepu¢epuitHOi 30HaMU MOKeT OBITh BEIOPaHO, HAIPUMED, B COOTBETCTBHH C ITPABHIIOM «30J10-
TOr'O CEYEHUS», YaCTO UCIIONIB3YEMbIM B JU3aifHEPCKOW MpPaKTHKE.)

10. «CbanancupoBaHHOCTEY. [lokazaTens t(o‘) — MIpHU3HAK PAaBHOMEPHOCTH pPaCIpeAeneHus

cTaTteH B YCTBIPEX YCTBCPTAX pa6oqen 06HaCTI/I IIOJIOCHI U3JaHUA:

S S, S S
1, ecmn maxy——-100%, —2-100%, —>-100%, ——100% —
(@ (@ (@) (@
2
S,
£ = ~mind 2L 100%, S2-100%, ~3-100%, >4-100% < d;
(@ ( ( (@

0, B MpOTHBHOM cily4yae

31ech S1, Sy, S3, S4 — cymMMapHbI€e IIOIAU, 3aHIThIE CTaThSIMU, COOTBETCTBEHHO, B 1-i, 2-i, 3-

i1, 4-i1 ueTBepTsX MoJOCH 3nanus; d — Kod()PUIMEHT PABHOMEPHOCTH, 3aaBAE€MBIH DKCIIED-
ToM. PaBHOMepHOe pacmpezeneHue cTaTeil B 4eTBepTsIX pabodell 00JIACTH IOIOCH COOTBET-

CTBYET PaBEHCTBY t(a) = 1.
11. «JIuneliHas nporopuuOHaNbHOCTEY. [lokazaTens t(a) — KOJIMYECTBO HApYyLLIEHUH JTUHEH-

HOI/I HpOHOpI_II/IOHaJ'ILHOCTI/I Cpe,Z[I/I paSMeH_IeHHLIX CTaTeI/I 3Ha‘leHI/IG t(a) COBITAA€T CO 3HAUYCHU -
€M CUCTUHMKA HapymeHHH. (3aMe‘IaHI/I6. YCJ'IOBI/IG HapymeHH;[ HpOHOpI_II/IOHaJ'ILHOCTI/I HHHeﬁHLIX
W < h. -
—L>d|v|—+>d
h

Wi

pa3MepoB pa3MelIeHHON i-i cTaThh 3aJaercs Tak: , Tme w; u hy —

i

COOTBETCTBEHHO, [IMPHHA U BHICOTA Pa3MEIICHHOH i-i cTaTh; d — KO3 (HUIMEHT MPOIOpIHO-
HAJIBbHOCTH JIMHEHHBIX Pa3MepOoB, 3a/1aBaeMblil SKCIIEPTOM. )
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12. «IponopunoHanbHOCTS momaaein». [lokazarens tgg) — NpU3HAK HAPYIIEHUS IPOIIOPIHU-

o~ o a :
OHAJIBHOCTU ITOIAACHU CTATCHU, Pa3MCIICHHBIX Ha ITOJIOCC: t§2) = SJ

0, B IpPOTMBHOM clly4ae

TJIE S; U S; — COOTBETCTBEHHO ILIOIIAJM Pa3MEIUCHHbIX i-i U j-i cratel; d — koddduuuent
MPOMOPLUOHAIBHOCTH TUIOIIA/IeH, 3a1aBaeMblil skcriepToM. HapylieHne nponopuroHaIbHOCTH

IJIOIIAJIeH cTaTeld COOTBETCTBYET PaBEHCTBY tg) = 1.

13. ((]_IBGTHOCTL». Ilokazatens tgg) — COOTHOLICHUEC CYMMApPHLBIX nnomaz[eﬁ IIBCTHBIX

S
o o p
CTaTCu " ‘IepHO-6eJ'H>IX CTaTcCu: t%) = 100%, rae Sp u S, — CyMMapHbIC ILIONIANIH,

Sk
COOTBCTCTBCHHO, IBCTHbBIX U ‘{epHO-6eHLIX CTaTefI.

14. ((CI/IMMeTpI/I‘lHOCTL». IlokazaTensb: tg%) — COOTHOUICHUEC CYMMAapHbIX nnomaz[eﬁ CTaTCfI,

pa3sMCIICHHLBIX Ha JICBOH U npaBoﬁ IIOJIOBHHAX pa6oqel71 001aCTH MOJOCHI U3JaHHuA:

(9 _ Siygge _ "
, TAC Sl u Sr CYMMAPHBLIC TJIOMAAN CTATCH, PA3MCIICHHBIX, COOTBETCTBCH-
T
HO, B ﬂeBOf/i u HpaBOﬁ ITIOJIOBUHAX pa60qel71 06ﬂaCTI/I I10JIOChI U3 JaHUS.
HHH OLCHKHN KayeCTBa KOMITOHOBKHU (bparMeHTOB BBCAEM Ha60p n3 4 CKaJIAPHBIX KPUTCPUCB.

Okonomuueckuti Kpumepui
1. «3anomuenHocThy. [lokazarens t?p) — CTENEHb 3al0JHEeHUs 001acTH pa3MelieHus gpar-

S(‘P)
MEHTOB: tg‘p)= ——100% , rae S — CyMMapHasl IJI0MIa b, 3aHATas GparMeHTaMu; s _

S(OL)
Iiomaab obactu Ppa3sMCIICHUA (bpaFMCHTOB CTaTbH.
Dememuueckue Kpumepuu

2. «JIuneitHas nponopuroHANbHOCTEY. [loKka3aTens t(z(p) — KOJIMYECTBO HapyLICHUM JTMHEH-

HOH IponoOpuruOHAJIBHOCTU CpeaAr PA3MCIICHHBIX (bpaFMCHTOB. 3HadcHUE t(2(p) coBIagacT Co

3HAYCHUEM CUCTUYHNKA HapymeHHfI. (3aMe‘IaHI/I63 YCJIOBHUC HapYLICHUA NPONMOPHHUOHAIBHOCTH JIU-
HEHWHBIX pa3MepoB PasMCUIICHHOT'O I-T0 (bparMeHTa 3agaanuM TaKxXeE, KaK M ]I cTaTei:

Wisdlvl 2isg .
h , TAC Wi 1 hi — COOTBCTCTBCHHO, H.II/IpI/IHa H BBICOTA paBMeHIeHHOFO 1-TO

i Wi

¢parmenra; d — k03 PUIKEHT THHEHHOMN IPOMOPIIHOHATBHOCTH, 38 [aBa€MBbIi HKCIIEPTOM. )

3. «lIponopunoHanbHOCTH MIomaaei». [lokaszarens tg(p) — IPU3HAK HapyIIEHHS IIPOIOPLIHO-

S: Z
I, ecmn —+>d;

HaJIbHOCTHU HJ'IOH.[a,Z[efI Pa3MCIICHHBIX q)paFMeHTOB: 3 , TIC S
0, B IpPOTUBHOM cllydae
n Sj — COOTBCTCTBCHHO IJIOMAAN PAa3MCUICHHBIX 1-TO U J-T'O q)paFMCHTOB. HapymeHHe nponopuu-

OHAJIBHOCTH IUTOLIa/ied ()parMEeHTOB COOTBETCTBYET PAaBEHCTBY tg(p) = 1.
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4. «CerMeHTHPOBAHHOCTb TEKCTOBOIrO (hparmeHTay. Iloka3areib t((p) — CTeIeHb APOOIeHUs
4

(10)

10
100% , roe v KOJIMYECTBO CETMEHTOB TEKCTOBOI'O

TEKCTOBOTO (hparMeHTa; tg‘p) = D
A%

1)

(bparMeHTa; v — MAaKCHUMaJIbHO JOIMYCTUMOC KOJINYCCTBO CErMCHTOB TCKCTOBOI'O (bparMeH—

Ta, 3a1aBA€MOC ISKCIICPTOM.

o o
O00011IeHHBIE TTOKA3aTENIM KaueCTBA KOMIIOHOBKHU CTaTEN (T( )) Y KOMIIOHOBKH (PparMeHTOB

14
(T(q’)) BBIYMCIAIOTCA KaK B3BEIICHHBIE CYMMBI IIOKa3aTelei: T(a):Zqi(a)tga),
i=1

4
T® = qu(p)tg(p) , TIe qi(a) , ngﬂ_ MTOJIOKUTEIBbHBIC BECOBBIC KOA()(DUITMEHTHL.
J=1
Habopb! kpuTepueB MpencTaBiIsIFOTCS:

o
— JA0CTAaTOYHO IMOJIHBIMU, ITOCKOJIBKY 3HAYCHUC 0606H_[CHHOFO mokKasaTeiid T( ) JacT CIIC -

AIMCTY-MaKETHPOBIIHUKY, TPOU3BOISAIIEMY OKOHYATEIBHBIN BEIOOP KOMITOHOBKH M3 I'PYIIITHI TIEPC-
MEKTUBHBIX KOMIIOHOBOK, YAOBJIETBOPUTENBHOE MPEACTABICHUE O CTETIEHU JOCTHUKEHHS yKa3aH-
HBIX Iened (I0XOI M ACTeTUYeCKas MPUBIICKATSILHOCTh W3JaHUs) Ha 3Tane (popMupoBaHUS
CTPYKTYPHI MTOJIOCH! U3JaHNUS;

— NEeHCTBEHHBIMH, TTOCKOJIBKY ISl MAaKETUPOBIIUKA, OICHUBAIOIIETO Ka4eCTBO KOMITIOHOBKH,
MIOHSITEH CMBICT KPUTEPUEB U COOTBETCTBYIOIIMX MM IOKa3aTelew;

— Pa3JI0KUMBIMH, YTO MO3BOJISIET YIPOCTUTH MPOLIECC OLIEHKH KauecTBa KOMIIOHOBOK, Orpa-
HUYMBASACH OIEHKOW MX KauecTBa MO KAKOMY-THOO OHOMY WJIH IO HECKOJIbKUM IPOH3BOJIBHO
BBIOPAHHBIM TTOKA3aTEIsAM;

— Manon30bITouHbIME (0€3 CYIIeCTBEHHOTO AYyOIMpPOBaHUS «ydeTra pa3lUYHBIX aCIEKTOB
ITOCIICACTBHI);

— OJM3KUMU K MUHIMAJIbHBIM (OCTaBIISISI pa3MEPHOCTD MPOOIIEMBI OJIM3KOH K MUHIMAITLHOK ).

4. BnIBOABI

[IpoBenena yHudukanus TaHHBIX, XapaKTEPU3YIOMIUX MPEIMETHYIO0 001acTh 3a1auu HOpMHU-
pOBaHMsI OpUTHHAN-MaKeTa U3naHus. Hayynas HosusHa 3aKirovaeTcs B pa3paboTaHHBIX 00bEK-
THO-OPUEHTHUPOBAHHBIX MOJIENAX YHU(DUIIUPOBAHHBIX CTPYKTYP AaHHBIX LIS 3a1a4H (hOpMUPOBa-
HUS OPUTHHAII-MAKeTa U3IaHUs. DTH MOJETH MOTYT ObITh HCIIOIB30BaHBI MPU MPOSKTUPOBAHUN
0a3bl TaHHBIX U3AAHMSL.

BriepBrie BBeIeHBI /IBa B3aMMOCBSI3aHHBIX HaOOpa KPUTEPHEB, MO KOTOPHIM OIIEHUBAETCS
KauecTBO KOMIIOHOBOK CTaTel Ha I0JIOCE M3JIaHUS M KOMIIOHOBOK WX (pparmeHToB. [IpuBeneHs
MpOLENYPhl BHIYMCIICHUS 3HAYEHUM IOKa3aTese, COOTBETCTBYIOIIMX BBEIECHHBIM KPUTECPHUSIM.
DTH TPOLEAYPHI SBISIOTCS BaXXHON YaCTHIO ONMTUMHU3AIMOHHBIX METOIOB (POPMUPOBAHUS CTPYK-
TYp IIOJIOC U3TaHUS.

Ipaxmuyeckaa 3nayumocms pa3pabOTAHHBIX MOJENEH M KPUTEPHUEB OIPENENSeTCs TeM,
YTO OHU SIBJISIFOTCA HEOTHEMJIEMOW YAaCThI0 aBTOMATHU3UPOBAHHOM CUCTEMBI AONEYATHOM MOArOo-
TOBKH m3manuii G1.

Cunucoxk suteparypsi: 1. I'yonuyxas FO. C., I'ypvesa H. C. MeTons! ynpaBIeHUs IIOTOKAMH JAHHBIX IIPH
00paboTKe TEKCTOBOI 1 Tpadudeckoii napopmammy // Cucremu 00podku iHpopmarii. 2012, Ne 3. T. 1. C.
127-133. 2. I'vonuyxaa FO. C. IlocTaHOBKA 3a[Ja4d U aJITOPUTM PAMOHAIBHOIO Pa3MEIICHHs CTaTe Ha
nionoce m3aanust // CxigHo-€Bporneichkuii sxypHai nepenopux TexHomorid. 2010. Ne 3. C. 12—-19.

Hocmynuna 6 peokonneeuro 23.11.2012

I'yonunkas FQnaus CemenoBHa, acnmpantka XHYPO. Hayunrple mHTEpECH: aBTOMATH3ANNS
JOTIeYaTHOW IOATOTOBKM m3maHui. Anpec: YkpawHa, 61166, XappkoB, mnp. JlenuHa,
14, Ten. 0503028627. E-mail: julgub@ukr.net
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YAK 519.23:519.87:004.942
C.M. IEBJIEBA

IHTEPAKTUBHA CUCTEMA MOJEJIOBAHHS TA OOTUMI3AILIL
PEXKUMIB POBOTHU KOMIIPECOPHOI'O HEXY 3 YPAXYBAHHAM
POBOTU CUCTEMHU ABTOMATHUYHOI'O YHPABJIIHHA

Posrnsimaerbest akTyansHa 3a7a4a po3poOKH METO Iy I00yI0BH CTOXAaCTHYHOI 001acTi A0ITy-
CTHMHX PEXHMIB POOOTH KOMIIPECOPHOI'O IEXY 3 ypaxyBaHHSIM OOpaHOi cTpaTerii cucreMu
aBTOMATUYHOT'O YIIPABIIiHHS KOMIIPECOPHOT'0 IIeXy Ia30TPaHCIIOPTHOI CHCTEMH.

1. Beryn

Ha cporoani HaKonM4eHO 3HAYHHUM JOCBIX y ramy3i MOJETIOBaHHS Ta ONTHUMI3alil pexXUMiB
TpPaHCHOPTY W PO3MOALTY MPUPOAHOrOo Ta3y B razorpancnoptHii cuctemi (I'TC), To6TO mOCBiA
PO3B’s13yBaHH: pi3HOMaHITHUX KJIACiB 3a/1a4 MPOEKTYBAaHHS Ta IJIaHyBaHHA pexuMiB podotu ' TC
[1]. Pesynbpratu ontuMizanii ctpykrypH 1 napamerpis ['TC moka3zanu 3HauHi BHYTPIILHI pe3epBH
CKOPOUYCHHSI HEBUPOOHUYHX 3aTpaT MaTepiajJbHUX Ta eHepreTuuHux pecypcis B I'TC.

P03p06neHi 710 HMH1 METO/IM ONTUMI3allii OyJii AeTepMiHOBaHUMH 1 HE BpaXOBYBaJIH HETIOBHOTY
Ta HEJOCTOBIpHICTH ampiopHOi iH(opmaii mpo cTpyKTypy i mapamerpu I'TC, peaan YMOBH
¢ynkuionyBanus ' TC. Orpumani 3 1ONOMOT00 IUX METO/IB ONTUMAaJIbHI pO3B’I3KM BiANOBI AN
a0coroTHO TOUHMM 3HadeHHsIM napamerpiB ['TC i aGCOMOTHO TOYHUM, KOHKPETHUM 3HaYEHHSIM
TpPaHUYHUX YMOB, 3HAXOSIYUCh IIPH LIbOMY, SIK IPaBUIIO, HA TPAaHUIIl 1oycTHMOT o0OmacTi [2].

Ha npaxTuuisk HaBiTh He3HAYHI Bapialii mapaMerpis uu rpannaHuX yMmoB ['TC npusBonuiu He
TINBKH 0 CYTTEBOI 3MiHH ONTUMAJILHOTO PO3B’SI3KY, @ W 0 BUXOAY HOTrO 3a MEXi JTOMyCTHMOL
obmnacri. [IpupoaHo, 1110 Taki “onTUMaiIbHI” pO3B’I3KM BUSBUINCH HEMPUUHATHUMHE IS OTIEPATHB-
HO-/IMCIIETYEPCHKOro yIpaBmiHHS pexxumamu podoru I'TC.

Meroto naHoi poOOTH € JOCIiIKEHHSI MaTeMaTHYHUX MOZeNei Ta po3podka MeToay moOyno-
BU CTOXaCTHYHOI 00JIACTI JOMYCTUMHUX PEXUMIB pOOOTH OAHOIO 3 KIt04oBHX eneMmeHTiB [ TC —
kommpecopHoro 1exy (KLI), a Takoxx moxenroBanHs pexumy podoru K1 3anexHo Big crparerii,
oOpaHoi cuctemMu aBToMaTU4YHOro yrpabiiHHs (CAY), mo 103BOJSE MIBANINTH eEeKTHBHICTD
MIPUIAHSTTS PillleHb IPY IJIAaHYBaHHI Ta yrpaBiiaHi pexxumamu podotu ['TC.

2. Marematnuna mopaean KII

Posristaemo KL, sikuii cknagaersest 3 K MOBHOHAIPHUX NapajelbHO BKIIOYEHUX ra3onepeKa-
gyBanbHUX arperaTiB (['TIA). I'TIA — e ocHoBHE cuioBe ycratkyBaHHs [ 'TC. Bin cximamaeTbes
3 HarHitaya, y SIKOMY 3IiHCHIOETBCSI CTHCK ra3y, 1 CHJIOBOI'O NPHUBOAY, Y SIKOCTI SIKOTO Ha
MaricTpanbHUX razonpoBoaax (MI') 3BHuaitHO BUKOPUCTOBYETHCS Ta30TYpOIHHHIN TBUTYH Y CKIIai
ra3otryp6OinHoi ycraHoBku (I'TY). B manuii wac Ha xommpecopHux craHmisx MI' 3BuuaiiHO
3aCTOCOBYIOTH BiflleHTpoBi HarHitadi (BH), mis sxux xapakTepHi BeTMKa MPOAYKTHUBHICTH 1
HEBHCOKHM CTYIiHb CTHCKY Ta3y.

Imxenepuuii po3paxyHok pexxumy podotu ['TIA 3BHuaitHO IPOBOJATH HA OCHOBI METOIUKH,
ukutagenoi B OHTII-51-1-85 [3]. MaremaTtuuna Mozens Gi3MdHUX TIPoIieciB CTHCKY ra3zy B BH i
pobotu I'TY B naHOMy BUIIaIKy IPEICTABISETHCS CUCTEMOIO HENIHIHNX anreOpaidtHuX piBHIHb
1 HepiBHOCTEH, MO0 BM3HAYAIOTH OOMEXEHHS Ha 3HAUYSHHs MapaMerpiB pexumy podoru. llei
METOJ] PO3PaxyHKY € 3arajIbHONPUHHITHM, aJie B ICHYIOUMX IIPOrPaMHUX KOMILIEKcax 1o po3pa-
xyHKY pexxuMiB pobotu ['TIA i K1 wacTo BUKOPHCTOBYIOTECS ab0 criporieHi, abo OimbIn cKiIaaHi
rioro Moaudikarlii, 3a1eXxHO Bil METH 1 pecypCiB pO3paxyHKYy.

Mamemamuuna modens BH. OcHOBHa BUTPaTHO-HAIIPHA XapaKTEPUCTHKA 3B’SI3y€ CIMOX
rOJOBHHUX IOKa3HHUKIB pexumy pobotm BH: Tuck raszy nHa BuxoaiP, (MlIla)

Bxomi P, (MIla) BH, ixHe BimHOIIEHHA — CTYHiHb CTHUCKYe (-), 00’€MHY MpHUBEIEHY MPOLYK-

THBHICTB Q,, (M3/XB), 4acToTy 0oOepTaHHs Balyn (Ipo/xB), a Takoxk BXimHy T, (K) i1 Buxigny T,
(K) remniepatypy npupomHoro rasy:
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2 m-1 m-1

n -
8:Pk/PH:s(an,(n/n0)np): 1+ —| | g™ -1 , (1)
n, ).
fe n, — HOMiHanbHA YacToTa obepranus Bany BH; ¢, =€(Q,,,1) — macmopTHa XapakTepuCTHKa

BH; m — moka3HUK MOJITPOIH, IKHi 00UHCITIOETHCS JOCUTH CKIIAJHO, & 3HAUSHHS TEMIIepaTypu
ra3y Ha BXOJIi 1 BUXO/li HarHiTaua 3B’s3aHi CIIiBBIAHOIICHHIM

m-1

T.=Tem . ()
[otyxnicts Ny, BH (xBT), mo crioxxuBaerbes BH, 3HaxonuTbes sk

3
_ Ninp(an).p.nnp
095,Q,,)

tyT M, (-) — mexaniuauih KKJI, mo HaBemeHo y macmopTHUX XapakTepucTtukax BH;
ap (Kr/mM3)— rycTuHa IpUpPOIHOTO razy 3a yMoBaMH Ha BXOJ1 y HarHiTad.

Hagenena 06’emna Q,, 1 komepuiiina npoxyktuBHocTiq BH 3B’s3aHi TakuM CIiBBIJHOLIEH-
C oy 3 n p

HAM: q=60-10 e

Hns mozenmioBaHHs pexuMy BH pi3HHUX THIIB 3aCTOCOBYETHCS IIMPOKO BiOMa MOENb
A.L.CrenanoBa [4], 3acHOBaHa Ha CTIONYYEeHHI aHATITUYHHX 3aJICKHOCTEH IS MOTITPOITHHUX T'a30-
JUHAMIYHUX MIPOLIECIB 1 eMIIIPUYHUX XapaKTEPUCTHK, OJepKyBaHUX Ui KoxkHoro BH y mporueci
HATYPHUX ICIIUTIB 1 IpeICTaBIeHUX y TabIrMuHOMY a00 rpadiunomy Buriisimi. Lli xapakreprucTuku
Oy/IyIOTbCS B HAaBEICHOMY BUTIISAIL JUIA JCSIKOTO (PIKCOBAHOTO HA0OPy MapaMeTpiB PeKUMY
(THCKY, TeMIlepaTypH, ra30Boi MOCTiifHOI Ta iH).

3anexHocTi £,(Q,,),M,(Q,,) TaN,, (Q,,) ymporpaMHUX po3paxyHKOBUX KOMILIEKCAX 3BUYaii-
HO MIPEACTaBIAIOTH y BUAl OaraTousieHiB [2]:

80 (an) = a'0 + alan + aZQip bl (3)
Mo (an) =b, + lenp + b2Qip + b3Qip 5 “4)
Ninp (an) = c0 + Clan + CZQflp > (5)

ne KoedillieHTH TIOJTIHOMIB BH3HAYAIOTHCA IIISAXOM alpPOKCHMAIlil MaCHOPTHUX XaPaKTEPUCTHK,
HaJaHUX 3aBOJIOM-BUT'OTOBJIIOBAYEM Pa30M 3 KOHKpPETHUM ex3eMiuisipoM BH a6o orpumanux y
pe3ynbTaTi 0OpOOKHU MaHUX eKcIuTyaTallii Ha komnpecopHux ctaniisx (KC).

Ha pmanmii MOMEHT icHye BenWue3Ha KUTBKICTh CIIOCOOIB MaTEMaTHYHOTO MOJEITIOBAHHS
pexxumy podoru BH. PosrimsiHemo aekinpka 3 HUX.

3anexsocTi £,(Q,,),M,(Q,,) Ta N, (Q,) MOXyTb OyTH NpeicTaBjeHi NOJIHOMAMHU He 2-3
CTyNeHsd, K moka3aHo y ¢opmynax (3)-(5) , ame 4-i, 5-i Ta 1ie BUIIUX CTYIEHIB, 10 30UIbIIyE
TOYHICTH BIIMOBIIHOCTI MOAEIBHUX 3HAUYEeHb MacnopTy BH.

PO3BUTKOM LBOr0 HampsSMKy € ampOKCHMAllisl MacHOPTHUX 3aJIeKHOCTEH CIUIaiiHaMH, IO
00YMOBITIOE 111 OUTBIITY BiAMOBiMHICTH Mozeni macmopty BH.

3 hopMabHOI TOUKH 30Dy 3aNeKHICTH (1) ommcye aesKy TOBEpPXHIO, 0 MOXKe OYTH MpeCTaB-
JIeHa TBOBUMIPHUM ITOJIHOMOM:

a . b .
— 1 ]
€= Z Qipi Z dyng;
i1 =1

ne xkoedinieHT d;; OTPUMYIOTBCS IIAXOM BiJNOBIIHOI aTPOKCHMALI{ TACIOPTHHUX JIaHUX.

Bukopucranus 3anexxHocti (1) moB’s3aHe i3 3HAUHUMH BUTpaTaMH MAIIMHHOIO yacy. Tomy
00YHNCIICHHS ¢ MOKE BUKOHYBATHCA 3 3aIy4E€HHSM TaK 3BaHUX YHIBEpCAIbHUX (YHKIIIH

n;,6(Q,,) = 0(e),

ne o(g) anpoKCHMYETHCS, HAIIPUKIIA]] MOJTIHOMOM 3-TO CTyNeHs. B 1iboMy BUMaKy CHiBBiJHO-
meHHs (2) Takox Moke OyTH 3aMIHEHO Ha MPOCTIIIe:
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k-1
—.0)
k-n(Q,,)

AnbTepHaTHBHUHN MiIXiJ 10 po3paxyHKy pexumy poboru BH momsrae y BUKOpuCTaHHI Tak
3BaHUX OE3BUMIPHUX BETHYUH, K 11e poOouThess y CMHIIO im. @pynse (M. Cymu), 10 € TOJTOBHUM
BUPOOHMKOM Ta ocTayasnsHuKoM BH B YkpaiHi.

Mamemamuuna modenv I'TY. OcHOBOIO Ui po3paxyHKiB pexxumiB podotu ['TY e temno-
TEXHIUHI XapaKTepUCTHKH, BU3HAYEH] B X0/ NPUHAMaIbHO-31aTOYHUX ICIUTIB CHUIIOBOI TYpOiHH
3aBOJIOM-BUT'OTOBJIIOBAYEM 1 3a(ikcoBaHi y GOpMysipi KOKHOTO KOHKpeTHOro ek3emiusipa [ TY.
Bonu sBIsit0TH 00010 TaONINIII 3HAYEHb OCHOBHUX KOHTPOJILOBAHUX ITapaMeTpiB poOOTH CHUIIOBOT
Typ6inu Ha 100\%, 75\%, 50\% 1 25\% HOMiHaJIBHOI IOTYKHOCTI IPH ACSIKUX (PIKCOBAHUX YMOBaX
(TemmepaTypi MOBITPs HA BXOJi ABUTYHA, aTMOC(EPHOMY THCKY ), HA3UBaHMX YMOBaMH ITPHUBEICH-
Hs. Meronuka poOOTH 3 LIUMH XapaKTePUCTHKAMHU, MPEICTABICHUMH B TaOJIMYHO-TpadiuHOMY
BUJ, HABOJMUTHCS B JOBIAKOBIi JiTepaTypi (Hanpukian [5]) abo maeTbesi Oe3mocepenHbO 3aBO-
JOM-BUTOTOBIIIOBaYeM. J[11s1 KOMII’'FOTEpHOrO MOJCIIOBAHHA W aBTOMAaTH30BaHUX PO3PaxyHKiB
BUXIiJIHI JaH1 allpOKCUMYIOTBCS, Y Pe3yJIbTaTi LbOro MaTeMaTuuHy Mozaens I'TY moxHa npencTa-
BUTH Y BUJIi CHCTEMH HeiHIHHUX piBHAHB. Po3risiHeMo ocHOBHe criiBBigHOmeHHs Moaemi [ TY.

Koeopiuientn npusenenns napamerpis [ TY:

T =T, |1+ )|

t  +273
1p

— paO
ter 2737 Pand’

et 1 tnp (K) — daxruyne Ta macmopTHe 3HAYEHHsI TeMIlepaTypu IOBITpsS Ha BXOAI B

kommpecop ['TY;p, , ip,, (MM PT.CT.) — QpakTHUHE i TaCIOPTHE 3HAYEHHS aTMOC(HEPHOTO THCKY.

Hageneni 3naueHHs1 moTyHOCTIN (kKBT) 1 MacoBoi BUTpaTH ManuBHOTrO razyG (Kr/pik)
3B’s13aHi 3 PaKTUYHUMH 3HAYEHHSMH CIIiBBITHOLICHHIMHU:

Nitywp =Nppy-a-B, G=G,,, -(1-0.751- Ny, ))-a-B.

ow

3anexHicTh MK Nypy,, 1G,, BU3HAYa€ThCA JIOBIIKOBUM CHIBBIHOIIEHHAM [1]:

G,, =1-0.75(1=Npy,,)

a0o 3a pe3yibTaTaMy arpoKCUMAIlii TACTIOPTHUX TEIJIOTEXHIYHUX XapaKTEPUCTHK KOHKPETHOTO
exsemmsipa I'TY sik G, =e,+¢ Ny, +¢,Niy, .

Pexxum pobotu I'TY oOMexeHni i MaKCHMaIBHOIO 9aCTOTOI 00epTaHHS KOMITpecopa BUCOKO-
IO TUCKY, 1[0 3aJIKUTh Bil TEMIIEPaTypH MOBITPsl Ha BXOAI B KOMIIPECOp ABUTYHA t, . AITPOKCH-
Mallis 3aJI©KHOCTI PO3TAIIOBYBAaHOI MOTYXHOCTI OBUTYHa N
3HaueHHs notykHocTi ['TY N :

(t,) mae Take OOMEXEHHS Ha

max

12N, t,+8t<-5C,
N S Nmax (ta) = o ¢

h,-ht, t +6t>-5C ©)

ne koediuieHnTy h, i h, Bu3HavarThCs a1t KoxHOro tuiy I'TY, a 6t =5°C — BunpaBieHHs Ha
PI3HUITIO TEMIIEpATypH MOBITps atMocdepHoro i Ha Bxomi ['TY.
Jns matematuunaoro onwucy 3B°s3ky Mk ['TY i BH six wactur omroro I'TIA BUKOPUCTOBYIOTH
TIPUHIIMII PIBHOCTI ¥ 0flep>KyBaHOI MOTYKHOCTI [3]:
N=N,, +N

ne N — MexaHiuHi BTpaTH Ha My(Ti IpuBOIy, 0OyMOBIIEHI 3a1eXHO Big Tuy BH.

Mex 2

3. IloOynoBa odjacti gomyctumux pe:xxumiB ¢pynkuionyBanusa KII

[Tpu mocTranoBui Ta po3B’s3anHi 3amay OJIP ¢pynkumionyBanus ['TIA BUKOpHUCTOBYIOTHCS J1Ba
BHIM iH(OpMAaIlii: onepaTHBHA Ta HOPMATHBHO-IOBiKOBA [5]. OnepaTuBHa iH(OpMAIlist BKIIOYAE
B ce0e pe3ysbTaTH MPSMUX Ta OMOCEPENKOBAaHUX BHMIpPIB IMapaMeTpiB Ta30BUX IOTOKIB 1 mapa-
METpIB, IO XapaKTepu3yroTh pexxuMu podotu ['TIA.
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B cBoto uepry, Bci npsMi BUMIpH MOIUISIOTECS HA BUMIPU HEMEPEpBHUX IMapaMeTpiB (THCKY,
BUTpAT, TEMIIEPATypH, BYIJIIEBOJHEBOTO CKJIAAY MPUPOJHOrO a3y i T.I.) Ta IUCKPETHUX Iapa-
METPIB (CTaHy 3aMipHUX KPaHiB “BIAKPUTO-3aKpUTO” Ta iH.).

Bci omocepenkoBaHi BUMipH BiTHOCSTHCS 0 BUMIPiB HENEPEPBHUX BEITUYUUH 1 SBISIIOTH COO0I0
O0uYMCITIOBaH]1 3HAYEHHS JeTepMiHOBaHMX (DYHKLiH, apryMeHTaMH SIKUX € Pe3yJdbTaTd MPIMHX
BUMIDIB.

Bigomo [6], m0 B Oyab-SIKMX CHCTEMaX BHMIPIOBaHb BUHUKAIOTH IMOXWOKH, TIOB’s3aHl 5K 3
noxuOKkaMy MEPBUHHUX AATYMKIB, TaK 1 3 MEePEIIKOJaMH1 B KaHaiax 3B’s3Ky. Lli moxubku (moMmi-
K{) MalOTh BUINIaJKOBUH XapaKTep 3 BIIOMUM 3aKOHOM PO3MOJiTY (SK MpaBUiIO, HOPMaJIbHUM) Ta
BiJOMMMH MapaMeTpaMHi — MaTeMaTHYHUM OYIKYBaHHSIM Ta JUCIIEPCIETO.

3a BiICYTHOCTI CHCTEMaTHYHOI MOXMOKM MaTeMaTWYHe OYiKyBaHHs IOMHJIOK MPHHMAETHCS
PIBHUM HYJIEBi, a TUCTIEPCisl TIOMUJIOK BUMIPIOBaHHS BU3HAYAETHCS KJIIACOM TOYHOCTI MIPHUJIaay Ta
Horo fiana3oHOM BUMIpIOBaHb. TaKUM YWHOM, BCS ONlepaTHBHA iH(opMallis, 110 OTPUMYETHCS Y
PE3yJIbTaTi NPSAMHUX YU OMOCEPEAKOBAaHMX BUMIPIOBaHb, 32 CBOEIO IPUPOAOIO € CTOXaCTHYHOIO.

HopmatusHo-noBigkoBa inpopmauis (HAI), ska HeoOxinHa A po3B’si3yBaHHA 3a1a4i M00Y-
nosu O/IP dyukuionyBanns I'TIA, BkiIrouae B cebe iH(opmaliiro mpo napaMerpu MaTeMaTHYHUX
mogeneir I'TIA. OcnoBHumu mnapamerpamu moxeneil ['TIA € mapamerpu TepMoIUHAMiYHHX
xapakrepuctuk BH ta I'TVY.

[Tapamerpu MaTeMaTHYHUX MoJeNeld TepMoanHaMiuHuX xapaktepuctuk BH ta ['TY ouinto-
I0ThCSI 200 32 MACIOPTHUMHU XapaKTepUCTHKaMH, a00 3a eKCliepUMEHTaIbHUMH TaHuMu. [lac-
MOPTHI XapaKTepUCTUKY cripaBesiuBi o Beiel naptii BH uu I'TY maHoi cepii Ta nanoro tuy, aje
MOXYTb CYTTEBO BIAPI3HATHUCH AJISI KOXKHOTO KOHKPETHOTO EK3eMILIIsIpa.

OTpuMaHi OLiHKY apaMeTpiB TepMOJHAMIYHUX XapakTepuctuk BH ta I'TY 3a exciepumen-
TaJbHUMHU JaHMMHU 32 CBOEIO CYTTIO € BUIAJKOBHMHU BETHMUYMHAMM, OCKUIBKM OL[HIOIOTHCS 32
pe3yJibTaTaMu CKiHYEHHOI KUIBKOCTI IPSMHUX Ta OMOCEPEAKOBAHMX BHMIpIB MOBITPSIHUX Ta ra3o-
BHX MOTOKIB, 10 MaIOTh IPUPO/IHI TOXUOKH BUMIPIOBAHb.

OO0’ exTUBHE ypaxyBaHHS CTOXAaCTUYHOI IPUPOAM ONepaTHBHOI iH(popMaii € HeOOXiTHOI yMO-
BOIO MIPHY OLIHLI QakTHYHKUX mapaMeTpiB moneneid I'TIA, a Takok IpuW OLWIHLI HOTO TEXHIYHOTO
CTaHy.

TakuMm YMHOM, IPH PO3B’sI3yBaHHI 33124 OMEPaTUBHOI'O KOHTPOJIIO Ta KEPYBAHHS PSKUMaMU
pobotu ['TIA, BcranoBnennx Ha KC MaricTpaibHUX ra301poBOAiB, BHHUKA€E TPo0iIeMa KOHTPOIIIO
BiIMOBiTHOCTI 3HAXOMKeHHs QakTuaHoi podoyoi Touku (PT) BH I'TIA B O/IP, ockinbku BimoMo
[5], wo crilikicTh, HafiHICTS Ta Oe3neka pexxumiB podotu BH I'TIA 3anexats Bim cTyrneHs
Bigmanenocti PT Bim rpanune OJP, a Buxinm PT 3a mexi O/IP posrimsmaerbes sk aBapiliHa
CHUTYyaIlisl.

3.1. Mo6ynosa OAP I'lTA

OJIP po6otu BH I'TTA BM3Ha4YaeThCS TAKOK CHCTEMOIO HEPIBHOCTEH:
— rpanuns nomnaxsoi 304 BLIH ta rpann4Ho gonyctuma 00’ €MHA IPOAYKTHBHICTD

Qmin < an < Qmax 3 (7)
— MiHIMaJgbHa Ta MaKCHMallbHA KUTBKICTh 00epTiB mpuBoxy BH
nmin <ns< nmax ’ (8)

— MaKCHUMaJbHa (HasBHA) MOTYKHICTb, sIKa OOYUCITIOETHCS 3TiIHO 3 (hopmyIoro (6);
— MaKCUMAaJIbHUI BUXiTHUH THUCK, 10 BU3HAYAETHCS MIITHICTIO TPYO:

P, <P ; )
— MaKkcHUMaJibHa TeMmrepatypa rasy Ha Buxoji BIIH, 110 BU3HaYa€ThCs BIACTUBOCTAMH 1307151
IIITHOTO TIOKPUTTS
T < T - (10)
Bxiganmu nannmu s nooynosu OJIP i o6uncnenns PT miis koxHOTro (hikCOBAaHOTO MOMEHTY
4acy € BUMIpH 3Ha4YE€HHS IMapaMeTpiB ra30BOro MOTOKY Ha BX0o/Ii Ta Buxoi BH, a Takoxx BuMipsiai
00epTH PUBOY:

TBX = TBX + ATBX ’ Tsux = TBux + AT P = PBx + APBX ’ PB\JX = Pnux + APrsux ’ ﬁ =n+ An ’

BUX > © BX
ne T _,P._,T ,P .n —icTHHHI (HEBiIOMi) 3HaYEHHS IMapaMeTPiB ra30BOr0 MOTOKY Ta KUTBKOCTI

BX 2" BX? T BUX’" BuX?

o0epTiB HarHiTaua,a AT_,AT _,AP_,AP, — cCyMapHi BUIIQJAKOBI IIOMIJIKH BUMIPIB BiIIOBITHIX

BX ? BUX ? BX 2 BUX
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BEJINYMH 1 TIOMMJIKM B KaHajlaX 3B’S3Ky, CTATHCTHYHI BJIIACTHBOCTI SIKUX BU3HAYAIOTHCS B XOi
METPOJIOTTYHUX AOCIIJIIB.

[MacmioptHi xapaktepuctiuku BH — xoedinieHTH anpokcuMaliii BHU3Ha4atoThCA Y BiIIOBITHOCTI 3
3)-(5).

I'pannuHo momyctuma iiMoBipHicTs Buxony PT 3a mexi O/IP (a << 1).

dopmainizanis oomexxeHb (6)—(10) B sBHOMY BUIIISAL, TOOTO y BUTJISAA1 CUCTEMH HEPIBHOCTEH
BUKJIMKA€E CKIAJHOI [IPH YHCETbHOMY PO3B’SI3aHHI 3a7]ay pO3paxyHKy 4d ONTHMi3alii podoTn
I'TIA. Tomy Oinbin eEKTUBHMM € TiAXiJA, MO MOJNATAE y 3BEACHHI 1€l CUCTEMH 1O OIHIel
HepiBHOCTI 3 BUKOpHCTaHHAM npuHOumiB nodyzosu OJP I'TIA (puc. 1). Sxmo rpanuui 1-4

KOPCTKO MOB’si3aHi Mk coboro (TobTo mpu 3miHi napamerpis (P,,T,,t,) 30epiraioTb BiZHOCHE

MOJOKEHHSI), TO TOJIOKEHHS TPaHMLI 5, SIKe BU3HAYAETHCS 3HAUCHHSAM t, , HE 3QJICKUTH BiX
MOJIOKEeHHA rpaHulb 1-4 (1uB. puc. 1).

P 5 gt o T oW il P
300 400 500 a00 700 500 200
g (mucad |oym)

Puc. 1. 3aranpuuii Burssig OJP I'TIA
Ha puc.1 rpanuni 1 Ta 3 BiAnoBiIatoTh OOMEKEHHAM N, iy Doy s TPAHULE 2 T2 4 - Qs

Q. max » @ TPAHUIA 5 — OOMEKEHHIO Ha NMOTY)HIiCTh I'TY N .
[Tpu po3B’si3yBaHHi OLIBIIOCTI 3324 ONEPaTUBHO-IUCIIETYEPCHKOTO YIPABIIHHS TOCTATHBO

BMITH PO3PaxoByBaTu JiBy Ta npaBy rpanuui OJIP q~ u q*, mo BignosigatoTs P, npu Binomux P, ,
T it,.
3naiimosmy napu (Q,,, n,, ) (Q,,, n, ), IO BIINOBIIAIOTH TOYKAM IIEPETHHY FOPU3OHTAIIb-
HOi JTiHiT € = P, /P, = const 3 rpannusvu OJIP, MoXHa BiIHOBITIOBaTH IPaHMYHI 3HAYCHHS q Ta q':
ZTR o 0P, _ 60-10°n,,Q,,P,
Z,T,R, " pZRT, p.[ZRT [Z, TR,

np ~1p np - np

-3
q=60-10"n,

3BIACH
_ o 60-10°P
q (PH’TH’PK) = nan“p =
pO \/ZHRTH \/anTnpRnp ’
60-10°P
q'(P,.T,.P,)=n,Q, =
’ ’ pO \/ZHRTH \/anTnpRnp ) (1 1)

3B’5130K MOTYXKHOCTI, sKa BimgaeTrbes ['TY, 3 xapakTepHUMH MTapaMeTpamMy peKuMy podoTH
BIIH Q,, Tta n,, BU3HA4Ya€THCA CIIBBIIHOLIECHHAM:

103 n3 P 7Z R T 3/2
— np— H opmp np v + N

0.951,,Z RT, ( Z RT, j (an) Mex (12)
Po3sp’a30k cucremu (1), (12) mpu N=N_ (t,) BiiHOCHO 3MiHHHX Q,, Ta n,, Ja€ NIyKaHy napy

(Qx» n)-
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K, min K,max

3MIHIOIOUYH ¢ BiJ 10

H H

o penpesentyBatumyTs OJAP T'TIA.
3.2. IlobdynoBa croxacruunoi O/JIP I'lTA

Sxko 3HaYeHHS TapaMeTpiB rasy Ha Bxojli Ta Buxoji BH BigoMi He TOUHO, TO 1 BCi 3HAlIEH] 3a
HUMU TpannyHi 3HadYeHHs OJIP OyayTh mocuth HabmmxkeHuMu. Lle 3Buyaiine sBUIIE Ipu orepa-

3 JO0CTaTHHO MAaJIUM KPOKOM, OTPUMAEMO MHOXHUHY TOYO0K,

TUBHO-AUCIIETYepChbKOMY KOHTpomi ctany ['TIA, ockineku 3HadeHHs P,, T,, 1 t, 3MIHIOIOTbCS 3
JESKOI0 IPUPOTHOIO TOXMOKO00. BinnosigHo a0 [7] BBaxkaTuMeMo 3aKkoHU po3nofiny P,, T,,1 t,
HOpPMAaJbHHUMU 3 IapaMeTpaMu (m, G).

BBaxkaroun BunajakoBi BenuuuHu P, T ,1 t, He3aJIeKHUMU, MAEMO:

m, =q=q(m, ,m; ,m, ),

2 2 2
aq aq aq
2 _| 99 2 oq 2 oq 2
e ) %l ) A, ) O (13)

a
m

B 3B’s13Ky 31 3HAYHOIO CKJIAJHICTIO BUPAaxXyBaHHS aHAJNITUYHHUX 3aJISKHOCTEH ISl MOXiTHUX
HeNiHIMHUX HEeABHUX piBHAHb MaTteMaTHuHoi moxeni ['TIA 3HavyeHHs moximHux y Bupa3si (13)
OyzeMo BHPaxoBYBaTH YHCENBHO [7].

Hns rpadiunoro mpeacraBneHHss OP HeoOximHO moOyayBaTH OLIHKHM T'paHHUIb JOBIPYMX
obnacreil, B SKHX i3 3aaHOI0 WMOBipHicTIO P 3Haxoaarscst ictuaHI Mexi OJIP. Ilpu P=0.998

JOBipYi IHTEpBAIN MPEACTABIISAIOTHCS K [qf —-36_,q +30 } i [q+ -30_.,q9" +3c_, } ,ec 1o
q q q q q q

3HaXOAATHCS y BinoBinHocTi 3 (13). 3’eqHyeMo KiHIi HKX iHTEpBatiB AjIs pisHUX P, 13 Aiana3oHy
MOXIJIMBUX 3Ha4eHb Ta OTPHUMYEMO TPaHMLI JOBIpUMX IHTEPBaJIB, SIKi 300pa’keHO Ha pHC. 2
NyHKTUPHUMH JiHiAMU. Ha puc. 3 nmokazaHo pe3ynbTaTtu

3

— 021I [c2:0:34
0es

asg
0og
avl
ocr
asr

— anl

— OAIL

— <&l
— o0&l
00L
av
oe
as

— esI [ ]

— O0SI [ ]

| ]
— 2Lt omu”

008 oov 009 0oa 00 00€
A 0E asg o< ar oL e 0

Puc. 2. 3mina po3mipy Ta reomerpii OJAP I'TIA Puc. 3. 3anexnicts mnomi OP I'TTA
IIpU TIOXUOLI BUMipy MapaMeTpiB  BiJl TOYHOCTI BUMIpPiB ITapaMeTPiB PEKUMY HOTO pOOOTH
peXUMy Horo poboTtH y Mexax 2%

3.3. MaremaTu4Ha MoOJe/Jb KOMIIPECOPHOIO LeXy

KomnpecopHa cranmis 3a3BHYail CKIagaeThes 3 IEKUIBKOX KOMIIPECOPHMX LEXiB, IO Mpel-
CTaBJIAIOTH COOOIO 3aBepIIieHi JiHiT KoMnpuMyBaHHs ra3y. [Ipu po3s’s3yBaHHI 3a1a4 onrTUMi3aii
pexxuMiB podotu I'TC mpakTHdHO HEMae HEOOX1THOCTI B IeTaIbHUX BiOMOCTSIX PO MTOTOKOPO3-
nofin 3a BcimMa TexHoiorivHuMu enemeHTamu KL, ToOTO He 00OB’SI3KOBO 3HATH 3HAYCHHS
rapaMeTpiB Ta30BHUX ITOTOKIB y OyIb-sAKill TOUII TEXHOJOTTYHOI cxemu 1exy. Llimkom moctaTHbO
BMITH TIOB’S3yBaTH 3HAYCHHS THCKIB, TEMIEpATyp Ta BUTPAT a3y HA BXOXI Ta BUXOMl LEXy 3
napameTpamMy poOOTH OCHOBHOTO Ta JIOIIOMDKHOTO 001aqHanHs. ToMy 11t po3B’sI3yBaHHS TAaKUX
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3a1a4 npononyeTbest BukopucroByBaTu Mogeni K11 1 KC, mo He BUMararoTh 3Ha4HUX OOUHUCIIIO-
BaJIbHUX PECYpCiB, aje J03BOJSIOTh OTPUMYBATH JOCTaTHBO ajJeKBaTHI Mogeni. [l nobynosu
TaKMX MOJEJIEN POIIOHYEMO BUKOPUCTATH CTAHJAPTHUMN IIPUIOM, 1110 3aCTOCOBYETBCA AJIA CIIPO-
IIEHH TiIPaBIIYHOr0 PO3paxyHKy CKJIaJHUX ra30IpOBOJIB — METOJ eKBiBaleHTHOCTI [9]. Cxema
orpumanoi moneni KLI. ocramenoro N nananensro veiMkaennmn ['TIA. zo6naxena Ha puc.4.

& Dy

Puc. 4. Cxema K1, ocnanienoro N nmapasensHo yBiMkHeHHMH [ TIA

Tyt Toukn A Ta B BiamoBi#aloTh MICISIM BCTAHOBJIEHHS NAaTYMKIB TUCKY Ta TEMIIEPaTypH
ra3y Ha Bxoni i Buxoni KL, Toukn C Ta D - Ha BXiIHOMY Ta BUXiJHOMY KOJIEKTOpax IIexXy, a

C,...,Cy 1a D,...,D, - Ha Bxomi Ta Buxomi koxuoro I'TIA. Hinsaku AC, CC,,...,CC,
DD,,...,DD, i DB, siKi BiIlOBi1al0Th peaJbHUM YaCTHHAM TPYOOIIPOBiTHOT 00B’SI3KH, 1110 3B’S3y€
I'TIA 3 AIIO npucTposiMH MiATOTOBKM MaJUBHOTO Ta IMIYJILCHOTO ra3y Ta iH., 3aMiHEHi Ha
€KBIBAJIGHTHI 3 JOBUIbHO 0OpaHUMHM JiamMerpamu D, Ta noBxuHamu L, (i=1,.,2N+2), ane 3

TiIpaBIiYHUM OIIOPOM A, OL[IHEHUM IOIEpeTHbO 3a 3aMipaMu GaKTHUYHUX IapaMeTpPiB PEKUMY
pobotu KII.

OTmxe, mpu MOJENIOBaHHI cTamioHapHoro pexumy podoru KL mozemi I'TTA mpomonyemo
00’eIHATH 3 AOTIOMOTOI0 MOJieiIel eKBIBAJIGHTHUX IUITHOK TPYOOIIPOBOIB 3TiHO 3 MPUHHATOIO
cxemoro (auB. puc 4):

P> —P) =cAL,Z T L. D’q=A,q", i=1...,2N+2, (14)

Ki cpi ~cpi

Tn:THieXp(_aaiLai/qi)a i=L..,N+1I. (15)
Ockinpku Ha JUISHIII AB HeMa BiiOopy ra3y, a BUTpATH y MifBigHOMY Ta Binsimnomy BH I'TIA
PiBHI, MOXXHA 3aITHCATH:

9 =Ani2s 0 e = Donano (16)
N N
Qi =D = Done2 = zan = ZqN+1+k R (17)
k=1 k=1
a yMOBa PiBHOCTI TUCKIB Y By3Jax (y IPHUITYIIEHH] PO CTATUYHICTh IIOTOKOPO3IOALTY) AA€:
Po=P,=...=Pu; (18)
Pinea =P == Py (19)

TouHicTh OTPUMaHUX OLIHOK IapaMeTPiB PeXUMY LIJIKOM JOCTAaTHS /Il BUKOPUCTAHHS 1€l
mozeni KL mpu po3B’si3yBaHHI ONTUMI3aLiHHUX 33724 ONIepaTUBHO-IUCIIETYEPCHKOTO YIIPABIIIHHS
I'TC [9].

3.4. IlodynoBa OIP koMIPeCOPHOro uLexy

OobmerxenHs Ha pexxumu podotu KL npuponHb0 BU3HAYAIOTHCS TEXHOIOTTYHUMHU OOMEKEHHSI-
MU Ha pexxumu podotu ['TIA, ycranoBku oxomnomkeHHs rasy (Yoxl'), yCTaHOBKY OYHINEHHS Tazy
(Youl'), AIIO Ta in. IIpu modynosi OJIP K1 oOmexxeHHs Ha pexumHI mapamerpu Yoxl', Youl',
AIIO MoxHa He BpaXOBYBaTH, OCKUIBKH JOIOMIKHE TEXHOJIOTTYHE 00IaJHAHHA 3a3BUYail IPOEK-
TYETHCS 3 TAKUM PO3pPaxXyHKOM, 1100 3abe3neuyBaTi HopMaibHe (pyHKIionyBanHs K1 mpu Beix
MOXJIMBUX pexumax pobotu cuiooro obmagHanHs (I'TIA). Ax 1 OJP I'TIA, OJIP KII moxe
BHUKOPHUCTOBYBATHCh SIK JUIS BI3yaJIbHOI'O KOHTPOIIO (PAKTUIHOTO PEKUMY POOOTH LIEXY, TaK 1 Jis
aHAITUYHOTO aHami3y 3anacy pecypciB KL “mo kepyBaHHI0” Ha erami IjIaHyBaHHA. B miteparypi
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sraaku mpo Bukopuctanas OJP KLl B cucremax omnepaTHBHO-IMCIIETYEPCHKOrO YIPaBIiHHS
3yCTpivarThes OCUTh pinko, Ha Biaminy Big OJIP T'TIA. Ile nos’si3aHO, ckopiil 3a Bce, 3
00YNCITIOBAaJIbHUMH CKJIaIHOCTAMH, SIKI BUHHKAIOTH MpH ii moOymoBi. OkpiM Toro, cam Merox ii
noOynoBu Hije He dopmaiizoBaHo. To# dakr, mo 3rimHo 3 moaemto KI[ (14)-(19) npomyk-
TUBHICTb LIeXy IOPIBHIOE CyMi BUTpaT uepe3 HarHitadi Bcix mpamorounx ['TIA KL, nossomse
po3pobuTH HactymHmid migxin 1o nodynosu OJP KII. He BTpadarouu 3araibHOCTI, IS TIOYATKY
po3risiHEMO 3ajady 3HaxomkeHHs npaBoi rpanuni OJP KII, mo BimnmoBimae MakcuMaibHii
HPOJYKTUBHOCTI IEXY (y, ; @ JIIBY TPAHMIIIO, 10 BiJNIOBIA€ MIHIMAJIbHINA MPOJYKTUBHOCTI
OyzeMo HIykaTu 3a aHajoriero. MakcuMallbHa IMPOAYKTHBHICTh (y;, , AKy 3MOKe 3a0e3neunTu
KII mpu 3agaHuX 3HAYEHHSIX TeMIlepaTypu ra3y Ha Horo Bxoai ta Buxomi (P,, T,, Py, Ty),
O4YEBUJIHO, OyJIe CyMOIO MaKCHMMAaJIbHO JIOIYCTUMHX BUTpaT 4epe3 koxkeH I'TIA qy, . [Ipobnema

3HAXO/UKEHHS qy, Hoisrae B Tomy, o ButpaTtu ['TIA qy,, 3anexaTs Bijl THCKIB Ha BXOJI1 1 BUXO/II

I'TIA Ta Temmepatypu ra3y Ha Horo Bxojii. ToMy BHHHMKAaEe HEOOXIHICTh PO3B’S3yBaTH 3a1ady
pO3paxyHKy ycrajeHoro motokoposmoainy B KII, sika 3BoguThcs 10 PO3B’S3yBaHHS CHCTEMU
piBHsIHB, 3anucanoi 3rigHo 3 Moxeintto K11 (14)-(19), a Takox 3 ypaxyanHsaM (11):

Py =Pl =k (@)’ (20)
PE—Pd =he (4/);i=1,...,N; 1)
Py =Py =A,5(q))"; i=1,...,N; (22)
P2 P2 =Ap (@)’ 5 i=1,...,N; (23)

T =T, exp(—trc (G ) 5 24)
T, =Teexp(-tee (@) )5 i=1,...,N; (25)
q =P, Te.Py); i=1,...,N; (26)
N
Qe = ;q? . (27)

Tyt mpouenypa obuucienHs f° 3agana B 1. 3.1, a 3HadeHHs P,, T,, Py, BBaXaroThbCs
Bimomumu. Cucrema (20)-(27) mae (4N+4) piBHAHb 1 (4N+3)He3anexHUX 3MIHHUX, TOOTO
OZIHE 3 PIBHAHB € “3aiiBUM”, HarTpuKIa (27), OCKUIbKH 3HAUYEHHS (; HE € HE3aJIEKHOK 3MIHHOIO,
a INOBHICTIO BHM3HAYA€ThCS 3HAYEHHSAMH ¢, . IIpOCTOI MiACTAHOBKOK MOXKHA JIETKO 3BECTU
cucremy (20)-(27) no cucremu, mo ckiamaeTbes ymmie 3 N piBHIHL 3 N HeBigzomumu. Ha
MIePIIOMY KPOIIi OTPUMAEMO:

Pzi_Pcz, :AAC(q;H)ZJ’_ACC,(q:)Za i=L...,N; (28)
Py =Py = App (@) + Apa (@)’ i=L N @9)
TC, :TA eXp(_(lAc(qEH)71)exp(_aCCl (q;)il)a i=19~~-9N 5 (30)
q = (P TPy ), i=1..,N; (D

N
ki :Zqi 5 (32)

il

a notim Bupasumo Pe , Tc , P, i3 (28)-(30) i mincraBumo ix i qy, 3 (32) y Bupas ansa q7 (31).
Otpumaemo:
qa =7 (6,(0):0,(@).05(@)); i=1,...N; (33)
e q° =(q/,..-qy) > a ¢, ¢, 1 ¢,— mesaxi GyHKUII, oaepkaHi B pe3yabTaTi MiACTAHOBOK. [HIIMMU
CIIOBaMH, OTPUMYEMO CHUCTEMY BHTIISTY
q =Fq(q). (34)
Po3p’sizyBanHs (34) BimHOCHO BekTOopa ° po3MipHOCTI N MOXkIIMBe OaratbMa Criocod0amu,

poTe caM BUIJIAL PIBHSHb Ja€ MOXKJIMBICTH BUKOPHCTOBYBAaTH METOI NMPOCTHX itepauii [7],
O0UYHUCITIOBAIBHY CXEMY SIKOT'O MOXKHA NPEICTAaBUTH Y BUIIISI
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+ + +

4 = FKLl (q,), (35)
TyT k — HOMep KpOKy iTepalii, a sIK q; MOXHa B3SITH BEKTOp 3Ha4eHb HOMIHAJIbHOI IIPOTYKTHB-
HocTi koxknoro ['TIA KII, a 00uuciieHHst IPOJOBKYBATH O THX TIip, TOKH HE BUKOHYBATUMETHCS

HEPIBHICTh " "N —q;||<<§, ne & — ;eska JTOCTATHHO Mayia BenwuuHA. [tepariiiHa cxema (35)
Oyne 30ixHOI0, e ko F — onepaTtop, mo cTuckae. AHaNITHYHE TOBEACHHS LIOTO QaKTy €
JOCUTb Ba)KKUM, 3Ba)KalOuu Ha CKIaAHICTh QyHKUIH f, ¢,, ¢, 1 ¢,. IIpoTe omocepenxkoBaHUM
JIOBEJICHHSM MOYKHAa BBa)KaTH TOW (akT, IO B XOAI YHCEIHLHOTO PO3B’SI3yBaHHS CHUCTEMH JUIS
pi3Hux 3HaueHHa P,, T,, P, Ta ix kinbkocTi N MeTox 3aBxau OyB 30LKHUM 1 JaBaB pO3yMHI, 3
(i3U4HOT TOYKH 30pYy, Pe3yIbTATH.

Otxe, B pe3ynbTaTi po3B’si3yBaHHs cucTeMu (34) OyayTh 3HaiiieH] 3HAYEHHS q; , 3a AKUMHU

3rifHO 3 (32) 1erko 3HaXOAUTHCS IIYKaHE (. AHAIOIIYHO MOXKHA 3HANTH 1 q, .

Pe3ynpTaToMm npoBeneHoro HayKOBOIO IOCHIIKEHHs cTaia nporpama WCompressor, Hanuca-
Ha MOBOIO nporpamyBaHHs C# Ha mmatdopmi .NET 3.0, sixa 3ailicHIOE TOOYIOBY CTOXaCTHYHOI
00J1aCTi IOIMTyCTUMUX PEKUMIB pOOOTH KOMIIPECOPHOT O 11eXy 3 iiMoBipHicTio 0,9985 (puc. 5).

[epenbavueHa MOXKIUBICTD 3MiHIOBATH KiTbKICTh 3aiiHATHX [ TIA Ta mapamerpu Mepexi, mo ix
3’€IHYy€: T1ApaBIiYHUH omip Ta KoeilieHTH TOHNKEHHS TeMIIEpaTypH Ha JISTHKAX.

LliHHMM MoOAyJeM NpOrpaMy € MOXKJIMBICTH MOJETIOBAaTH POOOTY KOMIIPECOPHOTO LEXy
(puc. 6, a, 6) B yMOBax BUIAAKOBOI 3MiHU ITapaMeTPiB HaBKOJHUIIHBOTIO CEPEOBHUILA Ta Ta3y, 0
nepeKavyeThes, 3aJIKHO Bifg 00paHOi cTpaTerii CMCTeMH aBTOMATHYHOro ympasiiHHs. [Ipu
IBOMY MOXKHA YIiTKO BiJCTIIKOBYBaTH pyX «poOouoi Touku» B Mexax OJIP, a Takox pexum
pobotu I'TIA, a came: #oro KK/, moTyXHicTb Ta BUTpaTy HajluBa.

= e s TS T e

[ osiin Burnaa Aonowora

CroxacTuyHa obnacTe AOMYCTUMWX PEXWMIB POGOTM KOMNPECOPHOro Lexy

Koecpluient xamanma

2000 3000 4000 5000 6000
Komepui#iHa sutpara rasy

[ Pospae:

Anvocepr Toc 0103

001667

wrepanps 31045

reparypu 10090424

mocvep: panps 293 rvocaepr o 0.9882644

Puc. 5. 'omoBHE BiKHO TIporpaMu

e oo’ T RS T T =] [ e RS L T bl

| ©sin Bunsa Aonowora | ©sin Bunsa Aonowora

CToxacTuuHa o6nacTh AOMYCTUMMX PEXAMIS POGOTH KOMMPECOPHOO Lexy CToxacTuuHa o6nacTh AOMYCTUMMX PEXAMIS POGOTH KOMMPECOPHOTO Lexy
20
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12

5 11
2000 3000 4000 5000 6000 2000 3000 4000 5000 6000
Komepuiiina sutpara rasy Komepuiiina sutpara rasy

Posparyeam obnac I Posparyeam obnacs
Zazamnapaveru | Mosemosam pofory exy R —p—t—

Pexum posom CAY Mogenosarn

Oy

Puc. 6. Monemroanns pexxumis podotu K1 mpu crpaterii «Crabimizamis obepris npusoxy BH» (a)
ta «Cralbimi3zaris cTymeHs 3:KaTTss» (0)
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OcHoBHi cTparerii pexxumiB podotn CAY, sxi 3acrocoBytotbesi Ha KC MI, € «Crabinizawis
obeptiB mpuBony BH», «Crabinizaris cryneHs 3xkatTsa» ta «Crabimizaiis THCKY Ha BUXOl 3
KL». 3a3HaunMo, 110 cTpateris ynpasiiHHs 110 KokHOMY Buay ['TIA Biapi3HSAETbCS Ta 3a1€KHUTh
BiJ 6aratbox GakTopiB (TEXHIYHUX, CKOHOMIYHHX ).

4. BucHoBxu

PosrnsHyTo akTyanbpHy 3a/1a4y pO3pOOKH METOy MOOYIOBH CTOXaCTUYHOI 00JIaCTi JOMYCTH-
MUX PEKHUMIB POOOTH KOMIIPECOPHOIO I[EXy 3 ypaxyBaHHSIM OOpaHOI CTpaTerii CHCTEMH aBTOMa-
TUYHOTO yIIPaBJIiHHS, SKUi OyJ10 peanizoBaHo y Burisdi nporpamu WCompressor. HaBeneHo, 1o
CTOXaCTUYHHIA MiJIX1]T JO3BOJISE OLTBII aJICKBATHO ONUCYBATH PEAIbHI PEXKUMU POOOTH TEXHOJIOT -
iuno obnamHannag ['TC, Ginbin TOYHO (Bi3yaJlbHO Ta MPOTrpaMHO) KoHTpomoBaty rpaHuni O/IP.
3anpornoHoBaHMi METO]] MOXe OyTH e€()eKTUBHO 3aCTOCOBAHUM JIJIsl MOJICITIOBAHHS Ta ONTHMI3aIlil
pexxumiB poootu ['TIA okpemo ta Kl y mijzomy, a Takox Jyis MPOrHO3yBaHHS Ta CBOEYACHOTO
3acrepexxenHs suxony PT i3 O/IP.

Cnucok giteparypm: 1. Poseonrox B.B, Xauukan JI.A. ExcruryaTaliiiHIKOBI Ta30Ha(h)TOBOTO KOMILIEKCY.
Hosimauk. K.: Pocrok, 1998. 429c¢. 2. Egdokumos A.I". Muanmuzarus Gyaknuii. X.: Buma mk., 1977. 288c.
3. MaructpanbsHsie TpydonpoBossl. Yacts 1. I'azonposons: : OHTII-51-1-84. [[leficTBurenbaslii oT 1986-01-
01]. K. : Toccrangapt Yxpaunsl, 1999. 95 c. (OrpacieBble HOpMBI TEXHOJIOTHYECKOTO IIPOSKTUPOBAHNSA). 4.
Tpy6omnposinuuii Tpancopt ra3y / [Kosanko M. I1., I'pyn3 B. ., Muxankis B. b. Ta in.]. K. : ArentcrBo 3
pauioHaJIbHOr0 BUKOPHUCTAHHS eHeprii Ta ekoorii, 2002. 600 c. 5. Koncmanmunosa Y. M. MaremaTnaeckoe
MOJZICIMPOBAHNE TEXHOJIOTHUECKIX 00 BEKTOB MarkucTpaibHOro TpaHcnopTa raza / Koncrantunosa . M. M. :
Henpa, 1988. 192 c. 6. Opaosckuii C.A. IIpobiaemMbl NpUHATHS PEIICHNH TPH HEYETKON NCXOJHON HH(pOpMa-
mun. M.: Hayka, 1981. 206 c. 7. Uzmaunos A. @. YucieHHBIE METOABI ONTHMU3ANNH: y4e0. mocodue /
A. ®. Uzmamno, M. B. Cononos. M. : ®usmariut, 2005. 304 c. 8. Tesawes A. /]. CToxacTHUECKUE MOJICIU U
METO/IBl ONEPaTUBHO-IMCIIETYEPCKOrO YIIPABJICHUS ra3oTpaHcnopTHeIMHA cuctemMamu / A. J1. Tessimes //
ACY unpubopsr aBTomaruku. 2004. Ne 131. C. 22-32. 9. Tpyb6onposoonsie CHCTEMBI SHEPTETUKH. Y TIpaBIIe-
HUe pa3BuTHeM H pyHKImonnpoBanueM / [Tepsimes A. 1., CraBposckuii E. P., Cyxapes M. I'. u ap.] ; mox per.
A.J1. TepsmmieBa. HoBocubupck : Hayka, 2002. 586 c.
Hocmynuna 6 peoxonnecuro 14.11.2012
IeBneBa CeiTiana MukoJiaiBHa, KaHA. T€XH. HAYK, JONEHT Kad. MPUKIAJHOI MaTEMAaTHKH

XHYPDS. Haykogi iHTepecy: MaTeMaTHIHE MOJICTTIOBAHHS CKJIQTHIX CHCTeM. X001: HyMi3MaTHKa
Ta aKTUBHUH BiAMOYMHOK. Afpeca: Ykpaina, 61166, Xapkis, mp. Jlerina, 14, Ten. 050-605-74-46.

YK 007.5; 004.85
C.®. YAJIbIH, E.O. BOTATOB, J.I. MEJIEIIIKO

TEXHOJIOTUA NPEJIBAPATEJIbHOM CTPYKTYPU3AIIUU
’KYPHAJIOB PETUCTPAIIUU COBBITHUIA
CJIABOCTPYKTYPUPOBAHHBLIX BU3HEC-IPOIIECCOB

[Ipenmaraercst TEXHONOTHSI IPEABAPUTEINEHON 00paOOTKH KYPHAJIOB PErUCTPAIIH COOBITHIA
IUTS 3a]a49 MHTEIUICKTYalIbHOTO aHaJIu3a On3Hec-nporeccoB. JKypHaibl perucrpauy coObITHi
(uKCHPYIOT HH(POPMAIIHIO O ITOCIEIOBATEIFHOCTH COOBITHIH, KOTOPBIE IIPOUCXOAT TPH (PyHK-
LIMOHUPOBAaHUHU Ou3Hec-TponeccoB. [IpeiaraeMas TEXHOIOTHS TO3BOJISIET PACIIUPHTE 001aCTh
MIPUMEHEHHUS METOIOB Process mining AJist C1abOCTPYKTYPUPOBAHHBIX OU3HEC-TIPOIIECCOB.

1. AKTyalnbHOCTH

B Hacrosiee BpeMsi akTHBHO Pa3BHBAIOTCS METOIbI MHTEIUIEKTYaJbHOIO aHajiu3a Ou3Hec-
npoueccos (bIT), HapaBneHHBIE HA TTOCTPOSHHUE MOJIENIEH TaKUX MPOLIECCOB Ha OCHOBE aHAIN3a
ux xypHanos peructpanuu coosrtuii (QKPC). [locienare 00br9HO GOPMHUPYIOTCS COOTBETCTBYIO-
el HHGOPMALMOHHOW CHCTEMOH U (PUKCHPYIOT COOBITHS, OTPayKarOLIHe MMOCIEI0OBATEIEHOCTh
JEHCTBUI BBIONHSIOIIMXCS On3Hec-mponeccoB. K 3amayaM JaHHOTO HAyYHOTO HAIPaBIICHUS
OTHOCAT pa3pabOTKy MoJeneil OM3Hec-POIeccoB, BBISBICHNE Y3KHX MECT B TaKHX IpoIeccax,
(dopmupoBaHre HabOpa OM3HEC-TIPABUII, OTPAYKAIONIMX 3aBUCUMOCTH MEKIY MPOLEIYPaMH MPO-
1[ecca ¥ OrpaHMYCHUSIMU Ha €T0 BHIOJTHEHHE.
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OCHOBHOE OIpaHUYEHHE AJIS CYIIECTBYIOUIMX METOI0B MHTEIJIEKTYaIbHOTO aHAJIM3a MpolIec-
COB COCTOMT B TOM, YTO MCXOJHBIC JaHHbIC ISl IOCTPOSHUS MOJEIH JOIDKHBI OBITh JIOTHYECKU
CTPYKTYPHUPOBaHBI TAKUM 00pa3oM, YTOOBI OTOOpaKkaTh «aJIrOPUTMBI» BBITOJHEHUS OTACIBHBIX
qyacTell aHAIM3UPYEMOTo Mpolecca B BHJIE MOCIEA0BATENbHOCTH cOObITHI. DopMUpoBaHHe yKa-
3aHHBIX CTPYKTYPUPOBAHHBIX )KYpHAIbHBIX (PailyioB ocymiecTBiseTcs Toiabko B BPM - cuctemax
B aBTOMAaTHYECKOM pPEKUME.

B To e Bpemsi, CyIIeCTBYET 3HAUMTEIbHOE KOJINYECTBO OpraHHU3alMid, B KOTOPHIX OM3Hec-
mporecchl cabo CTpyKTypupoBaHbL. [Ipr 5TOM 00BIYHO UCTIONB3YIOTCS HE MPOLIECCHO-OPHEHTH-
POBaHHBIE KOPIIOPATUBHBIE HH(OPMALIMOHHBIE CHCTEMBI, YTO BBI3BIBACT TPYIHOCTH B MOIICPKKE,
YCOBEPIICHCTBOBAHNH, PEMHKUHUPHHTE TAKUX MpolieccoB. Tekyiue AeficTBUs B JaHHBIX HHPOP-
MalMOHHBIX CHCTEMax MPOTOKOIHPYIOTCA ¢ METKaMHM BPEMEHHM BHE 3aBHCHUMOCTH OT TOrO, K
KaKoMy Tpoleccy NpUHAUIeKNUT PuKkcupyemoe neiictBue. IHBIMU ClI0BaMH, perucTpalioOHHbIE
(ailyibl B TAKMX CHCTEMaXx COZIepKaT HHPOPMAINIO, HEOOXOAUMYIO JUTS IOCTPOSHHUS IIPOLIECCHON
MOJIENH, OTPaXKarollel peabHO BBHIMONHAOMIKECS Ou3Hec-mporecchl. OHaKo yka3aHHas HHPOP-
Malus He SBJSIETCS YIMOPSIOYEHHOH B COOTBETCTBUH C CYLIECTBYIOIIMMHU TPEeOOBaHMAMHU HH-
TEJJIEKTYaJIbHOTO aHaJIN3a MPOLIECCOB.

WznoxxeHHOE OnpenensieT akTyalbHOCTh IPOOIeMbl IPEABAPUTEILHON CTPYKTYPU3ALlUH JKYyp-
HAJIOB PETHCTPAllMi COOBITHHA B LIEISAX MOCTPOCHHS MOJENEH MPOLEeCCOB METOIAaMH Process
mining ¥ JaJIbHEHIIEro yCOBEPIIEHCTBOBAHUS TAKMX IIPOLIECCOB.

2. AHaIU3 HAYyYHBIX MyOJIUKAUH

[Ipobnema MHTENIEKTYaIbHOTO aHaJIM3a CIab0CTPyKTYpHUPOBAHHBIX OM3HEC-TIPOLIECCOB pac-
cMmotpeHa B padore [1]. B [1,2] npemioxkeHbl MO HECTPYKTYPUPOBAHHOTO M CTPYKTYPHUPO-
BaHHOT'O IPOLIECCOB, A TAKXKe METOA CTPYKTYpPH3ALMH KypHAJIOB PErHCTpallui COOBITUH B 3a7a-
Yax MHTEJUIEKTYaJIbHOTO aHaju3a mpoueccoB. B pabore [3] mpemnoken moaxo K UCIOIb30Ba-
HUIO HepapXuH MabJIOHOB B process mining, KOTOPBIi MO3BOJISET CTPYKTYpHPOBAThH cIab0CTPyK-
TypUpOBaHHBIH Ou3Hec-mipouecchl. B [4] paccmaTpuBaercsi aBTOMaTHYecKoe (OPMHUPOBAHHE
Habopa orpaHMYeHUi B 3aj1aue npeaBapuTenbHoil oOpadotku KPC. B pabore [5] paccMorpen
MoAX0[ K BepupuKay OM3Hec-IpaBiil Ha OCHOBE )KypHaJla perncTpaliy COObITUH, 3a1al0ni
3aBepLIaoLIKe ACHCTBUS IPU NpeIBapPUTENBHON 00paboTKe TakuX KypHanoB. B [6] onuceiBaeT-
csl aBTOMaTH3MpOBaHHOE (POpMUpPOBaHKE OrpaHndYeHUi Ha ucnonHenue bII, 4yro naetr Bo3MOX-
HOCTb CTPYKTYPHUPOBATh ) KYPHAJ PErucTpaliy COOBITHI Ha OCHOBE HA0Opa MPaBHIL.

Ananu3 myOnuKanuil MOKa3bIBaeT, YTO B HACTOsIIEEe BpeMs pa3paboTaHbl CyLIECTBEHHBIE
3JIEMEHTHI NPEIBAPUTEIBHON CTPYKTYpPH3aLMH )KYPHAJIOB PETHCTPALIMN COOBITHH 1151 ¢1a00CT-
PYKTYPUPOBAaHHBIX IIPOLIECCOB, OAHAKO €IMHAsi TEXHOJIOTUS MpeoOpa3oBaHUs TaKUX JKypHAJOB
OTCYTCTBYET, YTO U ONpeneNsieT BaXKHOCTh M aKTyaJbHOCTh TEMBbl IPEICTaBICHHONW PabOTHI.

3. IlocTtanoBKa 3agaum

Lenb npeaBapUTENbHON CTPYKTYPU3ALIUH KYPHAIOB PErUCTPALUN COOBITHIA A1 CIa0OCTPYK-
TypUPOBaHHBIX OM3HEC-TIPOLIECCOB COCTOMT B MX IpPeoOpa3oBaHUU B Takylo (GopMy, KOTOpas
MPUTOAHA AJIs X 00pabOTKM METOJaMH MHTEIUIEKTYaJIbHOIO aHaIN3a CUIBLHO CTPYKTYPHUPOBAH-
HBIX IPOLIECCOB.

HcxonHpiMu TaHHBIMH 3a7a4dl SIBIISIOTCS:

— perucTpauroHHbIN (haiii c1aboCTpyKTYpUPOBaHHBIX OU3HEC-TIPOLIECCOB, KOTOPBIA COOEPKHUT
B 00LIEM ClTyyae HeynopsI0YeHHOE OIIMCAaHNE COOBITHI, TPOUCXOISIINX HAa 00BEKTE YIIPaBICHUS
C yKa3aHHEM METKU BPEMEHU;

— ONLMOHAJILHBIN NepedeHb 00bEKTOB, C KOTOPBIMHU OIEpUPYET OHM3HEC-TIpoLIecC.

HeoOxonumo pa3paboTaTh TEXHOIOTHIO, KOTOpasi Obl yHopsiiounBaia Habop cOOBITHI )KypHa-
Ja C y4YeTOM IMOCIIEHOBAaTEIbHOCTH 00PabOTKHM OOBEKTOB OW3Hec-Ipolecca M, TEM CaMbIM,
npeoOpa3oBbiBasia Obl ero B (popmy XKypHaia, aHajJoruduyio gopmupyemoii BPM-cucremamu
IUIS1 CUIIBHO CTPYKTYPUPOBaHHBIX OM3HEC-TIPOLIECCOB. DTO MO3BOJIMUT UCIIOJIB30BAThH CYIIECTBYIO-
LIMe METOBI Process mining Ajsi aHaJIM3a M IOCTPOCHUS MoAeNneil clabocTpyKTypUPOBaHHBIX
OM3HEC-TIPOLIECCOB.
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4. TexHOJIOTHSI TPEeIBAPUTEIbHOH CTPYKTYPH3AlHH KYPHAJIOB PerucTpanuu
COOBITHH

s pewenus 3agaun crpykrypusanuu JKPC npeanaraercss mHGpOpMaMoHHAasT TEXHOJIOTHUS
MpeABapUTENbHON 00pa0OTKH JKypHAJIOB PETHCTPALUU COOBITHH B 3a/la4ax MHTEIUIEKTYaIbHOTO
aHaJI3a MPOLIECCOB, KOTOPast MO3BOJISIET MPeoOpa3oBBIBATh HECTPYKTYpupoBaHHbIid JKPC B cTpyk-
TypUpPOBaHHYIO (OPMY, IPUTOAHYIO Uil 0OpabOTKM MHCTPYMEHTANBHBIMU CPEICTBAMH Process
mining,

Cxema, oTpaxkaromiasi OCHOBHBIE DJIEMEHTHI IpeiaraeMoid HH()OPMAIlMOHHOW TEXHOJOTHUH,
MpeJCcTaBlieHa Ha PUCYHKE.

JlaHHas TEXHOJIOTHUS BKIIOYaeT B ce0sl claeayromue OI0Ku:

— 010k 1 “UzBneyenne nHpopManmu o COOBITHSIX MpoLlecca 3a 3aJaHHBIA BpeMEHHOH! Mepu-
on’;

— Onok 2 “BeigBnenne 3akoHoMepHOCTel HacTyruieHust coobiThit XKPC”;

— 0nok 3 “CTpyKTypHpoBaHUE KypHajla PErucTpaliy COOBITUI Ha OCHOBE BBISBICHHBIX
3aKOHOMEpPHOCTEH ”;

— 670k 4 “Bepudukaunu ctpykrypupoannoro KPC”.

Paccmotpum Gornee moapoOHO Kaxkplil N3 OJ0KOB TEXHOIOTHH IPEIBAPUTENEHON CTPYKTYpH-
3anuu JKPC c1abocTpyKTyprpOBaHHBIX OM3HEC-TTPOLIECCOB.

Brnok 1. Peanuszaums qanHoro 6J0Ka COCTOUT U3 JIBYX JTaIOB:

— u3BnedeHne Habopa coObiThil 13 JKPC 3a 3amaHHBIA TPOMEXYTOK BPEMEHHU;

— MpOBEpKa CTPYKTYPHI MoJTydeHHoro Habopa coobituii u3 XXPC.

[Ton u3Bneuennem Habopa coObiTuil U3 XXPC 3a 3a71aHHBIA POMEKYTOK BPEMEHH CIEIyeT
MOHMUMATh NONTyYeHHE JaHHBIX O COOBITUSX Mpomecca 3 coorBercTByromed b/l 6o Tabmuist
B/l undopmManroHHON cUCTEMBI, PUKCHPYIOIIEH MPOUCXOSIIIE HAa O0BEKTE YIPABICHUS COOBI-
THS.

Nudopmanus u3Biaekaercs Ui BpeMEHHOTo uHTepBana (ty,te)|ty,te € T, TA€ t, — HauaIb-
Has BPEMEHHas OTMETKA; t, — KOHEYHAs BPEMEHHAss OTMETKA; T — MHOXKECTBO BCEX 3HAUYEHHM
aTpubyTa Bpemenu, Bxoxsamux B JKPC.

Torna ycnosne Hamu4ns COOBITHS B BEIXOXHOM HaO0PE MMECT CIICAYIOMIMIA BHL:

(Vst eS*)(tp <t; <te),S <Sp,i=L1, (1)
rae st - oTOOpaHHbI1 HaOOp COGLITHH Sa — Beck JKPC, XpaHUMBIHA B CHCTEME NPENIPUATHUS;
St; — samuch XKPC; t; — TeKyluii MOMEHT BPEMEHH.

Ha BTOpoM »3Tame naHHOro OJioKa OCYyLIECTBIISETCS HpOBepKa 00s3aTeNbHBIX aTpuOyTOB
onucanus bIl, koTopbie HEOOXOIUMBI AJIs1 KOPPEKTHOTO BHIIOIHEHHS TEXHOJIOTUU CTPYKTYPH3a-
nuu. K obsa3arensHbIM aTpubyTaM ci1abOCTPYKTYpUPOBaHHOIO (HecTpykTypupoanHoro) BII
OTHOCSIT:

—UACHTU(UKATOP OCIeAOBATEIBHOCTH BBIIIOJIIHEHNS IPOLIEIYPHI;

— BPEMEHHOH Iapamerp;

— nefictBrue (COOBITHE);

— pecypc (TIOIb30BaTENb ).

brnok 2 nogpasymeBaeT opmMupoBaHue OHM3HEC-TIPABIII SKCIIEPTHBIM H/MIIM aBTOMAaTHYECKUM
myreM. Ha Bxon manHOMy OJIOKy Tojaercsi oToOpaHHBIM Habop coOwsiThii. Ha BhIXO#e Onoka
MOJTy4aeM MHOXKECTBO OM3HEC-TIPaBMII, OrPaHUYMBAIOLINX BEINOIHEHNE OU3Hec-IpoLecca.

dopmupoBaHue Ou3HEC-NPaBUII Ha OCHOBE SKCIEPTHBIX OLEHOK TpeOyeT NMpoBeleHus psiaa
M3BECTHBIX OPTaHU3aLMOHHBIX MEPONIPHUATUH, B 4aCTHOCTH HHTEPBbIONPOBAHMSI, aHKETHPOBAHMS,
MO3TOBOTO IITYpMa U T.1.

s aBTOMaTHUYeCKOro opMupoBaHus Ou3Hec-IpaBuiI OblT pa3paboTan MeTox GpopMUpoBa-
Hus HaOopa orpanmdeHuit BII [6], koTopelili mogpazymeBaeT aHaIMTHYECKyr0 0bpaborky XKPC
BII. Meton ¢hopmupoBaHus oApa3yMeBaeT BBHIIIOIHEHHUE CIIEIYIONINX 3TaIOB!

— IPpyNIUpOBaHUE COOBITHH 1O OOBEKTaM;

— TIOJICYET YacTOTHI HACTYIUIEHH TOocienoBaTenbHocTel coobituii XKPC;

— pacrno3HaBaHHE CTPYKTYPHBIX IIA0JIOHOB B BBISBJICHHBIX IOCIEIOBATEIbHOCTSX;

— MpeICTaBJICHUE BBISBICHHBIX Ia0IOHOB KaKk Habopa cOOBITHI.
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BA

«OKypHau peructpauuy coObITHI»

Brok 1

N3Bneuenne codbiThii JKPC 3a
3a/IAHHBII TIPOMEXYTOK BPEMEHU

IIpoBepka CTpyKTypbl IOITy4EHHOTO
XKPC

-

Brok 2 + #

BersiBIieHHe MHOXKECTBA BhIsiBJIeHHE MHOXKECTBA OU3HEC-

Ou3HeC-TPaBHIT
9KCNEPTHBIM ITyTEM
(MeTo/Ibl MOTyYeHU S
OKCIICPTHBIX 3HAHMM )

MPaBUJI aBTOMATH3HPOBAHHBIM
yTeM
(MeToJ aBBTOMaTH3UPOBAHHOIO
(opmupoBaHus Habopa

B3
«busHec-npaBuna
rpouecca»

OrpaHU4YeHH )

Brok 3

OT6Op MOIMHOXKECTB
COOBITHIA JUIsSt
3a/laHHOro Habopa
00bEKTOB,C KOTOPBIMH |y CoprupoBka coObITHI
ornepupyer nporecc 10 BPEMCHH, a 3aTeM

Ha OCHOBC ITpH1HH HO- BbisiBIIcHHE HAYAIBH bIX
CIIC/ICTBEHHBIX CBBEH | 1 comeqmpix coBbITHiA
Mex Ty 00beKTaMu Byaymmx
MOCIIeI0BaTe bH OCTei
JUBL KQXKJIOTO
0T00pakHoro |» PopmupoBaHKE NPOLIECCHO
OAMHOMKECTEA OPHEHTUPOBAHHOTO
XKypHaJIa Ha OCHOBE
YACTHYHO YIOPSIOYCHHBIX
M10C/IeI0BATEIBHOCTEH
coOBITHI

Y

b. 4
JIoK IMonyuen

CTPYKTYpPUPOBAHHEIH KypH
perucIpanuu coOBITHH, KOTOPBIA
COOTBETCTBYET MOJICIU TIPEJICTABIICHUS
OCIIe/I0BaTeNIbH OCTel CoObITHIA
CTPYKTYPUPOBAHHOTO
nporecca

Ha
v
Bepudukauus nosy4yeHHoro
JKyPHAJIA PerHCTPALHU COOBITHI Ha

COOTBETCTBHE BBISIBJICHHBIM OH3HEC-
IpaBuiIaM

TexHoIOTHA IpEABAPUTEITHHON CTPYKTYPU3ALINH )KypHAJIa PETUCTPAIIN COOBITHI
CITabOCTPYKTYPUPOBAHHBIX OM3HEC-TIPOIIECCOB
OtnenbHO ciienyeT oOpaTUTh BHUMaHWE Ha JTall paCliO3HABaHUS CTPYKTYPHBIX IIa0JIOHOB B
BBISIBJICHHBIX 3aKOHOMEpHOCTsAX. Ha maHHOM 3Tare ocymecTBisercs (UIbTpaIUs IOCIEnoBa-
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TENBHOCTEH COOBITUH, YUMTHIBAEMBIX IPH aHAJIM3€, MO MOKa3aTel0 YacTOThl MOBTOPEHUH B
JKPC. B 3aBucuMocTH OT 3aJaHHOTO [OpOra MOBTOPEHHH IMOJIb30BATENb IOMy4YaeT pa3HbIe
HaOopbl OM3HEC-TIPaBHJI sl aHanu3a. TakuMm o0pa3oM, BO3MOXKEH BO3BpAT K JaHHOMY OJIOKY U3
MOCIEAYIONIMX B CiIydae MPOTHBOPEUYUBOCTH Habopa MOMydeHHBIX MPaBUil JTUO0 HAJIWYHS TPO-
6nem npu Bepudurauuu crpykrypupoannoro JXXPC. Ilocnennuii, B CBOIO Ouepenb, CTPOUTCS
HEMoCPeICTBEHHO HAa OCHOBE OM3HEC-TIPaBHUII.

Brok 3. B pamkax nanHoro 61oka ocymiecTisieTcs HermocpeacTBenHoe Gpopmuposanune KPC,
CTPYKTypa KOTOPOTO COOTBETCTBYET Mojenu crpykrypupoanHoro XKPC, a cam XXPC npume-
HUM I AaJIbHEHIIero anaau3a MeToAaMH HHTEIJIEKTYaJIbHOTO aHaJIn3a MPOLECCOB.

Jns monmyveHus! JaHHOTO (aiiyia B paMKax IpeaiaraeMoi TEXHOJOIHH HCIIONb3yeTcsi METO.
crpykrypusauuu JKPC. Ha Bxon 610Ky 3 mozmaercs monydeHHbIN B iepBoM Osoke JKPC.

B paMkax maHHOrO OJOKa BBITOTHSIOTCS CIEAYIOIINE STaIIbL:

— 0TOOp MOJMHOMKECTB COOBITUH /Il 3aJaHHOTO Habopa 0OBEKTOB, C KOTOPHIMU ONEPUPYET
IIPOLIECC;

— COPTUpPOBKa COOBITHI MO BPEMEHH, a 3aT€M Ha OCHOBE MPHUYMHHO-CIEACTBEHHBIX CBS3EH
MEXKAY OOBEKTaMU;

— BBISIBJICHHE HAYaJIbHBIX M KOHEYHBIX COOBITHH OyAyIINX MOCIeA0BATEIbHOCTEN IS KasKI0-
ro 0TOOPaHHOTO MOAMHOMKECTBA;

— (hopMHpOBaHHE MPOLECCHO-OPUEHTUPOBAHHOTO KYpPHala Ha OCHOBE YACTHUYHO YIOPSIOYEH-
HBIX TIOCJIEIOBATENEHOCTEH COOBITH.

[lepBBIii dTam monapasymeBaeT IPYNIIHUPOBKY COOBITHHA Mo 3agaHHBIM oObekTam BII. Ha
BTOPOM 3Tale OCYIIECTBIISIETCS YIIOPSAAOUYUBAHIE COOBITUI 1O BPEMEHHOMY MapaMerpy, a TaKkKe
B COOTBETCTBHHM C OM3HEC-TIpaBHIIaMH, KOTOpbIe ObLTH BBISBIEHBI BO BTOpoM Onoke. Ha mocre-
JTHEM JTalle OCYILIECTBISETCS BbISABIEHUE BXoja U BbeixoAa BII.

B pesynpTaTe BBHINOTHEHNS NEPEUUCIIEHHBIX TAlOB OCYIIECTBIISIETCS YIOPSAA0UYMBAHUE MHO-
XKecTB mociienoBarensHocteil codbituii BII mo BpemenHoMy napamerpy. Kaxkaoe u3 yka3saHHBIX
MHOKECTB OTpakaeT 00pa0OTKy CBSI3HOHM IOCIEAOBATEIBHOCTH OOBEKTOB HA 3aJaHHOM WHTEp-
BaJle BPEMEHH M COOTBETCTBYET OJHOMY M3 HOAMPOLECCOB OOLIEro GU3Hec-Ipolecca.

Bbnok 4 mpennonaraer npoBepKy MOJHOTH M HETPOTUBOPEYMBOCTH OM3HEC-TIPABUIL, BBIIEIEH-
HeIX B Onoke 2. Takas BepuduKanusi AOMKHA OCYIIECTBISETCS MO CICAYIOLUIMM YeThIpeM
acriekTaM OHM3Hec-TIpoLecca: MOCJIENOBATENbHOCTh ACHCTBUN Mpolecca; MOCIeqOBaTEIbHOCTh
curyauuii bII; mocienoBarensHOCTh onepanuii ¢ 00bEKTaMu OM3HEC-TIPOLIECCa; MOCIeOBATEb-
HOCTb B3aMMOJEHUCTBHSI IPOLIECCA C CYLIECTBYIOIEH OPTaHU3alMOHHON CTPYKTYPOH.

[IpennoxeHHBII TOAXOA CO3MAET YCIOBUS VIS aJalTallul HOIUTHKY IPENIpUITHS, KOTOpas
¢dopmanusyercss B Buie OM3HEC-NPaBWII, K TEKyIIEMY COCTOSIHHIO OpraHHM3allMM, a TaKkXke K
HEKOHTPOJIHMPYEMBbIM BHELIHUM BO3MYIICHHSIM.

5. BeIBOABI

[Ipemtoxkena TexHOMOTHS MpenBapuTenbHol cTpykrypusanun JKPC ciabocTpyKTypupoBaH-
HBIX OM3HEC-TIPOIECCOB B 3aJ[auaX WHTEIUIEKTYyalbHOr0 aHanm3a mporeccoB. OHAa TEXHOIOTHS
BKIIFOYAET B ce0st OJIOKM M3BIIeueHHs] MHGOPMAIH O COOBITHSX TIpollecca 3a 3aJaHHbIN BpeMeH-
HOW TIEpUOl, BBISABICHHUS 3aKOHOMEpHOCTeH HacTyruieHus coobrtuii XKPC, cTpykTyprupoBaHus
KypHalia perucTpanun coObITHH, Bepudukanmu crpykrypupoanHoro XKPC. JlanHas TeXHOIOrus
CO3JIaeT YCIIOBUS IS OBBIIeHNS d(hPekTHBHOCTH (PYHKIIMOHUPOBAHUS CIIa00CTPYKTYPHPOBAH-
HBIX OM3HEC-TPOIIECCOB ITyTeM BBISIBIICHHS HECOOTBETCTBHS IIpoIlecca M €ro OrpaHHyYeHHil Ha
OCHOBE aHaJN3a IMOCIIEN0BATEILHOCTH COOBITHIA TAKOTO IIpoIecca.

B npaktrueckoMm acnekTe MpeaioxKeHHast TEXHOIOTHS TI03BOJISIET PACIIUPUTE cdepy IpruMe-
HEHHS METOAOB M MHCTPYMEHTAIIBHBIX CPEIICTB Process mining Ha c1aboCTPYKTYpHPOBaHHBIE U
HECTPYKTYpHUPOBAaHHBIE OM3HEC-TPOIIECCHl, YTO JaeT BO3MOKHOCTH OIIEHWUTh aJIeKBaTHOCTh UX
MoJIeTiel U, TPr HEOOXOTUMOCTH, BBITIOTHHUTH PENHKUHUPUHT OU3HEC-TIPOIIECCOB.

Cuucox siurepatypsl: 1. Van der Aalst W. M. P. Finding Structure in Unstructured Processes: The Case for
Process Mining / W. M. P. van der Aalst // ACSD *07 Proceedings of the Seventh International Conference on
Application of Concurrency to System Design. IEEE Computer Society Washington, 2007. C. 3-12. 2. Jleswi-
xkun B. M. Metox npeaBapuTenbHON 00pa0OTKU )KYPHAIOB PETUCTPAIH COOBITHIA B 3a/1a4aX HHTEIJICKTyaIlhb-
Horo aHanu3a nporeccoB / B. M. Jlesvikun, C. @. Yanwiii, E. O. boeamos, M. . [uxycap // MexmyrapomHas
Hay4YHO-TIpaKTH4IecKast kKoHpepeHws «[1omynpoBoIHUKOBBIE MaTepHaIIbl, HH(POPMALMOHHBIE TEXHOIOTHHU 1
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YK 007.5; 004.85
C.®. YAJIbIH, U.5. BYI[VKUHA

MOJIEJIb BU3HEC-IIPOLIECCA C U3MEHSIEMOM HA OCHOBE
MPABUJI CTPYKTYPOU

Hpe,unaraeTCH MOACIIb 6H3H€C-Hp0H€CC& C U3MEHSIEMOM CprKTypOﬁ, KOTOpas BKJIIFOYA€T B
cebst Ha60pLI 6I/I3H€C-HpaBI/IJ'I, 3aaromuX B3aUMOCBA3U MCKIY MPOLCAYPAMU ITPOLECCa U Oorpa-
HUYUBAIOIUX BBIITOJIHCHUE TAKUX IPOLEAYD. MO,HGJ'IL 00€ecIeunBaeT BO3MOKHOCTH JUHaMHU4CC-
KoM azgarnTanyuu 6H3H€C-Hp0H€CC& K BHCITHUM BOBHeﬁCTBHHM.

1. AKTyalnbHOCTH

CoBpeMeHHOe ITPOLIECCHOE yIIpaBiieHHne TpedyeT mocTpoeHus ruokux 6usHec-npoueccos (BII),
OpPHEHTHPOBAHHBIX Ha I10JIb30BATENS M M3MEHSIOIINXCS HA OCHOBE 3HAHUM O ()YHKLIMOHUPOBAHUHU
npeanpusTus. Takue 3HAHUS NMPEICTaBISIIOTCS B BUIE ABYX COCTaBJIOIMX: 3HaHUA o BIl Ha
NPEANPUITUH, B BUJE JOMYCTUMBIX MOCJIEIOBATENBLHOCTEH MPOLEAYp; 3HAHUS O TIOPAIKE YIIPaB-
JIeHUs1 TAKUMH ITpoLieccaMu, B BUe Ou3Hec-mipaBuil. busHec-npaBuia ¢opMaau3yOT OTHOLICHHS
(oOBIYHO B (hOpMeE MPUUMHHO-CIEACTBEHHBIX CBSI3el) MEXAY HPOLELypaMHy mporecca, 00beKTa-
MH, C KOTOPBIMHU OIEpHUPYET MPOLECC, a TAKKE ONMHUCHIBAaIOT BpeMeHHbIe napamerpsl bII. CoBo-
KYIHOCTh TaKMX IIPaBHJI TAKXKE COCTAaBIIACT cucTeMy orpanndenuit 1uia bII. Ykasannas cucrema
OrpaHMYEHMH 3a7]aeT JOIyCTHUMbIE TpaeKTopuu peanusanuu bll, nomyctumele mocienoBaTenb-
HOCTH COCTaBJISIOIIUX MPOLIECC IPOLEAYP, YTO U OIPEAeNsieT BO3MOXKXHOCTU X aJalTalluH.

Henocratok ruOKocTr COBpEeMEHHBIX Mojieniell OM3HEC-POLECCOB B 3HAYUTEIBHON CTENEHH
OIIPEAENACTCS CYILECTBYIOLUIMM aJITOPUTMHUYECKH-OPHEHTHPOBAHHBIM MEXaHU3MOM OIMCAHUS
MOCIEA0BaTENbHOCTH paboT mpu BhimoiaHeHHH BII. B cooTBeTcTBMM C TakuM MeXaHH3MOM
aIropyuTM GYHKLIMOHUPOBAHUS IIPOLIECCa OCHOBBIBAETCS Ha IIOCIIEI0BATENIbHOCTHU ITPEABAPUTENb-
HO OIpEEIEeHHBIX HIa0JIOHOB, OTPAXKAIOIINX B3aUMOCBS3M MEXIy HpOLERypaMH. AJITOPUTMHU-
yeckuil xapaktep omnmcaHusi BII TpeOyeT >kecTkoro 3amaHusl MOCIIENOBAaTENBLHOCTH paboT Ha
3Tamne ero KOHGUTyprUpOBaHUs, YTO 3HAUUTENBHO 3aTPYIHSIET IPOEKTHPOBaHNE OM3HEC-IIPOLIeC-
COB C U3MEHAEMOH CTPYKTYypoil. B To jxe Bpems, HeoOXoaquMocTs HOpMHUPOBaHUS THOKUX MOJie-
neit BII ¢ yueTom cymiecTByromux orpaHuueHuil B popMe MHOXKeCTBa OM3HEc-paBuil TpeOyer
MPUMEHEHHs MOAX0I0B, pa3pabOTaHHBIX B O0ONACTH MCKYCCTBEHHOI'O MHTENJIEKTA, a MUMEHHO
MOJXOJOB K PELICHHUIO 3a/1a4, MPEeICTaBICHHBIX B BUJE CUCTEMBbI JIOTHYECKUX OrpaHuyeHui [1].
W3znoxxeHHOE BBILIE ONpenessieT akTyalbHOCTh PacCCMaTPUBAEMON B CTaThe MPOOJIEMbl MOJEIH-
poBaHusa azantupyemblx BIl ¢ mM3MeHseMOH CTPYKTYpOH C y4eTOM CHCTEMBI JIOTMYECKUX
orpaHuyeHuil B popme OM3HEC-TTPABUIL.
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2. AHaIU3 HAYYHBIX MyOJIUKAUH

[Ipobnema monenupoBaHus ruOkux agantupyeMsix BII cBsizaHa ¢ mocTpoeHHeM JeKIapaTHB-
HOT'O ONUCAaHMS PEAMETHON 00NacTH B BHJIE CHCTEMBI OTpaHMYEHHH - CBs3EH MEXAy 00beKTa-
MH, KOTOpBIE YIPABIAIOTCA C MOMOUIbIO MporeccoB. OHU ONPEAESIOT B3aMMOCBSI3U MEXIY
MpOLeAypaMH, ONEPUPYIOIIMMH C TaKHUM OOBEKTaMH. DTO TPeOyeT pacCMOTPEHUS MOIXOIOB,
npuHATHIX B Constraint programming [1]. OcHoBHast ues B paMKax AJaHHOW MapaJurMbl 3aKITI0-
YaeTca B TOM, YTO OTHOILIEHUS MEXKIY MEepPEeMEHHBIMH MPEAMETHOW 00JIACTH MPENCTABISIOTCA B
BHJIe orpaHndeHuil. Torga Anas perieHus MOCTaBIEHHON 3a/lauM MOJb30BaTeNlb JODKEH 3a4aTh
OrpaHUYEHHS U MOJIYYUTH OTBET, YIOBJIECTBOPAIOUINN 3aJaHHBIM HCXOJHBIM OrpaHHUYCHHUsIM (OT-
HOLIEHHIM), C TIOMOIIBI0 HEKOTOPOTo YHUBEpPCAIBHOro pemiarens. JaHHbII MOAX0A MO3BOJISET
CIIPOEKTHPOBAThH THOKUE Ha ypoBHE AekinapaTuBHoro onucanus BII [2,3], a Takke azanTHpoBaTh
MX BO BpeMsl BBIITOJIHEHHSI OrpaHrdeHuil. B To e Bpems, npu noctpoennn moaenei bI1 ncrnonssy-
ercs aJrOpUTMUYECKHH MOJXOX, YTO OrpPaHWYMBAET BO3MOXHOCTh MX aJanTald C Y4EeTOM
CYILECTBYIOUIMX OTpaHUYEHH B (popMe OM3HEC-IpaBuil. ITO ONpeAensieT BaXKHOCTb U aKTyallb-
HOCTb TEMBI JaHHOU CTaTbH.

3. IIocTtanoBKa 3agaum

HcxonHpIME AaHHBIMU 3a]laud SIBJISIIOTCS: CTPYKTYPHBIE 3JIEMEHTHI OM3Hec-mpolecca; Ou3-
Hec-TIpaBWIIa, 3aJalollue orpaHn4eHus Ha npouecc. Heooxoaumo pa3paborats Moaenb rHOKOro
On3Hec-Tpolecca ¢ U3MEHIEMON CTPYKTYpOH, 00eCHeYHBAIOIIETO €ro IMHAMHYECKYIO aJlanTa-
LUIO TP U3MEHEHUHU YCIOBHH (YHKUIMOHUPOBAHHA. JTO MO3BOJMIO ObI 00ECIEUnTh, C OIXHON
CTOPOHBI, COKpAIllEHHE BO3MOXKHBIX OTEPH B YCIOBUAX KaK dBOMIOLHNOHHBIX, TAK H HEMPEACKA3Y-
eMbIX U3MeHeHnH BHeuHel cpeapl. C Opyroil CTOPOHBI, aJanTanus I03BOJISET JyYIle UCTIONb30-
BaTh BO3MOXXHOCTH, KOTOpHIE BOSHHMKAIOT B PE3yJbTaTe BHEIIHMX M3MEHEHHH, U TEM CaMbIM
MOBBICUTH 3P PEKTUBHOCTH OM3HEC-TIPOLIECCa.

4. Mogenanr Ou3Hec-mpomecca ¢ M3MeHSIeMOH CTPYKTYpPoOil

[Ipennaraemast Moaenb rHOKOrO OM3HEC-TIPOIIECCa OCHOBaHA HA HOBOM ITOJIXOJIE K €r0 CTPYK-
Typuzanuu. TpamunuoHHbIM siBisiercs workflow — ommcanume BII, mpu KoTOpoM KITIOYEBBIM
3JIEMEHTOM OW3Hec-Tpolecca SBJIETCS €ro IOCIeNoBaTeIbHOCTh pabor (mpouenyp). Takas
MOCIIEI0BATEIEHOCTh MOXKET Peai30BbIBATh JOCTATOYHO CIIOKHBIE aJlTOPUTMBI, OTPaXKarolue
B3aUMOJICHCTBHE KaK aBTOMATHYECKH BBIMOJHSIOIINXCS, TaK ¥ MHTEPAKTUBHBIX (PPAarMEHTOB
nporuecca. Bece Bo3MoxHbIe BapuaHThI BbITOMHEHHsT Workflow OIKHBI OBITH ONpeneNeHbl 3apa-
Hee, Ha dTare Co3aHus Mojenu nporecca. ClieoBaTenbHo, B TPaIUIHOHHYIO MOZEIB TIpoliecca
HESIBHO BKJIFOUEHBI BO3MOYKHBIE OTpaHHYEHHSI, U KaXKIbIH JOIyCTUMBIN BapuaHT BbIonHeHus bI1
npopabaThIBaeTCsl C YYETOM CYILIECTBYIOLIMX OTpaHMUYCHUIl. B TO jke Bpems, Takue «KECTKHE»
MOJIeNTH OU3HEC-TTPOLIECCOB HE MO3BONIIOT 3()(EKTUBHO aIaNTHPOBATh UX NPH M3MEHEHHU BHE-
MIHUX ycloBuil. Heo0XoanmMo BEIMONMHUTE X nepenpoektuposanue. Ctpykrypusanus workflow —
OIMCaHUs TOKA3bIBACT, YTO IJIEMEHTaMU OW3HEC-TIpoIlecca SBISIOTCS IOCIEI0BATEIBHOCTH
nporenyp(activities), chopMrUpoBaHHBIE TaKHMM 00pa3oM, YTOOBI YJOBIETBOPATH CYIIECTBYIO-
UM OrPaHUYEHHSM B popMme Or3Hec-TipaBmil. B To ke Bpemst On3Hec-IipaBuiIa MOKHO paccMat-
pHBATh IBOSKO: KAK OrPaHUYCHUS M KakK dJIeMeHT ymnpasiieHus. C OIHOW CTOPOHBI, NMpaBHIiIa
OrpaHMYMBAIOT BHITIOIIHEHHUE TEX MM HHBIX MTPOLIEAYD B 3aIlaHHBIX BHEIIHUX ycloBusax. C apyroit
CTOPOHBI, OM3HEC-TTPAaBUIIA ONPEENSIOT JOITYCTUMBIN MOPSIOK BBIITOIHEHHUS TIPOLIEAYP — YIIPaB-
JSFOT BBITIONTHEHWEM rporecca. CnenoBarenbHo, workflow menecooOpa3Ho paccMaTpuBaTh Kak
Ha0op mpouenyp, CBI3M MEXIy KOTOPBIMH 331al0TCsl OM3HEC-TpaBHIaMy BTOPOT'O THIIA, a JIOITY-
CTUMBIE TIOCIIEI0BATEIBHOCTH TUX MPOLENYP ONpENesioTCS MpaBmwiaMu neporo tuma. [Ipu
3TOM KakJasi IpoLelypa Onpenersercss Ha OCHOBE €IMHOro 00beKTa (pecypea), ¢ KOTOPBIM OHA
paboTtaer, ¥ (WJIM) OAHOTO HUCIIONHUTENS, KOTOPBIH €€ BBIIONHSIET. BhIgenenne cocTaBisiomux
Ou3Hec-Tporecca ¢ U3MEHIEMOH CTPYKTYpPOH MO3BOJISIET MPEICTABUTH €r0 CTATUYECKOE OInca-
Hue Bp B Buzie (1) mpu BEIMOTHEHUN HEOOXOIUMBIX M JOCTATOYHBIX ycloBuii (2) u (3):

Bp=(Pr, Br, Cr, W), (1)
(Vbr; € Br)3Pr; © Pr — br;(Pr,) = true, br; € wf, |, wf € Wf,, (2)
(Ver, € Cr)3aWf, ¢ Wf — cr, (WT)) = true, (3)
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rae Pr -mMHOxecTBO mpouenyp OusHec-npouecca; Br — MHO)kecTBO OM3HEC-TIPaBUII, ONPEIEIISIIO-
LIMX JOMYCTUMBIE MOCIEA0BATEIILHOCTH Ipoueayp OusHec-mporecca; Cr — MHOXKECTBO OM3HEC-
MPaBHJI, OTPAHMYMBAOLIX BHINOITHEHUE TOCIEAOBATEILHOCTH MpoLeaAyp OusHec-mpouecca; Wf—
MHOKECTBO JOIYCTHMBIX MOCJeNOBaTeNbHOCTEN MpoLenyp OM3Hec-mporecca.

VYcnoBue (2) 3amaer JOMyCTUMBbIE B3aUMOCBS3M MEXAY MPOLEAypaMu, HEOOXOOUMBIEC IS
noctpoenus nemeHToB Wi , a ycnoBue (3) cBsA3aHO ¢ IOTHOTOW MOJEH U 3aJaeT CYIIECTBOBA-
nue WI, ynonersopstomux orpanudenusam Cr. Otmerum, uTo npasuio brj(Pr) ceasbiBaer
HECKOJIBKO 3aJJAaHHBIX MPOLIEYpP MPH BBIOJTHEHNH ONPEIENIEHHBIX B PaBUJIE YCIOBUM, TOCKOJIBKY
CTAaHOBUTCSI UCTUHHBIM TOJBKO JUIS €r0 MPOLeTyp-apryMEHTOB.

[Ipenpinyiiee paccMOTpeHHE Kacajoch TOJBKO cTaTHueckoro omucanus rudkoro BII. Ber-
nonaenue BII onuckiBaeTcs mocneqoBaTeIbHOCTRIO COOBITUH T;, KaXKI0€ U3 KOTOPBIX OTpaskaer
BBINOJIHEHNE COOTBETCTBYIOLIEH NPOLENyphl priOn3Hec-Tpoliecca B OnpeneeHHbI MOMEHT Bpe-

MeHH T, (T.€. GUKCHpYeT cocTostHUE Mpoueaypbl). COBOKYIMHOCTE 3THX coObiTuii Tj, yropso-
YeHHas 10 BpeMeHH, 00pa3yeT TeKYIYI0 TPaeKTOpHIO BhioaHeHus BIl:

Tr = {t;},tr; =<T,,..., T},..., T, >, T, ={(pr, T,)},pr, €Pr. 4)

5. BeIBOABI

BriepBbie npesioxkeHa Mojienb OU3HEC-porecca ¢ U3MEHIEMOW CTPYKTYPOH, KOTOpasi BKITFO-
YyaeT CUCTeMy OrpaHu4YeHui B (hopMe OU3HEC-TIpaBuII JIBYX TUIIOB, C OJTHOWM CTOPOHBI 3a/IaF0IIUX
JIOITYCTUMBIE MIOTOKU pa0OT Ha OCHOBE BO3MOXKHBIX B3aMMOCBSI3EH MEX1y MPOIEIypaMu IMpoIec-
ca B (hopMe TaKUX MPABUIIL, a C IPYTOil — ONMPENENAIONINX HEIOMYCTHMBIE ISHCTBUS Mpolecca Ha
OCHOBE IMPaBUJI-OrpaHUYeHUH. JlaHHAsI MOJIENb CO3/1aeT YCIOBUS ISl aIaNTallud OU3HEC-TIPOIIeC-
ca B YCJIOBHIX 3BOJIOLIMOHHBIX H3MEHEHU I BHEIIHEH CPE/Ibl, a TAKXKE HEMPEIBUICHHBIX BHEIIIHUX
BO3JICHCTBUI. B mpakTHYeckoM acmeKkTe MpeIoKeHHAash MOJCIb O0ECICUYMBACT YCIOBUS JUIS
ONTUMHU3aNUU OU3HEC-TIPOIlecca Ha OCHOBE MAKCHMAIILHOT'O MCIIOIh30BaHHS BO3MOXKHOCTEH, TIpe-
JIOCTaBJISIEMbIX MMPABHJIAMH TIEPBOTO THIA (IPUIHMHHO-CIICCTBEHHBIC 3aBUCUMOCTH MEKIY IPO-
HeaypaMu), ¥ MUHUMHU3AIUKA OTPAHHYCHHH, 33a]JaBaCMbIX MpPABHJIAMHU BTOPOro tuma. MHbMu
CJIOBaMH, MOJIENTb 00ECIIeYrBAET BO3MOXKHOCTh M3MEHEHUS TIpoliecca B 1eisix Oonee 3 pekTus-
HOT'O HCTIOIB30BAHUS PECYPCOB C YUETOM 3aJJaHHBIX orpaHudeHuil. Bropoe mpenmyiecTso npea-
JlaraeMoy MOJENU COCTOUT B TOM, YTO aJanTalus MHpoLecca MO3BOJIAET «PACIIUPUTH Y3KHE
MecTa» OM3Hec-IpoIecca U, TEM CaMbIM, OCTIA0HUTh CYIIECTBYIOIINE OTPAHHYCHHSL.

Cnucoxk aurepatypsi: 1. Rossi F. Handbook of Constraint Programming / Francesca Rossi , Peter Van Beek ,
Toby Walsh , Thom Frehwirth , Laurent Michel , Christian Schulte// Amsterdam ; Oxford : Elsevier, 2006. 955
p- 2. Schonenberg M.H. Towards a Taxonomy of Process Flexibility (Extended Version) / M.H. Schonenberg,
R.S. Mans, N.C. Russell, N.A. Mulyar, and W.M.P. van der Aalst / BPM Center Report BPM-07-11,
BPMcenter.org, 2007. 30 p. 3. Schonenberg M.H. Towards a Taxonomy of Process Flexibility/ M.H.
Schonenberg, R.S. Mans, N. Russell, N.A. Mulyar and W.M.P. van der Aalst //In J.L.G. Dietz, A. Albani, J.
Barjis (Eds.), Advances in Enterprise Engineering (4th International Workshop CIAO! and 4th International
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in Business Information Systems, Vol. 10. P. 16-30). Berlin: Springer.
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VJIK 007.5; 004.85
C.®. YAJIBIH, AJIBILIEUX AJIH JDKAMUJTS

CEPBUC-OPUEHTUPOBAHHASI MOJIEJIb BU3HEC-IIPOILIECCA C
U3MEHSIEMOM CTPYKTYPOM

Hpe,unaraeTCﬂ CCPBUC - OPUCHTHUPOBAHHAA MOACIb 6I/I3H€C-HpOH€CCél C U3MEHSIEMOU CTPYK-
TypOﬁ, MMpEACTaBJIAIOIIAA 6H3H€C-HpOH€CC B BUIC Ha6opa CCPBUCOB, a TAKKE Ha60pa 1a0JIOHOB
nux B3aPIMO,H€I>'ICTBPI$I. Mo,uem, MO3BOJIACT YIUTBIBATH CYIICCTBYIOIYIO OPraHU3alIMOHHYIO CTPYK-
TYpYy IIpHU NOCTPOCHUU CUCTEMbI TPOLECCOB MPCATIPUATHS.

1. AKTyanbHOCTH

OnHolt U3 cepbe3HBIX MPOOJIEeM, KOTOphIe BO3HUKAIOT HPU MOCTPOCHHH CHUCTEMBI OW3HEC-
MPOLIECCOB M peau3alliid Ha 3TOH OCHOBE MPOLIECCHOTO MOAXO0Ja K YIpPABIEHUIO, SBISETCA
HECOOTBETCTBUE «TOPU3OHTAILHO-OPUEHTUPOBAHHOTO» MoCTpoeHus OmsHec-npoueccos (BIT)
«BEPTUKAJIbHO-OPUEHTHPOBAHHOM» OPraHU3aL[MOHHON CTPYKTYpe MPEANpHUsITHSI, COOTBETCTBYIO-
el QyHKIMOHAJIBHOMY HOAXOAY K yHpaBieHHIo. OYHKIMOHAIBHBINA MMOAXO[ MOApa3yMeBaeT
HaJN4re HECKOJIbKUX YPOBHEH yIpaBieHUsS OT PYKOBOAMTENSI OpTaHM3alMM A0 HCIOTHUTENS.
[oapazneneHust OpraHU3aul COCTABIIAIOT HEPAPXUUECKYIO CUCTEMY U OOBIYHO CTPYIIHAPOBAHBI
10 BUJAM JIeSITeIbHOCTU. BHYTpHY Ka)KI0ro moapa3aeneHusi CyIecTByeT (PyHKIHOHAIbHAS Hepap-
XM OT Ha4aJIbHUKA K HcnoaHuTeNto. IlponeccHslil moaxon npennonaaraeT 3aMeHy BEpTHKaJIbHOTO
yIIpaBJICHUS CTPYKTYPHBIMHU MOJpa3eneHIsIMA OpraHU3alliy Ha yIpaBieHue OM3Hec-Ipolecca-
MH, CBA3BIBAIOLIMMH BOEIMHO JAEATENBHOCTD 3THX Mofpa3aeneHuil. bII ropuzoHTaibHO MPOHU3HI-
BAIOT OPraHU3aL[MOHHYIO CTPYKTYpPY M IIPEAIOIAaraioT pa3iInyHble BApUAHTHI peanu3aliy Ipowec-
coB. [losToMy BHeOpeHHE IPOLECCHOIO IMOAXOAA CYLIECTBEHHO BIMSET HAa CYLLECTBYIOLIYIO
OpPTaHU3ALOHHYIO CTPYKTYpPY, IPUBOIUT K HAJIOKEHUIO «30H OTBETCTBEHHOCTHY PYKOBOIUTENEH
MOJIPa3/ACIEHUI U BIIAJIENbLEB NMPOLIECCOB, YTO MOXKET 3aTPYAHUTH pPELICHHUE 3a/1ay yIPaBICHUS
MOPEANPUIATHEM. DTO ONpPEAEIIAeT BaXKHOCTh IIOCTPOCHUS M peau3aliil aJanTUPyeMbIX On3HeC-
MPOLIECCOB, a TAKXKE aKTYalIbHOCTh paccMaTpuBaeMoil B cTaThe mpobieMsl cornacoBanus Bl ¢
CyILECTBYIOLIEH OpraHU3allMOHHON CTPYKTYPOH Ha OCHOBE IIOCTPOEHUS MOZIeneil THOKHUX CEpBHC -
OpPHEHTHUPOBAHHBIX OM3HEC-TIPOLIECCOB.

2. AHAJIN3 HAYYHBIX NMyOJMKanuii

[IpoBeneHHBIN aHAIN3 TOKa3aJl, YTO OCHOBHBIMU OCOOCHHOCTSIMU (PYHKIIMOHATIBHOTO IIOAX0/a
ABISIIOTCS [1]: mepapxuyeckast CTpYKTypa OpraHu3alii; IpUMEHEHNE KOHBEHEPHBIX TEXHOJIOT U]
yIpaBiieHHE OpraHu3aluei Mo CTPYKTYPHBIM 3JIEMEHTaM — MOApa3eieHsIM; B3auMOICHCTBHE
MEXAY MOApa3leNeHUsIMI Yepe3 CTPYKTypHBIE 3JIEMEHTBI Oojiee BBICOKOro ypoBHs. Paccmot-
peHHbIe B paboTax [2-4] ocobeHHOCTH peopranu3anuu bI1 n mocTpoeHus mporeccHo-OpueHTHPO-
BaHHBIX CHCTEM YNPAaBJIEHHS IO3BOJIIOT CHENaTh BBIBOA O TOM, YTO IPOLIECCHBIN MOAXOX
XapaKTepU3yeTcsl CIENYIOIUMH OCOOEHHOCTSMH: OpraHU3alysl MPEeICTaBIIsIeTCS B BUAE CHCTE-
MBI B3aMMOJICUCTBYIOIINX IPOLIECCOB, HANPABIEHHBIX HA IOCTIKEHHE ee TJ00ajJbHOM Lenu;
OM3HEC-TIPOLIECC PEeATN3YETCsl HECKOJIIBKUMHU TOAPa3AeeHUIMH, TOTJa KaK BBHIIIOIHAEMbIE (yHK-
WU 3aKPEIUICHbI 32 KOHKPETHBIM MOAPa3AeleHIEM; B3aUMOACHCTBUE MTPOLIECCOB BBIIOIHACTCS
10 IPUHLIMITY «ITPOU3BOAUTEINb — IOTPEOUTENBY; BBITTOIHACTCS IIOCTOSHHbBIM MOHUTOPUHT, H3MEpe-
HUE 1 aHaJIU3 IPOoLEecCOB; (yHKIIMOHUPOBAHHUE IPOLIECCOB BHITIOIHSIETCS B COOTBETCTBUU C 3aJIaH-
HBIMU KPUTEPHUSIMH PE3yIbTaTUBHOCTH. CepBHC-OpUEHTUPOBAHHAS apXUTEKTypa [5] mo3Bomser
MHOTOKPaTHO HCIIOJIb30BaTh CEPBUCHI, YTO AA€T BO3MOXKHOCThH MOCTPOUTH THOKHE OHM3HEC-TIPO-
LECCHI C YYETOM OPTaHU3ALMOHHON CTPYKTYPBI IPEANPHUSITHS.

3. IlocTtanoBKa 3agaum

HpI/I PCHICHUHN 3aJa4M B Ka4CCTBC MCXOAHBIX NAHHBIX MOXKHO pacCMaTpuBATh CTPYKTYPHBIC
OJICMCHTBI 6H3Hec—np0uecca, BKJIFOYasd MMpaBuiia v a0I0HBI BBaHMO,Z[GfICTBI/Iﬂ, a TaK)KE 3JICMCH-
TBI OpFaHI/ISaLIPIOHHOfI CTPYKTYpPbl H HOPAOOK HX BBaHMO,Z[GfICTBI/Iﬂ. 3aL[aqa 3aK/II0O4acTCAa B
pa3pa60TI<e MOACIN 6H3Hec—np0uecca Ha OCHOBC HCpPApXUHN CCPBHUCOB, BBaHMOHGﬁCTBHQ MCKOY
KOTOPBIMH OIIPEACIACTCSA HA OCHOBC (I)I/IKCI/IPOBaHHOFO HaGOpa a0JIOHOB. HOCJ’IGI[HI/IG 3a1arT
BO3MOXHBIC BaAPUAHTBI HOCHG,Z[OBaTeHLHOCTGfI CCPBUCOB IIPU BBIITOJIHCHHUN 6H3Hec—np0uecca u,
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CJIEZIOBATENbHO, OIPAaHUYMBAIOT MHOXKECTBO BO3MOXKHBIX TPaeKTOpHHl ero peanmusauuu. Takas
MOJIENb MO3BOJIMJIA OBl BBICTPOUTH MEPAPXHIO B3aMMOJICHCTBYIOMINX OM3HEC-TPOLIECCOB C MPH-
BA3KOH K OPraHU3allMOHHOM CTPYKType NPENNpUsTHS U, TEM CaMbIM, H30eXKaTh HAIOKEHUS «30H
OTBETCTBEHHOCTH» PYKOBOJIUTENEH MOAPA3JENCHUN U BIIAJIENbIEB MPOLIECCOB, YCTPAaHUB MPOTH-
BOpEYHS IIPU paclpenesieHUN PECYpCOB.

4. OGo0ueHHasi cepBHC - OPHMEHTHPOBAHHAS MOJe]b OM3Hec-Tpolecca

[pennaraemasi cepBUC - OpHEHTHPOBaHHAsh MOJENb OW3HEC-TIpolLlecca BKIIOYaeT B cels aBa
YPOBHSL: MOJIENb KOH(DUTYPUPOBAHHUS M MOJIENb UCTIONHEHUsI. PaccMOTpUM HX Ha3HAa4YeHUE U COCTaB.
[epBas mozens (1) sBisieTcs NEKIapaTUBHON, COAEPIKUT TOHBIM HAOOp CEPBHCOB, a TAkKe MIa0II0-
HOB HEpapXul M B3aUMOJEHCTBHUS, OXBaThIBas BCE BO3MOXKHbBIC BapHaHTHI peayM3aliid OH3Hec-
npouecca. OHa TO3BONSAET OLEHUTH IOBEIECHHE IpolLiecca M3BHE, NMPOAHAIM3HPOBAB BO3MOKHBIE
BapUAHTHI B3aMMOJICHCTBHIA, a TAKXKE BBIIOITHUTH BEPU(PHKAIIMIO TPOLIECcca, UCCIIEIOBAB €ro MOIHOTY
1 HENPOTHBOPEYMBOCTH. BTOpas Mozenb ConepsKuT MOIMHOMXKECTBO CEPBUCOB U IIPaBHJI B3aUMOJICH-
CTBUS U ABJIACTCS aJaITUPOBAHHOMN MOJ1 YCIIOBUS KOHKPETHOTO IPETIPUATHA UCTIOTHIEMON MOZIEIIBIO:

Bp = (Sr, T1, WF), Wiy (Tlg) € WF, tli(Sr,) € Tlg, Tl Tl  wfy, € W, (1)

rae Sr —MHOXECTBO CEpPBHCOB, pealM3yIOIMX Ou3Hec-mporecc; Tl — MHOXeCTBO mabiI0HOB
B3aMMOJEUCTBHSI CEPBUCOB, 3aJaIOLINX JOMYCTUMBIE CXeMbl B3aummonercTBus; W — MHOXKe-
CTBO BO3MOYKHBIX TOCIIEIOBATEILHOCTEH CEPBUCOB, peaIn3yIOnX Ou3Hec-IpoLecce.

OTMeTHM, 4TO AOMYCTUMYIO CXEMY B3aMMOJICHCTBHS Ha OCHOBE IIA0JIOHA MOXKHO paccMart-

pHUBaTh KakK JIOTHUECKYIO (DYHKLHIO OT CEpPBHCOB tlj(Sri), BXOAALIMX B 3TOT ImabnoH. Torxaa

(opmanbHOE MpeCTaBICHUE CEPBUC - OPHEHTHPOBAHHON MoJenu Ou3Hec-mpoLecca, aaanTupo-
BaHHOU IMOJ KOHKPETHOE MpEeNnpusiTHe, IPEACTaBIsieT co0oii Habop norndeckux (QyHKUUN Ha
MOJMHOKECTBE 11a0JIOHOB B3aUMOACHCTBUS cepBHCOB (2), mpuueM Kaxaas workflow — mocie-
JIOBATENbHOCTH MPECTaBIIsIeTcs OTASIbHON QyHKIMEH Ha madioHax 1 OyeT HCTUHHON Ha BCeM
MOJMHOKECTBE BXOIAIIUX B Hee M1a0oHoB (3):

Bp' = Wfj(Tly),(Vtl; € Th)  3St; < St —> t1;(St;) = true, @)
(Vwi,, € Wf)) 3Tl < Tl — wi, (Tly) = true. (3)

[TaGnoHbI B3aUMOIEHCTBUSI CEPBUCOB MO3BOJISAIOT OIPEEIUTh Pa3INYHbIEC TUIIBI B3aUMO3aBUCH-
MOCTell MeXly HUMH, o0ecTieunBasi, C OHOW CTOPOHbI, MOAY/IbHBIN IPUHLIUI COOPKU MOAEIH KOHK-
peTHoro GM3Hec-mporecca, a ¢ Apyroi — onpenensst Habop orpaHudYeHni Mexxay HumMu. CrieoBarens-
HO, OZIH ¥ TOT ke HaOop 11a0JIOHOB MOKET OBbITh UCIIOJIB30BAH IS PA3INYHbIX OU3HEC-IIPOLIECCOB.

PaccmarpuBaemble mabiI0HBI ONMPEAENAIOT HOPSIOK B3aMMOICHCTBUS MEXKIY IBYMS, TpeMs
n OoJyiee cepBUCAaMHM M YYUTHIBAIOT BpPEMEHHBIE MapaMeTpsl Iponecca. ba3oBble m1aGioHBI
B3aMMOJEUCTBHSI MEXKIY CEpBHCAMHU BKIIOYAIOT B Ce0sl: MOCIENOBATENbHOCTh; HapaielbHOe
pa3OreHne; CHHXPOHHU3ALNIO; SKCKIIO3UBHBIN BBIOOpP; mpocTtoe ciausaue. 1llabnon mocienosa-
TEBHOCTH omnpezessieT Oe3yCIOBHBIM Iepexol OT OAHOro cepBHca B pamkax eauHoro BII k
npyromy. llabnon napamnensHoro pazouenus (M-pazoueHusi) onpenensieT pacnapasieTuBaHue
eIMHOT0 MOTOKa ynpasieHus. Kaxaplii U3 nmapajulelbHbIX MOTOKOB HCIIONHSETCS OJHUM HIIN
MIOCIIEI0BATENILHOCTBIO cepBUCOB. L1labnoH cunxponuzanun (M-o0bequHeHus ) 3a1aeT CIusSHUE
napasuielIbHbBIX IOTOKOB YIIPABJICHUS B €AMHbIN MOTOK. Kax1blii N3 TaKuX napasie’bHbIX TOTOKOB
peanusyercsi yepe3 MmociaeoBaTeNbHOCTh cepBUCOB. OCOOEHHOCTh AaHHOTO MIa0JI0OHA COCTOUT B
TOM ,4TO KaXKIIbI MapaulebHBIA MOTOK JOJDKEH OBITH BBINOJHEH 1O OgHOMY pasy. lllaGmon
SKCKIIIO3MBHOTO BBIOOpa oOmpenessieT Mepexoi K OAHOW M3 HECKOJIbKMX BO3MOXHBIX BETBEH.
WHbIMU cnoBaMM, B 3aBUCHMOCTH OT YINPABJSIIOLIMX JaHHBIX B TOYKE BETBJIEHUS COTJIACHO
JAaHHOMY L1a0JIOHY MBI BBIOMPAEM TOJIBKO OJUH U3 HECKOJIBKUX BO3MOXHBIX cepBHCcOB. L1labmoH
cnusiaust (M- o0beqnHeH s1) ONMChIBAET CIIUSHIE HECKOJIBKUX BETBEeH OM3HEC-IIpoLiecca, Py 3TOM
BBITOJIHUTHCS IOJDKEH JIMIIb CEPBUC HAa OJHOM 13 BXOIHBIX BETBEH.

Paccmorpenne aHHbBIX MA0JI0HOB MTO3BOJISIET CAENATh BBIBOI, YTO OHU UIPAIOT POJb CIOXKHBIX
MPaBUJI B3aUMOJIECHCTBUSI MEKIY CepBHCaMM, OObEANHSIIONIMX HECKOJIbKO npaBun Buga «ECJIM-
TOp». B nenom nanuble mabI0Hb MOYKHO CBECTH K KOMIUIEKCHBIM IIpaBUJIaM CIIUSTHUA U pa30HeHHS.
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5. BeIBOABI

BriepBrie mpemiokeHa cepBUC-OPHEHTHPOBaHHAs MOEIbh OW3HEC-TIpolecca ¢ M3MEHSIEMOU
CTPYKTYpOMi, KOTOpasi BKIIIOYAET B ceOs HAOOp CEPBUCOB, PEeaIM3yIONUX JACHCTBUS Mpoiecca, a
TakKe Habop MabJIOHOB, OMPEIEIISIONINX BO3MOXKHBIC CBSI3U MEX]Ty cepBUcaMu. JlaHHas Mojeib
JlaeT BO3MOXKHOCTB OTOOpa3HTh OM3HEC-TPOIIECC HAa UEPAPXUUYCCKYI0 OPTaHHU3AIMOHHYIO CTPYK-
Typy NPENIPHUSITUS U, TEM CAMBIM, TOBBICUTH CKOPOCTh PEMHXKUHUPUHTA M YCOBEPIIICHCTBOBAHMS,
JMHAMWYECKH aJIalTHPOBAB TUTIOBBIC OM3HEC-TIPOIIECCHI IS Pa3IMYHBIX OPTaHU3AIMOHHBIX CTPYK-
Typ myTeM J00aBlieHUS (MCKIFOUCHUS) MPaBUI U CEPBUCOB. B MpakTHYECKOM acleKTe Mpeisio-
JKEHHAsT MOJIENIb TI03BOJISECT M30€XaTh MPOTUBOPEUHMI TIPH PACIPENCIICHUN OTBETCTBEHHOCTH
MEXK]y PYKOBOIUTEISAMH CTPYKTYPHBIX MOJAPA3ICICHUN U BIIAJIENbIaMU MIPOIECCOB, MOBBIIIAS
3¢ hekTUBHOCTH UX PabOTEHI.

Cmucoxk siurepartypsl: 1. Penun B.B., Enugepog B.I". IIponieccHbIN OAX0A K yHpaBIieHHI0. MojiennpoBaHue
6usnec-mporieccoB. M.: PUA «Crannapts! u kauecTBoy», 2004. 408 c. (Cepust «IIpaxTiyecknii MEHEIPKMEHTY ).
2. Xammep M., Yamnu [oc. PenmxuanpuHr Kopriopanun: Marudect pesosntormu B 6usHece //Ilep. ¢ anri.:
CTI6.: UzmatensctBo C.-IletepOyprekoro yausepeurera, 1997. 332 c. 3. Fondapenrxo M. ®., Mamopun C. /1.,
Conosvesa E.A. MopennpoBaHue U IMPOESKTHPOBaHNE OW3HEC-CHCTEM: METOJIbI, CTAaHAAPThI, TEXHOJIOTHH.
Xaprkos: Kommanus CMUT,2004. 272 c. 4. W.M.P. van der Aalst. Business Process Management Demystified:
A Tutorial on Models, Systems and Standards for Workflow Management. In J. Desel, W. Reisig, and G.
Rozenberg, editors, Lectures on Concurrency and Petri Nets, volume 3098 of Lecture Notes in Computer
Science, pages 1-65. Springer-Verlag, Berlin, 2004. 5. Thomas Erl. Service-Oriented Architecture: Concepts,
Technology & Design. Prentice Hall, 2005. 611 p.
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VJIK 519.7

A.H. TBO3UHCKUHU, H.A. IKUMOBA, B.A. 'VYEUH

BUHAPHBIE ITPEJUKATBI ITPU OIIMCAHUU BYJIEBBIX
JJOTHYECKHUX IPOCTPAHCTB

VYcrosBiIeecs MpeaCTaBIEHUE O MATEMATHUECKOM JIOTHKE KaK O HAyKe, H3Y4arolLei 3aKOHbI
MBIIIJICHUSI ¢ TPUMEHEHNEM aMllapaTa MaTeMaTHKH, TJIAaBHBIM 00pa3oM, UIs HyK CaMoi MaTe-
MaTHKH, B COBPEMEHHBIX YCIOBUSX CTAHOBHUTCS cIUmKoM y3kuM [ 1]. C pacmmpennem obmacteit
MIPUMEHEHNS U JaTbHEHIITNM Pa3BUTHEM MaTeMaTHIECKOM JIOTHKN N3MEHSIETCSI U B3TJISIL Ha HEe.
OOBEeKTaMI MaTEMaTHIECKOH JIOTHKH SIBIISTIOTCS JTFOOBIE TMCKPETHBIE KOHEYHBIE CHCTEMBL, a e¢e
TJIaBHAs 33/1a4a — CTPYKTYPHOE MOJIETTMPOBAHUE TAKHUX CHCTEM. eI0BEUECKHH S3BIK, KaK SBIICHUE
JIMCKPETHOE, ECTECTBEHHO, JIOJDKEH OMHCHIBATHCS CPEICTBAMH IUCKPETHON MaTEMATHKH.

1. BBeaenue

Jlns onmpcaHusl €CTECTBEHHOI'O YEIOBEYECKOTO sI3bIKa JIydlle BCEero MofoImen Obl ammapar
ypaBHEHUH, NOZOOHBIN anmapaTy, HCIIOIb3yeMOMY B MaT€MaTHUECKOM aHajM3e, HO OTIMYalo-
LIMKACS OT MOCIEOHEro TE€M, YTO OH MpeaHasHaueH i (opMalu3alid HE HENpepbIBHBIX, a
IMCKPETHBIX TpoleccoB. Takoil S3bIK AAIOT JOrMYECKUEe MCUMCICHHUS, @ UMEHHO: HCUHCIIEHHE
BBICKa3bIBAaHUI M MCUHCIeHne npegukaToB. OqHaKo 4ToObl UMETh BO3MOXKHOCTH 3P (PEKTUBHO
pelIaTh yka3aHHbIe YpaBHEHHsI, HEOOX0IMMO J0BECTH 3TH WCUMCIICHUS O YPOBHS ajredpandec-
KOil cucteMsl [2, ¢.54]. B ximaccuyeckoil TUHEHHOHN anreOpe IMMPOKO MCIIONB3YeTCs ammapar
MaTtpul. Ho MBI MMeeM BO3MOXKHOCTb 3alMCHIBATh TOJBKO IBYXMEPHBIE MaTpPHULIbI, HE TOBOPS
YK€ 0 TPOMO3IKOCTH 3TOW 3aIKCH, BO3PACTAIOIIECH 110 Mepe YBEIHUCHUS Pa3MEPHOCTH MATPHILI.

Axmyansrocms uccneoosanus. C yaeroM 0coOEHHOCTEH JIOrMuecKoi anreOphl NpeacTaBiseTcs
BO3MOJKHBIM pa3paboTaTh METOX MpecTaBiIeHUs! OylIeBbIX MATpHLl, COKPAILAIOMN MX 3alHCh, a
TaKXe JOIMYCKAIOIUI OTCYTCTBUE OIPAHMYEHUI HAa UX apHOCTh. JTOT METOJ M3JI0XKEH B [3].
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Lenv uccneoosanua: rpaduyeckoe MpenCTaBIeHUE JOTHUECKUX MPOCTPAHCTB C HCIONb30-
BaHWEM armapara OMHAPHBIX IPEJUKATOB.

3adaua: conocTaBiieHHE METOJIOB ONMKCAHMS JIOTHUECKUX MATPHIL M JIOTHYECKUX IPOCTPAHCTB.

2. MeToasl pemeHHs

Paccmorpum npenukar, 3aaHHbIA k-MepHOH MaTpuled m; X m, X...X My , ONpeaeIeHHON
Ha JieKkapToBoM npomsBeneHnn Gy x G, x...x Gy, rae G; = {gij,jzm} , i:l,_k. OtoT npe-

k
JMKAT 3a7aeT HEKOTOpOEe MOANPOCTpaHCTBO yHuBepcymMa U pasmepHocTH ) m; . MHOXECTBO
i=l
0a3HMCHBIX BEKTOPOB pachajaeTcs Ha K HemepeceKaroluXcsl MOJMHOMKECTB (COpmog nepemen-
noix) G;,G,,..., Gy , IpHYEM TOJIBKO HAa MX JEKAPTOBOM NPOM3BENEHUH MPEIUKAT, 3aJal0IIUi
MIPOCTPAHCTBO, OMNpeneneH. JpyrMMH ciaoBaMH, 3TO MOANPOCTPAHCTBO HE COMEP)KHUT TOYEK,
ONpEJENECHHBIX Ha AEKapTOBOM IpousBeneHud G; x G; 3a UCKIIOYEHUEM TOYEK, JICKAIIUX Ha
KOOpAMHATHBIX ocsix. KomnuecTBo copToB mepeMeHHbIX k Ha3wpiBaeTcs nopsiokom ONMUCAHHOTO
BBIILIE JIOTHYECKOTO MPOCTPAHCTBA, a CaMO MOANPOCTPAHCTBO HA3BIBACTCS HPEOUKAMHBIM JI02U-
yeckum npocmpancmeom nopsaoxka k. Jlanee OyneM paccMaTpuBaTh MPOCTPAHCTBA IOPSIKA
k =2 . Ilpenukartsl, 3afaomue ux, B 5TOM CIIy4ae 3aJal0TCs MaTpULAMU Pa3sMEPHOCTH mxn,
ONPEJIETICHHBIMU HA JIEKAPTOBOM NpousBenieHnd X x Y , rae X = {x;,i= 1,_111} , Y={y;,j=Ln}.
Pa3smepHOCTH Takoro HmpocTpaHCTBAa paBHA m+n. B 3TOM ciydae ero KOOpJMHATHBIE OCH
MOKHO PACIIONIOKUTh Ha KOHYCHOM NMOBEPXHOCTH BTOPOTO MOpsAKA, MUMEIOIEH B JAeKapTOBOH
CHCTEeME KOOPAMHAT TPEXMEPHOIO BELIECTBEHHOTO IIPOCTPAHCTBA ypaBHEHHE CIEIYIOLIETO BUIA
2 2 2
[1]: X—+y—+z—=0,
ai a3 a3

Ha puc. 1 mokazano npeamkaTHOE JIOTMYECKOE IPOCTPAHCTBO BTOPOro mopsaka L, , uiam

bunapHonpeoukamuoe no02uieckoe NpoCmMpPancmeo, 3aJaHHOE OUHAPHBIM MPEIUKATOM,

0 1 1
IPEICTaBIEHHBIM MaTpulle A5 5: A=1 0 0
1 10

Puc. 1. burapHoIpeanKaTHOE JOIHYECKOe IPOCTPAHCTBO L 5
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Touku 3TOro MPOCTPAHCTBA OKPAIICHBI B OCITBIH I[BET, €CITM B HUX 3HAYCHHUE MTPEKATa PAaBHO
€IMHHUIIC, U B YUEPHBIN — €CIIM 3HAUYEHUE MPEANKATa B HUX PAaBHO HYIIO [2].
OTpuiiaHuio MaTpULbl A

> |

Il
(e e
S = O
— f— o

6yZ[CT COOTBCTCTBOBATH IMOAIIPOCTPAHCTBO LK , B KOTOPpOM TOYKH, HC JIC)KAIIUC HA KOOPpAU-
HAaTHBIX 0OCAdX, IMOMCHSAIOT OKPACKY Ha IMPOTHBOIIOJIOXKHYIO. HpI/I 9TOM TOYKH, INPHUHALJICIKAIINEC

KOOpJAWHATHBIM OCSIM, HC NOMCHAIOT LBCT. HO}.'[HpOCTpaHCTBO LX Ha3bIBACTCA ompuyarnuem

noonpocmpancmea L, .

Jns mpenukara, IpencTaBISHHOTO TM3bIOHKIMENH MaTpHll A \v B , OTBEUalollee eMy HOAIpO-
cTpaHcTBO Oyzer cienyromuM. Ecin Xors Okl B 01HOM U3 npocTpanctB L, mnmm L coorBer-
CTBYIOIIas TOuKa Obla Oenoi (T.e. ecM XOTsl Obl OIUH M3 COOTBETCTBYIOUIMX TU3BIOHKTHPYE-
MBIX 3JIEMEHTOB MaTpull A u B Obin paBeH enuHuIEe), To U B npocTpaHcTBe L, 5 OHa Oyzer
Takxe Oenoil. B mpoTuBHOM cityyae (T.e. ecian 00a JU3bIOHKTA ObUTH paBHBI HYINIO) OHA OCTaHET-
ca yepHoil. Takoe mpocTpancTBo L ,,,p HasbiBaercs nepeceuenuem noonpocmpancme L, u

Ly no nymo u oboznauaercst kak L [1Lp.
0

Jnst npenukaTa, IpeACTaBICHHOIO KOHBIOHKIINENH MAaTPUIl A A B, OTBEYAIOLIEE eMY TTOIIPO-
ctpaHcTBO Oyzer cienyromuM. Todka moampocTpancTta L, ,p Oyzaer Oenoif, eciim u B 1po-

crpaHcTBe L, , M B mpocTpaHCTBE L COOTBETCTBYIOLIME €l TOUKHM ObLIM OenbIMU (T.€. eclu

00a COOTBETCTBYIOLINE KOHBIOHKTHPYEMBIE SIeMeHTHl MaTpull A u B Obutn paBHBI equnuie). B
MPOTUBHOM ciydae (T.€. €CIM XOTs Obl OIUH W3 KOHBIOHKTOB OBUT paBeH HYJI0) OHa OCTaHETCsS

yepHoii. Takoe mpocTpaHcTBO L HAa3BIBACTCS nepeceueHuem noonpocmparcmes L uL
AAB A B

no e()uHuue u o003HavYaeTcs Kak LA ﬂLB . Umeror MecTo CJICAYIOIIHUE COOTHOILICHU !
1

(LaNL)La =Ly (1)
1 0 >
(LaNLp)NLa =Ly
el , @)
Liavs =Laflts, 3)
Lis =Laflls, @)
LENLa =L, (5)
rac Ll — HOPOCTPAaHCTBO, B KOTOPOM BCE TOYKH, HC IMPHUHALICIKAINIUEC KOOPAWMHATHBIM OCIAM,
ABJISOTCA 6eJ'II>IMI/I;
Lafla=Lo, (6)

31ech L, — MPOCTPAHCTBO, BCE TOUKH KOTOPOTO SBJISAIOTCSA YEPHBIMU:
0 Bl

L,NLgNL==L,
aflls (Mg =La, (7

LAQ(LBQLE):LA, (8)
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L=-=L,, )

Eafllo=La, (10)

Lafllo=Lo, (1)

Beipaxkenust (1) — (11) UMErOT CMBICT TONBKO B TOM CIy4ae, KOrja MpeAnKaThl, 3aJarolie
npoctpancTBa L, U L, UMEIOT OIMHAKOBYIO Pa3MEPHOCTh, IPUYEM MOLIHOCTH MHOXKECTB X U
MHOECTB Y COOTBETCTBEHHO AJISl 3TUX IIPOCTPAHCTB OJUHAKOBBI.

Paccmorpum Teneps mpocTpaHCTBO Ly, y KOTOPOro MOIIHOCTL cOpTa Y NPOM3BONLHAS, a

MOIIHOCTb copTa X COBIAJAeT ¢ MOIIHOCTLIO copTa Y mpocTpancTtBa L, . Jpyrumu cnosamu,

€CJIn MpeauKar, 33.,[[8.10].1.[1/1171 MMPOCTPAaHCTBO L A » IIPCIACTABJICH ManH].ICfI A TO MpPEAUKarT,

mxn ?
38.,[[8.10].1.[1/1171 IMPOCTPAaHCTBO LB , IPEACTAaBJICH ManPI].ICfI anp . Toukn MMpoOCTpaHCTBA, 3aJaHHOI'O
HCEKOTOPBIM NPCAUKATOM, HC MPUHAIJICKANUC KOOPDAUHATHBIM OCAM, HAa30BEM MCXOO}IWMMM us

(unu 6xo0suyumu 6) y! , ecr OHM MPUHAJUIEKAT THUIEPIIIOCKOCTH, OJHOH M3 COCTABIAIONIMX
KOTOPOii siBJIsieTcst koop/mHatHast och (0,g!) . JlomycTum, uTo npeuKart, 3a/aioniui mpocTpanH-

ctBo Ly, 3aman maTpuiei

Puc. 2. bunapHonpeauKaTHBHOE JTOTHYECKOe IpocTpancTBo Ly

Teneprs mocTporM npoctpancTBo L crnegyromum o6pasoM. MomHocTh copra X NpoCTpaH-
ctBa L Oyner coBnazate ¢ MOLIHOCTBIO copTa X NpocTpaHcTBa L, , @ MOMHOCTL copTa Y —

C MOLIHOCTBIO COpTa Y MNpOCTpaHCTBA LB . PaCCMOTpI/IM TOYKH, HCXOAAIHNC U3 X; MIPOCTPAH-
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crBa L, , ¥ ToukM, BXonsmme B Y npoctpanctBa Ly . O603Ha4uM MX 4vepes (xi,yj) A B

(xi,yj)B . Pa3zobbem ux Ha napsl CIENYIOIUM o0pa3omM:
i1 1 j i _n no_j “

(xS YD) A XL yDp LX) A, (X", y)) g} - Eciii x0Tst 661 B 011HOM 13 9TUX 1ap 00€ TOYKH

HMMEIOT OeNbId IBET, TO TOYKa (xi,yj)c Takxke Oyaer Oenoi. B mpoTHBHOM ciy4ae COOTBET-

CTBYIOII[asl TOUKa (xi,yj)c Oyzer yepHoi. IlocTpoeHHOEe TakMM 00pa3oM HPOCTPAaHCTBO L.
n3o0paxeHo Ha puc. 3. EMy COOTBETCTBYeT MpeArKaT, MPeACTaBICHHBIH MaTpHLEH

01 1)(0 1 11
C=AB=|1 0 Of]1 1|=|0 1
1 1 0){1 O 11

Puc. 3. bunapHonpeauKaTHBHOE JTOTHYECKOe IPOCcTpancTBo L -

Onepanys NocTpoeHHs MPOCTpaHCTBA L HasbIBaeTca HanodceHuem npocmparcmea Ly
Ha npocmpancmeo L u obosnavaercs L, *Ly. CBOHCTBO KOMMYTaTHBHOCTH M 3TOH
orepaluu He UMeeT MecTa. J[pyrumu ciioBaMu, IpY HaJIOKEHUH TPOCTPAHCTBa Ly Ha MpocTpaH-
ctBo L, pesymbraT Oyaer mubo apyrum, nudo onepanus Booduie He Oyner MMeTh cMbIcia (B
CclIydae, Korjaa MOIHOCTH copToB X U Y mpocTpanctB L, m Ly He ynoBnersopsioT chopmyin-
POBaHHOMY BBILIE YCIIOBHIO). MIMes 3TO B BHIy, MOYKHO 3alHCcaTh CIEIYIONIHE PAaBEHCTBA:

(LaNLp)*Le =Ly *LcNLg *Lc.
0 0 ’
Le*(LyNLg)=Lc*LoLc *Lg.
0 0 ’

Lpo*(Lg*Le)=(Lp *Lg)*L¢;

Takum 06p330M, IO aHaJIOTMHu C 6I/IHapHLIMI/I npeaukaTaMu, HCIIOJIb3YA MaTeMaTHYeCKHI
amnmnapaT n-apHbIX MNPEAUKATOB, MOXXHO 3allMCbIBATL U IPCACTABJIATH B Fpaq)I/I‘IGCKOM BUIC
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OyJIeBbI JIOTHYECKUE TPOCTPAHCTRA 000 pasMepHOCTH U JTroboro mopsaka. bonee Toro, Takoe
MPECTABIICHHUE YIIPOIAET MPOIEAYPY UX MPOrPpaMMHOM 00pabOTKH, TaK KaK COKpaIaer 00beM
HeoOXOIMMON NaMATH.

BriBOoaBI

B xone HCCHeﬂOBaHHﬁ, H3JI0KCHHBIX B CTAThEC, ObLia YCTaHOBJICHA BO3MOXXHOCTb rpaqmqec—
Kot HUHTCPIPETAINU JIOTUUCCKUX NPOCTPAHCTB I10 aHAJIOT'UH C 6I/IHapHLIMI/I npeauKaTamMu.

HayllHCl}Z HOo8U3HA.! TI0 PE3yJIbTaTaM MNPOBCACHHOI'0 MCCICAOBAHHA JOKa3daHa BO3MOXHOCTb
OIMMCaHUA 6yHeBLIX JIOTUYCECKUX NPOCTPAHCTB 10 aHAJIOTUH C allllapaTOM N-apHbIX MPEANKATOB.

Hpaxmuuecxaﬂ SHAYUMOCMb . paCCMOTpCHHLIﬁ B CTAaThC almapaTt OnruCaHud 6yHeBLIX JIOTH-
YCCKUX MPOCTPAHCTB MOXKET YIIPOCTUTH UX MPOTrPaMMHYIO pCain3alnlo.

Cnucoxk nureparypsl: 1. Cueopcxuii B.11. Matemartudeckuii anmapat uH>kenepa. Kues: Texnuka, 1975. 768c.
2. [llabanos-Kywnapenxo FO.I1. Teopus natemiekra. MaremaTHdeckue cpeicTBa. XapbKoB: Bura mkooma.
144c. 3. I'sozounckuti A.H., Axumosa H.A., I'voun B.A. IlpencraBnenue OyneBbIX IOTMUECKUX MAaTPHUI] B BUIE
OuHApHBIX pennkaToB // Paguosnekrponnka u nHpopmarnka. 2007. Beim 2. C. 108 —110.
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Ten. 702-38-23.

SAxumoBa Hatanes AHaTonbeBHA, 1-p TEXH. HaYK, Ipodeccop Kadenpbl KOMITBIOTEPHOI anred-
PHBI ¥ IUCKpeTHOI MaTeMaTHky OJ1ecCKOro HaloHaIbHOTo YHIBepcHuTeTa nM. V.M. MeunnkoBa.
Hayunble naTEpeCH: J0orHYecKas anredpa, ICKyCCTBEHHBIN HHTEIUIEKT. Y kpauna, 65001, Onecca,
ya. [IBopstaCcKast, 2, Ten. 8(048)7238405.

I'y6un Bagum AnexcaHapoBu, CT. TIpErofaBaTestb Kaenpsl HCKyCCTBEHHOTo HHTeIUIekTa XHY -
PE. HayuHble HHTEpeCH: HHTEIUIEKTyalIbHbIN aHAJIN3 TEKCTOBBIX JaHHBIX. Anipec: YkpauHa, 61054,
Xapbkos, yi1. I'B. llluponunies, 23, kB.286, Ten. 095-4630201.

YIK 519.21:004.77
E.C. HEBJIEB

O BBIBOPE 3AKOHA PACHPEJAEJIEHUSA ITPOJOJIZKKUTEJBHOCTHU
HEPEJAYN ITAKETHPOBAHHBIX JAHHBIX B KOPIIOPATUBHBIX
KOMIIBIOTEPHBIX CETAX

B cBsI31 €O CTPEMUTEBHBIM Pa3BUTHEM KOMITBIOTEPHBIX TEXHOJOTUI OHON U3 Hanbomee
aKTyaJlbHbIX CTAHOBHTCS 33/[a4a Pa3pabOTKK MOJIETICH YIIpaBIIeHusI CeTeBbIMH Mporieccamu. Croxk-
HOCTb €€ PEIICHHsI COCTOUT B TOM, YTO CETEBBIC MPOLIECCHI B COBPEMEHHBIX KOMITBFOTEPHBIX CETSAX
HMEIOT CITy4aifHbIX XapakTep. AHAIHN3 Pe3yIbTaTOB MHOTOYHCIICHHBIX SKCIIEPHUMEHTOB TI0 HCCIIe-
JIOBAHUIO CETEBBIX MPOIECCOB ITOKA3bIBALT, YTO MEPEXO0 K TEXHOIOT MK MAKETHOW KOMMYTAIMH 1
CO3/IaHUE UHTETPUPOBAHHBIX HH(DOPMALIMOHHBIX MTPUIIOKEHHUIN COMPOBOKIACTCS CIIOKHBIMHU SIB-
JICHUSIMU, UCCIIEIOBAHNE KOTOPBIX MOXKET OBITh TPOBEACHO B pAMKAX TEOPETUKO-BEPOSITHOCTHBIX
roaxomoB [1].

I]envio maHHON paboOTHI sABIIAETCS BBHIOOP 3aKOHA PACHpEleNeHHs] MPONOIKUTEIbHOCTH
nepefayd MaKeTHPOBAaHHBIX JaHHBIX B KOPMOpPAaTUBHBIX KoMmbloTepHBIX cersx (KKC) mus
MOCTPOCHHS BEPOATHOCTHBIX MOJENEH yIpaBIeHUs CETEBBIMH IPOLIECCAMHU.

Bo Bcex KOpmopaTUBHBIX KOMIIBIOTEPHBIX CETSIX, B KOTOPBIX Iepenaya NaHHBIX (IIaKETOB)
MOJBEPKEHA BIMSIHUIO CIyYalHBIX BO3ACHCTBUH, IPUHUMACTCS, YTO NPONOKUTEIBHOCTD Ta-
KOU Imepenauu sBisiercs ciaydaiinoi BennunHoi [1]. Ilpennonaraercs, 4to ciiy4aiiHble BEIUYH-
HBI IPOJOJDKUTENBHOCTH (BPEMEHM) Nepefay NaKeTOB MOAYMHEHBl MPUHATOMY Ui JaHHON
KKC 3akony pacnpeneneHusi, IpudeM €ro THII IPUHUMAaETCsl OAMHAKOBBIM AJIS BCeX Iepenad.
Uro kacaercsa mapaMmeTpoB pacHpeaeieHus, TO MOCIeIHUE 3aJal0Tcs A KakIoW Iepenaqu
Ha OCHOBE TM100 HOPMATUBHBIX JaHHBIX, TMOO allPUOPHBIX COOOpaXKeH UM, TM00 U3 CTaTUCTHYEC-
KOTO OIIBITA.
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B cucremax KKII, Hanpumep, MOXKHO 3a1aTh TP apaMeTpa: HUXKHsISI TPaHb 0071acTH orpee-
neHusia (ONTHMHUCTHYECKOE BpeMs IepeAayd Iakera), BEepXHsS TpaHbb (MIECCUMHCTHYECKOE
BpeMsl Iepefadd MaKeTa) W MOAa pachpeaeneHus m (Hauboiee BeposATHOE BpeMs Ieperadu
nakera). [Ipaktnyeckn s Bcex cucteM KKC anmpuopHO MOXKHO TNPHUHSATH, YTO TJIOTHOCTH
pacrmpeneneHusl BpEMEHHBIX OLIEHOK MPOJOJDKUTEIBHOCTH TEepeaaydl MakeToB 00JafaeT Tpems
CBOWCTBAaMU: HENPEPBIBHOCTHIO, YHUMOJAIBHOCTBIO U ABYMSI HEOTPHUIATEIbHBIMU TOUYKAMH IT€-
pecedeHust 3TOi IUIOTHOCTH ¢ ocblo abcuucc. [IpocreimnM pacmpeneneHueM ¢ MOIOOHBIMU
cBOMCTBaMu siBiisiercst Oera-pacnpenenenue. OOmuUA ero BUI XapaKTepu3yeTcs, IOMHUMO HalHU-
4ust O0JIBILIOTO KOJIMYECTBA CIyYaitHBIX (PaKTOPOB, KXKIBIH U3 KOTOPHIX B OTAENBHOCTH OKa3bIBa-
€T He3HAYMTENIbHOE, HECYLIECTBEHHOE BIUSHIE, HATMUYUEM HECKOJIbKUX, TaKKe CITydaiHbIX (pak-
TOPOB, YMCIIO KOTOPBIX HEBEINKO, a BIUSHUE CYILIECTBEHHO. B pe3ynpraTe Bo3nelcTBUS Cylle-
CTBEHHBIX (aKTOPOB paclpeeieHHe BEpOSTHOCTEH OOBIYHO AeNaercss acMMMETpHYHbIM. OT-
CIOJIa BBITEKaeT BO3MOXKHOCTb BBIOOpa Oera-pacmpeneieHus] B KayecTBE alpHOPHO THUIIOBOTO.
AHaJN3 CTAaTUCTHYECKUX TAHHBIX (XPOHOMETPaXXH POJOJDKUTENFHOCTH Mepeiaur MaKeTHPOBaH-
HBIX JAHHBIX) TakkKe MOATBEPXKAAIOT BO3MOKHOCTH HCIOJIb30BaHMA OeTa-pacmpenencHus B
KauecTBE alpHuOPHOTO.

dopmyna mIoTHOCTU OeTa-pacipeaeneHusi HMeeT CIEAYIOUINIA BUI:

_ xX"'(1-x)"" mpu 0<x <1,
B(Pa%x) = B(I—"aQ) (1)

Ompu x<0,x>1,
rae B(p,q) — Oera-QyHKIMS, TpUYeM

l -1 - A(p)A(q)
B(p,q) = | x"'(1-x)""dx = =222
(p,q) !x (1-x)""dx Apra)

a raMma-QyHKis A(z) onpenensercs 1o Gpopmyie
AQz) = '[e*‘t“dt,
0

NPUYEM JUIA HETbIX z QyHKIuA A(z)=1-2-..-(z—1) = (z-1)!

Bun dyakmum (1) 3aBHCHT OT okazaTeneld p u q , mpudeM ajs p > 2 (M, COOTBETCTBEHHO, IS
q>2) ¢yHKIMA pacnpeneneHus odpamaercs B 0 B J1eBOi (MM MPaBoii) KOHEYHOH TOUKE BMECTE
c ee mepBoi mponu3BogHON. [ 1<p<2 (M, COOTBETCTBEHHO, 1< <2 ) KpuUBas MMeeT BEpPTH-
KallbHYI0 KacaTelbHYI0 B JIeBOHM (IpaBoii) kKoHe4HO# Touke. Jns10<p <1 (¥, COOTBETCTBEHHO,
0<q<1) dyHKIUSA YyXOOUT B OECKOHEYHOCTD, €CITH 3HAYEHHUS x COOTBETCTBYIOT JIEBOH (IIPaBOii)
KOHEYHO! TOYKe, IPUYEM BEpPTHUKAJIbHAS MpsIMasi, IPOBEACHHAs! U3 JIeBOW KpaiiHel ToukH, Oyner
ee acuMnToToi. J[nap<0 (¥, COOTBETCTBEHHO, q <0 ) MHTErpan paBeH OECKOHEUHOCTH, TaK YTO

(GyHKLUS pacnpeneneHus MepecTaeT CyIlecTBOBATS.

Paccmorpum onHO M3 000CHOBaHUH Leneco00pa3HOCTH MPUHATHUS 3aKOHa OeTa-pacipeznerne-
HU, OCHOBAHHOE Ha MOCTPOCHUH MOJIENN CIIy4allHOW BETMYMHBI BPEMEHH OKOHYAHMS Mepefadn
nakerupoBaHHbIX AaHHBIX B KKII.

[TycTp Hayano nepenaun maxkera T,, a OKOHYaHUE MPENCTABISIET COO0H CIy4aliHyIO BEIHYH-
HY, U3MeHsAomyocs B uarepsaine (T,,T,) .

[InoTHOCTH pacnpeneneHns cayqaiiHON BENHYNHBI OKOHYAHMS TIEpEauy MaKeTa OMpPEACIuM,
HCXOS U3 CIETYIOIUX MPEAIOI0KEHU !

1. Bech HUHTEPBAJI BPEMCHHU IIEPCaAAvU MMAKETa (TO,‘E) COCTOUT U3 MHTCPBAJIOB, OTHOCAIIUXCS
K repeaade, U HHTCPBAJIOB, OTHOCAIINXCA K 3aCPIKKAM.

2. I[J'II/ITGJ'ILHOCTL BpPEMCHH, paBHAA Tl _To , OTHOCHUTC: K mepeaavc, a JIMTCIbHOCTb ’E—Tl -
K 3aJICpiKKaM.

3. Ortpe3ok Bpemenu T, —T, pa3OUT Han ONMHAKOBBHIX yacTed anmutenbHOCThIO (T, —T,)/n.

T,-T
1 0
Ecan nHa NepBOM HHTEpPBAJIC [TO’T0+ n BO3HHUKACT 3aACPiKKa, TO IMOCJIC MOMCHTAa
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T, -T o
tl = To +1—2 nepeaada nmakera nmpeKpamacTcs, u B NOCJICAYIOINN UHTEPBAJI BPECMCHU OT tl (o)
n

t,=t,+A, rme A=(T,-T,)/n, BOSHHUKIIAs 33/iep)KKa YCTPAHIETCs U Iepeada CHoBa BO30OHOB-

JIACTCA TOJIBKO C MOMCHTA t; . Ecnu Ha HUHTEpBAJIC (To’tl) HE BO3HHKACT 3aJICPIKCK, TO IMOCIC tl
nepeaadya makera mpoaoKacTes. 3arem YUYUTLIBACTCA BO3MOXHOCTDH BanyZ[HCHI/Iﬁ Ha CJICaYyro-
T -

. T, =T, T,
1LIeM 3Tare nepeaun [tl,tl +fj B IIEPBOM ciydae u (t,,t,), rae t, =t +——="> — B0 BTOpOM
n

u T.1. OueBUAHO, YTO €CIM Ha Ka)/JOM JTale 3aJepKeK He BO3HMKAeT, TO INepeaaya makera
3aKOHUUTCA B T, a €ClIM 3a1€pKKU BO3HUKAIOT HAa Ka)KJJOM dTalle, TO lepeiaya MakeTa OKOHYUT-
csi B MoMeHT T,. Ecnu B oOIel CIOXHOCTM BO3ZHHKAaeTm 3aJepiKeK, TO Ieperada MaKeTa
T,-T
-

4. CoObITHE, 3aKIIIOYaonieecs B TOM, YTO Ha { -M 3Tale BO3HUKIA 3aJ€piKKa, ONPEAenseTcs
i -¥ BBIOOPKOIi N3 HEKOTOPOH reHepaIbHOH COBOKYITHOCTH.

5. EQuHWYHBIN 3IEMEHT TeHepalbHON COBOKYITHOCTH COAEPKHUT JOJIO P «OIaronpusTCTBys
3aJEPIKKAM.

6. C KaXIbIM 3TaroM reHepajibHas COBOKYITHOCTh YBEIMYHMBAeTcs Ha 3, IPUYEM, €CIIM Ha
MPEABbIIYIIEM 3Tale BO3HUKIHU 3aACPKKH, TO § OJIarompuATCTBOBAJIO UM M HE OIaronpusTCTBO-

3akOHYUTCSA B MOMEHT T=T+mA=T +m

BaJIO B ITPOTUBHOM CJIy4dac. Ecnu qcpes3 A:( 0003HAYHTH CO6LITI/IC, 3aK/IIOYarnIccCsa B TOM, 4TO
Ha (1 + 1) -M 3Tan¢ BO3HUKIIA 3a/ICPIKKaA IMPU yCIIOBUH, YTO HA MPECALIAYIIUX | 3TallaX BO3SHUKIIO |

3aJIepKEK, TO BEPOSTHOCTh COOBITHUS Ai‘ Oyner umerb Bun [2]:
+k9 .
P(A) =P (1<k<i<n).
1+19
7. Pa3HOCTBH BEpOSTHOCTEH 3aJiepKEK Ha {-M JdTale NMpU HAIUMYMH k4] Uk 3aJIEpKEK Ha
MPEeAbIAYIINX dTalax OTHOCUTCS K BEPOSITHOCTH 3aJIeP>KEK Ha | -M 3Talle MPHU MOJTHOM UX OTCYT-
CTBHH Ha MPEIBIAYIINX. JTa PA3HOCTh OMKCHIBAETCS COOTHOIICHHUEM
k-1 k
P(AF)-P(AY) _ 8
5 .
P(A}) p
U3 »T0it popMynBl BHIHO, YTO paccMaTpUBAETCS TAaKOM 3aKOH 3aJEpiKeK, IUIsl KOTOPOTro
OTHOCUTENbHAS WX BEIWYMHA TMOCTOSIHHA. [Ipw 3TOM MOXHO IMOKa3aTh, 4TO paclpelelieHre
BEPOSITHOCTEH IS CITydalHOW BETMYWHBI m HMMEET BH/I:

n-m-1

ﬁ(p+iu)1_‘[(1—p+iu)

Pm,n = C:‘ =0 n-1
[T+iv)
i=1

OTMGTI/IM, YTO OTCYTCTBHC 3aBUCHMOCTH BCPOATHOCTH 3aCPIKEK OT IMPECABIAYLICIO 3Talla

(1<k<i<n).

2

SABJIACTCA YaCTHBIM CIIydacM (l) = 0) HAIMMCAaHHOT' O BBIPDAXKCHUSA NI P, ,, U MPEACTaBIACT coboit
HM3BECTHOE OMHOMHUAIIBHOE pacnpeneiacHuce. I[anee HaXOOUTCA MPEACIbHOC BBIPAKCHUC IS BC-

POSITHOCTH P,,,, IIPH YCIOBHH, YTOn HEOrPaHMUYCHHO Bo3pacrtaer. 13 hopmyinsl (2) momydum
pmfl,n _n_m. p+m0
Ppn. M+l l-p+(n-m-1)~ ®)

OTKy/a, 0003HaYNB P_ o, B(l—lj =B, Oynem mMeTh
v vlp

m 1-f

Puis Pua  (@-Dn+Q2-a-Pm-p+1_ @~ D+C-a=p) +—"
Puo  (mED@E+n-m-h o mg mil B
n n n
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m+1

m
[Tonaras N =X, =X+AX, Ppn =Y P =Y TAY, yCTpeMIIsis n —> oo WIH Ax — (0 ¥ HH-

n
Terpupys noiaydaem y=Cx""'(1-x)"", oTKy#a BHIHO, YTO IJIOTHOCTh BEPOSITHOCTH CIy4YaiHOI

. m .
BEIMYMHEL & =] —, BbIpaxkaercs popmyJioi

n—oo

anl (1 _ X)B*l ,

= 5wp)

B KoTOpOil B(a,B) — dyHKIMs DKiiepa, coBnoaaromas ¢ (1).

CrnenoBaTenbHO, & SBISETCS CIy4YailHOM BENWYMHOW, pacHpenelieHHOW Mo 3akoHy Oera-
pacnpenenenus (1). 3aMeHa mepeMeHHbIX X =(t—a)* ' (b—o) MPUBOAUT K W3BECTHOM (popmyre
OeTa-pacnpesieNieHns ¢ MIOTHOCTHIO

1
£(t) =1 (b-2a)"""B(a.p)

0 B MPOTUBHOM ciydae.

(t—=a)*'(b—t)"" mpum a<t<b,

Takum o0pa3oMm, B JAaHHOH cTaThe OOOCHOBaH BBIOOp Oera-pacmpelefieHHs B KaueCTBE
aIpUOPHO-TUIIOBOIO Il ONMCAHUS IPOJOJKUTEIBHOCTH IIEpeaayu NaKeTUPOBAHHBIX JAHHBIX B
KOPIIOPATUBHBIX KOMITBIOTEPHBIX CETSX.

Cmmcok auteparypst: 1. I'opodeyxuii A.A., 3a6opoeckuii B.C. @paxranbHbIe MPOLECCH B KOMIBIOTEPHBIX

cerix: YuebHnoe nocodue. CI16.: M3a-o CIIOI'TY, 2000. 102 c.. 2. ['onenxo /[ M. MonenpoBaHHe U CTaTHCTUYEC-

KU1 aHaJIN3 MICEBIOCTyYaliHbIX BETUUMH HA 2IEKTPOHHBIX BBIYUCIUTENIBHBIX MamHax. M.: Hayka,1965. 228 c.
Hocmynuna 6 peokonneeuro 12.12.2012

Hennes EBrennii CepreeBny, acimpanT Kadeapsl nporpaMmHoi nmxenepun XHYPO. Hayua-
HbIE HHTEPECHI: MaTEMATHUECKOE MoJieupoBanue. Anpec: YkpauHna, 61166, Xapbkos, mp. Jlen-
iHa, 14, Ter.: (057) 7021-640, e-mail: Imd@kture.kharkov.ua.

YK 681.3:519.2
J1L.O. KHPUYEHKO, T.A. PATUBUJIOBA, 3. KAUAJIU

PACYHET CTOUMOCTHU MAPHIPYTU3AIIUU B CETU MPLS C
YUYETOM ®PAKTAJBHBIX CBOMCTB TPA®UKA

OmnmceIBaeTCS METOJ pacdera CTOMMOCTH MapiipyTu3anui cetu MPLS, koTopslit mo3Bodts-
€T MUHIMHU3UPOBATh CTOMMOCTb MapIIPYTH3ALUH C YUYETOM (PpaKkTanbHBIX CBOMCTB Tpaduka,
BEIOOpA ITYTH €ro Iepeaayn 1 TpeOoBaHUi KadecTBa 00CITy)XKUBaHHUS. MeTOo HCIONB3YeT 3Hade-
HUS TIOKa3aTens XepeTa ¥ BeTNYNHY HOpPMHPOBAHHOTO pa3dpoca 3HaYeHUH Tpaduka, 9To AaeT
BO3MOXKHOCTB ITPUMEHSATD €r0 K CaMOIIOAO0HBIM M MYJIbTH(PAKTATBHBIM IOTOKAM JaHHBIX.

BBenenue

OKCIepUMEHTAIbHBIE U YHMCIICHHBIE NCCICAOBaHMS, IPOBEACHHBIC B IOCIIEIHUE ACCATUICTHS,
CBHUETENILCTBYIOT, YTO Tpa(UK BO MHOTHX MYJIbTUMEIUHHBIX CeTsX obnanaeT GppakTalbHBIMU
cBoiictBaMu. Takoil Tpaduk nmeer oco0yI0 CTPYKTYpPY, COXPAHSIOLIYIOCS HA MHOTMX MAacIITa-
0ax — B peanu3allMM BCEraa MPUCYTCTBYET HEKOTOPOE KOIWYECTBO OYE€Hb OONBIINX BBHIOPOCOB
IIPU OTHOCHUTENIHHO HEOOJIBILIOM CPEIHEM YPOBHE TpaduKa. ITH BEIOPOCHI BBI3BIBAIOT 3HAUUTENb-
HBIE 3a/IePKKH U MOTEPH MaKEeTOB, Aa)Ke KOIZa CyMMapHasi HOTPeOHOCTh BCEX MOTOKOB JajieKa
OT MaKCHMAaJbHO IOIyCTUMbIX 3HaueHui. [IpuunHa takoro saddekra 3axiogaercsa B 0COOEHHO-
CTAX pacnpeneneHus (aiios Mo cepBepaM, UX pazMepax, B THITMYHOM IOBEIEHNUH M10Ib30BaTeIel
U B 3HAUMTEIBHOH CTENEHH CBS3aHAa C M3MEHEHMSMH CETEBBIX PECYPCOB U TOIOJIOTHH CETH.
Oxa3zanock, 4YT0 H3HAYAJILHO HE MPOSABIISIONINE CBOWCTB CAaMONIOA00MS ITOTOKH JaHHBIX, PO L
00paboTKy Ha Y3JIOBBIX CEpBEpax U aKTHUBHBIX CETEBBIX 3JIEMEHTaX, HAUMHAIOT MOJAaBaTh SPKO
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BbIpaKEHHBIE MTPU3HAKK caMonofoOus. KpoMe Toro, 3TOT MexaHH3M B 3HAYUTENbHOU CTENEHU
CBSI3aH C U3MEHEHMSIMM CETEBBIX PECYpCOB M TOMOIOTUHU ceTH [1,2].

B nacrosimee Bpemst 3¢ pekTHBHBIM peleHneM 3aJaun 00ecredeHus] KauecTBa 00CTyKHBa-
HUS CETEH SIBISETCS TEXHOIOTHSI MHOTOITPOTOKONILHOM KoMMyTamu akeroB MPLS (Multiprotocol
Label Switching Protocol). Ynpasnenue Tpadukom Ha ocHoBe qu(PepeHIIIpOBaHHOTO 00CITYKH-
BaHus B cerax MPLS obecneunBaer nx MacmraOupyeMocTh C HECKOIBKUMH KlaccaMH 00CITy-
KUBaHUs, Pe3epBUPOBAHUE PECYPCOB, OTKA30yCTONUYMBOCTh U ONTHUMHU3ALIMIO IIEpeIadl PECYPCOB.
C nosBnennem MPLS-cereii mponcxoanuT X W3ydeHUE C TOUKH 3PEHHUS BIUSAHUS CaMOMOJOOHBIX
CBOMCTB Tpaduka Ha KadecTBO oOcCiykuBaHHs ceTdH. B pabotax [3,4] mccnenoBaHo BIHMSHHE
CTENeHU caMonoo0busi Tpapuka Ha CXOOUMOCTh PeajbHOM CETH MPH YIpaBiIeHHH TPahUKOM C
pa3IU4HBIM KauecTBoM oocimyxuBanus QoS (Quality of Service). B [5, 6] paccMOTpeHBI 3aBUCH-
MOCTH XapakTepucTuk QoS, Takue Kak 3aJepiKKH, JPKUTTEP M MOTEPH MAKETOB OT MapaMeTpPOB
camornonodust Bxosero Tpaduka. [lokazano, 4To OCHOBHOE BIMSHUE HA YXYALICHUE XapaKTe-
puctuk QoS oKa3bIBalOT OONBIINE 3HAUCHHSI MTOKa3aTest XepcTa, KaK CTENeH! CaMOIoA00Hs, 1
kod(uLmenTa qucnepcun, ONpenessIoIero ypoBeHb BCIIIECKOB TpadHuKa.

B Hacrosmee BpeMs paccMaTpUBaeTCsl HECKOJIBKO MOJXOJI0B, HAMPABICHHBIX Ha yMEHbIIIE-
HUE BIMAHUS caMonomoOHocTH MOoTokoB B MPLS-cersix. B pabote [7] paccMOTpeHBI METOIbI
yrnpasiieHHs TpadukoM B ceTsix MPLS ¢ nuHamMuueckn H3MEHSIOMNMECS BECaMH ITyTe, 3aBUCS-
LIMMH OT CTENEHH CaMONOA00H BXOAHOTO NIOTOKA; MPEICTaBICHBI PE3yIbTaThl UMUTALIMOHHOTO
MOJIETUPOBaHUs B Majblx ceTsax. [Ipu npyrom moaxone, mpenacraBieHHOM B [8], mpeanoxeH
MeToa MapkupoBku 1oTokoB B FEC, yunTsiBatomuii 3HaueHus mokasaTenst Xepcra 1 Ko uim-
eHTa aucrnepcuu. OnpeneneHre YpOBHS BCIUIECKOB TaKKE€ MOYKET MOMOYb NPU MapKHPOBKE
MOTOKOB Tparka, HampuMep, B ciydae, Koraa OoJee MpHOPUTETHBIN TpaduK B TEUEHHE A0ITOTO
BpPEMEHH MPEISATCTBYET MPOXOXKIEHHUIO TMOTOKOB ¢ Oosiee HU3KMM mpHroputeroM. B pabore [9]
npeanaraercs NOAXOA K cokpalleHuto konuuectBa LSP (T.e. yBennyeHue konnvectBa cBoOOA-
HOU MPOIYCKHOM CIIOCOOHOCTH ) ¥ 001IIel CTOMMOCTH CeTH; IPH ONPEASNICHNUH Ty TH IS liepefadn
Tpaduka 1 HeOOXOAUMOHN MPOITYCKHOW CIIOCOOHOCTH YYUTHIBAIOTCS MapaMeTphbl CaMOIIOI00HOT0
Tpaduka.

L]envio nanHOM pabOTHI SABIACTCS yIydlIeHHe KadyecTBa oOcmyuBaHus B cetd MPLS myTtem
MPeAyNpexXACHNS ee eperpy3KH Py MUKOBBIX BEIOpOcax Tpaduka, 00Jaanaromero GpakraibHbI-
MU cBoiicTBamu. [IpencraBieHo maremaThdeckoe onucaHue (QyHKIIMOHUpOBaHUs cetn MPLS,
CBOMCTBa caMONOAOOHOTO M MyNbTHU(PAKTANBHOrO Tpaduka U pa3paboTaH aaropuTM pacdera
CTOMMOCTH MapIIPYTH3aLHU C YI€TOM (paKTaJIbHBIX CBOMCTB TpaduKa.

1. dyaxkuuonuposanne cetu MPLS [10-12]

B ocnose apxutekTypsl MPLS nexxut npuHIUI oOMeHa METOK. MapIipyTu3aTopbl KOMMYyTa-
mu Metok LSR (Label Switching Router) momeuaroT makersl crieliuaibHBIMH METKAMH, OTIpesie-
JSIIOIMMMHY AajbHENIINI MapLIpyT CIIEIOBAaHUS MAKeTa K MECTy Ha3HA4YCHUs], yKa3bIBasi B METKE
Ka)X/I0TO MaKeTa MecTO Ha3HaueHus, nHdopmanuio QoS, MyTh CleNOBaHHUS MaKeTa IO MecTa
HazHaueHus u p. Bee ¢pyHknmm knaccudukarnmu nakeros o kiaccam FEC (Forwarding Equivalence
Class) Ha ocHOBaHUHM HEOOXOIMMOT0 KauecTBa o0cayxuBanus QoS, a TakKe peann3annio J0M0-
HUTEIBbHBIX CEPBUCOB (PUIbTpALNH, IBHOH MapLIpyTH3alllK, BRIPABHUBAHUE HATPY3KH Ha CETh U
ynpaBnenue TpadukoM OepyT Ha cedst rpaHuuHble Mapiipytuzatopel LER (Label Adge Router).
Takum 00pa3om, Bech 00beM HHTEHCUBHBIX BBIYMCIICHUN NPUXOIUTCA Ha TPAaHUYHYIO 00/1acTh, a
BBICOKOIPOU3BOANTEIbHAS KOMMYTALIUS BBIIIOJIHACTCS B APE, YTO M03BOJIAET 3 (HEKTUBHO ONTH-
MHU3HPOBATh KOHPUTYpalnto ycTpoiictB MPLS B 3aBHCHMOCTH OT WX PacIIONIOKEHUS B CETH.

[Ipouecc pacnpeneneHuss METOK MEKIY MaplIpyTH3aTOpaMH HPUBOIUT K YCTaHOBJICHHUIO
BHyTpu cetu MPLS myreit ¢ kommyranueii mo merkam LSP (Label Switching Path). Kaxmeiit
MmapupytuzaTop LSR comepxut Tabauiy, B COOTBETCTBHM C KOTOPOW mpH 00paboTke makera
cTapoe 3HauY€HHE METKU 3aMEHsIETCS HOBBIM, IOCIE YEro MakeT OTHPAaBISIETCA K CIELYIOLIEMY
ycrpoiictBy Ha mytu LSP. OcHOBHas mpoOiema 3aKirodaeTcs B BBIOOpPE ONTHMAIBLHOTO ITYTH
LSP nmnst xanana tpaduka ¢ TpeboBanusMu QoS B cetn. BaxkHBIM siBNsieTcst pakT MHOMKECTBEH-
HOCTH MAapUIPYTOB: Ul MapuipyTa MEXKAY ABYMsl I'PaHMYHBIMH MapLIpyTH3aTOPAMH MOXKET
CYILECTBOBATh HECKOIBKO aJbTEPHATHUBHBIX IyTEH.
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B maremarnueckoit momenu cerb MPLS mpencraBmsiercs B Buzpe rpada G =(V,E), rae
V= {1,2,...,N} n E= {1,2,...,M} — Habop MapUIpyTHU3aTOPOB M JIMHUI CBSI3U MEXKAY HUMH COOT-
BETCTBeHHO. Bce MHOXxecTBO y3moB B ceth MPLS paszOuBaercsa Ha IBa MOIMHOMKeE-
cTBa: V' ={Vi',i=l,n gg} — MHOXECTBO TpaHM4YHBIX MapmpyTuzatopos LER
UV~ ={V,i=l,n gy} — MHOXKECTBO KOMMYTaTopoB MeTOK LSR (V* UV~ =V, VI "V~ =0).

[IpeanonoxuM, 9To B KaXKIblii MOMEHT t Ha OAWH M3 MapLIPyTH3aTOPOB MOCTYyMaeT Tpaduk
WHTEHCUBHOCTBIO A(t), OTHOCSIIHICS K OAHOMY M3 8 KilaccoB oOciyxkuBaHus q <€ Q. Kaxmomy
Kjaccy oOCIIyKMBaHMsl COOTBETCTBYIOT 3HAUEHHUs MAaKCHMAJbHO JIONYCTUMOW 3alepKKU Tq M
MaKCHMaJbHO JOMYCTHMOrO MpPOLEHTa moTeps lq. OG03HAYMM MHOXECTBO Beex KaHaioB QoS
Tpaduka Y. B onHOW JIHMHUM CBSI3Mm MOXKET CYIIECTBOBATh MHOXKECTBO KaHAJOB Y€ Y .
Kaxzprit kanan nepenaun tpaduka tpedyer nomocy npomnyckanus dy . TpeGoBaHUs K MPOITYCK-

HOHN CITOCOOHOCTH MOT'YT OBITH BBIYMCIIEHBI U3 JOTOBOPA C KIIMEHTOM W/WIIH U3 CTATUCTUYECKHX
JaHHBIX, COOpAaHHBIX MEXy BXOIHBIM M BEIXOAHBIM MapHipyTu3aropamu. [Ipon3BoanTeIbHOCTh
MapupyTu3anuu Tpadguka QoS CHIBHO 3aBUCHT OT DKUTTEPA, 3aJepPKKU U HaaeKHOCTH. [lo-
CKONBKY Tpaduk mpoxonuT depe3 LSP, Bpemsa oxugaHus Ha KaxIoM mepexone OyIeT WMeTh
HEeraTHMBHOE BIMsHUE Ha 3 (EKTHBHOCTh MapLIPYTH3aLUH IO JHKUTTEPY U 3ajepikke. Kpome
TOr0, C MPUMEHEHHEM MEHBIIET0 KOJMYECTBA XOIOB YBEMYMBAETCS HAASKHOCTH Iepenadu
TpaduKa MO KaHamaM, TaK KaKk BEPOATHOCTH BbIXozna w3 cTpos Ha LSP ymenbmaercs. Takum

o0pasoM, y KaHAIOB mepeaayn Tpaduka y €Y c tpeboBaHusMH Q0S q ecTh OrpaHMYEHHS Ha
KonuuecTBO XonoB B LSP. JIns peanuzanuu 3TOro orpaHuueHus Uil KaXKA0To KaHaja Tpaduka

o ! Ly
YCTaHaBJIUBACTCA JONMMYCTHUMOC MHOXCECTBO ITyTCHU Py = {py,...,py } U1 MyTH Ly .

Yepes x%y (t) 0603HAaYMM, YTO B MOMEHT t Ha TPaHMYHBIA MapLIPyTHU3ATOP MOCTYIAET TpapuK
WHTEHCUBHOCTBIO ), , OTHOCSIIMICA K q -MY KJaccy 00CIyXKMBaHHS, KOTOPbIA HEOOXOAUMO J0C-
TaBUTh Ha BBIXOJHOW MapIIPyTHU3aTOp MO JIIOOBIM MyTSAM M3 MHOXecTBa Py, He mpeBbimas
3aJaHHBIX MaKCUMAJIbHO JIONyCTUMBIX 3HAaYE€HHMH 3aJE€PKKH Tq ¥ MAKCHMAaJbHO JOIMYCTHMOIO
HPOLEHTA TTOTePb lg .

Kaxnplii y3en ceth V B MOMEHT BPEMEHH t XapaKTEpHU3YeTCsl MPOM3BOOUTEIBHOCTBIO M,

K03 duieHToM MoTeph XY (t) € X M CpeHUM BPEMEHEM OKMJIaHHsA MaKeTa B odepenu Ty (t) .

[epemennas XY (t)e X, V=LP , papna norepsm (%) Ha y3ie Tpapuka ¢ KIaccoM 00CITyKUBa-

HMA ¢, MAPIIPYTH3UPYEMOTO 110 MyTH Py Mesxly rpaHHYHBIME MapIIpyTH3aTOPaMH B MOMEHT t .

[Ipeamonaraercsi, 4TO BEPOSTHOCTBIO MCKAXEHUS MAKeTa B TPaKTe MOXHO NpeHeOpedb, U
MOTEPH IMPOUCXOIAT UCKIIOUUTENBHO Ha y3JIaX CETH M3-3a MEePENOTHEHHS 3alIOMHHAIOLIEr0 yCT-
poiicTBa.

CymMapHsble otepu A Tpaduka X‘I],y (t), MapLIpyTU3UPYEMOTO B MOMEHT t, HE JOJKHBI
IPEBBIIIATH MAKCHMAIIBHO JOIYCTUMOrO 3HAUYCHMS Ul JAHHOrO Kiacca oOciyKuBaHus lg.
[loTepn ompenmenstoTcsl KaKk OTHOIIGHHE KOJMYECTBA OTOPOLICHHBIX NAHHBIX K KOJIHYECTBY

MOCTYMHBIINX HAa 00CTyXHBaHNe. 3HAaUEHNE BETMIHHBI IOTEPh X‘\l, (t) TTOMTISKUT MUHUMHU3AIIHH.
P
y
OrpaHnyenus, HaKJIaIbIBAEMBIE HA BPEMS 3a/IEPXKKH, AHAIOTHYHbI: TPEOOBaHHE ' T{'}(t) <14

V=l
BBIIIOJIHACTCA JId BCEX Y3JIOB CCTH, I'AC T\q,(t) — CpeaHeC BpCM: OXHJAAHUS IMAKETa KilaccCa

06CJ'Iy)KI/IBaHI/I$Iq B ouepcau Ha y3JI€ V, CICAYIOLICIo IO IyTH Py. Brimonnenne JaHHOI'oO
OrpaHUYICHUA CHOCO6CTByeT TOMY, YTO BpEM:A NOCTAaBKHU ITAKCTOB HC IMPEBBICUT MAKCHUMAJIbHO

AOIMYCTUMOI'O 3HAYCHUS IJId 3aJAHHOT'O KJIacCa O6CJ'Iy)KI/IBaHI/I$I Tq .
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2. CpoiicTBa caMOnog00HOr0 U MYJbTH(PAKTAIBHOIO Tpaduka
U3zBecTHO, uTO TpaduK B MYIBTUMEAMUHBIX CETAX OOJIaaeT CBOMCTBAMHU CaMOINOIOOHS.
Croxactuueckuil mpouecc X(t) sBIseTcs caMonoJoOHBIM C mapamerpoM H, ecnu mporecc

a‘HX(at) OIMCBHIBAETCS TEMHU K€ KOHEYHOMEPHBIMU 3aKOHAMHU paclpenefneHuit, yto u X(t).

[Mapamerp H, 0<H <1, Ha3pIBaeMblii MoKa3aTerneM XepcTa, MPEACTABISET COOOH CTemeHb
camornonoOust mpouecca. Hapsimy ¢ 3TuM CBOMCTBOM, TIOKa3zaTenb H > (.5 XapakTepH3yeT Mepy
JOJITOCPOYHOM 3aBUCHUMOCTH TIpoliecca, T.€. YObIBaHHE aBTOKOPPESIIMOHHON GyHKIuH r(k) 1o

CTENEHHOMY 3aKOHY: r(k) ~ kP, 0<B<1, H=1-(B/2).

Ecnm croxactuueckuii mpouece X(t) obnamaer OAHOPOAHBIMU (PaKTaIbHBIMH CBOWCTBAMH,
KOTOpbIE ONpPENeNstoTCs OAHUM CKEMJIMHTOBBIM IOKa3aTeneM — napamerpom Xepcra H, To B

3TOM Cilydae HadalbHble MOMEHTHI MPOLlecca MOXKHO onucath HopMyInon M[|X(t)|q]=C(q) th,

raeC(q) sIBJISETCSI HEKOTOPOU JACTEPMUHUPOBAaHHON BEMMYMHON. MHOTHE ()paKTaIbHBIC MIPOIIEC-

Cbl UMCIOT CJIO)KHYIO HCOAHOPOAHYIO CTPYKTYPY, KOTOpad MPOABJISACTCA B USMCHCHUUN CTAaTUCTU-
YECKUX CBOMCTB peanmaum?l Ipu U3MCHCHUUA Macirrada arperupoBaHusl. B otianyue or MoHO-

(pakTaNBHBIX MPOIECCOB, TIE BCE MOMEHTHI M[|X(t)|q] MMOKAa3bIBAIOT OJMHAKOBBLIA CKEHMIJIMHT,

MyJIbTU(PaKTaIbHbIE ITPOLECCH] TPOSABIAIOT OONee CIOKHBINA 3aKOH MAaCINTAOHOTO IOBENEHMS
h
M[|X(t)|q} =c(q) M"Y rrec(q) - HEKOTOpas JeTepMUHUPOBaHHas QyHKIHs; h(q) — 0606mIEH-

HBII ToKa3atenb XepcTa, SBISIOINICS HeTMHEHHON (YHKIMM, U1 KOTOpoi 3HaueHne h(q) npu q = 2
COBIIaJaeT CO 3Ha4YeHHeM mapameTrpa H [2].

OpHON U3 NPUYMH BO3HUKHOBEHMS MEPErpy30K B TENEKOMMYHUKAIIMOHHBIX CETSX SABISETCA
HAJIWYHe JOJITOCPOYHON 3aBUCHMOCTH (IIEPCHCTEHTHOCTH): 4eM Oimke mapaMerpH K 1, Tem

1
MeJUIEHHEE YOBIBAKOT KOPPEALMU MEXITY JaHHbIMK: T(k) ~ m . B yactHOoCTH, 3TO O3HAYaeT,

YTO 32 BBICOKMMH 3HAa4CHUSIMHM Tpaduka DaHHBIX C OOJIBLION BEPOSTHOCTBIO TaKke OyayT
ClIeIoBaTh BBICOKHE, YTO HE JAaeT JOCTATOYHO ObIcTpO ocBoOoauThes Oydepy. OnmHum us
Ba)KHEHIIINX CBOMCTB CETEBOr0 Tparka, KaK CIlydaiiHOTo IPOLecca, SIBJISETCS] HAIUIHE TSKEbIX
XBOCTOB €T'0 OJJHOMEPHBIX (pyHKINH pacnpeneneHuii. OCHOBHOE CBOMCTBO CITy4aiiHON BETHYUHBI
C TSDKENbIM XOCTOM COCTOMT B TOM, YTO OHA INPOSBISIET BBICOKYIO M3MEHYMBOCTh. VHBIMHU
CIIOBaMH, BBIOOpKAa W3 TaKOW CIlydallHOW BEWYHMHBI MPENCTAaBIsieT coO0i OoNbIIel YacThio
OTHOCHUTENIBHO HEOONBLINE 3HAYEHHS, OZHAKO TAKXKE CONEPXKUT M IOCTaTOYHOE KOIMYECTBO
o4eHb OonpIIMX 3HaUYeHHU. B Tpaduke 3T0 mposBisieTcs] BEAMYMHON U KOJHMYECTBOM BCILUIECKOB
IIpY HeOOJIBIIONH HHTEHCUBHOCTH.

B paborax [13-15] moka3aHo, 4To pa3mep ouepezeii B Oydepe 1 BenndrHA MOTEPh HA y4acTKe
CeTH, IIPH NPOXOKICHUU CaMOIIOJOOHOr0 TpaduKa, ONpeAesoTCA oKa3aTeneM XepeTa U Bejt-

YIHOM HHJeKca auctiepcun F[E]=D[E]/ M[&], Oomnblire 3HaYeHUsI KOTOPOT'O COOTBETCTBYIOT OOJTh-
meMy pa3z0pocy 3HaueHH MoToka AaHHbIX. B [16,17] moka3aHo, 4TO ovepean U MoTepH, TOPOXK-
naemble TpauKOM C MyIbTU(PAKTAIbHBIMUA CBOMCTBAMH, ONPENEISIOTCS MTOKa3aTeneM Xepcra
U CTEMEHBIO HEMUHEHHOCTH CKEUIIMHTA, KOTOpask COOTBETCTBYET CTENIEHU HEOJHOPOAHOCTH Tpa-
¢uka, T.e. GonplLIEMy 3HaYEHUIO pa3dpoca JaHHBIX. Takum 00pa3oM, OCHOBHBIMU XapaKTEPUCTHU-
KaMH IIOTOKa, ONMPEIEIAIOMMMI BO3SHUKHOBEHUE NIEPErPY3KH CETH, MOKHO CUMTATh IOKA3aTellb
Xepcra M BENMYMHY HOPMHPOBAHHOrO pasbpoca 3HadyeHuil tpaduka S, .. (1)=S/X, rmet —
BPEMEHHOW MHTEpBaJl, Ha KOTOPOM (DUKCUpYyeTCs MPOXOMAIuil Tpaduk,S — cpegHee KBaapaTh-
Yeckoe OTKIIOHEHWE, X — WHTEHCHBHOCTh Tpaduka. B paborax [1,2,14] mokaszaHo, 4TO TpH
3Ha4eHUsIX H > 0,9 WJIN IPU MEPCUCTEHTHOM Tpa(uKe ¢ HOPMHUPOBAHHBIM pa3dopocoM S, ., =3
BEIMYMHA TIOTEPh JaHHBIX IpeBbImaer 5-10%.
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3. Pacuer CTOMMOCTH MApPHIPYTH3allMH C Y4eTOM (pPaKTAJBHBIX CBOHCTB Tpaduka

B apxutektype MPLS Bo3MOKeH BbIOOp MapIIpyTOB Ha OCHOBE OTIEIBHBIX IIOTOKOB, TPHYEM
pa3Iu4YHbIE TOTOKH, CBS3BIBAIOIINE OIHY U Ty K€ Mapy KOHEYHBIX TOYEK, MOTYT CIIEIOBaTh 1O
pasHbeIM MapiipyTam. Kpome Toro, mpy BO3HUKHOBEHUH NEPETPY3KHU MTPOJIOKEHHBIE ApXUTEKTYPOH
MPLS mapuipyTsl MOTyT OBITE H3MeHEHBI. [IpoToKoN MapIpyTH3aluy, OCHOBBIBAACH Ha JAHHBIX
O COCTOSIHWM KaHaJOB, BBIYHMCISET KpaT4aidiive MyTH (MapLIpyThl HaWMEHBIIEH CTOMMOCTH)
MEKAY BXOAHBIM TPaHMYHBIM MapLIPyTH3aTOPOM M BCEMH OCTaJbHBIMH. B nmaHHO# pabote
MpeAsoKeH METOJ pacdeTa CTOMMOCTH MapLIpYTH3alHH C YYETOM CaMOMOAOOHOH CTPYKTYpHI
TpaduKa, 4TO MO3BONAET MPEAYNPEXKAATH MEPErPYy3Ky CETH MPHU MUKOBBIX BEIOpOCAaxX Tpaduka.

3HauyeHNe CTOMMOCTH MapIIpyTU3aLlUU C,, TPHUCBAUBAETCS JIMHUU CBSI3U m U MOYKET 3aBUCETH
OT pAla MapaMeTpoB, a UMEHHO: OT CKOPOCTH, IJIMHBI U HaASKHOCTH. CTOMMOCTh IyTH p;

o 1
o0o3Havaerca Cly W paBHa CyMME CTOMMOCTH JINHUW CBS3U: Cy =Zmeply ¢y . Ecam x;(t)
MPEICTABISET MPOIMYCKHYI) CIIOCOOHOCTh, KOTOpasl HANpaBISAETCS Ha JONYCTUMBIA MYTh p;
KaHala nepenayn y Tpaduxa 7»% (t), TOrma BEHIMOJIHSACTCS:
y

L

y

1
2 xy(=dy vyey, Vle{l,...,Ly} )
teT;l=1

]_ICJ'IGBB.H (1) HKIOUA, MUHUMU3UDPYIOIIad CTOMMOCTL MapuipyTa Ha MHOXECTBC HyTeﬁ

1 L
Py = pya"'apyy , BBITJISIIUT CIICAYIOIIUM 00pa3oM:

L
5y icl " .
yXy(t) > min (1)
yeY l=1
[Ipu npoxoxkaeHun Mo ceTu Tpaduka ¢ CUIbHBIMU (PpaKkTaabHBIMU CBOMCTBAMH TpeOyeTcs
CBOEBPEMEHHOE YBEIIHMUCHHE MPOITYCKHBIX CIIOCOOHOCTEH TUHUI CBsA3H. UTOOBI OTpa3uTh U3MEHE-
HUE CaMOMNOJOOHBIX CBOMCTB IMOTOKOB, CTOMMOCTH ITyTEH Cly OOHOBJISIIOTCS B PEryJIIpHBIC

MPOMEKYTKH BPEMCHU U NICPECCUUTHIBAIOTCA T10 q)OpMYJ'IC

Cy, H<05
1 CL+(H-0,5C),  0,5<H<0,9,Syom <;
Cnewy = |
Cl +(H=0,5)(Sporm ~1C,0,5 < H<0,9, 1< S <3
C}, +Co. H>0,9umH>0,5, S, 3.
L _
rae Cy - zl ®m OIIPEZIENIETCSl B COOTBETCTBUU ¢ LeneBod ¢yHkuuei (1), 3Hauenune C, BHIOH-

mepy
paerca aIMUHUCTPATOPOM CCTHU € YUCTOM €€ TOIIOJIOTHHU. AJ'IFOpI/ITM MapaipyTu3anum HE U3ME-

HseTcs (CTOMMOCTBH INYTH Cnewly = Cly ), ecnu TpaduK SBISETCS OOBIYHBIM IYaCCOHOBCKHUM
notokoM (H=0,5) win obramaeT aHTUNEPCUCTEHTHbIMU cBoiicTBamu (H<0,5). Ilpu
1
0,5<H<0,9 1 ManoM paz0dpoce AaHHBIX (S, <1) 3HaUeHHE Cy yBenM4nBaeTcs MpOIOPLHO-
HaJIbHO 3HaueHMIO Mmokasarens Xepcra (H<0,5). IIpu nokasatene Xepcra 0,5<H<0,9 u ¢
1
OonpIuM pazdpocoM AaHHBIX (1< S, <3) 3HaYeHue Gy YBGJ'II/I‘II/IBa?TCH MPOIOPLHOHATIBEHO
obeum xapaxrepucTukaM. CTOMMOCTh C MaKCUMaJIBHBIM 3HAYCHUEM Cy +Cy momyuaercs npu
H > 0,9 wiv npu NepcUCTEHTHOM TpaduKe C HOPMUPOBAHHBIM OTKIOHEHUEM S, . >3 .

OueHuBaHue napaMerpa Xepcra OCYIIECTBIISIETCS C MOMOIIBIO AUCKPETHOTO BEHBIET-IPE00-
pa3oBaHusl, 4TO NO3BOJISIET paboTaTh B peaabHoM BpemeHH [18]. [locne mepepacuera croumocTu
BCEX MyTeH OOBSABICHUE O COCTOSHUH MyTEH PacchUIAETCs] MEXIY MapLIpyTH3aTOPaMHU.

BriBoabI

[IpencraBnen anropuTM pacdera CTOMMOCTH Mapmipytusanuu cetu MPLS ¢ yuerom ¢pak-
TaJbHBIX CBOWCTB Tpa(rKa, KOTOPHIH MO3BOJISIET MPEAYNPEKAATh MEPErpy3Ky CETH IPU MUKOBBIX
BbIOpOcax. Hayunas Hosusna pabomul 3aKIIOYAETCSl B TOM, IaHHBIH METOJ HCIOIb3yeT
3Ha4YeHUs MoKaszaTens XepcTa U BeNWYMHY HOPMUPOBAHHOIO pa3dpoca 3HaUeHHH Tpaduka, 4To
MO3BOJISICT PUMEHUTH €r0 K CaMOIIOJOOHBIM M MYJIbTU(PAKTANbHBIM IIOTOKaM AAaHHBIX. [Ipak-
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MuyecKas 3HAYUMOCMb 3aKII0YAETCs B TOM, YTO HCIOIb30BAHHME IPEATIOKEHHOIO METOnAA
MO3BOJIIET MUHMMH3HPOBATh CTOMMOCTh MapLIPyTH3alUH C Y4eTOM (ppakTalbHBIX CBOWCTB
Tpaduka, BEIOOpa MMyTH €ro nepenavyn u TpeboBaHUH KadecTBa oOcCiy:KuBaHus. Pa3paboTanHbIi
METO/I MO’KHO MCIOIb30BATh JUI ONITUMHU3ALIMH CETEBBIX PECYPCOB C MOMOILBIO HMUTAIIMOHHOTO
MOAETUPOBaHMSI (PYHKIMOHUPOBAHUS CETH.
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VJIK 681.5+548.55
A.Il. OKCAHHUY, C.D. [TPUTYHH, B.A. TEPEAH

YCOBEPUIEHCTBOBAHUE METOJA U3MEPEHUSA OCTATOYHBIX
HANPSIKEHUM B MOJJIOKKAX APCEHHU] TAJLIUS

OnuceIBaeTCsl yCOBEPIICHCTBOBAHHBII METO U3MEPEHHS OCTATOUHBIX HAIPSHKEHUH B MO -
JIOXKKAX apCEHU A FaJIINs IyTeM MOBBIIIEHUS] UyBCTBUTEILHOCTH IPUEMHOr0 TPAKTA C IPUMEHE-
HHEM (a304yBCTBHTEIHHOTO KOHTYpa. PazpabaTsiBaeTcs CTpyKTypHas CXeMa 1 alIropuT™ pado-
ThI aBTOMAaTU3UPOBAaHHOrO KoMIuiekca «Ilonsapon-4». BeimonHseTca MeTpooruueckas aTrecTa-
st pa3paboTaHHOro KoMILIeKca. I3MepstoTest 0CTaTOUHbBIE HAPSHKEHUS B TTOIJIOKKE apCeHHUIA
rajumst auamerpoM 102 MM, MakcUMasbHBIE 3HaUeHHE KOTOPhIX coctaBmin 8 MIla mo kpasim
MOAJIOAKKH, BEIPE3aHHON U3 BEPXHEH YaCTH CIUTKA.

1. BBeaenue

Apcenup ramums (GaAs) Ha CErOAHSNIHUM JCHb SBIISCTCS OMHUM M3 MEPCICKTHBHBIX MOTY-
MPOBOTHUKOBBIX MAaTEPUAIOB, O Y€M CBHJICTCIBCTBYET YBEITUYHUBAIOIIUNCA POCT 00BEMOB BHI-
mycka ciuTkoB GaAs. OcHOBHBIMU 00nacTssMu mpuMeHeHus: GaAs puOOpOB SBIISTIOTCS OBICPO-
nerictByromue Mukpocxembl, CBU ycrpoticTBa, MOOWIIbHBIE TENE(OHBI, MIAHIIETHBIE KOMIThEO-
Tepbl. CHUKEHHUE CTOMMOCTH U3JICNIHIA, B OCHOBE KOTOPBIX JexaT GaAs mpuOopsl, BO3MOXKHO MPH
CHUXCHUH 3aTpaT Ha BhIpAIMBaHUE CIUTKOB. OTHUM U3 IIyTEH PElICHUs 3TON 3a/1auu SBJIIETCS
yYBEIMUYCHUE AUaMEeTpa CIUTKOB. B CBOIO ouepenb, yBeNWUEHUE AMAMETpa BBHIPAIIMBAEMBIX
CJIMTKOB NMPUBOAUT K YBETUYECHHUIO TNIOTHOCTH IUCIOKAIIUN U YPOBHS OCTATOYHBIX HAIIPSKEHU.
J1st u3MepeHust OCTaTOUYHBIX HAMPSXKEHUHN B MOMAIOXKKAX apCEHU 1A TaJLTUS IIUPOKO UCTIONb3YIOT-
CSl METOMBI MOJIIPUMETPUHU, B OCHOBE KOTOPBIX JIGKHUT U3MEPEHUE ABOMHOTO JIydenpeaoMIICHUS
(mBynyuenpenomnenust) [1].

B ToM ciydae, eciiv AByITydenpelOMIICHHUE SBIISIETCS MaJCHBKHM, HEOOXOIMMO MOATOTaBIH-
BaTh 00pas3ilbl TOJIIMHON B HECKOIBKO MHJUTMMETPOB, YTOOBI YBEIUYUTh CABHUT (ha3bl, KOTOpas
MPONOPIIMOHANIFHA TONIHE 00pa3ia. [loanokku apceHuia rajuius sl IPOMBIIIIIEHHOTO TPHMe-
HEHUA U3roTaBiuBaroTcsa TonmuHoN 400 MKkM A nuamerpa nomiokku 50,8 mm, 600 MxM amst
MOAJIOKEK nuaMerpoM 76,2, m 700 MxMm it mofinoxek auamerpom 101,6 Mm.

W3mepenue ypoBHs OCTATOYHBIX HAIMPSHKEHUH /IS TAKUX TONIIMH TPeOYeT yCOBEPIIEHCTBO-
BaHHE METO/a N3MEPEHM I, MOJIEPHU3AIINHN aIlllapaTyphl B IeJISX YBEIHUEHHS YyBCTBHTEIBHOCTH
M3MEPHUTENBHOTO TPaKTa, pa3padOTKH HOBOTO MPOTPAMMHOIO OOECIIEUeHHMsI, BKIIFOUYAIOIIETO B
cebst nudpoByro 006paboOTKy.

Y coBepiieHCTBOBAaHUE METO/Ia U3MEPEHHUsST YPOBHS OCTATOYHBIX HANPSIKESHHHA B IMTOIIOKKAX
GaAs saBIseTcs aKTyaJbHbIM KaK C HAy4HOH, TaK U C MPAKTUIECKO ToukH 3peHus. udopmarus
00 ypOBHE OCTaTOYHBIX HAMPSKEHUH B TIOJIOKKAX ITO3BOITUT KOPPEKTHPOBATH TEXHOJIOTHUECKHE
MIPOIIECCHl BHIPAIIMBAHHS M OT)KWTA CIIMTKOB, a TAK)K€ YMEHBIINUTh MPOIEHT Opaka IOJIOKEK,
BBI3BAHHOT'O PACTPECKUBAHNEM B TIPOIIECCE ITTUTAKCHH.

L]envio pabomul SBIAETCS yCOBEPIIEHCTBOBAHWE METO/Ia M3MEPEHHS OCTATOYHBIX HaIpsiKe-
HUH B oaokkax GaAs ImyTeM YBEITMYEeHUsI TyBCTBUTEILHOCTH IIPHOOpa M pa3pabOTKH BHICOKO-
YyBCTBUTENFHOTO TIOMEXO03AIIUIIIEHHOTO0 TPUEMHOTO TPaKTa.

Jis mocTrKeHus el HeoOXOAMMO PEINTh CIEAYIOIINE 3a0aUl:

— aHAIIN3 METO/Ia U arapaTypbl MOIIPUMETPHH B LIENSIX OMPEACIEHUS CTIOCOO0B MOBBIIICHUS
YyBCTBUTENFHOCTH MPUEMHOTO TPAKTa;

— pa3paboTKa CTPYKTYPHOH CXeMbI YCOBEPIIEHCTBOBAHHOT'O METO/A;

— METPOJIOTHYECKasl aTTeCTallds aBTOMATHYECKOT0 KOMIUIEKCa M3MEPEHHsI OCTATOYHBIX Ha-
MIPSKEHU.

2. IlocTtanoBKa 3agaum

Kak MMpaBHJIO, B CYHICCTBYIOIIUX IOJIAPHUMETPAX, KOTOPBIC HCIIOJIB3YIHOTCA IS U3MCPCHUA
OCTAaTOYHOI'O HAIIPSXKCHUA B apCCHUAC IaJllIns, IPUMCHACTCS SJUIUIITUYCCKAs MOJIAprU3alua [2,3]
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B cny4yae TOHKOH ABYITy4enpenoMIISIONIEH MIIACTUHBI, KOTOPOH sBiseTcs moanoxkka GaAs,
AIUTUIICOU]] TIOKa3aTeNneil MpeJoMIIeHH MOKHO paccMaTpUBaTh Kak 3JUIMIIC, o0liee ypaBHEHHE
KOTOPOT'O MOXKET OBITh 3allMCaHO B BUE:

va Z'Z
12 + "2 = 1’ (1)
n n
rae Il/ u Il// — HEU3BCECTHLIC KOB(i)(l)HLII/IeHTLI MMpEIIOMJICHHM A, HAIIPaBJICHHBIC BJOJb OCHOBHBIX
oceid. CaBur (asbl, BEI3BaHHBIN ABYIyYeNpelOMIEHIEM, MOKHO ONPEACIUT MO hopMyIe:
2nd
_ ' T
8 == —fnn'l, @

31ech d — TOJNIIMHA MOUIOKKH; ), — JJTUHA BOJTHBI TOJISIPU30BAHHOTO CBETA.
MHTEHCHBHOCTH BXOJJHOT'O CHTHAJIa Ha ONITHYECKOM MPUEMHHKE B 3TOM CITy4dae OMpeNelsieTcs
o opmyse [4]:

I, =1, (@)(1-R(9))* x(cos’ (x — @) —sin 2(y, — y) xsin 2(¢ — y) X
xsin®(8/2))x G(x) + 1, (¢, %)

rae (¢ — yroia moBopoTa MOMsApU3aTOpa; Y — yroi ABYIYUENpPEIOMIIEHHUsS; ), — YroJl IOBOpOTa
aHanu3aropa; 1, (() — HHTCHCHBHOCTH BXOJXHOTO H3/IyYCHHS, BKIIFOYAOIIAst IOTEPH H3/TyYCHHS B
nomsipuzarope; R (¢)— xoaddurment orpaxenus nomnoxku GaAs; G(()— 4yBCTBUTEIBHOCTD
IPHUEMHHKA M3IIyYeHNUs, BKIIOYAOIIas IoTepy B aHanusarope; I, (,)) — TeMHOBOM TOK (oTo-
MPUEMHHKA.

PaccmoTrpum orpanndeHus Meroqa, KOTOpbIe HAaKJIAbIBAIOTCA Ha YyBCTBUTEIBHOCTh IPUEM-
HOro TpakTa nomsapuMerpa. CormacHO NpUHATOMY MeTody u3MmepeHus [5], I, HeoOxommmo
W3MEpSTH B apajielbHOM MIIOCKOCTU MOJSpU3aluy (ciaydail, korna ¥, = ¢ ) U B IepHeH AUKYJIIp-

€)

HO# m1ockocTH ( — @ = 7/ 2 ). st 5T0ro BhIpakenue (3) MOKET ObITh MEPEMHCAHO B BHJE:
1'(9) =1, (@) x G' (@)(1 - sin 2(9 —y) xsin’ (3/2)) + I'a(¢) x G'(9), @)
I (@) =L(@)xG ()(sin2(¢—y)xsin’*(8/2))+1 a(p)xG (9), ()
rae 1,(9) = I, ()1 - R(9))".

Tor/:[a 06]].[35[ HUHTCHCUBHOCTD U3JTYUCHHS 3alIUIICTCA KaK:

1
I (9)
L () = % =
L (¢)+ L (o)

Gy (@)sin® 2(p—y)sin” (8/2) + I (©)Gy (9)/ I (9)

- . . R 6
(14 (G (@)~ Dsin? 2(p - y)sin® (8/2) + (I (0)G () + 1} () / 15 (0) (©)
Gr ((p) =Gt ((p) / G” ((p) — YYBCTBUTEIBHOCTb IPUEMHOIO TPAKTA.
Ecnu npuHATE cieayroume ycaoBus:
G, () ~1 1 I;(),1i(9) <I(9), (7)
Toraa (6) MOXKHO Tepenucarh B CISIYIOMEM BUIE:
L.(9) = G, (9)sin® 2(¢—y)sin®(8/2) + 13 ()G, (9) /1, (9) - ®)

B 3TOM BBIpa)keHHHM IEpBOE ClIaraeMoe ONpenesseT MOJIe3HbIH CUTHAll, @ BTOPOE — IIOMEXY.

Bemmonnenue ycnoBus (7) MOXeT ObITh JOCTUTHYTO NMPHUMEHEHUEM CIELUATbHbBIX PELIeHUH
npu pa3paboTke annapaTypHOH YacTH nomspuckona. 13 BeipaxeHus (8) MOXHO BHIETh, YTO B
TOM CiIy4yae, €Clid CIBUT (a3bl § CpPaBHHUTENBHO HEOOJIBLIOH, TO BETHMYMHA MOMEXH MOXKET

MPEBBICUTH BCIIMYNHY ITOJIC3HOI'O CUT'HAJIA, YTO ABJIACTCA OrpaHU4YMBAaOIIUM (I)aKTOpOM YYBCTBU-
TCJIIBHOCTU TMPHUEMHOI'O TpaKTa. BTOpLIM OrpaHUYCHHUECM SABJISICTCA HEBBIIIOJHCHHUC YCIOBUA

123



G, (@) = 1. Ecin ycnosue G, (@)~ 1 He BBINOIHAETCS, YMEHBIIAETCA TOYHOCTh ONpPENEIEHHs
mapamerpoB 0 M Y, Tak kak G (@) MOZyIupyercs MEepHOIMYECKMMH KOMIIOHEHTaMM
sin® 2(g — y)sin*(8/2) .

ObecrieunTs BHINOTHEHUE YCIIOBHSA (7) BO3MOXKHO ITyTEM HCIOIB30BAaHMS B CXEME TOJISIPUMET-
pa }a304yBCTBUTENBHOTO KOHTYPA M BBICOKOYYCTBUTEIBHOTO ()OTONPUEMHHUKA. Y BETHUUTH TyB-
CTBHUTENBHOCTH MIPHUEMHOT0 TPaKTa BO3MOXKHO ITyTEM BBEIEHUS LUPPOBOii 00pabOTKH BXOIHOTO
curHaia. B aToM ciydae mapaMerpsl § U Y MOXKHO ONPEETHUTh KaK CpelHee B3BEIICHHOE IS
M3MEPEHHBIX 3HaYeHnl | (), MUHUMHU3UPYS IPH 3TOM BJIMSHHME IIYMOBOH COCTABJISIOIIEH 10-
ne3noro curnana. Ecnu npoussoauts usmepenus [ (@j) mns (G=0,...,J-1) B unrepsane 27/ J
npu 0 < @ < 27, TO MOXHO 3aIIMCaTh CIISAYIOLINE TPeo0pa30BaHUsI CUHYCOUIAIBHON U KOCHHY-
COMJIAIBHON COCTABIISIONIEH BXOAHOTO CUTHANA:

ZI (¢;)sin 4o, —sm4\|fsm g 9)
29

ZI (¢;)cos 4o, ——cos4\|/sm 5 (10)

Torna cneur a3l § | yron IBYIydenperoMiIeHHs Y MOXKeT ObITh OIpeieNeH CISAyIOIH-
MU BBIPKEHUSIMHU :

& =2arcsin(4(I., + 2 )", (11)
= 4arctan Lin
v L (12)
OcTaTouHbIe HANPSKEHUS B COOTBETCTBUU C [6] MOIYT OBITH HalIcHBI KaK:
AS |sin2y
|G| = d 3 4 (13)
TN, | Py

rae d — romuuHa noanoxku GaAs; ny — koadduuuent npenomuenus GaAs npu OTCYTCTBUU
OCTaTOYHBIX HANpsDKeHWH, paBHbBIN 3,4 [7]; pss —poToynpyras koHcTaHTa, paBHast 0,0686 [7];

A=3,3 MKM.
3. YcoBepuieHCTBOBAHHE MeTOJa H3MeEPEHHsl OCTATOYHBIX HANPSIKEHHI.

Kak mokazaHo Bblllle, METOA U3MEPEHHsI OCTATOYHBIX HANPSDKEHUH B momnoxkax GaAs mon-
EH Pealn30BaTh BBHICOKYIO UyBCTBUTEIBHOCTh IPUEMHOIO TPAKTa. DTO BO3SMOXKHO IIPH COBMEC-
THOM HCIIOJIB30BaHMH aNNapaTypHbIX ¥ IPOrpaMMHBIX pelIeHU. AnnapaTypHoe peleHue npes-
mojaraeT BBEICHNUE B CXEMY BBICOKOTOUYHOI'O MOAYJIATOpa ¢ (ha304yBCTBUTEIBHBIM JIETEKTOPOM
u npuMeHeHue npuemHuka MK n3nmydenus, obnaznaromero HU3kuM ypoBHEM TEMHOBOTO TOKa B
Iyana3oHe AAUH BOJH OT 1 g0 4 mkm. IIporpammHas 4acTb NOJKHA OOECIIEUMBATH IPUEM,

00paboTKy ¥ (UIBTPAIUIO CUTHAIOB 3 U .

Jns peanu3anny yCOBEPIIEHCTBOBAHHOIO METOAA aBTOpaMH ObUI pa3paboTaH aBTOMAaTHYeC-
KAH KOMIUIEKC M3MEPEHUS OCTATOUYHBIX HanpspkeHHH «Ilonspon — 4», CTpyKTypHas cxema KOTo-
poro npuBeneHa Ha puc. 1.

CtpykTypHas cxema BKJIoYaeT B ce0sl MHGPpaKpacHbIH ra30BbId 0MHOMOMOBBIH azep JII'-79-
1 ¢, nnuHoil BonmHbl 3,39 MKM, MOIIHOCTBIO M3nydeHust 12 MBT, nuamerpom mydka 2 mw,
Bpaatomuiics nonspusarop (1) u ananuzatop (10), KoTopble YIPaBIsIOTCS CHHXPOHU3aTOPAMHU
spamenuss CB (2,11) ¢ TounocThIO onpenenenus yriaa nosopora 0,05 u wactoroii Bpamenus
1o0/c. Ilocne 4eTBepTHBOMHOBOW MIacTUHBI (3) MOSAPU3ALMUS CTAHOBUTCS SJUTMITHYECKOW U
MOCTyHAaeT Ha u3MepsieMyto nofnoxky GaAs, yKpemieHHyIo B ckaHaTope (5). CkaHaTop ocylue-
CTBIISIET MIEpEMEILCHUE TTOATIOKKH T10 OCH X U Y AJISl ©U3MEPEHUS OCTATOYHBIX HANPSDKEHUH 110 BCel
ee noBepxHocTH. Ilocne npoxokaeHusI NOAIOKKH C OCTATOYHBIMH HAIPSDKEHUSMH [TPOUCXOANUT
IBYIy4YeTIpeIOMIICHNE U M3ITydeHHE pa3ensieTcs Ha HOpMaJIbHBIN JIyd ¥ TOBEPHYTHINA Ha YTOJ L.
J11s1 TOBBIIIEHNS YyBCTBUTEIBHOCTH MMPHUEMHOIO TPAKTa B CXEMY BBEIECH MEXAaHHYECKHHA MOAY-
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nsiTop (6) ¢ 4acToTOM MOIymsAuuH 3

KFI_I; MOOYJIATOpP OCHAIICH BBICOKOCTAOUILHEIM IIpUBOAOM

(7) ¢ 1IN perynaropom (8). ns onpenenenust capura ¢asbl J B CXeMy BBEIEGH CHHXPOHHBIN
nerekrop CJ1 (9). Ans ymeHblueHHs TeMHOBOro Toka nprueMHHK VK u3imydeHus BBINONHEH Ha
6aze ¢oropesuctopa PbSe (12) c akTUBHBIM 3JEMEHTOM 2X2 MM M TEPMOCTATUPOBAHHEM NpPHU
temmneparype -25 °C (13). Curnan ¢ npueMHUKa depe3 ycunuTenb (14) mocTynaer Ha moaocoBoi
¢unbTp (16) ¢ wacroroit 3 k' u uepes ALIII (15) moctynmaer 8 OBM.

HK n1a3ep
JI-79-1

4\ 6 ‘\ 10 “\12 14‘]’16—1

3BM

Puc. 1. CprKTypHaH CXEMa aBTOMATU3UPOBAHHOI'O KOMIUICKCA U3MEPCHUA OCTATOYHBIX HaHpH)KeHI/Iﬁ

«TonsapoH — 4»

3BM ¢dopmupyeT curaaisl ynpaBieHUs CHHXPOHH3aTOPaMH BpallleHHsI, TEPMOCTaOnIN3aTo-
POM ¥ TPOM3BOAMT BBIUMCIICHHSA cABHTa (pas3bl U yriia ABYITy4enpeoMIICHHS 110 BhIpaskeHusM (9)-
(12), a Taxoke BBIYHCIAET OCTaTOUHbIE HampspkeHus (13).

Ananu3 QyHKIMOHAIBHON CXEMBI aBTOMAaTH3HPOBaHHOT0 KoMmIutekca «IlonspoH-4» mo3Bonun
CHHTE3MPOBATh AITOPUTM €ro padOThl C YUYEeTOM BO3MOXKHOCTH peajii3alliy TOJTHOH MOAEIN
CKaHMpOBaHUs. [laHHBIA aIrOPUTM MO3BOJSIET OCYILIECTBIIATh 3a/laHKE IIara nepeMenieHus uc-
cllelyeMOil MJIaCTHUHBI TI0 OCH Y, BBIUYUCIATH TpeOdyeMoe MepeMellieHre 10 OCH X, TPOU3BOANTH

pacdeT OCTaTOYHBIX HANpsKEHUH
nonb3oBaress Buze. PapaboTanHbIi
AITOPUTM IIPUBEAEH Ha pHC. 2.

4. MerpoJoruveckas
arrecTanus
aBTOMATU3UPOBAHHOIO
komiiekca «Iloasipon-4»

JUis u3MepeHusi OCTaTOYHBIX
HaIpsDKEHUH B IOAJIOKKAX aBTOpPa-
MU OBUIM NPOBEAEHBI METPOJIOTH-
YEeCKHE HCIBITAaHUS B LENAX aTTeC-
Taluu pa3pabOTaHHOTO aBTOMATH-
3UpPOBAHHOIO Komruiekca. s at-
TeCTallMK ObLT UCIONb30BAH METOJ
CpPaBHEHUS MU3MEPEHHOI'0 3HAUCHUS
OCTaTOYHOTO HAaNpsHKEHHUsl C pac-
YETHBIM 3HAYCHHUEM.

B nomnoxke GaAs ObUH co3ma-
HBI OCTaTOYHBIE HATIPSKEHUS 10 CXe-
Me, IPEACTaBICHHOM Ha puc. 3.

W TPEACTABIATH PE3yNbTaThl M3MEPEHUH B yIOOHOM IS

Ha=amo

pur:

;
o, w

Puc. 2. Anroputm paboTs
ABTOMAaTU3UPOBAHHOTO

komruiekca «Ilomsapon-4»
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P r

Puc. 3. Cxema co3naHusl OCTaATOUHBIX HANPSDKEHUH B OJIIOKKaxX GaAs

B nannoit cxeme noanmoxkka auamerpom 101,2 MM, Tonmuuoi 800 MKM ycTaHaBIMBalach Ha
MOJICTABKM U CO3JIaBajiCsl ee M3TU0 rpy3oM P, MPUKPENIeHHBIM K IEHTPY NOIOKKH. V3rubd
TJIACTUHBI U3MEPSIICS UHAMKATOPOM dacoBoro Tumna MY-10. Paguyc nsrubda momyioxkku omnpese-
JISLTICS TIO BBIPAXKEHUIO:

R r
2tan ' (AZ/1)’ (14)

rie AZ — BenuuuHa u3ruba, m3mepeHHas uHAuKatopom WY-10; r — paccTosHUE OT TOUKH
MoJiBeca rpy3a Ji0 OIOpbI, B HallleM cityyae 37 MM.
Toraa B cooTBercTBUU C [§] OCTATOUHOE HANPSKEHHUE ONPEACIUTCS BHIPAKEHUEM:

- Eh’
IR — 1
6(1—- V)R’ (15)
3nech h — TommuHa momioxku (0,6 mm); Eg — momyns FOnra (67,2 I'lla); 3Hauenne Ey/(1-V) B
cooTBeTCcTBHH ¢ [9] ObLUTO IpUHSATO paBHBIM 123 ['ma.
Jiss MeTporornueckoil aTtecTanuu HaMH ObUTH M3MepeHbl 10 Mmomiokek MpH pa3TuYHBIX
BeNMUYMHAX M3rnda. PaccuntanHbie 3HaYeHNS CPABHUBAIINCH C N3MEPEHHBIMH 3HAYSHUSIMHU OCTa-
TOYHOTO HanpsoKeHus KoMmruiekcoM «llomsipon - 4». C moMOIIbI0 CTaTHCTUYECKUX METOA0B HAMHU

ObLIO MOJIYUCHO TAPpUPOBOYHOC YPABHCHHUEC UIA BBIYUCICHUSA OCTATOYHOI'O HAIPSIKEHU A, KOTOPOC
3allMCbIBAC€TCA B BHUC!

G =62,0733-22,3%c, + 2,22222%c °, (16)

rae ¢, — OCTATOYHOC HAIIPSAKCHUC, BBIYMCIICHHOC 110 BBIPA’KCHUTO (13)
u b

Merponoruueckas arrectanus kommiekca «IlomsipoH - 4», Kak SKCIepUMEHTaIbHOro obpas-
La cpeacTB uaMepenuit, mposoamiachk B coorBercTBUU ¢ ['OCT 8.326-89 «Merponoruyeckas
aTTecTallus CPEACTB H3MEPEHUI» B IEHTPaIbHOI 3aBozicKoit mabopaTopun OO0 «CUINKOH» IpH
y4acTUu oTzena qU(GpaKkMOHHBIX UCCIENOBAaHUHI CTPYKTYPHI TOIynpoBoAHMKOB UHCTHTYTA 1-
3uku nonaynpoBogHukoB uMenu B. E. Jlamkapesa HAH Ykpaunsl.

[IporpaMma MeTpOJIOrHYEecKON aTTECTALMH 3aK/II0Yagach B CPaBHEHHM HM3MEPEHHBIX 3Haue-
HUI OCTaTOYHBIX HANPSKEHUH C U3MEPEHUSIMH OCTaTOYHBIX HAIPSOHKEHUH 3TaTOHHBIM TPHOOPOM.
B kauecTBe 3TaI0HHOr0 IpHUOOpa NCIIOJIB30BAJICS BEICOKOPA3PELIAIONINI PEHTCHOBCKUN I pak-
tometp X Pert PRO MRD. M3mepennst npon3BOAMINCE B GUKCHPOBAHHBIX TOYKAX, OPUEHTHPO-
BaHHBIX 110 TJIaBHBIM KPUCTAIUIOrPaUIECKUM OcsaM ¢ marom 20 mm.

OTHocuTENbHAS MOTPEIIHOCTh M3MEPEHUI OCTATOYHBIX HANPSDKEHHH PacCUMTHIBAIACH IO
¢bopmyre:

c =2"%%100% (17
(op ’

1

126



rae G, — OCTaTO4YHOC HANIPSDKCHUC, U3MCPCHHOC PCHICHOBCKUM Z[I/I(l)paKTOMCTpOM; o, - ocTa-

TOYHOE HANPsHKEHHE, U3MEPEeHHOE KoMIUTeKCOM «I1oyspoH - 4.
[To pe3ynapTaTaM OTHOCUTEIbHAS MOTPEIIHOCTh H3MEPEHUS OCTATOYHBIX HANPSHKCHUH B TIOJI-
noxkax GaAs cocrasuia 10 %.

5. llpakTH4yecKkue pe3yabTaThI

Hcnons3ys aBTOMaTH3MPOBAHHBIN KOMIIJIEKC, MBI IIPOBETH U3MEPEHUS OCTATOYHBIX HaIpshKe-
HHUI B MOUIOKKAX apCeHM/a Tajllus, TONYYEeHHBIX W3 ciuTka Mapku AIUX muamerpom 4,
BBIpalieHHoro B Hanpasienuu [ 100].

Puc. 4. Pe3ynbraT u3MepeHns OCTaTOYHbIX HANPsKeHUH B momioxkke GaAs: a — MOJUIOKKa U3 BEpXHEH
YaCTH CIIUTKA; O — MOI0XKKA U3 CPEAHEH YaCTH CIIUTKA

Pe3ynpraThl M3MEPEHNS OCTATOUYHBIX HAMPSYKEHUHM MOKa3aJId, YTO B MOMIOKKAX, TOJYYEHHBIX
M3 BEpXHEH YacTH CIUTKA, UX YpOBEHb cocTaBisieT mopsaka 8 mlla mo kpasMm MOUIOKKU U
cHuxkaercs 10 4 mlla K neHTpy NOANOXKKHU. B moiokkax BeIpE3aHHBIX U3 CPEAHEN YaCTH CIIUTKA
YPOBEHb OCTATOYHBIX HANPSDKEHUM MO KpasM MOMIOXKKHU cocTaBiser 6 mlla u cHuxkaercs kK ee
uentpy ao 2 mlla (puc.4).

AHanu3 MoJly4eHHBIX PEe3yJbTAaTOB MOKA3aJl, YTO OCTATOYHbIE HAIIPSDKEHUE PaCTIPEAEsIIOTCS
[0 TUIOCKOCTU CHUMMETPUYHO, B BHUJE YETHIPEXKPATHOU CHMMETPUHU. YPOBEHb OCTATOUHBIX
HanpspkeHu# B HanpasiieHuH [ 100] mmeer OGonee BEICOKHE 3HaUeHU, YeM B HanpasiieHnu [010].

6. BriBoaBI

B pesynprare npoBeAeHHBIX UCCIENOBAHIH OBIIT YCOBEPIIEHCTBOBAH METO] H3MEPEHHS YPOB-
Hs OCTaTOYHBIX HampspkeHWi B momioxkkax GaAs. OmnpeneneHbl (aKTOPHI CYIIECTBYIOIIETO
METO0J1a, HE MO3BOJISIOUINE YBETUYUTh TOUHOCTh U3MEPEHUS OCTATOYHBIX HAMPSKEHUN B MTOAJIOXK-
Kax apCeHHUAA rajljius.

Pazpaborana CTpyKTypHas cxeMa W alTOpUTM pabOThl aBTOMAaTH3HPOBAHHOTO KOMILJIEKCa
«Ilonsipon-4», MO3BOMISIOUIETO U3MEPSITh OCTATOYHbIE HAIPSDKEHUS B MOAToXKKax GaAs Toimu-
HOil orT 400 mkm. IlomyueHa TappuUpOBOYHAA XapaKTEPUCTHKa KOMILIEKCA IO pe3ynbTaTaM
pPACUYETHBIX 3HAUEHHUM OCTaTOUHBIX HANPSKEHUN B MOIOKKaxX GaAs.

BrinonHena merposiornyeckasi aTTecTalusi Komiuiekca. OTHOCHTENbHAs MOTPEIIHOCTh CO-
craBuna 10 %.

[TokazaHo, YTO MOATIOKKH, BhIpE3aHHBIC U3 BEPXHEHW YaCTH CIUTKA, UMEIOT 0oJiee BRICOKUN
YPOBEHb OCTATOYHOT'O HAIPSIKEHUS, YeM MOJIOKKH, BBIpE3aHHbIE U3 cpenHel yactu. OcTaTou-
HbIE HANPsDKEHNS Ha KPasX MOJIOKKH OOJBIIE OCTATOUYHBIX HAMPSHKEHUH B IEHTPE MPUMEPHO Ha
50%.

[TokazaHo, 4TO pacnpeneneHre OCTaTOUYHbIX HANpsDKEHUM B mojnoxkkax GaAs MMEET Yerbl-
PEXKPaTHYIO CUMMETPHIO.

Cmucok mureparypst: 1. Oxcanuy A.I1, Ipumuun C.3., Kpackesuy B.E., Bamapees B. B. ABToMaTi3upoBaH-
HBIA KOMIDIEKC JJIS1 U3MEPEHHS BHYTPEHHUX HANPsHKEHUH B TactTrHax GaAs // CKiaHi CHCTEMH i IPOIECH.
Samopixoxs. 2006. Ne 2. C. 40-50. 2. M. Yamada, Quantitative photoelastic measurement of residual strains in
undoped semi?insulating gallium arsenide, Appl. Phys. Lett. 47.1985. C. 365-367. 3. Tkauenxo C.B., [Ipumuun
C.3., Cuopa A.C., /lepesanxo U.A. ABTOMaTH3NPOBAHHAS CHCTEMA OIIPEIeICHHS BHYTPECHHUX HATIPSHKEHAH B
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PE®EPATU

VK 519.713:681.326

KsanToBuii npounecop onrumaisHoro nokputrsi/ I.B. Xaxanosa // ACY Tta npunaau aBromatuku. 2012.
Bymn. 161. C.4-9.

3anponoHoBaHO KyOiTHI (KBaHTOBI) CTPYKTYPH JAHNX Ta OOUHCITIOBAIBHUX ITPOLIECIB JUIS iCTOTHOTO ITi/IBH-
IIIEHHS IIBUKO/IT IPY BUPIIIEHH] 3a/a4 AMCKPETHOI onTuMizarii. OnrcaHo arapaTHO-Opi€eHTOBaHI MOJEII
TIapaJIeIbHOTO (32 OAWH LUKJI) 004HcIIeHHs Oyieana (MHOXHHH BCiX ITIJMHOXHH) Ha YHIBEpPCYMi 3 N MpH-
MITHBIB I pO3B’I3aHH 33124 TOKPUTTS, MiHiMi3anii OyaeBuX QyHKI[IH, CTHCHEHHS IaHNX, CHHTE3Y Ta aHaJIi3y
(POBUX CHCTEM 32 paxyHOK peallizallii MpoLecopHOi CTPYKTYpH y opMi aiarpamu Xacce.

In. 1. Bi6miorp.: 17 nass.

UDC519.713:681.326

Quanrum processor for optimal coverage / [.V. Hahanova // Management Information System and
Devices. 2012. N 161. P.4-9.

Qubit (quantum) structures of data and computational processes to considerably improve performance
when solving discrete optimization problems are proposed. The hardware-oriented models for parallel (one
cycle) calculating the power set (the set of all subsets) on the universe of n primitives are described. They are
focused to solve coverage problems, minimization of Boolean functions, data compression, analysis and
synthesis of digital systems through implementing the processor structure in the form of the Hasse diagram.

Fig. 1. Ref.: 17 items.

YK 658.512.011:681.326:519.713

Moneui kepyBanns BpaszausicTtio / B.1. Xaxanos, Anders Carlsson, C.B. Uymauenko, C.A. Byrenko //
ACY Tanpuiagu aromatuxy. 2012. Bum. 161. C. 10-24.

3anpornoHoBaHO MaTEMaTHYHHUN arnapaTt CTBOPEHHsI iHppacTpyKTypH NporpaMHO-aapaTHUX TEIEKOMY-
HikamiiHuxX iHGopManiitanx kideprernunux cucreM (KC), opieHTOBaHOI Ha 3aXHCT BiJl HECAHKI[IOHOBAHOTO
JIOCTYITY JIO CEPBiCiB NIJISIXOM IIPOHUKHEHHS Yepe3 JIerajbHi iHTepderich B3aeMoii KOMIIOHEHTIB, 110 BOJIOA-
110Tb Bpa3MBOCTAMH. [H(paCTpyKTypa 3aXHCHUX CEPBICIB CTBOPIOETHCS PAa30M 3 KiOEPCHCTEMOIO 1 CYITPOBOI-
KY€ OCTaHHIO IIPOTSITOM YCHOT'O KHTTEBOTO IIMKITY, 00CIyroBytoun Bci HacTynHi Moxudikanii KC, i cama
TIOCTIHHO ITiIBUIITYE CBil IHTENEKT IUISIXOM MOIIOBHEHHS icTOpii i 610:110TEK KOHCTPYKTHBHHUX 1 JECTPYKTHBHUX
KOMIIOHEHTIB.

I. 10. Bibmiorp.: 11 Ha3B.

UDC 658.512.011:681.326:519.713

Models of vulnerability management / V.I. Hahanov, Anders Carlsson, S.V. Chumachenko, S.A. Butenko
// Management Information System and Devices. 2012. N 161. P.10-24.

The mathematical apparatus of the infrastructure of telecommunications hardware and software information
of cybernetic systems (CS), oriented to protect against unauthorized access to the services defined in the
system specification, by penetrating through legal interfaces of components that have vulnerabilities has
been proposed. Infrastructure protection services created with kibersistemoy and accompanies the last for
the entire life cycle, serving all subsequent modifications of the CS, and she is constantly improving our
intelligence by enlarging the history of libraries and the constructive and destructive components.

Fig. 10. Ref.: 10 items.

YK 681.324:519.613

AHaJTi3 ccTeM aBTOMATU30BAHOT'0 MOHITOPHHIY ABTOMOOLTEHOIO TPAHCTIOPTY # KepyBaHHS TOPOKHIM
pyxom / B.O. Miss, I'.B. Xaxanosa // ACY ta npunagu aBromaruku. 2012. Bum. 161. C. 25-31.

[IpoBeneHo aHATI3 HAWOIIBIT MaCIITAOHUX MPOEKTIB, CIPSMOBAHUX Ha pealizaiito aBTOMAaTH30BAHOTO
YIIPaBIiHHS JOPOKHIM PYXOM Ta MOHITOPHHTY aBTOMOOITFHOTO TPAaHCHIOPTY. PO3TIISIHYTO SIK BKe peani3oBaHi
B peasibHUX MaciTadax npoekTa ynpasiiass Ta MoriToprHTy OnStar [ 7], NEXCO Central [8] 1 ECall Japan [2]
(CHIA, Kanana, Smowis), Tax i Ti, o po3pooistoTees Ha naHuid MoMeHT cuctemu « EPA-IJTIOHACCy [6] i
ECall Europe [1, 3-5] (€Bpocoro3, Pociiiceka Denepariis).

In. 6. Bibmiorp.: 8 Ha3B.

UDC681.324:519.613

Analysis of automated monitoring of road transport and traffic management / V.A. Miz, A.V. Hahanova
// Management Information System and Devices. 2012. N 161. P.25-31.

This paper analyzes the biggest world projects directed to automated traffic control implementation and
road transport monitoring. This work performs overview the real management and monitoring projects such
as OnStar [7], NEXCO Central [8] and ECall Japan [2] ( the USA, Canada and Japan), and projects which are
on the development stage such as “ERA-GLONASS” [6] and ECall Europe [1, 3-5] (the European Union and
the Russian Federation).

Fig. 6. Ref: 8 items.
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VK 625.8 :624.048

UncesibHMIT aHAJTI3 HANIPY KeHO-1e()OPMOBAHOI0 CTAHY IIAPY A0POKHBOI0 OIATY K JIHIIHOrO i reomMeT-
PUYHO-HENiHIITHOT 0 B’A3KONPY:KHOI0 CePe0BUIIA HA OCHOBI PeosIoriYHoI o1HOe1eMeHTHOI MofeJIi Kenbs-
ina/ B.O. boromono, C.M. Ieenega, I.JI. Pazuitma, M.B. Cunopos / ACY ta npunamu aBromatukd. 2012. B,
161.C.31-37.

Po3risiHyTO Np00IEMy MaTEMaTHIHOTO MOJICITIOBAHHS Ta YHCEIILHOTO aHAJI3y JOPOXKHIX OJITIB SIK B’ 513~
KOIIPY>XHOTO cepeioBuIa. Ha 0CHOBI MpHHIMITY BipTyaJIbHUX IIEpEMiILieHb Ta OqHoeneMenTol Moaeni Kenb-
iBiHa MOOY/IOBAaHO BiIOBIHY MaTeMaTHYHy MOJENb. [ YucenbHOro aHaiizy MOJIENi 3arpOolOHOBAHO
BHKOPHUCTATH METOJ CKIHYEHHUX EIIEMEHTIB.

In. 1. Bi6miorp.: 11 Hass.

UDC625.8:624.048

Numerical analysis of the stress-strain state of the travelling clothing layer as a linear and geometrically
nonlinear visco-elastic medium on the basis of the Kelvin rheological singleton model / V.O. Bogomolov,
S.M. lievlieva, I.L. Raznicyn, M.V. Sidorov // Management Information System and Devices. 2012. N 161.
P.31-37.

The problem of mathematical modeling and numerical analysis of the travelling clothing as a visco-elastic
medium is treated. The corresponding mathematical model has been constructed on the basis of the virtual
displacements principle and the Kelvin singleton model. The method of finite elements is proposed to use for
the numerical analysis of the model.

Fig. 1. Ref.: 11 items.

YIK631.31;519.71

ITo0ynoBa JiHeapu30BaHNX MATeMATHYHUX MO/eJIeil poO0TH BaKyyM-anapaTiB KpucTalizaniifHoro
Binainenns mykposoro 3apony / C.O. JIsmenko, O.C. JIsmenko // ACY Ta npunaam aBromatukd. 2012. Bu.
161. C. 38-40.

PosrnsiHyTO po60TY BiAIINIEHHSI KpHCTai3alii IyKpoBOro 3aBoy. Ha ocHOBI piBHSHB TEIIOBOTO OajlaHCy
OTpUMaHi JIiHeapnu30BaHi MaTeMaTu4Hi MOJEi poOOTH BaKyyM-anapariB, HeOOXiIHi JJIsi BAKOPHCTAHHS B
aBTOMAaTHU30BaHMX CUCTEMAaX YIPABITiHHS TEXHOJIOTYHUMH MPOLIECAMH KPHUCTaITi3allii BLAIJICHHS.

Bibmiorp.: 2 Ha3Bu.

UDC631.31; 519.71

Building a linearized mathematical model of vacuum pans crystallization separation of a sugar factory
/ S.A. Lyashenko, A.S. Lyashenko // Management Information System and Devices. 2012. N 161. P.38-40.

The paper deals with the offices of the crystallization of a sugar factory. On the basis of the heat balance
equation, derived linearized mathematical model of the vacuum pans needed for use in an automated process
control crystallization separation.

Ref.: 2 items.

YK 004.358:681.518

IIpo oxuH mixxix 10 MoayIbHOr0 MpoeKTyBaHHs indopmauiiinnx cucrem / . A. boxxuncekuii // ACY ta
npuau aproMatiky. 2012. Bum. 161. C. 41-44.

[IporonyeTHCS IMi X1 10 POEKTyBaHHS iHPOPMALIIITHIX CHCTEM Ha ITiICTaBl CTPYKTYPHO-JIOTi9YHOTO CHH-
Te3y yHiBepCalbHUX MOIyTiB. KoXXeH MOy b BiNOBia€ OHIN THIIOBiH (DYHKITIOHATBHII KOMITOHEHTI TIPU
MIPOEKTYBaHHI iHPOPMAaLiAHOT CHCTEMHU: Bi MOYJIS BiAIIOBIIHOI PEISIIIIHOT MO TaHHUX A0 THIIOBUX MO-
nyIiB moOynoBH iHTEepdelicy kopucTyBada. Sk iHTerpaapHa 000I0HKa iH(pOpMAIIiitHOI CHCTEMH 3aIIpOIOHO-
BaHa (ppeiiMOoBa MOJIEITB.

Inn. 1. Bibmiorp.: 4 Ha3Bm.

UDC004.358:681.518
An approach the modular design of information systems / [.A. Bozhinskiy // Management Information
System and Devices. 2012. N 161. P.41-44.

The paper proposes an approach to the design of information systems based on structural logic
synthesis universal modules. Each module corresponds to a typical functional component in the design of
the information system: the module that implements the type of data model, standard modules to build the
user interface. As an integral membrane synthesized information system proposed frame model.

Fig. 1. Ref.: 4 items.
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YK 004.89
Hinsumenns epexTnBHOCTI iMyHHUX MeToAIB KIacHudikanii 00’€KTiB 32 I0IIOMOI0I0 IIJIEOBOT0 KJIOHAIb-
Horo Binoopy / M.M. Kopa6nroB, O.0. ®omivos // ACY Tta nprtaau asromatuku. 2012. Bum. 161. C. 45-50.
PozrnstHyTO iMyHHMIT anropuT™ Kitacudikamii 00’ €KTiB, 1110 IPAIIOE HA OCHOBI MOJIEINI BiZIOOPY KJIOHIB IPH
BHUKOPHCTaHHI ITOCITiZIOBHOI'O KJIOHYBaHHS 3 KOHKYPEHTHO-IIJILOBMM BifOopoM. OCHOBHa yBara mpujijieHa
orieparopaM MyTallii i IEpBUHHOTO BiOOpY, IPUHIMIIAM BigOOpY WiTbOBUX aHTUTEHIB. [yist kmacugikarii
AHTUTLJI, 110 HE IIPOMIIIN IEPBUHHUM Bi10ip, 3a1IPOIIOHOBAHO BUKOPHUCTOBYBATH aHTUTIJIA-IeJIeTaTH 3 BiJ0-
MOIO IPHHAJIEKHICTIO JI0 KJIaciB.
Tabmn.1. Biomiorp.: 5 Ha3B.
UDC004.89
Improving the efficiency of immune methods of classification of objects by using the target clonal selection/
M.M. Korablyov, O.0. Fomichev// Management Information System and Devices. 2012. N 161. P.45-50.
Considered immune object classification algorithm that works on the basis of the model of selection of
clones when using the serial cloning competitive target selection. The focus is on the primary carriers of
mutation and selection, selection criteria of target antigens. For the classification of antibodies that have not
undergone initial screening, it is suggested to use the antibodies of known delegates belonging to classes.
Tab. 1. Ref.: Sitems.

VK 004:519.2

Po3podka koMOiHOBaHNX MO/Ie1eii POrHO3YBAHHSA 3 KJIACTEPH3aLlil YaCOBUX PSA/IB 110 METOAY HAOIMK-
yoro cyciza/ A.YO. bepanes / ACY tanpunamm aBromaruku. 2012. Bum. 161. C. 51-59.

PozrnstHyTo pobiemMy po3poOKu KOMOIHOBaHUX MO/IENIel POrHO3yBaHHS YaCOBHX PsiliB. 3aIIpOIIOHOBA-
HO KOMOIHOBaHI MOJIEIi MPOrHO3YBAHHS CEJIEKTUBHOTO 1 TOPHAHOTO THIIIB 3 TIOIIEPETHBOIO KJIACTEPH3aLIi€I0
YacOBUX PAJIB 32 METOJIOM HalOIMKIOro cycifa. 3arporoHOBaHi MOJIETl MOXKYTh OyTH CKJIaJIOBUMH iH(Op-
MAI[ifHIX TPOrHO3HUX CHCTEM, a TAKOX BHKOPHUCTOBYBATUCS JUIS MiIBUILCHHS TOYHOCTI Ta €EKTUBHOCTI
YIIPaBJIiHHS NPOIIECOM ITPOTHO3YBAHHS B YaCTHHI OOJIKY IepeBar KOHKYPYIOUHX MPOTHO31B.

Bibmiorp.: 13 HazB.

UDC004:519.2

Development of combined forecasting models from time series clustering method for nearest neighbor
/ A.Yu. Berzlev // Management Information System and Devices. 2012. N 161. P.51-59.

The problem of the development of combined models for time series prediction. Proposed combined
forecasting model of selective and hybrid types with pre-clustering of time series on the nearest neighbor
method. The proposed model can be complex predictive information systems and used to improve the
accuracy and efficiency of the process in terms of predicting the benefits of excluding competing forecasts.

Ref.: 13 items.

YAKS519.7

CrpykTypH3auisi CKJIaJeHUX 00’ €KTiB npu (hopMyBaHHi NpoiecHoro npeacTapaenns 3Hanb/ FO.C. Hogi-
koB // ACY Tta npunaam apromatukd. 2012. Bum. 161. C. 59-61.

3anponoHOBaHUH MiAXiA J0 BUKOHAHHS CTPYKTYPH3aIlii CKIIaIeHHX 00’ €KTIB SIK IEMEHTIB IPOLIECHOTO
TIpe/ICTaBICHHS 3HaHb. [[pOITOHOBaHMIA i IXi1] CTBOPIOE MOYIIMBICTH BUIUICHHS CTPYKTYPHHX €IEMEHTIB CKIIa-
JIEHNX 00’ €KTIB METOAAMH IHTEIIEKTYaIbHOTO aHAJIi3y JAHUX 1 IPOIIECIB.

Inn. 1. Bibmiorp.: 3 Ha3B.

UDCS519.7

Structuring of the made objects is at forming of mpoueccnoro representation of knowledge / Y. S.
Novikov // Management Information System and Devices. 2012. N 161. P.59-61.

Offered approach near implementation of crpykrypu3aiiii of the made objects as elements of mporeccHo-
ro representation of knowledge. Offered approach creates possibility of selection of structural elements of
the difficult made objects the methods of intellectual analysis of data and processes.

Fig. 1. Ref.: 3 items.

YK 004.89

MeTon aBTOMATH30BaHOI PO30YI0BH T2 OL[IHIOBAHHS SIKOCTi OHTOIOTiH 023 3HaHb/ B.B. Jluteun, M.S1.T o-
ik, A.b.Jlemuyk // ACY ta npunaau aBromartukd. 2012. Bum. 161. C. 62-68.

Po3ristHyTO IIpoIiec aBTOMAaTH30BaHOI PO30YAOBH OHTOIOTIH a3 3HAHB iHTEJIEKTyalbHUX CHCTeM. Bu3Ha-
YEeHO CTPYKTYPY €JIEMEHTIB OHTOJIOTI Ta KJIACH BiJHOIICHB. PO3p00IiieHO anroput™ BU3HAYEHHS THITY BiTHO-
mieHHs 3 BUKopuctanHsaMm Link Grammar Parser. 3amponoHoBaHO 31iHCHIOBATH aJanTaIlii0 OHTOJOTIT 10
cnenr(iky MpeaMeTHOI 00IacTi MUITXOM 3BaXKYBaHHS ii €IEMEHTIB. Y CBOIO Yepry Take 3Ba)KyBaHHS Ja€
3Mory OymyBaTH ONITHMI3AIliiHI 3342 IIOI0 CTPYKTYPH Ta 3MiCTY OHTOJIOT1i. BU3HaueHO XapaKTepUCTHKH IS
OLIHIOBAHHS AKOCTI OHTONIOTH Ha ocHOBI ISO 9126.

Tabm. 1. . 3. Biomiorp.: 11 Ha3B.
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UDC004.89

Method of automated development and evaluation of ontologies’ qualities of knowledge bases / V. Lytvyn,
M. Hopyak, A. Demchuk // Management Information System and Devices. 2012. N 161. P.62-68.

The process of automated developing of knowledge bases of intelligent systems ontologies is considered.
The structures of ontology elements and relations classes have been determined. The algorithm for determining
the type of relationship by means of Link Grammar Parser has been elaborated. It has been offered to
implement an adaptation of ontology to the specific of subject area considering its elements. In turn, it allows
to develop optimization tasks of the structure and content of ontology. The characteristics for evaluating the
quality of ontologies based on ISO 9126 have been defined.

Tab. 1. Fig. 3. Ref.: 1litems..

YAK519.7

JocinzkeHHs 3a1a4 NPHIHATTA pillleHb y CHCTEMAaX KepyBaHHs 00Me:keHUMH pecypcamu / A M.I'Bo3-
mHCbKui, J[.M. STHoB // ACY Ta mpunaau apromaruku. 2012, Bum. 161. C. 69-73.

PosrisiHyTO METOIM pO3B’A3KY 3a/1a4, 110 HAIPaBJICHI HA ONTUMI3ALliI0 y CHCTEMI 3 0OMEKEHUMH PeCyp-
camu. ButineHo nepeary Ta HEIOMIKY TPAAUII HHUX Ta €BOJIFOLITHUX METO/IB.

In. 2. Bibmiorp.: 5 Ha3B.

UDC519.7

Research of decision making tasks in the control systems of limited resources // Management
Information System and Devices. 2012. N 161. P.69-73.

The task solving methods that are aimed to optimization in the systems with limited resources are

proposed. The advantages and weaknesses of the traditional and evolutionary methods are identified.
Fig. 2. Ref.: 5 items

VK 539.231

MaremMaTH4Hi Mo€eJIi TEXHOJIOTTYHOI0 MPOLECY HANICHHS] HAHOCTPYKTYPOBAHMX Jlie IeKTPUYHUX ILTIBOK,
OTPUMAaHHX METOIOM iOHHO-TIa3MOBOro posnmwierHs / B.M. I'ypin, O.I". ®@ipcos, [I.B. I'ypia // ACY ta
npunaay asromatuku. 2012. Bum. 161. C.74-77.

HaBeneni MmaremMaTH4YHi MOJENI IIPOLECY HAMIICHHSI HAHOCTPYKTYPOBAHHX JIIEJIEKTPHYHMX TUTiBOK, OTPH-
MaHHX 10HHO-TUIA3MOBUM METOJIOM PO3IJICHHS KPEMHII0 B aTMOc(epi KHCHIO, a30Ty Ta iX cymimel. Busna-
YEHO ONITUMaJIbHI KEepYIOUi BIUIMBH [TapaMeTPiB HAITMIICHHS, 3aCTOCYBAHHSI SIKHX 1€ MOKIIUBICTH OTPUMYBaTH
SIKICHI IieNIEKTPHYHI TUTIBKH 13 3aJaHMMU ITapaMeTpaMu. HaBesieHi onTuMalbHi Kepyrodi BIUIMBA MOXYTh OyTH
Bukopucrati st ACYTII onepsxaHHS IDTIBOK.

Bi6miorp.: 9 Ha3B.

UDC539.231

Mathematical model of technological process scattering of nanostructured dielectric films prepared
byion-plasma sputtered / V.N. Gurin, , A.G. Firsov, D.V.Gurin // Management Information System and
Devices. 2012.N 161. P.74-77.

The paper presents the mathematical model of deposition of nanostructured dielectric films prepared by
ion-plasma sputtered silicon to oxygen, nitrogen, and mixtures thereof. Determine the optimal control actions
deposition parameters, the use of which makes it possible to obtain high quality dielectric films with desired
parameters. The above optimal control actions can be used for automated process control system to obtain
films.

Ref.: 9 items.

Y IK 004.896(06)

Hocaimxenns i modynoBa xmapnoi mozaesti mocayr y CLOUD-cepenoBumi / €.C.Cakano // ACY ta
npuau aproMatiky. 2012. Bum. 161. C. 77-80.

PosrnsHyTO akTyanpHy 3amaqy po3pooku CLOUD-cepenopumia s moctasku [ T-cepBiciB oprasizamism
a00 iHAMBITyaIbHUM CIIO)KABaYaM 3a IOITOMOTOI0 €MHOI apXITEKTypH Ta CTAHIAPTHIX MOIYIEHUX KOMIIO-
HEHTIB.

Bi6miorp.: 7 Ha3B.

UDC 004.896(06)

Research and construction services in overcast model CLOUD-environment/I. Sakalo // Management
Information System and Devices. 2012. N 161. P.77-80.

In the article considers the actual problem of CLOUD-development environment for the delivery of IT-
services for organizations or individual users with a single architecture and standard modular components.

Ref.: 7 items.
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VK 004.915:655.021

Ind opmaniiini momesi J7aHNX Ta KPUTEPil OiHKH AKOCTI KOMIIOHOBKH CTAaTeil Ha IOJI0Ci TPU 0Py~
Kkapebkiii miarorosui Bunane. 10.C. I'yorueka // ACY ta npunaau aBromaruku. 2012, Bum. 161. C. 81-88.

Ha ocHOBI mocinipKeHHs Ipolecy J0ApyKapChKOI MiIr0TOBKY BUAAHb OCTaBIIeHa iHpopMalifHO-TEXHO-
JIoriyHa 331a4a (hOpMyBaHHsS OpHTiHAI-MaKeTy BHOaHHS. B pamkax po3B’s3aHHs wi€l 3aqadi mpoBeneHa
yHidiKamis raHuX Ta po3poOIieHi Mozeni yHi(hikoBaHUX CTPYKTYP JaHHX, a TAKOX OOYI0BaHi /1Ba B3a€MOIIO-
B’s13aHNX HAOOpYM KPUTEPIiB [UIs OL[IHKH SIKOCTI KOMITOHOBOK Ha IT0JIOCaX BUAAHHS i KOMIIOHOBOK (D)parMeHTiB
craTeil.

Tabm. 1. In. 1. Bi6miorp.: 2 Ha3Bw.

UDC004.915:655.021

Information models of data and criteria for an estimation of articles configurations quality on pages
during prepress process / J.S. Gubnytska // Management Information System and Devices. 2012. N 161.
P.81-88.

On the basis of research of prepress process the information-technological task of creation of edition
layout is put. Within the framework of the decision of this task unification of the data is carried out and
models of the unified structures of the data are developed, and also two interconnected sets of criteria for an
estimation of quality of articles configurations on pages of the edition and fragments configurations of
articles are constructed.

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

VIK519.23:519.87:004.942

InTepakTHBHA cHCTeMa MOJEJIIOBAHHSI TA ONITUMI3aNil pe:kUMMIB POOGOTH KOMIIPECOPHOI'0 LieXy 3 ypaxy-
BaHHSIM Po00TH cucTeMH aBToMaTH4YHOro ynpasJiinus / C.M. lesnesa // ACY Ta nprtaau aBromatkd. 2012.
Bumn. 161. C. 89-98.

PosrnsiHyTO akTyansHy 3a1a4y po3poOKH METOAY HOOYIOBU CTOXaCTUYHOI 00J1aCTi TOMYCTUMHUX PEXKUMIB
poOOTH KOMIIPECOPHOTO IEXy 3 ypaxyBaHHSIM OOpaHOI CTpaTerii CHCTeMH aBTOMAaTHYHOTO YIIPABIIiHHS
KOMIIPECOPHOI'0 LIEXY Fa30TPAaHCIIOPTHOI CUCTEMU.

I. 6. Bibmiorp.: 9 Ha3B.

UDC519.23:519.87:004.942

Interactive application of design and optimization modes of operations compressor workshop is taking
into account work of the automatic control system / S. lievlieva // Management Information System and
Devices. 2012.N 161. P.§89-98.

In the article the actual task of development method of construction stochastic area possible modes of
operations compressor workshop is considered taking into account select strategy of the automatic control
system compressor workshop of the gas-transport system.

Fig. 6. Ref.: 9items.

YK 007.5;004.85

TexHoJ10ris MONEPeTHBOI CTPYKTYPH3allii KypHATiB peecTpawii nofiii c;1a60cTpyKTypoBaHUX Oi3Hec-Ipo-
neciB / C.®. Yamit, €.0. boraros, /I.I'. Menemko / ACY Tta npwraam apromatuk. 2012. Bum. 161. C. 98-103.

3anponoHOBaHO TEXHOJIOTIIO aHATI3Y JKypPHAJIIB peecTpallii MOmil [T 33129 iHTEIeKTyaIbHOTO aHaTI3y
6i3Hec-miporeciB. JKypHanu peecTpartii momain GikcyroTh iH(pOpPMAIIiIO PO IMOCTITOBHICT IO, KOTPi BUKO-
HYIOTBCS ITi 1 9ac (GyHKITIOHYBaHHS Oi3Hec-mporieciB. ChopMoBaHi KypHAIM peecTparlii moiif BHKOPHCTOBY-
IOTBCS Y METOJJaX iHTENEKTyalIbHOT O aHaJi3y Oi3Hec-TporieciB. BUkoprcTaHHS JaHUX METO/IB TO3BOJISE PO3-
pobutn Mozeni Gi3Hec-TpolleciB, BUSIBUTH BY3bKi MiCIl y TaKUX Mporecax, copMyBaTtu Habop Oi3Hec-
TIPaBHII, IO BiOOPaKAIOTh 3aJIEKHOCTI MIXK IPOIIEYpaMH IIPOIIeCy Ta 0OMEKEHHS Ha HOTO BUKOHAHHS.

Inn. 1. Bibmiorp.: 6 Ha3B.

UDC007.5;004.85

The technology of log -files structuring of unstructured business process / S.F. Chali, E.O. Bogatov,
D.G.Meleshko // Management Information System and Devices. 2012. N 161. P.98-103.

The technology of log-files analyze of unstructured business-process is proposed in article. A log-files
records infor-mation about event sequence, that happen while business-process functioning. Formed logs
events uses in process mining methods. Using these methods helps to develop models of business
processes, identify bottlenecks in these processes, form a set of business rules that reflect the relationship
between process procedures and restrictions on its implementation.

Tab. 1. Ref:: 6 items.
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YAK007.5;004.85

Mopnenn 6i3Hec-nponecy 3i 3MiHIOBaHOIO Ha 0cHOBI mpaBuJ cTpykTyporo / C.®. Yammi, 1.B. Bymykina //
ACY tanpunaau asromatuky. 2012. Bum. 161. C. 103-105.

3anpornoHoBaHO MOJIeNb Oi3HEC-TIPOIIECY 31 3MIHIOBAHOIO CTPYKTYPOIO, sIKa BKIIOUAE CHCTEMY OOMEXEHb
y opwmi Gi3Hec-TipaBmII 1BOX TUTIB. Taki 0OMEKEHHS, 3 OJTHOTO OOKY, BH3HAYAIOTH JOITyCTAMI TIOCII IOBHOCTI
pobiIT Ha OCHOBI MOKJIMBUX B3a€MO3B’SI3KiB MIXK IIpOLELypaMH Ipouecy y Gpopmi npaBwi, a 3 iHIIOTO -
BH3HAYAIOTh HETIPUITYCTHMI J1ii IIpoLiecy Ha OCHOBI TPABUII-O00MEKEHb.

Bibmiorp.: 3 Ha3Bu.

UDC007.5;004.85

Model to the business process with a changeable on the basis of rules structure / S.F. Chalyi, I.B.
Bucukina // Management Information System and Devices. 2012. N 161. P.103-105.

A model to the business process with a changeable structure is proposed in the article. The model
includes a system of limitations in form business-rules of two types. Such limitations determine the possible
sequences of works on the basis of possible intercommunications between procedures of process in form
rules, The limitations also determine the impermissible actions of process on the basis of rules.

Ref.: 3 items.

YK 007.5;004.85

CepBic-opieHToBaHa MOIeTH Oi3HEC-Tporecy 3i 3MiHIOBaHOI0 cTPYKTYporo / C.D. Yanwii, Anbierix A
Jxaminb // ACY ta npunaaun aBromatuki. 2012. Bum. 161. C. 106-108.

3anpoIroHOBaHO CEPBiC - OPiEHTOBAHY MOJENb Oi3HEC-TIPOIIECY 31 3MiHIOBaHOIO CTPYKTYPOIO, SIKa MiCTHTh
MHOXHHY CEpBICiB, III0 peasIi3yroTh Aii MpoIecy, a TAKOXK Hadip mabIIoHIB, 10 BU3HAYAIOTH MOXKJIMBI 3B’ I3KH
MDK cepBicaMu. Mofiesb Jja€ MOKJIUBICTD AMHAMIYHO a/IallTyBAaTH THITOBI Oi3HEC-TIPOLIECH A1l PI3HHUX OpraHi-
3aIifHAX CTPYKTYP.

Bibmiorp.: 5 Ha3B.

UDC007.5;004.85

Service - oriented model of the business process with a changeable structure/ S.F. Chalyi, AlSheyh Ali
Jamil // Management Information System and Devices. 2012. N 161. P.106-108.

A service - oriented model of the business process with a changeable structure is proposed in the article.
The model includes a hierarchy of services, which realize the actions of process. The model also includes a
set of templates which determine possible copulas between services. The model gives an opportunity to
adapt dynamically typical business processes for different organizational structures.

Ref.: 5 items.

YAKS519.7

Binapui npeaukaTi npu onuci Oy 1eBuX Jiorivaux nmpoctopis / A.M. I'Bo3aurcekuii, H.A. SIkimoa, B.O.
I'y6in// ACY Ta npunamu aBromatuku. 2012. Bum. 161. C. 108-113.

[oxazaHa MOXKITUBICTH TpadivgHOrO MOKAHHS OYIEBHUX JIOTIYHUX IIPOCTOPIB 13 3aCTOCYBAaHHAM arapary
OiHapHUX NpeauKaTiB. Take mogaHHs 3HAYHO CIPOIITYE 3aITKC TPOCTOPIB, TOMY IO JA€ MOXKITUBICTH 3aTHCyBa-
TH 1X B aHAIITHYHOMY BHUTILIL sIK popmyiu. [Ipr 11boMy cTae MOXIIMBUM 3aIIUCYBATH IIPOCTOPHU OYy/Ib-SIKOTO
mopsaKy. Takuii 3amuic CIpoIIye iX MporpaMHy peasizarito.

Inn.3. Bi6miorp.: 3 Ha3Bw.

UDCS519.7

Binary predicates as a main of representation Boolean logic spaces / N.A.Yakimova, A.N. Gvozdinskiy,
V.A. Gubin // Management Information System and Devices. 2012. N 161.P.108-113.

In this article is shown possibility of graphic representation Boolean logic spaces as binary predicates.
Such representation considerably simplifies an entry of spaces as enables to note them in an analytical
aspect as formulas. Such representation is doing possibly an entry of spaces of any order. This entry
simplifies the software implementation.

Fig.3. Ref.:3 items.
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VIK519.21:004.77

Ipo Budip 3aKoHy po3n0ALTy TPUBAJIOCTI Iepeavi MAKeTOBAHUX JAHUX Y KOPIIOPATHBHUX KOMIT'IOTEPHUX
mepexax/ €.C. lernes // ACY ta npunaan apromatuky. 2012, Bum. 161. C. 113-116.

PosrisiHyTO aKTyansHy 3aa4y BHOOpPY 3aKOHY PO3IOALTY TPUBAJIOCTI Nepeaadi MakeTOBAaHUX JaHHUX Y
KOpPIOPaTHBHUX KOMIT IOTEPHUX MEPEXKaX.

Bibmiorp.: 2 Ha3Bn.

UDC519.21 :004.77

About the choice of the distribution the duration of transfer packet data in corporate PC’computer
networks/ I. lievliev // Management Information System and Devices. 2012. N 161. P.113-116.

In the article the actual the problem the choice of the distribution the duration of transfer packet data in
corporate PC’computer networks.

Ref: 2 items.

VK 681.3:519.2

Pozpaxynok Baprocti Mmapimpyrusanii B Mepeski MPLS 3 ypaxyBanHsAM ()paKTanibHHX BJIACTUBOCTeH Tpad-
ixa /J1.O. Kipiuenko, T.A. Paniginosa, E. Kaitasni // ACY ta npuianu aromaruky. 2012. Bum. 161. C.116-121.

[NpencraBnennii Merox po3paxyHKy BapTocTi Mapiipyruzarii Mepexi MPLS, sikuit no3Bossie MiHiMiZyBaTH
BapTICTh MapUIPYTH3allii 3 ypaxyBaHHAM (paKkTaJbHHAX BIACTUBOCTEH Tpadika, BUOOPY IUIAXiB mepeaadi
Tpadika Ta BUMOT SIKOCTi 00CIIyroByBaHHs. MeTo/] BHKOPHCTOBYE 3HAUEHHS IIOKa3HUKA XepcTa i BETMIHHY
HOPMOBAHOT'O PO3KHIY 3Ha4eHb Tpadika, IO JAa€ MOXJIMBICTh 3aCTOCOBYBATH HOro 10 CaMmornoiOHMX i
MYJIBTU(QPAKTAIBHUX 1HPOPMALIHHHUX ITOTOKIB.

Bibmiorp.: 18 HazB.

UDC681.3:519.2

MPLS network routing cost based fractal properties of traffic / L.O. Kirichenko, T. A. Radivilova,
E.Kajali // Management Information System and Devices. 2012. N 161. P.116-121.

This paper presents a method for MPLS network routing costing, which minimizes the routing cost, taking
into account the fractal properties of the traffic, path selection traffic and quality of service requirements. The
method uses the value of the Hurst exponent and the value of the normalized dispersion of traffic, which
makes it suitable for self-similar and multifractal data flows.

Ref: 18 items.

YK 681.5+548.55

‘YiockoHa/leHHsI MeTOTY BUMIPIOBaHHS 3aJTHIIKOBHX HANPY:KeHb Y MiTKIaaKaX apceHiay rairo / A.I1.
Oxcaniy, C.E. [Tpurunun, B.A. Tepban // ACY ta npunaan aBromatuki. 2012. Bum. 161. C. 122-128.

Y IoCKOHaNIEHO METO/ BIMIipIOBAaHHS 3aJUIIKOBUX HANPYKEHB V MiTKIAIKaX apCeHiTy Talliio IUIIXOM
ITiIBUIIICHHS Iy TIIMBOCTI MPUHAMAaIBHOTO TPAKTY | BUKOPHUCTAHHA (Da309yTTEBOTO KOHTYPY. Po3pobireHo cTpyk-
TYpHY CXEMY Ta QJITOPUTM POOOTH aBTOMATH30BaHOro KoMIuiekcy «IlomspoH-4». BukoHaHa MeTposoriyHa
aTecTanis po3po0JICHOr0 KOMILIEKCY, BIIHOCHA TOXHOKa BUMIPIOBaHHS 3aJIMIIKOBUX HANPYKeHb ckitaa 10%.
BumipsiHi 3aMAIIKOB1 HATIPYTX B MIAKIAALI apCeHiay raiito giamerpoM 102 MM, MaKCHMaTbHI 3HAYEHHS STKIUX
cknau 8 mI1a 1o kpasix miaKIIaIK|, BUPi3aHOi 3 BEPXHBOI YACTHHH 3JTHBKA.

1. 4. Bi6miorp.: 9 Ha3B.

UDC 681.3:519.2

Improvement of the method of measurement of residual stresses in GaAs substrates/ A.P. Oksanich, S.E.
Pritchin, V.A. Terban // Management Information System and Devices. 2012. N 161. P.122-128.

In this paper improved method for measuring residual stress in gallium arsenide substrates by increasing
the sensitivity of the receiving path and using a phase-sensitive circuit. Developed flow diagram and the
algorithm of automated complex “Polaron-4.” Performed metrological certification of the developed complex,
the relative error of measurement of residual stress was 10%. Measured residual stress in the gallium arsenide
substrate 102 mm in diameter, the maximum value of which was 8 MPa at the edges of the substrate cut out of
the top of the ingot.

Fig. 4. Ref.: 9items.
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MNPABUJIA
odopmjieHUs1 pPyKoNmuceldl 1Jis1 aBTOPOB HAYYHO-TEXHUYECKOr0 COOPHUKA

"ACY u npubopvr aemomamuxu'"

@dopmat crpanunsl — A4 (210x297MM), mons: cBepxy, crpasa, cilieBa, cHU3Yy — 30 MM.
Penaxrop: Pagemaker 6.0, 6,5 (MoxHo, HO HexenatensHo Word), rapautypa Times New Roman
Cyr, kernb — 11 myHKTOB, MexcTpouHoe pacctosHue — 110 %, Tabynsaaust — 5 M.

O6bem pykomucu — 10 10 c. (A3bIKU: pycCKuil, yKpaumHCKu, aHrnuickuii). Copepxanue
JIOJKHO OTPa)KaTh aKTyalbHOCTh UCCIIEOBaHMS, TIOCTAHOBKY 3aJa4H, 11eNb, CYIIIHOCTh, HAYYHbIE
Y MIPaKTHYECKUE Pe3yIbTaThl, CPAaBHEHHE C JTYUYIIMMHU aHAJOraMH, BHIBOJIBI.

CTpyKTypa pYKONHKCH: 3aT0JIOBOK, aHHOTAIIHSI, TEKCT, INTepaTypa, pedepaT Ha YKPAauHCKOM U
AHTJIMIICKOM f3bIKaX, CBEJCHUS 00 aBTOpax.

OBPA3EL] O®OPMJIEHUA

VK 519.713
H.0. GPAMUIIHA

HA3BAHUE PYKOIIUCH

Amnsoranus (a63am 5-10 cTpok, kerib 10) nomeniaercst B Hayaje CTaThH U COAEPKUT HHPOP-
MaIHIO O Pe3yNbTaTaxX OMUCAHHBIX UCCIIEIOBaHUI.

OCHOBHOM TEKCT MOJKHO pa3enaTh Ha 2 1 OoJiee OAPa3AC/ioB C 3ar0JIOBKAMH, BbIIENICHHBI-
MU HOITYKUPHBIM IIPH(TOM, TPOHYMEPOBAHHBIMU apaOCKUMH U(PPaMH, KaK TOKa3aHO B CIIEAY-
FOLIEH CTPOKE.

1. HazBanue pazgena

Pucynku v TaOnuIe! (4epHO-0eNble, KOHTPACTHBIE) ITOMEIIAIOTCS B TEKCT ITOCIIE TIEPBOM CCBHUTKA
B BHJIE NEPEHOCUMBIX 00BbEKMO08 U Pa3NeTbHO HyMEPYIOTCS, IPH HAIMYHAU Ooliee OJTHOTO PHCYHKa
(Tabmuibl), apabckumu udpamu. PUCYHOK COAEPKUT MOAPHUCYHOUHYIO IEHTPUPOBAHHYFO TIOJIITHICh
(TexcToBas CTpoKa, pacroIokeHHasi BHE pUCYHKa, Kerdib 10) oA MIDTFoCTpanreid, Kak MoKa3aHo Ha

S
ol o

Puc. 1. I'pad ¢ koHTYpamu

TabnuuHBIN 3aroJOBOK pacroyiaraeTcs crpasa HaJll TaOauilell, 4To HILTIOCTpUpyeTcs 1aou. 1.
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 HAJHMYHUU CCHUIOK HA HUX B PYKOMHUCH. PeKOMeHTyeMbIii Kerib
(dhopmynapHOTO HaOOpa: 0OBIYHBIN (TIepeMeHHast) — 11 MyHKTOB, KPYMHBIH WHAEKC — 8, MENKUAN
WHAeKC (Haa- ¥ TMOAWHIEKC) — 8, KPYMHBIH CUMBOJ (OCHOBHOHM) — 12, MenKkuil (MHIEKCHBIH)
MaTteMaTuyeckuil cumBoin — 10:

g 5 hen? i1, =k
Fi+j :.Zle - 1_[1 PRj+i +F +X ) (1)
i= j=
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dopmaT mepeMeHHBIX (KenaTelbHO HE KYPCHBOM — 0€3 HaklIoHA) B TeKcTe M (opMynax
JODKEH ObITh MAEHTUYHBIM. B TekcTe Haa- v moguHIeKchl cocTaBisiioT 70 % OT Kerisi, KOTOpble
pekoMeHayeTcs omyckath (mogHumats) Ha 17 (33) % oTHOCHTENBHO OCHOBHOW CTPOKH.

CHUCOK IUTEepaTypsl (BKIIOUAET OMYOIHMKOBAaHHBIE HCTOUYHHKH, HA KOTOPBIE UMEIOTCSI CCHUTKU
B TEKCTE, 3aKIIOUEHHBIC B KBaJpaTHBIE CKOOKH) TeyaTaercsi 0e3 oTcTyna, Kerinb 9 MyHKTOB.

O6pa3zel OKOHYAaHUS TEKCTa PYKONHUCH (JIMTEpaTypa, cBeleHus: 00 aBTopax, pedepar) mpea-
CTaBJIEH HIDKE.

Crnucoxk sinrepatypsl: 1. @avunus M. O. HazBanue kuuru. I'opon: Msnatensctso, 1900. 000 c. 2. Hazsanue
coopruka / [Tox pex. Y.O. @ammwst. opoxn: MznatensctBo, 1900. 000 c. 3. @amunus Y. O. HazBanue ctateu /
/ Ha3zBanme xypnana. Ha3Banue cepuu. 1997. T. 00, Ne 00. C. 00-00 .

Ilocmynuna 6 pedxoanezuro 00.00.00

damuans, UMs1, 0TYECTBO, YUCHAs CTEIICHB, 3BaHNE, JODKHOCTH M MecTo paboTsl. Hay4unbie
nHTEpECHl. ANpec, KOHTAKTHBIN TerneoH.

PC(l)CpaTLI Ha YKpauHCKOM U AHTJIMMCKOM S3BIKaX:

YV IK 000.000.00
Ha3sga cratTi ykpaincbkoro MmoBoro / [niniamm. [1pizsumie // ACY ta nprnamm aBromatuku. 2000. Brm. 00. C.
000-000.

Texer pedepary.
Tabm. 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.

IIpeacraBieHrue MaTepUaIOB

Pyxonuce, pedepar, cBeneHus: 006 aBTopax — B OOHOM (ailie, noumenosannom amunuei
nepgozo aeémopa, Ha nuckere 3,5 aroiiMa. TBepaas Konusi MaTepranoB — Al TPaKAaH Y KpauHbI
— B OIHOM 3K3EMILISIPE: PYKOIKCh, MOANMCAHHAs aBTOpaMu, pedepartsl, akT 3KCIIEPTH3bI, BHE-
LIHAS PeLeH3Ms], MOANMCAaHHAs IOKTOPOM HayK, 3asiBJICHHE Ha MM TJIaBHOTO PEeJakTopa co
CBEICHUSIMH 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 crateid, myOINKyeMbIX B COOpHHKE:

— KomnbrorepHas nHxeHepust

— MaremaTiueckoe MOIETHPOBAaHHE

— OnTrMu3anys ¥ IpoLecch yIpaBIeHUs

— ABTOMAaTH3aLus IPOEKTUPOBAHNS M AUATHOCTUKA

— MadopManioHHbIe HHTEIEKTYaJIbHbIE CUCTEMBI

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