OT3LIB
OOUIIMAJIBHOI'O ONINIOHEHTA
HA JUCCEPTAIIVIO KOBAJIEBA CEPTEA IMPOTACOBUYA
"TEOPETUKO-KATET'OPHBIE MOAEJIN 1 METO/IBI
[TPOEKTNPOBAHNI BOJIBIINX
NH®OPMALIMMOHHO-VIIPABJIAIONINX CUCTEM",
ITIPEJICTABJIEHHYIO HA COMCKAHUWE YYEHON CTEIEHU
JOKTOPA OU3UKO-MATEMATUYECKUX HAVK I1O
CIIEIVAJIBHOCTHA 05.13.17 — TEOPETUYECKHNE OCHOBBI
NMHOOPMATHKHU

PazBuTne HOBBIX TeXHOJIOTHH B paboTe ¢ uHMOPMAIUel U CPeJICTBa-
MU yIPaBJIEHUd PA3IMIHBIME IIPOIlecCaMy TPeOyeT IOCTOSHHOIO TIOKC-
Ka HOBBIX CIIOCOOOB MPOEKTUPOBaHMsS MHMOPMAIUOHHBIX cucreM. On-
HOM M3 BayKHBIX 33J7[@4 B 9TOM HAIIPABJICHUM SIBJISIETCS MMOUCK €IMHOM
dopmanbHOH rubKoi cuCTEMBI [1J1s1 PAGOTHI ¢ MHOTOYUCIEHHBIME CIIOK-
HBIMU M PA3HOPOIHBIMU MOJIEIIMHA NHDOPMAIMOHHBIX KOMIIOHEHTOB U
cTpykTyp. Heobxomumo pazpaboraTh TeopeTnyuecKyto 6a3y, MO3BOISIO-
HIYIO B CHOHN popmMe onucaTh MEXaHU3MBI MACIITAOMPOBAHNST MOJIENEH,
BBISIBUTH M JJOKA3aTh UX OCHOBHBIE CBOMCTBA.

B To ke BpeMs GOIBIMIMHCTBO (DOPMATIHFHBIX METOJIOB COBPEMEHHOM
CHCTEMON WHIKEHEDUU CUCTeM 0a3upyeTcsd Ha PasHOPOJHBIX MaTeMa-
TUYECKUX CPEJICTBAX, MOJOIHAHHBIX IO/ Pa3HOOOpA3HbIE YaCTHBIE T1a-
PaaIUrMbl IporpaMMupoBaHus. OHH YaCTO IJIOXO COTJIACOBAHBI MEXK-
1y coboit. Texmosioruu MuUPOKOTO HA3HAYEHHS CIIOCOOHBIE MOPOXKIATH
pallMOHAJIbLHEIE TUIIOBBIE DENIEHUS TeX WM MHBIX POBJEM IIPOEKTH-
POBaHUSA CHCTEM, Pa3BUBAIOTCI YACTO XAOTHYHO W HE OMMPAIOTCA Ha
MaTeMaTU4eCKUe METOJIBL.

TaxkuMm 06paz3oM, GopMUPOBAHHUE eIUHON TEOPETUIECKON OCHOBDI TEX-
HOJIOTMH IIPOEKTUPOBAHUS DOJIBIINX CUCTEM, CBOGOMHOM OT yKa3aHHBIX
HEeJOCTAaTKOB, SIBJISETCS BayKHON HaywHOM mpobsemoit. B kadecTBe Ma-
TeMAaTUIECKOTO allllapaTa, IPUIOJHOIO sl PEIIeHUs] [IOCTABICHHOM 3a-
JIavdy B JUCCEPTALUY MIPEJIaraeTcsl MPUBJIEYh TEOPUIO KATeropuil. ITa
TeOpUs MO3BOJAET SICHO M JIAKOHUYHO BBIPA3UTH OCHOBHEIE OGBEKTHI
CHCTEMHON MHXKEHEPUM U CBA3U MEXKIY HUMH.

BBoggarcs kareropuu, 06beKThl KOTOPBIX OTBEYAIOT PE3YJIbTaTaM
IpoeKTUpoBanus cucreM (GOpPMaJbHBIM MOJENSAM), & MOPGMUIMBl —
IpoIeccaM TEXHOJIOTHYECKOTo IUKJIa IpoeKTupoBanus. [lepexomst oT

OJHOH TEXHOJIOI'MHU K APYTo#, COXpaHAoIue CTPYKTYPY IIPOIECCOB,
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MOXKHO ITOHUMATb KaK QYHKTOpPHEL. [IporieaypaM cUHTE3a CIIOKHBIX MO-
Jleeil OTBEYAIOT AMATPAMMBI B TAKMX KATETOPUAX (<«MEraMOIeJIHs ).
Anannz BO3HUKAIONIEH KaTErOpHOM CTPYKTYpPbl MO3BOJISET BBIABIATD
paloHa/IbHBIE TUIIOBBIE DEIIeHNsI, B TOM YUCJie C ITPUBJeYCHUEM aB-
TOMATW3UPOBAHHBIX MHCTPyMeHTOB. [[yis1 3TOro Tpebyercs mMOCTPOUTH
TEOPETUKO-KATETOPHbIE KOHCTPYKIUY, OTBEYAIOITIE K/IFOUEBEIM IIPOLie-
JIypaM pa3pabOoTKH CUCTeM, M BBISIBUTb UX OCHOBHBIE CBOMCTBa, HANOO-
Jlee 3HAUYMMBIE JIJIST CHCTEMHBIX WHXKEHEPOB.

B nyGaukaIiusx 1o 9To#f TeMaTHKe PeJKO BCTPedaloTcs oOliue KOH-
CTPYKIIUH IIOZOOHOrO THIA — Yallle U3YUaloTCs YacTHble KaTeropuu,
OTBEYAOIINE YaCTHBIM (POPMaIbLHBIM MeTonaM. Pa3BuTeIil KaTeropHbIi
[IOJIXO/L OBIIEro BUAa SIBJISETCS OCHOBHBIM JOCTHKEHUEM JUCCEPTAHTA.
Bce 910 1103BOJISIET CIIEIATH BBIBOJ, O TOM, YTO TEMaTHKa UCCIIETOBAHNN,
BKJIIOYEHHBIX B JIUCCEPTAIMIO, ABIAETCS BEChMa aKTYaJbHOM.

JuccepTalins COCTOUT U3 BBEICHU, ITATHU IJIaB, 3aKJ/IIOYEHNs, CIIUCKa
0bO3HAUeHNI ¥ COKpAIIeHUH, CIIMCKa JINTepaTyphl u3 264 navMeHoBa-
HUM ¥ npuioyKeHns. Beero B guccepranym 281 cTpaHuUIa.

Bo BBemennu uzaraercs moCcTaHOBKA 3aJa4u, 0OOCHOBaHUE ee aKTy-
AJIbHOCTH, HayYHas ¥ TPaKTUIeCKa s 3HAIUMOCTD COJEPKAIIUXCS B JUC-
cepTalwu pe3yapTaToB. IlpuBoagaTcs 1aHHbIE 0 BHEApeHUN U 00 arrpoba-
MY TIOJIYYeHHBIX Pe3yabTaToB. CleyeT MOAYePKHYTh, YTO MaTEPHUAJIIBI
JUCCEPTAITNHU JTOKJIAIBIBAJINCh, Ha MHOI'OYUCJIEHHBIX MEXKIYHAPOIHBIX
KOoH(pepeHIIAX 10 HHGOPMAIMOHHBIM TEeXHOJOTUSM W Ha KOH(epeH-
OUX 10 ayrebpe, JIOTUKe U UX npuiaoxenuaMm B 1996 — 2013 roxax.

OcTaHOBUMCS Ha CONEPIKAHUU PE3YILTATOB.

B ryaBe 1 mpuBoasTCS PE3yaBTATHI CHCTEMHOI'O aHAJIA3a MPOOIEMBI
CHUKEHHUST 3aTpaT Ha PaspaboTKy OGoibmmX WHQOPMAIHMOHHO-YITPaB-
JISTIOIIMX CHCTEM IIPH BHIIOJHEHWH OrpaHnyeHuit kadectBa. Crpount-
cs TWIIOBasl MOJE/Ib KadecTBa, cooTBeTcTByomasa crangapry 1SO/IEC
9126. PaccMoTpeHO puMeHeHHEe aCIIeKTHO OPHEHTUPOBAHHOIO IIOIX0/Ta
JUTS PAIlMOHAJILHOTO ITPOEKTUPOBAHUSA IIyTEM TPacCUPyeMOro oTobpa-
JKeHNS 3aJad Ha THIIOBYIO apXUTeKTypy. Maiaraercs Moaxon K opra-
HUA3AIMM KU3HEHHOTO IIMKJ/a CUCTEM, B COOTBETCTBHU CO CTAHJIAPTOM
ISO/IEC 12207-2008 Ha OCHOBE COBPEMEHHBIX TEXHOJIOIUH CHCTEMHOM
HIXKCHEPUU. DTOT TIOAXOM, HEOOXOAMMO IPOBOAUTH B PAMKaX €IMHOM
dopmabHO 6a3bl, MaTEMATHYECKUN aInapaT JJjs CIocOOHa IIPeJo-
CTABUTL TEOPUS KATETOPHil.

O 1Ha U3 OCHOBHBIX IVIaBa, 2 IIOCBSIIEHA TEOPETUKO-KATEIOPHOMY ITOJI-
X0y K OpMaIU3aIINY IIPOIIECCOB XKM3HEHHOTO ITNKJIa. B Helt BBomdTCs
OCHOBHBIE KATErOpuu, ABIAIONINECT 0OBbEKTOM HCCJIEIOBAHUs, U JTOKa-
3BIBAIOTCS MX CBOUCTBA.



OObeKTOM U3yYeHUS ABJIAETCS KATEropus, 0003HAYAEMAas Yepe3
¢-DESC. Ee obbekTamu sBASIOTCS (PoOpMasIbHBIE MOJEIN CUCTEMHBIX
eIUHNL], & MOpdU3MaMu — JeACTBUS MO UX MUHTErparmu. TakuMm o6-
pa3oM, KOH(MUIYpaIud B3aMMOCBSI3aHHBIX KOMIIOHEHTOB, U3 KOTOPBIX
cobupaloTcs cucTeMsbl, omuckiBaroTcs c- DESC-auarpammamu. 910 opu-
€HTHUPOBAHHBbIE I'padbl, BEPIIUHBI KOTOPLIX HUHIEKCUPYIOTCHI OObeKTa-
MH, a pedpa — Mopduamamu kareropuu c-DESC. IIporeccam cbopku
CHCTEM COOTBETCTBYIOT KOIIPEIEJIbI IUArPAMM, T.€. KOKOHYCHI HaJT HIMHU
CO CBOMCTBOM yHHuBepcagbHocTH. HamomuamnmM, aro ¢c-DESC-auarpaMmMer
SABJIIOTCA (DYHKTOPAMI U3 MAJIBIX Kareropuit B Kateropuro ¢c-DESC.

Jlanee paccMmarpuBaeTca Kareropug SIG dopMaabHBIX Moaeie UH-
repdeiicoB 1 GyHKTOPEI

sig : ¢-DESC — SIG, sig* : SIG — ¢-DESC

BbIZe/IeHns nHTepdeiica sig 1 AucKpeTHoR peanusanuu sig”. Ilpu sTom
dyHKTOD Sig” compsikeH cieBa K GpyHKTOPY Sig. KpoMme Toro, BBoguTCS
kareropus r-DESC Tpancdopmalmit oTHOCUTE/IEHO COOPKHU.

B mucceprarun BBomuTes omnpenesenne 2.3 GopMasibHON TeXHOIOTUH
npoekTupoBanus Hajg c-DESC, asnsromeiicst yeTBepKoit

(c-DESC, Conf, sig, r-DESC),

rne Conf — Boigenennniit kiaace c-DESC-amarpamm, cocTosmmit us
JOIIyCTUMBIX KoHGUryparwmii cucreMm. [Ipu 3T0M BBITIOJIHAETCS BOCEMbB
YCJIOBUIf COTJIACOBAHHOCTH ITHX JAHHBIX.

B derBepke BuIIETIETCH TPOMKA (HOPMAIBLHON TEXHOIOTUY CIIETU-
mupoBanus (c-DESC, Conf, sig). Beomarcsa kiace (sig-)npeakondury-
paumit, cocrosmmit u3 SIG-auarpamMM, UMEONINX KOIIPEIesJ U JJIsl KO-
TOPBIX (DYHKTOP Sig MOJHMMAET KOMPeJeNbl psijia CHeNUaIbHbIX Tua-
rpaMM.

VccnenoBaHbl CBOMCTBA BBEJIECHHBIX KATErOpuilt M PyHKTOPOB MEK Ty
HUMH. B 9acTHOCTH M3y4eH BOIPOC O HAJIMYMU (KO)IPEIesIOB U COXPa-
HEHWM WX TIPU TPUMEHEeHHU (PYHKTOPOB.

Hawubosiee mmpokre BO3SMOKHOCTH A1 COOPKH CHUCTEM IIPEICTaBIIS-
10T PYHKTOPBI, KOTOPBIE MOJHUMAIOT KOIIPEIesbl BceX Auarpamm. Tex-
HOJIOI'UsI, B KOTOPOI MHTEPMEACH BBIAIAIOTCS TaKUM (DYHKTOPOM, Ha-
3BIBAETCS CKOOPAWMHUPOBAHHOM. JIOKA3aHO, YTO CKOOPIUHNPOBAHHOCTD
dopMaILHON TEXHOJOTHH PABHOCUJIBHA, CYIIECTBOBAHUIO PA3JIOXKEHUS
sig = sig’ -se, rae sig’ — HekoToOpEI TomoJIoruYecknii PyHKTOp, se —-
SKBUBAJIEHTHOCTDH KATErOPHii, CIOPbHEKTUBHAS Ha O0bEeKTaX.

Pas6uennem c-DESC-o6bekTa S HazsBaH KOKOHYC p ¢ BEPIIHHOHR S,
YIOBJIETBOPSIIONIN PsIy €CTECTBEHHBIX ycaoBuil. PaccMoTperue pas6-
MEHUI CBSI3aHO C BOIIPOCOM O PacIapaJiie THBaHuN



B pabote kiacchl pasbueHunit BKIaIBIBAIOTCS B KAYECTBE IIOJIKATETO-
puit B Kareroputo guarpamm Dc-DESC, rne ymaercs dopmanbHO BbI-
YUCAATE pasbuenus 3agauH0ro c-DESC-061beKTa ¢ 3KCTpeMaJsIbHbIM Xa-
PAKTEPOM: UM OTBEYAIOT yHUBEPCAJIbHbIE U TEPMUHAIbHBIE OO BEKTHI.

Paccmorpens! hopMaJibHble TEXHOIOTAH, BOUCTBEHHBIE K OJHOPOI-
vpiM: B HuX r-DESC gaBigerca nmogkareropueil B IBOMCTBEHHO KaTero-
pun ¢-DESC. 910 maer BO3MOKHOCTb TPACCUPOBAHUS: TPacca IOJY-
qaeTcd U3 TpaHchOpMAaIMK IIyTeM oOpallleHus HaIlpaBJIeHUs CTPeJIOK.

Beomarca taxske kareropum texuosoruit ARCH, SPEC, CONF c
zabpiBaronmMu pyuakTopamu conf : SPEC — CONF, spec : ARCH —
SPEC.

B rimase 3 mocTpoeHa u Teoperudecku 060CHOBaHA (DOpPMaJIbHAA TeX-
HOJIOTHUS TPOEKTUPOBAHUS BBIYUCIUTEIBHBIX CUCTEM.

Knacc Bcex anrebp, mpeICTaBIISIONINX MOJMEN BBIYUCAEHUR, U Oeil-
CTBUI IO X UHTerpamnuu obpa3yeT KaTeropuio, B Hell CYIIeCTBYIOT BCe
KOHEYHBIE TIPeebl U KOIpeIesbl, pasHoobpa3Hble (haKTOpU3alud U
Jpyrue KOHCTpyKIimu. JIobas KOHeYHas JuarpaMMa, MOJeseil BhIUMC-
JIEHWH MOYKET BBICTYIIATh B KA4eCTBE MeTaMOJIeJI BHIYUCJIEHUIT — KOH-
durypanym BEIYUCIUTETBHON CHCTEMBI.

B paccmarpuBaemoit TeopuM BajKHYIO POJIb UIPAIOT IIOJIYIIPUMAaIb-
Hble aJreOpol. B rjiaBe mokasaH Pl BecbMa ITOJIE3HBIX YTBEPKAeHUI
II0 CBOMCTBAM TaKMX ajredp M criocobaxX UX ITOCTPOEHUU IyTeM obo-
ramenusi. BaxkHy0 4acTb TpeThell IVIaBbl 3aHUMAIOT Pe3yJIbTaThl. I10-
CBSIITIEHHBIE CTPYKTYPHBIM OTOOPaKEeHUSIM KOHEYHBIX aJIrebp U CBA3aH-
HBIX C HUMM KaTeropuil u mosypelneTok. OTMeTuMm Teopemy 3.1 o cy-
IIIECTBOBAHNU HOPMAaJbHOM Kareropun C, comepsKalleil Bce TOIKaTero-
PYU BBIYHCIATENLHBIX CUCTEM LIS JIIOOOM CTPYKTYypHOU KaTeropuu. B
TeopeMe 3.2 NIPUBEMIEH KPUTEPHH TOTO, YTO MOJIKATETOPHUS BBIYUUCIIN-
TeNbHBIX cucTeM B C 3KBMBAJIEHTHA TOIOJOTUYECKON KATETOPUU HaJ
kareropueitFinSet Bcex KOHEYHBIX MHOXKECTB M UX OTOOPAXKEHHUH.

B TperbeM pazjesne 3To#l IIaBbl PACCMATPUBAIOTCS CBA3YU C ajirebpa-
Mmu JIykacernda. B Teopemax 3.3 u 3.4 ykazaHa CBS3b C KOJIbIIAMHU BhIUe-
TOB ¥ MIPUBEIEH KPUTEPUH TIOJHOTHI ajrebpandeckoit cucrembr M A, 1.
OTHU Pe3yIbTaThl PACIIUPEHbI B TeopeMe 3.5 U CJIEJICTBUSX U3 HETO.

B rnaBe 4 pazpaboran popMaJIbHBIN ACIeKTHO-OPUEHTHPOBAHHOTO
TIOJIXOJT K ITPOEKTUPOBAHUIO C UCTIOJIb30BAHUEM TIOIXOAa U PE3YILTATOB
MIPEABIIYIINX [JIAB.

OTMeruM OCHOBHBIE Pe3yJILTATHI ITOH r1aBel — TeopeMmy 4.1 0 ToMm,
9r0 JI000H QyHIaAMEHTAJBHBIN (DYHKTOD MOPoxKaaeT AO-TeXHOJIOTHIO
Hag AR, Tteopemy 4.2 o cymecrBoBanun AQ-paciinpeHus, JAOIMIETO



TpPacCcy YHHUBEPCATbHOU 3KCIUTMKAINU, TeopeMmy 4.3, HAIONIyi0 KpUTe-
puit cTpykTypupyeMocTd AO-TeXHOJIOTUH. Y TIOMSHEM BayKHBIE PE3YJIib-
TaThl, IpUBeJeHHEIE B TeopeMme 4.4, B caemctBun 4.5.5 06 acuekTHOI
nosote Texsomorun AR = (¢-DESC, Conf, sig, -DESC), B cirencrun
4.4.6.

B rmaBe 5 paccMaTpuBaioTCsT BOMPOCHI IIPUJIOKEHUN (POPMAJILHO-
ro MojeiMpoBaHus. B 310l r1aBe cpeayu TeOPETUYIECKUX PE3YILTATOB
MO>KHO BBIJIEJTUTH MOYKHO BBLJIEUTE TeopeMy 5.2. OCHOBHasS JacTb 3TOM
TJIaBBI TIOCBSINEHS, [IPUJIOKEHUSAM [IOJIYYEHHBIX PE3YJIBTATOB.

Takum 06pa3oM, B pe3ysbTaTax aBTOPA, BKJIIOYEHHBIX B JUCCEPTA-
IIMIO, CO3JAHO ¥ PA3BUTO HOBOE HAIPABJIEHUE, CBA3aHHOE C IPUMEHEHU-
€M TEOPUM KATEeropuil U YHUBEPCAJBLHOU anreOphl K BeCbMa aKTyaJib-
HO 3371a1€e — MOJIeJIMPOBAHHUIO TEXHOJIOTHI IIPOEKTUPOBAHUS GOIBIITIX
WHGOPMAITMOHHO-YIIPABJISIOMNAX CHCTEM.

Bce pe3ysbTaTh! IuccepTalni CHAOXKEHBI IIOJHBIMEA JOKA3ATEIbCTBA-
Mu. CiieyeT OTMEeTUTh, 9TO PabOThI II0 TEOPHUN KATErOPUY OOBITHO SB-
JITIOTCS BeCbMa T'DOMO3JIKMMU U TPYAHO YUTAEMBbIMU K3-33 CJIOXKHBIX
0603HAYEHUI ¥ TPUCYTCTBUS DOJIBIIIOTO YUCAa uarpaMM. ABTODY yia-
JIOCH TIPEOMIOJIETH 3TY TPYAHOCTb U U3JIOXKUTb MATEPHUAJ SICHO U JIOCTa-
TOYHO JIAKOHUYHO.

Pedepar npaBubHO oTpazkaer colep:KaHue JUCCePTalun. B mpuito-
JKEHUW YKa3aHBl aKTh! BHEIPEHUS PEe3YIbTATOB.

Nwmeetcs cienytolnee 3aMedaHue Mo obOPMIEHHIO TEKCTa. Bo BBee-
HUU He IPUBEAEH UCTOPUYECKHUI 0030, OTParKaIoNIuii COCTOSHUE Pac-
CMaTpUBaeMOl 0OJIACTH, U ITOIIePKHABAIOIINI TO HOBOE, YTO BHEC ABTOP.

Pesynbrarel muccepranuu omybsmkoBansl B 60 mybGamkamuax aBTo-
pa. 17 u3 Hux Bemun B 10 xypHanax u3 cuucka BAK ( B Tom uncie
11 6e3 coasTopos). Kpome Toro, mmeercss om0 yuebHOe mmocobue, oauH
IIATEHT U 5 CBUJIETEJIBCTB O perucTparuu mnporpamm ajias 9BM. [1ybau-
Kalliil B OCHOBHOM BBINIJIX B CUOMPCKUX 2KypHaJIax. MOXKHO BBEICKA3aTh
MOKEJIAHUS, YTOObI Pe3yIbTaThl PabOTHI ObLIN Obl OITyOJNKOBAHLL U B
MEXKIYHAPOIHBIX MaTeMaTUIeCKUX »KYPHAJIaX BBICOKOI'O PEATHHIA.

[IpuBeteHHBIe 3aMeYaHUS HE CHUKAIOT BBICOKOH OIleHKH paboThl. Bee
U3JI0’KEHHOE TI03BOJISIET CAeJIaTh BBIBOA, O ToM, yTo aucceptanusa C.I1.
KosaseBa sBiIsiercss Hay4uHO-KBaM(MUKAIMOHHON paboToi, B KOTOPOH
CO3MIaHO0 KPYIHOe Hay4HOe NOCTHKEHHEe —- ITOCTPOeHa TEeOpUd MOJe-
JINPOBAHUsS TEXHOJIOTUH TIPOEKTUPOBAHUSA OOILITUX HHAOOPMAIIOHHO-
YIPaBJIAIOIIUX CUCTEM Ha OCHOBAHWHU TEOPUU KATETOPHUil W yHUBEp-
caspHOM anrebprl. [lostomy mucceprarusa C.II. Kopanésa ymosiieTBo-
psieT BceM TpebOoBaHuAM [loJI0XKeHUST 0 TIPUCYXKJIEHUH YYEHBIX CTerle-
Heli, IpeIbABIAEMBIM K JOKTOPCKUM JjuccepTanusaM, a ee aprop C.IL
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KoBanés 3aciry:kuBaeT MPUCYXKJIECHUS YIEHOU CTeleHn JOKTOpa (husu-
KO-MaTeMaTHIecKUX HayK 110 crennajabroctu 05.13.17 — TeopeTuveckue
OCHOBBI THPOPMATHUKH.
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