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[NpeanaraeTca METOR NPOEKTUPOBAHUA CIIOXHbIX CMCTEM, NO3BONAIOLMA OBBEAMHATL PA3NINYHBIE METOAVNKM CUCTEMHOTO aHaNU3a 1
MHXEHEPUM 3HaHA Ha Ba3e AeKnapaTvBHON MOREM, OCHOBAHHOW Ha OBBEKTHON NapaaMrMe NpeacTaBneHns 3HaHWA.

TTpoeKTHPOBaHKE CIOXHON CUCTEMBI HA JTAIlE CO-
31aHMS KOHLCIIIMH HEMBICIMMO 6€3 MCII0IB30BaHUS
anrapata CHCTeMHOTO aHanu3a. OHaKo Ha [0yTH pery-
JISIPHOTO MACCOBOTO IIPUMEHEHHS CHCTEMHOFO TIOJX0-
a1 PEIEHHS KOHKPETHBIX MPAKTHYECKHX 3a7ay Cy-
IIECTBYIOT OTPEAENEHHBIE TPYAHOCTH, CBA3aHHEIE C OT-
CYTCTBHEM "TEXHONOTHHU" MPHMEHEHMSA CHCTEMHBIX
IpeACTaBICHUI, TPUHLIMIIOB, MOZENEH U METO0B. DTa
npoGnemMa eme Gonee 060CTPUNACE B TTOCETHES BPEMs
B CBSI3H C YCIOXHEHMEM MCKYCCTBEHHBIX CHCTEM, CO-
37aBaeMHBIX B Pa3IMIHBIX chepax YenoBedecKoit aed-
TENBHOCTH.

[fo HEKOTOPBIM HANpPaBAEHHUAM TIPEINPUHUMAIOT-
CH INOIIBITKH CO3JAHMSA CUCTEMHBIX TEXHOJIOTH A MPOEK-
THpOBaHKA. B 4acTHOCTH, B Tako#l IepeqoBoil obnac-
TH, KaK IPOEKTHPOBAHME HHGPOPMANYOHHEIX CUCTEM
yXe BO3HMKIIa ueias uHayctpus CASE-texHonorui,
KOTOPBIX CUCTEMHBIE NIPEACTABIEHUS HCTIONB3YIOTCA
IS MOZETMPOBAHUS NMPOTPAMMHBIX MPOAYKTOB C I10-
MOII[bI0 aBTOMATU3UPOBAHHBIX CPEACTB MOMIEPXKKH.
BoAbLINHCTBO U3 3TUX TEXHONOTHI KCTIOIB3YIOT METO-
HOJIOTHIO CHCTEMHOTO [IOAXOfa KaK KOHLETTYaTbHYIO
OCHOBY HOCTPOEHHSI MOAEJIH NIPEAMETHO# 06acTH. D10
XapakTepHO M Ui 6onee paHHMX TEXHOJIOTHIl CTPYK-
TYPHOTO aHaJH3a, ODUEHTHPOBAHHLIX HA METOXHI
SADT (Structured Analysis and Design Technique),
DFD (Data Flow Diagrams), ERD (Entity-Relationship
Diagrams) u ap., TaK ¥ JUIst 6071€€ NO3IHUX OGBEKTHO-
OPHEHTHPOBAHHEIX TEXHONOTHI aHANM3a/TIPOEKTHPO-
Banua (Object-Oriented Analysis/Design — OOA/D).
Ilocnexuue nepexuBaloT Mepros 6YpHOro pa3BUTHS,
YTO BBI3BAHC B HEMAJION CTEIIEHM CO3JaHHEM OOLEKT-
HOTO YHM(HIMPOBAHHOTO S3bIKA MOJEIUPOBAHUA
UML (Unified Modeling Language) u 061eKTHO-0pH-
entuposanHbix CASE-cpencrs [1, 2].

Hecmorps Ha yenexu B passutun CASE-TexHoNO0-
THi{, TOBOPMTb O CO3MAHUM KOMIUIEKCHOM CHCTEMHOR
TEXHOJIOTHH, TIPUTORHOM IS pellieHus 3a1a4 IpoeK-
THPOBAHUA CIOXHHIX CUCTEM Da3TUYHON NPHPOIHL
(TeXHHYECKHMX, OPraHU3ALNOHHO-TEXHONOTHYECKUX,
COLIMAJIbHRIX M Ap.) ele paHo. IIpHynHamu Takoro no-
JIOXEHUS IeJI SIBJISIOTCH CNEMYIOUINE MOMEHTHI.

1. CASE-TexHONOTMM B OCHOBHOM IIpeAHA3HAYEHBI
IUISL IPOEKTUPOBAHMA MH(OPMALIMOHHBIX CHCTEM, B
CBA3M C YEM OHH OMEPUPYIOT COOCTBEHHEIM TIOHATUIL-
HBIM arnapaToM, OPUEHTUPOBAHHLIM HA JaHHYIO 06-
Jactb. s 0003HAYEHHA MHOTHX MIOHSTH M CUCTEMHOMN
TEOPHH BBOJATCH HOBHIE TEPMHHME, TEPMUHBI XK€ CHC-
TEMHOTO AHA/IM3A UCTIONB3YIOTCH 3a4aCTyI0 HEKOppeK-

THO, B HOBBIX pakypcax 4 oTHoueHusX. PaspaboTan-
HBI€ A3BIKH MOAETNPOBAHHA BIOJHE NPHEMIEMBI IPH
NOCTPOCHUM MoJeNeil HHGOPMAUMOHHBIX CHCTEM, HO
He BCera yIoOHbE U1 ONHCAHMsE APYTHUX NPEAMETHRIX
obnacreit.

2. CHcTeMHBIE TIDCACTABIEHHS HCIIONB3YIOTCH B
CASE-TexHOJOTHAX B OCHOBHOM ANS ONUCAHUA
CBOKMCTB aBTOMATH3MPYEMOM CHCTEMBI, €€ OTHENBHBIX
KOMIIOHEHT M B3aUMOCBA3eH MeX1y HUMHU. [Togo6Hoe
OMNHCaHUE OTpaxaeT JUOO0 CYLIECTBYIOLIEE COCTOSHUE
cucteMsl (Mozenb AS-IS), nubo xenaemoe (Mozenn
TO-BE). HepeuleriHoit po6iemMoii py 310M OCTaeT-
ca nepexon or Mopenei AS-IS x Monensam TO-BE. Jpy-
THMH CIOBAMH, CYIIECTBYIOLIUE TEXHOTOTHH, KaK Ipa-
BHJIO, HE COMiepXaT APOUERYD reHepauuyu U Bribopa
BAPHUAHTOB PEUTU3ALUM CHCTEMBI H €€ OT/EIbHEIX KOM-
TIOHEHT, a TaKXe NMPOLEeAYP KOOPAUHAIINH pelLIcHUi,
NPHHYMAEMbiX Ha Pa3HBIX YPOBHSX NpeICTaBACHUS
cucTeMbl. bosbiioe KOMHYECTBO pasrO06Pa3HEIX [PHU-
KJIaAHBIX METONOB CHCTEMHOTO aHAIK3a H TCOPUM TIPH-
HSATHS PEIEHUH, ODHEHTUPOBAHHEBIX Ha OMCK CPEICTB
AOCTHXEHMS LeJICH CUCTEMBI, OKA3aIHCh HEBOCTPEDO-
BaHHLIMH B PaMKax CYILECTBYIOIIMX TEXHOJIOTHIA.

B 10 Xe Bpems, Kax MoKa3aia NPAKTHKA, UMEHHO B
pamkax CASE-TexHOJIOTH#t MOIETH U METOJIBI CHCTEM-
HOTO aHaIu3a IPHOOPETAIOT MPAarMaTHYECKyIO CHIY U
IIMPOKOE PACHIpOCTpaHeHue Oiarogapa 6oiee CTporoi
GbopMaTH3aLMK M MOMIEPXKKE HHCTPYMEHTANLHEIMU
4BTOMAaTU3MPOBaHHKIMY cpeacTBaMH. CTaHOBJIEHUE U
pa3BUTHE CHCTEMHOMN TEXHOJNOTHMU XOMKHO MATH IO
IyTH OOBECAMHEHUA NYYNIMX TOCTHXEHHI OTpaciu
CASE-TexHONOTHI ¥ TEOPMH CHCTEMHOTO aHAIH3a.

Ocoby10 posib B 3TON UHTErPAIIK MOXET CHIrPaTh
O0BEKTHO-OPUEHTHPOBAHHBII A3BIK MOJETHPOBAHHS,
G1arofaps MpegocTaBAIEMON UM BO3MOXHOCTH KOM-
IUTEKCHPOBATD ACKIAPaTHBHOE NPEACTaBIeH e 3HAHUI
¢ npoueaypHeM. Kpome toro, o6beKTHas METOR010-
1S NMPEAOCTABAACT CIAEOYIOME BAXHEIE TIPEHMYIHE-
CTBA. BO3MOXHOCTb COODKH CHCTEMBI M3 TOTOBLIX T10-
BTOPHO MCIIO/b3YeMBIX KOMIIOHEHT, BO3MOXHOCTD Ha-
KaIIMBaTh TECOPETUYECKHKE U OTIBITHHIE 3HAHUS B BULE
OnOIMOTEX KJTACCOB Ha OCHOBE MEXaHU3Ma Hac/Ie0Ba-
HMS; IPOCTOTA BHECEHUS U3MEHEHMI B IIPOEKTHI 32 CYET
HCTIONb30BaHUS CBOUCTB HACNENOBAHUA M HOAUMOD-
dusMma.

B naHHO# cTaThe paccMaTpUBAECTCA OAMH U3 METO-
JIOB IPOEKTHPOBAH U CJIOXKHBIX CHCTEM, TTIABHOM 0CO-
OEHHOCTBIO KOTOPOTO SIBIAETCA BO3MOXHOCTD 06BE1-
HATb Pa3UYHBIE METOAUKU CHCTEMHOTO aHAIM3a Ha
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6a3e egMHOM MOENH, OCHOBAHHOM Ha 06LEKTHOI Na-
pamdrme npeactTaBieHus 3HaHui. [Ipu 3ToM g noct-
POCHHUS MOIEIH MOTYT UCIOJIB30BAThCH IKCIEPTHEIE
3HAHUS, OIIMCHIBAIOIINE TUIIOBHIE CBOMCTBA, CTPYKTY-
PBHL ¥ 3aKOHOMEPHOCTH OTHENBHLIX KNACCOB CHCTEM,
[IpeCTaBAsEMble HA A3HIKAX MHXCHEPUU 3HAHUIA.
TIpeniaraemMbiii METOJ JIEXHUT B OCHOBE HOBOM KOHLEN-
LIMM CHCTEMHOM TeXHONOTUM [3], MO3BONSIOILEH OnH-
CHIBaTh C SAMHEIX MO3HLHUI PA3THYHLIE ACTIEKTHI CIOX-
HOM CUCTEMBI, a TAKXE [TPOEKTHPOBATH KOMITIEKCHEIE
CHCTEMBI JUTS Pa3PELICHUST CAOXHBIX MHOTO(hAKTOPHBIX
NpoOIEMHBIX CHTYALHIA.

OcHOBHOM NPUHLAT CUCTEMHOTO TOJX00A — Pac-
CMOTPEHHE CUCTEMBI U JII060H €€ KOMITOHEHTHI, ¢ Of1-
HOW CTOPOHBI, KAK HEKOTOPOTO LIEJOCTHOTO 00BEKTa,
OTMCHIBAEMOTO HabOPOM CBOMCTB, XapaKTePUCTHK U
BBHINOJTHAEMBIX UM HIEHCTBHH, a, C APYTOH CTOPOHBI, KaK
COBOKYMHOCTH 00JIe€ MEJIKUX KOMITOHEHT (TIOHCHUCTEM,
3JIEMEHTOB), B3aUMOLEUCTBYIOUIMX Mexay coboit. Ta-
KuM 06pa3oM, MBI MOXXEM TOBOPUTD O JBYX MOJENBHBIX
NIPEACTABICHUAX CHCTCMBl (MMOACHCTEMBL): B BUje
00LEKTHON MOJIeNH, TpeACTaBIAoIel coboit onuca-
HHME 3MEPIXEHTHBIX CBOUCTB M MOBENEHMA, ¥ B BUIE
KOMIIOHEHTHOI MOJENH, OTpaXalollei COBOKYHHOCTD
Gonee MEJIKMX KOMIIOHEHT M OTHOLUICHHIT MEXTY HUMH.
IlepBoe npencraBneHue COOTBETCTBYET MO "Uep-
HOTO SILIMKA", BTOPOE — MOJIENHN CTPYKTYPBI.

BrineneHne KOMIIOHEHT OCYIECTBASETCS METOIOM
MOC/Ie10BATEIbHOM AEKOMNO3HUIIMH. B pesynbpraTe
CJIOXHAs CUCTEMA ITPEACTABIISETCH KaK Mepapxus noji-
CHCTEM, TOCTPOEHHAA Ha OCHOBE OTHOLIEHHMH "JacTh —
uenoe” ("Part-of"), Ha3BIBAEMBIX TAKXKE OTHOLLEHUAMH
arperauunu. Ilo xnaccudukaiun Mecaposuua [4] 310,
TaK Ha3biBaeMasd CTpaTHhUUUPOBAHHAS HEPApXMS,
OITMCHIBAIOMIAS CHCTEMY Ha Pa3NIMYHBIX YPOBHSX adCT-
ParupoBaHus, T.€. ICTATLHOCTH OTPAXEHMS TEMEHTOB,
CBOWCTB, XapaKTePHCTHK.

Kaxnas u3 moacucTeM AepeBa MpeACTaBAseTcs B
BUAC o0sexma. Kak M3BeCTHO, B 0GBEKTHO-OPHEHTH-
POBAHHBIX MOLENAX 1O 00BEKTOM MOHUMAIOT HHOP-
MaIMOHHYIO CTPYKTYPY B BUIE COBOKYIIHOCTH aTpuby-
TOB (CBOHCTB, IapaMeTPOB, XapaKTEPHCTHK) H COBO-
KYIHOCTH METOOB (REHCTBHIH, IPOLEOYp, OTIepalinii).
Kaxnrlit 06BeKT AB/SIETCS TIPENCTABUTENIEM HEKOTODO-
TO Kaacca ONHOTHITHBIX OOBEKTOB, OMMUCHIBAOIIETO 06-
II{1e CBOMCTBA BXOAAIINX B Hero 006nekToB. Onvcanue
KJlacca BKIIIOYAET: COCTaB aTPUOYTOB, Mg KAXIOTO U3
KOTOPBIX YKa3aHbl TUI AaHHLIX U 001aCTh 3HAYEHHH, 1
COBOKYITHOCTb METONOB, OOINUX MM BCeX OOBEKTOB
xnacca. KOHKpeTHBIN 00bEeKT, HAa3bIBAEMBIN IKIeMNAR-
PoM, OTIPEIEISETCA KOHKPETHBIMU 3HAYCHHAMHU aTpH-
OyTOB.

Kutaccrl MoryT HaciefoBaThCA APYr OT APYra, T.€. Ha
OCHOBE J11I060TO KJTacca MOXHO CO31aBaTh HOBEIE KJiac-
CBL 110 TIpUHLMITY "oT ob11ero X yactHoMy". I[lopoxaa-
€MBbIE HOBBIE KJIaCCHl COXPAHSIOT BCE CBOMCTBA Kilac-
COB-POIMTENIEH, a TaKXKe 06IANA0T HEKOTOPHIMU HO-
BHIMU COOCTBEHHBIMH cBo¥WcTBaMM. HacienosaHue
MO3BOJISET CTPOMTD HEPAPXMH KIIaCCOB, HAYUHAY C He-
KOTOPOTO MPOCTOro NEPBOHAYATIBHOTO TIPEAKA H KOH-
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yas Gonee CA0XHBIMHU H CIIELH(PUIECKIMH O0BEKTAMH,
BTO Hepapxuu, OTpaXalollue POAOBUIOBEIE OTHOLIE-
HUA THIA "JyacTHoe — obmee” ("Is-a" wim "Kind-of").
Hepapxuu MoryT 6bITh 00BeTUHEHR B OHOTHOTEKH TH-
NOBBIX 005eKTOB. MCIONB30BaHME THIIOBHIX OOBEKTOB
3HAYUTEIBHO YIIPOLIAeT Mmpoiece GopMUPOBaHHS MO-
JeJH.

IIpennaraercs ripu GopMUPOBAHNY MOJESM CHCTE-
MBI UCTIONB30BAT (DYHKUMOHATLHBIN IOAXO, MPH KO-
TOPOM BBIJIeIEHUE MOACHCTEM OCYILECTBISETCH B CO-
OTBETCTBUH C TEM, KaKYIO (PYHKIIMIO OHA JOJIKHA BbI-
nonHATh. [lpu mocTpoeHuu cTpaTuPULUPOBAHHOMN
uepapxuu (Part-of-uepapxun) oimas GyHKIMA CHCTE-
MBI, KaK HEKOTODHIH Mpouecc, o0ecTieynBaoninii ee
BBITIOJIHEHUE, IEKOMIO3UPYETCH HA OTAEIbHBIE TON~
NPOLECCH, BHMOTHAIOIME OTACIbHEE QYHKIIMH.
O61beKTHOe OMMCaHue MOACHCTEMbl (DOPMHPYETCH Ha
OCHOBe Haubojee MOAXOAAIIETO KJIACCa U3 HepapXuu
Hacnegosanus kinaccoB (Kind-of-uepapxuu), B KoTO-
poil xpaHsTCH onucaHus GYHKUMI pa3HOM CTeneHn
aetanbHocTH. HanpuMep, tinoBoi xinace "PyHkung"
COLEPXUT TaKKe aTpuOyTHI, KaK "Bxon", "Brixon”, "UH-
crpymeHT", "Cnoco6”, "JaureasHocts", "CrtommocTs”.
Ot Hero HaclemyloTCs Takue KiaccH, Kak "busnec-
¢Gynxuus", "TIporpaMMHBIN OOK" M Ap., KAXAB U3
KOTODHIX MMEET COOCTBEHHBIN CIMCOK aTpUOYTOB,
YTOYHSIOIMUE U PaCLIMPSIOIMA CIIMCOK aTpubyTOB
ApeaKa.

O06bEKTHAd MOJEND NOACHCTEMBI CONEPXUT ONIUCA-
HUE JIEMEHTOB, PEATH3YIOUIHX TIPoLece, TPONCX0oIs-
M B HOACUCTEME, ONTHUCAHHE CBOMCTB, XapaKTepuc-
THK 3THX 3JIEMEHTOB 4 OIIMCAHHUE ITPU3HAKOB H CBOMCTB
BCEro Ipoiecca B HenoM. IIpu 3ToM MOZIENb MOXET
COIEepXaTh Pa3IMYHbBIE BApHAHTHI OTIMCAHUS TIOACHC-
TEMBI, COOTBETCTBYIOMIHME Pa3INYHbIM criocobam pea-
JIM3auMK JaHHO# nogcucTeMbl. TakuM o6paszoM, Mo-
JIENb IOACKCTEMBI IOJDKHA COlEpXaTh KJIAcC MOICHC-
TEMbl, OTIPEAC/ISIONIN I CTPYKTYPY €€ ONIMCAHHUS, U MHO-
XECTBO 3K3EMIUIAPOB, OTPAXAIOIIMX Pa3THYHbIE BapH-
AHTBI NTOJICUCTEMB,

QopMaTEHO MOMIENH MOACHCTEME MOXKHO OIHCATh
CIIeayIouM 00pasom:

M3 (85)=<C(S){V,(S)} >,

e C(S)) — onucaHue Kacca NOACUCTEMBI S; { V(S)}
— MHOXECTBO 3K3¢MIUISIPOB (BAPHAHTOB) MOACUCTEMbI
Sl'.
OnucaHKe Knacca coXepXuT MHOXECTBO aTpubyTOB,
JUIS K&KIOro M3 KOTOPHIX 3alaH HACHTHGHUKATOp (Ha-
3BaHME), TUI ¥ 06NAcTb 3HAYEHHMI (MOMEH), a TaKkXe

MHOXECTBO METOAOB (PUCOEAMHEHHBIX IPOLIEAYD):
C=<{x,,t,,D},F>,
Ie X, - WIEHTH(HKaTOp aTpuOYyTa, f, — THH aTpHOYyTA,
D, — nomeH arpubyra, F — MHOXECTBO METOJIOB.
DK3eMIUTAPH MOACHCTEMB! HOPMHPYIOTCH Ha OCHO-
Be KJ1accoB. g OpMHUpPOBaHHMs MHOXECTBA SK3EMII-
JIIpOB ¥ BHIGOPA ONTHMATEHBIX MOTYT HCHOJb30BATHCS
PaIMyYHbiE METOL! TEOPHM NPUHATHS pelleHui. Tak,
IUISl TEHEPaLMM 3K3eMIUIIPOB MOXHO BOCHOIb30BATh-
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Cs IEpEOOPHLIMU METOAMH, HAPUMED, METOIOM MOP-
(OJIOTHYECKOTO aHAM34: BAPBUPYS BO3MOXHBIE 3HA-
YeHus aTpUOYTOB, CO3MAETCA MHOXECTBO BaPHAHTOB
TOACUCTEMBI, COOTBETCTBYIOLIUX PA3NTUYHBIM KOMOU-
HalusAM 3HadeHuil. [Insa oueHKM M BbiGOpa Haubonee
NIEPCTIEKTHBHEIX BAPUAHTOB MOTYT ORITH HCIIO/IB30BA-
Hbl METOIH ONHOKPHTEPHANBHOTO U MHOTOKPUTEDH -
ATBHOTO BLIGOPA (IO UHTErPATbHBIM KPUTEPHAM pa3-
JIMYHOTO BHJA) HA OCHOBE 3KCIIEPTHHIX OLEHOK.

Ete onuH cnoco6 ¢popMupoBaHUS BapHaHTOB 1107 -
CHCTEM — HCTIOJIb30BaAHUE 3aKOHOMEPHOCTE M, NOKA3HI-
BAIOUIMX, KaK 3HAYEHHS OJHUX aTpUbyTOB MOTYT OBITH
olpeJesieHbl Yepe3 3HAYeHUS Apyrux. JJ1d 3TOro B OIIK-
CaHKe NMOACHCTEMH HEOOXOMMMO BKIIOYHMTD Kay3aib-
HEBI€ OTHOLLEHHUS MEXIY XapaKTepUCTHKAMH NOACHCTe-
MBI, KOTOPHIE MOXHO TPAKTOBaTh KaK OTpaXeHHe Cile-
RYIOIMKMX OTHOLICHUIA: "MIPHYHHE — ClIENCTBUE", "Cpe-
CTBO — LENB", "yCNIOBHE — 3aKITI0YeHue", "apryMeHT —
byHkums”. OTHOWEHKI-3aBUCMOCTH YCTaHABIMBA-
I0TCA MEXIY MPOCTBIMHU aTpUOYTaMH, KOTOPHIE ByneM
Ha3eIBaTh {1apaMETPaMH, H OTPAXaloT 3aBUCHMOCTHU
MEXIY 3HaYEHUSIMM Pa3IHYHBIX IAPAMETPOB, OIUCHI-
BaeMbie HEKOTOPO# 3akoHOMepHOCThI0. C MOMOLIBIO
3aKOHOMEPHOCTEN 3HAYCHHS! ORHHUX TAPAMETPOB OIIPeE-
NeNSI0TCA Yepe3 3HaYeHUs IPYrHX, OT KOTOPBIX OHH
3aBucAT. PaccMOTpHM ofivH M3 MeTo0B OpMUpOBa-
HHA M BbIOOpAa BapMaHTOB Ha OCHOBE OTHOIIEHHUIT 3a-
BUCHMOCTEN — MeToll "OYHKUMOHANbHbIE CETH Napa-
meTpos” |3].

B cooTBETCTBYHM € paccMaTpUBaeMbIM METONIOM IiEp-
BBIM IIIaTOM MOCTPOEHHUS MOJENTH 3aBHCUMOCTe i IBJIS-
eTcs OPMHPOBAHHE CETH TAPAMETPOB, (PUKCUDPYIOLIEH
Hajlngue 3aBUCHMMocCTel Mexny HuMu. M3 MHOXecTBa
NapaMeTpoB X ={x,}, ONHCHIBAIOLIMX NMOACHCTEMY,
BHIOMPAIOTCS TaK Ha3bIBaeMble 6a30BLIE, 3HAYEHUS KO-
TOPBIX HE 3aBUCAT OT 3HAYEHUIH IPYTHX MApaMETPOB.
7O MepBUYHEIE, HETIOCPEACTBEHHBIE XapaKTEPHCTHKH.
K ux uncny otHocsaTCs "ynpaBnseMble” mapaMeTphl,
3HAYEHHS KOTOPHIX pa3paboTUHK MOXET HEenocpen-
CTBEHHO 3a/1aBaTh, @ TAKXKeE "BHELIHHE BO3MYLUEHMS",
3HaYEeHHUs KOTOPBIX onpeaensiorcs u3sxe. OcranbHbie
napaMeTphl HENOCPEACTBEHHO MU ONOCPEN0BaHHO
3aBUCAT OT 6a30BbIX. Y3 HeGa30BLIX TapaMeTpOB BhI-
AeNSeTC OMMH WIK HECKONBKO "HeJIeBHIX ' TapaMeTpoB,
3HAYCHHS KOTOPLIX OMNPEACNAIOT LeeBOe COCTOSHHE
HOACHCTEMEI.

CeTb MOXET CTPOMTBCS KaK OT CTOKOB, T.€. OT 6a-
30BbIX TAPAMETPOB, TaK U OT CTOKOB, B KA4eCTBE KOTO-
PHIX BHICTYHAIOT "LeNeBble” napaMerpsl. [lyry cet o1-
paxaloT GpakT HAMMYME YHKLHMOHANLHOMN 3aBUCHMO-
crv (puc. 1). Kaxnoe oTHOInEHHE MOXET HMETh He-
CKOJIbKO BXOZIOB M TOJIbKO OHH BHIXOA. B pesyinsrare
NOJy4aeTcs CeTb TUIA HepapXuH Oe3 LMKIOB U IETENb.
Kak npasuo, ceth uMeeT BHI HEPapXUH, KOTOPYIO 1O
Kiaccupukauyu Mecaposuya [4] MOXHO OTHECTH K
HEPapXMHU THTIA CJIOEB.

Ha conepxarte/1bHOM ypoBHE ceTb 3aBUCHMOCTE
NapaMeTPOB MOXHO MHTEPTIPETHPOBATb KAK:

— CLEHApHHl, TOKa3bIBAIOLIMIA, K KAKMM MOCHENCTBY-
M, BBIPAXACMBIM 3HAYCHUAMH LIEJIEBbIX [TapaMeT-

Puc. 1. Ceb (yHKUMOHANLHBIX 3aBUCUMOCTEN NaPaMETPOB

POB, IPHBOANT CUTYaLlUsl, 3aIaBaeMasl ONpeleneH-
HO¥ KOMOUHAaLMeH 3HAYeHHMIT 6a30BLIX [TAPAMETPOB;

— HepeBO leJeil, MoKa3bIBalollee, KAKHE MONUETH
(3HaYeHHs MPOMEXYTOUHBIX U GAa30BLIX TapaMeT-
POB) AOJXHBI OBITh JOCTUTHYTHI, YTOOH AOCTHYD
LeNb (335aHHbIE 3HAYEHUS LENEBBIX 1APAMETPOB).
Certb 3anaeT KaK 6bl "Kapkac" MOJIENH 3aBUCHMOC-

Tei. 3aTeM I KaXnoro He6azoBoro napamerpa X,

3afaeTcs BUJ 3aBUCHMOCTH — 3aKOHOMEPHOCTb, [0Ka-

3bIBANOILAA, KAK MMEHHO €10 3HAYCHUI OTIPE/IE/IAIOTCA
3HaYCHUAMM TIAPAMETPOB, OT KOTOPHIX OH HEMOCPEX-

CTBEHHO 3aBUCHT;

X, = f(x,%5,...%,),

TEE X;,X,,...X, — [JapaMeTPhl, OT KOTOPBIX HETIOCPE -
CTBEHHO 3aBHCHT X, .

Bun 3aBUCHMOCTH MOXET 3a1aBaThCs PA3TMUHBIMU
croco6aMH. 3To MOXeET ObITh hOpPMYJIa, COBOKYTTHOCTh
TPaBWI-NPOIYKIHIA, HEKOTOpas mpoueaypa-pyHKuus,
HacTpoeHHad He#poceTs U T.A. B 00BeKTHOM Momenn
TNIOJICHCTEMBI OTHOLICHKMS-3aBUCMOCTH 3aJa10TCH KaK
00BEKTEI, CCHUIKM Ha KOTOPBIE COAEPXATCs B CrELHU-
aIbHbIX aTpubyTax, [Ipn 3TOM Kaxaoe U3 OTHOIUCHMI
NpencTaBiiseT cOB0H 3K3eMILIAP Kiacca 00BEKTa-3aBU-
CHMOCTH, KOTOPHI BKJIOYaeT B ce0d MACHTH(PUKATOD
BBIXOJIHOTO mapameTpa x™, CIIHCOK WAEHTH(UKATO-
POB BXOASAIIMX NMapaMeTpoB {x"}, 33aKOHOMEPHOCTb

S

g=<x"{x"}, FIx"})>.

3aKOHOMEPHOCTH, ONMCHBAIOUIME 33aBUCHMOCTH
MEX]ty arpuOyTaMH ITOACUCTEMEI, MOTYT OHITh 3apaHee
COOPMHUPOBAHE! U COXpaHEHHI B GUGIHOTEKE TUITOBBIX
MOJIENIEH BMECTE C OTIMCaHHEM KJ1acCa NOACHCTEMEL

Hns popMUpOBaHHMS BapUAHTOB MOACHCTEMB Ha
OCHOBE OTHOLICHHI 3aBUCMMOCTH MCHOJIB3YIOT: METOL,
TIONOJIHEHHUS OITMCAHUS SK3eMIUIApa, NO3BONSIOMHH
Ha OCHOBE 3aJlaHHBLIX 3HaYECHMit 6a30BBIX MapaMeTPOB
C TIOMOILBIO 3aKOHOMEPHOCTEH BBIBECTH 3HAYEHHUS ADY-
THX, a TaKX€e METOJ IIOMCKA 3HaYeHUS 33JaHHOTO Na-
pameTpa. JlJaHHbIE METONHI PUMEHSIOT PA3THYHEIE A1
TOPHUTMH, B YaCTHOCTH, AITOPHTM NPIMOTO albTEPHA-
THBHOTO BBIBOZA, AITOPUTM NPAMOro Ge3aIbTEPHATHB-
HOTO BeIBOAA ¥ Ap. [3]. Ans BrbOpa ONTHUMAIbHEIX Ba-
PUAHTOB UCTIONB3YETCH METO/ ONITHMHU3ALUH, TTO3BOJIS-
JOLIHHA ONPEAENIT IKIEMILIAPHI IOACHCTEME, 33/1aBa-
eMble KOMOMHaUMEH 3HaueHH# Ga30BBIX NAPAMETPOB,
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€ HaW/Iy4IIMM 3HAYCHHEM KDHTEPHS U YIOBICTBOPAIO-
e 3aJaHHBIM OTpaHWUYCHHSAM. I noucka onTu-
MAJIBHEIX BAPHAHTOB MOTYT ObITh MIPUMEHEHB! pa3iny-
HEIe AITOPUTMEI, HCTIONIBb3YIOHIME CTPATEIrHH KakK Ipsi-
MOr0, TaK M 00paTHOTO BEIBOZIA [3].

TlepeitneM K pacCMOTPEHHIO KOMIIOHEHTHOH MozIe-
JIM CHIOXHOM CHCTEMBI, B KOTOPYIO Hapsly ¢ 00BeKT-
HBIMH MOZIEJISIMH TTOJCHCTEM BXOAST Pa3IHYHOTO poja
OTHOLIEHHS MEXIy MoAcucTeMaMH. byneM pasnuyarsb
TPH BH/Ia OTHOMIEHHI, BKJTIOYAEMBIX B KOMITOHEHTHYIO
MOJEJIb: OTHOIIEHN S arperaiuy ("1acTs — Hesnoe”), oT-
HOIIEHHUA acCOUMAIMHU (B3AUMOCBA3U) U OTHOIIEHUS
3aBUCHMOCTH MEXIY ITapaMeTPaMH PasIi4HBIX OACH-
creM. OTHoweHus JToboro BUIa TaK Xe, KakK U MOACH-
CTEMBI, IPEJICTABIIAIOTCS B BHIE OOBEKTOB.

OCHOBY MOJIEIM COCTAaBJSIET AEPEBO MOACHCTEM,
($hopMUpyeMoe TTyTeM NOCeIOBATENbHO) A1EKOMIIO3H-
LM UCXOIHOW CHCTeMH. byleM Ha3bBaTh COBOKYII-
HOCTb TOJICHCTEM, TOJTYYCHHBIX B Pe3y/IbTaTe JEKOM-
TIO3HIIKH OJIHOM U TOM Xe CHCTEMBbI IPEABITYLIETO YPOB-
He, moxypoBHeM. [1pH ACKOMIIO3ULIMHK KaxXasl TOACH-
cTeMa NnopoxzaaeT ¢soit noayposeHs. [Topoxnawuyio
noncucTeMy OymeM Ha3bIBaTh MaTEPUHCKOM, a NOACU-
CTEMBI, COCTAB/AIOUIKE NONYPOBEHL — HOYEPHUMH.
IockompKy 1IpH ITepexozie OT BEPXHUX YPOBHEHN K HIX-~
HHM KOJIHYECTBO MOJCHCTEM PACTET, & 3HAYMT, PacTeT
¥ YHCJIO OTHOLICHH M MEXIY MOACKCTEMAMHM, PaCCMOT-
peHMe BCeX OTHOLIEHHI MEXIY BCEMU MOACUCTEMAMH
CUJIBHO yeIoXHgAeT Monenb. Llenecoofpa3Ho Ha Kax-
JIOM YPOBHE paccMaTpHBATh TOJBKO OTHOILEHHA MEX-
1y HOJCHCTEMaMU OXHOTO MOXYPOBHSA ¥ MEXIY 104ep-
HUMM NOACUCTEMAMH M MatepUHCKoil cucteMoil. [pu
3TOM OTHOILIEHUS MEXNY TTOXYPOBHSIMA YUUTHIBAIOTCH
Ha BEPXHHUX YPOBHSAX, KaK OTHOLIEHUS MEXIY MOICUC-
TeMaMH, TIOPOXAAIOLIMMHU TOAYPOBHU. JTO NO3BONAET
TIOHU3UTh CJIOXKHOCTh MOZEH.

TakuM 00pa3oM, HEpapXHUYECKYI0 MOAEIIb CIOXHOH
CHCTEMBI MOXHO MPEICTABUTH, KAK COBOKYITHOCTh MO-
zeneii moxyposHeit (sublevel) M (S,), kaxmnas u3 ko-
TOPHX COZEPXUT MOJEAb MAaTEPHHCKOW CHUCTEMBHI
M>(S), MHOXeCTBO MoJENeH 04ePHUX MONACHCTEM
{M¥(S)}; oTHOILIEHHE arperauuu R?, cBsizpIBaloliee Ma-
TEPHHCKYIO CUCTEMY C JOYEPHUMH, MHOXECTBO OTHO-
[HEHHWI acColMALIy MEXTY JOUYEPHUMHU MOACUCTEMA-
MH {R} ¥ MHOXECTBO OTHOLIEHHU 3aBUCHMOCTH {R,%}:

M8} =< M*{S),{M* (S}, R AR 1L{R}>.

Ha puc. 2 npeacrasieHa MoIenb CIOXHON CHCTe-
MBI B BHIIE Hepapxuy Mopeneit noayposHei. [Ing rnpo-
CTOTHI MTOKA3aHHI TOJLKO OTHOINEHHUA arperalyy U oT-
HOIUCHMSA acCCOLMalH.

OTHOIIEHM arperalyy, CBS3bIBAIOIINE MATCPUH-
CKYI0 CHCTEMY ¢ JOYEPHUMU MOICUCTEMAMH, COOTBET-
CTBYIOT TAKOMY NOHATHIO CHCTEMHOIO aHanu3a, KaK
“ocHoBadue Aexomio3uliuu”. CymecTByIOT CTaHAaPT-
HBIE OCHOBAaHMS JEKOMIIO3HIMH. TIpuMepsl CTaHmapT-
HBIX OCHOBaHMIl JEKOMITO3HUMY JUIS CHCTEM OPFaHM-
3aLHOHHO-TEXHONOTHYECKOrO THIIA (GH3HEC-CHCTEM):
“6U3HEC-CUCTEMA ~— MOJCHCTEMBI, COOTBETCTBYIOLIME
Pa3IMYHLIM BHAAM COLMATbHOM AeATENIBHOCTH (IIpo-
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Puc.2. Monenb CI0XHOM CUCTEMbI B BUAE MEPapXun Mogesnen
noAyposHen

W3BOACTBEHHAs , COLIMANbHAS, 3KONOTHYECKasd U T.4.)";
"ITPOU3BOACTBEHHAS CUCTEMA — TMOICHUCTEMBI, IPOU3-
BOLSLIME Pa3lTWYHbie BUABI KOHEYHOTrO TIPOAYKTa";
“NPOU3BOACTBEHHASA CHCTEMA — MOJICHCTEMBI, COOTBET-
CTBYIOLLHE 3TalaM XH3HEHHOTO LIMKJIA IPOU3BOICTBA".

OTHOLIEHHS aCCOLHALIMH CBA3LIBAIOT TIOACUCTEMEL
MOAYPOBHA MEXY COGO0M M C BHEITHUMHU MOACHCTEMA-
mu. [Ipu nepexojie Ha cneAyIONIMIA, 60JICE HIKHIA YPO-
BEHb MepPapXUH BHENIHUE OTHOLIEHHUS MOTYT AEKOMIIO-
3UPOBATHCH, T.€. PACIANaThCS Ha HECKOJIBKO 60siee Me-
KHX, WIM [eJTUKOM MEPeXoIuTh Ha CAeAYIOWUHA ypo-
BeHb. K OTHOLICHUAM acCOLMaLMK OTHOCATCS: OTHO-
[IEHUS KOMMYHHMKAIMY (TIOTOKH), 3aKII0Yaouecs B
nepegaye BelleCTBa, YIHEPTMH, WHOOPMALIMH; NTPO-
CTPAHCTBEHHBIE OTHOLIEHHUS; BpeMEHHbIE OTHOLIEHH S,
pasHoO6pasHEIe IMITHPUYECKUE OTHOIICHHS. Kiacch
ONMCAHMii TUINOBEIX aCCOLIMALIMIA, KaK M CTAHAAPTHBIE
OCHOBaHMs NEKOMIIO3UIIMH XpaHATCA B OMOIMOTEKE
THIIOBEIX MOJIEJIEH.

OTHOLIEHUS 3aBUCUMOCTH YCTaHABIMBAIOTCS MEX-
1y aTpubyTaMH MOACUCTEM, BXOAALIMX B [IOXYDOBEHb,
arpubyTaMy OTHOWIEHUH acCOLMALMHM, a TAKKE aTpH-
GyTaMi MaTepUHCKOMH CHCTEMBI, TOPOAUBLLEH TOXYPO-
BeHb. JlaHHBIH BUX OTHOIIEHUIA UCNONB3YeTCH WIS CO-
[aCOBAHHUSA BAPUAHTOB ITOICHCTEM APYT € APYTOM M C
BADMAHTOM MAaTePMHCKOH CHUCTEMBI. J1ByXypOBHEBYIO
MOJIeNb, B KOTOPO} MaTepHHCKas CUCTEMa, pacIofio-
KEHHAS HAa BEPXHEM YPOBHE, HAKNAJBIBACT OrPAHHYC-
HUA Ha JOYepHHE MOJCUCTEMBI, PacIioNoXeHHEIE Ha
HUXHEM YPOBHE, MOXHO OTHECTH K SLICTOHHOM Hepap-
xud o knaccuduxanui Mecaposuya [4]. Mopenu fa-
HOT'O THIIA Ha3hIBAIOT TaKXe KOOPOUHALMOHHBIMU.

BynieM pasnuyaTs Cieylonue THIIB! 3aBUCHMOCTEH,
BKJIIOYAaEMBbIX B MOJIENIb HOAYpoBHS (puC. 3):

—  medcypogHegbie, CBA3LIBAIONINE TIAPAMETPBI NOACH-
CTeM C IapaMeTpaMyu MaTepUHCKO# cucteMbl. [Ipu-
MEPOM ABJISIETCS 3aBUCHMOCTB 3aTPAT MATEPUHCKO
CHCTEMBI OT 3aTpaT OTHENBLHBIX TIOACHCTEM, OIpe-
JiensfeMas KaK CyMMa,

~  MexwnodcucmemHble, OTpaXalouye B3auMHOE BJIM-
STHHE IOJICUCTEM, BXONAIIMX B IOAYPOBEHb. BTO Tak
Ha3bIBacMbIA OajlaHC BXOJ0B-BBIXOHOB NOACHCTEM.
[puMep: 066eM MPOTYKLMH, TPOU3BOIUMOM HEKO-
TOPO# NMOINCUCTEMOM, JOAXEeH OHITb PaBeH 00BEMY
TPOAYKLHMH, TOCTYALIE!H HA BXOJ APYroii MoAcH-
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Puc. 3. Mogens 3aB1cuMocTest napameTpos nogyposH

CTEMbI, YMHOXEHHOMY Ha KO3GOHLUEHT OTEPS,

BO3HUKAIOIIHUX IIPH Nepejave.

Jlns HaXOXAEHUA ONITHMANBHOTO BAPHAHTA YIOY-
POBH, T.€. ONTUMAILHOIO COYETAHHS BAPUAHTOB MO~
CHCTEM, YHOBJIETBOPAIOLIETO TPEeOOBAHHUAM, IPEBSB-
JIIEMBIM MATEPUHCKOM CHCTEMOM, HEOOXONHMMO BHIO-
paTh KpUTEPHIi NIOLYPOBHS M HATOXMTh OrpaHHYEHHUA.
B xayectBe kpurepus 3 dheKTHBHOCTH MOAYPOBHS, KK
TPaBUIIO, BHIGUPACTCS KPUTEPUIA MATEPHHCKOM CHCTe-
MBI, JUISL KOTOPOTO 33[1aHa 3aBUCUMOCTD OT JIOKATBHEIX
KPHUTEPHEB NOACHCTEM B BUZIE HEKOTOPO¥ 000OLIEHHOM!
OYHKIMH:

=F(x,, x.,..),

Te X, — KPUTEDUi MONYPOBHSA, X, xZ, ... — 1o~
KANbHBIE KPUTEPUH TMOZCHCTEM.

OrpaHuueHus MOTYT GLITh JBYX BUTIOB: Mexcnodcu-
CMmeMHbie M MexcypogHeeble (TaK Ha3bIBAEMbiE, COBOKYII-
Hble). B Ka4ecTBe MEPBBIX BHICTYIAIOT MEXIIOACHCTEM-
HBI€ 3aBUCKMOCTH. B KauecTBe BTOPHIX — OTpAHMYECHHS,
HAKJIaIbIBaEMble Ha MapaMeTphl MaTEPHHCKOM CHCTe-
MBI, KOTOPHE BISIOTCS QYHKIMEH MapaMeTpoB Mok~
cucteM. ONTUMATBHBIM ABISETCH TAKOE COYETAHME Ba-
PHAHTOB MOACHCTEM, IS KOTOPOTO BHINOJIHIIOTCH
MEXITOACUCTEMHBIC M COBOKYIIHBIE OTPAHHYEHMS U [IPH

3TOM KPHTEpHIl NOAYPOBHS AOCTHIAET CBOETO HAMMYY-
IIEro 3HaueHus. [ HaxoXIeHHd ONTUMATLHOTIO Ba-
PHAHTa TIOAYPOBHS MOTYT UCIIONB30BATLCA TIPOHEIY DB
KOOPAMHAIIMHK. ABTOpaMH pa3paboTaHBl ABE ITPOLEAY-
PBl KOODAMUHALMU; METON "KOPPEKTUPOBKH 6E3YCIOB-
HO OIITUMANILHOTO BapHaHTa" U "BONHOBOM" MeToX [3].

HJ nofnepXKu OMMCAHHOTO METONA MOCTPOCHUS
HepapxuyYecKoil 00beKTHOM MOAeH COXHOMN cucTe-
MBI CHPOCKTHPOBAH HHCTPYMEHTANBHBIA KOMIUIEKC
Engine 2.0. Mozens cioxHoit cucteMsl, popMupyeMas
¢ nomoupio Engine 2.0, conepXHT HEKOTOphIE KaHO-
Huyeckue nuarpammMbl UML, a Takke HEKOTOpHIE O-
TIOJTHUTENIBHEIE THATPAMMBl M METOMIH, TIO3BOJISIONIHE
UCIIOIb30BaTh JeKJIapaTUBHYIO MOIETh CHCTEMBI IS
TCHEPUPOBAHMSA Pa3TUYHHIX BaPHAHTOB peaU3alUu
CHCTEMBI U ¢¢ KOMIIOHEHT ¥ Bhibopa HauboNee nepc- -
NEKTUBHBIX BADHAHTOB. KOMILIEKC TO3BONMAET UCTIOND-
30BaTh MPH CO3XAHUU MoJeTU GUOIHOTEXH KIACCOB
ONMCaHHW KOMITOHEHT CHCTEMBI, TIPEJOCTABAAET BO3-
MOXHOCTb OIHOBPEMEHHOH paboThHl HAJl MPOEKTOM He-
CKOJIBKUX IOJIB30BATE e, HMITOPT/3KCTIOPT MPOEKTOB
Y UX Yacteit. B HacTodllee BpeMs yXe pealH3oBaHa
MWIOTHAS BEPCUA CHCTEMBIL.

H3noxeHHast METOIOJIOTHS TIpeIHA3HAYEHA, TIPEX-
JI€ BCETO, /11 NPOCKTUPOBAHHUSA CIOXHEIX OpTaHH3aLIH-
OHHO-TEXHONOIMYESCKUX CHCTEM Ha PAaHHHX 3Tarnax (Ha
JTanax KOHUENTyanu3auun). TeXHOMOTHS MPOEKTHPO-
BAHWA [IPH 3TOM PaCCMATPHBAETCH KaK aBTOMATH3NPO-
BaHHAsA TEXHOJIOTUA NO3TATHOTO POPMHPOBAHUA KOM-
TIEKCHOM MOJENY CNOXHOM CHCTEMEI ¢ HCIOJIL30Ba-
HHEM SKCTIEPTHHIX 3HaHUI 00 OTIEIbHBIX BUIAX CIOX-
HBIX CHCTEM M UX KOMITOHEHT, XpaHHUMEIX B BUIE O16-
JIMOTEX TUMOBHLIX Mojeneil. basoBbie HaeH 00BEKTHO-
ODHEHTUPOBAHHOHN CHCTEMHOM METONONOTHH GBUIN
WCIIOAB30BAHHK IS PEILICHUS psAZia TIPAKTHYECKHX 3a-
a4, B TOM YHCJIE JUTSl COBEPIIEHCTBOBAHMS AEATENbHO-
cti Tomckoro TexHonapka [3, 5], npu pa3paGoTke Ipo-
IpaMMBI 3HEPreTHYECKOoH 6e301aCHOCTH perioHa [ 3, 6],
nporpaMMsl 3HeprocOepexenns Tomcxoit obnacTy,
[IPOTPAMMEI COILIHATBHO-3KOHOMHYECKOTO Pa3BUTHA
peryoHa [3].
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