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BBenenue

CAIIP — »9TO aBTOMATU3UPOBAHHBIE CHUCTEMBI, KOTOpPbIE€ IPHU3BAHBI
pea30BBIBaTh Ty WJIM HHYH HWH(QOPMAIMOHHYIO TEXHOJIOTHIO OCYIICCTBICHUS
npoekTupoBanus. Ha mpakTuke OHU MPEJICTABISIOT COOOM TEXHUYECKUE CUCTEMBI,
MO3BOJISIONINE, TAKUM 00pa30M, aBTOMAaTU3UPOBATh, 00ECTICUNTh HE3aBUCUMOE OT
yenoBeka GyHKIIMOHUPOBAHUE MPOIECCOB, COCTABIAIONIMX Pa3paboTKy MPOEKTOB.
B 3aBucumoctu ot koHTekcTa nog CAIIP MokeT ITOHUMAThCS:

- IPOrpaMMHOE OOECIIEYeHHE, MCTIOIb3yeMOe B Ka4eCTBE OCHOBHOTO JJIEMEHTA
COOTBETCTBYIOIICH HH(PPACTPYKTYPHI;

- COBOKYMHOCTh KaJIpOBBIX M TEXHMUYECKHX CHCTeM (BKJIOYas Te, 4YTO
npeanonarator  3aneiictBoBanne CAIIP B Buae I10), npuMeHseMbIX
MPEANPUATACM B IEJIIX aBTOMATHU3aIUH Pa3pad0TKH MPOEKTOB.

Takum 00pa3oM, MOXHO BBIJCIUTH OOJEe MIUPOKYID U Y3KYIO TPAKTOBKY
TEPMHUHA, O KOTOPOM HIET peub. K mpumepy, B KOHTEKCTE OTIEIHHO B3STOTO
npousBoacTBeHHOTO Tiexa moj CAIIP, BepositHO, OyneT MOHUMATHCSI KOHKpPETHAsS
nporpaMma Jjisi aBTOMaTU3UPOBAHHOTO TpoeKTUpoBaHus. Ecinu peub uaer o
CTpaTEeru4eCcKOM IUIAHUPOBAHUU PA3BUTUS NMPEANPUATHS, TAHHOE MOHITHE OYyJIeT,
BEpPOSITHO, COOTBETCTBOBATH 0o0Jiee MacITaOHON HHPPACTPYKTYype, 3aeHCTByeMOM
B LEJISIX NOBBIIIEHUS 3()()EKTUBHOCTH pa3padOTKH Pa3INUHbIX TPOEKTOB.

CAIIP — »T10 ab0peBuarypa, KOTOpas M paclIu(ppOBHIBATHCS MOXET IIO-
pazHoMy. B oOmem cimydae OHa COOTBETCTBYET CIIOBOCOUYETAHUIO «CHCTEMa
aBTOMATHU3UPOBAHHOTO MPOCKTUPOBAHUMY). BMecTe ¢ TeM ecTh U Ipyrue BapuaHThI
paci@poBKU COOTBETCTBYIOIIEH ad00peBuarypnl. Hanmpumep, oHa MOXKET 3BydYaTh
KaK «CHUCTEeMa aBTOMAaTH3aIlu1 MTPOEKTHBIX PadbOoT».

Henu cozoanusn CAIIP

['maBHass menp paspabotkun CAIIP — mnoBeimenne 3¢ddexTuBHOCTH Tpyaa
CTIEIUATIMCTOB MPEANPHUSITHS, PEIIAIONTUX PA3INYHbIC TPOU3BOACTBEHHBIC 3aa4H.
B uyacTHOCTH, CBsI3aHHBIE C WHXXEHEPHBIM NPOCKTHUpOBaHHEM. I[loBbIIeHUE
3¢ (HEKTUBHOCTH B IAaHHOM CITy4ae MOYKET OCYIIECTBIISTHCS 3a CUET:

- CHIKECHHSI TPYTOEMKOCTH TPOIecca MPOSKTUPOBAHUS Ha MPOU3BOJICTBE;

- COKpaIlleHHUsI CPOKOB PeaTu3allii IPOEKTOB;

- CHWKCHHSI ce0ECTOMMOCTH MPOEKTHBIX paboT, a TaKkKe U3EPIKEK, CBSI3aHHBIX
C JKCIUTyaTalluew;

- oOecrnieueH s TIOBBINIEHUS KaueCTBa MHPPACTPYKTYPHI IPOSKTHPOBAHUS;

- CHIDKCHHUSI U3/ICPIKEK Ha MOJISTMPOBAHUE, a TAK)KE TPOBEICHUE UCTIBITAHUM.

CAIIP — »93TO UWHCTPYMEHT, TIO3BOJSIONUN JOOUTHCS  OTMEUEHHBIX
NIPEUMYIIECTB 32 CUET:



- aBTOMATHU3alUH JOKYMEHTAIINH;

- 3¢ hexTUBHON MHPOPMALIMOHHON MOAJIEPKKU CHEIUATUCTOB, YYACTBYIOLIUX B
pa3paboTKe MPOEKTOB;

- IPUMEHEHHUsI KOHIIETIINI MapajuieIbHOr0 MPOEKTUPOBAHMUS;

- yHU(DUKAITUN PA3TUYHBIX PEIICHUM;

- OCYILECTBIIEHUSI CTPATErMYE€CKOr0 NPOEKTUPOBAHUS;

- TPUMEHEHHUS MAaTeMaTUYECKOr0 MOJECIUPOBAHUS KaK aJbTE€PHATUBBI
JIOPOTOCTOSIIIIUM UCIIBITAHUSIM;

- MOBBIIIEHUS Ka4€CTBA MPOLIECCOB YIIPABJICHUS OU3HECOM;

- ONITUMU3AIMU METOJIOB TPOCKTUPOBAHMSL.

Komnonentsl CAIIP.
PaccmoTpum ctpyktypy CAIIP Ha npumepe cUCTEMBI aBTOMAaTU3UPOBAHHOTO

IPOEKTUPOBAHMS TEXHOJIOTMUECKUX IPOLECCOB, 3Ta CUCTEMA, MOXKET BKJIIOYAThH
CJIeIyIOIIME KOMIIOHEHTHI:

- KOMIUIEKC 3JIEMEHTOB aBTOMAaTH3all1H;

- IPOTrPAMMHO-TEXHUYECKYIO HH(PPACTPYKTYpY;

- METOJUYECKNE UHCTPYMEHTHI;

- BJIEMEHTHI OoAAEPKKHU PpyHKIroHaabHocTH CAIIP.

PacnpocTtpanen moaxoa, B COOTBETCTBUU C KOTOpbIM B cTpykrype CAIIP
CJIeIyeT BBIAEIATh Pa3IuvHbIe MOJACUCTEMbI. KITFOUeBBIMU TPUHATO CUUTATH!

- 00CITy’)KUBAIOLINE NOJICUCTEMBI, KOTOpbIE MO/JIEPKUBAIOT
(YHKIIMOHUPOBAaHME  OCHOBHBIX  IpoeKkTupymoomux  komnoHeHToB  CAIIP,
UHQPACTPYKTYphl, OTBEUAIOUIEH 3a 00pabOTKy AaHHBIX, nojaaepxkanue 110;

- IPOEKTUPYIOIIHE MOJACUCTEMBI, KOTOPbIE B 3aBUCUMOCTH OT COOTHECEHUS C
00BEKTOM pa3pabOTKU MOTYT OBbITh MPEACTABIECHbI C OOBEKTHBIMU 33/a4aMyu WIH
K€ MHBApUAHTHBIMH, TO €CTh CBSI3AHHBIE C PEATU3ALMEN KOHKPETHBIX MPOEKTOB
WJIH K€ C COBOKYITHOCTBIO HECKOJIBKHUX.

CAIIP — »53TO0 cucTeMbl, KOTOpbIE€ BKJIIOYAIOT B Ce€Osl OMpEeICHHbIE
(yHKIIMOHAJIbHBbIE KOMIIOHEHTHI. PaccMOTpUM X 0COOEHHOCTH.

ABTOMaTH3UPOBAHHOE  IPOCKTUPOBAHUE  CUCTEM  YIPABICHHUSI U
IPOMBIIIIIEHHON MHPPACTPYKTYpPHI, KAK MbI YK€ 3HA€M, COCTOUT U3 Pa3IMYHbIX
noacucreM. B cBOIO oyepenb, MX COCTaBISAIOIIMMH SBIISIFOTCS KOMIIOHEHTHI,
KOTOpbIe 00ecrneynBaloT (QYHKIMOHHUPOBAHUE COOTBETCTBYIOLIUX 3JIEMEHTOB
CAIIP. Hanpumep, 3T0O MOXET OBITh Ta WIM HWHAs Iporpamma, (paiin, anmapaTHoe
obOecnieuenne. KommoneHTsl, obOnagatoniye oOUMMH TMpU3HAKaMU, (POPMUPYIOT
CpeacTBa 00ecleueHus CUCTEM IPOEKTHpoBaHMs. TakoBble MOIYT OBIThH
IIPEICTABIICHBI CIEAYIOIMMHA OCHOBHBIMY PAa3HOBUIHOCTSIMH:



- TEXHHYECKUM 00€eCIeYyeHHEeM, KOTOPOE MPEACTaBIsAET COO0H COBOKYITHOCTD
pa3IMYHBIX TEXHUYECKHX CPEACTB, TaKUX KaK KOMIIBIOTEpBI, CETEBbIE
KOMIIOHEHTbI, U3MEPUTENbHbIE IPUOOPHL;

- MAaTE€MaTU4YEeCKUMH MOJEISIMH, KOTOpble OOBEIUHSIOT T€ WIM HHBIE
AJITOPUTMBI, UTO 33JCMCTBYIOTCS B LEJISIX PELICHUS Pa3InYHbIX 3a/1a4;

- IPOTPAMMHBIM 00€CTIeUeHNEM — CHUCTEMHBIM, IPUKJIaIHbIM;

- “H(QOPMAIIMOHHBIM O0ecTieueHnEeM, PEACTABISIONIUM COO0H COBOKYITHOCTh
pa3IMYHBIX JAHHBIX, YTO HEOOXOAUMBI B IEJIAX BHEAPEHUS POCKTUPOBAHNUS;

- JINHTBUCTUYECKUMH MOJEISIMH, MPEACTABIAIOLIMMU COOON COBOKYITHOCTb
pa3IMyYHBIX A3BIKOB, KoTopble mnpumeHsitorcss B CAIIP B memsx oTpaxeHus
CBEJICHUM O MPOEKTUPOBAHUU;

- METOJUYECKUM OOECIeUeHUEM, MPEACTABIAIONIUM COOOM COBOKYITHOCTh
nonxoqoB kK oOecneuenuto (yHkuunonupoBanusi CAIIP, pa3nuuHbIX MeETOAOB
non0dopa TEXHOJOTHYECKMX KOHIEMIMA Ui JOCTMKEHHS ONTHMAaJIbHBIX
pe3yabTaTOB MPU peaTn3alii TeX WM UHBIX MPOCKTOB;

- OpraHU3alMOHHBIM O00€CIEYEeHUEM, KOTOpPOE IPEACTABICHO IJIABHBIM
o0pa3oM  HMCTOYHMKaMH, KOTOpPbIE  OIpPENEISIOT  CTPYKTYpy  MPOEKTHOU
JOKYMEHTAIlMH, a TAK)K€ XapaKTEPUCTUKU CHUCTEMbl aBTOMATHU3allMM U TO, KaKUM
00pa3oM JTOJKHBI OTPAXKAThCS PE3YJIbTAThl Pea3alluy MIPOEKTOB.

ABTOMaTH3UPOBAHHBIE CUCTEMBbI MPOECKTUPOBAHUS, 00pabOTKH MHPOpMATUU
MOTYT OBITh KJIACCU(PUIMPOBAHBI MO Pa3IUYHbIM KpuTepusMm. PaccmoTpum ux
CHEU(UKY.

Kaaccudburkanusa CAIIP
B uwmcne pacnpocrpaHeHHbix kputepueB kiaccubukanuu CAIIP —
OTpAacJIEBOC HA3HAUYEHUE COOTBETCTBYIOIIMX CUCTEM. Tak, BHIICISAIOT:

- ABTOMATU3UPOBAHHOE MIPOEKTUPOBAHUE HHDPACTPYKTYPHI
MAIIMHOCTPOEHUSI;

- CAIIP nnst 51eKTpOHHOTO 000pYyI0OBaHUS;

- aBTOMAaTU3UPOBAHHOE MTPOCKTUPOBAHKE B Chepe CTPOUTENILCTBA.

[Tepseiit Tun cucrem CAIIP ncnonbs3yercsi B IIMPOKOM CIEKTPE OTpaciien —
B aBTOMOOUWJIECTPOEHUU, ABUACTPOCHUH, CYJOCTPOECHUHU, B CETMEHTAaX BBITYCKa
Pa3IMYHbBIX TOBapOB HapOJHOTO noTpeOIeHUS. CootBeTcTBytOIIAs
nH(PACTPYKTypa MPUMEHSIETCS B LEAX pa3pabO0TKH, KaK OTIETbHBIX JeTajeH, Tak
Y Pa3JIMYHBIX MEXaHU3MOB C HCIIOJIb30BAHUEM BCEBO3MOXKHBIX IMOJIXOJ0B B paMKax
[IapaMEeTPUUYECKOTO ITPOEKTUPOBAHUS, MOACIIUPOBAHUS.

Bropoit Tun CAIIP npumensercs i TPOEKTUPOBAHUS TOTOBOTO
AJIIEKTPOHHOTO O0OpYIOBaHMS, a TakKe OTACNIbHBIX €r0 3JEMEHTOB, HaIpUMEp
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IIPOLIECCOPOB, MHTErPAIBHBIX MHMKPOCXEM M IIPOYMX BHUJAOB aIIlapaTHOIO
obecrieueHus.

Tperuit Tun CAIIP 3ameiicTByeTCsl B LEISX MNPOCKTUPOBAHUSA Pa3IMYHBIX
31aHHUM, COOPY>KEHH I, 3JIEMEHTOB UH(PACTPYKTYPHI.

Crenyromuii KpuTepuid, MO KOTOPOMY MOTYT OBITH KJIACCHU(PHUIIMPOBAHBI
CHUCTEMBl ABTOMATHU3MPOBAHHOIO IIPOEKTUPOBAHMS, IPOIPAMMHUPOBAHUS,
neneBoe HazHaueHue CAIIP. Tak, BeIIEIsIOT:

- CpencTBa NPOEKTUPOBAHHUs, 3aJCHUCTBYEMbIE B LEIAX aBTOMAaTU3ALUU
JBYMEPHBIX JUOO TPEXMEPHBIX TECOMETPUUYECKUX MOJene, G(opMHUpOBaHUA
KOHCTPYKTOPCKOM IOKYMEHTAINU;

- CUCTEMBbI, IPUMEHSIEMBIE B 1EJIIX Pa3pabOTKH pa3IMUHbIX YEPTEKEH;

- CAIIP, co3nanHbIe 1711 TEOMETPUUECKOTO MOJIETMPOBAHUS;

- CHCTEMBI, IPEIHA3HAYEHHBIC JUIA aBTOMATU3alMM pPACYeTOB B pPaAMKaX
WHXEHEPHBIX IPOEKTOB, a TAK)KE TUHAMUYECKOTO MOJICIIMPOBAHUS;

- CAIIP, npenHa3HaueHHbIE U1l OCYIIECTBIEHUS KOMIIBIOTEPHOIO aHajau3a
Pa3IMYHBIX TAPAMETPOB IO IPOCKTAM;

- CpeacTBa aBTOMATU3alMU, MCIOJb3YEMBIE B LEIAX TEXHOJIOTHYECKON
ONTUMHU3ALNHN IIPOEKTOB;

- CAIIP, ucnionb3yemsle B LIEJIAX aBTOMATU3aLUH [JTAHUPOBAHUS.

CTOHUT OTMETUTD, YTO NAHHYIO KJIACCU(PHUKAIUIO CIETYET CYUTATh YCIOBHOM.

ABTOMATH3UPOBAHHASI CUCTEMA TEXHOJOTMYECKOIO MPOEKTUPOBAHUS MOXKET
BKJIIOUaTh B ce0si caMblili MIUPOKHM crekTp (QyHkumit. KoHKpeTHBIN mepedeHb
BO3MOKHOCTEHN CAIIP OIPEICIISIET, PEKIE BCETO, pa3paboTYuK
COOTBETCTBYIOIIEN cHCTEMBI. PaccMOTprM, Kakue B MPUHLMIE 3a4a4¥ OH MOYKET
perars.

Paspaborka CAIIP
[IpoexkTupoBaHne aBTOMATHU3HPOBAHHBIX CHUCTEM 00pabOTKH WH(OpPMAaIUH,

yIpaBiIeHUs, TPOrPaMMUPOBAHUS M PEATU3allMi UHBIX (DYHKIIMM, HaNpaBICHHbBIX
Ha MOBBIIEHHE YP(HEKTUBHOCTH Pa3pabOTKH MPOEKTOB B TEX WU WHBIX OTPACTSX,
— IPOLECC, KOTOPBIN XapaKTEpU3yeTCsl BBICOKUM YPOBHEM CIIOKHOCTH U TpeOyeT
OT €ro YYaCTHUKOB OCYILIECTBICHMS BIIO)KEHUS 3HAYUTENIBHBIX PECYPCOB —
TPYAOBBIX, (PMHAHCOBBIX. BBIAENAIOT HECKOJBKO OCHOBHBIX IPHUHLUIIOB, B
COOTBETCTBUH C KOTOPBIMH MOXET BecTuch pazpadborka CAIIP. B uncne TakoBbIX:

- YHU(UKALUS;

- KOMIUJIEKCHOCTB;

- OTKPBITOCTb;

- NHTEPAKTUBHOCTb.

PaccmoTpuM ux noapoOHee.



VYuudukanusa kak npuHun paspadorku CAIIP

Pabora ¢ cucteMaMu aBTOMaTU3MPOBAHHOTO MTPOEKTUPOBAHMS KaK Ha CTAANU
UX pa3paboTKM, Tak © B TEpPUOJ TOJb30BAHUSA  COOTBETCTBYIOIIEH
UHQPACTPYKTYpOH MpeanojiaraeT CleAOBaHUE HPUHYUNY VHUDUKAUUU, B

COOTBETCTBUU C KOTOPBIM, T€ WJIM WHBIE PEIICHUSI MOTYT OJMHAKOBO 3()h()EeKTUBHO
U IO CXOXHUM aJIrOPUTMaM BHEAPATHCA B PA3JIMUHBIX OTPACIAX NPOU3BOACTBA.
JIaHHBIN NPUHOMI IPEANOJIATAeT, YTO YEJIOBEK, MCIIOJIb3YIOIIMN 3HAKOMBIA €My
mMoaynbs CAIIP  wmm, K m#OpuMmepy, METOAMKY aBTOMAaTU3UPOBAHHOIO
POEKTUPOBAHMUS B OJHOW cpene, O0e3 Tpylda CMOXKET aJanTUpoBaTh HX K
cnenuduke IPUMEHEHUS! B UHBIX YCIOBUSIX.

VYuaudukamus CAIIP umeer 3HaueHWEe W C TOYKH 3PEHHUS Pa3BUTHUS
npennpusTis - pa3paboTdyMKa COOTBETCTBYIOLIEH CHCTeMbl: dYeM Ooiee
YHHUBEPCAJIbHBIMUA OYIyT MOAYJIH U MOAXOJbI, KOTOPHIE JTaHHBIM XO3SHCTBYIOIINN
CyOBEKT TpeiaraeT peIHKY, TeM 00Jiee HHTEHCUBHBIM MOXET OBITh €r0 POCT, TEM
BbIIlIE KOHKYPEHTOCIOCOOHOCTh M TOTOBHOCTH HOBBIX THOTpeduTeneil K
COTPYJIHHUYECTBY.

Crnenyromuyii TpUHUMUIL, KOTOPBIA XapaKTepU3yeT MPOLECC MPOEKTUPOBAHUS
aBTOMAaTU3UPOBAHHBIX CHCTEM, — KomniaekcHocms. OH Mpeanonaraer, 4ro

npousBoautesib CAIIP cMoxeT HafennTh CBOM NPOAYKT KOMIIOHEHTAMHU, KOTOPbIE
IIO3BOJIAT €ro ITOJIB30BATENI0 PEIaTh NOCTABJICHHBIE 3aJayd Ha CaMbIX Pa3HBIX
YPOBHSX peanu3anyu NpOoeKTa. JlaHHBIMA acleKT, BO3MOKHO, SABIISETCS KIHOYEBBIM
C TOYKH 3peHusi 0OecreueHus] KOHKYPEHTOCIIOCOOHOCTH MPOIYKTa U OCBOEHUS UM
HOBBIX pBIHKOB. HOo mpum 3TOM cieayer MMeTb B BHIYy, 4YTO JaXKE CaMble
KOMIIJIEKCHBIE PELICHUS JTOJDKHBI YAOBIJIETBOPATH MHBIM KJIFOYEBBIM IPUHLUIIAM
pazpabotku CAIIP.

Omxpbimocms B JTAHHOM KOHTEKCTE MOKET IIOHUMAThCA MO-Pa3HOMY, HO BO

BCEX CiydYasx ee wuHTeprnpeTanus Oyner ymecTHOM. PaspaboTka cuctemsl
aBTOMAaTU3UPOBAHHOTO IIPOEKTUPOBAHMUS — IPOLECC, KOTOPBIM AOJDKEH MPEkKIE
BCEr0 XapaKTepU30BaThbCA OTKPHITOCTBIO C TOYKM 3peHUs (POPMUPOBAHUS
obpartHoii cBsi3u Mexy npousBoauteneM CAIIP u ee monb3oBarensmu. Yesnonek,
3aJICCTBYIOIIMI COOTBETCTBYIOILYI) CHUCTEMY, JOJDKEH HMETh BO3MOYKHOCTH
uHQOPMUPOBATH €€ pa3pabOTUMKa O BBISBIECHHBIX MpoOJeMax, OCOOEHHOCTSX
¢dbyukuuonupoBanusi CAIIP B pa3iauyHbIX YCIOBUSIX, IepenaBaTb OpeHay-
IIPOU3BOIUTEIIIO CBOM ITOKENAHU KaCaTEIbHO YJIyYIIEHUS IPOAYKTA.

OtkpsiTocTh B pa3paborke CAIIP Takxke MOXET BbIpa)KaThCsl B TOTOBHOCTH
IPOU3BOJMTEN  OCYIIECTBIIATh AKTHBHBII MOHUTOPUHI  TE€XHOJOTMYECKHX
pa3paboTOK, B TOM YHUCJIE OT KOHKYPHUPYIOLUIUX MPOU3BOJUTENEH, OTCIECKUBATDH
pasiuyHble TpeHpl. B 1aHHOM cilydae Beylyto poJib B OM3HECe MOTYT UTpaTh He
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TOJIBKO TEXHOJIOTUYECKUE TMOApA3JeIeHUs, HO, K MpPUMEPY, MapKeTOJIOTH
KOMIIAaHUM, cnenuanuctel 1o PR, MeHemxkepbl, oTBedarolue 3a NEeperoBOpsl
(GupMBI C MapTHEPAMHU.

OtxpsiTOoCcTh NpH pa3padoTke CAIIP — 310 Takke roTOBHOCTH pa3zpaboTunKa
COOTBETCTBYIOIIEH CHCTEMbI K MNPSIMOMY OHAJIOTY C JPYTUMHU IOCTABIIWKAMH,
KOTOpBIE OISATH € MOTyT OBITh €ro MpsMbIMA KOHKypeHTamu. OOMeH
TEXHOJOTHSIMH, TO3BOJISIONIMMH CO3[aBaTh MPOAYKTBI, TOCPEICTBOM KOTOPBIX
MOJKET OBITh OCYIIECTBICHO 3()(PEKTUBHOE aBTOMATU3MPOBAHHOE MPOEKTUPOBAHNE
CUCTEM  YNpaBJIEHMs, MPOMBILUIEHHONM  MHQPACTPYKTYpBl,  HMHKEHEPHBIX
pa3paboOTOK,  Takke  SBISIETCS ~ 3HAUYUMBIM  (DAaKTOPOM  IOBBILICHMS
KOHKypeHTocnocoOHocTH OpeHaa, noctasisitomiero CAIIP B Tex wnM MHBIX
CErMEHTaXx pPhIHKA.

Cnenyrommii BaxxHeWmmid npuHumn co3nanus CAIIP — unmepaxkmusnocmo.

OH mpearnonaraeT, IpeXkAe BCEro CO3/AaHHE Pa3padOTUYMKOM COOTBETCTBYIOIIMX
cucteM  HMHTEep(EHCOB,  MaKCUMalbHO  OOJEryaroumMx  MOpoUeaypy  HX
3a/ICCTBOBAaHUSl 4YEJIOBEKOM, a TakKKe OCYIIECTBICHUS UM HEOOXOJIMMBIX
KOMMYHHUKAIMK ¢ IpyruMu noJib3oatensimu CAIIP.

Eme oauH acmekT HMHTEpPAKTUBHOCTH — OOECreYeHue B HEOOXOIUMBIX
CIydasX  B3aUMOJICUCTBUS ~ MEXAY  Pa3IWYHBIMH  MOXIYJSIMH  CHUCTEM
aBTOMATHU3HPOBAHHOTO MPOEKTUPOBAHUS B pamKax dbopMupoBaHUS
IPOM3BOJCTBEHHON HHPPACTPYKTYPHI.

MOXHO OTMETUTh, YTO MPUHIIUN WHTEPAKTHBHOCTH TECHO CBSI3aH C TEPBBIM
— yHudukanuei. /leao B Tom, 4To OOMEH NaHHBIMU B paMKax TeX WJIM HUHBIX
WHTEPAKTUBHBIX mpouenyp Haubosee 3hPeKTUBHBIM OyaeT NpH  YCIOBUU
HEOOXOAMMOW CTAaHIAPTU3ALMK B3aMMOJCHUCTBUS MEXKAY TEMH WIHA HHBIMU
CyOBbKTaMH. OTO MOXET BbIpaXkaTtbcsi B yHU(DuKanuu (QaitnoBeix (popmartos,
JIOKYMEHTOB, MPOLEYP, A3bIKa, HHKEHEPHBIX MOAXOA0B MpU pa3padOTKe TeX WU
WHBIX TTPOCKTOB.

Oco0enHo 60JbIIOE 3HAUEHUE paccMaTpuBaeMblil nmpuHimn urpaet B CAIIP,
MOCPEJICTBOM KOTOPBIX OCYILECTBIISETCS aBTOMATU3UPOBAHHOE MPOECKTUPOBAHUE
uHpopmaimonHsix cucteMm. [lannas chepa npumenenuss CAIIP xapakrepusyercs,
B YACTHOCTH, BBICOKOW CTETEHbIO MOTPEOHOCTH MOJIb30BATENEH COOTBETCTBYIOIIEH
UHOPACTPYKTYPHI:

- B PETYJIAPHOM, TUHAMHUYHOM B3aWMOJICUCTBUU MEXKIY COOO;

- obecrieueHNH CBsI3el Mex Ty OonbIIM KommdecTBoM moyneir CAIIP;

- OCYIIECTBICHUH ONTUMHU3AINH PA3INYHBIX HHTEPAKTUBHBIX MPOIEAYD;

- onepaTuBHOM (GOPMHUPOBAHUU OTYETHOCTH.



Tompk0  TpW  yCIOBHM  JOCTaTOYHOW  MHTEPAKTUBHOCTH  CHCTEM
aBTOMATHU3WPOBAHHOIO MPOEKTHUPOBAHUS MOJIb30BATENN BIIPABE PACCUMTHIBATH HA
s dexTUBHOE pellieHre MoA00HBIX TPOU3BOICTBEHHBIX 3a/1a4.

Tpu yposus CAIIP
Onna u3 BaxkHenmux 3agau coBpeMeHHbIX CAIIP — n306aButh MHXeHepa OT

PYTUHHOM pabOTHI, MPEIOCTABUTh €My BO3MOKHOCTH 3aHHMATHCS TBOPUYECKHUMHU
npoueccamu. Ceilyac 3aBoJibl UCMONB3YIOT Oouibllyto HOMeHkiatypy CAIIP: ot
HEOOJIbIINX TpaUuecKuX IPOrpamMm 0 MOIIHBIX CIIEHHUATU3UPOBAHHBIX TAKETOB.
Hx croumMocTh KOJeOJIeTCs OT CTa JO HECKOJBKHUX JIECSITKOB ThHICSY JOJIJIApOB 32
onHO pabouee mecTo. B 3aBHCHMMOCTH OT BO3MOXHOCTEH, a COOTBETCTBEHHO U
ctouMocTH, coBpemeHHble CAIIP MOXHO YCIOBHO pa30UTh Ha TpPU YpPOBHS:
HIDKHHAM, CPETHUW M BBICIIMU. /[eleHne Ha ypOBHH B CHELMAJIBHOW JUTEpAType
MPOU3BOIAT OO IO UX BO3ZMOXKHOCTSIM, JIMOO TIO cTOoMMOCTH, HarpuMmep: 10 1000
nomn., ot 1000 mo 10 000 gomi., ceeime 10 000 got.

[Tpu pazneneHun Mo BOZMOXKHOCTSIM MPEANOIAraeTcs, YT0 CUCTEMbl HUXKHETO
ypoBHsi  (Hanmpumep, AutoCAD, VersaCAD, CADKEY) o0ecneunBaroT
BBITMIOJTHEHHE YEPTEHKHBIX padoT.

Cucrembr cpennero ypoBHs (Hampumep, T-FLEX CAD, SolidEdge)
COKpAI[AIOT CPOKHU BBIMYCKa JOKYMEHTAlMM U BpeMs Pa3pabOTKH MPOEKTOB 3a
CYeT AaBTOMATHU3AllMM  BBIMYCKAa KOHCTPYKTOPCKOW M  TEXHOJOTHYECKOU
JOKyMEHTAIlMU, IPOrpaMMHUPOBaHUs, 00pabOTKU 3aroToBOoK Ha ctaHkax ¢ YIIVY.
OTU CHUCTEMBbl MO3BOJSIOT CO3[aTh OOBEMHYIO MOJEIb M3JEIHs, MO KOTOPOU
OMPENENSAI0TCS UHEPLIMOHHO-MACCOBBIE, MPOYHOCTHBIE U HMHbBIE XapaKTEPUCTHKH,
KOHTPOJIUPYETCS B3aMMHOE PACIOJIOKEHUE JIeTajell, MOJEIUPYIOTCS BCE BHUJIbI
UITY-00paboTku, oTpabaTbiBaeTCs BHEUIHUM BUJ 10 (POTOPEATUCTUUYHBIM
U300paXeHHsIM, BBIMyCKaeTcsa JokyMeHTanus. Kpome Ttoro, oOecneunBaercs
yIOpaBiIeHUE  NpPOEKTaMH Ha  0a3e  AJNEKTPOHHOIO  JTOKyMEHTOOOOpOTa.
DKOHOMHMYECKH ~ 3(DPexkT  CcOCTOMT B MHOIOKPaTHOM  MOBBIIICHUU
MPOU3BOAUTENILHOCTU TPYla IPU PE3KOM COKPAILIEHUU OLIMOOK U COOTBETCTBEHHO
B YJIYYILIEHUH KaueCcTBa U3EIHM.

Cuctemsnl Boiciiero ypoBHs (EDS Unigraphics, Pro/Engineer, CATIA wunu
CADDS) o0ecrneuynBarOT WHTETPAlUIO BCErO IMKJIA CO3JaHUS W3ACTUS OT
IPOEKTUPOBAHHUS, TOATOTOBKU K MPOU3BOJICTBY /10 U3rOTOBIECHUSA. OHU MO3BOJSIOT
KOHCTPYHpPOBaTh JETall C Yy4eToM OCOOEHHOCTeW Marepuana (IiacTMmacca,
METaJUIMYECKUI JIMCT), MPOBOAUTH NUHAMMYECKUN aHanu3 cOOpPKUA ¢ MMHUTaLUEn
COOpPOYHBIX MPHUCHIOCOOJIEHU W MHCTPYMEHTA, MPOEKTUPOBATH OCHACTKY C
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MOJICTMPOBAHUEM IIPOIIECCOB HW3TOTOBJICHHS (IITAMIIOBKH, JUThS, THOKH), YTO
UCKJIIOYaeT Opak B OCHACTKE M JelaeT HEHYXHBIM HM3TrOTOBJICHHME HATYPHBIX
MAaKE€TOB, TO €CTh 3HAYUTEILHO YMEHBIIAIOTCA 3aTPaThl U BpeMsl Ha MOJATOTOBKY K
MpOM3BOACTBY u3Aenud. Ilporpammbl Marematuueckoro ananusza Takux CAIIP
MOTYT BKJIKOYaTh IPOYHOCTHOW, KHUHEMATUYECKMA W JUHAMUYECKUU aHaJn3.
MopenupoBanue MexaHOOOpPaOOTKH IO3BOJISIET OICHUTHh KAadyeCTBO JeTajel ¢
TOYKH 3peHUS uX AePopMmaruu. DKOHOMUYECKUH H(P(PEKT MOAOOHBIX CHCTEM
3aBUCUT OT pa3Mepa 3apiuiaThl KOHCTPYKTOpA WJIM TEXHOJOTa W HABBIKOB
ncnoab3oBanus CAIIP.

MoayJbHblil npuHuMn nocrpoennst CAITP
3HauuTenbHasd yacTb coBpeMeHHbIX CAIIP coCTOUT U3 HECKOJIBKHX MOJYJICH:

cOOpKH, MeXaHOOOPaOOTKH, YMpPABICHUS WHXKEHEPHBIMH JaHHBIMM U T.I. MX
oObeuHsIeT oOIas METOAOJOTHS M HMHCTPYMEHTalbHbIE CpeicTBa. Bricokas
CTEeNEeHb UHTErPAlliy MOyJIeH KOHCTPYUPOBAHHS M TEXHOJIOTHUYECKON MOATOTOBKU
MPOU3BOJICTBA oOecreunBaeT mnpeoOpazoBaHue rpaduyeckord uHpopMarmu 00
00beKkTe B TaOJUYHYIO, UCHOJIB3YEMYIO MIPU TEXHOJOTUYECKOM MPOEKTHUPOBAHUU.
['eomerpuueckue O0OBEKTHI, UMEIoIIre MaTEeMaTUYECKOe oInuCcaHue,
anMpPOKCUMUPYIOTCS C 33JaHHONW TOYHOCTHIO KPUBBIMU M TIOBEPXHOCTSIMH.

OObeauHeHne MOIyiel KOHCTPYKTOPCKUX U TEXHOJIOTUYECKUX pa3pabOTOK B
ennHyt0 CAIIP cHMxaer CTOMMOCTP M YMEHBLIAET BPEMsS BbIXOJAa HOBOM
OPOAYKIIMM Ha PBIHOK, MO3BOJIIET KOHCTPYHUPOBaTh JETald C YYETOM HX
TEXHOJIOTUYHOCTH M MCHOJB3YyeMOro Marepuana (IJlacTMacca, METaUIMYeCKUn
JIUCT).

MopynbHas apxutrektypa CAIIP oOnerdaer pacmmpeHue CUCTEMBI H
aJlanTUPOBAHUE €€ B COOTBETCTBUU C TPEOOBAHUSMHU IMOJIb30BATEINSI, MO3BOJSET
npuoOpeTaTh TOJBKO HeoOxoammbie KommoHeHTHl. Muorue CAIIP cHaGxeHbl
KOHTEKCTHO-3aBUCUMBIMHU CIPABOYHUKAMH U COOCTBEHHBIMH 0a3aMU JaHHBIX WU
npejyaraT uHTepdenc ¢ CyIecTBYIOMMMU 0a3aMH TaHHBIX.

CHcTeMbI ABTOMATHYECKOI0 MPOEKTHPOBAHHUS /IS MAIIHHOCTPOUTEILHOIQ
KOMILJIEKCa.

Ilonsitue CAD, CAM, CAE

JIns1 COBpEMEHHOTO MPOU3BOJICTBA XaPAKTEPHO MCIOJIb30BAHUE KOMITBIOTEPHOMN

TEXHUKH Ha BCEX YPOBHAX. OTO OCYIIECTBISICTCS Ha 0a3e TaK Ha3bIBAEMBIX
CAD/CAM/CAE cucrem.

CAD (Computer Aided Design) - koMnblOTEPHAs MOMOIIb MPOCKTUPOBAHUIO.

Camass ocHoBHas ¢yakuuss CAD - ompeneneHue TE€OMETPUH KOHCTPYKIIHH,
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IIOCKOJIbKY T€OMETPHUsI ONpENessieT BCE MOCIEAYIOIIME 3Tallbl KU3HEHHOIO ILIHKIIA
NPOAYKTa W SIBISIETCSI OCHOBOM [JI MOCJIEIYIOLIETO HCIOJb30BAaHUS B CHUCTEMAX
CAM u CAE.

CAM (Computer Aided Manufacturing) - KOMIBIOTEPHAS MOMOIIb
n3roroBienuto. Cucrembl CAM wucnomnb3yercs Jisl MJIAHUPOBAHUS, YIPABICHUS U
KOHTPOJISL Omepanuii mpou3BojicTBa. Hanbonee BaXKHBIM Ka4€CTBOM JTHUX CHUCTEMBI
SIBJSIETCSI  CTIIOCOOHOCTh aBTOMATHU3MPOBATH PACUEThl TPACKTOPHUI TEepeMenieHus
UHCTpYMEHTa Jyist 00paboTku Ha ctankax ¢ UITY.

CAE (Computer Aided Engineering) - KoMIbIOTEpHasi MOMOIb, UHKECHEPUH.
CAE - 310 Texnonorus ajns aHanuza reomerpun CAD, MonenupoBaHusi U U3y4eHUs
MOBEJACHUSI TMPOAYKTa, pEUICHUS PpPAa3IMYHbIX WHXXEHEPHBIX 3a1ad  (pacyer
KOHCTPYKTUBHON TPOYHOCTH, HATrpy3KH, HanpsDKeHHs, AedopMaivu, aHaJn3
TEIIOBBIX MPOLIECCOB, PACUET TUAPABINYECKUX CUCTEM U MEXAHU3MOB U Jp.).

CAD/CAM/CAE cucteMsl YCI0OBHO JIETATCS HA TPU KAaTETOPHUU:

CucremMbl HUZKHET0 YPOBHSI (JIETKHME CHCTEMBbI) MpPEIHA3HAYE€Hbl B OCHOBHOM
JUIS.  BBIIIOJIHEHUSI 4YEPTEKEHW, aBTOMATHU3alMHU BBIYCKA KOHCTPYKTOPCKOW U
TE€XHOJIOTUYECKOW JTOKYMEHTALUH, JIBYXMEPHOIO MOJEIUPOBAHUS U TPEXMEPHBIX
nocTpoeHuit. CUCTEMBI IPOCTHI B UCIIOJIb30BAHUU, COAEPKAT MHOXKECTBO OMOIMOTEK
CTAaHJAPTHBIX JJIEMEHTOB, MOJCPKUBAIOT PA3IUYHBIC CTaHAAPTHI O(OPMIICHHUS
rpaduyueckoil TOKyMEeHTalUu.

Hcnonp3oBaHue 3TUX CHUCTEM TMIO3BOJISIET COKPAaTHTh BpeMs pa3pabOTKu
MIPOEKTa, HO HE TapaHTUPYIOT MPOCKTUPOBIIUKOB OT OIMMOOK JaKe TMPH IOJTHOM
cootBeTcTBUM qokyMeHTauuu ECKJ u ECT/I.

CucreMbl cpeHero YpoBHs MpeaHa3HAYEHBI 1JIs1 CO3/1aHUs] 00bEMHON MOJEIH
U3JIeNusl, MPOEKTUPOBAHUSL COOPOYHBIX EIUHUI[ CPEIHEr0 YPOBHSA CJIOXKHOCTH,
MNOJATOTOBKM YHPABISIONMX TNporpamMm s obopyaoBanus ¢ YIIY, Beimycka
KOHCTPYKTOPCKO-TEXHOJOTUYECKON JTOKYMEHTAllUM, OIpPEACICHUS WHEPLUHOHHO-
MacCCOBBIX, TPOUYHOCTHBIX U MIPOUYUX XaPAKTEPUCTUK.

CucTtembl MO3BOJISIOT COKPATUTh BpeMs Ha pa3pabOTKy IMPOEKTOB, HA JOBOAKY
OMBITHBIX O0pasloB W3ACIUNA B Pe3ysbTaTe MCKIIOYEHUS OWMOOK MpH
npoektupoBaHur. C MX TMOMOMIBIO MOXHO peniaTh OOJBIIMHCTBO THUITMYHBIX
MaIlMHOCTPOUTENBHBIX 3a/1a4, HE MIPUBJIEKAsl MOILHbBIE U IOPOTUE CUCTEMBI TAKEIOTO
KJ1acca.

Cucrembl BbICHIET0 YPOBHS (TSDKENbIA KIAcC), KPOME MEPEYUCICHHBIX BBIIIIE
CHUCTEM HH3LIEr0 U CPEIHEro YpOBHEHW, JalOT BO3ZMOXKHOCTH: MOJAEIUPOBATH PaboTy
MexaHu3MoB W Bce Buabl UIIY-00paboTku, KOHCTPYHMPOBAaTh AETAA C YYETOM
O0COOEHHOCTEl  Marepuana, MPOBOJUTh  JMHAMHYECKHMH  aHaM3  COOpKH,
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MPOCKTUPOBATh  OCHACTKY C  MOJEIMPOBAHUEM  TPOIECCOB  W3TOTOBJICHHUS
(IITaMIIOBKH, JIUThS, THOKK).

CucTeMbl BBICHIETO YPOBHS TO3BOJIAIOT 3HAYUTENBHO COKPATUTh BpeMs
pa3pabOTKH ¥ U3TOTOBIICHUS U3/ICIIHS.

IIpoexTupoBanue. MeToabl IPOCKTUPOBAHUA.
OCHOBHBIE TOHSATHSI.
IIpoexmuposarue - 3TO KOMIUIEKC PabOT C IENbI0 MOJIYYCHHUS OMHCAHUN HOBOTO

WIHN MOJEPHU3UPYEMOT0 TEXHHMYECKOIO0 OOBEKTa, MOCTATOUHBIX IS pealu3alud WIN
U3TrOTOBJICHUSI 0OBbEKTA B 33J]aHHBIX YCIOBUAX. B mporecce npoeKTUpOBaHUS BO3ZHUKAET
HEOOXOJAMMOCTb CO3/IaHMSI OMNHCAHUS, HEOOXOAMMOTro JJig TOCTPOCHHUS elle He
cymiectBytomero o0wekra. Ilomydaemble MpU MPOSKTUPOBAHMM OMHUCAHMUS OBIBAIOT
OKOHYATEJIbHBIMA WM MPOMEXYTOUYHBIMUA. OKOHYATEIbHBIE OIMUCAHUS TPEICTABISIOT
c0o00l KOMIUIEKT KOHCTPYKTOPCKO-TEXHOJOTHUECKONW JOKYMEHTAIIMH B BUJC YEPTEIKEH,
cnenudukanui, mporpamm 1jist 9BM u aBTOMaTU3UPOBAHHBIX KOMITJIEKCOB H T.J.

IIponiecc MpOEKTUPOBAHMSI, OCYIIECTBISAEMBIM ITOTHOCTBIO YEIOBEKOM, HA3bIBAIOT
HeagmomMamu3supo8aHHbIM.

Asmomamuszuposannoe npoekmupoganue — TPOCKTUPOBAHUE, MPU KOTOPOM
MPOUCXOJUT B3aMMOJENCTBUE UesioBeka 1 DBM.

[IpeacTaBieHuss O CJHOXHBIX TEXHUYECKMX OOBEKTaX B  IMpolecce UxX
IPOECKTUPOBAHUS PA3JEISAIOTCS HA acnekmvl W uepapxuyeckue YpoeHu. Acnekmul
XapaKTEPU3yIOT Ty WJIA HWHYIO TPYIITY POJCTBEHHBIX CBONCTB O0BEKTa. THMUYHBIMU
aCleKTaMH B OIHUCAHUSAX TEXHUYECKUX OOBEKTOB SBISIOTCS: (DYHKIIMOHATHHBIMH,
KOHCTPYKTOPCKHH U TEXHOJIOTUYECKHIA.

DYHKYUOHAIbHYLY achekm OTpaXkaeT (Pu3nyeckue U MH(POpMaAIMOHHBIE MPOIECCHI,
npoTekaroume B 00beKTe Mpu ero PyHKIIMOHUPOBAHUU.

Texnonocuueckuli acnekm OonpeACIsICT TCXHOJIOITMYHOCTb, BO3BMOXKHOCTHU U CITOCOOBI

U3TOTOBJICHUS 00BEKTA B 3a/IaHHBIX YCIOBHSIX.
Koncmpyxkmopckuti _acnekm — XapakTepu3yeT CTPYKTYpY, PpAaclOJIOKEHHE B
IPOCTPAHCTBE U (OPMY COCTaBHBIX YacTeil 0ObEKTA.

Paznenenue omucaHuii MPOEKTUPYEMBIX OOBEKTOB HA HEPAPXUUECKUE YPOBHHU IO
CTETICHH TIOJPOOHOCTH OTPAXKCHHsI CBOMCTB OOBEKTOB COCTABISET CYIIHOCTH OJIOYHO-
UEPAPXUUYECKOTO MOX0/Aa K MPOCKTHPOBAHUIO.

TunuuHbEIME HEpapXUUYECKUMH YPOBHSAMHU (YHKIIMOHATHLHOTO TMPOCKTHPOBAHMUS
SIBISIFOTCS:  (DYHKITMOHAIBHO-JIOTHYECKUN  ((DYHKIIMOHATBHBIE W JIOTUYECKUE CXEMBI);
CXEMOTEXHUYECKUNU  (DIIEKTPUUECKHE CXEMbl y3JI0B W  OTACIBHBIX  OJIOKOB);
KOMITOHEHTHBIN (IIPOCKTUPOBAHKE DJIEMEHTOB U UX PA3MEIICHNUE).

[IpoekTupoBaHue NETUTCS HA CTAAWM, dTAlbl U MPOLENYpPHl. BBIACHSIOT cTamuu
Hay4yHO-HuccienoBatenbckux padotr (HUP), ombiTHO-kKOHCTpykTOpcKux padotr (OKP),
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ACKU3HOTO MPOEKTAa, TEXHHYECKOTO MPOEKTa, pabovero MpoeKTa, UCIBITAHUN OMBITHOTO
obOpa3iia.

IIpoexmnoe pewenue - onucaHue OOBEKTa HIM €ro 4YacTHh, AOCTATOYHOE IS
TPUHATHUS 3aKITFOYCHUS 00 OKOHYAHHH IMPOCKTUPOBAHUS WM IYTAX €0 MPOI0JDKEHUS.

Mapwpymom npoekmuposanusi Ha3bIBACTCS MMOCJICAOBATCIIBHOCTL IMPOCKTHBIX

IpOLEAYp, BEAyIIasi K MOJIYYeHUIO TPEOYyeMbIX MPOEKTHBIX PEIICHHIA.
IIpoexmnasa npoyedypa - 4aCTb INPOEKTUPOBAHUS, 3aKaHYUBAIOIIASACS MOIYyYECHUEM

MIPOCKTHOTO PEIICHUSI.

[TpoekTHBIC TpOIEAYPHI ACIATCS Ha MPOIEAYphl CMHTE3a W aHaimu3a. [Iporemypa
CUHTE3a 3aKJII0YAeTCs B CO3JaHUM OINMCAHUN MPOCKTHUPYeMOro oObekTa. B ommcaHusx
OTOOPaKAIOTCS CTPYKTYpa M TapaMeTpbl 00BbEKTa (T.€. OCYIIECTBISACTCS CTPYKTYPHBIA 1
napameTpudeckuii cuntes). [Iponenypa ananusa - uccienoanne oobekta. COOCTBEHHO,
3amaya aHanmu3a (GOPMYJIUPYETCs KaK 3ajada YCTAaHOBJIICHHS COOTBETCTBHUS JIBYX
Pa3TUYHBIX OMMMCAHUKI OJTHOTO M TOTO )K€ 00BEKTa.

[Ipomecc TpoOEKTHpPOBAHWS HA TNPEANPUATHAX HAYMHACTCA C TMOaydeHus 13
(texuuueckoro 3amanusi). B T3 coaepkarcsi OCHOBHBIE CBeACHUS 00 OOBEKTE
MIPOCKTUPOBAHMSI, YCIOBHIX €TI0 DKCILTyaTallMH, a TakXke TpeOOBaHUs, MPEIbIBISICMbIC
3aKa34MKOM K TPOEKTHpyeMOMYy u3zaenuto. Bakueiimee TtpeboBanme Kk T3 - 310 ero
MOJIHOTA. BpImonHEeHWE ATOro TpeOOBaHWS  OMpENenseT CpPOKM H  KadecTBO
MIPOCKTUPOBAHUSI.

Crnenyrommii 3Tanm - MpeaBapUTEIbHOE TPOCKTUPOBAHUE - CBS3aH C IIOWCKOM
MPUHITUITHATBHBIX BO3MOXKHOCTEH TIOCTPOCHHS CHCTEMBI, HCCICIOBAHUEM HOBBIX
IPUHITUIIOB, CTPYKTYpP, 000CHOBaHWEM HambOosiee oOIMX pemeHuid. Pe3ymbraTtoM 3Toro
JTana ABJISETCS TEXHUYECKOE MPEI0KEHUE.

Ha »srame 3CKHM3HOTO MTPOEKTUPOBAHMS IPOM3BOAMTCS JeTalbHAsA IMPOpadOTKa
BO3MOYKHOCTH ITOCTPOCHHSI CHCTEMBI, €TI0 PE3YJIbTATOM SIBIISICTCS SCKU3HBIN MPOEKT.

Ha orame TeXHWUYECKOTO  MPOEKTUPOBAHUS  BBIMOJTHSACTCS  YKPYITHEHHOE
MIPEICTABIICHUE BCEX KOHCTPYKTOPCKUX W TEXHOJOTUYECKUX PEIICHUH; pe3yabTaTOM
ATOTO 3Tara SABJISIETCS TEXHUYECKHUMA MPOCKT.

Ha sTane paGodero mpoeKTHpOBaHUS MPOU3BOIUTCS ACTaIbHas MpopabOTKa BCex
OJIOKOB, Y3JIOB M JCTalled TPOSKTHPYEMOW CHUCTEMBbI, a TaKKe TEXHOJIOTHYCCKUX
IIPOIIECCOB MPOM3BOACTBA JeTalIel U X COOPKU B y3JIbl U OJIOKH.

3aKIIOYUTEIBHBIA 3Tall - HM3TOTOBJICHHE OIBITHOTO 00pasiia, 1Mo pe3yibTaram
UCITBITAHUI KOTOPOTO BHOCST HEOOXOIMMBIE M3MEHEHHS B TIPOSKTHYIO TOKYMEHTAIIUIO.

[Ipu HEaBTOMATU3UPOBAHHOM TMPOEKTUPOBAHUN HANOOJIEEe TPYJOCMKUMHU SIBIISTFOTCS
ATamnbl TEXHUYECKOTO U pabOvero MpOeKTUPOBAHUS.

B mporecce MpoeKTUPOBaHUS CIOKHON CHUCTEMBI (DOPMHUPYIOTCS OIPEACICHHBIC
IIPEJICTABIICHUS] O CUCTEME, OTPaXKalolrue €€ CYIICCTBEHHbBIC CBOMCTBA C TOW WMJIM MHOH
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CTEMEHbIO MOAPOOHOCTH. B 3THX mpeAcTaBIeHUsSX MOXKHO BBIJCIUTH COCTABHBIC YacTH -
YPOBHHM IIPOEKTUPOBAHMS. B 0OMH ypOBEHb, KaK IPABUIIO, BKIKOYAKOTCS NPEICTABICHNUS,
uMerone oOuIyr0 (U3MYECKYH0 OCHOBY WM JIOMYCKAIOIIME JUIsi CBOET0 OMNMCAHUSA
UCIIOJIB30BAaHUE OJHOIO M TOTO K€ MaTeMaTU4eCKOro —amnmapara. Y pOBHHU
IPOEKTUPOBAHUS MOXKHO BBIIEISTH MO CTENEHU MOAPOOHOCTH, C KaKOM OTpaskaroTcs
CBOICTBA MPOEKTHPYEeMOro oOBbeKTa. Torja HX Ha3bBAalOT TOPU30HTAJBHBIMHU
(nepapxuyecKMMHU) YPOBHAMHU NPOCKTHPOBAHUS.

Bolaenenre ropu30HTAIBHBIX YPOBHEH JIEKUT B OCHOBE 0JI0YHO-HEPaApPXHM4YeCKOro
MOAXO0/1a K IPOEKTUPOBAHUIO. | OPU30HTaIBHBIM YPOBHSIM CBOMCTBEHHO CIIEIYIOLIEE:

e IIpu Imepexone ¢ Hekoroporo ypoBHa K1, Ha koTtopoMm paccmarpuBaercs
cuctema S, Ha coceHuM, Oosiee HU3KUN ypoBeHb K2 MpoucXoauT pas3ieneHue CUCTEMbI
S Ha OJIOKM ¥ PacCMOTPEHUE BMECTO CUCTEMBI S €€ OTACIIBHBIX OJIOKOB;

e  paccMOTpeHHE KaxXaoro u3 0y0koB Ha ypoBHe K2 ¢ OGombluel CTeneHbIo
neTanu3anuu, 4yeM Ha ypoBHe K1, mpuBOAMT K MOJy4YeHHIO 3324 NPUOIH3UTEIHHO
OJIMHAKOBOW CJIO)KHOCTH C TOYKM 3PEHHSI BO3MOXKHOCTEH BOCIIPHUATHS YEJIOBEKOM H
BO3MOYKHOCTEN pelIeHUs ¢ IOMOIIBIO HMEIOIINXCS CPEACTB IPOCKTUPOBAHHS,

e  HCIOJNB30BAaHHWE CBOMX IIOHATHM CHCTEMBI M DJIEMEHTa Ha KaXKIOM
UEPapXUYECKOM YPOBHE, T.€. €CIU AJIEMEHTaMHU IIPOCKTUPYEMOM CHCTEMBI S CUHUTAIUCH
O5oKu Sy, TO Ha cocenHeM, Hu3IIeM ypoBHe K2 Te jxe Oi0ku Sy paccMaTpuBaIOTCS yiKe
KAaK CHUCTEMBI.

YPOBHH IPOEKTUPOBAHMS MOYKHO BBIACIATH TAKKE IO XapakTepy YYUTHIBAEMBIX
CBOMCTB 00BEeKTa. B »TOM cioyyae HuX Ha3bIBAIOT BEPTHKAJBbHBIMH YPOBHSIMHU
NpOoeKTHPOBaHUA. [Ipy NpPOEKTHPOBAaHMM YCTPOMCTB ABTOMATHU3ALUMU OCHOBHBIMU
BEPTUKAJIBHBIMU YPOBHSIMU SIBJISIIOTCS (PYHKIIMOHAIBHOE (CXEMHOE), KOHCTPYKTOPCKOE U
TEXHOJIOTHYECKOE IPOCKTUpOBaHUA. IIpu IPOEKTUPOBAHMM aBTOMATU3UPOBAHHBIX
KOMIUIEKCOB K O3THUM YpPOBHSAM JOOABJSETCS aAIrOPUTMHUYECKOE (IIPOrpaMMHOE)
IIPOEKTUPOBAHUE.

@DYyHKIHOHAJIBLHOE TPOEKTHPOBAHUE CBA3aHO C Pa3pabOTKON CTPYKTYpHBIX,
(YHKIIMOHATBHBIX W MPUHIUNHAIBHBIX cxeM. [Ipu (QyHKIMOHATEHOM IMPOEKTUPOBAHUU
OINPEAEIAIOTCS OCHOBHBIE OCOOEHHOCTH CTPYKTYpbl, HNPHUHLHUIBI (PYHKIMOHUPOBAHMUS,
BaKHEHIINE apaMeTpbl U XapaKTEPUCTUKU CO3AaBAEMbIX OOBEKTOB.

AJITOpUTMHYECKOE TMPOCKTHPOBAHME CBS3aHO C pPa3pabOTKOW aIropuUTMOB
¢ysnkuonrupoBanuss O9BM u BerunciutensHbix cucreM (BC), ¢ cozganuem ux oOiero
CHUCTEMHOT'0 ¥ MPUKIIAAHOTO IPOrPaMMHOTO OOeCTIeueHusl.

KoHcTpykTOpCcKOE  NpOeKTHpPOBaHHME  BKJIIOYaeT B ceOI  BOMPOCHI
KOHCTPYKTOPCKOM peanu3alil pe3ylbTaToB (PYHKIIMOHAIHHOTO MPOEKTUPOBAHUSA, T.€.
BOIPOCHI BBIOOpa OPM M MaTepUaloB OPUTMHAIIBHBIX AeTajell, BbIOOpa TUIOpa3MeEpOB
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YHU(PHUIIMPOBAHHBIX J€Tajei, MPOCTPAHCTBEHHOTO PACIOJIOKEHHUS COCTaBHBIX YacTeld,
o0ecrneuMBaroIIero 3a/laHHble B3aUMOJICHCTBUS MEXY SJIEMEHTaMU KOHCTPYKLIUU.

TexHo/IOrMYEeCKOe NPOEKTHPOBAHME  OXBATHIBACT  BONPOCH  pEATU3ALMU
pe3yibTaTOB KOHCTPYKTOPCKOTO IIPOEKTHUPOBAHMS, T.€. PACCMATPUBAKOTCSA BOIIPOCHI
CO3JIaHMS TEXHOJIOIMYECKUX ITPOLIECCOB M3TOTOBJICHUS U3IEIINN.

Hns »srama HUWP nenecooOpa3HO HCMONb30BaHHE CHEIUAIBHBIX  CHCTEM
aBTOMATH3allUM HAYYHBIX MCCJIEJIOBAHUN M IKCIHEPUMEHTOB. B 3Tux cucremax
UCIIONIB3YIOTCSI MHOTHE 3JEMEHTHl MaTeMaTH4YeCKOr0 W MPOrpaMMHOro 00ecredeHHs
CAIIP, oOcayxuBarouye Ipyrue 3Tamnsl IpOEKTUPOBAHMUSL.

B 3aBucMMOCTM OT IHOpPsSAKA, B KAaKOM BBINOJHSIOTCA 3Talbl IPOCKTUPOBAHUS,
pasIMyaroT  BOCXOZALIEEe M HUCXOJdIIee — MpoeKkThpoBaHue.  Bocxoasimee
NPOEKTHPOBaHMe (MPOEKTHPOBAHUE CHHU3Y-BBEPX) XapaKTEPU3YETCs PEIICHHEM 3a]ay
0osee HU3KUX HEpapXUYEeCKHX YpOBHEH mepea pelieHueM 3anad 0osiee BBICOKHX
ypoBHeU. IIpOTHBOIIONOXKHAS TOCIENOBATENBHOCT IPUBOAUT K HHUCXOAALIEMY
NPOEKTHPOBAHMIO (IPOEKTUPOBAHUIO CBEPXY BHU3).

B Hacrosiee BpeMs NPOEKTUPOBAHUE CIOKHOIO 00OPYI0OBaHUS U €r0 JIEMEHTOB U
Y3JI0B OCYLIECTBIISETCS HAa Pa3HbIX NPEANPUATHAX ¢ MoMOIbio paznuuHbix CAIIP, B Tom
qucie TUNOBbIX, HarpuMmep, CAIIP npoexkTupoBaHus 3JEKTPOHHOW M BBIYMCIIMTEIBHON
annapatypsl, CAIIP npoeKTUpOBaHUS SNEKTPUUECKUX MALIUH U T.[.

OynkunonanbHoe npoektupoBanue B CAIIP Bximodaer B cels aBa OOJBIINUX
TOPU3OHTAIBLHBIX yPOBHS - CHCTEeMHBIA U  (PYHKIIMOHAIBHO-JIOTHYECKUU. Jlis
BBITIOJIHEHMSI 33/1a4 3TUX YPOBHEW OOBIYHO MCTIONB3YETCsl HUCXOIIEE TPOSKTUPOBAHHUE.

Ha cucTeMHOM ypoBHe IIPOCKTUPYIOTCS CTPYKTYPHBIE CXEMBI YCTPOWCTB, B CBS3U C
4eM JAaHHBIM YPOBEHb HA3bIBAIOT TAKXKE CTPYKTYPHBIM ypoBHeM. Ha sTomM ypoBHE
BEJIETCSl YKPYIIHEHHOE PAaCCMOTPEHHE BCEH CHCTEMBI B LIEJIOM, a JIEMEHTaMU CHCTEMBbI
SBJIAFOTCSL TaKWE YCTPOMCTBA, KAaK MPOLECCOPBI, KaHAJIbl CBA3U, PA3JIMYHBbIC NATYUKH,
VICTIOJIHUTEIIbHBIEC YCTPOUCTBA U JP.

Ha ¢yHKIMOHATbHO-IOTHYECKOM YPOBHE MPOCKTHUPYIOTCS (PYHKIMOHANBHBIE U
NPUHIUIUAIBHBIE CXEMbl YCTPOMCTB. 3J€Ch BBIIEISAIOT MOAYPOBHU - PETUCTPOBBIA U
jgorudeckuii. Ha peructpoBoM mOAypOBHE NPOEKTUPYIOTCS YCTPOHCTBAa U3 OJIOKOB
(O710KM THMIA PErucTPOB, CYETUYMKOB, NEIIN(PPATOPOB U JOTMUECKUX IPeoOpa3oBaTenei,
COCTaBIISIIOLIMX LENU MEXPErHuCTPOBBIX IepechUIok). Ha sornueckom mnoaypoBHe
IPOEKTUPYIOTCA YCTPOMCTBA MJIM COCTABISIOLIUE UX OJIOKU U3 OTAENBHBIX JIOTUYECKUX
AJIEMEHTOB, (HalpuMep, BEHTUJIEH U TPUTTEPOB).

3anaun QyHKUMOHANBHO-IOTHYecKoro ypoBHs B CAIIP ycTpoiicTB aBTOMaTH3aliuu
aHAJIOTMYHbl 3a7ayaM Takoro ke ypoBHs B japyrux CAIIP, cBs3aHHBIX C
IPOEKTUPOBAHUEM TEXHUUYECKUX OOBEKTOB.
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Ha cxeMoTexHH4eCKOM YPOBHE NPOEKTUPYIOTCS MPUHUUIINATIBHBIE 3JIEKTPUUECKUE
CXEMBl YCTPOMCTB. JJIEMEHTaMH 3/1€Ch SBISAIOTCS KOMIIOHEHTBI JJIEKTPOHHBIX CXEM
(pe3ucTopsbl, KOHAEHCATOPHI, TPAH3UCTOPBI, JUOBI).

Ha koOMIOHeHTHOM ypoBHe pa3pa0aTbIBalOTCS  OTAEJIbHBIE  KOMIIOHEHTHI
YCTPOWCTB, PACCMAaTPUBAEMBIE KAK CUCTEMBI, COCTOSILIIUE U3 DJIEMEHTOB.

dyHkuuoHaJbHoe npoekTupoBanue B CAIIP MoxxeT ObITh, KaK BOCXOISAIINM, TaK
U HHUCXOAAIMM. Bocxondinee NpOEeKTUPOBAHUE XapaKTEPU3YETCS MCHOJIb30BaHHUEM
TUTIOBBIX KOHPUTYypaliii KOMIOHEHTOB.

Hucxondmee NpOEKTUPOBAHUE XAPAKTEPU3YETCS CTPEMIICHUEM HCIIOJIB30BATh
CXEMOTEXHUYECKUE PELICHHUs, SBISIOIINECS HAUIy4lIUMU U1 KOHKPETHOTO YCTPOUCTBA
WIM DJEMEHTa AaBTOMATU3allUM, U CBSI3aHO C  pa3pabOTKOW  OPUTMHAIbHBIX
NPUHIUIUAIBHBIX CXEM U CTPYKTYpP KOMIIOHEHTOB.

BrIcime nepapXxudeckue YpoBHU aJrOPUTMUYECKOIO NPOEKTUPOBAHUS CIYXKaT IS
co3maHus mporpammHoro obecrnedenuss DBM. s CIOXHBIX MNPOTPAMMHBIX CHCTEM
OOBIYHO BBIACNAIOT JBa HMEpapXU4eckuxX ypoBHs. Ha BeiciieM M3 HHMX NPOU3BOAUTCSA
IUIAHUPOBAHWE MPOTPAMMHOM CHUCTEMBI U Pa3pabaThIBAIOTCS CXEMbl AJITOPUTMOB;
JIEMEHTAMHU CXEM SBJIIKOTCSA INporpaMMHble Monyiau. Ha crnenyromem ypoBHE 3T
MOJYJIM TPOTPAMMHUPYIOTCSI Ha KaKOM-JIMOO  aJrOPUTMHUYECKOM  SI3bIKE. 371E€Ch
WCIIOJIB3YETCSl HUCXOMSIIEE IPOCKTUPOBAHHUE.

OcHoBHasi 3amaya APXMTEKTYPHOr0 YPOBHSl MPOEKTUPOBAHHUS - BBIOOD
APXUTEKTYpPbl CHCTEMBI, T.€. OIpPEAECICHHE TAKUX CTPYKTYPHO-aJTOPUTMUYECKUX
ocoOeHHOCTeH, Kak (opMaTbl MaHHBIX W KOMaHJA, CHUCTEMa KOMAaHJ, MPUHLUIIBI
BBIMIOJIHEHMSI Oll€palvii, YCJIOBUS BO3HUKHOBEHHS W JUCLUIUIMHA OOCIY>KUBaHUS
MPEPHIBAHUM U T.II.

MukponporpaMMHbIii  ypOBeHb  IIpEJHA3HA4€H U1 NPOEKTUPOBAHUSA
MUKpPOIIpOrpamMMm OIepaluil 1 Mpoueayp, BbIIoaHsAeMbIX B DBM annapaTtHeiM criocoOoMm.
OTOT ypoBEHb TECHO CBA3aH C (PYHKIIMOHATIBbHO-JIOTHYECKHM YPOBHEM MIPOEKTUPOBAHMUS.

KoHcTpyKkTOpCcKOE MPOEKTHpOBaHME BKIIOYAET B ce0s HEpapXUUYECKUE YpPOBHU
MPOEKTUPOBAHUS CTOEK, MaHEeNIel, TUIOBBIX 3eMeHTOB 3ameHbl (TO30B). [l pemenus
KOHCTPYKTOPCKHX 3a/1a4 XapaKTEPHO BOCXOAALIEE IPOCKTUPOBAHUE.

OCHOBHBIE 3a/1la4yd CHCTEMHOI0 ¥ APXUTEKTYPHOI0 YpPOBHEH IPOECKTUPOBAHUS,
clenyroue:

e  OIpeleseHUE NPUHIUIIOB OPTaHU3aLUN CUCTEMBI;

o  BBIOOp apXWUTEKTYpbl, YTOUHEHHE (PYHKUMN CHUCTEMBl U MX pa3AelieHHE Ha
(bYHKIUH, pean3yeMble alapaTHbIM U IPOTPAMMHBIM ITyTEM;

e  pa3paboTKa CTPYKTYpPHOH CXEMBbI, T.. OINpENEJCHHE COCTaBa YCTPOWCTB M
CHOoCcO00B X B3aUMOJICHCTBUS;
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. ompezeneHue TpeOOBaHMM K BBIXOJHBIM TapaMeTpaM yCTPOMCTB U
¢opMupoBanue TexHuueckux 3anaHuil (T3) Ha pa3paOOTKy OTIENBHBIX 3JIEMEHTOB
CUCTEMBI.

B T3 na paspabotky otaenbHbix ycrporictB CAIIP Bxomdar: mnepeuuncieHue
(GYHKIMI, BBIMONHIEMBIX YCTPOMCTBOM; YCIOBHS pPabOTOCMOCOOHOCTH YCTPOMCTBA,
TpeOOBaHUS K €ro BBIXOAHBIM IapaMeTpaMm, JMJaHHbIE O CoJepkaHuu u (opme
uHbOpMaIuy, KOTOPOM NaHHOE YCTPOWCTBO OOMEHHBAETCA C JIPYTUMHU yCTPOMCTBAMHU
cuctembl. Kpome Toro, Ha srane (yHKIHMOHAJIHLHOTO MPOCKTHPOBAHUS YCTPOWCTB YK€
U3BECTHO IIPUHATOE HA JTale IPEABAPUTENBHOIO IMPOCKTUPOBAHUS  PELICHUE
OTHOCHUTEJIHO XapaKTepa 3JIEMEHTHON Oa3bl.

IlooToMy B 3a7auM  MHKPONPOIPAMMHOIO0 YPOBHH  aJrOPUTMUYECKOTO
IIPOEKTUPOBAHMUS U PETUCTPOBOTO NOAYPOBHS (PYHKIHUOHAIBHO-JIOIMYECKOI0 YPOBHSH
IIPOEKTUPOBAHMS BXOJSIT:

e  JeTanu3aiusl BBINOJHIEMBIX YCTPOMCTBOM (YHKIIMM, UX alropuTMUYECKas
peanu3anys U IpeCTaBlIeHUe aITOPUTMOB B OJJHOU U3 MPHUHATHIX (PopMm;

o  BbBIOOp NPHUHLUIIOB OpPraHU3allid YCTPOMCTBA, BKJIIOYAIOLIUM, HaIpUMeEp,
JEKOMIIO3MLIMIO YCTPOMCTBA Ha psij 0JI0KOB ¢ BBIOOPOM MX CTPYKTYpPHI U T.I1.;

e  pa3paboTKa MHKpOIPOTpaMM, T.€. OINpPEAENEHUE M KaXI0M KOMaHJbI
COBOKYITHOCTH MUKPOKOMAHJI U ITOCJIE0OBATEIbHOCTH UX BBIIIOJIHEHNS,

e  CHHTE3 KOHEYHBIX aBTOMAaTOB (OJOKOB), peanu3yIoluX 3aJaHHble PYHKINHU, C
OTIpe/IeNICHUEM TUIAa U €eMKOCTH MaMsITH aBTOMATOB, (DYHKIUH BBIXOAA M BO30YXKIACHUS
AJIIEMEHTOB MTAMSATH.

Ha  Jjormyeckom  moaypoBHe  (QyHKIHMOHAJIBHO-TOTHYECKOr0  YPOBHA
IIPOEKTUPOBAHUSI PELIAIOTCA CIAEAYIOIINE 3a1a4u:

e  CHHTE3 (YHKIMOHAIbHBIX U IPUHIUIINAIBHBIX CXEM BbIJICJICHHBIX OJIOKOB;

e  IpoBepKa pabOTOCIOCOOHOCTU CHUHTE3UPYEMBIX OJOKOB C YUYETOM 3aJEpiKEK
CUTHAJIOB U OTPAHUYEHUI BHIOPAHHON 37€MEHTHOI 0a3bl UM BhIpaOOTKa TpeOOBaHMI K
snemenTaM B coctaBe CAIIP;

e  CHHTE3 KOHTPOJMPYIOIIUX U JUATHOCTUYECKHUX TECTOB;

o  (opmynupoBka T3 a1 CXeMOTEXHUYECKOTO YPOBHS TPOEKTUPOBAHMSL.

OcHoBHY10 4acTh T3 Ha CXEMOTEXHHYECKOM YPOBHE NPOCKTUPOBAHUSA COCTABIISIIOT
TpeOOBaHUS K  BBIXOJHBIM  IIapaMeTpaM  JJIEKTPOHHBIX  CXEM:  3aJepKKam
pacIpoCTpaHEHUsl CUTHAJIOB, MOILIIHOCTSIM PACCESIHUSA, YPOBHSAM BBIXOJHOI'O HANPSKEHUS,
3armacaM MoMexoycrolunBocTd M T.1. Kpome Ttoro, B T3 oroBapuBaroTCs YCIOBHS
(YHKIIMOHUPOBAHUS B BHJI€ yKa3aHUs JOMYCTUMBIX TUANA30HOB M3MEHEHHS BHEUIHHX
napameTpoB (TEMIIEpaTyphl, HAPSHKEHUI TUTAHUA U Ap.).

Ha cxeMOTeXHH4€CKOM YPOBHE OCHOBHBIC 3aJa4X IPOCKTUPOBAHUS, CIICYIOIIHE:

e  CHHTE3 CTPYKTYpbl IPUHIUIINAIBHONU CXEMBI,
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e  pacyeT mapaMeTpoB MACCUBHBIX KOMIIOHEHTOB M ONpeesieHHne TPeOOBaHUN K
napamMeTpaM aKTUBHBIX KOMIIOHEHTOB;

e pacyeT BEpOSITHOCTH BBINOIHEHUS TpeOoBaHUIl T3 K BBIXOJHBIM MapaMeTpaM;

o  (¢opmynupoBka T3 Ha IpoeKTUPOBAHNE KOMIIOHEHTOB.

Ha koMmoOHeHTHOM YypoOBHe 3a1audl (PYHKIHOHAJIBHOTO, KOHCTPYKTOPCKOTO U
TEXHOJIOTHYECKOT0 MPOEKTUPOBAHUS TECHO CBSA3AHBI APYT C APYTrOM. DTO:

o  BBIOOp (pU3MUECKOW CTPYKTYpHI M pacueT MapaMeTpoB MOIYMPOBOIHHUKOBBIX
KOMIIOHEHTOB;

e BBIOOp TOMOJOIMH KOMIIOHEHTOB U pacyeT F€OMETPUUECKHUX Pa3MEpOB;

e pacyer JJIEKTPUYECKUX MMAPaMETPOB U XapaKTEPUCTUK KOMIIOHEHTOB;

e  pacueT mapaMeTpoB TEXHOJOTMYECKHMX IPOLECCOB, OOECHEUYMBAIOIINX
IIOJIyYEHHE JKEJIAeMOT0 KOHEYHOTO PE3yJIbTaTa;

e  pacyeT BEpPOSTHOCTU BBHIMOJHEHHS] TPEOOBAHMU K BBIXOJHBIM MapameTrpam
AJIIEMEHTOB U YCTPOUCTB.

[Ipn HHCXOAAIIEM NMPOEKTUPOBAHUM CBSI3b MEPAPXUUYECKUX YPOBHEU IPOSBISIETCS
yepe3 (¢opmupoBanue T3 Ha pa3pabOTKy »3JIEMEHTOB C Y4YeTOM TpeOOBaHUIA,
IPENBABISIEMBIX K CUCTEME.

IIpu BocxonslIEM NPOEKTUPOBAHUU pa3pabOTKa JJIEMEHTOB MPEIUIECTBYET
pa3paboTKe CHCTEMBbI, MOATOMY OO0BIYHO T3 Ha 3leMeHThl (POPMHUPYIOTCS Ha OCHOBE
MHEHHUI 3KCIIEPTOB HA TOM K€ YPOBHE, HA KAKOM 3THU 3JIEMEHTHI IPOEKTUPYIOTCS. CBA3b
MEXKIy YPOBHSMH NPOSBIAETCS, NPEXKAE BCErO, B TOM, 4YTO IPH HPOECKTUPOBAHUU
CHUCTEMBl YYMTBIBAIOTCS CBOMCTBA YK€ CIPOCKTUPOBAHHBIX DJJIEMEHTOB Yepes
VICIIOJIB30BAaHUE MAKPOMOJIEIIEN JJIEMEHTOB.

IToaxoabl M MeToabl NpoekTUpoBanus B CAIIP

Tpu TuNa MOAX0I0B MPOEKTUPOBAHUS:

1. CTpYKTYpHBIN TOAXOA TpeOyeTcsl CHHTE3UPOBATh BapHAHThl CUCTEMBI W3
KOMITOHEHTOB (OJIOKOB) M OIICHWBATh BAapHWAHTHl MPU WX YaCTUYHOM Tiepedope c
MpeABAPUTEIbHBIM MPOTHO3UPOBAHUEM XAPAKTEPUCTUK KOMIIOHEHTOB.

2. bno4HO-UepapXUYECKUil MOAXOA K MPOEKTUPOBAHUIO UCIOIb3YET HACH
JEKOMITO3UIIMK CJIOKHBIX ONMUCAHUNA OOBEKTOB M COOTBETCTBEHHO CPEACTB HUX
CO3/IaHMsl HAa HUEPAPXUYECKUE YPOBHU U AaCMEKThl, BBOJUT TOHSATHUE CTHUIIS
MPOEKTUPOBAHUS (BOCXOMSIIEE W HHUCXOJAIIEE), YCTAHABIMBAET CBA3b MEXIY
napaMeTpaMH COCETHUX UePAPXUUYECKUX YPOBHEH.

Cnucok HepapxXxud4eCKHX YPOBHEM B KaXJIOM NPWIOKEHUH MOXET OBbITh
crien(pUUHBIM, HO JJi1 OOJIBIIMHCTBA TMPUJIOKEHUN XapaKTepHO CIEAYIoIIee
HauOosiee KPyMHOE BBIJACICHUE YPOBHEH: ® CHUCTEMHBIM YpPOBEHb, Ha KOTOPOM
pemarT HauboJiee OOIue 3a/Jauyd MPOSKTUPOBAHUS CUCTEM, MAIMH U IPOIECCOB;
pe3yJbTaThl MPOCKTUPOBAHMS MPEACTABISIOT B BHUAE CTPYKTYPHBIX  CXE€M,
reHepalbHBIX TUIAHOB, CXEM pa3MelleHuss oOOpyaoBaHUs, IUarpaMM TOTOKOB
JIAaHHBIX U T. I1.;
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- MaKpoOypOBE€Hb, Ha KOTOPOM MPOCKTHUPYIOT OTAEIbHBIE YCTPOMCTBA, Y3IIbI
MallMH W TpHOOPOB; PE3YJNbTAaThl TPEACTABISIIOT B BUAEC (YHKIMOHAIHHBIX,
NPUHIUITAATBHBIX 1 KHHEMATUYECKUX CXEM, COOPOUHBIX YEPTEKEH U T. II.;

- MHKPOYpPOBEHb, Ha KOTOPOM MPOEKTUPYIOT OTACIbHBIC NETAIA U IJIEMEHTHI
MaIlIfH U TPUOOPOB.

3. OOBEKTHO-OPUEHTUPOBAHHBIN TOXO K IPOSKTUPOBAHUIO.

Crnenytorie 1) BHOCHT B MOJENH TNPWIOKCHHH OOJBIIYIO CTPYKTYPHYIO
OTIPENICTICHHOCTh, paCHpenelisis TMPeACTaBICHHbIE B TMPUJIOKECHUH JaHHBIE W
MPOIIETyphl MEXIY KiaccaMu OOBEKTOB; 2) COKpamiaeT o0beM crenu(puKaimii
Omaroymapsi BBEJICHUIO B OMMUCAHUSI UEPAPXUN OOBEKTOB M OTHOIICHUN HACJIETIOBAHUS
MEXIy CBOHCTBaMH OOBEKTOB pAa3HBIX YpPOBHEW wuepapxuu; 3) yMEHBIIACT
BEPOSITHOCTh HUCKAKEHUS JAHHBIX BCIEJACTBHE OIMMOOYHBIX JEUCTBUM 3a CYET
OTpaHUYECHUS JOCTYyTA K OTPEICTICHHBIM KAaTETOPUSIM JaHHBIX B 00BEKTaX.

IlpeacraBiaenue rpadpuyeckoii uHGopmannu B IBM

Co3naBaTh M XpaHUTh Ipauueckue OOBEKTHl B KOMIIBIOTEPE MOYKHO IBYMSI
crocobaMu: Kak pacTpoBoe WM Kak BeKTOpPHoe h3o0pakeHue. /(s kaxaoro tuma
M300paKeHMsI UCII0JIb3YETCS CBOM c11OCO0 KOAUPOBAHMUSL.

PactpoBoe mu300pakeHHMe mpencTaBiasieT Cco0OM  COBOKYIHOCTb — TOYEK,
UCIOJIb3YEMBIX JIJIsl €10 OTOOPaKEHUsI HA DKPaHE MOHUTODA.

BexTopHoe n3o0pakeHue MpeacTaBisieT cOO0H COBOKYMHOCTh IpaduuecKux

NPUMUATHUBOB. KaKIbIi IPUMHUTHB COCTOUT U3 DJIEMEHTAPHBIX OTPE3KOB KPUBBIX,
napameTpbl KOTOPBIX (KOOPAMHATHI Y3JIOBBIX TOYEK, PaJWyC KPUBH3HBI U IIp.)
OTHCHIBAIOTCS MAaTEMAaTHUECKUMU (DOPMYIIaMH.

Jis  kaxmoll JWHMM yKa3plBarOTCS €€ Tun  (CIUIONIHAs, ITyHKTHUpPHAs,
MITPUXITYHKTUPHAS), TOJIIMHA W 1BET, a 3aMKHYTble (UTYpPBI TOTOJHUTEIHHO
XapaKTEePU3yIOTCS TUIIOM 3aJTHBKH.

Dpaxkmanvuan cpaguxka

Dpakman - Mo PUCYHOK, KOMOPBILL COCMOUmM U3 NOO0OHLIX Meddcoy cobol
anemenmos. Cywecmeyem Oonvbuioe KOIUYeCmso 2paguueckux u30opaxdcenull,
Komopbwie ssnaomcs gpaxmanramu: mpeyoavHux Cepnunckozo, cHexcunka Koxa,
"opaxon"  Xapmepa-Xeumyes,  muoocecmeo  Manoervopoma.  Ilocmpoenue
@PpaKkmanbHo20 PUCYHKA OCYUeCMBIAeMCsa N0 KAKOMY-MO AIOPUMMY UL NYMEM
A6MOMAMUYECKOL  2eHepayuy  U300paxdceHuil npu NOMOWU  BbIYUCIEHUl 1O
KOHKpemHbvIM popmynam. Mzmenenus 3navenutl 8 areopummax uiu Kodgguyuenmos
6 opmynax npueooum K Mmoouguxkayuu dmux usoopadxcenui. Inagnvim
npeumMywyecmeom GpakxmanivHol epaguku ecmv mo, 4mo 6 @aiiie GpaKmaibHO20
U300paAdICEHUSL COXPAHATOMCSL MOJILKO Al2OPpUMMbL U pOpMYTIbL.

Tpéxmepnasn cpaghuka

Tpéxmepnas epaguxa (3D-epaghuxa) uzyuaem npuémvr u memoowvl coO30aHUSA
00bEMHLIX  MOOenell  00beKmo8, KOmopble MAKCUMAIbHO — COOMBEMCMEYIOm
peanvhvim. Taxkue 00bEMHbIE U0OPAINCEHUS MOICHO 8PAUAMb U PACCMAMPUBATID CO
ecex cmopoH. Jna co30anus 00BEMHLIX U300pAdNCEHUNl UCNONL3YIOM  PA3Hble
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epaguueckue gueypol u enaokue nogepxnocmu. Ilpu nomowu ux cnavanra co30aémcs
Kaprac ob0vekma, nomom e20 NO8epPXHOCHb NOKPbIBAION MAMepUalamu, 8U3yaibHoO
noxoxcumu Ha peanvHvle. llocne smozo Oenairom oceemienue, 2pasuUmMAayuro,
ceolicmea ammocgepvl U Opyeue napamempvl HPOCMPAHCMBA, 8 KOMOPOM
Haxooumwvcsi obvekm. [l ouearowuxcsa 00bEeKmoM YKA3blearom mpaeKkmopuro
08UIHCEHUS, CKOPOCb.

3agauu cuHTe3a W aHaau3a. OnTUMAJIbHOE NPOEKTHPOBAHNE KOHCTPYKIMIA

[IpoexkTupoBanne — CIHOXKHBIA W TPyIHO (QopManu3yeMblil —Mmpoiecc,
OOBEAMHSIONNNA TaKhe BaKHbIE MPOIENYpPbl, KaK CHHTE3 CTPYKTYpBI, BBIOOD
apaMeTpoB AIIEMEHTOB, aHAINU3 U MPUHATHE pemieHuss. OcOOEHHO BaykHA HAayaIbHAS
CTaaus MPOEKTUPOBAHUS, KOT/Ia BHIOMpaIOTCS 3PPEKTUBHBIN HU3NUECKUN MPUHIIHIT
JEHCTBUS, PallMOHAILHOE TEXHUYECKOE PEIICHHWE U OMPEACNSIOTCS ONTHUMAalbHbIC
3HAYEHUS TapaMeTpPOB.

3agaun cuHTe3a M aHagm3a. llog cummesom TOHMMAIOTCA TPOEKTHBIE
OpOLEAYpbl, HalpaBiICHHbIE HA IIOJYyYEHUE HOBBIX ONUCAHUM MPOEKTHUPYEMOIO
00BEKTa B COOTBETCTBUM C 3a/JaHHBIMM IOKA3aTeIsIMU €ro (yHKIHMOHUPOBAHMSL.
Ananuz — 3T0 NPOEKTHBIE MPOLETYPbl, UMEIOIINE LIEbIO MOTYyYeHHEe HHPOPMALH O
CBOICTBaX IPOEKTUPYEMOr0 00BEKTA 110 33JaHHOMY €r0 OIUCAHHUIO.

3amauM CHHTE3a CBSA3aHbl C CO3JaHUEM IPOEKTHBIX JOKYMEHTOB M CaMOI0
IIPOEKTA, a 33/1a4d aHaJIN3a CBA3AHbI C OLEHKOI MPOEKTHBIX TOKYMEHTOB.

[Mpouenypsl  cuHTE3a  JAENATCS  HA  MPOLEAYPhl  CTPYKTYpPHOTO |
napaMeTpUuecKOro CHHTE3A.

[Touck parnroHaIbHOrO TEXHUYECKOTO PELICHUS MPH BHIOPAaHHOM (U3HUYECKOM
OPUHLIAIIE JEWCTBUSA  OCYIIECTBISIETCS METOAAMH  CMPYKMYPHO20 — CUHME3d.
Omnpenenenve ONTUMAJIbHBIX 3HAYCHHH MapaMEeTPOB JJIEMEHTOB TEXHUYECKOU
CUCTEMBl M3BECTHOM CTPYKTYpbl NPEIACTAaBIAECT COOO0M 3amauy napamempuyeckozo
cunmesa, Wi napamempuieckou OnmumMu3ayuu.

[{enbro CTPYKTYpPHOIO CHHTE3a SIBISETCS OINpPENEIEHUE CTPYKTYpPhl OObEKTa —
IEpEeYHs] TUIIOB 3JIEMEHTOB, COCTABIIAIOIINX OOBEKT, U Croco0a CBSI3U DJIEMEHTOB
MeXy coO0l B cocTaBe OOBEKTA.

[TapameTpuueckuii CUHTE3 3aKIOYAaeTCs B ONPENEICHUM YMCIOBBIX 3HAUYE€HUMN
apaMeTpoB AJIEMEHTOB MPU 3aJaHHBIX CTPYKTYpPE U YCJIOBUSIX pabOTOCIOCOOHOCTH,
BJIMSIIOIINX HA BBIXOJHBIE MTapaMeTpbl O0BEKTA, T. €. MPH MapaMeTPUUIECKOM CHHTE3€
HY>KHO HAlTH TOYKYy WM 00JacTb B MPOCTPAHCTBE BHYTPEHHHUX IapaMETPOB, B
KOTOPBIX  BBIMOJHSIOTCS T€  HWJIM  HWHBIE  yCIOBUA  (OOBIYHO  YCJIOBHUSA
paboTOCTIOCOOHOCTH).

Knaccudukaiuys mpoekTHBIX Mpolienyp npuBeaeHa Ha puc. 1.7.
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ITpoeKTHEIE MPOLEOYPHL

1
| l
ABamn3 Cunres
| ]
[ 1 [ |
OmHoBapHaHTHEE | { MHoropapnanTHw | | [TapameTpuyeckuit CrpykrypHEiit
aHanu3 asanus CHHTE3 CHHTe3
AHATH3 AHATH3 TYBCTBH- Hasnayerne BriGop
CTATHKH r TeILHOCTH [~ TexHHUYeCcKHX || nmpHHIHNOR
TpefoBannAit YHKIIHOHH-
pOBaHHA
AHaTH3 CrarHCTHYECKHIA Pacaer
] | anamma
JHHAMHKH L NapaMeTpoB BriGop
IIeMEHTOB — TEXHWUECKOTO
Pacyer PpeLEeHHA
AHan3 . 3ABHCHMOCTeH
—1 B yacTOTHOMH BEIXO. Hpentudrka-
obnactv 11APAMETPOB L nus maremarn- | || Odopmienue
JecKHX MoJieneit MOKYMEHTA
|| Aranus
YCTOHYHBOCTH
~— Mpouee Puc. 1.7. KnaccudMKanmsa NpoeKTHLIX MPOLEayp

[Ipouenypsl aHamu3a AEIATCA Ha IPOLEAYPHl OAHO- M MHOTOBAapUaHTHOIO
aHaJIN3a.

ITpu oonosapuanmuom amanuze 3anaHbl 3HAYEHHWs] BHYTPEHHUX M BHEIIHUX
napaMeTpoB, TpeOyeTcsi OINpeneNuTh 3HAUEHUS BBIXOJHBIX MMapaMETPOB OOBEKTA.
VY 106HO HUCIIONB30BaTh FTEOMETPUUECKYIO HHTEPIPETAIIUIO ATON 3a/1a4H, CBSI3aHHYIO C
IIOHSATHEM IIPOCTPAHCTBA BHYTPEHHUX IAPaMETPOB; ITO «-MEPHOE MPOCTPAHCTBO, B
KOTOPOM Ul KaKJIOIO M3 71 BHYTPEHHUX MapamMeTpoOB X-, BBIIAEICHA KOOPIWHATHAs
oce. IIpy ongHOBapMaHTHOM aHaIM3€ 3a0aeTCsl TAKXKE HEKOTOpas TO4YKa B
IPOCTPAHCTBE BHYTPEHHHUX IMapamMeTpoB U TpeOyeTcss B 3TOM TOYKE OMpPENEIUTh
3HAUEHUsA BBIXOJHBIX mapameTpoB. IlogoOHas 3amaya  OOBIYHO CBOAMUTCA K
OJTHOKPAaTHOMY PELIECHUIO YPABHEHUH, COCTABIIAIOIINX MaTEMATUYECKYO MOJIENb, YTO
1 00yCJIOBIIMBAET HA3BaHUE JAHHOIO BUJAa aHAJIU3a.

Mnozosapuanmubiii ananu3 3aKIIOYAETCs B UCCIEJOBAaHUM CBOMCTB OOBEKTA B
HEKOTOPOW 00JIacTH MPOCTPaHCTBA BHYTPEHHUX MapaMeTpoB. Takoil aHanu3 TpeOyer
MHOTOKPATHOTO PELIEHUS CUCTEM YpaBHEHUN (MHOIOKPAaTHOIO BBINOJIHEHHUS
OJIHOBApMAHTHOT'O AHAJIN3A).

CuHTE3 Ha3bIBaCTCS onmumuzayueu, €cld ONPEEISIOTCd HaWIydyllue B
3aIaHHOM CMBICIIE CTPYKTYpa U 3HA4YEeHUS MapaMmeTpoB. [Ipu pacuerax onTMalIbHBIX
3HAQYEHUM DapaMeTpoOB IPH 3aJaHHOW CTPYKType TOBOPAT O MapamMeTPUYECKON
onTUMHU3AMU. 3aady BbIOOpa ONTHUMAIBHOM CTPYKTYpPbl HA3bIBAIOT CHIPYKMYPHOU
onmumuzayuel.

[locTaHOBKa 3a1ayv ONTHUMHU3ALMU MMEET COINEPKATEIBHBIA CMBICI TOJIBKO B
TOM clly4yae, KOTJa MOSBIIAETCS HE0OOX0JUMOCTh BBIOOPA OJJTHOTO U3 KOHKYPUPYIOLIUX
BAPUAHTOB, IIOJYYCHHBIX IIPM  OIPAaHUYEHHOCTH  peCcypcoB. TexHUYeCcKoe
IIPOCKTUPOBAHME BCErJa BEAECTCS B YCIOBHUAX JKECTKMX OIPAaHWYEHUH Ha
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MaTepuajbHble, SHEpreTHYeckrue, BpEMEHHbIE M MPOYHe BHUIBI pecypcoB. Bmecte ¢
TeM cpeactBa CAIIP  1o3BONSIOT  BBINOJHUTH  Pa3pabOTKy  HECKOIBKUX
aIbTEPHATUBHBIX BAapUAHTOB, II03TOMY OKOHYATEJIbHBIM BBIOOP TEXHHUYECKOIO
00beKkTa (IPUHSATHE pEIIeHUs) HEOOXOIUMO IMPOBOJAWTH C YYETOM BbIPAOOTAHHBIX
npasul npeonoumeHuss Ha OCHOBAaHUHU YCTAHOBJIEHHBIX KpUTepueB. BoiOop kputepus
SBJIIETCSI OAHUM M3 BaXKHBIX ATAOB MOCTAHOBKM 3a/1a4d ONTUMM3AIMHU, TaK KaK BCE
NOCJIEyIONIME ACHCTBUSL HaIpaBleHbl Ha TOUCK 00BEKTa, Haubosee OJU3KOTO K
ONTHUMAaJILHOMY MO BEIOPAaHHOMY KPHUTEPHIO.

B ocHoBe mnocTpoeHus mnpaBuia NPEANOYTCHUS JEKHUT yenesas @yHKyus,
KOJIMYECTBEHHO BBIpaXKarolasi KauecTBO OOBEKTa M IMOTOMY Ha3blBaeMasi TaKkKe
@yHKkyuel xkawecmea, WA Kpumepuem onmumanvrocmu. GOpMUpPOBAHUE IIETIEBOM
(GYHKIIMM BCeraa BBIMOJNHAETCS C YYE€TOM pAa3IMYHBIX BBIXOAHBIX MapaMeTpoOB
IPOEKTUPYEMOTO yCTpOWcTBAa. B 3aBUCMMOCTH OT CONEP)KaTeIbHOIO CMBICIA 3TUX
napamMeTpoB M BBIOPAHHOTO CIOCO0Aa MX COYETaHUS B LENEBOM (PYHKIMU KayeCTBO
o0beKkTa OyAeT TeM BbIIIE, YeM OOJIbIlIe €€ 3HaueHHe (MaKCHUMHU3AIUs) W 4YeM
MEHbIIIE €€ 3HaUCHHe (MUHUMU3ALINS).

Bri6op 1nieneBoii pyHKIMH HOCUT CYOBEKTUBHBIN XapakTep, U MOAITOMY OOBEKT
MOKET OBITh ONTUMAJIEH TOJIBKO B CMBICJIE IAHHOTO KPUTEPHSL.

B OonpmmMHCTBE MNOAXOMOB K OIEHKE TEXHUYECKOrOo OOBEKTa MPUHSTO
OpUEHTHUPOBATHCA HA ATAJOHHbIE OOpaslibl, HAa MHEHUE BEIYIIUX CHEIUATUCTOB
orpacinu (PKCHEPTHBIE OICHKH) WM Ha TEXHUKO-DKOHOMUYECKHE IOKa3aTes,
onpenenseMbple TeXHHYeCKUM 3aganueM (13) Ha npoektupoBanue. IIpu noaroroBke
T3 00BIYHO YYUTHIBAIOTCS AOCTHKEHHUS, TIOJTYYCHHBIE B MUPOBOM MPaKTUKE, a TAKXKE
B TOM WJIM MHOW Mepe SKCIEepPTHBIE OLEHKHU, MOATOMY Oojee OOBEKTUBHOM ClenyeT
cunTath opueHTtanuio Ha T3. Haubosnee monHas oneHKa MPOEKTHBIX PEIICHUH MOXKET
ObITh BBINIOJHEHA HA OCHOBE aHallM3a TEXHUKO-DKOHOMHUYECKHX IOKa3aTeled ¢
y4eToM TpeboBaHuii, chopmynupoBaHHbIX B T3.

KauectBo (yHKUIMOHUPOBaHUS JIOOOH CHCTEMBl XapaKTEPU3YETCS BEKTOPOM
BBIXOJIHBIX TapameTpoB V = (V;, V,,..., ¥n). HEKOTOpbIE U3 BBIXOAHBIX MMapaMeTPOB
MOTYT OBITh U3MEPEHBI KOJMYECTBEHHO, IPYTUe MPEACTABISAIOT COO0N KaueCTBEHHYIO
CTOpPOHY OO0BEKTa, TO3TOMY BCE€ BBIXOJHBIE TapaMeTpbl OOBIYHO  JENST
COOTBETCTBEHHO Ha KOJMYECTBEHHbIE W KadecTBeHHble. B nanpHelem moa
BEKTOpOM V OyzeM MoJipa3yMeBaTh BEKTOP KOJMYECTBEHHBIX MapaMeTPOB.

K BbIXOAHBIM mapamerpam, ONpeeSIIOIIMM KaueCTBO THUAPONPUBOIA, MOXKHO
OTHECTU TSTOBbIE M CKOPOCTHBIE XapaKTePUCTUKH, IOKA3aTENU pPa3rOHHOM H
TOPMO3HOW TUHAMHKH, YIPABISIEMOCTH U YCTOMUMBOCTH, YHUBEPCATHHOCTH, PACXOJ
Cpelbl, KOJUYECTBEHHbII M Ka4eCTBEHHBIH COCTAaB 3arps3HSIIONIMX BEIIECTB,
BbIOpAchIBAEMBIX B aTMOC(EPY, U MHOTHE APYyTHUE.

3HaueHue 1eNeBol (PYHKIIMU MOXKET BO3pacTaTh WIIM YOBIBAaTh C YBEIMUYECHUEM
KauecTBa BBIXOJHOIO MapaMmeTpa, MO3TOMY B MEPBOM cCliydae HEOOXOJIMMO HCKATh
MaKCUMYM, & BO BTOPOM — MUHHUMYM LI€JI€BON (QYyHKIIUU.

Kaxaplii U3 COCTaBIAIOMIMX BEKTOP V BBIXOJAHBIX MapaMeTpOB 3aBUCHUT OT
MHOKECTBA BHYTPEHHUX MapaMeTPOB MPOEKTUPYyeMOoro oobekTa. CiieryeT OTMETHUT,
YTO 3HAYEHHUS HEKOTOPHIX BHYTPEHHHUX I[MapaMETPOB HA3HAYAIOTCS W HE MOJJIexar
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u3MeHeHuto. K Takum napameTpaM, HanmpuMep, MOXHO OTHECTH MapaMeTpsl
YHU(GULIHUPOBAHHBIX 3JIEMEHTOB WJIM T€ M3 HHMX, 3HAYEHUS KOTOPBIX OTOBOPEHHI B
TEXHUYECKOM 3alaHUM Ha NpoeKkThpoBaHue. OcTajabHbIE MapamMeTpbl MOXKHO
BbIOpATh, OPUEHTUPYSCh HA MPOTOTHUIBI C YYETOM COOCTBEHHOTO OIbITAa M OLEHKH
BO3MOYHBIX MEPCIEKTUB PAa3BUTHUSL KOHCTPYKIIUH MOT0OHBIX OOBEKTOB.

BayTpenHue mnapamerpbl, 3HAY€HUS KOTOPBIX MOTYT MEHSTBCA B IIPOLIECCE
ONTUMH3ALIUM U KOTOPbIE SIBJIAIOTCS apryMeHTaMu UeNeBOW (PYHKIMHU, HA3bIBAIOT
VIpagiAeMblMU Napamempamu.

[TycTh B IpOEKTHUPYEMOM THAPOIPUBOAE UMEETCS N YIPaBISEMbIX apaMETPOB,
oOpasyromux BeKTop X= (X, X,,..., X,). O003HaunM 11eneByro Gpyukmuio yepes3 F(X), a
obnactp ee onpenenenus — uepe3 XP. Bekrop X ompenesnsieT KOOpAUHATH TOUYKH B
obnactu ompeaenenuss XP. Eciu snementsl BekTopa X NPUHUMAIOT TOJBKO
JTUCKPETHBIE 3HAUEHUS, XP SBISETCA OUCKDEMHbIM MHOMICECMEOM MOYeK W 3ajada
ONTUMH3ALIUM  OTHOCUTCS K 00nactu oOuckpemHoeo (B YacTHOM  cCliydae
LEJI0YUCIIEHHOTO) NPO2PaAMMUPOBAHUL.

BoapmMHCTBO 337a4 MmapaMeTpUYecKor ONTUMHU3AIMU TEXHUYECKHX OOBEKTOB
dbopmynupyeTcss B TEpMUHAX HEMPEPBIBHBIX MapaMmeTpoB. Eciiu skcTpeMyM 1ieseBoi
(GyHKUMUA UIIETCS B HEOrpaHUYeHHOU obOsiactu XP, ero HasbIBaloT 6e3ycio8HbIM, a
METO/bl TOUCKA — .Memooamu 6e3ycioeHou onmumuszayuy. Eciu skcTpemym
1eseBor (PyHKIUM UILETCS B OTpaHUYEeHHOM 00acTu XP, ero Ha3bIBAIOT YCIOBHBIM.

Jlnst penieHys 3a7a4 NPOEKTUPOBAHUS B MAIIMHOCTPOCHUH XapaKTEPHbI METOIbI
YCJIOBHOW ONTUMU3ALUU.

Takum o0Opa3om, 3a7ady MOMCKA ONTHUMAIBHOTO DPELIEHUS MOHO B 0O0IIEM
ciydae chopMyIMpPOBATH CIAEAYIOIMHUM 00pa3oMm:

min(max)F(X), X€ XP,

rae X — BeKTop ymnpasisgeMbix napametpoB; F(X) — ueneBas pynkuus; XP —
00J1aCTh JOMYCTUMBIX 3HAUEHUI BEKTOPA YIPABISIEMBIX TAPAMETPOB.

IMocranoBka 3agaum onTumMusanuu. OCHOBHAs MpoOJeMa MOCTAHOBKU 3aJja4u
ONTHUMH3ALIUKA 3aKiIo4aeTcss B BblOope 1eneBoid ¢yHkuuu. CroXKHOCTh BbIOOpa
1eIeBOM (PYHKIIMM COCTOUT B TOM, UTO JIFOOON TEXHUYECKUN OOBEKT NEPBOHAYAIBLHO
MMeeT BEKTOPHBIM XapaKTep KPUTEPUEB ONTUMAIBHOCTU (MHOTOKPUTEPUAIBLHOCTH),
MPUYEM YJIYUYIIEHUE OJHOTO M3 BBIXOJHBIX MMAPAMETPOB, KaK MPAaBUJIO, IPUBOJIUT K
YXYAUIEHUIO JIPYroro, Tak Kak BCE BBIXOAHBIC MapaMeTphbl SBISIIOTCA (YyHKUUSIMU
OJIHMX U TE€X K€ YINPaBIIAEMbIX NAapaMETPOB MU HE MOTYT HU3MEHSTHCS HE3aBUCUMO
IpyT OT npyra. Takue BEIXOAHBIE TApaMEeTPhl HA3bIBAIOT KOH@DIUKIMHBIMU.

[leneBass ¢pyHkmms nopKHA OBITH OAHA (MIPUHITUIT OJHO3HAYHOCTH). CBeneHUE
MHOTOKPUTEpPUATIBHOW 33Ja4yd K OJHOKPUTEPUAJIBHOM HAa3bIBAIOT  C8EPMKOLL
8EKMOPHO20 Kpumepus. 3ajada TMOUCKAa €ro SKCTpeMyMa CBOJIWTCA K 3ajade
MaTEMaTUYECKOIro MPOrpaMMHUPOBAHUS.

B 3aBucumoctu oT TOro, Kakum oOpa3oM BBIOMPAIOTCS U OOBEIUHSIOTCS
BBIXOJIHbIE MapaMeTpbl B CKaJspHOW (YHKIMM KadyecTBa, pa3Iu4yarOT YacCTHBHIE,
aAJAUTUBHbBIC, MYJIbTUILJIMKATUBHbIC, MUHUMAKCHBIE, CTATUCTUYECKUE KPUTEPUU U T.1.

Yacmuvie kpumepuu MOTYT NMPUMEHATHCA B CIydasX, KOrJa Cpelu BBIXOJHBIX
napamMeTpoB MOKHO BBIJIEJIUTh OAMH OCHOBHOM mapameTp Y;(X), HauOoyiee MOJHO
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oTpaxaromud  >PQPEKTUBHOCTH MPOEKTUPYEMOTO O0BEKTa; JATOT MapaMeTp
NPUHUMAIOT 32 LEJIEBYIO (PYHKIMIO. Pa3inuuHble rpymibl U KATETOPUH TPAHCIIOPTHBIX
U TATOBBIX CPEICTB OUYEHb CUJIBHO OTJIMYAIOTCA [0 HA3HAYEHUIO (Hampumep,
TPAKTOPBI, TPY30BbIE ABTOMOOUIIM U CIIOPTUBHBIE aBTOMOOMIIN), IOATOMY ISl HUX B
KauyeCTBE BBIXOJHBIX [TAPAMETPOB, IPUMEHHUMBIX Kak IeseBast QyHKIUs, MOTYT OBbITh
U TPY30M0JABEMHOCTb, U PacXoj] TOIUIMBA, U JWHAMUYECKUE KAuyeCTBAa, U MHOIHE
apyrue. YciaoBusi pabOTOCIOCOOHOCTH OOBEKTa MO BCEM OCTAJIBHBIM BBIXOJHBIM
napaMeTpaM OTHOCST MPHU 3TOM K (PYyHKIMOHAJIBHBIM OrpaHudeHus M. ONTUMHU3AIHS
HAa OCHOBE TAaKOW MOCTaHOBKU HA3BIBACTCS onmuMuzayuerl no 4acmiomy Kpumepuio.

JIOCTOMHCTBO TaKOTO MOJAXOJa — €ro MPOCTOTa, a CYIIECTBEHHbII HEIOCTATOK
— TO, YTO BO3MOKHO TMOJYYHTh BBICOKOE€ KAaueCTBO OOBEKTa TOJBKO IO TOMY
napaMeTpy, KOTOpBIA MPHUHIT B KadecTBe IeleBOW (YHKUMH, B TO BpeMs Kak
OCTaJIbHbIE BBIXO/IHBIEC MTApAMETPhI OyIYT TOJBKO MPHUEMIIEMBIMH.

TeopeTnueckn BO3MOXKEH ClEAyOLMH Mnmoaxoa. MOXHO BbIOpaTh OJUH,
HauOosiee 3HAYMMbIN BBIXOJAHOW IMapaMeTp U MPOBECTH €ro ONTHUMM3ALUI0. 3aTeM
BbIOpaTh CIEAYIOLIMM [0 3HAYMMOCTH IapaMeTp U MPOBECTH €ro ONTUMHU3ALHUIO IPU
YCIIOBUH, YTO 3HAUEHUS YNPABISEMBIX IapaMETPOB, BXOSAINE B BIPAXKEHNE KaK JUIs
IIEPBOIO, TaK U JIJIs1 BTOPOTO BBIXOJHBIX NMAPaMETPOB, IIPYU ONTUMHU3ALUN BTOPOTO Ma-
pameTpa JOJDKHBI ObITh 3a()UKCUPOBAHbI HA YPOBHE, IOCTUTHYTOM IIPU ONTUMHU3ALUH
IEpPBOrO0  IapaMerpa, a ONTUMHU3alUMsi JODKHA IPOBOAMUTHCA  TOJIBKO C
UCIOJIb30BaHUEM YIPABIISIEMbIX MAPAMETPOB, HE BOLIEANINX B OMMCAHUE BBHIXOJHOTO
napaMmerTpa, ONTHMHU3MPYEMOro MepBbIM. Jlanee Mo TakoMy e MPUHIUILY MOXHO
ONTHMHU3HUPOBATh U BCE OCTAJIbHBIE BBIXOAHBIE MapameTpbl. OIHAKO 3TO BO3MOXKHO
TOJIBKO B T€X CIIy4asiX, KOTJa BBIXOJHBIE MAapaMETPhl 3aBUCSIT XOTA Obl YACTUYHO OT
pa3IMYHBIX HAOOPOB YIPABIAEMbIX TAPAMETPOB, UTO Ha MPAKTUKE OBIBAET JAAJIEKO HE
BCET/1a.

B3sewennviii adoumuenvlti Kpumeputi TPUMEHSIOT TOTJa, KOIJA YCIOBUSA
paboTOCIIOCOOHOCTH MO3BOJISIOT BBIAEIUTH JABE I'PYIIbI BBIXOJIHBIX MapaMeTpoB. B
NEPBYIO TpYNIy BXOAAT BbIXOAHbIE mapamerpbl. F(X), 3HaueHUs KOTOPBIX B
IpoLECcCe ONTHUMM3ALMKM HYKHO YBEJIWYUBATH (IIPOU3BOJUTENIBHOCTb, BEPOSTHOCTH
0e30TKa3HOW paboThl, Ui TUAPABIMYECKUX YCTPOMCTB — TIPY30M0ABEMHOCTbD,
MakCHMajbHasi CKOpPOCTh M T.I.), BO BTOPYI0 — BBIXOJHbIE mapaMmerpbl. (X),
3HAUEHUs] KOTOPBIX CJEIyeT YMEHbIIATh (pacxoj, Macca THIPOINPHUBOJA, BpeEMs
pasroHa u mp.).

B sTom cnyuae neneBast GyHKIUS CBEPTKH OyI€T UMETh BU:

F(X)= £y, (X)=4, ¥ (X),

i=1 (3.1)

rae A> 0 — BecoBoi KOA(DPUITMEHT, ONPENETSIOMUNA CTENEHb BAYKHOCTH 1-TO
BBIXO/JIHOTO MapamMeTpa (OOBIYHO 3HAYEHUS A; BHIOMPAIOTCA MPOEKTUPOBIIMKOM H B
MPOLECCE ONTUMHU3ALUN OCTAIOTCSA MOCTOSHHBIMH).

OObeauHeHe HECKOJIbKUX BBIXOJHBIX NMapaMeTPOB, UMEIOIINX B 00ILIEM Cly4ae
pasnTuYHyl0 (U3UYECKYI0 Pa3MEpPHOCTh W BEIMYHUHY, B OJHOW CKASIPHOW IEJIEBOM
byHKIIMM TpeOyeT MpeaBapUTEIbHOTO HOPMUPOBAHMS 3TUX mapameTpoB. CrocoOb
HOPMHUPOBAHHUS MapaMeTPOB MOTYT ObITh paznuuHbl. Hanbonee mpocThiM SBISETCS
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OTHECEHHE STOro MapaMeTpa K HEKOTOpO#l 3apaHee 3aJaHHOW CpelHel BeIMYuHE,
ompenesieMol U3 OmbITa MPEIbIAYLIEr0 MPOEKTUPOBAHUS, WM K JIOMYCKaeMOi
BeMUYMHE (Hampumep, JOMyckaeMmble HampsbkeHus). B sTom cioydae Bce
coctapismonme BoeIpakeHus (3.1) OymyT Oe3pa3MepHBIMH BEJIWYMHAMH OIHOTO
NopsiJiKa, YTO JIeNaeT YJOOHBIM MaHUITYJIMpOBaHUE KOdDPUIIMEHTaMu A; B MpoIiecce
MPOECKTUPOBAHUSI.

Haubosiee TUNUYHBIM ClIyyaeM MapamMeTpUueCKOW ONTHUMHU3ALMH TEXHUYECKUX
O0OBEKTOB SIBISETCS TMOWCK 3HAYEHUH BEKTOpa YIPABIAEMBIX IapamMeTpoB X,
OTPEACIAIONIUX 3KCTPEMYM LIENEBON (YHKIMH NpPU HAIUYUU orpaHuyeHuil. [ns
JaIbHEUIIET0 U3JOXKEHUsI OyJeM CYHMTaTh, YTO B MPOIECCE ONTUMHU3ALUU HIIETCS
MUHHUMYM TEJ€BOU (PYHKITUH.

Takum o0Opa3om, 3a7ady MOMCKAa ONTHUMAJIBHOTO DPELIEHUS MOKHO B 0OIIEM
cinydae chOpMyIMpPOBATH CIAEAYIOIMHUM 00pa3oMm:

minF(X). (3.2)

€ X SX; SX i€[l,n]
3nech X € XP npu npsiMbIX OrpaHUYCHUSIX JUTSL TI000T0 >

X .,X . )
, e HI” 61  — MaKCUMaJbHO W MHWHHUMAJIBHO JONYCTUMBIEC 3HA4YECHHUSA 1-TO

yIOpaBIsieMOTO TMapaMmMeTpa; N — Ppa3MEepHOCTh MPOCTPAHCTBA YIPaBISIEMBIX
napaMeTpoB U pH QYHKIIMOHAIBHBIX OTPAHUYEHUSIX.

DyHKYUOHAIbHBIE OCpAHUYeHUs, KaK TPaBUIIO, MPEICTABIISIIOT COOOM YCIOBUSA
paboTOCIIOCOOHOCTH BBIXOJHBIX TTAPaMETPOB, HE BOIIESAIINX B IEJIEBYIO (DYHKIIHIO, U
MOT'YT OBITh:

TUTIA PAGEHCME

y(X)=0.
THUIIA HepABEHCME

¢(X)>0,

rae Y(X) u ¢p(X) — BexTop GyHKIUH.

Beibop MeTtonma pemieHMss 3aBHUCUT OT crmoco0a TMOCTaHOBKHM — 3ajauud
ONTHMU3AIIHH.

Jrobass u3 Touek XEXP smusiercss donycmumvim pewenuem 3adauu. Yacto
napaMeTpUuecKuii CHHTE3 CTaBUTCS KaK 3ajada oOmpeiesieHus J0oro us
JOMYCTUMBIX pemeHuil. OJHAaKO TOpa3a0 BaKHEE PEIIMTh 337ady ONTUMU3AINA —
HAWTH ONTHUMAIILHOE PEIICHUE CPEIU TOMyCTUMBIX.

MeToabI pelieHus 32124 ONTHUMHU3AIUH

Pacuet BeixomHbIX mapameTpoB oObekTa B CAIIP, kak mpaBmiio, BBITOJIHAETCS
yepe3 UHCJICHHOE pelIeHHe CHCcTeM anreOpamyeckux u aud@epeHmanbHbIX
ypaBHeHui. lleneBass QyHKIMS ¥ (QYHKIIMOHAJIbHBIC OTPAHUYCHHUS OMPEICIISTIOTCS
HESBHBIM O00pa3oM, 4YTO HE TO3BOJIAET OIEHUTb WX CBOMCTBA (BBIMYKIIOCTD,
BOTHYTOCTh M T.J.) C HPHUEMJIEMBbIMH 3aTpaTaMHU BBIUMCIUTEIBHBIX PECYpPCOB.
[Tosromy pemenue 3anay ontumuzanuu B CAIIP Benmercss ¢ MOMOIIBIO 1OUCKOBbIX
Memooo8 MaTeMaTH4eCKOTO IpOrpaMMHUPOBAHUS, WCITOJTB3YFOIITUX
IpeIIIeCTBYIONTYI0 HHGOPMAIUIO ISl TOCTPOSHUS yIyUIIEHHOTO PEIICHUs 33a/1a4H,
T.€. 3T METOABI SBJISIOTCS UTEPALTUOHHBIMH.

24



[To psimy mpu3HAKOB 3a/1ayll OMCKA HKCTPEMyMa MOTYT OBITh OTHECEHBI K TOMY
WIM HWHOMY KiacCy. DOJIBIIMHCTBO TMOCTaHOBOK 3a/Jady  IapaMeTPUYECKON
ONTUMHU3ALMA TEXHUYECKHX CHUCTEM CBOAATCA K 3a-Jlauam  HEJIMHENHOro
IpPOrpaMMUPOBAHMs, TaK Kak IeyeBass (DYHKIUS U OTPAaHUUYECHHUS OIHUCHIBAIOTCS
HEJIMHEWUHBIMY 3aBUCUMOCTSAMH OT BEKTOpA YIIPABIISIEMBIX [TapaMeTpoB. B oTaenbHBIX
ClIy4asix MpHU MPOEKTUPOBAHUM yAAaeTCs Tak cHOpMYIUpOBaTh 3a/lauy, 4To IiejieBast
GyHKUMST M OTPaHUYEHMS SBISIIOTCS JIMHEUMHBIMU (YHKIMSIMH CBOMX apryMEHTOB.
Torma umeer MecTo 3aa4a JUHEWHOTO IPOrpaMMHUpOBaHus. B 3aBucumoctr ot TMIA
MCKOMOTO KCTPEMyMa Pa3INYar0T METO/AbI JIOKATLHON U TII00albHOM, YCIOBHON H
0e3yciaoBHOM onTUMM3aMH. [IpakTHyeckn HCMONb3yeMble METOABl B OCHOBHOM
SIBJISIFOTCS. METOJAMU JIOKAJIBHOTO IIOUCKA.

ONHOBPEMEHHO HAaJeXKHbIe M SKOHOMHYHBIE METOJbI MOMCKAa TJI0OAIBHOTO
DKCTpEMyMa B HACTOsIIEE BpeMs HEU3BECTHbl. HanexHelM, HO KpaiiHe
HEAPKOHOMUYHBIM METOJOM TIJI00ANIbHOTO TOUCKA SIBISIETCS MemooO CKAHUPOBAHUSL.
[Ipu ero mpumenenuu ob6nacth omnpeznenenus F(X) B mpocTpaHCTBe yNpaBiisieMbIX
napamMeTpoB paszOuBaeTrcsi Ha kmojaoOiacTted, B LEHTPE KaXKIOM M3 KOTOPBIX
BBIYHCIIAECTCS 3HAUEHUE 1eeBo pyHKUMU. Ecnu GyHKIMS 3aBUCUT OT NITIApaMETPOB,
HEO0OXOJAMMO BBIMOJIHUTH k" BapuaHTOB pacyeToB. YTOOBI MOJYYUTH JTOCTOBEPHYIO
KapTUHY TOBEACHUS TMIEPIIOBEPXHOCTH OTKIIMKA 1ENeBON (YyHKIHUH, HEOOXOIUMO
CKaHMPOBAThH JOMYCTUMYIO 00JIACTh C IOCTATOYHO MaJIbIM IIaroM, O3TOMY JaxKe ISl
CPaBHMUTEJIIBHO HECJOXXHBIX 3aad 3aTparbl MAIIMHHOIO BPEMEHHM Ha IIOHUCK
CTaHOBSITCS HEIOIMYCTUMO OOJBIIUMHU. ITOT HEIOCTATOK XapaKTepeH U ISl Memo0o8
CYYALHO20 Noucka 2n00anbHo2o sxcmpemyma. OTHAKO 3aTpaThl PECYpCOB Ha
CIIy4alHBIM ITOMCK MOXHO CIEJaTh IMPUEMIIEMBIMHU, €CIIM HE NMPENBSBIATH BBICOKUX
TpeOOBaHUIl K HA/IEKHOCTHU ONPEACICHUS IKCTPEMyMa.

Haubonee MHOrOYMCIEHHYIO TpPYNIy COCTaBISIOT METONbI 0e3yCIOBHOM
onTuMu3aunu. Hekotopoe npeacraBieHue O MMPOKO MPUMEHSEMBIX METOHAX ATOM
rpymmnsl gaetr puc. 3.6. B 3aBUCMMOCTH OT MOpsJIKa MCHOJIb3YEMbBIX MPOU3BOJHBIX
1eJIeBOM  (QYHKUMKM 1O YNpaBIseMbIM MapamMeTpaMm MeTOoJbl  0e3yCIOBHOM
ONTUMHU3ALMHU JIETAT Ha METOJIbI HYJIEBOTO, IEPBOTO U BTOPOTO MOPSAIKOB.

B meTonax HyneBoro nopsiika (mpsaMblx METOJIaX) MHPOPMALIUS O TPOU3BOAHBIX
HE HCMoab3yeTcs. /s MeTonoB mepBOro mopsigka HEoOXOAWMO BBIUUCIATH Kak
3HaueHHe (YHKUMMA KayecTBa, TaK M €€ IMepBble YacCTHbIE MPOU3BOJIHBIC
(rpagvieHTHBIE METOABI). B Meromax BTOpPOro MOpsAKAa OpraHu3alus IOMCKa
IKCTpPEMyMa BEJETCS C YUYeTOM 3HAa4YeHH I11eieBOM (DYHKLMH, €€ MEPBBIX U BTOPHIX
IIPOU3BO/IHBIX.

B 3aBuCHMOCTH OT KOJMYECTBA YMPaBISEMBIX MMapaMETPOB LIENEBON (PpyHKUIUU
pas3nuyaroT METOAbl OJHOMEPHOIO M MHOTOMEPHOro Moucka. OJIHOMEpHBIM MOMCK
MOXET pacCcMaTpPUBATHCS KAaK CaMOCTOATENIbHAS 3a7a4a, €CJIM apryMEHTOM LEJIEBOU
GyHKUMU SBISIETCS OJMH TapameTp. Takod e MOMCK HCIMOJIb3YyeTCsl B KauyecTBE
YacTH MPOLEypbl MHOTOMEPHON ONTUMHU3ALMKU B T€X CIIy4asX, KOTJa HEOOXOIUMO
HAWTH ONTUMAJIbHBIN IIar B BHIOPAHHOM HaIlpaBJICHUHU.

3ajaya yCJIOBHOW ONTHMHU3AIMU MOXKET ObITh CPOpMYNIHpOBaHA Kak 3ajavya
0e3yCIIOBHOM ONTHUMHU3AIMK C TOMONIbI0 MeToJ0oB Jlarpawka wiu 1mrpadHbIX
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¢ynkmuii. Torma s ee pemieHUs NPUMEHSIOTCS METOAbl  0e3yCIOBHOU
ONTUMU3ALINH.

MeTomnr Ge3yCnoBHOM OTTTHMH3AITHH

[
1 | | |

Hysesoro mopsiika ITepsoro nopsaxa Broporo nopajka
| 1
OnHOMEPHEIHA MHoroMepHbL#
TIOMCK MoNcK
MeToa Meron aediop- Merox Meron
IMXOTOMHK [ MUpyeMoro — Hauckopedero | | Hotona
MHOTOIpaHHHMKA cnycka
|| MeToa
Dubonayyy Meton Meron
— TIOKOOPIHHAT- — COMPSDREHHABIX
HOTO CIIYCKa IpajHeHTOB
J Merox 1y
30J10TOTO
ceqeHNs L Meron L Meron
Po3zenGpoka nepeMeHHON
METPHKH
Meton
L KBaJparHyHOH L MeTtons
HHTEPIONAMHA CIy4anHoro
IIONCKA

Pucynok 3.6. Knaccudukarus METO10B ONTUMU3ALIUN

3aaya yCIOBHOM ONTHMMM3ALMM MOXET OBITh pellieHa U METOJaMHU YCJIOBHOM
ONTUMHU3ALMU (METObI TPOEKIIMU IPAJUEHTA, JOIYCTUMbIX HaIllpaBJICHUN U JIp.).

[IpakTueckn BO BCEX METOJAX ONTHUMH3ALUUU CTPEMSATCA MOCTPOUTH TaKYIO
MOCJIEA0BATENBLHOCTD 3HaueHul Xo, X, Xy, ..., npu kotopor F(Xo) >F(X;) >F(X,) >
... B aToM ciydyae oOecrieunBaeTcsi CXOJUMOCTh PE3yJIbTaTOB U MOXKHO HaJesAThCA,
YTO MUHUMYM (QYHKUIUU OyZeT HaleH.

BaxHOM XapakTEPUCTUKOM METOJIOB SBIIETCA HX CKOPOCTb CXOAUMOCTH.
OnHaKo OIIEHKa CXOAMMOCTH TOTO WJIM HHOTO METOAa OOBIYHO Oa3upyeTcs Ha
HEKOTOPBIX TEOPETUUYECKUX IPEANOCHUIKAX OTHOCUTEIBHO OCOOEHHOCTEH LEIeBOU
byukiuu (Hanpumep, (YHKIUS ABaXIbl HENpephiBHO uddepeHnupyeMa WiH
CWJIBHO BBINYKJIA) M 3aBUCUT OT BbIOOpaA HavyaJbHOW TOYKH MOUCKA. TeopeTuueckue
OPEINOCBUIKM  OTHOCUTEIBHO  pEalbHbIX  LENEBbIX  (QYHKUMH  MOTYT  HE
YIIOBJIETBOPATHCS, IMOITOMY CKOPOCTb CXOJUMOCTH B JTHX CIy4asX MOKHO
paccMaTpuBaTh KaK CPaBHUTENIBHYIO OLIEHKY METO/A.

YucneHHple  METOABl  INOMCKAa  ONTUMyMa  IIO3BOJIIIOT ~ IOCTPOUTH
[OCJIEIOBATEIBHOCTh [IArOB OT HayalbHOM TOYKH XO 4Yepe3 HEKOTOphIE
IPOMEXKYTOUHBIE TOUKH X K JIOKATbHOMY 3KCTpeMyMy X*.

CxemMa airopuTMa MOHCKAa ONTUMAJIBHOTO pELIEHUs M OOWIero ciyyas
nokasaHna Ha puc. 3.7. Kak oTMeuanoch BbIlIE, BBIOOP HCXOAHOW TOUKM MTOMCKA X0 BO
MHOT'OM OIpEAENIIeT YyCleX pemeHus Bcell 3amaun. OuyeBHIHO, YTO XO JOJDKHA
NpUHAIeKATh O0JIACTH OmpeneieHus 1eneBod (QYHKIUM U, uYeM OJmke K
IKCTpeMyMy BblOpaHa Xo, TeM ObIcTpee U ¢ OOoJbLIEH BEPOSTHOCTBIO SKCTPEMYM
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Oyner Haiinen. CymiHOCTh METOJA ONTHMH3AIUU OMPENEIsSeTcs dTamamMu 2 u 3
aIrOpUTMa, Ha KOTOPBIX BBHIOMpAETCs HAMpaBlieHWE MAaJbHEHIIEro TIMoucka u
BBIYHCIIIOTCS KOOPJMHATHI 0YEPEeTHON TOUKHU X Ha TpaeKTOpuH mnoucka. [lanee B
TOUKE Xy+] BBIYUCISIIOTCA 3HaueHusi 1eneBod QyHkimuu F(Xyi) u  QyHkimit
OrpaHWYEeHU#, T.e. omnpeaenserca HHPoOpMaLKs, TMO3BOJAIOMIAS CYIUTh O
JOCTUTHYTOM  ycriexe. VIHXXeHep MOXET Ha3HauuTh pPA3JIUYHbIE  YCJIOBHS
IpEeKpalleHus MOUCKa, U, B 3aBUCUMOCTU OT CTEIEHU WX BBINOIHEHUS, MOUCK OyaeT
MPOJIOJIKEH UJIU IPEKPATUTCSL.

Oran 1
BriGop HavameHOL
ToukH Xy

I

y

Brtan 2
Onpepencune
HATIDABACHHA TIOHCKA

!

Oran 3
Har nowucka

!

Iran 4
Beryucnenne RX)

J1an 6
KoHell Toncka

Pucynok 3.7. AITOpuT™M MOUCKA ONTUMAIILHOTO PEIICHHUS

MeToapl OTHOMEPHOTO MOUCKA CTPOSITCS B MPENNOJIOKEHUH YHUMOAAIBHOCTH
(omHOZKCTpemManbHOCTH) (DyHKIMH F(X) Ha 3amanHoM mHTEpBaie [a, b]. K dynkmmm
HE TPEbSIBIAIOTCS TpeboBaHua AUPGEpeHIUPYEMOCTH WM HEMPEPBIBHOCTH.
[Ipennonaraercs, 4to mis Jwboro x € [a, b] 3Hauenue F(X) Moxer OBITh
BBIYHCIICHO, T.€. HAWJIEHO IMyTEM BBIYMCIUTEILHOTO IKCIIEPUMEHTA.

Meroabl  OJHOMEPHOTO  MOMCKA  MOXHO  pa3fAeiuTb  Ha  METOJbI
MOCJIEIOBATEIBHOTO TOMCKa (METOABbl JHUXOTOMUU WIIM TOJOBUHHOTO JIEJICHUS,
®uboHay4l M 30JI0TOTO CEYEHUS])) U METOJMbl, HCIOJIb3YIOIIME AanIpOKCHUMAIUIO
byHKIUU (METOAbI KBaJIPAaTUYHON U KYOHUYECKOM MHTEPIOJIALINH U JIP.).

Jlist GONMBITMHCTBA 3a/a4, CBS3aHHBIX C MMOMCKOM ONTUMAJLHBIX PEIICHUH MpHU
MIPOCKTUPOBAHUH TAKUX CIIOKHBIX TEXHUYECKUX CHCTEM, KaK THAPOITHEBMOCHUCTEMBI,
METO/IBl OJTHOMEPHOTO TIOMCKA MPAKTUYCCKHA HE MPUMEHUMBI, TTOCKOJBKY BBIXOJTHBIC
napaMeTpbsl 3TUX CHCTEM, KaK MpaBWiO, 3aBUCIT OT MHOXKECTBA YIPaBISIEMbIX
napaMmeTpoB. OOBIYHO B 3TOM CiIydae MPUMEHSIOTCS METObl MHOTOMEPHOTO MOUCKA.
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MarteMaTHYecKHe MO1eJIH 00beKTOB NIPOEKTHPOBAHMS

[Toq MaremaTnueckod MOJEITBI0 OOBIYHO TOHMMAETCS OTOOpaKEHHWE PEaTbHOTO
00BEKTa C MOMOIIBIO CUCTEMbI MATEMAaTUYECKHX COOTHOILIECHHI.

[Ipu mnocTpoeHMH MaTeMaTHYECKUX Mofelied OyJeM HCXOAUTh U3 YpPOBHEH
onucanusi CAY, T.e. cucrtema — YyCTpOHCTBO-3JieMeHT. Haubomnpime TpyIHOCTH
BO3ZHMKAIOT NP MOCTPOCHUHU MATEMAaTUYECKUX MoJieJiel 0OBEKTOB YIpaBIEHUs, TaK Kak
y4eT (U3MUECKUX TMPOLECCOB U SIBJICHUN B 3THX O0BEKTaXx TPeOyeT IIUTENbHBIX M
BECbMa TPYAOEMKHUX MaTEeMaTHYECKUX omnepanuid. bojblioe KoJIM4ecTBO 0JHOO00OpPa3HBIX
Y YTOMHUTEIIbHBIX ONEpPALMi NMPU MOCTPOCHUM MATEMATUYECKUX MOJEJEH, B TOM YHCIIE
mudepeHIMpoBaHNe, YMHOKEHHE IIOJIMHOMAa Ha IMOJIMHOM, PAacKpbhITHE CKO-0O0K,
npUBeIeHNE TTOJOOHBIX YWIEHOB, HEM30EKHO CBSI3aHBI C MHOTO-YMCJICHHBIMHU OLIMOKaMH
U «HEHAJC)KHOCTBIO» MATEMAaTHYECKHX MOJENIEeN. ABTOMaTU3alus 3TUX Olepanun
apnsercs ob0s3arensHoM B CAIIP CAY.

bynem paznuuars rpaduueckue, aHaTUTUYECKUE U YHCIEHHBIE METO bl ITOCTPOSHUS
MateMatnuyeckux moaeinei B CAIIP.

['padmyeckue MeTOAbl MPUMEHSIOTCS MPHU MOCTPOCHUH MaTEMAaTHUYECKUX MOJeei
HAa BEpXHEM YpOBHE HMX ONHUCAHHUS B (OpME CTPYKTYPHBIX CXEM U HUX TIpadoBbIX
HKBHUBAJIEHTOB. B 3TOM cilyyae MpOEKTUPOBIIMK UCXOAUT U3 MPEACTABICHUS 00 00bEKTE
KaK O CJOXHOM CHUCTEME, COCTOSIIEN M3 YCT-POMCTB M DJJIEMEHTOB. «BHyTpeHHee
CoZIepKaHue» YCTPOUCTB OOBIYHO OTPAXKAETCS THUIOBBIMU JUHEHHBIMHU 3BeHbIMU CAY
WM YCIOBHBIMH 00O3HAUEHUSIMHU.

BaxxHbIM ycii0BHEM aBTOMAaTH3AlMK TpadUuecKuX CrocoOOB SBISETCS pa3padoTKa
AITOPUTMOB BBOJIA CTPYKTYPHBIX M TpadoBbix mojeneit B OBM. I'paduueckue meTomb
NOCTPOEHUSI T€OMETPUYECKHX MojeNell ycTpoicTB U 3neMeHToB CAY  mmpoko
IPUMEHSIOTCS] B KOHCTPYKTOPCKOM M TEXHOJIOTUYECKOM IPOEKTHPOBAHUU.

[Ipy aHaNTUTUYECKOM IIOCTPOEHWH MAaTEeMaTHYECKUX MOJENEHd HCXOJHBIMU
ABIIAIOTCS 00IIME 3aKOHBI (U3HUKH, Pe3yJbTaThl OOOOIIEHHUS THICSUYEIETHETO OIBITA,
HAKOILJIEHHOTO pPaHee YCHIMAMH YYEHBIX M HH)XXEHEPOB. DTO MPEXKAE BCErO0 3aKOHBI
COXpPAHEHUsI HHEPIrUH, MaCChl M BBITEKAIOUIME W3 HUX MPUHLHUIBI HAUMEHBUIETO
JNEUCTBUS, HENPEPBIBHOCTH MATEPHUANBHBIX MOTOKOB, KMHETHUKO-XUMHUYECKUX PEaKIIUi,
TEIJIoBOro OajaHca U T. Il. ECTECTBEHHO, YTO MPUJIOKEHUE ITUX 3aKOHOB U MPUHIUIIOB
NPUMEHUTENBHO K TOMY WM MHOMY (usumyeckomy ycrpoiictBy CAY mnpuBoauT K
Pa3IMYHBIM BBIPAKECHUSIM.

VYpaBHeHus ABUKEHUS OOBEKTOB yIpaBiieHus, ycTpoctB CAY Takke BBIBOASTCS
Ha OCHOBE COOTBETCTBYIOIIMX 3aKOHOB W MPUHIMU-NIOB. B 4YacTHOCTH, ypaBHEHHUS
JBUKEHUS MEXAHWYECKHX U 3JIEKTPO-MEXAaHUYECKUX YCTPOMCTB CTPOATCS C IOMOIIBIO
dbopmanuzma Jlarpanxka (MaTeMaTHYECKHI MasATHUK):

VYpaBHEHUs NBM)XEHHMS THMAPABINYECKHX, NMHEBMATHUYECKUX W JIPYIUX YCTPOMCTB
CAY BBIBOJATCS Ha OCHOBE AHAJIOTUYHBIX 3aKOHOB.

Yno6en s BbiBoja nudepeHINaNbHbIX YpaBHEHUN IBUKEHHS JUHAMHYECKOMN
cuctembl (popmanusm Jlarpanxka. 3ameuaTenbHOe CBOIMCTBO opmanusma Jlarpamxka —
€ro HEe3aBUCHMOCTh OT BbIOOpa OOOOIIEHHBIX KOOPAMHAT (i, MOATOMY HOSBIAETCS
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BO3MOXKHOCTh BbIOOpa yZOOHOM sl MccleI0oBaHui cucTeMbl KoopauHat. O0001eHHbIe
cuibl Q1 SBIAIOTCS MPOU3BOAHBIMU OT (PYHKIMN SHEPTUH PA3IUU-HOTO MPOUCXOKIACHUS:
noteHnuanbHon U(q1), «aHepruu paccessHus» D, sneprum perymnsatopos E(qi, qi), T. e.

YucrieHHble METOIbI (POPMUPOBAHUS MAaTEMAaTUUECKUX MOJIeJIel, BKIIIOUAIOT B ce0s
MO-CJIEJIOBATENBHOCTD Olepalui o 00paboTKe U aHAIM3Y alpPUOPHON U allOCTEPUOPHON
4yuCciIoBOM HHpopManuu 00 oObekTe. B pe3ynbrare BHINOJHEHUS aHajIU3a MOJydaroTCs
CTPYKTypa U MapaMeTpbl MAaTEMaTHUYECKUX MOJIENIeH 00bEKTa.

[TocnenoBaTensHOCTH ONEpaIuii IPU 3TOM OOBIYHO TaKas:

3amaroTcs MaTEeMaTUYECKUE 3aBUCUMOCTH MEXKIY BXOIHBIMH U BBI-XOJHBIMU
NepeMeHHbBIMH B cTatuke. lIpoBoguTcss (akTOpHBI aHAIWM3  ampUOPHBIX U
amOCTEPUOPHBIX JAHHBIX C IETBI0 OTCEMBAHUS HECYIE-CTBEHHBIX MEPEMEHHBIX B ITHUX
3aBUcUMOCTSX. [log (akTOpHBIM aHa-TM30M TMOHUMAETCS MPUOMKEHHAsT OIICHKA
napaMeTpoB M KO3 (UIM-EHTOB YpaBHEHH B 3aBUCHUMOCTH OT BbIOpaHHOW MeEpHI
TOYHOCTHU COB-TIQICHUS SKCIIEPUMEHTAIBHBIX U TEOPETUUECKUX JIAHHBIX.

[IpoBoaATCSI SKCIIEPUMEHTHI 1O OMPEIEICHUIO PEeaKIMU CUCTEMbl Ha BO3JEUCTBUS
no BpeMeHH. CTposATCA OLEHKU TUHAMUYECKHX Xa-paKTEPUCTUK OOBEKTa BO BPEMEHH.
CrposiTcsi MaTeMaTHMYeCKHME 3aBUCMMOCTH MEXIY BBIXOJHBIMHU W BXOJHBIMH
NEepEMEHHBIMU B IMHAMUKE.

[lepeuniciieHHbIE oOmepalud METOAUKA TIOCTPOEHHUS MAaTeMaTHYeCKUX Mojenei
BXOJST Kak coCTaBisiomue B Oosblio pazgen teopun CAY, H3BECTHBIM Kak
UJeHTU(UKAIUS CUCTEM U YCTPOMCTB.

[Ton wunentudukamumerr B Teopurn CAY 0OBIYHO MOHUMAIOT TMOCTPOC-HUE
MaTeMaTHYECKUX MOJIeIe 0ObEKTOB M0 alpUOPHON U arlOCTEPUOPHON HHPOPMAIIIH U, B
YaCTHOCTH, TI0 W3BECTHBIM WX BXOJAHBIM M BBIXOJHBIM cHTHajlaM. HawmOomee
pactpoCTpaHEHbl METONBI TapaMEeTPUYeCKOW WACHTH(PUKA-IIUUA, KOTJa CTPYKTypa
MaTEeMaTUYeCKUX MOJIeNICH yKe 3aJaHa, a TpeOyeTcs HaWTH TOJBKO €€ IMapaMeTphl B
COOTBETCTBUM C 3aJJaHHBIMU KPUTEPUSIMHU aJCKBAT-HOCTH MaTEeMaTHYECKUX MoJeNed u
00beKTa.

Haubonee uenecoobpa3HbiM CIOCOOOM TMOCTPOCHMSI MAaTeMAaTHUYECKUX Mojelel
CAY, KO-TOpbIi MOXHO TIOJIOKUTh B OCHOBY TIIOCTPOEHHUSI COOTBETCTBYIOIICH
nmoacuctembl CAIIP CAY, saBasgercs coueTaHHe aHAIMTHUYECKUX METO-JI0OB C
YyuCJIeHHbIMU. [IpU 3TOM aHAIUTUYECKUMH METOJAMH CTPOSTCS BO3MOXKHO OoJiee
MOJIHBIE MATEMAaTUYECKUX MOJEJIEH, a C MOMOIIbIO YUCICHHBIX METOJI0OB UJICHTU(DUKATUN
OCYIIECTBIISIETCS KOJMYECTBEHHAs OIEHKA MapaMeT-poB MOJEIW W 00ecTieunBacTCs
aJIeKBaTHOCTH €€ peanbHOMY 00bekTy. Takoii moaxon, peanusyembiii cpeactsamu CAIIP,
oka3bIiBaeTCsl A(-(HEKTUBHBIM HE TOJBKO JIJII SKOHOMUU BBICOKOKBATU(UIIMPOBAHHOTO
TpyZla, HO WU ISl 3HAYUTEIBHOTO NOBBIMIEHUs anekBaTHOCTH MM CAY peanbHOMY
00BEKTY.

[Ipu »TOM mporeaypa MOCTPOSHUS MaTEMaTUYECKUX MOJCNICH COCTOWT W3 TpPeX
ATaMoB:

— BBIBOJI TIOJIHOM MaTeMaTUYECKOW MOJENM B aHATUTUYECKON (opMe Ha OCHOBE
KJIAC-CUYECKUX MPUHIIMIIOB U (POPMATU3MOB JUHAMUKH;

— YOpOUIEHUE U MPeoOpa3oBaHUE MATEMATHUYECKUX MOJENIed B COOTBETCTBUU C
Ha3HauYe-HUEM U OCOOEHHOCTBIO MOJIEIIH;
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— MapameTpuyeckas HIeHTU(UKALNS YIPOIICHHBIX MAaTEMaTUYECKUX MOJENEN o
pe-3yapTaTraM dKCIEPUMEHTAIbHbBIX UCCIIETOBAHUI U UCIIBITAHUMN.

Kiaccudpukanusi MaTeMaTHYeCKUX MOJIes1eH

B 3aBucuMocTH OT XapakTepa 0TOOpa’kaeMbIX CBOMCTB 00bEKTa MOJIEIHU JENSATCS Ha
CTPYKTYpHBIE U (PYHKIIMOHAJIbHBIE.

B mpouenypax, OTHOCAIIMXCS K TPOLECCY MPOEKTUPOBAHUS, Mpeodianaer
VCMOJIb30BAHUE MATEMATUYECKUX MOJCJIEH, OTPAXAKIMUX TOJBKO CTPYKTYpPHBIE
CBOICTBa O0BEKTa, HAIpUMEp, €ro TeoMeTpUuYecKyr (opMy, pa3Mepbl, B3aUMHOE
PACIIOJI0KEHUE DIIEMEHTOB B IIPOCTPAHCTBE. Takue MOJEIN HA3bIBAKOT CIMPYKMYPHLIMU.

Pazmuuaror  crpyktypasie MM Tomosormueckue U reoMmerpuyeckue. B
TOMOJOTHYECKUX MOJIEISIX OTOOpPa)XaroTCsl COCTAaB M B3aWMOCBSI3b 3JIEMEHTOB OOBEKTA.
MNx yacTto HMCMIONB3YIOT [Js OMHUCAaHUS OOBEKTOB, COCTOSIIIMX M3 OOJIBLIOTO YHCIa
AJIEMEHTOB, TMPU PELUICHUM 3a4a4d MPUBSA3KA DIEMEHTOB K  ONPEACICHHBIM
MPOCTPAHCTBEHHBIM TMO3ULMAM (HAapUMeEp, 3aJaya KOMIIOHOBKM MAIIMHBI) WU K
OTHOCUTEILHBIM MOMEHTaM BpPEMEHHU (HampuMep, Mpu pa3padOTKe TEXHOJIOTHYECKOTO
npoiiecca). Tormogornyeckre MOJEIN 4acTo UMET GpopMy rpadoB, TabIHIl, CIIHUCKOB U
T. . B reoMerpmyeckux MOJENAX MOMUMO CBEIACHUH O B3aMMHOM PaCHOJIOKECHHUU
AJIIEMEHTOB 00BEKTA COIEPKATCS CBEEHUS O POpME AIEMEHTOB.

Takue wmonxenmn MOTyT BBIPAXKaTbCsl COBOKYNHOCTBIO YPAaBHEHUW JIMHUNA U
IIOBEPXHOCTEM, anreOpandecKux COOTHOILICHHH, ONMCHIBAIOIINX obracTw,
COCTaBJISIONTME TENO 00BeKTa. [Ipu ommcaHWM KOHCTPYKIIMH, COCTOSIIEH W3 THIOBBIX
AJIEMEHTOB, UCTIOIB3YIOTCS Tpadbl U CIIUCKHU.

B mpoekTHBIX mporeaypax, CBS3aHHBIX ¢ (YHKIHOHATHHBIM  ACHEKTOM
MIPOEKTUPOBAHMS, KAK MPABWJIO, UCIHOJB3yIOTC MM, oTpaxaro muye 3aKOHOMEPHOCTH
MPOIIECCOB (GYHKIIMOHUPOBAHUS 00BEKTOB. Takue MOJEIN Ha3bIBAIOT
@ynryuonanonuvivu. TUnu4Has GyHKIMOHAIBHAS MOJIETbh NPEJICTABIsAET COOON CUCTEMY
YPaBHEHUH, OINUCHIBAIOIIMX MEXAHUYECKHE, THAPABIMYECKHE, ITHEBMATUYECKUE,
AJIEKTPUYECKUE, TeIUIoBble mponecchl. I[lockonbky Xapaktep (GYHKIHOHUPOBAHUS
00beKTa B OOJIBIIMHCTBE CIy4yaeB HEBO3MOXHO OINHUCAaTh 0€3 yyeTa €ro CTPyKTYphl, B
byHKUHOHATBHBIX MM  oTpakaloTcsi Takke M CTPYKTYpHBIE CBOWCTBa OOBEKTA.
OyHKIMOHAIBHBIE MOJENN 0oJiee CIIOXKHBIE MO CPAaBHEHUIO COCTPYKTYPHBIMU H
CYHUTAIOTCA OCHOBHEIM TUIIOM Mojeiie B CAIIP.

CymecTtByer kimaccuukanus MaTeMaTHUYECKHX MOJIeTieH B 3aBUCHMOCTH OT
CTEMEHH JeTaTu3al[Mi OMKCHIBAEMBIX CBOMCTB M MPOIECCOB, MPOTEKAIOIINX B OOBEKTE.
PaccMoTpuM ee mpuMEHUTENBHO K (PYyHKIIMOHATIBLHBIM MM.

brouno-uepapxudeckuii TOAXO K TMPOSKTUPOBAHUIO TEXHUYECKUX OOBEKTOB
BKJIIOYAET B KAa4yeCTBE CBOEM OCHOBBI M HEPAPXUI0 MaTeMaTH4ecKux mognenen. Ha
KaQXJIOM HMEPApXUUYECKOM YPOBHE HCHOJIB3YIOTCA CBOM MM, CIOXHOCTH KOTOPBIX
COrjlacoBaHa C BO3MOXKHOCTSIMM aHaiu3a. JlejlleHne MoJeneld IO HepapXU4eCKUM
YPOBHSIM MPOUCXOJUT IO CTENEHU JIETAIU3ALNH OIKCHIBAEMBIX CBOWCTB M IPOLIECCOB,
nporekaroumx B oobekre. [Ipu 3TOM Ha KakJI0M MEpAPXUUYECKOM YPOBHE UCHOJIb3YIOT
CBOU TIOHSTHUS «CHUCTEMa» U «AIEMEHThbD. TaK, CHCTEMA K-20 YPOBHS paccMaTpHUBACTCS
KaK 3JIEMEHT Ha cocelHeM 0oJjiee BBICOKOM (K-1)-M ypoBHE aOCTparupoBaHusI.
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CtpykTypy 00BEKTa Ha TIOOOM HEPAPXUIECKOM YPOBHE MOKHO TIPEJICTABUTH B BUJIC
COBOKYMHOCTH DJIEMEHTOB U CBsize Mexay HuMHU. CBONCTBa KaXXJIOro 3JEMEHTa
OMHCHIBAIOTCA MaTeMaTH4YeCKON Mmoldenvio anemenma. OHa TpeACTaBiIseT coOOM
COOTHOIICHMS, CBSI3bIBAIOIME BHEIIHUE 10 OTHOIICHUIO K DJIIEMEHTY (a30Bbie
nepemMeHHbie. HekoTopble MOJMHOKECTBA JIEMEHTOB C UX CBSI3IMH MOXHO MO KaKHWM-
a1u00 oOImUM TpU3HaKaM OOBEIUHHUThL B TPYIIIBI WU 60Ku. MaTtemaTudeckass MOJEb,
MOJIy4eHHasi HEMOCPEACTBEHHBIM O0BEAMHEHUEM MOJIEIei 3JeMEeHTOB OJloka B OOUIYIO
CUCTEMY YpaBHEHHH, Ha3bIBACTCS nOJHOU Modenvio Olloka. XapaKTepHOH ee
OCOOEHHOCTBIO SIBJISIETCS TMPUCYTCTBME B HEW BEKTOpa BHYTPEHHUX (Ha30BBIX
MIEPEMEHHBIX, T. €. OHA OMUCHIBACT U COCTOSIHUE KaXKJIOTO U3 DJIEMEHTOB OJIOKA.

[Ipu GONBIIOM KOMMYECTBE AIEMEHTOB MOPSAOK CHCTEMbl YPABHCHHA CTAHOBUTCS
ype3MepHo OonbimM W TpeOyroTcs ympomieHus. [Ipu mepexome k 0osiee BBICOKOMY
UEPApXUIECKOMY YPOBHIO YIIPOIICHHUS OCHOBAHBI HAa MCKIIOUEHUW M3 MOJEIU BEKTOpa
BHYTPEHHUX MEpEeMEHHbIX. Takas Mojeiab Ha3bIBaeTCs Mmakpomoodenvto. OHA yxKe HE
OMKUCHIBAET TMPOLIECCHl BHYTPU OJOKa, a XapakTEepU3yeT TOJIbKO  IPOIIECCHI
B3aMMOJICUCTBUSl JTAHHOTO OJIOKa C JAPYTMMH B COCTaBe cuUcTeMbl OnokoB. [loHsiThe
MaKpoMojieJiell UMEeT CYUIECTBEHHOE 3HayeHUe B OJI0U-HO-HEepapXUUYECKOM MOAXOAE K
MPOCKTUPOBAHUIO. 3aMeHa MOJHBIX MOJeNel OJOKOB UX MaKpOMOJEISIMU IMO3BOJSET
nepeiiTy Ha Oojee BBICOKMI HEpApXUUYECKUN YpOBEHb, e OJOK HHU3IIEr0 YPOBHS
BBICTYNAET Y€ B KayecTBE AJIEeMEHTa HOBOT0, YKPYMHEHHOTO OJioKa (MJIM CHUCTEMBbI
MOJTHOCTHIO).

CymiecTByeT Takke TOHSITHE MHOTOYPOBHEBBIX MOJIEEH, KOTJa OJHU OJOKH
CHUCTEMBI OIUCHIBAIOTCS TIOIHBIMHU MOJICTISIMU, & IPYTHE — MAKPOMOJIEIISIMHU.

B 3aBuCHMOCTH OT CJIOXHOCTH OOBEKTAa MPHU €r0 NMPOCKTHPOBAHUHM HCIIOIB3YIOT
OomnpIliee WM MEHBIIEE YUCIO ypPOBHEW aOCTpakiuu. UYHWCIO MCHOJIb3yeMbIX
UEPAPXUUYECKUX YPOBHEW MPU MPOCKTUPOBAHUU KOHKPETHBIX OOBEKTOB 3aBUCUT OT
Tpaaunui  npeanpusatusi, npuHstod — opranm3amuu  CAIIP,  Bo3moxkHOCTEU
UCIIOJIb3yEeMOT0 MaTeMaTH4eCKOro M MpOrpaMMHOI0 oOecreueHus. YBeIuYeHUe uducia
YpOBHEW MO3BOJISIET UCIMOJIB30BaTh OoJjiee mpocThie MM Ha KaXI0M M3 HUX, OJHAKO
YCIIOKHSIET COTJIaCOBaHUE PE3yJIbTATOB, OJYYCHHBIX Ha PAa3JIMYHBIX YPOBHSIX.

B wuepapxuu (GyHKIMOHAIBHBIX MojeNed i OOJBIIMHCTBA MPOEKTHPYEMBIX
CJIOKHBIX 00BEKTOB O0BEIMHEHNE YPOBHEW, POJICTBEHHBIX T10 XapaKTepy UCIOIb3yEMOTO
MaTEMaTUYECKOro ammapara, MPUBOAUT K 0Opa30BaHUIO TPEX YKPYMHEHHBIX YPOBHEM:
MUKPO-, MAKPO- U METAypPOBEHb.

Ha MuKpoypoBHE WCHOJB3YIOT MaTeMaTHYECKHE MOJCIH, ONMUCHIBAIOIINE
(bU3MYEeCKOe COCTOSHHE W TIPOIECCHl B CIUIOMIHBIX cpenax. da3oBble MEpeMEHHBIC
SIBJISIFOTCSL B TAHHOM CJTy4ae (PyHKITUSIMHA HECKOJIKIX HE3aBUCHUMBIX TIEPEMEHHBIX, TAKHX,
KaK TPOCTPAHCTBEHHBIC KOOPAWHATHI W BpPEMs, MPU ITOM H MPOCTPAHCTBO, M BPEMS

HETMPEPHIBHBI.
[Ipumepamu Takux Mojeneu ciyxar AuddepeHuaibHble YPAaBHEHHUS] B YACTHBIX
NPOU3BOJHBIX — YPABHEHHS YIPYrOCTH, DSJIEKTPOJAUHAMHUKH, TEIIONPOBOIHOCTH,

TUAPOJAMHAMMUKY,  Ta30BOM  JMHAMHUKH, KOTOpbIE  OINHUCHIBAIOT  HAMNPSKEHHO-
neOpMUPOBAHHOE  COCTOSIHME  JIeTalled  MEXaHUYEeCKUX  KOHCTPYKUHUH,  MOJs
AIIEKTPUYECKOr0 MOTEHIIUANA U TEMIIEPATYpPhl U T. 1.
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K tunmunbiM ($a3oBbIM MEpEMEHHBIM Ha MHKPOYPOBHE OTHOCSITCS MEXaHUYECKHE
HaNpspKeHUsT U Jieopmaliuu, JaBJICHHs, TEMIIEPATyphl, DJIEKTPUUYECKUE MOTCHIUAIBI,
KOHIIEHTPAIIMX YaCTHUI], IDIOTHOCTH TOKOB. B CBsI3M ¢ ydyeToM XapakTepa BO3ICHCTBUN U
($ha30BBIX TMEPEMEHHBIX, pacCHpeeICHHbIX B MPOCTPAHCTBE, STU MOJICIU HA3BIBAIOT
pacnpeoeieHHbIMU.

AHanu3 pacrpeliesieHHbIX MOJEIEH CBOJUTCS K PEUICHUI0 KpaeBbIX 3aaad
MaTeMaTH4eCKOW (PU3UKU W TIPECTABIIACT 3HAYUTEIbHBIE TPYIHOCTU BBIYUCIUTEILHOTO
xapakTtepa. Mcrnonap30BaHne WX OTPaHUYUBA €TCS CIIydassMU OOBEKTOB C MaJIBIM YHCIOM
YYaCTKOB. Y CIIOKHEHUE 33/1a4M MPHU YBEIIMYECHUN MPOTKEHHOCTH MPOCTPAHCTBEHHBIX U
BPEMEHHBIX OO0JacTell MPUBOAUT K HEOOXOAMMOCTH Tiepexoda K CIeAyIoImeMy
MEPAPXUUECKOMY YPOBHIO — MAKPOYPOBHIO.

Ha makpoypoBHE NpOW3BOIUTCS AUCKPETU3ALHUs MPOCTPAHCTBA C BBIICIICHUEM B
KQ4eCTBE 3JIEMEHTOB OTACJIBbHBIX JeTane. Takas JUCKpETHU3alusl O3HAYAET MEePEeXO] OT
pacrnpesieIeHHbIX MOJENEeH K cocpedomoueHHbIM, TIPU 3TOM M3 YUC]Ia HE3aBUCHMBIX
MEPEMEHHBIX UCKIIIOYAIOT MPOCTPAHCTBEHHBIE KOOPAUHATHI. DJIEMEHTAMHU 3TOr0 YPOBHS
SBJISIIOTCSL  OOBEKTHI, KOTOPhbIE HAa MHUKPOYPOBHE pPacCMATPUBAIUCh KaK CHCTEMBI
(HampuMep, Bajibl, MIPYKUHBI, JIEMEHTBI CONPOTUBIICHUS). [lapaMeTphl 3TUX AJIEMEHTOB,
Oyly4r Ha MUKPOYPOBHE BBIXOJHBIMH, CTAHOBATCSI BHYTPEHHUMH.

MaremaTudyeckue MOJEIM Ha MaKpOypOBHE TNPEACTABISIOT COOOM CHCTEMBI
0OBIKHOBEHHBIX JUDPEpeHIINATIbHBIX YPAaBHEHUM, KOTOPHIE B YACTHBIX CIydasiX pelIeHUsl
CTAaTUYECKUX 3aJ]]a4 MPEBPAIIAIOTCS B CHCTEMbI alreOpanvecKuX WM TPAHCIICHACHTHBIX
ypaBHEHUU. /{11 UX MOJYyYEHUs U PEUICHUS WCHOJIb3YIOT COOTBETCTBYIOIINE YUCICHHbBIE
MeTonpl. B kadecTBe (Da30BBIX TMEpPEMEHHBIX (PUTYPUPYIOT CHIIBI, CKOPOCTH,
TEeMIEPATYPhl, PACXObI, STEKTPUUECCKUE HAMPSKEHUS, TOKU U T.4. OHU XapaKTEepU3yloT
MIPOSIBJICHHSI BHEIIHUX CBOWCTB JJIEMEHTOB TPU MX B3aMMOJIEHCTBUHM MEXKIY COOOU M
BHEIIHEW Cpeaoi.

C yBeJMYeHHEM YMCla DJIEMEHTOB CHUCTEMbl BO3MOKHOCTH PEIICHUS 3a7ay C
ucrnojas3oBanueM MM MakpoypoBHS pe3Ko cyxarorcs. B 3Tom ciydae menecooOpaseH
nepexo]i K cieayrolemMy, 00oj1ee BHICOKOMY HEPaApXUUIECKOMY YPOBHIO.

Ha wmetaypoBHEe ¢ momolipio JanbHEHIero abcTpardpoBaHUs OT XapakTepa
(bU3NYECKUX TPOIECCOB YJAeTCs TMOJYyYUTh MPUEMIIEMOE I10 CJIOKHOCTU OMHMCAHUE
MIPOIIECCOB, MPOTEKAIIINX B MPOCKTUPYEMBIX 00BbeKkTax. MaremaTudeckue MOJeIU Ha
METaypOBHE — CHCTEMbl OOBIKHOBEHHBIX IHU(PdepeHIINATbHBIX YpPaBHEHUN, CHUCTEMBI
aNre0pandecKuX ypaBHEHHM, CUCTEMBI JJOTUYECKUX YPAaBHEHUN, MMUTAITMOHHBIE MOJICITN
CHUCTEM MacCCOBOTO OOCITY>XKMBAHUA. 371€Ch POJIb 3JIEMEHTOB U BHYTPEHHHUX MapaMeTpPOB
BBITIOJIHSIFOT CUCTEMbBI M BBIXOJIHBIE IMapaMETPhI MPEABIAYIIETO0 HEPAPXUUECKOTO YPOBHS.
MogenupoBaHue Ha METAypOBHE IIO3BOJISIET BBINOJHUTH JUHAMUYECKHM pacuer
TUIPOIPUBO/IA, PEIIMTH BONPOCHl KOMIIOHOBKH MAIlIMHBI, BBIITOJIHUTH OCHOBHBIE PACUETHI
Ha MPOYHOCTh U COMPOTUBIICHUE YCTAIIOCTH JIETAJIEH.

MaremaTudyeckiue MOJIEIH pa3InvaloT TakKe B 3aBUCUMOCTH OT (OPMBI HX
MPEICTABICHUS.

Hneapuanmnas ¢opma — 3amuch COOTHOIICHUH MOJIEIM C  MOMOIIBIO
TPAAUIIMOHHOTO MaTEMaTHYEeCKOrO s3blka OE30THOCHUTENIBHO K METOAY pelIeHUs
YPaBHEHUU MOJEIIH.

32



Aneopummuueckasa ¢gopma — 3aNUCh COOTHOUICHWM MOJEIH U BBIOPAHHOTO
YHUCJICHHOTO METOJla pelieHus B (¢opMme anroputma. Berumcinenue 3Ha4eHUN MCKOMBIX
BEJIMYMH [TPOU3BOAUTCS IyTEM PEIICHHsI; CUCTEM YpaBHEHHIA.

Ananumuyeckas ¢popma — 3amuch MOJEIU B BUAE pPE3ylbTaTa aHAIUTHYECKOTO
peleHusl UCXOAHBIX ypaBHeHUH mozenu. [Ipu 3Tom Mozaenu B aHamuTHYECKOW (opme
OOBIYHO MPEACTABISIOT COOON SIBHBIE BBIPAXKEHUSI BBIXOAHBIX MMAPaMETPOB Kak (YHKIUN
BHYTPEHHUX M BHEHIHMX mapameTpoB. C TOukM 3peHHs yaoOcTBa peanuzanuu Ha OBM
OHM BBITOJHO OTJIMYAIOTCS OT JAPYTUX, OJAHAKO MX CJIOXKHO U HE BCEr/a BO3MOXKHO
MOJTyYHUTb.

Cxemuas ¢popma (Ha3pIBaeMasi TaKkKe epaghuueckoli) — MPEACTABICHUE MOJIEIH Ha
HEKOTOPOM TpaUyeCcKOM SI3bIKE, HAlpUMeEp, Ha fA3bIKE IpadoB, SKBUBAJECHTHBIX CXEM,
auarpaMM U T. 1. ['papuueckue (opmbl yIOOHBI ISl BOCHPUSITHS YEIOBEKOM.
Hcnonp3oBanne Takux (OpM BO3MOXKHO TMPU HAJUYUMA TMPABUI  OJHO3HAYHOTO
UCTOJIKOBAHUSI DJIEMEHTOB YepTeXeW U MX TMepeBoJa Ha S3bIK MHBAPUAHTHBIX WU
AITOPUTMUYECKUX (POPM.

MaremaTiueckue MOJAEIM B aNTOPUTMHUYECKOM M aHAJIUTHYECKOH ¢dopmax
Ha3bIBAIOT  COOTBETCTBEHHO  aneopummudeckumu M ananumuyeckumu.Cpenu
ATOPUTMUYECKUX MOJIeTe BaXKHBIM KJAacC COCTAaBIAIOT UMUMAYUOHHBIE MOOEU,
npeHa3sHaYeHHbIE JUI UMHUTALUU MPOUCXOASIINX B 00BEKTE MPOILIECCOB MPU 3aJaHUN
Pa3IMYHBIX 3aBUCUMOCTEH BXOAHBIX BO3JEHCTBHIA OT BpeMeHU. COOCTBEHHO, MMUTAIIHIO
HA3BAHHBIX MPOIECCOB HA3BIBAIOT UMUMAYUOHHLIM —Moodenuposanuem. Pesynbrart
UMUTAIIMOHHOTO MOJIEIMPOBAHUSI — 3aBUCUMOCTHU (ha30BbIX MEPEMEHHBIX B M30paHHbBIX
3JIEMEHTaX CHUCTEMbI OT BpeMeHH. [IpruMepaMu MMUTAIIMOHHBIX MOJENIEH MOTYT CIIY>KUTb
MOJIEJI Pa3roHa U TOPMOXEHHS BBIXOAHOTO 3BE€HA THMAPONPUBOAA, MOJEIb padouero
[UKJIa TUAPONPUBOAA U T.J.

TpedoBannss k MaTreMaTH4ecKUM MoaeasiM. OCHOBHBIMH TpeOOBaHUSIMH,
npeabaBiasieMbiIMud K MM, sBISIOTCS TpeOOBaHUS aJeKBAaTHOCTH, YHHUBEPCAIBHOCTH WU
KOHOMHYHOCTH.

Aodexeamnocms. Mogenb cuuTaeTcsi aJeKBaTHOW, €CIM OHAa OTPa)KaeT 3aJaHHbIC
CBOICTBAa 00BEKTa C MPUEMJIEMON TOYHOCTHIO. TOUHOCTH ONpEeNsieTcsl KaK CTEleHb
COBMAJICHUS MPEICKa3aHHBIX C MOMOINBI0O MOJENHM 3HAYEHUH BBIXOJHBIX IAPAMETPOB
00BEKTa C UICTUHHBIMU 3HAUYEHUSIMH 3THX ITapaMETPOB.

To4yHOCTH MOJIEM OLIEHUBAETCSI OTHOCUTEIBHOM MOTPEIIHOCTHIO

yM B yucm

Y

E =
;

I'ZI€ V,, — BBIXOJHOM MMapaMeTp, PACCUYUTAHHBIN C IOMOIIBIO MOJEIIH; Yyer — TOT K€
BBIXO/IHOM MapaMeTp, UMEIOIINI MECTO B MOACITUPYEMOM OOBEKTE.

KonnuecTBeHHast OlieHKa TOYHOCTH MOJENTU B OOJBIIMHCTBE CIIy4aeB BBI3BIBAET
3aTPYAHEHHUS 1O PALY IPUYMH.

Bo-nepBbIX, peanbHble OOBEKTHI U HMX MOJEIN XapaKTepU3YIOTCS HE OJHUM, a
HECKOJIBKUMM BBIXOJHBIMH MapameTpaMu, MO3TOMY ISl BO3MOKHOCTH COIOCTABJICHUS
MOJENEN APYr C APYIrOM HCIIOJB3YIOT CBEIECHUE BEKTOPHOW OLIEHKH TOYHOCTH K
CKaJIAPHOM.
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[TycTh 00BEKT XapakTepus3yeTcs m BBIXOJIHBIMHU Mapamerpamu. OTHOCHUTEIIbHbBIE
IOTPEIIHOCTH &j,- O KaXKIAOMY M3 HUX OyIOyT pasiMuHbL. B cBsA3u ¢ >TUM ais oOmiein
OLIEHKM IIOTPEIIHOCTH MOJEIH €, MO COBOKYITHOCTH YYUTBIBAEMBIX BBIXOJHBIX

E=(E,En € )
IapaMeTpoB 0OBIMHO UCTIONB3YIOT OJHY U3 HOPM BEKTOPA 1727 m

& .

&€= max
J

j=1m
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Bo-BTOpBIX, Tak Kak XapakTep MpPOSBICHUS CBONCTB OOBEKTa 3aBUCUT OT
0COOCHHOCTEH ero B3auMOJICHCTBHUS C BHEIIHEH CPeiol U IPYTUMHU OOBEKTaMHU CHCTEMBI,
TO W TOKa3aTeld TOYHOCTU OTOOPaKEHUSI 3TUX CBOMCTB B MOJENU OyAyT 3aBUCETh OT
ycloBuil (YHKIIMOHMPOBaHUS OOBEKTa. B pe3ynpraTe OllEHKAa TOYHOCTH CTAHOBHUTCS
HEOJHO3HAYHOM.

Kpome T1Oro, 3Ha4eHHUS V,n, OOBIUHO OTOXKIAECTBISIIOT C 3KCHEPUMEHTAIBHO
noy4yeHHbIMH. OJIHAKO MOTPENTHOCTH 3KCIEPUMEHTA BO MHOTUX CIIy4asix OKa3bIBaKOTCS
COM3MEPUMBIMU C MOTpemHOcThi0 MM uin naxke npeBblatoT uxX. YToObl YMEHBIIUTH
BIUSIHUE 3TUX (PAKTOPOB Ha PE3yJIbTAThl OLEHKH MOTPEIIHOCTA MOJIEIH, CPaBHEHUE
MOJENEN MPOBOAAT IO pe3yJibTaTaM HMX HCIOJIb30BAHUS B HEKOTOPBIX CTaHIAPTHBIX
CUTYaIlUsIX, COOTBETCTBYIOIIMX HanOoJiee XapaKTePHBIM YCIOBUSIM PAOOThl peabHOTO
00beKTa, MPUYEM YHUCIIO I3TUX CUTYAIMI CTapaloTCsl MAaKCUMaJIbHO OTPAHUYHUTb.

Koneuno, MM noikHa UMETh BBICOKYIO TOUHOCTh OTOOpPa)KE€HHS CBOWMCTB OOBEKTa
B KOHKPETHBIX YCIOBHUSAX €ro 3Kciutyatauuu. OHAKoO LENbI0 €€ CO3JaHus SBISIETCS
BO3MOXKHOCTh HCIIOJIb30BAHUS MOJETH [UIsl HKCCIENOBAaHUS TOBEACHUS OOBEKTa B
HEKOTOPBIX 00JIACTAX M3MEHEHHS €r0 BHYTPEHHUX M BHEIIHUX MapameTpoB. [lockonbky
BBIXO/IHBIE MApaMETPhl CUCTEMBI SIBISIFOTCS PYHKIUSIMHU BHEIHUX Q = (q;, q2, ..., qi) 4
BHYTpeHHUX X = (X;, Xp,..., Xp) €€ IAapaMeTpoB, MOTPEIIHOCTh &, 3aBUCUT OT Q u X.
OObIYHO BHYTpeHHHE TMapamMeTpel MM BBIOMpPAIOTCS M3 YCIOBUS MHUHHUMHU3ALNU
MOTPEIIHOCTH €, B HEKOTOPOW TOYKE Q0 MPOCTPAHCTBA BHEUIHUX MAapaMETpPOB, U
BEJIMYMHA MOTPEIIHOCTH MOJIENTU CTaHOBUTCS GyHKIMEH Q.

Ecnu 3amatbest mpefenbHO MOMYyCTUMOM MOTPENIHOCTBIO O, TO B IPOCTPAHCTBE
BHEIIHUX MapaMeTPOB MOKHO BBIJIETUTH 00J1aCTh, B KOTOPOW BBIMOJHSAETCS YCIOBUE €,<
0.

Takyro o0nacTh Ha3bIBaOT 00J1acThIO afiekBaTHOCTH (OA) Moemu.

Ynueepcanonocms. CteneHb yHHBepCcaIbHOCTH MM  XxapakTepuszyeT IMOJHOTY
OTOOpaXXeHHs B HHMX CBOMCTB PEAJBbHOTO OOBEKTAa M ONpPENEISIeTCS BO3MOXKHOCTBIO
UCIIONIb30BAaHUSl MOJENH JJisi aHanu3a Oojiee WM MEHee MHOTOYHMCIEHHOW TpYIIIBI
OJTHOTHUITHBIX OOBEKTOB, a TaKK€ UHCIOM JIOCTYNHBIX J[UIS aHalu3a pPEeXHMOB
¢yHkimonupoBanus. Mcrnonb3oBaHME MAIIMHHBIX METOJOB MPOEKTUPOBAHUS CTAHET
HEYTOOHBIM, €CIM B TpOIlecCCe aHaiau3a OOBEKTa NpPU KaXJAOM H3MEHEHUH PEeXKHUMa
(GYHKIIMOHHPOBAHUS MOJIb30BATENIO TOTpeOyeTcst cmena MM.

YHUBEPCANbHOCTh MOJEIHM B IEPBYK0 OYEpEdb 3aBUCUT OT 4YHCIA U COCTaBa
YUYUTBIBAEMBIX B MOJEIM BHEUIHUX W BBIXOJIHBIX [1APAMETPOB. YBEIWYECHHE UX
pacumpsieT NPUMEHUMOCTb MOJIEJIH, HO CYIIECTBEHHO YCIIOXKHSET ee pa3paboTky. TeM He
MEHEE CTENEeHb MCIOJb30BaHus yHuBepcaibHbix MM B CAIIP sBisercss ogHuM u3
OCHOBHBIX KPUTEPHUEB €€ BHIOOPA.
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IKOHOMUYHOCTD. OkoHOMHYHOCTH ~ MM  Xapakrepusyercs 3aTpaTtaMu
BBIYMCIIUTEIBHBIX PECYPCOB ISl €€ pealu3aluyd, a MMEHHO 3aTpaTaMyd MAalllWHHOTO
BpeMeHHu U mamsitu. OOmue 3arpatbl Ha BeinosiHeHUE B CAIIP kakoil-nmu0o nmpoekTHOM
MPOLIETYpbl 3aBUCIT KaK OT OCOOCHHOCTEW BBIOPAHHBIX MOJENEH, TaK U OT METOJIOB
peLIeHus.

B OonpmMHCTBE ciydyaeB NpH pealid3alliid YUCJICHHOTO METOJla MPOUCXOJAT
MHOTOKpATHbIE OOpallleHusi K MOJEIH AJIEMEHTa, BXOJSIIEro B COCTaB MOJEIUPYEMOTO
obbekTa. Torga yno0HO SKOHOMUYHOCTH MOJICTTH JIEMEHTA XapaKTepU30BaTh 3aTpaTaMu
MaITUHHOTO BPEMEHH, MOTYUYAIOIIUMICS TIPHU 00paIeHNH K MOJIENH, a YUCII0 0OpareHui
K MOJENH JOJKHO YUYHUTBIBATHCS MPU OLIEHKE SJKOHOMUYHOCTH METO/1A PELIEHUS.

DKOHOMHUYHOCTH MOJICTIH TI0 3aTpaTaM MaMsTH OIEHUBAETCS 00HEMOM OIEePaTUBHOM
naMsATH, HEOOXOAMMOM ISl peaTu3aiui MOJIEITH.

TpeGoBanus  mMUPOKUX  oOyacTeid  aneKBaTHOCTH,  BBICOKOH  CTENECHHU
YHUBEPCAIBHOCTH, C OJHON CTOPOHBI, U BBICOKOW 3KOHOMUYHOCTH, C IPYTOM, SBIISIFOTCS
NPOTUBOPEUYUBLIMU. Haumiyuiiee KOMIPOMHUCCHOE YIIOBIETBOPEHHE ITHX TpeOOBaHUM
OKa3bIBAE€TCSI HEOJMHAKOBBIM B pa3JIMYHBIX MNpPUMEHEHHsX. JlaHHOe 00CTOATENHCTBO
oOycnonuBaeT ucnoyibzoBanue B CAIIP MmHOrux mozenei s 00beKTOB OAHOTO U TOTO
YK€ THIIA.

CranaapTbl 00MeHA TaHHBIMHM MEAKAY CUCTEMAMM

B mocnegHue roapl MIMPOKOE PaCHpOCTPAHEHUE HAIUIM MPOTPAMMHBIE CHUCTEMBI,
obecreunBaroNve MOAACPKKY KU3HEHHOTO ITMKIA HAYKOEMKOW MPOIYKIIUU, KOTOPHIE,
KaK MpaBWJIO, HMMEIOT COOCTBEHHYIO KOH(MUTypamuio U OCOOCHHOCTH TNPUMEHEHUS,
CBSI3aHHBIE C KPYTrOM peliaeMbIX 3a7ad. B 3Toil cBsi3u akTyajabHOU ABIAETCS MpoOieMa
cTaHgapTu3anuu oOMeHa nHpopManmen Mexay dTumu cuctemami [1]. Tak, Hanmpumep, B
00J1aCTH MAIIMHOCTPOCHUS HEOOXOIMMOCTh CTaHIAPTHOTO TIPEICTABICHUS HH(OPMAITIT
ONPEAEIISIETCS CAEAYONMMHU MPUYNHAMMU:

e B pa3pabOTKE M CO3/IaHUU HU3JAEIUNA MOTYT NPUHUMATh Y4YacCTHE HECKOJIBKO
OpraHU3alMi U PEANPUATHH;

o B OOJBIIMHCTBE CIy4YaeB, HE TOJbKO HA PA3HBIX MPEANPUATUIX, HO U B paMKax
OJIHOTO M3 HHUX, ucnonb3ytoTcs pasHbie CAIIP, cuctembl ynpaBiieHUs AaHHBIMA 00
n3nenuu — PDM-cuctemel 1 ERP-cucteMel.

B nacrosieli pabote NpUBOIUTCA KPUTHUECKUI aHAJIU3 CYHIECTBYIOIIMX METOJIOB
CTaHAApTHU3AIlMd OOMEHA [aHHBIMH MEXIy pa3IuYHbIMA CUCTEMaMU TIOJJIEPIKKH
KU3HEHHOTO LMKJIAa W3JIeMd MAaIIMHOCTPOEHUS U MpeJJiaraeTcss HoBas HJICO0JIOTHUS
CTaHJAPTHOTO MPEACTABIICHUS 3TUX JAHHBIX, OCHOBaHHas Ha s3bike XML. [IpuBoaurcs
IPUMEP OMUCAHUS CTPYKTYPHI TaHHBIX 00 U3IETIMH HAa 3TOM SI3bIKE.

OcranoBuMcs CHavasa Ha CYIIECTBYIOLIEH HOPMAaTUBHOU Oase,
pernameHtupymoomeid  oOMeH  HHpopMmamuesr o0  cocTaBeé M CTPYKType
MaIlMHOCTPOUTEIBHBIX U3EIUN.

J{nst 5THX 1eel CyeCTBYET PsAll HOpMaTUBHBIX J0KyMeHTOB cepun ['OCT-P-MCO-
10303, onpenensronux GopMaT oOMeHa AaHHBIMH OO0 M3JEJIMH HAa OCHOBE CTaHIapTa
STEP [2]. He octanaBiuBasich Ha 0COOEHHOCTSIX CTaHAPTU3aLUU IPaPUUECKUX TaHHbIX,
TaKXe€ ONpPENENIIEMBbIX CTAHAAPTAMM JTOM CEPUM, OrPAHUYUMCS 37I€Chb TOJBKO
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00CyXJI€HUEM BOIPOCOB, CBSI3aHHBIX C OOMEHOM JJAHHBIMU O CTPYKTYpPE U3EIUS MEKITY
PDM/PLM - cucremamu.

Cranpapt STEP mno3BoisieT ONUCHIBATH CTPYKTYPY H3IEIUS C MOMOUIBIO S3bIKA
EXPRESS. BaxxHo 0OTMETHTh, YTO TEKCThI CAMOT'0 CTaHJIapTa OCHOBAHBI HA 3apyOEKHBIX
aHajorax.

. Tak, nanpumep, 'OCT-P-MUCO-10303-11-2000 ocnoBan Ha sizbike EXPRESS,
B OCHOBY KOTOPOTO IMOJIOKEHBI YCTAPEBIIINE S3bIKK IPOrPAMMUPOBaHHUs, Takue Kak Ada,
Algol, Euler u PL/1. lllupoxoe pacnpoctpanenue crangapra STEP u s3pika EXPRESS
3a pyOexoM, MO-BHANMOMY OOBSICHSETCS BO3MOXHOCTBIO HCIIOIB30BaHHUS M MPOCTOTO
NEPEHOCA YK€ HAKOIUIEHHOI'O ONBITA B HOBBIE YCIIOBUSI.

o Jlpyrum npumepom MoxeT cityxkuTh cepus crangaptos ['OCT-P-UCO-10303,
KOTOpBIE SIBIISIFOTCSI OOpa3lOM KJIACCHYECKOTO0 MOAXOJa K CTaHAapTU3alud OOMEHa
uHbopMalMe MeXIy pa3HOPOAHBIMH cucTeMaMu. Tak, corjacHO TpeOOBaHUAM
cragapta ['OCT-P-UCO-10303-11-2000 B mporecce padbotrsl ¢ wuHbOpMAIen o
CTPYKTypE W3Jeauss HEeO0O0XOJIUM CHHTaKcHu4eckuil aHaims3atop s3bika EXPRESS,
KOTOPbIM  MPAKTHUYECKHM  WUTHOPUPYET  BO3MOXKHOCTH  COBPEMEHHBIX  CPEICTB,
MPEIOCTABIISIEMbIX ONEPAIMOHHBIMUA CUCTEMAMHU U SA3bIKAMU MTPOTPAMMUPOBAHMUS.

«  Kpome ormeuennbix ocobennocteit ctangaptoB cepun ['OCT-P-MICO-10303,
MOXHO TaKX€ yKa3aTb M HAa OTCYTCTBME B HHUX pErjlaMEHTallud HEKOTOPBIX HOBBIX
BO3MOXXHOCTeH coBpeMeHHbIX PDM/PLM B uyacTu omnucaHusi CTPYKTYpbl HM3IEIUN C
1enbio oOMeHa nHpopmanuen ¢ APYruMu IPOrPaMMHBIMU CUCTEMAaMH.

B cBsI3u ¢ T€M, UTO OTE€YECTBEHHBIE MPEANPUITHS MEPEXOIAT HA HOBBIE CHCTEMBI
yIpaBiICHUS >KU3HEHHBIM IUKIOM H3JETUI TMO3Ke, YeM aHaJOTHYHbIE 3apyOeKHbIC
OpraHu3aiuu, ObuUI0 OBl 11€1eCO00Pa3HO OTKA3aThCsl OT MPOCTOrO BOCTIIPOU3BEACHHS UX
OMbITa, & C HUM U OT HCIOJB30BaHUS 3apyOeXHBIX CTaHIAPTOB, a CO3/1aBaTh
COOCTBEHHBIE CTaHAAPThI, OCHOBAaHHBIC HA COBPEMEHHBIX S3bIKaX MPOTPaMMHUPOBAHUS, C
Y4E€TOM OTE€UYECTBEHHOM CHEeHUPUKH U YK€ MMEIOUIMXCS W IIUPOKO HCIOIb3YEMBIX B
IPOMBIIIUIEHHOCTH CTaHIapTOB.

Korna ne mim 6onee CAD/CAM/CAE-cucteMbl 00beIUHSIIOTCSI U CBSI3BIBAIOTCS B
€MHOE NPUIIOKEHHE JUIsi COBMECTHOIO MCIOJIb30BaHUSl JIaHHBIX, YacTO BO3HUKAET
npobiema oOmeHa AaHHbIMH. (DakTUYECKHW BCerja HUMEETCs NOTPEeOHOCTh CBSA3aTh
BOEJMHO HECKOJIbKO CHUCTEM JMOO BHYTPU OJHOM OpraHu3aluu, JU0O0 BHEIIHE, KaK B
CJIy4ae cO CMEKHUKAMU WM MOCTAaBIIMKAMU KOMIIOHEHTOB.

Jlisg pemieHus 3TOM KOMMYHUKAIIMOHHOM MpoOjemMbl HEOOXOJMMa BO3MOXHOCTH
npeoOpa3oBbIBaTh JaHHbIE TEXHUYECKUX TpeOOBaHMI OJHON CHCTEMBI B (opMmy,
MOHSTHYIO JJIsl APYTUX CHCTEM, M HA00OPOT.

Paznuunsie CAD/CAM/CAE-cuctembl XpaHAT JaHHbIE TEXHUUYECKUX TpeOOBaHUI B
CTPYKTypax pa3HOro BUA, MOITOMY Ui MEepeHOca JaHHBIX HEOOXOAMMO MPpeoOpa3oBaTh
JAaHHBIE TEXHUYECKUX TpeOOBaHWU OTHOW CHUCTEMBI B (OpMaT APYrod CHCTEMBI, €IIe
OJIMH KOHBEPTOp HEOOXOJUM JUId TEepeHoca JaHHBIX MEXIy IByMs CHUCTEMaMu B
IMPOTUBOIOJIOKHOM  HampaiieHuu. CrieoBaTenbHO, JJs KaXJOW TMaphl CUCTEM
HEOOXO0JAMMO HMMETh JBa KOHBepTopa. EciM y Hac ecTh I pa3iUyHBIX CHCTEM, Ham
Heo0xoauMo pazpaboTaTh 1 (I - 1) KOHBEPTOPOB, MOCKOJIbKY KOJIMYECTBO Map CUCTEM
paBHo 1 (11 - 1) /2. Hanmpumep, nisa oOMeHa JaHHBIMUA Mexay 10 cuctemaMu mpuUaeTCs
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pa3pabotatb 90 konBepTOpoB. Takum o00pa3oMm, METOA MNPSMOTO KOHBEPTUPOBAHMS
HEeMpakTU4eH, TaKk Kak TpeOyeT pa3pabOTKU CIMIIKOM OOJBIIOT0 KOJWYECTBA
KOHBEPTOPOB [IPU HEOOXOUMOCTH PabOTATh CO MHOXKECTBOM CUCTEM.

/L___rrl'_mu._l 1. H 'l;___{_.l.l; rr"p.l"n 1_,.-
u
':-_E.I-:. EME o o y "'*;. o 1-_ rl-:.‘-"l_;'
T X X
CCweTena 3 )= = CncTen: 5

OnHako 0OMEH JaHHBIMU MOYKHO 00€CTIEUUTh, BBE/ISI HEUTPAIBHYIO CTPYKTYpPY 0a3bl
JaHHBIX, HA3bIBAEMYIO0 HEWUTpanbHbIM (QaillioM, KoTopas Oblia Obl HE3aBUCHMMA OT
cymectByomux CAIIP. Ota crpykrypa Oyner nelcTBOBaTh Kak IMIPOMEXKYTOUHAs TOUKA
KOMMYHHKAIIMN MEX]y pa3lIudHbIMU cTpyKkTypamu 0a3 nanubix CAIIP. Takum oOpazom,
B KaXJOM cucTteMe OyIeT CBOS Mmapa KOHBEPTOPOB ISl SKCIOPTa M UMIIOPTA JaHHBIX B
ATOT HEUTpaTbHBIN (PopMaT.

Paccmotpum Tpu TunuuHbIX Gopmata HerTpanbHoro ¢aitna: IGES (Initial Graphics
Exchange Specification — mnepBonauanpHas crneuudukamus oOMeHa TrpapUuecKUMH
nanasiMi ), DXF (Drawing interchange Format — ¢opmart oomena ueptexxamu) u STEP
(STandard for Exchange of Product model data — crangapt oOMeHa JaHHBIMU O MOZENU
npoaykra). B Hacrosimee Bpems IGES sBasercs cambIM NONYJSpHBIM (opMaTOM
HelTpanbHoro (aitna, a dopmar DXF ucnonb3yercss riaBHbIM oOpa3oM il oOMeHa
naHHbiMHu deptexkel. STEP — 3To cTtaHmapTHbIN GopMaT JaHHBIX, UCIIOIB3YEMBIA IS
XpaHeHusi NOJHOW HHpopManuu 000 BCEM >KU3HEHHOM LMKJIE MPOAYKTa, BKJIOYAs
OPOEKTUPOBAHUE, AaHAJIU3, IPOU3BOJACTBO, KOHTPOJIb KayecTBa, MCIBITAHUSA U
o0CIy’KMBaHUE TOMHUMO OOBIUHBIX JAHHBIX TEXHUYECKHX TpeOoBaHMil. B Hacrosmiee
BpeMs CAD-cuctemsr, nepenum k popmary STEP.

®opmatsl IGES, DXF, STEP

Onucanue popmara IGES Bepcuu 1.0, omy6nukoBannoe B ssuBape 1980 . B 1981 r.
OHO ObUTO MpUHATO AMepukaHckuM HarmonanbHbiM HHCTHTYTOM cTaHaapToB (ANSI) B
KaueCcTBE CTaHJapTa.

IGES Obu1 mepBbIM CTaHIApTHBIM (opMaTOM OOMEHa NaHHBIMU, pa3pabOTaHHBIM
JUIS HY>K]T TIepeaun JaHHBIX TEXHUYECKUX TpeboBauuii Mexay paznuuabiMu CATIP.

Pannue Bepcuu IGES Obuin HesBHBIM 00pa3zoM opueHTupoBaHbl HAa CAD/CAM-
cuctembl 1970 -x u Hayana 1980-X rr., TO €CTh IrJIaBHBIM 00pa30M Ha OOMEH YepTEeKaMH.
B 0Oonee no3mHMX BepcUSX CHEKTP THUIOB JaHHBIX, MOAJEXKAalIUX OOMEHy, ObLI
pacIuIvpeH.

®opmar DXF (Drawing interchange Format — ¢opmar oOmeHa uepTexamu)
W3Ha4aJIbHO pa3padaThIBajICs IS TOrO, YTOOBI MPEJOCTABUTh II0Jb30BATENSIM THOKOCTD B
yIpaBiIeHUH JaHHBIMU U TpeoOpazoBaHuu yeptexeil mporpaMmmbl AutoCAD B dopmaTsl
¢daitioB, KOTOpbIE MOIJM 4YHUTaThCsl W Hcmoib3oBaThes Apyrumu  CAIIP. U3-3a
nonynsgpHocty AutoCAD ¢opmar DXF cran ¢aktuyeckuM cTaHgapToM oOMeHa
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daitnamu CAD-ueprexeit noutu nis Bcex CAIIP. Ha camom gene moutu B Kaxaou u3
nosiBristroniuxcst HoBbIx CAIIP umeetcst Tpancistop B hopmat DXF u oOpatHo.

DXF-daitn — 310 tekctoBbii ASCII-daiin, cocTosmuii u3 nsatu paszaenon: Header
(3aronoBok), Table (Tabnuua), Block (biok), Entity (Onement) n Terminate (Koneir). B
pazaene Header onuceiBaercsa cpega AutoCAD, B xoropoit 6su1 coznan DXF-daiin. B
pasnene Table conepxxutcsa uHpopManus o TUNAX JIMHUAN, CIOSIX, CTUJISIX TEKCTa U BUAAX,
KOTOpbIe MOTYT OBbITh ompezeseHbl Ha ueprexe. B pa3nene Block coaepxkurcs cnmcok
rpauueckux 3JIEMEHTOB, OIpENEJCHHbIX Kak rpymnmna. KoHKpeTHble JaHHBIE I10
KaXKXIOMY 3JIEMEHTY XpaHSATCS B COOTBETCTBYIOIIEM paszzene Entity, KoTOpblii ciemyer
cpady 3a pazmenom Block. Pasnen Entity — sto rmaBueii pazgen DXF- daitna, B
KOTOPOM OIIMCBIBAIOTCS BCE DJIEMEHTHI, IIPUCYTCTBYIOIINE HA YEPTEKE.

®opmatsl IGES u DXF 6bun pa3zpaboTanbl aiii oOMeHa JaHHBIMH TEXHHUYECKHUX
TpeOOBaHUil, a HE MaHHBIMU O mpoxaykTe. Ilon MaHHBIMM O MPOAYKTE MBI MOHHUMAEeM
JAHHBIE, OTHOCSIIUECA KO BCEMY KU3HEHHOMY LIUKITY IPOIYKT.

PDES (Product Data Exchange Specification — cneundukamus a1t oOMeHa
JAHHBIMH O MIPOJIYKTaX).

Henbto PDES 6bu10 ycTpaHUTh MOTPEOHOCTh B MHXKEHEPHBIX YEPTEKAX M JPYTUX
OyMa)KHBIX JOKyMEHTax Mpu oOMeHe HH(opManuend 0 pa3inuyHbIX (azax >KU3HEHHOTO
LUKJIAa IPOAYKTa MEXKY CXOAHBIMU MK pazindaromumucs CAITIP.

B ocnoBe pazpabotku STEP nexar crnemyroiiye npuHIUIIBL.

. Cranpapt STEP nomkeH OpUeHTHpPOBAThCS HA JAHHBIE O MPOAYKTE, KOTOPBIE
BKJIIOYAIOT MH(OpMAaLKI0 000 BCEM JKU3HEHHOM IUKIE MPOAYKTA: MPOECKTUPOBAHUM,
IIPOU3BOJICTBE, KOHTPOJIE KAYECTBA, UCIIBITAHUU U MOIEPHKKE.

o B crpykrypax nanueix STEP undopmanus, oTHOcAIascs K MPUIIOKEHUIO,
JOJKHA XPAHUTHCSI B MOJYJIE YPOBHS MPUIIOKEHUSI, OTACIBHO OT O0IIe HHPOpMAIUH O
dopme. bmaronmaps TakoMy MOAXOAY CTPYKTypa JaHHBIX CMOXET IMOAIEP>KUBAThH
HIUPOKHUM CHEKTP MPUIOKEHUU, u30eras mpu 3TOM M30BITOYHOCTH B OOIIEH CTPYKType
JAHHBIX.

o  Jlng ompenenieHus CTPYKTYPBI JAHHBIX JOJIKEH HCIOJIB30BAThCS (POPMabHBIMN
s3pik. Cnenuduxkanuu IGES u DXF onuceiBaror dopmar ¢dusuueckoro ¢aiina, B
KOTOPOM XpaHATCS BCE€ TreoMeTpudeckue u mnpoune ngaHHele. B STEP nanHble
onuckiBatoTcss Ha si3bike EXPRESS, a 3arem pesynbraT mnpeoOpa3oBbIBaeTCs B
buznyeckuit  ¢daitn. Takum oOpazoM MOXHO U30€KaTh HEOJAHO3HAYHOCTEH IMpHU
UHTEPIIPETALNU JAHHBIX O MPOAYKTE, H3BJICUCHHBIX U3 (haiia.

Hcnoan3oBanue mexanu3moB OLE n COM B CAIIP

o« COM (Component Object Model)

«  OLE (Object Linking and Embedding)

['oBopst 00 obmene mannbiMu Mexnay paznuuaeiMu CAD/CAM/CAE-cucremamu,
MBI OOBIYHO IMOAPA3YMEBAEM IIUPOKO MCIONb3YyEeMbI MEXaHU3M 3KCIOpPTa/UMIOpTa U3
dbopmara xpaHeHUs! JaHHBIX OJHOM cuUcTeMbl B (hopMaT XpaHEHUsl JaHHBIX Apyroi. Bee
ATO BBINOJHSETCS Ha (halJIOBOM YPOBHE M HEPEIKO MPUBOAMUT K YACTUYHOM moTepe
JAHHBIX U3-32 UX HEKOPPEKTHOUN mHTepnperauuu. CBA3aHO 3TO C TEM, YTO pa3pabOTUUKU
nporpamMm npeoOpa3oBaHus JAHHBIX U3 OJTHOTO (opMara B JIPYroil 3a4acTyro JIMILIEHbI
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BO3MOXKHOCTH B3aWMOJICUCTBUS C CO3JATENIIMU JTAHHOTO (popMaTa U HE UMEIOT MOJHOU
UH(pOpPMAIUK TI0 €r0 CTPYKTYPE.

B kauecTBe anbTepHATUBBI psJl KOMIAHUM MpejuiaraeT Tak Ha3blBA€MbIH IPSIMOMN
uHTep(elic MKy NPUIOKEHUSIMHU, IPU KOTOPOM JIaHHBIE OIATH K€ MEPEAAOTCS U3
onHoro ¢opmara B apyroi. Ilo cyru, 3TO TO XK€ caMmoe, TOJBKO peaJIu30BaHO
COBMECTHBIMU YCHUJIUSIMU DPa3pabOTUMKOB COOTBETCTBYIOIIMX (POPMATOB U IO3BOJISIET
IPAKTUYECKH MOJHOCTBIO YCTPAHUTD MOTEPIO KOHBEPTUPYEMBIX JaHHBIX. B TO ke BpeMms
CHUCTEMBl TIOCTOSHHO pPa3BUBAIOTCS, WX (OpMAThl XPaHEHHUs HAHHBIX MPETEPIICBAIOT
pa3nuuHble MonaupUKaKuKM, TpeOys BHECEHHS COOTBETCTBYIOIIMX HM3MEHEHHH U B
uHTep(delickl oOMeHa JaHHBIMU. OTO MPUBOAUT K HEOOXOJUMOCTH MOCTOSHHOTO
MPUBJICYCHUSI CTIEHUATMCTOB JJIs OEPKKA 0OMEHA JAHHBIMU MEXKY MPHUIIOKESHUSIMHU.

[Tonb3oBarenu mnporpammuHoro obecneudenus: Microsoft Office ¢ TexHomorueit
Object Embedding and Linking (OLE) — BHeapenuwe u CBSI3bIBAaHHE OOBEKTOB —
pabotaroT yxe JnaBHO. IlepBoHayasbHO OHa 0003HAayana BO3MOXKHOCTb BHEIPEHMS
JOKYMEHTA, CO3/IaHHOTO B OJIHOM NPUJIOKEHUHU, B JOKYMEHT, CO3/IaHHBIM B JPyrom
OPUJIOKEHUHU. XOpOIIMM IMPUMEPOM 3TOMY MOTYT MOCIYXHUTh TaOmuisl Excel B
nokyMmeHtax Word. M3navanesHas konnenius OLE u3MeHsu1ach CO BpeMEHEM U B UTOTE
OblJIa 3aMeHeHa uaeel Mojienu o0bekTHRIX kKomnoHeHTOB (Component Object Model —
COM). COM npencraBisier coboi 1ioOanbHBIM  WHTEepdeiic maiIs  co3gaHus
IPOrPaMMHBIX KOMIIOHEHTOB, KOTOPbIE MOYKHO COBMECTUTH C IPYIMMH KOMIIOHEHTaMH B
JAF0O0M COUETaHHH.

OcoGenHoctpio COM-00BEKTOB SIBISIETCS TO, YTO OHU CYIIECTBYIOT B Mpeaenax
onHoro kommeioTepa. Crnenyrommm Imarom crtaigo mosineHue Distributed Common
Object Model (DCOM), koTopsie, IO CYyTH CBOEH, MPAKTHUYECKN HUYEM HE OTIMYAIOTCS
oT COM-00b€eKTOB, 32 UCKIIOYEHHEM TOTO, YTO CYIIECTBYIOT U B3aUMOJICHCTBYIOT JIPYT C
JPYroM OHHM HE TOJIBKO B IMpejesiaX OJHOTO KOMITbIOTE€pa, HO U B KOMIBIOTEPHON CETH.
31ech MBI YK€ HMEEM paCHpPElICICHHYI0 OOBEKTHYIO MOJENb, KOTJAa MHOMXECTBO
B3aMMOJEHCTBYIOIIUX APYT C IPYroM OOBEKTOB HAXOJATCS HA pa3HbIX pabO4YMX MeEcTax,
00BEAMHEHHBIX CETBIO.

OLE for D&M (B nutepatrype MOXHO BCTpeTuTh 0003Hauenne OLE4DM) — sto
OJIMH W3 aCHEKTOB PACIpPEAEIEHHOW MOJENH, KOrAa MpejuiaraeTcsi Habop CTaHIapTHBIX
uHTepdeiicoB g oOMeHa U yrnpaBjieHus JaHHBIMU Mexay TpexmepHbiMu CAD-, CAM-
u CAE-cucteM. OTa TEXHOJIOTUs HAlEJIEHA HA IPEIOCTABIEHUE IPSIMOT0 JOCTyIa OJHOU
CHUCTEMBbl K JIaHHBIM MaTEMaTHYECKOHW MOJENN APYrol CUCTEMbl, MHUHYS (aillloBbIii
oomen. OLE for D&M mnoanep:xuBaeT KIMEHT-CEPBEPHYIO TEXHOJIOTHUIO M BBICTYMAET
OHUM U3 (PQPEKTUBHBIX CPEACTB MHTErpaluu OTAEIAbHBIX WIndows-pUiIOKEHUH B
eIuHbI KoMIuiekc. Ecnu mpunokeHue moanepXKuBaeT 3TOT HUHTEpQEiic, OHO JIErKo
WHTETPUPYETCS C APYIOU CUCTEMOM.

OO0mue ceeeHus

OnauM w3 ycnoBuil ycnemHoro QgyHkuuoHupoBanuss CAIIP sBnsercs Hanuuue
HE0O0X0 MO UHGOPMAITUH.

ITon wuHpopmanmonHbiM obecnieduenneM CAIIP  noHuMaroTcs  TOKYMEHTHI,
COJIepKallle OMNMCAHMS CTaHAAPTHBIX MPOEKTHBIX IPOLEAYp, THUIOBBIX IPOEKTHBIX
pELIeHUH, TUIOBBIX 3JIEMEHTOB, KOMIUIEKTYIOIIMX HW3/EIUi, MaTepuanoB U Jpyrue
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JaHHbIE, a Takke Qailibl U OJIOKM JaHHBIX HA MAIIMHHBIX HOCHUTENAX C 3alUChIO
YKa3aHHBIX JJOKYMEHTOB.

OcHoBHOH 3amayeil HHPOPMALIMOHHOIO O0ECIEUEHUs MPOLIECCOB MPOESKTUPOBAHUS
SBJIIETCS. CBOEBPEMEHHAsl BblJadya MCTOYHUKY 3alpoca IIOJHOM U JOCTOBEPHOMU
uHpOpMalluy, TPUBOAALIEH K BBINOJIHEHUIO ONPEJIEICHHOM YacTd Ipolecca
IPOEKTUPOBAHUS.

Hcxons u3 srtoro kK uHpopManumoHHomy obecneuenntro CAIIP mpenbsBistorcs
cnenyromne TpeOOBaHUS

* obecnieuenne nHpopManren Kak aBTOMaTU3UPOBAHHBIX, TAK U PYYHBIX MPOLIECCOB
POEKTUPOBAHMS,

* XpaHeHHE M TOUCK HH(OpPMAIMH, NPEACTABISAIONIEH pe3yabTaT PYUHBIX H
aBTOMATHU3MPOBAHHBIX MPOILIECCOB MPOEKTUPOBAHUS;

* JOCTATOYHBIM 00beM XpaHwnui HHPopMmanuu. CTpyKTypa CHCTEMbI TOJKHA
JIONYCKaTh BO3MOXHOCTb HapalllUBaHHUsS €MKOCTH MaMsITH BMECTE C POCTOM o0bema
uHpOpMalMy, MOAJEXKAIEeH XpPaHEHHWI0, OJHOBPEMEHHO [JOJDKHBI OOECIeunBaATHCA
KOMIAKTHOCTh ~ XpaHUMOW HMH(OpMALMM M  MHUHUMAJIbHBIM HW3HOC  HOCUTENEH
uHpopmaruu;

* OBICTPOZEICTBUE CUCTEMBI MH(POPMALMOHHOTO OOecreueHusi, oaronapsi KOTopoil
BpeMsl TOJy4yeHUss HUH(POpMallUu MPOEKTUPOBILMKAMHU TOpa30 MEHbIIE BPEMEHH,
HEO00XO0UMOT0 JUIsl TOJIY4EHHsI 3TOM e MHPOpMALMHU TPaAULIUOHHBIMU CPEJICTBAMU;

* BO3MOXHOCTb OBICTPOTO BHECEHHUS M3MEHEHHH M KOPPEKTHPOBKU MHGOpMAIUH,
JIOBEJICHUS ATHX U3MEHEHUH 10 MOTPEeOUTENS U MOJTyUYeHUs TBEPIOi KOMH JJOKYMEHTA.

[Tpu co3zmanuu HHPOPMAIIMOHHOTO 00eCIIeYeHHs] OCHOBHAs MpoOeMa 3aKIII0uaeTCst
B 1npeoOpazoBaHnu HMHGPOpPMAIUU, HEOOXONMMOM 11 BBIIIOJHEHUS MPOEKTHO-
KOHCTPYKTOPCKHUX pabOT HaJ AaHHBIM KJIacCOM OOBEKTOB, B MPUEMIIEMYIO M Haubosee
palroHaIbHYIO U1 MAITUHHONW 00paboTKu hopMmy.

OcHoBy wuH(popmaunonHoro oodecrneuenuss CAIIP cocTaBiser COBOKYNHOCTb
BCEBO3MOXKHBIX JaHHBIX, KOTOpBIE HCIOJB3YIOTCS B Ipoliecce npoekTtupoBanus. llpu
IPOEKTUPOBAHUU  CIIO)KHOTO 00BEKTa, B KOTOPOM Yy4yacTByeT Ooyiee OJHOTO
IPOEKTUPOBILMKA, JaHHbIE, HEOOXOAUMBIE KAKIOMY M3 HHUX, JOJDKHBI OBITH JIETKO
JOCTYIHBI OJTHOBPEMEHHO.

JlaHHBIE — O3TO CBEJIEHUS O HEKOTOpbhIX (akTax, I[O3BOJSIOLIUE JENaTh
ONpeZie/ieHHbIE BBbIBOJBL. B3anMMOCBsA3aHHBIE [aHHbIE 4YacTO HAa3bIBAIOT CUCTEMOMU
JaHHBIX, @ XpaHUMbIE JaHHblE — HH(OpPMaLUOHHBIM (OoHIOM. OCHOBHOE HAa3HAYCHHE
UHPOPMAIIMOHHOTO ~ oOecreyeHuss —  MpeaocTaBisiATh  mnonb3oBarensim  CAIIP
JOCTOBEPHYIO HH(POPMAIUIO B HEOOXOJUMOM UM BUJIE.

Ha 3ape pa3BuTHs BBIUMCIMTEIHLHOW TEXHUKU JAaHHBIE XPAaHWINCh HA mepdosente
win neppokapTax, KOTOPbIE MOTJIM CUUTHIBATHCA 3JIEKTPOHHBIM 00OpynoBanueM. Jljis
00pabOTKM  JAaHHBIX  CYIIECTBOBAIM  CHEIHAIbHbIE MPHUKIAJHBIE MPOrPaMMBI,
OpeCTaBIsIBIINE COOOM HE3aBUCHUMBIE NPOTPaMMHBIE €IMHULIBI U HE SIBISIBIIMECA
4acTbi0 O0Jiee CIOKHOW CHCTEMBI, KOTOPYI0 B COBPEMEHHBIX YCIIOBUSX IPEICTaBIISIET
CAIIP.

Co BpemeHeM 00OOpyIOBaHHWE U HCIONb3YyEMbIE Ul DKCIUIyaTallUd CHCTEMBI
3JIEKTPOHHOM 00paOOTKM AaHHBIX MPOLELYPHl CYIIECTBEHHO YCIOKHMWINCH. B KkauecTBe
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UH(POPMAIIMOHHBIX HOCUTENEH B HACTOAIIEE BPEMS MPEUMYIIECTBEHHO HCIOJIB3YIOTCA
MarHUTHBIE U ONTUYECKHWE HOCUTENH, OTJIMYAIOIIKecs OONbIIEH Ha HECKOJIBKO MOPSIAKOB
IUIOTHOCThIO  3amucu. CTallo  BO3MOXHBIM ~ HUCIIOJIB30BaTh  KaK  HE3aBUCHUMBIE
MH(OPMAIIMOHHBIE CHUCTEMbI, TaK M SBJSIOLIMECS MOJCUCTEMAMU O00Jiee CII0KHBIX
CUCTEM.

['maBHass uenb uWHGOPMAIMOHHOTO OOECMEUeHUs OcTajach MpEeKHeH —
NPENOCTaBIEHUE 0 3alpocy 3aMHTEPECOBAHHOIO  IOJb30BATENS  JOCTOBEPHOM
uH(bOpMaIMU B ONPEIETICHHOE BPEMs.

YToObl MOHATH MPOLECC IIEKTPOHHOU 00pabOTKU AAHHBIX, HEOOXOJUMO 3HATH PSIT
TEPMHHOB, KOTOPbIE TPUMEHSIOTCS PU OMMCAHUU U MPEACTABICHUH TaHHBIX.

[IpenmerHass 00jacTb MOXKET OTHOCHUTHCS K JIOOOMY THIy opraHu3anuu (OaHK,
YHUBEPCUTET, OOJBbHMIIA WM 3aBOJ) WJIM aBTOMAaTHU3UPOBAHHON cucteMbl. [ms
npenmetHoit obmactu CAIIP moxer moTpeboBaThecst MHPOpMAIMs, XapakTepHas IS
JTAHHOM 00J1aCTH MPOEKTUPOBAHMUS.

OO0BEeKTOM MOXET ObITH 000N MpenMeT, COOBITHE, MOHATHE U T.M., O KOTOPOM
MPUBOJSITCS TaHHBIE.

Kaxnpiii 00BEKT XapakTepusyercs psSIoM OCHOBHBIX aTpuOyTtoB. Hampuwmep,
KOHCTPYKIIMOHHBIM ~ Marepuajg  XapakKTepu3yeTcs  IJIOTHOCTbIO, MPOYHOCTHBIMU
napamMeTpamM, TEIUIO- U DJIEKTPONPOBOJHOCTHIO M T. 1., ABTOMOOWIIb MOKHO
XapaKTepu30BaTh TAaKUMU aTpuOyTamMu, Kak MaKCUMalbHas CKOpPOCTh, JIMHAMHKA
pas3roHa, pacxoj TOIUIMBa, Macca, rabapuThl U Jp.

ATpuOyT Ha3bIBAIOT TAKXKE JIIEMEHTOM JAaHHBIX, ITOJIEM JAaHHBIX WU MPOCTO TMOJIEM.

CBenenusi, cofepxaliuecs B KaKJIOM aTpuOyTe, HA3bIBAIOT 3HAYEHHUSIMH JTaHHBIX.
3HaueHusl JaHHBIX MPEJCTABISAIOT JEHCTBUTENbHBIE JaHHBIC, COACPKAIINECS B KaKIOM
3JIEMEHTE [aHHBIX; UMH MOTYT OBITh KOHKPETHBIC BEJIMYUHBI YIOMSHYTHIX BBIIIE
XapaKTePUCTHK KOHCTPYKIIMOHHOTO MaTepuaia.

Cpenun atpuOyTOB HMMEIOTCS TaKhe, 10 3HAYEHUSIM KOTOPBIX BO3MOXKHA
uneHTugukaus oobekTa. ATpUOyTHI, MO 3HAYEHUSM KOTOPBIX OMNPENETSIOT 3HAYCHUS
Ipyrux aTpuOyToB, HAa3bIBAIOT WACHTHU(PUKATOPAMU OOBEKTa, WIM KIIOYEBBIMU
AJIeMEeHTaMH JaHHbIX. OTMETHM, YTO OJUH M TOT k€ O0BEKT MOTYT UACHTU(UIIUPOBATH
HECKOJIbKO 2JIEMEHTOB JaHHBIX. VX TOrja cUMTaroT KaHIuJaTaMu B UJIEHTU(DHUKATOPHI.
[Ipobnemy BbIOOpa MACHTU(PUKATOPA U3 HECKOJbKUX KAHJIUJIATOB PELIAET MOJIb30BaTEIh
CAIIP. Hanpumep, 3Hast Kakyr0-1100 U3 XapaKTePUCTUK KOHCTPYKIIMOHHOTO MaTepuaa,
MOJKHO OTpPENIEeINTh BUJI TOI0 MaTepuasa, ero CBOICTBa.

COBOKYMHOCTh 3HAYEHHUH CBSI3aHHBIX 3JIEMEHTOB JaHHBIX 00pa3yeT 3aluch TaHHBIX.
B npuBeneHHOM BbIle TpUMepe ¢ KOHCTPYKIIMOHHBIM MaTEpUajIoOM TaKHUMH 3JIEMEHTaMH
JAHHBIX SIBJISIFOTCSI KOHKPETHOE €ro 0003HaYeHHE U YHCIICHHbIE 3HAUYEHUS €r0 CBONCTB.

YnopsioueHHYI0 COBOKYITHOCTh 3alUCel TaHHBIX HA3bIBAIOT (DalijIOM JaHHBIX, WU
HAaO0OPOM JaHHBIX.

Haubonee Bbicokol (opmoii opraHu3anuv UHPOPMAITMOHHOTO OOECIICUCHUS IS
OOJBIIMX CHUCTEM SBJISIOTCS OAHKW JAHHBIX, MPEACTABISIIONIME COOOM COBOKYIMHOCTb
CpPenCTB i IEHTPATM30BAHHOIO HAKOIUIEHUS W KOJUIEKTMBHOIO MCIOJIb30BaHUS
nanubix B CAIIP. bank  jaHHBIX  SIBISIETCS  MPOOJIEMHO-OPHUEHTHUPOBAHHOM
MH(OPMAIMOHHO-CITPABOYHOM CHCTEMOM, KOTOpasi o0ecrneyuBaeT BBOJ HEOOXOIMMOMN
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uHOpMaIMy, aBTOHOMHOE€ OT KOHKPETHBIX 3aJad BEICHHE W COXpaHEHUE

UH()OPMAIIMOHHBIX MAacCCHMBOB M BblJauy HEOOXOAUMOW HHGOpMAIMK 10 3ampocy

MOJI30BATENSI UM MPOrpaMMbl. BaHK JaHHBIX MOMKET OBITH OMpENEeieH Kak CUCTeMa

NPOTPAMMHBIX,  SI3BIKOBBIX,  OPraHU3AlMOHHBIX M  TEXHMYECKUX  CPEJCTB,

IpeHA3HAYEHHBIX JJI1 XpaHEHUS] 1 MHOTOIIEJIEBOTO UCIOIb30BAHUS HHGOPMALIHH.
banku gaHHBIX JOJKHBI 00ECTICUNBATh:

COKpalIEHNUE BPEMEHU MTOMCKA TAHHBIX;

MHOTOKPATHOCTb UCTOJIb30BAHUSI TAHHBIX;

MPOCTOTY U YAOOCTBO OOpAIIeHNs K JaHHBIM I0JIb30BaTeNei;

JIOCTOBEPHOCThH XPaHEHUS JJAHHBIX.

OcHOBHBIMU  YacTssMu ©OaHKa JaHHBIX sBisgercs Oaza manabix  (BJ]),
[IpencraBustomas coO0i  CcHUCTEMaTU3UPOBAHHBIE B3aUMOCBSI3aHHBIE COBOKYITHOCTH
JTaHHBIX, W cucreMa ympaBienus Oa3zamu ganHeix (CYB]l), oOecneunBaromas
HE00XO0MMble MAHUITYJISIIIUU ¢ THHOPMAILIMOHHBIMU MAaCCHUBAMH.

MHOXECTBO JaHHBIX, KOTOPbIE NOTEHUUAIBHO MOTYT HCHOJIb30BAaThCS IpHU
¢dbyukunonupoBanun CAIIP unu sSBISIIOTCS 3aIOMUHAEMBIM pE3yJbTaTOM €€ paboThl,
obpasyet b]] cucremsl.

baza maHHBIX — camu JaHHBIE, HAXOASIIMECS B 3aIOMHUHAIOIINX yCTpolicTBax DOBM
U CTPYKTYPUPOBAHHbIE B COOTBETCTBUU C TMPHUHATHIMU B JaHHOM OaHKE JIaHHBIX
MIpaBUJIAMH.

Cucrema ympaBieHusi 0a3aMH JTaHHBIX — COBOKYITHOCTh MPOTPAMMHBIX CPEJICTB,
obecrmeunBaronmx  (QyHKIMOHUpoBaHWe Oanka gaHHbIX. C momompbio CVYB]]
NPOM3BOAATCS 3amuch JaHHBIX B BJ[, mx BbIOOpka Mo 3ampocam Mojb30BaTeNedl U
NPUKIAAHBIX TPOrpaMM, OOECIEYMBAETCS 3allMTa JaHHBIX OT HCKAXEHUH U
HECAHKLIMOHUPOBAHHOTO IOCTYIA U T. II.

@alinpl JaHHBIX Yallle BCEro CHEIUaIbHO CO3/AI0TCA JJIS  HUCIOJIb30BaHUs
KOHKPETHBIMU MpoTrpaMMamMHu (MOJAMporpaMmMaMu), KOTOpbIE€ peaanu3yloT BBOJ JaHHBIX U3
¢aiina B CTpOro onpeieIeHHOMN MocaeA0BaTeIbHOCTH.

K Hemocratkam pasmenieHusi JaHHBIX, HeoOXoaumbix mnpeameTtHoit CAIIP, B
¢aiinax JaHHBIX MOKHO OTHECTH CJIETYIOLIHE.

N36bITOuHOCT, MaHHBIX. HekoTophie anemMeHThl JNaHHbIX, HeoOxoaumbix CAIIP,
HEN30€KHO MCIOJIb3YIOTCS BO MHOTHX MPUKIAIHBIX Mporpammax. [1ockoyibKy NaHHbIE
TpeOYIOTCSI HECKOJbKUM MPUKIAIHBIM MporpaMMaM, OHH YacTO 3alHuChIBAIOTCA B
HECKOJBKO (haiiioB, IPH STOM OJHH U TE€ K€ JAHHBIC XPAHITCS B Pa3HBIX MecTax. Takoe
MOJIOKEHUE HA3BIBAIOT W30BITOYHOCTHIO JaHHBIX. OHO JdenmaeT mpoOIeMaTHYHBIM
o0ecreyeHne HeMPOTUBOPEUNBOCTH JAHHBIX M OOYCIIOBIMBACT €I[€ OJAUH HETOCTATOK —
CJI0’KHOCTh B YIPaBJICHUHU.

[IpoOneMbl HENPOTHBOPEYMBOCTH JaHHbIX. OmHOW W3 TPUYUH HAPYIICHUS
HEMTPOTUBOPEYNBOCTH JIAHHBIX SBJISETCS MX MU30BITOYHOCTH, YTO CBSI3aHO C XPAHCHUEM
OJIHOM U TOM ke MH(OpMaILMK B HECKOJBbKUX MecTax. [Ipu HeobxoaumocT 0OHOBIEHUS
uH(popMaIMU €€ HYXKHO HM3MEHUTh BO Bcex (aiiax, uro ObIBaeT 3aTpyAHHUTENbHO. B
pe3ynbTaTe 00 OJAHOM M TOM K€ OOBEKTEe NpPEeIMETHOM 00JacTH B Pa3HBIX MeECTax
XpaHUTCS paziuyHas uHbopmalus.

OrpaHuyeHnus 1o JOCTYNHOCTH JaHHBIX. B COBPEMEHHBIX YCIOBUSX JTULIO
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C COOTBETCTBYIOIIMMHU ITPABAMH AOCTYIIA JOJKHO UMETH BO3MOKHOCTD

NOJIYYUTh JAaHHbIE 3a TNPUEMIIEMBIA OTPE30K BpeMEHH. Ecnu ke JaHHbIe
coJiepaTcs B pa3HbIX (ailinax, JOCTYyIHOCTb TaHHBIX, KOMOMHUPYEMBIX U3 3THX (DAIIIOB,
OTpaHUYCHA. —

Jlist perieHust BbIIIEYKa3aHHBIX MpoOsieM ObUIM pa3paboTaHbl CUCTEMBbI C Oazamu
JAHHBIX, TPEACTABIAIONIMMU CO0OM COBOKYIHOCTh CHEHUAIbHO OPTraHU30BaHHBIX
JNAHHBIX, PACCUUTAHHBIX HAa TMPUMEHEHHWE B OOJIBIIOM KOJMYECTBE MPHUKIIATHBIX
nporpaMM KOHKPETHOM mpeaMeTHOW obOmacTu, padoTa ¢ KOTOPHIMH OOECIEYHMBAETCS
CIIEIIMAJIbHBIM NTAKETaMH

NPUKIAJHBIX MPOTPAMM — CHUCTEMOW YympaBieHus 0a30i JaHHBIX C LEJbIO
CO3/IaHUS MACCHUBOB JJAHHBIX, UX OOHOBJICHUS U MOIy4YeHHS crpaBOK. OCHOBHOE OTINYHE
B/l ot ¢aiina gaHHBIX COCTOMT B TOM, YTO (aill JaHHBIX MOXXET UMETh HECKOJIBKO
HA3HAYCHUH, HO COOTBETCTBYET OJHOMY IPEACTABICHUIO O XPAHUMBIX AaHHBIX; BJI
TaKX€ UMEET HECKOJIbKO HA3HAUYECHHM, HO COOTBETCTBYET PA3JIMYHBIM MPEICTABICHUSM O
XPaHUMBIX TaHHBIX.

[Tporpammuslit Moayib, Bxosmuid B coctaB CAIIP, mpu cBoelt pabote oOparnaercs
3a HEOOXOaUMOM MHPOpMalLlUel HEe K KaKOMY-TO MacCHUBY MH(OpMalIUU, KaK 3TO UMEJO
MECTO B aBTOHOMHBIX TmiporpamMmax, a k CVYBJI. Ilocneansis opraHu3yer MOUCK
HeoOXoauMol uH(poOpMaMu B CIOXKHOW uHGOpMaMOHHONW CcTpykType — b/,
yHOpSAJOYMBAHUE U TPEACTaBlIeHHE O3TONM uUHGOpPMAIMM B HEOOXOAUMOM O0beMe
COOTBETCTBYIOIIEMY MOJAYJIIO.

Paznmuune B MeTomax mcmonb3oBanus (aiiaoB JaHHBIX U bJl mpowsumrocTpupoBaHO
Ha puc. 4.1 n4.2.

| Mprgnaznag | = Hporpanssa = 5 Pai
mporpassa | | | obcaysmsanma | | | mamm
IMpurnaznan | = Iporpassa 2 a Pa
nporpassa 2 | | obeayxumaapa 2 [ | mamm
IMpyxaaanag | - Tporpamsa = = ai
. nporpaMsa 3 | ~ | obcayammanma 3 | | mamm
Mpsecnaman | | Tporpasma | st LY
nporpasya 4 | | obcavkwnanps 4 | | aanm

Puc. 4.1, B3auMHO-0IHOIHAYHOE COOTBETCTRHE MEXITV NIPHEIAT
HporpaMMaMi 1 haitiaMu aanHex
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[Mpaactaain = :
nporpasya | AATITIEE
IMpsecmanasg = 5
nporpasg 2 AT
Vinpepcanbinae
MCTOIR ROCTYTIE
Epﬁ}ﬂ:ﬂ Jarmse 3
TMpascramiaan
nporpasMa 4 Jinemme 4

Pic. 4.2. Wcnoassonanie yHHDSPCATEHEIX METONOR JOCTVIIM

OcHoBuble TpeboBanus k b/l cnenytomiue:

* [IEJIOCTHOCTh TAHHBIX — MX HENPOTUBOPEUYNBOCTh U IOCTOBEPHOCTS;

* YHUBEPCAJIBHOCTb, T. €. Hamuuue B bJl Bcex HEOOXOIMMBIX JaHHBIX H
BO3MOKHOCTB JIOCTYIIa K HUM B IIPOLIECCE PELICHUS IPOEKTHOM 3a/1a4u;

* oTKpbITOCTh B/l 171 BHECEHUsI B Hee HOBOM MH(opMaIuy;

* HAJIMYKE SI3bIKOB BBICOKOTO YPOBHS B3aUMOJICUCTBUS MOJIb30BaTeneil ¢ b/I;

* CEKpPETHOCTb, T. €. HEBO3MOXXHOCTb HECAHKIIMOHUPOBAHHOIO JOCTYyNa K
uH(pOpMAaIUU U €€ U3MEHEHUI;

* ontuMu3anus opranuzanuu bl — MuHUMU3a1Ms U30BITOYHOCTH

JAHHBIX.

Omaum w3  npuHuunoB mnoctpoeHuss CAIIP  sBasercs uHdopmannoHHas
COrJIaCOBAaHHOCTh 4YacTe €€ MporpaMMHOro oOecredyeHus, T. €. MPUTOJHOCTD
pPE3YyJbTAaTOB BBIIOJHEHUS OJHOM IPOEKTHOW IPOLEAYPHI Ul HCIIOJIb30BAaHUS APYrou
IPOEKTHOM MpoIenypoit 6€3 UX TPYJOEMKOT0 PyUYHOTO MPeoOpa3oBaHus MOJIb30BATEIEM.
OTcroa BBITEKAIOT CIEAYIOIINE YCIOBUS HHPOPMAIIMOHHOM COTJTACOBAHHOCTH:

* CIOJIb30BAHHUE MpOrpaMMaMu o1HOU U ToH xe noacucteMbl CAIIP enunoit B/1;

* UCIIOJIb30BAHUE €MHOTO BHYTPEHHETO S3bIKA JJISI IPE/ICTABICHUS JaHHbIX.

KomrmniekcHas aBromaTuzanusi mpolecca MpoeKTUPOBaHUs 00BEKTa Mperoiaraet
MH(OPMAIMOHHYIO COIJIACOBAHHOCTb HE TOJIBKO OTAENbHBIX MPOrpaMM IOJCUCTEM
CAIIP, HO ®W camux mnojacucteM Mexay co0oil. CrnocoOoM JTOCTHXKEHHS D3TOU
COTJIACOBAHHOCTH SIBJISIETCS] €AMHCTBO MH(POPMALIMOHHOTO 00€CIIeUEHUSI.

OcHOBHBIE CcrIOCOOBI  MH(POpPMALIMOHHOTO corjacoBanusi mnoacuctem CAIIP
JocTurarorcs nubo co3ganueM eauHod bJI, nmubo conpspkeHueM Heckosbkux BJI ¢
MOMOUIBIO CHEIHAIBHBIX MPOrPaMM, KOTOPBIE MEPEKOAUPYIOT UH(POPMALIHIO, TIPUBOIS €€
K TpeOyeMOMy BH]LY.

Crnoxunoctb pa3pabotku bJl onpexnensercs Tem, 4to GpopmupoBaHue cTpykTypbl bJ]
BO3MOXKHO TOJIBKO TOCJ€ Pa3pabOTKH aIrOpUTMOB, PEAIU3YEMBIX MPU MPOCKTUPOBAHHH.
[Tpu 3TOM HEo0X0aUMO, YTOOBI CTENEHb pa3pabOTKU aNrOpUTMOB ObLa JOBEIEHA 0
MAIIMHHOM peanu3aluu, Tak Kak cTpykTypa bJl momkHa yduuThIBaTh crnenupuxy
aBTOMATU3UPOBAHHOTO MIpeoOpa3zoBaHusa UHPOPMALIUU MPU PEIICHUH MPOEKTHBIX 3a7a4 C
Henablo  3(PQPEKTUBHOTO HUCIHOJIb30BAHUSA BBIUUCIUTENBHOM TeXHUKU. OHAKO s
pa3paboTku mporpamMm HeoOxoaumbl cBeneHuss o crpykrype bJl. CrenoBatenbHo,
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unpopmarmonnoe obecneuenue CAIIP u cnenumanbHOe mporpammHoe oOecredeHue

JOJIKHEBI CO34aBaTbC MMapajICIbHO.

AIMHHECTPATOP 0236 ABHHEIX

Basy aaHHbx
Crariueckas Hidopsaims Awnamugeckas uHdopMain
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Puc. 4.3. HadopMalioniag cXeMa NPOCKTHPOBAHMA:

i — aaemenTapuitii NPOLECE NPOCKTHPOBANNHS, ——s = — VIPARTHIOLIHE

=== — FHOPMANHOHHKS CBAIH; {:} == HAINNTHCHNC ¥ KOPPCETHDRORK
JAAHHEX, aHANTHI PCIYIRTATOR

WNudopmanys, nMeromas MECTo Mpu MPOSKTUPOBAHNUU, MOXKET OBITh pa3jelieHa Ha
CTaTUYECKYIO U JUHAMHU4YECKyto (puc. 4.3).

Cratudeckass ~ wHGOpMAIUs  XapaKTEPU3YeTCSl ~ CPAaBHUTENBHO  PEAKUMHU
U3MEHEHUSMHU M UCTIONB3YeTCs TOJIBKO B pekuMe ureHus. K aTolt mHpopmaimm ciemyer
OTHECTH JTaHHBIC TEXHUYECKOTO 3aJ[aHHWs Ha TPOCKTHPOBAHWE U CIPABOYHBIC TaHHEIE,
KOTOpPBIE XapakTEepH3yrTCs OonbiuM oObeMoM. DopmupoBaHUe, 3arpy3ka U
KOPPEKTUPOBKA CIIPaBOYHBIX JTAHHBIX OCYIIECTBIISIOTCS HCKITFOUUTETTLHO
aIMUHUCTPATOPOM 0a3bl MaHHBIX, T. €. MPOTPAMMHUCTOM CHCTEMHOTO MPOQuIIs,
dbopmupytonuMm BJI. O6beM TaHHBIX TEXHUYECKOTO 3a/IaHUs Ha TPOCKTUPYEMBIN 00BEKT
3HAYUTEIILHO MEHbBIIIE OOBhEMa CIPABOYHBIX MAaHHBIX. Kpyr nwi, WMEImMUX MIpaBo
BHOCHTH H3MEHEHHS B JJaHHBIC TEXHUUECKOTO 3aJlaHusl, O0Jee OrpaHuYeH, YeM KpyT JIHII,
UMEIOIINX MIPABO MPOU3BOIUTH KOPPEKTUPOBKY CIPABOYHBIX JAHHBIX.

Jluaamuueckass WHQOpMAIUMS COCTOMT W3 JAaHHBIX, HAKAIUIMBA€MbIX IS
BBITIOJTHEHHSI OTPEICNIEHHBIX MPOIIECCOB MPOSKTUPOBAHUS (MMPOMEKYTOUHBIE TaHHBIC), U
TaHHBIX, MPEICTABISIONINX COOOW Pe3yNbTaT MPOSKTUPOBAHUS MPH BHITIOJHEHUH JTHX
nporeccoB. [IpomexyTounble naHHBIE MeHsSIOTCS mpu GyHKIMoHupoBanuu CAITIP.
BHOCUTH e KOPpPEKTHUBHI B IMPOEKTHBIE PE3yJbTaThl MMEET MPaBO TOJHKO TJIABHBIN
KOHCTPYKTOpP MIPOEKTA MPU COOTBETCTBYIOIIIEM 00OCHOBaHUH.
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upoko ucnonsiyercst B CAIIP dakrorpaduueckas nnpopmaliius, CoCTaBIsIoIas
ocHoBy b/l. Ota nndopmanus npeacTaiasieT coOOM YUCIOBbIE U OYKBEHHbIE CITPABOYHbIE
JAHHBIE 0 MaTepUaJiax, EHaX, KOMIUIEKTYIOINUX U3AENUAX, COPOEKTUpOBaHHbIX B CAIIP
00beKTax, X 3apyOekHBIX M OTEUECTBEHHBIX aHajorax U T. m. Croga *e OTHOCITCS
JaHHbIe, HEOOXOJAMMbIE /I BBIMOJHEHUS PACUETOB: KOI(PGUIMEHTHI, TaOIHIIbI,
anmnpoOKCUMUPOBAaHHbIE IpaUUecKue 3aBUCUMOCTH U T.J.

[Ipu popmupoBanuu b/l B nepByto ouepear HaJISKUT UCCIEN0BaTh MH(OPMAIIHIO,
HEOOXOIUMYIO N7l  peIIeHUsT MPOEKTHO-KOHCTPYKTOPCKUX  3amad. K  stomy
UCCJIEIOBAHUIO CIIEAYEeT NOAXOJHUTHh C JBYX MO3MIMUH: C TOYKM 3PEHHS IOJE3HOCTH
uHbopMaluu U ¢ No3uIMU 3PPEKTUBHOCTH 00pabOTKH WMH(GOPMALMK M MPOIMYCKHOU
CIIOCOOHOCTH BBIYUCIUTEIBHON TEXHUKU U YETIOBEKA.

Kak yxe oTMmeuanoce BbIIIE, YacTU MNPOrPaMMHOrO OOECIEYeHHs] W METObI,
OCYIIECTBIISIONINE yIpaBieHne 0a3oi qaHHBIX, cocTaBisitoT CYB/I, koTtopast momyckaer
MHOECTBO PAa3JIMYHBIX MPEACTABICHUN O XPaHUMBIX JAaHHBIX, a TaKXe IO3BOJISET
NpPUKIAJAHBIM TporpamMmaM paborate ¢ bJ[ 06e3 3HaHMs KOHKpPETHOro crocoba
pasMenieHus JaHHbix B mamsatd OBM. CVYBJ[ BbICTynaeT Kak COBOKYIHOCTH
MPOTPAMMHBIX CPEICTB, NMPEIHA3HAYEHHBIX ISl CO3JAHHUs, BEAEHUS M COBMECTHOIO
ucrnosb3oBanus b/l MHOrMMH MOJIB30BATENSIMUA U JTOJIKHA 00€CIIEYNBATD:

3¢ PeKTUBHOE BHITIOIHEHNE PA3IUUHbBIX (YHKIMI IPeAMETHOM 00J1acTH;

npocToTy usnueckont peanmsanuu b/1;

BO3MO>KHOCTb LEHTPAIM30BAHHOTO U JELEHTPAIN30BaHHOTO ynpasieHus b/l;

MUHAMHM3AIAIO0 H30BITOYHOCTH XPAHUMBIX JIAHHBIX;

MPEI0CTABIICHUE TIOJIB30BATEINIO 110 3aIPOcaM HEMPOTHUBOPEUUBON HHPOPMAIUY;

MPOCTOTY pa3pabOTKU, BEJCHUE U COBEPIICHCTBOBAHUE MPUKIAIHBIX IPOrPaMM.

CVYB/I peanuzyet nBa uatepdeiica:

* MEX]ly JIOTHYECKUMU CTPYKTYpaMH JaHHbIX B Iporpammax u bJI;

* MEXIY JJOTHYECKON U pusnueckoit ctpykrypamu bJ1.

Momssorarens AIMHHACTPA

= I

i’.Hn_?tpn.mer?p Marmry; D CeprHcHL
AILKOR 3anpoca HPOIDAMME
Janmue HNanme JMapnke

Puc. 4.4. Crpyxrypuan cxema CYB[L

Crpykrypnasa cxema CYB/] npuBeaeHa Ha puc. 4.4.

Manunynarop ssisercs sapom CYBJ[. B ero ¢dyHKIMU BXOAWT yIpaBJieHUE
KOMITOHEHTaMH CHUCTEMBI, OPraHU3alMs UX B3aUMOJECUCTBUS U OCYLIECTBJICHUE CBSI3U C
orepanMoHHoil cuctemod OBM u agmuHHCTpaTOpoM OaHKa [aHHBIX, BBIMOJIHEHHE
OCHOBHBIX onepaunii Haa b/, KOHTPOIb U 3alIUTa HEJOCTHOCTA U CEKPETHOCTH JTaHHBIX,
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pPENAKTUPOBAaHUE BBIBOJA, KOAUPOBaHUE (AEKOAUPOBAHHUE) M CXaTue (pacIIMpEeHHUe)
JaHHBIX, COOpP CTATUCTUKU U BEJECHHUE MTPOTOKOJIA.

AnmuHHMCTpaTOp OaHKa NaHHBIX OCYUIECTBIIIET BHEIIHIOK KOOPJIMHAILMIO BCEH
paboThl OaHKa JaHHBIX U BBINOJIHAET JECUCTBUSA, IOKA HE MOAJarouIecs (hopMaau3aluu.
ITpexxne Bcero OH OTBeYaeT 3a pa3pabOTKy KOHLENTYaJbHOM MOJENN MHpeIMETHOU
00JacTH, OIMCHIBAIOIIEH BCE IIPEACTABISIOLIME HHTEPEC OOBEKTHl U B3aWMOCBS3H.
KonnenryanbHass MoJenb JoJDKHa ObITh TpaHCGOPMUPOBAHA B MOJENb JaHHBIX,
nonnepxuBaemyto koukpetHo CYBJl. CrnenoBaTensHo, aIMUHUCTPATOPY HEOOXOIMMO
CIPOEKTUPOBATH JIOTUYECKYI0 MOAeNb. HakoHen, MCXoas W3 JIOTMYECKONH MOJAENH, OH
JOJKeH CHPOEKTUPOBAaTh (U3MUYECKYI0 (BHYTPEHHIOIO) MOJENb, KOTopas Oyzder
oOecrieunBaTh TpeOyemble OINEpAIMOHHbIE XapaKTepUCTHUKU. Takum 00pa3oMm, B €ro
¢dbynkiun BxoauT co3aanue b/, cormacoBanue TpeboBaHUI MMONb30BATENEH, YIIPaBICHHUE
3arpy3koi 0a3, pacmpeaeneHue maposieil; odiee yrpaBieHue paboToil 0aHKa JaHHBIX
(HabnrofeHMe 3a XOAOM padoOThl, MOAKIIOYEHHE HOBBIX I0JIb30BATENEH, YIpaBICHHE
BOCCTAHOBJICHUEM IIpU COOSIX, MPUHATHE PELICHUI B Cllydyae HapYyLIEHUN CEKPETHOCTH,
aHaJu3 CTAaTUCTUKH, OllGHKa U obecnedeHue »sddexkruBHocTn padotrel  BJI);
peopranusanus bJ] (u3mMeHeHue cxem, peopraHuzanus 0a3); reHepauus U pa3BUTHE
CYB/I.

AJMUHUCTPATOP Y MAHUITYJIATOP BBINOJHSIOT CBOM (DYHKLIHMH, B3aUMOAECUCTBYS C
CEpBHUCHBIMHU IpOorpaMMaMH. PsJ cepBUCHBIX NporpamMm JOIYCKaeT JBOMHOM 3aIycK:
aBTOMAaTUYECKH CO CTOpOHBI MaHumyistopa bJ[ u BpyuyHylo €O CTOPOHBI
aJIMUHUCTpATOpa, APYTUMe 3amycKaloTcsi TOJbKO ammMuHucTpatopoMm bJl (Hampumep,
nporpammbl  MogenupoBanust bJl). Anmunuctpatop B/ Moxxer mnomonHsaTe HabOp
HOBBIMU CEpBHUCHBIMU nporpaMMamMu (KOHTpOIS JaHHBIX, U3MEpEHUs
IPOU3BOJAUTEILHOCTH U T.[1.).

CepBucHbIE POrpaMMbl OCYIIECTBIISIIOT OCHOBHBIE onepanuu Haja bJl, B yacTHOCTH
COPTUPOBKY, BBIOODKY JaHHBIX, CIHMSHHME, JIONOJHEHHWE U uU3MeHeHue b/,
pPEIAKTUPOBAHUE OTBETOB.

[Ipu QpyHKIMOHMpPOBaHUK OaHKA JaHHBIX Pa3IMYarOT CIEAYIOINE OCHOBHBIE BUIbBI
3aMpocoB K OaHKy CO CTOPOHBI M0JIb30BATENEH: Ha BblJJauy CIIPABOK B BHJIE ITOKa3aTeseil
U IOKYMEHTOB JUIs [10JIb30BaTeNel CUCTEMBI;

(dopMHpOBaHUE U BbIJIady paOdOUMX MACCUBOB Ul MpUKIaaHbIX Iporpamm CAIIP;

BbI1ayy pabO4YMX MacCHBOB CO CTOPOHBI JPYTHX OAHKOB JJAHHBIX;

MONOJIHEHUE WK n3MeHeHue b/I;

BBOJ] BXO/JHBIX MaCCHBOB.

[loctynuBmmii B ©OaHK JaHHBIX 3alpoc MPOXOJUT ATal MPEeABAPUTEIBHON
00paboTKH, HA KOTOPOM OCYIIECTBIISCTCS CHUHTAKCUYECKUW W JIOTUYECKUU KOHTPOJIb,
BKJIFOYAIOLIUI MPOBEPKY Maposisi aOOHEHTOB, HEJOMYCTUMBIX COUYETAHWM NMPU3HAKOB U
T.1. [Ipu 06Hapy>xeHnu omubOoK 3ampoc K JanbHeel 00padoTke He MPUHUMAETCS, a Ha
neyathb BblJIaeTcst HHGopMalus 00 OIIMOKax.

Crnenyrouuii 3Tann — HMHTEPIpETALMs 3alpoca — COCTOUT B PacliO3HABaHUU BUIA
3ampoca: Ha BblJady IOKa3aTess U JOKYMEHTOB, Ha (JOPMUpPOBAHUE paOOUYMX MACCHBOB,
Ha wu3MeHeHue win nonosHeHue bJ[. Ha sToM srtame 3ampoc ¢ s3blka 3ampocoB
NEPEBOJUTCS Ha S3bIK MAHUITYJIMPOBAHUS JAHHBIMU.
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B cooTBeTcTBHM ¢ MOMCKOBBIM TMPEAMHCAHUEM IIPOUCXOMAT OOpaiieHne K paboueit
00JIacTH B MaMsATH U BBIOOPKA MCKOMBIX JAHHBIX WJIM KOPPEKTHPOBKA JaHHBIX B 0ase.
Haitnenusie B b/l maHHbBIE TIIATEIBHO KOHTPOJUPYIOTCS M AHAIM3HPYIOTCA, 3aTEM
peIaKTUPYIOTCS, a Ha TleYaTh BblIaeTcss HHGOpMalus 00 OIIMOKax.

Pa3paboTka GaHKOB JIaHHBIX M €r0 OCHOBHOI'O MHBAPUAHTHOI'O KOMIIOHEHTA, T. €.
CYB/J, npexacraBisier co0O#l CIOXKHYIO 3ajady, TpeOyIOIlyl0 3HAYMUTENbHBIX 3aTpat
BPEMEHHU M TMPEJIOJararollyr0 BbICOKYIO KBalM(PHUKAIUIO pa3pabOTYMKOB B 00JIACTH
CHUCTEMHOTO MPOTrpaMMHUPOBaHUs. B CBsI3M ¢ 3TUM mpu MOCTPOSHUH WHPOPMAITMOHHOTO
obecrieuenrss CAITP KOHKpPETHBIX TEXHUYECKMX OOBEKTOB HAa OCHOBE OAaHKOB JTaHHBIX
HEOOXOJUMO CJeNlaTh aHaJIW3 CYIIECTBYIOUIMX OaHKOB NaHHBIX U mpuHATh ans CAIIP
OJIMH 3 yXe pa3zpaboTanHbiX. OTHAKO U B 3TOM CIIydae HEOOXOAMMOCTh HCTIOIb30BAHUS
TaKOr0 CJIOJKHOI'O KOMIIOHEHTa, KaKuUM SBIsIeTCsd OaHK JaHHBIX, JOJDKHA OBITh
BCECTOpOHHE 000ocHOBaHa. CieyeT MMeTh B BHY, YTO MH(GOPMAIIMOHHOE 00eCIIeueHNe
CAIIP moxxeT OBITH OpraHM30BaHO U Ha OCHOBE Oo0jiee IMPOCTOM, HO CHEIHUAIBHO
pazpaboTaHHOU uH(pOpMaIIMOHHOM CTPYKTYPHI, YUYUTBIBAIOLLIECH crienupuky
MPOEKTUPYEMBIX TEXHUYECKHUX O0OBEKTOB. ITonoOHbBIE OPUEHTUPOBAHHBIEC
WHPOpPMAIIMOHHBIE  CTPYKTYpPhl TPH  OTHOCHUTEJIBHOM TMPOCTOTE W  HEBBICOKHX
TpeOOBaHUSIX K KOH(PUTYpallMd TEXHHUYECKUX CPEJACTB MOTYT pean30BaTh HaOOp
HEO0OXOIUMBIX (YHKIIMH 10 00paboTKe AaHHBIX, JUIS YEro JOKHO OBITh pa3paboTaHO
HE0OXO0IMMOE MPOrpaMMHOE 00eCTICUCHHE.

Takas ampTepHaTHMBAa K HCIOJIL30BAHWIO OAHKOB MAaHHBIX OOBACHSIETCS TEM, UYTO
yHUBEpCaIbHbIe MHGOPMAIIMOHHBIE CUCTEMBl B BHJIe OAHKOB JAHHBIX PAaCCUMTAHBI Ha
penieHne 3ama4d ¢ OONbIIeld HOMEHKIATYPOU Pa3IMYHBIX MapaMeTPOB M XapaKTEPUCTHK
00BbeKTOB, MO3TOMY TipuMeHeHue ux npu coznanun CAIIP ¢ oTHOcHTETRHO HEOOJIBIIOM
HOMEHKJIATypOUH MaHHBIX MHOT/IA OKa3bIBACTCS MPOCTO HEIEIeCcOO0pa3HbIM, a MOpOd U
HEBO3MOKHBIM.

OnHoit u3 BaxkHeummx xapaktepuctuk CYB/] sBigeTcs Moaenb TaHHBIX, KOTOpas
nognepxuBaercss CYDBJl. Kak oTMeuanoch, CyHIECTBYIOT TpU MOJIEIH JaHHBIX:
uepapxuyieckasi, ceTeBas M peyiaiuoHHas. BeiOOp TOW WM MHOM MOJENU JAaHHBIX IS
noctpoeHus: uapopmanmonHoro odecneueHuss CAIIP 3aBucuT ot TpeOOBaHUM, KOTOPHIC
NpeABABIAIOTCA K MHQOpMallMOHHOU 0ase, co3aaBaemoit CAIIP.

bonbmoe 3nauenue npu BeIOOpe CVYBJl uMeroT cpeactBa B3auMOJICUCTBUSA
nosib3oBateneit ¢ bJI. HemporpaMMucThI, @ UMM SIBJISIFOTCS. OOJIBIIMHCTBO TOJIH30BaTEIICH
CAIIP, B3aumoneicTByrOT ¢ bJl ¢ MOMONIbIO SI3BIKOB MAHUITYJIMPOBAHUS JAHHBIMU C
ucroyib30BanueM cpeacts TeneoopadoTku. Torma CYBJl CAIIP momkHa BKIOYATh B
ce0sl SI3bIK MAHUITYJIMPOBAHUS JAHHBIMH, JOCTYITHBIH HETPOTPAMMHUCTY, W CPEACTBa
JIOCTYyIIA K JAHHBIM 4Y€pe3 TEPMUHAIL.

Kpome Toro, mpu Bei6ope st CAIIP toit mnm wHoit CYB]] cnenyer yuyuThiBaTh
cienyromne TpeOOBaHUS

* BO3MOYKHOCTb 00€CIIeUeHHsI MYJIbTUIIPOTPAMMHOTO PEKUMa;

* HE3aBUCUMOCTbH JAHHBIX OT KOHKPETHBIX MAKETOB MIPOTPaAMM;

* HaJU4YUe CPEICTB, IMIO3BOJISIONIMX COKPATUTh JyOJIMpOBAaHWE JaHHBIX B
nH(popMarimoHHOM 6a3e; BO3MOKHOCTh BOCCTaHOBIICHHS B/;

* cobmectumocTh CYB/] ¢ onepaunonnoit cucremoit 9BM u T.1.
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PanmonanpHas opranm3anus ¥ (QyHKIMOHHpOBaHWE OaHKa JaHHBIX BO3MOXKHBI
JUIIL TIPU MaKCUMaJlbHOM ydeTe crienuduku uHdopManuu, 3aHocumor B bJI. Eciu
cnenuduueckrue 0COOEHHOCTH TakoW MH(OpPMALMKM HE YYHUTHIBAIOTCS, 3TO MPUBOJUT K
3HAYUTEIBHOMY IEPEPACXOly MAIIMHHON MaMSATH U yBEJIWYMBAET 3aTPaThbl BPEMEHU HA
00palbOTKy JaHHBIX.

ba3a maHHBIX OpraHu3yeTCss HA OCHOBE MPUHUMUIIOB CUCTEMHOTO noaxona. [lpu atom
MPEANOJIArak0TC:

HEN30BITOYHOCTh, TAHHBIX;

HE3aBUCHUMOCTb JIAaHHBIX OT MPOrPaMM PELICHHUS 3314,

BBIOOP CTPYKTYP TaHHBIX, OPUCHTHUPOBAHHBIX HA BCE 3a7a4H, PEIIaeMble CHCTEMON;

BO3MOYKHOCTb JIOMTOJTHEHHMSI, PA3BUTHS U OOHOBJICHUS TAHHBIX;

TUTIA3AIUS AJITOPUTMOB 00PaOOTKH JaHHBIX.

Opranuzanus, cTpykTypa u cocraB b/l 3aBucaT oT MH(GOPMALMOHHBIX MOJAENEH
MPOCKTUPYEMBIX OOBEKTOB, OT METOJOB TOJYYEHHUS NPOEKTHBIX PEIICeHUH U OT
ucnoabp3yeMbix B CAIIP TexHHueckux U mporpaMMHbIX cpeacTB. C Apyroil CTOPOHBI, BCE
nepeuyuciaeHHbie (akTopsl 3aBUCIT OT CTpYKTYyphl BJl. OcHoBHOM ocobeHHOCTRIO B/l 1o
CPaBHEHHMIO C MACCHMBAaMM 3allCEN SBIAECTCS HAJIMYHUE CBA3CH MEXKIY CTPYKTYPHBIMU
€AUHULIAMU TAHHBIX.

ba3bl naHHBIX MHOTAA ONPEAENSIIOT, KaK HEM30BITOYHYI0 COBOKYITHOCTh 3JIEMEHTOB
JaHHbIX. OJHAKO B JEHCTBUTENBHOCTH ISl YMEHBIIICHUS! BPEMEHU JOCTYIA K TaHHBIM BO
MHOTHX bJ[ W30BITOYHOCTH B HE3HAYUTEIHHOW CTEMEHW NPHUCYTCTBYET. Hekoropsie
3alMCH TOBTOPSIIOTCS JIJIT TOTO, YTOOBI 0OOECIEYNTHh BO3MOKHOCTH BOCCTAaHOBJICHHS
JAHHBIX TP MX CIy4auHOM mnorepe. B 3TOM ciydae TrOBOpPSAT O MHUHHMAIbHOMU
n30bITouHOCTH BJI.

Takum obGpaszom, BJl MOXHO ompeaenuTh, Kak COBOKYMHOCTh B3aMMOCBSI3aHHBIX,
COBMECTHO XPaHSIIMXCS JTAaHHBIX MPU HAIWYUU TaKOH MUHUMAIbHOW HU30BITOYHOCTH,
IPU KOTOPOM JTOMYCKAETCsl UX MCIOJIb30BAHUE ONTUMAJIBHBIM 00pa3oM JJisi OJHOTO WIU
HECKOJIbKUX MpUJIOKeHUH. J[Ji1 3TOro AaHHbIE 3alIOMUHAIOTCS TaK, 4TOObl OHHM OBLIU
HE3aBUCUMBI OT MPUKIIATHBIX TIPOrPaMM, UCIIOIB3YIOUIUX 3TU AaHHbIe. [l nobaBieHus
HOBBIX WJM MOJAM(PUKALMMU CYHIECTBYIOUIMX JaHHBIX M JJis TMOUCKA JaHHbIX B b/
NPUMEHSETCS CTAaHJAPTHBINA HAOOP YNPaBISIOMIUX aITOPUTMOB.

baza maHHBIX mpencTaBiIsieT COOOM TMOCTOSHHO Pa3BUBAIOIIMKCS OOBEKT (K He
N00aBIIIOTCS. HOBBIE 3aIMCH, a B CYIIECTBYIOIIUE BKIIOYAIOTCS HOBBIE 3IIEMEHTbI
nanubix). C menpro noseimeHus 3 dexkruBHocTn GyHKHoHupoBanus b/ m3mensercs u
ee cTpykrypa. Mcmonp3yemble Ha MpakTHKe crnocoObl moctpoenus: bJl peamusyrorcs B
BUJIE UEPAPXUYECKUX (APEBOBUHBIX), CETEBBIX WJIU PEISIIIUOHHBIX MOJEe (Momaenei
OTHOIIIEHUI ) TaHHBIX.

banku naHHBIX
Mooenb- COBOKYITHOCTh CTPYKTYP JIaHHBIX U onepaiuii ux o0paboTKH.
Bri6op To# wim apyroi Mojeny IpOUCXOIUT MOCIIE TOTyYeHus Bcell nHbopMmalu
0 MpeIMETHOM 00JacTH, ee OonmMcaHui U Jaeranu3aiuu. [lepen HayaaoM MoJeTupOBaHUS
B coOpaHHOM MHGOPMAIIUU BBIICISIOTCS OOBEKThI, MX XaPAKTEPUCTUKHU U CBSI3H MEXKITY
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HuMU. [[ns BbIOOpa KOHKPETHOW MOJENHM TIEPBOHAYAILHO TIPEAMETHYIO 00JacTh
JKeNaTelIbHO OLEHUTh C T.3. MNPSIMOr0 MOJEIMPOBAHUS TOHATHHA, T.€. OLICHUBAETCS
BO3MOXKHOCTh OIpPEACIICHUS] BBIJCICHHBIX OOBEKTOB B TEPMHUHAX M CTPYKTypax
BBIOpaHHON MOJIENIN JaHHBIX.

Kpome  603modicHocmu  npamoco  MOOenupo8anus OYeHUusaomcs  ciedyuue
ceolcmea Mooenu OAHHbIX!

1. CTIOKHOCTH MOJIENU AJIS U3YyUYEHUS M0JIb30BATEIIEM;

2. HarJIsHOCTb;

3. CIOXHOCTh W TPYAOEMKOCTh HAMHCAHUS MPOTPaAaMM IJisi MaHHUITYJIUPOBAHUS
CTPYKTYpamMu JaHHbBIX;

4. coOroieHre MPaBUIT KOMITO3UIIHH;

5. onTUMaIbHOE YMCIIO 0A3UCHBIX CTPYKTYP U T.1I.

CereBas MoJienb

OcHoBHbI€ TepMUHBI CM:

1. DneMeHT JaHHbIX — HAaUMEHbIas MOMMEHOBAaHHAS €MHUIIA JaHHBIX, B KOTOPOH
COJIEPKUTCST MUHUMAaJIbHBIM HaOop uHpopmanuu. C MOMONIBIO 3JEMEHTa JaHHBIX
BBITIOJIHSETCS IOCTPOCHHUE BCEX OCTANBHBIX CTPYKTYP (@HAJIOT TOJIA).

2. ArperaT JaHHBIX — COBOKYITHOCTb AJIEMEHTOB JIAHHBIX BHYTPH 3alUCH, UMEIOLIAs
UMs, IPUYEM 3Ta COBOKYITHOCTh PacCMaTPUBAETCS KaK €AMHOE 1ieJioe. Arperarbl ObIBatOT
MPOCTHIE U CIIOKHBIE.

3. 3anuchk — MOMMEHOBAaHHAsI COBOKYITHOCTB 3JIEMEHTOB U arperaTos.

4. HaGop — monMeHOBaHHasi COBOKYIHOCTh 3aMuce, 00pa3yronux IByXypOBHEBYIO
UepapxXudecKyto CTpykTypy. Kaxmeni tum Habopa mMpeAcTaBisieT cOOOW OTHOIICHUE
(CBSI3b) MEXIY NBYMS WJIM HECKOJIBKMMH THUIAaMH 3amucu. J[nms kaxmoro Tuma Habopa
OJIMH THI 3amucu M.0. OOBSBIICH BiIaenblleM HAa0Opa, TOTIa OCTajJbHBIC 3amuch M.0.
O0OBSBIICHBI WIEHAMHU 3TOTO Habopa.

5. baza paHHBIX — MOMMEHOBAaHHAsl COBOKYITHOCTh 3allMCEeW pa3IMyHOrO THIIA,
coJiepKaniasi CCbUIKA MEXK/y 3alUCSMU, TTPEICTABICHHAS SK3EMILIIpaMu HaOOpOB.

CM ctposiTcsi Ha OCHOBAHUHU CIEAYIOMIUX KOMITO3UIIMOHHBIX MPaBUII:

1. B/l MoxeT coaepxaTh Jt000€ KOJUYECTBO THUIIOB 3allMCEd W TUIOB HAOOPOB.
2. MeXIy ABYMSI TUIAMH 3alHUCEH MOXKET OBbITh OMpeeeHO JIF000e KOJIUYECTBO TUIIOB
Ha0bOPOB.

3. TUI 3alUCU MOXKET OBbITh OJJHOBPEMEHHO U BIAAENbIIEM M UWICHOM Pa3IUYHBIX
TUNoB Ha00poB.CM mO3BOJIsIET peaan30BaTh CBs3U Takue Kak «1:1», «1:M», «M:1».

CM wMm.0. mpeacrasneHa B popme rpadoB (CTpyKTypHas AuarpamMma JaHHbBIX) WA C
MOMOIUIBIO TaOMII (pacIupeHHAas CTPYKTypHas Juarpamma).

CM oTHOCHUTCS K THIy CUMMETPHUYHBIX MOJIETIEN, OJJHAKO, B HEIl CaMbl€ CJIOYKHBIE
QITOPUTMBI 10 TIOUCKY MH(pOpMaIu. B ceTeBbIX MOJENISIX MPeIyCMOTPEHBI 4 OCHOBHBIC
omeparopa: 106aBuTh (insert), ynanuts (delete), maiitu (find), o6HOBUTE (update).

[Ipu BBINMOTHEHUH JAHHBIX ONEpalUi ClIeyeT YUUThIBATh BaXXHOCTh CBSI3EH MEXIY
0o0beKTaMu, OCOOCHHO 93TO KacaeTcs Olepalud «yAaJeHHe», MPU KOTOPOH MOMKET
NPOU30OUTH yjaalieHue cBsa3yromie 3anucu. Omnepanus «0OHOBIEHUE» BBINOIHIETCS
JIETKO, T.K. KaXKJ1as 3al1Ch B €AMHCTBEHHOM 3K3EMILISIpE.

Uepapxuyeckasi MOJENIb
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[Ipumepamu  uEpapXUYECKUX  CTPYKTYP  MOTYT  CIIYXKWThb:  CIPaBOYHUKH,
KJ1acCU(PUKATOPHI, OPraHU3aAMOHHBIE CTPYKTYPHI.

Crpykrypa UM onuceIBaeTcsi B TEpMHUHAX:

1. DneMeHT NaHHBIX — HAUMEHBINAS TOMMEHOBAHHAS €IMHULIA TAHHBIX, B KOTOPOH
COJIEPKUTCST MHUHMMalbHOW HaOop wuHpopmanmu. C TOMOLIBI0 3JIEMEHTAa JaHHBIX
BBITIOJIHSETCS IOCTPOCHHUE BCEX OCTANBHBIX CTPYKTYP (@HAJIOT TOJIA).

2. ArperaT JaHHBIX — COBOKYIHOCTb JAHHBIX BHYTPHM 3aIllUCH, UMEIOLIAs MM,
PUYEM 3Ta COBOKYITHOCTh PAacCMAaTPUBACTCS KaK €AMHOE Ieloe. Arperatbl OBIBarOT
MIPOCTHIE U CIIOXKHBIE.

3. 3anuce — MOMMEHOBAaHHAsI COBOKYITHOCTh 3JIEMEHTOB U arperaTos.

4. I'pynIioBo€ OTHOILIECHHE.

5. ba3a [aHHBIX — NOMMEHOBAaHHAs COBOKYIHOCTH 3alMCEHd PA3JIUYHOrO THIIA,
coziepKariasi CChbUIIKA MEXKTy 3alUCSIMU, TIPEICTABICHHBIE YK3eMIUISIpaMHA HaOOPOB.

OcHoBHbIe orpannyeHus UM:

1. Bo3MOkHBI cBsi3u 1:M m 1:1;

2. co3naBaemasi CTpyKTypa 11.0. IpEeBOBUIHOM.

Hcxons u3 atux orpanndennii, UM nomxHa yJ10BIETBOPATH YCIOBUS:

1. Ha mepBOM YpOBHE UEPAPXUU M.0. TOJIBKO OJUH Y3€JI Ha3bIBAEMbI KOPHEBBIM;

2. BeplMHBI (y37bl) Ha HUXXHUX YPOBHSIX HAa3bIBAIOTCA MOPOXKIACHHBIMH WIU
3aBUCUMBIMU;

3. KaXIbId MOPOXKICHHBIA y3€J, HAXOASAIIUNCA Ha 1-OM YpOBHE CBSI3aH TOJBKO C
OJTHMM HMCXOJHBIM y3JI0M, HaxoasimumMcst Ha (1 —1)-oM ypoBHE;

4. KaxIplil UCXOOHBIN y3€1 MOXKET UMETh | WJIM HECKOJBKO MOPOKIAEHHBIX Y3JIOB
HA3bIBAEMBIX TIOJIOOHBIMU;

5. CYILIECTBYET €IMHCTBEHHBIN IMYTh JOCTYNA K Y31y HAQUMHAs OT KOPHS JIEPEBa.

6. Mepapxus BCEra HAUMHAETCS OT KOPHSI.

[Ipumenenne MM He BBI30OBET TPYAHOCTEW TOJBKO B TOM CIIy4ae €CJIM JTaHHbIC
MMEIOT €CTECTBEHHYIO APEBOBUIIHYIO CTPYKTYpy. B mpuHIMne kaxzaas ceteBas MOJECIb
M.0. mpexacraBieHa cpeiactBamu WM, mpu 3TOM ceTh pa30uBaeTcs Ha HECKOJIbKO
JIEPEeBbEB, a Kaxaas CeTeBas 3amuch pa3OMBaeTCsi Ha HECKOJbKO HepapXUyeCKHUX
3anuceid. UM Hapsily cO CBOMMHM MPEUMYILIECTBAMU MOXKET BBI3bIBATh 3aTPYIHECHUS MPU
BBITIOJTHEHUH OCHOBHBIX ONEpAIMi, HAIPUMED,:

1. HEeBO3MOXKHO 10OABUTH HHPOPMALIUIO HA CaMbIii HUKHUN YpOBEHb 0€3 BBEIACHUS
(UKTHUBHBIX BEPXHUX YPOBHEH;

2. yiajieHue CpeIHUX YPOBHEU WJIM UX PEIAKTUPOBAHUE MOXKET MPUBECTU K MOTEPE
CBS3€EH;

3. ipu oucke MHGOPMAITIH CIIOKHOCTH BHI3BIBACT ACHMMETPHS MOJIEIIH.

+: TOpOCTOTa, HE3aBUCHMMOCTh J@HHBIX, mMin pacxoibl MaMsITH; - He
YHUBEPCATBHOCTH, N30BITOUHOCTD.

Pendumonnas Moaenp

B ocHoBe PM 1cnionb30BaHO MOHITHUE «OTHOLLIEHUE.

OTHolIeHMEe — JlaHa COBOKYNHOCTh MHOXecTB DI1...Dn, ortHomenue R
OTpeIeJIEHHOE HA N-MHOXKECTBaX, €CTh MHOXECTBO YIOPSIOYEHHBIX CTPOK (KapTexKei)
dl...dn, Takux 4ro:
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Dn., D1, Dn — 1oMeHBI OTHOIIIGHHH, N — CTEIICHb OTHOIIICHHUI.

JIoMeH — MHOKECTBO 3HAUEHUM, U3 KOTOPBIX U3BJIEKAIOTCS (PAKTUUYECKHUE 3HAYEHUS,
UCIIOJIb3yeMble B CTOJIONE ([OJI€ 3TO HE JOMEH B YHCTOM BHUJIE, 3TO MaJIeHbKas €ro
4acTh).

B PM cymHocTh mpeacTaBieHa OTHOIICHUEM, ampubym— 3JIEMEHTOM JIOMEHa,
CBSI3b — CAMOCTOSITEIbHBIM OTHOIIIEHUEM JTMOO TOMEHOM BHYTPU OTHOILIEHUS.

Pendumonnas MOJeab OpUEHTUPOBAHA HA OPTAHU3ALMIO JAHHBIX B BUJIE IBYMEPHBIX
tabmun. Kaxmas pensuuoHHas Tabiwia TPENCcTaBlIsieT COOOW MBYMEPHBIM MacCHUB W
0o0JaaeT CIEIYIONMMHA CBOWCTBAMH: KaXKIBIM 3JIEMEHT TaONHIBl — OJWH DJEMEHT
JAaHHBIX; BCE CTOJIOIBI B TAOJMIIE OJHOPOJHBIE, T.€. BCE AJIEMEHTHI B CTOJIONE HUMEIOT
OJIMHAKOBBIM THI W JJIMHY;, KXl CTOJOCI MMEET YHUKAIbHOE WMS;, OIMHAKOBHIC
CTPOKA B TabIuIe OTCYTCTBYIOT; MOPAIOK CIEIOBAaHUS CTPOK U CTOJOIOB M.O.
ITPOM3BOJIbHBIM.

OTHoOIlIEHHSI TIPEACTABJICHBl B BHUJAE TaOJIMI, CTPOKH KOTOPBIX COOTBETCTBYIOT
KOPTEXaM WJIM 3aMKCsIM, CTOJIOLBI — aTpUOyTaM OTHOIIIEHUM, TOMEHaM, MOJISIM.

OrpannyeHus MOJIEIu:

1. MozIenb O3BOJISIET pean30BaTh CBA3M «1:1» u «1: M»;

2. 3HaY€HHUE KaXJ0ro aTpulyTa B KaXJAOW CTPOKE SIBJISETCS HENETUMBIM, T.€. OHO
JOJKHO COCTOSITh M3 OJHOTO 3HAYEHUS, & HE U3 MHOXKECTB. ECIM 3TO BBINOJIHIETCS, TO
OTHOILIEHUE HA3bIBAETCSI HOPMAJIU30BaHHBIM.

PM BJI — ectp mpeacraBineHue nosb3oBaresss 3Tod bJl B BHIE COBOKYNHOCTH
M3MEHSEMBIX BO BPEMEHU HOPMAJIM30BAHHBIX OTHOLIECHUN PA3JIUYHBIX CTEIICHEN.

Penssunonnass bJ[ 3amaercd pensiuMOHHOM CXEMOM, COCTOSIIIEW W3 OAHOM WU
HECKOJIbKUX CXeM OTHOmIeHUuW. CxemMa OTHOIIEHUS! 3aJaeTCsi MMEHEM OTHOILICHHS U
MMEHAMU COOTBETCTBYIOIIMX NOMEHOB. lIpu co3nannn pensunonnon b/l xaxknas cxema
OTHOIIEHUHN TPEJICTABIISACTCA B BUJIE TAOIUIIBI, KAKIBIM CTONOCI] TaOIUIIBI HAa3bIBACTCS
atpuoyroM. OtHomienuss B bJ[ oOnagaior cBoiicTBaMHM MHOXECTB. B TabinuHOM
MPEICTABICHUH OTHOIICHUI €CTh OrpaHUYeHue: TyOJIMpPOBaHUE CTPOK HE JIOMYCKAaEeTCs.
OTO OrpaHMYEHHE MPUBOJUT K BBEICHHUIO MOHATUA Kiroda. Kirod MmoaIMHOXKECTBO
aTpuOyTOB, COBOKYITHOCTh 3HAUEHUW KOTOPBIX YHHMKAIBHO HIACHTUPHUIIUPYET KapPTEXK.
OTHOLIEHNE MOYKET MMETh HECKOJBKO KIIHOYEH, HA3bIBAEMBIX BO3MOKHBIMU KIHOYaMHU.
Jl1st BBIOOpA KIJTFOYa OTHOIIEHUS KCTIOJB3YIOT JIBa CBOMCTBA:

1) 3HaueHus KJIOYa YHUKAJIBbHO HACHTU(PUIUPYIOT KapTeK OTHOLICHUS, T.e. HE 3
JIBYX CTPOK, KOTOpbIE MMENX Obl paBHBbIC 3HAYEHUS aTPUOYTOB, BXOMSIIMX B KIIIOY U
paccMaTpHBaeMbIX KaK €UHOE LENOE;

2) HUKaKoe MOJMHOKECTBO aTpuOYTOB KJt0Ua, KOTOPOE 00pa3yercs Mpu ylajJeHUuu
U3 KJIroua JJro0oro arpudyTa, He 001aaeT CBOMCTBOM 1).

[Tocne BbIOOpa KIIIOYEBOTO aTpuOyTa HEOOXOJUMO MMOMHUTh, YTO MEPBUYHBINA KITIOUY
OTJINYAETCS OT BO3MOXHBIX KJIKOYEH IO ONepanusM, KOTOPbIE HaJ HHUM JIOMYCTHUMBbI:
NEPBUYHBIA KJIIOY HENb3s OOHOBIATH; HU OAWH U3 aTpUOYTOB MEPBUYHOIO KIHOYa HE
MOET IPUHUMATh 3HAUCHHE «HE OMPEIACTIEHO.

B pemsiumoHHBIX MOAensX I BHYTPEHHHE OIPAaHWYCHMS, HAKJIAJbIBAEMbIE Ha
aTpuOyThl U HA KAPTEXKU:
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1. cneunduuupyercss 06JacTh 3HaYCHUN aTpUOYTOB, ONMpEAENSIoNas AOMYCTUMbIN
TUIN 3HAYCHUM;

2. 3 BO3MOXHOCTb 3aJlaHUSl JOMEHA CPABHUMOCTH, MPUMEHSEMOrO IJsl yKa3aHUs
OCMBICIICHHOCTH CpPaBHHUBAaE€MbIX 3HAYEHHUI, €clu JABa aTpuOyTa HE HMMEIOT OOILEero
JIOMEHa CpPaBHUMOCTH, WX HENb3s CpaBHUBATh WM HCIOJNb30BaTh B OIEpaliu
CpaBHEHHS,;

3. oOue orpaHudeHusi, KOTOpble M.0. 3aJaHbl TOCPEACTBOM YTBEPKACHUN (YCIOBHIA,
KOTOPBIM J0JKHA YA0BIETBOPATH B/I).

ATtpuOyT oTHOWEHUS R ABIAETCS BHEIIHMM KIIOYOM, €CJIM AITOT aTpudyT He
SBJIIETCSL IEPBUYHBIM KJIFOYOM OTHOIIEHHs R, HO €ro 3HaueHus SBJISIOTCS 3HAYEHUSIMU
NEPBUYHOTrO Kito4a oTHoueHus R1 (apyroro otHomeHus).

+: NpocToTa, HE3aBUCUMOCTb JIA@HHBIX OT MPOrpaMMbl HX pealn3alluy,
TEOpeTUUecKoe 00OCHOBaHNE (HOpMaJIM3allisg OTHOLIEHUH); - HU3KOE OBICTPOJEHCTBHE,
00JIBILION pacxo MaMATH.

PacimmpenHas (mocpenasiuoHHast MOJIEIIb)

BaxHpIM acmekToM TPaAUIMOHHOW PEJSIMOHHON MOJEIN AAHHBIX SBISIETCS TOT
(dakT, 4TO 3JEMEHTHI JaHHBIX, KOTOPbIE XPaHSITCS Ha MEPECEUYECHUH CTPOK M CTOJOIIOB
TaOJUIIBI, TOJKHBI ObITh HEACTUMBI M €IMHCTBEHHBI. JTO 3HAYUT, YTO JaHHBIE HE MOTYT
OBITh pa3BEepHYTHI B Mpoliecce NanbHeei 00padoTku. Takoe mpaBuiIo ObLIO 3aJ0KEHO
B OCHOBY pEJSIIMOHHOW anredpbl mpu ee pa3paboTke KaKk MaTeMaTHYecKONl MOJenu
naHHbIX. [lanpHeline uccieaoBaHus MOKa3aiu, YTO CYIIECTBYET psJ ClIydaeB, KOrja
OFpaHMYEHUS]  KJIACCHYECKOM  pEeJSIMMOHHOM  MOJENM  CYIIECTBEHHO  MEIIAoT
¢ PeKTUBHON peann3aly IPUIOKEHUM.

IIpu TOM, 4YTO TaAOMUIBI, CTPOKM MU KOJOHKM TaK YIOOHO OTpa)karOT Halle
MBIIUIEHHE, TIOYEMY JK€ OHM CTaJld CAaMOOTPaHMYMBAIOIIMMU JUIsl 0ojiee KpYMHBIX
npuiokeHui? B ocHOBe Ipo0JIeMBl JI€KaT TPU BOIIPOCa!

1. pabora c nonssMH NEpeMEHHOM JJIUHBI U TPYIIIaMU 3aIluCel;

2. ympaBlIeHHE OTHOLICHHUSAMH MEXAY TaOJULIaMU U MOJISIMU;

3. U OTpak€HUE MOJJIMHHO CEMAaHTHYECKOIO COJAEpKaHHs peajbHBIX CTPYKTYP,
KOTOpBIE OYIyT MOJETUPOBAHBI 0a30i1 TaHHBIX.

OCHOBHOM MPUHLMUI PETSIUOHHON MOJENN - YCTPAHATh MOBTOPSIOMIMECS TMOJIA U
IPYNNbl C TOMOIIBK IMIPOLECCA, KOTOPBIM HA3bIBACTCA HOpMaiM3anuen. Tak Kak
HOpMaJIM3aIMs - 3TO MPOCTON MPOLIECC, PEe3yIbTaT YaCTO 3aKII0YAeTCsI B OTOOpaKEHUH
eIMHUYHBIX (aiIOB B pEISIIIMOHHBIX Tabnuax. Pe3ynbrar kak HEMpOCT B MOHUMAaHHH,
Tak ¥ HeAa(PpeKkTUBEeH B 00paboTKe.

OnbIT pa3zpabOTKU NPUKIATHBIX MHPOPMALMOHHBIX CUCTEM IOKa3ajl, YTO OTKAa3 OT
ATOM YCTAHOBKHU BEJET K KaU€CTBEHHO IOJIE3HOMY pacCIIMPEHUI0 MOJENU JaHHbIX. Ecin
JOMYCTUTh, YTO 3HAUYEHHWE [AHHBIX MOXET CaMO COCTOSTh W3 IOJ3HAYEHUMH, TO B
pe3ysibTaTe BO3HUKAET MOHATHE MHOro3HauyHoro mnojs. IIpome Bcero paccmarpuBaTh
Ha0Op MHOTO3HAUYHBIX MMOJied B TaOJMIIE KaK CaMOCTOSTENIbHYIO BJIOKEHHYIO (nested)
Ta0IuUILy.

[Ipu ycnmoBumM, 4YTO BIIOKEHHas TaOMUIA YAOBIETBOPSET OOIIMM KPHUTEPHUSIM
(Hampumep, HUMEEeT YHHUKAJIbHBIA KJIIOY), €CTECTBEHHBIM O00pa3oM MPOUCXOAUT
paciMpeHne ornepaTopoB PeNALUOHHON anreOppl. Takas Mozenb JaHHBIX OblIa HAa3BaHA
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NOCTPENALMOHHOW. MHOTrHe METOOJIOTUH MPOEKTUPOBAHUS JAHHBIX MO3BOJIIOT
OTIpeNeNsiTh MHOTO3HAYHbIE TOJS M 3aTeM YAAIATh B Impolecce HopMmanuzauuu. Ilpu
3TOM TabIUIBl MpeoOpasyroTcs B MepBY0 HopMmalbHylo ¢opmy wim INF. Opnako
yJlaJeHne MHOTO3HAYHBIX MOJIEHl He BCerjga CIOCOOCTBYET YIYYLICHHIO MPHUKIATHBIX
nporpaMMm. B ciydasx, korma oOblyHas ¢opma AOCTyna K IOJIO TMOApa3yMeBaeT
oOpallieHre Ko BCeM ero 3HaueHusM, 6aze nanubix 1NF npuaercs mpoaenats onepanuio
coeaunHenus (Join) KaxkIplid pa3, KOrAa HY>KHO HOJYYHTh COOTBETCTBYIOIINE 3HAYCHHUS,
XpaHsumecs: B apyroi tabnuie. CoBeplIeHHO OYEBUAHO, YTO B MOJOOHOM CHUTYyalllH
XpaHeHue 3HaueHuil (U3MUeCK B MHOTO3HAYHBIX MOJSAX MOXKET obOecrneyuTh Oojee
3¢ (dEeKTUBHBIN TOCTYI K HH(OPMALIUU.

Ha puc. 2 HarmsgHO MpOJEMOHCTPUPOBAHBI MPEUMYIIECTBA XPaHEHUS JaHHBIX B
0a3ax uniVerse, OTHOCAIIMXCA K HENEpPBOM HoOpMaibHOW Qopme, mepen Oonee
TPOMO3/IKUM XpaHeHHeM B 0a3ax JJaHHbIX MepBoil HopManmbHOU (opmbl. [lpumep
NpPECTaBISAET XpaHEHHE YaCTH JaHHBIX TAKOTO TUITMYHOTO JOKYMEHTa, KaK HaKJIaHasl.

INVNO CUSTNO GOODS QTY

0373 8723 Mieo 3

0373 8723 Bofia 2

8374 8232 Mo HaD 1

8374 8232 MiEo 6

8374 8232 Badmu 2

7364 8723 Hopyvpr 1

Puc. 2a. Ilpeocmasnenue oannvix 6 1-ii Hopmanvrot gpopme (INF)
ORDER ORDER ITEMS

INVNO CUSTNO INVINO GOODS QTY

0373 8723 0373 Mueo 3

8374 6232 0373 BoBnsa 2

7364 8723 8374 mosan 1

6374 Mueo [

8374 EBadnn 2

7364 ﬁunypT 1

Puc. 26. Cmpykmypa xpanenus oannwvix 6 uniVerse NFNF (NF2)

ORDER

INVINO CUSTNO GOODS QTY

0373 8723 Mueo 3
BoBnsa 2

8374 8232 N0 HaD 1
e 6
Eadnn 2

7364 8723 Hopypm 1

Pucynok 2. Cmpykmypol xpanerus 0aHHbIX C MHO203HAYHBIMU NOJAMU 6 uniVerse u
8 MPAaOUYUOHHBIX CUCEMAX.
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O Tabnuiax, coaep X amniux MHOTO3HAYHBIC IOJISl, TOBOPST, YTO OHU HAXOJATCS B
HernepBoit HopManibHOU opme, miu NF2 ( Non First Normal Form). Kak 6s110 3amedeHo
paHee, IpH yCJIOBUH, YTO HCIIOJIb3YEMbIE MO MOAYUHSAIOTCS ONPEAEICHHBIM MPaBUIaM,
MO3BOJISIONIMM 00pamaThCsi C HUMHU, Kak C TaOJullaMd, BCTPOCHHBIMU B JpYyrue
tabaunbl, popma NF2 He HapymiaeT mpuHIUIIBI pesiMOHHON anreOpel. bosee Toro,
Takasi ”HOpPMaLKsl MOJHOCTHIO IOCTYMHA, TaK KaK PacIIUPEHHBIE ONepaTopbl, KOTOPbIE
paborator ¢ Ttabmuunamu NF2, 1o3BONSIOT W3BJIEKAaTh BCTPOCHHBIE TaONMIBI U
paccMaTpuBaTh JIaHHBIE Kak wHpopMaIuio, mocTynuiryto u3 tabmuir 1NF. U Bce xe Bo
mHoOrux ciydasx ¢opma INF Oyner ckopee uHCKIIOYEHHEM, a HE MpaBuwioM. B
OOJNBIIMHCTBE Cily4aeB Topa3fgo Oosee 3PGEKTUBHO OCYIIECTBIATH JOCTYH K
MHOT'O3HAYHBIM MOJISIM OJJHOBPEMEHHO C OCTAJIbHBIMU JAHHBIMH, 3Hasl, YTO MX BCErAa
MOKHO HM3BJIEYb M PAacCCMaTpPUBATh KaK OTAEIbHYIO TAaOJMIly B TE€X CIydasx, KOTJa 3TO
MOKET IMOHAOOUTHCS.

MHoromepHas MOJeb

JIoCTaToO4HO OYEBUAHO, 4YTO JaXe MpU HEOONbIIMX 00beMaxX IJaHHBIX OTYET,
MpEJCTAaBICHHBIA B BHUJIE JBYXMEpHOW Tabmuubl (Mojenu aBTOMOOWIS MO Ocu Y H
Bpewms o ocu X), HarisigHee W MHPOpMATHBHEE OTYETA C PEIAIIMOHHOW MOCTPOYHOM
dbopmoit opranuzaiuu (puc. 1).

Pensimmonnas Moenpb

Moenb Mecsn O6BeM
"Kurymmn" NroHb 12
"Kurymmn" ABrycr 5
"MockBUY HroHp 2
"MockBuy" Hronb 18
"Bomra" Hronb 19
MHoromepHas Mojeib td>
HroHb Hronp ABrycr
"Kurymmn" 12 5
"MockBuyq" 2 18
"Bomra" 19

Pucynok 1. (Pensyuonnas u MHO2OMEPHAsL MOOENU NPEOCMABIEHUSL OAHHBIX).

A Temnepp NpeIcTaBUM, YTO y HAC HE TpU Mojenu, a 30 u He Tpu, a 12 pa3nInyHbIX
MecsieB. B ciyyae mocTpoyHOro (pesisiiiMOHHOr0) MPECTABICHUSI Mbl TTOJIYYUM OTYET B
360 crpok (30x12), koTopblii 3aiiMeT He MeHee 5-6 cTpanuil. B ciydae ke
MHOTOMEpPHOro (B HallleM cliydyae JIByXMEPHOr0) TMPEJACTaBICHUS Mbl MOIYyYUM
JIOCTATOYHO KOMITaKTHYIO Tabnuiyy 12 Ha 30, KoTOpas BIOJIHE YMECTHTCS Ha OJIHOM
CTpaHMIIE U KOTOPYIO, AaXKe MPU TAaKOM O0bEME JAHHBIX, MOKHO PEAJIbHO OLICHUBATh U
aHaJIU3UPOBATh

OCHOBHBIMU MOHSATUSMHU, C KOTOPHIMU ONEPUPYET MOJIH30BATEND U MPOSKTUPOBIIUK
B MHOTOMEPHOM MOJIEIH TaHHBIX, SBIISTFOTCS:

» m3mepenue (Dimension);

* siyeiika (Cell).
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Nuorna BMecto TepmuHa '"fueiika" wucnosb3yercs TepmuH 'Ilokaszatens”
(Measure).

N3mepenue - 3T0 MHOKECTBO OAHOTUITHBIX JIAHHBIX, 00pa3yIOIIUX OJIHY U3 TpaHei
runepky6a. Hampumep - Juu, Mecsaupl, KBapranel, ['oapl - 3T0 Hambosiee dYacTo
UCIONIb3yeMble B aHanu3e BpemeHHble M3mepenus. IIpumepamu reorpadpuyeckux
n3MepeHun apisitotTces: ['opona, Paitonsl, Pernonsl, CtpaHnsl u T.1.

B wmHoOromepHoi wmonenu JaHHbIX M3MepeHHsT UIparT poJib  MHAEKCOB,
UCTIOJIB3YeMBIX  JIJI1  uaeHTU(dUKanMu  KOHKpeTHhIX 3HadyeHwil  ([lokasaterneii),
Haxosmmxcs B Suelikax runepkyoa.

B cBoto ouepens, [lokazamens - 310 nioae (00bIYHO LKU(POBOE), 3HAYCHHS] KOTOPOTO
OJTHO3HAYHO OMpeestoTcs GuKcupoBaHHBEIM Habopom M3mepenuii. B 3aBucumoctu ot
TOTO, Kak (OPMUPYIOTCS ero 3HaueHus, [lokazaTenp MOKET ObITh OTIpEIEIICH, KaK:

Ilepemennas (Variable) - 3nauenus Takux [lokazateneld oawH pa3 BBOIATCS U3
KaKOro-JIM00 BHEIIHET0 MCTOYHHMKA WK (GOPMHUPYIOTCS MPOTrPpaMMHO U 3aT€M B SIBHOM
BUJIE XpaHATCS] B MHOroMepHoi 0a3e nanubix (MBJI)

@opmyna (Formula)- 3nauenus takux IlokaszaTeneil BRIUMCISIOTCS MO HEKOTOPOM
3apaHee crienu(pUIUPOBAHHOM dhopmyie.
To ects mis [lokasarens, umeromero tun Popmyiia, B b/[ XxpaHuTcs He €ero 3HadyeHus, a
dbopmya, Mo KOTOPOH 3TH 3HAYEHHUSI MOTYT ObITh BHIYUCIICHBI.

3aMeTuM, 4YTO 3TO pa3jIMuMe CYUIECTBYET TOJBKO Ha A3Tale NPOEKTUPOBAHUS U
MOJHOCTBIO CKPBITO OT KOHEYHBIX mMoJib3oBaTeneid. B mpumepe Ha puc. 1 kaxmoe
3HaueHne mois OO0beM TPOJaX OJHO3HAYHO OMPEIeseTcss KOMOWHAIUEH TOJeH:

Mojenrb aBTOMOOHIIS;

Mecsu npogax.

Ho B peanpHON cuTyanuu [jIs8 OJHO3HAYHOW UACHTHU(UKAIMK 3HAYCHUS
[Tokazarens, ckopee Bcero, moTpedyercst 00bIlIee YUCI0 U3MEPEHHM, HallpuMep:

Mopenb aBTOMOOMIIS;

Menemxep;

Bpewms (manpumep [Non).

N3mepenus:

Bpewms (I'ox) - 1994, 1995, 1995

Menemxep - [lerpo, CMupHOB, SAKOBIEB

Iloka3zarens:

O6beMm [Ipogax

W B TepMHHAX MHOTOMEpPHON MOJENH peub OyAeT HITH YK€ He O JABYXMEPHOM
TabnuIle, a 0 TPEXMEPHOM THUTIEPKYOe:

nepBoe M3mepenue - Moaens aBToMoOuUIIS;

BTOpOE M3mepenue - Menemkep, mpoaBIInii aBTOMOOUIIB;

tpetbe M3mepenue - Bpems (I'on);

Ha TEpEeceYeHHH TpaHed KoToporo Haxonsarcsa 3HadeHus [lokazatens OO0bem
MPOJIAXK.

3aMeTuM, 4TO, B oTiimuue ot M3mepenuii, He Bce 3HaueHus [lokazareneil JOHKHBI
MMETh U UMEIOT peanbHble 3HaueHusd. Hanpumep, Menemxep IletpoB B 1994 r. mor ele
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He paboTaTth B upme, U B 3TOM ciyyae Bce 3HaueHusa [lokazatens OObeM mponax 3a
3TOT roJl OyIlyT UMETh HEOTPEIEICHHbIE 3HAUCHHUSI.

T'unepxybuueckue u noaukyouuseckue mooenu OaHHvIX

B paznuunbix MCYB/[ ucnonp3yroTcsi J1Ba OCHOBHBIX BapuaHTa OpraHU3alluM
JAHHBIX:

* ['unepkybuueckas MOJIENb;

* [TonukyOudeckast MOJENb.

B uem coctout paszuuna? Cucrtemsl, noaaepxusaromue [lonnkyouueckyro Mojiennb
(mpumepom siBnisetcst Oracle Express Server), nmpeanosnaratoT, uto B MBJ] MoxeTt ObITh
OTPENIETICHO HECKOJbKO TUIEPKYOOB C Pa3IUYHOW Pa3MEPHOCTbIO M C PA3IMUYHBIMU
N3mepenunsimu B kauecTBe ux rpaneil. Hampumep, snauenue Ilokazatens Pabouee Bpems
Menemxepa, ckopee Bcero, He 3aBUCHT OT M3mepenmss Monens ABTOMOOWIS U
ONHO3HAyHO omnpexpensgercs aByMs M3mepenusamu: Jlenp u  Menemxep. B
[TonmukyOuueckoi MOAETHM B 3TOM CIy4yae MOXKET OBbITh OOBSIBICHO JBa Pa3IUYHbBIX
runepkyoa:

JByxmepusbiit - 11 [lokaszarens Pabouee Bpemst Menemxkepa;

Tpexmepusiii - 11 [Tokazarens O6wvem [Ipogax.

B cinyuae xe I'mmepkyOoudeckoid Mojenu mpeanojiaraercs, uto Bce I[lokazarenu
JOJDKHBI ONPENIEeNsAThCA OJHUM U TeM ke Habopom M3mepenuit. To ecTb TONBKO M3-32
toro, uro OO0bem IIpomax omnpenensercs Tpems M3MmepeHusMu, NpuU ONMUCAHUU
[Tokazarens PaGouee Bpemss Menemxkepa TpuaeTcS TakkKe HCIOIb30BaTh TPH
N3mepenuss u BBOAUTH wu30bITouHOe i 3Toro Ilokasarens WM3mepenue Mojenb
ABTOMOOMIISL.

Onepayuu manunynuposanus Hzmepenuimu

®opmupoBanue "Cpesa". Iloap3oBarens peaKo HHTEPECYIOT BCE IMOTEHLUUAIBHO
BO3MOXKHbIE KOMOMHAIMK 3HaueHui M3mepenuil. bonee Toro, oH nmpakTU4ecKd HUKOT/AA
HE paboTaeT OJHOBPEMEHHO Cpa3y CO BCEM THIEpKyOOM naHHBIX. [logmMHOMXKECTBO
runepkyda, MOJy4yHUBIIEECs B pe3ynbTare (UKcAlMM 3HA4YEHHs OJHOTO WM OoJjee
Nsmepennii, HazpiBaeTcss Cpe3om (Slice). Hampumep, ecnm Mbl OrpaHUYuM 3HAYEHUE
N3mepenuss Mogenr AptomoOwnst = "BA32108", To mnogyduM MOJMHOXKECTBO
runepkyba (B HalleM cliydae - JBYXMEpPHYIO TaOJHIly), cojaepikaiiee nHpopmaiuo 00
MCTOPUU IIPOJIAK ATOM MOAENH PA3TUYHBIMU MEHEKEPAMU B Pa3JIMYHBIEC TOJBI.

Onepanust "Bpamenue". V3meHeHue mnopsaka TpeAcTaBieHUs (BU3Yyaln3allvn)
N3mepennii (0OBIMHO MPUMEHSIETCS MpPU JABYXMEPHOM TMPEACTABICHUH JAHHBIX)
Ha3biBaeTcst Bpamenuem (Rotate). Orta omnepaunus oOecnednMBaeT BO3MOXKHOCTh
BU3yallM3allMM JaHHBIX B QopMme, HaubOosnee KOMGMOPTHOW i MX BOCHPUSTHS.
Hampumep, ecin MeHemkep NEpPBOHAYAIBHO BBIBEI OTYET, B KOTOpoM Moxenu
aBTOMOOWJIEH OBLTM TEpPEYrcleHbl MO0 OCH X, a MeHemKepbl Mo ocu Y, OH MOXKET
pPELINTh, YTO TAKOE MPEACTABIECHUE MaJO HAIJISAHO, U MOMEHATh MECTaAMHU KOOPJAHHATHI
(BeImosiHUTH Bpatenue Ha 90 rpanycos).

Omnowenus u Hepapxuueckue Omnowienus.

B Hamem npumepe 3HaueHusa Ilokasareneln ONpenensrOTCA TOJNBKO TpeEMs
u3MepeHusimu. Ha camom nene ux MoOXeT ObIThb ropa3fo OoJibllie W MEXKAY HUX
3HAYEHHUSMH OOBIYHO CYIIECTBYIOT MHOXKECTBO pa3inuuHbix OTtHommenui (Relation) tuma
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"onun ko mHorum". Hampumep, kaxasiii Menemkep MoxkeT paboTaTh TOJIBKO B OAHOM
NOJIpa3/IeNICHu, a KaXXJO0W MOJEeNH aBTOMOOWJS OJIHO3HAYHO COOTBETCTBYET (upMma,
KOTOpasi €€ BBIITYCKAET:

Menemxep ->Iloapasznenenue;

Mogens ABTromobuis ->dupma-ITpousBoaurerns.

3amerum, uto ana M3mepenwuii, umerommx tun Bpems (takux kak Jlenb, Mecsil,
Kgapran, ['ox), Bce OTHOIIIEHUS YCTaHABIMBAIOTCS aBTOMATUYECKU, U UX HE Tpelyercs
onuckiBath. B cBOIO ouepenb, MHOKECTBO OTHOIICHUN MOXKET UMETh UEPAPXUUYECKYIO
ctpyktypy - Hepapxuueckue OtHomenus (Hierarchical Relationships). Bot Tombko
HECKOJIbKO IpuMepoB Takux Mepapxnuecknx OTHOIICHHIA:

JHensb -> Mecsu -> Kapran -> ['og;

Menemxep -> [loapasnenenue -> Pernon -> ®@upma -> CrpaHa;

Monens ABTomoOwmts -> 3aBoa-IIponsBoaurens -> Ctpana.

N yacro Gonee ynoOHO He OOBSBIATH HOBbIE M3MepeHus U 3aTeM ycTaHaBIMBATh
MEXIYy HUMU MHOXeCTBO OTHOIIEHUH, a HCIOJb30BaTh MeXaHu3M Hepapxudyeckux
OtHoteHuii. B 3ToM ciyyae BCe MOTEHLUUATBHO BO3MOXKHBIE 3HAYEHUS U3 PA3IUYHbIX
N3mepennii 00beIUHAIOTCS B OJHO MHOXecTBO. Hampumep, Mbl MokeM J00aBUTH K
MHOXecTBy 3HaueHuit WM3mepenus Menemxep ("Ilerpor", "Cumopos", "HBanoB",
"CmupHoB"), 3HaueHusi Mamepenus Ilogpasznenenune ("dumman 1", "Ounmman 2",
"®unuan 3") u Usmepenus Perunon ("Boctok", "3aman') m 3arem onpenenutb MEXITY
sTuMHu 3HaueHusmMu OtHoenue Mepapxuu.

Onepayus Aepecayuu.

C Touku 3penusi mnoisb3oBarens, lloagpasnenenue, Perumon, ®dupma, Crpana
SIBJIAFOTCSI TOYHO TakuMu ke M3mepenusamu, kak u Menemxkep. Ho kaxnmoe u3 Hux
COOTBETCTBYEeT HOBOMY, 0OOJie€ BBICOKOMY YpOBHIO arperanuu 3HaueHuil [lokazartemns
O6bvem mponax. B mporiecce ananm3a moap30BaTeh HE TOJBKO padOTAEeT C pa3IMYHBIMU
Cpe3amu TaHHBIX M BBINOJHAET UX BpallieHue, HO ¥ MEPEeXOoJUT OT JAETATU3UPOBAHHBIX
JAHHBIX K arperupoBaHHBIM, T.e. Mpou3BoAuT omepauuto Arperanuu (Drill Up).
Hampumep, mocMoTpeB, Hackosibko ycrnemHo B 1995 r. IlerpoB mpojaBan monaenu
"XKurymu" wu "Bonara", ynpaBiagromuii MOXET 3aXOT€Th Y3HaTh, KaK BBITJISAUT
COOTHOIIEHHE MPOJax ATUX Mojenel Ha ypoBHe [loapasnenenus, rae [lerpos paboraer.
A 3aTeM MOJY4YUTh aHAJOTMYHYIO crhpaBky 1o Peruony wim @Dupme. Onepayus
Jlemanuzayuu.

[lepexonq oT Oosiee arpermpoBaHHBIX K Oojee JACTATM3UPOBAHHBIM JTAHHBIM
HasbIBaeTcs oneparueit Jleramuzaruu (Drill Down). Hanpumep, HauaB aHanu3 Ha ypOBHE
Pernona, momp3oBaTenh MOXET 3aXOTETh TOJYYUTH OOJiee TOYHYHO HH(POPMAIHIO O
pabote konkpetHoro [loapaznenenus nnu MeHemxkepa.

OObeKTHAS MOJICITb

Cpa3zy ke HeoOXOAMMO 3aMETHTh, YTO OOMICTIPUHSATOTO OMpEeIeHUs "00bEKTHO-
OPUEHTHUPOBAHHON MoJienu AaHHBIX" He cymiecTByeT. Celfyac MOKHO TOBOPUTH JIMILb O
HEKOM "O0OBEKTHOM" MOAX0/I€ K JOTMYECKOMY MPECTABICHUIO JAHHBIX U O Pa3IUYHbIX
00BEKTHO-OPUEHTUPOBAHHBIX CIIOCO0AX €ro pean3aluu.
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Mpl 3Haem, uto m00as MOJAENh MAAaHHBIX JOJDKHA BKIIOYATh TPU ACHEKTa:
CTPYKTYPHBIH, IIETOCTHBIN M MaHUMYJSIITUOHHBIA. [locMOTpUM, Kak OHU peasin3yloTCs Ha
OCHOBE 00BEKTHO-OPUEHTUPOBAHHAS MTAPATUTMbI TIPOTPAMMHUPOBAHUS:

Crpykrypa: CtpykTypa OOBEKTHOH MOJENHM OMHCHIBAIOTCS C TOMOIIBIO TpPex
KITIOYEBBIX TTOHATHI:

UHKancyaiayus- Kaxapld 00BEKT 00JIaJaeT HEKOTOPHIM BHYTPEHHHUM COCTOSHHUEM
(XpaHuT BHYTpH ceOs 3amuCh JAHHBIX), a TakkKe HaOOPOM METOIOB - TMPOIEIyp, C
MOMOUIBI0 KOTOPBIX (M TOJBKO TaKUM 00OpPa30oM) MOXKHO TMOJYYHUTh JOCTYH K JAaHHBIM,
OTIpECIIAIONIMM BHYTPEHHEE COCTOSIHHE OOBEKTa, UM M3MEHUTHh UX. Takum 00pazom,
O00BEKTHI MOXHO pPacCcMaTpUBaTh KaK CAMOCTOSATEIbHBbIE CYLIHOCTH, OTAEJIEHHBIE OT
BHEIIHETO MHpA.

Hacnedosauue - TOAPAa3yMEBAaET BO3MOXKHOCTh CO37aBaTh U3 KJIACCOB OOBEKTOB
HOBBIE€ KJIACChI OOBEKTHI, KOTOPHIE HACIEAYIOT CTPYKTYpY M METOIbl CBOMX IPEAKOB,
N00aBisii K HUM 4YEpThl, OTpPAXKAIIUE UX COOCTBEHHYIO WHIMBUAYAIBHOCTb.
HacnenoBanne MOXeT ObITh MPOCTHIM (OAWH MPEAOK) U MHOXKECTBEHHBIM (HECKOJIBKO
MIPEIKOB).

noaumop@uzm - pa3NAYHBIE OOBEKTHl MOTYT TI0-pa3HOMY pearupoBaTh Ha
OJIMHAKOBBIC BHEITHUE COOBITHS B 3aBUCHMOCTH OT TOTO, KaK peaan30BaHbl UX METOJIbI.
[Tpumep:

Begin

Point A(100,100);

CircleB(200,200,50);

A.Draw(); // pucyet TOUKy

B.Draw(); // pucyer okpyXHOCTb

End.

Llenocmnocms Oanmbvix:

Jl1is moepkaHus MeTOCTHOCTH OOBEKTHO-OPHUEHTUPOBAHHBIN MOIXO MpeaIaraet
UCTIOJIb30BaTh CJICAYIOIINE CPECTRA!

aBTOMATUYECKOE NOJITICpKAHHE OTHOIIICHUH HACJICIOBAHMSI
BO3MOXKHOCTh OOBSIBUTH HEKOTOPBIE TIOJISI JAHHBIX U METOJIbI 00BbEKTa KaK "CKPHIThIE", HE
BUJUMBIC JJIs JPYTUX OOBEKTOB; TAKUE TIOJSI I METOJIBI UCTIONB3YIOTCS TOJIBKO METOAAMHU
camoro 00beKTa CO37aHKe MPOLIEAYP KOHTPOJIS IIEIOCTHOCTH BHYTPH O0OBEKTA

Cpeocmea maHunyupo8anust OAHHbIMU.:

K coxanenuto, B 00beKTHO-OPUEHTUPOBAHHOM MPOTPAMMHUPOBAHUH OTCYTCTBYIOT
oOme cpeacTBa MaHUMYJIMPOBAaHUS JAaHHBIMU, TaKWe KakK peNsLUOHHAas anredpa wiu
pensauroHHOe curcieHue. PaboTta ¢ 1aHHBIMU BEIETCSl C TOMOIIBIO OJTHOTO U3 O0BEKTHO-
OPUMEHTHUPOBAHHBIX S3BIKOB IPOTPAMMHPOBAHMS OOIIET0 Ha3HAYEHUS, OOBIYHO 3TO
SmallTalk, C++ unu Java.

59



