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1. ABTOMATU3ALMA ITPOEKTUPOBAHUA
INPOI'PAMMHBIX CPE/ICTB

1.1. Heau u 3aga4m cUCTEM ABTOMATH3MPOBAHHOIO IPOCKTHPOBAHUA
NMPOrpamMMHOro odecrnedeHust

Co3nanue cHuCTEM aBTOMATHU3UPOBAHHOTO MPOEKTHPOBAHUS IPOTPAMMHOTO
oOecrieyeHus: MOXHO MPEJCTABUTh KaK COYETaHHWE JBYX Pa3BUBAIOLIUXCS MEPCIEK-
TUBHBIX HAIlPaBJICHHI, 4 UMEHHO, TEXHOJOTHH KOHCTPYHPOBAHMS IPOTrPaMMHBIX
CPEACTB M aBTOMATHU3aLUH MPOECKTUPOBAHUS.

[Iporpammusie cpeactsa (I1C) SBASIOTCS UCTIOTHUTEIBHBIMU 3JIEMEHTAMH MHO-
IUX KOMIIBIOTEPHBIX CUCTEM PAa3JMYHOr0 Ha3HaueHUs. B oTimyue ot mporpamm, cos-
NABAEMBIX B €IMHCTBEHHOM 3K3EMIUISPE JUJISl PEIIEHUS YaCTHBIX UCCIEA0BATEIBCKUX
3a/lay, MOJIETUPOBAaHUs, 00OpaOOTKU pPE3yIbTATOB SKCIIEPUMEHTOB U HE HMMEIOIINX
MaccoBoro npuMenenus, [1C 10mKHBI UCTIONB30BATHCS MHOTOKpATHO. [[ns1 oGecne-
YeHUsl MOBTOPHOTO ucnoiab3oBanus [IC unu nporpammusix moayneit (IIM) HeoOxo-
UMbl CTaHAAPTU3AIUS UX OQOpPMIICHUS, HATMCAHUS, UCTIBITAHUS, a TAK)KE TapaHTUU
kauecTBa. CTaHIapTHl Pa3HBIX YPOBHEH OOBIYHO PETIAAMEHTHUPYIOT TEXHOJOTHUIO pa3-
pabOTKH, MOCTAHOBKU M JKCIUTyaTalluu MpOrpaMM, MpaBuia CTPYKTYPHOTO MOCTpoe-
Hus [IC B menoMm M uX OTAENbHBIX KOMOOHEHTOB, COCTaB M (OPMBbI JOKYMEHTAIIUH.
OTO0 MO3BOJIAET 3HAYUTEIBHO COKPATUTh NyOIUpyrolue pa3padoTKu, BHEAPUTH COO-
POYHOE MPOrpaMMHMPOBAHUE M OPraHU30BaTh Ha MNPEANPUATHSAX HAKOIUIEHHUE BBICO-
KOKAQUeCTBEHHBIX MPOTrPaMMHBIX MPOAYKTOB. J[Ji TOro 4ToObl MporpaMMHoOe obecre-
yenue (I[10) oTBedano BceM BBIIIETIEPEUUCICHHBIM TPEOOBaHUAM, MPOLIECC €ro MPo-
E€KTUPOBAHUS JOJDKEH BKJIIOUATh CJICYIOLIHNE 3TAIbI:

1. Ananu3 TeXHUYECKHX TpeOoBaHUU - ompenereHue (QyHKIHMI co3naBaeMoi
CUCTEMBI.

2. IIpoexTupoBaHmue — nepexoj ot crnenudurkanuii GyHKIMA CUCTEMBI K OIH-
CaHUIO TOT0, KAKKUM 00pa3oM OHa Oy/IET UX BBIMOIHSITS.

3. Peanuzanus - co31aHKe peaIbHOrO NPOrPAMMHOIO NMPOAYKTA.

4. Arrecranus - npoBeEpKa KOPPEKTHOCTH MPOTrPAMMHOM CHCTEMBI.

5. Bepuduxanus - popmanbHas nmpoBepka TOT0, YTO CO3JaHHBIA MPOrpaMMHBIN
HPOAYKT KOPPEKTEH U YAOBIETBOPSAET MOCTABICHHBIM TEXHUYECKUM TPEOOBAHUSM.

6. ConpoBoxieHHE — UKCALMS TEXHUYECKUX PEIIeHU sl TeX, KTo OyAeT co-
MIPOBOXKJaTh CUCTEMY, M CO3/aHHE YYEOHBIX MaTe€pUaloB M MHCTPYKLMM AJis dKC-
IJIyaTalMOHIIUKOB.

7. YpaBieHUE MPOEKTOM — IDITAHUPOBAHUE, CIE)KEHUE U PYKOBOJCTBO IPH pas3-
pabotke I10.

B Hacrosiiee Bpemsi 3TH 3Talibl BBIMIOJHSAIOTCS CAMBIMH Pa3HBIMU CIIOCOOAMH,
YTO HAXOJUT OTPAKEHHE B IIMPOKOM CIEKTPE CYHIECTBYIOIIMX MHCTPYMEHTAJIbHBIX
cpencts CAIIP T10. Xors IIC, coznaBaemble cerojiHs, BecbMa pa3HOOOpa3Hbl, BbI-
JENUIICSA Pl TUIIUYHBIX BOIPOCOB, KOTOpbIE MPUXOJIUTCA pElIaTh MpU pa3padoTke
00010 mporpaMMHoro npoaykra. OgHa U3 Takux npodsieM — TEXHOJIOTHs pa3padoT-
ku [IC [1-2]. BeiOOp T€XHOJIOTMH CTAHOBUTCS OIIYTUMBIM, Koraa oowsem IIC ucumc-



JISI€TCSL COTHSIMU THICAY KOMaHJI, YTO XapaKTepHO /JiI COBPEMEHHBIX cucteM. B pe-
3yJIbTATE NPUXOJUTCS pellaTh CIEAYIOUINE 3a/1a4u:

— IUIAaHUPOBAHUWE M OPTraHMU3alUsl BCETO TEXHOJIOTMYECKOTO IMpoliecca MPOEKTHU-
poBanus 11C;

— pa3paboTka MaTeMaTHYECKUX MOJENEH aJrOpUTMOB U JAPYIHMX KOMIIOHEHTOB
CUCTEMBI Ha BCEX CTaJAMSIX UX MPOECKTUPOBAHMUS;

— CO37JaHME AJITOPUTMOB, BKJIFOYAIOIIMX 3a/1a4yll aBTOMATU3alUK CAMOT0 MpoLiec-
ca pa3paboTKu, yHU(PUKALIMK TUTIOBBIX YaCTEH MPOrpaMm U T.1.;

— OTJIaJIKa MPOTrpaMM C Pa3IUYHBIMU METOJAMU UX KOHTPOJIsS, OOHAPYKEHUs, TU-
arHOCTUKU OMIMOOK U criocoOamu KoppekTupoBku [IM;

— IPOBEJIEHUE UCTIBITAHUI MPOrpaMMHBIX KOMIIOHEHTOB U BCEr0 KOMILUIEKCA;

— aBTOMAaTH3alUs U3TOTOBICHUS HEOOXOIUMON TOKYMEHTAIIUH.

[Ipu co3manuu IO KOMNBIOTEPHBIX CUCTEM OJHHMM M3 IMEPBBIX BOIPOCOB,
BCTAIOIIMX TIepes pa3paboTuvkamu, sBiseTcss Bompoc cioxHocTH I10. Acnekr
cioxkHoctu 11O Bkntowaer nBe cocrapistoniue. Ilepsas n3 HUX 3aBUCUT OT TOTO, Ha-
CKOJIBKO CJIO’)KHA pellaemasl 3aj1aya, a BTOpas CBsI3aHa C IPOLECCOM IPOEKTUPOBA-
HUs. ABTOMAaTU3AlMs TPOSKTUPOBAHHUS, €CIIU UCHOJIb30BaTh 3TOT TEPMUH B HITUPOKOM
CMBICJIE CJIOBA, BBEJIEHA JJISl TOTO, YTOOBI IOMOYb CIIPABIATHCS CO BCEMH ACIEKTaMU
cioxxHocTH. HezaBucumo ot o6mactu, K KOTOPOH OTHOCHUTCS 3ajjada, U OT YPOBHS
aOCTpaKIMK CUCTEeMa, MpeJHA3HAYEHHAs I aBTOMATU3allUd TPOEKTHUPOBAHUSA,
J0JIKHA TIOJIIEPKUBATH BBIMOJTHEHUE psiia (PYHKITHI:

1. BBog onucaHus poekTa — 00ecIeueHNe BBOJa IPOEKTa B CUCTEMY.

2. IlpocMOTp-00X0 -~ MpeAoCTaBICHUE I0JIb30BATEN0 BO3MOXKHOCTH BbIOOpa
HY>KHBIX ()parMeHTOB MpoeKTa 1 GOPMUPOBAHUS HEOOXOIUMBIX 3aIIPOCOB.

3. Jlexomno3unus npoekTa - pa3doMEeHHe €ro Ha YacTH C LENbIO MIPEICTaBICHHUS
B BUJIE YIOOHBIX JJ11 00paOOTKU YacTeil.

4. MoaenupoBaHu€ — MPEICTABICHUE NMPOEKTAa Ha TaKOM YPOBHE aOCTpakluwy,
KOTOPBIN TO3BOJISIET JIYUILE MOHATH €r0 MOBEACHUYECKUE XapaKTEPUCTUKH.

5. CuHre3 - npeodpazoBaHuE NPOEKTa U3 OJHOTO BUAA NPEICTABICHUS B APY-
roM, KaK IpaBwio, ¢ IEPEXO0M Ha 0oJiee HU3KUI YPOBEHb a0CTPAKIIHH.

6. YmpaBieHue InpoueccoM pa3pabOTKH, KOTOPOE MOMOraer pa3zpaboTdyrkam
MPOEKTA OCTABATHCS B pAMKaxX BIOPAaHHOM MH)KEHEPHON METO0JIOTHH.

3HauuTeAbHOE OOJBIIMHCTBO CETOAHSIIHUX HMHCTPYMEHTAIBHBIX CPEJICTB
CAIIP IO nns aHanu3a U CMHTE3a NOAJIEPKUBAIOT TOJIBKO YaCTh U3 NEPEUUCIEHHBIX
¢ynknuit. IloaTromy cumTaercsi, 4TO CO34aHME BBICOKOKAUECTBEHHBIX KOMIIJIEKCOB
st paspabotku [10  sBasieTcss AUTENBHBIM UTEPAaTUBHBIM MpolieccoM. [lonoOHbIe
CUCTEMBI MO3BOJISAT pa3pabOTUYMKaM OINPEACIUTh T€ BUAbl SKOHOMUYECKH OMpaBaaH-
HBIX TEXHOJIOTHH, KOTOpbIE OOecredar BBIMOJHEHUE HEOOXOIUMBIX (PYHKUUN U TO-
MOTYT MOTEHIIMATBHBIM 3aKa3YUKaM BbIpaOOTaTh MPUOPUTETHI B HEKOTOPBIX CIIydasiX
MIPOTUBOPEUMBBIX TPEOOBAHUH.



1.2. MoayabHblid MOAX0A K pa3pad0oTKe NPOrpaMMHBbIX CPEACTB

OTBeyast Ha BOIPOC, CBSI3aHHBIN ¢ BEIOOPOM TEXHOJIOTMU MTPOCKTUPOBAHUS MIPO-
rpaMMHbIX npoaykToB npu co3ganun CAIIP I10O, ocranoBumcsa Ha cunrese 110, oc-
HOBAaHHOM Ha MOAyJibHOM npuHiune [3-5]. CoBpemennble IBM mo3BOJAIOT XpaHUTh
B 0a3ax JJaHHBIX MPAKTUUYECKU HEOTPAaHUUYEHHBbIE 00BEMbI MH(MOPMAIIUH, IJIs1 YEro He-
00X0JIMMO BBITIOJIHUTH O()OpMIIEHHE TPOrpaMM B BHJI€ MOJYJIEH, OTBEUYAIOIIUX HEKO-
TOPBIM CTaHJAPTHBIM COTJAIICHUSIM. DTO 00eCleYynBaeT BO3MOXXHOCTb COEIUHEHMUS
[IM nns pemienust Oosee KpynHbIX 3a/1a4. MoOIyJIbHBIA TPUHIUI COYETAETCS C CHH-
TE€30M MPOTpaMM HAa OCHOBE OPUEHTUPOBAHHBIX I'padoB. 3aJaHHBIA MapHIpyT Ha
rpade accoluupyeTcsi ¢ perieHueM MOCTaBICHHON 3a7aud, MPU ITOM CIEAYET YUH-
TBIBAaTh BOIIPOCHI Nepenaun napameTpoB Mexay [IM, moCKonbKy IS X COBMECTHO-
ro MCMOJIb30BaHMsI HEOOXOAMMa MPOrpaMMHasl CTHIKOBKA MOJYJIeH. AJNTOPUTM TIO-
CTpOeHUsl U HU300pakeHue rpadoB MOTYT ObITh CAMBIMH Pa3IUYHBIMH, HO CMBICIO-
Bas Harpy3ka OCTaeTCs HEM3MEHHOM: IMOPSAIOK BbI30BA HNPOTPAMMHBIX MOJIYJEH,
BXOJSIIMX B CHHTE3UPYEMYIO MporpamMmmy. Kpome 3Toro, misd pemeHust 3aiadu co-
CTaBJISICTCS YHPABIAIONIAS MIpOorpaMMa, KOTopas B HaJUIEKAIEM MOPSAKE BBI3bIBAET
BCE NPOrpaMMHBIE €IUHHIBI Ha BbINONHEHUE. [loCTpoeHue yrpaBiArOUIed IMpo-
rpaMMbl TpeOyeT AeTaJbHbIX 3HAHUN CBOMCTB MOAYJEH, U MPEXKJE BCEro 3HAHUSA
¢bynkuui, peanuzyembix [IM. C poctom komuuecTBa uHpopmaruu, xpanumoit B b1,
BbIOOp [IM ycnoxusiercsa. IloaTomy ¢ 11e1bt0 0bOsierdenusi moadopa MoJyJie OHU
CHA0XKal0TCsl MacnopTaMu, B KOTOPBIX OMUCKHIBAIOTCA MX XapaKTEPUCTUKU: HJICHTHU-
¢dbuKaTop, Ha3HAUEHHUE, S3bIK MPOrPAMMHMPOBAHUSA, CIIOCOO OOpallleHusl, BXOJIHbIE U
BBIXOJIHBIE IAHHBIE C YKa3aHHEeM UX (hopMaTa, TEXHHUUYECKUE CBEJICHUS, IapaMeTphl
HACTPOMKHU.

MonynbHOE TpOorpaMMUpPOBaHUE MOApa3yMeBaeT yMEHHE pPa30UTh 3a7ady Ha
HEKOTOPOE YHUCJIO CAMOCTOATENIBHBIX IM0J3a7a4, MIHPOKOE HMCIIOJIb30BAHUE CTaH-
JapTHBIX MOJyJIEH MyTeM MX MapaMeTpU4ecKOil HACTpOWKH, aBTOMAaTH3aIMI0 cOOp-
KU FOTOBBIX MOJYJIEH, CO3JaHUE U yIpaBlIeHHE OUOIMOTEKaAMH TOTOBBIX MOJYJEH.
B MoaynbHOW TEXHOJIOTMHU IIUPOKO MIPUMEHSIETCA TEXHUKA Makporenepauui. IIpun-
LU MOAYJIBHOCTH TpeOyeT, YTOOBI MPOrpaMMHOE 00€CTIeUeHUE yIOBIETBOPSIIO JKe-
CTKUM TpeOOBaHMsIM cTaHaaptu3auuu, yHudukaruu, a CASE-cpeactBa comepxa-
U KOMIIOHEHTHI, MO3BOJISIOLIME MPOU3BOIUTH Pa30UEHUE AITOPUTMOB HA MOJYIIH,
apoBepsATh 3(PPEKTUBHOCTh MOAYISPU3ALNUU, HAXOJUTh ONTUMAIbHYIO CTETIEHb HH-
TErpauuy MOAYJIEW U UX NEPAPXUYHOCTD.

B kauecTBe XapaKTepuUCTUK MOJYJIsl MUCHOJIBb3YIOTCS YUCIO MH(POPMAIIMOHHBIX
BXOJIOB /71, YUCJIO MH(GOPMALIMOHHBIX BBIXO/OB 71, KOO(P(UIIUEHT 3alI0JTHEHUS MOAYJIS
k.

i_ N
k=
Nmax

b

[
rae  Npax — MAKCUMaJIbHOE YHUCIIO DJIIEMEHTOB MOAYIA. Takke y4UTBIBAIOTCSA YUCIIO
CBsI3€ll 2JIEMEHTOB BHYTPHU MOJIYJIA Z M YUCIO MEXKMOAYIbHBIX coenunenuit K. O6-



mec 4YucJjiIo 3JIEMCHTOB 0603HaqaeTCﬂ T, qUucCJIo MOI[YHCﬁ ypOBHH l 0603HaqaeTc51
I
38)13"18 MOIIYJISIPI/I?)EU_II/H/I aJIFOpI/ITMa COCTOUT B pa36I/IeHI/II/I €0 Ha HeHepece-

KaIoIMecss MOIYJIM Pa3IuYHbIX YPOBHEH TakuM 00pa3oM, 4ToObl @ — min JJIs BCEeX
[ w3 mHOXecTBa {1,2,..,.L}, npuuem

I ~ I Lz,
D;NDs =@, i, ¥ INj=T,
I=1i=1

rae @ — KpUTEpUl KauecTBa MOAYJISIpU3allM PACCMAaTPUBAEMON CXEMBI aIrOPUTMA;

[ ! . .
D;,D j— MHOXXECTBA DJIEMEHTOB (-r0 M j-TO THIOB, NPHHAWISKAIIUX YPOBHIO [;

[ o
Ni — YHUCJIO 3JICMCHTOB 3TOI'O YPOBH:, L — gucno YPOBHCH] T — 4ucno 3J€eMEHTOB

IIPOrpaMMHOI0 CPEACTBA.
CrerneHblo MHTETpalliy MOAYJIsSl YPOBHS / Ha3bIBAETCS BeJIMUMHA

st =IgN ! ,
rae N'— 4HCII0 ero 3IeMEeHTOB.
3amaya MOIyJsSpHU3allMM OTHOCUTCA K 3ajadyaM KOMOMHATOPHOTO THUIA, U €€
pElIeHre MOXET OBbITh MOJYYeHO IyTeM mepedopa BCeX BO3MOXKHBIX BapUaHTOB.
Opnnako ux yucio R npu Bo3pacTaHuu uucna komnoHeHToB 7' B I1C ObIcTpo pacrer.
VYuureiBas 310, pa30UeHUE CXEMbI HA MOAYJIM METO/I0M Iepebopa BO3MOXKHO JIUIIb B
npocredmux ciaydasx. OcodeHHocTsIMU 3aaun Moayisipuzauuu [1IC B oTnnuue ot
3a/layu pa30MeHus] B KOHCTPYKTOPCKOM TMPOEKTUPOBAHUU SIBIISIOTCS HEPAPXUS MO-
IOyJAbHBIX YPOBHEH M JETEPMUHUPOBAHHOCTH CBSI3€M MEXIy dJeMeHTaMu OJioKa.
IToaTomy ontummszauusi npu moxayispuszauuu [IC ocymiecTBiaseTcss Kak MO0 YUCITY
ypOBHEN MOAYJIEH, TAK U TI0 YUCITY MOAYJIEH, 00bEMY M XapaKTepy MEXMOMYIbHBIX
COCIMHEHUN, YUCITY BXOI0B-BbIXO/I0B HA KaXXIOM YPOBHE IIPU YCIIOBUU KECTKUX OI-
paHUYCHUM, OompenesieMbIX (YHKIMOHATBHON 3aKOHUYEHHOCThIO MOAyJe Oubino-
TeK nporpamm. B mpornecce aHann3a pemaeMpIx 3a/1ad B HUX BBIBIIAIOTCS Hauboee
yacto ucnonbsyeMsbie [IM wmnu rpynnel I1IM, oHM npUHUMAIOTCS B Ka4eCTBE pETy-
asapHbIX cTpykTyp 1IC. 3aTeM nenaeTcs MOMbITKA MOKPBITUS PETYISAPHBIMHA CTPYKTY-
pamu Beero [1C. @opmanbHblii MOUCK PETYIApHBIX CTpyKTyp Ha rpade [1C opranu-
3yeTCs 10 MAaTPUIIaM BXOJHBIX M BBIXOJIHBIX CBs3€H Moaysel rpadga uium maTpule
cmexxHocTd. Monynu rpaga I1C o6o3HavaroTces:

/ Loard 20 1 1 ]
Mi :Mi (Nl-,kl-,zl-,ml-,nl-),

roe [ = 1,_L, i=117 l; N ll — YHCIIO AJIEMEHTOB MOJIYJIS; kl-l — K03 (HUITMEHT 3amoJIHe-

HHA MOOYIJIA, Zlg— YUCJIIO BHYTPCHHHX CBHSCﬁ; mll,l’lll — COOTBCTCTBCHHO 4YHCJIO BXO-

JIOB M BBIXOJIOB MOAYJIS i-T'O TUIIA YPOBHS /.



Ecnu npunssate, yro J ll — 3TO KOJMYECTBO MOAYJIEH THUIA [ YPOBHS /, TOTJa CyM-
Ma MOJyJIell B L-ypOBHEBOM Moy ispu3oBaHHOU cTpykType I1C onpenensercs kak

Lll

L
Ty =22Jil>

[=1li=1
a 06Luee qUCJI0O MCKMOOYJIBbHBIX COCJIMHCHUU pPaBHO

LI

L /
Ig = > Zni + Mgy s
[=1i=1

rae mg — uncno Bxoao IIC. Ilpu ontumuzanuu CTpyKTypbl TpeOyeTcs, YTOObI

L : :
Iy - min, T SL — min, @ TAK)XE YUUTHIBAIOTCS TAKNUE XapaKTEPUCTUKH, KaK N, ll u kl-l.

B pesynapTaTte nNpUXOAUTCS pelIaTh 3a7a4yy MHOTOKPUTEPHUAIBHOW ONTUMHU3AIIMHU.
Jlist ynpouieHust aaropurMa BelenaeHus: u3oMop@HBIX mnoarpados Ha rpade I1C
oOecrieuynBaeTcs ynopsiioueHHoe koaupoBaHue BepiuH rpada [1C, nanpumep pac-
TpPOBOE KoJaupoBaHHe, npu KoTtopoM Ha rpade [IC obpazytorcs u3oMopdHBIE Kie-
TouHbIe (hOpMBI, U 3aia4a Moayisapusanuu [1C eBoauTCs K MOUCKY KIETOUHBIX (hOpPM
pa3IUYHBIX YPOBHEH MEpAPXUHU.

B npouecce pemenus 3agaun 3HaHUS MMOJIB30BATENS O €€ MPEAMETHONW 00JIacTH,
a Tak)Ke JaHHBIC U3 MACIOPTOB MPOTPAMMHBIX MOJYJIeH OOBEAUHSIIOTCA B BHIYHCIIN-
TenpHYI0 Mojienb (BM), onuebIBaloIyr0 CEMaHTHKY pertaeMon 3anauu [6] . Criemo-
BaTEJIbHO, €CIIU JIJISl pacueTa HEKOTOPOro 00bEeKTa UMEIOTCS MOJIYJIH, TO MOXKET OBITh
noctpoeHa ero abcrpakius B Bujae BM. Ilpumepamu 00beKTOB, KOTOpBIE TIPE/ICTAB-
JIEHBI TaKUM CIOCOOOM B Pa3HbIX CHCTEMaX MPOrpaMMUPOBAHMS, SBISIOTCS: TypOu-
Ha, aTOMHBIN peakTop, CilydailHble BETUUYHHBI C 3aJJaHHBIMU pacnpeeneHusmu. Pac-
CMOTpUM MeTOoJl cuHTe3a BM Ha ocHOBe ympasistoniero rpaga, 4yTo npeacTaBisercs
ONTUMAJIBHON ~ OPMOH, TOCKOJIbKY Tpadbl — 3TO YHHUBEpCaJbHbIE MAaTEMaTUYECKUE
MOJEINH.

B’ pesynbraTe mporpaMMHBIE CpPEACTBa, CO3[aBa€Mbleé Ha OCHOBE TEXHOJIOTHH
MOJYJIBHOTO TPOEKTHUPOBAHHUSA, COOTBETCTBYIOT OCHOBHBIM TPEOOBAHMSM, MPEIbSB-
nsieMbiM CATIP x mporpaMMHOMY 00€CTIEUEHHUIO.

1.3. OcHoBHBIE 3TanbI Pa3pad0TKH NPOrPAMMHBIX CPeICTB

Ha myTu K DOCTHXEHUIO KOMIUIEKCHOTO MOJX0Ja MpU pa3paboTKe MporpaMm-
HBIX CpelCTB IHpokoe npumeHenue noayunnu CASE-cpencTsa, obecneynBaroime
MOJJIEPKKY MHOTOUYHMCIIEHHBIX TEXHOJIOTHI MPOEKTUPOBAHUS MHPOPMAIIMOHHBIX CHC-



TEM, OXBAaTbhIBasl BCEBO3MOXKHBIE CPEICTBA ABTOMATU3allMM U BECh KM3HECHHBIN LMK
nporpamMmmHoro obecneueHus. Jluanazon CASE-cpencTB oueHb BEHMK, W CETOIHS
MPAKTUYECKU KaXKI0€ U3 HUX pacrojiaraeT MOIIHOW MHCTPYMEHTalbHOM 0a30ii. Bechb
IIPOLIECC CO3/aHUS MPUKIAAHBIX CUCTEM MPU NOMOIIN KOMIUIEKCOB MHCTPYMEHTAIb-
HBIX CpEACTB NOAJAEPKKM TEXHOJOTHM aBTOMATU3HUPOBAHHOTO HPOECKTUPOBAHUS
(UCIITAIT) MoxHO pa30uTh Ha CIEAYIONIHNE OCHOBHBIC ATallbl: COCTABICHUE TEXHH-
YECKOr0 3aJaHusl Ha IMPOECKTUPOBAHHME CHUCTEMBI; NMOCTPOCHHUE IEKOMITO3UIIMOHHOM
MOJIEIN CUCTEMBI; KOHIIENTYaIbHOE MIPOEKTUPOBAHNUE; CUHTE3 BBIYMCIUTEIBHON MO-
JEIH; TOCTPOECHHUE MPOrPAMMHOI0 KOJIa Ha 3aJIaHHOM SI3bIKE IPOrPAMMUPOBAHUS.

BenenctBue TOro, 4ro KOMIUIEKCHI aBTOMAaTU3UPOBAHHOIO HPOECKTUPOBAHUS
OPUEHTUPYIOTCS HA KOJUIEKTUBHYIO pa0OTy MPOECKTUPOBIIUKOB, HHCTPYMEHTAIbHbIE
CpPEACTBA MOIAEPKKU IMPOLECCOB MPOrPAMMUPOBAHUS COAEPKAT KOMIIOHEHTHI, IO-
3BOJISIIOIIME Pa3pabOTUYMKaM MCIOJIb30BaTh KOJUIEKTUBHBIE 0a3bl JAHHBIX, OCYIIIe-
CTBJISITh B3aMMOJICHCTBHE Ha YpOBHE OOMeHa OMOIMOTEKaMu, yIpaBieHUs pado-
Toi. Ilpym opraHM3anMy BBIYUCIHMTENBHBIX MPOLIECCOB AKTYAJIbHBIMU SIBISIOTCS BO-
MPOCHl AUCHETUYEPU3ALNM, paclapayieTuBaHus o0pabOTKU IPOrpaMM, CHHXPOHH-
3aluy, aJanTaluy K annapaTHOM Cpelle U OINEpalMoOHHOW cucteMe. B pesynbrarte
MHCTPYMEHTAJIbHbIE CPEJICTBA MOAJECPKKH TEXHOJIOTHHM MpOorpaMMHpOBaHUs 00pa3y-
10T JOCTaTOYHO CJIOKHYIO HHPPACTPYKTYPY.

PaccMoTpuM KOMIUIEKC aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHHUS IPOIPAMMHO-
ro obecnieuenus (KAIIP I1O), nonnepxuBarouiuii BHITOJIHEHHUE BbIIIECTIEPEUUCIICH-
HBIX 3TanoB pa3pabotku nmporpammubix cpenacts. KAIIP I1O npencraenser coboi
BBIYMCIUTEIBHBIM KOMILJIEKC HEPAPXUUECKON CTPYKTYpPbI, 00J1aJaeT Pa3BUTHIMU HH-
CTpYMEHTaJIbHBIMU cpeacTBaMu [7-11]. B ero coctaB BxoasT (puc 1.1):

® BBIYUCIUTEIbHbBIE YCTPONCTBA, oOecieurBaromme 00padoTKy U XpaHEHHUE T10-
CTymnarwlien nadopmanuu;

® BHEIIHUME YCTPOWCTBA BBOJA-BbIBOJA HH(POpMALUU B yTOOHOU NIl MPOEK-
TUPOBIIMKA (opMe, B KadeCTBE BBIUMCIUTEIBHBIX CPEICTB MOTYT MCIOIb30BATHCS
BBIYMCIIUTENBHBIE CUCTEMBI WU JIOKAIbHBIE BEIYUCIUTEIIBHBIE CETH;

e onepaunonHas cuctema (OC), ocyiecTBIsoNas yrnpaBieHUe BbIUYUCIUTENb-
HBIMH MPOILIECCAMU U OpraHu3yiomas padboTy MNPOEKTUPOBIIMKA C BHIYUCIUTEIbHBI-
mu cpenacreamu KAIIP T10;

® [IpUKJIaJHOE MporpamMmHoe obecnedenue obuiero HazHaueHus (110 OH);

® CHUCTEMa aJIMUHUCTPATUBHOIO YIPABICHUS MPOLECCAMU aBTOMATHU3UPOBAH-
Horo mnpoektupoBanus (CAY I1A);

e UCIITAIl — Habop MHCTPYMEHTAIBbHBIX CPEACTB, BKIIOUAIOIIUX MOHHUTOP
nonb3oBarens (MII), mporeccop QopMupoBanus 3amaHuii Ha  TPOCKTUPOBAHHE
(ITd3IT), npoueccop aexomnozuuuu (I1J1), mporeccop QopmMupoBaHUs KOHIEOTY-
anbHbIX Mojeneit (IIOKM), nporieccop hopMupoBaHusi BBIYUCIUTEIBHBIX MOJCIIEH
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(ITd®BM), nponeccop-ucnonuurens (ITPUC);

® [AaKeThl NPOEKTHBIX MpoueAyp U npoekTHbix oneparuil (I u T10);

e Oaza gaunbix (BJl), cucrema ymnpasnenusi 6a3zoii nanubix (CYBJl) u Gank
JAHHBIX.

B KAIIP 10 nonyckaercsi OgHOBpeMEeHHasi paboTa HECKOJbKUX MPOEKTH-
POBILUKOB, IPEAYCMATPUBAECTCA MHOI'OIIOJIB30BATEIbCKAS 3alMTa JaHHBIX OT He-
CaHKLIMOHUPOBAHHOTO JOCTYIA, MPEIOCTaBIsETC pa3BepHyTas HMH(OpMAMOHHO-
crpaBoyHasi cuctema (tuna HELP). Ilpu BeIMOSHEHHM CIIOXHBIX MpOrpamMM, Tpe-
OyIOIIUX  3HAYUTENIbHBIX O0BEMOB MaMATH, MPOLECCOP-UCTIONHUTENb IO3BOJISET
OCYHIECTBIISITh paclpenesieHHyl0 00paboTKy HH(OpMalMU, TPUBIEKAs CETEBbIE
CpeacTBa.

baza nannbix KAITP T10 npeactaBisier co6oil COBOKYIMHOCTh JIUYHBIX 0a3 J1aH-
HBIX pa3pabOTYMKOB U CUCTEMHOI 0a3bl JaHHBIX. Takoe pa3neneHue oOyciOBIUBa-
€TCsl pa3INYHBIMU (PYHKIUSAMH, pPEATU3yeMbIMU KaXKIOil OTAEIIbHON 0a30i1 TaHHBIX.
IIporecc  aBTOMaTU3UPOBAHHOIO MPOECKTUPOBAHUS IMPOTPAMMHBIX CUCTEM HOCUT
UTEpPAllMOHHBIN XapaKTep ¢ HEOAHOKPATHBIM M3MEHEeHHeM CTpYKTypsol I10, ee pas-
JUYHBIX MOJIEJIEH Ha pa3HbIX CTaIUAX pa3pabOTKu. DTO TpeOyeT Hamu4us orpeje-
JIEHHOM 0a3bl TaHHBIX ¢ HEOOJBIIMM KPYroM KOHEYHBIX mHoJib3oBareneid. Mupopma-
s, Xpassmascs B 0a3ze naHHbIX pazpadorunka (B/IP), He sBisieTcs OKOHYATENb-
HBIM MPOAYKTOM JO 3aBEpIICHUS Pa3pabOTKH 3aJaHHOM CHUCTEMBbI, HO HEOOXO0JruMa
npu padote mpoueccopoB UCIITAIL C ee moMomibio opraHu3yercs TeXHOIOrnye-
CKasl LENOYKa NPOEKTHBIX NMPOLEAYp M ONEpauui, IpPU BBIIOJIHEHUU KOTOPOM
MIPOUCXOJIUT MpeoOpazoBaHne UHPOPMALKUH OT UCXOJHOTO TEXHHUUECKOr0 3aJaHus Ha
coznanue IO 1o mpoBeneHHs BBIYUCIUTEIBHBIX SKCIIEPUMEHTOB M aHajIu3a MOJy-
yaeMbIX pe3ynbTaToB. BeixogHas uHbopmanus kaxnaoro npoueccopa UCIITAII no-
memaercss B b/IP, oTkyna oHa wu3BieKaeTcs 1Mo Mepe HEOOXOIUMOCTH CIIETYIOIH-
MU TMpollecCopaMU Ha pasHbix cTaausx pa3padotku I10. baza naHHbIX mTpoekTa
(BAIT) BxmrowaeT MHGOPMAIIMIO O TMOJTHOCTHIO pa3pabOTaHHBIX dJIEMEHTaX, BXOJS-
mmx B [10. Madopmauus B BJIII 3aHOCUTCS MPOEKTUPOBIIMKAMU U3 COOCTBEHHBIX
B/IP no mepe pa3paGOTKu MPOTrpaMMHBIX €IMHHUIl U COMPOBOXKIAEMOM JOKYMEHTa-
nun. Jlormueckas moaens BJII1 Bkmrodaer B ceOs Bce kommoHeHThI BJIP, 3a umckimo-
yeHueM 00bekToB, oTpaxawmux cBsizb WCIITAII ¢ uHCTpyMeHTalbHOU CHCTe-
MO MOAJEPHKKH 3aJaHHOW TEXHOJIOTMH IporpaMMmupoBaHus. Cucrema ynpaBieHUS
0azamu aHHbIX PyHKIIMOHUPYET coBMecTHO ¢ OC DBM, mnpenocTaBiseT cpeicTBa
MHTEIpallii U UCKIIOYEHUs] M30BITOYHOCTH B 0a3zax JaHHBIX, CpPElICTBA JJIsi oOecre-
YEeHUs] HE3aBUCUMOCTH MPOTrpamMM OT BUJIAa XPAHEHHs U CIIOCOOOB OpraHU3alluM JaH-
HBIX Ha (PU3NYECKUX HOCHUTENSX, YHUBEPCAJIbHBIE CPEJICTBA IOCTYMA K JaHHBIM, KOH-
TPOJsi COOOIIEHUH, aHalIM3a OMIMOOK U UX 00pabOTKH.

baza nannbix snpa KAIIP I1O sBnsercst cocTaBHOM 4acThio OaHKa JaHHBIX, B
KOTOPBIM TaK)K€ BXOJAST CIIELMANbHBIE S3BIKOBBIE, IMPOTPaMMHBIC, OpraHU3AIMOH-
HbI€, TEXHUYECKHUE CPEJICTBA, TMpeAHA3HAaYEHHbIE JJIA [EHTPATU30BAHHOTO POPMHUPO-
BaHMS, HAKOIUJIEHUS, BEICHMS M KOJUIEKTUBHOI'O MCIIOJIb30BaHUs JaHHbIX. [JonmycTu-
MBIE CTPATETUU paclpeieNieHns JaHHbIX onpenensatorcsa apxutekrypoi KAIIP I10 u
MPOrpaMMHBIM 00€CIIEYEHUEM CHCTEMbl YIpaBieHUs 0a3zamu JaHHBIX. CTaTyc Moyb-



30BaTeNsd  OMpEAEsAeTCs aIMHUHUCTPATOPOM KOMIUIEKCA U MOXKET U3MEHAThCA B
nporecce padoThI.

Co3nanue BBIYUCIHUTEIIBHBIX MOJIEeH pa3padaThiBaeMbIX OOBEKTOB 3aHUMAECT
LHEHTPAIILHOE MECTO CPEeAu OCTaJbHbIX cTaaui. Ha 3TOoM 3Tame ocyuiecTBisieTcs Iie-
pEX0/ OT AITOPUTMOB K MOCTPOEHUIO TPOrpaMM Ha 3aJaHHBIX S3bIKaX Mporpam-
mupoBanus. MHppacTpykTypa cuHTe3a Berunciautenbubix Moaeneit (MCBM) peanu-
3yetcst mporeccopom  dopmupoBanuss BM (Ha puc. 1.2 mokazaHa nociaeaoBaTeb-
HOCTh cHHTe3a BM), KOTOpBIM NpenocTaBisieT MOJIb30BATEII0 BHIIIOJHEHHUE —Clle-
TyOIIUX (yHKIIHM:

e BBLIOOP KOHIENTYAJbHBIX MOJICJICH MPOEKTUPYEMBIX €UHUIL;

® T[IOMCK U BbIOOp aHanmoroB BM, co3nanue 6uOIMOTEKH aHAJIOTOB;

® [IOCTPOEHHUE YNMPABISAIOMUX TpadOB CUHTE3UPYEMBIX OOHEKTOB;

® BBIJCJICHUE MOCJIECAOBATEIbHBIX M MapajuIedbHBIX MPOLIECCOB W3 yIpaB-
AsouX rpados;

® 3aMEHa KOHUENTYaJIbHbIX MOAYJIEH HA MPOTrPAMMHBIE €TUHUIIBI;

® CONPSIKEHHE POTPaAMM;

® CHUHTE3 MPOrpamm;

® TMpPOBEpPKA KOPPEKTHOCTH CHHTE3UPYEMBIX OOBEKTOB C JAIbHEHIITUM CHUHTE-
30M BBIYUCIUTEIbHBIX MOJICIICH;

e rpaduuecKoe MPeACTABICHUE BEIYMCIUTEIBLHBIX MOJCIEH W HX PEeIaKTUPO-
BAaHUE;

® KaTaJOrM3allys BBIYMCIUTEILHBIX MOJIEIICH;

e paboTta c 6a3aMu TaHHBIX;

® JIOKyMECHTHUPOBAHHUE.

BxoaupiMu nanHbiMu IIOBM gBasgrorcs:

® TIepeycHb 3a/IaHUI Ha Pa3pab0OTKy BBIYUCIUTEIBHBIX MOJICIIEH;

® KOHIUENTYaJIbHBIE MOJIEJIM MPOTPAMMHBIX MOIYJIEH;

® BBIUUCIUTEIbHBIE MOJICIN-aHAIIOTH;

® JaHHbIE crenu(puKaIuii TPOrpaMMHBIX MOAYJIEH;

® TEXHOJIOTHYCCKHUE CIIEHAPUU TPOLIECCOB (DOPMUPOBAHUS U PEIAKTUPOBAHUS BbI-
YUCITUTEIIbHBIX MOJICIICH;

® 3HAYEHMS MMAPAMETPOB IUPEKTUB MOJIB30BATENS;

e OTBETHI IOJIb30BaTeNsd Ha 3anpocsl [IOBM.
BeixonabiMu nansaeivu [IOBM sBisitoTes:

e 3anpockl u coobmenust [IGBM nons3oBaTento;

® BBIYMCIHUTENBHBIE MOAenH, pazmemiaembie B bJ/IP, B/III u nomnexamue ucnon-
HEHMUIO;

® BBLIUHUCIHUTEIBHBIE MOJICNIH, pa3MeEIlaeMble ISl XpAaHEHUS B paclpeieieHHON
bJ;

® HCXOAHBIC TCKCTbI mporpamMm.
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BrruncnurenbHble MOJENIH OIPEACISIIOT ACUMHXPOHHBIE IapalIeIbHbIE JIEUCT-
BUS, KOTOPbIE JTOJKHBI BBIMOJIHATHCS AJI BbI30Ba TPEOYEMbIX MPOrPaMMHBIX MOJY-
Jel U KOPPEKTHOM Mepeaadd NaHHbIX. J[aHHBIE CO 3HAUYEHUSAMHM JIHOOOTO U3 BBIXOJ-
HBIX [apaMeTPOB MPOrPaMMHOI0 MOJYJIS (MM 3J€MEHTa KOHUENTYaJIbHOW MOJIENH)
MOTYT UCIOJIb30BaThCS OAHUM WM HECKOJbKUMH JAPYTMMH MOAYJISAMU (WU dJie-
MEHTaMU KOHLIETITyalbHOM Mojenu). Tak kak mopsanok oO0paOOTKM BBIXOJHBIX Ma-
paMETPOB MHOTMMM IIOJIB30BATEIIIMU IIPU ACUHXPOHHOM pealln3allvu apajuielib-
HBIX JEUCTBHUM HCIIOJTHEHUS BBIYMCIUTENBHON MOJAENH 3apaHee NPEeAyCMOTPETh He-
BO3MOXHO, HeoOxoauma Oydepusanus TPOMEXKYTOUYHBIX PE3yJIbTaTOB — BBIYMCIIH-
TEJIBHOTO SKCIEPUMEHTA. YJIOOHO BBIIECTUTH OTHAENbHbIE SUYEHKH JUI Pa3InuHbIX
BBIXOJIHBIX IMAPAMETPOB, YTO MO3BOJUT CTaBUTh B COOTBETCTBUE | TUIIAM 3HAYCHUI
BXOJHBIX M BBIXOJHBIX NAapaMETPOB, CBSI3aHHBIX C OJHOW SYECHKOW, THN JAHHBIX,
XpaHUMBIX B 3TOW SYEMKE, U TEM CaMbIM peElaTh 3ajady COIVIACOBAaHUS THUIIOB
JAHHBIX IPOTPAMMHBIX MOJyJeH. BiiItoueHue B BBIUUCIUTEIBHYIO MOJEIb UMeE-
HOBaHHBIX Oy(epoB AJig XpaHEHUS MPOMEKYTOUHBIX JAHHBIX BHIYMCIUTEIBHOTO IKC-
IIEpUMEHTA IIPEBPAILAET €€ B CETh C ABYMS TUIIAMM Y3JIOB: Y3JIAMU-MOAYJISIMH, B KO-
TOPBIX ONPEACIICHBI JEUCTBUS [0 pPEAJHM3ALNH -~ BBIYUCIUTEIBHOIO JKCIIEPUMEHTA,
1 uHTephEeUCHBIMU y3MamMu Oydepusanuu AaHHBIX. Takas CEeTh MOXET paccMaTpH-
BATbCA KaK OJIHA U3 PAa3HOBHUIHOCTEH PACIIMPEHHBIX UHTEPIPETUPOBAHHBIX CETEU
[TeTpnu.

[Ipu oToOpaxkeHun B BM MeToauku pelieHHsl 3aJaud  HMCCIEA0BATEIbCKOrO
MPOEKTUPOBAHUS MOXKET BO3HUKHYTh HEOOXOJUMOCTh OTOOPa3uTh albTEPHATHB-
HbIC BapUaHThI pa3BUTHUs IIpoLlecca PELIEHHs 3aa4l B 3aBUCUMOCTHU OT 3HAYEHUU ee
IIPOMEKYTOUYHBIX JAaHHBIX. B cilydyae pacCMOTpEHHs] HECKOJIBKUX BapuUaHTOB pea-
JU3allMd OAHOTO WJIM HECKOJbKMX KOMIIOHEHTOB CJIOKHOTO TEXHHYECKOro OO0b-
exta (CTO) BeposATHO MOHATOOUTCS BKIIOYUTH B OJHY BBIYHCIUTEIBHYIO MOJEIb
HECKOJIBKO aJIbTEPHATMBHBIX YAaCTHBIX MOJEJIECU WM aJbTEPHATUBHBIX BHI30BOB
nporpaMMHbIX MoxyJieu. [Ipu moctpoennn BM Bo3MokHa cuTyalusi, KOria BbIYKC-
JIUTENIbHBINA HKCTIEPUMEHT Oy/IeT MMETh HECKOJIbKO Pa3NIMYHBbIX BapUAHTOB PA3BUTHUS
B 3aBUCHUMOCTH OT KOJa 3aBepIIEHUs PabOThl BHI3BAHHOTO MPOTPAMMHOIO MOJIYJIS.
Jlnst  OBICTPOrO peardpoBaHUsI HA TOSBICHUE HCKIIOYMUTENIBHOM cuTyanuu B BM
MPEeTyCMOTPEHBI aJIbTEPHATUBHBIE BBIXOJbI U3 Y3JI0B-MOAYJIEH, 3TO BJIEUET 3a COOOM
HEO0OXOIMMOCTh OINKCAHUS ANbTEPHATUBHBIX BXOJOB B y3ibl BM c nenbio cokpa-
HIEHUS Pa3MEpPHOCTH MojaenH. KoMIO3uIus BBIYMCIUTEIBHBIX MOJEIIEN U3 YAaCTHBIX
BM, cooTBeTcTBYIOIUX MOAENSAM OTAENbHBIX KoMnoHEHTOB CTO mnn BM  mpo-
€KTHBIX IIPOLIEYDP, C MHTEPIPETALMEN 3TOM COBOKYITHOCTH MOJEIEH B pPaMKax OJ-
HOI'0 BBIYMCIIUTEIIBHOTO 3KCIIEPUMEHTA MPEANOJIAracT PacCMOTPEHUE TAKUX KOHCT-
PYKIIUH, KaK HepapXHUH C BIOKEHUEM YaCTHBIX Mojielielt B 6oiiee obmue. Ha BepxHUX
YPOBHAX YKa3aHHOW MOJEIM CChUIKA HAa YaCTHBIE MOJEIY HUKHUX YPOBHEU J€iaeT-
csi B cHenuaiabHbBIX Yy3iax BbizoBa BM. Ha puc. 1.3 npuBegena o0o01ieHHas UH-
bpacTpykTypa CUHTE3a BBIYMCIUTENbHBIX Mozenel. Ynpasienue UCBM ocymiects-
JSI€TCS CUCTEMOM MOHUTOPOB. MOHHMTOP BEPXHEro YpOBHS MpPEACTaBISET COOOit
npoueccop (HOPMUPOBAHUS BBIYUCIUTEIBHBIX MOJEIEH, CBA3aHHBIA C PSIOM MOJ-
CUCTEM, a TaKXKe 3allyCKaIOUMi MOHUTOP PYHKIMOHAIBHBIX CUCTEM U CUCTEMY BbI-
O0opa BBIYMCIUTENBHBIX MoJienel kak u3 bJIP, rak u uz CPB/I.
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Puc. 1.3. UudpactpykTypa CUHTE3a BEIYMCIUTEIbHBIX MOCIIEH




MonuTopsl (YHKIHOHATBHBIX CUCTEM MOCTPOEHBbl aHAJIOTHYHO MOHHUTOPY
BEPXHEr0 YPOBHS U YHPABISIOT paboToil mojcuctem Boioopa 3aaanuil (I1B3) Bbrumc-
JUTENIbHBIX MOJIeNIel MPOEKTHBIX npoueayp u onepamuit (BMIIII), dopmupoBanus
u noucka a"anoroB (IIdullA) BMIIII, xaramoruzanuu (I1K) I1M, aBTomMaTnye-
ckoro cuHteza (AC) moaenu, momyapromatudeckoro cuureza (ITAC) monenu, koH-
tpoast cunresa ([IKC) cucreMpl, meyatu M1 3alIUTHl OT HECAHKIIMOHUPOBAHHOTO J10C-
Tyna.

[Toncucrema BeIOOpa 3aaHUM MPEAOCTABIISIET MOJIB30BATENIO MEPEUEHb UMEIO-
HIMXCA 3aJJaHUuM, U3 KOTOPBIX OH JOJIKEH BBIOpATh TO, IO KOTOPOMY OYIET OCYyIIeCT-
BIISITbCSI CUHTE3 CUCTEMBI. [Ipu KenaHuM OH MOXKET BbI3BaTh KOHILENTYAJIbHYI MO-
JeJIb CUCTEMBI U onrcanue ee [IM.

[loncucrema hopMupoBaHUs U MOKUCKA aHAJIOTOB OOECIEYMBAET ONEPATHUBHBIMI
npocMOTp (ailia MmacmopToB HMMEIOUIUXCS MPOrPAMMHBIX MOJYJIEH U MOCTPOCHUE
MX KaTajora, Iocje 4ero CuUcreMa IIOMCKa aHAJIOrOB OCYIIECTBISAET IIOMCK U BBIBOJ
noaxoasauux anasoro BMIIIL. B TI®IIA npegycMmorpeHsl hoOpMUpPOBAHUE aHAJIO-
roB BMIIII, nouck aHajioroB mo uaceHTU(HUKATOpAM U KJIIQUEBBIM CJIOBaM, Ipad-
CXEM aJrOPUTMOB, CTPYKTYp HNPOTPaMMHBIX CHCTEM, OMNHCAHUK aHAJOTOB W IpO-
IrPaMMHBIX €IMHULL, YAajJeHue aHaimoros u3 bJI.

IlogcucreMa KaTanoruzanuu IMPOrPAMMHBIX MOAYJIEN BBIOJHIET OCTPOCHHE
KaTajoroB, KOTopbsle (popMUpyrOTCS Ha OCHOBaHWMU mnacnoptoB [IM u ux texHuue-
ckux 3aaanui. [IK [IM mnonnepxuBaeT BO3MOKHOCTH IpocMoTpa karanora [IM u
BbIBOJIA 3a1aHHBIX onrcanuil [IM. IlogcucTtema aBTOMaTHYECKOTO CUHTE3a 3aIaHHBIX
O0OBEKTOB BBINIOJHAET IMOCTPOCHUE TIPOTPAMMHOIO KOJIa CUCTEMbI HA OCHOBE YIpaB-
nsiromero rpada [T, chopmupoBanHoro npu nomoinu rpada cszed [IM mpu-
KJIaIHBIX OporpamM. CHHTE3 MOMKET OCYUIECTBIATHCS MO CIECAYIOIIUM KPUTEPUSIM:
MUHUMYM oObema mnamsitd IOBM, MUHHUMYM BpeMeHU peuieHus 3aJaul, MUHUMYM
HCXOJIHBIX JaHHBIX. [I[peycCMOTpEH peKUM MHOTOKPUTEPUATBHON ONTUMHU3ALINH.

B moxacucreme. 11oiyaBTOMaTUYECKOTO CHUHTE3a I[OCTPOCHUE YIIPABIISIOMIUX
rpadoB perraemMoil 3aJa4u OCYHIECTBISETCS MO TPEOOBaHUSAM, 331aBAEMbIM T10Jb-
3oBareneM. Moaynb conpspbkenus [IM oGecneunBaeT corjacoBaHUE B3aMMOJACHCT-
BYIOLIUX MIPOrPaMMHBIX MOAYJIEH MO BXOJAaM M BbIxoJgaM. Moayib GopMUpOBaHUs
OCTOBA CUHTE3UPYEMOM 3a7ayd aBTOMAaTHYECKU CTPOMUT CKEJIET MPOrpaMMbl HA all-
TOPUTMHUYECKOM si3bike. Moynb (OpMUPOBAaHUS UCXOIHON MPOTpaMMbI aBTOMATH-
YEeCKU BbIpaOaThIBAET MPOrpamMMy, IPUTOAHYIO ISl KOMIUJISILMU B 3aIaHHON CHCTE-
M€ IIPOrpaMMHUpPOBAHUS.

[Toncucrema KOHTPOJIS CUHTE3UPOBAHHOM MpOrpaMMbl 00€CTIeUnBAET MOJIHBIH
KOHTPOJIb KOPPEKTHOCTH PpalbOThl MOCTPOEHHON MPOrpaMMbl WM KOHTPOJb MO OT-
JEIbHBIM MMApAMETPaM: JIOTHKE NMPOTPaMMbl, CEMAHTHKE NIEPEMEHHBIX IIPU NIEpeaade
uH(pOpMaIK, TUIIAM JIaHHBIX.

CymectByer emie psan noacuctem (Mouutopon), Bxogsamux B KAIIP I1O, pa6o-
Ta KOTOPBIX BIIMSET HA CUHTE3 BBIYMCIHUTENBHBIX MOAEIEH MPOEKTUPYEMBIX CHCTEM.
[Toncucrema co3znanus u penakrtupoBanuss BMIIII npennazHauena i noaaepKKu
npoueccoB nocrpoenus u xkoppekuun BMIIIL. E€ yHkimonanbHble 4acTu BBINOJ-
0T  ¢opmupoBanue rpadoB BMIIII, onucanuii mporpaMMHBIX MOAyJeH Hu
BMIIII, ynanenuit BMIIII u3z BJIP, meuats Tpedyembix BMIIII. Tloacucrema pa-



00TaeT ¢ JaHHBIMH, KOTOpPBIE JOCTYIMHBI TaKXE U CUCTEME MOUCKa aHajaoroB. WH-
dbopmanus i pynkinuonanbHbix cucteM KAIIP I10O nmocrymaer u3z BJIP, B koTopoi
uMeroTest gainbl onvcanuit konnentyaibHbix Moaenei [1C, crpykryp IIC, ympas-
JSIOIUX TpadoB BHIYUCIUTEIBHBIX MOJENEH, NacnopTOB MPOTPAMMHBIX MOMIYJEH.
3anonHeHue (aityioB ocyliecTBisieTcsl B UHQPACTPYKTYpPE CUHTE3a BHIYMCIUTEIbHBIX
mozaenei. [1o sxenanuio nosb3oBaTelns Jito0ast CUCTEMHass MHQOpPMALU MOXKET OBbITh
neperecena B bJIP. Tloacucrema BoIOOpa BHIYMCIUTENBHBIX MOJIEel oOecreunBaeT
BBIBOJ| Ha 3KpaH nucruies nepeuyds BMIIII nis KOHKpETHOro MoiIb30BaTENsl U BCEX
HeoOxonumMbIx 31eMeHToB BMIIII (oOmiero omucanus, rpada, crpykrypst BMIIIIL,
ONMMCAHUM TporpaMMHBIX Mojayineit). [loncucreMa mIaHMpoBaHUsT BBIYUCIUTEIBHBIX
IIPOLIECCOB  BKJIFOYAET Y3Jbl JJI ITOCTPOCHUS IOCIEAOBATEIIbHBIX U HAPAJIICIbHBIX
IIPOLIECCOB, PA3BHBAIOIIMXCS B BBIYMCIUTEIBHON ceTU. B cucteme IiaHUpOBaHUs
OCYIIECTBIISIIOTCS YIOPSIIOUEHUE TTPOTPaMMHBIX MOAYJIeH, 00pa3yromux octoB BM,
ITIOMCK BO3MOYHBIX MapUIpyTOB ISl Pa3BUTHS BBIYMCIMTEIBHBIX IpoleccoB. B pe-
3yJbTaTe B CHEIMANbHBIN (Pailsl 3anuchiBaeTCs MaTPUILIA BHIYUCIUTENIBHOTO Mpoliecca.
MOHUTOpP CHCTEMBI YIPABICHUS BBIYUCIUTEIBHBIMU IPOLUECCAMH IOCTPOEH IO
MPUHIIMITY MOHUTOpPA BEPXHEr0 YPOBHS U TaKXKe J0MycKaeT GOpMUPOBAHUE THOKHUX
TEXHOJIOTUYECKUX JTMHUN MOJEIMPOBAHUS CIOKHBIX TEXHUYECKUX CHCTEM. MOHU-
TOp COJAEPKUT MOJCUCTEMBI aKTMBU3ALMHU 3aJaHHOI'O BBIUHUCIUTEIBHOTO IpoIecca
(ITABII), wucnpaBineHui, oCTaHOBA M NPEKPAIICHHUS] BBIYUCIUTEIBHBIX MPOILIECCOB,
MOJICUCTEMBI I'PpaUUECKOro OTOOpaKeHHMS, TIeYaTH U PpaclpeeIeHHON 00padoTKu
(PO). PO cranoBuTCs 3a1€MCTBOBAHHOM MPU MPOBEIECHUU SKCHEPUMEHTOB C HC-
MOJIb30BAaHUEM PECYPCOB BBIUMCIUTENBbHOU ceTu. MHpopmanuio o xapakrtepe 3a-
nyckaemoro rnpotuecca PO nonyuaer u3 [IABII u BpeMeHHO xpaHut B ¢aiiie moje-
Jer pacnpenesieHHo 00paboTku. JlaHHbIe, HEOOXOIUMBIEC ISl POTPAMMHBIX €U~
HUIL UCTIOJIHUTENIBHON MOJENH, IMOCTYIAOT OT MPOEKTUPOBIIMKA HEMOCPEICTBEHHO
IIPU BBIYMCIICHUSAX WINA TI0 €T0 YKa3aHUIO U3BJIEKAIOTCS U3 COOTBETCTBYIOIIUX Y3JIOB
KOMILJIEKCAa aBTOMAaTU3MPOBAHHOTO MpoekTupoBanusi. PO MoxeT ObITh CBsI3aHa C CHC-
TeMaMH pacrpeeseHHoW 00pabOTKN OCTaJbHBIX Y3JI0B CUCTEMBI, 0OecrieunBasi TeM
CaMbIM 3aIlyCK M BBUIOJIHEHHUE M[POrpaMM B YIAJIEHHBIX OT II0Jb30BATENS y3Jax
KAIIP. Otnuaurensubivu ocooennoctsimMu MICBM B PO sBasitoTcst yripaBieHue 3a-
IyCKOM W HCIOJHEHUEM IPOTPaMM B YNAJICHHBIX Y3JIaX BBIYMCIUTEIBHON CETH U
BO3BpaT Pe3yJIbTaTOB IOoJb30Bareito. [Ipu 3TOM nomyckaercss Kak BBINOJHEHUE
APYTHUX MPOTrpaMM B y3JI€-UCTOYHHUKE, TaK U MH(OOPMHUPOBAaHHUE B (DOHOBOM PEXHUME O
XOJ€ OKCIEPUMEHTA B Y3JIaX-IIPUEMHHKAX.

HenocpencTtBeHHOe ynpaBiI€HUE BBIYMCIUTEIBHBIM JSKCIEPUMEHTOM OCYIIIE-
ctBisieTcs: npoueccopoM-uctnonuurenem (ITPUC). TTPUC umeer nByXypOBHEBYIO
apXUTEKTYpy, NPUYEM MOHUTOP BEPXHEr0 YpOBHS YNpaBIsieT CUCTEMOW BbIOOpa
BBIYMCIIUTENBHBIX MOJEIEH, CUCTEMON TJIAHUPOBAHUS BBIUMCIUTEIBHBIX MPOLIECCOB,
MOHUTOPOM CUCTEMBI YIIPABICHUS BBIYUCIUTEIBHBIMU MIPOLECCAMU ITPU MTPOBEACHUU
MaTeMaTUYECKUX JKCIIEPUMEHTOB, CUCTEMAMHM KaTaJOTH3aLUHU HWCIIOJHUTEIbHBIX
MoOjieNield, TIEPECHUIKUA U paclpeeieHHOH 00paboTKH.



1.4. MeToambl pa3padOTKu NPOrPaMMHBIX CPEeICTB

Paccmotpum nBa moaxona (MeToja) K CO3AaHUIO MPUKIAAHBIX MPOTPAMMHBIX
CHUCTEM M YCJIOBHO HAa30BEM HX aJITOPUTMUUYECKUNA U OPUEHTHUPOBAHHBIN HA JKECTKYIO
crienupUKaIIIo TaHHBIX.

AJTOPUTMHUYECKUN METOJI BKJIIOUAET CIEAYIOIIME 3Tarbl: pa3paboTka TeXHUYE-
CKOT'0 3aJlaHMsl, TTIOCTPOCHHUE JEKOMIIO3UIIMOHHON Moxaenu (JAM), moctpoeHue KoH-
nentyaisHoit monenu (KM), cunrte3 BerunciutenbHoi moaenu (BM), moctpoenue
ucnoyiHuTeapHol Monenu (MM).

Pa3paboTka TeXHUUECKOTO 3aJJaHusl HAUYMHAETCs C U3YyUCHHS U aHajdu3a obJac-
TH pelllaeMou 3ajlaud, MOocJie Yero OroBapuBaloTcs TpeOoBaHUS K Oyayiei paspa-
0O0TKE, MPOUCXOJUT OMUCAHME W YTOYHEHHE HCXOJHBIX JaHHBIX MPOCKTUPOBAHUS.
Drtan 3aBepiiaeTcs COCTABICHUEM CHeIU(UKAIINM, COTIACOBAHUEM HX C 3aKa3YHUKOM
Y JOKYMEHTUPOBAHUEM TEXHUUYECKOTO 3a/IaHUsI Ha TIPOEKT.

JIeKOMIO3UITMOHHOE TTPOCKTUPOBAHKE CBA3AHO C U3YUCHUEM pa3pabaThIBAEMOI0
00bEKTa, TIOATOMY OHO HE 00XOUTCA 6€3 MOCTPOSHHUS €r0 MaTEMAaTUUYECKON MOJIEIH.
B kadecTBe MaTeMaTnuecKkoro ammapara i MOACIMPOBaHUs B paboTe BhIOpaHa Ju-
HaMu4ecKas MOJEb MPEACTABICHUS JAHHBIX U 3HAHUW — CEMAHTUYECKHUI MOJUTOH
(CII), mo3BosisitolMii BCECTOPOHHE HCCIEI0BATh OOBEKT MpoeKkTHpoBaHus. Jlanee
OyIyT pacCMOTPEHBI orpejieieHue, noctpoenue u Bo3MoxuHoctu CII. Ha atane ne-
KOMITO3UIIMH CUCTEMBbI MpopadaThiBaeTCsl €¢ CTpykTypa. [lo 3aBepiennn JexkomIo-
3UIIMU CHUCTEMa MpeJCTaBlIeHa Ha TaKOM YpPOBHE aOCTpaKIMH, KOTOPBIM BKIIIOYAECT
HanOoJee 001Ie 0COOEHHOCTH UCCHEYEMOro 00BEKTA.

KonnentyanbHO€ TPOCKTUPOBAHKME TMpeAroiaraeT MpopadoTKy CHCTEMBI 0
YPOBHSI MPOTPAMMHBIX MOJyJ€H, B pe3yJibTaTe 4yero CTpouTcs rpacdoBas MOJETb,
KOTOpasi ONMUCHIBAETCS JJIsI KaXKJI0TO YPOBHS JIEKOMIIO3MIIMOHHOTO Aepesa. [loacuc-
TeMa AITOPUTMU3ALNY 3a/1ad IPEJOCTABIISIET TOJIH30BATENIO CIEIYIONINE BO3ZMOXKHO-
CTH: MOWCK AHAJIOTOB M MX MCIIOJB30BAaHUE MPHU PEIICHUM 3a]1a4 aJrOPUTMU3ALINH,
penykius rpad-cxeMbl anroputMma. ['padoBasi Mojaenb CUHTE3UPYETCS B BHJE CETH
Iletpu 1 CcOOEPMKUT MHOXKECTBO peaM3AIMA UICKOMOTO alrOpUTMa, IPUYEM HEKOTO-
pble M3 HUX MOTYT OKa3aThCsl HEMOAXOJAIIMMHU B COOTBETCTBUU C TEXHUYECKUM 3a-
JaHWeM WM BOoOIe HeBepHbIMHU. [loaTOMYy B NaHHOM ciiydae Haubojee BaKHBIM
ATANoOM JIJIsl pa3paboTyuKa SBISIETCS BHIOOP KOPPEKTHOTO petieHus. Bribop ocmox-
HSETCSA aHAIM30M pPsJia allbTEPHATUB, U MOCKOJIBKY MOJICIMPOBAHUE OPUEHTUPYETCS
Ha QJITOPUTM, a HE Ha JJaHHBIC, MOTYT BO3ZHUKHYTh MPOOJIEMBI C BXOJIHBIMU U BBIXOJI-
HbIMM nlapaMeTpamu [IM npu uxX CTBIKOBKE. DTO SIBISETCS OCHOBHBIM HEJOCTATKOM
AJIrOPUTMHUYECKOTO METOAA MIPU CO3JAHUM IIPOTPAMMHBIX CPECTB.

BTopoii n3 yka3aHHBIX METOJOB COAEPKHUT CIEAYIOIIUE ATAlbl MPOCKTUPOBA-
HUS: pa3pab0OTKa TEXHUYECKOrO 3aJaHus, KOHIIENTyaJlbHOE MOJCIUPOBAHUE, B CIY-
yae HEOOXOIUMOCTH JACKOMIIO3UIIMS KOHIIENTYaJlbHOW MOJENIU, CUHTE3 BBIYUCIIU-
TEJIbHON MOJIEIU, MOCTPOCHHUE UCTIOTHUTEIBLHON MOJICIIH.

Pa3zpabotka T3 anamorudna npeapiaymeMy MeToay, TOJbKO 0c000€ BHUMaHUE
31ECh YAENSAETCS ONMUCAHUIO MCXOJHBIX U BBIXOJIHBIX JAaHHBIX MpoekTa. KoHuenry-
aJbHOE TPOCKTUPOBAHME 3aKIIOYaeTCs B MOCTpoeHUU rpadoBoit moaenu (Y-ceTH)
CHUCTEMBI, COAEpXKAIEH alroOpuTM, MO KOTOPOMY BbINoJiHseTcss cuHTe3 BM. Cunres



VY-ceTn HaumHaeTCs C aHAJIM3a BBIXOAHBIX JAHHBIX MpoekTa. 3ateM B BJl roTtoBbIx
[IM (mpyMHUTHBOB) BBITIOJIHAETCS MOUCK TEX U3 HUX, Y KOTOPBIX BBIXOJHBIE MTapaMeT-
Pbl AaHAJIOTUYHBI WIM COBIAJAIOT C BBIXOAHBIMU JAaHHBIMU NpoekTa. HaiineHHbie mo-
IyJIM COCTaBAT IEPBBIM YPOBEHb KOHILIENTYaJbHOW Moenu. [lanee aHaIU3UPYIOTCS
BXOJIHbIE TTapaMeTpbl Moaysel nepBoro ypoBHs U U3 bJl BbIOMpalOTCs TPUMHUTHUBBI,
YbHU BBIXOJIHBIE TAHHBIE MOTYT OBITh BXOJHBIMU MapamMeTpaMH BEPUINH MPEbITyIie-
ro ypoBHs. Kaxnplii u3 BbIOpaHHBIX MOJYJIE COCTBIKOBBIBAETCS C COOTBETCTBYIO-
UM €MY MOJYJIEM IIEpBOr0 YPOBHs, B PE3yJbTaTe KOHLENTYyaJbHAs MOJAEIb UMEET
nBa ypoBHs cuHTe3a. IIponecc noucka [IM npoaoirkaeTcss Kak MUHUMYM JI0 TE€X OP,
MOKa MO KaKOMY-HUOYIb MapHIpyTy ¥Y-ceTu He OyIeT BBICTPOEHA CBSA3b MEXIY BEp-
LIIMHAMU IIEPBOr'0 YPOBHS CUHTE3a U HCXOJHBIMHU JaHHBIMHU CUCTEMBI, KOTOPBIE pea-
JU3YIOTCSI MOJYJISIMU IOCJIEAHETO 1-T0 YPOBHSA pa3paOoTku. B ToM ciydae, korna n-i
YpOBEHb CUHTE3a HE JOCTUTHYT, U HU JUIsl OHOTO U3 MapIIPyTOB HE ObUIM HalJACHBI
noaxonsmue [IM, TpeOyeTcss mepexoauTh K 3Taiy JIeKOMITO3UIIMU KOHLETTYaIbHOU
MoOJeNd. [ 3Toro aHanu3upyroTCcs NOCTPOCHHBIC HENOYKHM MapLIPyTOB, a 3aTeEM
OJIMH M3 HUX 3aBEpIIACTCSA NYTEM YCIOBHOI'O COCAUHEHUS C MCXOAHBIMU JAHHBIMU
npoekra. JlanpHenmunii cuaTe3 KM BBINONIHSAETCS BHYTPHU 3BEHA YCIOBHOU CBA3U. B
npolecce JIEKOMITO3UIIMM YPOBEHb a0CTPAKIUU YCIOBHOM CBSA3M JAOBOJUTCS 1O CTa-
JIUU, KOT/Ia €€ MOKHO pPEain30BaTh NPUMHUTHBAMU U3 JaHHOU MpeIMEeTHON 00yacTH,
CTBIKYs MX C YYE€TOM BXOJHBIX M BBIXOJHBIX IIapaMeTpoB. B pesyibrare ycioBHas
CBsI3b CTAHOBUTCs peanbHOUW. Ecnu B mpouecce cunte3a KM nosy4eHO HECKOJIBKO
aNbTEPHATUBHBIX MApHIPYTOB, TO BBHIOOP TOTrO, MO KOTOPOMY OYIET BBIMOIHATHCS
cuHte3 BM, npoucxoaut Ha OCHOBaHUU 3aJaHHOT'O KPUTEPUSA ONITUMU3ALINAH.

B xone moctpoenuss KM pazpaGoTumk, HaxoAsiCh Ha MPOM3BOJIBLHOM YPOBHE
CHUHTE3a, UMEET BO3MOKHOCTb BBIIIOJHUTh AQHAIU3 Y-CETH. JDTO IIOMOTaeT yKe Ha
paHHUX 3Tanax cuHTe3a KM HCKIIOYMTh M3 PAaCCMOTPEHHUS 4YacTh MaplIpyTOB U
caenatb noctpoenre KM Oonee kauectBeHHBIM. Ecii HEOOXOAUMO BBITIONHSTH J1€-
komno3uuuo KM, To B pe3ynbraTe aHain3a Y-CeTH aKTUBHBIMH OCTAE€TCS TOJIBKO
4acTh aJbTEPHATUB, YTO TAKXKe yInpomaeT AanbHedmmi cuHte3 KM. llpexne uem
NepexouTh K MoctpoeHuio BM, yno0HO mpoBecTH OKOHYATENbHBIN aHaIU3 MOJY-
YEHHBIX MAPLIPYTOB.

Cunre3 BM pazBuBaercs B 0OpaTHOM nopsiike otHocutenbHo KM: o6paboTtka
VY-cetd HIET OT n YpOBHs K niepBoMy. 110 CpaBHEHUIO C AIITOPUTMHUYECKUM METO0M
JaHHBIA HOIX0J sABIAETCA Oojee (HopManu30BaHHBIM, YTO MO3BOJISET MAaKCUMAIbHO
aBTOMATM3UPOBATh MOCTPOCHHUE BCEX MOJIENIe U NPUOIU3UTh AITOPUTM K TpeboBa-
HUSIM TEXHUYECKOTO 3aiaHus. M3710KEHHBIM METOJ I03BOJSAET CIIELUAIIMCTY, Bila-
JEIOLIEMY TOJIBKO MPEAMETHON 00JacThIO 3a/1ayu, CTPOUTH LIEMOYKH perneHui. J{is
ATOro HeoO0X0JMMO pa30UTh MOUCK PELICHUS Ha 3TAIbl U, 3Hasi, YTO JOJKHO SBIIATH-
Csl pE3yJIbTATOM Ka)KJI0I'0 M3 ATANoB, HUCKaTh HYXHbIE [IM B B/l, unras ux nacropra.
W, Hao00pOT, MOUCK PEIICHUS MOKET BBINOJHATH MPOTPAMMUCT, OCYLIECTBISIOIIUNA
cBs3biBanue [IM (opmanbHO MO UX BXOJHBIM U BBIXOJHBIM XapakrepucTukam. Co-
TPYJHUYECTBO MOJb30BaTENel JBYX THIIOB HEOOXOJMMO B TOM Ciyyae, KOrja e€cTb
anbrepHaTuBHbIe [IM 1151 0/1HOM 3a1auK MM TpeOyeMble TPOrpaMMHBIE €IUHUIIBI HE
HaWJICHBI.



1.5. Moneas npeacraBjieHUus JAHHBIX U 3HAHUI - CEMAHTHYECKHUI MMOJUTOH

CeMaHTHUYECKHI TOIUIOH — 3TO Cpeja, Cojaep aliasi COBOKYIHOCTh HHPOpMa-
LMOHHBIX CTAllMOHAPHBIX U MOOWJIBHBIX OOBEKTOB, OOJAJAIONIMX OINpPEACICHHBIMU
CBOICTBaMHU M 00€CTeUnBAIOIINX PEIIEHNE TOCTABICHHBIX 3a/1a4. Bo3MokHOCTH TI0-
JIUTOHA MCIOJIb3YIOTCS ISl IPUHATHS COTJIACOBAHHBIX U BbIOOpA ONTUMAJbHBIX pe-
LIEHU, UCCIEA0BAaHUS Pa3BUBAIOIINXCS HA IMOJUTOHE TPOLIECCOB BO BPEMEHU U B
npoctpancTBe [12-14]. Jlnsg paboThl ¢ CEMaHTUYECKHMMHU TOJUTOHAMU BBEAEM He-
CKOJIBKO OIPEAEIECHUM.

Onpepenenue 1. AGCTpakTHBIM MH(POPMAIIMOHHBIM CTAllUOHAPHBIM OOBEKTOM
(CO) nazbiBaeTcs ynopsiiIOYEHHOE MHOKECTBO COEAMHEHHBIX MEXAY c000il nHGpOp-
MaIMoOHHBIX A5eMeHToB Buaa B(W,R,S,A), rioe

B — unentuduxarop oobekra; W — cTpykTypa 0OBEKTa C BbIJCIEHUEM MHOXKE-
CTBa €ro BXOJIOB X M MHOKECTBA BBIXOJ0B Y; R — peno3utopuii; S — MHOKECTBO CO-
cTosHMit; A — anroputM Qynkiuuonuposanus CO.

Nnentudukarop 3amaer ums o0OBEKTa, MOJ KOTOPHIM OH (PYHKIMOHUPYET Ha
CII. MHO)eCTBO BXOJIOB U BBIXOJIOB SIBJISIETCS YIOPSAOUYEHHON COBOKYIHOCTBIO Iie-
PEMEHHBIX, ONPEEIAIONUX THII, POopMaT, AOMYCTUMBIH 00HEM BXOIHON U BBIXOIHOM
uH(popMaIK, TOCTYIHONW OO0BEKTY U KOHTpoiupyemond uMm. CTpyKTypa OTpakaer
MH(OPMAIMOHHBIE JJIEMEHTBI 00BEKTA CO CBI3AMHU MEXIy HUMHU. Pernosuropuii ciy-
KUT JUJIS XpaHeHus HeoOxoaumou uHpopmaimu o6 oobekre. OH Xapakrepuszyercs
00BEMOM, CpEeJICTBAMU XpPaHEHUS U YIPABJICHHS JaHHBIMHU, 00€CHeYrnBaeT OCTYII,
oOHOBJIEHHE, aHANK3 U BU3yanu3aunto Becer nndopmanuu. Cocrosinue CO — 310 o1-
pezesieHHbI Ha0op 3HaUYeHM BceX €ro MH(OpPMAaIMOHHbBIX 31eMeHTOB. [lepemMennas
S orpaxaeT Tekyuiee cocTosgHue o0bekTa. MHbopmanus o COCTOSIHUSAX, B KOTOPBIX
Haxonuica CO, XpaHUTCS ‘B PENO3ZUTOPHUH, MIOITOMY, IPOAHAIIU3UPOBAB S U JTaHHBIC
u3 R, MOXHO CHpOrHO3UPOBaTH cOCTOsiHUE OObekTa. [lepemennass A ompexaenser
anroput™M padbotel 00beKTa B ¢ yueToM ero cocTosIHUS M BXOAHBIX JaHHBIX.

PaccMoTpuM: npUMeEp CTalMOHAPHOTO O0BEKTa, OTHOCSIIETocs K 00JacTH Cuc-
Tem aBTroMatudeckoro ynpasieHus (CAY). Ha puc. 1.4 uzobpaxkeH 00bEKT, KJIaccu-
bunmpyromuit CAY mo npusHaky “nuHeliHa-HennHeitHa”. OCHOBHBIE 3HAHUSI OTHO-
CUTEJIbHO STUX MOHATUN TEOPUH aBTOMATHUUYECKOTO YIIPaBICHUS MOXKHO YIOPSI0UUTD
clenyrouuM o0pa3oM: b; ~ CBONCTBO TOMOT€HHOCTH; b, — CBOMCTBO aIMTUBHOCTH;
bs; — cBOWCTBO JIMHEWHOCTH; b, — CBOWCTBO HelIMHEHOCTH [15]. Anroput™m paboTh
0o0BeKTa B; crneayromuii: OCylIIeCTBISETCS MPOBEPKA HA BHIMIOJHEHUE OJHOBPEMEHHO
CBOICTB TOMOT'€HHOCTHU U aJJTUTUBHOCTH CUCTEMBI, €CIIU PE3YJIbTAT MOJIOKUTEIBHBIMN,
cuctema — JIMHElHa, B IpoTuBHOM ciiydae CAY — HenuHelHa. B 3aBucumoctu ot
BXOJIHBIX JaHHBIX MHpOpMaIMoHHble 351eMeHThl CO NMpUHUMAIOT KOHKPETHBIE 3Ha-
YeHHs], YTO (PUKCUPYETCs KaK TEKYyIIee COCTOSHUE 00BEKTa, CBSI3bIBAETCS C MEPEMEH-
HOM S, a 3areM MOXeT ObITh MoMenieHo B peno3utopuil. CTpykTypa oObekTa B

1.1 .1 .1
BKJIIOYAET cleayromue aeMeHTsl W ={b;,by,b3,b4,x1,%7,¥{,y2}, MHOXKECTBO CO-
CTOSTHUUM omuckIBaeTcs AByMms 3HaueHusiMu, S ={0,1}, rne 0 — mpu3HaAK JUHEHHOCTH
CAY, | — npu3Hak HEIMHEUHOCTH CUCTEMBI.
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Puc.1.4. CraurionapHbiii 00BEKT

Onpepenenue 2. AOGCTpaKTHbIM HH(MOPMAIMOHHBIM MOOUIBHBIM OOBEKTOM
(MO) nazeiBaercst 06bekT Buga M(W, S, A, Q, U, Z), cnocoOHbIN niepemMeniaTtbes B
MPOCTPAHCTBE CEMAHTUYECKOTO MOMUIOHA M B3aUMOJEHCTBOBATH C €r0 CTallMOHAp-
HBIMU U MOOUJILHBIMU OOBEKTAMH.

CumBonsl W, S u A y MO o6o03Hauator Te xe xapakrepuctuku, uto u 'y CO.
Kpome storo, moOunbHble 00BEKTHl pacronaraior: Q — opraHaMd aBTOHOMHOI'O
nBkenusi, U — cuctemMoil ynpaBieHus ABMKEHHEM, Z — CUCTEMOU TOIIepKaHusl pa-
6otocriocooHocTH. Ctpyktypa MO (MOOuMIIs) mpeacrapiena Ha puc. 1.5, rae O] —
CHUCTEeMa OpraHu3aluu JBWKeHus mobowinsa, MP — mapuipyruzatop, CIIP — cucrema
npunsaTus pewenust, CY — cucrema ymnpasieHuss moousneMm. Cucrtema opraHu3aluu
JIBIKCHUS OCYIIECTBIIICT HaBUrauo moowist B 6a3e ganubix (bJ1), mpocmotp daii-
70B. Mapitpytuzatop o0ecrneunBaeT MoMcK MapiipyToB TOCTHKEHUS 3aJJaHHOMN LEeH
B bJl. Cructema NpuHATHS PEIICHUN CIYXUT Ui aHAJIu3a BXOJHBIX U CHUHTE3UPO-
BaHHBIX JIAHHBIX, & TAKKE BBIPAOOTKU PEIICHUI HA HX OCHOBE, CUCTEMa YIPaBJICHUS
BBIMOJHSAET OCYLIECTBICHUE NMPUHATHIX petieHui. [locpencTBoM BXOIHBIX MEpEMEH-
HBIX BBOJSITCS 1I€JTh JIBUKEHUSI, OMTUCAHUE CTPYKTYPHI MOJIMTOHA, OTIMCAHUE OKPYKe-
HUS MOOWJIA U ipyrasi Heooxoaumasi nHGOopMalus Uil pelIeHus] KOHKPETHOM 3a1auu.
Pons MmoOmbHBIX 00BekTOB Ha CII BBIMONHSIOT cHeIUagbHbIe IPOTPAMMBbI, KOTOPBIC
BOCHPUHUMAIOT HH(OpMALMIO 00 OKpYXKAIOUIMX HX O0BEKTaX, aHAIM3UPYIOT €€ U
MIPUHUMAIOT COOTBETCTBYIOIIME PEIICHUS O AaJbHEHIMX nelcTBusx. OgHON u3
GyHKIUNE MOOWIIS SIBJSICTCS HAXOXKJICHHE BO3MOXKHBIX MapIIPyTOB JOCTHUKEHUS TIO-
CTaBJICHHOMW LI€TH, T.€. BO3MOXHBIX aJITOPUTMOB PEIICHUS 3aaUH.
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Puc.1.5. MoOWIBHBIIT OOBEKT

Onpenenenue 3. CeMaHTHUECKUM TOJIMTOHOM HA3bIBAECTCA Cpenia, coleprKaliast
CTallMOHApHbIE OOBEKTBI MU MArUCTPAIM MEXKIYy HUMHU CO CPEJACTBAMHU YIpPaBICHUS
nepenayel TaHHBIX, a Takke MOOWIIbHBIE OOBEKThI, CIIOCOOHBIE MEPEMENIAThCs 110
MarucTpaisiM ¥ B3aUMOJENCTBOBaTh B HEKOTOPOW OKPECTHOCTHU CO CBOUM OKpYKe-
HUEM.

CII 3amaercs B Buze P (X, Y, B, M, R, C), rme X — MHO>XECTBO BXOJIOB IIOJIH-
roHa, Y —MHOXECTBO BBIXOJIOB MOJIUTOHA, B — MHOXECTBO CTallMOHAPHBIX OOBEKTOB
noJuroHa, M — MHOXECTBO MOOWJIbHBIX OOBEKTOB, R — cucrema periameHTanuu
¢ynkunonuposanus CII, C — cucteMa HEHTpaIbHOTO YIIPABIICHHUS.

Ioctpoenue CII cocTOUT M3 ABYX 3TANOB, KaXKIbI M3 KOTOPHIX BBIOJIHSAETCS
[pU MOMOIIM MOOWJIBHBIX OOBEKTOB ompejeneHHoro tumna. [lo ¢pyHKuHOHATBHOMY
Ha3HAYCHHUIO paznyaroTcsa MoOWIU nepBoro u Broporo tunoB. Cunrte3 CII HaunHa-
€TCs C OTpeIeTICHUs MarucTpayien (CBs3eil) MKy CTallMOHAPHBIMU O0O0beKTaMHu. J[Jis
ATOr0 MOOWIJIM MEPBOTO THUIA AHATU3UPYIOT CBOMCTBA KaKIOW Mapbl CTAIlMOHAPHBIX
O00OBEKTOB U MPUHUMAIOT PEIICHHUE O TOM, BO3MOKHBI JTU MEXAY HUMH CBSI3H, IPUUEM
COCIMHEHUS MOTYT OBITb HE €AMHUYHBIMU, TaK Kak OOpa3OBBIBAIOTCS IO DAY
CBOMCTB. 3aTeM 3amycKaloTcss MOOWIM BTOPOTO THUIA, KOTOpBIE MEPEMEIAloTCs M0
CUHTE3UPOBAaHHBIM MapIIPyTaM MOJUTOHA C LENbIO BBIABICHHUS HEKOPPEKTHBIX CBSI-
3eil. OHM XpaHSTCS B ClENHaJbHON TabjMlle W MPEACTaBIsAIOT cOOOM 3amucu, co-
JeprKalye HeJOMYCTUMBbIE MTOCIIEI0OBATEIbHOCTH CTAIIMOHAPHBIX O0BEKTOB. DTH MO-



OWIM MMEIOT paauyc o030pa OOJIbIlIe €AUHUIIBI, OJlarogaps 4eMy OHU "BUIAT" BBI-
cTpoeHHbIe nocienoBareabHOCTH CO, KOTOpbIE aHAIM3UPYIOT HA MPEAMET KOPPEKT-
HocTu. YeM Oobiie BuaumMocts MO, TeM Oojiee ummHHBIE 1ienodku CO oHM crmoco0-
HbI aHaJIU3UpoBaTh. MO BTOPOro THUIA MOTYT 3alyCKAaThCsl HEOJHOKPATHO C LEIBIO
BCECTOPOHHEr0 U3Y4YEeHHsI MOJIeNId, cOOpa CTaTUCTUYECKOW MH(POPMAIIMH, TIOUCKA OT-
TUMaJbHBIX MapLIpyTOB U T. A. B KauecTBe mpumepa pacCMOTPUM MOJIETIb CEMAHTH-
YEeCKOT0 MOJIMTOHA, N300paKeHHOTO Ha puc. 1.6. JlaHHBIM MOJUTOH OTpakaeT BTO-
poii u3 BeIlleonucanHbix 3TanoB noctpoenus CII, xorna csazu mexay CO ycTaHOB-
nensl. [locne Toro, kak Mojenb MpPU3HAHA KOPPEKTHOM, COCTABIISIIOTCS MAaTPHUIIBI
BXOJIHBIX M BBIXOJHBIX CBSI3€H CTAIlMOHAPHBIX OOBEKTOB, OTpAXaIoL[Ee BO BPEMEHU
3aBUCUMOCTH Mexay HUMU. [Ipenmnonoxum, yto Ha puc. 1.6. Bce  CBSI3M KOPPEKTHBI
U KaXKJas [ernoyka, HAUMHAIOIIAsACS C BXOAHBIX JTaHHBIX U 3aKaHYMBAIOIIASICS TOJY-
YEHUEM PE3YJIbTATOB, COOTBETCTBYET PEUICHUIO ONPEAECICHHOMN 3a7a4u, OTHOCSIIEH-
Csl K TEOpUM aBTOMATUYECKOIO yrpaBieHHs. 3aiauu, paccmarpuBaembie Ha CII, Oy-
JIEM Ha3bIBaTh BBIUUCIUTENBHBIMU MpolLeccamMu. Peanusanus airoputMa OJJHOTO CTa-
[MOHAPHOTO O0BEKTA C YYETOM BXOIHBIX JIAHHBIX — 3TO MPOCTEHIINI BBIUUCIUTENb-
HBII Tpotiecc, BeinonHstonuiics Ha CII. Takum o0pa3om, pelieHue pa3audHbIX 3a-
nau Ha CII opranusyercs myTeM nepefadyd yIpaBJI€HHs] U JaHHBIX OT OJHUX OOBEK-
TOB K JPYTUM B ompeereHHoM nopsiake. Bce 0003HaueHnst Ha pUCyHKE COOTBETCT-
BYIOT paHee MNPUHATHIM corjameHus M. OnuneM HHPOPMAIMOHHOE HaNOJHEHUE
CTallMOHAapHBIX 00bekTOB: B; — kmaccudpumkaums CAY mno npusHaky 'nuHeiHa-
HenuHeitHa"; B; — onpenenenue tuna CAY (HenpepbIBHbIE WM TUCKpETHbIE); By —
MOCTPOEHUE TNEPEeNaTOYHOW (PYHKIIMU CUCTEMBI; Bs — mosyueHue XapakTepucTuye-
ckoro ypaBHeHus CAY; Bg— tun uccinenoanus CAY s onpenesneHus CBOUCTB yC-
ToitunBocTH; B, — Kiaccudukanys KopHeBbIX rofgorpadgos; B; — cuHTE3 MOIMHOMOB
XaputonoBa Juis 3aganHoil CAY; Bg — moctpoenue mnosieil KOpHEBBIX rogorpados;
By — HaxoxaeHue rpaHUYHbIX TpaeKTOpuil moisei; Bjy — ompeneneHue rpaHUYHBIX
TPaeKTOpUl yCTOMYMBOCTH TOJIe KOpHEBBIX roporpados. Ha monaurone mpucyrcr-
BYIOT JiBa MOOMJIBHBIX O0BEKTA, KAXKIBIM U3 KOTOPBIX KPOME CBOEH CUCTEMBbI yIpaB-
JICHUSl pacrojiaraeT ABYCTOPOHHEH CBSI3bI0 C OpPraHOM LIEHTPAJIbHOTO YIPAaBICHUSA
Bcero CII. . Opranuzaius MOJENIH MO3BOJSET N00aBIATh U CTAllMOHAPHBIC, U JUHA-
Muyeckre 00bekThl. [Ipu u3menenun yucina CO TpeOyeTcs 3amycTUTh MOOUIIU TIep-
BOTrO THma Jjisi nepeyctaHoBku Bcex cBsazed. Ha CII umeercs oObekT-nucneryep.
BzaumoneiictBue mMoOuieil MOXKET OCYHIECTBISATHCS KaK HaNpsAMylo, TaKk M 4epes
JUCTieTdepa, KOTOpBIM mojaepkKuBaeT (PyHKIMH HHPOPMALMOHHOMN CIIyKObI, KOH-
Tpodsi U ynpasiieHHs. MoOunu kinaccU(pUUUPOBaHbl KaK aKTHUBHBIE W IACCHUBHBIE.
AKTHBHBIE MOOWJIM CHOCOOHBI CaMOCTOSATENIBHO MEPEeMENIAaThCs IO BBHIOPAHHBIM
MapiuipyTam. [lonyduB 3amaHue, OHM MPUHUMAIOT ONTHUMAIbHOE PEIICHUWE W Ha4H-
HAIOT €r0 BBINOJHATH. [Ipn 3TOM akTHBHBIE MOOMIIM HAOIIOAAIOT 32 OOCTAHOBKOM Ha
CII B onpeneneHHoOM 30He 0030pa, AHAM3UPYIOT CUTYAMIO, TIPUHUMAIOT PEIICHUS B
peanbHOM MaciuTabe BpEeMEHM M HCHOJHSIOT uX. [laccuBHbIE MOOWIIM BBIMNOJIHSIOT
JIBUKEHUE MO YIPABICHUEM JAMCIETYEpa, KOTOPbIA BHIOMpAET ISl HUX ONTHMAalb-
HbI€ MapIIPYyThl, aHATU3UPYET TeKyllyto ooctaHoBKY Ha CII, BblgaeT onepaTtuBHbIE
yKa3aHHs U peraeT KOHQIMKTHBIE CUTYallUH.
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Puc. 1.6. Moaens ceMaHTUYECKOT0O OJIUTOHA



Nznosxxennas opranuzanus CII Opu1a BeIOpaHa ¢ 11e51bI0 U300pakeHHs €ro B BU-
ne abCTpaKTHOM MHOTOYPOBHEBOW MOJENH, OTpa)kalolleld CTPYKTYpy M INpOTEeKaro-
IIME€ BO BPEMEHU MPOLECCHl. 3HAYUT, CEMAaHTUYECKHUE MOJIMTOHBI MIPEACTABISAIOT CO-
0ol MoJIeH onpeeleHHbIX 00acTel 3HaHu, pa3AesioB TEOPUi, AUCIUIUINH, METO-
OUYECKH Pa3/ICNICHHBIX, KaK 3TO IPUHATO B pacCMaTpuBaeMou orpaciu Hayku. [Ipu-
4YeM OT CTeleHW (opMalu3aluu 3HaHUM, ToyHOCcTH anroputMoB CO, “unHTennexra”
MOOMIIBHBIX 0OBEKTOB, COBEPILIEHCTBA UHCTpYMEeHTANIbHBIX cpeAcTB CII 3aBucsT a¢-
(eKTUBHOCTH pabOTHI OJUTOHA U KAYE€CTBO PEIICHHM, MOTy4aeMbIX C €r0 MOMOIIBIO.

1.6. ABTOMaTHO-BpeMeHHbI¢ QYHKIIUM CEMAHTHYECKHUX IOJIUTIOHOB

[Ipy moCcTpoeHUM CEMAaHTUYECKUX MOJUTOHOB MPEJCTABISET MHTEPEC HCCIIEN0-
BaHUE MPOLECCOB BO BPEMEHHOM 00JacTH. AJITOpUTM paboThl OOBEKTOB, a CIeA0Ba-
TEJIbHO, U BEIYUCIUTEIBHOTO MPOIIeCcca, MOCKOJIbKY OH COCTOUT U3 OOBEKTOB, MOKHO
n300pa3uTh B BUJIE OJIOK-CXeMbl WM yropasistomiero rpada (Y-rpada). Oobeaune-
Hue Y-rpadoB Oyaem Ha3bIBaTh Y-ceThio. JlJ1sl U3ydeHNs] BPEMEHHBIX XapaKTePUCTUK
nporieccoB Ha CII ObUTH TIpeI0’)KeHBI aBTOMATHO-BpeMeHHbIe (GyHKIuu (ABD).

Onpenenenue 4. AB® HazpiBaeTCsi BbIpaXXEHUE B BUJE PABEHCTBA, B JIEBOMU
YacTH KOTOPOTO HAaXOAMUTCS cOObITHE, 0003HAUAIOIIEe Pe3yabTaT BHIYUCIUTEIBHOTO
mpoliecca, a B MpaBoil YacTH — CyMMa IOCJe/10BaTEeIbHbIX U aJbTEPHATUBHBIX COObI-
TUH, TPOTEKAIOMINX BO BPEMEHU U MPUBOJAINX K PE3YJIbTATY.

AB® crpositcs o Y-rpadam HpOLECCOB U SBISIOTCS UX OTPaXEHHEM BO Bpe-
MEHHOHN o0nacTu. B KakIblii MOMEHT BPEMEHU W3 CYMMBbI COOBITUH, BXOISAIIUX B
AB®, TOIBKO OJHO, COOTBETCTBYIOIEE TEKYIIEMY MOMEHTY, OTJIMYHO OT HYJI.
Otum untepnperanus AB® cxoxa ¢ npuHIMIaMu pad0oThl KOHEYHBIX aBTOMATOB.

Paccmotpum Y-ceTh, mn300pakeHHyr0 Ha puc. 1.7. Kaxaplii BEIUUCIUTEIbHBIN
MpoLIeCC UMEET HAYAJIbHYIO M1 KOHEUHYIO TOUKU. B JaHHOM cilyyae MOXHO MOJYYHTh
yeTblpe KOMOMHAMK TUTA "HadalibHAs BeplIMHA — KOHeuHas BepmnHa". CienoBa-
TEJIbHO, B Y-CeTH Pa3BUBAIOTCS YEThIpe mpoiiecca. JJig onucaHus MpoueccoB JIuc-
KPETHBIX CUCTEM HCIOJIb3yeTCsl METOJ| Z-nipeoOpa3zoBanuii. B pesynbTarte TOr0, 4To
MPOLIECCHl YHPABJISAIOTCS JIOTUYECKUMM TEPEMEHHBIMHU, TpU KO3 (ULHEeHTaX Z-
GyHKUMNA OPUCYTCTBYIOT JIOTUUECKHE BbIpakeHus. OnepaTopHble BEPIIMHBI Y -CETU
0003HavyaI0TCsA MEPEMEHHBIMU Y, YCIOBHBIE BEpUIMHBI — MepeMeHHbIMU X. Bpems
BBIIIOJIHEHHUS OlepaTopa Y-CeTH CUMTAETCs PaBHBIM OJHOMY TakTy wian T. Ycios-
Hble BEpIIMHBI CpabaThIBAalOT MTHOBEHHO, T.€. BpeMs Ha HUX He Tparturcia. Homepa
IIPOLIECCOB B CETH 0003HAUYEHbl BEPXHUMH MHJIEKCAaMHU, HOMEpa ONEepaTOPHBIX U yC-
JIOBHBIX BEpPUIMH — HIKHUMHU MHAEeKcaMu. [Ipu3HaKoM LKKIa B MpoIlecce SBISETCS
HaJM4YMe 3HAaKa X B €r0 aBTOMAaTHO-BPEMEHHON QyHKIuu. B UK BXOJAT oneparo-
pbl, Ha KOTOpBIE paclpocTpaHseTcs 3HaK X. Bpems paboThl HMKIa ONpeaenseTcs
HIUOKHUM M BepXHUM mpenenamu cymwmbl. [lo ompenenenuio AB®D ctpoutcs Takum
o0pa3oM, YTO B JIEBOM YacTH paBEHCTBA (UKCUPYETCS BEpIIMHA Y-CETH, KOTOpas sB-
JISIeTCS KOHEUHOM TOYKOM BBIYMCIHUTEIBLHOTO Mpoliecca, a B IPaBOil YacTH paBEHCTBA
— 1IeT0YKa U3 MOCIIe0BATEIBbHOCTHA ONEPAaTOPOB, MPUBOAAIIUX K MOCTABICHHOU Iie-
.
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Puc. 1.7. Y-ceThb cEMaHTHYECKOTO TTOJIUTOHA



AB® nepBoro mporiecca cetu, u300pakeHHOU Ha puc. 1.7, UMeeT CIeayIomuii
BHI:

YI A +YZa+T (X YZa+2T v XY Za+2T "
A-1 . . -

+(Xy D, (le3za+T(3+z) VX1Y4Za+T(3+Z))VX2X3YSZa+T(3+A))+
i=0

— Bl .
+ (X4Ygza+T(4+A) v X4Y6Za+T(4+A)) + Y122a+T(5+A) +(Xs Z Y122a+T(6+A+z) v
i=0

-1 . .
v XX X3 CZ (Y52a+T(6+A+B+z(3+B)) n (X4Y6Za+T(7+A+B+z(3+B)) 4

i=0

V}4Y82a+T(7+A+B+i(3+B)))+Y122a+T(8+A+B+z'(3+B)) 3

_ B-1 . :
+ X5 Y Y122a+T(8+A+B+Z(3+B)+])))‘

J=1

3nece A, B, C — uncna noBropeHuil uukioB. llpuBenennas AB® onwuceiBaer npo-
LIECC, BBINOJHSIIOIIUICS B IIPOCTEUIIIEM CIIy4a€ B TCUCHUE YETHIPEX TAKTOB BPEMEHU.
B sty AB® He BKIIIOUEH onepaTop X;, HOCKOIbKY C HUM HE CBSI3aH HU OJMH U3 Y-
oneparopoB. CnenoBaTenbHo, X; He BauseT Ha nocrpoeHne AB®. IIponecc moxer
MMETh TpU LUWKIA. [lepBblii MK HAYMHAETCS IPHU BBINOJHEHHH YciaoBusA X, uepes
MHTEpBAJI BpeMeHM a+37 moclie 3amycka CeTH M moBTopseTcs A pa3. Bropoii Hauu-
HAeTCs, €CIM 3HAauYCHUE IEePEMEHHOM X5 — JIOKHO, 4Yepe3 HMHTEpPBAI BPEMEHHU
a+6T+AT nocie 3amycka ceTd M moBTOpsieTca B pa3. Tak Kak nepBblid IIUKJI yCIIeBa-
€T 3aBEpLIMTHCA K MOMCHTY Hadajia BTOPOI'O LIMKJIA, TO K BPEMEHH €ro Hayajia Ipu-
OaBJsieTCsl YMCJIO TaKTOB MEPBOro LUKIA. TpeTuidl LUK HAaYMHAETCsl MPHU BBIMIOJIHE-
HUM yCIIOBUU X5, X5, U X 3, nopropsisick C pa3. [locnenHui MK BKIIOYAET B ceOd

TPU COOBITHS, OJHO M3 KOTOPHIX — BTOpPOM WLUKI. PaccMOTpuM cocTaBisolue
TPEeThEro HUKIAa M pazdepeM moapoOHee MX IMOKa3aTelu BpeMeHU. B mokaszatenb
BPEMEHH IIPU  OIlepaTope s BXOIAT ClIaraeMble:

o g, T— nyisi CHHXpOHU3AIUHU TIPOIIECCOB (¢ — MOMEHT Havasia (yHKIIMOHUPOBAHUS
mpoiiecca);

e 6+A+B — uHTEepBa] BPEMEHM OT MOMEHTA 3aIyCKa CETH 10 PacCMaTPUBAEMOIO
COOBITHS MPU YCIIOBUU CYIIECTBOBAHUS MEPBOT'O U BTOPOTO IIUKIIOB,;

e [(3+B) — HOMEp TEKyIlel uTepanuu, yMHOKCHHBIM HA CYyMMY, COCTOSIIIYIO U3
KOJIMYECTBA OINEPATOPOB IIMKJIA MU BPEMEHM BBITIOJHEHMS] BJIOKEHHOTO IHMKIa (HA
NEPBOM UTEepallMU ATO cjaaraemMoe OyJeT paBHO HYJIIO).

Ilokazarenu BpeMeHU y omnepartopoB Yg,Yg,}|, cocraBisgrorcs aHaaoruyso. B

IIOKa3aTCJIb BpECMCHU IIPH Y12 , KOTa 3TOT OIICPpATOP PaCCMATPUBACTCA KaK BJIOKCH-



HBIN 1K, J00aBIIsSIeTCsl TIepeMeHHast j sl 0003HaYeHUsI TeKYIIeH uTepaluu BHYT-
PEHHETO LUKJIA.

ABTOMAaTHO-BpeMeHHbIE (PYHKIIMHM OCTaTbHBIX MPOILIECCOB Y -CETU CTPOSTCS aHa-
JOoTU4HO. sl omnpenesieHus: COCTOSIHUS Tpolecca B 3aJaHHbIA MOMEHT BPEMEHHU ¢

Haxomuresd k' =t — z‘(l). Ecnu k' <0, snaunr i-if nporecc eme He Havancs. Ecim ki =

0, TO CcOCTOSIHME TIIpoLecca OIpPENEIseTcs  IEPBBIM CIIAracMbIM AaBTOMAaTHO-
BpeMeHHON QpyHkuuu. Eciu kI > (), TO B MOMEHT BPEMEHHM ¢ POLIECC ONMMCHIBAETCS ki
NEPBBIMU CJIAra€MbIMU aBTOMATHO-BPEMEHHON (DYHKIIHH.

Pemienrie ClIOXKHBIX MPUKIAIHBIX 337a4 HA OCHOBE CEMAHTUYECKUX ITOJUTOHOB
TpeOyeT HaJIu4us anmnaparta JJig U3y4eHUs CBOMCTB, BOZBMOXXHOCTEH U 3aBUCUMOCTEH
Mexay npoueccamu CII. AHanu3 mpoueccoB MOJUTIOHA BKIIFOYAET UCCIEAOBAHUE UX
CTPYKTYpbl, HAXO0XKIEHUE PpA3JIUYHBIX XapAaKTEPUCTUK NPOLECCOB. DbBIOK-CXEMBI
OOJBIIMHCTBA pEaJbHBIX IMPOLECCOB BKIIOYAIOT LHUKIBL, MO3TOMY HCCIEI0BAHUE
CTPYKTYpPBI IIPOLIECCOB HEBO3MOKHO 0€3 M3yueHUsI 0COOEHHOCTEN UX IMKIJIOB. Y CII0-
BUSI CYILIECTBOBAHHMS IIUKIIOB OIMCHIBAIOTCS MPU MOMOIIM JIOTUYECKUX BBIPAKECHHUI,
IIPUYEM YCJIOBUE BBINIOJHAETCS, KOrla 3HAYEHUE JAHHOI'O BBIPAKEHUS PABHO €IMHU-
ne. I mepBoro mpouecca ceTH, MPUBEICHHON Ha pHc. 1.7, ycloBHe CylIECTBOBaHUS
MIEPBOTO LIMKJIA ONPEIEIIAETCS BhIPAKEHUEM

A-1
X2 z (X1Y3Z
i=0

(ty+3T+iT) (t) +3T+T))

vX 1 Y, 4Z
KOTOPOC PAaBHOCHUJILHO CIICAYIOIICMY BBIPAKCHUIO!:

1 oy A—1  \
X, 203D S (3 ven Xy Yy).
i=0
3Ha‘II/IT, IIaHHBIﬁ IHKIJI BBINTOJIHACTCA, €CIIN

1 K -
X, 083THT) im0, 41

JUJis. BBITIONIHEHMSI TAaHHOTO LMKJIAa HE0O0XO0AMMO, YTOObl (PyHKIMSA X, MpUHUMAaja uc-
THHHOE 3HAYCHHE B TeUCHHE A TAKTOB, HAYMHAS C MOMEHTa f) +3 7. VI3 mokasarens z-
dyHkupn 1)’ +37+iT, XapaKTepu3yIONero BpeMs BBITOTHEHHMS LKA, HAMLeM ero
HEPHUOJ, T.€. KOJIMYECTBO TAaKTOB BPEMEHHU, HEOOXOAMMOE ISl BBIOJHEHUS IUKIIA.
[lepuon onpeaenum Kak pasHOCTb MEXKAY MOKazaresneM z-GyHKUMU Ha i+] U i mpo-
xoaax nukia. KoppekTHOCTh BEIOpaHHOIO croco0a JoKa3bIBAETCs METOIOM MaTeMa-
TUYECKON MHAYKIUH.

Jloka3aTenbCTBO:

1. Beruncnum nepuon mukna s i=1: 7 :(t(l) +5T) —(t(l) +4T)=T=T1=T.
2. Ilpenmnonoxxum, 4To crnoco0 CIpaBeUIMB JJIA i=n, U NEPUOJ JAHHOTO IUKJIa IpU
yKa3aHHOM I pasBeH I: T; :(t(l) +3T+(n+1)T)—(t(1) +37+Tn)=T=1,=T, Torna



JIOKa)KEeM CTPaBETMBOCTh MeTOa /Il i=n+1.
[Tonyvaem: T; :(t(l) +3T+(n+2)T)—(t(l) +3T+(m+ D)) =T=T =T.

CrnenoBatenbHO, NEpUO/ TIEPBOTo MUKIA paBeH . BeaeacTBue Toro, 4to Bpems
BBITIOJTHEHHUSL OIEPATOPHOM BEPIIMHBI pPaBHO 1, TMEPUO] MEPBOTO ITUKJIA, BEIPAKECH-
HBII depe3 Y-omepaTtophl, paBeH OJHOMY OINEpaTopy. AHAINU3 OCTAIBHBIX ITUKIIOB
BBIMIOJTHSIETCS aHAJIOTUYHO.

Hoctmwxenue 3¢ GeKTuBHON U THOKON pabOThl ¢ CEMAHTUYECKUMU TOJIUTOHAMHU
nmoTpeboBasio 00eCIIeYUuTh BO3MOKHOCTh aHAJIM3UPOBATh U KOPPEKTUPOBATH Y -Ipadbl
OTJICJIbHBIX TIPOIIECCOB, a CJICIOBATENIPHO, M BCIO YIPABISIOIIYIO ceTh. J[is 3TOrO
ObUTH BBeieHBI onepanuu Haj miporieccaMu CII. OCHOBHBIMU omnepaiusMy SIBJISTFOTCS
o0beIMHEHUE U TepeceueHue mpoieccoB. OObEeIUHEHHE TTPOIIECCOB MOXKHO BBITION-
HATh BO BpeMEHHM U B mpocTpaHcTBe. OObeIMHEHHUE BO BPEMEHH OOECIIeUHBacT
BKJIIOYEHHE B TIPOIECC B 3aJIaHHBI MOMEHT BPEMEHHU HOBOTO IIpollecca WM €ro
¢dparmenta. OO0benMHEHUE B MPOCTPAHCTBE MPECTaBIsIeT coO0H oO0BeauHEHUE Y-
ceTel mporieccoB. sl onepanuu nepecedeHuss He00X0 MO 3a1aTh MOMEHT BpeMe-
HU OT Hauajia (PyHKIIMOHUPOBAHUS MEPBOro U3 mpoiieccoB. [lepeceuenne npoieccon
MOXHO paccMaTpuBaTh BO BpeMEHU U B mpocrpaHcTBe. [lepeceueHne Bo BpeMeHH
MO3BOJIsIET BBIIAEATH (hparmMeHThl AB®, omuchiBaroniue aAeicTBUs B 3aJaHHBIA WH-
TepBall BpeMeHu. [lepeceyenre B mpoCcTpaHCTBE 00ECTICUNBAET BBIICICHUE OJIMHAKO-
BbIX moarpadoB Y-cetu. Oneparuu o0beAuHEHUs U niepeceuenust mporeccoB Ha CI1
MO3BOJISIOT PEeIllaTh Pa3IMUHbIE ONMTUMU3AUMOHHBIC 3a]a4yu U 3aJ]ayi, CBS3aHHBIE C
opueHrtanuei B mporpaMmmHubix cpegax CAIIP B mporecce nmpuHATHS MPOEKTHBIX pe-
MIEHUH.

1.7. ABTOMAaTU3HPOBAHHBIN CHHTE3 U OPHUEHTALMS
B nporpammubix cpeaax CAIIP

CoBpemenHble naketbl npukiaaanbix nporpamm (IIIIT), npegnaznauenuslie ass
pa6otel B CAITP, nmetoT 60ibiioil 00beM, BBICOKYIO CIOXKHOCTh U TPEOYIOT 3HAUM-
TEJBHBIX 3aTPaT TEXHUYECKUX U MaTEpPUAIbHBIX pecypcoB. CuTyauus COXpaHsETCs
Ha NpOTsLKEHMU Bcero BpeMeHu cyuiectBoBaHust CAIIP, uto oObsicHseTcss 00bek-
TUBHBIMU HOTPEOHOCTSIMU MPOMBINIJIEHHOTO NpoeKkThupoBanusa. Kpome Toro, co3nia-
nue [T CAIIP, ocnoxxHssCh TEXHUYECKUMH U (PUHAHCOBBIMU BO3MOXKHOCTSIMU OP-
raHU3aIui, HE PEIKO BEAETCS pa3pO3HEHHBIMU MOAPA3ACICHUSMHU ISl JaJbHEUILIETO
HCIIOJIb30BaHUsl B KOHKPETHOM mpukianHoi oomnactu. B pesynpsrate IIIIII, kak mpa-
BHJIO, SIBJISIFOTCS Y3KOCHELMAIU3UPOBAHHBIMU, C OIPAHUYEHHBIMU BO3MOYKHOCTSIMH,
HEyIOOHBIMU B 3KCIUTyaTauuu. OAHAKO MOJOKEHUE MOXKET U3MEHUTHCS, €ClId OyayT
MCIIOJb30BaHbl METOJbl aBTOMATU3UPOBAHHOTO TMOCTPOEHUSI U HCCIEIOBAHUS MPO-
rpamMHbIX cpel CAIIP. DTO MO3BOJIMT ONpEnensaTh UX XapaKTEPUCTUKH U IpPHUMeE-
HATHh OJHU U T€ K€ MPOTPaMMHBIE €IMHUIIBI IPU PELIEHUU pa3HbIX 3anad. Ciaengosa-
TEJIbHO, BO3HUKAIOT MPOOIeMbl aBTOMAaTU3UPOBAHHOTO CUHTE3a, OPUEHTALIUUA U HABU-
rauuu B porpaMMHbIX cpeaax CAIIP u conpskeHUs: CUCTEM, PEANU3YIOIIMNX pelle-
HU€ HaBUTAIlMOHHBIX 3a7]a4, C MAIMHHBIMU cHUcTeMaMu cuHTe3a rporpamMm CAIIP.



[Ipouiecc cuHTE3a MPOrpaMMHON Cpelbl U OPUEHTAllMd B HEHW CBSXKEM C IIO-
cTpoeHueM cemaHTudyeckoro nojurona. [lockombky CII mo3BosisieT mnpeacTaBUTH
Cpelly B BHJI€ HArJISAHOM rpadoBOM CTPYKTYpPBI, HA KOTOPOM MOTYT BBIMOJIHATHCA Ma-
pajiesbHble BBIYMCIUTEIbHBIE MPOIECChl, KPOME TOTO, MOJOOHYI0 MOJEIb YA0OHO
aHAJIM3UPOBATH U KOPPEKTUPOBaTh. MOOUIIbHBIE OOBEKTHI MEPBOTO THUIIA CIIOCOOHBI
Ha OCHOBaHUM BXOJIHBIX JAHHBIX W MPU3HAKOB CTAIMOHAPHBIX OOBEKTOB aBTOMATH-
YeCKU OCYLIECTBIATh cBs3biBaHue CO, a MOOMIIM BTOPOT'O THUIA — aBTOMATUYECKH
MPOBEPATH KOPPEKTHOCTh Kaxa0i 00pa3oBaHHOU CBA3U. COTJIacHO MpeaBapUTENIHHO
3aJI0)KEHHON TporpaMme, MOOWJIM BTOPOrO THUIA aHANIM3UPYIOT cBs3u mexay CO,
BOCIIPUHUMAIOT MH(GOPMAILMIO 00 OKPYXKAIOIMKUX MOOMIBHBIX 00BEKTaX, OOMEHHBA-
I0TCA C HUMHU HHpoOpMaluen, o0padaThIBalOT MOJYyYEHHbIE JaHHBIC U MPUHUMAIOT
pemienus. B pesynbTate ux paboThl Ha MOJUTOHE JOJKHBI 00Pa30BBIBATHCS MapIIPy-
ThI, COOTBETCTBYIOIIME PEIICHUIO TTOCTaBIeHHOM 3aaaun. [Ipu nomoiu ABD ynaer-
Csl YUYUTHIBATH BIUSHUE MApaMETPOB OOBEKTOB APYT Ha APYyra U UX B3aUMOJEHCTBUE
Ha nosiurone. briaromaps 3ToMy MosBISETCS BO3MOXKHOCTD YIIPaBICHUS] 00bEKTaMH,
UX aJanTaluu K U3MEHSIONIUMCS YCIOBUSAM 3aJlayd, pa3paboTKU aJlrOPUTMOB aBTO-
MaTU3UPOBAHHOTO MPOCKTUPOBAHMS U3JEIHUI B OMpPEEICHHON MpeaMEeTHOM 001acTu,
B YAaCTHOCTH, aHAJIN3a U CUHTE3a CUCTEM aBTOMATUYECKOIO YIPABIICHHUS.

Bynem cTtpouTh ceMaHTHYECKUI MOJIUIOH MO onpeaenaeHuto. Toraa nomydaem

P(X,Y,B,/M, R, C),

rae X, Y — KOHEYHbIE MHOKECTBA BXOJHBIX M BBIXOJHBIX CUMBOJIOB; B — KOHE4YHOE
MHO>XECTBO cTanuoHapHbIX 00beKTOB CII; M — KOHeUYHOE MHOKECTBO MOOMIIBbHBIX
00bekTOB; R — cucrema pernamenrtanuu gynkiunonupoBanus CII, C — cuctema 1ien-
TPaJdbHOTO YIpaBJIeHUS. BXOJHBIE CHMBOJIBI MCHOJB3YIOTCA JJISI KOOAUPOBAHUS HC-
XOJHBIX JTaHHBIX PACUYETOB U HHUIMUPYEMBIX BBIYMCIUTEIBHBIX MPOLECCOB. Brixon-
HBIMU CHUMBOJIAMH KOJUPYIOTCS PE3yJIbTaThl PACYETOB, MOAECIUPOBAHUS.

CemMaHTMYECKUI MOJWUTOH, KOTOPBIA JOJKEH CTaTh MOJENBI0 NPOrpaMMHON
Cpelibl, MPEeACTABISIET COO0M ClI0KHOE 00pa3oBaHKUe. ITO CBSI3aHO C OOJIBLIIUM KOJIM-
YEeCTBOM CTAllMOHAPHBIX OOBEKTOB U CO CIOXKHOM CTPYKTYpPOH KaKIOTO U3 HUX, MO-
CKOJIBKY  TaKEeThl NPUKIIAJHBIX IPOrPaMM MOTYT HACUUTHIBATh ThICAYM enuHUL. [lo-
ATOMY ‘OIIpE/CIICHNUE CBSA3EH MEXIy CTallMOHAPHBIMU O0BEKTaMU TOJUTOHA SIBIISETCS
TPYAOEMKUM IPOLIECCOM, KOTOPBIN I1eJieco00pa3Ho aBTOMaTH3MpoBaTh. B kadecTse
BXOJIHOM MH(OpMALIMU IJIs1 TOCTPOCHUSI MarucTpajneil MOOMIbHbIE OOBEKTHI TIEPBOTO
TUIA TIONYYalOT CBEACHHUS O TOM, MO KaKUM IMpU3HAKaM HEOOXOJMMO BBIOJIHATH
CBSI3bIBAHME CTAllMOHAPHBIX 00BEKTOB. Pagnyc 0030pa 3TUX MOOMIIEH paBeH OAHOMY
mary, Tak kKak B JitoOOM cilydae OHM MPOBEPSAIOT KKIYIO Mapy MPOrpaMMHBIX MOJY-
JIeH, MBITasACh UX CBSA3aTh. 3aTEM IO MOJUTOHY MPOXOJAT MOOWIIM, aHAIU3UPYIOIINE
IIOCTPOCHHYIO YIIPABISAIOIIYIO CETh. BXOOHBIMU TaHHBIMU JJIS1 HUX SIBJSIETCA MHOXeE-
CTBO, COCTOSIIIEE U3 COYETAHUU CBA3EH, NPU3HAHHBIX 3alPEIIEHHBIMU Ha IOJUTOHE,
MIpU JaHHOM MocTaHOBKe 3a1aun. [loaTomy BaxeH paguyc o63opa MO. Uem Oosnbiiie
0030p MOOMJIBHOTO 00BbEKTa, TeM OoJbllle WH(GOPMAIIMK OH MOJIYYUT U TEM JIydlle
OyZeT OpUEHTUPOBATHCS HA TIOJUTOHE.



Jlo navana noctpoenusi CI1 uMeeTcsi MHOXKECTBO pa3pO3HEHHBIX MPOTPAMMHBIX
MoOJyJiel (eAUHUIY), MPECTABICHHBIX B BUJE BEPIIMH I'padOBOM MOJIEIN U BBINOJ-
HAIOMMX (QYHKIIMU CTAllMOHAPHBIX 00BbEKTOB. Ha mepBoM srtame 3amyckaercss OJUH
WM HECKOJIBKO MOOWIJICH, KOTOpBIC, aHAIM3UPYs YCIOBUS ISl CBSI3BIBAHUSA, COCIU-
HSAIOT Mapbl 00beKTOB. B 001iem ciayyae napa CO mMoxeT pacnojiaraTb HECKOJIbKUMU
MIPU3HAKaMH, TI0 KOTOPBIM CJIEYET BBIMIOJHATH CBS3BIBAHUE, B OTOM CIIydae MEXIY
yKa3aHHBIMU BEPIIMHAMU MPOKJIAIbIBACTCS KOJUYECTBO YT MO YUCIY COBIAIAOIITUX
cBoicTB. ATpuOyThl CO, IO KOTOPBIM BBITIOJIHSAETCS WX CBSI3bIBAHUE, XapaKTepU3y-
I0TCSI TIPUHAJJICKHOCTBIO K BXOJIHOM WJIM BBIXOJHOM TPYINE MPU3HAKOB U MUMEIOT
unentudukaropel. Toraa yciaoBue sl CBA3bIBAHUS MOXKHO OIPEICIUTD CIETYIOIIUM
o0pa3oM: ecii MOOUJIb HaXOAUT Mapy MPOTPAMMHBIX €IUHHUII, Y KOTOPHIX €CTh COB-
najalire npu3Haku, mpudaeM y ogHoro CO maHHBIM MPU3HAK OTHOCHUTCS K BBIXOJI-
HBIM CBOMCTBaM, a y JIPYroro OH MPUHAJJICKUT K BXOJHBIM XapaKTEPUCTHUKAM, TO
MOOMIJIb CBSI3BIBACT 3TU O0BEKTHI. {15 oOpa3oBaHUs MPUYHMHHO-CICICTBEHHBIX CBSI-
3eil ayra HampasieHa oT CO, UMEIOLIEro paccMaTpyuBaeMblit MPU3HAK B BBIXOHBIX
XapaKTEPUCTUKAX, K TOMY, Y KOTOPOTO OH SIBIISICTCS] BXOJHBIM IpU3HaKoM. I[Ipumep
CII nmociie BBIMOJHEHUS MEPBOTO ATana CUHTE3a npuBencH Ha puc. 1.8. CTpykrypa
CIl omuchIBaeTCSi MaTpUIlaMHU CBS3€l BXOJIOB W BBIXOJIOB €ro 00BEKTOB. B 00ib-
IIMHCTBE CJIy4aeB Takas (opMa 3amucH siBIsieTcsl Hanbojaee SJKOHOMUYHOIA.

Torna matpunbl cBsizeit BxogoB (MSI), BbeixogoB (MSO), BeKTOpbl HOMEPOB
Moxyien N, Bpemenu 06padotku TO OyayT MMeTh BU

1 X1 4 0 2 5 10,
2 X, 1 0 3 6 10,
3 Xo»n 20 4 7 104
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[lepeiinem ko BTOopomy 3Tany cunte3a CII. [Tycte MmoOmibHBIN 00beKT MO| NBUXKET-
Csl IO MapIIpyTy
MMO[1,5]=[1 59 12], j=1,2,3.,4,
r7I€ DJEMEHTaMHU BEKTOPA-CTPOKHU SIBISIIOTCS B3JEMEHThl BeKTopa-ctoibma MJi],
i=1,...,N, 1.e. Homepa moxayinei Y-cetu CII. Eciu mo6uns MO, uMmeeT BenuunHy 00-
30pa Ha OAMH Iar Brepea (Ha OJIHy JIyTY), TO, KaK CIeIyeT U3 CTPYKTYpHI rpada, oH
cMokeT packpbITh 13 snementoB CII (puc. 1.9, a). Takoit mar o3navaet, yto MO
NBITAETCS MPOUTU IO MApUIPYTY, HE KOPPEKTUPYS €ro, TaK Kak He 00aBisieTcs: HO-
Basg uHdopmanusa. [lpu BenuunHe o630pa Ha 2 miara Brepea oOHapyxkuBarotcs 17
anemeHToB (puc. 1.9, 6). Ilycts Tenepp MoOmib MO; nBUTAETCS 110 MAPHIPYTY
MMO,[2,]=[123 48 12], =1, 2,..., 6,

MpUYeM BeJIWYMHA 0030pa COCTABIISIET TPH 1ara Brepes. Torjaa no Mepe nepemelie-
HUS IO MapUIpyTy B €ro moJie 3peHus nomnajaaet 36 snemeHToB, xotss rpad CII co-
JEPKUT TONBKO 20 37€MEHTOB, T.€. HEKOTOPbIE 3JIEMEHTHI TPOCMATPUBAIOTCS HEOJ-
HOKpaTHO. B wactHoctu, monynu 1, 11, 12, 2, 3, 10, 4 npocMaTpuBarOTCsS JBAXKIbI,
MOJAYIb 6 — TPUXKIBL, MOAYIb 9 — YETBHIPEXK /b, IO JIBA pasa MONajaroT B MOJIE 3pEHUs
BBIXOJIHBIC BETUYHUHBI Y11, Y12, Va1, Yao. Ilo cymecerBy, mapmpytr MO, [2,j] mo3Bos-
€T JepKaThb B IOJI€ 3PEHHsS] CTPYKTYpPY BCErO MOJUIOHA B OTJIMUKME OT Mapuipyra
MO [1], HO BO3HHMKaeT MU30BLITOYHOCTh MH(OPMAILIMK, KOTOpasi 0Opa3yeTcsi NMpu yBe-
JUYEeHUH 1mara 063opa moayns. Kaxabiii MOIysib UMEET ONpe/IeIEHHOE YUCIIO BXO-
70B [ ¥ BBIXOA0B m. MakcuMaabHOE YHUCIO BXOJ0B y BCero MHoxecTBa MoayJeit CII
OTPENIENIACT YKUCIO CTOJOIOB MaTPHIlbl CBi3el Bx0/0B MSI (Tpu B mpuBeICHHOM
npuMepe). AHaAJIOTHYHO MaKCUMaJbHOE YKCiIo BbixosoB y moaynei CII 3agaer uwc-
JI0 cTOJNIOLOB MaTpHIll cBsi3el BhIX0J0B MSO (aBa B mpuBeneHHOM npumepe). [pu
nepeMeIieHu MOOWIIsI HEKOTOPhIE CBSI3M MOTYT OKa3aThCsl HEKOPPEKTHBIMHU TOTAA,
KOrJla MOOWJIb BUAUT COCAMHEHUS, UAYUIME APYT 3a JIPYroM, KaxKaoe U3 KOTOPBIX
BO3MOXHO, @ BMECTE€ OHM HEJOMYCTUMBbI. B 3TOM ciyyae OH MOMEYaeT COOTBETCT-
BYIOLIUE BEPIIMHBI W JYTM Kak "HeJOru4Hble", a Mo pe3yjbTaTaM aHajiu3a mepe-
CTpauBalOTCS MATPHUILIbI CBSI3EH. Y 1alieHHe 3alpelieHHbIX CBSI30K W3 MEepBOHAYAIb-
HBIX MaTPUIl CBSA3EH HE BBIMOIHAETCS, TAK KaK MPU MHOM MOCTAHOBKE 3a7a4d HEKOP-
PEKTHBIE JJaHHBIE MOTYT OKa3aThCsi MOAXOASIIMMH. B mponecce NBHKEHHS MOOWIIS
no CII ycraHaBnuBaloTcs HOMEpa BXOJOB M BBIXOJOB MOAYJEH, C KOTOPHIMHU B3au-
MOJICMCTBYEeT MOOUIIBbHBIN 00beKT (Ha puc. 1.9 — 310 uudpsl npu ayrax rpada). 1n-
dbopmaiys, ojydeHHas MoOWJIeM, MO3BOJISIET OOHApYKUTh netiau Ha rpade. Ha-
[pUMEp, JIBUTascCh MO BTOPOMY MapuHIpyTy, MOOUIIb, TPOKIs BepuIuHkI 1, 2, 3, 4, 06-
Hapy>KUBaeT HEMOCPEACTBEHHYIO CBSI3b MOJYJIA 4 ¢ MOJlyJieM 1, YTO CBUIETENBbCTBY-
€T 0 BO3MOKHOCTH MOSABIICHHS LIUKJIA IPU PA3BUTUHU BBIYUCIHUTENIBHOIO Ipouecca. B
TO *e BpeMs He oOHapyxuBaetcs netia 9,10,11,12. Oanako npu 0630pe Ha YeThIpe
mara BOepes 3Ta NeTiisd Takxke Obuia Obl 3adukcupoBana. CiaeaoBarenbHO, MIPH LEie-
HaIpaBJICHHOW OpraHu3aliu JBUKEHUS MOOWIbHBIX OOBEKTOB HA MOJUTOHE, a 3Ha-
YUT, U B MaKeTe MPOrpaMM, MOXKHO YCTAHOBHUTH BCIO CTPYKTYPY U CBSI3U OOBEKTOB
(mporpaMMHBIX €IUHUI), IJIsI Yero HeOoOXOJUMO TpaMOTHO BBIOMpaTh pa3Be/blBa-
TeJIbHbIE MAapUIPYThl MOOMJIEN M MX XapaKTepUCTUKHU. B mpouecce nBUKEHUS MOOU-
Jell coOupaeTcs U Takas uHpopMmalnusi, Kak BBbIIBJICHUE IUKIOB B



Yll

Puc.1.9. Tlpoxon nmo mapuipyty [1,j] mpu paguyce 0630pa Ha OJIUH 1Iar
BIiepen (a) U Ha JBa mara Brepen (0)



npoueccax, ux JUIMHbL. OJTHOBPEMEHHO BO3HHUKAIOT U JTOTIOJHUTENIbHBIE MPOOJIEMBbI:
yCTpaHEeHHE M30BITOYHOCTU JITaHHBIX, JTOCTOBEPHOCTh BBIBOJOB, 3aBUCSAIIAsl OT CTpa-
TErnu 00CIe0BaHuUs OJUTOHA U HA0JII01aéMOCTH OOBEKTOB.

B pesynbrare OCHOBHBIE 33/1aud, OTHOCSIIIUECS K CEMaHTHUYECKOMY IOJUTOHY,
MOTYT OBITh CQOPMYIMPOBAHBI CIEAYIOUIUM O0pa3oM: HAWTH METOAbl CHUHTE3a
ctpyktypsl CII ¢ momoibio MOOUIBHBIX OOBEKTOB MEPBOT0O TUIA U HACHTU(DUKALIUU
cpenbl CII mocpencTBoM MOOMIIbHBIX 0OBEKTOB BTOPOIO TUIIA.

Jliist 3TOTO OMpeneNnsieTcss MaTpHIla pa3BeAbIBATEIbHBIX MAPIIPYTOB

MMO[ijl, i=1, 2, ..., [, =1, 2,y S, k=1,2, ., K,

MO3BOJISIIONIAs TOCTPpouTh MaTpullbl MSI, MSO 3a MuUHMManbHOE YHACJIO PEHIOB MO-
Owieil, eciu u3BeCTHHI (hOpMaIU30BaHHbIE CIICU(PUKAIIMN CTAIIMOHAPHBIX 0OHEKTOB
nojuroHa. bynem mckath MaTpuily pa3BeAbIBATECIbHBIX MapUIPYTOB B MPUBEICHHOM
BUJIE,
raie ¥ — HOMep MOOMJIBHOTO 00BEKTa BTOPOrO THIIA,

m — HOMEp MapuipyTa K-ro MOOMJIBHOTO OOBEKTa;

[} — 4UCI0 MapLIPyTOB;

J ,’{" — HauOoJbIIas JJIMHA MapIIpyTa k-ro MOOUIIBHOTO OOBEKTA;

K — MakcuMallbHOE€ YHMCJIO MCIOJb3yEeMbIX MOOUIIEH B 3a/aue OpUEHTAIMU Ha
CIL

He menee Baxknoiu 3amaueil Ha CII sABisieTcs JNOCTHKEHHE 3alaHHOW LIENIH
(BepILIMHBI) U3 YKa3aHHOM BHYTPEHHEW BEPIIMHBI CEMaHTHYECKOro mojuroHa. Mo-
OWIIbHBIE 0OBEKTHl UMEIOT CPEJCTBA CBSI3H CO CIYXKOOW IIEHTPAJIBbHOIO YIpaBICHUS
IIOJIMIOHA U MOTYT MOJIYYUTh KOMAaHAY, HAXOASICh B OIPEIEIICHHON BEpIIUHE, Iepe-
MECTUTBHCS B JPYTYIO yKa3aHHyIo BepiiuHy. [103TOMy MOOWIIBHBIN OOBEKT OJKEH
YETKO COPUEHTUPOBATHCS HA MOJIUTOHE U BBIPAOOTATh CTPATErHIO CBOETO MEepeMellie-
HUA JJIs1 JOCTHXKEHUS 3alaHHON nenu. B xoxe pemenus 3amad opueHtauuu Ha CII
CYILIECTBEHHO OMPEIEICHUE ONTUMAIIBHOW "BUAUMOCTH'" MOOWIICH ISl HAXOXKIECHUS
MHUHHMMAaJIbHOT O YUCJIa PENAOB NPH MAPAIIIETBHOM JBUKEHUN MUHHUMAJIBHOTO YHCIa
MobwuIel,  obecreunBaromux BekpbiTHe cTpykTyphl CII. IIporpammubie cpenctsa
CAIIP moryT He MMeTh (OPMaTU30BAHHBIX CHEHU(PUKAIUN HCIOJIB3YEMBIX MPO-
rpaMMHBIX euHUL. B aTOM cityyae opuentauuu B IIIIII npeqmectByer 3amada yure-
HUS M PAclO3HAaBAaHMS UCXOJHBIX IPOIPAMMHBIX MOJIYJIEH C LEIBI0 COCTaBJICHUS He-
O0OXOAMMBIX crielU(PUKALINA, YTO 3HAUUTEIBHO YCIOXKHSET MpoIlecc NACHTU(PUKAUN
nporpammubix cpesy CAIIP. B ocnose anroputma uaeHtuduxanuu crpykrypsl CII
JeXaT 3alycK npousBoibHOro mpouecca Ha CII m mocnenoBaTenpHOE JOBENCHUE

pacdceTOB OO0 IMOJYYCHHA HOOCTOBCPHBIX PC3YIIBTATOB. Ilorck MMHHMAaIBHOTO ]Zl

OCYIIECTBIISIETCS ITyTeM KOPPEKIIMH I1ara 0030pa #; MOOUIBLHBIX 00BEKTOB (i — HOMeE-
pa KCIOJIb3yEeMbIX pa3BeIbIBATCIILHBIX MOOUIIEH) HAa BEJTUYUHY OF; B 3aBUCUMOCTH OT
pa3HUIEI OOHAPYKEHHOT'O YHCJIa CTAllMOHAPHBIX 0OBEKTOB, 0OBbEMa BXOJHOWU M BbI-
xonHou nadopmaruu CII. [IpuHsATHE KOJUIEKTUBHBIX PEIICHUHN MPHU OPraHU30BaHHOM
newkeHnn Moowmiei mo CII mpoucxoauT B mporiecce BhIpaOOTKU pelieHnil Ha BepX-
HUX ypoBHX ynpasieHus CII ¢ momomnibio cucTeMbl qucreruepusanuu. JJonyckaroT-



csl B3auMHas cBsa3b Mexay moounsamu CII u cornmacoBanue ux nevicteuid. [lo pe3yinb-
Taram aHaiau3a cTpyKTypsl CII ¢ yueToM MOCTaBICHHBIX 1€J€H MTPOBOAUTCS MPOTHO3
pereHrs HeoOXoAUMBIX 3a7a4d. B wacTHOCTH, 1711 PYyHKIMM Y;, 3a1a0IIUX PE3YIbTAT
paboTHl BBIYMCIUTEIBLHOTO Mpoliecca, HAaXOIATCS BEPOSTHOCTU JOCTHKEHUS 1enu P;
U COOTBETCTBYIOLIME UM MHTEPBaJIbI BpeMeHu T

Piy) = Ty,
Pay2) > Ty,
Pi(ys) > T,

ITOCJIC YCTI'0o OIPCACIIATOTCA

max(P(y1), P(y2), ...)
min(Ty, Ty, ...).

Kputnueckre ydyacTku MapuipyToB MOOWJIEH HaXOASTCS ¢ TOMOIIBIO OTEpaluu Ie-
peceuenus AB® nporieccos, T.€.

SKp(Mol, MOQ, .. ) =y1iNy2NysM...

OOmast crparerus JAOCTHKEHUS 3aJaHHBIX LI€Jied Ha MOJIMTOHE OMNpEeNeNsieTcsl Mo-
cpenctBoM onepanuu oobenunenuss AB® npoueccos, T.e.

Y=y Uy,Uy3U. ..

CucreMa HEHTPaJIBHOIO YIPABJICHUS WIA JUCIETYEPU3ALUN OCYIIECTBISIET CHHXPO-
HU3ALHIO NIPOLIECCOB B MOJEJIN U 00ECIIEUNBAET PeAIM3alliio BbIpaOOTaHHON cTpaTe-
UM 110 KPUTEPHUIO HAaUOOJBIIIeH BEPOSATHOCTU AOCTHKEHUS MOOWIIAIMHU CBOUX IIEJIEH,
YUUTHIBAsE HE3aBUCUMOCTD TMOBEACHUSI MOOWIBHBIX 00BEKTOB. [Ipy 3TOM MOXET BbI-
NENATHCA MPEANOYTUTEIbHBIA MapIIPyT

P=max[Py, P, ....].

KomnnekTuBHOE pelieHne, NpUHIATOE BceMu ydyacTHukamu coObituii B CII mon pyko-
BOJICTBOM CHCTEMbI BEPXHETO YPOBHS, MOPSIIOK TOCTHKEHHSI MOOUJISIMU CBOUX LieJIel
WM COTJAaCOBAaHHBIE MApUIPYTHl MOJ YIPAaBIECHHUEM CHCTEMBI TUCIETYEPU3ALNN 3a-
KJIQJIBIBAIOTCS B IPOrpaMMy paboThl MOOUIIBHBIX 0OBEKTOB, TIOCIIE YETO MPOU3BOIAUT-
CS 3aIlyCK BBIYMCIAUTENBHBIX npouenyp B CII.



2. JABOPATOPHBIE PABOTBI
JABOPATOPHAA PABOTA Nel

PA3ZPABOTKA TEXHUYECKOI'O 3AIAHUS HA
INPOEKTUPOBAHHUE

[{ens paboOTHI — TOCTPOCHUE MOACUCTEMBI CHHTE3a TEXHUYCCKOTO 3a/1aHMs, BXO-
I B COCTaB WHCTPYMEHTAIBHBIX CPEACTB TOIICPKKH aBTOMATH3UPOBAHHOU
pa3pabOTKH MPOrPaMMHOTO 0OECIICUEHUS.

Teopernyeckas 4acTb

Cucrtema MOCTPOEHMS 3aJlaHMil Ha NMPOEKTUPOBAHWE MpEIHAa3HAYEHA IS MOJ-
TOTOBKH U PEAAKTUPOBAHUS TEXHUUECKHX 3aJaHUM Ha pa3paboTKy MpOrpaMMHBIX
CPEACTB, aHAJIM3a U MCIOJb30BAaHMS PaHEE CO3JaHHBIX aHAJIOroB. TeXHUYecKoe 3aaa-
HUE BBOAMTCS ¢ noMollbio 1mabdnona. CocrapneHue T3 NpoucXoauT myTeM 3aroyiHe-
HUSl KIIIOYEBBIX MOJIEH, KOTOpPhIe OAHO3HAYHO MAECHTUHUUUPYIOT KaxAblid pa3pabda-
ThIBa€MbIi NMpoeKT. Ha TaHHOW cTaguy MPOUCXOASIT U3YYEHUE, aHATIU3 U YTOUHEHUE
HCXOJIHBIX JIaHHBIX, OTOBAapUBAIOTCA TpeOoBaHMUS K Oymyiied pazpaboTke. JTtar 3a-
BEpIIAETCS] COCTaBJICHUEM CHElU(pUKALNM, COrIacOBaHUEM UX C 3aKa34MKOM M J0-
KYMEHTHUPOBaHUEM TEXHUUYECKOTO 3aJaHUs Ha MPOEKT.

B kayecTBe mnprMepa CHCTEMbl aBTOMATU3UPOBAHHOTO NMPOEKTUPOBAHMS pac-
cmotpuMm komruieke CAIIP JIMJC, npenHa3HauyeHHbIA Ui PELICHUS TPUKIATHBIX
3asay u3 obnactu CAY, a UMEHHO, IMHEWHBIX MHTEPBAJIbHBIX IMHAMUYECKUX CUCTEM
(JINAC).

Pa3zpabotka nmpuknanubix cuctem B CAIIP JIMJC HaumHaeTcs ¢ cOCTaBICHUS
TEXHUYECKOT0 3a/IaHusl Ha MpoeKT. T3 3amoaHseTcs ¢ noMmolulkto mabdaona. Ha ocHo-
BaHUU 3aMOJTHEHHOTO I1a0JI0Ha MOAYIb (POPMHUPOBAHUS TEXHUYECKOTO 3aJaHUs CO3-
naeT cnenuUKaIMIo MPOEeKTa, UCMOJIb3Ys 3aJaHHbIe KIIIOYEBbIE MOJIs, KOTOPbIE O-
HO3HAYHO OTIMYAIOT OJMH MPOEKT OT Apyroro (puc. 2.1). Ilpu BeiaeneHuu ouepen-
HOTO TOJISi €r0 Ha3BaHUE MOSIBISIETCS B HUWKHEH YacTH 1a0JIoHA, MOCIEe YEero emy
MO>XHO IPHCBOWTH 3HAau€HHUs, HaOpaB UX B CTpoke BBoja. [Ipu cocraBneHun Tex-
HUYECKOT'0 3aJlaHus B pacropsbKeHuH paspadortunka Haxoautcs B/l ¢ mepednem ro-
TOBBIX TPOEKTOB U UX CIIEUUDUKAITUSIMHU.

IHopsinok BeINOTHEHUsI padOTHI

1. MBy4uTh TEOPETUUYECKYIO YaCTh Ja0OpaTOPHOIl pabOoThI.

2. PazpaboraTh m1abJI0H TEXHUYECKOTO 3a/IaHMsI ¥ 3aMIOJIHUTh €T0 IMOJIS.

3. ChopmupoBaTh TEXHHUYECKOE 3a/IaHHE HA MPOEKT U OPOPMUTH OTUET IO BBI-
MOJTHEHHOU padoTe.



E3 MNpoekt: [paHHYHHE TPAEKTOPHH YCTORYHEDOCTH E
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MaeHTHpUKATOD CHCTEME]
HaurieHoBaHME CUCTEME!
Tun 333.aHHA

i K.nio4eERIe CnoBa
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3ana4M MCCNEN0BAHUA
ONMcaHHE BX0HER NapatdETpoE
OnMcaHHe BEMOGHER NAPaMETROE
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Puc. 2.1. lI1a6mou T3

JABOPATOPHAA PABOTA No2
PA3PABOTKA BA3bI JAHHBIX ITIPOT'PAMMHBIX MOJIYJIEN

[ens paboThl — co3gaHue 0a3bl TaHHBIX MPOTPAMMHBIX MOJYJICH AJIS PEeIIeHUs
ITOCTABJICHHBIX TPOECKTHBIX 33J1a4.

TeopeTnyeckas 4acTb

OmauM U3 peXUMOB PAOOTHI, KOTOPHIE MOAACPKUBAIOT KOMIUIEKCHI aBTOMa-
TU3UPOBAHHON Pa3paOOTKH MPUKIIATHBIX MPOTPAMMHBIX CHUCTEM, SIBJISIETCS BEICHHUE
0a3bl IaHHBIX NMPOTPAMMHBIX MOJYJICH U TPOCKTOB. ITOT PEXKUM TMpeaycMaTpUBaET
JOCTYIT K 3alpaliiBacMbIM JJaHHBIM, UX KOPPEKTUPOBKY, ylalieHue u co3gaHue. bJ]
CAIIP JIMJC BeIMoOJIHEHA C MCIIOJIB30BAaHUEM SI3BIKOBBIX cpencTB Visual Basic, ms
XpaHeHUusl JaHHBIX ucnonb3dyercs Gopmar BJ[ Microsoft Jet. 3To 00ycioBIeHO HU-
KETePEeUNCICHHBIMU 0COOCHHOCTSAMHU. Y Ka3aHHBIA (opMaT MOACPKUBAET CPEICTRA,
MO3BOJIAIOIIUE OBICTPO CTPOUTH 0a3bl JAHHBIX, a 3aTeM YAOOHO MOAACPKHUBATh WX
HaJe)KHYI0 paboty. B mepuon Mexay 3ampocamu (hailyibl JOTHUECKU 3aKPBIBAIOTCS
U CTaHOBSTCA Heys3BUMBbIMH. BJ[ Jet mMeeT BcTpoeHHBIE cpencTBa ISl PabOTHI C
nanHbIMU B ceTeBoM pexkume. Cxema bJ[ CAIIP JIMJIC npuBenena Ha puc. 2.2.



PropertyID
Propertyyalue

ModuleDes

OukTypelIl
Library
Protokbype
Source
isiZontairer

Puc. 2.2. Crpyxrypa BJ] CAIIP JIMJIC



Best undopmanust, umeromasics B b/I, XxpaHUTCs B COOTBETCTBYIOIIMX UMEHOBAH-
HbIX TaOnmunax. g Kaxaoil mapbl B3aMMOJEUCTBYIOLIMX TAOJMI] ONpPENENeH THII
CBA3U: "OAMH KO MHOrUM" minm "MHOrume K ogHoMy'". Bce mpoeKThl, co3/1aBacMbIE B
KOMIUIEKCE, XpaHsATcs B Tabiuie Project. 3amucu tabauibl UMEOT 1O TpH mojs. B
nosie ProjectlD Haxomurtcs yHUKanbHBIN HIeHTU(UKATOp NpoeKTa, B moiie Project-
Name — ero Ha3BaHue, a B noje ProjectDesc — onucanue npoekra. Tabnuia mpoex-
TOB CBsI3BIBAETCA C TabiuIieh cBoicTB Propertys uepes3 Tabmuiyy Project Propertys
MOCPEJCTBOM €€ YHUKaiabHOTO Kitoua ProjectID (Bce kimroun B cxeme B/l BbieneHBI
KUPHBIM IIPUDTOM). Cea3p mpoekta ¢ [IM ocyiecTBisieTcs 4epe3 TaOIUIly
Project Body. Ee xitou BeIOMpaeT no uaeHTUPUKATOPY MPOEKTa BCE BXOASIINE B He-
ro MOAYJU MO UX MOpsiAKOBEIM HoMepaM. Counter — 3To Homep [IM, a ModulelD —
ero unenrtuduxarop. Ilapamerpsr [IM xpansrca B tabnune _Module, rone Module-
Name — ums monyns, ModuleDesc — onucanue monyss, InTypelD — Bxogubie mapa-
metpbl, OutTypeld — BbeixogHbie mapameTpsl, Library — cratuctuka moaysns, Proto-
type — mpoToTurbl PyHIUN 171 MOJyJIeH, HanMcaHHBIX HA s3bike C, Source — Kof,
peanu3yromui MOAyb Ha si3bIKe IporpaMmmupoBanus, isContainer — Mpu3HaK MOJY-
ns-KoHTeHepa. Tabnuia Moyneit cBs3bIBacTCsL € TabiauIel cBoicTB Propertys ue-
pe3 Tabmuiy Module Propertys mocpeactBom ee yHukaibHoTO Kitoua ModulelD. 1o
nosto InTypelD Tabnuia Mmoayineit csi3piBaeTcs ¢ Tabnuieir  Type, B KoTopo# xpa-
HATCSI MMEHA TUIIOB M UX ONMCAHUS U1 BXOAHBIX IapaMeTpoB MoxayJid. Eciou tun
napameTpa SBISETCS CIOXHBIM, TO €ro pacmimppoBKa XpaHUTCS B TaOJHIIE
Type Body. Ilo momo OutTypelD Tabnauma monyneil cBsi3bIBaeTcs ¢ Tabiuien
_Typel, xoTopas siBisieTcs: anasiorom tadiauisl _Type. Eciu Tun napameTpa siBiseT-
Csl CIIOKHBIM, TO ero pacundpoBka BeiOUpaercs u3 tabmuinbl Type Body. Tabmuia
_Typel npucyTcTBYeT Ha cXeMe JIsl TOro, YTOObl He HapyIIaTh KOPPEKTHOCTH CBS3EH
tuna "MHOTHE K omHoMY'". dusuuecku B BJ[ comepxutcs TOIBKO OJHA TaliMIA,
nMeras CTpykrypy Type.

Cunre3 o6bexToB cpenctBamu CAIIP JIMJIC BbimonHseTCS HA OCHOBE IPO-
rpaMMHBIX MOAYJIEH, KOTOpble xpaHaTca B b/l komruiekca. i onucanus 1IM u ux
3aHecenus B b/l 3amomHseTcss COOTBETCTBYIONIMI 11a0I0H, ero (popma npencraBieHa
Ha puc. 2.3. Pexxum "Cocras" npenycmorpen 1 [IM tuna "Konreiinep" u npenoc-
TaBIIAET CIUCOK MOAYJIEH, KOTOPbIE BXOAAT B cocTaB paccMmarpubaemoro [IM. B pe-
xuMme "Monyap" M0kHO mpocMoTpeTh peanuzannio [IM Ha s3bpIke porpaMMHupoBa-
Hust. Pexxum "Cratuctuka" gaet mHGOpMAIMIO O TOM, CKOJIBKO pa3 U B KAKUX MPOEK-
Tax ucnoiap3oBascs AaHHbd [IM. Pexum "IIpoune" XpaHUT BTOPOCTENEHHYIO WH-
dbopmaliio 0 COOTBETCTBYIOIIEH MporpaMmMHoi eaunuiie. B onucanue [IM HeoOxo-
JUMO BHECTH MH(OpMalMI0O 00 UX BXOJHBIX U BBIXOJHBIX MMapaMeTpax. 3aHECEHUE
CBEJICHUN O TUMaxX JAaHHBIX MPOEKTa OCYIIECTBISETCS B CHEIUANBbHBIX OKHaX (puc.
2.4 u puc. 2.5). Moaynbs popMupoBaHus TUIIOB JaHHBIX IIPEIHA3HAUYEH JJIsl CO3/IaHUs
U KOPPEKTUPOBKMA  TUIOB JAHHBIX IPOEKTHUPYEMOIO MPOrpaMMHOIO CpPEACTBA B
MHTEPAKTUBHOM PEKUME. ITall ONUCAHUS TaHHBIX SABISIETCSA KIFOUYEBBIM, MIOCKOJIBKY
BCE OCTaJIbHBIE MOJACUCTEMBI KOMIUIEKCA ONEPUPYIOT C JAAHHBIMH, ONPEAEIIIEMbIMU
Ha 3TOM JTare. B cucteme MOryT MCIoJIb30BaThCS JaHHBIE CIEAYIOIIUX THUIOB: Ipe-
JTYCMOTPEHHBIX B SI3bIKE IPOrPaMMHPOBAHMUSI, OTIMCAHHBIX Pa3pabOTUHKOM, CIOKHBIX
"konteliHepHbIX". Ha puc. 2.4 mnpuBEAECHO ONUCAHUE CIOXHOIO THUIA 'MaccuB",



CeoRAcTEa MoaynA

Puc. 2.4. Bxonnsie napametpsl [IM



B3 OnMcaHMe BMXOAHBIX NapaMeTpoB |

I ram; I zData

¥ CnosHei TN

Maccue % CrpykTypa

HmeHna nepemMeHHbLIX | THNM NepemMeHHLx
b= Real
b Real

Real

Puc. 2.5. Beixogusle napamerpsl [IM

MMEIOILIETO Pa3MEPHOCTh JAHHBIX (n+1) m TN nanHbix s3bika C — real. Ha puc. 2.5
IpEeJCTaBIeHO (POPMUPOBAHME CIOKHOTO TUHNA "CTPYKTypa', Comep Kallero Tpu Ime-
pemenHsbie a, b, ¢ Tuna real. Bes unopmanus o mporpaMMHBIX MOAYJISIX 3aHOCUTCS
B COOTBeTCTBYIOIME Tabuuubl B/ npoekTa u B ciyyae HEOOXOIUMOCTH MOKET MOJA-
BEPrHYTHCA KOPPEKTUPOBKE 0€3 HAPYIICHUS LIETOCTHOCTU JAHHBIX. DTO MPEITyCMOT-
peHo ctpykTypoit B/l 1 Bctpoennbimu cpencrsamu b Microsoft Jet.

PesynpTaToM pacecmoTpeHHOro 3Tamna sisercs copmuposannas b/ TIM ¢ ne-
TaJbHOM MpOpadOTKOM BCEX TUIIOB JAHHBIX, HA KOTOPBIX OYIYT CO3/1aBaThCs MOICHC-
tembl CAIIP JIMJIC, oGecneunBatoniye ganbHeee NpoeKTUPOBAHUE MPUKIIATHOM
IIPOrPAMMHON CHCTEMBI.

IHopsinok BeIMOTHEHUsI padOTHI

. MByunTh TEOpeTUUYECKYIO YaCTh Ja00paTOPHOM pabOoTHI.

. Pa3zpaborats cTpykTypy B/l mporpaMMHBIX MOIyNIel TIPOEKTA.

. PazpaboraTh m1aby0H onrcaHus NPOrpaMMHBIX MOJYJIEH.

. I[IponemoncTpupoBath B/ npoekra u opopMuUTh OTUYET 110 JTAOOPATOPHOM pa-

AW N =

oore.



JABOPATOPHAA PABOTA N3
IOCTPOEHUE KOHIENITYAJBHOW MOJEJIN ITIPOEKTA

Ilenp pa®oOTHl — CO3/1aHKE MOACUCTEMBI KOHLENTYaJbHOTO MOJEJIMPOBAaHUS Ha
OCHOBE 0a3bl JaHHBIX MPOrPAMMHBIX MOJYJIEH.

TeopeTnyeckas 4acTb

PaccmoTpum MeTon moucKa IPOEKTHBIX PELIEHUH, a CIeA0BaTeIbHO, U CUHTE3a
KOHIENTYaJIbHBIX MOJIENIeH, OPUEHTUPOBAHHBIN HAa YKECTKHE CBSA3H IO BXOJHBIM U
BBIXOJHBIM JIAaHHBIM IIPOIPAMMHBIX MOJIYJIEH.

B kauectBe npumepa BbiOepem 3anauu, pemaembie  CAIIP JIMJC, a umenHo,
OTIpeJIeICHHe TPAHUYHBIX TPACKTOPHUIM YCTOMYMBOCTHU IOJIEH KOPHEBBIX rojiorpados.
KopueBoii ronorpa¢ npeacraBisercss Kak 0ToOpakeHHUe 3aJaHHON KPUBOW WM Tps-
MOM IUIOCKOCTH CBOOOJHOTO NapameTpa aareopanyeckoro ypaBHEHUs Ha IJIOCKOCTh
KOMIUIEKCHOTO TepeMeHHOro. @yHKIHA OTOOpaXeHUsI ONpeaesseTcs U3 3aJaHHOIO
ypaBHeHHUs (B JaHHOM citydae — 310 ypaBHeHue JIMJIC). OtobpaskeHre onuchiBaeTCs
OCHOBHBIMHU aHAJIMUTHUYECKUMHU YPABHEHUSIMU KOPHEBBIX roforpadoB, KOTOPbIE CTPO-
ATCS C MIOMOIIBbIO UICXOAHOTO YpaBHEHUSL BU 1A

D(p)+ KV (p)=Aop™ + A p" ' +..4 4, =0, 3.1)
e @(p)=ayp” +alp"_1 +...+a,, (3.2)
Y(p)=byp" +byp" 4. by, (3.3)
p=05+im. (3.4)

N3 ypaBuenus (3.1) onpenensercss GyHKIUS OTOOpa)KEHUS KOMIUIEKCHON TIOCKOCTH
K Ha nockocTsb p:

- K=D(p)/¥(p). (3.9
BoigennM Ba TuIa KOPHEBBIX ToJ0rpadoB: C MOCTOSHHOW KOMIUIEKCHOM YacThIO
(KITIK) 1 ¢ MOCTOSIHHOW BEIIECTBEHHOW YacThi0 MM TMOCTOSHHOTO YCHJICHUS
(KT'TIY) BapbpupyeMoro mapameTtpa.

Baenem emuie ogno o6o3nauenue g K:

K=U+iV. (3.6)

Omnpenenum KI'TIK kak oToOpa)xeHue npsamoid, napajyiesbHONH AeHCTBUTENbHON
ocH 1ockoctu K, orcrosiiei ot Hee Ha paccrosiHue V = const, npuuem U MOXKeT
MPUHUMATH JII0ObIe 3HAYEHUS. BBIMOTHUB COOTBETCTBYIOIIME MOACTAHOBKU U3 ypaB-
Henuit (3.4) u (3.6) B ypaBHenue (3.5), a 3areM, BbIOpaB U3 (YHKIIMU OTOOpaKEHUS
KOMILUIEKCHBIE CIaraéMble, MOJlydaeM OCHOBHOe aHanuThuueckoe ypaBHeHue KITIK:



F(8,)P(3,) - E(8,0)R(8,m) + V[PZ(8,m) + R%(8,m)] =0,
rac
E(0,w)=Re®(p), F(O,0)=ImD(p), P(0,w)=Re¥(p), R(6,w)=Im¥(p).

Onpenenum KITIY kak otoOpakeHue NpsIMOM, MapajuieibHOW MHHUMOW ocu iV
m10cKocTu K, oTcTOsIIEl OT Hee Ha paccTosgHue U = const, HA KOMILUIEKCHYIO IIJIOC-
KOCTb p, IpUYeM V MOXKET MPUHUMATD JTI00bIe 3HaUeHUs. BBITIOJTHUB COOTBETCTBYIO-
1ye MoACTaHOBKY U3 ypaBHeHu# (3.4) u (3.6) B ypaBHeHue (3.5), a 3arem, BEIOpaB U3
GbyHKUIMK 0TOOpaXKeHUs IEUCTBUTENbHBIE CIaraeMble, MoJly4yaeM OCHOBHOE aHAIUTH-
yeckoe ypaBaenue KITIY

E(5,0)P(8,0)+ F(5,0)R(S,0) + U[P*(5,0) + R*(5,w)] =0.

Opnum u3 Hanboliee BaXKHBIX BOIPOCOB, CBSI3AHHBIX C M3yYEHHUEM OCOOEHHO-
creit CAY, sBIseTCsl BONPOC 00 UX YCTOMYMBOCTH. MeTO10M KOPHEBBIX TPACKTOPUI
JOCTaTOYHO yIOOHO MCCIEAOBATh XapaKTep U YCJIOBUS YCTOMYUBOCTH CHUCTEM aBTO-
MaTUYECKOro ymnpaniieHus. g nepexona ot npous3BoibHOM CAY K MHTEpBAIBHOU
CHUCTEME PACCMOTPUM CUCTEMY, 3aJJaHHYIO YPAaBHCHUEM BU/IA

f(p)zaopn+a1pn_1+...+an,p=8+ioo (3.7)

¢ ko3 puumeHTamu a;, BAppUPyEMbIMHU B UHTEpBaiax a; <a; <a;, i =0,n, ag #0.

HeoOxonumble 1 JOCTaTOYHBIE YCIOBUS YCTOMUMBOCTH UHTEPBAJIBHBIX MOJIMHOMOB C
JNeHUCTBUTENBHBIMU KO3 duiimenramMmu 6putn nonydeHsl B.JI. XaputoHoBsiM. OHu 3a-
KJIIOYAIOTCSl B TOM, YTO Y YETBHIPEX MOJIMHOMOB Buja (3.7) ¢ onpeaeneHHbIMU Ha0o-
pamu K03 (HUIIMEHTOB BCE KOPHU XapaKTEPUCTUUECKOTO0 YPaBHEHUS JOJIKHBI UMETh
OTpULATEIbHBIEC BEILIECTBEHHBIC YACTH.

Hcnonp30BaHUE €IMHUYHOIO rojorpada He MO3BOJSAET OLIEHUTh 3aBUCHUMOCTD
CKOPOCTH M3MEHEHHMs XapakTepUcTHK kadyecTBa CAY 0T BapbUpyeMbIX AJIEMEHTOB,
XOTs 3aJa4M TaKOTO THUIA HEPEIKO BCTPEUAIOTCS Ha MPaKTHKE. DTH 3aJayl MOXKHO
pelaTs, UCMOIb3ys 0OO0OIIEHHBIM KOPHEBOM rogorpad, KOTOpbIM Ha3bIBalOT COBO-
KYITHOCTh TPAaCKTOPUN XapaKTEPUCTHUYECKOTO YpAaBHEHHSI CUCTEMBbI MpU 3aJaHHOU
00JacTU U3MEeHEeHHsI cBOOOHOrO nmapamerpa. O0001eHHbIN Tog0orpad ¢ HENpephIB-
HOI 00J1aCThI0O U3MEHEHHSI CBOOOTHOTO MapaMeTpa MPUHITO HAa3bIBaTh MOJIEM KOpHe-
BbIX Tpaektopuil. bynem paccmarpuBate KITIK u KI'TTY npu ycnouu, uto ¥(p)=1.
Torpga ypaBHeHHs moJyield roAorpadoB yKa3aHHBIX TUIIOB NMPUHUMAIOT CIEAYIOLIUN
BU/

KITIK: Im®(p)+V; =0 F(5,w)+V; =0, i e[l,00,
KI'TIY: Re®(p)+U; =0 <= E(6,0)+U; =0, je[l,o.

O6’BCI[I/IHI/IB MOHATHUS TIOJICH U UX I'paHUYHBIX TpaeKTOpHﬁ, MOXHO pC€IIaTh HpO6JIC-
MbI CKOPOCTH NU3MCHCHUA XAPAKTCPUCTUK KAYUCCTBA CAy, HC BbBIXOIA 34 I'PAHUIIBI €€



yCTONYUBOCTHU. JlJIsI MOCTPOEHUsI TPAHUYHBIX TPACKTOPUM MOJIEN BBEAEM OIIpejelie-
HUSI MOKOpUpYIOLIEH (MaXxopaHTa) 1 MUHOpUpYIolel (MUHOpaHTa) GyHKUUHU, Tpe-
CTaBISIOIIMX rpaHuuHbIe Tpaekropuu nonei JINC.

Omnpenenenue 5. OyHKIMEH, Maxopupyrome (MUHOpUPYIOIEH) B TOYKE O,
HA30BEM KOpPHEBOM rozjorpad ONnpeeseHHOro TUIa, MOCTPOCHHBIA HA OCHOBE IMOJIM-
HOMOB XapHUTOHOBA, KOTOPHIM MPHU 33JJaHHOM 3HAYEHUU O MPUHUMAET MaKCHUMallb-
HOe (MUHHMMAaJIbHOE) 3HAYEHHE (@ CPEId MHOKECTBA TPAHUYHBIX KOPHEBBIX TOAO0Tpa-
¢doB.

Ha puc. 2.6. uzobpaxkena rpacdoBas Mojellb, COOTBETCTBYIOIIAs - aJTOPUTMY
ONpENENICHUs] TPAHUYHBIX TPACKTOPUI ycTOMUMBOCTH mosie B koMmruiekce CAIIP
JINMAC. lanHas ceTh OTpa)kaeT KOHLENTYaJIbHYI0 MOJIENIb U UMEET BOCEMb YPOBHEI,
KOTOpble 0003HAaYEHBI LIUPPAMH PAJIOM C BEpPIIMHAMHU CETH. BHYTpu BepIIMH mome-
yeHbl HOMepa peanusyromux ux [IM. Cunre3 KM BB