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KPATKOE NU3JTOXKEHUE JIEKIIUOHHOI'O MATEPUAJIA
Jlexuus Nel
HAJEXXHOE IPOTPAMMHOE CPEJICTBO KAK ITPOAYKT |[TEXHOJIOI'U ITPO-
I'PAMMHMPOBAHUA. UCTOPUYECKH 1
COIIMAJIBHBIA KOHTEKCT TPOTPAMMMWPOBAHMUSI.

Tonamue ungpopmayuonrnoii cpedvl npoyecca oopabomxu oaunvix. Ilpoepamma kax ¢hop-
ManuzoeanHoe onucavue npoyecca. Ilonamue o npozpammuom cpedcmee. [lonsamue owubku 6
npocpamMmHom cpeocmee. Hexoncmpykmuenocms noHamus npasuibHol npozpammul. Haodeowc-
HOCMb NPOSPAMMHO20 cpedcmaa]. Texnonozus npocpammuposanus Kak mexHoio2us paspadomku
HAOEMHCHBIX NPOCPAMMHBIX cpedcms. TexHono2us npocpammuposanus u uHgopmamusayus oouje-
cmea.

1.1. IIporpamma kak popMaIn30BaHHOE ONMCAHNE MpPoLecca 00padoTKu 1aHHbIX. [Ipo-
rpaMMHOe CPeACTBO.

Llenapr0 mpOrpaMMHUPOBAHHUSI SBIISETCS OMHCAaHUE MPOIECCOB 00paOOTKU JaHHBIX (B Aaib-
HelimeM - mpocto npoyeccos}. CornacHo UDUIla - [1.1]: oannsie (data) - 3To npencrasie-
Hue (HakToB U ujael B popMaIn3oBaHHOM BHjE, IPUTOJHOM IS MepeJadyn U nepepadoTke B He-
KOoeM mporiecce, a ungopmayusa (Information) - 370 CMBICI, KOTOPBIA MPUIASTCS JAHHBIM IPU X
npenacrasieHun. Qopabomxa dannvix (data processing) - 3T0 BBIIIOTHEHUE CUCTEMATHYECKOH MO-
CJIEIOBATEIbHOCTH JCUCTBUM C TaHHBIMU. J[aHHBIE IPEICTABIAKOTCS U XpaHATCSA Ha T.H. HOcume-
nsx 0anHvlx. COBOKYMHOCTh HOCUTEJEH HaHHBIX, UCIOIb3YyEeMBbIX MPU KaKoW-11Mb0 oOpaboTke
JAHHBIX, OyJlIeM Ha3bIBaTh uH@popmayuonHou cpedou (data medium). Habop maHubIX, comepxa-
IIUXCS B KaKOW-THOO MOMEHT B MHGOPMAIMOHHON cpene, OyleM Has3blBaTh COCMOsAHUEM STON
nHpopManuoOHHO# cpenbl. [Ipoyecc MOKHO ONPESITUTh KaK MOCIEA0BATEIFHOCTh CMEHSFOIINX
IpYT Apyra COCTOSHUN HEKOTOPO MH(POPMAIIMOHHON CPEIbl.

Ornucarp Mponecc - ATO 3HAYUT OMPENIETUThH MOCIIEI0BATEIFHOCTh COCTOSIHUN 3aIaHHON WH-
dbopMarmonHoi cpenpl. Ecay MbI XOTUM, 4TOOBI MO 33aJaHHOMY OIMCAaHUIO TPeOyeMBIil Mmpoliecc
MOPOXKJIAJICS agmomamuyecky Ha KaKoM-JIMOO KOMIIbIOTepe, HEOOXOIMMO, YTOOBI 3TO ONKCAaHUE
ObLTI0 hopmanuzosannvim. Takoe omucanue HazwpiBaeTcs npozpammotl. C Ipyroi CTOPOHBI, MPO-
rpaMMa JIOJDKHA OBITh TIOHSATHOW M YEIIOBEKY, TaK KaK M MpH pa3paboTke mporpamm, U MpH UX HC-
MOJIb30BAHUU YAaCTO MPHUXOAMUTCA BBIACHATH, KAKOW MMEHHO Ipoliecc OHa mopoxaaeT. [Toatomy
IporpaMMa COCTaBJIsleTCd Ha YIAOOHOM s 4YelloBeKa (OpPMaIM30BAHHOM A3bIKe HpPO-
2PaMMUpoBanus, ¢ KOTOPOro OHA aBTOMATUYECKH TMEPEBOJUTCS Ha SI3BIK COOTBETCTBYIOILIETO KOM-
MBIOTEPA C MOMOILBIO JIPYrOi MPOrpaMMbl, Ha3bIBaeMON mpancismopom. UenoBexy (npozpammu-
cmy), IPeXJIe YeM COCTaBUTH MPOTpaMMy Ha YAOOHOM JJISi HETO SI3bIKE MPOTPAMMUPOBAHUS, TPH-
XOJIUTCS TIPOJICNIBIBATH OOJIBIITYIO TOATOTOBUTEIbHYIO PAa0OTy MO YTOYHEHUIO MMOCTAHOBKH 3a/a4H,
BBIOOPY METOfa €€ pelleHHs], BHIICHEHHIO CTIelU(UKN MpuMeHeHusT TpedyeMoil mporpamMmbl, Ipo-
SICHEHUIO OOIIel opraHu3anuu pa3padaTbiBaeéMOi MporpaMMbl U MHOTOE Jpyroe. Mcnonp3oBanue
3TOW MH(OPMAIIMH MOXKET CYIIECTBEHHO YIMPOCTUTH 3a/1auy MOHUMAHUS MMPOTPaMMBbl YEJIOBEKOM,
MOATOMY BeChbMa T0JIE3HO €€ KaK-TO (PMKCHUPOBATH B BUJE OTACIBHBIX JOKYMEHTOB (4acTo HE (op-
MaJH30BaHHBIX, PACCUUTAHHBIX TOJBKO ISl BOCIIPHUSITHS YETIOBEKOM).

OOBIUHO TIpOTpamMMBI pa3pabaThIBAIOTCS B pacueTe Ha TO, YTOOBI UMH MOTJIH TOJIb30BAThCS
JIOJIM, HE YYacTBYIOIUE B UX pa3paboTKe (MX HA3BIBAOT noabzosamensmu). J|jisi ocBoeHUs Mpo-
rpamMMBbI TIOJI30BaTENIEM MIOMUMO €€ TeKCTa TpeOyeTcsl onmpeeeHHas JOMOTHUTEIbHAS JOKYMEH-
tanus. [IporpamMma WM JIOTMYECKU CBSI3aHHAST COBOKYMHOCTh MPOTPaMM Ha HOCUTENSX TaHHBIX,
CHa0)XeHHasl MPOTPAaMMHON JTOKYMEHTAIMeH, Ha3bIBaeTCs npocpammuuim cpeocmeom (HC). Tlpo-
rpaMMa MO3BOJISIET OCYIIECTBISATH HEKOTOPYIO aBTOMAaTHYECKYH0 00paOOTKY JaHHBIX Ha KOMIIbIO-
tepe. [IporpaMmHasi JOKyYMEHTAIHS TO3BOJICT MOHAThH, KaKWe (DYHKITMHM BBIMTOTHSACT T4 WM WHAS
nporpamma [IC, kak OArOTOBUTH UCXOJHBIC IaHHBIE U 3aMyCTUTh TpeOyeMylo mporpaMmmy B MpoO-
[[ECC €€ BBIMOJIHEHMS, a TAK)Ke: YTO O3HAUYaIOT MOoJydyaeMble pe3ysbTaThl (WM KakoB 3(pQeKT BbI-
MOJTHEHUS 3TOH mporpammbl). Kpome Toro, mporpamMMHasi JOKyYMEHTAIIHMS IOMOTaeT pa3o0parbes B
camoii mporpamme, 4YTo He0OX0AUMO, HaIPUMED, TIPU €€ MOIUPUKAIIH.

1.2. HeKOHCTPYKTHMBHOCTH MOHSITHSI IPABWILHON MPOrpaMMBbl.



Taxkum 06pa3oM, MOKHO CUUTATh, YTO MPOITYKTOM TEXHOJIOTHH MPOTPAMMHUPOBAHUS SIBISETCS
[1C. conepkaiiee mporpamMmbl, BBIIOJHSONIIUE TpeOyeMble (PYHKUUU. 371€Ch MO «IIPOTrPaMMOn»
YacTO MOHUMAIOT MPAaBWIBHYIO MPOTpaMMy, T.€. POTpaMMy, HE COAepiKailyro omubdok. OmHako,
MOHATHE OMIMOKMA B IMPOrpaMMe TPAaKTYeTCs B Cpele MPOrpaMMHUCTOB HeoqHO3HauyHO. CoriacHo
Maiiepcy [1.2, ctp. 10-13] Oynem cuuTarh, 4YTO B MPOrpaMMe UMEETCS OuitlOKA, €CITM OHA HE BBI-
MOJTHSIET TOTO, YTO Pa3yMHO OXHJaTh OT Hee MOJb30BaTelt0. «PazyMHOe 0XUAaHNUE» MOJIb30BaATEN
dopMupyeTCs Ha OCHOBAaHMM JTOKYMEHTAIMH 110 MPUMEHEHHUIO 3TOH mporpammsbl. CrieoBaTeIbHO,
MOHATHE OMIMOKH B MpOrpaMMe sIBJsieTcs cyliecTBeHHO He ¢opmanbHbM. B T1IC nporpammsl u go-
KYMEHTALlMs B3aUMHO YBSI3aHbl, 00pa3yl0T HEKOTOPYIO IIEJIOCTHOCTh. Il03TOMYy IpaBmiibHEE IrOBO-
puTh 00 ommbke He B nporpamme, a B [IC B menom: 6yaem cuutath, uto B [1C umeercs owubdka
(software error), ecni OHO HE BBIIIOJIHSET TOTO, YTO Pa3yMHO OXKHJIATh OT HETO MOJb30BaTeN0. B
YaCTHOCTH, Pa3HOBUIHOCTHIO omnOku B [1C sBIsIeTCA HECOrIacOBaHHOCTh Mex Ay nporpamMamu [1C
U JIOKyMEHTAIMEH 1Mo uxX nmpuMeHeHuto. B pabore [1.3] BoigensieTcs B OTACIbHOE MOHATHE YACTHBIN
cinydaid ommOku B [IC. korma mporpamMma He COOTBETCTBYET CBOEH (PYHKIIMOHANBHOW crieruQuka-
nuu (OMMCaHHIo, pa3padaThIBAEMOM) Ha H3Tare, MPEAIIECTBYIONIEMY HEMOCPEICTBEHHOMY IIPO-
rpammupoBanuio). Takas ommbka B ykazaHHOUM paboTe Ha3bIBaeTcsi deghekmom npozpammsl. On-
HAKO BBIJICJICHHE TaKOW PA3HOBUIAHOCTH OIIMOKH B OTAEIBFHOE IMOHSATHE BPSAJ JIH ONPAaBAaHHO, TaK
KaK MPUYMHON OMMUOKHM MOXKET OKa3aTbcs cama (yHKIIMOHaIbHAas crienndukaliys, a He mporpaMmma.

Tak kak 3aganue Ha [IC oOpryHO popmymupyemcs He popMaNbHO, a TaK¥KE H3-3a TOTO,
yTo nmoHATusa omubku B [IC He dopmanu3oBaHo, TO HeNb3s A0Ka3aTh (popMaIbHBIMU METO-
namu (MateMmatuuecku) npasuiabHocTh 1IC. Henb3s nmokasats npasuibHOcTh 1IC U TecTupo-
BaHueM: Kak ykasan [leiikctpa [1.4], TecTupoBaHUE MOXKET JIUIIb MPOJEMOHCTPUPOBATH HAIU-
gyre B [IC ommOku. [ToaToMmy nousitue npaBuinbHO# [IC HEKOHCTPYKTHBHO B TOM CMBICIE, YTO
nocie okoHuaHus paboTsl Haxa co3nanueM [IC Mbl He cMokeM yOenIuThCs, YTO AOCTHUIIIH Iie-
Ju.

1.3. HanesxkHocTh NporpaMMHOIo cpeacrsa.

AnprepHaruBoil npasuibHoOro IIC sBasercss maoeocnoe IIC. Haodexxcnocmo (reliabiliiv)
I1C - 310 ero cnocoOHOCTh 0€30TKa3HO BBHINMOJIHATH OMpEAeNIeHHble (YHKIUU MPU 3aJJaHHBIX
YCIOBHUSX B T€UYEHUE 33JaHHOTO MEPUOJa BPEMEHU C JOCTATOUYHO OOJBLION BEPOSTHOCTHIO
[1.5]. IIpu aTom noa omkaszom B [IC moHMMarOT nposiBiaeHue B HeM omubku [1.2, ctp. 10-13].
Taxum oOpazom, HagexxHoe [1C He uckiIoUaeT HaTuuKsl B HEM OIMIMOOK - BaXKHO JIUIIb, YTOOBI
3TH OIIMOKHU MPH MpakTUYecKoM npuMeHeHuu 3toro [1C B 3alaHHBIX YCIOBUAX MPOSBIISINCH
JIOCTAaTOYHO penko. YOenutncs, yto [IC obnanaer TakuM CBOMCTBOM MOXHO MPH €ro MCHBITA-
HUU NyTeM TECTUPOBAHUS, a TaKXKe MPU MPAKTUUECKOM NMpPUMEHEHUU. TakuMm obpa3oM, (akTH-
YECKH Mbl MOKEM pa3pabaThIBaTh JUIIb HAJIeKHbIE, a He paBuibHbIE [IC.

[1C moxer obnanarh pa3audyHON CTeNeHbIO HaAeKHOCTH. Kak M3MepsATh 3Ty CTEHEHb?
Tak ke KaK B TEXHUKE, CTEIECHb HAJEKHOCTU MOXKHO XapakTtepuszoBath [1.2. ctp. 10-13] Bepo-
ATHOCTBIO paboThl [IC 6e3 oTKa3a B TeueHHE ONpEAeIeHHOro nepuoja BpeMmeHu. OHaKko B CU-
ny crnenupudeckux ocodbennocter I1C ompenenenune 3Toil BEPOATHOCTH HATAIKMBAETCS Ha
P TPYAHOCTEHN IO CPAaBHEHHUIO C PEIICHUEM 3TOW 3aJauyu B TeXHHUKe. [lo3ke Mbl BEpHEMCS K
0osiee 00CTOATEIIFHOMY OOCYXIEHHUIO 3TOTO BOMPOCa.

ITpu ouenke crenenu HaaexHocTH [IC cienyer Takke y4MTBIBATh MOCIJIEACTBUS KaXKI0TO
oTtka3a. Hexoropsie omuOku B I[IC MoryT BbI3BIBaTH JHUIIb HEKOTOPBIE HEYJNOOCTBA MPHU €ro
NPUMEHEHHH, TOTrJa KakK Jpyrue OUMOKM MOTYT HMMETh KaTacTpopUUecKHhe MOCIeCTBHS,
HallpUMep, yrpokaTh 4denoBedecKor ku3HU. [loaTomy nns ouenku HaaexHoctu [IC mHOTIA
UCIIOJB3YIOT AOMOJHHUTEIbHbBIE TTOKA3aTeNIM, YYUTHIBAIOIINE CTOUMOCTD (Bpel) IS MOJIb30Ba-
TeJs KaXXJ0ro 0TKasa.

14. TexHoJIOTHSI MPOrpaMMHPOBAHUS KAaK TEXHOJIOTHSI Pa3padoTKu
Ha/JeKHbIX NPOrPAMMHBIX CPeICTB.

B cooTBeTCTBUH ¢ OOBIYHBIM 3HAUYCHHUEM CIIOBa «TeXHOJOTUS» [1.6] noo mexnonocuei
npoepammuposanus (programming technology) Oynem NOHMMaTh COBOKYIMHOCTh HMPOU3BOJ-
CTBEHHBIX IIPOLIECCOB, MPUBOIAILIYIO K co3aanuio Tpedyemoro I1C, a Takxe onmucaHue 3Toi co-
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BOKYITHOCTH TpoLeccoB. J[pyruMu clioBaMHU, TEXHOJOTHIO MPOTPAMMHUPOBAHUS MbI Oyaem
HNOHMMAaTh 3[1€Ch B IIHPOKOM CMBbICIE KAK TEXHOJOTHIO Pa3pabOTKU HNPOSPAMMHBIX CPeOCms,
BKJIIOYas B HEE BCE INPOLECCH, HAUMHAsA C MOMEHTA 3apOKAEHUS UJEU ITOro CpPelACcTBa, U, B
YaCTHOCTH, CBSI3aHHBIE C CO3JaHMEM HEoOXOAMMOW HporpaMMHON nokymeHTauuu. Kaxibii
npolecc 3TOW COBOKYNMHOCTH Oa3upyeTrcss Ha UCIOJb30BAHMHM KaKHUX-IHOO METOJOB U
CPEeJCTB, HallpuMep, KOMIIbIOTEP (B ATOM cilyyae OyAeM FOBOPUTH O KOMHbIOMEPHOU TEXHOJO-
TUU IPOTPaMMUPOBAHMUS).

B nureparype umeroTcs U Jpyrue, HeCKOJIbKO OTIMYAIOUINECs, OIpeae]eHUus TEXHOIOIH
IpOrpaMMHUpPOBaHUs. DTH ONpeeleHus: oocyxaamTcsa B padore [1.7]. Ucnonb3yercs B auTepa-
Type U OJIN3KOE K TEXHOJOIMH IPOTPAaMMHUPOBAHUS IOHIATUE NPOSPAMMHOU UHIICEHepUl,
ompeaeNsieMOi KaK CHCTEeMAaTHYeCKHH MOJIX0 K pa3paboTKe, HKCITyaTalli, COMPOBOXKICHUIO
U U3BATHIO U3 O0palieHus mporpaMMHBIX cpencts [1.7, ctp. 9-16]. IMeHHO mporpaMMHON WH-
JKEHepUH (software engineering) mocBsilieHa ynomsiHyTas pabora [1.3]. ['maBHOe paznuume
MEXJy TEXHOJOrHMel mporpaMMUpOBaHUsS M HPOTrpaMMHON MH)KEHEepUeH Kak IUCLUHUIUIMHAMU
JUIS U3YYEHUS 3aKJII0YAEeTCs B CIIOCO0E pacCMOTPEHUs M CUCTEMaTU3alluil MaTepuana. B texHo-
JOTUM IPOTrpaMMHMPOBAHUS aKLEHT JeJaeTcs Ha W3ydyeHuHu npoieccoB pazpaborku IIC (mex-
HOJI02UYeCKUX npoyeccog] WM TOPSAIKE HUX MPOXOXKAEHUS - METOJAbl U HHCTPYMEHTAJIbHbIE
cpenctsa pazpabotku IIC ucnonwvzyromes B 3TUX npoueccax (UX IpUMEHEHUE U 00pa3yroT TeX-
HOJIOTHYECKHE Mpouecchl). Torna kak B mporpaMMHON MHXKEHEPUU U3YUYarOTCs pa3jIuyHbIE Me-
TOABl U MHCTpYMEHTalbHbIE cpencTBa pa3paboTku IIC ¢ TOUkM 3peHHs] JOCTUXKEHUs olpere-
JIEHHBIX 11€JI€il — 3TU METO/bl U CPEJCTBA MOTYT MCIIOJIb30BAThCS B PA3HBIX TEXHOJOTMYECKUX
npoieccax (M B pa3HbIX TEXHOJIOTUAX IPOrpaMMHUPOBAHUSA).

He cnenyer Takxe myTaTb TEXHOJOTHIO NPOrPAMMHUPOBAHMS C METO/A0JOTHEN Mporpam-
mupoBaHus [1.8]. B TexHOnO0rMKM nIpOorpaMMUpPOBAHUS METOAbl PACCMATPUBAIOTCS «CBEPXY» - C
TOYKU 3pEHUS OpraHU3allMy TEXHOJIOTHYECKUX MPOLIECCOB, @ B METOJO0JIOTUU MIPOTPaMMHUPOBa-
HUS METOJbl PACCMATPUBAIOTCS «CHU3Y» - C TOYKU 3pEHHUS OCHOB MX HOCTpoeHHs (B pabote
[1.9, cTp. 25] MeTOMO0JIOTHSI TPOTPAMMUPOBAHUSI OTIPEEIAETCS KaK COBOKYITHOCTbh MEXaHU3MOB,
NPUMEHSEMBIX B Ipoliecce pa3pabOTKH MPOrpaMMHOro o0ecreyeHnus U 00beIMHEHHBIX OJHUM
o61muM GuIocoPCKUM MOAX0I0M).

MMest BBUAY, UTO HAJIEKHOCTH sIBIseTCS HeoTbemiieMbIM aTpudyToMm I1C, mbl Oynem pac-
CMaTpuBaTh TEXHOJIOTHUIO IPOTPAaMMUPOBAHMS KaK TEXHOJIOTHIO pa3paboTku Haldedxcuwvix I1C.
OTO 03HAYaeT, 4TO

* MBI OyaeMm paccMarpuBarh Bce mporecchl paspaborku [IC, HaunmHasg ¢ MOMEHTa BO3-
HUKHOBeHUs 3ambicna [1C;

* Hac OynyT HHTepecoBaThb HE TOJbKO BOMIPOCHI IOCTPOEHUS MPOTPaMMHBIX KOH-
CTPYKLHM, HO U BOIPOCH ONUCAaHUsA QYHKIUNA MU NPUHUMAEMBIX pPELIEHUH C TOUKU 3pEHHS
UX 4YelloBe4ecKoro (HeopMaabHOIr0) BOCHPUSITHUSA:

* B KayecTBE NMPOAYKTAa TEXHOJIOTMU MPUHUMAETCS HaJexHas (JajJeKko He BCerja MpaBuilb-
Has) [IC.

Takoit B3I Ha TEXHOJOTHUIO MPOrPAMMHUPOBAaHMS OYyAET CYIIECTBEHHO BIUATH Ha OpPraHH3a-
U0 TEXHOJIOTUYECKUX MPOIECCOB, HA BEIOOP B HUX METOJIOB U HHCTPYMEHTAJIbHBIX CPEICTB.

1.5. TexHosorusi NporpaMMHupoOBaHus U HHGopMaTu3anus oduecTBa.

TexHOIOruKM MPOrpaMMHUPOBAHUS UTpaj0 Pa3HyK poJb Ha Pa3HBIX 3Talax pa3BUTHUA
nporpamMmupoBanus. [1o Mepe MOBBIIIEHUS MOIIHOCTH KOMIIBIOTEPOB U Pa3BUTHUS CPEICTB U
METO/I0JIOTUH MPOrPaMMHUPOBAHMS POCIA U CIIOKHOCTh PElIaeMbIX Ha KOMIBIOTEPAX 3a7ad, 4TO
IPUBENIO K MOBBIIIEHHOMY BHMMaHHUIO K TEXHOJIOTHU NporpaMMupoBaHus. Pe3koe yzaemenne-
HU€ CTOMMOCTH KOMIIBIOTEPOB U, B OCOOEHHOCTH, CTOUMOCTH XpaHEHUsI HHPOPMALIMU HA KOM-
NBIOTEPHBIX HOCUTENSAX IMPHUBENO K IHMPOKOMY BHEAPEHHUIO KOMIIBIOTEPOB MPAKTHYECKH BO
Bce c(epbl UEIOBEYECKONW AESITENbHOCTH, YTO CYIIECTBEHHO M3MEHMJIO HAlpPaBJICHHOCTbh TEX-
HOJIOTHMHM TpOorpaMMHpoBaHus. YernoBeueckuil (GakTop CTal UrpaTh B HEW PEIIAIOIIYIO POJIb.
CdhopMupOBaIOCh TOCTaTOYHO TIyOoKOoe MmoHsATHE KadecTBa [IC, mpuyem mpeanoyTeHue cTaio
oT/aBaThCs He cToNbKO 3ppextuBHocTu IIC, ckonbko ynoOCTBY pabOTHI ¢ HUM ISl TTOJIB30Ba-



Teneil (He roBops yxke o ero HaaexHocTH). lllupokoe ncnonb3oBaHME KOMIBIOTEPHBIX CETEH
IPHUBEJIO K HHTEHCUBHOM) Pa3BUTHUIO PACIIPEEICHHBIX BIUNCICHUM, IUCTAHIIMOHHOI'O 10CTyIa
K MHQOpPMALUM U 3JEKTPOHHOTO crocoba oOMeHa COOOIMICHHSIMH MEXIy JtoabMu. Kommbio-
TepHas TEXHUKA U3 CPEACTBA PELICHUS OTJENbHBIX 3a7ay Bce Oojee MpeBpallaeTcs B CpeicTBO
UH(OPMAIIMOHHOTO MOJEIUPOBAHUS PEATHHOTO M MBICIMMOIO MHpa, CIOCOOHOE MPOCTO OTBE-
yaTh JIIOJSAM Ha MHTepecyrouue ux Bonpocsl. Haunmnaercsa stan riiyookoi u nmoiaHoi uHpop-
MaTHu3anuu (KOMITbIOTEpU3AIMU) YeIOBEYECKOro o0mecTBa. Bece 3To cTaBUT mepes TeXHOJIOT U-
el IporpaMMHUpPOBaHUs HOBBIE U JOCTATOYHO TPYAHbBIE IPOOIEMBI.

Crenaem KpaTKy0 XapaKTEpUCTUKY Pa3BUTHUS IPOTPAMMUPOBAHUS 1O AECSITUIETUSAM.

B 50-e roasl MOIIHOCTP KOMIBIOTEPOB (IEPBOr0 MOKOJEHHUs) ObLIa HEBEIUKA, a IMpo-
IrpaMMHPOBAHHE JIJIsi HUX BEJIOCh, B OCHOBHOM, B MAalIMHHOM Koje. Pemanuce, rinaBHbsIM o0Opa-
30M, Hay4YHO-TE€XHUYECKHUE 3a7a4M (cueT no ¢popmyiaM), 3alaHle Ha IPOrpaMMHUpPOBAHHUE CO-
JepxkKajao, Kak MpaBUIO, JOCTAaTOYHO TOYHYKO IIOCTaHOBKY 3ajxaud. Mcnonb3oBanach HH-
TYUTHUBHAsl TEXHOJOTHs IPOTrPpaMMUPOBAHMS: MOYTU Cpa3y NPUCTYNAINU K COCTABICHMIO IIPO-
rpaMMbl 110 3a/IaHUI0, TP ATOM YacTO 3a/JlaHu€ HECKOJIBKO pa3 M3MEHSIOCh (YTO CHIIBHO yBe-
JUYMBAIO BpeMs U 0e3 TOro UTEpalMoOHHOIO Ipolecca COCTaBIEHUsS HPOTrpaMMbl), MUHU-
MajbHas JOKYMEHTAIus 0pOpMIIsLIIach YXKe IOCJe TOro, Kak MporpaMma HaunHaua padoTarh.
Tem He MeHee, UMEHHO B 3TOT NEpUO/ poAmiack GyHIaMEeHTalbHas A TEXHOJOTHM Iporpam-
MUPOBAHUS KOHLIENIUS MOAYJIbHOTO mporpamMmmupoBanus [1.10], opuenTupoBaHHas Ha mpe-
OZI0JIEHUS TPYAHOCTEH NPOrpaMMHUPOBAHUs B MalIMHHOM Koje. IlosBunuce nepBble SA3BIKH
IIPOrPaMMHUPOBAHUS BBICOKOTO YpOBHS, U3 KOTOpbIX ToJIbko ®OPTPAH npobuiics 11 ucnons-
30BaHMS B CIEAYIOINE AECATUICTHUSA.

B 60-e roasr MOKHO OBUTO HAaOMIOAATH OYPHOE PAa3BUTHE U MIMPOKOE MCIOIB30BAHUE S3BI-
KOB MporpammupoBanus Bbeicokoro yposHsa (AJI'OJI 60, ®OPTPAH. KOBOJI u ap.), 3Haue-
HUE KOTOPBIX B TEXHOJIOTUU NIPOrpaMMUPOBAHUS SIBHO NpeyBeanunBanack. Hagexna Ha o, yto
3TH SI3bIKM pelIaT Bce MpoOsieMbl, BO3HUKAIOIIUE B Mpolecce pa3paboTKu OOJbLINX MpOorpamw,
He olpaBjaiachk. B pesynbraTe MOBBIIIEHUS MOIIHOCTH KOMIBIOTEPOB U HAKOIUIEHHUS OIbITa
OpOrpaMMHPOBAaHUS Ha S3BIKAX BBICOKOI'O YPOBHS OBICTPO pOCia CIOKHOCTh pEIIaeMbIX Ha
KOMIIBIOTEpAX 3ajJlay, B pe3yjbTaTe Yero oOHapyKujiach OTPaHUYEHHOCTD A3bIKOB, IPOUTHOP U-
pOBaBUIMX MOAYJIbHYIO opranusanuio nporpamm. U tonsko ®OPTPAH, GepexHo coxpaHUB-
UK BO3MOKHOCTh MOJYJIBHOTO IPOrpaMMHUPOBaHUs, FOP/I0 MPOIIECTBOBAJ B CIEAYIOLIUE Je-
CATUJIETHS (BCE €ro pyrajid, HO €ro IoJib30BaTelld OTKAa3aThCs OT €ro YCiayr He MOIVIM H3-3a
rpaHAMO3HOIO0 HAKOIUIEHUs (OHIa MPOTpaMMHBIX MOAYJEH, KOTOPBIE C YCIEXOM HCIOJIb30-
BaJIUCh B HOBBIX Iporpammax). Kpome Toro, 61710 HOHATO, YTO BaXKHO HE TOJBKO TO, HA KaKOM
A3bIKE€ MBI NIPOTPAMMUPYEM, HO U TO, Kak Mbl mporpammupyem [1.4]. OTo ObUIO yXe HayaaoMm
CEpBhE3HBIX Pa3MBILIUICHUN HaJ METOMOJOTHEN U TEXHOJIOrMel nporpammupoBanus. [lossnenue
B KOMIBIOTEpaX 2-ro TOKOJICHHS MpEphIBAHUNW TMPUBEIO K Pa3BUTHUIO MYJIBTHUIIPO-
rpaMMUPOBAHUS U CO3JaHUIO OOJIBIIMX HporpaMMHBIX cucTeM. lIupoko crana ucmnonb3o-
BaTbCs KOJUIEKTHBHAas pa3paboTKa, KOTOpas MOCTaBHIA pPAJ CEPhE3HBIX TEXHOJOTUYECKUX
npobnem [1.1 1].

B 70-e roapl monyduiu MUPOKOE pacrnpocTpaHeHne WHOPMAITMOHHBIE CUCTEMBI U 0a3bl
nanHbIX. K cepennne 70-pIX rojl0B CTOMMOCTh XpaHEHUs OJHOTro OWTa MHPOPMAIMU HA KOM-
MBIOTEPHBIX HOCHUTENSAX CTajla MEHbIIE, YeM Ha TPAJUIIMOHHBIX HOCUTENSAX. DTO PE3KO MOBbI-
CUJIO UHTEPEC K KOMIIBIOTEPHBIM CUCTEMAaM XpaHEHMs NaHHbIX. Hadyanoch HHTEHCUBHOE pa3BU-
THE TexHojoruu mnporpammupoBanus [1.2, 1.8. 1.12-1.14], npexnae Bcero, B CIEAYIOMHX
HalpaBJICHUAX:

* o00OCHOBaHME U HIMPOKOE BHEJIPEHUE HUCXOMsIIEH pa3pabOTKH U CTPYKTYPHOIO MpO-
rpaMMHUPOBAHMUS.

* pa3BUTHE aOCTPAKTHBIX TUIIOB JaHHBIX U MOAYJIBHOIO IPOTrpaMMHpPOBaHUA (B YACTHO-
CTH, BO3HUKHOBECHHE UJEU pa3JeliCHUs creluuKaluy 1 peaau3alnud MOIYyJIel U UCIOIb30-
BaHHME MOJYJIeH, CKPBIBAIOIIUX CTPYKTYPhI JaHHBIX).

* mccienoBaHue mpobiieM obecreueHus HaAeKHOCTH U MoowmibHO cTH [1C.



* CO3/1aHME METOJIMKH yNPaBJICHUs KOJUIEKTUBHOHK pa3zpadborkoii I1C.
* TOSBJICEHHE WHCTPYMEHTAJBHBIX MPOrPAMMHBIX CPEACTB (IPOrPaMMHBIX HHCTPYMEHTOB)
NOAAEPKKU TEXHOJOIMU IPOTPaMMHUPOBAHUSL.

80-e roJpl XapaKTepU3yIOTCS HMIMPOKUM BHEIPEHHEM MEPCOHAIBHBIX KOMIIBIOTEPOB BO BCE
cdepbl UeIOBEUYECKON NEATENIbHOCTH U TEM CaMbIM CO3/JaHHEM OOIIMPHOTO M Pa3zHOOOPa3HOTO
KOHTHUHreHTa mnonb3oBareneid [IC. Dto mpuBeno k OypHOMY pa3BUTHIO IMOJIb30BATEIbCKUX HH-
TepdelicoB U co3naHuio 4eTkol KoHmenuuu kadectsa [IC [1.5, 1.15-1.18]. TlosBisroTcs s3bIKH
porpaMMHUpOBaHUs (Hampumep, AJla), YUUThIBaIOIIME TPeOOBaHUS TEXHOJOTMU MPOTPaMMHPO-
Banus [ 1-19]. PazBuBarorcs metonsl u si3biku criermdukanyu [1C [1.20-1.21]. BeixoauT Ha niepe-
JIOBBIC TIO3UIMK OOBEKTHBIM moaxon kK paspadorke IIC [1.9]. Co3maroTcs pas3ivyHbIE WHCT-
pyMeHTalbHbIE cpebl pazpadotku u conpopoxaenus I1C [1.3]. Pa3zBuBaercs KOHIENINS KOMITbIO-
TEPHBIX CETEH.

90-e TOombI 3HAMEHATEIbHBI IIMPOKUM OXBAaTOM BCETO YEJIOBEYECKOrO OOIIECTBA MEXKIyHa-
POJIHOM KOMITBIOTEPHON CEThI0, MEPCOHAIBHBIE KOMITBIOTEPHI CTANIM MOAKIIIOUATHCS K HEl Kak Tep-
MUHaJIbI. DTO IOCTABUJIO PsIZI IPOOIIeM (KaK TEXHOJIOTUYECKOT0, TaK U FOPUANYECKOTO U 3TUYECKOTO
XapakTepa) peryJupoBaHHs JOCTyna K MHGOpMaluud KOMIBIOTEpHBIX ceTeil. OcTpo Berama mpo-
OyiemMa 3aIUThl KOMIIBIOTEPHOM MH(OpPMAIUU U MepeaBaeMbIX 1Mo cetu cooOmieHuit. Ctanu OypHO
pa3BuBathcsi kKoMmbiorepHas Texnonorus (CASE-texnonorus) pazpabotku [IC u cBsizaHHbIE ¢ Hel
dbopmanbHbIe METOBI crienuUKaIK mporpaMM. Havancst pemaromuii 3tan moiHoi nHpopma-
TU3alMK U KOMITBIOTEpU3alNK 00IeCTBA.

Ynpa:xxaeHnus K jgexkuuu 1.
1.1. Yro takoe nHpopManrmoHHas cpeia mporpamMMmpl?
1 .2. Yro Takoe nporpammuoe cpeactso (Il C)?
1.3. Yto Takoe omubdka B [1C ?
1.4. Yro takoe HajxexHocTh [1C?
1.5. Yto Takoe TEXHOJIOTUs NPOrpaMMHUPOBAHUSA?
1.6. DTanbl pa3BUTHUS TEXHOJOTUHU NPOTPAMMUPOBAHUS.

Jlexyusa 2.
NCTOYHUKHU OHINBOK B NTIPOI'PAMMHBLIX CPEJACTBAX

HumennexmyanvHvle 803MONCHOCMU YeNl08eKd, UCNOAb3YeMble NPpU pa3pabomke npocpamm-
Holx cucmem. Tlonamusi 0 npocmulX U CIONCHBIX CUCMEMAX, 0 MAblX U borvuux cucmemax. He-
NPABUNbHBIL Nepesod uHgopmayuu in 00H020 Npeocmasienus 8 Opy2oe - OCHOBHAA NPUYUHA
ouuboK npu pazpabomke NpocpamMmusix cpeocms. Mooenv nepesooa u UCMOUYHUKU OUWUOOK.

2.1. UHTE/NIeKTYyaIbHBIC BO3MOKHOCTH Y€JI0BEKA.

Hetikctpa [2.1] BBIOENSECT TPU WHTEIUICKTyaJbHBIE BO3MOXHOCTH YEJIOBEKa, MCIOJIb3yeMbIe
npu paspadotke [1C:

* CIIOCOOHOCTH K TIepedopy,
* CIIOCOOHOCTBH K a0CTpaKIHH,
* CrOCOOHOCTh K MaTEMaTHUYECKOW MHIYKIUH.

CriocoOHOCTh yelloBeKa K IMepedopy CBs3aHa C BO3MOXKHOCTBIO IMOCJEIOBATENBHOIO Iepe-
KIIIOYEHHsI BHUMaHMSI C OJIHOTO MpeaMeTa Ha APYro, MO3BOJISIS y3Haeamy UCKOMBIA TIpeaMeT. JTa
CIIOCOOHOCTh BeCbMa OTpaHUYEHa - B CPEIHEM UEJIOBEK MOXET YBEpeHHO (He cOMBasich) nepedu-
path B mipenenax 1000 mpeameToB (o7eMeHTOB). YenoBeK MOKEH HAYYUThCS JEHCTBOBATh C yde-
TOM 3TOH CBOEH OrpaHMYE€HHOCTH. CpeCTBOM MPEOI0JIEHUS 3TOM OIrpPaHUYEHHOCTH SIBIISIETCS €TI0
CIOCOOHOCTh K abCTpakimu, Ojarogaps KOTOPOH YeIOBEK MOXKET OOBEAMHSTH Pa3HbIC MPEIMETHI
WIH JK3EMIUIPBI B OHO MOHSTHE, 3aMEHATh MHOYKECTBO 3JIEMEHTOB OJHUM DJIEMEHTOM (JIpyroro
poaa). CiocoOHOCTh YeTOBEKa K MaTEMAaTHYECKOW WHIYKIIUHU MTO3BOJISIET €My CIPABIISATHCS ¢ Oec-
KOHEYHBIMH M0CJIE10BATEILHOCTIMM.

[Tpu pazpabotke [1C yenoBek umeet aemno ¢ cucremamu. [lon cucmemoti OGynem noHMMaTh CO-
BOKYIIHOCTh B3aMMOJEHCTBYIOIIMX (HaXOAAIIMXCSI B OTHOLIEHUSIX) IPYr C Apyrom aneMeHToB. 11C
MOXKHO paccMaTpuBaTh KaK MpuMep cucTeMbl. Jloruuecku CBsi3aHHBIM HAOOp MpOrpaMM SIBISETCS
ApyruM npuMepoM cuctemsl. JIo0asi oTaenbHas mporpaMMa Takxke sBiseTcst cucreMoi. [ToHsATh



CHCTEMY - 3HaYUT OCMBICIICHHO MepedpaTh BCe MyTH B3aUMOJICHCTBUS MEXIy ee diIeMeHTamMH. B
CUJIy OTPAaHMYEHHOCTH YelloBeKa K mepebopy OyaeM pas3inuuaTh MPOCThIE U CIOKHBIE CHCTEMbI
[2.2]. Tlox npocmoii Gynem MOHUMATh TaKYIO CUCTEMY, B KOTOPOH YEIOBEK MOXKET YBEPEHHO Tie-
pedupaTh Bce MyTH B3aMMOJECUCTBUS MEXKY €€ dJIEMEHTaMU, a MO ClodCHOU OyleM OHUMATh
TaKyl0 CUCTEMY, B KOTOPOW OH 3TOT0 A€jaTh HE B COCTOSIHUU. MexXay MPOCTBIMU U CIIOXKHBIMH CH-
CTEMaMU HET YeTKOH rpaHHIlbl, TO3TOMY MOKHO FOBOPUTH U O MPOMEXKYTOUHOM KJIACCE CHCTEM: K
TaKUM CHCTEMaM OTHOCSTCS IPOTPaMMBI, O KOTOPBIX MTPOrPAMMUCTCKHNA (POTBKIOP YTBEPKIAET, YTO
"B KQXKJIOM OTJIQKEHHOM ITporpaMMe UMeeTcsl XOTs Obl 0/iHa oImHroKa".

[Tpu pazpabotke IIC MBI He Bcerna MOKEM yBEpEHHO 3HATh O BCEX CBS3SX MEX]y ee diie-
MEHTaMH H3-32 BO3MOXKHBIX OIHOOK. [I03TOMY MOJI€3HO YyMETh OIIEHUBATh CIIOKHOCTH CHCTEMBI 10
YUCITy €€ 3JIEMEHTOB: YHUCJIOM IOTEHIUAIbHBIX IIyTEH B3aMMOJECHCTBUS MEXKIY €€ DJIEMEHTaMH, T.€.
n!, rae n - yucio ee anemMeHToB. CrucreMy HazoBeM mazoul, e n < 7 (6! = 720 < 1000), cucremy
HA30BeM Oonbuiou, eciv n > 7. Ilpu n=7 uMeeM IPOMEKYTOUHBINA KIIacC cucTeM. Maias cuctema
BCerJa mpocTta, a 0oJblnasi MOXKET ObITh Kak MPOCTOM, TaK M CIOXKHOHW. 3ajauya TeXHOJIOTHH MpOo-
rPaMMUPOBAHUS - HAYYUTbCS JIe1aTh O0JIbIINE CUCTEMBI IPOCTHIMH.

[TomyueHHasi OlleHKa MPOCTHIX CUCTEM IO YHUCITY 3JIEMEHTOB IIMPOKO MCHOIB3YETCS Ha MpaK-
Tuke. Tak, 1715 pyKOBOJIUTENS KOJUJIEKTUBA BECbMA JKEJIaTeNIbHO, YTOObI B HEM HE ObUIO OoJible Iie-
CTH B3aUMOJICHCTBYIOIINX MEXIy coO0i moauynHEeHHBIX. BecbMa BaxHO TakXke ClIe0BaTh MpaBU-
Ty: «6ce, ymo modcem Obimb CKA3AHO, OONHCHO ObIMb CKA3AHO 8 WeCmU NYHKMAX UlU MeHbULe).
OToMy MmpaBUily Mbl OyJeM cTaparbCs CIE0BaTh B HACTOAIIEM MOCOOWU: BCSKUE MEPEUUCTICHHS
B3aMMOCBSI3aHHBIX YTBEPXKJICHUM (HaOOp peKOMEHIAIMi, CIUCOK TpeOOBaHUM U T.I.) OyAyT COOT-
BETCTBYIOIIUM 00pa3oM rpynmnupoBarbes u 00o0marees. [lonesno emy cnenpoBath U npu pa3paboT-
ke [1C.

2.2. HenpaBWwibHbI NepeBoJ KAaK NPUYMHA OIIHOOK B MPOrPpaMMHBIX CpeICTBAaXx.

[Tpu pa3pabotke u ucnons3zoBanuu [1C Mb1 MHOTOKpaTHO MeeM feno [2.3, ctp. 22-28] ¢ npe-
oOpa3oBaHueM (mepeBooM) MH(pOpMaLUU U3 OAHOM (GopMbI B Jpyryto (cM. puc.2.1). 3aka3uuk
dbopmynupyet cBou norpedbHoctu B [IC B Buae HEKOTOPBIX TpeboBaHuit. Mcxoas U3 sTux TpedoBa-
HUM, pa3paboTunk co3naer BHemHee onucanue I1C, ucnons3ys npu 3ToM cnenrukanuio (omnuca-
HUE) 3aJJaHHOM ammaparypbl U, BO3MOXKHO, crenu@uKanuo 0a30BOro MmporpaMmMHOro odecreye-
HUsA. Ha OCHOBaHMU BHEIIHErO OMUCAHUS U crielr(UKAIK S3bIKa MPOTPAMMHUPOBAHUS CO3AIOTCS
tekcTbl porpamM [IC Ha atom si3bike. [lo BHemHemy omnucanuto [IC paszpabarbiBaeTcs Takxke U
MOJIb30BaTENbCKas JOKYMEHTAIMsl. TeKCT KaKAoH MporpaMMbl SBISIETCS MCXOAHON MHbOpMaIruein
pH JI000M ee nmpeodpa3oBaHUM, B YACTHOCTH, NMPU UCIpaBiIeHUHU B Hel omuOku. [loas3oBaTens
HAa OCHOBAHHMM JOKYMEHTAIIMH BBIIONHSET psia AeiictBuil mis nmpumeHenus [IC u ocymecTBiser
MHTEPIIPETAINIO TIOJy4aeMbIX pe3ysibTaTtoB. Besne 3aech, a Takke B psijie IPYrux Iporeccax pas-
pabotku I1C, umeer mecto ykazaHHBIN NepeBO HH(OPMALIUN.

Ha xaxnoM U3 3THX 3TanoB NepeBoj MHPOPMAIMU MOXKET ObITh OCYIIECTBIICH HENPaBUIIb-
HO, HAMpUMeEp, H3-32 HEMPABHJILHOTO MOHMMAHHUS HCXOJHOTO TMPEACTaBICHUS WH(OPMAIUH.
Bo3auknyB Ha ogHOM M3 ATanoB pazpadotku [IC, ommbka B mpeacraBieHnn nHGpopMaluu mpe-
oOpa3yeTcs B HOBbIe OIIMOKH Pe3ysIbTaTOB, MOJTYYEHHBIX Ha MOCIEIYIONUX 3Tanax pa3paboTkH,

1, B KOHEYHOM cuete, okaxercs B 11C.

2.3. Moaeasb nepesoja.

YtoObl MOHATH NPUPOY OMIMOOK MpU MEPEBOAE PacCMOTPUM Mozensb [2.3, ctp. 22-28],
n300pakeHHy10 Ha puc.2.2. Ha Heill yenoBek ocylecTBIseT NepeBo] HHPOPMAILIUU U3 MIPECTaB-
nenus A B ipeactanienue B. [Ipu 3ToM OH coBepIlIaeT 4eThIpe OCHOBHBIX I1ara MepeBo/ia:

* OH IMOJIy4aeT MHPOPMALIHNIO, COJIEPKAIILYIOCS B IPEACTABICHUH A, C TIOMOIIBIO CBOETO YH-
TaIoIIeTro MexanusMa R;

* OH 3allOMMHAET MOJYYEHHYIO HH(OpPMAIUIO B CBOEH nmamsaTu M;

* OH BBIOMpAET U3 CBOCH MamsATH mpeodpazyeMyro HH(PpOpMaIHo U HHGOPMAIHIO, OTTUCHIBA-
IOIIYIO MPOLECC MPeoOpa30BaHusl, BEITOIHSAET IEPEBO/ U MMOCHUIAET PE3YAbTAT CBOEMY MHUIIYIIEMY
MexaHnusmy W;

*  C IIOMOIIBIO 3TOTO MEXaHU3Ma OH (PUKCHUpYeT mpecTaBieHue B.
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Puc. 2.1. I'pybas cxema pa3paborku u npumenenus [1C.

[MpencTaeneHie

Puc 2.2. Mogens nepeBoja.

Ha xaxqoM M3 3THX II1aroB 4eJIOBEK MOXET COBEpIIUTh OUMIMOKY pazHoW mpupoasl. Ha mep-
BOM IIIare CrocOOHOCTh YeoBeKa "4MTaTh MEXKIY CTPOK" (CIIOCOOHOCTH, KOTOPAsk 4acTO OKa3bIBa-
eTCsl TOJIE3HOM, MO3BOJISISI €My HMOHMMAaTh TEKCT, COAEPIKAIMA HEeTOYHOCTH WM Jake OLIMOKM)
MoskeT cTaTh npuyrHoi omuoku B [IC. Omrlka BO3HUKAET B TOM clly4yae, KOTr/ia IPH YTEHUH JTOKY-
MEHTa A 4eJOBeK, MBITAsCh BOCCTAHOBUTH HEJIOCTAIONIYI0 HH(POPMAIIHIO, BUIUT TO, YTO OH OXKUJa-
€T, a He TO, UTO UMEJ B BHAY aBTOp JOoKyMeHTa A. B aTom ciyuae mydine Oblio Obl 0OpaTUTHCS K
aBTOPY AOKYMEHTa 3a pazbsicHeHUsIMH. [Ipu 3amomMuHanny UH(OpPMAIMK YEIOBEK OCYIIECTBISIET €€
OCMBICJIUBaHHE (3/1€Ch Ba)KEH €r0 YpOBEHb MMOATOTOBKH U 3HAHUE MPEIMETHOM 001acTu, K KOTOpOi
OTHOCUTCSI JOKYMEHT A). W. ecnu OH MOBEPXHOCTHO WJIM HENPaBWIBHO MOMMET, TO MHpOpMaLus



Oyzer 3allOMHEHa B UCKa)K€HHOM Buje. Ha TpeTbeM 3Tame 3a0bIBUMBOCTH YEJIOBEKAa MOXKET IpHBE-
CTH K TOMY, UTO OH MOKET BBIOpaTh U3 CBOEH MaMsTH HE BCIO MpeodpasyeMyro HHPOPMAIUIO UITU
HE BCE IIpaBuJjia MEPEeBO/Ia, B PE3yJIbTaTE YEro MepeBoJi OyAeT OCYIIECTBIEH HEBEPHO. ITO OOBIYHO
MPOUCXOIUT MpU OOJIBIIOM 00bEME IJI0OXO OPraHW30BaHHOM MHbopMaruu. M, HakoHell, Ha MocJe-
HEM JTamne CTpeMIICHHE YelioBeKa ObIcTpee 3ahuKCUpoBaTh MH(POPMALIKIO YaCTO MPUBOIUT K TOMY,
YTO MPEJCTaBICHUE 3TON MH(OPMALMU OKa3bIBACTCSI HETOYHBIM, CO3/1aBas CUTYAIHIO JUIsl TOcie-
JyIOUIel HEOAHO3HAYHOM €€ HHTEpIPETaIH.
2.4. OcHOBHBIE TyTH OOPBLOBI € OIINOKAMM.
Y4uteiBasi paCCMOTPEHHBIC OCOOCHHOCTH JISHCTBUI YeIOBEKA IIPH  MEPEBOJIE MOXKHO YKa-
3aTh CJICIYIOIIME MMyTH OOPHOBI C OITUOKAMH:
* Cy)KEHHE MPOCTpaHCTBA Nepedopa (YIpoIIeHne CO3/1aBaEMbIX CHCTEM),
* obecrieueHue TpeOyeMOTo ypOBHS IMOATOTOBKH pa3padoTunKa (3T0 (YHKIIMH MEHEIKEPOB KOJI-
JICKTUBA Pa3pabOTYNKOB),
* obecrnieueHre OIHO3HAYHOCTH UHTEPIPETALMU IPeICTaBIeHUs HHPOpMAaLIUH,
* KOHTPOJIb IPABIIIBHOCTH TepeBoa (BKI0YAs U KOHTPOJIb OJHO3HAYHOCTH MHTEPIIPETALINH).
YnpaxkHeHus K JeKIHHA 2.
2.1. Ymo maxoe npocmas u ciodicHas cucmemol?
2.2. Ymo makoe manas u 6onvuas cucmemv’
Jexkyusa 3.

OBIIUE NPUHLUUIIBI PASBPABOTKHN IMPOI'PAMMHBIX CPEJACTB

Cneyugura pazpabomxu npocpammHuix cpeocms. KuzHenHulil Yyuki npoepammmHozo cpeo-
cmea. Ilonamue kxauecmea npoepammuozo cpeocmsa. QbecneyeHue HAOEHCHOCMU - OCHOBHOU
MOmug paspabomxu npocpammuozo cpedcmea. Memoowvl 60pbbwl co croxcnocmouiro. Obecneue-
Hue mouHocmu nepesooa. Ilpeodonenue bapvepa medxcoy noivioeamenem U pazpadomuyuKom.
Obecneyenue KOHMPOJIAA NPABULLHOCIU NPUHUMAEMBIX PeULeHU.

3.1. Cnennguxa pazpadoTkn NporpaMMHBIX CPeICTB.

Pa3paboTka mporpaMMHBIX CPEJCTB UMEET Psijl crieruduyeckux ocooennocreit [3.1].

* [Ipexxne Bcero, cieayeT OTMETUTh HEKOTOPOE MPOTHUBOCTOSHUE: He(OpMalbHBI XapakTep
tpeboBanuit  k  I[IC  (mocraHoBKM  3amaud) W TOHATHUS ~ OMMOKKM B HEM,
HO (¢hopmanuzoganHnviti OCHOBHOW o0OBeKT paspabotku - mnporpammel IIC. Tem
campiM  pazpabotrka  [IC COJEPKUT  OMNpeiAesieHHble  dTanbl  (Qopmanu3zanuu, a
nepexoJi oT HeopMaIbHOTO K (hOpMaIbHOMY CYIIECTBEHHO HE(OpMAJIEH.

» Paspabotka [1C HOCcUT meopueckuii xapakmep (Ha K&KIOM IIare MPUXOJIUTCS AeNaTh Ka-
KOW-1100 BBIOOP, MPUHUMATH KaKoe-JIH00 pelleHre), a He CBOJUTCSA K BBIMOJIHEHUIO KaKou-
2 () IIOCJIEI0BATEILHOCTU periaMeHTHpOBaHHbIX JeiicTBUi. TeM caMbIiM 3Ta pazpaboTka
OmKe K Mpoleccy MPOSKTUPOBAHUS KaKUX-THOO CIOKHBIX YCTPOUCTB, HO HUKAK HE K UX Macco-
BOMY MPOHU3BOJCTBY. DTOT TBOpueckuil xapaktep paspaborku IIC coxpaHsercs A0 camoro ee
KOHIIa.

* Cnenyer OTMETUTh TakKe€ OCOOCHHOCTh NPOAYKTAa pa3pabOTKH. OH npexcras-
JsieT co00if  HEKOTOPYI0  COBOKYIHOCTb TEKCTOB  (T.e. cmamuyeckux
00BEKTOB), CMBICNT K€ (CeMaHTHKa) OJTHX TEKCTOB BBIpAXXaeTcs MpPOLECCAMHU
00paboTkH JTAHHBIX U NeHCTBUAMU MOJIb30BaTeNeH, 3aITyCKarOIUX 3TH
MIPOIIECChI (t.e. SIBJIICTCS OUHAMUYECKUM,). 210 MpeonpeaesseT BBIOOD

pa3paboTUMKOM psJia CIeUU(PUUHBIX IPUEMOB, METOJIOB M CPEJICTB.
* IIpoaykt pa3paboTku UMeeT U Apyryro cnenupuyeckyro ocobenHocts: I1C npu cBoem uc-
MI0JIb30BAHNN (DKCIUTyaTalliy) HE PACXOAYETCS M HE PacXoJyeT UCIOJb3YEMBIX PECYPCOB.
3.2. 7Ku3HeHHBbIH HUKJI IPOrPAMMHOIO CPEACTBA.

Ion orcusnennvim yuxnom 11C (software life cycle) noHUMAIOT BeCh MEPHOA €0 pa3paboTKH U
9KCIUTyaTaluu (MCIOJIb30BAHUA), HaUMHAs1 OT MOMEHTa BO3HMKHOBeHHUs 3ambicia [IC u koHuas
IPEKpAIICHUEM BCEX BUJIOB €ro Ucnoiab30BaHus [3.1-3.4]. )Ku3HeHHBIN UK OXBaTHIBAET J10-
BOJIBHO CJIOXHBIN TIpoliecc co3nanus u ucnoib3oBanus [IC (soffrvare process). IToT nporecc
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MOJKET OBITh OPTraHM30BaH IO- pa3HOMY Uil pa3HbIX kiaccoB [IC u B 3aBUCUMOCTH OT  0OCO-
OeHHOCTEeH KOJUIEKTHBA pa3paboTYUKOB.

B Hacrosiee BpeMsi MOKHO BBIJCIUTH 5 OCHOBHBIX MOJXO0B K OPTaHU3ALUU TIpoIiecca Co-
3aanud 1 ucnoas3oBanus [1C [3.5].

* Bononanueiii noaxox. Ilpu takom moaxone paszpaborka [IC cocTOUT M3 LIENOYKU ITaloB.
Ha xaxmom oramne CO3/1aI0TCSI  TOKYMEHTBI, HCIOJb3yeMble Ha MOCieayolleM dTarne. B
UCXOJHOM JIOKyMeHTe (ukcupyrorcs tpedoBanus k I1C. B xoHIe 3TOH IEMOYKH CO3JA0TCs MPO-
rpaMmbl, BKIrogaemblie B I1C.

* HccnenoBarenbckoe MporpaMMUpOBaHUe. JTOT MOAXO0J MPEANoiaraetT ObICTPYIO (HACKOJIBKO
3TO BO3MOXHO) peanu3zanuio padounx Bepcuit mnporpamm IIC, BHINOMHSAIOIUX UL B
nepBoM npuOmmKeHnn Tpedyembie (yHkiuu. Ilocie sKcrepuMEeHTATBHOTO IPUMEHEHUS pea-
JM30BAHHBIX MPOTPaMM MPOU3BOJIUTCA UX MOAU(UKALKS C LENbI0 caenaTh ux 0osiee MoJIe3HbI-
MU JIJIS TIOJIb30BaTeNiell. DTOT MpoIece MOBTOpseTCs 10 TexX mop, noka I[IC He Oyzaer mocTatodHo
npuemiieMo Ui oip3oBareneil. Takol mMoAXon MPUMEHsUICS Ha paHHUX JTanax pas3BU-
THUS IPOTPAMMHUPOBAHUS, KOTAA TEXHOJIOTMH MPOTPAMMHUPOBAHMS HE IPHIABATH OOJBIIOTO
3HaueHUs (MUCMOJIb30BAIaCh MHTYUTHBHAs TeXHoJorus). B HacTosiiee BpeMs JTOT TOIXOJ
npuMensercs g paspaborku Takux [IC, nmias KOTOPBIX MOJB30BATENH HE MOTYT TOUYHO
chopmynupoBaTh TpeboBaHusl (Hampumep, AJisi pa3pabOTKU CUCTEM HCKYCCTBEHHOT'O MHTEIIEK-
Ta).

* [IporoTunupoBanue. 3toT MOJIXOJ MOJIETUPYET HaYaJIbHYIO da3zy uccieno-
BaTEJIbCKOr0 MPOrPaMMUPOBAHUS BIUIOTH IO CO3JaHUS pabOYMX BEPCHIl MpOrpaMMm,  IpenHa-
3HAYEHHBIX JJIs TPOBEIEHUS OSKCIEPUMEHTOB C I[elbl0 yCcTaHOBUTH TpeboBanug k [1C. B
JalbHENIIEM JTOJIKHA nociieoBaTh pa3padorka I1C no ycTaHOBIEHHBIM TpeOOBaHUSAM B paMKax
KaKkoro-nmm0o Apyroro noaxoja (Hampumep, BOAOIMAIHOTO).

» OopmanbHbIe MTPeoOpazoBaHmsl. DTOT MOAXO/ BKIIOYAET pa3paboTKy (GopManmbHBIX cnenudu-
kauuit IIC wu mpeBpamieHue uX B HporpaMMbl IIyTeM KOPPEKTHBIX MpeoOpa3zoBanuii. Ha
sToM Tonxone Oazupyetrcss kKommbioTepHas TexHonorust (CASE-texnonorus) paspadotku [1C.

+ COopoyHOe mporpaMMHUpoBaHue. ITOT mnoaxon npeamnonaraer, uyro IIC koHcTpym-
pyeTcs, T1aBHBIM 00pa3oM, U3 KOMIIOHEHT, KOTOPBIE YXKe CYIIECTBYIOT. Jl0JI’KHO OBITh HEKOTOPOE
XxpaHwiniie (6u0IMoTeKa) TaKUX KOMIIOHEHT, KaX/1as U3 KOTOPBIX MOXET MHOTOKPAaTHO HUCIOJb-
3oBaThcs B pasHbIX [IC. Takue KOMIOHEHTHI HA3BIBAKOTCS NOBMOPHO UCnonb3yemvimu (reusable].
[Tponecc pazpabotku I1C npu 1aHHOM MOAX0/E€ COCTOUT CKOpee U3 COOPKH MPOrpaMM U3 KOMIIO-
HEHT, YeM M3 UX MPOrpaMMHUPOBAHMUSL.

B namem kypce jekiuil Mbl, B OCHOBHOM, OyJeM paccMaTpuBaTh BOIOMAIHBIA MOJIXOA C
HEKOTOPBIMH MOIU(UKAIUIME. BO-TIEpBBIX, TIOTOMY, YTO B 3TOM ITOIX0/I€ PUXOAUTHCS UMETH Jie-
710 ¢ GOJIBIIMHCTBOM MPOLECCOB MPOrPAMMHOM MHKEHEPHH, a, BO-BTOPBIX, IOTOMY, YTO B paMKax
ATOTO MOAXOAA CO3/1aeTCsl OOJBIIMHCTBO OOJIBIIUX MPOTPAMMHBIX cHcTeM. IMEHHO 3TOT moj-
X0Jl paccMaTpuBaeTcs B KayecTBE MHAYCTPHAJIBHOTO MOJAX0Ja pa3pabOTKU MPOrpaMMHOTO
obecneuenus. McciaenoBarenbckoe NporpaMMUpOBaHUE UCXOIUT U3 B3TJIsa HA MPOrpaMMHUP O-
BaHUE KaK Ha UCKyccTBO. OHO MPUMEHSETCs TOT/a, KOTJa BOJOMAIHBIN MOIX0/] HE MPUMEHUM H3-
3a TOTO, 4TO HE ynaercs To4Ho chopmynupoBarh TpeOoBanus k [IC. B Hamem Kypce MbI 3TOT
MOJIX0/ paccMarpuBath He OyaeMm. [IpoToTunupoBaHue paccMaTpUBAETCS KaK BCIOMOTATEIbHBIN
MOJIXOJI, UCTIOJB3YEMBIH B paMKaxX JIPYrHX IOAXOJOB, B OCHOBHOM, JUJIsi TIPOsICHEHUs TpeOoBa-
Huit k [IC. KomnbpioTepHoil TexHonoruu (BkJro4as o0cyxaeHue xxusHennoro nukia I1C, co-
31aHHOT0 10 ATOM TEeXHOJIOruM) OyAeT MOCBAlIeHa OTAeIbHas Jekuus. COopouyHOe MporpaMMHu-
pOBaHME MBI B HallleM Kypce€ paccMaTpuBaTh He OyJaeM, XOTS O MOBTOPHO HCIOJIB3YeMbIX MpO-
TPaMMHBIX MOAYJISIX MBI TOBOPUTH OyzieM, 00CyX/1asi CBOMCTBA POTPAMMHBIX MOJTYJICH.

B pamkax BojomagHOro moJxoja pa3andaioT ClIeAyolue cTaauu Ku3HeHHoro mnukia [1C
(cMm. puc. 3.1): paspaborky I1C, mpousBonctBo nporpaMmMmHubix u3aenuit (IT1M) u sxcruryaranuro
I1C.

Cranus paspabomku (development) TIC cocTouT M3 dTama €ro BHEIIHETO OIMUCAHUS,
stana koHcTpyuposanus [1C, atana xkogupoBanus (mporpammupoBaHue B y3kom cMmbiciae) [1C u
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srana arrectanuu IIC. BceM 3TuM 3TanmaM cOmyTCTBYIOT IpPOLIECCHl JOKYMEHTHPOBAHUS U
ynpaBnenus (management) I1C. DTanbl KOHCTPYUPOBaHUS M KOJAUPOBAHUS YACTO MEPEKpPhIBa-
I0TCSl, MHOTJA JOBOJBHO CHJIBHO. JTO O3HA4aeT, 4TO KOJUPOBAHME HEKOTOPBIX 4YacTEd Hpo-
IPaMMHOTO CPEJCTBAa MOXKET ObITh HAUATO JI0 3aBEPIICHUS dTana KOHCTPYUPOBAHHUS.

Cmaous nPpot3800CIe
HPOZPAMMNBLY 1302150

Crradus pazpadonmu I1C .
pap CHUIONR IRCAYQIantn

1c

husa npsesenis HHC

Geaza conposoxcoeni [1C
Dman greinero

ostucaniin 1H1C
DHtcen cmmice R

e

3man koucnipyn-

posanus He D KOAUDOGUIHNA

HC

Puc. 3.1. Craguu u ¢a3sl xuznennoro mukia [1C.

Oran enewnezo onucanus I1C BKIOYaeT mpoueccsl, NPUBOJAIIME K CO3/IaHUI0 HEKOTOPOTO
TOKYMEHTAa, KOTOPBIH MBI OyZieM Ha3bIBaTh 6HewHUM onucanuem (requirements document) I1C.
OTOT NOKYMEHT siBsieTcst onucanueM nosefeHus 11C ¢ Touku 3peHus BHEIIHEro Mo OTHOIle-
HUIO K HEMy HabOuronartens ¢ ¢ukcanueil TpeOoBaHUN OTHOCHUTENBHO €T0 KayecTBa. BHemHee
onucanue [IC HaunHaercsa ¢ aHanu3a u onpeneneHus Tpedosanuii k I[1C co ctopoHs! mosb3o0BaTe-
nelt (3aKka3urKa), a TaK)Ke BKIFOYACT MPOIECCH crieuUKanum dTUX TpedoBanuii. Koncmpyupo-
eanue (design) I1C oxBaTbIBaeT mporeccel: pa3pabotky apxutektypsl IIC, pazpaboTky cTpyk-
Typ nporpamm IIC u ux aeranpHyto cnenupuKalmio.

Koouposanue (coding) T1C BkitouaeT Mpouecchl CO3JaHHsl TEKCTOB MPOTpaMM Ha SI3bIKaX
IporpaMMHUpOBaHKe, UX OTIaAKy ¢ TectupoBanueM [1C.

Ha srane ammecmayuu (acceptance) 11C npousBoautcs onenka kadecta [1C. Ecnu aTa
OIIEHKa OKa3bIBaeTCsl MpuemMieMoil s npaktuyeckoro ucnoias3oBanus 11C, To pazpabotka I1C
CUMTAETCsl 3aKOHUYEHHOU. ITO 0OBIYHO O(opMIIseTcs B BUJIE HEKOTOPOTO JOKYMEHTa, (PUKCH-
pYIOIIIETO pelieHrne KOMUCCUH, mpoBoasuieit arrecranuio [1C.

IIpoepammnoe uzdenue (IIH) - >x3eMnisp unu konus pazpadorannoro [1C. Mzeomosnenue
[IN - 3TO0 mporecc reHepanuy U/Mid BOCIPOU3BEAEHUS (CHITUS KOMUU) MPOTPaMM U MpO-
rpaMMHBIX HO0KYMeHTOB [IC ¢ menpr0 MX NOCTaBKM MOJIB30BATENI0 JUISI NPUMEHEHHS IO
Ha3zHaueHuto. IIpouzsoocmeo 1IN - 3TO COBOKYIMHOCTH pabOT MO OOECMEYEHUIO M3TOTOBJICHUS
Tpedyemoro komuuectBa [IU B ycranosnenHsie cpoku [3.1]. Ctagus mpousBonacta [I1 B xu3-
HeaHoM 1ukie IIC sBisercs, no-CymiecTBy, BBIPOKIACHHON (HE CYIIECTBEHHOM), TaK KakK IMpe.-
CTaBJIIET PYTUHHYIO pabOTy, KOTOpass MOXeET ObITh BHINOJHEHA aBTOMAaTUYEeCKH U 0e3 OmIHOoK.
OTHUM OHA NPUHLIMIHAIBHO OTJIMYAETCS OT CTA/IUU MPOU3BOJICTBA PA3IMUYHON TeXHUKHU. B cBs3U ¢
3TUM B JINTEPATYpPE 3Ty CTAJMUIO, KAK MPABUIIO, HE BKIIIOYAIOT B )KU3HEHHBbIN 1uki [1C.

Cragus sxcnnyamayuu I1C oXBaThIBaeT MpOIECCHl XPAHEHUS, BHEIPEHUS U COMPOBOXKACHUS
IIC, a Taxxe TpaHcnopTupoBkH U npuMeHeHus IIM mo cBoemy HasHaueHuto. OHa COCTOUT U3
NBYX MapajijiesibHO mpoxoasamux ¢a3: ¢asel npumenenus [IC u ¢as3er conpooxaenus [IC [3.4,
3.5].

Ilpumenenue (operation) 1IC - s10o ucnonws3oBanue [IC ana pemeHUs NPaKTHIECKUX
3a/1a4 Ha KOMIIBIOTEPE MTYTEM BBIIIOJIHEHHSI €€ IPOrpamM.

Conposoorcoenue (maintenance) 11IC - 310 mponecc coopa urdopmaruu kadectse [IC B
OKCIUTyaTalllii, YCTPaHEHUS OOHAPYKEHHBIX B HEM OIIMOOK, €ro JAOpabOTKH M MOAU(UKAIMHU, a
TaKK€ M3BEIICHMS IT0JIb30BaTENIC O BHECEHHBIX B Hero n3MeHenusx [3.1,3.4,3.5].

3.3. IlonsiTHe KayecTBa MPOrPaAMMHOIO CpeaCTBa.
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Kaxnoe I1C n1omKHO BBIOIHATE ONpeAeNeHHbIe (YHKIMHU, T.€. 1elaTh TO, YTO 33ayMaHo. Xo-
poutee IIC nomkHO o0nanaTh ele LEeIbIM PsiioM CBOMCTB, MO3BOJIAIOLUIMM YCIEUIHO €ro MCHOJIb-
30BaTh B TEUCHHUH JTUTEIBHOTO MEpUoia, T.€. 00JaaaTh ONpeaesieHHbIM KauecTBoM. Kauecmao
(quality) TIC - 3TO COBOKYIHOCTb €r0 4epT U XapaKTEPUCTHK, KOTOpbIE BIUAIOT HA €ro Crocoo-
HOCTh Y/OBJIETBOPATH 3aJaHHBbIE MOTpeOHOCTH mosb3oBaTenei [3.6]. DTo He O3HAyaeT, 4To
pasublie [IC goykHbl 0071a1aTh OJHON U TOM K€ COBOKYMHOCTBIO TAKUX CBOWCTB B MX HaWBbICIIEH
CTENEeHU. DTOMY IPENATCTBYET TOT ()aKT, 4TO moBbimeHUe kadecTBa [IC mo ogHOMY M3 Takux
CBOMCTB 4acTO MOXeET OBbITh JIOCTUTHYTO JIMILIb [IEHONH W3MEHEHHsI CTOMMOCTH, CPOKOB 3aBEpPLICHUS
pa3paboTKu U cHIKeHHus kadectBa 3toro IIC mo apyrum ero cBoiictBam. KauectBo IIC siBnsieTcs
yIIOBJIETBOPUTEIBHBIM, KOI/1a OHO OOJIaJaeT yKa3aHHbIMH CBOWCTBAMH B TaKOHl CTeneHH, 4TOObI
rapaHTHPOBaTh YCIEIIHOE €r0 UCI0JIb30BaHHE.

CoBokynHocTh cBoiicTB IIC. koTOpas oOpa3yeT yIOBIECTBOPUTENIBHOE IS I0JIb30BATEIs
kauectBo [1C, 3aBUCHUT OT ycnoBUH U XapakTepa 3kcruryatauuu storo [IC. T.e. oT mo3unuu, ¢
KOTOPO# JOJKHO paccMarpuBarbest kauecTBo 3Toro [IC. ITostomy npu onucanuu xkadectsa [1C,
MPEXIE BCEro, JOJDKHBI OBITh (MKCUPOBaHBI kpumepuu otbopa tpedyemsbix cpoiicte [IC. B
HacTosllee BpeMs kpumepuamu xkasecmea //C (criteria ofsofnvare quality') TIpUHATO CUUTATH
[3.6-3.10]:

* (pyHKIIMOHAJIBHOCTb,

* HAJEKHOCTb,

* JIETKOCTb IPUMEHECHHUS,
* 3(pPeKTUBHOCTD,

* CONPOBOXKIAEMOCTb,

* MOOWJIBHOCTb.

Dynkyuonanvrocmy - 310 crnocodHocTh [IC BHINOIHATE HA00P QYHKIMI, YIOBIETBOPSIOIINX
3aJJaHHBIM WJIM TIOApa3yMeBaeMbIM MOTPEOHOCTSAM Tojb3oBareneid. Habop ykazaHHBIX (yHKIHHA
omnpezensaerca Bo BHemHeM onucanuu [1C.

Haoeaxcrnocmv monpobHO 00CyK/1amach B MEPBOM JISKITHH.

Jleckocmb npumenenus - 310 xapakrepuctuku [1C, koTopble MO3BOISAIOT MUHUMHU3UPOBATh
YCHJIMSL TIOJIb30BaTENs MO MOJArOTOBKE MCXOJIHBIX JaHHBIX, npuMeHeHuto IIC u oueHke mo-
JY4EHHBIX pE3YyJbTAaTOB, a TAK)KXE BBI3BIBAThH IIOJOKUTEIbHBIE AMOLMM OIPEIEICHHOIO WU
[10/Ipa3yMeBaeMOr0 M0JIb30BaTElIsl.

A dhexmusnocmv - 3TO OTHOLIEHHE YPOBHS YCayr, npenoctanisemMbix [IC mosb3oBaTento
IIpY 33JaHHBIX YCIOBUSIX, K 00bEMY HCIOIb3YEMBIX PECYPCOB.

Conposoxcoaemocms - 310 XapakrepucTuku I1C, koTOopble MO3BOJISAIOT MMUHUMHU3UPOBATH
YCHJIUSI IO BHECEHUIO U3MEHEHUH ISl yCTPAHEeHUs B HEM OMIMOOK U 1O ero MoaAu(UKaIluu B CO-
OTBETCTBUM C U3MEHSIOIUMHUCS MOTPEOHOCTAMHU IOJIb30BaTENEH.

Mobunvrocmy - 310 ciocodHocTh [1C ObITh TEpEeHECEHHBIM U3 OJIHOM cpeibl (OKpYKEHHS) B
JIpYTyI0, B 4aCTHOCTH, ¢ ogHoi DBM Ha npyryro.

OyHKIMOHATBHOCTh U HAJEXKHOCTh SIBISAIOTCA 00s3aTeNbHBIMU KPUTEPUSIMHU KayecTBa
[1C, npuuem oOecrieueHre HaACKHOCTU OyAeT KpPacCHOW HHUTBHIO MPOXOIUTH IO BCEM dTaraM U
nporeccam pazpadotku I[1C. OcTtanbHBIE KPUTEPUN HCTOIB3YIOTCS B 3aBUCHMOCTH OT MOTPEOHO-
cTeil mosib30Bareneil B coorBeTcTBUM ¢ TpeboBaHusAMH K [IC - ux obecrneuenue Oyner oOCyxk-
JaThCA B MOAXOISAIIMX pa3jenax Kypca.

3.4. ObecneyeHHe HAJEKHOCTH - OCHOBHOW MOTHB pa3paloTKM NPOrpamMMHBIX
Cpe/ICTB.

PaccmoTpuM Teneps oburume mpuHIUIBI obecrnieueHus: HagexxHoctu [1C, 4To, Kak MBI yxe
MOTYEPKUBAJIN, SIBISIETCS OCHOBHBIM MOTHBOM pazpabotku [IC, 3anmarounmm creuudpuyeckyro
OKpacKy BCEM TEXHOJIOTHUECKUM mpoueccaM pa3padorku [IC. B TexHUKe U3BECTHBI YETHIPE MO/I-
xoaa obecrnieueHuto HaaexkHOCTH [3.1 1]:

* MpenynpexaeHue OuIooK;
* caMOOOHapYyKEHHE OMINOOK;
* CaMOWCIIPaBJICHHUE OUIHOOK;
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* o0ecrnieueHne YCTOWYMBOCTH K OITHOKaM.

[enbto moaxoaa MpeaynpekIeHus: OUIMOOK - HEe JOMYCTUTh OIMOOK B TOTOBBIX MPOAYKTAX,
B HameM ciydae - B [IC. IIpoBenenHoe paccMoTpeHue MpUpOasl omubok mpu pazpadotke I1C
MO3BOJISIET JUISl JOCTUKEHUS ATOM 1€ CKOHIEHTPUPOBATh BHUMAaHKE Ha CIEIYIOIIUX BOIPOCAX:

* 60pbba CO CIOKHOCTBIO,

* o0ecrnieueHre TOYHOCTH MepeBo/a,

* mpeoJioJieHne Oapbepa MEXTy MOJIB30BaTENIeM U pa3padoTUYMKOM,

* o0ecrnieueHre KOHTPOJIS IPUHUMAEMbIX PEIICHHH.
DTOT MOAXOA CBsI3aH C opraHu3aiueil mporeccoB pazpadorku I[1C, T.e. ¢ TexHOIOTHEH MTpOTpaM-
MupoBaHus. M x0T, Kak MBI yKe OTMeualli, TapaHTUpoBaTh oTcyTcTBUE o1nbOoK B [IC HEBO3-
MOXHO, HO B paMKaX 3TOT0 MOAXOJa MOXHO JAOCTHTHYTh HPUEMIIEMOTO YPOBHS HAJCKHOCTH
IIC.

OcTanbHble TPU NMOAXO0JA CBSA3aHbl C OpraHU3aluell caMUuX IPOAYKTOB TEXHOJIOIMH, B HAIlIEM
ciaydae - nporpaMMm. OHU YYUTHIBAIOT BO3MOKHOCTH OLIMOKH B mporpammax. CamooOHapyKeHue
OIIMOKM B MpOrpaMMe O3HAYAET, YTO MpOrpaMMa COJEPKUT CPelicTBA OOHAPYKEHHUs OTKa3a B
npoiecce ee BoimodHeHuss. CaMoucnpaBlieHue OMIMOKHA B MporpaMMe 03HadaeT He TOJIbKO 00-
Hapy>KeHHE O0TKa3a B MPOLIECCE €€ BBINOJHEHUS, HO U UCIIPaBJICHHUE MOCJIEICTBUNA 3TOr0 OTKas3a,
JUISL 4ero B IporpaMMe JOJKHBI UMEThCS COOTBETCTBYIOIIKE cpeacTBa. ObecnedeHue ycTou-
YUBOCTU MPOTPAMMBI K OIIMOKAaM O3HA4aeT, YTO B MPOrpaMMe COAEPKATCs CpPeICcTBa, MO3BO-
JSIONIME JIOKATU30BaTh O0JACTh BIMSHHUS OTKa3a MPOTPaMMBbI, MO0 YMEHBIIUTh €r0 HENpHsT-
HbIE TIOCJIEJICTBHUS, @ MHOT/Ia MPEIOTBPATUTh KaTacTpopuuecKue NocieacTBus oTkasza. OmqHa-
KO, 3T MOJXOJbl UCIOIB3YIOTCSA BeCbMa PelKko (MOXKET ObITh, OTHOCUTEIHLHO Yallle UCIIONIb3YeT-
csi obecrieueHue yCTOWYMBOCTH K ommOkam). CBS3aHO 3TO, BO-TIEPBBIX, C TEM. YTO MHOTHE
NPOCTHIE METOJbI, UCIOJIb3yeMble B TEXHHKE B paMKax 3THX MOAXOA0B, HEMIPUMEHUMBI B MPO-
rpaMMHPOBAHUH, HAIIPUMEP, AyOITMPOBAHUE OTACIBHBIX OJJOKOB M yCTPOMCTB (BBITIOJIHEHHE JIBYX
KONUN OJHOM M TOM ke mporpaMMsel Bcerja OyAeT NMPUBOIUTH K OAMHAKOBOMY 3¢ (deKTy - mpa-
BWJIBHOMY WJIM HETPABWIBHOMY). A, BO-BTOPBIX, 0OABJICHHWE B MPOTPAMMY JOIOJHUTEIBHBIX
(parMeHTOB MPUBOJIUT K €€ YCIOKHEHUIO (MHOTJA - 3HAUUTEIIbHOMY), YTO B KaKOi-TO Mepe Me-
[1aeT METOJIaM MPEeayNPEKIAECHUS OIINOOK.

3.5. Metoab1 00pbObI CO CTT0KHOCTHIO.

Me1 yxxe o0cyaaiy B JIEKIMH 2 CYITHOCTh BOMIPoca OOPHOBI CO CIIOXHOCTHIO TIPU pa3padoT-

ke I1C. M3BecTHBI ABa 001X MeTOa OOPHOBI CO CIIOKHOCTBIO CHCTEM:
* obecrieueHHsI HE3aBUCUMOCTH KOMIIOHEHT CHUCTEMBI;
* HCIIOJIb30BAaHHE B CUCTEMAaX MEPaApXUUECKUX CTPYKTYP.

ObecrieueHne HE3aBUCUMOCTH KOMIIOHEHT O3HAayaeT pa3OMeHue CUCTEMbl Ha TaKue YacTH,
MEX]ly KOTOPBIMHU JIOJDKHBI OCTAThCS 110 BO3MOYKHOCTH MEHbIIE cBsA3eid. OJHUM M3 BOIUIOIEHUN
ATOr0 MeToJa ABIseTCS MOJYJIbHOE IMporpaMmMupoBaHue. Mcnonb3oBaHue B cucteMax uepap-
XMUYECKUX CTPYKTYp TMO3BOJIAET JIOKATU30BaTh CBSA3M MEXIY KOMIIOHEHTaMHM, JOIYCKas WX JIMIIb
MEXIy KOMIIOHEHTaMH, MPUHAUICKANIMHA CMEKHBIM YPOBHSM HEpapXuu. DTOT METOJ, No-
CYyIECTBY, O3HayaeT pazOueHHue OOJbLIONW CHCTEMBI Ha MOJCHCTEMBI, 0Opa3yIOIUX MAIYIO CH-
cTeMy. 3/1eCh CYIIECTBEHHO UCIIOJIB3YETCsl CIOCOOHOCTD YesloBeKa K abcTparupoBaHUIo.

3.6. O0ecneyeHue TOYHOCTH NepPeBOJA.

ObecrnieyeHne TOUHOCTH MEPEBOJa HAIIPABJIEHO HA JIOCTH)KEHUE OJHO3HAYHOCTU WHTEpIIpe-
TallMM JIOKYMEHTOB Pa3IMYHbIMU pa3zpaboTuukamu, a Takxke monb3oBarerasimu [IC. Dto Tpebyer
NpUIEPKUBATHCS MPU MEPEBOJIE ONMpPEACICHHON NUCHUILINHBL. Maliepc mpejanaraer HCIHOJb-
30BaTh OOILIYI0 NTUCHUMIJIMHY pelIeHUs 3aJad, pacCMaTpuBas MEPeBOJl KaK pelleHue 3a7auu
[3.11]. Jly4mum pykoBOACTBOM IO peuIeHHUIo 3ajay oH cuuTaeT kHury lloia "Kak pemars
3amauy" [3.12]. B cooTBeTCTBHHU C 3TUM BECh MPOIIECC MEPEBOIA MOKHO Pa30UTh HA CIIEYIOLIHE
STarbl:

* Ilolimure 3agauy;
* CocTaBbTe MIaH (BKJIIOYAs eI U METO/Ibl PEIICHUS);
* BeimonauTe M1aH (MpOoBEpsisi MPaBUILHOCTH KaXKIOTO 111ara);
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* IIpoananu3upyuTe MOJy4EHHOE PELICHHUE.

3.7. IIpeonosienue 6apbepa Meka1y MOJIb30BaTeJeM U Pa3padoTYHMKOM.

Kak obecrieunts, 4To0bl I1C BBIMONHSIIA TO, YTO MOJIB30BATEII0 PAa3yMHO OXKHIATh OT Hee?
Jns 3TOoro HeoOXOAUMMO MPAaBUIIBHO MOHATH, BO-IEPBBIX, UETO XOYET IMOJIb30BaTENb, U, BO-
BTOPBIX, €T0 YPOBEHb MOATOTOBKH U OKPYXAKIIYyI0 ero o0ctaHoBKy. I[Ipu paspabdotke I1C cie-
JyeT MPUBJIEKATh MOJIb30BATENS JIJIsl yUacTUsl B MIpolieccax MPUHITHUS PELICHHH, a TakKe THIaTelNb-
HO OCBOHWTH OCOOEHHOCTH €T0 paboTHI (JTydlle BCEro - moobIBaTh B ero "mkype").

3.8. KoHTpoJib NpUHUMAaeMbIX pelleHH.

OO0s3aTenbHBIM IIAroM B KaXXJ0M mporecce (3tame) pazpadorku [IC momkHa ObITH MpoBEpKa
MPABWJILHOCTU MPUHATHIX PEHICHUU. DTO MO3BOJUT OOHAPYKHMBATH U UCIPABIATH OMIMOKU Ha
caMoil paHHEH cTaauu Mocie ee BOSHUKHOBEHHUS, YTO, BO-IMIEPBHIX, CYIIECTBEHHO CHIDKACT CTOU-
MOCTb €€ UCIPABIICHUS U, BO-BTOPBIX, MOBBIIIAET BEPOSITHOCTH IPABUIIBHOTO €€ YCTpaHEHHUSI.

C yuerom crientupuku pazpadbotku [1C HeoOXoquMo MPUMEHSTH BE3/E, T/Ie 3TO BO3MOXKHO,

* CMEXHBI KOHTPOJIb,
* COYeTaHWE KaK CTATUYECKHUX, TAK ¥ JHHAMHUYCCKUX METOJIOB KOHTPOJIS.

CMeXHBI KOHTPOJb O3HAYAET, MPOBEPKY MOJIYYEHHOTO JOKYMEHTa JHUI[AMH, HE Y4acTBYIO-
IIMMH B €ro pa3paboTKe, C JBYX CTOPOH: BO-IIEPBHIX, CO CTOPOHBI aBTOpa MUCXOJHOIO ISl KOH-
TPOJMPYEMOT0 Ipolecca AJOKYMEHTa, U, BO-BTOPBIX, JHUIAMH, KOTOpble OyAYyT HMCIOJIB30BaTh
MOJTyYEHHBI JJOKYMEHT B KAa4eCTBE MCXOJHOTO B MOCHEAYIOIHX TEXHOJOTHYECKHX IpoIlec-
cax. Takoii KOHTPOJb MO3BOJISIET 00ECIIEUNBATh OJHO3HAYHOCTh MHTEPIPETALNH MTOJTYYEHHOTO
JIOKYMEHTA.

CoueraHue CTaTHYECKUX U TUHAMUYECKHX METOJ0B KOHTPOJISI O3HAYaeT, YTO HYKHO He
TOJIBKO KOHTPOJIMPOBATh JOKYMEHT KaK TaKOBOH, HO M NPOBEPSTh, KaKOW mporecc oO0paboTKu
JAHHBIX OH OIHUCHIBAeT. DTO OTpaXkaeT oAHy U3 crneunduueckux ocodeHHocts I1C (cratnueckas
dbopMa, TMHAMHYECKOE COJICPIKAHHUE).

YupaxsHenus K Jexkuuu 3.

3.1. Ymo maxoe sHcuznennwlil yuka npoepammuozo cpeocmaa (I1C)?
3.2. YUmo maxoe enewnee onucarue 11C?
3.3. YUmo maxoe conpogoscoenue I1C?
3.4. Ymo maxoe xauecmeo I1C'?
5.1. Ymo makoe cmedncHwili KOHMPOIb?
Jexkyus 4.
BHEIIHEE OITUCAHUE ITPOTPAMMHOI'O CPEJICTBA

Ilonamue 6HewHe20 onuUCaHus, e20 HA3HAYeHUe U POoJib 8 obecneyeHuly Kavecmea npo-
epammHoco cpeocmea. Onpedenenue mpedoosaHuli K npocpammuomy cpeocmsy. Cneyuguxayus
Kavecmea Nnpocpammuozo cpeocmea. OCHoGHble NPUMUMUBHI KAYeCm8d NPOSPAMMHO20 Cpeo-
cmea. YHKYUOHANbHAS cneyuduKkayus npoepammuozo cpeocmea. Konmpono enewnezo onuca-
HUAL.

4.1. HazHaueHMe BHEIIHEr0 ONMUCAHMS NMPOrPaAMMHOIO CPeICTBAa U ero poJib B odecme-

YeHHH Ka4ecTBAa MPOrpaMMHOI0 CpeacTBa.

Pa3zpaboTrunkam OONBIINX MTPOTPAMMHBIX CPEJICTB MPUXOIUTCS PeIIaTh BecbMa crienudude-
CKHE U TpyIHble mpobiembl, ocobeHHo, ecau 3To IIC moikHO mpeacTaBisiTh coOoi mpo-
IPAMMHYIO CHCTEMY HOBOTO THIa, B TUIOXO KOMIBIOTEPH3UPOBAHHOW MPEAMETHON 00JIacTH.
Pazpabotka I1C naunHaetcs ¢ nporecca ¢popmynupoBanus TpeboBanuii k I1C, B KoTOpom, UCX 0-
ISl U3 JOBOJIBHO CMYTHBIX TIOXKETaHHWH 3aKa3unKa, JOJKEH OBITh MOJYYCeH JOKYMEHT, JOCTaTO Y-
HO TOYHO OMpeAensomuil 3aaaun pa3padorynkoB [IC. DTOT TOKYMEHT MBI Ha3bIBa€M GHEUHUM
onucanuem I1C.

Ouenp vacto TpeboBanusa k [IC myrarT ¢ TpeOoBaHUSMU K TpolieccaM ero pa3paboTku
(TexHosornyeckuM mnporeccam). [lociennue He ciaeayeT BKIIOYATh BO BHEIIHEE OMHUCAHUE, €CIU
TOJIKO OHU HE CBsI3aHbl ¢ oleHkoi kauecTBa IIC. B ciyyae HeoOxoaumMocTH TpeOOBaHUS K
TEXHOJIOTHYECKUM IIpolieccaM MOKHO O(pOPMHUTH B BHUJE CaMOCTOSITEILHOIO TOKyMEHTa, KOTO-
pBIi OYZeT UCIIONIb30BATHCS MPH yIpaBieHuu pa3padoTtkoii [1C.
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Buemnee onucanue IIC urpaer posib TOYHOH IOCTAaHOBKM 3aJauyM, pPELIEHUE KOTOPOU
noJkHO obOecrieunTh paspadarsiBaemoe [1C. bonee Toro, oHO HOMKHO coxepkarh BClO HH(pOpMa-
U0, KOTOPYIO HEOOXOAMMO 3HATh MoJb30Barento 1t npumenenus [1C. OHo sBsieTcs NCXOAHBIM
JOKYMEHTOM JUIsl TPeX MHapajie]bHO MPOTEKAINUX MPOIECCOB: pa3pabOTKU TEKCTOB (KOH-
CTPYUPOBAHUIO U KOAUPOBAHHUIO) mporpamm, Bxoasumux B IIC, pa3paboTku 1O0KyMEHTALlUH 110
npumereHuto [1C u pa3paboTKH CyIEeCTBEHHOW YacTH KOMIUIEKTa TecToB sl TectupoBanus 11C.
OmmOKM ¥ HETOYHOCTH BO BHEIIHEM ONUCAaHWHU, B KOHEYHOM cYeTe, TPaHCHOPMUPYIOTCS B
omn6Oku camoii IIC u 00xoasaTcss 0COOEHHO JOPOTro, BO-MIEPBBIX, IOTOMY, YTO OHH JIEJAIOTCS Ha ca-
MOM paHHeM dTarne pa3pabotku [1C, u, BO-BTOPBIX, IIOTOMY, YTO OHU PACIPOCTPAHSIOTCS HA TPH
napajuleNIbHBIX Iporecca. IOTo TpeOyeT MPUHSTHS OCOOCHHO CEpPhE3HBIX MEp MO0 UX Mpeaympe-
KIACHUIO.

HcxoqupiM TOKyMEHTOM JUIsl pa3paboTku BHemHero omnucanus [1C sBusitoTcs onpedenenue
mpebdosanuu K 1IC. Ho Tak kak depe3 3TOT JOKYMEHT IMepeaacTcsl OT 3aKa3uuka (IMOoJb30BaTes) K
pa3paboTunky ocHOBHasi UH(opmalus oTHocutensHo Tpedyemoro [1C, To popmupoBanue 3To-
ro JOKyMEHTAa MpeJCTaBIsIeT cOO00M MOBOJBHO AJIUTEIBHBIN U TPYIHBIN UTEPAIMOHHBIN TIpOLIeCe
B3aMMOJICHCTBHS MEXIY 3aKa3YUKOM M pa3pabOTUYUKOM, C KOTOPOTO M HAYMHAETCA dTal pas-
pabotku TpeboBanuii k [1C [4.2]. TpynHOCTH, BOSHUKAIOIIKAE B 3TOM IPOIECCE, CBSI3AHBI C TEM,
YTO MOJBH30BATEIM YAacTO IUIOXO IMPEACTaBISIIOT, YTO MM Ha CaMOM JeJie HY)KHO: UCHOJB30BaHUE
KoMITbIOTEpa B "y3KHX'" MeCTax NesTeIbHOCTH IOIb30BaTENIel MOKET Ha CaMOM Jielie ToTpedoBaTh
MPUHIIMIIAAIBLHOTO U3MEHEHUS BCeU TEXHOJOTHH 3TOM AEsATEeIbHOCTH (0 YeM IMOJIb30BaTEeIH, KaK
IpaBWiIoO, U HE JorajsiBatoTcs). Kpome Toro, mpoOiembl, KOTOpble HEOOXOAMMO OTPA3UTh B
omnpejaeNeHur TpeboBaHU, MOTYT He UMETh onpeaeneHHoil GopmynupoBku [4.1], uTo npu-
BOJAUT K TMOCTENEHHOMY HM3MEHEHHUIO MOHMMAaHMs pa3zpaboTyMkamMu 3TuUX Ipobiem. B cBs3u ¢
3THM OIpEeAeNIeHUI0 TPeOOBaHUN YAaCTO MPEAIIECTBYET MPOLECC CUCMEMHO20 aHAIU3d, B KO-
TOPOM BBISICHSIETCS, HACKOJIBKO 1ieJiecoo0pa3Ho u peanusyeMo "3akazsiBaemoe" [1C, kak moBiaus-
et takoe [IC Ha JeATenbHOCTh M0JIb30BaTeNe U KaKUMU OCOOCHHOCTSMHU OHO JIOJDKHO 00Ja/1aTh.
Jl1s BbISIBIEHUSI J€MCTBUTEIBHBIX MOTPEOHOCTEN MosIb30BaTeNIel HHOTAA IPUXOAUTCS pa3padarhl-
BaTh YIpPOIIEHHYI0 Bepcuto Tpedyemoro [1C, HazpiBaemyto npomomunom I11C. Ananus "npobHoro"
NpPUMEHEHUs POTOTUIIA TTO3BOJISIET MHOTAA CYIIECTBEHHO YTOUHUTH TpeboBaHus k [1C.

B omnpeneneHuy BHEUIHEro OMUCAHUS JIETKO OpocaloTcs B TIjla3a JIB€ CaMOCTOSTEIbHbIE
ero yactu. Onucanue nosenenus [1C onpenenser pyHKunu, KoTopble A0kHA BeINOAHATE [1C,
IOTOMY €r0 Ha3bIBAIOT @yukyuonanvhou cneyugurayuer 11C. OyHKIMOHaNbHAs crienudukanms
orpezenseT I0MyCTUMBbIE (hparMeHThI IPOrpamMmm, pealu3ylouux JekaapupoBaHHbie GyHkun. Tpe-
6oBanus Kk kadecTBy I1C gomxHBI OBITH CPOPMYITUPOBAHBI TaK, YUTOOBI pa3pabOTUUKY OBLIU siC-
HBI 11enH [4.2], KOTOpbIe OH JOJIKEH CTPEMUTHLCS JOCTUTHYTH Mpu paspadborke storo [IC. Oty
4acTh BHEILIHEro OomucaHus OyleM Ha3blBaTh cneyuguxayueu kavecmea 11C (B nuteparype
€€ YaCcTO HA3bIBAIOT He@VHKYUOHANbHOU cneyudurayuet [4.1], HO OHA, KaK TPaBUIIO, BKITIO-
qyaeT U TpeOOBaHUA K TEXHOJOTrH4eckuM npoueccam). OHa, B OTIAUYHUE OT QYHKIIMOHAIBHOM
crenuQuKaIyy, npeacTapiasercs B HeopMaaTu30BaHHOM BHJIE U UTPAET POJIb TEX OPUEHTHUPOB, KO-
TOpBIE B 3HAYUTEIHHON CTEMEHU OIPEEIIAIOT BBIOOP MOIXOASIIMX ANbTEPHATHB MPU peaTu3alun
byukmuii [1C, a Takxke ompeaenser CTHIb BCeX JOKYMEHTOB M mporpamMm Tpedyemoro [IC. Tem
caMbIM, cllelu(UKalKs KauecTBa UTPAeT PELIAIOILYI0 POJb B 0OecredyeHNH TpeOdyeMoro KauecTBa
I1C.

OO6b14HO pa3zpaboTka crienupHUKaIMI KauecTBa MPeIIecTBYET pa3padoTke PyHKIIMOHAIBHON
cnenudpukanuu I[1C, Tak kak HekoTopble TpeboBaHus kK kadecTBy [IC Moryr mpenomnpenensiTh
BKJIIOUEHUE B (DYHKLIHMOHAJIBHYIO CIEUU(DHUKAIUIO CHeNUaNbHBIX (DYHKIMH, Hampumep, QyHKIUH
3alUThl OT HECAHKIIMOHUPOBAHHOTO JI0CTYINa K HEKOTOPHIM 00beKTaM UH(GOPMALIMOHHOM CpeJIbl.
Takum o6pazom, cTpykTypy BHemHero onucanus [1C MoxHO BeIpa3uTh GopMyInoii:

Buemnee ommcanne [1C = onpenenenue TpeOboBaHuit
+ crenuukanus kagectsa [1C
+ ¢pyaknuonanpHas crnerupukanus [1C
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Takum oOpa3oM, BHEUIHEE OMUCAHHME ONpEeneNseT, YTo AOKHO aenarh 1IC M KakuMu
BHEIIHUMH CBOMCTBaMHU OHO JOJDKHO oOjanath. OHO HE OTBEYAeT Ha BOIMPOCH], KaK JOJKHO
ObITh ycTpoeHo 31o I1C u kak obecrieunTh TpebyeMblie ero BHEIHNE CBOHCTBA. OHO JOIKHO J10-
CTaTOYHO TOYHO U TOJHO OMPENeNsTh 3aJa4l, KOTOpble JOJKHBI PEUINTh pa3paboTuuku Tpedye-
moro IIC. B To e BpeMs OHO JOJKHO OBITh MOHSATO MPEICTABUTENIEM MOJIb30BATEIEM - HA €ro
OCHOBAaHHMM 3aKa3YMKOM JIOCTATOYHO 4YacTO NPUHHUMAETCS OKOHYATEJIbHOE pelleHue Ha 3a-
KIIIOYeHHe JoroBopa Ha pa3zpabotky IIC. BHemHee onrcanue urpaer OosblIyi0 pojb B obecre-
yeHun tpedyemoro kauectBa I1C, Tak kak cnenudukanus KayecTBa CTaBHUT JJisi pa3pabOTUMKOB
[1C xOHKpEeTHBIE OPUEHTUPHI, YIPABIAIONINE BHIOOPOM MPUEMIIEMbIX PEHICHUH NMpH pealu3aluu
crienupUITMPOBAHHBIX (QYHKITUH.

4.2. OnpeneJsieHne Tped0OBaHNi K IPOITPAMMHOMY CPE/ACTBY.

Onpenenenne tpeboBanus k IIC aBasOTCS UCXOAHBIM TOKyMeHTOM pazpabdortku I1C -
3aJlaHueM, OTPAXKAIOIIEeM B aOCTpaKTHON (GopMe MOTPeOHOCTH moib3oBarelss. OHU B OOIIUX Yep-
Tax omnpeaenstoT 3ambicen [IC, XxapakTepus3yroT yclOBUs €ro ucmnoiib3oBaHus. HenpaBunbHoe
MOHUMAaHUE MOTPEOHOCTEH MOIB30BaTENs TPAHCHOPMUPYIOTCS B OIIMOKN BHEITHETO OIUCAHMS.
[Toatomy pa3zpaboTka [IC HaumHaeTcs ¢ CO3aHUsl TOKYMEHTa, JOCTATOUYHO IOJIHO XapaKTepH-
3YIOLIET0 MOTPEOHOCTH MOJIb30BATENS U MO3BOJIIOLIETO Pa3pabOTUUKY aleKBaTHO BOCIPHUHHUMATh
3TH MOTPEOHOCTH.

OmnpenesnieHue TpeOOBAHUN TpeICTaBIsAeT COO0H CMech (PparMEeHTOB Ha ECTECTBECHHOM
SI3bIKE, PA3IIMYHBIX TAONUI U AuarpaMM. Takas cMech, JOJKHA ObITh MOHATHON MOJb30BATEIIO,
HE OPUEHTHUPYIOIIEMYCS B CIELUAJIbHBIX MPOrPaMMHUCTCKUX NOHATUAX. OOBIYHO B OIpenene-
HUU TPeOOBaHUN HE cofepkUTca (OpMalIn30BaHHBIX ()PAarMEeHTOB, KPOME CIy4aeB JOCTATOYHO
IUIS 3TOTO TIOJATOTOBJIEHHBIX MOJIb30BaTENel (HAlpUMeEp, MAaTeMaTHUecKH) - (opMalnu3amus
3TUX TpeOOBaHU COCTABIISIET COICPKAHKE ajbHElIIel paboThl KOJUIEKTUBA Pa3paboTUHKOB.

HenpasmwibHoe noHnMaHue TpeOOBaHMM 3aKa3uMKOM, MOJb30BATENIIMU U pa3pabOTUUKaAMU
CBSI3aHO OOBIYHO C pa3jIMYHBIMU B3IUIs1aMU Ha poib TpeOyemoro I1C B cpene ero ucnonb3oBaHus
[4.1]. TlosTOMy Ba)kHOM 3a7jaueil IpU CO3JAHUM OTIpeAeTeHUs] TpPeOOBaHUI SBISETCS yCTaHOBJICHHE
KOHTeKcTa ucnoib3oBanus I1C, Bkimovaromero csa3u Mexnay 3tum IIC, annapaTypoil u moabpMu.
Jlyuire Bcero 3TOT KOHTEKCT B OMNpEeNIeHUH TpeOOBaHUM NpPEACTaBUTh B Tpaduueckoil popme (B
BUJIE AMarpaMM) ¢ A00aBICHHEM OMHUCAHHK CYIIHOCTEH HCHOIb3yeMbIiXx 00bekToB (6mokoB [IC,
KOMITOHEHT almapaTyphl, IepcoHaia U T.I1.) U XapaKTEPUCTUKU CBSI3€H MKy HUMH.

N3BecTHBI TpH criocoba pa3paboTku onpenenenus tpedosanuit k I1C [4.2]:
* ymopasiisieMasi I0JIb30BaTeleM pa3paboTka,
* KOHTpOJIUpyeMas 0JIb30BaTeIeM pa3paboTkKa,
* He3aBUCHMasl OT MOJIb30BaTelNs pa3padoTKa.

B ynpasnaemoii nonvzosamenem pazpadotke onpenenenus tpedoanuii k I[1C onpenenstorcs
3aKa34MKOM, MPEJCTABJIAIONIMM OPraHU3alldi0 MOJb30BaTeNeld. DTO MPOUCXOIUT OOBIYHO B TeX
cllyyasix, KOTJia OpraHu3alys mojb3oBareiel (3aKka3urK) 3aKI04aeT J0roBOp Ha pa3paboTKy Tpe-
oyemoro I[1C ¢ komtekTuBOM pa3paboTunkoB U TpeboBaHus kK [1C SBASIOTCSA 9acCThIO ATOTO JOTO-
Bopa. Pornb paspaborunka [1C B co3ganum 3Tux TpeOOBaHUI CBOAUTCS, B OCHOBHOM, B BBISICHEHUH
TOT'0, HACKOJIBKO TMOHSATHBI €My 3TU TpeOOBaHMsI C COOTBETCTBYIOIIEH KPUTUKOM paccMaTpuBaeMoro
JOKYMEHTA. DTO MOYKET MPUBOJIUTDH K CO3/IaHUI0 HECKOJIBKUX PEAAKLUNA 3TOr0 JTOKYMEHTA B IIPO-
1[ecce 3aKII0YEeHHs YKa3aHHOTO JOroBOpa.

B konmponupyemoii nonvzosamenem pazpaborke tpedoBanus k I1C dpopmynupyrorcs pas-
pabOTYMKOM TPU yYaCTHH MPEACTABUTEINS MoJIb3oBaTesiell. Poib monp30BaTenst B ATOM Cirydae CBO-
IUTCS K MHPOPMUPOBAHMIO pa3paboTunka o cBoux norpedHocTsax B [IC, a Takke K KOHTPOJIO
TOro, 4ToObl popMylupyemMble TpeOOBaHUS AEHCTBUTENBHO Bblpaxaiu ero notpedHoctu B IIC.
Pazpaborannble TpeOOBaHUS, KaK MPaBUIIO, YTBEPKIAIOTCS MPECTaBUTENIEM TTOJIb30BATEIS.

B nezasucumoti om nonvzosamens pazpadorke tpedoBanus k [1C onpenensroTcs 63 Kakoro-
nu60 ydacTHs MoJab30BaTes (Ha MOJHYI0 OTBETCTBEHHOCTh pa3paboT4HKa). DTO MPOUCKXOIUT
00BIYHO TOTAa, Koraa pa3paboTyuk pemaer co3aaTh [IC mupokoro npuMeHeHus B pacueTe Ha
TO, pazpaboranHoe uM I[1C HaiineT cripoc Ha PHIHKE MPOrPAMMHBIX CPEJCTB.
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C toukwu 3penus obecrnieueHus HaaexkHocT [IC Hanboee mpemoYTUTENBHBIM SIBIISIETCS KOH-
TpOJUpyeMasi MoIb30BaTeNIeM pa3padoTKa.

4.3. Cnenuukanusi Ka4ecTBa NPOrpaMMHOI0 CpeACTBA.

Pa3paboTka cnenudukanmuyu KauyecTBa CBOAUTCSA, MO CYILIECTBY, K OCTPOESHUIO CBOEOOPa3HO
mojenu kadectBa Tpedyemoro [1C [4.2, 4.3]. B aToii Mozenu 1omkeH OBITh IIepedeHb BCeX TeX J10-
CTaTOYHO 2JIEMEHTAPHBIX CBOMCTB, KOTOphIe HeoOXoauMo obOecrieuuts B TpedyeMom I1C u kotopsie
B COBOKYITHOCTH 00pasyloT mpuemiieMoe Juid moisbs3oBarens kadectBo [IC. Ilpu stom kaxmoe w3
9THX CBOICTB JOJDKHO OBITh B JOCTATOYHOW CTENEHU KOHKPETU3UPOBAHO C YUETOM OIpPE/EICHUS
tpeboBanuii k I1C 1 BO3MOXKHOCTH OLIEHKH ero Hanuuus y paspadoranHoro [IC unm HEeoOxomu-
MOH creneHu odnamanusg um >tum [1C.

Jlnsa konkperusauuu kayectsa [IC o kaxaoMy U3 KpUTEPUEB UCIIOIB3YETCSl CTaHAApTU30BaH-
HBIM HAOOp g0cTaTo4HO MPOCThIX CBOMCTB IIC [4.3-4.6], 0JHO3HAYHO MHTEPIPETHPYEMBIX paspa-
6orunkamu. Takue cBoiicTBa Mbl OyneM HasbIBaTh npumumusamu kavecmea 11C. Hexotopsie u3
MPUMUTHBOB MOTYT HCIIOJNb30BaThCA MO HECKOIBKUM KpHUTepusM. Huxe NMpUBOIUTCS 3aBHUCHU-
MOCTb KPUTEPHUEB KauyecTBa OT MPUMUTHUBOB KadecTBa [1C.

DYHKYUOHATLHOCD: 3aBEPIIEHHOCTb.

Haoesicnocmsb: 3aBepIIEHHOCT, TOYHOCTh, aBTOHOMHOCTb, YCTOMYMBOCTD, 3aIUILEH-

HOCTb.

Jleckocmb npumenenus: 11-n1OKyMEHTUPOBAHHOCTh, MH(OOPMATUBHOCTH (TOJBKO MPUMEHU-
TEJIbHO K JOKYMEHTAllMM MO MPUMEHEHUI0), KOMMYHHKa0eIbHOCTh, YCTOMYMBOCTH, 3alllUIICH-
HOCTb.

Opghexmusnocmsv: BpemeHHast 3PpPeKTUBHOCTD, 3P (HEKTUBHOCT MO pecypcaM (1O MaMsiTH),
3P PEKTUBHOCTD MO YCTPOHCTBAM.

Conposooicoaemocms: C NaHHBIM KPUTEPHEM CBS3aHO MHOTO PA3TMYHBIX TPUMUTHBOB Ka-
yectBa. OHAKO UX MOXHO paclpeAeiauTh MO JBYM T'pyMIiaM, BBIIEIUB JABa MOJKPUTEPUS Ka-
YeCTBa: U3y4aeMOCTh U MOAUDUITUPYEMOCTD.

Hszyuaemiocms - 310 Xapaktepuctuku [IC, KoTopble MO3BOISIOT MUHUMHU3UPOBATh YCUIIUS
M0 U3YUYEHHIO U MOHUMaHUI0 porpamMMm u fokymentamnuu [1C.

Moougpuyupyemocms - 3T0 xapakrtepuctTuku [IC, KOTOpbIe MO3BOJISIOT aBTOMAaTHUYECKHU
HacTpauBaTh Ha ycioBus npuMmeHenus [IC uiau ympomaroT BHECEHHE B HETO BPYYHYIO HEOOXO-
JTUMBIX U3MEHEHUN U JopabOTOK.

UzydyaemocTh: C-IOKyMEHTHPOBAaHHOCTh, HMH(DOPMATHUBHOCTH  (31€Ch TMPUMEHUTEIHHO
K  JIOKyMEHTAaIldd [0  CONPOBOXIEHHUIO),  MOHSATHOCTH, CTPYKTYPUPOBAHHOCTD, Y100 0-
YUTAEMOCT.

MoanbuiupyeMocTb:  pacuupsieMoCcTb, MOAU(PUITUPYEMOCTh (B y3KOM CMBICIE, KaK
MIPUMHUTHUB Ka4eCTBa), CTPYKTYPHUPOBAHHOCTh, MOYIBbHOCTbD.

Mobunbnocmy: HE3aBUCUMOCTb OT YCTPONCTB, aBTOHOMHOCTb, CTPYKTYPUPOBAHHOCTH,
MOAYJIbHOCTb.

Huxe narotcs onpenesieHus UCIONb3yeMblX TpUMUTHUBOB KauecTBa [1C [4.3-4.5].

3asepwennocms (completeness) cBONCTBO, XapakTepusymoliee creneHb oOmamanus 11C
BCEMH HEOOXOJMMBIMU YACTSMU M YE€PTaMH, TPEOYIOIITUMUCS NIl BBITIOJHEHUSI CBOMX SIBHBIX U HE-
SIBHBIX (DYHKIIUH.

Tounocms (accuracy) - Mepa, XxapakTepu3yrolas NpUeMIIEMOCTh BEJIMYNHBI MOTPEIIHOCTH B
BbIIaBaeMbIX nporpamMmmamu IIC pesynpTaTax ¢ TOUKH 3pEHHUs MPEANOIaraéMoro Mx HCIOJIb30Ba-
HUSL.

Asmonomnocmy (self-containedness) cBOMCTBO,  xapakTepusytoliee criocooHocts [1C BbI-
IMOJIHATH NPCANMCAHHBIC (l)yHKI_[I/II/I 0e3 IMOMOIIHU HWJIN MOAACPIKKU JPYIrUX KOMIIOHCHT IMIPOrpaMMHO-
ro o0ecreveHusl.

Yemoiiuusocmo (robustness) - CBOMCTBO, XapakTepusyromiee cnocooHocts [1C mpomomxkars
KOppEKTHOE (PYHKIIMOHMPOBAHHWE, HECMOTPS HA 3a/laHUE HEMPABUIBHBIX (OIIMOOYHBIX) BXOTHBIX
JTAHHBIX.
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3awuwennocmeo (defensiveness) - CBOWCTBO, XapakTepusytoiee crnocooHocTs [IC mpoTu-
BOCTOSITh IpPEJHAMEPEHHBIM WM HEYasHHBIM J€CTPYKTHUBHBIM (pa3pylIaroliuM) ACHCTBUSIM
MIOJIb30BATEII.

1I-0oxymenmuposannocms (u. documentation) - CBOWCTBO, XapaKTepU3YyIOLIee HaJIUYUE,
MOJHOTY, MOHSATHOCTh, JOCTYIHOCTh M HATJSAJIHOCTh y4eOHOU, WHCTPYKTUBHOW U CIIPABOYHOM
JTOKyMEHTAaIuH, Heooxoaumon i npumeHeHus T1C.

Hughopmamuenocms (accountability) - CBOWCTBO, XapaKTEpU3YIOIIEe HATMYHUE B COCTABE
I[IC undopmanuu, HEOOXOAUMONW M AOCTATOYHOHW JJIs MOHMMaHus Ha3zHadeHus [IC, mpuns-
THIX MPEANOJI0KEHUM, CYIIECTBYIONIUX OTPAHUYCHUH, BXOJHBIX JAHHBIX U PE3YJIBTATOB PAOOTHI
OTJICIbHBIX KOMIIOHEHT, a TAK)Ke TEKYIIETr0 COCTOSIHUSI IPOTrpamMM B Ipoliecce UX PyHKIIMOHUPOBa-
HUSL

Kommynuxabenonocms (communicativeness) - CBOMCTBO, XapaKTepHU3YIOIllee CTENEHb, B
koTtopoit [IC oGnerdaer 3aganue Wiu OMMCAaHUE BXOJHBIX JaHHBIX, M CIIOCOOHOCTH BBIAABATh I10-
JIe3HBIE CBEJICHUS B JOCTATOYHO MPOCTOI hopMe U C MPOCTHIM sl IOHUMAHUS COJCPKAHUEM.

Bpemennas s¢ppexmusnocms (time efficiency) -- mMepa, xapakTepusyromas CIOCOOHOCTh
I1C BBIMONHATH BO3J0KEHHBIE HA HETO (PYHKIIUH B TEYCHUE OIMPEIETICHHOTO OTPE3Ka BPEMEHHU.

Dhhexmusrnocms no pecypcam (resource efficiency! - Mmepa, XxapakTepHu3yroIIas ClioCOOHOCTh
[1C BBINONHATH BO3JI0XKEHHBIC HA HETO (DYHKIIUU MIPH ONPEACTICHHBIX OTPAaHUYEHUAX Ha HUCIOJb3Y-
eMbI€ pecypchl (UCIOIb3YyEMYIO IaMSTh).

O¢pgexmusnocmv  no ycmpoticmeam (device efficiency) Mepa, XapakTepu3yroIast
HSKOHOMHYHOCTh HCIIOJIb30BAaHHS  yCTPOMCTB MAIIWHBI ISl pEIICHUS TOCTAaBICHHOM 3a/1auu.

C-0oxymenmupoganniocmdv (documentation) — CBOMCTBO, XapaKTEPHU3YIOIIEE C TOUKU 3PEHUS
HaJu4us JOKYMEHTAIuu, oTpaxarouieir TpeboBanus K I1C u pe3ynbTaThl pa3auyHbBIX 3TAIOB
pa3pabotku nanuoi I1C, BkIlOYarIue BO3MOXKHOCTH, orpaHudeHus u apyrue 4eptsl [1C, a
TaKXe UX 000CHOBaHHE.

Ionamnocms (understandability) - cBOWCTBO, XapakTepu3symollee creneHb, B koropoit [1C
MO3BOJISIET W3YYAIOIIEMy €ro JIMILy TOHSTh €ro Ha3HAa4YeHHWe, CIeNIaHHbBIe JOMYIIEHUs U OrpaHude-
HUSl, BXOJIHBIE JaHHBIE U PE3YNbTaThl pa0OThI €ro MPOrpaMM, TEKCThI 3TUX MPOTpaMM M COCTOSTHHE
UX peanu3anuy. ITOT IPUMUTHB KauecTBa CUHTE3UpPOBaH HaMu U3 Takux npumutusoB MCO [4.4],
KaK COTJIaCOBAHHOCTH, CAMOJJOKYMEHTHPOBAHHOCTH, YeTKOCTh M, COOCTBEHHO, MOHATHOCTH (TEK-
CTOB IIPOrpamm).

Cmpyxkmypuposannocms (Structuredness) cBOWCTBO, XxapakTepusymomiee nporpammsl I1C ¢
TOYKHU 3pEHUS OpTraHU3aI[Mi B3aWMOCBA3aHHBIX X YacTel B €IUHOE IIeJI0€ ONpeAeTIeHHBIM 00pa-
30M (HampuMep, B COOTBETCTBHUH C MPUHITUTIAMH CTPYKTYPHOTO IPOrPaMMHUPOBAHNUS).

Yoobouumaemocms (readability) - CBOWCTBO, XapaKTEepPU3YIOIIEE JIETKOCTh BOCIPHUSATHS
tekcta nporpamm [1C (orcTynsl, pparmenTanus, GopMaTHPOBAHHOCTH).

Pacwupsiemocmo (augmentability) - cBONCTBO, Xapaktepusyromee crocooHocth [1C k wmc-
MOJIb30BaHUIO0 OONbIIEr0o 00beMa MaMATU JJIS XPaHEHHUs JaHHBIX WU pacHIMpeHuto (GpyHKIHo-
HaJTBHBIX BO3MOXXHOCTEH OT/JCIIEHBIX KOMITOHEHT.

Moougpuyupyemocms (modisability) - mepa, xapaktepusyomas [1C ¢ Touku 3peHus: mpocro-
ThI BHECEHHSI HEOOXOIUMBIX M3MEHEHHWH M JOpAaOOTOK Ha BCEX dTalax M CTaIUsAX KU3HEHHOTO
nukia I1C.

Mooynvnocmo (modularity} - cBoiicTBO, Xapaktepu3ytomiee [1C ¢ Touku 3peHus opraHusa-
[[UU €0 MPOrpaMM U3 TaKUX JUCKPETHBIX KOMIIOHEHT, YTO U3MEHEHHUE OJIHOM M3 HUX OKa3bIBa-
€T MUHUMAaJIbHOE BO3/ICHCTBHE HA IPYTHE KOMITOHCHTEHI.

Heszasucumocms om ycmpoiicme (device — independence) CBOWCTBO, XapaKTepH3YIOIICe
cnocoOHocTh I1C paGoTarth Ha pa3HOOOpa3HOM ammapaTHOM oOecreueHuu (pa3IudHbIX THUIIAX,
Mapkax, Mozensix OBM).

4.4. DyHKIIHUOHAJbHASA crieM(PUKANUA IPOTPAMMHOIO CPeACTBA.

C yueroMm Ha3HaueHUs ¢yHKuHoHanmpHOU cnermduranuu I[1C u TsDKEBIX MOCIenCTBUN He-
TOYHOCTEH MW OIMIMOOK B ATOM JIOKYMEHTE, (YHKIIMOHAIbHAS crielu(HUKaIus J0DKHA OBITh MaTe-
MaTUYEeCKH TOYHON. DTO HE O3HAYaeT, YTO OHA JOJDKHA ObITh (hopMaTnM30BaHA HACTOJIBKO, UTO
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10 HEeW MOXKHO ObLIO OBl aBTOMAaTHUYECKH M€HEPUPOBATH MPOTPAMMBI, PEIIAIOIINE TOCTABICHHYIO
3ajauy. A 03HAYaeT JIMIIb, YTO OHA JOJHKHA Oa3UpPOBATHCS HA MOHATHUSX, IOCTPOCHHBIX KaK MaTeMa-
THYECKHE OOBEKTHI, M YTBEPKICHHUAX, OJHO3HAYHO NOHUMaeMbIX paspadoTunkamu I1C. locraTou-
HO YacTo (yHKLIHMOHaJIbHasa crenuduxanus GopMyIupyeTcss Ha €eCTECTBEHHOM si3blke. TeM He
MeHee, UCII0Ib30BAHNE MATEMAaTHYECKUX METONOB U (HhOpPMAIM30BAHHBIX SI3BIKOB MpPH pas3pa-
060TKe (PYHKIIMOHAIBHON crenu@UKaly BeChbMa KelaTelbHO, MO3TOMY 3TUM BOIpocaM Oyaer
IIOCBAILEHA OT/AEJIbHAS JICKIU.
OyHKIMOHAIbHAS crelUpUKALK COCTOUT U3 TPEX YaCTE:

* OIHUCaHUS BHEILIHEH nH(POPMAITMOHHOH cpensl, K KOTOpOU JOJIKHBI
MIPUMEHATHCS porpaMMbl pa3padareiBaemoii 11C;

» onpenenenue Gynkumii  [IC, ompeneneHHBIX Ha  MHOXKECTBE COCTOSHHH  3TOM

nH(pOopMaMOHHON cpenapl (Takue byHKIIH Oynem Ha3bIBATh BHEUHUMU
@ynxyusmu I1C);

* ONHCaHHC HEXKENaTeIbHBIX (MCKJTFOUUTEITbHBIX ) CUTYyaluH, KOTOpBIC MOTYT
BO3HUKHYTH TpH BbIMoONHeHWH mnporpamm [IC, w peaknmii Ha 9TH CHUTYaIlWH,

KOTOpbIE JOJDKHBI 00€CIIEUYUTh COOTBETCTBYIOIUE POTPAMMBI.

B nepBoii yacTi HOKHBI OBITH OIPEIEIEHBI HA KOHLIENTYalbHOM YPOBHE BCE HUCIIOJIb3yEMbIE
KaHaJIbl BBOJA M BBIBOJA M Bce MH(POPMAIMOHHBIE OOBEKTHI, K KOTOPHIM OYAET MPUMEHSTHCA
pazpabareiBaemoe [1C, a Takxke CyIiecTBEHHBIE CBS3H MEXAY dTUMH MWHPOPMAIMOHHBIMH 00B-
ekTamu. [Ipumepom onucanus MH(GOPMAIMOHHON Cpelbl MOXKET OBbITh KOHIENTYyajJbHas cXema
0a3bl JAHHBIX WIK OMHMCAHUE CETH JaTYUKOB M MPUOOPOB, KOTOPOU MOJKHA YHPABISATH pas-
pabatsiBaemas 11C.

Bo BTOpOIi yacTu BBOAATCS 0003HAUEHUSI BCEX OIpenesieMblX (QYHKIHM, cnequpuuupyoTcs
BCE BXOJHBIC JAHHbIE M PE3YJIbTaThl BHIIOJIHEHUS KaXIOW onpeaenaseMoil QyHKIUU, BKIOYas
yKa3aHue€ UX TUIOB U 3aJJaHUN BCEX COOTHOIIECHUH (WM OrpaHUYEHUI), KOTOPBIM JIOJIKHBI Y0-
BJIETBOPATH 3TH JaHHBIE U pe3ynbTarhl. M, HaKOHEL, OMpEAeNseTCs] CEMAaHTHKA KaXIOW M3 ITHX
GyHKIMM, 4TO sABIseTCsl HaubOoJsiee TPyAHOH 3ajmauel QpyHkuuMoHanbHOU cnenudukanuu I1C.
OOBIYHO 3Ta CEeMaHTHKa OMHUCHIBAETCS HE(POPMAIbHO HAa €CTECTBEHHOM SI3bIKE - MPUMEPHO TaK,
KaK 3TO JIelaeTcsl MpU ONMUCAHUM CEMAaHTHKH MHOTMX S3bIKOB MpPOTrpaMMHMpOBaHHUA. JTa 3aj1aya
MOXXET OBITh B psJie CllydaeB CYIIECTBEHHO OOJieryeHa MpH JOCTATOYHO UYETKOM OMHMCAHUU
BHEIIHEH MH(OPMAIIMOHHON CpeJibl, €clii BHEIIHUE (QYHKIUU 33Jal0T KaKue-In00 MaHUIYJIALINHU C
ee 00BEKTaMHU.

B Tpetbeli yacTu NOMKHBI OBITH MEPEUYMCIEHBl BCE CyLleCTBEHHbIE ciydau, korna [1C ne
CMO’KET HOPMAJIbHO BBIMOJIHUTH Ty WJIM UHYIO CBOIO (DYHKIIMIO (C TOUKH 3pEHHS BHELIHET0 HabIo-
natens). [Ipumepom Takoro ciydas MOKET CIYKUTh OOHapy>K€HUE OIIMOKU BO BpeMs B3aUMOJIEHi-
CTBHSI C 110JIb30BATENIEM, UJIH MOMNBITKA IPUMEHHUTh KaKy0-1u00 GYHKIHIO K TaHHBIM, HE YJ1O-
BJIETBOPSIIONIUM COOTHOILIEHUSM, YKAa3aHHBIM B €€ crenuuKaluy, Wid MOoJIy4YeHue pe3yibTara,
HapyILIAIOIIEro 3aJaHHOe OrpaHuueHue. s Kaxaoro Takoro ciiydasi JOJKHa OBITh OIpeesieHa
(ommucana) peaknus T1C.

4.5. MeToabl KOHTPOJISI BHELIHEr0 ONMMCAHNS NPOrPaMMHOI0 CPeACTBA.

Pa3paboTka BHemIHEero onucaHus 0043aTelbHO J0JKHA 3aBEpUIAThCsA IPOBEIECHUEM TIla-
TEJBHOTO U Pa3HOOOPA3HOTO KOHTPOJSI MPAaBHJIBHOCTH BHEIIHEro omnucaHus. Llenbio aToro mpo-
1ecca SIBJISICTCSl HANTH KaK MOYKHO OOJIbIlIe OMMOOK, C/ICTTAaHHBIX HA ATOM JTare. Y YUThIBasi, 4TO pe-
3yJIETATOM 3TOTO 3Tarna sIBJISETCs, KaK MpaBuiio, emie HehopMalTu30BaHHBIA TEKCT, TO 37IeCh Ha Mep-
BbIIl TUIaH BBICTYMAIOT ICUXOJIOTHYECKUE PaKTOpbl KOHTPOIIsl. MOXKHO BBIAEIUTH CIAEAYIOIINE Me-
TO/BI KOHTPOJISL, TPUMEHSAEMBIE HAa ITOM JTarle:

* CTaTUYECKHUU NMPOCMOTP,

* CMEXXHBII KOHTPOJIb,

* I0JIb30BaTEJILCKUN KOHTPOJIb,
* py4yHas UMHTAIHSL.
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Ilepesviii Mmemoo TipenroiaraeT BHUMATEIbHOE MPOYTEHUE TEKCTa BHEIIHETO OMUCAHMS pas3-
pabOTUMKOM C LIEJIBbIO NTPOBEPKA €r0 MOJHOTHI U HEIPOTUBOPEUNBOCTH, a TAKXKE BBISIBICHUS IpYy-
IMX HETOYHOCTEN U OUIMOOK.

Cmedicnvlii kKonmpoas cienn(UKaluy KayecTBa CBEPXY - 3TO €€ IIPOBEpKa CO CTOPOHBI pa3-
pabotunka TpeboBanuii k IIC, a cMeXHBIH KOHTPOJIb (PYHKIIMOHAIBHOW crienu(uKanuu 310 ee
npoBepka pazpaborunkamu TpedoBanuil k [1C u cnenudukanuu kauyectsa. CMEXHBIA KOHTPOJIb
BHEIIIHETO OMHMCAaHUS CHU3Y - 3TO €r0 M3yYeHHE U MpOBepKa pazpaborunkamu apxuTekTypsl 1IC u
TEKCTOB IPOrpaMM, a TaKXke pa3pabOTUYMKaMH JOKYMEHTAIMU [0 IPUMEHEHUIO U pa3paboTdu-
KaMU KOMIUIEKTa TECTOB.

Ilonv306amenbckuii KOHmMpONb BHEIIHETO ONMCAHUS BBIPAXKaeT Y4acTHE I10Jb30BaTels
(3aka3uMKa) B NPUHATUN PELICHUH MPHU pa3pabOTKe BHEIIHETO OMUCAHUA U ero KoHTpoje. Ecin
pa3paborka TpeboBanuii k IIC Benace moj ympaBiieHHEM MOJIb30BATENs, TO MOJIb30BATEIbCKHUMI
KOHTPOJIb BHEIIIHETO OINKCAHUs, 10 CYIIECTBY, 03HAYAET €ro CMEXHBII KOHTpOJIb cBepxy. On-
HAKO, €CJHU IPEeICTAaBUTENIO I0JIb30BATENsl OKa3blBAETCA TPYAHO CAMOCTOATEIBHO Pa300paThes
BO BHEIIHEM OIMCAaHUHU, CO3JAETCS CIeNHalbHas Tpynna pa3padOTUYUKOB, BBHIIIOITHSAIOMIAS
pOJIb MOJIb30BaTeNs (M B3aUMOJEHCTBYIOLIAsl C HUM) JUJIsI IPOBEJIEHUS TAKOTO KOHTPOJIS.

Pyunaa umumayus BpipaxkaeT cBOeoOpa3HbIil TMHAMUYECKUI KOHTPOJIb BHELIHEIO ONHUCa-
HUS, TOYHEee ToBops, pyHKunoHanbHOH cnenudukanuu I1C. /g 31oro He06X0MMO OATOTOBUTh
UCXOJHbIE JaHHbIE (TECThl) U HA OCHOBAHUU (PYHKIIMOHAIBHON CHELU(PUKAIIMN OCYLIECTBUTh UMHU-
Taluio nosefeHus (pabotel) pazpadarsiBaemoro IIC. IIpu 3TOM Takyr0 MMHTAIMIO OCYLIECTBISET
CHEIMAIbHO Ha3HAYEHHbIH pa3pabOoTUMK, BHIIOJIHSIOUNM, 10 CYLIECTBY, pOjb OyAYyLIUX MPO-
rpamm I1C. Pa3HOBUAHOCTBIO TAKOTO KOHTPOJIS SBJISETCS MMUTALMSA 32 TepMHHAIOM. B aTom
clydae JaHHble BBOASTCS B KOMIIBIOTEpP YEJIOBEKOM, UIPAOIIErO pOJib MOJIb30BaTENs, U Mepe-
JIAOTCS C OMOILBIO HECJIOKHOW ITPOrpaMMbl Ha APYroil TepMHUHAI, 32 KOTOPBIM CUJIUT pa3padboT-
YUK, BbINOJHsOMUN posb nporpamm IIC. IlonydyenHble pe3ynbTaThl NEpEeJatoTCsl Yepe3 KOMIIbO-
TEp Ha MEPBbIM TEPMHUHAI.

Ynpa:kHeHus K J1eKIHH 4.

4.1. Ymo makoe ycmotiyueocmo (robustness) npoepammmnozo cpedcmea (I1C)?
4.2. Ymo maxkoe 3awuwennocms (defensiveness) [1C?
4.3. Ymo maxoe kommynukadberonocms (communicativeness) I1C?
Jlekuus 5.
APXUTEKTYPA ITPOI'PAMMHOI'O CPEACTBA

Iouamue apxumexmypuvl u 3a0auu ee onucanusi. OCHO8Hble KIACCHl APXUMEKMYP NPO-
2PAMMHBIX cpedcms. Bzaumooeiicmeue medncdy noocucmemamu u apxumexmypHvle QYHKYUU.
Konmpons apxumexmypuvl npocpammHulx cpeocms.

5.1. IlonsiTHE AapXUTEKTYPHLI NPOrPAMMHOIO CPEACTBA.

Apxumexmypa TIC - 3TO ero cTpoeHHe KaKk OHO BHIHO (MJIH JOJDKHO OBITH BHJIHO) M3-BHE
ero, T.e. npeacrasneHue [1C kak cucTemsl, COCTOSIIEN U3 HEKOTOPOM COBOKYIHOCTH B3aUMOJIEH-
CTBYIOUIMX MOJCHCTEM. B KauecTBe TakuX IMOJCHCTEM BBICTYNAIOT OOBIYHO OT/AENbHbIE MPOTpPaM-
Mbl. PazpaboTka apXUTEKTYpHI ABJISIETCS MEPBBIM 3TarioM 60ps0ObI co croxkHocThO [IC, Ha KOTOpOM
peanu3yeTcs MPUHLIUI BbIIEICHHUSI OTHOCUTEIBHO HE3aBUCUMBIX KOMIIOHEHT.

OcHoBHbIE 331a4K pa3padoTku apxuTekTypsl I1C:

* Brigenenue mnporpaMMHBIX TOJCUCTEM U OTOOpakKeHHME Ha HHUX BHEIIHUX (YHKIMH (3a-
JAHHBIX BO BHelIHeM onucanun) I1C;

* OIpeJeneHue croco6oB B3aMMO/ICHCTBUS MEXTy BbIJIEJICHHBIMH [TPOTPAMM-
HBIMH [TOICUCTEMAaMH.

C y4yeroM NpPUHMMAEMBIX Ha 3TOM JTane pPEHIeHWH NPOM3BOJAMTCS JajbHEIIas KOH-
KpeTu3anus 1 QyHKIIMOHAIBHBIX CIICIU(PUKAIUHT.

5.2. OCHOBHBIE KJIACCHI APXUTEKTYP NMPOrPAMMHBIX CPeICTB.

Pa3znnuaroT cieayrone OCHOBHBIE KJIaCChl apXUTEKTYp NPOTrpaMMHBIX cpeAcTs [S.1]:

* IleJIbHAsl IPOrpamMma;
* KOMIIJIEKC aBTOHOMHO BBIIIOJIHSEMBIX IIPOTPaMM;
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* CJIOUCTAs MPOrPaMMHasi CUCTEMA;

* KOJUIEKTHUB MapaJUIEIbHO BBINOJIHAEMBIX POIPAMM.

Lenvnasa npoecpamma npeACTaBISIET BbIpOXKACHHBIN ciiydait apxutektypsl [IC: B coctas TIC
BXOJUT TOJBKO OJHA NMporpaMma. Takyr apXUTEKTYpy BbIOUPAIOT OOBIYHO B TOM CiIy4ae, Korja
[1C nomKHO BBHIMONHATH OAHY KaKyIO-THOO SPKO BBIPAKEHHYIO (YHKIHIO U €€ peaju3alus He
MIPEJICTaBIISIeTCS CIMIIKOM CIIOXKHOW. EcTecTBeHHO, YTO Takas apXWUTEKTypa He TpeOyeT KaKoro-
m0o onmcanus (Kpome (pUKcaluu Kiacca apXUTEKTyphl), TaK KaK OTOOpaKeHHE BHEHIHUX (YHK-
U Ha 3Ty IpOrpamMMy TPUBHUAIBHO, & ONPEENATh CII0co0 B3auMoAecTBUS He TpeOyeTcs (B CH-
JIy OTCYTCTBHS KaKOro-1100 BHEUIHETO B3aMMOJIEHCTBHS IPOrPaMMbl, KpPOME KaK B3aMMOJEHCTBHUS
€e C MOJIb30BaTelieM, a oclieJHee OMKUCHIBACTCS B JOKyMeHTauuu no npuMmenenuto I11C).

Komnnexc asmonomno evinonnsemvix npoepamm cOCTOUT U3 HaboOpa IporpaMM, TaKoro, 4ro:

e mobas U3 OSTUX TMPOrpaMM MOXKET ObITh AaKTUBU3UpPOBaHA (3alylleHa) MOJIb30BaTe-
Jem;

* MpU BBHIMOJHEHUU aKTUBU3UPOBAHHOM MPOTPAMMBbI IPYyTUe MPOrpaMMbl 3TOro Habopa HEe MO-
IyT OBITh aKTUBU3UPOBAHBI O TE€X MOp, I10KAa HE 3aKOHYMUT BBINOJIHEHHUE aKTUBU3UPOBAHHAS
nporpamma;

* BCE TMporpaMMbl 3TOro HaOopa MpPUMEHSATCS K OAHOW U TOM ke mHpopMalu-
OHHOM cpejie.

Takum 06pa3zom, MporpamMMbl 3TOTO HAOOpa 1O YIPaBICHUIO HE B3aMMOACHCTBYIOT - B3aUMO-
JeMCTBUE MEXIY HUMU OCYIIECTBIAECTCS TOJIBKO Yyepe3 0011y HHGOPMAIMOHHYIO CPELY.

Croucmas npoepammuas cucmema COCTOUT U3 HEKOTOPOH YIOPSIOYEHHOH COBOKYIHOCTH
MIPOrpaMMHBIX ITOJCUCTEM, HA3bIBAEMBIX C10AMU, TAKOU, YTO:

* Ha KaXKJIOM CJIO€ HUYEro He U3BECTHO O CBOMCTBaX (M Ja)ke CYLIECTBOBAHUHU) MOCIEIYIOIINX
(6onee BBICOKHX) CIIOCB;

* KaXIbIl CJIOH MOXET B3aUMOJAEICTBOBAaTh IO yHpaBJIEHUIO (00pamaTbcsi K KOMIIOHEHTaM)
C HEMOCPEACTBEHHO MPE/IIECTBYIOMUM (00ee HU3KUM) CIIOEM 4Yepe3 3apaHee olpejaeseHHBIN
uHTepdeic, HHUYEro He 3Hasi O BHYTPEHHEM CTPOCHHH BCEX MPEIIECTBYIOIINX CIOEB;

* KaXIblH CIOM pacmosiaraeT onpeaeseHHbIMU pecypcamMu, KOTOpbIE OH JIMOO CKphIBaeT  OT
IpYruxX  CjoeB, JMOO MperoCTaBIsieT  HEMOCPEICTBEHHO MOCIEAYIOIEMY Ccllolo  (depes
yKa3aHHbIH HHTep(eic) HEKOTOphle HX aOCTpaKIUH.

Takum o0pa3oM, B CIOMCTON MPOTPAaMMHON CHUCTEME KaXKIbIi CJIOW MOXET peain30BaTh
HEKOTOPYIO0 abCTpakinio JaHHBIX. CBA3M MEXAY CIOSIMH OTpaHUYEHBI Tiepeiaueii 3HaueHn i mapa-
METPOB OOpalleHHs] KaXaA0ro cliosi K CMEKHOMY CHHU3Y CJIOI0 M BbIJA4Uel pe3ynbTaToB 3TOro 00-
pallieHus OT HIKHEro cliosl BepxHeMy. HemomycTHMo HCMONb30BaHHE TIIOOANBHBIX JaHHBIX He-
CKOJIBKUMHU CIIOSIMH.

B xauecTBe npuMepa pacCMOTPUM HCTOIb30BAHUE TAKOW apXUTEKTYPHI JUIsl IOCTPOEHUS OIle-
panroOHHOM cucteMsl. Takyro apXUTEKTypy NpUMeHU [IefKcTpa Ipu NOCTPOEHUH ONEPALIMOHHON
cuctembl THE [5.2]. Drta onepannonHas cucteMa COCTOMT M3 4eThIpex cioeB (cMm. puc. 5.1). Ha
HYJIEBOM CJIO€ MPOU3BOJUTCSA 00pabOTKa BCeX MPEphIBAHUN U BbIIEICHHUE IIEHTPAIIBHOTO IMpolec-
copa mporpaMMam (mpoleccaM) B IMAaKETHOM pexuMe. TONbKO 3TOT YpOBEHb OCBEJOMIIEH O
MYJIBTHUIPOrPAMMHBIX acleKkTax cucteMmbl. Ha mepBom cioe ocymiecTBisieTcs yIpaBlieHUE CTpa-
HUYHOW OpraHu3aiueil namstd. BceM BBIIECTOSIIMM CIOSIM MPEAOCTaBIIAECTCS BUPTyalbHas He-
npepbiBHas (He cTpaHU4HAas) namsaTh. Ha BTOpoM ciioe oCyIIecTBIIsSETCs CBSI3b C KOHCOJBIO (MyJb-
TOM YIIpaBJIEHUs) orneparopa. ToIbKO ATOT CIIOM 3HAET TEXHUUYECKHE XapaKTEPUCTUKH KOHCOJIH.
Ha Tpetbem ciioe ocymecTBaseTcs Oydepusamusi BXOJHBIX W BBIXOJHBIX MOTOKOB JaHHBIX U
pealn3yroTcsl Tak Ha3bIBaeMble a0CTPaKTHBIC KaHAIbl BBOJA U BBIBOJA, TaK YTO MPHUKJIAIHBIE TIPO-
rpaMMbl HE 3HAIOT TEXHUYECKUX XapaKTePUCTHUK BBOJA U BBIBOJIA.
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Puc. 5.1. ApxutekTypa onepanu-
onHou cucrteMsl THE.

Mpuknagisie nporpamMme!

3 yl'[palillﬂliﬂe BXOAHLIMH H BEIXOLHbIMH NOTOKaMK JailHbIX

[ ]

Odecnedenue CBA3H ¢ KOHCOLIO Ofleparopa

Konnexmus napanienbHo

1: YnpasnenHe naMaTho deﬁcmeyiou;ux npoecpamm  1npea-
CTaBJIsieT cOO0M HabOp mporpamm,

0 JAucneTyepu3alug v CHHXPOHUAHUA TTPOUECCOR CIIOCOOHBIX  B3aMMO/ICHCTBOBATD

MeXay co0oi, HaxoIsCh OJHO-
BPEMEHHO B CTAJMH BHITIOJIHCHHUS.
— - e e DTO O3HA4aeT, YyTo TaKue Mpo-

IpaMMBbl, BO-TIEPBBIX, BHI3BAHBI B
OTEPATUBHYIO MaMsATh, aKTUBU3UPOBAHBI M MOTYT MONEPEMEHHO pa3AeNiaTh 10 BPEMEHU OJWH
WU HECKOJIPKO HEHTPAIbHBIX MPOIECCOPOB, @ BO-BTOPHIX, OCYIIECTBIATh MEXIY CO00# au-
HaMu4yecKkue (B Mpolecce BHIMOIHEHUS) B3aUMOJICHCTBHS, Ha 0a3e KOTOPHIX MPOU3BOAUTHCA UX
cUHXpOoHM3anus. OOBIYHO B3aUMOJICHCTBHE MEXIY TAKMMH MPOIECCAMH MTPOU3BOAUTCS IyTEM IIe-
penayu Ipyr Ipyry HEKOTOPBIX COOOIIEHUH.

[Ipocrelimeli pa3HOBUAHOCTBIO TAKOW apXUTEKTYPHI ABJISETCA KOHBEHep. Bo3mokHOCTH 11
OpraHu3allid KOHBeWepa UMEI0TCs, HanpuMep, B onepaunonHoit cucteme UNIX [5.3]. Konseiiep
npeJcTaBisieT cO00M MOCiIeJ0BaTEIbHOCTh MPOrpaMM, B KOTOPOM CTaHIAAPTHBIN BBIBOJ KaXK10H
MpPOrpamMMbl, KpOME CaMoil MOCJeIHEeH, CBsI3aH CO CTaHJAPTHBIM BBOJIOM CIIEAYIOIIECH MPOrpaMMbl
3TOM mocienoBarenbHOCTH (cM. puc. 5.2). Konseiiep oOpabaThiBaeT HEKOTOPBIM MOTOK cooOIIIe-
Huii. Kaxgoe cooluieHne 3Toro notoka mocTynaeT Ha BBOJ MEPBOIl mporpammMe, KoTopas Ime-
pepaboTaHHOE COOOIIEHUE MepeaacT CIeNYyIoIled MporpaMme, a camMa HauMHAeT 00paboTKy
OUepeIHOTO COOOIIeHUs MoToKa. TakuM ke 00pazoM JEeHCTBYET Kakaas mporpamMma KoHBelepa:
MOJIYYUB COOOIIIEHHE OT MPEAIIECTBYIONICH MporpaMMbl U, 00paboTaB ero, oHa MepeaacT nepepa-
060oTaHHOE COOOIEeHUE CleAYIoLel MporpaMmMe U MpUCTyNaeT K o0paboTKe Cleyromero cooo-
menus. [locnenHss mporpaMma KOHBeHepa BRIBOIUT pe3ybTaT padOThI BCero KOHBeHepa (pe3yiib-
Tupytouiee coobuieHue). Takum o6pazoM, B KOHBeliepe, COCTOAIIMM U3 I IPOTrPaMM, MOXKET OJ1-
HOBPEMEHHO HaXOJUThCS B 00paboTke 10 1 coolmieHuit. KoneuHo, B cuily TOTO, 4TO pa3HbIe Mpo-
rpaMMBbl KOHBEHepa MOTYT 3aTpaTUTh Ha 00pabOTKy OdepedHBIX COOOIIEHUN pa3HbIe OTPE3KU
BPEMEHH, HEOOXOUMO 00€CIeUnTh KaKUM-TH00 00pa3oM CHUHXPOHM3AIMIO ATHX MPOIECcCOoB (He-
KOTOpBIE MPOIECCHl MOTYT HAXOJIUTHCA B CTAAUHM OXUIAAHUS OO BO3MOXKHOCTH TepenaTh mepe-

=={ P == m = o= o

paboTanHOE cooOIIeHne, 1100 BO3MOKHOCTH MOJYYUTh 09EPEIHOE COOOIIECHUE).
Puc. 5.2 Konseliep napamienbHO AEUCTBYIOLINX TPOIPaMM.

B o6miem ciyyae KOJUIEKTUB HapalijiedbHO JEMCTBYIOUIMX MPOrpaMM MOKET ObITh OpraHu-
30BaH B CHCTEMY C MOpTaMu cooOuieHuu. [lopm coobuenuii MPeACTaBIsET cOO0H MporpaMmm-
HYIO TIOJICUCTEMY, 00CITYKHBAIOLIYI0O HEKOTOPYIO O4epeb COOOIIEHUI: OHA MOXKET MPUHUMATh Ha
XpaHEHUe OT MPOrpaMMbl Kakoe-T1u0o0 cOoOoOIIeHre, CTaBsl ero B o4epellb, U MOXET BbIJaBaTh Oye-
peaHoe coodIeHue apyroi mporpaMmme 1o ee TpedoBanuto. CoobiieHne, nepeganHoe Kakon-1m0o
IpOrpaMMoi HEKOTOPOMY MOPTY, yXkKe He OyJaeT MpHUHAAJIeKaTh 3TOI MporpaMMe (M UCHOIb30BATh
€€ pecypchl), HO OHO He Oy/AeT MpUHAAJIeKaTh U HUKAKOW IpYroi mporpaMMe, oka B MOPSIJIKE ove-
penu He OyneT mepeaaHo KakoW-mubo mporpamme o ee 3ampocy. Takum oOpazom, mporpamma,
nepejaaromnias coodlieHrue He OyleT HaxXxOIUThCA B CTAIUU OXHUAAHMS MOKa Mporpamma, MpUHU-
MaroIas 3To coolIieHue, He OyAeT roroBa ero obpabarsiBaTh (€cliM TOJBKO He Oyner mepe-
IOJTHEH NMPUHUMAIOIINI TTOPT).

[Tpumep mporpaMMHO# CHCTEMBI ¢ TOpTaMH cooO1IeHni npuBeneH Ha puc. 5.3. [Topt U moxer
paccMaTpuBaThCA KakK MOPT BBOAHBIX COOOIIEHUH I NPEACTABIEHHOTO HAa 3TOM PUCYHKE

Komnesorep
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KOJUIEKTHBA MapajliedbHO JEHCTBYIOMHUX MporpamMm, a mnopT W - Kak MopT BEIBOJHBIX COOOIICHUH
JUISL 3TOTO KOJIJIEKTUBA ITPOrpaMM.
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Puc. 5.3. [Ipumep nporpaMMHOM CUCTEMBI C TIOPTaMU COOOIIECHUH.

[IporpaMMHBIE CHCTEMBI C MTOPTAMHU COOOIIEHUI MOTYT OBITh KaK dtcecmkol KOH(QUTypaluy,
TaKk M eubkou KOHGUrypauuu. B cuctemax ¢ mopraMu KeCTKOM KOH(QUI'ypalUHM Kakjaas Hpo-
rpamMma >ecTKO CBSI3bIBA€TCS C OJHUM HJIM C HECKOJbKMMHM BXOJHBIMHU NopTaMu. s nepena-
Yy cOOOLIEHMs TaKasi IporpaMMa JJO0JDKHA SIBHO YKa3aTbh aJipec Iepefadn: UMs NporpaMMmbl U UMs
ee BXOJHOro nopra. B atom ciiydae npu u3MeHEHUU KOHPUTYpaLUU CUCTEMBI IIPUIETCS KOPPEKTH-
pOBaTh UCIOJIb3yEMble IPOTPaMMBbl: U3MEHATH ajpeca nepegayd cooliieHuil. B cucremax ¢ nopra-
MU TUOKOH KOH(MUrypaluu ¢ KaXJA0W IporpaMMoN CBsI3aHbl KaK BXOJIHbIE, TaK U BBIXOJHBIE 8Up-
myanbHble TIOPTHI. [lepen 3alyCKOM Tako# CUCTEMbI IPOrpaMMbl Ha OCHOBaHHUU MH(OpMaIuu, 3a-
JTaBa€MOW I0JIb30BAaTENIEM, JI0JKHA MPOU3BOJUTHLCS €€ MpeBapUTeIbHasi HaCTPOHKa C MOMOUIbIO
CIEUAJIBHOM MPOrpaMMHON KOMIIOHEHTBI, OCYHIECTBIIIOIIEN COBMEIEHUE Ka)XXJ0I'0 BBIXOJHOTO
BUPTYaJIbHOI'O MOPTA OAHOM MPOrpaMMbl C KAKMM-TUOO BXOJHBIM BUPTYaJIbHBIM MTOPTOM JAPYTOM.
TeMm caMbIM IpU U3MEHEHUM KOH(PUIypallMd CUCTEMBI B 3TOM Cllydyae He TpeOyeTcsi Kako-1ubo
KOPPEKTUPOBKHU HCIOJIB3yEMBIX IPOrpaMM - HEOOXOIUMbIE U3MEHEHUS TOJKHBI ObITh OTPA’KEHBI
B uH(popManuu a8 HacTpoiku. OJHAKO B 3TOM ciydae TpeOyercs MMEeTh CHEelMaJIbHYIO Ipo-
IPaMMHYIO KOMIIOHEHTY, OCYIIECTBIISIONYI0 HACTPOUKY CUCTEMBI.

5.3. ApxureKkTypHbie GyHKIHH.

Jliia obGecrieueHus] B3aUMOJEHCTBUSI MEX/y MOJICUCTEMAMU B psiJie cllyyaeB HE TpeOyeTcsl co-
3/1aBaTh KaKue-JIMOO JIOMOJHUTENbHbIE TPOrPaMMHbBIE KOMIIOHEHTHI (IIOMUMO peanu3aliy BHEIl-
HUX (QYHKIUN) - I 3TOTO MOKET OBITh JOCTAaTOYHO 3apaHee (UMKCUPOBAHHBIX COTJIAIICHUN U
CTaHJApTHBIX BO3MOXKHOCTEH 0a30BOro MpOTrpaMMHOI0 obecreueHHs (OnepaluoHHON cucre-
MbI). Tak B KOMIJIEKCE aBTOHOMHO BBINIOJHSIEMBIX NMPOTpaMM sl oOecrneyeHus B3auMoe -
CTBUS JOCTaTOYHO omucaHus (cneuuduxanuu) oOuied BHemHed HMHOPMAIMOHHON cpeabl U
BO3MOJKHOCTEHN OINEpallMOHHOM CHCTEMBI Ul 3allycKa mporpaMmm. B ciiomcToil nporpaMMHON CH-
CTeMe MOXET OKa3aThCs JIOCTATOYHBIM CIEIU(PUKALNU BBIICICHHBIX MPOrPAMMHBIX CIIOEB U
OOBIYHBIN ammapaT oOpalleHuss K mIpoueaypaM. B mporpaMMHOM KOHBeilepe B3auMOJeicTBHE
MEXy IporpaMMaMH Tak)kKe MOXKET o0eclieuyuBaTh ONepalMoHHas cucreMa (Kak 3TO UMEeT Me-
cto B onepanuoHHoi cucteme UNIX).

Opnako B psle ciydaeB sl 0OeCleueHHUs B3aMMOACHCTBHUS MEXAY MPOrpaMMHBIMU
MOJICUCTEMaMH MOKET MOTPeOOBATHCS CO3/ITaHUE JAOMOJIHUTENBHBIX MPOrPaMMHBIX KOMIIOHEHT. Tak
JUIsl yTIpaBJIeHUs] pabOTON KOMILIEKCAa aBTOHOMHO BBITIOJHSEMBIX MPOTPaMM 4acTO CO3JAI0T CIElH-
aIM3UPOBAHHBIN KOMAaHJIHBII MHTEpHpeTaTop, Oosiee yAOOHBINH (B JaHHOW MpeIMeTHOW o0iacTu)
JUIsl TIOATOTOBKU TpeOyemoi BHeIHed HHPOPMAlMOHHON Cpe/ibl U 3alycka TpedyeMoil mporpam-
MBI, 4eM 0a30BbIil KOMAaHIHBI UHTEPIPETATOP UCIIOIB3YEMOM OMepallMOHHON cucTeMbl. B crou-
CTBIX MPOTPAMMHBIX CHCTEMaX MOXKET ObITh CO3/1aH O0COOBIN anmapaT oOpalleHus K MpoLeaypam
cJ10siM (Harpumep, o0ecrieunBaroInii apajulebHOE BBINOJIHEHUE ITUX Npoueayp). B komnekruse
napajieNIbHO ACUCTBYIOIUX MPOTrpaMM JJisi YIPaBJICHUS OPTaMH COOOIIEHUI TpeOyeTcs crenu-
anpHas NporpaMMHas MOACUCTEMA. Takue MpOorpaMMHBIE KOMIIOHEHTHI PEalIU3yIOT HE BHEIIHHUE
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¢ynkuuu I1C, a pyHKIMH, BO3HUKIIKE B pe3yibTare pa3padboTKu apxutekTypsl 3Toro [1C. B cBs3u
C 3TUM Takue QyHKIUHU MbI OyJIeM Ha3bIBATb ApXUMEKMYPHbIMU.
5.4. KoHTpPO/1b apXUTEKTYPbl IPOrPAMMHBIX CPE/ICTB.

Jlia koHTposis apxUTeKTyphl [IC HCcIIonb3yeTcst CMEKHBIM KOHTPOJIb M Py4YHasi MMUTALIHS.

CMexHblii  KOHTpOJb  apxuTekTypbl IIC cBepxy - 3T0 ee KOHTPOJb pa3paboTUYMKaMU
BHEIIHEr0 OMNMCaHUs: pa3padoTUMKaMM crielu(UKaluy KayecTBa U pa3paboTuyukaMu (QyHKIHO-
HanpHOU crnenudukanuu. CMeXHbIH KOHTPOJIb apXUTeKTypsl [IC cHU3Y - 3TO €e KOHTPOJIb IO-
TEHLUAIbHBIMU Pa3paboTUMKaMH MIPOIPAaMMHBIX IOJcUCTeM, BXxoasmux B coctaB IIC B cooT-
BETCTBHUH C Pa3pabOTaHHOIN apXUTEKTYpOil.

Pyuynas wmmuranusa apxutextypsl [IC npousBoauTCs aHAJIOrMYHO PYyYHOM HMHTALUU
(GyHKIMOHATBHOHN crienu(pUKAINK, TOJIBKO LEIbI0 3TOTO KOHTPOJIA SIBISIETCS POBEPKa B3aUMO-
JNEUCTBUSI MEXAY NPOrpaMMHBIMM IOJCHCTEMaMHU. Tak k€ Kak M B Cllydae Py4YHOH MMMTaLUU
¢bynkunonansHoii cnenndukanyuu [1C gomKkHb! ObITH CHavYalla MOATOTOBJICHBI TECTHL. 3aTeM IpyIa
pa3pabOTYMKOB JOJDKHA JUISl KaXXJI0r0 TaKOro TecTa MMUTHPOBATh PabOTy KaXKAOH HMpOrpaMMHOMN
nozacuctemsl, Bxoasmend B cocras IIC. Ilpu sToM paboTy Kaxa0i MOACUCTEMBl UMUTUPYET OJIUH
KaKoH-Tn00 pa3paboTuyuK (HE aBTOp apXHUTEKTYphl), TIIATEIbHO BBIIOJHSIS BCE B3aMMOJEHCTBUS
STOW MOJCUCTEMBI C JAPYTUMHU MOJCUCTEMAMH (TOYHEe, ¢ Pa3padOTUYNKAMU, HX UMHUTHPYIOIIH-
MH) B COOTBETCTBHMM ¢ pa3zpaboranHoi apxutektypoil IIC. Tem cambiM oOecneuynBaeTcs
umuTanuonHoe ¢ynkuuonuponanue [IC B enom B pamMKax MpoBepsIeMON apXUTEKTYPBbI.

YupaxkHeHusi K JIEKIUH 5.
5.1 Ymo makoe apxumexkmypa npocpammHo2o cpeocmea?
5.2 Ymo makoe apxumexmypnas ¢pynkyus?
Jexyusa 7.
PA3BPABOTKA CTPYKTYPBI IPOI'PAMMbBI U MOAYJIBHOE ITPO-
I'PAMMUPOBAHUE

Llenv paspabomku cmpykmypwi npoepammsl. Ilonamue npocpammnozo mooyasa. OcHosHble
XapaKkmepucmuky npocpammHo20 mooyas. Memoowr pazpabomku cmpyKmypvl npocpaAMMbl.
Cneyugurayus npocpammnozo mooyns. Konmpons cmpykmypel npozpammul.

7.1. Ieabp MOy IBLHOIO NPOrpaMMHPOBAHMS.

[Tpuctynas k paspaboTke kaxxaoil nporpammsl I1IC, cienyer uMeTh B BHAY, UTO OHA, KaK
NpaBuUJIO, SABIIETCS OOJBIION CUCTEMON, TOATOMY MBI JOJIKHBI IPUHSATH MEPHI IS €€ yNpo-
meHus. J[ias 3Toro takyro nporpammy pas3palaThIBalOT MO YacTsAM, KOTOpbIE HAa3bIBAIOTCS MPO-
rpaMMHBIMHA MonyJissmu [7.1, 7.2]. A cam Takoil MeToa pa3pabOTKH MPOrpaMM Ha3bIBAIOT MO-
O0ynbHbIM TIpoTpamMMupoBanueM [7.3]. Ilpoepammmubiii MoOyas - 3TO NH000M pparMeHT onuca-
HUs npouecca, opopMIIIEMbIN KaK CaMOCTOSTENIbHBIM MPOrpaMMHBIN MPOAYKT, MPUTOJHBIN IS
UCIIOJIb30BaHUs B ONMMCAHUAX INpolecca. ITO 03HAYAET, YTO KaKABbIM MPOTrpaMMHBIA MOJYJb
NpOTrpaMMHPYETCs, KOMIMJIUPYETCS M OTJIAXKUBAETCS OTAEJIBbHO OT JIPYTHMX MOJYyJell mporpam-
MBI, U TE€M CaMbIM, (PU3UYECKU pa3jesieH C IPYTUMU MOJYJISAMH Mporpammsel. boiee Toro, kax-
JbIi pa3paboTaHHBIN TPOTrpaMMHBIN MOJYJIb MOXKET BKJIIOYAThCSI B COCTAB pa3HBIX MPOTpaMM,
€CJIM BBIMIOJIHEHBl YCJIOBMS €r0 MCIOJb30BaHHUs, NEKJIAPUPOBAHHBIE B JOKYMEHTAIUHU IO
sToMy Moxayiw. Takum oOpa3om, mMporpaMMHBIE MOAYJIbL MOXET paccMaTpUBAThHCS M Kak
cpeacTBO OOpbOBI CO CIOKHOCTBIO MPOTrpaMM, U Kak CpeacTBO O0pbOBI ¢ nyOnupoBaHueM
B MPOrpaMMHUpPOBAHUHU (T.€. KaK CPEACTBO HAKOIMJIEHUS U MHOTOKPATHOTO HCIOJIb30BAHUS
IPOTPaMMUCTCKHUX 3HAHUM).

MonynpHO€ HNpOoTrpaMMHpPOBAaHHUE SBJISETCS BOIJOLIEHHEM B Ipoliecce pa3paboTKu
nporpamMm o00uX OOIIMX METOJ0B OOPHOBI CO CIOXKHOCTHIO (CM. Jekuuto 3, m. 3.5): u obecmne-
YeHHE HEe3aBUCUMOCTU KOMIIOHEHT CHCTEMBbI, U UCIOJb30BAHUE HEPAPXUUECKUX CTPYKTYp. s
BOIUIOLIEHUS MEPBOr0 MeToJa (pOopMyIUpPYIOTCS ONpeaeIeHHble TPeOOBaHUA, KOTOPBIM J0J-
KE€H YIOBIETBOPATH NPOIPAMMHBIM MOJYJb, T.C. BBISBISAIOTCS OCHOBHBIC XapaKTCPHUCTUKHU
«XOPOILIETO» MPOrpaMMHOr0 MoAyJisl. JlyIsi BOIIOUIEHHUSI BTOPOTO METOJla UCHOJIb3YIOT JPEBO-
BUJIHBIE MOJlyJIbHBIE CTPYKTYpPBI IPOrpaMM (BKJIOYAsl IEPEBbS CO CPOCUIUMUCS BETBAMH).

7.2. OCHOBHBIEC XapPaKTEePUCTUKH NPOrPaMMHOI0 MOIYJIA.
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He Bcsakuii mporpaMMHBIH MOJYJb CIIOCOOCTBYET YNPOILIEHUIO MporpamMMsl [7.2]. Bei-
JICTUTh XOPOILIMKA C 3TON TOYKH 3PEHUSI MOJAYJb SABJISIETCS CEpbE3HOM TBOPUYECKOM 3aaavei.
Jnsi OlleHKM NPUEMIIEMOCTH BBIJEJIEHHOIO MOAYJS HCIOJb3YIOTCS HEKOTOPbIE KPUTEPHUHU.
Tak, Xonbt [7.4] npenoxui caeayomue 1Ba 00UX TAKUX KPUTEPUS:

* XOpOIIMI MOAYJb CHAPYKU MPOILIE, YEM BHYTPH;
* XOpOLIHUI MOJYJb MPOILIE UCIIOJIB30BATh, YEM IOCTPOUTh.

Maiiepc [7.5] npennaraet ajisi OIEHKH MPUEMIIEMOCTH MPOTPAMMHOTO MOJAYJISI MCIOJb-
30BaTh 00Jie€ KOHCTPYKTUBHBIE €TI0 XapaKTEPUCTUKU:

* pazmep Moy,

* IPOYHOCTh MOJYJIS,

* CICIUICHUE C APYTUMU MOIYIISIMH,

* pYTUHHOCTb MOAYJIs (HE3aBUCUMOCTb OT IPEABICTOPUU OOpalIeHUI K HEMY).

Pazmep Monyns uaMepsieTCss 4MCIOM COJEPXKAILUXCSA B HEM OIEPATOPOB MM CTPOK.
Moaynp He JOJKEeH OBITh CIMIIKOM MaJE€HbKUM WM CIHMIIKOM OONbIIMM. ManeHbKHe MOAYIU
IPUBOJAT K TPOMO3JKONH MOAYJIBHOM CTPYKTYpe NMpOrpaMMbl U MOTYT HE OKYINaTh HAKJIAJHBIX
pPacxo/ioB, CBSI3AHHBIX C UX OopopmiieHHEM. bonbiire Moayian HeYJOOHBI A U3YYEHUsI U U3Me-
HEHUH, OHM MOT'YT CYIIECTBEHHO YBEJIHWYUTh CYMMAapHOE€ BpeMs MOBTOPHBIX TPAHCIALMMU Mpo-
rpaMMBbI IIpU OTIaJKe mporpaMMmbl. OOBIYHO PEKOMEHIYIOTCSI MPOTrpaMMHbBIE MOJYJIN pa3Me-
POM OT HECKOJBKHUX JECATKOB J0 HECKOJIBKUX COTEH OIIEPATOPOB.

Ilpounocms MoayJsa - 3TO Me€pa €ro BHYTPEHHUX CBsi3eil. Yem Bblllie TPOUYHOCTh MOAYJIA,
TeM OOJIbIIIE CBSI3€H OH MOXKET CHPTaTh OT BHEUIHEH 1O OTHOMICHHUIO K HEMY YaCTH MPOTPaMMBI
U, CleJJOBaTeIbHO, TeM OOJBIINHN BKJIAJ B YNPOILIEHHUE MPOTpaMMbl OH MOXeT BHecTu. Jlis
OLICHKHU CTENEHU MPOUYHOCTU MoAyls Maiiepc [7.5] npemsiaraer ynopsiJjoueHHBIN MO CTENEHU
MPOYHOCTH HAbOp U3 ceMH KiaccoB moxayiei. Camoil cinaboil cTeneHbo MPOYHOCTH 00J1aaeT
MOAYJIb, HPOUHBIL NO CO8NAOEHUI0. DTO TaKOW MOAYJb, MEXJY 3JIEMEHTaMH KOTOPOTO HET
OCMBICTICHHBIX CBsi3eil. Takolt MOaynb MOXET ObITh BBIJICNICH, HAIPUMEp, MPH 0OHAPYKEHUH B
pa3HBIX MeCTax MpOorpaMMbl HOBTOPEHHS OJHOW M TOM K€ MOCIeA0BaTEIbHOCTH ONEPATOPOB,
KoTopas 1 opopMIIsieTcss B OTAENbHbIM Moayinb. HeoOXo1uMocTh H3MEHEHHUsI 3TON Mociae oBa-
TEJILHOCTH B OJIHOM U3 KOHTEKCTOB MOXET MPUBECTU K U3MEHEHHUIO 3TOr0 MOAYIA, 4YTO
MOJKET CJelaTh €ro HCIOJb30BaHUE B JPYTMX KOHTEKCTax omuOo4yHbIM. Takoi kiacc mpo-
rpaMMHBIX MOJYJiell HE pEeKOMEHJyeTcs AJid UCIONb30BaHMs. Booliie rosops, npenaokeHHas
MaiiepcoM yNopsiJOYEHHOCTh MO CTENEHH NPOYHOCTH KJIAaccoB MOJyjeil He OeccrnopHa.
OnHako, 3TO HE 0YEHb CYLIECTBEHHO, TaK KaK TOJBKO J[Ba BBICIIMX IO MPOYHOCTHU Kjlacca MOJIY-
Jeil peKOMEHIYIOTCS 111 UCIIOJIB30BaHUs. DTH KJIaCChl MBI U pAaCCMOTPHUM OJIpoOHEe.

DYHKYUOHANIbHO NPOYHBIY MOIYINb - 3TO MOAYJb, BBHIMOJHSIOUIUN (peaanu3yromiuii)
OJIHY Kakylo-1100 omnpeaeneHnytro Gynkiuto. [Ipu peanuzanuu 370l GyHKIMM TaKOH MOIYJb
MOXET UCMOJIb30BaTh U Apyrue Moayiau. Takol Kjiacc MporpaMMHBIX MOJYyJIel peKOMEeHAYyeTCs
JUIS1 ICTIOJIb30BaHMUS.

Hugopmayuonno npounviii MOAYIAb - 3TO MOJIYJb, BBIMOJHSIOMMUNA (peamnu3yrOninii)
HECKOJIbKO onepauuii (GpyHKIuil) Hax OJHONW U TOH ke CTPYKTYpOl JaHHBIX (MH(OPMAIIMOHHBIM
00BEKTOM), KOTOpasi CYMTACTCSI HEU3BECTHOW BHE ATOr0 MOAYJs. {7 kKaxmoi W3 3TUX omepa-
U B TAKOM MOJYJI€ UMEETCS CBOM BXOJ CO CBOei opmoii oOpareHus: kK HeMy. Takoit kiacc
CJIelyeT paccMaTpUBaTh KakK KJacc MPOrpaMMHBIX MOJYyJell ¢ BhICIIEN CTENEeHbIO0 MPOYHOCTH.
NubopMaiuOHHO MPOYHBIM MOAYIh MOXET pPEaln30BBIBaTh, HANpPUMEpP, aOCTPAaKTHBIN THII
JAHHBIX.

B MoaynbHBIX I3bIKaX MPOrpaMMHUPOBAHUS KAK MUHUMYM UMEIOTCS CPEACTBA A 3aJaHUs
GyHKIMOHAIBHO MPOUYHbIX MoAayiel (Hampumep, moayiab tuna FUNCTION B sa3sike ®OPT-
PAH). CpenctBa ke s 3aganusi WHQOPMAIIMOHHO MPOYHBIX MOJYJIEH B paHHHX SI3bIKax IpoO-
rPaMMHUPOBAHUSI OTCYTCTBOBAJIU. DTH CPEACTBA MOSIBUIUCH TOJbKO B Oojiee MO3JHUX S3bI-
kax. Tak B A3bIKe MPOrpaMMHUpPOBaHMS AJla CPEACTBOM 3aJaHus HHPOPMAITMOHHO MPOYHOTO MO-
JUyJist SIBJIIeTCs TakeT [7.6].

26



Cyennenue MOAyJNsl - 3TO Mepa €ro 3aBUCUMOCTH 1O JAaHHBIM OT JAPYTUX MOJYJEH.
Xapakrtepusyercs crnocoboM nepenadyn gaHHbIX. Uem ciabee cuernjgeHue Moayls €  JAPYrUMHU
MOAYJISIMH, TE€M CHJIBHEE €ro HE3aBUCUMOCTh OT Jpyrux moayied. s  OLeHKu  cTe-
nMmeHu  cuermieHus — Maiiepc  mpemnaraer  [7.5] ynmopsimodeHHBIM HAOOp M3 IIECTH BUJIOB
CUEIIEHUS  MoayJjel. XyAIIMM BUJIOM CLEIUIEHUS MOAYJIEH SBIAETCS cyenieHue no co-
oeporcumomy. TakuM sBIISETCS CUEIUIGHHWE ABYX MOJIyJel, Korga OAuH U3 HHUX HMeeT
MpsIMbIE CCBUIKM Ha COACPKUMOE JIPYroro MOyJis (Hampumep, Ha KOHCTaHTY, COACPKAIIyIOCs B
apyroMm moxayne). Takoe  cueruieHne  Mojayied  HejmomyctuMo. He  pekomenayertcs uc-
MOJIb30BaTh TAKXKE cyenjieHue no obwel obracmu - 3TO TaKoe CIEIUIEHUE MOAYJeH, Ko-
r1a  HECKOJbKO MOJyJield HCHOJB3YIOT OJHY U Ty e 00JacTh mamsaTH. Takoil BUJ CLIETICHHS
MoAyJIel peanusyercs, HalpuMmep, Ipu nporpammupoBanuu Ha si3bike ®OPTPAH ¢ ucnons3osa-
Huem 06;10koB COMMON. EquHCTBEHHBIM BUIOM CHETUICHUS MOIYJICH, KOTOPBI PEKOMEHIYeTCs
JUISl UCTIOJIb30BAHUSI COBPEMEHHOM TEXHOJIOTHEH MIPOrpaMMHUPOBAHUS, SIBJICTCA napa-
Mempuyeckoe  cyenjeHue (CUEIJICHME TO JaHHbBIM 10 Maiiepcy [7.5]) - 310 ciyuaid,
KorjJa JaHHbIC NEepealoTcss MOAYIIO JIM0O Mpu oOpallleHnH K HEMY KaK 3HAYeHHUs ero mapameT-
poOB,
b0 Kak pe3ylbTaT €ro OoOpamieHHWs K APYyroMy MOIYJI0 JUIS BBIYUCICHUS HEKOTOPOU
¢bynkuuu. Takol BUJ CLUEIJICHUS MOAYJIEH peaau3yeTcss Ha sS3bIKax MPOrpaMMHUPOBAHUS MPU
MCIOJIb30BAHUH 00palieHui K mporeaypam (GyHKIusm).

Pymunnocms Momyns - 3TO €ro HE3aBUCUMOCTh OT MPEABICTOPUH oOpaleHni Kk Hemy. Moayib
OyaeM Ha3bIBaTh pymuHHbIM, €CTH pe3yabTaT (3ddekT) odpaineHuss K HeMy 3aBUCUT TOJIBKO OT 3Ha-
YeHUI ero rnmapameTpoB (M HE 3aBUCHUT OT IMpeabIicTopur obpaiieHuii k Hemy). Moaynbs Oyaem Ha3bl-
BaTh 3A6UCAWUM OM npedblcmopuu, eclii pe3ynbraT (3p¢ekt) oOpalieHus K HEMYy 3aBHCHUT OT
BHYTPEHHEI0 COCTOSIHUS 3TOTO MOAYJS, U3MEHSEMOT0 B pe3yjbTaTe MPEeablAyIIUX OOpaIieHuil K
HeMy. Maiiepc [7.5] HE peKOMEHAYeT UCIOJIb30BaTh 3aBUCSAIINE OT MPEABICTOPUH (HEMpeacKa3ye-
MbI€) MOAYJIU, TaK KaK OHU MPOBOLUPYIOT MOSBIEHUE B MPOrpaMMax XUTPHIX (HEYIOBUMBIX)
omuOok. OgHAKO Takask pEeKOMEH AU SBIIIETCS HEKOHCTPYKTUBHOM, TaK KaK BO MHOTHX CIIydasx
MMEHHO 3aBUCSIIUNA OT MPEIbICTOPUN MOAYNb SBISETCS Jydllled peanu3anuil nHGOPMAIMOHHO
npounoro moxayis. [loaTtomy Gonee mpuemieMma cienyromas (6ojee OCTOpOKHAsI) peKOMEH1a-
1US:

* BCerga CcieayeT MCIOoJb30BaTh PYTHUHHBIA MOIYJb, €CIH 3TO HE TPUBOIUT K
TUIOXHUM (HE PEKOMEHyeMbIM) CHEIUICHUSIM MOIYJIeH;

* 3aBHCSIIME OT MPEIbICTOPUH MOAYJIHM CIEAyeT HCIOJIb30BaTh TOJBKO B Cilydae, KOTJa 3TO
HEO0XO0IMMO JIJIsl 00ecredeH s MapaMeTPHIEeCKOro CLETICHHS;

. B crienMpuKaIu 3aBUCSIIETO OT MPEABICTOPUU MOAYJIS JTOMKHA OBITH YETKO CPOpPMYIH-
pOBaHa 3Ta 3aBUCHMOCTh TaKHUM 00pa3oM, dYTOOBI OBIJIO BOZMOYKHO MPOTHO3UPOBATH TOBEICHHE
(3¢pdexT BBIMONHEHUS) AAHHOTO MOIYJS MPU Pa3HBIX MOCIEAYIOMIMX OOpalIEeHUsSX K HEMY.

B cBs13u ¢ mocneaHel pekoMeHIaIei MOXKET ObITh TOJIE3HBIM ONPE/IEICHUE BHEITHETO MPei-
CTaBlieHUs (OPUEHTHPOBAHHOTO HAa HMH(POPMHUPOBAHWE YEJIOBEKA) COCTOSHUW 3aBUCSIIETO OT
npenpIcTOpUr MOyisl. B aToM cimydae 3¢ ekt BoimonHeHus Kax a0l GyHKIMU (omepamun), pea-
JTU3YEMOW STUM MOJYJIEM, CJIEAYyeT OMUCHIBATH B TEPMHHAX ITOTO BHEIIHETO MpPECTaBIICHUS,
YTO CYIIECTBEHHO YIPOCTUT MPOTHO3UPOBAHUE MOBEAEHUS TAHHOT'O MOJTYJISI.

7.3. MeToabl pa3padoTKu CTPYKTYPbI IPOrPaMMBI.

Kak yxxe oTmedanoch BbIII€, B KaUECTBE MOJYJIbHON CTPYKTYpbl IPOrpaMMbl MPUHSATO HC-
MOJIB30BaTh JPEBOBHUIHYIO CTPYKTYPY, BKIIIOUAs IEPEBBS CO CPOCITUMUCS BETBIMU. B y31ax Tako-
ro JiepeBa pa3MeIIarTcsl MPOrpaMMHbBIE MOJYJIH, a HalpaBlIeHHBIE TyTU (CTPEIKH) MOKA3bIBAIOT
CTaTHYECKYIO MOTYMHEHHOCTh MOAYJICH, T.€. Ka)KJas ayra MOKa3bIBaeT, YTO B TEKCTE MOMAYJIS, U3
KOTOpPOTO OHA MCXOJIUT, UMEETCS CChUIKA Ha MOJYJb, B KOTOPBIN OHa BXOJIUT. Jpyrumu cioBamu,
KKl MOJIyJIb MOXKET 00palarbesi K MOAUYMHEHHBIM €My MOJYJIAM, T.€. BBIpakaeTcs yepes 3TU
Monynu. [Ipu 3ToM MoAylbHAsE CTPYKTYpa IPOTpaMMbl, B KOHEYHOM CYETE, JTOJDKHA BKIIIOYATH U
COBOKYITHOCTH crienudukanuii Moayniei, obpasyrommx 3Ty mnporpammy. Cneyugpuxayus tpo-
rPAMMHOTO MOJIYJISI COJAEPKUT
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¢ CUHTAaKCHUYCCKYIO CHCLII/I(I)I/IKaI_II/IIO €ro BXOO0B, MO3BOJIAIOII YO IMOCTPOUTH Ha

UCIIOJIE3yEMOM SI3BIKE POrpPaMMHPOBAHHUS CHHTaKCHYECKH MPaBUIIBHOE
oOpareHue Kk Hemy (K JII000My ero BXojy),
* (YHKIMOHAIBHYIO  CHEIU(PUKAIUIO MOJTYJIs (omucaHue CceMaHTHUKU  (YHKIIHIA,

BBITNOJIHAEMBIX 3TUM MOJyJIEM IO Ka)KJIOMY U3 €r0 BXOJI0B)

OyHKIMOHANBHAS ClIeNU(pUKALUSA MOAYJIS CTPOUTCS TaK e, KaK M (PYHKIMOHAJIbHAS CIELH-
¢dukarms [1C.

B nponecce pa3paboTku nporpamMmsl €€ MOJYJbHas CTPYKTypa MOXKET IO-pasHoMmy (op-
MHUPOBATHCSA U UCIIOIB30BATHCS ISl ONPEAEICHUS MOpsAIKa IPOrpaMMHUPOBAHUS U OTJIAJIKU MO-
IyJled, yKa3aHHbIX B 3TOH cTpykType. I103TOMy MOXXHO rOBOPUTH O Pa3HbIX METOJaX pa3pabOTKH
CTPYKTYpHI nporpammbl. OOBIYHO B IMTEpaType obcyxkaatores asa merona [7.1, 7.7]: meron Bocxo-
Jseit pa3paboTKH U METO/ HUCXOALIEH pa3paboTKy.

Metona socxodaweti pazpabomku 3akirodaeTcs B cienywoouieMm. CHayajga CTPOUTCS MO-
NylbHas CTPYKTypa IpOrpaMMbl B BHJE JiepeBa. 3aTeM IOOUYEPEAHO MPOrpaMMHUPYIOTCS MOIYJIH
[porpaMMbl, HaUMHAas ¢ MOJYJIe caMOr0 HUKHETro YPOBHS (JUCThS JIepeBa MOJYJIbHOU CTPYKT Y-
pBI IPOTPaMMBI), B TAKOM MOPSAKE, YTOOBI )i KaXI0T0 IPOrpaMMUPYEMOro MOy ObUIN yXkKe
3alporpaMMHPOBaHbl BCE MOJYJIH, K KOTOPBIM OH MOXeT oOpamatecs. [locie Toro, kak Bce Mo-
JyJU TIPOrPaMMbl 3alIpOrPAMMHUPOBAHBI, IPOU3BOAUTCS X IOOUYEPEAHOE TECTUPOBAHKE U OTJIAJIKa B
IIPUHLIUIIE B TAKOM K€ (BOCXOJAIIEM) OPSAAKE, B KAKOM BEJIOCh MX IporpaMMmupoBanue. Takoil mo-
PAIOK pa3pabOTKU MPOrpaMMbl Ha MEPBBIA B3I Ka)XETCS BIIOJIHE €CTECTBEHHBIM: KaXIblif
MOJYJb NPU MPOrPAaMMHUPOBAHMU BBIPAKAETCSA YEPE3 YK€ 3alpOrpaMMUPOBAHHBIE HEMOCPE/-
CTBEHHO MOJJYMHEHHBIE MOAYJIH, a IPU TECTUPOBAHUU UCIOIb3YET YK€ OTJIaXeHHbIe Moayau. Oa-
HAKO, COBPEMEHHAsi TEXHOJIOTHsSI HE PEKOMEHAYET TaKOW MOpsIOK pa3paboTKu mporpammel. Bo-
HEPBbIX, U IPOrPaMMHUPOBAHUS KaKOTo-IM00 MOJYJsl COBCEM He TpeOyercs HaJIU4yus TEKCTOB
UCIIOJb3YEMBIX UM MOAYJEH - JUIsl 3TOTO AOCTAaTOYHO, YTOOBI KaXKAblil MCIIOJb3YEMBbIH MOIYIb
OBl NHIIb creluduIupoBaH (B o0beMe, MO3BONIAIONIEM MOCTPOUTH MPaBHIBHOE OOpalleHue K
HEMY), a JJIsl TECTUPOBAHMSI €0 BO3MOKHO (M J1a)ke, KaK MbI MIOKa)X€M HUKE, MOJIE3HO) HCIO0JIb-
3yeMble MOAYJIHM 3aMEHATh UX UMHUTATOpaMu (3ariaymkamu). Bo-BTopbIxX, Kakaas nporpaMma B Ka-
KON-TO CTENEHU MOJYMHSAETCS] HEKOTOPhIM BHYTPEHHHUM JUIsl HEE, HO TJI00AIbHBIM JUIsl €€ MOAYJel
cooOpakeHUsIM (TMPUHLMIIAM pealu3aliy, MPEaNoNI0KEeHUsAM, CTPYKTYpaM JaHHBIX M T.IL.), YTO
ompeJeNsieT ee KOHLENTYyalIbHYIO IIeJIOCTHOCTh U (hopMupyeTcs B mpoiecce ee padpaborku. [lpu
BOCXOJslIeH pa3paboTke 3Ta riodanbHas MHPOpMaLMs Uil MOJAYyJied HUKHUX YpOBHEH ere
HE sSICHA B MOJIHOM 00beMe, MOATOMY OYEHb 4acTO MPUXOAMUTCS UX MEePernporpaMMHUpPOBATH, KO-
I71a IpU IPOrpaMMHUPOBAHUY APYTHX MOIYJIeH MPOU3BOAMUTCS CYIIECTBEHHOE YTOUHEHHUE 3TOU II10-
OanbHOI MH(pOpMaluu (HapuMep, U3MEHSETCs TI00anbHasi CTPYKTypa JaHHBIX). B-TpeTbux, npu
BOCXOJSIIEM TECTUPOBAHUHM JJIsSI KAXKI0T0 MOAYJs (KpoMe I'0OJIOBHOTO) IPUXOJUTCS CO3/1aBaTh
BEAYILIYIO MporpaMMy (MOAYJb), KOTOpash JOJIKHA MOArOTOBUTH JJISI TECTUPYEMOTO MOJYJIS He-
00x0IMMO€e COCTOsIHME UH(OPMAIIMOHHON Cpelibl M MPOU3BEeCTH TpeOdyeMoe oOpalieHue K HeMy.
OTO NPUBOAUT K OOJBIIOMY 00BEMY «OTJAJ0YHOT0» MPOrPpaMMUPOBAHUS U B TO K€ BpEMs He
JlaeT HUKAKOW rapaHTHM, YTO TECTUPOBAHHUE MOYJIEH MPOU3BOAMIOCH HMEHHO B TEX YCIOBHUSX, B
KOTOPBIX OHHU OyJIyT BBHIMOJHATHCS B pabouelt mporpaMmme.

Meton Hucxoosawel pazpabomku 3aKirodaercs B cienyromem. Kak u B npeapiiymem me-
TOJIe CHaydaja CTPOUTCS MOJyJIbHas CTPYKTypa IpOorpaMMbl B BHJIE JepeBa. 3aTeM MOOYEPEeaHO
IPOrpaMMHUPYIOTCSI MOYJIM IPOrPaMMBbl, HAYMHAs ¢ MOJYJIsl CAMOT'O BEPXHET0 YpOBHS (TOJOBHO-
ro), mepexois K MporpaMMHUPOBAHUIO KAKOTO-THMOO JPYyroro Moaysisl TOJbKO B TOM Cly4ae, €clid
y>Ke 3aIporpaMMHUpPOBaH MOYJb, KOTOPBI K HeMy oOparaetcs. [locne Toro, kak Bce MOyJIu MPO-
rpaMMBbI 3alIpOrpaMMHUPOBAHbI, TPOU3BOJUTCA UX MOOYEPEAHOE TECTUPOBAHKUE U OTJIAJKa B TAKOM
xe (HucxopsmeM) nopsnake. [Ipu 3ToM mepBbIM TeCTHPYETCs TOJIOBHOM MOAYNIb MPOTpamMMBbl,
KOTOPBII MpEeJCTaBIsAET BCIO TECTHUPYEMYIO NMPOrpaMMy M IO3TOMY TECTUPYETCS IPH «ecTe-
CTBEHHOM» COCTOSIHMM MH()OPMALIMOHHON CPE/Ibl, MPU KOTOPOM HAUMHAET BBIOJIHATHCS 3Ta MPO-
rpaMMa. [Ipu 3TOM Te MOAYIH, K KOTOPBIM MOXET 00paliaTbCs rOJIOBHOM, 3aMEHAIOTCS UX UM H-
TaTopamu (TaK Ha3bIBaeMbIMU 3ariymikamu [7.5]). Kaxaeit umumamop mooyns npencraBisercs
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BEChbMa MPOCTHIM NPOrPpaMMHBIM (pparMeHTOM, KOTOPBI, B OCHOBHOM, CUTHAJIU3UPYET O Ca-
MoM (pakTe oOpalieHus K UMUTUPYEMOMY MOJIYJIIO, IPOU3BOIUT HEOOXOAUMYIO AJi MPABUIbHON
paboThI IpOrpaMMbl 00PabOTKY 3HAUCHUHN €r0 BXOJHBIX MapaMeTpoB (MHOTIa C UX pacreyaTKomn)
U BBIJACT, €ClIM 3TO He0OXO0IMMO, 3apaHee 3almaceHHbIl noaxoadmuil pesynbrart. [locie 3aBepiie-
HUSI TECTHPOBAHMS U OTJIAJKU TOJIOBHOTO U JIFOOOTO TMOCIEAYIOUIET0 MOIYJIS IPOU3BOAMUTCS Tepe-
XO0Jl K TECTUPOBAHUIO OJIHOTO M3 MOJYJIeH, KOTOPhIE B JaHHBIII MOMEHT MpEeICTaBIeHbl UMUTATO-
paMu, eciii TakoBble UMeTCcs. JlJIsi 3TOro UMUTATOpP BHIOPAHHOIO AJIs TECTUPOBAHUSA MOAY-
7 3aMEHSIeTCS CAMUM 3TUM MOJYJIEM U, KpPOME TOr0, JOOaBISIFOTCS HMUTATOPBI TEX MOIYJeH, K
KOTOPBIM MOXKET 0OpaIiatecsi BEIOPAaHHBIN Ui TECTUPOBAHUS MOIYJb. IIpu 3TOM KaKIbli Takou
MOJ1yJIb OYyIE€T TECTUPOBATHCS MIPU «ECTECTBEHHBIX» COCTOSHUSIX MH(POPMAIIMOHHON Cpe/bl, BO3-
HUKAIOIMIMUX K MOMEHTY OOpaIleHus] K 3TOMY MOAYJIO TPU BBIMOJIHEHUN TECTUPYEMOH MPOTPaMMBI.
Takum 00pa3zoM, 00ybIION 00BEM «OTIAJOYHOTOY» MPOTPAMMHUPOBAHMS MPU BOCXOMSIIEM Te-
CTUPOBAaHUU 3aMEHSAETCS IPOrPAMMUPOBAHUEM JIOCTATOYHO MPOCTHIX UMUTATOPOB MCIIOJIb3yEMBIX
B mporpamme Monayiei. Kpome Toro, mMuTaTopsl ymoOHO HCHONIB30BAaTh ISl TOTO, YTOOBI
HOJABIIPHIBATh MPOIECCY MOA00pa TECTOB IYTEM 3aJaHUsl HYXKHBIX pe3yJbTaToOB, BbIJABAEMBIX
umutaropamu. [Ipu Takom mopsake pa3pabOTKH IpOrpaMMbl Bes HeoOXxoaumas rinolaibHasi WH-
dopManus GopMHUPYETCSI CBOEBPEMEHHO, T.€. TUKBUAUPYETCS BECbMa HEMPUATHBIM UCTOYHUK MPO-
CYETOB MpPHU MPOTPaMMUPOBAHUU MOJyJei. HeKOoTOpbIM HeZOCTaTKOM HUCXOJsIIEH pa3paboT-
KU, TPUBOJSAIIUM K ONPEICIIEHHBIM 3aTPYAHEHUSM IpU €€ NMPUMEHEHUHU, SBJIAETCS HEeoOXoau-
MOCTh a0CTparupoBaThCsi OT 0a30BBIX BO3MOXKHOCTEH HCHOIB3YEMOTO $3bIKa MPOTPaMMHU-
pOBaHMs, BbIyMbIBasg aOCTpaKTHBIE ONEPALMU, KOTOPHIE MTO3KE HYKHO OYAET peaanu3oBaTh C M0-
MOIIBIO BBIACNEHHBIX B Iporpamme moayieil. OHako crocOOHOCTh K TaKUM aOCTPaKIUsAM Mpea-
CTaBIJISIETCS HEOOXOIMMBIM YCIOBHEM pa3pabOTKU OOJBIINX MPOTPAMMHBIX CPEJICTB, IOITOMY €€
HY>KHO Pa3BHUBATh.

Oco00EeHHOCTBIO PACCMOTPEHHBIX METOI0B BOCXOSIIEH U HUCXOAAIIEH pa3paboTok (KOTO-
pbie MBI OyZeM Ha3bIBaTh Klaccuueckumu) sSBISETCs TpeOoBaHME, YTOOBI MOAYJIBHAsI CTPYKTypa
nporpaMMmbl Obuta pa3zpaOoTaHa A0 Hayaiga MPOrpaMMHUPOBaHMS (KOAUPOBAHUS) MOIYJIECH. DTO
TpeOOBaHNE HAXOJUTCS B MOJHOM COOTBETCTBUHU C BOJIONMATHBIM MOAX0J0M K pazpabotke IIC, Tak
KakK pa3paboTKa MOJYJIbHON CTPYKTYpbI IPOTrpaMMBbl U €€ KOJUPOBaHHE MPOU3BOASTCS Ha Pa3HbIX
sranax pa3pabotku I1C: nepsas 3aBepiaeT stan koHcTpyrpoBanus [1C, a BTopoe -OTKpbIBaeT 3Tar
KoaupoBaHus. OJTHAKO ATU METOAbI BBI3bIBAIOT Psi/i BO3PAXKEHUN: IPEICTABIAETCS COMHUTENbHBIM,
4TOOBI 1O MPOrpaMMHUPOBAHMS MOJYJIEH MOXKHO OBLIO pa3paboTaTh CTPYKTYpY MPOrpaMMbl JOCTa-
TOYHO TOYHO U cojepxarenbHo. Ha camoMm gene 3To fenaTh He 00s3aTeIbHO, €CIIM HECKOJIBKO
MOJIEPHHU3UPOBaTh BOAONAAHBIN moaxon. Huxke mpennararoTcsi KOHCTPYKTHUBHBIM U apXUTEKTYP-
HBIN MOJIXO0ABI K pa3paboTke nporpamm [7.3], B KOTOPBIX MOJyJIbHAsA CTPYKTypa (popMUpyeTcs B
npoliecce NporpaMMUpoOBaHus (KOMPOBAHMS) MOIYJIEH.

Koncmpyxkmuenwiii nooxoo k pa3zpaboTke TMpOrpamMMbl MPECTaBIACT CO00M MOAUPUKAIINIO
HUCXOJIIEeH pa3paboTKu, MPU KOTOPOW MOIYJIbHAs JPEBOBHIHAS CTPYKTypa IMpOrpaMMbl (GOpMH-
pyercsi B Mpoliecce MporpaMMHpoBaHusi Moaynei. PazpaboTka mporpaMmbl Mpu KOHCTPYKTHU B-
HOM NOJXO0JI€ HAaUMHAETCs C MPOrpaMMHUPOBAHMS TOJIOBHOTO MOJYJIS, UCXOAS U3 clielu(pUKaluu
nporpaMmMsl B 1ejgoM. [lpu stom cnenudukanus nporpaMMbl IPUHUMAETCS B KauyecTBE CIie-
nu(pUKaIUKU €€ TOJOBHOTO MOAYJs, KOTOPBIM MOJHOCThIO OepeT Ha cebsl OTBETCTBEHHOCTH 3a
BbIMOJTHEHUE (QyHKIUI mporpammbl. B mpoiecce nporpaMMHupoBaHHsI TOJIOBHOTO MOAYIS, B
cilyyae, €ciM 3Ta MporpaMmma JI0CTaTOYHO OOJbIIasi, BHIACISAIOTCA 1M0/1331aun (BHYTpeHHHE (PyHK-
I[UH1), B TEPMUHAX KOTOPBIX MPOTPAMMUPYETCS TOJIOBHON MOAYNb. DTO O3HAYAET, UTO I KaXKAOU
BBIJIENIIEMOM 1o/13a/1auu ((YHKIIMM) cOo3AaeTcs crienudukamnus peaausyromero ee pparMenTa npo-
rpaMMbl, KOTOPBIH B ajbHENIIEM MOXET ObITh PEJCTABIEH HEKOTOPBIM MOAIEPEBOM MOIYJIEH.
BaxxHO 3aMeTHTh, YTO 371eCh TaK)XK€ OTBETCTBEHHOCThb 33 BBIMOJHEHHUE BBIACICHHON (QyHKIUH
HECET TOJIOBHOMW (MOXET OBITh, U €IMHCTBEHHBIN) MOJIYJIb ATOTO MOJAEPEBA, TAK YTO CHEIUDU-
Kalus BBIIEICHHON (DYHKUIMHU SBISETCS OJHOBPEMEHHO M cHenu(uKaiueld TroJ0OBHOTO MOIYJIS
3TOro mojjaepena. B roinoBHOM Monyse mporpaMMbl 1 oOpalleHHsl K BBIICICHHOW (YHKIHMH
CTpouTCsl OOpalleHre K TOJIOBHOMY MOJYJIIO YKAa3aHHOTO TOJIEpeBa B COOTBETCTBUU C CO3JJaHHOU
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ero cnenudukanueii. Takum o0pazom, Ha IEpBOM Iare pa3paboTKH MPOTrpaMMbl (IIpH Mporpam-
MHUPOBAHHH €€ TOJOBHOI'0 MOAYJs) popMHUpyeTCs BepxHss HaudajdbHas 4acTh JepeBa, HaUpHU-
Mep, Takasi, KOTopas IoKa3aHa Ha puc. 7.1.

Crneyugpuxayus npozpammuol
(eonoaHo20 mooyns)

Texcm 2onoenozo .H()()_l-’.".l‘}f

SR el etk

-0l i e o | [ i

i Cneyugpurayus
3-eu nodzadayu

Crneyugpuxayus
. -0t nodzadavu

Cneyudpuxayus
2-0tt nodzadayu

Puc. 7.1. IlepBslit mar (opMUPOBaHHUS MOTYJIBHON CTPYKTYPBI IPOrPaMMBbI
P KOHCTPYKTUBHOM IOJX0/1€

AHalorn4Hble 1eMCTBUS NPOU3BOATCS IIPU IPOrPaMMHUPOBAHUH JTHOOOTO APYroro MoayJs,
KOTOPbII BBIOMPAETCSl U3 TEKYIIEro COCTOSHUS JiepeBa MPOrpaMMbl M3 YMCia CHEHM(PUIHUPOBAH-
HBIX, HO TIOKa €Ile HE 3allporpaMMHpPOBAaHHBIX Moayieil. B pesynbTare 3TOrO0 mpou3BOAMTCS
ouepenHoe 10(GOopMHUpOBaHUE JepeBa MPOrpaMMbl, HAIpUMEp, TaKoe, KOTOpPOe MOKa3aHO Ha pHC.
7.2.

ApxumexmypHuvlii n00x00 K pa3pabOTKe MPOrpaMMbl MpeACTaBiIseT cOO0H MOIUPUKALUIO
BOCXOJIsIEN pa3pabOTKU, MPU KOTOPOH MOJyJbHAs CTPYKTypa MporpaMMbl (popMHupyeTcss B Ipo-
1iecce MporpaMMHupoBaHus Moaysda. Ho nmpu 3ToM cTaBUTCS CYHIECTBEHHO JApyras Iellb pa3pa-
OOTKHU: TMOBBIIIEHWE YPOBHSI HCIIOJB3YEMOTO fA3blKa IMPOTpaMMHUpPOBAHMS, a HE pa3paboTka
KOHKPETHOH MporpaMmbl. ITO 03HAYaEeT, UTO IS 3aJaHHON MPEIMETHON 00IacTH BBIAEISIOTCS TH-
NUYHble QYHKINH, KaXJas U3 KOTOPBIX MOKET MCIO0JIb30BaThCA MPU PELIEHUH Pa3HBIX 3a/1a4 B
3TOM 00aacT, U crieqUPUIUPYIOTCS, a 3aTEM U MPOrPAMMHPYIOTCS OT/IENbHBIE TPOrPaMMHBIE MO-
JyJI¥, BBIMOJIHAIOIIKME 3TH (QYHKIMHM. Tak Kak NpoIecC BbIIAENEHUS TaKuX (QYHKIMH CBSI3aH ¢
HaKOIJICHMEM M 0000IIeHHEM ONbITa PelIeHHs 3aa4 B 3a/laHHON MpeMeTHON 00acTu, TO 00bIY-
HO CHayajia BBIACNSIOTCS U PEATU3yIOTCsl OTACIbHBIMU MOIYJIsIMU OoJiee pocThle QYHKIUH, a 3a-
TEM IOCTENEHHO MOSBISAIOTCS MOJYJH, MCIONb3YIOIIME paHee BblaeleHHble (QyHKuuu. Taxoif
HaOOp MoAayJell co3gaercs B pacueTe Ha TO, YTO IpHU pa3paboTKe TOM MM MHOU IPOTrpaMMbl
3a1aHHOM MpeIMeTHOM 001acTH B paMKaX KOHCTPYKTHBHOI'O IOJX0Jla MOT'YT OKa3aThCs MpHU-
e€MJIEMBIMU HEKOTOPBIE U3 3TUX MOAYJEH. DTO MO3BOJSIET CYIIECTBEHHO COKPAaTUTh TPYH03a-
TpaThl Ha pa3pabOTKy KOHKPETHOM MporpaMMsbl IyTeM MOAKIIOYEHUS K Hell 3apaHee 3aroTOBIICH-
HBIX U NPOBEPEHHBIX HAa MPAKTHKE MOJYJIbHBIX CTPYKTYp HHUXKHETO ypoBHs. Tak Kak Takue
CTPYKTYpBl MOTYT MHOTOKPAaTHO HCIIOJIb30BaThCs B Pa3HbIX KOHKPETHBIX MpOTpamMMmax, TO
ApXUTEKTYPHBIM MOJXOJ MOXKET pacCMaTpUBATHCSI KaK MyTh OOpbOBI C AyOIUpPOBAHHEM B
IIPOrpaMMUPOBAaHUHU. B CBS3M € 3TUM MpOrpaMMHbBIE MOIYJIH, CO3/1aBaEMbIE€ B PAMKAX apXUTEKTYp-
HOT'O TI0JIX0/1a, OOBIYHO MapaMeTpPU3YITCs ISl TOro, YTOObI YCUJINTh MPUMEHUMOCTh TaKUX MO-
nyJel myTeM HaCTPOUKH UX Ha MapaMeTphl.

30



Puc. 7.2. Bropoii mar ¢popMupoBaHUs MOIYIBHON CTPYKTYPBI IPOTPAMMBI

/ Cneyugurkayus npozpammsi
(eonosH020 MOOYAA)

Texem conoenozo m (J()_'I.".f}}'

Cneyugpuxayus

: Cneyugukayus
l-o0tt nodzadauu

3-eu noodzaoavu

Texcem | Texcm |
20/1086H020 MOOYIA | i\ | eonoeHozo modyns ||
l-ou nodzadavu ; : 3-eu noodzadavu y

Cneyugpurayusn
2-01 hoozadavu

prmmmcmm et e e ——————

Texcm
207108H020 MOOYASA
2-01 nodzaoavu

Cneyucgurxayus | Py Cneyugurxayusa

2. 1-01i nodzaoavu ' 2.2-01t nodzadayu

IIPU KOHCTPYKTUBHOM MOJXO/IE.

B kiaccuueckoM MeTozie HUCXOASIEH pa3pabOTKH pEKOMEHAYETCs CHavajaa BCce MOJyJIU pas-
pabaTbIBa€MOM IPOrpaMMBbl 3alpOrpaMMHUPOBaTh, a YK 3aTeM HaYMHATh HUCXO/sIEee UX TECTUPO-
BaHMe [7.5], 4TO ONATH-TAaKH HaXOAUTCS B IMOJHOM COOTBETCTBHMHM C BOJOMAIHBIM NMoaxoaoM. Ox-
HAKO TaKOH MOPSAAOK pa3pabOTKHU HE MPEACTABIAETCS IOCTATOYHO 0OOCHOBAHHBIM: TECTUPOBAHHE
U OTJIaJIKa MOIYJIEH MOJET MPUBECTH K M3MEHEHHIO CTIEIU(HUKAINY MTOTIMHEHHBIX MOyJIeH H J1a-
e K U3MEHEHHIO CaMOi MOAYJIHON CTPYKTYpPbI IPOTPaMMBI, TaK YTO B 3TOM CiIydae MpOrpaMMu-
pOBaHME HEKOTOPBIX MOJYJIEH MOXKET OKa3zaTbCs OECIOJIe3HO MpojesnaHHoW paboroil. Ham
npezcTaBisercs 0ojiee palMOHAIBHBIM JIPYTOM MOPAIOK pa3paboTKH MPOTrpaMMbl, U3BECTHBIN B
JAUTEpaType Kak METOJ HUcxooAwjel peaiu3ayuu, 9To MPeACTaBIseT HEKOTOPYIO MOAU(DUKALIUIO
BOJIONAHOTO MOJX0Aa. B 3TOM MeTone KakAblii 3amporpaMMHUpPOBAaHHBIA MOJYyJb HAaUMHAIOT
cpa3y ’Ke TeCTUPOBATh J10 Nepexo/ia K IPOrpaMMHUPOBAHUIO JPYTrOr0 MOAYJISL.

Bce 3T MeTO1bl UMEIOT ellle pa3IuYHble PAa3HOBUIHOCTH B 3aBUCHMOCTH OT TOT'0, B KaKOM
MOCJIEIOBATEIHLHOCTH OOXOMATCS y3JIbl (MOIYJIN) APEBOBUAHON CTPYKTYPHI IPOTPAaMMBI B IIp O-
necce ee pazpaborku [7.1]. 3To MOXKHO AenaTh, HApUMEp, MO oM (pa3padbaTbiBasi Bce MOAY-
JU OJHOTO YPOBHS, MpPEXJE YeM MEepPeXOoauTh K cienyromemy ypoBHo)/IIpu Hucxonsmei paspa-
00TKE JepeBO MOXHO OOXOJUTh TakXke B JIEKCUKOrpaduyeckoM mopsake (CBepXy BHM3, ClieBa
Hanpaso). Bo3moxxHBI U Ipyrue BapuaHThl 00xona aepeBa. Tak, mpu KOHCTPYKTUBHOM peanu-
3a1uu I 00X0/1a IepeBa MporpamMmbl Liejaecoodpa3Ho cienoBaTh uaesM dykcMmaHa, KOTOpbIe OH
MCIOJIb30BaIl B MIPEUIOKEHHOM UM METOJIe BEPTHKAIbHOTO cioeHus [7.8]. CymHOCTh Takoro 00xo-
Jla 3aKJII0YaeTcs B cieayronieM. B paMkax KOHCTPYKTUBHOTO MO/IX0/1a CHavYalla peaiu3yloTcs TOIb-
KO T€ MOJAYJIH, KOTOpble HEOOXOAUMBI JJII CaMOT0 IMPOCTEHIIEro BapuaHTa MporpaMMbl, KOTOpast
MO’KET HOPMAJIbHO BBIMIOJHATHCS TOJBKO Ul BeChbMa OTPaHMYCHHOTO MHO)KECTBAa HAOOPOB BXO/I-
HBIX JIaHHBIX, HO JJI TaKUX JaHHBIX 3Ta 3a7ada OyAeT pemarbcs A0 KOoHIa. Bmecro apyrux mo-
TyIeil, Ha KOTOpbIE B TAaKOW MPOrpaMMe UMEIOTCS CCBUIKH, B 3Ty MPOrpaMMy BCTABIISIOTCS JIUILb UX
UMHTATOPBI, 00ECIEUNBAIOIIUE, B OCHOBHOM, CUTHAJIM3ALIMIO O BBIXOJIE 3a MPEEbl 3TOr0 4acT-
HOTO ciyyas. 3aTeM K 3TOW mporpaMme J00aBIAIOTCS pealn3aluyd HEKOTOPBIX IPYTUX Moayei (B
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YaCTHOCTH, BMECTO HEKOTOPBIX U3 MMEIOLINXCS UMUTATOPOB), 00ECIICUNBAIONINX HOPMAIbHOE BbI-
MOJIHEHHE JJI1 HEKOTOPBIX IPYrMX HaOOpOB BXOJHBIX JaHHBIX. M 3TOT mpoliecc MpoaosnKaeTcs mo-
ATAIHO JI0 MOJIHON peam3anuu TpedyeMoil nmporpamMmel. Takum 0Opa3zom, 00Xox AepeBa Mporpam-
MbI IIPOU3BOAUTCS C IENIBI0 KpaTyaiiliuM MyTeM peaiu30BaTh TOT WM MHOM BapHaHT (CHayaia ca-
MBI MPOCTENIINIT) HOPMAJIBHO JAEUCTBYIOIIEH IIporpaMMel. B CBs3M ¢ 3TUM Takasi pa3HOBUIHOCTb
KOHCTPYKTHBHOM  peasn3aluu
NOJIyunJia Ha3BaHUE yeleHa-
Memoos pazpabomeKn CRIPYEIY Pl REOS UMM npagﬂeHH()zZ KOHCIM pmeugHoﬁ

l i peanuzayuy.  JJOCTOMHCTBOM

i {fnexodmuie » ‘_L Bocxoosuie J 9TOro Mceroaa ABIACTCA  TO,

YTO YK€ Ha AOCTATOYHO pPaH-
. - - - Hel cTajuM co3jmaercss padboTa-
A.-'.‘(i’('('h"l{’(,'f\'l!'.'.l‘ ;\.-’!CICC‘H‘{L‘C!\'HL‘ o
ROOX O HOOX 1} IOLINK BapUaHT pa3pa6aTLIBae-
MOHU IIPpOrpaMMBI. IIcuxomoru-
Niaecnmeckat Kagccuueeras HICCKH 3TO UIPacT poJib NOIINH-
HUCX OOSUIAA BOCXOOR A i ra, PE3KO IMOBBIIIANOUICTO 3(1)‘
pespatbomed paspadoni (I)GKTI/IBHOCTI, pazpaboTumKa.
T e pexosendyeincs) [103TOMy 3TOT METOJ ABISETCS
Rowrecnuecras Rorgecusecsan BECbMa IIPUBJICKATCIIbHBIM.
HHCXOUR U BOCXOUACE - Ha puc. 7.3 mnpencrasie-
JHCCRESCE IS Pe A Ha o0mas Kﬂaccnq)I/IKaHI/Iﬂ pac-
f11e peRosteioVvemcs) CMOTDEHHBIX METOLOB pa3pa-
OOTKH CTPYKTYpPBI IPOTPaAMMBI.
Kowemymawmusnniit (3 &y Apxumessprnit || 7.4. KOHTPO-HB CTPYKTYPbI
‘_, RN HOG el ] 2 nmporpammal.
l JU1st KOHTPOJISL CTPYKTYPBI
Noncmpyesmugit Apxumernupirun e IporpaMmsbl MO>KHO HUCIIO0JIb30-
" paspadomia paspatiomsa ] BaTh Tpu MeToza [7.5]:
! o
o ] e —————— ' ¢ CTaTUYCCKHUH KOHTPOJIb,
Il\()H(_'”?P_\‘KHH!({H(J'}! :IPXIHHE’KHH'PH(UI v}
' Ee! - L[]
PeAtTIaIA PEQNNIANTA CMEXKHBIM KOHTPOJIb,

* CKBO3HOW KOHTPOJIb.
— Crarnueckuid  KOHTPOJb
Hevenanpagiennas COCTONT B OIEHKE CTPYKTYpHI
KOHCIPYRKMUBHOA
peariaius IIPOTrpaMMBbl, HACKOJIBKO XOpO-
110 MporpaMma pa3Oura Ha Mo-

Puc. 7.3, Kraccudukauma MeToAOR pa3padoTKU CTPYRTYRBI Nporpama. Aynn € y4€TOM 3HA4YCHUH pac-
CMOTPCHHEBIX BBIINIC OCHOBHBIX

XapaKTEPUCTUK MOJTYJIS.

CMeXHBIN KOHTPOJIb CBEPXY - 3TO KOHTPOJIb CO CTOPOHBI Pa3pabOTYUKOB apXUTEKTYpPHl U
BHemHero onucanus [IC. CMeXHbBI KOHTPOJIb CHU3Y - 3TO KOHTPOIb Cleu(pUKAINA MOy
CO CTOPOHBI pa3pabOTYMKOB 3TUX MOYJEH.

CKBO3HOM KOHTPOJb - 3TO MBICIEHHOE MPOKpYyUYUBaHUE (IIPOBEPKA) CTPYKTYPhI MPOTrpaMMbI
TP BHITIOJTHEHUH 3apaHee pa3paboTaHHBIX TECTOB. SIBIIAETCS BHUAOM JHHAMHUYECKOTO KOHTPOJIS TaK
ke, KaK ¥ pydHas UMUTAIus QYHKIMOHAIBHOHN crienupuKanuy win apxuTekTypsi [1C.

Crnenyetr 3aMeTHTh, YTO YKa3aHHBIA KOHTPOJb CTPYKTYPBI MPOTPAMMBI MPOU3BOJUTCS B
paMkax BojomagHoro moaxonaa paspaborku IIC, T.e. mpu knaccuueckom moaxoxe. [Ipu xoH-
CTPYKTUBHOM U apXHTEKTYPHOM IOJIX0JIaX KOHTPOJIb CTPYKTYPHI MIPOTPAMMBI OCYIIECTBIISIETCS B
poliecce MporpaMMUpPOBaHUs (KOJUPOBAHUS) MOJIYJIEH B MOJXOISIIINE MOMEHTHI BPEMEHH.

YnpaxkHeHus K JeKI UM 7.
7.1. YUmo maxoe npoepammuulii MOOYib?
7.2.9Ymo maxoe npouHocmeb NPOCPAMMHO20 MOOYIA?
7.3.Ymo makoe cyennenue npocpammHo20 Mooyia?
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Jexkyus §.
PA3BPABOTKA ITPOI'PAMMHOTI'O MOAYJIsA

Ilopsiook paspabomku npoepammnozo mooyns. CmpykmypHoe npocpammuposanue u
nowtazosas demanuzayus. [lonamue o ncegdokooe. Konmponv npo2pammmuoco mooyis.

8.1. ITopsinok pa3padoTKu NPOrPaMMHOI0 MOAYJIA.

ITpu pazpaboTke MpOrpaMMHOIO MOJYJIS LI€JIECO00Pa3HO MPUAEPKUBATHCS CIEAYIOLIEro I0-
psnka [8.1]:

* U3ydeHHEe M  NpoBepka  cHeuM@uKanuM  MOAyJs,  BbIOOp  sI3bIKa MPOrpaMMHU-
pOBaHUS;

* BBIOOD QIrOPUTMA U CTPYKTYpPHI JAHHBIX;

* IporpaMMUpOBaHHE (KOJUPOBAHUE) MOYJIS;

* nuiMdoBKa TEKCTa MOITYJIS;

* IpOBEpKa MOAYJIS;

* KOMOWIALMS MOJTYJISL.

[lepBpiii mar pa3pabOTKK MPOrpaMMHOIO MOJYJiS B 3HAUUTEIbHOW CTENEHU NPECTaBIISET
cO0OH CMEXHBIH KOHTPOJIb CTPYKTYpPBI IPOrpaMMbl CHU3Y: M3ydas crelu(UKaIo MOAYI, pa3pa-
0OOTYMK JOKEH YOEeTUTHCSI, UTO OHA €My MOHSATHA U JOCTaTOYHA JUIsl pa3paboTKu 3Toro moayis. B
3aBEPILICHUM ATOTO LIara BeIOMpAETcs SA3bIK MIPOrPAMMHMPOBAHUSA: XOTS SA3bIK IPOrPAMMUPOBAHUS
MOKET ObITh yxke npenonpeneneH s Bcero I1C, Bce e B psne ciiyyaes (eciiv cuctema mnpo-
IrpaMMHUPOBaHM 3TO J0IYCKAET) MOXKET ObITh BBIOpaH APYroi si3bIK, 0ojiee MOAXOASIIUI sl pea-
JU3aluy JAHHOTO MOAYIIS (Harpumep, s3Ik accemoOrepa).

Ha BTOpoM miare pa3zpa0oTKu MPOrpaMMHOIO MOAYJISl HEOOXOIUMO BbISICHUTh, HE U3BECTHbI
JM YK€ KaKhe-TM00 ajlrOpUTMbI JJIsl pelIeHHs] TOCTABJICHHON U uin Oau3Kol K Hel 3axauun. U ec-
JM HaWJeTcs MOAXOSIIUI alrOpUTM, TO LelecooO0pa3HO MM BOCHOJIb30BaThCs. BrIOOp moaxons-
IIUX CTPYKTYpP AAHHBIX, KOTOpble OyIyT MCIOJIb30BATHCS IPHU BBINOJIHEHUHU MOJYJIEM CBOUX
GyHKUUH, B 3HAUUTEIBHOM CTENEHU MPeJoIpeesIseT JOIUKY U KadeCTBEHHbIE MTOKa3aTeNn pa3pa-
0aTbIBa€MOr0 MOYJIs, TO3TOMY €r0 CJIe1yeT pacCMaTPUBaTh KaK BEChbMa OTBETCTBEHHOE PEILIEHUE.

Ha tperbeM miare ocyuiecTBisieTcs MOCTPOEHHE TEKCTa MOAYJNS Ha BHIOPAHHOM sI3bIKE MPO-
rpamMmMmupoBanus. OOuaue BCEBO3MOXKHBIX JIeTajel, KOTOpbIE JOJKHBI ObITh YUTEHBI IPH peau-
3aiuu QYHKUUN, yKa3aHHBIX B CHEUM(PHUKALUU MOJIYJSA, JErKO MOTYT NPUBECTH K CO3JAaHUIO
BEChbMa 3allyTaHHOI'0 TEKCTa, COAEPIKAILEro Maccy OIIMOOK U HeToyHocTel. VckaTh ommOku B Ta-
KOM MOJIyJIe€ M1 BHOCUTh B HETO TpeOyeMble U3MEHEHHUSI MOXKET OKa3aThCsl BeChbMa TPYAOEMKOH 3a-
naveil. [loaToMy Becbma Ba)KHO JJIi TIOCTPOEHUSI TEKCTa MOJYJS IMOJIb30BaThCSl TEXHOJIOTHUECKU
000CHOBAaHHOM U MPaKTHUUECKU MTPOBEPEHHOM AMCHUIUIMHON MporpaMMHUpoBaHus. BriepBbie Ha 31O
oOpatun BHUMaHue [lelikctpa [8.2], copmynrpoBaB 1 000CHOBaB OCHOBHBIE IMPHUHIMIIBI CTPYK-
TypHOro mporpammupoBanus. Ha sTux npuHiunax 6a3upyroTcss MHOTHE JAUCHUIUIMHBI IIPOrpam-
MUPOBaHHUs, IIUPOKO IpHUMeHseMble Ha npakTuke [8.3-8.6]. HaumOosee pacmpocTpaHeHHOU
ABIISICTCS] JUCUMIIJIMHA TOIMIAroBoM neranu3anuu [8.3], koTopast moapoOHO oOcyxaaercs B pas-
nenax 8.2 m 8.3.

Crenyrouii mar pa3pabOTKu MO/l CBS3aH C IMPUBEJCHUEM TEKCTa MOAYJISA K 3aBEpILIECHHO-
My BHUIY B COOTBeTCTBHM co crenudukanueii kadectsa 1IC. Ilpu nmporpaMMupoBaHUM MOJYJA
pa3paboOTUUK OCHOBHOE BHHMMAaHHE YyAedsSeT MNPAaBUIBHOCTH peanu3anuu (QyHKIUH MOAYIS,
OCTaBJIsisl HEAOPAOOTAHHBIMM KOMMEHTApHUHU U JOMyCcKash HEKOTOPhIE HapylieHus TpeOoBaHUM
K CTWIIO mporpaMmsbl. [Ipu nuindoBke TEKCTa MOIYJS OH JOJKEH OTpPeJaKTHPOBAaTh MMEIO-
niMecss B TEKCTe KOMMEHTapUHM U, BO3MOJYKHO, BKJIIOYUTh B HETO JONOJTHUTEIbHbIE KOMMEH-
TapuM C 1eNblo obecreyuTsh TpeOyemble MPUMUTHBEL kadecTBa [8.1]. C 3Toi xe 1enbo mpou3-
BOJIUTCS PeJaKTUPOBAHUE TEKCTA MPOrPaMMBbI JIJIsl BBIOJIHEHUS CTHIINCTUYECKUX TpeOOBaHUH.

[ar npoBepKu MOy MPEACTaBIsAET COOOH PYUHYIO MPOBEPKY BHYTPEHHEH JIOTUKH MOy
JI0 HaYayia ero OTJAJIKH (MCIOJIB3YIONMIECH BBIMOJHEHHE €T0 Ha KOMIBIOTEPE), peaTu3yeT OOIIHiA
HOPUHIMI, cHOPMYTHPOBAHHBIN IS OOCYXIAaeMON TEXHOJOTUU MPOTPaMMHUPOBAHUS, O HEOOXO-
JTUMOCTH KOHTPOJIS IPUHUMAEMBIX PEIICHU Ha KakaoM dTarne pa3zpadotku [1C (cMm. nexnuro 3).
MeTo/1p1 TPOBEPKU MOAYJIS 00CYXIa0TCs B pazzaene 8.4.
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W, nakoHer, mociaeaHui mar pa3paboTKu MOIYJS O3HAYAeT 3aBEPIICHUE MPOBEPKU MOYIIS
(C MOMOIIBI0 KOMIWIATOPA) U MEPEeX0]] K MPOIECCY OTIAAIKA MOITYJIS.
8.2. CtpykTypHOE NpOrpaMMHupOBaHuUe.

[Ipu mporpaMMuUpOBaHHM MOJYJISI CleAyeT UMETh B BHUIY, UTO MporpamMMma J0JDKHA ObITh
MOHATHOW HE TOJBKO KOMIIBIOTEPY, HO M YENIOBEKY: M pa3pabOTYMK MOAYJS, W JHUIA, POBEPSIO-
1IMe MOAYJb, U TECTOBUKH, TOTOBAILINE TECTHI JJISI OTIAAKH MOIyJs, U conpoBoautenu [1C, ocy-
HIECTBISIONINE TpeOyeMble U3MEHEHHSI MOIYJISA, BBIHYKICHBI OyIyT MHOTOKPAaTHO pa3Ouparh JIOTH-
Ky paboThl Moayis. B coBpeMEHHBIX S3bIKax MPOrpaMMHPOBAHHS JOCTATOYHO CPEACTB, YTOOBI
3alyTaTh 3Ty JIOTUKY CKOJb YTOJHO CHUJIBHO, TEM CaMbIM, CA€JIaTh MOJAYJb TPYJAHO INOHUMAae-
MBIM JJI1 YeJIOBEKa U, KaK CIEJICTBUE 3TOT0, CAENaTh €ro HEHaASKHbIM WM TPYAHO CONPOBOKIac-
MbIM. [103TOMY HEOOXOAMMO MPUHUMATH MEPHI JUISI BBIOOpA TOIXOJSIINX S3BIKOBBIX CPEICTB U
CJIEI0BaTh ONMPEACICHHON NUCIUIUIMHE TporpamMmMupoBanusa. B cBsa3u ¢ stum [eitkctpa [8.2] u
NPEUIOKUIT CTPOUTH MPOrpaMMy KaK KOMIIO3HUIIMIO M3 HECKOJIbKMX THIOB YIPABJISIOMIMX KOH-
CTPYKIUH (CTPYKTYP), KOTOPBIE MO3BOJIIOT CUIILHO MOBBICUTH MOHUMAEMOCTh JIOTUKH padOThI IIPO-
rpammsbl. [IporpaMmupoBaHue ¢ UCIOIb30BAaHUEM TOJBKO TAKMX KOHCTPYKLUN Ha3BaldU CMpYK-
MYPHBIM.

OCHOBHBIMU KOHCTPYKIIUSIMA CTPYKTYPHOTO TPOTrPAMMHUPOBAHUS SIBISIOTCS: CJEIOBaHUE,
pa3BerBiieHue U noBTopenue (cm. Puc. 8.1). KoMnonentamu 3TUX KOHCTPYKLUHH SBISIIOTCS 0000-
HIeHHBIC orepaTopsl (y3ibl obpabotku [8.5]) S, S1, S2 m ycnoBue (npenukar) P. B kadecte
0000111eHHOTO OTepaTopa MOXKET ObITh MO0 MPOCTOM OmepaTop UCHOIb3YEMOI0 A3bIKa MPOrpaM-
MUpPOBaHMS (OIepaTopsl NMPUCBAWBAaHUS, BBOJA, BBIBOJAA, oOpamieHUs K Mpouenype), Judo
dbparMeHT MPOrpaMMBbl, SBISIOIIUNACS KOMIIO3UIIMEH OCHOBHBIX YIPABISIOMIMX KOHCTPYKIUI
CTPYKTYpHOTO nporpammupoBanusi. CymecTBEHHO, UTO Kax/Jas U3 3TUX KOHCTPYKIIUU nUMe-
€T MO YIPAaBJICHHUIO TOJBKO OJUH BXOJ M OJUH BBIXOJ. Tem cambiM, 1 00OOIICHHBIN OnepaTop
MMeEET TOJIHKO OJIMH BXOJl U OJIMH BBIXOJ.

BecbMa BakHO TakkKe, YTO STU KOHCTPYKIIMHU SABISIOTCSA YK€ MaTeMaTHUYECKUMH OObEKTaMH
(4TO, MO CyHIECTBY, U OOBSACHSET MPUUMHY YyCIi€Xa CTPYKTYpHOro MporpamMmMupoBanus). Jlokasa-
HO, 4TO JJIs KaXXJOH HEeCTPYKTYpHPOBAHHOW MPOrpaMMbl MOXKHO MOCTPOUTH (HYHKIIMOHAITBEHO
HKBHUBAJIEHTHYIO (T.€. pEIIAIONIYIO Ty K€ 3a7]auy) CTPYKTYPUPOBAHHYIO [IPOrpaMMy.

Jng cTpyKTypUpOBaHHBIX IPOrpaMM MOXKHO MaTE€MaTHYECKH JTOKa3bIBaTh HEKOTOPBIE CBOICTBA,

Cneposanue Pa3zseTBnenne

ta Hem

¥

ffem

Puc. 8.1. OCHOBHLIE YIPABAKIOUIME KOHCTPYKUMH CTPYKTYRHOUD
MporpaMMHpPOBaHHS.



YTO MO3BOJISIET OOHAPY)KUBATh B IIPOrpaMMe HEKOTOPBIE OMMOKH. DTOMY BOIpocy OyneT mocBsIIe-
Ha OTJeJIbHAs JIeKIUSI.

CTpyKTypHOE IPOTPAaMMHUPOBAaHWE HMHOTAA  HA3bIBAIOT  elle  "porpaMMHpOBaHUEM 0Oe3
GO TO". Onmnako neno 31aeck He B oneparope GO TO, a B ero GecnopsI04HOM HCIIOIH30BAHUY.
OdeHb YacTO MpHU BOIUIOUIEHUH CTPYKTYPHOIO IPOrpaMMHUPOBAaHUs HAa HEKOTOPBIX fA3BIKaX IpO-
rpammupoBanus (Hanpumep, Ha POPTPAHe) oneparop nepexona (GO TO) ucnonp3yercs s
peanu3anuu CTPYKTYPHBIX KOHCTPYKILHM, YTO HE HAPyIIAeT MPUHIUIIOB CTPYKTYPHOTO IPOrpam-
MUPOBaHUS. 3alyThIBAIOT MMPOrpaMMy Kak pa3 "HECTPYKTYypHbIE" omepaTopsl Mepexoaa, 0COOEHHO
IIepEXoJl K OIepaTopy, paclojoKEHHOMY B TEKCTE MOJYJIS BbIIIE (paHbILIE) BHIITOIHSAEMOIO OIle-
paTtopa nepexozaa. Tem He MeHee, MOMbITKA U30eXaTh Oreparopa rnepexoa B HEKOTOPBIX MPOCTHIX
CIy4asiX MOXET MPUBECTU K CIIMIIKOM T'POMO3JIKMM CTPYKTYPUPOBAHHBIM IpOrpaMMam, 4TO He
YIIy4IlIaeT UX SICHOCTh M COJEPKUT OMACHOCTh MOSIBICHHS B TEKCT€ MOAYJS JOIMOJHHUTEIbHBIX
omu60K. [To3TOMYy MOKHO pEKOMEHA0BATh U30eTaTh YIOTPEOIeHUs ONepaTopa Nepexoaa BCIOy,
IJIe 3TO BO3MOKHO, HO HE IIEHOW SICHOCTH ITporpaMmsl [8.1].

K mnone3HsiM ciayyasiM HCHOJB30BAHUS OIEpATOpa IMEPEXoda MOXKHO OTHECTH BBIXOJ U3
UKJIA UK TIPOLEaYpPhl MO 0cOO0OMY YCIOBHIO, "TOCPOYHO" MpeKkpamnjamuero paboTy gaH-
HOTO IMKJA WA JaHHOW MPOUEAyphl, T.€. 3aBEPIIAIOIIETO padOTy HEKOTOPOU CTPYKTYPHOI
euHUIBI (0000LIEHHOTO OMepaTopa) U TEM CaMbIM JIUIIb JIOKAIBHO HApPYIIAIOUIEr0 CTPYKTYPHUPO-
BaHHOCTh TporpamMMbl. bodbimme TpyaHOCTH (M YCIOXKHEHHE CTPYKTYPHI) BBI3BIBAET CTPYK-
TypHas peaju3alus peaklMi Ha BO3HUKAIOIINE UCKIIOYUTENbHbIE (4acTO OUIMOOYHBIE) CUTYAIUH,
TaK Kak IIpU 3TOM TpeOyeTcs He TOJIbKO OCYLIECTBUTH JOCPOUHBIN BBIXOJ U3 CTPYKTYPHOH €AUHU-
Ibl, HO U MPOU3BECTU HEOOXOAUMYIO 00pa0OTKY (MCKIIOYEHHE) 3TON CUTYyalllH (HarmpuMmep, Bblia-
4y MOAXOIAUIeH AuarHocTHueckor mHpopmarmmn). OOpabOTINK UCKITIOUYUTETLHON CHUTYaIlMH MO-
JKET HaXOJIUTHCS Ha JII0OOOM YPOBHE CTPYKTYpPBI IIPOrpaMMBbl, @ 00pallieHrne K HeMy MOXKET IPOU3BO-
JUTHCS C Pa3HbIX HUXKHUX YpOBHEH. BrosiHe nmpuemMiieMoN C TEXHOJOTMYECKOM TOYKH 3pe-
HUS SIBISIETCS cliefyronias "HeCTpyKTypHasa" peanu3anus peakiuyu Ha UCKIIOYUTEIbHbIE CUTY-
auu [8.7]. O6pabOTYMKH HMCKIIOUUTENBHBIX CUTYyalldid TMOMEMIAIOTCS B KOHIIE TOW WJIM WHOM
CTPYKTYPHOUM €IUHUIIBI U KaXIbI Takoil oOpaboTUyMK MpOTrpaMMHUpPYeTCsl TaKUM 00pa3oM, 4TO
1ocJjie OKOHYaHUS CBOEH pabOThl MPOU3BOJIUT BBIXOJ U3 TOM CTPYKTYPHOW €AMHMIIBI, B KOHIIE KO-
TOopoit OH momelneH. ObpalleHre K TakoMy 00pabOTUMKy MPOU3BOAUTCS ONEPATOPOM MEepPexoia U3
JAHHOU CTPYKTYPHOM eAMHUIIbI (BKJIIOYas JTH00YI0 BIOKEHHYIO B HE€ CTPYKTYPHYIO €UHULLY).

8.3. [TomaroBas neraju3anusi ¥ MOHSITHE O NCEBJOKO/E.

CTpyKTypHOE MpOrpaMMHUpPOBAaHUE J1a€T PEKOMEHAAMU O TOM, KaKUM JIOJKEH OBITh TEKCT
Monynsi. Bo3HHKaeT BOMpoC, Kak JOMKEH NEeHCTBOBATh MPOTPAMMHUCT, YTOOBI MOCTPOUTH TaKOH
TekcT. YacTo mporpaMMUpOBaHUE MOIYJISl HAUMHAIOT ¢ IOCTPOEHUS €ro OJI0OK-CXEMBbI, ONUCHIBAIO-
el B o0UMX yeprax JOTUKY ero paboTel. OHAKO COBPEMEHHAsi TEXHOJIOTHUS MMPOrpaMMHUpOBa-
HUSI HE PEKOMEHJYEeT 3TOro jenaTh 0e3 MOAXOJALIeH KOMIBIOTEPHOW MOIIEpKKU. XOTd OJIOK-
CXEMBI MO3BOJISIOT BECbMa HATISAHO MPEACTABUTH JIOTHKY padOTHl MOAYIS, TIPH UX PYYHOM
KOJMPOBAHUHU Ha SI3BIKE ITPOTPaAaMMHUPOBAHUS BO3HUKAET BEChbMa CIENU(PUUECKUT UCTOYHUK OIIIH-
00K: 0TOOpa)keHHE CYIIECTBEHHO ABYMEPHBIX CTPYKTYp, KAKUMH SBISIOTCS OJOK-CXEMBI, HA JIH-
HENHBIA TEKCT, MPEICTAaBIAIOMNNA MOIYIb, COEPKUT OMACHOCTh MCKAXEHUsI JIOTUKU paboOThI MO-
IyJisi, TeM OoJiee, 4TO MCUXOIOTUYECKU JOBOJIBHO TPYIHO COXPAHUTH BHICOKUN YPOBEHb BHUMAHHUS
[P TIOBTOPHOM €€ paccMOoTpeHuu. VckiroueHneM MoXeT ObITh ciydaid, Korja AJis MOCTPOEHUs
0JIOK-CXEM UCIOJIb3yeTcs rpapuiecKuil pelakTop U oHu (GopMaIn30BaHbl HACTOIBKO, YTO 110 HUM
ABTOMATUYECKU T€HEPUPYETCS TEKCT Ha sI3bIKE MPOrpaMMHUpOBaHUs (Kak, HaIpUMeEp, 3TO JeIaeTcs
B P-texnonoruu [8.6]).

B xauecTBe OCHOBHOI'O METO/1a MOCTPOCHHUSI TEKCTAa MOJIYJISI COBPEMEHHAs! TEXHOJIOTHS MPo-
rpaMMHUPOBaHMs pEKOMEHIYeT noutazogyio oemanuzayuro [8.1, 8.3, 8.5]. CyuiHocTs 3TOrO METO1A
3aKiIr04aeTcs B pa30ueHuu mpoiiecca pa3paboTKu TeKcTa MOyJs Ha psij maros. Ha nmepBom mare
OTNHKCBIBAETCA 001Ias cxema paboThl MOAYJISI B 0003pUMOM TUHEHHOW TEKCTOBOH (opme (T.€. ¢
UCIIOJIb30BAaHUEM OYEHb KPYIHBIX MOHATHN), MPUYEM 3TO OINUCAHUE HE SBISETCS MOJHOCTHIO
dbopManM30BaHHBIM U OPHEHTUPOBAHO HA BOCIPHUATHE €ro 4eloBekoM. Ha kaxkaom ciemyto-
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IeM IIare MPOU3BOJMUTCS YTOYHEHHME M JICTaTU3alisl OJHOTO U3 MOHATUH (0yaeM Ha3bIBaTh €ro
VMOYHAeMbIM), B KAKOM JINOO ONMHMCAHHUM, pa3pabOTAaHHOM Ha OJHOM W3 IpPeAbLAYHINX maros. B
pe3ynbTaTe TAaKOro IIara CO3AaeTcsl ONMCAaHUE BBIOPAHHOIO YTOUYHSEMOI'O MOHATUS JIUOO B TEp-
MUHax 0a30BOro si3blKa MPOrpaMMUPOBAHUS (T.€. BHIOPAHHOTO JJI PEACTaBICHUS MOAYIIS ), JTIU-
00 B Tako# xe opme, 4TO U HA TIEPBOM IIAre C MCIOJb30BAHNEM HOBBIX YTOUHSEMBIX MOHATUH.
DTOT IpoLEecC 3aBepIIaeTCs, KOrja BCe yTOUHsAEeMble MOHATHS OyNyT ymouneHnus (T.e. B KOHEU-
HOM cueTe OyIyT BBIPaKEHBI Ha 0a30BOM SI3bIKE MPOrpaMMHUpOBaHust). [locieHuM 1marom sBisieT-
Csl TIOJIy4eHHE TeKCTa MOJYJA Ha 6a30BOM SA3BIKE IPOTPAaMMHUPOBAHUS MTYTEM 3aMEHBI BCEX BXOXK-
JCHUN YTOYHSEMBIX MOHATUH 33JaHHBIMUA WX ONHCAHUSMHU U BBIPAKEHUE BCEX BXOXKJIEHUN KOH-
CTPYKLHUM CTPYKTYPHOT'O MPOrpaMMHUPOBAHUS CPEACTBAMH ITOTO S3bIKA IPOrPAMMHUPOBAHHUS.

[TomaroBasi geranu3anus CBsi3aHAa C HCIOJb30BAHMEM YAaCTUYHO (OPMAIHU3OBAHHOTO
A3bIKa JJI IPEICTAaBIICHUs YKa3aHHbBIX ONMUCAHUM, KOTOPBIA MONXY4YHST Ha3BaHUE ncesdokooa (8.5,
8.8]. DTOT sA3BIK MTO3BOJISIET UCIOJB30BAaTh BCE KOHCTPYKLUU CTPYKTYPHOTO MPOrpaMMHUpPOBaHUS,
KoTopbie odopMmisitoTes GopMann30BaHHO, BMecTe ¢ HedopMalibHBIMU (PparMeHTaMH Ha ecTe-
CTBEHHOM SI3bIKE JIJISl TIPEACTaBICHUSI 00OOIIEHHBIX ONEpaTOpOB U yciaoBuil. B xauecTBe 000011eH-
HBIX ONEpPAaTOPOB M YCIOBUU MOTYT 33/J1aBaThCsl M COOTBETCTBYIOIIME (hparMeHTHl Ha 0a30BOM
SI3BIKE TIPOTPAMMHUPOBAHHSL.

['070BHBIM OIKCaHHWEM Ha MCEBAOKOJIE MOKHO CUYUTATh BHENIHEe odopMIIeHHEe MOAYJS Ha
0a30BOM S3bIKE IPOTPAMMHUPOBAHUS, KOTOPOE JOJDKHO COICPIKATH!

* Hayajo MOAYJs Ha 0a30BOM fI3BIKE, T.€. IEPBOE MPEIOKEHHUE UK 3aroJoBOK (crenuduka-
1110) 3Toro moayis [8.1];

* paznen (COBOKYNHOCTh) ONUCAaHUN Ha 0a30BOM f3bIKE, MPUYEM BMECTO ONMHUCAHUN
nporenyp ¥ QyHKIUH - TOJIBKO UX BHEIIHEe opopmIIeHHE;

* HepopManbHOe  OOO3HAUYEHHE  IOCJIEAOBATEIIBHOCTH  OMEpPaTopoB  Tella  MOAYJS
KaKk OJHOTO 00001eHHoro omeparopa (cwm. HUKE), a TaKxe HeopManpHOE
o003HayeHHe Tela KaXJOro OINUCaHUs TMpouenypbl MWIM  (QYHKIMM KAk  OJHOIO
00001IIeHHOTO OllepaTopa;

* mocienHee mpeanoxkenue (KoHel) Moayis Ha 6a3oBoM si3bike [8.1].

Buemnee oopmiieHne onvcaHus Npoueaypsl uin GyHKIIMHN IPEICTaBIsSIeTCS
aHasoru4yHo. BopouewMm, eciu cienoBats [leiikctpe [8.2], pa3men onucaHuii gydie Takxe Mpej-
CTaBUTH 3/1€Ch HE(popMaIbHBIM 0003HAUEHHUEM, MPOU3BEAS €r0 JETATU3ALUI0 B BUIE OTIEIbHO-
r'O ONHUCAHUS.

HedopmansHoe o6o3HaueHne 000OIIEHHOTO omepaTopa Ha ICEBJAOKOJE MPOU3BOJAUTCS Ha
€CTECTBEHHOM $S3bIKE MPOU3BOJBHBIM MPEAIOKEHUEM, PACKPHIBAIOIIUM B OOIIMX YepTax ero co-
nepkanue. EquHcTBeHHBIM (pOopManbHBIM TpeOOBaHMEM K O(OPMIIEHHMIO TaKOTO 0003HAYEHUS SB-
JsieTcs cleAyIollee: 3TO MPeAJIoKEeHNE JTOJKHO 3aHUMAaTh LEIMKOM OJHO WJIM HECKOJbKO rpadu-
YeCKUX (MEeYaTHBIX) CTPOK U 3aBepIIAThCS TOUKOM (MM KaKUM-ITHOO APYTMM 3HAKOM, CHelHallb-
HO BBIJICJIEHHBIM JIJIS 3TOTO).

CnenoBanue:
0000IIeHHBIN _onepaTop
0000111eHHBII_omepaTop

PazBerBnenue:
ECJIA ycnosue TO
0000IIIeHHBII_omepaTop
NHAYE
0000111eHHBII_omnepaTop
BCE ECJI1

[ToBTOpEHME:
I[TOKA ycnosue IEJIATH
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0000IIEHHBIN _oTepaTop
BCE IIOKA

Puc. 8.2. OcHOBHbIE KOHCTPYKLUMHU CTPYKTYPHOTO NPOTPaMMHUPOBAHUS Ha IICEBIOKO/E.

Jis Kakaoro HeopMajIbHOrO 0OO0OLIEHHOTO ONepaTropa JOJKHO ObITh CO3JaHO OTIEJIBHOE
OMNMCaHUE, BBIPAXKAIOIIEE JIOTUKY €ro padoThl (IETANM3UPYIOIIEE €ro COACp>KaHHE) C MOMOIIBIO
KOMITO3UIIUM OCHOBHBIX KOHCTPYKIUH CTPYKTYPHOI'O IPOTrPaAMMHUPOBAHUS U IPYTUX 000OIIEHHBIX
orepaTopoB. B kadecTBe 3arosioBKa TaKOTo OMUCAHHS TOJKHO OBITh HepopMmanbHOE 0003HAUCHUE
Jeranusupyemoro o6o6ueHHoro oneparopa. OCHOBHbBIE KOHCTPYKIIUM CTPYKTYPHOTO IIpO-
IrpaMMHPOBAHUSI MOTYT OBITh MPEICTAaBIICHBI B CIEAYIONIEM Bujae (cM. puc. 8.2). 31ech yciaoBue
MOJET OBbITh JUOO SIBHO 3aJlaHO Ha 0a30BOM sI3bIK€ IPOrPaMMHUPOBaHUs B KayecTBe OyJieB-
CKOTO BBIpa)KeHUSs, TM00 HehOpPMaIbHO MPEACTABICHO HAa €CTECTBEHHOM SI3bIKE HEKOTOPBIM (par-
MEHTOM, PacKpbIBAIOIMM B OOLIMX YepPTax CMBICI ITOr0 ycioBus. B mocienHem ciydyae TOKHO
OBITH CO3/1aHO OTJIEJIBHOE OINHKCaHUue, JCTATU3UPYIONIee 3TO YCJIOBHE, C yKa3aHHEM B KauecCTBE
3arojoBKa 0003Ha4YeHUs ITOTrO yCIOBUA (pparMeHTa Ha €CTECTBEHHOM S3bIKE).

Brixo u3 moBropeHus (IUKIA):
BBIUTU
Brixon u3 npouenyps! (pyHKINN):
BEPHYTBHCA
[Tepexon Ha 00pabOTKY UCKITIOYUTEIHLHON CUTYAIINH:
BO3BYJIUTD ums uckimrodeHUs
Puc. 8.3. YactHble cnydau onepaTopa mepexojia B kayecTBe 0000IIEHHOTO Oeparopa.

B xauectBe 00001IEHHOTO OomepaTopa Ha IMCEBAOKOJE MOXHO HMCIOJIB30BAaTh YKa3aHHbBIC
BBIIIIE YacTHbIE clyyau omnepatopa nepexona (cM. puc. 8.3). [locnemoBarenbHOCTh 00-
pabOTYMKOB MCKIIOYUTEIBHBIX CHTyalud (MCKIIOYCHHI) 334aeTCs B KOHIIE MOIYJISl UM OIH-
canus npouenyps! (pynkun). Kaxaplii Takoit 00paboTYuK UMeeT BUL:

NCKJIIOYEHUE nmMs_ucknrodeHus
0000IIIeHHBIN _oTiepaTop

BCE UCKJIFOYEHUE
Otanune 00paboTUYMKA UCKITIOYUTEIFHON CUTYAIlUH OT MPOIEAYpPHl 0€3 MapaMeTPOB 3aKITI0YaeTCs
B CJIEAYIOIIEM: TOCJE BBIMOJHEHHUS NMPOLENyphl yNpaBieHHE BO3BpaIaeTCs K Omeparopy,
cienyoolemMy 3a oOpalieHueM K Hel, a MmocJyie BBITOJHEHUS! UCKIIOYECHUS YIPaBICHUE BO3Bpa-
IIaeTCsl K OIepaTopy, CleAyIOIeMy 3a oOpalieHreM K MOIYIII0 UM rpouenype (GyHKIHN), B KOHIIE
KOTOPOro (KOTOPOil) MOMEIIEHO JaHHOE UCKITIOUEHHE.

PekoMenayeTcst Ha KaXJOM IIare JAeTalM3allMd CcO3JaBaTh JOCTATOYHO COJEpiKATENbHOE
OTMCaHue, HO JIETKO 0003puMoe (HArsaHOE), TaK YTOOBI OHO pa3MeIaoCh Ha OJHOW CTPAaHMIIC
TekcTa. Kak nmpaBumiio, 3T0 03HayaeT, 4YTo TaKOE ONMUCAHUE JOJDKHO ObITh KOMIO3UIUEH MATU-IIECTH
KOHCTPYKIIUH CTPYKTYPHOTO NMPOTpaMMHUpPOBaHUs. PeKOMeHIyeTcsl TakKe BIIOKEHHBIE KOHCTPYK-
UM pacrojaraTh CO CMEIIEHHEM BIIPaBO Ha HECKOJBKO Mo3uimii (cMm. puc. 8.4). B pesynbrare
MOJYKHO TIOJYYHTh OINHMCAHWE JIOTMKH pabOThl 10 HAISITHOCTH BIIOJIHE KOHKYPEHTHOE C OJIOK-
cXxemMaMH, HO 00Jiajjaroliee CyIeCTBEHHBIM NMPEUMYIIECTBOM - COXpaHsAETCs TMHEHHOCTh OIuca-
HUSL.

VYIAJIEHVE B ®AWIIE 3AIIMCEN J10 IIEPBOI, YIOBJIETBOPSIO-
LIEN BAJIAHHOMY ®WJIBTPY:

VCTAHOBUTH HAUAJIO OAWNJIA.
[IOKA HE KOHEL] ®AWJIA JEJIATH
[IPOYUTATH OYEPEHVIO 3AIIUCE.
ECJI1 OYEPEJHAS 3AITMCH YJIOBJIETBOPSET
®UJIBTPY TO
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BBIUTU
NHAYE
YJIAJIUTh OYEPEJIHVIO 3AITMCH U3 GANJIA.
BCE ECJIN
BCE TIOKA
ECJIN 3AITNCU HE YJAJIEHBI TO
HAITEYATATD "3AIIMCHU HE YJIAJIEHBI".
NHAYE
HAIIEYATATD "YJIAJIEHO 1 3AITMCEI1".
BCE ECJIN
Puc. 8.4. [Ipumep onHOro 11ara JeTaau3alyuy Ha ICEBIOKOIE.

Wnero nmomiaroBoy aetanu3anuu npunuckiBaoT uHorna [evikcrpe [8.1]. Ognako [eiikcTpa
npeajaral IPUHIUIHAIBHO OTJIMYAIOIIUICA METOJ MOCTPOCHUsSI TEKCTa MOy [8.2], KOTOpHIit
HaM MpecTaBisieTcs 0osee rTyOOKUM M MEePCIeKTUBHBIM. Bo-MepBhIX, BMECTE C yTOUHEHHUEM Olle-
paTopoB OH Ipejuiaran IOCTENEHHO (IO HIaram) YTOYHSTH (AE€Taau3UpOBaTh) U HCIOJIb3yeMbIe
CTPYKTYpHI JaHHBIX. BO-BTOPBIX, HA KaXJAOM IIare OH Mpejasiarail co3/JaBaTh HEKOTOPYIO BUPTY-
albHYIO MAIMHY JUIS JACTaTU3allii U B €€ TePMUHAX MPOU3BOJIUTH JIETATU3AIMIO BCEX YTOU-
HSIEMBIX MOHITHH, JUIsl KOTOPBIX 9Ta MalllMHA MO3BOJISIET 3TO caenarh. Takum obOpazom, JleikcTpa
npesiarai, 1mo CyuiecTBy, A€TaIM3UPOBATH MO0 TOPU3OHTAIBHBIM CJIOSIM, UTO SIBJISIETCA MEpeHece-
HUEM €T0 UJEU O CIOUCTHIX chucTeMax (CM. JeKUHIo 6) Ha YpOBeHb pa3paboTku moxayins. Ta-
KOW MeToJ pa3paboTKuh MOJYJS MOAJNEPKUBACTCS B HACTOsIIee BpeMs maketaMu si3bika AJIA
[8.7] u cpeacTBaMu 0OBEKTHO-OPHUEHTUPOBAHHOTO ITpOrpaMMHUpOBaHus [8.9].

8.4. KoHTpO/b IPOrpaMMHOI0 MOAYJIAL.
[IpumeHs0TCs Clenyrone METOIbl KOHTPOJIS MPOrPaMMHOT0 MOIYJIS:
* CTaTH4YecKas MPOBEpPKa TEKCTa MOAYJIs;
* CKBO3HOE IIPOCIICKUBAHUE;
* JI0Ka3aTeIhCTBO CBOMCTB MPOrPAMMHOTO MOIYJIS.

[Ipu craruueckoll mpoBEepKE TEKCTa MOJYJS 3TOT TEKCT IMPOCMATPUBAETCA C Hayajla J10
KOHIIA C IIEeJIbI0 HalWTU OomUOKH B Moayse. OObIYHO /I TaKOW MPOBEPKU MPHUBJICKAIOT, KPOME pas-
paboTunka MOJys, elle OJHOTO WU Ja’Ke HECKOJIBKUX MPOrpaMMHUCTOB. PekoMeHyercst ommoKu,
oOHapyXMBaeMbIe TIPH TaKOW MPOBEPKE HCHPABIISTH HE Cpa3y, a MO 3aBEPIICHHUIO YTEHUS TEKCTa
MOZYJISA.

CkBO3HOE TpoOCJeXHWBaAHHE MpPEACTaBIseT COO0W ONMH M3 BHUIOB JUHAMHUYECKOTO
KOHTPOJISI MONyJisi. B HEM Takke y4yacTBYIOT HECKOJbKO IPOTrpaMMHUCTOB, KOTOPbIE BPYUHYIO
MIPOKPYUYMBAIOT BHITIOJIHEHUE MOJYJIS (OmepaTop 3a ONepaTopoM B TOM MOCJIENOBATEIbHOCTH, Ka-
Kasi BRITEKAeT U3 JIOTUKU pabOThl MOAYJIsS ) HA HEKOTOPOM HAaOOpe TECTOB.

JlokazaTenbCTBY CBOMCTB IpOrpamMM MOCBSIIEHA CAeAYoIas JeKIus. 30eCh CleAyeT JHIIb
OTMETHUTH, YTO 3TOT METO/I IPUMEHSIETCS TOKA OYEHb PEKO.

YnpaxHeHus K Jekuuu 8.
8.1. Ymo makoe cmpykmypHoe npocpammuposanue?
8.2. Umo makoe nowazosas demanuzayus npocpammuHo2o mooyas'?
8.3. Ymo maxoe ncegdokoo?
Jlexyus Ne 10.
TECTUPOBAHMUE U OTJAIAKA TIPOTPAMMHOI'O CPEACTBA

Ocnosnvle nouamus. Cmpamezus npoekmuposanus mecmos. 3anoseou omiaoxku. Ae-
MOHOMHAs OMIAAOKA U MEeCMUPO8aHUe NPOSPAMMHO20 MoOYaA. Komniekcnas omaaoka u me-
cmuposanue NpocpammHo20 cpeocmada.

10.1. OcHOBHBIE IOHATHS.

Omaaoxa TIC 3TO neATeNbHOCTH, HANpaBJCHHAs Ha OOHApPYXEHUE M HCIpaBICHHUE
om6ok B [IC ¢ ucmnonb3oBaHUEM MPOILIECCOB BBIMOIHEHUS ero mporpamm. Iecmuposanue 11C
— 9TO MPOLECC BHIMOJHEHHS €0 MPOrpaMM Ha HEKOTOPOM HaOOpe JAAaHHBIX, IJIsl KOTOPOro 3apa-
HEE M3BECTEH pe3yJbTaT MPUMEHEHUS WM U3BECTHBI IpaBUJjIa MOBEICHHS 3TUX MPOrpaMM. YKa-
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3aHHBIA HA0Op JAaHHBIX Ha3BIBACTCS MeCMmOGblM WIN MPOCTO mecmoMm. Takum o0pa3oMm, OTIAIKy
MOYKHO TPE/ICTaBUTh B BUJIE MHOI'OKPaTHOTO IOBTOPEHMs TpeX MPOLIECCOB: TECTUPOBAHUS, B pe-
3yJbTaTe KOTOPOTO MOXKET ObITh KOHCTaTupoBaHO Hanuuue B [IC ommOku, monucka Mecta OmMOKU
B nporpammax u JgokymeHranuu IIC m penakTHpoBaHUS NpPOrpaMM M JOKYMEHTAILMH C LEJbIO
ycTpaHeHus: obHapyxeHHoi oummOku. pyrumu crnoBamu: Otnaaka = TecrtupoBanue + Iloumck
omnbok + Pepakruposanue.

B 3apy06exxHoii ntureparype omiaaky dacto nmonumaior [10.1-10.3] Tompko kak mporuecc mo-
UCKa W HUCIpaBIeHUs omUOO0K (0e3 TecTupoBaHUs), GAKT HAIUUYMSA KOTOPBIX YCTaHABIMBACTCS
npu TecTupoBaHuu. MHornma tectupoBaHME U OTJIaAKy cuMTaroT cuHoHuMmamu [10.4,10.5]. B
Hallel CTpaHe B MOHATHE OTJIAAKA OOBIYHO BKIOYaOT M TectupoBanue [10.6 -10.8], mosTomy
MBI OyJieM CIeOBaTh CIOXKHUBIICHCS Tpaauluu. BripodyeM, COBMECTHOE PaCCMOTPEHHUE B TAHHOU
JIEKIUHU 3TUX HPOLECCOB JEJIaeT yKa3aHHOE pa3HOUYTEHHE HE CTOJb CyliecTBeHHbIM. Cienyer, of-
HaKO, OTMETUTh, YTO TECTUPOBAHUE UCIIOJIB3YETCSA U KaK 4acTh npouecca arrecrauuu [IC (cm.
neknuio 14).

10.2.  IIpuHUMDBI ¥ BUABI OTJIAAKH NPOrPAMMHOIO CPe/ICTBA.

Yenex omtagku IIC B 3HaUMTENBHON CTENEHM NPENONPENENIET palOHaIbHasl OpraHu3anus
tectupoBanus. [Ipu otrmaake [IC OTBICKMBAIOTCS M YCTPAHSIOTCS, B OCHOBHOM, T€ OINHOKH,
Hainuyue KoTopblx B IIC ycranaBnuBaeTrcs npu tectupoBaHuu. Kak OblIO yke OTMEUYEHO, Te-
CTUpPOBAHUE HE MOXET Joka3zaTh npaBuiabHOCTh [IC [10.9], B myumem ciiydyae OHO MOXET IIp O-
JEMOHCTPUPOBATh HAJIMUKME B HEeM OWHUOKHU. [[pyrumu cioBamu, Hellb3sl rapaHTUPOBATh, YTO
tectupoBaHueM IIC npakTuyecku BBIIOJHUMBIM HaOOpPOM TECTOB MOYKHO YCTaHOBUTH HAJIU-
yue kaxoi umerouieiics B I1C ommbku. I[Tostomy Bo3HuKaer aBe 3aaauu. [lepBas 3agaua: nmoaro-
TOBUTH TaKOi HAaOOp TecToB M NpuMeHUTHh K HUM I1C, yT0OBI OOHAPYXUTHh B HEM IO BO3MOXHOCTHU
6osnbiee yncio omuobok. OHAKO YeM J10JIbIIE MPOIOJKAETCS IPOLECC TECTUPOBAHUS (U OTJIAAKU
B 11€JIOM), TeM OoJbiiel ctaHoBuTcsa croumoctsb [IC. OTcroga Bropas 3agaya: onpeaeuTb MOMEHT
okoH4aHus otiagku I1C (unu oTnenbHON ero KOMIoHeHTHl). [Ipu3HakKOM BO3MOKHOCTH OKOH-
YaHUs OTJIAQJIKU SIBJISIETCS MOJIHOTA oxBaTa mpomyuieHHbIMu dyepe3 [1C Tectamu (T.e. Tectamu, K
KOTOpbIM npuMeHeHo [IC) MHOKecTBa pa3iMyHBIX CUTyalud, BOSHUKAIOIIUX MPU BBIIOJIHEHUH
nporpamm IIC, u oTHOcuTenbHO penakoe npossieHue omunbok B I1C Ha mocnenHeM oTpeske
npouecca TectupoBaHus. llocnenHee ompeaensieTcs B COOTBETCTBMM C TpeOyeMoil CTeneHbIo
HazaexxHoctu [1C, yka3aHHOH B cnenuduKanuy ero KauecTsa.

Jns ontumuzanuu Habopa TECTOB, T.€. JUIS MOATOTOBKM TaKOro Habopa TECTOB, KOTOPBIH
MI03BOJISIT ObI P 33JaHHOM UX 4YMciie (MU NpU 3alaHHOM MHTEpBaje BPEMEHU, OTBEJACHHOM Ha
TECTHpOBaHKE) OOHApYX)UBaTh OoJbliee yncio omuook B IIC, HeoOxoauMo, BO-IIEPBbIX, 3apaHee
IUTAaHUPOBATh ATOT HAOOp M, BO-BTOPHIX, UCIIOJIb30BATh PAI[MOHAIBHYIO CTPATETHIO IIJIAHUPOBAHUS
(mpoextupoBanus [10.1]) TectoB. [IpoekTupoBanre TECTOB MOXHO HAauyWHATh Ccpas3y Ke MOcie
3aBepuieHusa sTana BHemHero omnucaHus [IC. Bo3MoXHBI pasHble MOAXOABI K BBIpaOOTKE
CTpaTeruy MPOEKTUPOBAHUS TECTOB, KOTOPbIE MOXHO YCIOBHO rpauyecKku pa3MecTHTh (CM.
puc. 9.1) Mmexny ciaenyromumMu AByMs KpaitHumu noaxonamu [10.1]. JleBbril kpaiiHuit noaxon
3aKJII0YAETCs B TOM, YTO TECTHI MPOCKTUPYIOTCSA TOJIBKO Ha OCHOBAHMM M3Y4YEHHUs cHelHu(uKa-
nuit [1C (BHEIIHEeTo OmMHCcaHusl, OMUCAHUS apXUTEKTYphl U crienudukanuu Moaynei). CtpoeHue
MOJYJIEW IIPU ITOM HUKAK HE YUMTBIBAETCS, T.€. OHU PACCMATPUBAIOTCS KAaK YEpHbIE SIIIUKHU. Dak-
TUYECKU TaKOW MOAX0JA TpebyeT MmojHoro nepedopa Bcex HAOOPOB BXOJHBIX JTaHHBIX, TaK KaK B
MIPOTHUBHOM ClIy4ae HeKOTopble yyacTku nporpamm IIC moryTt He paboTaTh mpu Hpommycke Jro00ro
TECTa, a 3TO 3HAYUT, YTO COJEpKAIllUecs] B HUX OIIMOKU He OyayT nposBiaTbes. OIHAKO TeCTUPO-
BaHue [1C moaHBIM MHOKECTBOM HaOOPOB BXOJHBIX JAHHBIX MPAaKTHUECKHU HeocymecTBuMo. [Ipa-
BbIM KpalfHUI MOAXO0 3aKJII0YaeTCsl B TOM, YTO TE€CThl MPOEKTUPYIOTCS HA OCHOBAHUH HU3yUECHUS
TEKCTOB MPOrpaMM C LEJIbI0 MPOTECTUPOBATh BCE MYTH BBINOJHEHUS Kaxaou nporpamm [IC.
Ecau npuHATE BO BHUMaHUE HaJIW4yMe B MIPOrpaMMax LMKIOB C NEPEMEHHBIM YHCIOM IOBTOpE-
HUMH, TO pa3IW4HbIX MyTeW BbINOJHEHMs nporpamMM IIC MoXeT oka3aTbCsl TakKe Upe3BbIUANHO
MHOT'0, TaK YTO UX TECTUPOBaHHE TaKXKe OyAeT NPaKTUYECKH HEOCYIIECTBUMO.
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—  Tecrupopanue Tectuposanue
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Puc. 10.1. Cnextp nmoaxo10B K TECTUPOBAHUIO TECTOB.

OnrtumanbHas cTpaTerus NpOEeKTUPOBAHUS TECTOB PACIIOIOKEHA BHYTPU HMHTEpBaJIa MEXIY
TUMHU KpallHUMHU MOAXO0JaMHM, HO OJIMKe K JIeBoMY Kparo. OHa BKJIHOYAET IPOEKTUPOBAHUE 3HAYU-
TEJILHOW YacTH TECTOB MO CIeUHUKAIMIM, HO OHAa TPeOyeT TakKe MPOEKTUPOBAHUS HEKOTOPHIX
TECTOB U MO TekcTaM mnporpamm. Ilpu sToM B mepBoM ciyuyae 3Ta cTparerus Oazupyercss Ha
MPUHLMIIAX:

* Ha KXY UCIIOJIb3yeMYI0 (YHKIIMIO UJIM BO3MOXKHOCTb - XOTsl OBl OJIUH TECT,

* Ha KaxIyl0 o00JacTh M Ha KaXAYH TpaHULy HM3MEHEHUs KakoW-1n0o BXOJHOU
BEJIMYMHBI - XOTS ObI OJIUH TECT,

* Ha KaXIyIO 0co0yI0 (MCKITIOUUTETTEHYIO) CUTYAIHIO, YKa3aHHYIO B
crenu@puKanusaX, - XoTs Obl OAUH TECT.

Bo BTopom ciyuae aTa cTparerus Oasupyercs Ha NPUHLMIE: KaxJas KOMaHJa KaKIou
nporpammsl I1C nomkHa npopaboTaTh XOTs Obl HA OTHOM TECTE.

OnTuManabHyI0 CTPATErHi0 NPOEKTUPOBAHUS TECTOB MOXHO KOHKPETU3UPOBAaTh HAa OCHOBA-
HUM CIIEAYIOUIEr0 MPUHIMMA: JUIsl KaXJO0ro MPOrpaMMHOrO JOKyMEHTa (BKJIOYas TEKCThl MPO-
rpaMm), Bxogsuiero B cocras 11C, nomKHBI TPOEKTUPOBATHCSA CBOU TECTHI C LIETBIO BHISBICHUS B
HeM omuOoK. Bo BCsikoM ciyyae, 3TOT NPUHLIMI HEOOXOAUMO COOJIOJATh B COOTBETCTBUHU C
onpenenenueM I1C u copepkaHueM MOHATUSA TEXHOJIOTMH NPOIPAaMMUPOBAHUS KaK TEXHOJOTUU
pa3pabotku HajgexHbX [IC (cm. nexkuuio 1). B cBsa3u ¢ atum Maiiepc naxe onpenenser pa3Hble
BUbI TecTupoBanus [10.1] B 3aBucuMOCTH OT BUAA MPOTrPaMMHOTO JOKYMEHTA, HA OCHOBaHUU
KOTOpPOTO CTposTCS TecThl. B Hamel crpane pasimuatorcs [10.8] 1Ba OCHOBHBIX BHIA OTIAIKU
(BKJIIOYasi TECTUPOBAHME): aBTOHOMHYIO M KOMIUIEKCHYIO oTnaaky [1C. Aémonomnas ortnanka I1C
03HA4aeT IOCIEA0BATEIBHOE PA3eIbHOE TECTUPOBAHUE PA3JIMUHBIX 4acTEeW NMpOrpaMm, BXOJI -
mux B [IC, ¢ mouckoM M UcHpaBiIeHUEM B HUX (DUKCHPYEMBIX MpU TeCTHUpoBaHHM omMOOK. OHa
(akTHYECKU BKJIOUAET OTJIAAKY KaXXKJOTO IPOrpaMMHOI0 MOJYJS M OTJAJKy CONpPSIKEHUS MO-
nyneil. Komnnexcnas otnaaka o3HaudaeT tectupoBanue [IC B 11e10M ¢ MOMCKOM M UCHpaBICHUEM
(buKCcHpyeMBIX MPH TECTUPOBAHUU OMIMOOK BO BCEX JIOKYMEHTax (BKJIIOYas TEKCThl IpPOrpamMM
I1C), otHocsamuxcs k [IC B menom. K Takum mokyMeHTaM OTHOCATCS OompejeieHne TpedoBa-
Hult k I1C, cnenudukanus kayecra I1C, pynkiuonansHas cneundukanus [1C, onucanue apxu-
tektypsbl 11C u Texctsl mporpamm I1C.

10.3. 3anoBeau 0TJIAAKM NPOrPAMMHOIO CPeACTBa.

B stom pasnpene narotcs obmue pekomeHaanuu mo opranuzanuu otiaaku [1C. Ho caagana
ClIeIyeT OTMETHTh HeKOTOphIH peHomen [10.1], KOTOPBIH MOATBEPKIAET BaXKHOCTh MPEyNpesKe-
HUS OMMOOK Ha MPEBbIIyIIUX dTanax pa3paboTKU: MO Mepe pocTa yucia OOHapyKEHHBIX U HC-
npasiieHHBIX omuO0K B IIC pacmem Takxke OTHOCHUTENbHAs BEPOSITHOCTH CYIIECTBOBAHUS B HEM
HeoOHapyXEHHBIX OIIHOOK. ITO 0OBICHAETCS TEM, UTO IIPU POCTE YKCia OMNOOK, 0OHAPYKEHHBIX
B IIC, yrounsercs u Haile npeicTaBieHne 00 oOIIeM Yuciie JAOMYIIEHHBIX B HEM OIIMOOK, a 3Ha-
YHT, B KAKOW-TO Mepe, U O yKcliie HeOOHapYyKEHHBIX eIle OMIHOOK.

Hwxe npuBoasTcs peKOMEHJAlMM MO OpraHM3allid OTJIAJKU B (GopMme 3amoBeaei
[10.1, 10.8].

3anoseov 1. Cuutaiire TecTHpoBaHHE KiIIOueBOW 3anmauedl paspabotku IIC, mopyuaiite
€ro camMbIM KBaJM(UIMPOBAHHBIM U OJJAPEHHBIM IPOTrPAMMHUCTAM; HEXKEJIATEIbHO TECTUPOBATh
CBOIO COOCTBEHHYIO ITPOrpaMMmy.

3anogeds 2. Xopoll TOT TECT, MAJIs KOTOPOI'O BBICOKA BEPOSITHOCTh OOHAPYKUTh OLIMOKY, a HE
TOT, KOTOPBII IEMOHCTPUPYET MPABUIIbHYIO pabOTy MPOrPaMMBI.
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3anoseds 3. '0TOBBTE TECTHI KaK JJIs MPABHIBHBIX, TAK U JJIsI HEPABUIbHBIX TaHHBIX.

3anoseov 4. JIoKyMEHTUpPYHTE MHPOMYCK TECTOB Yepe3 KOMIBIOTEP; IETAIBHO M3y4YalTe pe-
3yJbTaThl KaXA0T0 TecTa; n30eraiiTe TeCTOB, MPOIMYCK KOTOPHIX HENb3s IOBTOPUTH.

3anoseor 5. Kaxawlii MOAyNb MOJAKIIOYAWTE K MpoTrpaMMe TOJbKO OJWH pa3; HUKOTAA HE
U3MEHSITE porpaMmy, 4To0bI 0OJIETYUTH €€ TECTUPOBAHUE.

3anoseow 6. IlponyckaiiTe 3aHOBO BCE TECTHI, CBI3aHHBIE C MPOBEPKON pabOThI KaKOH-IHOO
nporpammbel  [IC  wiam  ee B3aWMOJEHCTBHS C JAPYTHMH IPOTpaMMaMU, €Clid B Hee ObLIN
BHECEHbI U3MEHEHUS (HalpuMep, B pe3yNbTaTe YCTPAHEHUS OITHOKH).

10.4. ABTOHOMHAas1 0T/IaJKa POrPAaMMHOI0 CPeACTBA.

[Ipu aBToHOMHOM oTnaake [IC kaxaplii MOAYIh Ha cCaMOM Je€Ji€ TECTUPYETCS B HEKOTOPOM
IPOTPaMMHOM OKPYXXEHHMH, KPOME Cilyuasi, KOrJa OTJaXuBaeMasi IporpaMma COCTOUT TOJIBKO U3
OJHOTO MOAYJiA. DTO OKpykeHue cocTouT [10.8] U3 Apyrux momaysen, 4acTb KOTOPBIX SIBJISIETCS
MOAYJISIMU OTJIQKHUBAEMOM MPOTPAMMBbI, KOTOPBIE YK€ OTJIaXKEHbI, a 4aCTh MOJYJSIMH, yIpaB-
JAAIOUIMMHE OTJIAIKON (0maadounviMy MOAYISAMH, cM. HIKe). Takum oOpa3om, Mpu aBTOHOMHOMN
OTJIaJIKE TECTUPYETCS BCErjla HEKOTOpas Nmporpamma (mecmupyemas npozpamma), moCTPOEH-
Hasl CIeIUaJIbHO IJI TECTUPOBAHUS OTJIAXUBAEMOTr0 MOYJIs. DTa MporpaMma JUIIb YaCTUIHO
COBIAJAET C OTJIAXKMBAEMOW MPOrpaMMO, KpoMe cilydyas, KOrJa OTJIakKUBAaeTCsl MOCIETHUN MO-
Iylb OTJaXuBaeMou mporpaMmel. B mpouecce aBronoMHo# oTiagku [1C mpousBoauTces Hapamu-
BaHUE TECTUPYEMOW MPOTPaMMBbl OTJIAKEHHBIMU MOJAYJISIMH: IIPU IEPEXOJI€ K OTJIAJKe CleIyo-
HIET0 MOAYJS B €ro MPOrpaMMHOE OKPY>KeHHE N00aBlIIeTCs MOCIEAHUN OTIaKEHHBIH MOIYIIb.
Takol mporecc HapaluMBaHUus MIPOTPAMMHOTO OKPYKCHHSI OTIKEHHBIMU MOJYJIIMH Ha3bIBACTCS
unmezpayueu nporpaMmmsl [10.1]. OTnagounble MOy, BXOASIINE B OKPYKEHUE OTIAKUBAEMOIO
MOJyJIsl, 3aBUCSAT OT MOPs/IKA, B KAKOM OTJIaKUBAIOTCSI MOAYJIU 3TOM IPOrpaMMbl, OT TOTO, KaKOi
MOJIyJIb OTJIAXKHBAETCS U, BO3MOXKHO, OT TOTO, KAKOH TeCT Oy1eT MPOIYyCKaThCA.

[Ipu BocxopxdmeM TecTUpPOBAaHUU (CM. JIEKIUMIO 7) O3TO OKpyKeHHe Oyjaer
CONlep’kKaTh TOJNBKO OJWH OTIQJOYHBIA MOAYTh (KpOoMe€ Ciydas, KOrja OTJIaKWBaeTcs
MOCIETHUN  MOJyJdb  OTJIAXUBA€MOM  INporpamMmsbl), KOTOpbIi  OyneT TOJOBHBIM B
TectupyeMoil  mporpamme. Takoil  OTHaAOYHBIA  MOIYIb  HAa3bIBAIOT  gedywum (WU
npaiieepom [10.1]). Benymuil oTiaamodHblii MOIYJIb MOATOTABIMBAET HH(OPMALMOHHYIO
cpeny AJsi TECTUPOBAHUSA OTJIAXKHBAeMOTO MOAyIs (T. €. popMUpYET ee cocTosiHue, Tpedye-
MO€ JJISl TECTUPOBAHUS ITOr'O MOJYJsl, B YaCTHOCTH, IIyT€M BBOJIa HEKOTOPBIX TECTOBBIX JaH-
HBIX), OCYIIIECTBISIET 0OpalleHre K OTIaXKHNBAEMOMY MOJYIIIO M TIOCTIE OKOHYaHUS ero paboThl BbI-
naeT HeoOxonuMmble coobOmienus. [lpu oTnaake oAHOro MOIyJs AJsl pa3HbIX TECTOB MOT'YT COCTaB-
JIATHCS pa3Hble BEAYLIUE OTIIAI0YHBIE MOYIIH.

[Ipu HUCXOASAIIEM TECTUPOBAHUM (CM. JIEKIIHIO 7) OKPYKEHHE OTJIaKUBAEMOI0 MOJYJIS B Ka-
YecTBE OTJIQJO0YHBIX MOJYNIEH COHEPKUT OmIadoyHvle umumamopsvl (3arayliKu) HEKOTOPBIX
elnle He OTJaXXKeHHBIX MoAynel. K TakuM MoayiasiM OTHOCSTCS, MMPEXKae BCEro, BCe MOJIYJH, K
KOTOPBIM MOKET 00pamiathcs OTIAXUBAEMBIA MOYJb, @ TAKXKE €le He OTJIAXKEHHBbIC MOIYIH, K
KOTOPBIM MOTYT OOpaIlaThCs yKe OTJIaKeHHbIE MOIyNIU (BKIIIOUEHHBIE B 3TO OKpykeHue). Hekoro-
pbI€ U3 ATUX UMUTATOPOB MPHU OTJIAJIKE OJTHOIO MOJYJISI MOTYT U3MEHSTHCS JUIsl pa3HbIX TECTOB.

Ha npakTuke B OKpyXEHUHU OTIKHUBAEMOI'0 MOAYJS MOTYT COJEPKATHCS OTJIaJOUYHbIE MO-
Iyau OOOMX THUIIOB, €CITM UCIOJB3YETCS CMEIIaHHAas CTpaTerus TECTUPOBaHUS. DTO CBSI3aHO C
TE€M, 4TO KaK BOCXOJAIlee, TaK U HUCXOJAIIee TECTUPOBAHWE MMEET CBOM JOCTOMHCTBA U CBOU
HEJOCTaTKH.

K oocmouncmeam eocxoosawezo mecmuposanus OTHOCSATCS:

* IIPOCTOTa MOJITOTOBKHU TECTOB,

* BO3MOJKHOCTb IOJHOW peasin3aliy MjiaHa TECTUPOBAHUS MOIYIIS.
OTO CBSI3aHO C TEM, YTO TECTOBOE COCTOSIHME HMH(OPMAIIMOHHOW Cpelbl TOTOBUTCS HEMOCpe.-
CTBEHHO Iepes oOpalieHueM K 0TJIaKHUBAEMOMY MOYIIO (BEIYIIUM OTJIaJJOYHBIM MOAYJIEM).

Heoocmamxamu 6ocxoosuezo mecmupoganus SBISIIOTCS CIEAYIOIINE €r0 0COOCHHOCTH:

* TECTOBbIE JaHHbIE TOTOBATCA, Kak TMpaBWwio, He B Tod ¢opme, KoOTOpas
paccuuTaHa Ha moJb3oBarens  (KpoMe  ciy4as, KOIJa  OTJIaKUBAeTCs  MOCIEIHUM,
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TOJIOBHOM, MOZIYJIb OTJIAKUBAEMOMN IIPOIPaMM);

* OonbIION ~ 00BEM  OTIAJOYHOIO  HPOrpaMMUpOBaHUs  (IpM  OTJIAgKE  OJHOIO
MOZyJIs IIPUXOANUTCS COCTaBJIATh MHOT0 BEIYILIUX OTJIa/I04YHbIX MoJyJIeH,
dopMupyOIIMX  HOAXOJAIIEe  COCTOSHME  MH(POPMALMOHHOM  cpeabl A pPas3HbIX
TECTOB);

* HEOOXOJUMOCTh CIIELUAIBHOI0 TECTUPOBAHMSI CONPSKEHUS MOYJIEH.

K oocmouncmeam nucxoosuweco mecmupoganusi OTHOCITCS CIEIYIOIINE €r0 0COOEHHOCTH:

* OOJIBIIMHCTBO TECTOB FOTOBUTCS B (hOpME, paCCUNTAHHOM Ha MOJIb30BaTEIS;

* BO MHOTHUX cirydasix OTHOCUTEIILHO HeOOoIbIION 00beM OTJIal04HOTO
OpOrpaMMHMpPOBAaHMS  (MMHUTATOpbl ~ MOJYyJNeH, Kak [paBwio, BecbMa MPOCTHl U
KQKJIbIM MPUTOJICH JUIsl O0JIBIIOTO YUCIIa, HEPEAKO - I BCEX, TECTOB);

* OTHajaer HE00X0MMOCTh TECTUPOBAHUS COTPSIKEHUS MoOJlyJIeH.

Heoocmamkom Hucxooaweeo mecmupoeanus SBISETCA TO, UYTO TECTOBOE

COCTOSIHME MH(POPMALMOHHONW cpejpl mepes oOpaleHueM K OTJIaKUBAaeMOMY MOJYJIIO IOTO-
BUTCSI KOCBEHHO — OHO SIBJISIETCS PE3YJIbTATOM IMPUMEHEHHS YK€ OTJIaKEHHBIX MOJYyJell K Te-
CTOBBIM JTAHHBIM WJIU JAaHHBIM, BBIIaBA€MbIM UMHUTATOPaMHU. JTO, BO-NIEPBbIX, 3aTPYAHAET O~
TOTOBKY TECTOB M TpeOyeT BBICOKOH KBanM(pUKAIUU TECTOBUKA (pa3paboOTYMKa TECTOB), a BO-
BTOPBIX, J€NaeT 3aTPYIHUTEIbHBIM HJIN Ja)K€ HEBO3MOXKHBIM pEAJIM3AIUI0 MOJHOIO IlaHa
TECTUPOBAHUS OTJIAKMBAEMOr0 MOJYJIA. YKa3aHHBIM HEOCTAaTOK MHOI/IA BBIHYKJIAET pa3paboTuu-
KOB IPUMEHATh BOCXOJAIIEe TECTUPOBAHUE AaXe B cllyyae HHUcXonsdlled pa3paborku. OnHako
qame NPUMEHSIOT HEKOTOPhIe MOJU(HUKAIMH HHUCXOJSIIIET0 TECTUPOBAHUSA, JTHUOO HEKOTOPYIO
KOMOMHAILIMIO HUCXOJSIIEr0 U BOCXOASAIEro TecTupoBaHus. Mcxoas U3 TOro, yTo HUCXOASILIEE
TECTUPOBAaHUE, B NMPUHILMIIE, ABJISETCS MPEAIOYTUTEIbHBIM, OCTAHOBUMCS Ha MpueMax, 03BOJIs-
IOLIMX B KAKOW-TO Mepe NPeo10JIeTh YKa3aHHbIe TPYIHOCTH.

[Ipexne Bcero, HEOOXOIUMO OPTraHU30BATh OTIAAKY MPOTPAMMBI TAKUM 00pPa30M, 4TOOBI
KaK MOKHO paHbllle OBbIIM OTIaK€Hbl MOJIYJIH, OCYLIECTBIAIONIME BBOJ JAaHHBIX, - TOI/Ia TECTO-
Bbl€ JAaHHbIE MOXHO TOTOBUTH B ()OpME, pACCUUTAHHON Ha IOJb30BATElNsd, YTO CYIIECTBEHHO
YIPOCTUT MOATOTOBKY IOCIEAYIOUIMX TeCTOB. /lameko He Bcerjga 3TOT BBOJ OCYLIECTBISIETCSA B
TOJIOBHOM MOJYJIE, I03TOMY MPUXOJUTCS B MEPBYIO0 OYEpeb OTIaXUBATh LIEIOYKH MOAYJIEH,
BeIyLIME K MOJYJSAM, OCYHIECTBISIOIIMM YyKa3aHHbBIM BBOJA (Cp. C METOJOM IeJIeHaNpaBIeHHOM
KOHCTPYKTUBHOH peanuzauuu B jekiuu 7). [loka Moaynu, oCyliecTBISIONINE BBOA JaHHBIX, HE
OTJA’KE€HbI, TECTOBbIE JIaHHBIE MOCTABIAIOTCS HEKOTOPBIMH MMHUTATOPAMU: OHU JHOO BKIIIO-
4aloTCAd B UMUTATOP KaK €ro 4acTb, JINOO BBOASATCA 3TUM UMHUTATOPOM.

[Tpu HUCXOAMAIIEM TECTUPOBAHUU HEKOTOPbIE COCTOSHUSA NH()OPMALIMOHHON Cpefbl, IpU KO-
TOpPBIX TpeOyeTCsl TeCTUPOBATH OTIAXKUBAEMBI MOJAYJb, MOTYT HE BO3HUKATh IPHU BBIITOJIHEHUU
OTJIa)KMBAaEMOW NMPOrpaMMbl HM MPHU KAKUX BXOJHBIX JAHHBIX. B 3TUX cioydasx MOXKHO ObLIO Obl
BOOOIIIE HE TECTUPOBATh OTJIAXKMUBAEMBIH MOJYJb, TAK KaK OOHApYXKUBaeMble NPH ITOM OIIMOKU HE
OyayT MPOSIBIATHCS MPH BBHITOJHEHUH OTIAKUBAEMOU MPOrpaMMBbl HM MPU KAKMX BXOJHBIX JaH-
HbIX. OJHAKO TaK MOCTymnaTh HE PEKOMEHAYeTCs, TaK KaK NPU H3MEHEHUSX OTJIaKHMBaeMOu
nporpamMmsl (Hanpumep, npu conpoBoxaeHuu [1C) He HCTOAb30BaHHBIE 11 TECTUPOBAHUS OT-
Ja)KMBAa€MOT0 MOJYJISl COCTOSIHUSL MH(OPMALIMOHHOM cpeibl MOTYT YK€ BO3HHKATh, UTO TpeOyeT
JIOTIOJTHUTEJIBHOT'O TECTUPOBAHUS 3TOTO MOAYJS (a 3TOT0 MpU palMOHAJIBbHON OpraHu3aluu OT-
JaJKU MOKHO ObLIO OBl HE JIeNaTh, €CJIM caM JaHHBIM MOAYJb He u3MeHsuics). [ns ocymecTs-
JI€HUS TECTUPOBAHUS OTIAKHUBAEMOI'O MOJYJISA B YKAa3aHHBIX CUTYallUSX MHOIJIA UCTIONb3YIOT MOJI-
XOJISINE UMUTATOPBI, YTOOBI cO3AaTh TpebyeMoe cocTossHuEe MH(POPMAaLMOHHON cpenbl. Yalle xe
MOJIB3YIOTCS MOJU(UIIMPOBAHHBIM BApHAHTOM HHMCXOJISILEr0 TECTUPOBAHMS, NP KOTOPOM OTJIa-
’KUBaeMble MOAYJHU Mepell UX MHTEerpanuei npeaBapuTeIbHO TECTHUPYIOTCA OTIAEIBHO (B ATOM
Clly4ae B OKPY)KCHHH OTJIAKUBAEMOTO MOJYJIS MOSIBISIETCS BEAYIIUN OTJIaJJOYHBIA MOAYIb, HAp Si-
Jy C UIMUTAaTOpaMU MOAYJIEH, K KOTOPBIM MOXET 00pamaThCcsl OTJIaXXuBaeMblii MOJyib). OnHaKo,
npencTaBisieTcss 6onee 1enecooOpa3Hoi Apyras MOAU(PHUKAIMS HUCXOAAIIET0 TECTUPOBAHUA: T10-
clle 3aBEPIICHUS HUCXOJISIIEr0o TECTUPOBAHUSA OTJIAXKMUBAEMOIO MOAYJS IJs JOCTHXKHMBIX
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TECTOBBIX COCTOSHUH HMH(OPMALMOHHOM Cpelbl CIEAyeT €ro OTIAENbHO NPOTECTHpPOBATH IS
OCTaJIbHBIX TPEOYyeMbIX COCTOSSHUN MH(GOPMALIMOHHON CPEIbl.

YacTo NpUMEHSIOT Tak)Ke KOMOWHAIHMIO BOCXOJSIIEr0 M HUCXOJAIIETO0 TECTUPOBAHMS,
KOTOPYIO Ha3bIBalOT MeToJIoM canosuua [10.1]. CymHOCTh 3TOr0 MeToja 3aKJIHYacTcs B OIHO-
BPEMEHHOM OCYILECTBICHUH KaK BOCXOJAILIET0, TAK U HUCXOJAIIEr0 TECTUPOBAHNUs, IIOKA 3TU JIBa
rpoliecca TeCTUPOBAHUSI HE BCTPETATCS Ha KaKOM-THOO MOJyJie TIe-TO B CEepPelHE CTPYKTYpPHI
OTJQ)KMBAEMOM IMpOrpamMmbl. DTOT METOJ MPHU Pa3yMHOM IOPSJKE TECTUPOBAHMS IO3BOJISIET
BOCIIOJIb30BAThCSI TOCTOMHCTBAMHM KaK BOCXOJSIIEro, TaK U HUCXOASLIEr0 TECTUPOBAHMSA, a
TaKX€ B 3HAUUTEJIbHOM CTENIEHN HEUTPAIMN30BaTh UX HEAOCTATKH.

BecpMa BaXHBIM IIpY aBTOHOMHOW OTJIAJIKE SIBJISIETCSI TECTUPOBAHHUE COMNPSIKEHUSI MOAYIIEH.
Heno B ToM, 4TO cnienuuKanusg KakJI0ro MOAYJSI IPOTPaMMBbl, KpOME T'OJIOBHOTO, MUCIIOJ b-
3yeTcs B 9TOW MpOrpaMMbl B JBYX CUTYallUsX: BO-IIEPBBIX, MPU pa3paboTke TekcTa (MHOTAA
FOBOPSAT: Tejla) 3TOr0 MOJYJIS U, BO-BTOPBIX, [P HANMCAaHUU OOpalieHus K 3TOMY MOJIYJIIO B
JIPYTUX MOAYNSX MporpaMMbl. M B TOM, U B IPYroM ciiydae B pe3yJbTare OMUOKH MOXKET OBbITh
HapymeHo TpedyeMoe COOTBETCTBUE 3alaHHON crienudukanmu Moayis. Takue ommOku TpeOyer-
csi 00HApY)KMBATh U YCTPAHSTH. {1 ATOTr0 M MpeJHA3HAUYCHO TECTUPOBAHHUE COMPSIKEHUS] MO-
nyneit. Ilpu HucxopaslleM TECTUPOBAHUU TECTUPOBAHUE COINPSHKEHHUS OCYIIECTBIAETCS IO-
MYTHO Ka)KJbIM MPOIMYCKa€MbIM TE€CTOM, YTO CUUTAIT JOCTOMHCTBOM HUCXOJSIIEr0 TECTU-
poBanus. Ilpu BocxomsmieM TECTUPOBAHUHM OOpalIeHHE K OTIAKUBAEMOMY MOJIYIIO MPOU3BO-
JUTCSI HE U3 MOJlYJIEH OTJIaXKMBAEMOW MPOrPaMMBbl, a U3 BEAYILErO OTIaJ04YHOro Moayis. B cBsa3u
C 3TUM CYIIECTBYET OMACHOCTb, UTO MOCIEJHUN MOAYJIb MOXET HPUCIIOCOOUTHCS K HEKOTO-
pbIM "3a0myxeHusM" oTnaxkuBaemoro moxayns. Ilostomy, mpucrynas (B mpolecce MHTErpanuu
pOrpaMMbl) K OTJIaJKE HOBOTO MOJYJISI, IPUXOJIUTCS TECTUPOBATh KaXKJ0€ 00pallleHHe K paHee
OTJIAXKEHHOMY MOJYJIIO C LIeJIbI0 00HApYyKEHHUS HECOTJIIAaCOBAHHOCTHU 3TOTO OOpalieHus ¢ Te-
JIOM COOTBETCTBYIOIIETO MOAYJS (M HE UCKIIOUYEHO, YTO BUHOBAT B ATOM paHEE OTIaKEHHBIN
MoJyJb). Takum 00pa3zoM, MPUXOIUTCS YACTUYHO MOBTOPSATH B HOBBIX YCJIOBUSAX TECTUPOBAHUE pa-
Hee OTJIaKEHHOTO MOJYJIs, IPU 3TOM BO3HHUKAIOT T€ K€ TPYAHOCTH, YTO U MPU HUCXOJSILIEM Te-
CTUPOBAaHUH.

ABTOHOMHO€ TECTUPOBAHUE MOJYJIS 11€]1€cCO00pa3HO OCYIIECTBIATh B YEThIpE MOCIEA0BA-
TENbHO BhINONHseMbIX mara [10.1].

[Mar 1. Ha ocHoBanum creuu@uKanuy OTJIAKUBAEMOIO MOJYJIS MOATOTOBBTE TECTHI IS
Ka)KJI0M BO3MOYKHOCTH M KaXJI0M CUTyaluu, A KaKJOM rpaHHIlbl 00JacTeil JOMyCTUMBIX 3Ha-
YEHUH BCEX BXOJHBIX JIAHHBIX, JUISl KaXA0W 00J1acTH U3MEHEHUs! JAHHBIX, JUIsl KaXJIoW obsactu
HEJONYCTUMBIX 3HAYEHHH BCEX BXOJHBIX JAHHBIX M Ka)KJIOTO HELONMYCTUMOIO yCIOBUS.

[ar 2. [IpoBeppTe TEKCT MOAYJIsSl, YTOObI yOEIUTHCS, YTO Ka)KJ0€ HaIpaBlIEHHE JIF0OOTO
pa3BeTBIEHUs OyJeT MpoiieHo X0TsA Obl HAa 0AHOM TecTe. J[00aBbTe HEJOCTAIOIINE TECTHI.

[ar 3. [IpoBepbTe TEKCT MOAYIS, YTOOBl YOEIUTHCSA, YTO ISl KaXKJA0T0 IUKJIA CYIIECTBY-
I0T TeCThl, o0ecrneynBaoIIne, Mo KpailHell Mepe, TpU CleNyIolue CUTYallUu: TeJO LUKIa He
BBITIOJIHSIETCA HU pa3y, TEJO IUKJa BHIOIHAECTCS OJHMH pa3 U TEJO IUKJA BHITOJIHSIETCS MakK-
cUMalibHOE 4K CIIo pa3. Jlo0aBbTE HENOCTAIOLINE TECTHI.

[ar 4. [IpoBepbTe TEKCT MOAYJISI, YTOOBI yOEAUTHCS, YTO CYIIECTBYIOT TECThI, MPOBEPSIO-
M€ YYBCTBUTEIBHOCTh K OTAEIbHBIM OCOOBIM 3HAU€HUSM BXOJHBIX JaHHbBIX. JloOaBbTE HENO-
CTAIOUINE TECTHI.

10.5. KommnuiekcHast 0TJIaIKa IPOrPaMMHOIO CpeaCTBa.

Kak y»e 0b110 cka3zaHo BbIlIE, IPU KOMIUIEKCHOH oTiaake Tectupyercs [IC B mienom, npudyem
TECThl TOTOBATCA Mo KaxjaoMy u3 nokymeHToB IIC [10.8]. TectupoBaHue 3TUX JOKYMEHTOB
MIPOM3BOJUTCS, KaK MpaBWUio, B MOpsiAKe, oOpaTHOM uX paszpaborke. VckitoueHue cocraBiser
JMIIb TECTUPOBAHHE NOKYMEHTAIMU MO MPUMEHEHHIO, KOTOpas pa3pabaThiBaeTCs MO BHEIIHEMY
ONMCAHUIO MapaJJIENIbHO C pa3pabOTKON TEKCTOB MPOTPaMM - 3TO TECTHPOBAHHUE JIydllle MPOU3BO-
JUTh TI0CJIE€ 3aBEPILEHUS TECTUPOBAHUS BHEIIHErOo onucaHus. TecTupoBaHME NPHU KOMILJIEKCHOU
oTnajke npenacraniser coboit npuMenenue [1C Kk KOHKPETHBIM TaHHBIM, KOTOPBIE B MPUHIUIIE MO-
I'YT BOSHUKHYTH Y IIOJIb30BaTelsl (B YACTHOCTH, BCE TECTHI TOTOBATCS B (hOpMe, pacCUMTaHHOW Ha
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MOJIb30BaTENs ), HO, BOBMOXHO, B MOJIEIUPYEMOil (a He B peanbHOI) cpene. Hanpumep, HeKoTOpbIE
HEJOCTYIHbIE TPU KOMIUIEKCHOHN OTJIaJKe YCTPOHCTBAa BBOJA U BBIBOJIAa MOTYT OBITh 3aMEHEHBI
X IPOrpaMMHBIMU UMHUTATOPaMHU.

Tecmuposanue apxumexmypwoi [IC. Llenpto TecTUpOBaHUS SBISETCA MOUCK HECOOTBETCTBUSA
MEXy ONMUCAHUEM apXUTEKTYphl U COBOKYMHOCTHIO mporpamm [1C. K MoMeHTy Hauana TecTupo-
BaHus apxuTekTypsl [IC nomkHa OBITH yKe 3aKOHUYE€HAa aBTOHOMHAs OTJIaJIKa KaXKJIOH MOJCUCTe-
Mbl. OMHOKK peanu3anui apXUTEKTYpbl MOTYT OBITh CBSI3aHBI, MPEXKAEC BCEro, C B3aMMOJIC -
CTBHEM JTHX IOJCHCTEM, B YAaCTHOCTH, C peaju3anuell apXUTeKTypHbIX (GYHKIUN (ecIu OHU
ecth). [loaToMy Xx0Tenock OBl MPOBEPUTH BCE MYTH B3auMOJEHCTBUS Mexay moacucremamu [1C.
[Tpu 3TOM XenmaTeabHO XOTS Obl MPOTECTUPOBATh BCE IEMOYKHU BBIMOJHEHHUS MOACUCTEM 0e3 mo-
BTOPHOT'O BXOXAEHUs nocienHux. Eciau 3agannas apxurekrypa npeacrasiser [IC B kauecTBe Ma-
JIOM CUCTEMBI U3 BBIJICIEHHBIX MMOJICUCTEM, TO YHCIIO TAaKUX LIETIOYEK OyIeT BIOJIHE 0003PUMO.

Tecmuposanue eunewiHux ¢ynxkyuti. 1lenpio TecTUpPOBaHUS SABISETCA TOUCK PACXOXKICHUH
Mexy (GYHKUMOHANBHOU crnenudukanueil u copokynHoctbio nmporpamm IIC. HecmoTps Ha
TO, YTO BC€ ATH MPOTPaMMbl aBTOHOMHO YK€ OTJIAKEHBI, YKa3aHHBIC PACXOXKICHUS MOTYT OBITh,
HaIpUMep, U3-32 HECOOTBETCTBUS BHYTPEHHHUX CHEIU(PUKAIUN TPOrpaMM U UX MOAYIeH (Ha OCHO-
BaHWU KOTOPBIX MPOHM3BOAMIOCH AaBTOHOMHOE TECTHUPOBAaHME) (DYHKIMOHATHHOW CICHH(UKAIIAN
[1C. Kak npaBuio, TecTupoBaHUE BHEITHUX (YHKIUN MPOU3BOAUTCS TaK K€, KaK U TECTUPOBaHUE
MOJlyJIE Ha IEPBOM LIare, T.€. KaK YEPHOT'O SIIMKA.

Tecmuposanue kauecmea [IC. llenpio TeCTUPOBAHUSA SIBISICTCS MOUCK HapylleHUH Tpedo-
BaHUI KayecTBa, cHOPMYIMPOBAHHBIX B crienu¢ukamuu kadectsa [1C. DTo Hanboee TpyIHBIN U
HAaNMEHEe U3YUYEHHBIN BUJl TECTUPOBAHUS. SICHO JMILb, YTO JAJEKO HE KaXKIbld MPUMHUTHUB Kaue-
ctBa [IC Moxker OBITh HCIBITAaH TecTHpoBaHWeM (00 omenke kadectBa IIC cm. nekmuio 14). 3a-
BepuieHHOCTh [IC mpoBepseTcs yke mpu TeCTUpOBaHUU BHEMIHMX QyHKuui. Ha nanHom sTame
TECTUPOBAHUE 3TOTO NMPUMUTHBA Kaue€CTBA MOXKET ObITh MPOJOJKEHO, €CIU TpedyeTcs Mmoiy-
YUTh KaKyH-TH00 BEPOSITHOCTHYIO OLIEHKY cTeneHu HaaexxkHoctu [1C. Ognako, MeTOAMKa Tak O-
ro TECTUPOBAHUS ellle TpeOyeT cBoell pa3paboTku. MoryT TecTupoBaThCsl TakKMe€ NPUMHUTHUBBI Ka-
9YecTBa, KaKk TOYHOCTh, YCTOWYMBOCTD, 3aAIIUIIEHHOCTh, BpeMeHHAs 3(PPEeKTUBHOCTh, B KaKOU-TO
Mepe - 3¢(HEeKTUBHOCTh N0 MaMATH, 3P(HEKTUBHOCTh MO YCTPONCTBAM, paclIUpsieMOCTh U, Ya-
CTUYHO, HE3aBUCUMOCTb OT yCTPOUCTB. Kak/1blii M3 3TUX BU/IOB TECTUPOBAHUS UMEET CBOIO CIIe-
HUQUKY U 3aCIy’KHUBAET OTJEIBbHOIO0 paccMOTpeHus. MbI 3/€eCh OrpaHUYUMCA JIMIIb UX Iepe-
gucnenueM. Jlerkocts npumenenus [1C (kpuTepuil KauecTBa, BKIIOYAIOIINA HECKOIBKO MPUMU-
TUBOB Ka4eCTBa, CM. JIEKITUIO 4) OIEHUBAETCS MPU TECTUPOBAHUU JTOKYMEHTAIMH IO TPUMEHEHUIO
IC.

Tecmuposanue doxymenmayuu no npumenenuto I1C. 1lenpto TecTupoBaHus ABISETCS MOUCK
HECOTJIaCOBAHHOCTH JOKYMEHTAlUMU IO MPUMEHEHHI0O U COBOKYMHOCThbIO mporpamm IIC, a
TaK)Xe BBISIBJICHHE HEYJA00CTB, BO3HUKAOMUX pu npuMeHeHnu [1C. DToT 3Tan HemocpeICTBEHHO
MPEANIeCTBYET MOJIKIIOUEHUIO TOJIb30BaTeNsl K 3aBepiieHuro paspabotku [IC (TecTupoBaHUIO
onpenenenus tpedoanuil k IIC u arrecranuu I1C), mosToMy BecbMa BakHO pa3zpaboTUMKaM
cHayaja caMuM Bocnonb3oBathes [IC Tak, kak 3To Oyner aenats monb3oBarens [10.1]. Bee te-
CTBl Ha 3TOM 3Tare TOTOBSTCS MCKIIOYUTEIPHO Ha OCHOBAHUHU TOJBKO JOKYMEHTAIMU MO MpHUMe-
Henuto IIC. Ilpexne Bcero, TOMKHBI TECTUPOBATHCA BO3MOkHOCTH [IC kak 3TO nenanoch mpu
TECTUPOBAHUU BHENTHUX (YHKIIHH, HO TOJbKO HAa OCHOBAaHWUM JOKYMEHTAIMU MO MPUMEHE-
HHI0. J{OJKHBI OBITH IPOTECTUPOBAHBI BCE HESCHBIE MECTa B IOKYMEHTAIIUH, & TAKXKE BCE MPUMeE-
pBL, UCIOJI30BaHHbIE B IOKyMeHTanuu. [lanee tectupyroTcs Hanbosee TpyAHbIE Clydau MpHMe-
Henus [1C ¢ nenpto oOHApYKUTh HapyIIeHHE TPeOOBAHUN OTHOCUTEIHHOCTH JIETKOCTH TMPUMEHe-
Hus [1C.

Tecmuposanue onpedenenuss mpebosanuu k I1C. 1lenbio TeCTUpOBaHUS SBISIETCS BbIsC-
HeHue, B kakoil Mepe IIC He COOTBETCTBYeT NMPEIBSIBICHHOMY OINPEACICHHUIO TPEOOBAaHUN K
HeMy. OCOOEHHOCTh 3TOTO BHJIa TECTUPOBAHUS 3aKIIOYAETCS B TOM, YTO €r0 OCYIIECTBISET Op-
raHu3alus-MOKynaTeab Wik opranuzanus-nonab3oBarens [IC [10.1] kak oauH M3 myTeu npeojo-
neHus 6apbepa MEXIy pa3pabOTUYMKOM U IMoJib3oBareneM (cM. Jekuuio 3). OOBIUHO 3TO Te-
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CTUPOBAHHUE MPOU3BOJUTCS C MOMOIIBIO KOHTPOJIBHBIX 3a/a4 - THUIOBBIX 3a7ay, ISl KOTOPBIX
U3BECTEH pe3ynbTaT perieHus. B Tex ciydasx, xorga paspabatsiBaemoe [IC nomxkHO mpuATH Ha
cmeny apyroit Bepcuu I1C, koTopas pemaet XoTs Ol 4acTh 3a1a4 paspadareiBaemoro I1C, Tectu-
poBaHKE MPOU3BOAUTCS MYTEM pEIlIeHUs O0IUX 3aJa4 C MOMOIIbIO KaK CTaporo, Tak ¥ HOBO-
ro IIC (¢ mocieayrouuM CONOCTaBIEHUEM IIOJIYYEHHBIX pe3yibTaToB). MHorma B kauecTBe
(GOpMBI TaKOTO TECTUPOBAHUSI HCHOJB3YIOT onvimuyto sKkciutyatanuio [IC — orpannueHHoe
npuMmeHenre HoBoro I1C ¢ aHann30M UCHOIb30BaHUS PE3YIbTATOB B IPAKTHUECKOMN AESITEIbHOCTH.
I[To cymiecTBy, 3TOT BUJ TECTUPOBAHMSI BO MHOTOM Niepekiinkaetcs ¢ ucnsitanueM 11C npu ero at-
TecTauuu (CM. JIEKIMIO 14), HO BBIMOJIHAETCS 10 aTTECTallUM, a MUHOT/Ia K BMECTO aTTECTallUH.
Yunpaxnenns K jgexuuu 10.
10.1. Ymo makoe omnaoxka npocpammHo2o cpeocmaea?
10.2. Ymo makoe mecmuposanue npoepammHozo cpedcmaea?
10.3. Ymo makoe a8moHOMHASL OMIAOKA NPOSPAMMHO20 CPeOCmea?
10.4. Ymo maxoe KomnieKcHas OmMiaoka NPpocpammHo2o cpeocmaa?
10.5. Ymo maxoe eedywuti omaadouuviii MOOYib?
10.6. Ymo makoe omaadouHbll UMUMAMOP NPOSPAMMHO20 MOOYVsL!
Jexyusa No 11.
OBECIIEYEHUE ®YHKIHUOHAJIBHOCTHU U HAJIEZKHOCTHU TPOTI'PAMM-
HOI'O CPEACTBA

11.1. DOYyHKIMOHAJIBHOCTh M HAaJAEKHOCTh KaK 00f3aTeIbHble KPHUTEPUHU Kaye-
CTBA NPOrPaAaMMHOI0 CpeJCTBAa.

Ha mpeapiaynmx JeKIusx Mbl pacCMOTpeiH Bee stansl pa3padorku [1C, kpome ero arrecta-
uuu. [Ipu aTOM MBI HE Kacanuch BonpocoB obecnieueHus kadectsa [IC B cooTBETCTBUM C €ro crie-
nudukanueit kayecta (cM. neknuto 4). [Ipapna, 3annmascey peanusamnueil QyHKIIMOHAIBHOM crie-
muukanun [1C, MbI TEM camMbIM 0OCYIMIIM OCHOBHBIE BOTIPOCH O0eCIeueHusi Kputepus QyHK-
nuoHanbHOCTH. O0BsBUB Halle)KHOCTh [IC OCHOBHBIM €ro aTpuOyTOM (CM. JEeKIUo 1), MBI BbI-
Opanu npedynpedsicoenue owuOOK B Ka4eCTBE OCHOBHOTO IMOJXO0Ja i1 00€CTIEUEeHHST HAIEKHO-
ctu [1C (cMm. neknuto 3) u 0O6Ccyauau ero BOIUIOIICHHE Ha pa3HbIX dTanax paspaborku I1C. Takum
00pa3oM, MposBIsUICA Te3uc 00 00s3aTeNbHOCTH (YHKIMOHAIBHOCTH U HaaexHocTu [IC kax
KPUTEPHUEB €0 KauecTBa.

Tem He menee, B cnenudukanuu kadectBa [IC MOTyT OBITH JTIOTIOJIHUTENIBHBIE XapaKTepH-
CTHKHU ITUX KpUTEpHUEB, oOecredeHrne KOTOPBIX TPeOyIOT CHEeHATIbHOTO OO0CYXIAEHUS. DTUM BO-
npocaM U MOCBSIIEeHa HacTosmas Jekiusa. O0ecneueHne Ipyrux KpUuTeprueB KauecTa Oyaer 00-
CYXKJIaThbCsl B CIAEAYIOUIEH JIEKIUH.

Huxe obcyxnatorcs obOecriedeHne npuMHUTHBOB KadecTBa [IC, BbIpaXKaroUMX KpUTEPHUH
dbyHKIIMOHANBEHOCTH U HasexkHocTH [1C.

11.2. OobecneyeHue 3aBepUICHHOCTH POrPAMMHOIO CpeaCTBA.

3aBepmeHHoCcTh [IC siBnsieTcss oOmuM nmpuMuTHBOM KadectBa [IC nnst BeIpaxxeHUS U
byHKIIMOHANIBRHOCTH W HaaexHocTtu [IC, mpuyem s (yHKIIMOHAIBPHOCTH OHA SIBIISETCS
€MHCTBEHHBIM TPUMHUTHBOM (CM. JICKIIHIO 4).

OynaknuonansHocTh [IC ompenensercs ero GyHKIIMOHAIBHONW crienu@ukanueit. 3aBepiieH-
HOCTh [IC Kak MPUMUTHUB €r0 KayecTBa SBJISETCS MEPOU TOT0, B KaKOM CTEMeHU dTa crenuduka-
nus peannzoBaHa B paspabarbiBaeMoM [IC. OGecrnieueHre 3TOro NpUMUTHBA B TOJHOM OOBeMe
O3HAYaeT pean3anuio Kaxaon u3 GyHKIUH, onpeaeleHHON B (QYHKIIMOHATBHON crielupuKaInmg,
CO BCEMH yKa3aHHBIMH TaM AETaJSIMU U 0COOEHHOCTAMU. Bce paccMoTpeHHbIE paHee TEXHOJIO-
TUYECKHE MPOIIECCHI MOKA3BIBAIOT, KAK 3TO MOXKET OBITh CIIEIaHO.

Onnako B cnenudukanuu kadectBa [IC MoryT ObITH ompeneneHbl HECKOIBLKO YPOBHEH pea-
mu3anuu ¢pyHKimoHanbHOCTH [1C: MOXkeT OBITH OmpeieNieHa HEKOTopas yIpoIlleHHas (HadyaiabHas
UM CTapTOBas) Bepcusi, KOTOpas JOJKHA OBITh peajr3oBaHa B MEPBYIO OYEPEb; MOTYT OBITh
TaK)Ke OIMPEEJICHbl U HECKOJIBKO MPOMEXYTOUHBIX Bepcuil. B 3TOM ciyuae BO3HHKAET JOMOJI-
HUTENbHAS TEXHOJIOTMYEecKas 3ajaya: opraHusanusg HapauuBanus (yHkuuoHansHocTH [IC.
31ech BaXXHO OTMETHUTH, YTO pa3padboTka ympoieHHoW Bepcuu [IC He ecTh pa3paboTka ero

45



npomomuna. [IpoTroTun paspabaTbIBaeTCs A TOTO, YTOOBI JIy4yllle MOHATH YCJIOBHUS NpPHUMEHeE-
Hus Oyaymero IIC [11.1], yrounuTs ero BHemHee omucanue. OH paccuyuTaH Ha M30PAHHBIX
MOJIb30BATENIeH U MOITOMY MOXKET CHIIBHO OTIMYaThesl OoT Tpedyemoro [IC He TOJNBKO BBIMOIHSE-
MBIMH (PYHKIUSIMU, HO U OCOOEHHOCTSIMH I0JIb30BaTEILCKOTO MHTEpdeiica. YIpolieHHas ke Bep-
cust pa3pabateiBaemoro [IC mgomkHa OBITH pacCUMTaHA HA NPAKMUYECKU Nojae3Hoe TPUMEHEHUe
JT0O0BIMH MOJIB30BATENSIMU, 1711 KOTOpbIX npeaHazHadeHo 3T1o [1C. [ToaToMy riaBHBIM NpUHIHUI
obecrieueHuss GyHKIMOHANBHOCTH Takoro [IC 3akmiouaercs B TOM, 4TOOBI ¢ camMoro Hadana
paspabateiBaTh [IC Takum o6pa3om, kak Oyaro tpedyercs [IC B mosHOM 00BeMe, 10 TEX MOp, KO-
r7a pa3paboTurku OyayT UMETh JIEJI0 HEMOCPEACTBEHHO ¢ TeMH YacTsamu uiu faetansimu [1C, pea-
JU3alUI0 KOTOPBIX MOKHO OTJIOXKHUTH B COOTBETCTBHM CO crienudukanueil ero kauectsa. Tem ca-
MBIM, M BHEIIHEE ONMUCAaHHE U onucanue apxuTekTypsl [IC momkHO OBITH pa3paboTaHO B MOJI-
HOM oObemMe. MOXKHO OTIIOKUTH JUILIb PeaTu3alyio TeX MPOrpaMMHBIX MOJCUCTEM (OIpeneieH-
HBIX B apxurekType paspabatsiBaemoro IIC), ¢yHKIMOHMpPOBAaHHS KOTOPBIX HE Tpedyercs B
HavyajapHOU Bepcuu »Toro IIC. Peanuzanuio xe caMuX MpOrpaMMHBIX MOJCHCTEM Jydllle BCEro
IPOU3BOJAUTH METOJOM IEJICHANPABICHHON KOHCTPYKTUBHOW peal3alii, OCTaBIsisl B HAYaIbHOU
Bepcuu [IC moaxoasdiue UMUTATOPHI T€X MPOTPaMMHBIX MOAyJel, GyHKIMOHHUPOBAHUE KO-
TOPBIX B 3TOW BepcuH He Tpedyercs. JlomycTuma Takke YIpPOIIEHHAs peanu3amnus HEKOTOPBIX
NPOTPAaMMHBIX MOJYJIeH, OMMyCKalollas peanu3alni0 HEKOTOPBIX JeTalell COOTBETCTBYIOIIHMX
¢yakuuid. OMHAKO TaKWe MOIYIHM C TEXHOJIOTHYECKOW TOYKH 3PEHHs JIydllle pacCMaTpUBATh Kak
CBOEOOpa3HbIC UX UMHUTATOPHI (XOTS U 1aJIeKO MPOABUHYTHIE).

JocturayTeiii npu obecnieuennu ¢pyHkimonanbHocTH [1C ypoBeHb €ro 3aBepuIeHHOCTH Ha
CaMOM JieJie MOXET OBbITh HE TaKWM, KaK 0’KHAAlIOCh, U3-3a OMKOOK, ocTaBmuxcs B 3toMm [IC.
MO’KHO JHIIb TOBOPUTH, YTO TpeOyemasl 3aBEepIICHHOCTh AOCTHTHYTa C HEKOTOPOH BEpOSITHO-
CTBIO, OIpeaeIsIeMOll 00beMOM U Ka4eCTBOM MPOBEACHHOTO TECTUPOBAHUA. [ TOrO YTOOBI
MOBBICUTH 3Ty BEPOATHOCTH, HEOOXOAMMO IMPOJODKUTH TecTupoBanue u omnanky I1C. Omgnaxo,
OLIEHMBAHUE TAKOH BEpPOATHOCTH SIBISICTCS BechbMa cnenuduyeckoil 3amauei, KoTopas IMokKa ele
KJIET COOTBETCTBYIOIINX TEOPETHUECKUX UCCIIECTOBAHUN.

11.3. ObecneyeHne TOYHOCTH MPOTPAMMHOI0 CPeACTBA.

ObecrneueHre 3TOro MPUMHUTHBA Ka4eCTBa CBA3AHO C JEHCTBUSMHU HAJ 3HAUYCHUSIMHU Be-
IIECTBEHHBIX TUMOB (TOYHEE TOBOPS, CO 3HAYEHHUSAMH, MPEACTABIIEMBIMU C HEKOTOPOH IO-
rpemHocThio). Ob6ecneunTs TPeOYEeMYyH0 TOYHOCTH MPHU BBIYUCICHUU 3HAYEHUS TOW WJIM WHOU
(GYHKIUY - 3HAYUT NOJYYUTh 3TO 3HAUYEHUE C MOTPELIHOCThIO, HE BBIXOASAIICH 3a paMKH 3a/1aH-
HBIX TPaHUI. BumaMu morpemHocTy, METOJJaMH UX OLIEHKH M METOAAMH JIOCTHIKEHUSI TpeOyeMoi
TOUYHOCTH (T.H. APUOTUNCEHHBIMU BbIYUCTEHUAMY] 3aHUMAETCS BBIYMCIUTENbHAs MaTeMaTHKa
[11.1, 11.2]. 3xecs MBI JuIb 0OpaTUM BHUMaHHE HAa HEKOTOPYIO CTPYKTYPY MOTPEITHOCTH: T10-
IPEIIHOCTh BHIYUCICHHOTO 3HAUYCHUS (MOJIHASL NO2PEUIHOCHb) 3aBUCUT

* OT NO2PeWHOCMU UCHOIb3YeMO020 Memood BbIUKACIEHUS (B KOTOPYIO MBI BKIIOYAEM U
HETOYHOCTb UCTIOJIb3YEMON MOJIEIH),

* OT MTOTPEITHOCTH IPEJICTaBICHUS UCTIOJTB3YEMBIX JTAHHBIX (ot T.H.
HEeYCMPAaHUMOU NO2PEeUWHOCMU),
* OT nocpewHocmu OKpY2eHUs. (HETOYHOCTH BBITIOJTHCHUS UCTIONIb3YEMBIX B
METOJIE ONepaIuii).
114. OobecneyeHre aBTOHOMHOCTH NMPOTrPaMMHOIO CpeaCTBA.

Bompoc 00 aBTOHOMHOCTH MPOTPaAaMMHOTO CPEJICTBA PEIIAeTCsl MyTeM MPUHATHS PEUICHHs O
BO3MOKHOCTH HCIIOJIh30BaHus B pazpabarbiBaeMoM [IC kakoro-nmubo moaxoasiiero 6a3oBoro mpo-
rpaMMHOTO obecrieueHus. Halie)KHOCTh MMEIOIIEToCs] B PACHIOPSIKEHUH Pa3pabOTIYNKOB 0a30BOTO
IPOrPaMMHOTO 00eCIIeYeHHsI IS IIeJICBOr0 KOMIThIOTEpa MOXET HE OTBeYaTh TPEOOBAHUAM K
HajzexHocTH pazpabarsiBaemoro [IC. [ToaToMy OT HCTIONB30BaHMS TAKOTO MPOTPAMMHOTO obecrie-
YCHUS IPUXOTUTHCS OTKA3bIBATHCS, a €r0 (PYHKIIUH B TpeOyeMOM 00beMe MPUXOIUTCS PEATU30BbI-
BaTh B paMKkax paspabatsiBaemoro IIC. Anamoruunoe peuieHue NMPUXOIUTCA NPUHUMATHh MPHU
KECTKHX OTpaHUUYCHHSAX Ha HCIoJb3yeMmble pecypchl (mo kputepuio sdpdextuBnoctu I1C).
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Takoe pemieHne MOXET OBITh MPUHATO YK€ B IMpOIECCe pa3padOTKU crielu(UKalui KayecTBa
I1C, unorna — Ha stane koHcTpyupoBanus [1C.

11.5. OOGecnevyenue ycTOHYHBOCTH NPOrPaAMMHOIO CPeICTBA.

Orot mpumutuB kadectBa [IC oOecneunBaeTcs ¢ MOMOIIBIO TaK HAa3bIBAEMOTO 3AYUMHO20
npoepammuposarus. BooO1ie ToBops, 3alIUTHOE IPOrPaMMUPOBAHUE IPUMEHSETCS TIPU MPOrpaM-
MUPOBaHUU MOAYJNS Jjs noBelieHUs HaaexxHocTu [IC B Gonee mupokom cmbicie. Kak yTBep-
xknaet Maiiepc [11.3], «3amuTHOEe MpPOTpaMMHUPOBAHME OCHOBAHO HA BAXKHOM MPEIOCHIIKE:
XyJlIee, YTO MOXKET clielaTh MOJYJb, - 3TO MPUHITh HEMpPaBUIbHbIE BXOIHbIC JaHHBIC U 3aTEM
BEPHYTb HEBEPHBI, HO MPABIOMOAO0HBINA pe3yabTaTy. i TOro, 4To0bI ATOro n30exaTh, B TEKCT
MOJYJSI BKJIIOYAIOT MPOBEPKHU €ro BXOJHBIX U BBIXOJHBIX JAHHBIX Ha UX KOPPEKTHOCTh B COOT-
BETCTBUU CO crienupukanueii 3Toro Moaynsi, B 4aCTHOCTH, JTOJDKHBI OBITH IIPOBEPEHBI BBITIOJH €-
HUE OTpaHMYEeHUI Ha BXOJHbIC U BBIXOJHBIC JAHHbIE U COOTHONICHUN MEXAY HUMH, YKa3aHHbIE
B crenuuKanuy Moayis. B ciaydae oTpunaTenbHOrO pe3yiabTara MpoBEpKU BO30YXKAAETCS COOT-
BETCTBYIOIIAs UCKIIOUUTENbHAA cuTyanus. s o0paboTKy TaKUX CUTYalMil B KOHEIl ’TOT0 MOAYJIS
BKJIIOYAIOTCS (parMeHThl BTOPOTO poja 0O0pabOTUYMKHM COOTBETCTBYIOIIUX HCKIHOUUTEIbHBIX
cutyaiuid. tu 00pabOTYMKH MOMHUMO BBIJAYM HEOOXOAMMOHN TUarHoCTUYECKOW HHOpMaIuH,
MOTYT MPHUHATH MEPHI JIHOO MO HCKIIOYCHHUIO OIMMMOKH B JaHHBIX (HAaIpHUMep, NoTpedoBaTh UX
MTOBTOPHOT'O BBOJIA), TUOO MO OCJIA0JICHUIO BIUSHUS OMIUOKU (HaIpUMep, BO U30SKAHKUE TTOJIOMKH
YCTPOMCTB, ympaBisieMbIX ¢ noMmouibio AaHHoro I1C, mpu aBapuiiHOM NpeKpalleHuy BHIIOIHEHUS
MPOrPaMMBbI OCYIIECTBIIAIOT MITKYIO KX OCTaHOBKY).

[TpuMeHeHre 3alUTHOTO MPOTPAMMHUPOBAHUS MOJYJIEH MPUBOJUT K CHIDKEHHIO d(dexTnB-
Hoctu [IC xak mo BpeMeHH, Tak U Mo mamsTd. [loaToMy HEOOXOAUMO pa3zyMHO PETyIHpPOBAThH
CTETEHb TNPHUMEHEHHUS 3allUTHOTO IPOrPAaMMHPOBAHUS B 3aBHUCUMOCTH OT TpeOOBaHUU K
HagexHocTtu U d3¢pdextuBnoctu I1C, chopmynupoBaHHBIM B crienuUKaIMN KauyecTBa pa3pada-
teiBaemoro [IC. BxonHele naHHBIE pa3padaThiBA€MOTO MOIYJIS MOTYT IMOCTYNaTh KaK HEIo-
CPEACTBEHHO OT IOJb30BATEIN, TaK U OT Apyrux Moayneil. Hanbosnee ynorpeOUTeabHBIM CllydyaeM
NPUMEHEHHUS 3alUTHOTO MPOrPpaMMHUPOBAHUS SBJISETCS IPUMEHEHHUE ero AJis IepBOM TPyNIIbI JaH-
HBIX, YTO U O3HaudaeT peanusanuio ycronuusoctH [IC. 310 HY)KHO nenaTh BCerna, Korja B cre-
nupuxanuu kadectsa [1C umeercst tpeboBanue 06 odecneuenun ycroiunoctu [1C. Ilpumenenue
3alIUTHOTO MPOrpaMMHMPOBAHUS AJIS1 BTOPOM I'PYMNIBbl BXOAHBIX JAHHBIX O3HA4YaeT MOMBITKY 00-
HapyXUTh OMHKOKY B IPYTUX MOJYJISX BO BpPEMsl BBINIOJHEHUS pa3pabaThiBaeMOIro MOAYJS, a
JUIS BBIXOJHBIX JAHHBIX pa3pabaTbIBAEMOr0 MOJIYJS - MOMBITKY OOHApyKUTh OUIMOKY B CaMOM
TOM MOJYyJe BO BpeMs ero BblnosiHeHHS. [1o cyliecTBy, 3TO 03Ha4YaeT 4aCTUYHOE BOILIOLIEHUE
M0JX0/1a cCaMOOOHapyKeHUs OIUOO0K i obecnieueHus HajexHocTH I1C, o uem ma peys B Jek-
nuu 3. DTOT ciiydall 3al[UTHOTO NMPOrpaMMHUPOBaHUS IPUMEHSETCS KpallHe PEIKO - TOJIbKO B TOM
ciydae, koraa TpedoBanus K HagexxHocTu 11C upe3BbIyaiiHO BBICOKH.

11.6. O6ecneyeHune 3alIMIEHHOCTH MPOIPAMMHBIX CPEIACTB.

Paznuuarot cnenyromue Buabl 3amuThl [IC 0T nckaxeHus HHPOpMaLUu:

* 3amIMTa OT COOEB aIaparypsl;

* 3aMIUTa OT BIMSHUS «IYy>KOi» MPOTrpaMMBblL;

* 3aMIUTa OT OTKA30B «CBOEH» MPOTPaMMBI;

* 3aIUTa OT OIIMOOK oreparopa (MoJb30BaTENs);
* 3aMIMTa OT HECAHKI[UOHUPOBAHHOTO JIOCTYIIA;

* 3aIIMTa OT 3alUTHI.

3awguma om cooee¢ annapamypwi. B HacTosiiee Bpems 3TOT BMJI 3aLIUTHI SIBJISIETCA HE
OUYEHb 3JI000/IHEBHOM 3anaueil (C y4eTOM YpOBHS JOCTHUTHYTOH HaJeKHOCTU KOMIIBIOTEPOB).
Ho Bce ke moyie3Ho 3HATHh €€ pemeHne. ITo 00eCreynBaeTCsl OPTaHU3aIueil T.H. «IBOWHBIX WU
TPOHMHBIX MpocueToBy. /L1 aToro Bech nporecc 00paboTKU JaHHbIX, onpenensemMslii [1C, pazousa-
eTCsl 1I0 BPEMEHH Ha MHTEPBaJIbl TAK HA3bIBAEMBIMH «OMOPHBIMU TOUYKaMMy. J[JIMHA 3TOro MHTEpBa-
Ja He I0JDKHA MPEBOCXOAUTH MOJOBHHBI CPEIHET0 BpeMEHH 0€30TKa3HOM paboThl KOMIIBIOTEPA.
B navane kaxJoro Takoro MHTEpBaja BO BTOPUYHYIO MaMSTh 3allMCHIBAETCS C HEKOTOPOH KOH-
TPOJILHOM CyMMOMW KOIIHSI COCTOSIHUS M3MEHSEMOM B 3TOM Mpolecce NaMsTH («OMOpHAsl TOUKa).
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Juia Toro, 4To0bl yOenuThes, YTo 00pabOTKa JAHHBIX OT OJHOW OMOPHOW TOYKU IO CIEAYIOIIEeH
(T.€. OAMH «IIPOCYET») MPOU3BEACHA TPaBWIIBHO (0€3 COOEB KOMIIBIOTEpA), MPOU3BOIUTCS JABA Ta-
KHUX «pocyeTay. [locne nepBoro «mpocyera» BHIYUCISCTCS U 3alIOMUHACTCS YKa3aHHAsk KOHTPOJIb-
Has CyMMa, a 3aTe€M BOCCTaHaBJIMBAETCS COCTOSIHME NaMSTH [0 ONOPHOW TOYKE M JielaeTcsl BTO-
poii «pocuer». Ilocae BTOporo «mmpocyeTa BHIYHCISAETCS CHOBA YKa3aHHAs KOHTPOJIbHAs CyMMa,
KOTOpasl 3aTeM CPAaBHUBAETCS C KOHTPOJIIBHOM CyMMOM mepBoro «mpocdera». Eciu 3T aBe KOH-
TPOJBHBIE CYMMBl COBIIaJIal0OT, BTOPOH MPOCYET CYUTACTCS IMPABUJIBHBIM, B NMPOTHBHOM CIlydae
KOHTPOJIbHAsl CyMMa BTOPOTO «IIPOCUETa» TAKKE 3allOMMHAETCSI M MPOU3BOAUTCS TPETHH «IIpo-
cueT» (C mpeaBapuTeNbHBIM BOCCTAHOBICHUEM COCTOSHHA MaMsTH 10 OMOPHOM Touke). Ecian KoH-
TPOJIbHASL CyMMa TPETHETO «IIPOCUYETa» COBNAAET C KOHTPOJIBHOM CyMMOM OJTHOTO M3 MEPBBIX JBYX
«IPOCYETOBY», TO TPETUH MPOCUYET CUUTACTCS MPABUIBHBIM, B IIPOTUBHOM Cilydae TpeOyercs HH-
KEHepHasl IPOBEpKa KOMIIbIOTEpa.

3awuma om enuanua «uyxucoi» npozpammel. llpu NosBICHUN MYJIbTUIIPOTPAMMHOTO pe-
*KuMa paboThl KOMIIbIOTEPA B €ro MaMsITH MOXET OJHOBPEMEHHO HAXOJUThCS B CTaJUU BbI-
MOJTHEHUS HECKOJIBKO IPOTpaMM, MOMEPEMEHHO MOJyYaIONINX YIIPABICHHUE B PE3YJIbTAaTe BO3HU-
KaloLIMX MpepbIBaHUN (T.H. KBa3UIapajelbHOE BbIIOJHEHHE porpamMMm). OHa U3 TakUX Mpo-
rpamMM (OOBIYHO: OTIEpallMOHHAsI CUCTEMa) 3aHUMAaeTCsl 00pabOTKOM MpephIBAaHUHN U yIIpaBICHH-
€M MYJbTHUIPOTPAMMHBIM PEXKHUMOM. 3JI€Ch O] «UyKOi» MporpaMMoi MOHUMAETCs Mporpamma
(umu Kakoi-mrbo MporpaMMHBIN (PparMeHT), BHIMONHAEMAs MapajuIeIbHO (WJIM KBa3HUIIApauIeIhb-
HO) IO OTHOLICHHUIO K 3alMIaeMoi mporpaMme (Win ee pparMeHry). ITOT BUJI 3aIIUTHI JOJIKHA
obecneunTh, 4TOOBl 3P(EKT BHINOIHEHUS 3AIMIAEMON MPOrpaMMbl HE 3aBUCEN OT TOrO, KaKue
IPOTrpaMMbl BBIITOJIHAIOTCA MapaJIJIeNIbHO C HEH, U OTHOCUTCS, IPEXkKIe BCEro, K QyHKIUAM olepa-
IIUOHHBIX CUCTEM.

Paznuuaror ABe pa3HOBHIHOCTH 3TOM 3alUTHI:
* 3aIIUTa OT OTKA30B «IYXKOU» MPOTPaMMBI,
* 3alUTa OT 3JIOHAMEPEHHOT'O BIUSHUS «UYyXKOW» MPOTrPAMMBI.
3awguma om omkazoe «uyxcoi» npozpammel 03HAYAET, YTO HA BBHIMOIHEHNE QYHKIIHH 3a-

muIaeMoil nmporpaMMoil He OyJQyT BIMATH OTKa3bl (MPOSABICHUSA OLIMOOK), BO3HUKAIOIINE B
napajieIbHO BBITIOJNHAEMBIX porpammax. s Toro 4To0sl ynpasisiomas nporpaMmma (ormepa-
IIUOHHAsl CHCTEMa) MOIa O0ECHEeUnTh 3aIIUTy ce0s U IPYruxX HporpaMm OT TAaKOrO BIIUSHMUS,
amnmaparypa KOMIbIoTepa JOJDKHA PEaN30BhIBATh CIIEIYIOIINE BO3MOXHOCTH:

* 3aIUTY MaMATH,

e MBa pexnMa (YHKIMOHHUPOBAHHS KOMIIBIOTEpA: TPUBWICTHPOBAHHBIA U

* paboumnii (1OJIb30BATEIHCKUI),

* JIBa BUJIa OTIEpAIlHii: TPUBHIECTUPOBAHHBIC U OPJAWHAPHEIE,

* KOPPEKTHYIO pealln3aliio IpepblBaHUI U HAaYaJIbHOTO BKIIIOYEHHS KOMIIBIOTEPA,

* BpPEMEHHOE ITpEepBhIBaHUE.

* 3amuTa MamsATH 03HAYaeT BO3MOXKHOCTH MPOTPaMMHBIM IyTEM 3a/1aBaTh ISl KaXI0H Mmpo-
rpaMMBbl HEJIOCTYITHBIC /ISl Hee YYaCTKU MaMsATH. B MPUBHIETHPOBAHHOM PEKUME MOTYT BBITIOJ-
HATBHCSL JIIOOBIE omepauuu (Kak opJMHApHBIE, TaK U NMPUBUJIETUPOBAaHHBIE), a B paboueM pe-
KUMe€ — TOJIbKO opAuHapHBIE. [IoNBITKAa BBHITOJHUTH MPUBUJIETUPOBAHHYIO ONEPAIUIO, 8 TAKKe
00paTUThCS K 3aIMIIEHHON MaMATH B pabodyeM peXHME BBI3BIBAET COOTBETCTBYIOLIEE MpepbIBa-
Hue. K mpuBHIIErHpOBaHHBIM OTIEPANAsM OTHOCSTCS ONEpaIllii W3MEHEHUs 3aIIUThI TAMSITH U pe-
*UMa (QYHKIIMOHUPOBAHUS, a TaKXKe JOCTylnma K BHemHed uHpopMmaionHoil cpexe. Kop-
pPEeKTHast ~ peayu3alusl MpephIBaHUN M HAYaJbHOTO BKJIIOYCHHS KOMIIBIOTEpa O3HadaeT o0s3a-
TeJIbHYI0 YCTAHOBKY IMPHUBUJIETHPOBAHHOTO PEKMMa M OTMEHY 3aIIUTHI MaMATH. B 3TUX ycrnoBH-
SX YIpaBIIONMAs TporpaMma (OmeparioHHasl CHCTeMa) MOXET MOJHOCTBIO 3aIllUTUTH ce0sl OT
BJIMSTHUS OTKa30B JPYTUX Mporpamm. [Jjist 3Toro A10CTaTovHo, YTOObI:

* BCE TOYKM IIepeauM YIPaBJICHUS [IPU HauaJIbHOM BKJIIFOUEHUU KOMIIBIOTEpA U NIPU NIpephIBa-

HUSX MPUHAJIEKATN 3TOH Mporpamme,
* OHa HE TMO3BOJsUIa  HUKakoW  Jpyrod  mporpaMMme  paboTaTb B IPUBMIIETHUPO-
BaHHOM pexuMe (TMpu Tepenave yrpaBleHHs JII0OOOWH Apyroi mporpamMme AO0JKEH BKIIIO-
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4aTbCsl TOJIBKO pabounil pexum),

* OHA IOJHOCTBIO 3alUINAjIa CBOO MaMATh (COAepKallyto, B YaCTHOCTH, BCIO €€ YIPaBIISIIOLLYIO
uHpoOpMalMIO,  BKIIOYas TaK Has3blBa@Mble BEKTOpA MPEPBIBAHUI) OT APYTHX HPO-
rpaMM.

Torna HUKTO He MOMENIAeT €il BHIOIHSTD JI00bIe peaTn30BaHHbIC B HEH (PYHKIIUH 3aIIUTHI APYTHX
nporpamMm (B TOM YMCJI€ U JOCTyNa K BHeIHed uHdopManuonHoi cpene). [ns obneruenus pe-
LICHUs ATOW 3aJa4¥ 4acTh TAKOW IPOrpaMMBbl IIOMEIIAETCS B IOCTOSAHHYIO NaMATh. Hamuuume
BPEMEHHOI0 NPEPBIBAHUS MTO3BOJISIET YIPABIISIONIEH IPOrpaMMe 3alUTUTHCS OT 3allMKJIMBAHUs B
Apyrux mporpammax (6e3 Takoro mpepblBaHUs OHA MOTJIa OBl MPOCTO JUIIUTHCS BO3ZMOXKHO-
CTH YIIPaBJIATS).

3awuma om 310HAMEPEHHO20 GIUAHUA (UYHCUX)» NPOZPAMM O3HAYAET, YTO U3MEHEHHE
BHEIIHEH MH()OPMALMOHHONW cpelbl, NPEAOCTABICHHON 3allMIAeMOil Mporpamme, €O CTOPOHBI
JPYToii, MapajyIeIbHO BBHIIOIHIEMOM MporpaMmMbl OyAeT HEBO3MOKHO HJIM CHIIBHO 3aTpyIHEHO 0e3
BeZIOMa 3allMIIaeMoil mporpaMMel. i 3TOro onepalnuoHHas CUCTeMa JOJDKHA 00eCleuuTh MoJ-
XOJIIMKA KOHTPOJIb JOCTyHa K BHEIIHeW wuH(opMammoHHOH cpene. HeoOXomumbIM ycioBuEM
o0ecrieyeHne Takoro KOHTPOJIS SIBJISETCSl 00ECIeYeHUs 3alUThl OT 3JJOHAMEPEHHOT'O BIMUSHUS «4Y-
JKUX» MPOrpaMM XOTsl Obl caMOi ONEpallMOHHOM CHCTEMbI. B MPOTUBHOM cilydae Takod KOHTPOJIb
MOKHO OBLIO OBl OOOWTH IyTEM M3MEHEHUS ONEPAaLMOHHON CHUCTEMBI CO CTOPOHBI «3JIOHAMEPEH-
HOI» IPOrPAMMBI.

OTOT BUJ 3alLUTHI BKIIOYAET, B YACTHOCTHU, U 3aLIUTY OT T.H. «KOMIIBIOTEPHBIX BUPYCOB», O]
KOTOPBIMH MTOHUMAIOT (PparMeHThl MporpamMm, CIIOCOOHBIE B MPOIIECCE CBOETO BBIMTOJIHEHUS BHEI-
pATbCS (KOMMPOBATHCS) B JAPYrue MporpaMMmbl (MM B OTAEIbHBbIE IMPOrpaMMHbIE (parMeHThI).
«KomnbloTepHBIE BUPYCHI», 00J1a/1asi CIIOCOOHOCThIO K Pa3MHOXKEHUIO (K BHEAPEHUIO B JIPyTrUe
[pOrpamMMmbl), IPH ONPEAECICHHBIX YCIOBHUAX BBI3bIBAIOT M3MEHEHHE 3 (dekTa BBHINOJHEHUS
«3apa)X€HHOI» MPOrpPaMMbl, YTO MOXKET IIPUBECTU K CEPHE3HBIM JECTPYKTHUBHBIM MU3MEHEHUSM €€
BHEIIHENH MH(POPMAIIMOHHON cpelibl. OnepanuoHHas cucTemMa, Oyaydd 3allUIEHHON OT BIUSHUS
«IYXKUX» TIPOrpaMM, MOXKET OTPaHUYUTh JIOCTYN K MPOTrpaMMHBIM ()parMeHTaM, XpaHsIIUMCS BO
BHelIHel mHpopMamoHHoil cpene. Tak, HampuMep, MOXKET OBITh 3alpelieHO U3MEHEHUE TaKuX
(parMeHTOB JIIOOBIMH MPOrPaMMaMH, KPOME HEKOTOPBIX, KOTOPHIE 3HAET ONEpallMOHHAs CUCTEMA,
WM, Ipyroil BapuaHT, MOKET ObITh Pa3pelIeHO TOJbKO MOCIe CHEHANTbHbBIX MOJITBEPKICHUIMI
MIPOrpaMMbl (M MOIb30BATENs).

3awmuma om omkaszoe «ceoeit» npozpammsl. OdecneunBaercs HaaexxHocTbio [IC, Ha yTO
OpUEHTUPOBaHA BCS TEXHOJIOTHS ITPOrPaMMHUPOBaHHUs, 00CyK1aeMasi B HACTOSIIEM Kypce JIEKIIUH.

3awuma om owub60K nonvzoeamens. 31ech UIET pedb HE 00 OMMOOYHBIX JAHHBIX, IMO-
crynamouux ot noias3osarens [IC, - 3amura oT HUX CBsi3aHa ¢ OOECHEUEHUEM YCTONYMBOCTHU
IIC, a 0 neicTBUAX MOIB30BATENS, PUBOIALIMX K JECTPYKTUBHOMY U3MEHEHUIO COCTOSIHUS BHEII-
Hel nHpopmannonHoi cpenpl [1C, HecMOTpst HA KOPPEKTHOCTh UCIIONIb3YEMbBIX ITPU 3TOM JIaHHBIX.
3anmTa OT TakuxX AEHCTBUIA, YacCTHYHO, 00eCIeurnBaeTcs BhlAaueil npeaynpeauTeabHbIX coo0Ie-
HUN O MONBITKAaX U3MEHUTh COCTOSIHME BHenIHed nHdopmanuonHoil cpeasl I1C ¢ tpeboBanu-
€M MOJTBEPKAEHUS dTUX JeicTBHil. [l cnydaeB ke, KOrja Takue OIMOKHM COBEPIIAIOTCS, MO-
XKET OBITh MPETyCMOTPEHAa BO3MOXKHOCTb BOCCTAHOBJIEHMSI COCTOSIHUS OTIEIbHBIX KOMIIOHEHT
BHemHeld uHpopmaronHoi cpensl [IC Ha onpeneneHHble MOMEHTHI BpeMeHH. Takas BO3MOX-
HOCTb Oa3upyeTcsl Ha BeAeHUH ((HOpMHUPOBAHUM) apXHUBa COCTOSHUN (MJIM U3MEHEHUN COCTOSHUSA)
BHEIIHEH NHPOPMALIMOHHOM CpeIbl.

3awuma om HecanHKyuonuposannozo oocmyna. Kaxnomy mnonp3oBartento [IC mpeno-
CTaBJIIET ONpejeieHHble WH(POPMALMOHHBIE U TPOLEAYPHbIE pecypchl (YCIyrH), MpuyeM y
pa3Hbix noib3oBateneil [1C npenocraBieHHble UM pecypchl MOTYT OTJIMYAThCs, HHOT/Ia OUYEHb
CYIIECTBEHHO. DTOT BHJ 3aLIUTHI JOJDKEH 00ECHeunTh, YTOOBl KaXAbli nmonb3oBatens [IC mor
HCIIOJIb30BaTh TOJBKO TO, YTO €My MpeaoCcTaBieHo (caHKuuoHupoBaHo). Jus storo I1C B cBoei
BHEIIHEH WH(POPMALMOHHON cpefe MOXKET XpaHUTh WH(GOPMAIMI0O O CBOMUX IOJb30BATENIAX U
IIPEIOCTABJIEHHBIM UM IIPaBax MCIOJIb30BaHMUS PECYPCOB, a TAK)KE MPEJOCTABIAThH MOJIb30BATEISAM
OTIpEeNIeTICHHBIE BO3MOXHOCTH (OPMHPOBAHMS 3TOM MHPOpManuu. 3amiuTra OT HECAHKIMOHHPO-
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BaHHOTO gocrtyna k pecypcam IIC ocymiecTBiseTcs ¢ MOMOILBIO T.H. napoieu (CEKPETHBIX CIIOB).
[Ipu 3TOM mpennonaraercs, 4YTo KaKAbli MOJb30BATENb 3HAET TOJIBKO CBOM MapoJib, 3apErUCTPHU-
poBannbiil B [IC 3TuM monb3oBarenem. st JocTyna K BBIACICHHBIM €My pecypcaM OH JIOJKEH
npeabsBuTh [IC cBoil maposb. Jpyrumu ciioBaMH, IOJIB30BaTeIb Kak Obl "BemaeT 3aMoK" Ha
IIpEeIOCTaBJICHHBIE EMY IIpaBa JOCTyIa K pecypcam, "KiIto4d" OT KOTOPOro UMEETCS TOJIBKO Y 3TOI0
M10JIb30BATENS.
Pa3nnuaror aBe pa3sHOBUIHOCTH TAKOW 3alllUTHI:

* IIPOCTas 3alIUTa OT HECAHKIIMOHMPOBAHHOTO JI0CTYIIA,

* 3aIMTa OT B3JIOMa 3aLUTHI.

Ilpocmasn 3awuma om HecaHKUYUOHUPOBAHHO20 O0ocmyna OOECIIEUYUBAET 3aIIUTY OT HC-
nosib3oBaHusa pecypcoB IIC monp3oBareneM, KOTOpOMY HE INPEAOCTaBIEHBI COOTBETCTBYIOLIME
IpaBa JIOCTyNa WM KOTOPBIA yKa3ajl HEeNpaBWIbHbIA mapoib. [Ipm 3TOM mpenmonaraercs, 4To
MOJb30BaTENb, MOJYYHB OTKa3 B JOCTYNE K MHTEPECYIOIIMM €My pecypcam, He OyneT mpen-
MIPUHUMATD MOMBITOK KAKUM-TH00 HECAHKIIMOHHUPOBAHHBIM 00pa30M O0ONTH WIIU MPEOI0JIETh 3TY
3amuty. [ToaToMy 3TOT BUJ 3amiuThl MOXKeT npuMeHsaTses U B 1IC, koTopass 6a3zupyercs Ha
OTIepallMOHHON cHCTeMe, He O0ecHeyrBaloIIeil MOJTHYIO0 3alUTy OT BIUSHHUS «UYKHUX» IPO-
rpamMMm.

3awuma om 6310Mma 3auiumel -- TO TaKasi Pa3HOBUIHOCTD 3aLUTHI OT HECAHKIIMOHUPOBAH-
HOT'O JI0CTyNa, KOTOpasi CYIIECTBEHHO 3aTPYAHSET MPEOJOJEHUE 3TOM 3alUThl. DTO CBA3AHO C
T€M, YTO B OTJEJbHBIX CIy4asX MOTYT OBITh MPEANPUHATHI HACTOWYHMBBIC MOIBITKU B3JIOMaTh
3aIIATY OT HECAHKLIMOHUPOBAHHOI'O JTOCTYIIA, €CIIA 3aIUIIAEMbIE PECYPChI MPEICTABISIOT U KO-
ro-TO YpE3BbIYANHYIO LIEHHOCTh. J[JI1 Takoro ciiydyass IpUXOAUTCS NPEANPUHUMATh JAOMOIHUTEb-
HBIE Mephl 3alIUTHl. Bo-mepBhIX, HEOOXOIMMO O0ECIEUNTh, YTOOBI TAKyIO 3aIIUTYy HEIb3s1 OBLIO
000iiTH, T. €. JOJKHA JIEUCTBOBAThH 3allUTa OT BIHMSIHHS «4yXKUX» mporpaMMm. Bo-BTopbIX, HEOO-
XOJMMO YCUJIUTh HNPOCTYIO 3aILUTY OT HECAHKIMOHUPOBAHHOTO JOCTYIA HCIIOIb30BAHUEM B
I1C cnennanbHBIX MPOrPaMMHUCTCKUX IPUEMOB, B IOCTATOYHON CTENEHHU 3aTPYAHSIOMHUX 0100p
MOAXOSIIET0 Mapojs WM €ro BBIYUCIEHUE 110 MHPOpMallUY, XpaHsIeics BO BHelHeH nHpop-
maruoHHoi cpene I1C. Mcnonap3oBanue OOBIYHBIX MApOJiei OKa3bIBAeTCsl HEJOCTaTOYHOM, Korjaa
pedb UJET O Ype3BhIYAHHO HACTONYMBOM CTPEMIIEHMM JOOUTHCA JOCTyNa K LIEHHOW HH(OpMa-
uuu. Ecnu TpebyeMsblit maponb («3aMOK») B SBHOM BHJI€ XPaHUTCS BO BHENIHEH MH(OpMAIHOH-
Hout cpene 11C, To "B3moMIIMK" 3TOM 3alTUTH OTHOCUTEIBEHO JIETKO MOXET €r0 J0CTaTh, UMes J10-
ctyn k aromy IIC. Kpome Toro, cienyer uMeTh B BUAY, UTO € MOMOIIBIO COBPEMEHHBIX KOMIIb-
IOTEPOB MOKHO OCYIIECTBISTH JOCTATOYHO OOJBLION mepeOop BO3MOXKHBIX MApOJIel C LIEbIO
HAWTH TOAXOISIIUN.

3alUTUTECS OT ATOIO0 MOKHO cleAyromuM oopasom. [Tapons (cekpeTHoe ClIoBO WM IPOCTO
CEKpeTHOE I1eJ10e YKciao) X JOKEH ObITh M3BECTEH TOJIBKO BIIAJENbIy 3allUIAaeMbIX MpaB J0-
CTyNa M OH HE JI0JHKEH XpaHUThes BO BHemHed nHpopManunonHoit cpeae [1C. [{ng nmpoBepku
npaB J0cTyma BO BHemHel nndopmamnuonnoit cpeae [1C xpanurces apyroe uncino Y=F(X), ox-
Ho3Ha4HO BeiuuciaseMoe [1C no npeapsasaennomy napoito X. [lpu atom pynkius F moxer ObITh
XOpOIIO U3BECTHON BceM mosb3oBaresM 1IC, ogHako oHa Jo/bkKHA 00JaiaTh TaKMM CBOWCTBOM,
YTO BOCCTAHOBJICHHE CJI0Ba X MO Y MPAKTHYECKH HEBO3MOXKHO: TIPH JOCTATOYHO OOJBINON JTHHE
cioBa X (HarmpuMmep, B HECKOJIBKO COTEH 3HAKOB) JUIS 3TOI0 MOKET MOTpeOOBaThCs aCTPOHOMHYE-
ckoe Bpems. Takoe unciio Y OyaemM HazbIBaTh 91€KMPOHHOU (KOMNbIOMEPHOU] NOONUCHIO BIaJlENb-
1a mapouisg X (a 3HauuT, U 3alIUIAEMbIX PaB JOCTYIIA).

Hpyroii crmoco6 3ammThl OT B3JIOMa 3alIUTHI CBSI3aH C 3aIIUTON COOOIICHHH, IMepeChlIaeMbIX
110 KOMITBIOTEPHBIM ceTsM. Takoe cooOIeHne MOKET MPeACTaBIATh KOMaH/ly Ha JUCTaHIIMOHHBIH
JOCTYIl K IIeHHOW MHGpOpMalMH, U 3TOT AOCTYH OTHIPABUTENb COOOIICHMS] XOUEeT 3alIUTUTh OT
BO3MOJKHBIX MCKakeHHH. Hampumep, npu ocyimiecTBiieHnH OaHKOBCKUX OMEPAaLMi C MUCIOJIB30-
BaHHEM KOMIIBIOTEPHOU ceTu. Mcronp30BaHME KOMIIBIOTEPHOM MOJANMUCHA B TAKOW CUTyallUW He-
JOCTaTOYHO, TAaK KaK 3alllMIIaeMOe COOOIICHHE MOXKET OBITh NEPEXBAUYCHO «B3IOMIIUKOM
(HampuMep, Ha «EepeBaJOYHBIX)» MYHKTaX KOMIBIOTEPHOW CETH) U MOJMEHEHO IPYI'HMM CO00-
IIEHUEM C COXPAHEHUEM KOMITbIOTEPHOMN MOAMUCH (UK MapoJis).
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3anmTy OT TaKOro B3JIOMa 3aIIUTHl MOKHO OCYIIECTBUTH clieaytomuM obpasom [11.4]. Haps-
ny ¢ byakuuen F, onmpenenstonieid KOMIbIOTEPHYIO MOANKCH Biaaenbiia naponst X, B [1C onpene-
nensl emle aBe pynkmuu: Stamp u Notary. [lpu nepenade cooOiieHns OTIPaBUTENb, TOMUMO KOM-
nproTepHoit moanucu Y=F(X), momkeH BeuuCIUTh eiie aApyroe uncio S=Stamp(X,R), rae X -
napoiib, a R - Tekcr mepegaBaemMoro cooOUIeHHs. 37eCh TaKKe MPEANoJiaraeTcs, 4To (yHKIHUSI
Stamp xoporro u3BecTHa BceM nojb3oBarensam [1C u obamaeT TakuM CBOMCTBOM, YTO MO S Tpak-
THYECKU HEBO3MOXHO HM BOCCTAaHOBHTDH YUCIIO X, HU 1MO00paTh apyroii TekcT coodmienus R ¢ 3a-
JAHHOM KOMITbIOTEpHOM moanuckio Y. IIpu 3TOoM mepenaBaemMoe cooOIIeHre (BMECTE CO CBOEH 3a-
uuToi) noskHo uMeTh BUA: (R'Y S), mpuuem Y (koMmmnbroTepHas MOANUCH) MO3BOJIAECT MOJTyYa-
TEJI0 COOOIIEHUs YCTAaHOBUTh MCTUHHOCTHh KJIMEHTA, a S Kak Obl CKpEIUIfeT 3alluIlacMblii
TeKCT coobuieHuss R ¢ komnprorepHoit moanuceio Y. B ¢Bsi3u ¢ 3TM OyneM Ha3bIBaTh YHCIIO
S snexmponnoi (komnvromepuoti) newamovio. ynxknusa Notary(R,Y,S).mpoBepser uc-
TUHHOCTb 3aIIUIIIAEMOT0 COOOIICHUS:

(R,Y,S).

OTa No3BOJISIET MOJYYaTEeNl0 COOOIIEHUS OJHO3HAYHO YCTAHOBHUTH, UYTO TEKCT cooOmeHus R
MPUHAJJICKUT BIaAeNbily naposst X.

3awuma om 3awumepl. 3a11Ta OT HECAHKIIMOHUPOBAHHOI'O JOCTYyIIa MOXET CO3JaTh HEXe-
JaTeNbHYI0 CUTYAIUIO ISl caMOro Biajenblla mpaB aoctyna k pecypcam IIC - oH He cMOXkeT
BOCITIOJIb30BaThCS STUMHU MPaBaMU, €CIU 3a0yaeT (WM MoTepsieT) CBOM maponb («kitouy»). s 3a-
IIUTHl UHTEPECOB IMOJIb30BATENS B TAKMX CUTYyallUsIX M MpeJHa3HadeHa 3alluTa OT 3auuThl. J{s
oOecrieuenus: Takoil 3amuthl [IC n0MKHO MMETh NPUBUIETUPOBAHHOTO MOJIb30BATENsA, HA3bI-
BaeMoro aomunucmpamopom I[1C. Anmunuctparop I1C nomkeH, B 4acTHOCTH, OTBEeYaTh 32 (PyHK-
ruonupoBanue 3anmThl [1C: nMeHHO OH JOKeH POPMHUPOBATH KOHTUHTEHT IOJIb30BaTeNIel JaH-
Horo sk3emisipa [1C, mpegocTaBiss KakIOMy U3 3THUX IOJb30BATeNeil ONMpeeeHHbIe MMpaBa
noctyna k pecypcam IIC. B TIC momkna ObITh MpUBHIIETHPOBAHHAS oniepanus (s aIMUHUCTpA-
TOpa), MO3BOJISAIONIAs BPEMEHHO CHUMATh 3alIUTY OT HECAaHKIIMOHUPOBAHHOTO JOCTYIA AJIS MOJb-
30BaTeNs C LEbIo (pUKcanuu TpeOyemMoro napos («3aMKa»).

Ynpaxkaenus k jexkuuu 11.
11.1. Ymo maxoe 3awumnoe npoecpammuposanue?
11.2. Kakue 8uovl 3auyumul npOCpamMmHO20 CPeoOCmea Om UCKANCeHUs: UHgopmayuu

Bul 3naeme?
11.3. Kaxue mpebosanus npedvasiaiomcs K KOMIblomepy, 4moobbl MO’CHO ObLIO

obecneuums  3auWumy NPOSPAMMbL  OM  OMKA308 OpY20U NpOSpAMMbL 8

MYTbIMURPOSDAMMHOM pedcume?
11.4. Ymo makoe komnvromepHas NOONUCH?
11.5.9Ymo maxoe komnvromepras nevams?

Jlexyus 12.

OBECHHEYEHUE KAYECTBA NIPOTPAMMHOTI'O CPEACTBA

Obwuii 0630p. Peanusayus nonvsosamenvcko2o unmepgetica u obecneyenue ie2Kocmu
npuUMeHeHUus npozpammuozo cpeocmea. Obecneuenue 3¢ppekmusHocmu npopamMmHoO2o cpeo-
cmea. Obecneuenue conpogoxicoaemMocmu u ynpagienue KoHpuaypayuel npocpammHo20 cpeo-
cmea. Annapamuo-onepayuonusvie niamgopmel u obecneuenue MOOUTLHOCMU NPOSPAMMHOZO
cpeocmaa.

12.1.00mass  xapakTepuCTHKa Ipouecca o0ecmedyeHHs KavecTBa MPOrPaMMHO-
ro cpeicTBa.

Kak yxe oTMeuanoch B JeKuuH 4, cenu@uKkamnus KauecTBa onpeaessieT OCHOBHbIE OpH-
eHTHUpHI (LIeJH), KOTOopble Ha Bcex aTanax paspadborku IIC Tak mnM mHade BIUSIOT MPU IPHUHS-
TUH Pa3IUYHBIX PEUICHUH Ha BRIOOp moaxofsmero BapuanTa. OHAKO KKl MPUMUTHB Kaue-
CTBa MMEET CBOM OCOOCHHOCTH TAaKOI'O BIIMSHUSA, TEM caMbIM, oOecrieueHue ero Hanuuus B [1IC mMo-
KeT MOTpebOBaTh CBOUX IMOJIX0A0B U MeToA0B pa3padboTku I1C nnmm otnensHbIX ero yacteid. Kpome
TOr0, YK€ OTMeYajach paHee NMPOTUBOPEUYMBOCTH KpuTepueB kadecTBa [IC, a Takke u BbIpa-
KAIOMMX WX MPUMHUTHBOB KadyecTBa: XOpollee 00eCHedYeHHe OIHOr0 KaKOro-InOOo MPUMUTHBA
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kadecTBa [IC MOXKeT CyIIeCTBEeHHO 3aTPYAHHUTD WM CAENAaTh HEBO3MOXKHBIM O0ecTieueHrue HEKOTO-
PBIX APYTUX U3 3TUX HNPUMHUTUBOB. [losTOMY CyliecTBeHHas 4acTh mpolecca obecreueHus Kade-
ctBa [IC cocToMT M3 TOWCKAa MPUEMIIEMBIX KOMIPOMHCCOB. DTH KOMIIPOMHCCHI YaCTUYHO
JOJKHBI OBITH ompeneneHsl yxe B crneunpukanuu kadectBa [1C: monens kadectBa I1C nomkHa
KOHKPETH3UPOBaTh TpeOyeMyto creneHb npucyrctBus B [IC kaxaoro ero mpuMUTHBA KayecTBa U
OTIPEENIATh IPUOPUTETHI JOCTUKEHUS ITUX CTEIEHEH.

OOecrieyeHue KavyecTBa OCYIIECTBIISIETCS B KaXKJIOM TEXHOJOTMYECKOM IMpolecce: Mpu-
HATHIC B HEM PEILIEHUs B TOM MJIM MHOM CTENEHU OKa3bIBAIOT BiIMAHUE Ha kauecTBO IIC B menom.
B wacTHOCTH M TOTOMY, YTO 3HAYUTEIbHAS YacTh MPUMHUTHBOB KaueCTBa CBSI3aHA HE CTOJBKO CO
cBoiicTBamu mporpamm, Bxongmux B [IC, CKodbKO cO CBOWCTBaAMU AOKyMeHTaunuu. B cuny
OTMEUYEHHOW MPOTUBOPEUUBOCTH MPUMHUTHUBOB KaueCTBA BEChMa BaXXHO MPHUIAEPKUBATHCS BbI-
OpaHHBIX MPUOPUTETOB B uX oOecnedyeHuu. Ilpu 3TOM cieayeT MpuAepKUBATHCA IBYX OOIIKUX
MIPUHIIAIIOB:

* CHavasa HEO0OX0IUMO obecreunTh Tpebyemyo (YHKIIMOHAIBHOCTh u
Hanexnocts [IC, a 3areM yxe JOBOAUTH OCTaJIbHBIC KPUTEPHHM KadecTBa 1O
npremsIeMoro ypoBHs ux npucyrcrsus B [1C;

* HCT HUKAKOH HEOOXOIUMOCTH U, MOXET OBITh, JaXe BpPEIHO J00WBaThCA OoJee
BBHICOKOTO  ypoBHs mpucyrctBus B [IC  kakoro-nmubo TOpUMUTHUBA  KadecTBa, 4YeM
TOT, KOTOPBIH onpeseneH B cniennpukanuu kadecrsa [1C.

Obecnieuenrie PyHKIMOHAIBHOCTH U HajexxHOCTH [IC Obulo paccMOTpeHO B Hpeablaylieit
neknuu. Huke o6cyxkmaercs obecrieuenne Apyrux kpurepues kadecrna [1C.

12.2. O0ecneyeHue JerkOCTH NPUMEHEHHS NPOrPAMMHOIO CPeICTBA.

JIerKOCTh TIPUMEHEHUs, B 3HAYUTEIHLHOW CTEIICHU, OMPEIEISICTCS COCTABOM M KAadyeCTBOM
MOJIb30BATENBCKOM TOKYMEHTAIIUHU, & TAK)KE€ HEKOTOPBIMU CBOMCTBAMU, PEAIU3yEeMbIMHU MTPOrPaMM-
HBIM ITyTEM.

C monb30BaTeNnbCKOM JOKYMEHTAlMEH CBs3aHbl Takue MpUMHUTUBBI kaduecTBa [IC, xak [1-
0OKYMEHMUPOBAHHOCMb W uHGopmamusnocms. (OO0eCTIEUEHHEM €€ KadecTBa 3aHUMAIOTCS
O0OBIYHO TEXHUYECKHE MUCATENH. ITOT BOMPOC OyAET 0OCYKIAThCS B CIEAYIOIIEH TEeKIIUU. 31eCh
JUIIb CIIEAYeT 3aMETUTh, YTO TaM peub OyJeT MATH 00 aBTOHOMHOH IO OTHOIIEHUIO K MPOTpaM-
MaM JOKyMEHTalMHu. B CBA3M ¢ 3TUM ciieqyeT oOpaTUTh BHUMaHUE HA HMIMPOKO HCIIONb3yEeMbIil B
HACTOSIIEEe BpeMs ITOIX0,1 MH(OPMHUPOBAHHUS MTOJIH30BATENIS B HHTEPAKTUBHOM peXHMe (B TIpoIiecce
npumeHenus nporpamm I1C). Takoe nuadpopMUpoBaHUE BO MHOTHX CIIydasiX OKa3bIBaeTcs Oosee
YIOOHBIM JJIS MTOJIB30BATENIS, YeM C TIOMOIIBI0 aBTOHOMHOM JTOKYMEHTAI[UU, TaK KaK MO3BOJISIET
MOJB30BaTENI0 03 KaKoro-mu0o MOMCKa BBI3BIBATH HEOOXOAMMYIO MH(OpPMAIHIO 32 CYET HC-
MOJTB30BaHUS KOHTEKCTA €€ BbI30Ba. Takol moaxoa K HHPOPMUPOBAHHIO MTOJIB30BATEIIS SBIISCTCS
BEChbMa MEPCIIEKTUBHBIM.

[TporpaMMHBIM ITyTeM peau3yloTCs Takue MPUMHUTHBBI kKadecTBa [1C kak kommyHnuxabenv-
HOCMb, ycmouyusocms U 3aujuujennocms. OOecrnedeHne yCTOMYUBOCTH U 3alIUIIEHHOCTH YKe
OBLIO PaCCMOTPEHO B TIpeabiaymieit Jeknun. KoMMmyHnKaObenbHOCTh 00€CTIeunBaeTCsl COOTBETCTBY-
oleil peanuzanueil 00pabOTKU MCKITIOYUTENBHBIX CHTYallMd M CO3/IaHUEM MOAXOJISIIEr0 MOJb-
30BaTEIbCKOTO HHTEp(DeEiica.

Bo30yxxaeHne HCKIIOYUTEIHHOW CHUTyallid BO MHOTHX CIy4yasX O3HA4yaeT, YyTO BO3HUKIA
HE0OX0IMMOCTh HH(DOPMHUPOBATH MMOTH30BATENSI O XOJIE BBIITOJIHEHUS MPOTrpaMMEbl. [Ipy 3TOM BBI-
JaBaeMasi ToJIb30BaTeN0 MH(OpMAIUs TOJKHA OBITh MPOCTOM Il TOHUMAaHHS (CM. JIEKIHIO 4).
OfHAKO MCKITIOYUTEIIbHBIE CUTYallMd BO3HUKAIOT OOBIYHO Ha JIOCTATOYHO HU3KOM ypPOBHE MO-
IyJIBHON CTPYKTYpPBI IPOTPAMMBI, a CO3/1aTh MOHATHOE JJISl TIOJIb30BATENsl COOOIIEHHE MOXKHO,
KaK MPaBWJIO, Ha 0OJiee BBICOKUX YPOBHSX 3TOH CTPYKTYpPBI, IJie M3BECTEH KOHTEKCT, B KOTOPOM
OB aKTUBU3UPOBAHBI ICUCTBUS, IPUBEIIINE K BOSHUKHOBEHUIO UCKIIOUUTEIHLHON CUTYaIlUH.
O6paboTKy HCKIIOUUTEIBHBIX CUTyalluii BHYTPU MOJAYJS MBI YK€ 00CyXJaiau B JEKUHHU §.
s oOpabGoOTKH BO3HUKINEH HCKIIOYUTEIHHON CUTYallUd B IPYTOM MOIYJE IPUXOTUTCS MIPHHH-
MaTh HE MPOCThIe pemeHus. [IpuMensemMplii 4acTo crnocod mepemaadyn MHGOPMAIUA O BO3HHKIIICH
UCKITIOYUTEIIPHON CUTYaIlMM IO IEMOYKe OOpalleHHi K MPOTPaMMHBIM MOIyisM (B oOpaTHOM
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HaIpaBJICHUN) SBISIETCS TSDKEIOBECHBIM: OH TpeOyeT OTOIHUTENBHBIX MPOBEPOK TOCIIE BO3BpaTa
U3 MOZYJIS M 4acTO YCJIOXKHSAET caMO OOpallleHHe K 3TUM MOIYJISIM 3a CUET 3aJaHUs JONOJHUTEb-
HBIX IapaMeTpoB. [IpueMiaemMbIM pelIeHUuEM SIBJISIETCS BKJIOYEHHME B ONEPALMOHHYIO CPENy BbI-
IOJIHEHUSI IIPOrpamMM (B UCHOTHUMENbHYIO NOO0EPIICcKY] BO3MOXKHOCTEH IMpsIMOM Iepeaaun 3Toi
uHpopManun 00pabOTUMKAM HCKIIOUYUTEIbHBIX CUTyallud MO JAMHAMUYECKH (OpPMHUPYEMOH
ouepear Takux 00pabOTUYMKOB.

Ilonvzoeamenvckuti unmepghelic TPENCTaBIAET CPEACTBO B3aMMOJCHCTBHS IMOJB30BATENS C
I1C. Ilpu pa3paboTke NOJIb30BATEIBCKOr0 HHTEp(dElica cieayeT yuuTblBaTh HOTPEOHOCTH, OIBIT
U crocoOHocTH monb3oBarens [12.1]. I[loaToMy MOTEHIMANBHBIE MOJIB30BATEIHN JOJKHBI OBITH
BOBJICUEHBI B IIpolecc pa3paboTKu Takoro uHtepdeiica. bonpmoit apdexr 3nece naer ero npo-
ToTUnupoBaHue. IIpu 3ToM nonb30BaTENU IOJDKHBI MOJYYUTh JOCTYI K HPOTOTUIIAM I10JIb30Ba-
TEJIbCKOr0 HHTepdeiica, a MX OLEHKa pa3jIMYHBIX BO3MOYKHOCTEH HCIOJIb3yEMOTO MpPOTOTHIA
JIOJI’KHA CYIIECTBEHHO YUMTBIBATHCS IIPU CO3/1aHUM OKOHYATEJIBbHOI0 BapUAHTA I10JIb30BaTEIbCKOTO
uHTepderica.

B cuty 60spmmoro paznoo6pasust nois3oBateneid u BunoB 11C cymecTByeT MHOXXECTBO pas3-
JIMYHBIX CTHJIEH IOJb30BATENbCKUX HHTEp(eEicoB, Mpu pa3paboTKe KOTOPHIX MOTYT HCIOJb30-
BaThCs pa3Hble NPUHUUNBI U MOoAX0Abl. OQHAKO CIENYIONIME BaXKHEWIINE PUHLIUIIBI CIIETYET
cobmonatpk Beeraa [12.1]:

* TOJB30BATENbCKUN HMHTEpdeiic HomkeH Oa3upoBaThCsl Ha TEpPMUHAX U
HOHATHUSX, 3HAKOMBIX I10JIb30BATEIIO;

* TI0JIb30BATEIILCKUI HHTEPPEIC TOIDKEH OBITh SAMHOOOPA3HBIM;

* M0Jb30BaTENbCKUN MHTEP(DENC JOKEH MO3BOJATh 0Jb30BATENI0 UCIIPABIIATh
COOCTBEHHBIE OIINOKU;

* T0Jb30BATENIbCKUIA HHTEp(DENc JOKEH NO3BOJIATh NOTYyUSHHE M0Ib30BaTEIEM
CIPaBOYHOM MH(OPMAIMH: KaK 10 €ro 3ampocy, Tak u reaepupyemoit [1C.

B nHacrosiiiee BpeMs IIHMPOKO paclpoCTpaHEHbl KOMaH/AHbIE M IpadUuecKue MoJIb30BaTeNb-
CKHe UHTep(hENCHI.

Komanonwiii nonvsoeamensckuii unmepghetic MperoCcTaBiIseT MOJIb30BAaTEN0 BO3MOXHOCTD
o6pamarecs k IIC ¢ HeKOoTOpBIM 3ajjaHuEM (3alIpPOCOM), MPEACTaBISIEMbIM HEKOTOPBIM TEK-
CTOM (KOMaHJI0i) Ha CHelHalbHOM KOMaHJHOM si3bIKe (S3bIKe 3ajaHuil). JIOCTOMHCTBAMHU Ta-
KOro MHTepdeiica ABIsgeTCcsS BO3MOXKHOCTbh €0 peai3alliy Ha JIeUIeBbIX al(haBUTHO-IIMPPOBBIX
TEPMUHAJIaX U BO3MOXKHOCTh MUHMMM3ALUU TPeOyeMOro OT I0JIb30BaTeNsl BBOJA C KIaBUATYpHI.
HenocraTtkamu Takoro uHtepdeiica sBISIOTCS HEOOXOAUMOCTh U3YyUEHUSI KOMAHJIHOTO S3bIKa
U JOCTaTOYHO OOJIbIIas BEPOSTHOCTh OLIMOKM MOJBb30BATENs MPH 3aJlaHuU KOMaHbl. B cBs3u ¢
3TUM KOMAaHJHBIA MOJIb30BATENIbCKUNA UHTEp(dEic 0ObIYHO BBIOUPAIOT TOJBKO ONBITHBIE MOJb30-
BareiM. Takoil nHTepdeic MO3BOIIET UM OCYIIECTBIATh OBICTPOE B3aUMOJICHCTBHE C KOMIIBIOTE-
POM M MPEIOCTaBISET BO3MOXKHOCTh OOBEIMHSITH KOMAHIBI B MPOLENYPbl U MPOrpamMMbl (CM.
Hanpumep, 36k Shell oneparmonnoii cuctems Unix [12.2]).

I'paguueckuii nonvzosamenvckuil unmepgetic MPeIOCTABISAET MOTH30BATEII0 BOZMOXHOCTH:

* oopamatecss k IIC myrem BbIOOpa Ha »5JKpaHe NOAXOIAIIET0 TpadUUYEcKOro WIH
TEKCTOBOI'0 O0OBEKTA,

* monyyatb oT IIC wuHpopmanuio Ha »>KpaHe B BUIAE TIpadUUecKUX U TEKCTOBBIX
00BEKTOB,

* OCYHIECTBJISATh  MNpSMBIE  MaHUNYJSIOUUM € rpau4eckKUMH U TEKCTOBBIMHU
00BEKTaMH, IPEICTaBIEHHBIMU Ha SKpaHe.
I'padmueckuii moap30BaTEILCKUI HHTEPPEIC TO3BOIAET

*  pa3Memarh Ha SKpaHe MHOXECTBO pAa3IMYHBIX OKOH, B KOTOPBIE MOXXHO BBIBOJHUTH
UH(POPMAIIHIO HE3aBUCHUMO;

* HCIIOJIb30BATh rpadudeckue 0OBEKTHI, Ha3bIBacMbIe RUKMOSDAMMAMU (nm
uKoHamu), IS 0o0O3HaueHUsI  Pa3NUYHBIX  WHPOPMALMOHHBIX  OOBEKTOB  HIIHU
IPOLIECCOB;

* HUCMOJNB30BaTh JKPAHHBIU YKazameib A BbBIOOpa OOBEKTOB (WM WX DJIEMEHTOB),
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pasMEILICHHBIX Ha S3KpaHe; »JKPaHHbIM YyKazaTelb yIpaBisercs (MepeMenaercs) ¢ IOMOIIbIO
KJIABUATYPbI WJIA MBIIIIH.

JIOCTOMHCTBOM T'pauyeCcKOro MoJb30BaTEIHCKOT0 HHTEpdeiica IBISIETCS BO3ZMOXHOCTD
CO3/IaHUs YJAOOHOW W TMOHITHOW IMOJb30BaTENt0 Mojaenu B3aumoneiictBus ¢ IIC (manenn
ynpaByieHus, pabounii cTon u T.1.) 6€3 HEOOXOAMMOCTH M3YyUYEHHS KaKOro-JIuOO CIenuaib-
HOro si3bika. OHaKO ero pa3paboTka TpedyeT OOJBUIMX TPYJA03aTpaT, CPAaBHUMBIX C TPYAO3a-
Tparamu 1o co3nanus camoro IIC. Kpome Toro, Bo3HuKaeT cepbe3Has mpobiema 1mo nepeHo-
cumoctu IIC Ha nmpyrue omnepalioHHBIE CHCTEMBbI, Tak Kak Tpaduyeckuil untepdeiic cyuie-
CTBEHHO 3aBUCHUT OT BO3MOXHOCTEH (2paguueckoii nonvzosamenvckol niamgopmul], Ipeno-
CTaBJISIEMBIX ONEPAI[MOHHON CUCTEMOM ISl €r0 CO3/IaHusl.

I'padmyeckuii mosib3oBaTenbCkuii HHTEpPEHC 0000IIaeT Takue BUABI MOJIb30BATEIHCKOTO
unTepdeiica, kak HHTEpQEiic TUIa MEHIO U UHTEepdEiic MPIMOro MaHUITYTUPOBAHUS.

12.3. O0ecneyenune 3(p(peKTUBHOCTH NIPOrPAMMHOI0 CPeICTBA.

OddextuBnocts [IC obecneunBaercs NPUHATHEM TOIXOIANIINX PEIICHUN HA pa3HBIX Tamax
€ro pa3padoTKH, HAYMHAsSL ¢ Pa3pabOTKH ero apXuTeKTypbl. OCOOCHHO CHIIBHO Ha 3((EKTUBHOCTH
I1C (ocobeHHo 1o mamsITH) BIUSET BIOOP CTPYKTYPHI U MpeacTaBlieHus JaHHbIX. Ho 1 BbIOOp anro-
PUTMOB, MCIIOJIb3YEMBIX B TEX MJIM MHBIX MPOrPaMMHBIX MOAYJISX, @ TaKKe OCOOCHHOCTH UX pea-
nu3anuu (BKJIOYasi BIOOP S3bIKa MPOTPAMMHUPOBAHUS) MOXKET CYIIECTBEHHO MOBIUATH HA 3P dek-
tuBHOCTH [IC. Ilpr 3TOM NOCTOSHHO MPUXOAMTCS pa3pemarb MPOTHBOPEUHE MEXKIY 6PEMEHHOU
aghgexmuenocmoio N 3ghghexmusnocmoio no namamu (pecypcam). I1oaromy BecbMa BaskHO, YTOOBI
B crienu(uKanyy KadecTBa ObUTH SIBHO YKa3aHbI IPUOPUTETHI WIIM KOJIMYECTBEHHOE COOTHOIIICHUE
MEXIy MOKa3aTelsIMH ITHX NMPUMUTHBOB KadecTBa. ClielyeT TakKe UMETh B BUIY, YTO pa3HbIE
POrpaMMHBIE MOYJIH MO-pa3sHOMY BIHSIOT Ha 3(dexTuBHOCTH [IC B 11e1oM: 0THM MOy MOTYT
CWJIBHO BJIMSITh Ha BPEMEHHYIO () (PEKTUBHOCTh M MPAKTUYECKU HE BIUATH Ha 3(P(HEKTUBHOCTD
10 MaMSTH, a IPYTHe MOTYT CYHIECTBEHHO BJIMATH Ha OOIIMIA pacxXo] MaMsTH, He OKa3bIBas 3a-
MeTHOro BiIMsHUS Ha Bpems padoTsl [IC. bonee Toro, 3To BnusiHue (Mpex/e BCEro, B OTHOIIEHUH
BpeMeHHON 3 (EeKTUBHOCTH) 3apaHee (10 okoHuaHus peanusauuu [1C) nanexo He Bceraa MOXKHO
MIPABUIIBHO OLIEHUTD.

C ydeToM CKa3aHHOT'0, PEKOMEHJAYETCS MPHUIAEPKUBATHCS CIEIYIONUX HPUHIUIIOB IS
obecnieuenus a¢pdexrusnoctu [1C [12.3, 12.4]:

. CHayajia HYXHO paszpaborate HanexxkHoe [IC, a moTroM yX 3aHUMATHCS JOBEICHHU-
eM ero A¢¢eKTUBHOCTH 1O  TpeOyemMoro  YpoBHS B  COOTBETCTBUM C  €roO
cnenuduKalnue KauecTa;

o s noBbitieHust 3¢ dexkruBHoctu  IIC, mpexnae Bcero, HYXHO HCIOIb30BAThH
ONTUMHU3HPYIOITUH KOMITHJIATOP - 3TO MOXKET obecneunth  TpebyeMyro
3¢ (HEeKTUBHOCTH;

* ecmn dbdextuBHOCTh [IC  He yaoBieTBOpseT cHenu@UKAUU €ro KadecTBa, TO
HaluTe caMble KpUTHYECKHUE MOAYJH c TOYKHU 3peHust TpeOyemoii

s¢ppextuBnoctn  IIC; >t  MOAynmM U MONBITAalTECh  ONTUMHU3UPOBATH B  MEPBYIO
ouepenb MyTEM UX PYUHOU NEepEeAcIKY;

* HE cleAyeT 3aHUMaThCi ONTHUMHU3AaLMEH MOAYJs, €clIM J3Toro He Tpebdyercs s
JocTkeHus Tpedyemoit apdpextusHoctu I1C.

JIyis OThICKaHUSI KpUTHUECKUX MOAYJeH ¢ Touku 3peHust BpemeHHol 3¢ dextuBHocTu I1C mo-
TpebyeTcs MOMyYUTh pacipeesieHne o MoIyssiM BpemMeHu padoTsl [1C myTeM cCOOTBETCTBYIOLIUX
n3MepeHui Bo Bpems BoinmostHeHus [1C. 3To MokeT OBITh CACIAHO C TTIOMOIIBI0 TUHAMHYECKOTO
aHanu3aropa (CHelMaJIbHOr0 MPOTPAMMHOIO MHCTPYMEHTA), KOTOPHIH MOXKET ONpeleIuTh da-
CTOTY OOpalmieHus K KaXJ0My MOAYII0 B mporecce npumenenus [1C.

12.4. O0ecneyenue conpoBoxaaeMoe™ nporpaMMHOro cpeacrsaa.

Ob6ecneuenue compoBoxkaaemoctu IIC cBoautcs k obecreuenuto uzydaemoctu IIC u k
o0ecreyeHuno ero MoAu(pUIpPyeMOCTH.

Hzyuaemocms (mogxkputepuit kadectBa) [IC ompenenseTcss COCTaBOM M Ka4eCTBOM JIOKY-
MeHTaluu 1o conposoxxaeHuto 11C u BeipaxaeTcs uepe3 Takue npumuTuBbl kayectBa [1C kak C-
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OOKYMEHMUPOBAHHOCI, UHPOPMAMUSHOCb, NOHAMHOCMb, CMPYKMYPUPOBAHHOCMb U Y0060-
yumaemocmo. IlocnenHue nBa MPUMHUTHBA KauecTBa W, B 3HAUUTEIbHOM CTENEHH, MOHSATHOCTH
CBSI3aHBI C TEKCTaMH MIPOTPaAaMMHBIX MOJAYJe. Bompoc 0 JOKyMEHTAIUH 10 COMPOBOXKICHUIO O Y-
JeT 00CyX/1aThCs B CIEAYIONIEH JeKIUU. 3/1eCh MbI JIMIIb CJIeIaéM HEKOTOpbIe O0IINe PEeKOMEH 1a-
MU OTHOCUTEJIBHO TEKCTOB MPOTpaMM (MOTyJIEH ).

[Ipu oxoHuYaTelbHOM O(GOPMIEHHHU TEKCTa MPOrPaMMHOTO MOAYJS IeIeco00pa3Ho
MPHUICPKUBATHCS CIEIYIONINX PEKOMEH A, ONPEACISIOMNX TPAKTHIECKN ONPABIaHHBIN CTUITH
nporpammupoBanus [12.3, 12.4]:

. UCIIONIB3YUTE B TEKCTE MOAYJISI KOMMEHTAPUH, TIPOSICHSIONINE U OOBSICHSIONMNE 0COOCHHO-
CTH  TNPUHUMAEMBIX  pEIIEHUH; NO-BO3MOXKHOCTH,  BKIIIOYalTe KOMMEHTapUH (XOTS Obl

B KpaTKOu dopme) Ha caMon paHHEH CcTaauu
pa3paboTKU TeKCTa MOYJIS;

* UCIOJIB3YHTE OCMBICIICHHBIE (MHEMOHUYECKHE) 51 YCTOWUYUBO pasIMyuMsle
uMeHa (onTuManbHas JJHHA UMeHH - 4-12 nurtep, uudpsl - B KOHIE), He
UCIIOJIB3YMTE CXOIHbIE MMEHA U KIIFOYEBBIE CIIOBA;

* cobOmofaiite OCTOPOYKHOCTD B UCII0JIb30BaHUU KOHCTaHT (yHUMKanbHas
KOHCTaHTa J0JI’)KHAa UMETh €JUHCTBEHHOE BXO0X/IEHUE B TEKCT MOJYJISI: IIpU €€ OOBSIBICHUN WIIH,
B KpaliHeM ciyyae, pu VMHULMATIU3aluN IIEPEMEHHON B
KayeCcTBE KOHCTAHTBI);

* He OoiiTechb HCHONB30BaTh HeOOs3aTelIbHbBIE CKOOKM - OHH OOXOIATCSA  JEIlIEBIIE,

YeM OILINOKH;
e pa3MmemaiiTe  He  OOJbIIE  OJHOTO  oOmeparopa B  CTPOKe;, JUIS  IPOSCHEHHUS

CTPYKTYpBI MOAYJA HCIIOJIB3YUTE  JIOIOJIHUTEIIbHBIC po0ebl (oTcTymsl) B
Hayaie Kax/10i1 CTPOKH; TUM obecrnieunBaercss  ydobouumaemocms  TEKCTa
MOJYJISL;

* u3beraiite mpiokos, T.e. TaKUX NPUEMOB IPOrpPaMMHUpPOBAHMs, KOTJa CO3AAI0TCA
¢parMeHTbl MOAYJSl, OCHOBHOM 3(PEeKT KOTOpPHIX HE O4YEBUJIECH WA  CKPBIT

(3aByanupoBaH), HarpuMep, MNoo6ouHbIe 3P HeKTh PyHKIUH.

CmpykmypupoeaHHocms TEKCTa MOJYJISl CYIIECTBEHHO YIpOIIaeT ero moHumanue. Obecme-
YeHHUe 3TOro MPUMHUTHBA KauyecTBa MOJPOOHO 00CyKIanoch B JIEKIUH 8.

Yoobouumaemocms TekcTa MOy MOXKET OBITH 0O€crieueHa aBTOMAaTUYECKHU IyTeM MpUMe-
HEHMs CIIEIUAILHOTO TPOrPaMMHOI0 HHCTPYMEHTA - popmamepa.

Mooughuyupyemocms (noakputepuit kauectna) [1C onpenensiercsi, 4aCTUYHO, HEKOTOPBIMHU
CBOMCTBaMU JOKYMEHTAIlMU, U CBOWCTBAMH, peaju3yeMble MPOrpPaMMHBIM IyTE€M, M BbIpaXKa-
eTcs yepe3 Takue mpuMUTHBEI KadecTBa [1C kak pacwupsemocms, moouguyupyemocms, cmpykmy-
PUPOBAHHOCMb U MOOYIbHOCHD.

Pacwupsemocms obecrieunBaeTcss BO3MOKHOCTSIMH aBTOMAaTHYECKH HACTPAaUBaThCS Ha
ycnoBust npumenenus [1C no undopmamum, 3agaBaeMoil nosnp3opareneM. K Takum ycinoBusim oT-
HOCATCS, TIPEXKAE BCET0, KOH(HUTyparws KOMIbIOTEpa, Ha KoTopoMm OymeT npumensatscs [1C (B
YaCTHOCTH, 00BEM M CTPYKTYpa €ro MaMsTH), a Takke TpeOOBaHUS KOHKPETHOTO IOJIb30BATENs K
¢dyHKIIMOHANEHEIM BO3MOXKHOCTSM [1C (Hanmpumep, TpeOOBaHUS, KOTOPBIE ONPEICISIIOT PEXUM
npuMmeHenus [IC uam KOHKpeTU3UPYIOT CTPYKTYpY MH(pOpMaLMOHHON cpefbl). K 3TuM BO3MOX-
HOCTSIM MOXXHO OTHECTH M BO3MOXHOCTh moOasineHus k [1C ompeneneHHbIX KOMIOHEHT. [lyis
peanuzanuu Takux Bo3MokHocTed B [IC uacto BKJIIOYaeTcss AOMOJHHUTENbHAs KOMIIOHEHTa
(moxcucTema), Ha3pIBaeMasi uHCmansamopom. VIHCTaISTOp OCYIIECTBIISIET MPUEM OT TI0JIh30BaTe-
751 HeoOxoauMol nHpopmanuu U HacTpoiky IIC mo 3Toit uHpopmanuu. OOBIYHO pelIeHue O
BrTtoueHNH B [IC Takoi KOMIIOHEHTHI MPUHUMAETCS B Ipoliecce pa3pabotku apxutekTyps [1C.

Mooughuyupyemocms (IpUMUTHUB KadyecTBa) 00ECIeUnBAETCS TAaKUMH CBOWMCTBAMHU JOKY-
MEHTAllMM ¥ CBOMCTBaMHM, peaiu3yeMble MPOTPaMMHBIM IyTeM, KOTOpble OO0JIer4aloT BHECEHHE
U3MEHEHUH M A0paboTOK B JOKyMeHTauuio u mnporpammel IIC pydHbIM myTeM (BO3MOXHO, C
OTIpENIeTICHHON KOMITBIOTEPHOW TOJIepKKoi). B crnenudukanum kadecTBa MOTYT OBITh YKa3aHbBI
HEKOTOpBIE MPUOPUTETHBIC HarpaBlieHUs U ocoOeHHocTH pazButus IIC. DTu ykasaHus HOIKHBI

55



OBITH YYTEHBI IIPH pazpadboTke apxutekTypsl [IC 1 MOgyIbHON CTPYKTYpHI ero mporpamm. OOras
npobnema conpoBoxaenus I[IC - oGecreunthb, 4TOOBI BCe €ro KOMIIOHEHTHI (Ha BCEX YPOBHSX
MPE/ICTaBICHUSI) OCTABAINCH COIVIACOBAHHBIMM B Kaxjoil HoBoi Bepcum [IC. DToT mporecc
00BIYHO HA3BIBAIOT YHpasieHuem KoH@ueypayuei (configuration management).4Ymobsl TOMOYb
yIpaBJIeHUIO KOH(MUTyparue, Heo0X0AUMO, YTOOBI CBSI3H U 3aBUCUMOCTH MEXKIY TOKYMEHTaMH U
WX 4YacTIMU (DUKCHUPOBATh B CICIHAIBLHOW JOKYMEHTAIMH IO CONpoBOXAeHUIO [12.5]. DTta
npobiiemMa yCIO0XKHSETCS, €CIM B Mpolecce A0pabOTKH MOXKET HAXOAUTHCSA Cpa3y HECKOJIBKO
Bepcuii I1C (B pa3HO# cTeneHu 3aBeplieHHOCTH). Tormga 6€3 KOMIBIOTEPHOW MOANCPKKHU J0-
BOJIBHO TPYAHO OOECHEUYUTH COTIIACOBAHHOCTH JOKYMEHTOB B pa3HbIX KoH(urypanusx. Ilo-
sToMy B Takux ciydasx B [IC BkiroyaeTrcs NOMOJHHUTENbHAs KOMIOHEHTa (moacucrema),
HasbIBaemasi KoHguesypamopom. C TaKoil KOMIIOHEHTOW CBS3BIBAIOT CHEIHAIBHYIO 0a3y JaHHBIX
(unu crienuanbHBIN pa3zen B 6a3e JaHHBIX), B KOTOPOU (PUKCUPYIOTCS CBSI3U U 3aBUCUMOCTH MEXK-
Iy JOKYMEHTaMH W uX vactsmu i Bcex Bepcuit I1IC. O6bruno pemenue o BkiatoueHnuu B I1C
TaKkoW KOMIOHEHTHI MpUHUMAaETCs B mpouecce pazpadborku apxutektypsl [IC. [Ins obecneue-
HUS TOTO MPUMHUTUBA Ka4eCTBA B JOKYMEHTAIMIO 110 CONPOBOXKACHUIO BKJIIOYAIOT CIELHUATb-
HOE PYKOBOJCTBO, KOTOpOE OMHCHIBaeT, kakue 4actu [IC sBisoTCA anmapaTHO- M IPOrPaMMHO-
3aBUCHUMBIMH, U KaK BO3MOxkHOE pa3BuTue [1C ydTeHo B ero cTpoeHun (KOHCTPYKIIHH).

CmpykmypupoeaHHocms U MOOYIbHOCMb YIIPOIIAIOT pyuHyto Moaudukaiuio nporpamm I1C.

12.5. Obecneyenne MOOMIbHOCTH.

[IpoGnemMa MOOUIBHOCTH BO3HUKAET U3-32 TOTO, YTO OBICTPOE PA3BUTHE KOMIIBIOTEPHOM
TEXHUKU W alllapaTHBIX CPEJCTB JIeJacT >KM3HCHHBIH UK MHOTHUX OOJBIIUX MPOTPAMMHBIX
cpeacTB (MpPOrpaMMHBIX CHCTEM) HAMHOTO MPOJOJDKUTEIbHEE MepuoJa «MOpalbHO»
OIPaBJAAaHHOTO CYIIECTBOBAHUS KOMIIBIOTEPOB M alapaTyphl, AJI KOTOPHIX MEPBOHAYAIBHO
CO3/J1aBaJIUCh 3TH MporpamMMmHbie cpencTBa. [losTromy obecrneueHue Kputepuss MOOMIBHOCTH TS
takux I1C sBnsercs BecbMa BaXKHOH 3a7aueil.

Mob6unsHocTs [IC ompenensercs Takumu npuMuTuBamMu kadectBa [1C kak uezasucumocms
om ycmpoucmes, a6MOHOMHOCHb, CMPYKMYPUPOBAHHOCHb U MOOYIbHOCHIb.

Eciu 6m1 IIC obnagano TakaMu NOPUMHUTHBAMHU KadyecTBa, KaK HeE3dBUCUMOCHb Om
yempoucme M- a8MOHOMHOCMb, W €ro IMporpaMMbl ObUIM OBl NPEACTaBICHbl HA MAalllMHHO-
HE3aBUCUMOM sI3bIKe IporpammupoBanus, To neperoc I1C B apyryio cpeny obecnieunBasucs Obl
nepeTpaHcisueil (MepeKOMIMIIISIIIUE) ero mporpaMm B 3Toil cpene. OgHako TPyAHO MpencTa-
BUTH peanbHoe I1C, obnanaroniee TakuM kayecTBoM. TeM He MeHee, TAKUM KayecTBOM MOTYT 00-
nanath oTaenbHble yacTu nporpamm [IC n naxke BecbMa 3HaUMTEIbHBIE. A ATO yXKe SIBHBIA HAMEK
Ha TO, KaKUM MyTeM clieayeT qo0uBatbest MoominbHocTH T1C.

Ecnu TIC 3aBucHT OT yCTpOICTB (anmapaTypsl), TO B ciequUKalUMKd KauecTBa J10JKHA OBbITh
OIMMCaHa 3Ta KOMIBIOTEpHO-anmapaTHas cpefa (0ynem ee Ha3bIBaTh annapamuol niamgopmot
[12.6]). M36aBUTCS OT 3TOM 3aBUCMMOCTH MOKHO 3a CU€T Takoro mpuMuTHBa kadectna [1C kak aB-
ToHOMHOCTb. Kak mpaBuio, I1C crpoutcst B pamkax HekoTopoil oneparnuonHoi cucremsl (OC),
KOTOpas MOKET CIpATaTh CHEHU(PHUKY anmnapaTHON miIaTgopMsbl U, TeM cambiM, caenath I1C Hesa-
BUCUMBIM OT ycTpoicTB. Ho torna I1C He Oyner o0nanarh CBOMCTBOM aBTOHOMHOCTH. B 3TOoM
cilydae B crienu(uKanuy KauecTBa J0JKHA ObITh ONMMCAaHA 3Ta MporpaMMHas cpefia, HajJl KOTOpO
ctpoutcs [1C (6yaem 3Ty cpeny Ha3bIBaTh onepayuonnou niameopmoti [12.6]). Takum o6pazom,
MobunpHOCTh [IC Oyzner HemocpeICTBEHHO CBA3aHO ¢ MOOUIBHOCTHIO Hcnmonb3dyemoir OC: me-
penoc IIC Ha npyryio anmapatHyioo MmiaropMy OCYIIECTBISIETCS aBTOMATUYECKH, €CIIH OyJeT
OCYIIIECTBJIEH TIepeHOoC Ha 3Ty mnaTdopmy ucnoiaszyemoit OC. Ho ob6ecrieuenne MmoomnsHOCcTH OC
SBJIAETCS CAMOCTOSATENBHON U TIOBOJIBHO TPYIHOM 3aaauei.

Takum obpazom, piist ooecniedenust MoOmnbHOCTH [IC HY)XHO pelIuTh ABE 3a/1a4u:
* BBIJICJIEHUE TI0 BO3MOXKHOCTH Hanbombiel yactu nporpamm I1C, ob6nanaromnieit
CBOICTBaMHM HE3aBUCUMOCTH OT YCTPOMCTB U aBTOHOMHOCTH (JIpyI'MMH CJIOBaMH, HE3aBU-
CHUMOH OT annapamuo-onepayuoHHo niamgopmoi);
* o0ecredeHre COMpOBOKAAEMOCTH Il OCTaIbHBIX yacTel nmporpamm I1C.
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Jlyist penieHust 3TUX 3a7a4 1eJIeco00pa3Ho BEIOpATh B KauecTBe apxuTeKTypsl [1C crnonctyro
cucreMy (cM. puc. 12.1). Ocuosroti croti, peanusyroniuii ocHoBHble pyHKIUU [1C, momkeH ObITh
HE3aBHCUMBIM OT amlNapaTHO-ONEpaluoOHHONW mnatgopmMbl. Beigensercs Taxke ciaoi (4acTo
Ha3biBaeMbli 0pom [1C), KOTOPBIN BKIIOYAET MPOrpaMMHBIE MOAYJIH, 3aBUCSIINE OT annapaTHoO-
OTIePallMOHHON TUIATPOPMBI. DTOT CIIOH TOJDKEH 00ecreunBaTh, B YaCTHOCTH, AOCTYI K BHELIHEH
nHopmanmonnou cpeae [1C. Mexay dTUMH CIIOSAMH JOKEH OBITH omnpesereH uHTtepdeic, He-
3aBUCHUMBII OT ammapaTHO-ONEpalMOHHONW MiIaTGOopMbl U 00ECIIeYMBAIONIMIA MpaBuia odparie-
HUS U3 OCHOBHOTO CIIOSI K MOAyJisiM sapa. bynem HaszwsiBaTh 3TOT MHTEpdeiic cucmemmuvim. Uc-
N0JIb30BaHUE I'paUueCKUX MOJIb30BATEIbCKUX MHTEpP(EiicOB TpeOyeT BBIAEIEHHE €IIe OJHOTO
IPOrPaMMHOIO CJI0s, 3aBHUCSIIEro OT TOM YacTH amnmapaTHO-ONEPAlMOHHOW MIaTGOPMBI
(epagpuueckoii nonb308amenbckoi niamgopmsl), Ha KOTOPOU CTPOSTCS MOJIb30BATEIHCKUE HH-
tepdericel. bynem Ha3piBaTh 3TOT cloil oboroukou T1C. Mexmay 000I0YKON M OCHOBHBIM CIIOEM
TaK)Ke JTOJKEH OBITh ompeneneH mHTepdeiic, He3aBUCHMBIN OT TpadUuecKoi MOIb30BaTEIbCKOM
w1atopmbl U oOecieunBaroNInii IpaBuiia 00paleHus U3 000JIOUKH K MOJIYJISIM OCHOBHOTO CIIOSI.

Mooynvrocms T1C no3Bossier chopMupoBaTh yKa3aHHBIE CIIOH, BBIIEISS MPOTPAaMMHBIE MO-
Iylu ¢ TpeOyeMbIMU CBOMCTBAMU U paclpeenss UX MEeXy YKa3aHHBIMU clOsIMHU. MoodyibHocmy
U CMPYKMypuposanHocms 000IOUKH U siIpa TO3BOJIIOT 00€CIIEYUTh ATH CIOM CBOHCTBOM MOJIH-
dunupyemoctu. [Ipu 3ToM xenateabHO, 4TOOBI KaXIbli MOIYJIb dTHX CIOEB OBLI OpPUEHTU-
pOBaH Ha peaTH3alHI0 KaKUX-THO0 (YHKIMHA YIpPaBICHHUS YETKO BBIJEIICHHOW KOMIIOHEHTHI arl-
MapaTHO-ONEPALMOHHON cpenbl. JIJis 3TOro MCMONb3YIOTCS TaKHe METOMAbl Kak yHU(UKAIUsS WH-
TepdericoB, cTaHAapTU3AIMS TPOTOKOJIOB U T.11. [12.6].

Ynpaxnenus k jexkuuu 12.
12.1. Kaxue 3a0auu npuxooumscs peulams npu ooecnederuu KOMMYHUKabeibHoCmu
1c
12.2. Kaxue 803M0#CHOCIU NPpedoCcmasisien noab308amenio epauieckuil noab308amellb-
ckuti unmepgeitic?
12.3. Kak nyoacHo delicmgosamy 0ns obecneuenus s¢ppexmusnocmu I[1C?
12.4. Ymo maxoe uncmanamop npoepammuozo cpeocmesa (I11C)?
12.5. Ymo maxoe ynpasnenue kongpueypayueu I1C?
12.6. Ymo maxkoe aopo I1C?
12. 7. Ymo makoe obonouxa I[1C?
Jlekyusa 13.
JOKYMEHTUPOBAHUE ITPOI'PAMMHBIX CPEACTB
13.1. JloxymeHTanmus, cCO-
PAGUUYECKHWM MOJIb30OBATEJILCKUA UHTEP®ENC 3naBaeMasi M HCHOJb3yeMass B
OBOJIOUKA npouecce paspadoTKu NporpamMmm-
HBIX CPEICTB.

ITpu pazpabotke IIC co3znaercs
OCHOBHOM CITIOH 1 UCIIOJIB3YETCA 0OJIBIIION 00BEM
pa3HooOpa3Hoi foKkymeHTau. OHa
Heo0XO0/IMMa KaK CPeICTBO Mepeadn

BUPTYAJIbHBIN MOJIb30OBATEJIbCKUA UHTEP®EMNC

CUCTEMHBINA UHTEPOENUC

AJPO uHpOpMaIUK MEeXIy pa3paboTynKa-
i L /I\ mu [IC, xak cpeacTBo yrpasiaeHus
' paszpabotkoii IIC u kak cpeacTBo me-
BHELIHSA UHOOPMALIMOHHAS CPEIA 1 penavn 1mojap30BaTesiM HHpopMa-

LU, HEOOXOAUMOM ISl MPUMEHEHHUS
n conpoBoxaenus I1C. Ha coznanune
9TOW JOKYMEHTAIUU MPUXOJUTCS

Puc. 12.1. Pekomenayemas apxutektypa mobunbHoro [1C.

oosemasg gois croumoctu I1C.
DTy JOKYMEHTAIMIO MO>KHO pa30ouTh Ha aBe rpynmsl [13.1]:
* JloxymeHnTsl ynpasieHus pazpadorkoii [1C.
» JlokymeHTsl, Bxoasuue B coctas [1C.
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Hokymenmui ynpaenenus paspabomxou I1C (software process documentation) ynpaBisioT U
IPOTOKOJIUPYIOT Ipoliecchl pazpaboTku u conpoBoxaeHus [1C, obecneunBas CBA3M BHYTPU KOJI-
nektuBa pazpadborynkoB [IC U MEXIy KOJUIEKTHBOM pa3padOTUMKOB u Mmeneddcepamu [IC (soft-
ware managers) - ITMLIaMu, ynpaisiroliumMu pazpadotkoit I1C. OTu 10KyMeHTbl MOTYT OBIThH Cile-
nyrorux tunos [13.1]:

» Ilnawmwi, oyenku, pachucanus. ITH JTOKYMEHTBI CO3Jal0TCS MEHEKepaMH Ul IPOrHO3UpOBa-
HUS U yIIpaBIICHHs IpolieccaMu pa3paboTku u conpoBoxaenus 11C.

*  Omuemul 00 ucnonwbzoeanuu pecypcos 6 npoyecce pazpabomxu. Co3Iar0TCsI MEHEKepaMH.

*  Cmanoapmul. DTN JOKYMEHTHI MPENNUCHIBAIOT Pa3padOTYMKaM, KaKMM MPUHIIAIIAM, TPaBU-
JaM, COIVIAleHUsM OHM JIOJDKHBI ClefoBaTh B mpouecce pazpaborku IIC. OTu crangapTsl MOryT
OBITH KaK MEXJIYHAPOJHBIMH WJIM HallMOHAJIBHBIMU, TaK U CIIELUATIBHO CO3JaHHBIMU I OpraHu3a-
IIMU, B KOTOpOH BeneTcs pazpadbortka [1C.

* Pabouue 0okymenmul. IT0 OCHOBHBIE TEXHUYECKHE JOKYMEHTBI, 00€CIIeUnBaIOINE CBSA3b MEXK-
ny paszpabotunkamu. OHM coepkar GuUKcanuio uael U npodsieM, BOSHUKAIOLINX B IIpoLecce pas-
pabOTKH, OIMCAHKUE UCIIOJIb3YEMBIX CTPATErHil M MOJIX0/0B, a TaKKe paboure (BpeMEHHbIE) BEPCUU
JIOKYMEHTOB, KOTOpbI€ 10J1KHbI BOUTH B [IC.

* 3amemxu u nepenucka. DT JOKYMEHTHI QUKCUPYIOT pa3IMyHbIC IETATd B3aUMOICHCTBUS
MEXy MEHE/DKepaMt U pa3paboTUKaMH.

Jokymenmoi, eéxoosue 6 cocmas IIC(software product documentation), ONMCBIBAIOT TIPO-
rpammsbl [IC kak ¢ TOUKHM 3peHHs] UX MPUMEHEHUS 0Jb30BaTeNIIMHU, TaK U ¢ TOUYKH 3pEHUs UX pas-
paboTYMKOB U compoBoauTenel (B coorBercTBuu ¢ HazHaueHueM lIC). 3neck cienyer oTMETUTH,
YTO 3TH JIOKYMEHTHI OyJyT HUCIOJIb30BATHCS HE TOJIBKO Ha craiauu sKkcrutyatanuu [1C (B ee dazax
NPUMEHEHHS U COTIPOBOXKICHHSI), HO M Ha CTagud pa3pabOTKH ISl yIpaBJICHUS MpPOIeC-
COM pa3paboTKU (BMeCTe C paOOYMMHU TOKyMEHTaMM) - BO BCAKOM CIIy4ae, OHM J10Ji ObITh IpOBe-
peHbl (mpoTecTHpoBaHbl) Ha cooTBeTcTBHE mporpammam IIC. tokymeHTHl 00pa3yroT JBa KOM-
IUIEKTa C pa3HbIM Ha3HAUYCHHUEM:

* Ilonw3oBarensckas nokymeHtauus [1C (I1-gokymenTanus).

» JlokymenTanus o conpoBoxaeHuto [1C (C-nokymenTanus).

13.2. Ilonb30BaTeIbCKAasA JOKYMEHTAIUS IPOTPAMMHBIX CPeICTB.

Ilonvzoeamenvckasn ookymenmayus I11C (user documentation) OObSICHSIET TIOTH30BATEINSAM, KaK
OHM JIOJDKHBI JIEHCTBOBAaTh, YTOOBI puMeM paszpadatsiBaemoe [1C [13.1, 13.2.]. Ona Heobxoauma,
ecnu [IC mpennonaraer kakoe-mud0 B3aUMOAEHCTBHUE ¢ Mosb3oBaTensiMu. K Takol 1oKyMeHTanuu
OTHOCSITCSl IOKYMEHTBI, KOTOPBIMHU JIOJKEH PYKOBOJICTBOBAThCS MOjb30BaTensb uncmaniayuu I1C
(mpu ycranoBke IIC ¢ cooTBeTcTBYMOIIEH HacTpoiikoil Ha cpeny npumenenus [1C), npu npumene-
Huu [1C nns pemenus cBoux 3amad u ynpasienuu [IC (mampumep, korma paspadarsiaemoe [1C
OyzneT B3aMMOJAEHUCTBOBATH C JAPYIMMHU CHUCTEMaMHU). DTH JOKYMEHThl YaCTHYHO 3aTParuBaroT BO-
npockl conpoBokaeHus [1C, HO He KacatoTCsl BOIPOCOB, CBA3AHHBIX ¢ MOJIU(UKAIIMEH TPOrpPaMM.

B cBs13u ¢ aTMM cneayeT pa3nuuaTh ABE KaTeropuu nosb3osareneil I1C: opauHapHbIX 1osib30-
Bareneit [IC u agmunuctpatopoB [IC. Opounapnuiii nonvzosamens I[1C (end-user) ncnonb3yet [1C
JUISL pelIeHUs] CBOMX 3ajay (B CBOEH MpeaMeTHON 00JacTH). DTO MOKET ObITh MHXKEHEpP, IPOCKTH-
PYIOIIMN TEXHUYECKOE yCTPOWCTBO, WM KacCHUp, MPOJAIOLIUI KEIe3HOIOPOKHbIE OMIIETHI ¢ TO-
mouibio I1C. OH MOXeT W He 3HaTh MHOTHX JeTayell paboThl KOMIBIOTEpA WM MPUHLUIIOB MPO-
rpammupoBadusi. Aomunucmpamop IIC(system administrator) ynpasiseT ucnoiabzoBanuem [1C op-
JMHAPHBIMH T0JIb30BaTENISIMU U OCcylecTBIsieT conpoBoxaenue [1C, He cBsizanHOE ¢ MOAM(UKAIIU-
el mporpamMm. Hampumep, oH MoxeT perynmupoBath npasa jgoctyna K [IC mexny opauHapHbBIMH
MOJIb30BATEISIMU, MTOAJEPKUBATEH CBS3b ¢ MocTaBiMkamu [1C uaM BIMOTHATH OINpeieieHHbIe IeH-
cTBUs, 4yTOOBI nojaepxuBarh [IC B paboueM cOCTOSTHUM, €CIIM OHO BKJIFOUEHO KaK YacTh B JAPYTYIO
CUCTEMY.

CocTtaB Mojap30BaTEIbCKON JOKYMEHTAIMUA 3aBUCUT OT ayJUTOPHUM MOJb30BaTENIEH, HA KOTO-
pble OpHeHTHpOBaHO pa3pabarbiBaemoe IIC, m OT pexuma HCIONB30BaHHUA JOKyMEHTOB. [lon
ayoumopueti 31€Ch TTOHUMAETCsl KOHTHHTEHT moJjk3oBareneit [1C, y KoToporo ectb He00X0AMMOCTh
B OIPEJIEIIEHHOM MoJib30BaTenbckoil qokymenTauuu 11C [13.2]. Y aaunblil noap30BaTeNnbCKuil 10-
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KYMEHT CYILIECTBEHHO 3aBUCHUT OT TOUHOI'O ONPEIEIICHUs ayIUTOPUH, JUIsl KOTOPON OH NpeaHa3Ha-
yeH. [lonmp3oBaTenbekas AOKyMEHTAlMs AOJDKHA cojAepkarh HMHGPOpPMAIUIo, HEOOXOIUMYIO s
Kaxaoi ayauropun. Ilox pescumom ucnonvzosanus JOKyMEHTa MOHUMAETCs CIOCOO, ompenens-
IOLUH, KAaKUM 00pa3oM HCHOJB3YETCS 3TOT JOKYMEHT. OOBIYHO MOJIb30BATENI0 IOCTATOYHO OO0JIb-
MIMX TPOTPAMMHBIX CHCTEM TpeOyIOTCs MO0 AOKyMeHTHI it u3ydenus [1C (ncnonap3oBaHue B BU-
1€ uHcmpyKyuu), 100 sl yTOUHEHUS HEKOTOpOoM HH(popManuu (UCIOJIb30BaHUE B BUIE CNPABOU-
HUKQ).

B cootBerctBumM ¢ paboramu [13.1, 13.2] MOXHO CUHMTaTh TUIUYHBIM CJICAYIOIIUNA COCTaB
MOJIb30BATEIBCKOM TOKyMEHTAIMU A5 TocTaToyHo Oonpmmx [1C:

*  Oobwee ¢ynxyuonanvroe onucanue IIC. JlaeT KpaTKyl XapakTEpUCTUKY (PYHKIIMOHAIbHBIX
BozMoxkHocTel [IC. IlpenHasHaueHo i 1oJib30BaTeNNel, KOTOPBIE JOJKHBI PELINTh, HACKOJIbKO
HeoOxoaumo uM nanuoe [1C.

* Pykosoocmeo no uncmannsayuu I1C. llpeqnaznaueno qist agmuauctpatopos [1C. OHo q0mKHO
JETAbHO MPEIIIChIBaTh, KAK YCTAaHABIMBATH CUCTEMbI B KOHKPETHOM cpejie, B YaCTHOCTH, JOJKHO
COJIep’KaTh ONMCAHUE KOMIIBIOTEPHO-CUMTBHIBAEMOr0 HOCUTENs, Ha KoTopoMm mnocrasisercs 1IC,
daiinbl, npeacrapmnstonue [1C, u TpeboBaHUS K MUHUMAIBHON KOH(PUTypalluy anmnapaTyphl.

* Uncmpyxyus no npumenenuro I1C. Ilpennasnaduena st OpJMHApHBIX Mosb3oBaresneit. Coaep-
KUT HeoOxoaumyto nHpopmanuio no npumenenuto [1C, opranuzoBannyio B Gopme yaoOHON st
€€ U3y4yeHusl.

* Cnpasounux no npumenenutro [1C. IlpeanasHaueH uis OpAUHAPHBIX MOJdb30BaTeneld. Comep uT
HeoOxoaumyto nHpopmaruio o npumenenuto [1C, oprannzoBannyro B hopme ynoOHOM 11t M30U-
paTenpHOrO MOUCKA OTIENbHBIX JeTaleH.

* Pykosoocmeo no ynpaénenuio 11C. Ilpennasnaueno qist anmuuuctparopoB I1C. OHo noskHO
OTKCHIBAThH COOOIIEHUs, TeHepupyemble, koraa [1C B3aumMoaeiicTByeT ¢ [pyruMu cucTeMaMu, U Kak
JIOJKEH pearupoBaTh aJMUHUCTpaTOp Ha 3T coobuieHusa. Kpome toro, ecau IIC ucnonsiyer cu-
CTEMHYIO alnapaTypy, 3TOT JJOKYMEHT MOXeET 00BSICHSATh, KaK COPOBOXKJIATh ITY aImaparypy.

Kaxk yxe roBopusiocs panee (cM. JieKIuio 4), pa3paboTKa MOJIb30BaTEILCKON JOKYMEHTAIIUU
HA4YMHAETCS Cpa3y IOCIE CO3/laHus BHEHIHEro onucanus. KauecTBO 3TOM NOKYMEHTAllMM MOXKET
cymectBeHHo onpenensaTh ycnex [1C. Ona gomxHa ObITh TOCTATOYHO MPOCTa M YA00HA IS TTOJTh-
3o0BaTens (B mpotuBHOM ciaydae 3To I1C, Boobuie, He cTonno co3naBathb). [loaToMy, XOTS UepHOBBIE
BapHaHThl (HAOPOCKH) MOIB30BATENIbCKUX JTOKYMEHTOB CO3JAOTCS OCHOBHBIMM pa3padOTUYMKaMU
I1C, k co31aHNIO X OKOHYATENIbHBIX BAPHMAHTOB YACTO MPHUBIIEKAIOTCS MPO(EeCCHOHANbHbBIE TEXHH-
yeckue nucarenu. Kpome toro, s odbecredeHnst KauecTBa Mojib30BaTeNbCKON JOKYMEHTAIMH pas3-
paboTaH psij cTaHAapTOB (CM. Hanpumep, [13.2]), B KOTOpPBIX MpeANHChIBAETCS MOPSAIOK pa3paboT-
KM ATOU JOKYMEHTalUU, GOpMYyIUPYIOTCS TPeOOBaHUS K KaXKJIOMY BHUIY I0JIb30BATEIbCKUX JTOKY-
MEHTOB U ONPEIEIAIOTCS UX CTPYKTYpa U COEPIKAHHUE.

13.3. JlokymeHTALMS 110 CONPOBOKAECHHUIO IPOrPAMMHBIX CPeICTB.

Hoxkymenmayusa no conposoxcoenuto 1IC (system documentation) onuceiBaer IIC ¢ Toukn
3peHust ee pa3paboTKu. DTa JOKyMeHTaIus Heooxoauma, eciau [1C mpeamoaraeT u3y4eHue Toro,
KaK OHO yCTpO€Ha (CKOHCTPYHpOBaHa), U MOJIEPHHU3ALMIO ero nmporpaMM. Kak yxe orMevanocs, co-
MIPOBOXKJIEHUE - 3TO MpoJoJIKarolascsa pa3padorka. [loaromy B ciayyae He0OOXOIMMOCTH MOJIEPHU-
3anmu [IC  x  »TOM  paboTe mpHBIEKaeTcss ClIeUUalbHAs  KOMaHAa  pa3pabOTYMKOB-
CONPOBOAMUTENEH. DTON KOMaH/E MPUNIETCS UMETh JIEJI0 C TAKOM JTOKYMEHTAIlUEH, KOTopas ornpeie-
Js1a AeATENbHOCTh KOMaH/Ibl NMepBOHAYAIbHBIX (OCHOBHBIX) paspabortuukoB IIC, - ¢ Toil nuib
pasHuILEel, 4To 3Ta JOKYMEHTAIs JUIsl KOMaHIbl pa3paboTYNKOB-CONPOBOIUTENEH OyeT, Kak Impa-
BUJIO, YYXOii (OHa co3/1aBajiach APyroi komaHaoi). YToOkI MOHATH CTPOEHUE U TIPOIIECC pa3padoT-
k1 Monepausupyemoro I1C, komanna pazpaboTUMKOB-CONPOBOAUTENEH NOKHA MU3YUUTh 3TY JO-
KyMEHTAIIHIO, a 3aTeM BHECTH B Hee HE0O0XOAMMbIe U3MEHEHUS OBTOPSS B 3HAUUTEIILHON CTENEHU
TEXHOJIOTUYECKHE MPOLIECCHI, C IOMOIIbIO KOTOPBIX co3aBanock neppoHavaabHoe [1C.

JlokymeHTanus 1o conpopoxaeHuio [1C MoXHO pa30oUTh Ha JBE TPYIIIbL:

(1) noxymeHTaIus1, ONpeAeIIstolas CTpOSHNUE porpaMM U CTpYKTYp AaHHbIX [1C u TexHoo-
THIO UX pa3paboTKH;

59



(2) noxymeHTaruio, momorariyto BHocuTh u3MeHenus B [IC. JlokyMeHTauusi mnepBou
TPYIIBI COJIEPKUT UTOTOBBIE JOKYMEHTBI KaXKI0r0 TEXHOIOrHYecKoro 3tamna pazpadorku [1C. Ona
BKJTIOYAET CIIEAYIOIINE TOKYMEHTHI:

* Buemmnee onucanne [IC (Requirement document).

* Omnucanue apxutektypsl IIC (description of the system architecture), Bkiitouasi BHEIIHIOIO
crienuPUKaIUI0 KaXI0i €€ porpaMMsbl (ITOJCUCTEMBI).

 Jlna kaxxnoi nporpamMsl [IC - onucanue ee MOIyJIbHOM CTPYKTYPbI, BKJIKOYasi BHELIHIOKO
cnenupuUKaluo KaKI0ro BKIIOUEHHOTO B HEE MOJTYJIA.

e JIJis Ka>KJ0T0 MOAYJIS - €ro crenu(uKaus U onucanue ero ctpoeHus (design description).

* TekcThl MOAyJIEH HA BEIOPAHHOM SI3BIKE MPOrpaMMHUpOBaHus (program source code listings).

» Jlokymentsl ycraHoBieHus poctoBepHoctu IIC (validation documents), onuchiBaro-
1Ke, KaK YCTaHaBJIMBAJIACh TOCTOBEPHOCTDh Kaxkaou mporpammel [IC u kak uHbopManus 00
YCTQHOBJICHHH JIOCTOBEPHOCTH CBs3bIBaJIach ¢ TpeboBanusimu K [1C.

JlokyMeHThI ycTaHoBieHus 1octroBepHocT [1C BkITtoUyaroT, npex/ze BCero, J0KyMEHTAIHIO IO
TECTHPOBAHUIO (CXeMa TECTUPOBAHUS M ONMCAHNE KOMIUIEKTa TECTOB), HO MOTYT BKIIIOYATh U pe-
3ynbTaThl Apyrux BuaoB nposepku [1C, Hampumep, 10Ka3aTenbCTBa CBOWCTB mporpamM. Jlis obec-
NIEYEHUS MPUEMIIEMOT0 KaueCTBa STOW JOKYMEHTAIMH MOJIE3HO CJIE0BATh OOIIETIPUHATHIM PEKO-
MeHaausM 1 ctanaaptam [13.3 - 13.8].

JlokymeHTanust BTOPOU IPYIIIBI COIEPKUT

* Pyxogoocmeo no conpogodxcoenuto I1C (system maintenance guide), KOTOpOe OMUCHIBAET
ocobenHocty peanuzanuu [IC (B yacTHOCTH, TPYJHOCTH, KOTOPbIE IPUILLIIOCH IPEOA0IEBATh) U KaK
yuTeHbl BO3MOKHOCTH pa3BuTHs [IC B ero crpoennu (KOHCTpYKIUM). B HeM Takxke QuKcupyroTcs,
kakue yacTu [1C sBISAIOTCS anmapaTHO- U IPOTPAMMHO-3aBHCUMBIMH.

O6mas nmpobnema conposoxaenus [1C - obecrieunTh, YTOOBI BCE €ro MpeACTaBICHUS IILTU B
HOTY (OCTaBaJIMCh coryiacoBaHHbIMU ), Korna [1C uzmensiercst. UToObI 3TOMY MOMOYb, CBS3U U 3aBH-
CUMOCTH MEX]ly JOKYMEHTaMH M UX YacTAMU JIOJKHBI ObITh OTPa’ke€Hbl B PyKOBOJCTBE 110 CONPO-
BOKJICHUIO, U 3a)MKCUPOBaHbI B 0a3e JaHHBIX yIpaBJiIeHUs KOH(UTryparuei.

Ynpaxnenus k jgexkuuu 13.

13.1. Ymo makoe menedicep npocpammHnoz2o cpeocmea?

13.2. Ymo maxoe opOuHapmwlil no16308ameb NPOCPAMMHO20 Cpeocmea?

13.3. Ymo makoe aomunucmpamop npocpammuozo cpedcmasa?

13.4. Ymo makoe pyko8oOocmeo no unCmaiiayuu npocpammHo2o cpeocmea?

13.5. Ymo makoe pyxoeoocmeo no ynpagienuio npocpamMmHuIM cpeocmeom?

13.6. Ymo makoe pyko8o0cmeo no conpo8oHcOeHuIo NPOSPaAmMMHO20 cpeocmea?

Jlextmst Ne 14.
YIPABJIEHUE PABPABOTKOHN U ATTECTALIMS TIPOT'PAMMHOI'O CPE]I-
CTBA.

Hasnauenue ynpasnenus paspabomkoii npocpammHo20 cpeocmea U e20 0CHOBHble NPOYECChl.
Cmpykmypa ynpasnenus paspabomkou npocpammuulx cpedcms. Ilooxoovl k opeanuzayuu opueao
paspabomuukos. Ynpasnenue xauecmeom npopammHoz2o cpeocmea. Ammecmayus npocpammHo2o
cpedcmaa u XapakmepucmuKka Memooos OYeHKU Kavyecmed NpocpammHo20 cpeocmaa.

14.1. Hazna4yeHue u npoueccsl ynpasjeHusi pa3padoTKoi NpOrpaMMHOIO CpeACTBA.

Ynpaesnenue pazpabomroii IIC (software management) - 3To NeATeIbHOCTh, HAIIpaBJICHHAs Ha
o0ecrieyeHre HeOOXOAUMBIX yCIOBUH 11l paboThl KoJuleKTHBa pa3padboTunkoB I1C, Ha nmaHupoBa-
HUE U KOHTPOJIb JEeSITEIPHOCTH 3TOTO KOJUIEKTHBA C IIENbI0 odecneueHus Tpedyemoro kadectsa [1C,
BBITIOJIHEHUS CPOKOB U Orojkera pazpadotku 11IC [14.1, 14.2]. Hacto 3Ty AesTeIbHOCTh Ha3bIBAIOT
TaKXKe YnpaeieHueMm NpocpamMMHbIM NPOeKmoM (software project management). 31ech TOI npo-
CPAMMHBIM NPOEKMOM (Software project) TOHUMAIOT BCIO COBOKYITHOCTh pa0OT, CBA3aHHYIO C pas3-
pabotkoii IIC, a xox BBIMONHEHHUS 3TUX PabOT HA3BIBAIOT pa3guUmMUeM HPOSPAMMHO20 NPOEKMmd
(software project progress). K HeoOXOAUMBIM yCIOBUSAM pabOThl KOJUIEKTHBA OTHOCATCS TIOMeIle-
HUS, alapaTHO-NPOrpaMMHbIE CPEICTBA pa3padOTKH, JOKYMEHTALUI U MaTepuaibHO-(DHMHAHCOBOE
obecnieyenue. [lnanupoBaHre U KOHTPOJIb MpeamosaraeT pa30MeHne BCero mpoiecca pa3paboTKu
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I1C Ha oTnenbHBIE KOHKpPETHBIE paboTHI (3a7aHus), MOAOOp U pacCTaHOBKA HMCIIOJHUTENCH, ycTa-
HOBJICHHE CPOKOB U IOPS/IKA BBIIIOJIHEHUS 3TUX padoT, OIlEHKa KaueCTBa BBIMOJIHEHUS KaX10H pa-
00Tbl. PUHANBHON YaCTHIO 3TOM JIEATENBHOCTH SIBISETCS OPraHU3alMsl U MIPOBEICHUS aTTECTAllUN
(ceprudpuranun) I1C, kotopoii 3aBepimaercst craaus pazpadborku [1C. Brnusaue npaBuibHOM pac-
CTaHOBKM UCHIONHUTeNEH Ha obecriedenne HanexHoctu [1C yxe obcyxaanocs B jieknuu 2. Bompo-
Chbl JOKYMEHTalMU 00CYXIaIUCh B MpeAbIAYyLIeH Jiekuuu. J[pyrue Bonpockl ynpasieHus pa3padoT-
ku I1C kpaTtko 0OCyIMM B HACTOSIIIIEH JICKIHH.

XoTs BUJIBI IEATEIBHOCTH IO ynpaBieHuto pa3pabotkoit IIC moryt 6bITh BecbMa pa3HO00-
pasHBIMHU B 3aBUCHUMOCTH OT crienuduku pazpadarsiBaemoro [1C u opranuzammu paboT 1Mo ero co-
3JaHUI0, MOXHO BBIAEIUTh HEKOTOpBIE OOLIME MpOLecChl (BUABI AESITENbHOCTH) M0 YIPaBJICHUIO
paspabotkoii [1C:

* CcOCTaBJIEHHUE IIaHa-IIpocHeKTa o paspadorke I1C;

* TUIAHUPOBAHUE W COCTABJIICHHE pacnucanuii mo papadotke [1C;

* ymOpaBieHue u3zepkkaMu 1o pazpadortke [1C;

* TEKYIHUH KOHTPOJb M JOKYMEHTHPOBAHHE JESITEIHHOCTH KOJUIEKTHBA 1O pa3padotke [1C.
* 1oa0Op U OLIEHKA IepcoHaa KoJUIeKTHBa pa3padboTunkos I1C.

Cocmaenenue naana-npocnekma no paspabomke [1C BxIro4aeT (GpopMynupoBaHUE MPeIO-
XKEHHUH 0 TOM, Kak BINOJHATH pa3zpabotky IIC. IIpexne Bcero, 10mkHO ObITh 3apUKCHPOBAHO, VIS
Koro pa3pabareiBaercs [1C:

* ISl BHELIHETO 3aKa34HKa,
* I IPYTUX MOJPa3/ICICHUIN TOW K€ OpraHu3aluu,
* WM SIBJIAETCS] UHUIIMATUBHON BHYTPEHHEH pa3paboTKoil.

B mutane-npocriekTe T0MKHBI OBITH YCTAaHOBJICHBI 00IIMe odepTanus padot no coznanus [1C u
OlLIEHEHa CTOMMOCTb Pa3pabOTKH, a Takxke MpepocTasisieMble s pa3zpadorku IIC matepuanbHo-
(¢uHAHCOBBIE peCypChl M BpEMEHHBIE OrpaHuueHus. KpoMe Toro, oH TOMKEH BKIIOYAaTh 0OOCHOBA-
HUE, KaKoro pojia KOJJIEKTUBOM JOJDKHO paszpabatsiBaThest [IC (crenuanbHON opraHu3anue, oT-
JenbHOM Opuragoi u T.1.). M, HakoHel, JOKHBI ObITh CPOPMYIHMPOBAHBl HEOOXOJUMbIE TEXHOJIO-
rHYecKue TpeOOoBaHUs (BKIIHOYas, BO3MOXKHO, ¥ BBIOOP MOAXOAIIEH TEXHOJIOTUU IIPOrpaMMHpOBa-
HUs).

IInanuposanue u cocmaeénenue pacnucanuti no paspabomke IIC - 3TO NESATETBHOCTD,
CBSI3aHHAsI C pacHpelelieHueM paboT MeXIy HCHOJHUTENSMU U [0 BPEMEHU HX BBINOJHEHHS B
paMKax HaMEYeHHBIX CPOKOB U MMEIOLIMXCS pecypcoB. boiee moapoOHo 3TOT mporiece OyneT pac-
CMOTpeH B 11. 14.3.

VYnpaenenue uzoepaxckamu no paspadbomrke I1C - 3T0 NesTeIbHOCTb, HalpaBleHHas Ha obec-
NeYEeHNUE MOAXOASIENH CTOMMOCTH pa3pabOTKU B paMKax BbIJEJIEHHOro Oropkera. OHa BKIIOYAET
OLIEHUBAHHE CTOMMOCTH Pa3pabOTKH MPOEKTa B LEJIOM WIHM OTJEIBHBIX €ro yacTei, KOHTPOJIb BbI-
MIOJTHEHHS OFOKETa, BHIOOP MOAXOASIINX BApUAHTOB PACXOJI0BaHUs OO/KETa. JTa JACSITEIBHOCTD
TECHO CBfA3aHa C IUIAHWPOBAHMEM U COCTABJICHHMEM PACIHCAHUN B TEUEHUE BCETO NEPHOJIA BBINOJI-
HeHus npoekTa. OCHOBHBIMU MCTOYHUKAMU U3JIEPIKEK SBIISIOTCA:

* 3arpartbl Ha anmnapatHoe obopynoBanue (hardware);
* 3arpaThl Ha BEpOOBKY M 00yUYCHHE TIEpCOHAA;
* 3aTparhl Ha OILIATy TPYAa Pa3paboOTUMKOB.

Texywuii Koumpoasb u 0OKyMeHmupoganue oesamenvHocmu Kounekmuea no paspabomre I1C -
3TO HENPEPBIBHBINA MPOLIECC CIEKEHUS 3a XOJOM Pa3BUTHA MPOEKTA, CPABHEHUS JIEHCTBUTEIBHBIX
COCTOSTHUSI M M3/IEPKEK C 3allVIaHUPOBAHHBIMH, a TaKXKe JOKYMEHTHUPOBAHMSI Pa3IMYHbIX aCIEKTOB
pa3BUTHS ITpOeKTa (CM. JeKIHo 13). DTOT npolecc moMoraeT BOBpeMs 0OHApYKUTh 3aTpyTHEHUS U
IpeJicKa3aTh BO3MOXHbBIE TPOOJIEMBI B pa3BUTHUN IIPOEKTA.

Iloobop u oyenxa nepconana xoanexkmusa paspadbomyuxos [1C — 3T0 1eATeNbHOCTb, CBSI3aH-
Has ¢ popmupoBaHueM KoyUieKTHBa pa3padoTunkoB [1C. Mmeronuiics B pacriopspKeHUH MITAT pas3-
pabOTYMKOB JJaJIEeKO HE BCerja OyaeT MOAXO/SAIIUM 110 KBATU(UKALKU U ONBITY paObOTHI AJIS TaHHO-
ro npoekta. [loaroMy npuxoaurcs, 4aCTUYHO, BepOOBATh MOAXOAIIUI EpCOHA, a, YaCTUYHO, Op-
TaHW30BbIBAThH JONOJIHUTEIbHOE 00yUeHHEe UMEIOIIUXCS pa3padoTuukoB. B mobom cinyyae B dop-
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MHUPYEMOM KOJUIEKTHBE XOTS Obl OJJMH €r0 WIEH JOJDKEH MMETh OIBIT Pa3pa0dOTKU MPOTPaMMHBIX
cpenctB (cucrem), cormocrtaBuMbix ¢ [IC, koTophiii TpeOyeTcs pa3paboTaTh. ITO MOMOXKET H30e-
’KaThb MHOT'MX IIPOCTBIX OIIMOOK B Pa3BUTUH MPOEKTA.

14.2. CTpykTypa ynpasjeHusi pa3pad0oTKoil NPOrpaMMHBIX CPeICTB.

Pazpabotka I1IC 00BIYHO MPOM3BOAUTCS B OPraHU3ALMHU, B KOTOPOl OJHOBPEMEHHO MOTYT Be-
CTHCh Pa3pabOTKHU psijia APYrUX IPOrpaMMHBIX CpeAcTB. [l yrpaBieHust BCEMU 3TUMHU IPOTrpaMM-
HBIMU IIPOEKTAaMU MCIIONB3YETCsl MepapXudeckas CTpYKTypa yrpasieHUs. TpaaulMoHHas CTPYKTY-
pa Takoro poja obcyxaeHa B padoTe.

Bo rnaBe sToil mepapxuu HaxoAuTCs Oupekmop (WM BULE-TIPE3UEHT) MPOrPaMMUCTCKON
OpraHu3alliy, OTBEYAIOLIMM 3a yNpaBleHUE BCEMH DPa3pabOTKaMHM IPOTPaMMHBIX CpelacTB. Emy
HETOCPEACTBEHHO MOJAYMHEHBI HECKOJIBKO MEHEDKEPOB chepbl pa3paboTOK U OJAWH MEHEIDKEp IO
Ka4yecTBY IPOTrpaMMHBIX cpelicTB. B pesynbrate oOIIeHUS ¢ MOTEHLMAIbHBIMU 3aKa3uyMKaMH JU-
PEKTOp NMPUHUMAET pEIIeHHE O Hayalle BBIMOJHEHHUS KaKOro-JIMOO MPOrpaMMHOTO MPOEKTa, MOpY-
Yas ero OJHOMY M3 MEHeJKepoB c(epbl pa3paboTOK, a TAKXKE pelIeHHe O MPeKpalleH!ue TOro WIu
uHOTO TpoekTa. OH ydacTBYeT B OOCYKIEHHH OOIIMX OpraHU3allMOHHBIX TPeOOBaHUIl (OrpaHuye-
HUI) K IpOrpaMMHOMY IIPOEKTY U BO3HUKAIOLIMX MIPOOJIEM, pelieHue KOTOPbIX TpeOyeT UCIOIb30-
BaHUeE OO0ILMX PECYPCOB MPOrPAMMUCTCKON OpraHM3alMM WIK U3MEHEHUS 3aKa3YMKOM OOILIUX Tpe-
OOBaHUI.

Meneoowcep cghepvl paszpabomox OTBEHaeT 3a YIpaBlIeHHE pPa3pabOTKaMH MPOTrPaMMHBIX
CpeACTB (CUCTEM) OIPEJEIIEHHOIO TUIIa, HAallpUMep, IPOrpaMMHBIE CUCTEMBI B cpepe Ou3Heca, FKC-
NIEPTHBIE CUCTEMBI, IPOTPaMMHbBIE HHCTPYMEHTBI U UHCTPYMEHTAJIbHBIE CUCTEMBI, MOIEPKUBALO-
IIKe MPOLECChl Pa3pabOTKU MPOrpPaMMHBIX CPEJICTB, U Ipyrue. EMy HenocpeacTBEHHO MOJYHHEHbI
MEHE[KEPBl IPOEKTOB, OTHOCSAIIMXCS K ero cdepe. [lomyuynB mopydeHue TupeKkTopa 1Mo BBITOIHE-
HUIO HEKOTOPOI'o MPOEKTa, OH OpraHusyer (opMupoBaHHE KOJUIEKTHBA HCIIOJHUTENCH MO 3TOMY
IPOEKTY (B YaCTHOCTH, HEOOXOIMMYIO0 BepOOBKY U 00ydeHue nepconana). OH y4acTByeT B 00CyX-
JICHUH TUIaHA-TIPOCIIEKTa MPOTrPaMMHOI0 MTPOEKTa, OTHOCSIIErocs K chepe pa3paboTok, 3a KOTOPYIO
OH OTBEYAET, a TAaKXKe B 00CYKJIEHUU M PEIICHWH BO3HUKAIOUIUX MPOOJIEM B Pa3BUTUH 3TOTO IMpO-
exta. OH opranusyet 006001IeHHE ONbITa pa3pabOTOK MPOTrPAMMHBIX CPEICTB B €ro cdepe U HaKoI-
JICHHE NMPOTPAMMHBIX CPEJICTB U JOKYMEHTOB JIJIsl IOBTOPHOT'O MCIOIb30BAHUS.

[To xaxxqOMy MpOrpaMMHOMY MPOEKTY Ha3zHadaeTcsl CBOM MeHeIKep, KOTOpbIM yHpasiser
pa3BUTHEM 3TOro npoekTta. EMy HENocpeaCcTBEHHO MOAYMHEHBI JUAEpPhl Opuraa pa3padOTUHUKOB.
Meneoowcep npoekma OCylIeCTBISET MJIAHUPOBAHUE U COCTABIIEHUE PACIIUCAHUN PabOThI 3TUX OpHU-
raj mo pa3zpabotke coorBercTBytomiero [1C (cm. ciemyronuit pa3aen).

Cunraetcs kpaitHe HerenecooOpa3HbIM pa3padboTka Oosbiioro IIC (mporpaMMHOIN cHCTEMBI)
OJIHOY OOJBIION €TMHOM Opurasoi pazpadboTunkoB. s 7Toro uMeercs psia cepbe3HbIX MpuurH. B
4aCTHOCTH, B OoJIbLION Opurajze Bpems, 3aTpaulBaeMoe Ha OOLICHHE MEX]y €€ YIeHaMH, MOXXET
OBITH OOJIBIIIE BPEMEHH, 3aTPauMBaeMOro Ha COOCTBEHHO pa3paboTKy. OTpHLaTEIbHOE BIUSHUE
okasbIBaeT Oonbas Opuraga Ha crpoenue I1C u Ha uHTEpdeiic Mexay OTACIBHBIMU €TI0 YaCTSIMH.
Bce ato nmpuBoaut k cHmkeHuto HanexHOCTH [IC. [ToaToMy 00BIYHO GOJBIIION TTPOEKT pa3ouBaeTCs
Ha HECKOJIbKO OTHOCHTEIbHO HE3aBHCHMBIX MOANPOEKTOB TAaKUM O0pa3oM, 4TOObI KaXKAbIH MOJ-
IIPOEKT MOT OBITh BBIMIOJIHEH OT/AENIbHON HeOOoNbIION Opuranoil pa3paboTunkoB (OOBIYHO CUUTAET-
csl, UTO B Opuraze He JOJHKHO ObITh Oousbiie 8-10 unenoB). Ilpu stom apxurektypa IIC nomkHa
OBITH TAaKOM, YTOOBI MEXKIY MPOrPaMMHBIMU MOJCHUCTEMaMH, pa3pabaThiBa€MbIMU HE3aBUCUMBIMU
Opuragamu, ObUT JOCTATOYHO MPOCTOM U XOPOILIO ONPEIEICHHBIH CUCTEMHBIA HHTEp]eEiic.

Haubonee ynorpebuTensHbl TpU MOAX0/a K OpraHu3auuu opuraja papadborunkos [14.1, 14.3,
14.4]:

* 0ObI4YHbIE OpHUTafbl,
* HedopManbHbIe JeMOKpaTUYecKre Opurasl,
* Opurazasl BeIyUiero NporpaMMHCTa.

B o6wviunoii 6pucade crapmmii IporpaMMUCT (udep 6pueadsvl) HETIOCPEICTBEHHO PYKOBOIUT
paboToil Miaammx mporpaMMucToB. HepocTatku Takoil opraHu3any HEMOCPEICTBEHHO CBSI3aHbI
co cnernudukoit pazpadborku I1C: mporpaMMucTsl pa3padbaThIBalOT CHIIBHO CBSI3aHHBIC YACTH IMPO-
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IPaMMHO#M TOJCHCTEMBI, CaM IpOoIecC Pa3pabOTKU COCTOUT M3 MHOTHX 3TaroB, KXl U3 KOTO-
pBIX TpeOyeT O0COOEHHBIX CIOCOOHOCTEH OT MPOrpaMMHCTa, OIIMOKH OTAEIBHOTO MPOTrpaMMHCTa
MOTYT HPENsATCTBOBATh paboTe APYrux MpOrpaMMHCTOB. YcmeX padoThl Takoil Opuraabl 10oCcTUTa-
eTCsl B TOM cllydae, KOrja €€ PYKOBOAMTENb SIBISETCS KOMIETEHTHBIM IMPOrPaMMHUCTOM, CIIOCO0-
HBIM TNIPEIBSABIATH K WieHaM OpHUraabl pasyMHbIe TPeOOBAHUS M YMEIOUIMM MOOILIPATH XOPOUIYIO
pabory.

B neghopmanvroii demoxpamuuecxoti bpucade nopyaaemas eii pabora o0Cyk1aeTCsi COBMECT-
HO BCEMHU €€ WICHAMHU, a 3aJIaHusl MEXAY €€ WICHAMU PacHpeIesIIIOTCs COTIACOBAHHO B 3aBUCHMO-
CTH OT CIOCOOHOCTEH M OmbITa ATUX 4ieHOB. ONMH U3 WICHOB 3TOW OpUTabl SABISETCS JIUOEPOM
(pykosooumenem) Opucadvl, HO OH TAKXKE BBINOJHSIET W HEKOTOpbIC 3aJlaHusl, pacrpeielisieMble
MeXIy uieHamu Opuraasl. HedopmanbHble neMOKpaTudeckue OpHUraabl MOTYT BEChbMa YCIIEUTHO
CIPABIIATHCSA C MOPYYEHHON UM paboOTOM, eciiu OOJIBIIMHCTBO WICHOB OpUTa/ibl SIBISIOTCS ONBITHBI-
MU U KOMIIETEHTHBIMHU crienuanucramMu. Eciu ke HedopmanpHas JeMoKpaThdeckas Opuraga co-
CTOUT, B OCHOBHOM, U3 HEONBITHBIX U HEKOMIIETEHTHBIX WJICHOB, B JIEITEILHOCTU OpUTaJbl MOTYT
BO3HHUKATh OOJbIINE TPYAHOCTU. be3 Hammuus B Opuraje XoTst Obl 0JJHOTO KBaJTU(HUIIMPOBAHHOTO U
ABTOPUTETHOTO 4WIECHA, CIOCOOHOTO KOOPAMHHUPOBATH U HAIPABISATH PaObOTy YWIEHOB OpHUTajlbl, STH
TPYAHOCTH MOTYT NPUBECTHU K HEylade MPOeKTa.

B 6pucaoe eedyweco npoepammucma 3a pa3paboTKy HOPYUEHHOU MPOrpaMMHON MOJICUCTEMBI
HECET MOJHYI0 OTBETCTBEHHOCTHh OIHMH YEJIOBEK, HA3BIBAEMBIH gedywum npozpammucmom (chief
programmer) M SIBISIIOIMIMICS 1udepom 6pueadvl. OH caM KOHCTPYHUPYET 3Ty MOACUCTEMY, COCTaB-
JSIET U OTJIAKHUBAET HEOOXOIUMbIE TPOTPaMMBI, MUIIET JOKYMEHTAIUIO K MojacucTeMe. Bexymmid
MIPOrPaMMUCT BbIOMpAeTCs U3 YKCIIa OMBITHBIX M OJJapEHHBIX MPOrPaMMHUCTOB. Bce ocranbpHbie diie-
HBI TAaKOW OpHTazbl, B OCHOBHOM, CO3/IAI0T YCIOBUS Uil HanboJiee MpOTyKTHBHON paObOThI BEAyIIle-
ro nporpammucta. OpraHu3alnuio Takoi Opurajasl 0OOBIYHO CPABHUBAIOT C XUPYPTUUYECKOM Opura-
nout [14.1, 14.4]. Snpo Opuransl BeAylIero MporpaMMHCTa COCTABIIAIOT TPHU WIEHA OpUTafbl: MO-
MHUMO BEAYILETO MPOTrpaMMHCTa B HETO BXOAUT AyOsiep BEAYIIEro MporpaMMHUCTa U aIMUHUCTpa-
TOp 0a3bl JaHHBIX pa3pabOTKu. /[yonep eedywezo npoepammucma (backup programmer) Taxxe siB-
nsieTcsl KBanmu(UIIMPOBAHHBIM U OTBITHBIM MPOTPAMMUCTOM, CTIOCOOHBIM BBIIOJTHUTH JIF00YI0 pado-
Ty BEIYILETO MPOrpaMMUCTa, HO caM OH ATy paboTy He jaenaeT. [ 1aBHas ero 00s3aHHOCTH - OBITH B
Kypce BCEro, 4To JejaeT BeAylmMi mporpamMMucT. OH BBICTYNAET B POJM OMNIOHEHTA BEIyLIEro
POTPaMMUCTA TIPH OOCYKACHUU €ro WAEH W NMPeIUIOKEHUH, HO PEeIIeHHsI TT0 BCeM 00CYKIaeMbIM
BOIPOCAM MPUHUMAET €IMHOIMYHO BEAYLIUH MPOTpaMMHUCT. AOMuHucmpamop 6asvl OAHHbIX pa3-
pabomxu (librarian) oTBedaeT 3a CONMPOBOXKICHHE BCEW JOKYMEHTAIMU (BKJIIOYAash BEPCUH TIPO-
rpaMM), BO3HUKAIOLIeH B MIpolecce pa3pabOTKU MPOrpaMMHOM MOACUCTEMBI, U CHA0)KaeT 4JICHOB
Opurazpl HHGOpMaIUen 0 TEKYIIEM COCTOSHUU pa3paboTKU. JTa padoTa BBIOJIHSAETCS C TOMOIIbIO
COOTBETCTBYIOLIEH MHCTPYMEHTAIBHOM KOMIBIOTEPHON MOJAEPKKH (CM. Jekiuo 16). B 3aBucumo-
CTH OT 00beMa U XapakTepa MopydeHHO! paboThl B OpHUragay MOTYT OBITh BKJIFOUEHBI JOMOTHUTETb-
HBIC YJICHBI, TAKHUE KaK

*  PACHIOPSIUTENb OPHUTAIbI, BRITOJHSIOMNN aJIMUHUCTPATHBHBIC (DYHKIIHH;

* TEXHUYECKUH pENaKTop, OCYLIECTBISAIOMMNA JOpabOTKy M TEXHHYECKOe PEeJaKTHpPOBa-
HHUE JOKYMEHTOB, HAITMCAHHBIX BEIYIIUM IPOTPAMMHUCTOM;

* HHCTPYMEHTAIBIINK, OTBEYAIOIINN 32 MOJ00p U PYHKIIMOHUPOBAHUE MPOTPAMMHBIX CPEJICTB,
MIOJIEP’KUBAIONINX pa3pabOTKy MPOrpaMMHON TIOJICHCTEMBI;

* TECTOBUK, TOTOBSIIUI MOIXOAIINI HAOOp TECTOB AJIsl OTJIATKU pa3padaTbiBaeMON MPOrpaMMm-
HOM ITOJICUCTEMEI,

* OJIMH WJIM HECKOJBKO MIIAAIIUX MPOTPAMMHUCTOB, OCYIIECTBISIONINX KOAUPOBAHNUE OTACTHHBIX
IIPOTPAMMHBIX KOMITOHEHT TI0 CTIeNU(UKAIHIM, pa3paO0TaHHBIM BEIYIIIHM ITPOTPAMMHUCTOM.

Kpome Toro, k pabote Opuraabl MOKET PUBIEKATHCS I KOHCYIBTAIIMU AKCIEPT MO S3BIKY
IPOrPaMMHUPOBAHUIO.

Baxnoe mecto B ynpasienun paspadotkoit IIC oTBoauTcs yrpasieHue odecriedeHneM Kade-
ctBa. [Inst pykoBOACTBa 3TOM JEATENBHOCTHIO HA3HAUAETCs CIEUUAIbHBIA MEHeIXep, MOTIMHEH-
HBI HEMOCPEJICTBEHHO AUPEKTOPY, - MeHeddcep no kavecmsy. EMy HENoCpeICTBEHHO MOJYHHEHBI
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dbopMupyembie OpUTaabl MO KOHTPOIIO KauyecTBa. ITU OpUTaIbl pabOTalOT ¢ OTACIBHBIME MPOCKTa-
MU, HO HEMOCPEJCTBEHHO COOTBETCTBYIOIIMM MEHEIKepaM IMPOEKTOB HE IMOJAYMHEHBI, COXpaHsIsI
TEM CaMbIM CBOI HE3aBUCUMOCTH OT HUX.

VYnpasnenue obecriedeHreM KadecTBa 03HA4YaeT KOHTPOJIb KauecTBa KaXk10i padoThl, BHINOJ-
HSEMOM pa3padoTYMKaMH B paMKax HPOTPAMMHOTO MPOEKTa, KOHTPOJIb KaXIOTr0 JOKYMEHTa,
Biirogaemoro B I1C. KavectBo TIC He MoxeT ObITh m06aBieno k [IC mociie Toro, kak oHO Oymer
yxke co3gano. KauectBo I1C dopmupyercs mocteneHHo B mporiecce Beei pazpadotku T1C, B kax-
JIOM OTNEeTBbHOM paboTe, BHIMOJHAEMON MO MPOrpaMMHOMY MPOEKTY. [1o3ToMy ais Kaxmaou Takou
paboThI, TpeXkIe YeM OHA MOJYYUT OA0OpeHHe U OyJeT CUMTAThCs 3aBEPLICHHOM, OpraHU3yeTcs
cmomp (review) COOTBETCTBYIOIICH OpHUrajol 1o KOHTPOJIIO KayecTBa. DTOT CMOTP CYLIECTBEHHO
OTJIIMYACTCSA OT KOHTPOJISA, OCYIIECTBIIEMOro pa3paboTYMKaMH B KOHIIE KaXI0TO dTara pa3padoT-
KU, TaK KaK [MOCJICTHU SBISIETCA TEXHUUYECKUM MPOIIECCOM, CBSI3aHHBIM C OOHApY>KEHHEM OIIHOOK,
TOT/Ia KaK CMOTP 1O KOHTPOJIIO KayecTBa sABJsIeTCs (yHKIMEH yrpaBieHus pa3paboTKOM U CBsI3aH C
OILICHKOM TOT'0, HACKOJBKO Pe3yNbTaThl 3TOM pabOThl COrNACYIOTCS € JIeKIapUpOBaHHBIMU TpeOOBa-
HUAMH OTHOCUTENBbHO KauecTa [1C.

CymecTBeHHYI0 poib B yrpaBieHuu kadectBoMm IIC urparor mporpammubie (codTBEpHbIE)
crangaptsl [14.1, 14.2]. Oau GUKCHUPYIOT yJauHBIN OIBIT BRICOKO KBATH(DUIIUPOBAHHBIX CIICIIHATH-
ctoB 1o pazpadotke [1C ans pa3nuyHbIX UX KIACCOB M JUIS Pa3HBIX Mojenell ux kauectBa. Crezmo-
BaHUE MOJXOASIUM CTaHJAPTaM MOXET CYIECTBEHHO OOJErYUTh JOCTUKEHHUE MMOCTABJIEHHBIX 1ie-
neit oTHocuTenbHO KauecTBa [IC, a Takke ynmpocTUTh CMOTpP MO KOHTPOIIO KayecTBa. Kpome Toro,
CTaHJAPTHI CIIOCOOCTBYIOT (POPMHUPOBAHUIO B3aMMOIIOHMMAHUS BHYTPU KOJUIEKTHBA Pa3pad0TIYMKOB
U YIIPOLIAIOT MpoIiecc 00y4eHHsI HOBBIX WIEHOB 3TOT0 KOJIJIEKTHBA.

Pa3nnyaroT 1Ba BUJIa TAKUX CTaHAAPTOB:

 crannaaptsl [IC (mporpaMmmMHOro mpoaykTa),
* CTaHJapThl Ipolecca co3aanus u ucrosb3oanus [1C.

Cmanoapmer T1C onpenensitoT HEKOTOPbIe CBONCTBA, KOTOPBIMU JTOJKHBI 00J1a7aTh IPOrpaM-
Mbl WK 1okymeHThl [1C, T.e. onpenensitoT B kakoii-to crenenu kayecto 11C. Ilpu cnenudukanun
KauecTBa (CM. JeKIuio 4) Iisi KOHKPETH3aIluu KaKoro-Iudo MPUMHUTHBA KadecTBa MHOT/A JIOCTa-
TOYHO yKa3aTh, KAKOMY CTaHJIapTy OH JIOJKEH COOTBETCTBOBATh, B APYTUX CIIydasx MpHUBs3Ka MpU-
MUTHBA KaueCTBa K CTaHJapTy MOXKET MOTpeOOBaTh JTUIIb HE3HAYUTEIHHON JOMOTHUTENBHON KOH-
KpeTu3auu 3Toro nmpumuTuBa. [IpuBsizka TPUMUTHUBOB KadyecTBa K TEM WM WHBIM CTaHAapTaMm
CWJIBHO yIIpoIaeT KoHTpoub U oleHKy kadectsa [IC. K crannapram I1IC otHOCsTCS, Ipexae Beero,
CTaHJapThl Ha SI3bIKM MPOTPaMMHPOBAHUS, HA COCTaB JOKYMEHTAllUU, Ha CTPYKTYPY Pa3INUHBIX
JIOKYMEHTOB, Ha pa3uyHble (JOPMATHI U IPYTHE.

Cmanoapmul npoyecca co3oanusi u ucnoavzoseanus [1C onpenenstoT, KaK JTIOJDKeH TPOBOIUT-
Cs1 3TOT Mpolece, T.e. Moaxoa k paspadotke I1C, crpykrypy xu3HenHoro nukia [1C u ero TexHoso-
TUYECKHE Tpolecchl. XOTS 3TU CTaHJapThl HEMOCPEACTBEHHO He ompenensator kadecta [1C, onna-
KO cuMTaercs, uro kayectBo [IC cyliecTBEHHO 3aBUCUT OT KadecTBa IPOLEcca €ro pa3padoTKH.
OTH cTaHAapThl MPOIIEe KOHTPOJIUPOBAThH, O3TOMY MOBCEMECTHO HCIIONB3YIOTCA NIl YIPaBICHUS
kauectBoM [1C.

B nexnuu 13 yxe oTMeuanoch, 4TO 3THU CTaHIAPTHI MOT'YT OBITh KaK MEXIAYHApPOAHBIMU WU
HAI[MOHAJILHBIMU, TaK U CHEIUAIBHO CO3JaHHBIMU JIJIsl OPTaHU3aINH, B KOTOPOH BeJeTCs pa3padboT-
ka [IC. Pa3zpaOoTka nmocieaHUX CTaHAAPTOB SIBISETCS OJAHOM M3 (QPyHKUMN yrnpaBieHHUs olecrede-
HueM kauectBa [1C.

bpueaoa no konmponio kauecmea cOCTOUT U3 aCCUCTEHTOB (perieH3eHToB) no kauecTBy IIC.
Omna npoBouT cMoTpsl Tex min uHbIX yactel [IC nnm Beero IIC B 11e510M ¢ 1€bI0 TOMCKA BO3HU-
KaloIuX Mpobiem B mpolecce ero pazpadboTku. CMOTpy MojuiexkaT BCe MporpaMMHble KOMITOHEHTHI
U JTOKYMEHTHI, BKitodaemble B [1C, a Takke mporiecchl UX pa3paboTku. B mporecce cMoTpa y4uThI-
BaroTcs TpeboBaHus, chopMynupoBaHHble B crienrdukanmu kauectsa [IC, B yacTHOCTH, MpoOBeEpsi-
€TCsl COOTBETCTBUE MCCIEAYEMOr0 JOKYMEHTA WJIM TEXHOJOTMYECKOrO IIpolecca cTaHaapTaM, yKa-
3aHHBIM B 3TOM crienudukanuu. B pesynbTare cMoTpa GOpMyIHPYIOTCS 3aMedaHusi, KOTOpbIe MO-
T'yT (UKCUPOBATHCS MUCbMEHHO WJIM TPOCTO TIEpeIaBaThCs pa3padOTIMKaM YCTHO.
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JU1g cMOTpa KaX10i KOHKPETHOW MpOorpaMMHON KOMITIOHEHTHI niaK AokyMeHTa [IC co3naercs
KoMHuccusl (Tpymma) BO TJIaBe C npedcedamenem {chairman), KOTOPbIA OTBEYAET 3a OPTaHHU3AIIUIO
cmotpa. OH J0JKEH UMETh JOCTaTOUHBIN OnbIT KOHCTpyupoBaHus 11C, 4ToObl ObITH TOTOBBIM MpPU-
HSTh OTBETCTBEHHOCTH 3a Ba)KHbIE TEXHUYECKHUE pellieHus. B 3Ty koMHcCcHIO BKITIOUAIOTCS JIBAa WU
Tpu accucteHTa 1o kadectBy [1C, oMH U3 KOTOPBIX AOJDKEH OBITH OTBETCTBEHHBIM 3a 3aITUCh pe-
HICHWH, CIeJIaHHBIX B TeueHue cMoTpa. K cMOTpy 0OBIYHO MpHBIEKalOTCA pa3pabOTUYUK HCCIeaye-
MOM KOMIIOHEHTHI UM ucciaeayeMoro aokymeHnTa IIC, a Takke HOBBbIE WIEHBI KOJIJIEKTUBA pa3pa-
OOTYHMKOB B LIENSAX UX O0yUCHHUSI.

14.3. IlnanupoBanue U cocTaB/JieHHe pacnucanuii mo paspadorke I1C.

Ob1iee npeacrabiieHne 00 3TON AESITEIbHOCTH MOXKHO COCTaBHUThH I10 €€ ONMCAHUIO Ha IICEB-
JIoKozAe (CM. JIEKIUIO §), MPUBEIEHHOM Ha puc. 14.1. D10 onucaHue MOKA3bIBAET, YTO IJIAHUPOBA-
HUE W COCTaBJICHHE pacmucaHuii mo pa3pabotrke [IC mpexacraBmsier co0OW  HWTepaTUBHBIN
IpoIecC, KOTOPBIA 3aKaHYMBAETCS TOJIBKO TOCIE MPEKpalleHus: paboT MO caMoMy HpOrpaMM-
HOMY TPOEKTY.

B Hauane 3Toro onucanus OLEHUBAIOTCS 00 cpok pa3padoTku I1C, ncnonp3yemple mMTaThl
UCIIOJTHUTENEH, MpeAeNbHbIi OI0KeT U Apyrue orpaHuyeHus (ycioBus) paspaborku. C ydeTom
ATOro (PUKCUPYIOTCSI HAaYaJIbHBIC MTApaMETPhl IPOEKTa (€ro CTPYKTypa U pacnpeesieHue §yHKIHM).
JlomkHbBI OBITh TAaKXKE OMPEIEICHBI «BEXH Pa3BUTHUS MPOEKTa» U UX CPOKU. Bexa pazeumus npoex-
ma (project progress milestone) - 3T0 KOHEUHasi TOUKa HEKOTOPOT'O ATAIa WM Mpoliecca, ¢ KOTOpon
CBSI3BIBAETCS BblIaya HEKOTOPOTO MPOMEXKYTOUHOTO MPOAYKTa, MPEICTABIISIONIEr0 cO00i HEKOTO-
PpBIi YETKO ompezeNeHHbI JOKYMEHT. Bexu pa3Butus nmpoekra o0ecneurnBaloT BO3MOXKHOCTh KOH-
TPOJISl pa3BUTHSI MPOEKTA U BOZMOKHOCTh MOJU(UKALIUY PACTIMCAHUHN TPOEKTA.

OnpenenuTh OrpaHUYEHUS, C KOTOPBIMH MPOEKT
JIOJKEH OBITH JOBEIEH 10 KOHIIA.
Crenatb HAUAJIIBHYIO OLIEHKY ITAPaMETPOB MPOEKTA.
VY CTaHOBUTH BEXU PA3BUTHS POEKTA U UX CPOKH.
ITOKA npoeKT He SABIIAETCS 3aBEPIIEHHBIM WUIN
MpEKpaIleHHbIM (aHHYJTUPOBAHHBIM )
JNEJIATD
CocTaBUTh pacniMcaHue IPOEKTa.
MHUImMupoBaTh MpOLECCH], COOTBETCTBYIOIINE
PaCIIUCAHMUIO.
[HOJOXIATD.
IIpocMOTpETH pa3BUTHE IIPOEKTA.
CKOppEeKTUPOBATh MMAPAMETPHI TPOEKTA.
OueHNTH BIAUSHUE U3MEHEHUS [TApAMETPOB
IIPOEKTA HA PACIIHCAHUE TTPOEKTA.
YTOYHUTH OTPaHUYEHUS U CPOKHU.
ECJIN Bo3uukamn npobiemsr TO
NuanunnpoBaTh TEXHUYECKUH TIepe-
CMOTP ¥ BO3MOYKHYIO PEBU3HIO MTPOEKTA.
BCE ECJI1
BCE ITOKA

Puc. 14.1. Onucanue Ha NCEBAOKOJE ITpoLiecca IIJIaHUPOBAHUS U COCTaB PaCIMCAHUN 1O pas-
pabotke T1C.

Jlanee HauMHAETCs WTEPALMOHHBIM IPOLIECC, OCHOBY KOTOPOTO COCTAaBIJISIET MOBTOPSIOIIU-
ecst coctaBieHus pacnucanuil. CocTaBlIeHUE paclIMCaHMsl 3aKJII0YaeTCs:
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* B pasle’eHuH Bcel pabOThl, HEOOXOAMMOM /ISl BBIMIOJIHEHUS MPOEKTa, HA OTAEThHBIC CaMo-
CTOSATEILHO BHITIOJHSIEMbIE 3aJaHUS;

* B COCTaBJICHUU CETEBOTr0 rpaduKa BHITOJHEHHS 3aJaHU;

* B COCTaBJICHHH FHCTOIPAaMMbI BBITTOJIHEHUS 3aJaHUii;

* B pPaCCTaHOBKE MCIIOJHUTEIIEH 3aJaHUN.

[Ipu BbLAENEHUN CaMOCTOSTENbHBIX 3aJlaHUM ISl KaKJOTO0 M3 HUX OLICHHWBAETCS BPEMS €ro
BBITIOJIHEHUS M €70 3aBUCUMOCTH OT APYIHX 3aJaHUN C TOUYKH 3pEHUs MOpsiIKa BeinmonHeHus. Ceme-
801 2paghux TpecTaBiIsieT co00i cxeMy (ceTh) MyTel BBIMOJIHEHUS 33JaHUN ¢ YKa3aHHEM BpEMEHU
BBITOJIHEHUS KAKJOTO 33aJaHHs M C PAaCCTAaHOBKOM BeX pa3BUTHs MpoekTa. B cereBoMm rpaduke
JOJIKEH OBITh OMpEeNIeH KpumuyecKuti nymsos, peACTaBIAIOMUN OO0l Takoil mMyTh 3alaHUi, CyM-
MapHOE€ BPEMsI BBIITOJHEHHS KOTOPBIX SIBIISICTCS HANOONBIIUM. [ Ucmozpamma binoaHeHUs 3a0aHul
(activity bar chart) copepX T AJi KaXIOT0 3aJaHUsI CBOI0 BPEMEHHYIO I0JIOCY OT MOMEHTa, KOrja
BBITIOJIHEHUE JTOTO 33JaHUsl MOXET OBbITh Ha4aTo, W JI0 MOMEHTA, KOT/Ia BBIIIOJIHEHHE TOTO 3a/1a-
HUS JOJKHO OBITh 3aKOHUEHO. B Takoit mosnoce (ukcupyercs Kak MpOAOHKUTEILHOCTh BBIMOIHE-
HUS CaMOTO 3aJ[aHus, TaK U BO3MOJKHBIM 3arac BPEMEHH ISl 3aBEPILEHUS €r0 BBITOJHEHHS. DTO
JaeT BO3MOXKHOCTh MOAM(DHUIIMPOBATH IJIaH PA3BUTHS MPOEKTA B OMpPENICICHHBIX paMKax 0e3 n3me-
HEHHs OOIIMX CPOKOB BBINOJHEHHS MpoekTa. [Ipu paccTaHOBKE MCIOTHHUTENICH OLEHUBAETCS IS
Ka)KJOr0 MCIIOJIHUTENS COOTBETCTBUE €ro KBaMM(UKAIIMK U OIBITa XapakTepy mpeiaraeMoi pado-
Tel. Oco00€ BHUMaHUE YACTSAETCS PACCTAHOBKE MCIIOIHUTENECH 3a/aHuil, HAXOASIINXCS Ha KPUTH-
YECKOM IMYTH.

Crnyctst HekoTopoe BpeMs (00bIYHO 2-3 Hezenun) Mocie akTUBU3allMK POLECCOB, YKa3aHHBIX
B pacIMCaHUH, IIPOU3BOIUTCS 0003peHue (IPOCMOTpP) X0/1a Pa3BUTHSI MIPOEKTAa M OTMEUYAIOTCs BO3-
HUKIIHE MPOTHBOpeuusi. C y4eToM 3TOTO IPOU3BOIUTCS TMepecMOTp (YTOUYHEHHE) TTapaMeTPOB MPO-
€KTa M OIICHUBACTCS BIUSHUE U3MEHEHHBIX MapaMeTPOB Ha pacnucaHue npoekrta. Ecnu okaxercs,
YTO 9TH U3MEHEHHS YBEIWYMBAIOT Bpems paspaborku IIC, HeoOXomumMo 0OCYAHTH € 3aKa3YHKOM
BO3MOXXHOCTh U3MEHEHUSI OTpaHHuYEHU MPOEKTa W CpoKa ero 3aBeplieHus. B ToM ciyyae, korga
3aKa34dK HE MOXKET IMONTH Ha TMOAXOJSAIINE W3MEHEHHUs, TIPOU3BOIUTCS TEXHHUECKUI TEPECMOTP
MPOEKTAa C IeIbI0 MOMCKA allbTePHATUBHBIX MOAX0I0B K pa3padortke [1C.

14.4 ATTecTauuu NPOrpaMMHOIO CpeACTBA.

3aBepmaronum dTanoM pazpadotku [1C sBnsercs arrectauus [1C, monBoasiias uTor Bcen
paspabotke. Ammecmayus (certification) TIC - 310 aBTOpUTETHOE MOATBEpKAcHUE KadyecTBa [IC
[14.5, 14.6]. O6bryno ans attectauuu [1C co3maercs aTTecTallMOHHAs KOMHCCHUS U3 JKCIIEPTOB,
IpeJcTaBUTeNIel 3aKa3urKa U MpejAcTaBUTeNell pa3paboTunka. ITa KOMUCCUS TIPOBOJIUT NpUeMo-
coamoynvle ucnoimanus I1C ¢ 1enpio nmony4eHus HeoOXouMol HH(POPMAIUH I OLIEHKH ero Ka-
yectBa. [lox ucneimanuem 11C 3meck nonnmarot [14.6, 14.7] nporecc npoBeAeHUsT KOMIUIEKCA Me-
poTpusTHil, uccnenyrmux npurogHocts [IC ans ycnemHol ero sKcriiyatanuu (MpUMEHEHHs U
COIPOBOXKACHMS) B COOTBETCTBHM C TpeOOBaHWSAMHU 3aka3zuuka. B sToMm mporuecce mnposepsercs
MOJTHOTA U MCCIENYeTCsl Ka4eCTBO IMPEICTAaBICHHON MPOrPaMMHOM JOKYMEHTAIUU, TTPOU3BOTUTCS
HE0O0X0IMMOE TECTHPOBAHHE MPOTPAMM, BXOJAImuUX B coctaB I1C, a Takke UCCIEAYIOTCS U IpyTHe
coiictBa [1C, neknapupoBaHHbIe B ero cnenudukanuy kadectsa. Ha ocHoBe monydeHHo# nuHbop-
Malii KOMHCCHS JIOJDKHA YCTaHOBHTH, B Kakoil ctemeHu [IC BHIMONHSET — JAEKIApUPOBaHHBIE
byakmun u B Kakoil cremnenu [IC oOnamaer AeKIapupOBaHHBIMH  MPUMUTHBAMU u
KPUTEPUSIMH KadyecTBa. PemeHne aTTecTallmOHHOW KOMHCCHH O TPOU3BEICHHON OICHKE Kade-
ctBa [1C ¢uxcupyercs B COOTBETCTBYIOIEM JOKyMeHTe (cepTudukare), KOTOPbI MOIMUCHIBACTCS
YJIeHaMH KOMHCCHH.

Takum o6pa3om, onenka kauectBa [IC sBIsSETCS OCHOBHBIM COJEpIKAHUEM Ipollecca aTTecTa-
un. [Ipexxne Bcero, cieayer OTMETUTh, 9TO olleHKa kadecTBa [1C mpou3BOIUTCS IO TPEAbsBICH-
HOW crienu@UKalUd ero KadecTBa, T.e. OLEHUBAETCS TOJBKO JEKIApHPOBAHHOE pa3padOTYMKaMU
kauecTBO [IC. [Ipu 3ToM onenka kadectBa [1C mo kaxaomy U3 KpUTEpUEB CBOJUTCS K OLICHKE KaX-
JIOTO U3 IPUMHUTUBOB Ka4eCcTBa, CBSI3aHHOMY C 3TUM Kputepuem kadectBa [1C, B cOOTBETCTBUU C UX
KOHKpeTHu3aruen B crenudukanuu kadectsa 3toro I1C (cm. nexuuro 4). Paznmuuaror ciemyromme
TPyl METOJIOB OIEHKH MPUMHUTHUBOB KauecTBa [1C:
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* HENOCPEACTBEHHOE U3MEPEHNUE NI0Ka3aTeslell IPUMUTHBA KaueCTBa;
* TtectupoBanue nporpamm I[1C;
* DJKCIEPTHas OLIEHKA Ha OCHOBAHUU U3y4eHUs nporpamm u fokymeHTanuu [1C

Henocpeocmeennoe  uzmepenue nokaszatesei MIPUMHUTHUBA KauecTBa MPOU3BO-
JUTCS IIyTEM MPOBEPKU COOTBETCTBUSI MIPEABSIBICHHON TOKYMEHTALMK (BKJIIOUYasi TEKCTHI IPOTPaMM
Ha S3bIKE NMPOTPAMMMPOBAHMS) CTaHIAPTAM WM SIBHBIM TPEOOBaHUSAM, YKa3aHHBIM B crienuduka-
un kadectsa [IC, a Takke myTeM M3MEpeHHs] BpEMEHU PadOThl PAa3IMUHBIX YCTPOUCTB U UCTIONb-
3YEMBIX PECYPCOB MPU BBIMOJIHEHUH KOHTPOJBHBIX (TECTOBBIX) 3a1a4. Hampumep, HEKOTOPBIM MO-
KazaresneM 3(p()EeKTUBHOCTHU MO MaMATH MOXKET OBITh YHCIIO CTPOK MPOTPaMMBbI Ha S3BIKE MPOTPaM-
MUPOBaHHUs, & HEKOTOPBIM [TOKa3aTejaeM BpeMEeHHOM 3((eKTUBHOCTH MOXET ObITh BpeMs OTBETa Ha
3arpoc MoJib30BaTesl.

Jns oueHKHM HEKOTOpbIX NMpUMUTHBOB KadecTBa [IC ucnonwizyercss mecmuposanue [14.5-
14.8]. K Takum npuMHUTHBaM OTHOCATCS, MPEXke Bcero 3aBepiieHHocTh [1C, a Takke ero TO4YHOCTb,
YCTOHYHMBOCTD, 3alIUIIEHHOCTh U JAPYrHUe MPUMUTUBBI KauecTBa. DTOT BOMPOC YKe 0OCYXkAalcs B
nexkuuu 10. OgHako BO BpeMsi MPHUEMO-CAATOYHBIX HCIBITAHUN HET HEOOXOIUMOCTH MPOBEACHUS
tectupoBanue [IC B monHoM o6beMe (3TO MOKET CIUIIKOM JOPOTO CTOUTH). ATTECTAllMOHHAS KO-
MUCCHS JIOJIKHA, IIPEKIE BCErO, U3YUUTh NMPEAbIBICHHYIO JOKYMEHTAIUIO 110 IPOBEJCHHOMY pa3-
paboTtunkamu TectupoBanuio [1C u numb BEIOOPOYHO MPOMYCTUTD NMPEABbIBICHHBIE TeCThI. Jlomo-
HUTEJIbHBIE TECThl COCTABIISIFOTCS, €CJIM Y KOMUCCUU BO3HUKAIOT OIPEJIETICHHbIE COMHEHUS B I0JI-
HOTE TECTUPOBAHMUSI, MPOBEACHHOTO pazpaboTunkamu. Kpome Toro, 00p14HO pabOTOCIIOCOOHOCTH U
HEKOTOpbIe Moka3zarenu kayectsa [IC 1eMOHCTpUPYIOTCS Ha pEeLIEeHUMH KOHTPOJIBHBIX 3a/1a4, IPeb-
SBIISIEMBIX 3aKa3YMKOM.

B HexoTopbIx ciayyasx Juis ouieHkH kadecTBa [1C npoBoadTCs JOMOMHUTEIbHBIE M10JIEBbIE WIH
npomeblnuieHHbIe ucnbiTanud [14.8, 14.9]. Ilonesvie ucnbitanus 11C — 3to gemonctpanus [1C Bme-
CTE C TEXHUYECKOM cucTeMoii, kotopoii ynpasisier 3ta [1C, ¢ oOecneueHneM TIaTeabHOro HabJto-
nenusd 3a nosenenueM [1C. 3aka3unkaM 0KHA OBITh MPEIOCTAaBICHAa BO3MOXKHOCTD 33aHUs CO0-
CTBEHHBIX KOHTPOJIbHBIX MPUMEPOB, B YACTHOCTH, C BBIXOJOM B KPUTHUYECKUE PEKUMBI pabOThI
TEXHUYECKON CHUCTEMBI, a TAKKE C BBI30BOM B HEH aBAPUMHBIX CUTyalul. [IpomviuiiernHvie UCTIbI-
tanus [1C - saTo mpouecc nepenaun [IC B MOCTOSIHHYIO 3KCIUTyaTallMIO MOJIb30BATENsAM, MPECTAB-
JstroInii co0oi onbITHYIO 3Kcruyartanuio [IC (em. aexknuro 10) monb3oBaTensiMu co cOOpOM HH-
dopmaruu 06 ocobennoctsx noseneHus [1C u ee skcmTyaTallMOHHBIX XapaKTEPUCTUKAX.

Muorue npumutubl kadectBa [IC TpynHO YyJIOBHMBI C TOYKH 3peHHMsS MX (OOBEKTHBHOI)
OLICHKH. B 3TuX ciaydasx MHOrJa NPUMEHSIOT Memo0 IKCHEPMHBIX OYeHOK. DTOT METOJ 3aKitoda-
ercs B cienyroomeM. HazHauaercs rpymnmna 3KCIEPTOB U KaXAbIH U3 9THUX JKCIEPTOB B PE3YJIbTATE
M3YYEHHUs NPEJICTAaBICHHON JIOKYMEHTAllUU COCTaBisieT cBoe MHeHue 00 obmaganuu I1C Tpebye-
MBIM IIPUMUTHUBOM Kaue€CTBa. 3aT€M 'OJIOCOBAHUEM UIEHOB 3TOM TPYIIIbI YCTAHABINBAETCS OLICHKA
TpeOyemoro npumutrBa kadectna [1C, T.e. momyuyaemas oleHKa SBJISETCS HEKOTOPHIM yCPEAHEHU-
€M COBOKYIHOCTH CYOBEKTHBHBIX OIL[EHOK. DTa OLIEHKA MOXKET NMPOU3BOAUTHCS Kak MO JBYXOaib-
HOM cucteme ("obmamaetr" - "He oOmagaet"), Tak U yuyuThIBaTh cTeneHb obnaganus [1C atum npu-
MHUTHBOM KauecTBa (HarpuMep, IPOU3BOIUTHCS MO NMATHOAIBHON CHCTEME) B COOTBETCTBHUHU C Tpe-
OOBaHUSMH OTHOCHUTEIBHO ATOr0 MPUMHUTHUBA, CHOPMYIMPOBAHHBIMU B ClleNU(UKALUKA KayecTBa
arrectyemoro I1C.

Arrtectanus [1C nmoxosxka Ha cMOTp pasznuuHbix kKoMrnoHeHT [1C B mpoliecce ynpaBieHus Kade-
ctBoM [IC, ogHako, MMEIOTCS M CyllecTBeHHbIE pasnuuus [14.1]. Bo-nepBbIX, cMOTp IPOBOAUTCA
MEHEE MPEJICTABUTEIbHON TPYIION CHENHAINCTOB. BO-BTOPBIX, B MpOIECCE CMOTPA HE MPOU3BO-
JUTCS TIOMHOM oueHkHu kauecTBa [IC, a BBIABIAIOTCS JMILB OTIAENBHBIE NPOCUETHl U HApPYyIIECHUS
TpeboBaHuil oTHOocuTenbHO KauyecTBa [IC, cBsizaHHbIE ¢ 0003peBaeMOi KOMIIOHEHTOM (JIOKyMEH-
TOM), IPY 3TOM He TpeOyeTcsl HEeMEUIEHHOTO YCTPAaHEHHUs BBISBJICHHBIX HEJOCTATKOB, €CIIH OHU HE
MEIIAIOT MPOBEACHUS MOCIEAYIOMUX paboT. []envro ke aTTecTallu SIBISETCS MpoBepka U (ukca-
1Sl peaJbHBIX IoKa3aTenel kauectBa npeabssieHHoro 11C [14.7]. Ecnu arrecTalinoHHas KOMHUC-
CHsl IOATBEPXKAAET, YTo npeabsiBieHHoe [1C cooTBeTCTBYET BceM TpeOOBaHUSIM OTHOCUTENLHO €ro
Ka4yecTBa, CPOPMYIMPOBAHHBIM BO BHemHeM onucanuu 3toro [IC, To cuuraercs, 4To ero paspa-
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00TKa 3aBepIlieHa YCHEIIHO U 3aKa3yuk 00s13aH npuHATh 310 [1C. Ecin e OynyT oOHapyX eHbI OT-
CTYIUJICHHS OT 3TUX TpeOOBaHUM, TO OJKHBI IPUHUMATECS OMPEICTICHHBIE PEIICHUs O IPOAOIIKe-
HUM WIK TpeKpaieHnu pazpabotku npeabssieHHoro [1C, HO 3To yxe BOIPOC B3aMMOOTHOIICHUN
MEXly 3aKa34MKOM U pazpadboTurkamu. Takum oOpazom, aTTecTallMOHHAs KOMUCCHS, MTOANKCHIBAs
JOKYMEHT O HpOHM3BeACeHHOW orenke kaudectBa [IC, mpuHMMaeT Ha ce0sl ONpelesieHHYI0 OTBET-
CTBEHHOCTH 3a rapantuio kauectsa 3toro I1C. Ho 3aech nmerorcs omnpe/eseHHble MpaBoBbIe MPo-
O51eMbl, 00CYXICHHE KOTOPHIX BBIXOIUT 32 PAMKH TEMBI 3TOH JICKIUH.

Ynpaxuenus K jexkuuu 14.

14.1. Ymo maxkoe ynpasnenue paspadbomkou [1C?

14.2. Ymo maxoe menedcep npoepammHo2o npoekma?

14.3. Ymo makoe negpopmanvras demokpamuyeckas opueada pazpabomuurxog [1C?

14.4. Ymo makoe bpuecada eedyueco npocpammucma?

14.5. Ymo makxoe cmomp npocpammHol KOMHOHEHMbL (RPOSPAMMHO20 OOKYMeHma)?

14.6. Ymo makoe ammecmayus 11C?

Jlexmms Ne 15.
KOMIIBIOTEPHAS ITOAJEPKKA PASPABOTKHU U COITPOBOXKIEHUS ITPO-
I'PAMMHBIX CPEJACTB

IIpoecpammmusie uHCmMpymeHmovl 8 JHCUSHEHHOM YUKIe NPOSPAMMHBIX cpedcms. Hucmpymen-
manvHele cpedbl U UHCMPYMEHMAIbHble CUCTEeMbl NOO0EPHCKU paA3paboOmKu NpocpamMMHbIX
cpedcms, ux knaccugurayus. Komnvromepnas mexuonoeus (CASE-mexuonoeus) pazpabomru npo-
epammmubix cpedcme u ee paboyue mecma. Obwas apxumexmypa UHCMPYMEHMALbHBIX CUCTEM
MEexXHON02UU NPOCPAMMUPOBAHUS

16.1. UHcTpyMeHTHI pa3padoTKH NPOrPAMMHBIX CPe/ICTB.

[Ipu pa3paboTke IPOrpaMMHBIX CPEICTB MCIOIb3YeTCsl B TOW WM MHOM Mepe KOMITbIOTepHas
NOJJIEPKKa IpoleccoB pa3padboTku U conpoBoxaeHus I1C [16.1]. Oto mocturaercs myreM Inpea-
CTaBJICHUS XOTsI Obl HEKOTOPHIX MporpamMMmHbIX JokymeHTOB [IC (mpexkme Bcero, mporpaMm) Ha
KOMITHIOTEPHBIX HOCUTEISIX TAaHHBIX (HalpuMep, Ha JUCKETaxX) U MPEJIOCTABICHHUIO B PACIIOPSKEHNE
pa3paboTtunka IIC cneumanpHbix [IC wiM BKIIOYEHHBIX B COCTaB KOMIIBIOTEpA CHEIHABHBIX
YCTPOMCTB, CO3AAHHBIX ISl KAKOH-THO0 00padOTKM TaKMX JOKYMEHTOB. B KadecTBe Takoro creru-
anpHOrO [IC MOXHO yKa3aTh KOMITWJISATOP C KaKoro-iubo si3blka nmporpammupoBanusi. Komnuusarop
n30aBiseT pazpadborunka [IC or HEOOXOIMMOCTH MUCATh IPOrpaMMBbl Ha SI3bIKE KOMIIbIOTEpA, KO-
Topblit 1 pazpabotunka I1C Obln ObI KpaiiHe Hey100€eH, - BMECTO 3TOI'0 OH COCTaBJIET MPOrpam-
MBI Ha yJOOHOM €My sI3bIKE MPOTPaMMUPOBAHUS, KOTOPBIE COOTBETCTBYIOIIUN KOMITUJISITOP aBTO-
MaTHYEeCKH MEPEeBOJMT Ha SI3bIK KOMIIBIOTEpa. B kauecTBe crienualbHOrO yCTPOHCTBA, MOJAEPKH-
Batoniero mporecc paspadotku I1C, MOXHO ykas3aTh, HampuMmep, SMYJISTOP KaKOTO-THOO S3bIKA.
DOMyNATOp MO3BOJISET BBHIMIOIHATH (MHTEPIPETUPOBATH) IPOrPaMMBbI Ha SI3BIKE, OTIIMYHOM OT SI3bIKa
KOMIThIOTEPA, Mo Iep kuBatomiero pazpadorky [1C, HapumMep, Ha sI3bIKe KOMIIBIOTEPA, TSI KOTOPO-
r'o 9Ta MporpaMma MpeaHa3HaueHa.

[1C, npenna3HaueHHOE s TOAEPKKA pa3padboTku apyrux [1C, Oyaem Ha3bIBaTh npocpamm-
HulM uncmpymernmom pa3padbotku IIC, a ycTpoHCTBO KOMITBIOTEPA, CIIEIHATIBHO MpeIHA3HAYEHHOE
IU1st moiniep kK paspabotku [1C, Oynem Ha3pIBaTh annapamuvim uHcmpymenmom paspadotku [1C.

WuctpymenTs! pazpabotku [IC MOryT MCHoibp30BaThesl B TEUEHHE BCErO KM3HEHHOTO IIMKIIA
[1C [16.2] nnst paGoThI C pa3HBIMU IPOrPaMMHBIMU JTOKYMEHTaMU. Tak TEKCTOBBIA pelIaKTOp MO-
KET HUCIOJIB30BaThCs I Pa3pabOTKU MPAKTHYECKU JTH000ro mporpaMMHOro JokymeHta. C TOUKH
3peHHs PYHKIUI, KOTOphIE MHCTPYMEHTHI BEITOIHAIOT 1pH pazpadotke [1C, nx MoKHO pa30oHTh Ha
CJICYIOIINE YEThIPE TPYIIIBL:

* pEemaKTOpHI,

* aHAJM3ATOPHI,

* mpeoOpazoBarenu,

* HMHCTPYMEHTBI, TOJICPKUBAIOIINE MPOLEcC BHIMOJTHEHHS TPOrPaMM.

Peoaxmopwi monnepxuBaloT KOHCTpyHpoBaHue ((popMupoBaHue) T€X WM UHBIX MPOTpPaMM-
HBIX JIOKYMEHTOB Ha PA3JIMYHBIX dTamax >KM3HEHHOro IUKiIa. Kak yxke ymoMUHAIOCh, Ui 3TOTO
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MOYKHO HCTIOJIb30BaTh OJMH KaKOW-HUOYIb YHUBEPCAIbHBIN TEKCTOBBIM penakrop. OnHako, 6oiee
CHJIBHYIO TOJAJIEPKKY MOTYT OOECIEeUYMTh CHELHAIN3UPOBAHHbIE PEAAKTOPBI: A KaXI0ro BHIA
JIOKYMEHTOB - CBOH pelaKkTop. B yacTHOCTH, HA paHHUX 3Tanax pa3pabOTKU B JOKYMEHTaX MOTYT
IIMPOKO HMCIIOJIb30BaThCs rpauuyeckue CpeAcTBa ONMUCAHUS (JUarpaMMbl, CXeMbl U T.11.). B Takux
cllydasix BeChbMa IOJIE3HBIMH MOTYT OBITh Tpaduueckue pegakTopsl. Ha stame mporpaMmmupoBaHus
(KOOMpoBaHUs) BMECTO TEKCTOBOI'O PEJAKTOPAa MOXKET OKa3aTbcs 0ojiee yAO0OHBIM CHHTaKCHUYECKU
YIIpaBJIIEMBIN PEJAKTOP, OPUCHTUPOBAHHBIN HA UCTIONB3yEMBIN S3bIK MPOTPAMMHUPOBAHUS.

Ananuzamopel IpOU3BOAAT TUO0 cmamuyueckyro 00OpabOTKy JOKYMEHTOB, OCYILIECTBIISSA pa3-
JMYHBIC BUJBI UX KOHTPOJIS, BBISIBIIEHUE ONPECICHHBIX UX CBOMCTBA HAKOIJICHUE CTATHCTUYECKUX
JAHHBIX (HAaIIpUMep, IPOBEPKY COOTBETCTBUS JOKYMEHTOB YKa3aHHBIM CTaHJapTam), TM00 ounamu-
yecKuii aHAJIN3 IPOrpaMM (HaIlpUMep, C LEJIbIO BBIBICHUE paclpeaeieHUsl BpEMEHU padoThl Mpo-
IpaMMBbl 10 IPOTPAMMHBIM MOJYJISIM).

IIpeobpazosamenu TO3BOJISIOT aBTOMATHYECKH MPHUBOAMTH TOKYMEHTHI K JApyroi Qopme
npejcTaBieHus (Hanpumep, GopMaTtepsl) MM MEPEBOAUTh JOKYMEHT OJIHOTO BUAA K JIOKYMEHTY
Jpyroro Buja (HarpuMep, KOHBEPTOPHI WM KOMITWISTOPHI), CAHTE3UPOBATh KAaKOW-THOO TOKYMEHT
U3 OTJENIbHBIX YacTel U T.II.

Hncmpymenmoi, noooepoicusaiowjue npoyecc blNOJIHeHUs NPOSPAMM, TIO3BOJISIOT BBIIOIHSATH
Ha KOMITBIOTEPE OMUCAHMSI IPOLIECCOB MIIM OTJEJIBHBIX MX YacTeH, MPeJCTaBICHHbIX B BUIE, OTINY-
HOM OT MAIIMHHOTO KOJ[a, WJIM MAlIMHHBIA KOJ C JOMOJHUTEIHHBIMI BO3MOXXHOCTSIMH €r0 MHTEP-
nperaiuy. [IpuMepoM Takoro MHCTpyMEHTa SBISETCA 3MYJSATOP Koja Apyroro kommbrorepa. K
ATOH TpyIIe HHCTPYMEHTOB CIIEAYET OTHECTH U pa3IndHble oTIagquuku. [1o cymecTBy, Kaxmaas cH-
cTeMa IPOrpaMMHUPOBAHUS COAEPKUT MPOrPaMMHYIO MOJCUCTEMY MEepHOJa BBIIOIHEHUS, KOTOpas
BBINOJIHSCT NPOTPaMMHBIE (pparMeHThl, HanOoyiee THUMHYHBIC Ui S3bIKA MPOTPAaMMHUPOBAHUA, U
o0ecreynBaeT CTaHAAPTHYIO PEaKIMI0 HAa BO3HUKAIOLIME IPU BBIIOJHEHUU MPOrpaMM HCKIHOYH-
TEJbHBIC CUTyalluH (TaKylO MOJCUCTEMY MBI OyI€M Ha3bIBaTh UCHOJIHUMENbHOU N000epxcKoll). Ta-
KYIO MTO/ICUCTEMY TaK)K€ MOXHO pacCMaTpUBaTh KaKk HHCTPYMEHT JJaHHOM TPYIIIbI.

16.2. UncTpyMeHTA/IbHBIE cpelbl Pa3paGoTKM M CONMPOBOKIAEHUS] MPOTrPaMMHBIX
CpeIcTB U MPUHLIMIBI HX KIacCHPUKALMM.

KomnbrotepHast nojiepkka nporeccoB pa3paboTku u conpoBoxaeHus I11C Moxer nmpousso-
JUThCSA HE TOJIBKO 3@ CUET MCHOJIb30BAHUS OTJENBHBIX MHCTPYMEHTOB (HAaIpuUMep, KOMIUIATOPA),
HO W 32 CYET HCIIOJIb30BAHMS HEKOTOPOH JIOTMYECKH CBS3aHHOW COBOKYITHOCTH NPOTPAMMHBIX H
anmapaTHbIX HHCTPYMEHTOB. Takyl0 COBOKYIHOCTb OyJeM Ha3blBaTh UHCHPYMEHMANbHOU CPeoou
paspabomku u conposorcoenus I1C.

Yacto pazpaborka [IC npousBouTCsS Ha TOM K€ KOMIIbIOTEpE, Ha KOTOPOM OHO OyJeT HpH-
MEHAThCSA. OTO JOCTATOYHO YynoOHO. Bo-mepBeiX, B 3TOM ciiydae pa3padOTUMK UMEET JEJI0
TOJIbKO C KOMITBIOTEPaMH OJIHOTO TUIA. A, BO-BTOPBIX, B pa3zpadarsiBaemoe [1C MoryT BKtoHaThes
KOMITOHEHTBI CaMOM MHCTPYMEHTaJbHOM cpenbl. OgHaKo, 3TO HE Bcerga Bo3MoxkHO. Hampumep,
KOMITbIOTEP, HAa KOTOPOM J0JDKHO npuMeHsTbes T1C, MoxxeT ObITh HEYHOOEH A MOAJEPKKU pas-
pabotku I1C unm ero MomHoOCTh HeAOCTaTOYHA Ui oOecriedeHns (QyHKIIMOHUPOBaHUS TpeOyeMoit
UHCTPYMEHTAJIBHOM cpeabl. Kpome Toro, Takoil KOMIbIOTEp MOXKET OBITh HEAOCTYMEH Ui paspa-
6otunkoB 3toro [IC (Hampumep, OH MOCTOSIHHO 3aHAT JIPYrod paboToN, KOTOPYIO HENb3sl Mpephl-
BaTh, MJIM OH HAXOIMTCS €IIe B CTaUM pa3paboTku). B Takux ciiyyasx MpUMEHSETCs Tak Ha3blBae-
MBI uHcmpymenmanoHo-ob6vexmuulili n00xoo [16.1]. CymHocTs ero 3akmouaercs B ToM, uto [1C
pa3pabaTbIBaeTCsl Ha OJHOM KOMITBIOTEPE, HA3bIBAEMbIM UHCMPYMEHMATbHBIM, a IPUMEHSThCS Oy-
JIET Ha JPYroM KOMIIbIOTEPE, HA3bIBAEMBIM ye1e6blM (U 00bEeKMHbIM,).

HHcTpyMeHTalbHas cpefia He 00s3aTeNbHO 0JDKHA (YHKLIIMOHMPOBATH HA TOM KOMIIBIOTEPE,
Ha KOTOPOM JOJDKHO OyZIeT MpUMEeHsThes pazpabaTeiBaemoe ¢ nomoinsio ee [1C.

COBOKYMHOCTh MHCTPYMEHTAJIBHBIX CPEJl MOXKHO pa30MBaTh Ha pa3HbIe KJIACChI, KOTOpHIE
pas3InyaroTCs 3Ha4EHUEM CIEYIOIUX TPU3HAKOB!

*  OpUEHTHPOBAHHOCTH HA KOHKPETHBIN S3bIK MPOTPAMMHUPOBAHHUS,
*  CHELHUATU3UPOBAHHOCTb,
* KOMIUIEKCHOCTb,

69



* OpPUEHTHPOBAHHOCTh HA KOHKPETHYIO TEXHOJOTUIO IPOrPaMMHUPOBAHUS,
* OPUEHTHPOBAHHOCTb HA KOJJICKTUBHYIO pa3paboTKy,
*  HMHTErPUPOBAHHOCTb.

Opuenmupo8anHocms HA KOHKPEMHbIU A3bIK NPOSPAMMUPOBAHUS (A3bIKOBASL OPUEHMUPOBAH-
HOCMb) TIOKa3bIBAET: OPHEHTUPOBAHA JIM CPe/ia Ha KaKOM-TMO0 KOHKPETHBIH SI3bIK MPOrpaMMHUpPOBa-
HUS (M Ha KaKOW MMEHHO) WJIM MOKET MO/ IepKUBATh IIPOrPAMMUPOBAHKUE HA Pa3HBIX SA3bIKaX Mpo-
rpaMMHpoBaHus. B mepBoMm ciydae MHGOpPMALMOHHAS CpeAa W MHCTPYMEHTHI CYIIECTBEHHO HC-
HOJIb3YIOT 3HAHHE O (PMKCUPOBAHHOM SI3BIKE (27100a1bHASL OPUEHMUPOBAHHOCHI), B CUITy YETO OHU
OKa3bIBAIOTCSl 0oJiee YAOOHBIM JJIsi MCIOJIBb30BAHUS WM TPEIOCTABISIIOT JOMOJIHUTEIBHBIE BO3-
MoxkHocTH nipu paspabotke [IC. Ho B aToM citydae Takasi cpeia OKa3blBaeTCsl HE NMPUTOAHOM Juis
pa3paboTKu IIporpaMM Ha JApyroMm sizbike. Bo BTopoM cilydae HHCTpYMEHTaJIbHAsL Cpea MOAAEPKH-
BAeT JIMIIb caMble OOLIKME ONEpaluy U, TEM CaMbIM, 00E€CIICUNBACT HE OUYEHb CUIIbHYIO MOJICPKKY
pa3paboTKu MporpamMm, HO 00JIa1aeT CBOUCTBOM pacuupenus (omkpvimocmu). Ilocnennee o3nava-
€T, UTO B 3Ty CpeAy MOTYT ObITh J100aBJIEHbI OTJENbHbIE UHCTPYMEHThI, OPUEHTUPOBAHHbIE HA TOT
WIM WHOM KOHKPETHBIM S3BIK MPOrpaMMHUPOBAHUS, HO 3Ta OPUEHTUPOBAHHOCTH OyIET JHIIb .J10-
KanvbHot (B paMKax JIUILb OTAEIbHOIO HHCTPYMEHTA).

Cneyuanusupo8annocms UHCTPYMEHTAIBHOM Cpefbl MMOKa3bIBAaeT: OPUEHTUPOBAHA JIM Cpeaa
Ha Kakyroo-1100 MpeaMeTHYI0 00JacTh WK HeT. B mepBoM citydae MHpOpMAaLMOHHAs cpea U UH-
CTPYMEHTHI CYIIECTBEHHO HCIIOJB3YIOT 3HaHUE O (DUKCHPOBAHHOW NMPEAMETHOW OOJIACTH, B CHIY
Yero OHU OKa3bIBaroTCs OoJiee yA0OHBIMM AJIS UCIOJIb30BaHUS WM MIPEIOCTABIIAIOT JOIOIHUTEINb-
Hbl€ BO3MOXXHOCTH npu pazpadbotke [IC nis 3toil npeamerHoit obnactu. Ho B 3ToM ciiyuae Takas
MHCTPYMEHTAJIbHAsI CpeJla OKa3bIBACTCSA HE MPUIOJHON MM Majo MpUroaHoil misa paspadbotku I1C
JUISL APYTUX MPEeAMETHBIX obsacteil. Bo BTOpoM citydae cpefia moaaepKuBaeT JUllb caMble 00IIue
olepaluu Ui pa3HbIX MpeaMeTHbIX obnacreil. Ho B 3ToM citydae Takas cpena Oyaer MeHee ynoo-
HOW IS KOHKPETHOW MPEAMETHON 00JIAaCTH, YeM CIEIUAIM3UPOBAaHHAS HA ATy MPEAMETHYIO 00-
JacTb.

Komnnexcnocmes UHCTpYMEHTAIBHON CpE/Ibl TOKA3bIBAET: MOAJIEP/KUBAET JIM OHA BCE MPOLIEC-
cbl pa3zpabotku u comnpoBoxaeHus [IC mwnm Her. B mepBoM ciyyae mpOAyKIUsS 3THUX HPOLECCOB
JoJKHa OBITh cornacoBaHa. [loanepikka MHCTpyMeHTanbHOU cpenoil ¢as3sl conpoBoxaeHus I1C,
O3HauaeT, YTO OHa JOJDKHA MOJepKUBATh paboTy cpa3y ¢ HeckoiabkuMu Bapuantamu I1C, opuen-
TUPOBAHHBIMH Ha pa3Hble yciaoBus npuMeHeHus [IC u Ha pa3HyIO CBSI3aHHYIO C HUM anmnaparypy,
T.€. JOJKHA obecnieunBaTh ynpasnenue kongueypayueti I1C [16.1, 16.3].

Opuenmupo8anHoCms HA KOHKPEMHYIO MEeXHOJIO02UI0 NPOSPAMMUPOBAHUS TIOKA3bIBAECT: OpU-
€HTUPOBaHA JIM MHCTPYMEHTAJIbHAs cpella Ha (PMKCUPOBAHHYIO TEXHOJOTHIO NMPOrpaMMHPOBAHHUS
[16.2] nubo HeT. B mepBoM ciyuyae CTpyKTypa U cojJiep:KaHHe MH(DOPMAIlMOHHOW Cpesbl, a TaKxke
Ha0Op MHCTPYMEHTOB CYIIIECTBEHHO 3aBUCHUT OT BHIOPAHHOH TEXHOJIOTUH (MEXHOI02UUEeCKAsl Onpe-
OenenHocms). Bo BTOpOM ciyuae MHCTpyMEHTalIbHas cpesia MOoJAepKUBAET caMble 00Iue onepa-
un paspadbotku I1C, He 3aBucsIIE OT BHIOPAaHHOM TEXHOJIOTUH MPOTrPAMMHUPOBAHHS.

OpuenmuposanHocms HA KOANEKMUBHYIO pa3pabomky TOKa3bIBaeT: MOJIEPKUBAET JIU cpela
ynpasieHue (management) paboToil KoJIeKTUBA UM HET. B mepBom ciyyae oHa o0ecrieunBaeT A
pa3HbIX YJIEHOB 3TOr0 KOJUIEKTHBA pa3HbIE MpaBa J0CTYIa K pa3iHMYHbIM (pparMeHTaM IpOAYyKIIHU
TEXHOJIOTHYECKHUX MPOIECCOB U MOAJEPKUBAET PaboTy Mmeneddcepos [16.1] mo ympaBieHUIo Ko-
JIEKTUBOM pPa3paboTyukoB. Bo BTOpoOM cilydae oHa OpMEHTHpPOBaHA Ha MOJACPXKKY JIUIIb OT/ETb-
HBIX T10JIb30BaTENEH.

Humezpuposannocms UHCTPYMEHTAIBHON CpeJlbl MOKA3bIBAET: SABJISETCS JH OHA MHTETPUPO-
BaHHOM (M B KaKOM CMBICIIE) WK HET. IHCTpyMeHTanbHas cpella CUMTACTCS UHmMEeSPUPOBAHHOL, €C-
JIM B3aMMOJIEWCTBHE MOJIb30BATENSI C MHCTPYMEHTaMH MOTYMHSIETCS €IUHOO0Opa3HbIM MpaBujaMm, a
caMM MHCTPYMEHTHI JIEHCTBYIOT MO 3apaHee 3aJaHHOW HMH(OPMAIIMOHHOM CcXeMe, CBS3aHbl IO
YIPaBJICHUIO UM UMEIOT 00IMe 4acTU. B cOOTBETCTBHE € 3TUM pa3nuyaloT TPU 8UOA UHmMepupo-
BAHHOCU:

* MHTErpUPOBAHHOCTH IO MOJIb30BATEIBCKOMY HHTEp(EIICY,
* MHTETPUPOBAHHOCTD 110 JAHHBIM,
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* HMHTErPUPOBAHHOCTH MO ACHCTBUAM ((DYHKIHAM),

Hnmezpuposannocms no noiv306amenbckomy unmepgeticy 03Ha4aeT, 4YTO BCE HHCTPYMEHTBI
00BEeTMHEHBI €TUHBIM I10JIb30BAaTEILCKUM HHTEp(ErcoM.

Humezpuposannocms no 0anubim 03HAYAET, YTO UHCTPYMEHTHI JIEHCTBYIOT B COOTBETCTBHH C
($uKCUpOBaHHON MH(POPMALMOHHOW CXEMOW (MOJENIBbI0) CHUCTEMBI, OINpPEEISAIONIeH 3aBUCHMOCTD
Jpyr OT Jpyra pa3jM4yHbIX MCIIOJIb3YEMbIX B CHCTEME (PparMeHTOB JaHHBIX (MH(POPMAIMOHHBIX
00BekTOB). B 3TOM ciydae MokeT ObITh 00ecledYeH KOHTPOJIb TMOTHOTHI M aKTYaIBHOCTH MPO-
IPaMMHBIX JJOKYMEHTOB U MOPsIJIKAa UX pa3pabOTKu. Mumezpuposannocms no oelcmsusm 03HavaerT,
4TO, BO-TIEPBBIX, B CHCTEME MMEIOTCS O0IIME YacTH BCEX MHCTPYMEHTOB M, BO-BTOPBIX, OJHU WH-
CTPYMEHTBI IIPU BBIITOJHEHUH CBOUX (DYHKIMI MOTYT 00paIiarscs K ApyruM HHCTPYMEHTaM.

HHCTpyMEHTaNbHYIO Cpely, HHTETPUPOBAHHYIO XOTs ObI IO JaHHBIM MJIHM 1O JACHCTBHSM, Oy-
JIeM Ha3bIBaTb UHCMPYMEHMANbHOU cucmemot. 1Ipu 3TOM MHTErpUPOBAHHOCTD 110 JAHHBIM Ipe-
[oJlaraeT HaJM4ue B CHUCTEME CIEIHATN3UPOBAHHON 0a3bl NaHHBIX, HA3BIBAEMOH penosumopuem.
[Ton penosumopuem OynemM NOHHMMAaTh LEHTPAIbHOE KOMIIBIOTEPHOE XpaHWIHIIE WHGpOpMalHUH,
CBsI3aHHOM ¢ npoekToM (pa3padotkoit) IIC B TeueHue Bcero ero xu3HeHHOro nukia [16.1].

16.3. OcHOBHBIE KJIACCBI HMHCTPYMEHTAJBHBIX Cpel Pa3padoTKM M CONPOBOKICHUS
NPOrpaMMHBIX CPe/ICTB.

B Hacrosiee Bpemst BbliensoT [16.1] Tpu OCHOBHBIX KJlacca MHCTPYMEHTAIBHBIX Cpell pas-
pabotku u conposoxaenus [1C (puc. 16.1):

* UHCTPYMEHTAJbHbIE CPeJIbl IPOrPaMMUPOBAHUS,
* paboure MecTa KOMIBIOTEPHON TEXHOJIOTHH,
* HMHCTPYMEHTAJIbHbIE CUCTEMBI TEXHOJOTUH ITPOrPaMMHUPOBAHUS.

HMucrpymentaibibie cpenbl paspaboTku i
conpopoxaexus [1C

b Y

HucTpymeHTanbubIe HHCTpyMeHTAIbHBIE
cpenl CHCTEMBI TEXHOJIOTHH
nporpaMMHpoBa s IporpamMMipoBaHig

. _ y

PaGouue MecTa
KOMTBIOTEPHO TEXHOIOTHN

Puc.16.1. OcHoBHBIE KJIacChl HHCTPYMEHTAJIbHBIX cpell pa3paboTku u conposoxaeHus [1C.

Hucmpymenmanvnas cpeda npoepammuposanus peHa3HaueHa B OCHOBHOM JIJISl IOJIEPIKKU
MIPOLIECCOB MPOrpaMMUpPOBaHus (KoaupoBaHus), TectupoBanus u otnaaku [IC. Ona He oOnanaer
PacCMOTPEHHBIMU BBIIIE CBONCTBAMHU KOMIIJIEKCHOCTH, OPUEHTUPOBAHHOCTH HA KOHKPETHYIO TEX-
HOJIOTHIO MPOTPAMMUPOBAHMSI, OPUEHTUPOBAHHOCTH Ha KOJUIEKTUBHYIO pa3pabOTKy U, KaK MpaBU-
JI0, CBOMCTBOM MHTETPUPOBAHHOCTH, XOTSI UMEETCS] HEKOTOpasi TEHAECHLUS K CO3aHNUI0 UHTETPUPO-
BaHHBIX CpeJ MPOrpaMMHUPOBAHMs (B 3TOM Cllyyae MX CJeI0Bajio Obl Ha3bIBATh CUCMEMAMU NpO-
epammuposanus). VIHoTa cpesia mporpaMMHUpPOBAaHUS MOXKET 00J1a/1aTh CBOMCTBOM CHELUATU3HPO-
BaHHOCTU. [Ipu3HAK € OpPUEHTUPOBAHHOCTH HA KOHKPETHBIA S3bIK NMPOTPAMMHMPOBAHUS MOXKET
UMETh pa3Hble 3HAUEHUS, YTO CYLIECTBEHHO MCIOIb3YyeTCs ISl JalbHEHIIel KiaccupuKalum cpes
IPOrpPaMMHUPOBAHUS.

Pabouee mecmo xomnvromepHou mexnonio02uy OPUEHTUPOBAHO HA MOIAEPIKKY PAaHHUX ITalloB
pa3pabotku [1C (cucremHOro aHanusa v cieMPpUKaIUil) 1 aBTOMAaTUYECKON TeHepaluy nporpamMmm
no cnenudukanusaM. OHO CYIIECTBEHHO HUCIOIB3YeT CBOWCTBA CIIEIUATU3UPOBAHHOCTH, OPUEHTH-
POBAaHOCTH Ha KOHKPETHYIO TEXHOJIOTHIO IIPOrpaMMMpPOBAHUS M, KaK MPABUIIO, MHTETPUPOBAHHO-
cti. bonee mo3nHue paboune MecTa KOMIIBIOTEPHOH TEXHOJOTHHM OOJIafaloT TaKKe CBOHCTBOM
KOMILIEKCHOCTH. YUTO ke KacaeTcsl s13bIKOBO OPMEHTUPOBAHHOCTH, TO BMECTO SI3bIKOB ITPOrpaMMHU-
pPOBaHUS OHM OPUEHTHPOBAHBI HAa T€ MM UHBIE (hOpMalIbHBIE S3BIKU crierudukanmii. CBoicTBOM
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OpPUEHTUPOBAHHOCTH Ha KOJUICKTHBHYIO Pa3pa0OTKy yKazaHHbIE pabodre MecTa B HACTOSIIEE Bpe-
Msl, KaK [paBuIio, He 00J1a1at0T.

Hncmpymenmanvhasa cucmema mMexHOI02UU NPOCPAMMUPOSAHUs TIPEAHA3HAYEHA JUIA MO~
JIEP>KKH BCEX MPOLIECCOB pa3pabOTKU U CONPOBOXKIEHUS B TeUeHHE Bcero ku3HeHHoro nukia [1C u
OpPUEHTHPOBaHA Ha KOJUICKTHUBHYIO pa3paboTKy OOJBIINX MPOTPAMMHBIX CUCTEM C MPOJIOIKUTEIb-
HBIM >KU3HEHHBIM IUKJIOM. O0s3aTEIbHBIMU CBOMCTBAMHU €€ SIBJIIOTCS KOMILIEKEHCHOCTb, OpUEH-
TUPOBAHHOCTH HAa KOJUIEKTUBHYIO pa3paboTKy M MHTErpupoBaHHOCTh. Kpome Toro, oHa mim oOna-
JIa€T TEXHOJIOTMYECKON ONpPEeNEICeHHOCThIO WM MOJYy4aeT 3TO CBOWCTBO B IPOLECCE PACIIMPEHUS
(HacTpoliku). 3HaYCHHE MPHU3HAKA S3BIKOBOM OPHUEHTUPOBAHHOCTH MOXET OBITH PAa3JIMYHBIM, YTO
UCIIONIB3YETCS ISl labHeHel KiIacCu(puKaluu 3TUX CUCTEM.

16.3. UncTpyMeHTAJIbHBIE CPeIbl IPOrPaAMMHPOBAHMS.

NHcTtpymeHTanbHas cpeaa nIporpaMMHUPOBAHMS BKIIKOYAET, MPEkKIE BCEr0 TEKCTOBBIM pelak-
TOP, MO3BOJISAIOIIMAN KOHCTPYUPOBATh IIPOrpaMMBbl HA 3aJJAHHOM SA3BbIKE IIPOrPAMMHUPOBAHMS, A TaK-
’K€ MHCTPYMEHTHI, MO3BOJIAIOIINE KOMIIMIUPOBATh WJIM MHTEPIPETUPOBATh MPOTrpaMMbl Ha 3TOM
S3bIKE, TECTUPOBATh M OTJIAXKHUBAThH MOJTYYEHHBIE MporpaMmbl. Kpome TOoro, Moryt ObITh U Apyrue
MHCTPYMEHTBI, HAallpUMEp, JUJIsl CTaTUYECKOTO WJIM JUHAMUYECKOIO aHalu3a mporpamm. Bzaumo-
JEHCTBYIOT 3TH WHCTPYMEHTBI MEXAY COOOH uepe3 oObIuHBIC (ailyibl ¢ MOMOIIBIO CTaHAAPTHBIX
BO3MOJKHOCTEH (halijIOBOM CHCTEMBI.

Paznuuaror crnenyromue Kiacchl MHCTPYMEHTAIBHBIX Cpell MpOrpaMMHpOBaHUS (CM. puC.
16.2):

* Ccpelbl 001Iero Ha3HAYCHMS,
* S3BIKOBO-OPUEHTUPOBAHHBIE CPEBI.

WNHcTpyMeHTallbHBIE CpEbl IPOrPaMMUPOBAHUS 00We20 HA3HAYeHus COJEpKaT Habop Impo-
IPaMMHBIX HWHCTPYMEHTOB, MOJJEP>KUBAIOIINX pa3pabOTKy MporpaMm Ha pa3HbBIX S3bIKAX MPO-
rpaMMHUPOBaHUsI (HAlpUMEp, TEKCTOBBIM pENaKTop, pPEeJaKkTOp CBA3EM WM MHTEPIPETATOp S3bIKA
IEJIEBOTO0 KOMITBIOTEPA) U OOBIYHO IMPEJICTABIAIOT OO0 HEKOTOpPOE pacuIMpeHHe BO3MOXKHOCTEH
HCIIOJIb3YEMOM OTepallMOHHON crucTeMbl. JlJis mporpaMMHUpPOBaHMs B TaKOW Cpelie Ha KaKOM-JH0o
A3BIKE MPOTPAMMHUPOBAHUS MOTPEOYIOTCS JTOMOIHUTENbHBIE HHCTPYMEHTBI, OPUECHTHPOBAHHBIC Ha
ATOT SA3BIK (HampuMep, KOMIUISITOD).

HHCcTpyMEHTANBLHBIC CPEIIbi
NporpaMmMHpOBaHH

Y Y

Cpeast obuiero S3bIkoBO-
Ha3HAYeHHA OPHEHTHPOBAHHEIE CPeibl
A 4
Murepnperupyromm CHHTAKCHYCCKH-
e cpeibl VIIPABISeMbie Cpeilbl

Puc. 16.2. Knaccudukanus HHCTpyMEHTAIbHBIX CPE/ IPOTrPaAMMUPOBAHMUS.

A3v1K060-0pUenmupoeantas NTHCTPyMEHTalIbHasl Cpela IPOrpaMMHUPOBAHUS NpEAHA3HAUYEHA
it moaaepxku pazpabotku [IC Ha kakoM-TuOO OAHOM S3bIKE MPOrPaMMHUPOBAHUS M 3HAHUS 00
3TOM SI3bIKE CYIIECTBEHHO HCIIOJIb30BAJIMCH NPHU MOCTPOEHUM TaKoM cpenabl. Beneacrtsue aToro B
TaKoM cpejie MOTYT OBITh TOCTYIHBI JOCTATOYHO MOIIHBIE BOZMOKHOCTH, YUUTHIBAIOIUE CIEU(U-
KY JJaHHOTO s13bIKa. Takue cpenbl pa3IeisitoTCs Ha Ba MOJIKJIacca:

* UHTEPIPETUPYIOIINE CPEIBL,
* CHHTaKCUYECKHU-YIIPABIISIEMBIE CPEBIL.

Humepnpemupyiowas VHCTpyMEHTallbHAasl CpeAa MPOrpaMMHUPOBAaHUS OOecleYnBaeT MHTEp-
IIPETaLMIO POrpaMM Ha JAHHOM SI3bIKE IPOIPaMMHUPOBAHUS, T.€. COACPAKUT, MPEXK/IE BCErO, UHTEP-
IpeTaTop sA3bIKa IPOrpaMMHUPOBAHM, HAa KOTOPBIA 3Ta cpelja opueHTHpoBaHa. Takas cpena HE0O-
X0JMa IS SI3bIKOB IPOrpaMMHUPOBAHUs HHTEPIPETUPYIOLIETO THNA (TaKUX, Kak JIucir), HO MOXeT
UCIIOJIb30BaThCS U JUISl IPYTUX S3bIKOB (HapUMep, Ha MHCTPYMEHTAIbHOM Kommblotepe). Cunmax-
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cuiecKu-ynpaeisemas WHCTPyMEHTalbHas cpella MPOorpaMMHUpPOBaHMs 0a3upyeTcss Ha 3HAHUU CHH-
Takcuca si3plka MPOrpaMMHUPOBaHUS, Ha KOTOPBIA OHA OpHeHTUpOBaHa. B Takoil cpene BMecTo Tek-
CTOBOI'O HCIHOJb3YETCS CHHTAKCHUUYECKU-YIIPABISIEMbI pPENaKTOp, MO3BOJSIOUIUI I10J1b30BATEIIO
UCIIOJIb30BaTh Pa3IMYHbIE MAOIOHBI CHHTAKCUUECKUX KOHCTPYKIMI (B pe3ysbTaTe 3Toro paspada-
ThIBaeMasi Mporpamma Bcerja OyJeT CHHTaKCHYeCKH MPaBUIIbHOM). OTHOBPEMEHHO € MPOrpaMMoOin
Takol peaakTop (popmupyer (B MaMATH KOMIIbIOTEPA) €€ CHHTAKCHUECKOE JIEPEBO, KOTOPOE MOXKET
UCII0JIb30BaThCS APYTUMU UHCTPYMEHTAMHU.

16.4. IlonsiTHe KOMNBIOTEPHO! TEXHOJIOTHM Pa3padoOTKM NMPOrPaMMHBIX CPeICTB M ee
paboune MecTa.

NmeroTcsi HEKOTOpBIE TPYAHOCTH B BhIpaboTKe crpororo ompexaeneHus CASE-texHomorun
(xommbroTepHOi TexHonoruu pazpadbotku [1C). CASE - ato abbpeBuarypa ot anrnuiickoro Com-
puter-Aided Software Engineering (Kommnwrotepno-Ilomoraemas Wnxenepus I[IporpammupoBa-
Hust). Ho 6e3 momomu (mogaepxku) kommnbiorepa [IC yxe maBHO He pa3pabaThiBatoTCs (MCIOIB3Y-
eTcsl XOTs Obl KOMIUIATOP). B MeiCTBUTENB HOCTH, B 3TO MOHATHE BKJIAJbIBaeTCs Ooyee Y3Kuit
(criennanbHbIN) CMBICI, KOTOPBIN MOCTENEHHO pa3MbIBaeTcs (Kak 3TO Bcerja ObIBAaeT, KOr/la Kakoe-
anbo moHATHE He uMeeT cTpororo omnpexaenenus). [lepponagansuo nogq CASE nonumanacs [16.4]
WHXXCHEepHUsT paHHUX d3TanoB pa3padorku [IC (ompenenenue TpeOOBaHWM, pa3pabOTKa BHEIIHETO
onucanus u apxuTekTypsl [1C) ¢ ucnonap3oBaHUEM MPOTrPaMMHON MOIACPKKHU (IPOrpaMMHBIX MH-
ctpymenTtoB). Teneps nog CASE moxet nonumatscs [16.4] 1 mHKEHEpHs BCErO KU3HEHHOTO LUK~
na TIC (Bkiroyast M €ro CONMpoOBOXKICHHE), HO TOJIBKO B TOM CiIy4ae, KOT/ia MPOrpaMMbl YaCTUYHO
WIM MOJIHOCTBIO TEHEPUPYIOTCS IO JOKYMEHTaM, MOJIyY€HHBIM Ha yYKa3aHHBIX paHHUX 3Talax pas-
pabotku. B sTom cnyyae CASE-TexHonorus crajga NpUHIUIUAIBHO OTIMYAThCA OT Py4yHOU (Tpa-
JUIMOHHOM) TexHonoruu pa3paborku IIC: U3MEHMIIOCH HE TOJILKO COJAEpKAaHUE TEXHOJIOTHYECKUX
MIPOLIECCOB, HO U CaMa MX COBOKYITHOCTb.

B Hactosee Bpemst komnviomepnyto mexuonozuro pazpadotku 11C MOXKHO XapakTepu3oBaTh
[16.1] ucnonp3oBaHnuemM

* [POrpaMMHON MOAJEPXKKH Uil pPa3pabOTKu rpapuueckux TpeOOBaHUN IpaduyecKux
cneunpukanuii [1C,

* aBTOMAaTUYECKOU reHepanuu porpaMm Ha  Kakom-1u0o S3bIKE POTpaMMHU-
POBaHMSI UM B MAIIMHHOM KOJI€ (YJACTUYHO WUJIU TMOJTHOCTHIO),

* [IPOrpaMMHOI MOAAEPKKH MPOTOTUITUPOBAHUS.

['oBOpsAT Takke, 4YTO KOMIbIOTEpHas TexHosorus pazpadorku I1C sBasercs "6e30ymakHON",
T.€. PACCUNTAHHON Ha KOMIIBIOTEPHOE IMpPE/ICTaBICHHE IMPOrpaMMHBIX TOKyMEHTOB. OJHaKo, yBe-
PEHHO OTJIMYMUThH PYUYHYIO TEXHOJOTHIO pa3paboTku [IC oT KOMIBIOTEPHOH MO ATUM MPU3HAKAM J10-
BOJIBHO TPYJIHO. 3HAYUT, CAMOE CYLIECTBEHHOE B KOMIIBIOTEPHON TEXHOJIOTUU HE BBIJIEJIEHO.

Ha nam B3risia, riiaBHOe OTJIMYME py4yHOM TexHosoruu paspaboTtku IIC oT xoMmbloTepHOI
3aKIJII0OYaeTcsl B cienyrolieM. PydHas TEXHOJOTHsS OpUEHTHpOBaHA Ha pa3pabOTKy JOKYMEHTOB,
OJIMHAKOBO MOHUMAaeMbIX pa3HbIMHU pa3paboTunkamu [1C, Torma kak KOMIBIOTEpHAs TEXHOJIOTHUS
OPHUEHTHPOBaHA Ha 00€CIIeUeHNe CEMAaHTHYECKOTO MMOHUMaHUs (MHTEPIIPETAIIMN) TOKYMEHTOB TIPO-
IPaMMHOHM TNOANEP)KKOW KOMIIBIOTEPHON TeXHOJIOTHU. CeMaHTHYeCKOe NMOHUMAaHUE JI0KYMEHTOB
JTaeT IPOrpaMMHOM MOJAEPKKE BO3MOXKHOCTh aBTOMaTHYECKH T€HEPUPOBATh NMporpammsl. B cBsizu
C 3TUM CYILECTBEHHOM YacThl0 KOMIBIOTEPHOI TEXHOJOTMH CTAHOBUTCS UCMOJIb30BaHUE (hOpMallb-
HBIX SI3BIKOB YK€ Ha paHHUX 3Tanax pa3padorku [IC: kak ns cnenuukanuy nporpaMm, Tak U Jyis
creun(uKanuy Apyrux JOKyMEHTOB. B 4acTHOCTH, IIMPOKO HCIIONB3YIOTCA (popManbHble rpadude-
ckue sA3bIkM crieurdukanuii. IMEHHO 3TO MO3BOJSET PalMOHAIBHO M3MEHUTh M CaMy COBOKYII-
HOCTb TEXHOJIOTMYECKHX MPOLECCOB pa3paboTku u corpoBoxaenus I1C.

W3 npoBereHHOT0 00CYKIEHUS MOKHO OIPENETUTh KOMNbIOMEPHYIO MEXHONI02UI0 pa3pabom-
ku [IC xaKk TEXHOJIOTHIO MPOTPaMMHUPOBAHUSA, B KOTOPOM MCMOJB3YIOTCS MPOrPaMMHBIE UHCTPY-
MEHTBI JUIs pa3paOb0TKH (GOpMaANTU30BAHHBIX CIEIU(UKAIMI [porpaMM H JAPYTrUX JOKYMEHTOB
(Bximroyass W rpaduyeckue crnenuUKauM) ¢ MOCIeIyIOmEe aBTOMaTHIECKOW TeHepamnue mpo-
rpaMM M IOKYMEHTOB (MJIM XOTs1 ObI 3HAUUTEITLHON X YaCTH) TI0 STUM CIICITU(PHKAIIHASIM.
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Tenepb cTaHOBATCS MOHATHBIMU M OCHOBHBIE U3MEHEHUs B jku3HeHHOM nukie [IC mig kom-
IBIOTEPHON TeXHOJOruM. Ecin mpHu HMCHOIB30BAHUU PYYHOM TEXHOJIOIMHM OCHOBHBIE YCWIHS IO
pazpabotke [1C nenanuch Ha 3Tamax COOCTBEHHO MPOTPAMMUPOBAHUS (KOJUPOBAHUSA) U OTIAIKU
(TecTMpOBaHUs), TO NMPH UCIOJIB30BAaHUH KOMIIBIOTEPHON TEXHOJOIMM - HA PAaHHMX 3Tallax paspa-
6otku I1C (ompenenenust TpeboBaHuii 1 (QYHKIIMOHAIBHOW CIIeU(HUKAINU, Pa3pabOTKH apXHUTEK-
Typsl). IIpu 3TOM CyIiecTBEHHO U3MEHWICA XapakTep JOKyMEHTaluu. Bmecto 1enoii nemnoyku He-
(dbopManbHBIX TOKyMEHTOB, OpPUCHTUPOBAHHOHN Ha mepenavdy HHPOpPMaIMU OT 3aKa3uuka (T0Ib30Ba-
TeJIsA) K Pa3iIMuHbIM KaTeropusM paspadboTuukam, popmupyrorcs nporotun I1C, noanepxuaromuii
BBIOpPAHHBIN TI0JIb30BATENILCKUN HHTEpQEiic, u ¢GopmanbHble (YHKIMOHAJIBHBIC crenudukanum
(uHorga u dopmanbsHble cneuupukanun apxutekTypsl I1C), qocTarouHble A1 aBTOMaTHYECKOrO
cunTtesa (renepanun) nporpamm [IC (v x0Tst ObI 3HAYUTENBHON UX YacTH). [Ipu 3TOM mosBUIACh
BO3MOXKHOCTh aBTOMATHUYECKOW reHepaliy 4acTH JOKYMEHTAalluH, He0O0X0AUMOM pa3paboTunkam u
[10JIb30BaTENsIM. BMECTO pydyHOro nmporpaMMUpOBaHUs (KOJMPOBAHHUSA) - aBTOMAaTHYECKas reHepa-
LUl IPOrpaMM, YTO JIeaeT He HY)KHOW aBTOHOMHYIO OTJIaJKy M TECTUPOBAHUE IMPOTrpaMM: BMECTO
Hee J100aBIseTcs TOCTaTOYHO TITyOOKHI aBTOMATHUYECKUH CEMAaHTUYECKHUH KOHTPOJb JOKYMEHTa-
1. [losBisiercss BO3MOKHOCTh aBTOMAaTHUECKOM reHepaliiy TeCTOB MO0 (opManbHbIM crienupuka-
UM T KOMIUTEKCHOM {cucmemnour) otnaaku [1C. CyiecTBeHHO U3MEHSAETCS M XapaKTep COIpo-
BokaeHus I1C: Bce nu3meHeHus pazpabOTUYMKOM-COIIPOBOIUTENEM BHOCITCS TOJBKO B crenuduka-
UM (BKJIIOYas U IPOTOTHUI), OCTalIbHbIe U3MeHeHUs B [IC ocylecTBISIFOTCS aBTOMAaTHYECKH.

C yueroMm ckazaHHOTO drcuzHeHHbll yuka 11C 0 KomnvlomepHol mexHoi02uu MOKHO Tpe-
ctaBuTh [ 16.4] cnenyromieit cxemon (puc. 16.3).

[Npororunmposanue [1C =1

: i

i

- e T SR

Pa3paborka cneundukaunii 11C
ABTOMATH3HPOBAHHBIH KOHTPOIb
cneunpukaunii [1C

[ eHepatns nporpamMm ABTOMATHIHPOBAHHOC
Mnc nokymentuporauue [1C

v

Komnnekchoe
TCCTHPOBAHHE H

Arrectauma [1C

v v

ITpumenenne INC } Conporoznenne T1C

Puc. 16.3. )Ku3sHeHHBII UK IPOrPAMMHOTO CPEACTBA JUIsl KOMIIBIOTEPHON TEXHOJIOTHU.

IIpomomunuposanue I[IC sBnseTcs HeoOs3aTeIbHBIM 3TaroM >ku3HeHHoro nukia IIC mpu
KOMIBIOTEPHON TEXHOJIOTMH, YTO Ha puc. 16.3 moka3zaHO MyHKTUPHOW cTpenkoil. OQHAKO HUCIOIb-
30BaHME ATOrO 3Tara BO MHOTUX CIIydasix U COOTBETCTBYIOIIAs KOMIbIOTEPHAs MOJAJIEPKKA 3TOr0
JTamna SIBISIETCS XapaKTEPHOM A KOMIIBIOTEPHON TEXHOJIOIMH. B HEKOTOPBIX Cilydasx MPOTOTUIIH-
poBaHUe jenaercs mnocie (Wi B mporecce) pazpadorku cnenudukanuii [1C, nanmpumep, B ciydae
IPOTOTHIIMPOBAHUS T0JIb30BATEIBLCKOr0 MHTEpdelica. ITo moka3aHo Ha puc. 16.3 MyHKTHPHOH
BO3BpAaTHOW CTpENKU. XOTA BO3BpAT K MPEIbIAYIIMM 3Tal Mbl JOMYyCKaeM Ha JI00OM 3Tame, HO
3/1€Ch ATO MOKA3aHO SBHO, TaK KaK MPOTOTUIIMPOBAHHE SIBISAETCS OCOOBIM IMOIXOIOM K pa3paboTKe
[1C (cm. nekmuio 3). [IporoTunupoBaHue MOJIB30BATEIBCKOTO MHTEp(dEica MO3BOISIET 3aMEHHUTD
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KOCBEHHOE OIIMCaHME B3aUMOJICHCTBUS MEX 1y nosb3oBaTeseM U 11C npu pyuHoil TexHoaoruu (pu
pa3paboTke BHemHero onucanus [1C) npsMbeiM BBIOOPOM IMOIB30BaTENEM CIOCO0A U CTUIISL ATOTO
B3auMOJIeHCTBUA ¢ (huKcaruei Bcex HeoOXoauMbIX aetaneil. [1o cymecTBy, Ha 3TOM 3Tare npous-
BOJUTCSA TOYHOE OIMHUCAHHE IOJIb30BATEILCKOT0 HHTep(deiica, MIOHATHOE MPOrPaMMHON MOJIEPIKKE
KOMITBIOTEPHOM TEXHOJIOTUH, IIPUYEM C OTBETCTBEHHBIM YJYacTHEM IoJib30oBaress. Bece sto 0asu-
pyercss Ha HaJU4Yue B MPOTrPAMMHOM MOJAEPKKE KOMIIBIOTEPHOM

TEXHOJIOTUM HACTpanBaeMoil 000JI0OYKH C OOMIMPHON OMOIMOTEKONW 3aroTOBOK Pa3IHMYHBIX
dbparmeHTOB U AeTaneit skpaHa. Takoe MPOTOTUNHPOBAHUE, TIO-BUIUMOMY, SBIISETCS JTYYIIUM CIIO-
co0oM mpeo1oNieHHst Gapbepa MEeXIy MOJIb30BATENIEM U Pa3pabOTUHKOM.

Paszpabomxa cneyughuxayuii I1C pacnagaeTcsi Ha HECKOJIBKO pas3HBIX mporeccoB. Ecmu uc-
KJIIOYUTh HAa4YaJbHBIA 3Tam pa3paboTku cnenudukanuii (ompenenenue TpeOOBaHUM), TO B ITHUX
MpoLeccax MCIOJIb3YIOTCS METO/IbI, IPUBOJAAILINE K CO3AaHHUI0 (POPMATU30BAHHBIX TOKYMEHTOB, T.
€. HMCIIONIB3YIOTCS (pOpPMaTM30BaHHBIE A3BIKK cnenupukanuii. [Ipu 3TOM MHPOKO HCTIONB3YIOTCS
rpaduueckue MeTobl crelu(pUKalnii, MPUBOAIIINE K CO3AHUIO PA3IMYHBIX CXEM U AUATPAMM,
KOTOPBIE ONPEACISIOT CTPYKTYpY HH(GOPMAIMOHHOH cpenbl u cTpyKTypy yrpasienus [1C. K takum
CTPYKTypaM MPUBA3BIBAIOTCS (hparMeHThI ONMUCAHUS TAaHHBIX U MPOTpaMM, MPECTaBIEHHbIC Ha al-
re0OpandecKkux s3bIKax crenuuKanuii (Hampumep, UCIOIb3YIOIUE ONEPAMOHHYI0 WIH aKCHOMa-
TUYECKYI0 CEMaHTHUKY), WU JIOTHUECKUX S3bIKaxX crienudukaimii (6a3upyromuxcs Ha JOTHYeCKOM
noaxoze K cnenudukanuu nporpamm). Takue cneru@uKanyuy MO3BOJISIOT B 3HAYUTEIBHON CTETICHU
WIM TIOJTHOCTBIO aBTOMATHUYECKU TeHEepUpOoBaTh MporpaMmbl. CylecTBEHHON 4acTbio pa3paboTKu
cnenn(UKanuii SBISIETCS CO3/IaHUE CIIOBApS MMEHOBAHHBIX CYIIHOCTEH, MCIIONB3YEMBIX B CIEIIH-
buKanusx.

Aemomamuzuposannwiii Konmpons cneyugurayui [1C ucnonb3yeT To 00CTOSITEILCTBO, YTO
3HAYUTeNbHAs YacTh clienuduKaluii mpeacTaBisercs Ha GOopMaibHBIX A3bIKaX. JTO MO3BOJSET aB-
TOMAaTUYECKU OCYHIECTBIIATh Pa3IMYHbIE BUJbl KOHTPOJIS: CUHTAKCUYECKUM M YaCTUYHbBINA CEMaHTH-
4eCKUH KOHTPOJIb Crenu(UKalui, KOHTPOJIb MOJHOTHl U COCTOSTEIBHOCTH CXEM M Auarpamm (B
YaCTHOCTH, BCE UX 3JIEMEHTHI JOJKHBI ObITh UIEHTU(QHUIIMPOBAHBI U OTPAXKEHBI B CIOBApe MMEHO-
BaHHBIX CYIHOCTEH), CKBO3HOW KOHTPOJIb COAaHCUPOBAHHOCTH YPOBHEH criennuKaluii u gpyrue
BU/JIbI KOHTPOJISI B 3aBUCUMOCTH OT BO3MOKHOCTEH SI3BIKOB crieln KA.

I'enepayus npoepamm I[IC Ha 3TOM 3Tane aBTOMaTHYECKH I€HEPUPYET CKEJIETHI KOJOB IPO-
rpaMM [1C nam moaHOCTRIO KOJBI ATUX IIporpamMm 1o ¢popmansHbeiM crienupukanusm [1C.

Aemomamuzuposannoe ooxymenmuposanue I1C- IlpenmonaraeT BO3MOXHOCTh TeHEpaIluu
Pa3IUYHBIX QOPM JOKYMEHTOB C YaCTHYHBIM 3aIllOJIHEHHWEM UX MO MH(pOpMalnu, XpaHsuleics B pe-
nosutopuu. IIpu 3TOM KOIMYECTBO BUJOB JOKYMEHTOB COKPAIIAETCS IO CPAaBHEHHUIO C TPAIULMOH-
HOM TEXHOJIOTHEN.

Komnnexcnoe mecmuposanue u omnaoka I1C Ha 3ToM 3Tane TeCTUPYIOTCS Bce CHeludpuKa-
1y [1C u ucnpapistoTcss oOHapyEHHbIE TPU 3TOM OIIMOKU. TecTbl MOTYT CO3/1aBaThCsl KaK BpyU-
HYIO, TaK U aBTOMAaTHUYECKU (€CIIM ATO MO3BOJSIOT UCIOJIb3YeMbIe S3bIKU crenudukanuii) u npo-
IIyCKAaIOTCs Yepe3 creHepupoBaHHble mporpaMmsl 11C.

Ammecmayus I1C umeeT nipexxHee CoAepKaHue.

Conposooicoenue [IC CymecTBEHHO YIPOIIAETCs, TAK KaK OCHOBHBIE M3MEHEHHS JIENAI0TCS
TOJILKO B CHEIM(PUKALIUSAX.

Pabouee mecmo xomnvromeproti mexnonocuu paspabomku IIC mpencraBiser coood  WH-
CTPYMEHTAJIBHYIO CpEly, HOIIEPKUBAIOLIYI0 BCE JTalbl JKU3HEHHOTO IMKJA 9TOW TEXHOJIO-
ruu. B 37Ol cpene CyniecTBEHHO MCIOJIb3YeTCsl Perno3uTopuil. B penosuropun xpaHutcs Bcs MH-
dopmanus, coznaBaemasi B nporecce pazpadorku [1C (B 4acTHOCTH, ClIOBaph UMEHOBAHHBIX CYIII-
HOCTel u Bce crnenudukanun). [lo cymecTBy, pabouee MECTO KOMIBIOTEPHON TEXHOJIOTHH SIBIISET-
Csl MHTETPUPOBAHHBIM XOTs OBl MO IMOJI30BAaTENBLCKOMY HMHTepdeiicy n no naHHbIM. OCHOBHBIMHU
MHCTPYMEHTaMH TaKOTro pabouero MecTa SBJISIOTCS:

* KOHCTPYKTOPBI IOJIb30BAaTEILCKUX UHTEP(EICOB;
* UHCTPYMEHT paboThl CO CJIOBAPEM MMEHOBAHHBIX CYIIHOCTEH;
* rpaduyecKkue U TECTOBBIE PelaKTOPHI CiennPUKaLnii;
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* AHAJIM3ATOPHI CHCIH(PUKAIUI;
* TEHepaTop Mporpamm;
* JJOKYMEHTaTOPBI.

14.5. UHcTpyMeHTAJIbHbIE CHCTEMbI TEXHOJIOTHMU NPOrPAMMHMPOBAHUSA.

Huempymenmanvuas cucmema mexHono2uu npocpammupo8arus — 3T0 NHTETPUPOBAaHHAs CO-
BOKYITHOCThH MPOTPAMMHBIX M allapaTHbIX HHCTPYMEHTOB, MOJJIEP)KUBAIOIIAS BCE MPOLIECCHI pas3-
paboTku u conpoBoxaeHUs 00abiKX [1C B TeueHue Bcero ero U3HEHHOIO IIUKJIa B paMKax OIpe-
JIEJICHHOW TeXHOJIOTHH. Brime yxe otmedanock (cM. 1. 14.3), 9To0 OHa MOMHUMO WHTETPUPOBAHHO-
CTH 00J1a/1aeT elle CBOMCTBAMU KOMIUIEKCHOCTH M OPUEHTHPOBAHHOCTH HA KOJUICKTUBHYIO pa3pa-
00TKy. DTO O3HA4aeT, YTO OHa 0a3UpPyeTcss Ha COIJIACOBAHHOCTU MPOJIYKIUH TEXHOJIOTMYECKUX
nporeccoB. Tem caMbIM, HHCTPYMEHTAJIbHAsl CUCTEMA B COCTOSTHUM 00€CIIeUnTh, IO KpaitHel Mepe,
KOHTPOJIb MOJIHOTHI (KOMIUIEKCHOCTH) CO3/]aBaeMOM JOKYMEHTAIMK (BKII0Yas Habop mporpamMmm) u
COIJIACOBAHHOCTH €€ U3MEHEHUs (BepcHOHHOCTH). [loaep:kka HHCTpYMEHTaIbHON CUCTeMOM (ha3bl
conpoBoxkaenus [1C, o3navaer, 4To oHa JOJDKHA oOecnieuuBath ynpaegienue kongueypayueti I1C.
Kpome Toro, nHCTpyMEeHTalIbHAsl CUCTEMa IOJJIEPKUBAET YIpaBJieHUE pabOTOIl KOJUIEKTUBA U IS
pa3HbIX YIEHOB 3TOTO KOJJICKTHUBA 00ECIeurBaeT pa3Hble MpaBa JAOCTYIa K pa3inuHbIM (QparMeH-
TaM MPOAYKIIMU TEXHOJIOTMUYECKUX MPOILECCOB U MOIIEPKUBACT PaboTy Mmenedxcepos [16.1] mo
VIPaBICHUIO KOJUIEKTUBOM Pa3pabOTUYMKOB. MIHCTpyMEHTAIbHBIE CUCTEMBbI TEXHOJOTHUU MPOrpaM-
MHUPOBAHHS TPENCTABISIIOT €000 MoctaToyHo Oombmue u jpoporue IIC, uToOBl Kak-TO ObLIA
onpaBJaHHa WX HWHCTPYMEHTalIbHAsl Meperpy:KeHHOCTh. [loaToMy HabOp BKIIIOUAEMBIX B HUX WH-
CTPYMEHTOB TIIATEIILHO OTOMPAETCS C Y4ETOM MOTPeOHOCTEH MpeIMETHOH 00JacTH, MCIOJb3ye-
MBIX SI3bIKOB ¥ BBIOPAHHOM TEXHOJOTHEH MPOrpaMMHUPOBAHUS.

C yueToM 0OCYKIEHHBIX CBONCTB MHCTPYMEHTAJIBHBIX CUCTEM TEXHOJIOTMU IIPOrpaMMHUpOBa-
HUSL MOKHO BBIJICIIUTH TPU UX OCHOBHBIE KOMITOHEHTHI:

* PENo3UTOpuH,
* UHCTPYMEHTapui,
* uHTEep(ENCHI.

Hucmpymenmaputi - HAO0p MHCTPYMEHTOB, ONPEEIAIONINNA BO3MOKHOCTH IPEAOCTABIIsIEMbIE
CUCTEMOM KOJIJIEKTUBY pa3paboTuukoB. OOBIYHO 3TOT HAOOp SABISETCS OTKPBITBIM M CTPYKTY-
pupoBaHHbIM. IloMuMO  MUHMMaIbHOrO Habopa (6cmpoenuvie uHcmpymenmsi), OH COIEPKHUT
CPEJICTBA CBOETO PACIIMPEHUS (UMNOPMUPOBAHHBIMU UHCmMpymenmamu). Kpome Toro, B CuiLy UHTe-
I'PUPOBAHHOCTH T10 JAEUCTBHUSM OH COCTOUT M3 HEKOTOPOH 0OILIel yacTu BCeX HHCTPYMEHTOB (10pa)
U CTPYKTYPHBIX (MHOTI'/Ia HEPApXUUYECKHU CBSA3AHHBIX) KJIACCOB HHCTPYMEHTOB.

Humepdgbeiicvl paznensioTcss Ha MOJIb30BaTENIbCKUN U CUCTEMHBIE. [lob308amenbeKuili MHTEP-
delic obecnieunBaeT AOCTYN pa3pabOTUMKaM K MHCTpyMeHTapuio. OH peanu3yercsi 000104Kol CH-
crembl. Cucmemnvle nHTEpQeiichl 00eCeUunBalOT B3aUMOACHCTBUE MEXIY MHCTPYMEHTAMH U HMX
oOumu yactaMu. CucreMHble HHTEPENCHI BBIACTAIOTCS KaK apXUTEKTYPHbIE KOMIIOHEHTHI B CBSI-
3M C OTKPBITOCTBIO CUCTEMBI - X 00s13aHBI UCIIOJIb30BaTh HOBBIE {UMnopmupyemsie) MHCTPYMEHTHI,
BKJIIOUAEMBIE B CUCTEMY.

Camas o0masi apXUTEKTypa HHCTPYMEHTAJIbHBIX CHUCTEM TEXHOJOTHH IMPOrPaMMHPOBAHHMS
IIpeACTaBJIeHA Ha puc. 16.4.

Puc. 16.4. Obmiast apXuTeKTypa HHCTPYMEHTAJIbHBIX CUCTEM TEXHOJIOTHH IPOTPaMMHUPOBa-

[Moawzoearenseknii uurepdeiic
OBOJNOYKA
BCTPOEHHLIE | MMNOPTUPOBAHHBLIE BHELWHWE
WHCTPYMEHTbI MHCTPYMEHTHI WHCTPYMEHTBI

Cucremnstii nurepdieiic

A0PO

|

PEMO3UTOPWIA F AL J 1




HMH:L.

PaznuuaroT gBa Kjacca MHCTPYMEHTAJIBHBIX CHUCTEM TEXHOJIOTMH MPOrPaMMHUPOBAHUS: WH-
CTPYMEHTAJIbHBIE CHCTEMbI MOJICPKKU MPOEKTa U SI3bIKOBO-3aBUCHUMbIE WHCTPYMEHTAJIbHBIE CH-
CTEMBI.

Hnempymenmanvuas cucmema noooepoiicku npoekma - 3TO OTKPBITas CUCTEMa, CIIOCOOHas
nojepxuBath pa3zpadorky I1C Ha pasHBIX S3BIKaX MPOrPAaMMUPOBAHUS TTOCIE COOTBETCTBYIOIIETO
€e pacHIMpeHUsi NPOrpaMMHBIMU HHCTPYMEHTAMH, OPUEHTUPOBAHHBIMM Ha BBIODAHHBIN S3BIK.
Habop mHCTpyMEHTOB Takoi cHCTEeMBI HOJAepKkuBaeT pa3padbotkoii [1C, a Takxke conepKuT He3a-
BHUCUMBIE OT SI3bIKa MPOTrPAMMMPOBAHUS MHCTPYMEHTHI, MojjepkuBaromue pazpadorky [IC (Tek-
CTOBBIE U IpadUUecKue PeJaKTOpbl, TeHepaTOPbl OTYETOB U T.I.). KpoMe TOro, oH CONEp>KUT HH-
CTPYMEHTBl pPACIIUPEHUS CHUCTEMBL. SIpo Takoi cucteMbl oOecrne4YnBaeT B YACTHOCTH, J0-
CTYH K PEHO3UTOPHIO.

A3b1K080-3a8UCUMAs UHCIPYMEHMATIbHAS CUCMeMd - 3TO CUCTeMa MOJACPKKU pa3padoTKu
[1C na KakOM-THOO OJHOM SI3BIKE MPOTPAMMHUPOBAHHS, CYIIECTBEHHO HCIIONB3YIOIAsi B OpraHu3a-
I[UU CBOEH paboThl cielM(PUKY 3TOTO SA3bIKA. DTa crienu(ruKa MOXKET CKa3bIBAThCS U HA BOZMOXKHO-
CTAX A1pa (B TOM YHCIIE U Ha CTPYKTYpE PEHO3UTOPHs), U HAa TPEOOBAHUAX K 000JIOUYKE U UHCTPY-
meHTaMm. [Ipumepom Takoil cucTeMbl SIBISE€TCA cpela MOAIEP>KKH MPOrpaMMHUPOBaHHsS Ha Aje
(APSE [16.5]).

Ynpaswcnenua k nexyuu 16.

16.1. Ymo maxoe npoecpammuviii uncmpymeum paspabomru I[1C?
16.2. Ymo maxoe annapamuuwiti uncmpymenm pazpaboomku 11C?
16.3. Ymo maxoe uncmpymenmanvuas cpeoa pazpabomku u conposodtcoenus 11C?
16.4. Ymo maxoe uUHCMPYMEHMANIbHO-00beKMHBIL — NO0X00 K paspabomie

npoOCPaMMHO20 cpedcmea?

16.5. Kaxue npusHaxu kraccuguxayuu UHCmpymMeHmaibHulX cped paspabomku u

conpogooicoenus 11C Bol 3naeme?

16.6. Ymo maxoe unmezpupo8aHHOCms UHCIMPYMEHMATbHOU CPedbl pa3padbomKu u
conposoicoenus IT1C°

16.7. Kakue 6uovl unmezpuposanHocmu unemp\'’MenmanvHou cpeovl paspabomku u
conposodicoenust I1C Bol 3naeme?

16.8. Ymo makoe penozumopuu UHCMPYMEHMANbHOU Ccpedbl pa3pabomku u
conposodicoenus 11C?

16.9.9Ymo maxoe uncmpymenmanbHas cpeoa npocpammuposanus?

16.10. Ymo makoe A3bIKOBO-OPUEHMUPOBAHHASL — UHCMPYMEHMANbHAA  cpedd
npozpamMmuposarus?

16.11. Ymo maxoe komnviomeprnas mexuonocusi (CASE-mexnonoeus) paspabomxu
11C?

16.12.Kakue omauuus .ocusnennoco yukia [1C npu komnvromepHou mexHoio2uu
npoSpamMMupo8arus om sxcusHennozo nukaa IC npu mpaouyuonnou (pyunot)
MEXHON02UU NPOSPAMMUPOBAHUS (NPU B0OONAOHOM NOOX00e)?

16.13.9Ymo makoe pabouee mecmo KOMAbIOMEPHOU MEXHOL02UU PA3PAOOMKU U
conposodicoenus I11C?

16.14.9Ymo maxoe uncmpymenmanvbHas cucmema mexHoa02uu npocpammuposanus?

16.15. Ymo maxoe sA361K0680-3a8UCUMASL UHCMPYMEHMALbHASL CUCMEMA MEXHOI02UU

npocpamMmupoeanus?

16.16. UYmo  makoe A0p0  UHCMPYMEHMANbHOU  CUCMEMbl  MEXHONA0SUU
npoOSPaAMMUPOBAHUA?

16. 17. UYmo makoe 6CMpOEHHBI UHCMPYMEHM UHCMPYMEHMAIbHOU CUCTEeMbl MEXHOI0SUU
npocpamMmuposanus?

16.18. Ymo makoe umnopmupyemulii UHCMPYMEHM UHCMPYMEHMATbHOU CUCHIeMbl
MEexXHON02UU NPOSPAMMUPOBAHUSA?
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16.19. Ymo makoe 00010YKA  UHCMPYMEHMATLHOU CUCMEMbl  MEXHOI0UU
npocpamMmuposarus ?
Jlntepartypa k Jexkuuu 16.

16.1. ITan Sommerville. Software Engineering. - Addison-Wesley Publishing Company,
1992. P. 349-3609.

16.2. E.A. JXoroneB. BBeacHne B TEXHOJIOTHIO IPOTPAMMHUPOBAHUS (KOHCHEKT JICKIIUHN). -
M.: "IUAJIOI'-MI'Y", 1994.

16.3. M.M. TopbynoB-IlocagoB.  Kondwurypanmuu  mnporpamm.  Perentsl
6e300J1e3HEeHHBIX U3MEHEeHHH. - M.: «Mamum». 1994.

16.4. CASE: KomnbioTepHOEe NpPOEKTHPOBAHUE IPOrpaMMHOr0 obecreueHus. - M3marenbcTBo
MockoBckoro yHuBepcurera, 1994.
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BBEJIEHUE

[Ipu n3ydyeHnn IUCUUIUIMHBI « TeXHOJIOTHs MPOrPaMMUPOBAHU» AKILIEHT JENAeTCs Ha U3Y-
YeHHUE MPOIECCOB Pa3pabOTKU MPOTPAMMHBIX CPEJICTB, B KOTOPYIO BKJIFOUEHBI BCE ATallbl, HAYWHAS
C MOMEHTa 3apOKJIEHUsI UICH 3TOTO cpeiacTBa. Kaxaplit aTam 3TOM COBOKYMHOCTH 0Oa3upyercs Ha
WCITOJIh30BAaHNU KaKUX-JIMOO METOJIOB U CPEJICTB.

B Hacrosiee Bpemsi ci0BO Java cTajio M3BECTHO IpakTUyecku BceM. C OJHOUM CTOPOHBI,
s3bIK Java pacimmpsieT BO3MOKHOCTH pa3zpadbotunkoB WW W-cepBepoB, a ¢ Ipyroit - momMoraeT mpo-
rpammMucty npeBpatutb WWW B mnatdopmy nporpammupoBanus. OCHOBHBIM BKIJIAJOM HOBOTO
SI3bIKA SIBJISIETCS HE3aBUCHUMBIN JTOCTYIT K HCIIOIHIEMOMY COJCPKUMOMY - IS Java-ipriioXeHun
0e3pa3nuyHoO, HA Kakoi muatdopMe oHO paboTaeT. Buzyanusanus uHGopmanuu mpu UCMOIb30Ba-
HuM Java craHOBHUTCS Bce 0oJjiee YTOHUYEHHOM, MO3BOJISISl KOMY YTOJIHO € IMOMOIIBI0 Opoy3epa, moa-
JEP’KUBAIOIIETO Java, YBUAETH BEIH, paHEee TOCTYITHbIE TOJIBKO B JTA00OpaATOPHUSIX.

VYyeOnoe nocobue «TexHomorust nporpammupoBanus. [IporpaMmmupoBanue Ha si3bike Javay
COCTaBIIEHO ISl CTYJCHTOB CIEIUATIbHOCTH «ABTOMAaTU3UPOBAHHBIE CUCTEMBI 00paboTku uHbOp-
MaIiH 1 yIpaBieHUs» 1o Kypcy «TexHonorus nporpaMMHpOBaHUS.

B nanHOM mocobuu paccMOTpeHBI OCHOBHBIE BOIIPOCHI IPOrPaMMUPOBaHUs Ha s3bIKe Java:
CTpYKTypa Java-porpammsl, pazpaboTka MPOCTEHITUX amNIJICTOB U aIlllJIESTOB JIBOWHOTO Ha3HaYe-
HUSl, KJIACCHI, CO3/IaHNE M MCIOJL30BaHUE MMAKETOB, 00paboTKa COOBITHII OT MBIIIU U OT KJIaBUATY-
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pbl, TpaduKa, BET, WPHUQTHI, aHUMAIUS, YIEMEHTHI YIIPABICHHU U YCTPONUCTBA, KOHTEHHEPHI KOM-
IOHEHTOB, peali3anns MHOT033Jaq4HOCTH B Java, MHOTOIIOTOKOBBIE, aBTOHOMHBIC U CETEBHIC NPHU-
JIOKEHHUsI, COKETHI U UX MPUMEHEHNE, CO3/IaHNe M UCIIOJIb30BaHUE CEPBIETOB, paboTa ¢ (aitnamu u
0Oa3zaMu TaHHBIX.

Llenn, KOTOpBIE CTABUT IMTOCOOHE:

1) wm3ydeHue oOBEKTHO-OPHEHTHPOBAHHOTO S3bIKA IPOTPaMMHUPOBaHMS Java;

2) YCBOEHME U 3aKPEIJIEHUE OCHOBHBIX IPUEMOB U aJITOPUTMOB SI3bIKA;

3) mpuMeHEeHHEe HaBBIKOB IPOrPAMMHUPOBAHUS JJIS CO3JAHUS MPOTPAMMHBIX MPOIYKTOB C

UCTIONIb30BaHueEM Java-(haiiios.

B kaxnoii mabopaTopHOi paboTe Jar0TCs METOIMYECKHE YKa3aHUs, COJIepIKaIlie OCHOBHBIC
TEOPETUYECKHE CBEICHUS, PACCMATPUBAIOTCS PA3JIMYHbIE IPUMEPHI MPOTPaMM, MPUIOKESHUN U all-
IeToB. B xoHIe Kax10i 1a00paTOpHOM paboThl CHOPMYITHMPOBAHBI 33aHUS JUIS CAMOCTOSITEIBHO-
T'O BBITOJIHEHUS] ¥ KOHTPOJIbHBIE BOMPOCHI JUIsI CaMONIPOBEPKU. B KOHIle MeToanyeckoro nocoous
IPUBEICHBI IPUIIOKEHHSI, CoieprKalye Java-(aiipl pa3InHbIX alIlICTOB.
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METOJAAMYECKHUE YKA3ZAHUA
IS CAMOCTOSATEJBHOU PABOTBI CTYJIEHTOB

B mponecce noaroroBku K jgabOpaTOPHBIM 3aHATUSAM, CTYJIEHTaM HEOO0XOAMMO O0OpaTUTh
0co00e BHUMAHHE HAa CaMOCTOSITEJIbHOE HM3Y4YE€HHE PEKOMEHJIOBAHHON y4eOHO-METOIMuYEecKol (a
TaKXe Hay4HOW U MomyssspHOi) smtepaTypbl. CamocTosTenbHas paboTa ¢ yueOHUKaMu, y4eOHbIMU
0COOMSIMM, HAyYHOW, CIPAaBOYHON M IOIYJISPHOM JUTEpaTypol, MaTepuajaMyu IEPUOIUUECKUX
u3gaHuil u VIHTepHeTa, CTaTUCTUYECKUMHU JIaHHBIMU SBJISIETCS Hanbosiee 3PPEKTUBHBIM METOJ0M
MOJTyYEHHUsl 3HAHHM, TTO3BOJIAET 3HAUYUTENbHO aKTUBU3UPOBATH MPOIECC OBIAJCHUS MH(OpMAIUEH,
crocoOCTByeT OoJiee IiTy0OKOMY YCBOGHHUIO H3y4aeMOro MaTepuania, GopMUpYeT y CTYJEHTOB CBOE
OTHOILIEHHE K KOHKPETHOH mpoliieme.

Boinee riy6okoMy pacKpbITHIO BOIIPOCOB CIIOCOOCTBYET 3HAKOMCTBO C JIOMOJIHUTEILHON JIH-
TepaTypoi, pEKOMEHIOBAHHOM IIPEIOJABATENIEM 110 KaXJAOW T€ME CEMUHApPCKOr0 WM IIPAKTUYe-
CKOT'O 3aHATHS, YTO IO3BOJISIET CTYJEHTaM MPOSIBUTH CBOIO MHIMBUIYaJbHOCTb B PAMKaX BBICTYII-
JICHUS Ha TAHHBIX 3aHSATHSX, BBISIBUTH ITUPOKUI CIIEKTP MHEHHI 110 U3y4aeMoi mpolieme.

84



