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Annotation

Ota KHUTa - OOUIeHOe (JIOMOJHEHHOE M UCIPABICHHOE) W3JaHHE CBOEro poia OuOIuU s
pa3paboOTYMKOB MPOrpaMMHOro obecreueHus: BO BceM Mupe, HanucanHoe bpykcowm eme B 1975 rony.
Torna e kHura ObUIa U3J]aHA HAa PYCCKOM SI3BIKE U JaBHO YK€ cTana Oubnuorpaduyeckoi peIKoCThIO.
B CIIA mnomnaraior, uro 6€3 mpouTeHUs] KHUTH bpykca HE MOXKET COCTOSThCS HHM OIMH KPYIHBIN
PYKOBOJUTEIb POIPAMMHOTO MPOEKTA.
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[Mocesiienune uznanus 1975 rona

[Ipenucnoue k n3aanuio 1995 ronga

[IpenuciioBre K NepBOMY U3IAHUIO

['naBa 1 CmonsHasg asMa

['1aBa 2 OT0T MUDHUUECKUN «UETIOBEKO-MECSID

['naBa 3 OnepannonHas 6puraia

['naBa 4 ApuctokpaTus, 1eMOKPAaTUs U CUCTEMHOE MPOECKTUPOBAHUE
['1aBa 5 DddekT BTOpoii cUCTEMBI

I'1aBa 6 JIoHECTH CIIOBO

['naBa 7 IloueMy He yaanoch NOCTPoUTh BaBuiaoHckyro GaiHi?
['naBa 8 OOBsABAAS ynap

['1aBa 9 J[Ba B 01HOM

['naBa 10 JlokymeHTapHas runoresa

['napa 11 IInanupyiite Ha BEIOpOC

['naBa 12 OcCTpblif UHCTPYMEHT

['naBa 13 Ilenoe u yactu

['naBa 14 HazpeBanue katacTpodbl

['naBa 15 OGparHas cTopoHa

['1aBa 16 CepeOpsHOM MyNny HET — CYIIHOCTh M AKIHUJICHIIHUS B IPOrpaMMHON MHKEHEPUHU
['naBa 17 HoBelii BeicTpen «CepeOpsHOoi mynu HET»

['naBa 18 3asgBiaenus «Mu@uueckoro 4eroBeKO-Mecsiay: IpaBaa Uiu J0Kb?
['naBa 19 «Muduryecknil 4eJI0BEKO-MECSID IBAIIAT JIET

Onwior [ IATbaecAT JeT yIuBIESHNS, BOCXUIICHNUS U PAAOCTH
[IpyMeYaHus U CCBUIKU




Dpeaepuk BPYKC
Muduiecku 4eJ10BeKO-MeCHIl MJIN KaK CO31alTCH
NPOrpaMMHbIE CUCTEMBbI




IMocBamienue n3ganusa 1975 roga

[locesamaercss nBouM JroAsM, Omaromapsi KOTOpeIM Mou Tombl B IBM  Obin  ocoOeHHO
HAaCBIIICHHBIMU:

Tomacy . Yomcony Mnadwemy, uve enyboroe gHuManue K at005M NO-NPeNCHEMY OwWyuaemcs
6 eco gupme, u booy O. Deancy, uve cmenoe pyko8oOCmeo npespamuiio pabomy 6 npukiiodeHue.

[Tocsimenue usganust 1995 roma

THoceawaemces Haucu, Bosxcvemy oapy Ons meHs.



IIpeaucaoBue k uzganuio 1995 rona

K Moemy ynuBieHUIO U ynoOBOJbCTBUIO, « MUDUUECKUI YeTOBEKO-MECSI» OCTAETCA MOMYISIPHBIM
yepe3 20 smer mocne Bbixoma. Tupaxk mpebicua 250 000 sk3emIuispoB. MeHs 4acTo CHpalMBaroT,
KakKHe M3 OLEHOK M pEeKOMEHIAlWi, U3JI0KEHHBIX B 1975 rony, 1 mo-npexHEMY CUMTAI0 BEPHBIMU, a
KaKHe MpeTEPHean U3MEHEHUA, U B YeM UMEeHHO. HecMOTps Ha TO, 4TO B MOUX JIEKIUAX 3TOT BOIIPOC
BpEMsI OT BPEMEHU 3aTParuBaeTCs, 1 JaBHO Ky BO3MOKHOCTH U3JIOKHUTH €r0 B IEYaTHOM BHJE.

[Tutep Topmon (Peter Gordon), siBisironmiicss cediuac coBiaaenblieM u3garenbcTBa Addison-
Wesley, TeprienuBo u ¢ moyb30d coTpyaHudaeT co MHOU ¢ 1980 roma. OH mpeasioRKU MOATOTOBUTH
o0uneitHoe wu3nanue. Mpl  peumuiM  He HCHOpaBIsITh OpUTMHAN, a I[epernevyaratb €ro B
HEMIPUKOCHOBEHHOCTH, 32 UCKJIIOUEHHEM OOBIYHBIX ONEUYATOK, U JIOMOJHHUTH MBICISIMU, BOSHUKIIMMU B
Oonee mo3aHee BpeMsl.

B maBe 16 mnepeneuarbiBaetrcsi ctarbsi «CepeOpsHON Mylmd HET: CYIHOCTh M aKIUACHIUSA B
nporpaMMHON HWHXXeHepun», omybnukoBanHas IFIPS (Mexnaynaponnas ¢enepanus oOmecTB 1o
oOpaboTke unHpopManuu) B 1986 romy u sBUBIIASCA PE3yIbTaTOM OIbITa, MOJTYYEHHOTO MHOIO BO
BpeMsi PYKOBOJACTBA KCCJIEIOBAHUEM HCIIOJIb30BAHUS MPOTPAMMHOIO OOeCledeHUuss B BOCHHBIX
o0nacTsx, mpoBoauBIIerocs BoeHHbIM KOMUTETOM MO Hayke. MOM COaBTOPHI 10 3TOMY HUCCIIEIOBAHUIO,
a TaK’)K€ Halll UCTIOJHUTENbHBIN cexkpeTapb Podept JI. [larpuk, okazanu MHE HEOLIEHUMOE COIEHCTBUE
B MOEM BO3BPAIlCHMU K KPYINHBIM MPAKTHYECKUM MpOrpaMMHBIM TmpoekTaMm. Crarbs Obuia
nepenedarana B uzganuu IEEE “Computer” B 1987 romy, 61aromaps KOTOpOMY MOJIydHiIa IMHMPOKYIO
U3BECTHOCTb.

Crarbsi «CepeOpsiHOil mynu HeT» Obuta aep3kod. B Hell mpenpekanoch, 4TO B TEUEHHE
OnmuyKalIlero AECATHIETHS HE BO3HUKHET METOIOB MPOTPaMMUPOBAHUS, HCIOJIB30BAHUE KOTOPBIX
MO3BOJIUT Ha TMOPSAJOK BEJIMYMH IOBBICUTH MPOU3BOJUTEIBHOCTh pPa3pabOTKU MPOTPaMMHOTO
oOecrieueHusl MpU MPOYUX PaBHBIX YCIOBUAX. [0 KOHIIA TOTO NECATUIIETUS] OCTAJCA IO, U, MOXOXKeE,
Moe Tmnpeacka3zanue cObuioch. CrTaThsi BbI3Bajla Ooyiee OXHUBICHHYIO AMCKYCCHIO B I€YaTH, YeM
«Mupuueckuii 4enoBEeKO-MeCAI», MOITOMY B InmaBe 17 comepxarcsi OTBEThl Ha HEKOTOPBIE W3
OMyOJMKOBAHHBIX KPUTHUECKUX 3aMEUYaHUM, a TAaK)Ke YTOUHSIOTCS B3TJISAbI, N3TI0KeHHBIE B 1986 rony.

[Ipy MoAroTOBKE PETPOCIEKTUBHOIO aHAIN3a W YTOUHEHHS KHUTH «Muduueckuil yeroBeKo-
Mecsi g ObUT YIUBJICH T€M, KaK MaJio COACPKABIIMXCS B HEH 3as8BICHUN MOABEPIVIOCh KPUTUKE — KakK
U3 4YHClia IOKAa3aHHBIX, TAK U OMPOBEPTHYTHIX MOCIEAYIOIMM OIBITOM U HCCIEIOBAaHUSAMU B 00JacCTH
pa3paboTKu MNpPOrpaMMHOT0O obecriedeHus. MHe MOKa3aloCch MOJIE3HBIM CHUCTEMaru3upoBaTh 3THU
3asiBIICHHS] B YHCTOM BHUJE, 0€3 COMYTCTBYIOUMX JI0OKA3aTelbCTB U JAaHHBIX. S BKJIIOUWI B KHUTY 3TOT
O4YEpK B KauyeCTBE IIaBbl 18, HANEACh, YTO ITU YUCTHIE YTBEPKACHUS BBI3OBYT MOUCK apryMEHTOB U
(bakTOB IS TOKa3aTEIbCTBA, ONPOBEPKEHHU S, IEPECMOTPA UIH YTOUHEHHUS.

[maBa 19 coOCTBeHHO M TpeACTaBIAeT COOOW TMOMBITKY MEPECMOTPETh H3HAYAIbHbIC
yrBepkeHUsA. CleayeT npeaynpeauTh YATATElNsd, YTO W3JaracMble HOBBIE B3IISAIbI JAJEKO HE B TOH
Mepe MOAKPEIsIeHbl «O00EBbIM OMBITOM», KaK 3TO ObUIO B MEPBOW 4YacTW KHUTH. Jleao B TOM, 4TO B
nocJyenHee BpeMs s paboTall B YHUBEPCUTETCKOU cpefie, a HE B MPOMBIIUIEHHOCTH, U HaJl HEOOJIbIIMMH,
a He KpynHoMmacmraOHbIMU mnpoekTamu. C 1986 roma s 3aHMMAalOCh TOJBKO MPENOAaBaTENIbCKON
NEeSTENBHOCTBHIO B 00J1aCTU pa3pabOTKU MPOrpaMMHOTO OOECIeueHHUs], HO HE MCCJIEIOBAaHUSIMH B HEH.
Mos uccnenoBartenbckas paboTa O0oJbllie KacaeTcs BUPTYaJIbHBIX CPEJl U UX MPUMEHEHUM.

[Ipy moAroToBKE NaHHOW PETPOCIEKTUBBI s TOMHTEPECOBAJICS COBPEMEHHBIMU B3IISIaMU CBOUX
Npy3ei, KOTOpbIe MPAaKTUUYECKU 3aHUMAIOTCS pa3pab0TKOM mporpaMMHOro obecrnedenus. B uncno tex,
nepes KeM s B JOJTY 3a TOTOBHOCTD IOJIEIUTHCS CBOMMH B3IVISIIAMU, CAEJIATH MOJIE3HBIC 3aMEYaHUs K
NEepBOHAYAIBHOMY TEKCTY U YCOBEPILIEHCTBOBATh MOe 0oOpa3oBanue, Bxonar bappu bém (Barry Boehm),



Ken Bbpykc (Ken Brooks), Jux Ketic (Dick Case), Jxxeitmc Korruac (James Coggins), Tom Jlemapko
(Tom DeMarco), JI>xum Makkaptu (Jim McCarthy), JIaBun [lapuac (David Parnas), Opn

Yunep (Earl Wheeler) u Dasapn Mopnon (Edward Yordon). ®sit Yapn (Fay Ward) mpekpacHo
BBINOJHUJIA TEXHUYECKYIO pabOTy, CBSI3aHHYIO C U3/IaHUEM HOBBIX TJIaB.

S 6narogapen MouMm Kosuieram u3 ['pymmnsl mo mporpaMMHOMY 0O€CIIEUEHHUIO ISl BOCHHBIX 1LIeJIei
Boennoro komuteta mo Hayke [opaony bemny (Gordon Bell), Bprocy brrokeneny (Bruce Buchanan),
Puky Xeii3-Poty (Rick Hayes-Roth) u ocobenno JI»Buay [lapHacy — 3a uX MmJIOgOTBOpPHBIE UIEH, a
Pe6eke bupnu (Rebekah Bierly) — 3a moaroroBky k neuyaru cTarbu, ONyOJIMKOBAHHOM B TaHHOW KHUTE
B KadecTBe IaBbl 16. AHanu3 mpoOlieM MpOorpaMMHPOBAHUS B KAaTErOPHUSAX «CYIIHOCTb» (essence) u
«akuuneHuus» (accident) Bo3Hukio Omaromapst Houcu I['punByn bpykc, ucnonb3oBaBiieil Takoi
aHaliu3 B CTaThe 00 0OydyeHHH UTrpe Ha CKpUrnke metogoM Cy3yku.

Oo6bryan n3garenbceTBa Addison-Wesley He 1mo3BonIn MHE B IPEAUCIOBUH K u3ganuio 1975 roga
BBIPA3UTh OJIATOAPHOCTH €r0 COTPYIHUKAM 3a CBHIIPAHHYI0 MMM BaxHyI0 poisib. ClienyeT 0coOEHHO
OTMETUTh BKJIaJ JBYX uesoBek: Hopmana CrenTona (Norman Stenton), sIBISBILETOCS OTBETCTBEHHbBIM
penaktopoMm, u ['epbepra boysza (Herbert Boes), ObiBIIero XymoxecTBEHHBIM penakTopoM. boy3 cozman
U3SIIIHBIA CTUJIb, OCOO0 OTMEUEHHBIM OIHHUM W3 PELEH3EHTOB: «IIMPOKHE TMOJS U TBOPUECKOE
UCIIONb30BaHUE MPU(TOB MU KOMIOHOBKM Marepuaiay». UTo emie BakHee, OH Jall BaXKHBIA COBET
MOMECTUTh B Hauajie KaXKJOW IIaBbl CBOIO KapTUHKY. (B TO Bpemsi y MeHs ObUIM TOJBKO KapTUHKU
CMmonsnsix ssM u Peiimckoro co6opa.) UToObl HalTH BCce KAPTUHKU, MHE MOTPEOOBAJICS LEbIN IO/, HO 5
OecKOHEYHO 01aroapeH 3a CoBeT.

Soli Deo gloria — bory eaunomy ciasa!
F. P. B., Jr. Yanen Xumn, CeBepnasa Kaponuna Mapt 1995



[IpeauciioBue K NepBOMY U3TAHUIO

Bo MHOrMX OTHOLICHHSX YHOpaBlieHHE OOJBIIMM MPOEKTOM pPa3pabOTKU MPOrpaMMHOTO
oOecreueHus aHaJIOTUYHO JI000MY IpYroMy KpyIHOMY HauMHAHUIO — B OOJbIIEH Mepe, YeM OOBIYHO
CUMTAIOT MporpaMMUCThl. OTHAKO BO MHOTMX OTHOUICHUSIX UMEET OTJIMYUS — B OOJbILIEH Mepe, ueM
OOBIYHO MPEIoNaraT NpoheccuoHaATbHbIE MEHEKEPHI.

Nnaet nporiecc HakomIeHUs MpodecCcHoHanbHbIX 3HaHUN B 3TON 001acTu. COCTOSAI0CH HECKOIBKO
koH(epeHuit, 3acenannii Ha koHepeniusax AFIPS, ony0iankoBaHo Heckoiabko KHUT U craredl. Ho
3HAHUS elle He OPOPMUIIMCH B TOM BHUJE, KOTZAa UX MOXXHO CHUCTEMaTHYECKH U3JIOXKHUTh B yUeOHUKE.
Tem He MeHee, NpPEACTaBIACTCS YMECTHBIM IMPEUIOKUTh STy HEOOJBIIYI0O MO O0bEMY KHHUTY,
OTPAXKAIOLIYI0, B OCHOBHOM, MOU JIUYHBIE B3IJISIIBI.

Moe mnpodeccuoHanbHOE CTAHOBJICHHWE B BBIYUCIUTEIBHOM TEXHUKE IEPBOHAYAIBLHO OBLIO
CBSI3aHO C MPOTpaMMHpPOBAaHHEM, OAHAKO B mepuon 1956-1963 romos, korma pa3palarTbiBaINCh
ABTOHOMHBIC YIPABISAIOIIME MPOTrpaMMbl U SI3bIKM BBICOKOTO YPOBHS, S 3aHUMAJICSd, B OCHOBHOM,
apxuTeKTypoil koMmmbioTepoB. Korna B 1964 rony s cranm MeHepkepoM IpoekTa paspadborku Operating
System/360, To oOHapyXuja, 4TO MHpP MPOrPaMMHUPOBAHMS COBEPIICHHO H3MEHWJICS Onaroaaps
ycrexaM, TOCTUTHYTBIM 3a HECKOJIBKO TOCJIEAHUX JIET.

PykoBoacTBo paszpaborkoit OS/360 ObUIO OYEHB MOYYUTEIBHBIM, XOTS U IMOJHBIM PACCTPONCTB.
Komanze pazpaboTtunkoB, B ToM uncie cMenuBiiemy meHss @. M. Tpanuemty (F. M. Trapnell), MmoxHo
MHOTUM ropauTbcs. Cucrema COAEPKUT MHOIO OTJIMYHBIX pPEHIEHUH B KOHCTPYKIMU U
GYyHKIMOHUPOBAHUHU, W €W YJaJoCh MONYYUTh MIMPOKOE pacmnpocTpaHeHue. HekoTopele uaeu, B
NEPBYIO Ouepellb, OpraHu3allys BBO/IA/BbIBOJA, HE3aBUCHMAs OT YCTPOMCTB, U yIpaBICHUE BHEUIHUMHU
OuOIMOTeKaMM CTald TEXHUYECKMMU HOBHHKAMH, HBIHE LIMPOKO HcCIHoib3yeMbiMu. Ceiliyac sta
CUCTEMa BIIOJIHE HAJIE)KHA, TOCTATOYHO MTPOU3BOAUTENIbHA U BeChMa I'MOKa.

OnHaKo MPOEKT HEeJb3sl Ha3BaTh BIOJHE ycHemHbiM. Beskomy monb3oBarento OS/360 ObicTpo
CTAHOBUTCS SICHO, HACKOJIbKO Jydine Momia Obl ObITh cucTteMa. OmmOKd NPOEKTHUPOBAHUS U
peanu3anuy 0COOCHHO 3aMETHBI B YIPaBIAIOUICH MporpaMMe, a He B KOMIUJISATOPAx S3bIKOB. bosblas
Y4acTh ITUX MIPOCUETOB OTHOCUTCS K niepuoay 1964-65 rogos v moToMy J0JKHA ObITh OTHECEHA HAa MOM
cuet. bonee Toro, cucrema BbIILIA C 33ACPHKKOM, MOTpedoBaIa 0oJblIe MaMsATH, YeM MPEANoaraioch,
CTOMMOCTH pa3pab0TKU B HECKOJIBKO pa3 MPEeBbICHUIIA 3AIJIAHUPOBAHHYIO, U MEPBbIE HECKOIBKO BEPCHil
(GYHKIIMOHUPOBAJIA HE CIUIIKOM YIayHO.

[Tokunys B 1965 rony IBM u npuas B Usnen Xusui, Kak 3TO U MNPEANOJAraioch, s BO3MIABUII
pazpabotrky OS/360 u cranm aHanM3UpOBaTh OMNBIT ASTOM pa3pabOTKU, YTOOBI M3BIEYL YPOKH
TEXHOJIOTMYECKUX PELICHUN M aIMUHUCTPUPOBAaHMSA. B 4aCTHOCTH, s XOTEN MOHATH, MOYEMY CTOJIb
pa3IUYHBIM OKa3aycsl OMBIT aJMUHUCTPUPOBAHUS MpU pa3paboTke ammaparHoil yactu System/360, c

OHOW CTOPOHBIL, U CO3JaHUU omnepanroHHo cuctembl OS/360 — c apyroii. OTa KHUTA SIBISETCS
3a1mo34ajbIM OTBETOM Ha BOMPOCckl ToMa YOTCOHA OTHOCUTENBHO TPYIHOCTHU YIIPABICHUS pa3pabOTKOM
pOTpaMM.

B pewennu 3Toi 3ama4n g moJydus OOJBIIYIO MOJdB3Y OT JuuTenbHoro oduienus ¢ P. I1. Keilicom
(R. P. Case), nomommHukoM MeHekepa npoekta B 1964-65 ronax, u @. M. TpanHennom, MeHEIKEpOM
npoekTta B 1965-68 rogax. S oOcynun cBoM BBIBOABI C MEHEIKEPAMHU APYTrUX KPYMHBIX MTPOrPaMMHBIX
npoektoB, B ToM uncie ®. /. Kopbaro (F. J. Corbato) us MTU, JI>konom Xappom (John Harr) u B.
Bricorikum (V. Vyssotsky) n3 Bell Telephone Laboratories, Yapnszom [loptmanom (Charles Portman)
u3 International Computers Limited, A. II. EpmoBbiM u3 BeraucaurensHoro nentpa CulGupckoro
otnenenusa Axanemuu Hayk CCCP, a taxxke A. M. [IberpacanTta (A. M. Pietrasanta) u3 IBM.

CoOcTBeHHBIE MOHU BBIBOABI COACPKATCS B CICAYIOIIMX HUKE O4YepKax, MpeJHa3HAYCHHBIX



npodecCuoHaNbHBIM  MOPOrpaMMHUCTaM,  NPO(ECCHOHANBHBIM  MEHEeIKepaM U OCOOEHHO
npodeccuoHanbHBIM MEHEIKEepaM B IPOrpaMMUPOBAHUU.

XOTs KHUTA HamucaHa Kak OTJEJbHbIE OYEpPKH, y HEE €CTh LIEHTpalibHas TeMma, u3jaraeMas B
maBax 2-7. Bkparme Moe MHEHHE 3akjIlodaeTrcss B TOM, YTO TPYIHOCTH, HCHBITBIBAEMBIE IPH
yIpaBICHUU KPYNHBIMU MPOTPAMMHBIMU TPOEKTAMHU, HHOTO pPOAA, HEXEIW MPU YIPABICHHUU
HEOOJBIIMMH TMPOEKTAMHU, YTO CBSI3aHO C MpobOiieMamMu pas3fesieHHus Tpyaa. Sl cuuTaio Ba)KHEWIIen
3a/laueil COXpaHEHHE KOHIIENTYaJIbHOM I[€0CTHOCTU CamMoro mpoaykTa. B aTux miaBax oOCyxIaroTcs
TPYIHOCTH, BO3HHMKAIOIIME HAa MYTH K 3TOMY E€IMHCTBY, M CIOCOOBI MX mpeonosieHus. B rmmapax,
CIEIYIOIMX 3a HUMH, OOCYKIAIOTCS IpPyrue acleKThl YIpaBieHUs pPa3paboTKOl MporpaMMHOTO
obecrieueHusl.

Wmerotmasicss mo 3Toi TeMe JUTeparypa He CIUIIKOM Oorara, HO BecbMa pacibuieHa. [loaTomy s
nocTapajics BKJIIOUYUTH CCBHUIKM Ha JUTEparypy, KOTOpbIE MOMOTYT OCBETUTh OTJEJIbHBIC BOMPOCHI U
OTOUUTIOT 3aMHTEPECOBAHHOTO YUTATENs K JPYI'MM IOJIE3HBIM paboTraMm. Pykomuch KHUTH TPOYIIH
MHOTHE MOH JIpYy3bs, © HEKOTOpbIE M3 HUX CHEJald MPOCTPaHHBbIE U TOJIE3HbIe 3aMeuaHus. B Tex
Cllydasix, KOrja, HECMOTpPS Ha IIEHHOCTh, OHUM HE BIOJIHE BIUCHIBAIMCH B TEKCT, S BKJIOYAJI HX B
NpUMEYaHUS.

[TockonbKy 3Ta KHUTA MPEACTABIsIET COO0N COOPHUK OYEPKOB, & HE €UHBII TEKCT, BCE CCHUIKU U
pUMEUYaHUs BHIHECEHBI B KOHEII, M YATATEIIIO MPU EPBOM YTEHUU MOKHO UX MPOMYCTUTD.

S tmyboko mpusnareneH mucc Cape Dmuzabetr Myp (Sara Elizabeth Moore), muctepy /IsBuny
Barnepy (David Wagner) u muccuc Pebexkke beppuc (Rebecca Burris) 3a momonis B moaroroBke
JTAHHOW pyKomucH, a Takxke mpodeccopy Jxozedy Crnoyny (Joseph C. Sloane) 3a coBeTHl B OTHOIIICHUH
WJUTIOCTPALU .

F. P. B., Jr. Usnen Xunn, CeBepnas Kaponuna Oktsa6ps 1974



I'maBa 1 CmoJsiHAg sMa

Een Schip op bet strand is een baken in zee. (Kopabnv na menu —

MOPSIKY MAsiK.)
T'OJIVIAHIICKAA ITIOCJIOBHILIA
Camas spkasi clieHa JOMCTOPUYECKHX BpEMEH — OOpbOa OrPOMHBIX )KMBOTHBIX CO CMEPTHIO B

CMOJISIHBIX siMaxX. BooOpakeHuwe mnpeacTaBiseT AWHO3aBPOB, MaMOHTOB M ca0ie3yObIX THUIPOB,
NBITAIONIMXCS BBICBOOOIUTHCS M3 CMOJBL. UeM oTyasHHEW O0pb0Oa, TeM CHIIbHEE 3aTSATMBaeT CMOJA, U
KaK Obl HU OBLT CUJICH UJIM JIOBOK 3BE€Ph, B KOHEYHOM MTOTE €My YrOTOBaHa TMOeIb.

Taxoii cMosIHOM SIMOM B MOC/eIHEE AeCATUIETHE ObLIO MPOrpaMMUpOBaHUE OONBIIMX CUCTEM: B
HEW CTMHYI HE ONWH OOJNbIION M CUIbHBIN 3Bepb. [lo Oonblel 4acTu 3TO MPOMCXOAUIO B OONACTH
CUCTEM, [J€ Majo KOMY YAaJIOCh Pealiu30BaTh CHEHU(UKALUM, YIOKUTHCS B TrpaduK U OIOIKET.
bonpume m Mainble, MacCCUBHbIE M JKWJIMCThIE — OJHA 3a APYrOM ATH KOMAaHIbl YBA3JIM B CMOJIE.
Ka3zanoce, HUUTO B OTAEIBHOCTH HE BBI3BIBAET TPYAHOCTENW — OJHY JIAIly BCErAa MOXHO BhITalmTh. Ho
HAKOIUUICHUE JCHCTBYIOIIMX OAHOBPEMEHHO U B3aUMOBIHSIONMX (akTopoB Bce Oonee u Oonee
3aMeJIsIeT JBUXKEeHUE. BbI3bIBaeT yIuBICHUE HEMPUITHOCTh BOSHUKINEH MPOOIEMBl, U pacno3HaTh €€
CYIIHOCTH Heserko. Ho Hy>KHO 3To clienaTh, eciii Mbl coOMpaeMcst pemTh ee.

[IooToOMy HayHEM C OINpPENENEHHS TOTO, YTO TAKOE CUCTEMHOE NPOrPpaMMHUPOBAHUE, M KAKHE
pPaJOCTH U IE€Yajau OHO TauT.

Cucmemmblil NPOCPAMMHBLU NPOOYKM

BpeMs oT BpeMEHHM MOYKHO IPOYECTh B ra3eTe O TOM, KaKk B IEpeoOOPYIOBAaHHOM rapaxe mnapa
NPOTrPAMMUCTOB cJliefiajia 3aMeydarebHYyl0 MpPOrpaMMy, OCTaBUBIIYIO 103aad pa3pabOTKu OO0JbIIMX
KkoMaH. 1 Kaxplii IPOrpaMMUCT OXOTHO BEPUT B 3TH CKA3KH, MIOCKOJIbKY 3HAET, YTO MOKET CO3/aTh
T00yI0 TTPOTpaMMy CO CKOPOCTHIO, 3HAUUTENHHO TpeBbimatomeit Te 1000 onepatopoB B Toj, KOTOPEIE,
M0 COOOIICHUSM, TUUIYT IPOTPAMMHUCTHI B MPOMBIIUIEHHBIX OpUTaaax.

[louemy >xe 1m0 cux mop Bce MpodeccuoHadbHble Opuragbl MPOTPAMMHUCTOB HE 3aMEHEHBI
OJICP>KUMBIMH Iy>TaMU U3 rapaxeit? Hy>kHO mOCMOTpeTh Ha TO, 4YTO, COOCTBEHHO, TPOU3BOAUTCS.

B neBoMm BepxHem ymiy pucyHka 1.1 HaxogutTca nporpamma. OHa SBISETCS 3aBEPIIEHHBIM
IPOAYKTOM, IMPUTOJHBIM ISl 3allyCKa CBOMM aBTOPOM Ha CHCTEME, Ha KOTOpoi Obuta pazpaborana. B
rapaxxax OOBIYHO MPOM3BOIUTCS TAaKOH MPOMYKT, U ITO — TOT OOBEKT, MOCPEACTBOM KOTOPOTO
OTJEJIbHBIN IPOIPAMMUCT OLIEHUBAET CBOIO MMPOU3BOIUTENBHOCTD.

Ecth nBa cmoco0a, KOTOpPHIMU IPOTrpaMMy MOXKHO MPEBpAaTUTh B Oosee MOJEe3HbIH, HO U Oonee
Joporoit 00beKT. DTH J1Ba criocoba MpeACTaBICHBI IO KpasiM PUCYHKA.

[Ipy nepemenicHUM BHU3 4YEPE3 TOPU3OHTAIBHYIO TpPAHULY IporpaMma MpPEeBpAILIAETCA B
IPOTPAMMHBIN MPOAYKT. DTO MporpaMma, KOTOPYIO JIF0OOH 4YeIOBEK MOXKET 3alycKarb, TECTHPOBATh,
UCIIPABIIATh U pa3BuBaTh. OHAa MOXKET HCIOJb30BaThCS B PA3JIMYHBIX ONEPALMOHHBIX Cpelax M CO
MHOTMMHU HaOopaMu JaHHBIX. UTOObI cTarh OOMICYNOTPEOUTENbHBIM MPOrPAMMHBIM MPOLYKTOM,
nporpamMma JI0JbKHA ObITh HamucaHa B 00OOIIEHHOM cTuje. B yacTHocTH, nMama3oH U BUJ BXOAHBIX
JAHHBIX JIOJDKHBI OBITH HACTOJIBKO 00OOIEHHBIMU, HACKOJIBKO 3TO IOMYCKAETCs 0a30BbIM alrOPUTMOM.
3areM mporpaMmmy HYKHO TIIATEIbHO MPOTECTUPOBATH, YTOOBI OBITh YBEPEHHBIM B €€ HAJCKHOCTH.
JIns 3TOro HyXHO MHOArOTOBUTH JOCTAaTOYHOE KOJUYECTBO KOHTPOJIBHBIX NPUMEPOB ISl MPOBEPKU
JMana3oHa JOMYCTHUMBIX 3HAYEHUN BXOAHBIX JAHHBIX U OINPEIEICHHUs €ro TpaHull, oOpaboTarb 3TH
npuMepsl U 3adUKCUpOBaTh pe3ynbrarbl. Hakonen, pa3Butue mporpaMMbl B MPOTPAMMHBIN MPOIYKT
TpeOyeT co3maHus MOAPOOHON TOKYMEHTAIlUH, C TIOMOIIBI0 KOTOPOW KaXKJIblii MOT OBl MCIOJIb30BaTh
ee, JeNarb UCIPABICHHUS U PaCILUPATh. S MOJb3yOCh NPAKTUYECKUM IPABUIIOM, COITIACHO KOTOPOMY



IIPOIPAMMHBIM MPOAYKT CTOMUT, MO MEHBIIEH MeEpe, BTPOE NOPOXKE, YEeM MPOCTO OTJIAKECHHAS
nporpamMma ¢ Takoi ke (PyHKIIMOHAIbHOCTBIO.

A
A %3 MporpamMHBR
. KOMMNNEKS
Mporpamma
{MHTEpdeRchl,
CHMCTEMHAaRA
WHTErpauMa)
l X3
A
. A
MporpamMMHEin NROOYKT
CHUCTEMHBIA
(oBobWweHwe, .
NporpamMmMHLIR
TECTUROBaHWE, npoayKT
ACKYMEHTUROBAHKWE,
CONpPOBOHOEHUE)

Puc. 1.1 DBonronus CUCTEMHOTO MPOTPAMMHOI0 MPOAYKTA

[Ipy nepecedeHMHM  BEPTUKAIBHOM TIpPaHHMLBl IporpaMMa  CTAHOBUTCSA  KOMIIOHEHTOM
nporpaMmMHoro komruiekca. Ilocneanuit mpeacrasnser co6oit HaOOp B3aMMOACHCTBYIOIMX MPOTPaMM,
COIIACOBAaHHBIX MO (PYHKIUSAM U opMaraM, U BKYIE COCTABISAIOIMX MOJHOE CPEACTBO ISl PEIICHUS
Oonbpimx 3aaa4. YToObl CTaTh 4acThIO MPOrPAMMHOTO KOMILJIEKCA, CHHTAKCUC U CEMaHTHKa BBOAA U
BBIBOJIa TPOTPAMMBI JIOJDKHBI YIOBIETBOPSTH TOYHO oOmpeneiaeHHbIM uHTepdeiricam. I[Iporpamma
JOJKHA OBITh TaKXe€ CHPOEKTUPOBaHA TaKUM 00pa3oM, 4TOOBI MCIOJIb30BATh 3apaHee OTOBOPEHHBIIM
OIOKET pecypcoB — 00bEeM MaMsTH, YCTPOMCTBa BBOJA/BbIBOAA, IpolieccopHoe BpeMs. Hakowner,
IIPOrPaMMYy HYKHO HPOTECTHUPOBATH BMECTE C IIPOYAMHU CUCTEMHBIMM KOMIIOHEHTAMHM BO BCEX
COYETAHUSX, KOTOPbIE MOTYT BCTPETUTHCA. DTO TECTUPOBAHUE MOXKET OKa3aThCsl OOJBIIMM MO 00BEMY,
IIOCKOJIBKY KOJINYECTBO TECTUPYEMBIX CIIy4aeB PACTET IKCIOHEHIUAIBHO. OHO TaK)Ke 3aHUMAET MHOTO
BpEMEHHU, TaK KaK CKpBIThIE OINMOKM BBIABISIOTCS TMPU HEOXKUIAHHBIX B3aMMOJCHCTBHUSIX
OTJIAXKMBAEMBIX KOMIIOHEHTOB. KOMIIOHEHT IpOrpaMMHOIO KOMIUIEKCAa CTOWT, IO KpauHEHn Mepe,
BTPOE JIOPOXKE, YEM aBTOHOMHAs Mporpamma ¢ TeMu xe GyHKIusIMu. CTOUMOCTb MOXKET YBEJIUYUTHCA,
€CJIM B CUCTEME MHOI'0O KOMIIOHEHTOB.

B npaBom HumkHEM yniy pucyHka l.1 HaxomuTCs CHCTEMHBIM NPOrpaMMHBIA OPOAYKT. OT
OOBIYHOM TpPOrpaMMbl OH OTJIMYAETCS BO BCEX IMEPEUYUCICHHBIX BbIlE OTHOHIEHUsX. W crTowur,
COOTBETCTBEHHO, B JIeCATh pa3 nopoxke. Ho 3To AEHCTBUTENBHO MOJIE3HBIM OOBEKT, KOTOPHIN SABIISIETCA
LEJIbI0 OOJBIIMHCTBA CUCTEMHBIX MPOrPAMMHBIX TPOEKTOB.

Paoocmu npogheccuu

[loueMy 3aHMMAaTbCS NPOrPaAMMHPOBAHUEM HHTEpecHO? Kakumu pagocTsMHU BO3HArpa)xaaroTcCs
T€, KTO UM 3aHHUMAaeTCs?

Bo-niepBbiX, 3TO MPOCTO PajoCThb, MOJydaeMasl MpPU CO3JaHUM 4Yero-audo cBouMu pykamu. Kak
pebeHOK paayeTcs, nenas KYIMYMKH M3 MeCKa, TaK M B3POCIbIA MOJIy4aeT YIOBOJILCTBUE, CO3[aBas
Kakue-mu0o BEIM, OCOOEHHO €ClM caM UX M Impuaymai. Sl aQymaro, 4To 3TOT BOCTOPT — OTpa)KE€HUeE
BocTopra locmnona, TBOpAWIEr0 MHUpP, BOCTOpra, HMPOSBISAIOLICIOCS B WHAMBUIYAIBHOCTH U HOBU3HE
Ka)XJI0TO JIMCTOYKA U KAXKJAOU CHE)KUHKH.



Bo-BTOpBIX, 3TO yAOBOJBCTBUE CO3[aBaTh BEIIM, KOTOPhIE MOTYT OBITH MOJE3HBI APYTHUM JIOISM.
['myO6oko B Aylle MBI HCIBITHIBAEM MOTPEOHOCTH B TOM, YTOOBI APYrHME HCHOJB30BaIU PE3YIbTaThl
Halllero TPyJa U CYUTAIN UX MOJIE3HBIMU. B 3TOM OTHOIIEHMH MpOrpaMMHasi CUCTEMA 0 CBOEU CYTH
— TO K€, YTO U U3TOTOBJICHHas: peOCHKOM MOJICTaBKa I KapaHJallel «rare B MoAapoK».

B-TpeTbux, 3TO oOdapoBaHUE CO3[aHUS CIOKHBIX TOJOBOJIOMHBIX OOBEKTOB, COCTOSIIMX W3
B3aMMOJICHCTBYIOIIMX JBMKYIIMXCS YacTe M HaOmoAeHUs 3a HUX paboToH, Kpyr 3a Kpyrom
JNEMOHCTPHUPYIOIIEH pe3yIbTaThl H3HAUYAIBHO 3aJI0KEHHBIX MPUHIUIIOB. KoMmbioTep ¢ paboTtarorieii Ha
HEM MporpaMMoil o0iazaerT JAOBEJEHHBIM [0 BBICIIETO TMpeiesia O4apOBAaHUEM WIOPHOTO WIIU
MY3bIKaJIbHOTO aBTOMATA.

B-ueTBepThIX, 3TO pamoCTh, MOJydaeMas OT HEM3MEHHOIO y3HAaBaHUS HOBOTO, IPOUCTEKAIOIIETO
Y3 HEMMOBTOPUMOM MPUPOBI 3a1a4i. B TOM MM MHOM OTHOILIEHUH 3a7a4a BCET/Ia CTABUTCA I10-HOBOMY,
U TOT, KTO €€ pellaeT, MoJy4aeT HOBbIC 3HAaHUS — JIHOO0 MpaKTH4YeCcKue, MO0 TeopeTuyeckue, 11bo e
U Ipyrue BMECTE.

Haxkonen, HacnaxkJeHue I0OCTaBIseT padoTa cO CTONb MOAATINBBIM Marepuajiom. [Iporpammuct,
noJo0HO MOATY, pabOTaeT MOYTH HEMOCPEACTBEHHO C YMCTOW MBICIBI0. OH CTPOUT CBOM 3aMKH B
BO3/yXE€ U M3 BO3/yXa, TBOPS CHIION BooOpaxeHus. TpyaHO HaliTH Ipyroi marepua, UCIOIb3yeMbli B
TBOPUYECTBE, KOTOPBIA CTOJb K€ T'MOOK, MPOCT Jig IUIM(QOBKU WIH MEepepadOTKU U JOCTYNEH s
BOIUIOILIEHUS TPaHAMO3HBIX 3aMbICiOB. (Kak Mbl mo3nHee yBUAMM, Takas MOAATIMBOCTh TaUT CBOU
poOJIeMBlL.)

Opnako mporpamMMHasi KOHCTPYKLHUS, B OTJIMYUE OT MO3TUYECKUX TBOPEHUM, peallbHa, B TOM
CMBICIIC, YTO OHa JIBUXKETCS M pabOTaeT, MPOU3BOAS BUIMMBIE PE3yIbTaThl, KOTOPbIE OTIEIUMBI OT
caMoi KOHCTpyKIMU. OHa mevaraeTr pe3ylbrarbl, pUCYyeT KapTUHKH, MPOU3BOAUT 3BYKH, IPUBOIUT B
NBUKEHUE pblyard. B Hame BpeMsi ocymiecTBUiIOCh BonmeOcTBo mMuda u snereHnsl. C KiaBUATypbl
BBOJIUTCSI BEPHOE 3aKJIMHAHUE, U DKPAaH MOHUTOPA 0KMBAET, NTOKa3bIBasg TO, YErO HUKOTAA HE ObLIO U
HE MOTJIO OBITh.

Takum oOpa3zom, mporpaMMUpOBaHUE JOCTABIAET YAOBOJILCTBUE, TOCKOJIBKY OTBEUaET ITyOOKOMH
BHYTpPEHHEH NOTPeOHOCTH B TBOPUECTBE U YIOBJIECTBOPSET YYBCTBEHHbIE TOTPEOHOCTH, KOTOPHIE €CTh Y
BCEX HAC.

Ileuanu npogheccuu

He Bce, omHako, B pagoCTh, U €CIM NPEABUAETH NPUCYILIME dTOMY PEMECIYy OIOPYEHMS, TO OHH
Jierdye nepeHoCcaTCs.

Bo-nepBbix, HeoOxonuMa Oe3ommOoYHasi TOYHOCTh AEUCTBUI. B 3TOM OTHOLIEHHM KOMIBIOTED
TaK)kKe HarmoMuHaeT BojimeOcTBo. OOUMH HEBEpHBIM 3HAK, OHA Iay3a B 3aKJIMHAHUU, U 4YyIO HE
COCTOSUIOCH. YeJIOBEeKYy HECBOWCTBEHHO COBEPIICHCTBO, W OHO SIBISIETCS HEOOXOAMMBIM JIMIIb B
HEMHOTHUX cdepax ero IesaTeIbHOCTH. MHEe KaXKeTCs, YTO MPU OCBOCHUHM MPOrPaMMHUPOBAHUS TPYyIAHEE
BCETO MPUBBIKHYTH K TPEOOBAHUIO COBEPIICHCTRA.[ 1]

Kpome TOro, mocraHoBka 3ajay, oOecredeHUE pecypcamMu U MpeAocTaBlieHHe HHPOpMAIUU
OCYILECTBIISIETCS APYTUMHU JIFOAbMHU. PEKO ynaeTcsi KOHTPOJIMPOBATH YCIOBUS PaOOTHI U 1aKe €€ LIEIH.
Ha s13bIke aAMUHHCTPUPOBAHUSA 3TO O3HAYAET, YTO MOJHOMOUHMS HHMXKE OTBETCTBEHHOCTHU. Bmpouewm,
MOXO0Ke, YTO B JII0OOU paboTe, I/1e AOKEH OBITh MOJY4YeH pe3ylnbTar, (opMalibHasi BIACTh HUKOTA He
cou3MeprMa ¢ OTBETCTBEHHOCThIO0. Ha mpakTuke ¢akTudeckas (B MpOTUBOMOIOKHOCTH (OPMaTIbHOM)
BJIACTh MPHOOPETACTCS B pe3y/bTaTe YCIEIIHOTO BHITOJIHEHUS 3a/1a4.

3aBUCHUMOCTD OT JIPYTUX UMEET OCOOCHHO HENPUATHYIO CHCTEMHOMY IPOIPAMMHUCTY CTOPOHY. OH
HaxXOQUTCS B 3aBUCUMOCTH OT IPOTPaMM, HaITMCAHHBIX IPYTUMH JIFOIbBMH, U 3TH IPOTPAMMBbI 3a4aCTYIO
IJIOXO0 CHPOEKTUPOBAHbI, CIa00 HAIMKCAHBI, MOJYYEHbI B HEMOJHOM BHUAE (0€3 MCXOMHOIO TEKCTa U
KOHTPOJIBHBIX IPUMEPOB) U ILIOXO JOKYMEHTHPOBaHbL 1103TOMY mporpaMMucCTy NPUXOAUTCS TPATUTH
MHOTHE 4achl Ha M3y4€HHWE U HCIPABICHHUE BEICH, KOTOphIC, B HJeajie, JOKHBI ObITh MOJIHBIMH,



JTOCTYITHBIMH ¥ TOJHBIMU K MCITOJIb30BaHUIO.

Cnenyronmii «MUHYC» CBsI3aH C TeM, pa3paboTKa TPaHAUO3HBIX UJEH — 3TO YIAOBOJLCTBHE, a
MOMCK TMapIIMBBIX MaJICHBKHUX <GKYIKOB» — 3TO BCEro JHIIbL padota. B KaxkaoM TBopueckoM jeie
OBIBAIOT Y)KaCHBIC TEPHOABI OAHOOOPA3HOTO M KPOIMOTIHUBOTO TPyda, W MPOTPAMMHUPOBAHUE HE
SBIIACTCS UCKJITFOYCHUEM.

Jlanee okaspiBaeTCs, YTO MPH OTJIAJKE MPOTPaMMbI CXOAUMOCTH SIBIISCTCS JUHEHHOM, eclii He
Xy)K€, XOTSI MOKHO OBLIO TMpe/rnoiarath HEKOe KBaapaTUYHOE MPUOIMKEHNE K OKOHYaHHWI0. B mTore
OTJIaJIKa MPOIOJDKACTCS JIOJIT0, TPUYEM Ha IMOUCK MOCIETHUX 00JIee CI0KHBIX OMMOOK YXOAUT OOJIbIIe
BPEMEHH, YeM Ha OTHICKaHUE MEPBBIX.

[locnennsisi ropectb, a 4acTO W MOCIHETHSS Karuis, — TO, YTO TPOAYKT, Ha KOTOPBIA OBLIO
MOJIOKEHO CTOJBKO TPYyJa, OKa3bIBA€TCS YCTAPEBIIMM B MOMEHT €T0 3aBepIeHHs (MIJIH JaKe PaHbIIE).
Konnern u KOHKYpEHTBHI yXKe€ ¢ MbIJIOM pabOTarOT HaJ HOBBIMH M JY4YIIMMHU HAcsIMU. M yHUUTOXEHUE
TJI0/1a Balllelt MBICITH Y€ HE TOJIBKO 3ayMaHO, HO 1 3aIlJIAHUPOBAHO.

Ha camoMm nene mosiokeHue OOBIYHO JIydille, YeM KakeTcs. B To BpeMs Kak Balll MPOAYKT yXKe
3aBEpIICH, dTOT HOBBIA U JIYYIIMI MPOAYKT, KaK MPAaBUIO, OTCYTCTBYeT HA PHIHKE, O HEM JIUIIL MHOTO
Pa3roBOPOB, U IS €T0 pa3pabOTKH MOTPeOytoTCsa MecsIbl. HacTosmmii Turp He mapa OyMa)KHOMY, €CIIH
TpebyeTcs peallbHOe UCTI0JIb30BaHKE. PeabHOoe CylliecTBOBAaHNE UMEET MPEUMYIIECTRA.

KonewyHo, TexHoJorMYecKass OCHOBa pa3pabOTKU Bcerna pa3BuBaeTca. Kak Tonpko paspaboTka
MPOEKTa 3aKOHYECHA, OH CTAHOBUTCS YCTAapEBIIMM B CMBICIIC 3aJI0KECHHBIX B HEM KoHmenuuii. Ho mis
OCYIIIECTBIICHHSI PEabHOTO MPOEKTa HeoOXomumo pa30ueHue Ha cTaauu U ypoBHHU. CymuTh O TOM,
SBIIACTCS JTW HEKas pealn3anus ycTapeBIleid, MOKHO JIUIIb CPAaBHUBAS €€ C APYTUMH CYILIECTBYIOIIMU
peanu3ainusIMu, a He ¢ HepeaIn30BaHHBIMHU HCSIMH. TPYIHOCTH U 1I€JIb COCTOAT B TOM, YTOOBI HAUTH
peanbHbIC PEIICHUS VIS peaIbHBIX 3a7a4 B YCTAHOBJICHHBIE CPOKU, UCTIOJIB3YS UMEIOIINECS PECYPCHI.

TakoBo mporpamMMupoBaHWE — M CMOJSHAs sSMa, B KOTOPOW YBS3JIM MHOTHUE MPOCKTHI, U
TBOPYECTBO CO CBOMMH PAIOCTAMH W medansiMu. J[JIT MHOTHX pagoCTH 3HA4YaT ropasno OoJIblle, YeM
neyanu. [l HUX U HalrMcaHa 3Ta KHUTA B MOMBITKE MPOJIOKUTh KaKHe-TO MOCTKHU Yepe3 3TO 00JIOTO.



['1aBa 2 10T MUPUIECKUH «YeJI0BEKO-MeCHI»

Umobwvl npucomosums 6KycHyl0 nuugy, mpebdyemcs epems. Eciu eam
NPUULTIOCH HCOAMb, MO UL NOMOMY, YMO Mbl XOMUM JIyduie 00CTYHCUMD

8ac u 0ocmagums 8am y00801bCMBUE.
MEHIO PECTOPAHA «AHTYAH» B HbFO-OPJIEAHE

[IporpaMMHBIE TPOEKTHI Yallle MPOBAIUBAIOTCA M3-3a2 HEXBAaTKU KAJICHJAPHOIO BPEMEHH, YEM 10
BCEM OCTAJIbHBIM IIPUYMHAM BMeCTE B34ThIM. [louemy 3Ta mpuunHa Heynad CTOIb pacupocTpaHeHa?

Bo-nepBbix, c1ab0 pa3BUTHI HAIIM METOABI OLICHOK. B CyIHOCTH, OHM OTpa)kKarOT MOJYAIUBOE U
COBEPUICHHO HEBEPHOE MPEIOIOKEHUE, YTO Bce OyAET UATH XOPOLIO.

Bo-BTOpBIX, HalllM METOABI OLEHKH OIIMOOYHO MYTAIOT JOCTUTHYTBHIA MPOTPECC ¢ 3aTPaYeHHBIMU
YCHJIMSIMH, HESIBHO JOIYCKasi, YTO CKOPOCTHb BBIIOJIHEHHS MPOEKTA IMPOMNOPIUOHAIBHA KOJIUYECTBY
3aHATBIX B HEM COTPYIHUKOB.

B-TpeTbux, MOCKOJBKY MEHEIKEPBI IPOrPaMMHBIX MPOEKTOB HE YBEPEHBI B CBOMX OLIEHKAaX, UM
4acTO HEJIOCTAET BEXKIIMBOIO YIIPSMCTBA, KaK y med-moBapa pectopaHa «AHTyaH».

B-ueTBepThiX, BhIMONHEHUE Tpaduka padoT cnabo KOHTpoJaupyeTcs. TumoBbie onmpoOOBaHHBIE B
OPYTUX WHXXEHEPHBIX [UCIUILUIMHAX METOAbl CUUTAKTCS paJuKalbHbBIMU HOBOBBEIACHUSMU IIPU
pa3paboTKe MPOrpaMMHOTO 00eCTICUEHUSI.

B-niateix, npu oOHAapyXKE€HUHM OTCTaBaHMS OT rpadrKa €CTECTBEHHOW M OOUICTIPUHATON peakuueit
SBIISICTCSA YBEJIMYECHHE YHcla pa3pabOTYMKOB. DTO BCE PABHO, UTO TYIMTh IUiaMs OeH3MHOM. B
pe3ynbTare Jenaa UAYT 3HAYUTENbHO Xyke. Uem cuibHee mjams, TeM OoJiblie HY)KHO OCH3WHA, U B
UTOTEe 3TOT IyTh IPUBOJAUT K KaTtacTpode.

Kontponb BeimosiHeHus rpaduxa OyaeT npeaMeroM OTIeiabHOro pasroopa. Paccmorpum Gomee
noApOOHO OCTAIbHBIE ACIIEKTHI TPOOIEMBI.

Onmumusm

Bce nmporpamMMuCThl — ONTUMHUCTBL. B03M0XHO, 3Ta COBpeMEHHAasi pa3HOBUIHOCTh KOJJOBCTBA
OCOOCHHO TMpHUBJIEKAaTeIbHA IS T€X, KTO BEPUT B X3MMU-3HABI U A00pbIX (eil. BozmoxkHO, coTHH
HeyJay OTTAJIKMBAIOT BCEX, KPOME TE€X, KTO MPUBBIK COCPEIOTOUNBATHCSA HA KOHEUHOM LIENIH. A MOXKET
OBITh, JIEJI0 BCETO JIUIIb B TOM, YTO KOMIIBIOTEPHI U MPOTPAMMUCTBI MOJIOJIbI, @ MOJIOAOCTH CBOMCTBEH
ontumusM. Kak Ob1 To HU ObUTO, B pe3ynsrare oaHo: «Ha 3ToT pa3 ona Touno moitaer!» Wnm : «5
TOJIBKO YTO BBISIBIJI MOCIIETHIOK OMMOKY!»

Htak, B OCHOBE MJIAHUPOBAHUS Pa3pabOTKHU MPOTrpaMM JICKHUT JIO)KHOE JTOMYIIEHUE, YTO BCe OyaeT
XOpOLIO, T.€. KaXkJ1as 3a7a4a 3aliMeT CTOJIbKO BPEMEHU, CKOJIBKO «JIOJXKHA» 3aHSTh.

['1yOokuif ONTUMU3M NPOrPAMMUCTOB 3aciyXUBaeT 0oJiee cepbe3Horo nsydenus. JJoporu Caiiepc
(Dorothy Cayers) B cBoeil mpeBocxonnoii kuure «Pasym tBopua» (“The Mind of the Maker”) Bbinensiet
B TBOPUYECKOW JIEATEIIBHOCTH TPU CTAJUU: 3aMbICE]l, peain3aluio, B3auMmozaeiicteue. CoOTBETCTBEHHO,
KHUTa, KOMIIBIOTEP WJIM MPOrpaMMa CHadyana BO3HUKAIOT KaK MAEATbHOE MOCTPOCHUE, CYIIECTBYIOIEE
HE BO BPEMEHU U MPOCTPAHCTBE, a JIMIIb B MO3Ty CBOETO co3iareiia. Peanus3anus ke BO BpEMEHU U
INPOCTPAHCTBE MPOUCXOOUT C MOMOIIBIO Tepa, YepHWJ, Oymaru, JuOO — MPOBOAOB, KPEMHHUS U
deppura. TBopeHue Oyner 3aBepIIeHO, KOTJa KTO-IM00 MPOYTET KHUTY, BOCIOIB3YETCSI KOMIBIOTEPOM
WJIY 3allyCTUT IPOrpaMMy, TEM CaMbIM BCTYIHMB BO B3aUMOJCICTBHUE C pa3yMOM MX CO3/1aTEIA.

OT1o onucanue ucnosb3zyemoe Caliepc s OCBELICHUS HE TOJBKO TBOPYECKOM AESATEIBHOCTH
YEeJI0BEKAa, HO M XPUCTHUAHCKOrO jaormara Tpowuipbl, MOMOXET HaM B HalleW TeKymew 3amade. s
YeJI0BEKa, KOTOPBIA YTO-TO CO3JAET, HEMOJHOTA U MPOTHUBOPEUNBOCTh UAEH BBIABISIOTCS TOJIBKO MPHU
ux peanuszanuu. I[losToMy Ui TeopeTwka U3JIOKEHHME Ha Oymare, SKCIEPUMEHTHUPOBAHHUE,



U3TOTOBJIEHUE SIBISIETCS HEOTHEMJIEMBIMU YaCTAMM TBOPUYECKOIO MpoLecca.

Bo MHOrMX Bujgax TBOPUYECKON JAEATEIBHOCTh Marepuaj ¢ TPyAoM noanaercsa odpabotke. [epeBo
KOJIETCSI, KPACKH MAYKAIOTCS, AJICKTPUUECKHUE LIETH «3BEHAT». JTU (PU3HUYECKHUE OTPAHUYCHUS CY)KAIOT
Kpyr HJeW, KOTOpble MOTYT OBITh BBIP@XKEHBI, @ TAKXKE CO3/Ial0T HEOXKUJAHHBIE TPYIHOCTU MPHU
peanu3anui.

Peanuzanus, Takum oOpazoM, TpeOyeT CUl U BpEMEHH KaK M3-3a (PU3MYECKOro Marepuana, TaK
BBHU/Iy HEA/IEKBaTHOCTH OCHOBOIOJIAralONMX uaei. bomblilyo yacTh 3aTpyIHEHUN NpU peain3alui Mbl
CKJIOHHBI OOBSCHATH HENOCTaTkaMH (PU3MYECKOr0 Marepuasia, MOCKOJbKY OH «UYXKI» HaM — B
OTJIMYUE OT UJIeH, KOTOPBIMU MBI TOPIUMCSI.

[Ipu co3manum xe mporpaMM MbI HMMEEM Jel0 C Ype3MEpPHO MOAATIMBBIM MaTepUalioM.
[IporpaMMUCT OCYIIECTBISET CBOM MOCTPOCHHS HA OCHOBE YHCTOTO MBIIUICHUS — MOHSATUN U OYEHb
ruOkux ux npenacrasieHui. [lockonpky Marepuan CTOJIb MOAATINB, Mbl HE OXKHUJAEM TPYIHOCTEH mpu
peanu3ainuu, OTCIOa W Haml TIyOOKWi onTuMmu3M. M3-3a OommMOOYHOCTH HAIMX UJAEH BO3HUKAIOT
ommOKkH B mporpaMmmax. CienoBaTeabHO, HAIll ONTUMU3M HE UMEET ONPaBIAHUS.

Jns ortnenpHOM 3ajauM JAOMYIIEHHE, 4TO Bce Oyle XOpoIlo, OKa3blBaeT Ha rpaduk padot
BEPOATHOCTHBIN 3 ¢dekT. Bce MoxeT AeHCTBUTENHbHO MATH MO IJIAHY, MOCKOJBKY €CTh HEKOTOpOE
pacrpeeeHUue BEPOSITHOCTH i1 BO3MOXHOM 3aJI€PKKH U CYIIECTBYET KOHEYHAsi BEPOSATHOCTh TOTO,
4TO 3a/epKKH He OyreT. OqHako O0NbIION MPOrpaMMHBIN TPOEKT COCTOUT M3 MHOXKECTBA 3ajad, 4acThb
U3 KOTOPBIX MOXKET OBITh Ha4yaTa TOJIHKO MOCJe OKOHYAHUS IpYrux. BeposTHOCTH TOTO, 4TO BCe 3aa4u
OyIlyT 3aBepIICHbI B CPOK, OECKOHEYHO MaJIa.

Yenosexo-mecsy

Bropas oumbka pacCyKIEHHI 3aKIO4€Ha B CAMOM €IMHUIIE U3MEPEHUS, UCIOJIb3YEMON IpHU
OLICHMBAaHUM M IUIAHUPOBAHUU: ueNoBeKo-Mecsl. CTOMMOCTh AEUCTBUTEIBHO H3MEpSETCA Kak
MPOU3BEJICHUS YMCIIa 3aHIATHIX Ha KOJIMYECTBO 3aTPAaueHHBIX MecsleB. Ho He TOCTUTHYTBIN pe3y/bTar.
[TosTOMy wHCHONIB30BaHME YEJIOBEKO-MECAlla KaK EAMHUIBI H3MEpeHHs oO0bemMa paboThl SIBISETCS
OTIACHBIM 3a0JTyXKICHUEM.

T E @mo

UMCcno 3aHATEX

Puc. 2.1 3aBUCHMOCTb BpEMEHU OT YHUCJIa 3aHATHIX — IMOJHOCTBIO pa3jieiumasi 3aj1aua

Yucno 3aHATBIX M YHUCIO MECSIEB SBISAIOTCS B3aMMO3AMEHSIEMBIMU BEJIMYMHAMHU JULIb TOTAA,
KOTZa 3a/a4y MOKHO pachpeieiuTb Cpeiu psijia pabOTHUKOB, KOTOpPhIE HE HMMEIOT MEXAy COO0Oi
B3auMOCBs3U (puc. 2.1). DTo BepHO, KOTna >KHYT MIICHUIY HJIM COOMPAIOT XJIOMOK, HO B CUCTEMHOM
IPOTPaMMUPOBAHUH 3TO JAJIEKO HE TaK.
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LMEno aaHATLIX
Puc. 2.2 3aBUCUMOCTb BpEMEHU OT YHMCJIAa 3aHAThIX — HEpa3aeanuMas 3ajada

Ecniu 3amauy Henb3s pa3OMTh Ha 4YacTH, TIOCKOJBKY CYIIECTBYIOT OrpaHUYEHUs Ha
MOCJIEIOBATENIbHOCTD BBIMOJHEHUS 3TANOB, TO YBEJIUYCHUE 3aTpaT HE OKAa3bIBACT BIMSHUS Ha rpaduk
(puc. 2.2). UtoObI ponuTh pedeHka TpedyeTcs IEBITh MECALIEB HE3aBUCUMO OT TOTO, CKOJIBKO >KEHIIMH
IPUBJICYEHO K PEUICHUIO NaHHOM 3adauyu. MHorue 3ajayu NMpOrpaMMHUPOBAHUS OTHOCATCS K HTOMY
THIY, TOCKOJBKY OTJIaJIKa [0 CBOEH CYTH HOCHUT IOCIE0BATEIbHBIN XapaKTep.
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Hucno saHATLIX

Puc. 2.3 3aBUCUMOCTh BpEMEHHM OT YHMCJa 3aHATBIX — pazfenumas 3ajada, TpeOyrolas oOMeHa
JTaHHBIMU

Jns 3agad, KOTOpble MOTYT OBITh pa3OMTHI HA YacTH, HO TPeOyloT OOMEHa JaHHBIMH MEXIy
noj3ajgadyaMu, 3arparbl Ha OOMEH JaHHBIMH JIOJDKHBI OBITH J0OaBleHBl K OOIeMy o00bemMy
HeoOxonmuMbIX paboT. [loaToMy AOCTHKMMBIA HAWTY4IIMH PE3yIbTaT OKa3bIBAETCS HECKOJBKO XyXKe,
YeM MPOCTOE COOTBETCTBUE YMCIIA 3aHSTHIX U KOJIMYECTBA MecsIEeB (puc. 2.3).

JlononHuTeNbHAsT Harpy3ka COCTOUT U3 ABYX YacTeil — o0ydeHus u ooOMeHa gaHHbIMH. Kaxmoro
pabOTHHUKA HY)KHO OOY4YHTH TEXHOJIOTHH, IEJsIM MPOEKTa, OOILIel cTpaTeruu M IjaHy padboThl. DTO
oOyueHHE HeNb3s pPa30UTh Ha YaCTH, MOITOMY JaHHAas 4YacThb 3arpar W3MEHSETCS JIMHEWHO B
3aBHCUMOCTH OT YMCIIA 3aHSTHIX.
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Uucno 3aHAThIX

Puc. 2.4 3aBUCUMOCTb BpeMEHHU OT YMCJIa 3aHATHIX — 3a/1a4a CO CJII0KHBIMH B3aUMOCBSI3SIMU

C oOMeHOM HaHHBIMU JIeJ0 00CTOUT Xyxe. Ecnu Bce yacTu 3aaHusi AOKHBI OBITH OTAEIBHO
CKOOPJIMHHUPOBAHBI MEXOy CO00#, TO 3arparbl Bo3pacTalT Kak n(n-2)/2. [ns Tpex paOOTHUKOB
TpeOyeTcs BTpoe OoJbllie MOMAPHOrO OOILIEHMS, YeM IJs ABYX, JJIA 4YeThlpex — Biuectepo. Ecnu
MOMHUMO 3TOrO BO3HHMKAe€T HEOOXOJMMOCTh B COBEIIAHUAX TPEX, YEThIpEX U T.A. PAaOOTHUKOB IS
COBMECTHOTO pelIeHUsI BOMPOCOB, MOJIOKEHUE CTAHOBUTCA €Ille XyXe. JloMmoJHUTEeNbHbIe 3aTparbl Ha
OOMEH JaHHBIMU MOTYT MOJIHOCTHIO 00ECIIEHUTDH Pe3yNbTar APOOJCHUS UCXOAHOM 3a1a4i U MPUBECTU
K TIOJIOKEHUIO, ONTUCHIBAEMOMY PUCYHKOM 2.4.

[TockonbKy cO34aHHE TMPOTPAMMHOIO MPOAYKTa SIBISETCS MO CYTHM CHUCTEMHBIM MPOEKTOM —
NPAKTUKOM CJIOXKHBIX B3aMMOCBS3€H, 3arparbl Ha OOMEH JaHHBIMH BEIUKU U OBICTPO HAYMHAIOT
npeo0iaaaTh HaJl COKpPAIICHHMEM CPOKOB, JOCTUTaEeMbIM B pe3yiabrare pa3OueHus 3aaauu Ha Oosee
MEJIKHE Mo/3ajaud. B 3TOM ciydae mpHUBI€UEHHE JOMOJHUTEIbHBIX PAaOOTHHUKOB HE COKpalaeT, a
yIUIHHSET Tpaduk padorT.

Cucmemnoe mecmupoganue

N3 Bcex nnemeHTOB rpaduka paboT HamOOJIbIIEMYy BO3JECHCTBUIO CO CTOPOHBI OrpPaHUYCHHUM Ha
MOCJIEIOBAaTENIbHOCTh BBIOJHEHUS JACUCTBUN MOIABEP>KEHBI OTJIaJKa KOMIIOHEHTOB U CHUCTEMHOE
TectupoBanue. Kpome Toro, 3aTparsl BpeMEHHU 3aBUCAT OT KOJIMUECTBA BBIIBICHHBIX OIIMOOK U OT TOTO,
HACKOJIBKO OHU «CKpPBIThIE». TeopeTHuecKu, OMMOOK ObITh HE JOJKHO. M3-3a CBOETO ONTHUMU3MA MBI
OOBIYHO  CKJIOHHBI ~ HEJOOLIEHUBAaThb JIEUCTBUTENbHOE KonuuecTBO  ommbok. [loaTomy B
IPOrPaMMHUPOBAHUU MPUIEPKUBATHCS TPAUKOB pabOT OOBIYHO TPYAHEE BCErO MPH OTIAJIKE.

B Teuenue psaa net mpu IUIAHUPOBAHUM Pa3pabOTKH MPOrpaMMHOTO OOECreYeHUs s MOJb3YIOCh
CJIEIYIOIIMM IMIIUPUYECKUM MPABUIIOM:

1/3 — nnanupoBaHue,

1/6 — HanucaHue Mporpamm,

1/4 — TtecTupoBaHHEe KOMIIOHEHTOB U IIPEIBAPUTEILHOE CUCTEMHOE TECTUPOBAHUE,

1/4 — cucteMHOE TECTUPOBAHUE IPU HAIMYUH BCEX KOMITOHEHTOB.

OTO0 MpaBUIIO UMEET HECKOJIBKO BAXKHBIX PA3INUHIl C OOMIETPUHATHIM IIAHUPOBAHUEM:

1. Ha nnanupoBanue orBoautcs Ooubliie BpeMeHH, 4eM 00bIYHO. M BCce paBHO 3TOro BpeMEeHHU €]1Ba
JOCTATOYHO 7Sl Pa3pabOTKU MOAPOOHBIX U HAACKHBIX TEXHUYECKUX YCIOBUH W HEIOCTATOYHO IS
MPOBEJICHUSI UCCIIEIOBATEIBCKUX PA0OT UM MOMCKA HOBEHUIIIMX TEXHOJIOTHUMA.

2. TIlonoBuHa rpadguka padboT, OTBEJCHHAA HAa OTJIAJKy 3aKOHUEHHOTO KOJa, 3HAYUTEIHHO BHIIIE
HOPMBIL.

3. Ta yacTb, KOTOPYIO JETKO OLIEHUTh, T.€. HAIMCAaHHUE KOJIa, 3aHMMAET BCEro OIHY ILIECTYIO
OOIIIero BpeMeHHU.



N3yuas mpoexThl, rpa@uK KOTOPHIX ObUT COCTaBICH TPAAULIMOHHBIM 00pa3oM, s OOHAPYKUII, UTO
HEMHOTHE U3 HHUX OTBOAMIM MO TpaduKy MOJOBUHY BPEMEHHM Ha OTJAJIKy, HO Ha MpPaKTHKE B
OONBIIMHCTBE CIy4aeB TPATUIM Ha HEE TMOJOBHUHY (HAKTUUECKOTO BpeMeHU. MHOrue MpOeKThl
YKJIaJIbIBAJIMCh B Ipa)MK HA BCEX dTanax, HCKIoUas CHCTEMHOE TeCTUpOBaHue.[2]

Oco0eHHOo KaracTpouuecKue MmocaeACTBUS MOKET UMETh HEAOCTATOK BPEMEHH ISl CUCTEMHOTO
tecTupoBaHud. [1oCKONbKY 3a/1epKKa IPOUCXOAUT B KOHEYHOM YacTH rpaduka, HUIKTO HE TOA03PEBAET
O TOM, 4TO TpadUK HAXOOUTCA MOJ Yrpo30i CpbIBa BILIOTH O AHS caayu mponykta. [lnoxue Bectu,
MOJIy4YE€HHbIE TTO3HO U 0€3 MpeaynpekIeHHs, 00eCKypaKMBaIOT KJIMEHTOB U MEHEIKEPOB.

bonee Toro, 3agepkka Ha O3TOM JTame HMMEET OCOOCHHO TsDKENble MarepualibHble U
MICUXOJIOTHYECKHE TocaeACTBUA. [IpOeKT ocylecTBAsSETCS MPU MOJTHOU

YKOMILJIEKTOBAHHOCTH PAa0OTHUKAMH W MaKCUMAaJIbHBIX (DMHAHCOBBIX M3NepkKax. YTo BaxHee,
nporpaMMHoOe oOecriedeHue JA0KHO 00eCeuuTh MOAIEPKKY APYroi AeI0OBOM aKTUBHOCTHU (MIOCTaBKU
KOMIIBIOTEPOB, 3aIllyCKa HOBBIX MPOU3BOACTBEHHBIX MOIIMHOCTEN M T.NI.), U CBSI3aHHBIE C 3aJCPKKOU
BTOPUYHBIE U3JIEP)KKU OYE€Hb BBICOKHU. Ha mMpakTHke 3TU BTOPUYHBIE U3JEPKKU MOTYT OBITh BBIILIE, YEM
Bce npoune. [lo3ToMy oueHb BaXKHO B M3HAYAJILHOM rpaduke paboT OTBECTH JOCTATOYHO BPEMEHU IS
CUCTEMHOI'O TECTUPOBAHUSL.

Pobocmw 6 oyenkax

Jlns mporpaMmmucra, Kak U I [0Bapa, JABICHHE CO CTOPOHBI XO3fMHA MOXET OIpPEIEATh
3aIIaHUPOBAHHBIN CPOK 3aBEpUICHUs 3a7add, HO HE MOXKET OMNpEAeNATh BpeMs ee (PaKTHUuecKOoro
3aBepiieHus. OMiieT, oOCAHHbBIN Yepe3 IBe MUHYThI, MOXKET YCHEUIHO >KapUThCs, HO €CJIU Yepe3 JIBe
MHHYTBI OH HE T'OTOB, TO y KJIMEHTA €CTh JIBE€ BO3MOXHOCTHU: KJATh €IIE WA ChECTh €r0 ChIpbIM. ToT
K€ BBIOOP BCTAET U Mepe] 3aKa3dyMKOM MPOTPaMMHOT0 00ecTieYeHUsI.

VY moBapa ecTh elle 0lHa BO3MOXKHOCTh: J0OABUTH Xkapy. B pe3ynbrare oMieT yacTo oka3blBaeTCs
0e3HaIe)KHO UCTIOPUYEHHBIM: TOPEJIBIM C OJJHOTO Kpasi U ChIPhIM — C JPYroro.

S He nymaro, 4TO y MEHEKEPOB MPOTPAMMHBIX MTPOAYKTOB MEHbBIIE XpaOpOCTH WM TBEPAOCTH,
YeM y MOBApOB WM IPYTUX MEHEKEPOB B MHKEHEPHBIX 00nacTax. Ho numnoBkie rpaduku, HalleIeHHbIE
Ha JKENaTeJIbHYI0 XO35SMHY Jary, BCTPEYAIOTCS 3/1eCh 3HAYMTEIBHO 4Yalle, YeM B JIOOBIX APYrHX
MHXKEHEPHBIX o0nacTsax. OueHb TsHKeNo, PUCKYS MOTEPATh pabouee MECTO, C DHEPTUel U JTH0OE3HOCTHIO
OTCTanBaTh CPOK, KOTOPBIN ompeneseH 0e3 MPUMEHEHHS KaKUX-TH0O0 KOJUYECTBEHHBIX METOMIOB IPH
HEJIOCTAaTKE JaHHBIX U MMOJKPEIUIEH, B OCHOBHOM, HHTYHLIMEN MEHEIKEpa.

OueBUIHO, HEOOXOAUMO CeNaTh J1B€ Bel. Mbl TOKHBI MONIYYUTh U CAETIaTh OOLIEIOCTYTHBIMU
YHCJIICHHBIC JaHHBIC, XapaKTEPHU3YIOIIME MPOU3BOAUTEIBHOCTh, YaCTOTy HIPOrPAMMHBIX OIIMOOK,
METO/bI OLICHKH U T.1. BCs oTpacib MOXKET TOJIBKO BBIUTPATh OT ONMYOJIMKOBAHUS TaKUX JaHHBIX.

[Toxa MeTOAbI OLICHUBAHUS HE MOJy4aT 0oJjiee MPOYHOM OCHOBBI, MEHEIKEPAM OCTAETCS TOJIBKO
MYKaThCsl M 3allMINATh CBOM MPOTHO3bI, YTBEPXKAAsl, UTO IOJIararbCsi Ha UX cl1alyl0 UHTYUIIUIO BCE Ke
Jy4lIlle, Y€M OCHOBBIBATHCS HA OJHUX KEJIAHUSIX.

Heticmeus npu cpvige epaguxa

Yro penaroT, KOTAAa BaKHBIM MPOTPAMMHBIA MPOEKT HAYMHAEeT OTCTaBaTh OT Trpaduka?
EctecTBenHo, no6asnsioT moaei. Kak mokaseiBaroT pucyHku 2.1-2.4, 310 He Bcerza nomMoraer.

PaccmoTtpum npumep.[3] IIpeanonoxum, 4To TpyI0EMKOCTh 3aJa4i OLIEHUBAETCs B 12 4enoBeKo-
MECSLEB, U TPU YEJIOBEKA JIOJKHBI BBIIOJHUTH €€ 3a 4 mecdla, IPpUYeM B KOHLE KaXXJIOTro Mecsia
MMEIOTCS YEThIpE KOHTPOJbHbIE TOUKH A, B, C 1 D, B KOTOpBIX MOKHO MPOU3BECTH U3MEPEHUS (pUC.
2.5).
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Puc. 2.5

[IpenmonoxumM Temnepp, YTO MEpBasi KOHTPOJbHASI TOYKA ObUIa JOCTUTHYTA JIMIIb MO UCTEYECHUU
nByx MecsaueB. Kakue anpTepHaTHBBI UMEIOTCS Y MEHEKepa?

1. JlomycTum, 9T0 HEOOXOMUMO COOIOCTH CPOK BBHIMOJHEHUS 3a]]a4d, U OIMOOYHO OIICHEHAa Oblia
TOJBKO IEpBasl 4acTh 3a/a4yM, T.€. PUCYHOK 2.6 BEpHO OTpa)kaeT IMOJOKEHUE. 3HAYUT, ocraerca 9
YeJIOBEKO-MECALIEB TPYyAO3aTpar M JBa MecAlla, MOdITOMY MoHaaoouTcss 4S dyenoBeka, U K TPOUM
UMEIOIIMMCS HY>KHO JO0OaBUTH €lle ABOUX.

1 1 | |
1 1

A B c (B

2 — 3anepska Ha 1 mecaly
(ocTaeTcA 9 YenoBeko-MecALles)

X T 4D Ioweoa0es O
L

MecAug

Puc. 2.6

2. JlomycTuM, 94TO HEOOXOAMMO COOJIFOCTH CPOK BBIMMOJHEHUS 3a7aud, W ONWHAKOBO 3aHMKEHA
Obula BCS OLIEHKA , T.€. IMOJIOKEHHE COOTBETCTBYET PHUCYHKY 2.7. 3HauuT, ocraercs 18 dyeinoBeko-
MecsI1IeB TPYI03aTpaT U JBa Mecsla, M03TOMYy MoHaaoouTcsa 9 yenosek. K TpouMm umenommmcs HyKHO
N00aBUTH €IIIe MIECTEPHIX.
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Puc. 2.7

3. Usmenuts rpaduk. MHe HpaBuTcs 3ameuanue, caemanHoe [I. ®darrom (P. Fagg), ombirHbIM
MHXKEHEPOM 0 BBIUHUCIUTENbHON TeXHUKe: «MaleHbKUX 3a/iepKeK He ObIBaeT». DTO O3HAYaeT, YTo B
HOBOM TIpaduKe TOJKHO ObITh JOCTAaTOYHO BPEMEHH, YTOOBI paboTa ObUla MCIONHEHA TINATEIBHO U
MOJIHOCTHIO, U HE MPUIILTOCH ObI BHOBB IME€pEIeNbIBaTh TpaduK.

4. Cokparuth 3aaadqy. Ha mpakTuke 3TUM Bcerja MU KOHYAeTCs, KOTa KOMaHJa OOHapy>KUBaeT,
4YTO HE YKJajbiBaeTcsa B rpaduk. Korna oueHb BHICOKM BTOPUYHBIC U3ACPKKH, 3TO €INHCTBEHHOE, YTO
MOXHO cJlienarb. MeHemkepy mpeaoCTaBIseTcs BO3MOXHOCTh OPUIIMAIBHO M aKKypaTHO COKPAaTUTh
3ajady, W3MEHHUTHh Tpaduk, MO0 HaOIOHaTh, KaK 3aJada MoJlya ype3aeTcss MNpH IOCHEIHOM
M3MEHEHHUH MPOEKTa U HEMOJIHOM TECTUPOBAHUH.

B nepBbIX AByX ciydasix HacTauBaTh Ha TOM, YTOOBI 337a4a B HEU3MEHHOM BHUJIE ObLIa BBIOJTHEHA
3a 4eThlpe Mecsila, 4peBaro KaracTtpodoii. PaccMoTpuM, K mpumepy, BOCCTAHOBUTENbHBIA 3P (HEeKT
nepBoil anbTepHaruBbl (puc. 2.8). JBoe HOBBIX paOOTHUKOB, KAKUMH Obl 3HAIOIMMU OHU HU ObUIH, U
Kak Obl OBICTPO HE YyNajJoCh MX HAWTH, JOJDKHBI U3YUUTh 3aJady C MOMOIIBIO OIHOTO M3 OIBITHBIX
pa3pabotuukoB. Ecnu st aToro morpedyercs Mecsi], TO 3 4eloBEeKO-Mecsla OyIyT MOTpavyeHbl Ha
paboTy, KOTOpasi HE YUUTHIBAETCS B UCXOAHOMU onieHke. KpoMe Toro, 3aiada, pa3ouras nepBoHayaibHO
Ha TPU MOTOKA, JOJDKHA OBITH TEHeph MepeKkpoeHa Ha MATh 4acteil. [loaToMmy 4acTh yxke crenaHHON
paboThl OyeT MmoTepsiHa, a CUCTEMHOE TECTUPOBAHHUE HY)KHO OyaeT mpouiuth. B pesynsrare B KoHIIE
TPETBEr0 Mecslla OCTaHEeTCS paboThl CYIIECTBEHHO OoJbllle, 4eM Ha 7 YeIOBEKO-MecsIeB, a B
pacnopsbKeHHH OyfleT 5 MOATOTOBJIEHHBIX YeNOBeK W ofuH Mecsl. CormacHO pUCYHKY 2.8 HPOAYKT
OyzeT 3ama3pIBaTh TakK JKe, KaK €Ciu Obl HU OJTHOTO YeJIOBEeKa He ObUT0 100aBieHo (cM. puc. 2.6).

Ecnu paccuuThiBaTh ynpaBUTHCA 3a YETHIpEe MeEcsIa C YIeTOM TOJIBKO BPEMEHH OOydeHUs, HO He
nepepacnpeneseHus 3a1ad U JIOTOJHUTENIBHOTO CHCTEMHOIO TECTHPOBAaHUS, TO B KOHIIE BTOPOTO
Mecsna norpelyercss a00aButh 4, a He 2 denmoBeka. UToObl KOMIIEHCHMPOBATH BO3JEHCTBHE
nepepacnpeneseHus 3aad U CUCTEMHOI'O TECTHPOBAHUS, MOTPEOYyIOTCs elle HOBbIEe JtoAau. Temeps,
OJHAKO, KOMaHJ/la COCTOMT He€ Hu3 3, a, Mo KpailHel mepe, 7 4YEIOBEK, U TaKHE BOIMPOCHI, KaK
OpraHu3alys KOMaH/Ibl U pacrpeesieHne 3aa4 MpuoOpeTaoT HOBbII KaueCTBEHHBIN YPOBEHbD.

OOparute BHUMaHHE, YTO K KOHILY TPETHEro Mecslla JeJI0 BRINISAUT BechbMa MpauHo. Hecmotps
Ha BCE aJIMMUHUCTPATUBHBIC YCHUIIMS KOHTPOJIbHAS TOYKA, HaMEUYeHHas Ha | MapTa, HEe JOCTUTHYTA.
Bo3nukaet criibHBIN cOOMa3H MOBTOPUTH ITUKII, T00ABUB €IIIe Jt0Iei. IT0 6€3yMHOE pelieHue.
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B npenmecTBylonmx pacCykJIE€HUSIX MPEANOIarajgoch, YTo TOJIBKO IMepBas KOHTPOJIbHAS TOYKA
Obula HeBepHO paccunTana. Eciou 1 Mapra cienath KOHCEpBATUBHOE MPEANOI0KEHHE, UTO BeCh Ipaduk
ObUI M3JIMIIHE ONTUMHUCTUYEH, KaK OTPa)XEHO Ha pucyHke 2.7, TpeOyeTcs A00aBUTH 6 YEIOBEK K
UCXOMHOU 3agade. Pacuer Bo3aeiicTBus 0O0ydeHUs, NepepacupeneieHus 3aAad M CUCTEMHOTO
TECTUPOBAHUS MPEIOCTABISACTCS CAENATh YNTATENIO B KaueCcTBe ynpaxkHeHus. Het coMHeHui, yto npu
MOMBITKE YIOXKUTHCS B CPOK B UTOTE MOJYYUTCS XyIUIMUA MPOAYKT, YeM NpPH U3MEHEHUU Tpaduxa M
COXpaHEHHH NEePBOHAYATIBHBIX TPOUX YEJIOBEK 0€3 YCUIICHHUS.

Kpaiine ynpomas, chopmynupyem 3akon bpykca:

Ecnu npoexm ne yxnaovieaemcss 6 cpoku, mo 006asieHue paboueli Cuibl 3A0eprcum e2o euje
oovute.

OT0 pa3BeHUYMBaeT MU O dYesnoBeko-mecdale. [IpogomKUTENbHOCTh OCYIIECTBICHUS MPOEKTA
3aBHCHUT OT OTPAHMYECHUH, HAKJIA/IbIBAEMBIX ITOCJIEA0BATEIBHOCTHIO Pa00OT. MakcuManbHOE KOJTUYECTBO
pa3pabOTYMKOB 3aBUCHUT OT YHMCJa HE3aBUCUMBIX MOA3a/4a4. DTH JIB€ BEITUUYMHBI MMO3BOJSIOT MOIYYUTh
rpaduk paboT, B KOTOpOM Oy/ieT MEHbIIE 3aHATHIX Pa3pabOTIMKOB U OombIle MecsaieB. (EquacTBeHHas
OMACHOCTh 3aKJIIOYaeTCs B BO3MOXHOM YyCTapeBaHWU TMponaykra.) Hemnw3s, omHako, COCTaBUTH
paboratonme TpaduKu, B KOTOPBIX 3aHATO OOJbINe IoAed W TpeOyeTcs MEHbIE BpPEMEHHU.
[IporpaMMHBIE TPOEKTHI Yallle MPOBATMBAIOTCS HU3-32 HEXBATKHU KaJEHIAPHOIO BPEMEHHU, YEM IO BCEM
OCTaJIbHBIM TPUYMHAM BMECTE B3STHIM.



['1aBa 3 OnepannonHas oOpuraaa

Omu uccnedoganus 8vlA6UNU OONbUIUE UHOUBUOYATbHBIE DA3IUYUL 8
NpOU3BOOUMENLHOCIIU MeNCOY JIYHUUMU U XYOUUMU PpaDOMHUKAMU, YACMO

HAa nop;zdox BEJIUYUH.
CAKMAH, DPUKCOH M T'PAHT/1]

Ha BcTpedax KOMIBIOTEPHBIX CIIELUAIIMUCTOB MOXKHO IOCTOSHHO CJIBIIATH YTBEPKIACHUS MOJIOIBIX
MEHEPKEPOB MPOrPAMMHBIX IPOEKTOB, YTO UM IPEANOYTUTEIBHEN HEOONbIIME ACATEIbHBIE KOMaH/IbI
IIEPBOKJIACCHBIX CIIELUAIIMNCTOB, YEM MPOEKTHL, B KOTOPBIX YYaCTBYIOT COTHHM IIPOIPAMMMCTOB, YTO
IIOJpa3yMeBaecT UX CPEIHUM ypoBeHb. 11 BceM Ham Toxe.

Takoe HamBHOE NPEACTABICHHUE AJBTEPHATUB YXONUT OT PEIICHUS CIOKHOM 3ajJauyu — Kak
co3aBarh OOJbIIME CUCTEMBI B pa3yMHble Cpoku? PaccmMoTpum 3TOT Bompoc Gojiee moapoOHO co Bcex
CTOPOH.

Ilpobnema

Menepxepsl IPOrpaMMHBIX ITPOEKTOB JIABHO MOHSJIM, YTO XOPOLIME W IUIOXHE MPOrPaMMUCTBI
OYE€Hb CHJIBHO PA3IMYAIOTCA MEXAY COOOW MO MPOU3BOAUTENBHOCTU. OJHAKO pealibHO U3MEPEHHBIC
BEJIMYMHBI TOpa3uTeabHbl. B ogHOM 13 uccnenoBanuii Cakman (Sackman), Opukcon (Erikson) u I'pant
(Grant) u3mepsan NMPOU3BOAUTEIBHOCTh TPYJA B IPYIIIE ONBITHBIX MPOrpaMMHUCTOB. BHyTpu omHOi
JUUIb 3TOW TPYIIBI COOTHOIIEHUE MEXKIY JYyYIIMMH U XyIIIMMH PE3YIbTaTaMu COCTABHIJIO IMPUMEPHO
10:1 mo mpou3BOAMTENBHOCTH TpyAa U 5:1 mo ckopocTH pabOThl MporpamMM U TpeOyeMou Uisi HUX
namstu! Kopoue, mporpammuct, 3apabarsiBarommii 20 ThICSY I0JIAPOB B T, MOXKET OBITh B JECSATh
pa3 MpOAyKTHUBHEE MporpaMMucTa, 3apabarbBatomiero 10 Teicau gosutapoB. IlpaBna, BO3MOXHO U
oOparHoe. IlomydyeHHble JaHHbIE HE BBIIBUJIM KaKOH-JIMOO KOPPENSILIUU MEXKIY CTaxkeM paboThl U
IPOU3BOJUTENIBHOCTHIO. (S HE yBEpEH, YTO 3TO BCET/IA CIIPAaBEIINBO.)

Beiie s mokasan, 4To caMO 4HCIO pa3pabOTYMKOB, NEUCTBHUS KOTOPBIX HYXHO COIJIACOBBIBATH,
OKa3bIBAECT BIIMSIHUE HA CTOMMOCTb NPOEKTA, MOCKOJIbKY 3HAUMTENIbHAs 4acTh M3JCPKEK BbI3BaHA
HEOOXOIMMOCTBIO OOILEHUS U YCTPAHEHUS OTPUIATENIbHBIX MOCIEACTBUIN pa300IIEHHOCTH (CUCTEMHAs
OTJIaJIKa). DTO TAaK)K€ HABOAUT HA MBICHIb, YTO JKEJATEIbHO pa3padarbiBaTb CHUCTEMBI BO3MOYKHO
MEHBIIIMM YHCIIOM JtofeH. J{efcTBUTENbHO, ONBIT pa3pad0TKu OOJBIIMX MPOrPaMMHBIX CHCTEM, Kak
MpaBUio, MOKA3bIBACT, YTO MOIXOA C MO3UIUNA TpyOOW CHIIBI BIE€UET YAOPOKaHHE, 3aMEIJICHHOCTD,
HE3(PPEKTUBHOCTH, @ CO3/ITaBaEMbIE B PE3Y/IBTATE CUCTEMbI HE SIBISIFOTCS KOHLETITYAIbHO 11€JIOCTHBIMHU.
Crnucok, wimocTpupyronmii 31o, 6eckoneued: OS/360, Exec 8, Scop 6600, Multics, TSS, SAGE u
Ipyrue.

BriBox mpoct: ecnu Haja npoekToM pabdotaroT 200 yenoBek, BKIKOUAs MEHEIKEPOB, SIBISIOIMXCS
HauOoJiee 3HAIONIMMU M ONBITHBIMU IPOrpPaMMHUCTaMH, yBOJbTE 175 OOHIIOB, U MYCTh MEHEIKEPHI
CHOBA 3alIMyTCsl IPOTPaMMUPOBAHUEM.

JaBaiiTe paccMOoTpuM 310 pemieHre. C OAHONU CTOPOHBI, eMy HE yAaeTcsl MPUOIH3UTHCS K UJlealy
HEOOJIbIION aKTUBHOM KOMaHIbI, B KOTOPOH, MO OOIIEMYy MPU3HAHUIO, TOJKHO ObITh He Oosee 10
yenoBek. [loaTomy pazmep Opurajpl mpeanonaraeT HalMuyue Kak MUHUMYM JIByX YPOBHEW YIpaBlIeHHUS,
UM OKOJIO MATH MeHepkepoB. [loTpebyroTcss JOMOTHUTENbHBI (PUHAHCOBBIE PACXObl, COTPYAHUKH,
MeCTO AJis pabOThl, CEKPETapy U ONEPATOPhI MAIIMH.

C npyroit cTopoHbl, ucxoaHas koMaHaa u3 200 dyeoBek uMesa YUCIAEHHOCTb, HEJJOCTATOYHYIO JIJIst
CO3JaHUs EHCTBUTEIIBHO KPYIMHBIX CUCTEM METOJOM IpyOoii cuibl. PaccmotpuM, k npumepy, OS/360.
OnHo BpeMs B ee co3naHuu Obu1o 3aHsATO Oojbiie 1000 yenoBeK — MPOrPaMMHCTOB, COCTaBUTENCH
JOKYMEHTAIIMU, ONEPATOpOB, KIEPKOB, CEKpPETAapel, MEHEIKEPOB, BCIIOMOrareybHbIX Ipynn U T.0. C



1963 no 1966 rox Ha ee MPOEKTUPOBAHUE, PEATH3ALINIO U HATUCAHUE TOKYMEHTALUK ObUIO 3aTpayeHo,
BepoATHO, 0koJio 5000 yenoBeko-yet. Eciu 661 cTporo cobitonanack nponopuus MeKy KOJIHYeCTBOM
3aHATBIX U MPOAODKUTENBHOCTHIO pabOT, HAllleil MpejnojiaraeMoil KOMaHJie M3 JIBYXCOT YelIOBEK
noTpedoBanock Obl 25 net, YToObl JOBECTH MPOIYKT 10 CETOAHSIIHETO YPOBHs!

B 3TOM U CcOCTOUT HU3BSH UJIeW MaJICHbKOM aKTUBHOW KOMAaHJBIL: JUIsl CO3JaHUs MO-HACTOALIEMY
KPYIHBIX CUCTEM €il moTpedyercs CIUIIKOM MHOTo BpemeHHu. [locmoTpumMm, kak paszpaborka OS/360
OCYIIIECTBIISTIACh Obl MaJICHBKOW aKTUBHOW KOMaH0M, nomyctuM, u3 10 demosek. [lomoxum, 4To OHU B
ceMb pa3 OoJiee MPOAYKTHUBHBI CPEIHUX MPOTPAMMUCTOB (UTO AAJNEKO OT HCTUHBI). [JomycTum, 4TO
yMEHbIlleHue o0beMa OOIIeHHs Ojaronapsi MajJOYMCICHHOCTH KOMAaHJbl MO3BOJIUIIO €Il B CEMb pa3
MOBBICUTH MPOU3BOAUTENBHOCTD. J(OMyCTHM, UTO Ha MPOTSHKEHUH BCETO MPOEKTa paboTaeT olHa U Ta
xe xomanna. Takum obpazom, 5000/(10*7*7)=10, 1.e. paboty B 5000 4e10BeKO-IE€T OHU BBINOJIHAT 32
10 ner. bymer nAu OpomyKT MpeacTaBisATh MHTepec yepe3 10 jeT mocie Havana pa3pabOTKU WM
ycTapeer 0yiaroiapsi CTpeMUTEIbHOMY Pa3BUTHIO TPOTPAMMHBIX TEXHOJIOTUIA?

HunemMa mnpencrapisieTcs xkecTokoil. s »hpPexkTUBHOCTH M KOHIENTYaJbHON ETOCTHOCTH
NPEANOYTUTENIbHEE, YTOObI MPOSKTUPOBAHUE U CO3JaHUE CUCTEMBbI OCYIICCTBUIU HECKOIBKO CBETIIBIX
rosioB. OfHaKo i OOJBIIMX CUCTEM XKeJIareIbHO MOCTABUTH MO PY)KbEe 3HAUUTENbHbII KOHTHUHIEHT,
4TOOBI IPOJIYKT MOT YBUJETH CBET BoBpeMsl. Kak MOXKHO MpUMUPUTH 3TH JBA >KeTaHUs?

IIpeonoocenue Munnza

[Ipennoxenue Xapimana Muiuiza 1aeT cBexxee U TBopueckoe peimieHue[2,3]. Mumi3 npemioxKu,
4yTOOBl Ha KaXXJOM Y4acTKe paloThl Oblla KOMaHAa pa3pabOoTYMKOB, OpraHM30BaHHAs Haromooue
Opuraabl XUpyproB, a He MSCHHUKOB. VIMeeTcssi B BUIY, UYTO HE KaXIbld yYaCTHUK TpYIIbl Oyner
Bpe3aThCs B 3aady, HO pe3arh OyleT OUH, a OCTaJbHbIE OKa3bIBaTh €My BCEBO3MOXKHYIO MOIIEPKKY,
MOBBIIIAS €T0 TPOU3BOAUTENBHOCTD U IJIO0TBOPHOCTb.

[Ipu HEKOTOPOM pa3MBIIUIEHUHU SICHO, YTO 3Ta U] MPUBEIACT K KEIaeMOMY, €CIId €€ yNacTcs
OCYILECTBUTH. JIUIb HECKOJIBKO TOJIOB 3aHATO MPOEKTHUPOBAHUEM M Pa3pabOTKOW, U B TO K€ BpeMs
MHOTO paOOTHHUKOB HaXOUTCS Ha noxaxsare. byner nu takas opranuzanus padborars? Kro urpaet poib
aHECTE3MOJIOTOB M OIEpPAlMOHHBIX CECTep B TPYIIe NPOTrPAMMHUCTOB, a KaK OCYIICCTBISETCS
paznenenue Tpyna? UtoObl HapucoBarh KapTHHY palOOThl TaKOM KOMaHJbl C BKJIOYEHHEM BCEX
MBICIIUMBIX BUJIOB MOJJICPAKKH, I TO3BOJIIO ceOe BOJIbHOE oOpalleHue Kk Metadopam.

Xupypr. Musui3 Ha3bIBaeT €ro mIaBHBIM MporpaMMmuctoM. OH JMYHO OMpeAeNseT TeXHUYECKue
yCIIOBHS Ha (YHKIIMOHAJIBHOCTH U DKCILTyaTallMOHHbIE XapaKTePUCTUKU MPOrPaMMBIL, POEKTUPYET €e,
NUIIET KOJA, OTJaXUBAET €ro W COCTaBiIAeT AOKyMeHTauuio. OH NUIIET Ha S3bIKE CTPYKTYPHOTO
nporpaMmMupoBaHus, TakoM kak PL/I, u uMeeT npsiMoi 1OCTyIN K KOMIBIOTEPHOM CUCTEME, HAa KOTOPOH
HE TOJBKO TMPOU3BOAUTCS OTJAJKAa, HO U COXPAHSAIOTCS pAa3jIU4YHbIE BEPCUU €ro MporpaMm C
BO3MOXHOCTBIO JIeTKOM Momupukauuu  (ailyioB, a TakkKe OCYIIECTBISIET pPeIaKTUPOBAHUE
nokymentanuu. OH JoJkeH o0nanarh OONBLIIMM TajJaHTOM, CTaKeM pabOThI CBBINIE ACCITH JIET U
CYIIECTBEHHBIMU 3HAHUSIMU B CUCTEMHBIX U MPUKIAIHBIX 00JacTAX, OyITO MpUKIIagHAs MaTreMaruKa,
00paboTKa JIeJTOBBIX JAaHHBIX UK YTO-JIMO0 WHOE.

Bropoli munoT. 3T0 BTOpOE «s» XUPypra, MOXKET BBINIOJHATH JII0OyI0 ero paboTy, HO MeHee
onbITeH. Ero raBHas 3agaya — y4acTBOBaTh B IPOESKTUPOBAHUH, T1I€ OH JAOJDKEH AyMarb, 00CYyKIaTh U
OLICHUBaTh. XUPYPT UCIIBITHIBAET HA HEM CBOM HJEH, HO HE CBS3aH €ro npeayiokeHussMu. Yacto BTopoi
NUJIOT MPEACTABISIET CBOIO Opuragy npu oOCYKIECHUU C APYTUMU TpynnaMu QyHKIUN U uHTepdeiica.
On xopomio 3HaeT Bech Koi mporpamMMmbl. OH HccleayeT BO3MOXHOCTH albTePHATHUBHBIX CTpaTeruii
nporpammupoBaHus. OH, OYEBHIHO, OJACTPAXOBBIBAET HA cllyyall Kakoi-nmubo Oenpl ¢ xupyprom. OH
MOXKET Ja)Ke 3aHUMAThCS] HAITMCAHUEM KOJla, HO HE HECET OTBETCTBEHHOCTH 3a KaKyl0-JIM0O €ro 4acThb.

Anmunuctparop. Xupypr — HayalbHUK, U €My MPUHAIEKUT TMOCIEIHEE CIOBO B OTHOIICHHUH
nepcoHasa, MpuOaBOK K KaJOBAHBIO, TOMEIICHUN U T.M., HO HA 3TU JeJla OH JIOJDKEH TPaTUTh Kak



MOXHO MeHbIe BpeMeHU. [loaTomy emy HeoOXomuM MpodeccHoHaIbHBI aIMUHUCTPATOP, 3a00TOi
KOTOpPOro OyIyT JEHbrH, JIOAW, IOMEIICHMS, MAlMHbL, M KOTOpBIA OyIeT KOHTaKTHUPOBaTh C
aJIMUHUCTPATUBHBIM MEXaHU3MOM OpraHU3aluu B LeJoM. belikep cuuTaer, 4To Ha MOJHBIA paboumii
JeHb AJMUHHUCTPATOpP MOJKEH IMPUBIEKAThCA JHUIIb B Clydae, KOIJa OTHOILICHHS C 3aKa34UKOM
OTIPEIEIISIIOT CYIICCTBEHHbIE IOPUANYECKUE, KOHTPAKTHbIC, OTYETHBIC UM (PMHAHCOBBIE TPEOOBAHUS K
NPOEKTY. B ocTalbHBIX CiTydasx OAMH aAMUHUCTPATOP MOXKET 00CTYKUBATh 1B KOMaH/IbI.

Penaktop. OOs3aHHOCTH pa3pabOTKM [OKYMEHTAlMM JISKUT Ha xupypre. UtoObl oHa ObLia
MaKCHMMAaJIbHO MOHSTHA, OH JOJDKEH MHUCaTh €e caM. JTO OTHOCUTCS K ONMUCAHUAM, MpeIHa3HAuCHHbBIX
KaK JUIsl BHEIIHErO, TaK W JUIsl BHYTPEHHEr0 MCMOJb30BaHMs. 3ajadya peAaKkTopa — B3SITh CO3JaHHBIN
XUPYProM UYEpPHOBHUK WJIU 3aMUCh MOJ JAUKTOBKY, KpUTHUECKH TepepadoTarb, CHAOAUTHh CChUIKAMU U
oubnuorpadueit, mpopadoTaTh HECKOIHKO BEPCUM M 00ECIICUUTh MYyOIUKAIUIO.

JIBa cekperapsa. AAMUHUCTPATOPY U PEAAKTOPY HYKHBI cekperapu. CekpeTapb aAMHUHUCTpaTopa
00pabaThIBaET NEPEMUCKY, CBI3aHHYIO C TPOEKTOM, a TAKKE JOKYMEHTHI, HE OTHOCAIIMECS K MPOIYKTY.

HenonpousBonurens. OH OTBEYAET 3a PETMCTPALMIO0 BCEX TEXHUYECKUX JAHHBIX OpHUrajpl B
Ooubnuorexke mnporpaMMHoro mnpoaykra. OH HMEET CEeKpeTapCcKylo IMOATOTOBKY M HECET
OTBETCTBEHHOCTb 32 Bce (pailnibl, mpeqHa3HaueHHBIC KaK JUIsl MAIIMHBL, TaK U JUJIS1 YTEHHUSL.

Bce nanHble A BBOZA B KOMIIBIOTEP MOCTYHAIOT JAEIOMPOU3BOAUTENIO, KOTOPBIA PETUCTPUPYET
UX WJIM BBOIUT IPU HEOOXOAMMOCTH C KJIaBUATYphl. JIMCTHHTM BbIBOIA TaK)Ke MOCTYMAIOT K HEMY IS
perucTpanuy U XpaHeHHs. Pe3ynbrarsl caMbIX CBEKHX MPOrOHOB BCEX MOJAENEH 3aHOCATCS B JKypHal
pPE3yabTaTOB, a MPEIBITYIIME XPAHATCS B XPOHOJIOTHYECKOM MOPSJIKE B apXUBE.

’Kv3HEHHO Ba)KHBIM Ji1 KOHUENIUU Muiza sBiseTcsl MpeBpallieHue MPOrpaMMUPOBAHUS «H3
JUYHOTO MCKYCCTBAa B OOIIECTBEHHYIO JIE€ATEIBHOCTH» IyTEM MPEIOCTaBICHUSI PE3YIBTAaTOB BCEX
IPOTOHOB BCEM 4JIEHAM KOMaHIbl W ONpEACNICHHs BCEX MPOrpaMM U JAaHHBIX, Kak OOIei
COOCTBEHHOCTH KOMAaHJIbI, @ HE YbEH-TO JTUIHOM.

OcoOble  00A3aHHOCTH, BO3JIaraeMble Ha JIEJIOMPOU3BOAUTEINS, OCBOOOXKIAIOT AKTHUBHBIX
IPOTrPAMMUCTOB OT PYTUHHBIX pabOT, CUCTEMATU3UPYIOT U 00ECIIEYMBAIOT HAJICXkKAIlee BHIMOJHEHUE
TE€X PYTHHHBIX OIepaluii, KOTOPbIMU YacTO MNpeHeOperaroT, W MNPUOIMKAIOT INABHOE, JUIS Yero
paboTaeT KOMaHAa — €€ MPOrpaMMHBINA MPOAYKT. SICHO, YTO MpeI0OKEHHAs! KOHIEIIIHS Mpearnoiaraet
NPOTOH MAKETHBIX 3aJaHui. Eciu HCHoNb3yloTCs MHTEPaKTHUBHBIE TEPMHUHAJbl, B OCOOCHHOCTH 0Oe3
BO3MOXHOCTH Ne4aT, GyHKIUU JETONPOU3BOAUTENS HE COKPAILIAIOTCS, HO MPETEPIEBAIOT U3MEHEHUS.
B »ToM ciyuae oH BemeT y4eT BceX M3MEHEHUU, BHOCUMBIX B OOLMI 3K3eMIUISIP MPOTpaMMBbl M3
JMYHBIX KOMUM, OCYHIECTBISET MPOTOH BCEX MAKETHBIX 3aJaHUN U CO CBOETO TEPMHUHAJA OCYIIECTBIISIET
KOHTPOJIb LIEIOCTHOCTH ¥ pabOTOCTIOCOOHOCTH YBEJIMUMBAIOIIETOCS B pa3Mepax MpoIyKTa.

HNuctpymenTanbumk. biaronaps Bo3M0XHOCTH B J1I000€ BpeMs pelaKTUPOBATh (Pailiibl U TEKCTHI U
MOJIB30BAThCA CIYKOOW MHTEPAKTHUBHOM OTIAIKU KOMAaHJAE PEIKO TpeOyeTcsl CBOSI BBIYMCIMTEIbHAS
MalllMHA U Tpynna o0CIyKUBaloLIero nepconana. Ho 1octym k 3TuM ciayx06aM T0JKEeH OCYIIECTBISATHCS
c 0e3yclIOBHOHM OBICTPOTON M HaEKHOCTHIO. TONBKO XUPYpr MOKET pellaTh, YIOBIETBOPSET JU €ro
pabora umeronmxcsi ciayx6. EMy HeoOXoquM HMHCTpYMEHTAJbIIMK, OTBETCTBEHHBIA 3a oOecreueHue
JOCTyra K OCHOBHBIM CIYy)X0aMm, a TakKe 3a CO3JlaHU€, MOAJCPKKY U OOHOBIICHHE CIELHAIbHBIX
UHCTPYMEHTOB — B OCHOBHOM, HHTEPAKTUBHBIX CIIY’KO, KOTOpbIE TPEOYIOTCS €ro KoMaHjie. Y KaxIaou
KOMaHJbl JOJDKEH OBbITh CBOW HHCTPYMEHTAJIBIIMK, HE3aBUCHMO OT KauecTBa U HAJIEKHOCTHU
UMEIOIIMXCS LIEHTPATM30BAHHBIX CIY)KO, M €ro Jeno oOecrneyuTb BCEM HEOOXOIMMBIM WM
’KeJareIbHbIM WHCTPYMEHTOM CBOErO XUpypra, a He Apyrue Komaubl. MHCTpyMeHTanbIMK OOBIYHO
NUIIET CIeNNaI3UPOBAHHBIC YTUIINTHI,

KaTaJIOTM3UPOBaHHBIEC MPOLEAYPbI, MAaKPOOUOINOTEKHU.

Otnamuuk. Xupypry norpedyercs HaOOp MOAXOOSIIMX KOHTPOJBHBIX MPUMEPOB IJS OTJIAJKH
HaIMMCAaHHBIX UM (PparMeHTOB KOJa, a 3aTeM U Bcel mporpaMmbl. OTIaauuK SBISETCS, TAKUM 00pa3oM,



KaK MPOTMBHHUKOM, pPa3pabaThIBaIOIIMM KOHTPOJIbHBIE MPUMEPHI A CHUCTEMHOIO TECTHUPOBaHMS,
ucxons U3 (PYHKIMOHANBHBIX cHenu(UKAIUN, TaK U TOMOIIHMKOM, TOTOBAIMM JaHHBIC JUIs
eXeTHeBHOM oTianku. OH Takke OOBIYHO IJIAHUPYET MOCIEA0BATEIbHOCTh TECTUPOBAHUS U CO3JJaHUE
Cpelibl sl TECTUPOBAHUS KOMITIOHEHTOB.

S3bikoBen. Bekope nmocie nosinenust Algol 00HapyKUIOCh, YTO B OOJIBIIMHCTBE BRIYUCIUTEIBHBIX
IEHTPOB €CTh OAMH-/IBA 4YEJIOBEKa, MOPAXAIUMX CBOMM BIAJCHUEM TOHKOCTAMH  sI3bIKa
IpPOrpaMMUPOBaHUSA. DTH IKCIEPThl OKA3bIBAIOTCS OYEHb MOJIE3HBIMHU, U C HUMH YacCTO COBETYIOTCS.
3nech TpeOyeTcsi MHOM TallaHT, YeM Yy XUpPypra, KOTOPBIA SIBISETCS MPEUMYLIECTBEHHO CHUCTEMHBIM
MPOCKTUPOBIIMKOM M MBICIIUT MPEACTABICHUSIMHU. SI3BIKOBEJ MOXKET HAWTU S(PQPEeKTUBHBIE CIOCOOBI
UCIIOIb30BaHUS SI3bIKA JUUISl PEICHUS CIIOKHBIX, HESICHBIX U XUTPOYMHBIX 3a/1a4. MHorga emy TpelyeTcs
IpOBECTH HEOONbIIOE HCCe0BaHUE (IABa-TpU IHS) JJIS HAXOXKACHHS yAa4HOW TexHojoruu. OnuH
S3BIKOBE]T MOXKET paboTaTh C IByMsI UJIK TPEMS XUPYPTaMH.

Bor Takum o6Opazom 10 uenoBeK MOTYT BBINOJHATH XOpoulo AuddepeHIUupOBaHHbIE U
CHElHUATM3UPOBAHHBIC POJIM B KOMaHe MPOrpaMMHUCTOB, OPraHW30BAHHOM 10 00pa3ily onepaloHHON
Opurampl.

Kak smo pabomaem

Co3nanHasgs HaMu Opuraja MOXKET JIOCTHYb KeJaeMOil el HEeCKOJbKMMH crnocobamu. Han
3ajaueil TPYOATCA JAECATh YEJIOBEK, CeMb M3 KOTOPBIX MPO(PECCHOHAIbl, HO CHUCTEMa SIBISETCS
MPOJyKTOM OJTHOTO yMa, IO KpailHel Mepe ABYX, JEHCTBYIOIMX Uno animo (KaK OJHO IEJI0e).

OOparute 0co00e BHUMAHHUE Ha Pa3jIndve MEXIy TPYNION U3 JABYyX MPOTPAMMUCTOB C OOBIYHOMN
OpraHu3aliell W TPYNHol Tuma «Xupypr — BTOpOM mNuiIoT». Bo-mepBbiX, B 0ObIMHON Opuraue
pabOTHUKHU AENAT 3ajauyy MeXAy COOOM, M KaxIbli M3 HUX OTBEUaeT 3a 3aMbIC€N U BOIUIOILICHHE
HEKOTOpOM dacTu. B onepanuoHHoN Opurage v Xupypr, 1 BTOPOW MUJIOT HAXOIATCS B BEJCHUU BCETO
MPOEKTa U BCEro MPOrpaMMHOr0 Kofa. DTO cOepuraer 3arparbl Ha pacipeiesieHre MaMsaTu, JOCTYI K
JUCKaM U T.11., a TaKXKe 00ecreuynBaeT KOHIENTYaJIbHYIO 1I€JIOCTHOCTh TPOIYKTA.

Bo-BTopbiX, B 0OBIMHOI Opuraae mnapTHEpPHl pPaBHBI, M HEU30EKHbIE pa3HOIIACUS JOJDKHBI
paspemarbcsi MyTeM MEeperoBOpoB WM KoMmmpoMuccoB. [lockonbky 3azaya M pecypechbl paslieieHBI,
pasHoIiacusi OTHOCSTCS K OOmIeH crTparerud W uHTepdelicamM, HO K HHUM MPUMEIIMBACTCS U
NPOTHUBOIOJIOKHOCTh HWHTEPECOB, HANpUMEp, 4YbI0 MaMATh MCHOJNb30BaTh g Oydepa. B
XUPYPrUYECKO Opuraje pa3inunii MHTEPECOB HET, a Pa3HOIIACHUS €IUHOJIMYHO PEIIAIOTCS XUPYPIOM.
OTH ABa pa3nuyus — OTCYTCTBHE pa3OMEHUs 3aJa4yd UM OTHOUICHHWE MOTYMHEHHOCTU — IO3BOJISIIOT
XUPYpPruyecKkon Opuraje AecTBOBATH UNO animo.

Kpome Toro, pemaroimee BiausHue Ha 3(G(HEKTUBHOCTH OKa3bIBaeT cHelUanu3anus (QyHKIH
OCTaJIbHBIX YJICHOB OpHUTajibl, TAK KaK B pE3y/IbTaTe OCYLIECTBUMA 3HAYUTENIBHO 0OoJiee mpocTasi cxema
KOHTAaKTOB MEXIYy COTPYAHMKAMU, KOTOpas MoKa3aHa Ha pucyHke 3.1.

B crarwe belikepa [3] cooOmaeTcs 06 0nHO#M TpoBEepKe TaKOM KOHIIENIIMUA OpHUTajibl, TPOBEICHHON
B orpaHn4eHHoM Mmacurade. Kak u npeackasbiBanoch, pe3ylbTaThl OKa3aJIiCh BEUKOJICITHBIMU.

Macwmabuposanue

o cux mop Bce Obu10 X0poiuo. [Ipobrema, ogHako, COCTOUT B TOM, KaK CO37aBarh MPOAYKTHI, Ha
koTopbie ceitdac yxomut He 20 wim 30, a 5000 genoBeko-net. bpuraga n3 10 demoBek MOXKET OBITH
3¢ dexTuBHA BHE 3aBUCHMOCTH OT CBOEH OpraHu3alluu, €CJIM 3ajada IEJIMKOM HaXOOuTCid B €€
komrnereHuuu. Ho kak Mcmonp30BaTh HUJICI0 OMEPAIlMOHHON Opurajasl B 3adadax, JUisl BBIMOJHEHUS
KOTOPBIX IPUBJIEKAIOTCS COTHH JIIOIeH?

VYenex mpu MacirabupoBaHUU OOYCIOBIMBACTCS KOPEHHBIM YIYYIIEHHEM KOHIENTYaJIbHOIO
€IMHCTBA KaXJIOTO y4acTKa, BeJb KOJIMYECTBO MPOSKTUPOBIIMKOB YMEHBIIUIIOCH B ceMb pa3. [loaTomy
MOXHO MpUBIEYb K padoTe Haxa 3aaadeit 200 yenoBek, U HEOOXOAMMOCTh KOOPJIMHAIIMU YMCTBEHHBIX
ycunuii notpedyercs Bcero aist 20 U3 HUX — XUPYPIoB.
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Puc. 3.1 Cxema KOHTAaKTOB MEK]ly COTpyIHUKaMHu B Opuraje u3 10 uenoBex

Opnako 3amada KOOpAWHAMHU TpeOyeT MCIOIb30BaHUSI OCOOBIX METOMOB, OOCY)XJTaeMbIX B
nociuenyonmx miaBax. [loka mocTarodHo ckas3arh, YTO BCSI CHCTEMa B IIEJIOM JOJKHA 00Jajarhb
KOHIIETITYaJIbHBIM E€IUHCTBOM, M HEOOXOIMM CHCTEMHBIH apXUTEKTOp, YTOOBI MPOECKTUPOBATH €€
[EJTMKOM, B HUCXOAAIIEM HampaBieHuu. Jyig Toro 4toObl 3TOM pabOTOl MOXKHO OBLIO YHNpPaBISTh,
HEOOXOIMMO TMPOBECTU CTPOTOE pa3rpaHUYCHUE aAPXUTEKTYpbl W BOIUIOLICHHS, M CHUCTEMHBIN
aApXUTEKTOP JOJKEH J0OPOCOBECTHO MOCBITUTH ce0si pa3paboTke apXUTEeKTyphl. ONBIT MOKa3bIBAET,
4YTO TaKO€ pacmpelejieHue poJie W Takue METOIbl OCYIIECTBUMBI M OKAa3bIBAIOTCA BeChbMa
pe3yabTaTUBHBIMU.



['1aBa 4 ApUCTOKpaTHUs, A€EMOKPATHUS U CUCTEMHOE
MPOEKTHUPOBAHUE

Imom eenuuecmeeHHblll Xpam A611emcs 8blOAWUMC NPOU38eo0eHUueM
uckyccmsa. B npunyunax, xomopvie OH u3zniacaem, Hem HU CYXOCHMU, HU
becnopsoka...

Omo eepwuna cmuns, mpyo XYOOHCHUKOS, KOomopvle HNOHAIU U
BOCNPUHAIU 8CE OOCMUNCEHUSL CBOUX NPEOULeCNBEHHUKO8, 8 COBEPULEHCBE
81adesi MexXHUKol c80e20 8eKd, HO NONb308ANUCH ell, u3zbe2as HeCKPOMHO20
noKaza unu HeoOOCHOBAHHOU 0eMOHCMpPAYUU Macmepcmad.

Hecomnenno, 3amvicen obwezo niana 30anus npunaonexcum o ’'Opbe, u
me, KMo e20 CMeHU], NPUOEPICUBANUCL D020 NIAHA, NO KpaliHel mepe, 8
CywecmeeHHvlx — Yepmax. Imo  O00HA U3  NPUdYUH  YOUBUMENbHOU

2APMOHUYHOCIU U eOUHCMBA 30aHUSL.
IIYTEBO/[UTEJIb 110 PEHUMCKOMY COBOPY[1]

Konyenmyanvnoe eourncmeo

Y OonpIIMHCTBA €BPOINEUCKUX COOOPOB 4YacTH, IOCTPOCHHBIE pa3HBIMH MOKOJCHUSIMU
CTPOMUTEJIEN, UMEIOT PA3JIMUYMs B IUIAHUPOBKE M APXUTEKTYPHOM CTHJIE. bosiee MO3gHHUE CTPOUTENU
UCIIBITHIBATIN COOJIa3H «YMYUIIMThY» MPOEKT CBOMX MPEALIECTBEHHUKOB, YTOOBI OTPa3UTh HOBBIC BESTHUS
MOl UM CBOM JIMYHBIE BKYChl. B HTOre MUpPHBI HOPMAHHCKUU TpPaHCENT CO3JaeT KOHQIHUKT C
NPUMBIKAIOIMM K HEMY BO3HOCSAUIMMCS B BBICH TOTHYECKUM HE(HOM, U PE3YIbTaT CTOIb K€ CIIYKUT
BOCXBAJICHUIO CJIaBbl [ OCIIOHEN, CKOJIb U TOPABIHUA CTPOUTENEH.

ApXUTEKTYypHOE eAMHCTBO PeiiMckoro co0Oopa HaxoAUTCS B MPSAMOW MPOTHBOIOJIOKHOCTU C
TAKUM CMEIICHUEM CTUjel. VICTOYHMKOM HAITOJHSIOIIEH 3pUTENS PaJOCTH CIY)KAar KakK LEIbHOCTh
KOHCTPYKLIMH, TaK U OTJeJbHBbIe 00pasibl coBeplieHCTBAa. Kak cka3zaHO B MyTeBOAMTENE, LETbHOCTh
Obula JOoCTUTHyTa Onaromapsi CaMOOTPEUYEHHUIO BOCBMHU  TOKOJEHUW cTpouTened  cobopa,
MO>KePTBOBABIIMX CBOUMH UJICAMH PaJHd YUCTOTHI 0OIIEero 3aMbicia. To 4TO MOIY4YUSIOCh B pe3yabrare,
CIIY’)KUT BOCXBaJICHHIO HE TOJIbKO ciaBbl [ocmonueit, Ho u Ero moryiectsa, cnocoOHOro cractu
I'PEIIHBIX JOJIEH OT UX T'OPJBIHH.

XOoTd Ha coO3JaHUE MPOTPAMMHBIX CHCTEM HE YXOOIT BeKa, B OOJBUIIMHCTBE CBOEM OHHU
JNEMOHCTPUPYIOT MEHBIIYI0 COIIACOBAHHOCTHh KOHIEMIHM, yeM B Jo0oM cobope. OObIMHO 3TO
IIPOMCXOUT HE OTTOTO, YTO ITIABHBIE NPOEKTUPOBIIMKU CMEHSIOT APYr IpPYyra, a MOTOMY, UYTO IPOEKT
pacuierisieTcsl Ha psiji 3a/1a4, BHITOJHIEMBIX Pa3HBIMU pa3padOTUYNKaAMU.

S yOexaeH, 4YTO KOHIENTyajbHas IEJIOCTHOCTh SBISIETCS BaKHEHINEH XapaKTepHUCTUKOM
CUCTEMHOro mpoekta. Jlydimie yOpaTh W3 CHCTEMBI OTIEIbHbIE HEOOBIYHBIE BO3MOXHOCTH U
YCOBEpPUICHCTBOBAaHUSI M pPEaJM30BaTh €IUHBIA HAOOp KOHCTPYKTHUBHBIX HJEH, YEM OCHACTUTH €€
MHOTMMH XOPOIIMMH, HO HEB3aMMOCBA3aHHBIMH M HECONIACOBAaHHBIMU HACAMHU. B 3TONM M nByx
IOCJIEIYIOIMX DIABAaX Mbl MU3YyYUM CIEACTBHUS 3TOM KOHLEHIUU JUI NPOECKTUPOBAHUS IPOTrPAMMHBIX
CUCTEM:

» Kak 10CTHYb KOHIIENTYaIbHOU IETOCTHOCTHU?

 He Oymer nu »T0 TpeOoBaHME MPUYMHON packoja Ha JJHUTY, APUCTOKPATUYECKHUI Kiacc
apXUTEKTOPOB — C OAHOW CTOPOHBI, U TOJIBI MI€0EeB-UCTIOTHUTENEH, YbH TBOPUYECKUE TaJAHTHI U
UJIeu OAABIISAIOTCS, — C JPYron?

« Kak ynepxarh apXUTEKTOPOB OT BHUTaHUS B OOJakax M pa3pabOTKH HECYIIECTBEHHBIX WIU



Ype3MEpHO JOPOTUX crieluGUuKauii?

» Kak 100uTBhCs TOTO, 4TOOBI JII00AsT MEJIOUb M3 CO3/IaHHOW apXUTEKTOPOM CHelrUKAINU 01
JI0 UCTIOJHUTENS, ObUIa UM MPABUIIbHO MOHATA U TOYHO BHEJPEHA B MPOAYKT?

Hocmudicenue KonyenmyanbHo YeaoCcmHoCmu

Ha3nayeHue cucTteMbl NMpPOrpaMMHUpPOBAaHUS — OOJErYuTh HMCIOJb30BaHUE KOMIbIOTEpa. s
ATOTO TOCTABISIIOTCA S3BIKM W pa3lIMYHbIE CPEJCTBA, SBJISIONMECsS, IO CYTH, MpOrpaMMaMu,
BbI3BIBAEMBIMU M YIPABISEMbIMU BO3MOXKHOCTAMH si3blka. HO 3TM cpenctBa cTOST AeHEr: 00beM
BHEIIHETO ONMCAHUSI CUCTEMbl IMPOTPAMMHPOBAHUS B JIE€CATHb-IBAIIaTh pa3 OoJbllle OMUCAHUS
COOCTBEHHO BBIYMCIMUTENBbHONW cucTeMbl. [lonmp30BaTenio OKa3bIBa€TCS 3HAYMTEIBHO MPOIIE 3a7aThb
T100yI0 BBHIOpAHHYIO (PYHKIIMIO, HO BBIOOpD OY€Hb BEIMK, U HYXKHO NMOMHHUTH 3HAUUTENIBHO OOJbINE
BapHaHTOB U (GOPMATOB.

Hcnonb3oBanue oOsnerdaeTcsi, TOJBKO €CJIM BBIMTPHII BPEeMEHU MpPHU 3aJaHUU  (QYHKIUU
NPEBBIIIAECT BpeMsl, MOTPaueHHOEe Ha OOydeHHe, 3allOMHHAHWE M MOUCK PYKOBOJACTB. COBpEeMEHHbIE
CUCTEMBI MPOrPaMMHUPOBAHUS JTAIOT TAKOW BBIMTPHIIL, HO MOX0XKE, YTO B MOCJIEIHUE TOAbl OTHOIICHUE
BBIUTPBIIIA K 3aTpaTaM YMEHBIIUIIOCH B pe3ylbTare 100aBieHus Bce 0osiee U 0oiiee CI0KHbBIX QYHKIUH.
Sl wacTo BCOMHMHAO, KaK JIETKO ObLI0 Mcmosb3oBaTh IBM 650, maxke 6e3 accemOiiepa miu BOOOIIE
KaKUX-T00 Mporpamm.

[TockoabKy 10 TPOSKTUPOBAHUS ABISETCSA MPOCTOTA UCIIOJIB30BAHUS, OKOHUATEIbHYIO OI[EHKY
MPOEKTa CUCTEMBI J1a€T JIOCTUTHYTOE OTHOIICHHE (PYHKIHOHAJIBHOCTU K CJIOKHOCTU KoHuenuui. Hu
(GyHKIIMOHATIBHOCTh, HU MIPOCTOTA B OTJEIBHOCTH HE SBISIFOTCS MPU3HAKAMM XOPOILIETO MPOEKTa.

OT0 00CTOSATENBCTBO YACTO HempaBuibHO NMoHUMaercs. Operating System/360 mpeBo3HOCUTCS
CBOMMH CO3JaTeNIIMM, KaK JIydliasi U3 KOrjga-in0o CO3JaHHBIX, MOCKOJIbKY HEOCIOPUMO, YTO B HEMl
Oonbiie ¢GyHkiui. OyHKIUHM, a HE NPOCTOTAa BCErJa CIYKHIA KPUTEPUEM IMPEBOCXOJACTBA €€
coznareneii. C napyrodl CTOPOHBI, CO3Jareiy CUCTEMbI C pasznelieHueM BpemMeHu s PDP-10
MPEBO3HOCAT €€ MPEBOCXOACTBO BBUIY MPOCTOTHI MU HEMHOTOYHMCICHHOCTH IMOJIOKEHHBIX B OCHOBY
unei. OqHako 1Mo BceM MepkaM ee PyHKIIMOHAIBHOCTh HUKE 1o kiaccy, yeM OS/360. Eciu B kauecTBe
KpUTEpHUs OIpeJereHa MPOCTOTa HCIOIb30BAHMS, CTAHOBUTCS OYEBUAHOW HecOaTaHCUPOBAHHOCTD
3TUX CUCTEM, IOCTUTAIOUIMX LU JIHIIH HATIOJIOBUHY.

OnHako Juisi HEKOTOPOro 3aJaHHOTO YPOBHA (DYHKIIMOHAJIBHOCTH JIy4lllell OKa3bIBaeTCs Ta
CHUCTEMa, B KOTOPOH MOXXHO paboTarh ¢ HauOoJbIIel TPOCTOTON U HemocpeAcTBEHHOCTRIO. [IpocToTa
— 9710 eme He Bce. A3bik TRAC, co3mannbiii MyepoMm, u Algol 68 nocturaioT mpoCTOTHI, €CIH
KOJINYECTBEHHO HM3MEPATh €€ YHUCJIOM OTIEIbHBIX 3JIEMEHTAapHBIX MOHATHH. HemocpencTBeHHOCTH,
OZIHAKO, HE XapakTepHa g HUX. YTOOBI BBIpa3UTh CBOM HAMEPEHHUA, 4acTo TpeOyeTcs codeTarb
0a30BbIE CpEACTBA CIOKHBIM U HEOKHUJIaHHBIM 00pa3oM. HepocTaTrouHo u3yduTh 0a30BbIE JIEMEHTHI U
npaBuiia UX KOMOMHUPOBAHUSA, HY)KHO U3yYUTh €I UIMOMaTHYECKOe UCII0JIb30BaHUE, LIETYI0 001acTh
3HAHUW O TOM, KaK Ha MpPaKTUKEe KOMOWMHHMPOBATh 3JeMEHTHI. [IpocToTa M HEmocpeAaCTBEHHOCTh
MPOUCTEKAIOT U3 KOHUENTYAIbHOU LETOCTHOCTH. BO BceX 4acTAX JOJKHBI HAUTH OTpaKEHUE eIuHas
dunocodus 1 enuHOOOpa3HBIE MPOMOPLUUU MEXKAY KETAEMbIMU LEIsIMU. B Kaxa0l 4acTu AOHKHBI
TaK)X€ MCIOJIb30BAThCA OJMHAKOBBIM CHHTAKCHC M CXOAHBIE CEMaHTHYEeCKHE 0003HaueHus. Takum
o0pa3oM, IPOCTOTA UCIIOIb30BaHUA TPEOYET €IMHCTBA MPOEKTa, KOHIENTYaJIbHON 1[ETOCTHOCTH.

Apucmokpamus u demokpamusi

KoHuenTyanbHasi 1€TOCTHOCTh, B CBOIO Ouepeib, TpeOyeT, 4TOObl MPOEKT HUCXOAUI OT OIHOTO
pa3paboTuuka, Wik HeOOJIBILIOTrO YKCIIA UX, JEHCTBYIOIIMX COTIIACOBAHHO U B YHHUCOH.

C Japyroit CTOpPOHBI, HAmpsHKEHHOCTh Tpaduka TpeOyeT NpPUBJICUYECHHUS OOJBIIOrO 4YHUcia
pabotHukoB. EcThb 1Ba Meronma paspeiieHuss 3Tol auiaeMMbl. [lepBblii COCTOMT B TIIATEIHLHOM
paselieHnu Tpyla MEXIy apXUTEKTYpOW U MCIOJHEHHEM. BTOpoil — HOBBIA cmoCcO0 OpraHHU3aInu
Opuraja nporpaMMHCTOB-UCTIONHUTENEH, 00CYKIaBIIMICS B TPEABLAYILCH I1aBe.



Otnenenue pa3pabOTKU apXUTEKTYypbl OT peaiu3auuu sBiasercs 3(PQPEeKTUBHBIM CIIOCOOOM
JOCTHXKEHUSI KOHIIENTYaJIbHOM 11€JI0CTHOCTU MpHU paboTe HaJ OYE€Hb OOJBIIMMH MpOeKTaMu. S JTUYHO
ObUT CBUJIETENIEM YCIICIIHOIO €ro MmpuMeHeHus mnpu co3fgaHuu IBM kommbrotepa Stretch u cepun
npoaykToB System/360. Ho on He cpabortan mpu paszpaborke Operating System/360, mockoibKy
HEJIOCTaTOYHO TPUMEHSIICS.

[Toxg apXuTEKTypoil CHUCTEMBI s MOHMMAIO MOJHYI0 M MOoApPOoOHYI0 crenudukanuio uHTepderca
nonb3oBarensd. sl KoMnproTEpa 3TO PYKOBOACTBO IO MPOrpaMMHUpPOBAHUIO. J[JIsI KOMOUIATOpa 3TO
PYKOBOJCTBO 10 SA3BIKY. JIJ1s1 yIpaBIsOIIEN IPOrpaMMBbl 3TO PYKOBOACTBO MO OAHOMY WJIM HECKOJIBKHM
A3bIKaM, KCIOJIb3yeMbIM JJisi BbI3OoBa ee (yHkumil. [[ns cucteMsl B 1enroM — 3To Habop Bcex
PYKOBOJICTB, K KOTOPBIM JIOJKEH 00palaThesl Moab30BaTeNb IpH padoTe.

ApPXUTEKTOP CUCTEMBI, KaK MU apXUTEKTOp 3AaHUs, SBISACTCS MPEACTAaBUTENIEM MOJIb30Barens. Ero
3ajlaya — HCIOJIb30BaTh BCE CBOM MPO(ECCHOHANbHbIE U TEXHUYECKUE 3HAHMS HCKIIOUUTENHHO B
MHTEpEcax MOJIb30BaTENIsl, a HE MPOJABLA, U3TOTOBUTENS U T.11.[2]

ApxuTekTypa U pa3paboTka IOJKHBI ObITh THIATENBbHO pa3aenenbl. Kak ckazan bnay (Blaauw),
«apXUTEKTypa TOBOPUT, UYTO JOHKHO MPOM3OWTH, a pa3paboTka — Kak chaenarb, 4YTOOBI 3TO
npousouuio».[3]1B kauecTBe mpoCcTOro NpuMepa OH MPUBOAUT YacChl, APXUTEKTYpPa KOTOPBIX COCTOUT U3
nudepOnara, CTpeloOK U 3aBOAHON TroJIOBKU. PeOeHOK, OCBOMBIIMII 3TO apXUTEKTYypy, C OTUHAKOBOIA
JIETKOCTBIO MOXET Y3HAaTh BPEMs U MO PYYHBIM 4YacaM, U [0 4acaM Ha KOJIOKOJIbHE. VIcroiHeHue ke U
€ro peaJn3alus ONKMCHIBAIOT, YTO IMPOUCXOAUT BHYTPH: NEpefada YCUIUW U YIPaBICHUE TOUYHOCTHIO
Ka)XIbIM U3 MHOTUX MEXaHU3MOB.

K npumepy, B System/360 ogHa U Ta ke apXUTEKTypa KOMIIBIOTEPAa COBEPILICHHO I0-Pa3HOMY
peanu3oBaHa MPUMEPHO B AeBATU Mozensx. OOparHbIM 00pa3oM, OJHAa U Ta K€ peaiu3alus MoToKa
JMaHHBIX, maMsiITH U Mukpomnporpamm u3 Model 30 ucnonbp3oBanach B pa3HOE BpeMsl B UETHIPEX
pa3MUYHBIX apxXUTEeKTypax: System/360, MyIbTUILIEKCHOM KaHalle ¢ MOAKIIUEHUEM J0 224 JIOru4ecKu
HE3aBUCUMBIX IIOIKAHAJIOB, CEJIEKTOPHOM KaHaje U komnbroTepe 1401.[4]

Takue xe pa3nuuusi MOXKXHO NMPOBOAUTH B OTHOLUIEHUU CUCTEM IporpammupoBaHusd. CymiecTByeT
cranaapt mis Fortran IV. OTo apxutektypa, ncnojib3yeMasi BO MHOTMX KoMIuisATopax. B pamkax aToi
aApXUTEKTYpPbl BO3MOXHBI pa3Hble peAU3alMU: TEKCT B ONEPATUBHOM MHaMITH WM KOMIIHISATOP,
ObICTpast WM ONTUMH3UPYIOIIAsl, CHHTakcuyeckas uiau ad hoc. Ananornyno, 1000 SA3bIK accemOuepa
WJIH SI3BIK YIIpaBJICHUs 3aJaHUsIMU JOMYCKAaeT MHOTHE pealin3aluu accemoiepa Win MIaHUPOBIIMKA.

Tenepp MBI MOXEM 3aHATHCS BeChbMa YYBCTBUTEIBHBIM BOIPOCOM OOpHOBI apUCTOKpAaTUH U
neMokparuu. He cranmm M  apXATeKTOpbl HOBOM apUCTOKPAaTUEW, HWHTEIUIEKTYaJbHOW JJIUTOU,
NPU3BAHHON pa3bsCHUTh O€AHBIM O€3INIaCHBIM HCIOJHUTENSAM, YTO OHM JOJDKHBI jenars? He
3axBaTujia JIM 3Ta 3JUTA BCIO TBOPUECKYIO ACSITENBHOCTb, CAEJIAB HUCHOJHUTENCH JHIIL 3yOUMKaMH B
mexanusme? He okaxeTcs nu, yTo 0ojiee COBEPIICHHBIM MPOAYKT MOKHO MOJYYUTbh, UCIIOIB3YS UIEU
Bcel Opuranasl u ucnosenys ¢Guiocopuio AEeMOKpaTvd, a HE OrpaHHYMBas KpPYyr pa3pabOTUHKOB
HECKOJIbKMMU JULamu?

[Ipome Bcero OTBETUTh HA IOCIEAHUU BOHpOC. S, pazymeercs, HE CTaHy YTBEpXKIarb, 4YTO
XOpOILIKE APXUTEKTYPHBIE UAEU MOTYT BO3HUKATh TOJIBKO Y apXUTEKTOPOB. YacTo cBexkas ujes UCXOAUT
OT UCIOJHUTENS UIU ToJib3oBareis. OQHAKO BECh JIMUHBIN OMBIT yOEXKAaeT MEHs, U S MBITAICS 3TO
10Ka3aTh, YTO MPOCTOTY IOJb30BAHUS CHCTEMOW ONpPEAENAET €€ KOHLENTyaJbHas LEJIOCTHOCTD.
HocTtoiinble BHUMaHuA (QYHKIMH U UICH, KOTOpble HE OOBEAUHSIOTCS C OCHOBHBIMU KOHICMLIMSIMU
CUCTEMBI, JIydllle OCTaBUTh B CTOpOHE. EciM TakuxX BaKHBIX, HO HECOBMECTHUMBIX HJIEU MOSBISAETCA
CJIMILIKOM MHOTO, BBIKM/IBIBAIOT BCIO CUCTEMa M HAYMHAIOT pa3palbOTKy LETOCTHOW CHCTEMBbI CHaJala,
OCHOBBIBAsI €€ HA UHBIX OCHOBOIOJIATAIOIIMX KOHIEIIIUSX.

Yro xacaercsi 0OBUHEHUN B apUCTOKPATU3ME, TO OTBET U MOJOXKHUTEIbHBIA, U OTPHUIATEIIbHBIN.
[TonoXXUTENbHBINA, MOTOMY YTO JEUCTBUTENBHO JIOJDKHO OBITh HECKOJBKO apXUTEKTOPOB, YbHU



pe3yNbTaThl )KUBYT JIOJIbIIE, YEM OTACNIbHBIC peal3alii, U apXUTEKTOP HAXOOUTCAd B (oOKyce Cui,
KOTOpBIE OH B KOHEYHOM HTOI€ JOJKEH MCIOJIb30BaTh B MHTEpecax Mosb3oBarelns. Ecnu Bel xoTute,
4yTOOBI cUCTEeMa O0Jiajjana KOHLENTYalbHOW LEIOCTHOCTBIO, TO PYKOBOACTBO KOHIECMUMIMU JOJDKEH
B3SITh KTO-TO OAMH. DTO apUCTOKPATU3M, KOTOPBIN HE HYKJIACTCS B U3BUHEHUSX.

OTBeT OTpHULIATEIbHBINA, MOCKOJIbKY pa3padoTka MpoeKkTa TpeOyeT He MEHbIE TBOPYECTBA, YEM
3a/laHie BHEIIHMX crienudukanuii. 9To Toxke TBopyeckas pabora, HO Apyroro xapakrepa. Pazpaborka
NpPOEKTa JJIs 3aJJaHHON apXUTEKTYphl TpeOyeT W JOIMYCKAET CTOJIBKO K€ TBOPUYECKOW AESTEIbHOCTH,
HOBBIX HJEH, U300peTareIbHOCTH, Kak U MPOEKT BHemHHX crneuudukanuii. IlpakTuyecku,
KO3 PUIIHEHT CTOMMOCTH/3(DPEKTUBHOCTH CO3IaHHOTO MPOAYKTA OOJIbIIE 3aBUCUT OT UCTIOJIHUTENS, a
MPOCTOTA €ro UCIOIb30BaHUS — OT apXUTEKTOpa.

EcTbh Macca npuMepoB, MoACKa3aHHBIX IPYTUMHU UCKYCCTBAMH M PEMECIaMH, KOTOPbIE MOABOIAT K
MHEHHIO, YTO IUCLUMIUIMHA HMJET Ha moib3y. JeiicTBUTEeNnbHO, aopu3M XyIoKHHKA IIACUT, YTO
«popma ocBoOOkaaeT». CamMble Y)KaCHBI CTPOCHHS — ATO T€, OFOKET KOTOPHIX OBLI CIMIIKOM BEITHK
JUIS TIOCTaBJICHHBIX Ieiel. TBopueckyto akTuBHOCTh baxa enBa nu Mora mofaBisTh HEOOXOAUMOCTh
eXeHeJlesIbHas HEeOOXOAMMOCTh M3rOTaBIMBATh KAHTATy OMNpeneleHHOro Buaa. S yBepeH, 4TO
apXUTeKTypa KomIibioTepa Stretch ctana Obl dydmie, ecau Obl Ha Hee HAJOXKUIU OoJiee >KECTKUE
OTpaHUYCHMS; TaK, OTpaHUYCHHS, HAJIOKEeHHBIE OromkeToM Ha System/360 Model 30, mo mMoemy
MHEHHIO, TPUHECIH JIUIIb OBy apxutekType Model 75.

AHAJIOTUYHO, S CYMTAIO, UYTO IMOJYYEHHE apXUTEKTYpbl W3BHE YCHUIIMBAET, a HE IOAABISAET
TBOPUYECKYIO aKTUBHOCTH TpyHmbl ucnojgHutTened. OHM cpa3y COCPEAOTOYMBAIOTCS HAa TOW 4YaCTH
3a/laud, KOTOpPOHl HUKTO HE 3aHUMAJICA, U B pe3ylbTare H300peTaresibHOCTh ObeT KiouoM. B He
OTpaHUYMBAEMOM TpyIine OoJyblas 4YacTh OOMYyMBIBAaHUSA U OOCYXKJIEHUS MOCBSILEHA apXUTEKTYPHBIM
peleHusM B yiep6 peanuzanuu.|S]

OTOT MHOTOKpaTHO HabmogaBumiics MHON 3ddext moarsepaun P. V. Konseit (R. W. Conway),
ybs Tpymnmna pazpaboranra B Kopuenbckom yHuBepcutere komnuistop PL/C mns szeika PL/I. On
roBOpUT: «B KOHEYHOM UTOTE MbI PEIIMIIM PEan30BaTh A3bIK 0€3 U3MEHEHHI U YCOBEPIICHCTBOBAHUH,
MOCKOJIBKY 00CYK/IEHHE SI3bIKa OTHSUIO OBl Y HAC BCE CHIIBLY|[ 6]

Yem 3anamvcs pazpabomyuxy, noka OH 6blHYHCOEH dHcOamy?

OueHb HEMPUSTHO COBEPLIUTH OMIMOKY CTOMMOCTBIO B MUJUIMOH J0JUIAPOB, HO 3aTO OHA HAJ0JTO
3alOMHUHAETCA. S OTUETIMBO MOMHIO TOT JI€Hb, KOTJIa Mbl PUHSIIA PEIIEHHE O TOM, KaK MPaKTHUYEeCKU
OpraHu30BaTh cocTaBieHue BHemHHX crneuudpukanuii anas OS/360. Menemxkep MO apXuUTEKType,
MEHEKEp [0 peaju3alliy YOPaBIAOIIeH MporpaMMbl W S mpopalarbiBaiM IUIaH, rpaduk U
pasneneHnne o0s3aHHOCTEH.

VY Menemxkepa mo apxutektype Obuto 10 xopoumx crnenuanuctoB. OH yTBEpKIaj, YTO OHHU B
COCTOSIHMM HaIucarh creu@UKaum u clieiarb 3T0 JOJKHBIM 00pa3oM. DTO TOKHO ObUIO 3aHATH 10
MeCSIeB — Ha TPH OOJIbIIe, Y4eM OTBOAUIOCH MO TPaduKy.

VY MeHemkepa Mo peanus3aluy ynpasisiromei nporpamMmmbl 0bu10 150 yenoBek. OH 3asBIsI, YTO
OHM MOTYT TOATOTOBUTH CHEUU(PUKALMU, NPU OSTOM TIpyNNa AapXUTEKTOPOB BHIMOJHsIA OBl
koopauHupytoume ¢yHkuuu. OOemanock, 4YTo 3TO OyleT CAENaHO XOpOoUlo U MPAKTHYHO, C
coOiroieHneM CpokoB. boiiee TOro, eciaum ocTaBUTh crienu(UKAUKU TPYIIEe apXUTEKTOpoB, ero 150
YeJIOBEK B TEUCHUE JIECATU MeCSIEeB OyayT OUTh OaKITyIm.

Ha 3T0 MeHemkep 1Mo apXUTEKType BO3pa3HIl, YTO €CIU 5 CJENIal0 OTBETCTBEHHOM 3a HANMCaHUE
cnenupuKaui TPyImy YIpaBIgiOIIeil TporpaMMbl, TO pe3yiabrara B CPOK He OyaeT: OH BCe PaBHO
3aIep)KUTCA Ha TPU Mecdlla, HO MO KadyecTBy OylneT MHOro Xxyxe. Tak OHO U O0Ka3ajioch B
neiicteutenbHocTd. OH oOkazanca mpaB B oboux myHKTax. Kpome Toro, wu3-za OTCYTCTBUS
KOHIIETITYaJIbHOM I[€JIOCTHOCTU CO3/IJaHWE U BHECEHHE M3MEHEHUN B CUCTEMY OKa3aJHCh 3HAYUTEIIbHO
0osee TOpPOroCTOSAIIMMH, U, IO MOUM OILIEHKaM, OTJaJKa y/UIMHUIACH Ha TO/I.



Koneuno, MHorume @QakTopsl MOBIUSIM HAa MNPUHATHE JTOTO OIIMOOYHOIO pEeUIeHUs, HO
OTIPENEISIIONIMMH ObUTH KEJTaHUE YIOXKHUThCA B TpaduK U CTpemieHue 3aHsATh paboToit atux 150
yenoBek. [leHne 3TUX CUpeH TauT CMepTENbHbIC OMTACHOCTH, KOTOPHIE S U XOUYy ceiuac Moka3arthb.

Korma mpemiaraercs, 4ToObl BCe BHEIHHE CHEUU(PUKAUUA OIS KOMIIBIOTEPHOM WM
IPOTPAMMHON CHUCTEMBbl OBUTM COCTABJICHBI HEOOJBIIOW KOMAHIOM apXUTEKTOPOB, HCIOJHUTENN
BBIJIBUTAIOT TPU BO3PAKECHUS:

* Cneundukanuu OynyT neperpyxeHbl QyHKUHUSIMU U HE OyIyT YUUTHIBATh MPAKTUYECKUX 3aTpar
Ha pealn3aluio.

* ApXUTEKTOpHl TOJy4yaT BCE PAJOCTH TBOpYECTBA M 3a0JIOKUPYIOT H300pPETATENbHOCTD
VICTIOJTHUTEIEH.

* MHOTOYHCICHHBIM HUCIOJHUTENSIM TPUACTCS OXUJATh B MPa3AHOCTH, MOKa CHeHUuPUKALUU
MPONUIYT Yepe3 y3K0e rOPIBIIIKO KOMaHIbl apXUTEKTOPOB.

[lepBoe Bo3pakeHUE OTpaXKaeT PEaIbHYI0 OMACHOCTh U OyleT PacCMOTPEHO B CIEIYIOIICH ITIaBe.
OcTanbHble JBa SBISIOTCSA YUCTHIM 3a0iykaeHneM. Kak Mbl Bujenu Bbie, pa3paboTKa TaKxKe SBISETCS
B BBICHICH CTENEHU TBOPYECKON NIE€ATENbHOCTHIO. BO3MOXHOCTH MPOSBUTH TBOPYECTBO U
n300peTaTeIbHOCTh MPU pa3paboTKe HE3HAUUTEIHHO OTPAaHUYMBACTCS HEOOXOAMMOCTHIO paboTaTh B
pamMKax 3aJaHHBIX BHEUIHUX CHEeUU(PUKAIUN, U Takas JUCHUIUIMHA MOXET JaKe€ YCUIIUTh CTEIEHb
TBOpYECTBA. DTO, HECOMHEHHO, BEPHO ISl IPOEKTA B LIEJIOM.

[TocnenHee Bo3pakeHUE KacaeTcsl MJIAHUPOBAHUS BPEMEHHBIX paMOK M dTamoB. Ilpomie Bcero
BO3JIEPKaThCA OT HalilMa UCIOJHUTENEeH 10 3aBeplueHus paboTbl Haj cnenudukanusmu. Korma
BO3/IBUTAETCS 3[]aHUE, TaK U MOCTYIAOT.

OnHaKo IpH CO3/aHUU KOMIBIOTEPHBIX CUCTEM TEMIIbI BBIIIEC, U KEJIaTebHO YIUIOTHUTH IPauK
pabot. B xakoit mepe pa3paboTka crnenupuranuii 1 pa3paboTKka MOTYT MEPEKPHIBATHCS?

Kak ormeuaer bmay, Bcio mnporpaMmy CO3AaHHUS COCTABISIOT TpPU OTACNIbHBIE CTaJAHM:
apXUTEeKTypa, pa3zpaboTka M peanusanusa. Oka3plBaeTcs, YTO Ha NPAKTUKE HX MOXHO HAYMHATh
napajieJbHO U MPOAOKATh OJHOBPEMEHHO.

Hanpumep, npu mpoeKTUPOBAHUU KOMIIBIOTEPOB MPOEKTHUPOBIIMK MOXKET MPHUCTYMaTh K padore,
uMesl OTHOCUTENbHO OOIMe JOMYIICHNS B OTHOIICHWH PYKOBOJCTBA MOJIb30BATENs, HECKOJIBKO Ooliee
SCHBIC UJICU OTHOCUTEIBHO TEXHOJIOTMH W BIIOJHE OIMpPEACNICHHBIC 3aJa4i MO CTOMMOCTH U paboduM
xapaktepuctukaMm. OH MOXET HauaThb MPOCKTHUPOBAHHWE TOTOKOB JIaHHBIX, YIPABISIOIMX
MOCJIeIOBaTeIbHOCTEN, OOmMX uJaeH KOMIOHOBKM W T.4. OH pa3pabarbiBaeT WIM aJanTUPYET
HEOOXOMMBI HHCTPYMEHTapui, OCOOCHHO CHCTEMY BEICHHUS y4yeTa, B TOM YHCJIE CHUCTEMY
aBTOMAaTHU3al[UU IPOCKTUPOBAHUS.

B To ke BpeMs Ha ypOBHE peaju3allii HY>KHO CIIPOCKTHUPOBATh, YCOBEPILEHCTBOBATh U OMHUCATH
MUKPOCXEMBI, TJIaThl, KaOeu, KapKachl, OJIOKM MUTAHUS U YCTPOMCTBA MaMsITH. JTa paboTa MpoOTeKaeT
napajieJIbHO C apXUTEKTYpPOi U pa3pabOTKOM.

To xe camoe cmpaBeUIUBO MPHU CO3JAHUU MPOTPAMMHBIX CHCTEM. 3aJ0Jr0 JI0 3aBEpILICHHS
BHEIIHUX CHEUU(PUKAINUN NPOSKTUPOBIIMK MOXET HaWTh cebe A0cTaToyHo paboTbl. OH MOXKET
HNPUCTYIUTDH K eIy, OCHOBBIBAsICh Ha TPYOOM MPHUOIMKEHUH (DYHKIIMOHAIBHOCTU CUCTEMBI, KOTOpas B
KOHEYHOM HTOre OyJeT BOIUIOIIEHA BO BHEIIHUX CHEUUPUKAIUAK. Y HETO0 JOJDKHBI OBITh SICHO
OTIpEeJICICHHbIE 1IeId B OTHOIICHUWW MaMSATH W BPEMEHHBIX mNapamerpoB. OH [ODKEH H3YyYUTh
KOH(UTYPALMIO CUCTEMBbI, HA KOTOPOW OYJET BBIMOJHATHCS €r0 MPOAYKT. 3aTeéM OH MOXKET HadaTh
OTpeJieieHUuEe TPAHUI] MOAYICH, CTPYKTYp TaOJIull, pacwICHEHUsI Ha MIPOXObl U CTaJAUH aJTOPUTMOB
U BCEBO3MOXHBIX HMHCTPYMEHTAJbHBIX CpeacTB. HexkoTopoe BpemMs OH [OJIKEH TakK)Ke IOCBATUTH
OOIIEHUIO C APXUTEKTOPOM.

B To xe BpeMsi nocTarodyHO paOOThl U HA YpPOBHE peaju3aluu. Y MNPOrpaMMHUPOBAHHS CBOS
TexHojorus. Ecnu MammHa HOBas, MHOro Tpyaa TpeOylOT COMalieHUsl IO MOAIpOrpaMmam,



TEXHOJIOTHS PabOTHI C CYIIEpBU30POM, AITOPUTMBI IOUCKA U COPTUPOBKU.[ 7]

KonnenryanpHas 1eJIOCTHOCTh TpeOyeT, 4TOObI cHCTeMa oOTpaxkala enuHyio (uiaocoduio, u
TEXHUYECKUE YCIIOBUS, B TOM BHJIC, B KOTOPOM OHHU OyIyT BHUJHBI MOJIH30BATEII0, MPOUCTEKAIH OT
MaJIoro YMCJia aBTOPOB. DTO HE 03HAYAET, YTO CIIPOCKTUPOBAHHASI TAKUM 00pa30M CHCTEeMa CO3/1aeTCs
JIOJIBIIIE, TIOCKOJIBKY UCIIOJIB3YETCS ACHCTBUTEILHOE

paszenieHre Tpylda Ha apXUTEKTypy, pa3paboTky W peanm3anuio. OObIT MOKa3bIBaeT OOpaTHOE:
IeJIbHAsl CUCTEeMa MpOJBUTACTCS ObICTpee W TpeOyeT MEHbIIE BPEMEHHU IS OTJIaaku. B pesymbrare
IMPOKO PaCIpPOCTPAHCHHOE TOPHU3OHTAILHOE pa3/ieJieHHE TPyJda 3HAYUTEIBHO COKPAIACTCS 3a CYET
BEPTUKAJIBLHOTO pa3fCICHUs, YTO BJICYET PE3KOE YMEHbIIEHHE oOMeHa WHGOpPMAlHMEH U YIydIlieHUE
KOHIIETITYaJIbHOU I[€JIOCTHOCTH.



I'1aBa 5 D@ deKT BTOPOH CUCTEMBbI

Adde parvum parvo magnus acervus erit. (Ckraovigaii manoe ¢ MansiM,
U noayYUULb OOILbULYIO KVYY.)
OBH[HH

Ecnu oTBeTcTBEHHOCTH 3a crnenupukanuio GyHKIUN OTASIUTh OT OTBETCTBEHHOCTH 3a OBICTpOE
CO3JaHue HEJOPOTOTo MPOIYKTA, TO YEM CIEpKaTh U300pETATeIbCKUN SHTY31Ma3M apXuTeKTopa’?

[MpunnunuanbHOE peleHne — odecrneyeHne BCeCTOPOHHET0, TIIATEIBHOTO0 U J100p0KenaTeabHO
oOMeHa MH(oOpMalKell MeXay apXUTEeKTOPOM U pa3paboTunkoM. OmHAKO UMEIOTCS U 00jee TOHKHUE
pelIeHus, KOTOPbIE 3aCTyKUBAIOT BHUMAHHSL.

Hucyunnuna 83aumooeiicmaust 0isi apxumexmopa

ApPXUTEKTOp, CTPOSIMA 3/1aHHE, NEUCTBYeT B pPaMKaX CMEThI, HCIOJb3ysd METOAbl OIEHKH,
KOTOpBIE B MOCHEAYIOUIEM MOATBEPXKAAIOTCS WA KOPPEKTUPYIOTCA 3asBKaMM MOAPSAYMKOB. YacTo
CJIy4aeTcs, YTO BCE MPEJIOKEHUS BBIXOIAT 32 paMKH CMEThIL. Torga apXuTeKTop MmepecMarpiuBaeT CBOU
OLICHKH B CTOPOHY YBEJIMYEHHS CMETHI, @ MPOEKT — B CTOPOHY COKpAILCHUS, U LIHUKJI MOBTOPSETCS.
Wuorna oH npeiaraet noapsaYuKaM CocoObl YACIICBICHUS peaii3allii ero MPOEeKTa B CPABHEHUU C
M30paHHBIMU UMM CITIOCOOAMU.

CxonHble TPOLECChl MPOUCXOIAT C APXUTEKTOPOM KOMITBIOTEPHBIX MJIM MPOTPAMMHBIX CHUCTEM.
OnHaKo y HEro ecTh TO MPEUMYIIECTBO, YTO MPEIOKEHUS MOAPSAUYNKA MOKHO MOJTYYUTh HA PAaHHUX
CTaAUsX MPOCKTUPOBAHUS, YACTO — B JII000K MOoMeHT. HemocTarkoM 0OBIYHO SIBIIIETCS TO, YTO paboTa
UJIET C €AMHCTBEHHBIM MOAPSIIYMKOM, KOTOPBIA MOXKET MEHSTH IIEHY B 3aBUCUMOCTHU OT CTEMEHH CBOEH
YIOBJIETBOPEHHOCTU MpoekToM. Ha mpakTuke, mpoiiecc OOILIEHMs, HAyaTbli HAa pPaHHUX ATalax M
NPOAOJDKAIONIMUACS HENPEpPhIBHO, MOXET JaTh AapXUTEKTOPY BEpPHYIO OIEHKY CTOMMOCTH, a
pa3pabOTUUKy — YBEPEHHOCTh B IPOEKTE, HE CHHUMAs IMPU ITOM YETKOTO pasrpaHudeHus cadep
OTBETCTBEHHOCTH.

VY apxuTeKTopa, KOrja OH CTaJIKUBAETCA C HEPUEMJIEMO BBICOKON CTOMMOCTBIO, €CTh JIBA BBIXOJA:
COKpaTUTh MPOEKT WM BO3JCKUCTBOBATh HAa CTOMMOCTb, Npeajaras Oojiee JeIeBble CIOCOObI
peanu3auuu. BTopoil cnoco0 Hen30eKHO BBI3BIBAET SMOLUH, BEllb apXUTEKTOpP OCMapUBaeT TO, Kak
CTPOUTENb CHPABISETCS CO CBOUM JieJoM. YTOOBI YCHENIHO CHPAaBUTHCS C ATUM, APXUTEKTOPY
HE0OX0MMO:

* MOMHHTb, YTO OTBETCTBEHHOCTh 3a H300pETAaTEeIbHOCTH M TBOPYECTBO, MPOSIBISEMbIC IPH
peanu3anum, HECET CTPOUTENb, TOITOMY aAPXUTEKTOP MpeuIaraeT, a He TpeOyeT;

* BCerga ObITh TOTOBBIM MPEAJIOKUTH HEKOTOPBIM CIOCO0 peann3allid CBOMX 3aMBICIOB U OBITH
TOTOBBIM COTJIACUTHCS C JIOOBIM JIPYTUM CIIOCOOOM, MO3BOJISIONMM PEIIUTh 3a7a4y HE XyXKe;

* BBJIBUTAs TAKUE MPEATIOKEHUS, IeCTBOBATh O€3 IIyMa U OTJIaCKU;

* HE PACCUUTHIBATH HA MPU3HATEIBHOCTD 32 ClIeJaHHbIC MPEIOKEHUS.

OObIUHO pa3pabOTUMK MapUPYET MPEeIOKEHUEM M3MEHEHUM B apxuTekType. HacTo oH mpaB —
peanu3anusi  KakoM-HUOyOb  MAaJOCYIIECTBEHHOM  JeTald  MOXET OKa3arbCsl  HEOXKUJIAHHO
JIOPOTOCTOSIIEH.

Camooucyuniuna — 3¢pghexm emopoti cucmembi

[lepBblit MPOEKT aAPXUTEKTOPA CTPEMUTCS K CKPOMHOCTH M SCHOCTHU. APXUTEKTOP MOHUMAET, YTO
HE 3HAET, YeM 3aHUMAETCS, I0ITOMY OH 3aHMMAETCS 3TUM CO CTapaHUEM M CaMOOTPAHUYCHUEM.

[Tpu pabGoTe Haj MepBHIM MPOEKTOM €MY MOCTOSHHO MPUXOJSAT B TOJIOBY TO OIHHU, TO Jpyrue
«ykpameHus». OHM OTKJIAJAbIBAIOTCA B CTOPOHY JUIsl MCIOJIb30BAHUS «B CIEAYIOUWMN pa3». B konue
KOHI[OB, TepBas CHCTEMa 3aKOHYEHa, M apXUTEKTOp, C TBEPIAOW YBEPEHHOCTHIO B cebe u



MPOJIEMOHCTPUPOBAHHBIM OCBOEHHEM 3TOIO KJIacca CUCTEM, FOTOB K CO3JJaHHIO0 HOBOT'O MPOEKTA.

Ota BTOpas cuUcTeMa TauT HauOOJbIIME OMACHOCTU IJs MpoekTupoBumKka. [Ipu pabore Hax
TpEThel U MOCIEAYIOIMMHU CUCTEMaMU 3aKPEIIseTCs MOJIyUYEeHHbIN paHee OMbIT B OTHOIICHUU OOIIMX
XapaKTEPUCTUK TAKUX CHUCTEM, a PA3JIMUMS MEXKy HUMHU BBIABIAIOT T€ YAaCTH ONBITA, KOTOPHIE HOCST
YACTHBIA XapaKTep U HE MOTYT ObITh OOOOIIICHBI.

OOmas TeHJEHLHS 3aKJII0YaeTCs B MEPErpyKEHHOCTHU MPOEKTa BTOPOM CHUCTEMBbI HUICAMH U
yKpalaTeabCTBaMU, 0J1aropazyMHO OTJIOKEHHBIMU B CTOPOHY MpHU paboTe HajJ MEPBBIM MPOEKTOM. B
pesynbTare moJsiydaercs, roBopsi cioBamu OBunus, «Oonpmas Kyda». Paccmorpum, Hampumep,
apxutektypy IBM 709, BomiomeHHyro mnoszaHee B manmHe 7090. OTto — MoaepHU3auus, BTOPS
CHUCTEMa Ui OYeHb YCIEIIHOW M Xopouio ckpoeHHou cuctembl 704. HaGop komaH ObLT HACTOJBKO
oorat u U300UJIEH, YTO PETYISAPHO UCIOIB30BaIACh MPUMEPHO JIUIIb [TOJOBUHA €TO.

PaccMoTpuM B kauecTBe 0oJiee CUIIBHOTO IPUMEpa apXUTEKTYpy, pPa3paboTKy U JaKe peaan3aiuio
KoMIbloTepa Stretch, KoTopble Aamu BBIXOA CHACPKUBAIONIMMCS H300pETaTEIbCKUM CTPEMIICHUSIM
MHOTHX JIFOJIEH, 17151 O0JIBIIMHCTBA KOTOPBIX 3TO ObUIO BTOpast cuctemMa. BoT uto nmumer B cBoeM 0030pe
Crpeitun (Strachey):

Y MeHsl cO31alioch BIIEYATJIIEHHE, YTO HEKOTOPbIM oOpa3zom Stretch spisieT coOoil okoHuUaHUE
OTIpEICIICHHOTO HampaBieHus pa3paboTok. Kak u HeKOTopble paHHHE KOMITBIOTEPHBIE MPOTPaMMBI, 3Ta
CHUCTEMa 4Ype3BbIUaliHO M300peTaresibHa, Ype3BbIYAHO CJOKHA M O4eHb A(PEKTHBHA, HO B TO XKe
BpEMsI SIBISIETCS ChIPOM, PACTOUUTENBHON M HEU3AIHOW, OCTABIAsA OLIYLICHUE, YTO 3TH BEIM MOXHO
JeNnath Jy4dimm oopazom.|1]

Operating System/360 Obi1a BTOpOil cuUcTeMOW Juisi OOJIBIIMHCTBA CBOMX MPOEKTHUPOBIIMKOB.
['pynmbl NpoeKTUPOBIIMKOB MPUIIIKA IMOCTe pabOThl HaJ AUCKOBOHM omepannoHHo cuctemoit 1410-
7010, onepaunonnoi cucrtemont Stretch, cucremoii peanbaoro Bpemenu Project Mercury u IBSYS ans
7090. EnBa nu KTO-TO M3 HHUX MMEJ OMBIT padOTHI HAJl IBYMS MPEIIICCTBYIOUMMH ONEPallMOHHBIMU
cucteMamu. [loatomy OS/360 sBusiercss sipkum npuMepoM 3(deKkTa BTOPOH CHUCTEMBI, aHAJIOTOM
Stretch B McKyccTBe MpOrpaMMHUpPOBAaHUS, K KOTOPOMY B IMOJHOW Mepe MPUMEHUMBI U MOXBAlbl, U
YIIPEKU NPUBEACHHON KpUTUKU CTpeitun.

Hanpumep, B OS/360 orBoautcst 26 OalT ansi pe3uACHTHOW MpoLeayphl MpeoOpa3oBaHUs JaThl,
4yTOOBI MPaBUIIbLHO 00padarkiBaTh 31 nekabps B BUCOKOCHOM rofy (korna 3To 366-i neHb). 9TO MOXKHO
OBLIO OCTAaBHUTH OTIEPATOPY.

OddexT BTOpPOMl CHUCTEMBI HUMEET U JPYroe MPOSIBICHHE, KPOME IPOCTOTrO YKpallaTelabCTBa
GyHKIUAMH. DTO — CKJIOHHOCTHh K YCOBEPLICHCTBOBAHHMIO METONIOB, CAMO CYILIECTBOBAHHE KOTOPBIX
CTaJI0 aHaXpOHU3MOM Onaromapsi U3BMEHEHUsIM B 0a30BbIX HpuHIUNax cuctembl. OS/360 comepxut
MHOTOYHCIIEHHBIE TPUMEPBI, MOATBEPKIAIOIINE ITO.

PaccMorpum  pemakTop  CBA3€W,  IPEIHA3HAYCHHBIM I 3arpy3kKd  HE3aBUCUMO
CKOMITHJIMPOBAHHBIX MPOrpaMM M Pa3pelICHHs] UX MEPEKPECTHBIX CChUIOK. IToMMMO 3TOW OCHOBHOM
(GYyHKIMHU OH TakXe YIpaBIseT MPOrPaMMHBIMU OBEpJIECSIMU. DTO OJHO M3 JyYIIMX KOTna-indo
CO3JaHHBIX CpeACTB paboThl ¢ oBepiesMu. OHO TMO3BOJSET CO37aBaTb OBEPICHHYIO CTPYKTYPY
BHEIIHUM 00pa3oM NpH PEAAKTUPOBAHUU CBS3€HM, HE Tporas HMCXOOHOTO Koma. OHO MO3BOJSET
U3MEHATHh CTPYKTYpY OBepiiceB 0e3 MEepPeKOMOWISAIMU MpPU KaxaoM mporoHe. OHO MpenocTaBisieT
Oorarelii BEIOOp MOJIE3HBIX OMUUM W BO3MOXXHOCTEH. B M3BeCTHOM cMBbICie, 3TO 3aBEpIIAIONIMNA UTOT
MHOTOJIETHEN pa3pabOTKU TEXHOJIOTHUU CTaTUYECKUX OBEPIICEB.

N B TO x€ BpeMs 3TO MOCIECIHUN U COBEPLICHHEUIIIMNA JUHO3aBP, IOCKOJIBKY BXOIUT B CUCTEMY, B
KOTOPOM MHOTONPOTPAMMHOCTD SIBJSICTCS OOBIYHBIM DPEXKHMOM, a JWUHAMUYECKOE paclpeeieHue
naMsITH — 0a30BbIM MPUHIHUIOM. DTO BCTYHAeT B MPSAMON KOH(IMKT C MOHSITHEM HCIOIb30BaHUS
cTaruueckux oBepiieeB. Heckonbko mydie paborana Obl cucTeMa, eclid Obl YCUIIUS, TOTpadyeHHbIE Ha
yIpaBjeHUuE OBEpJiesIMH, ObLTU NEepEHAIPaBICHbI HA TO, YTOOBI YCKOPUTH PabOTy CPEeACTB MOAIEPKKHU



JUHAMUYECKOTO pacipeaesieHus MaMATH U IEPEKPECTHBIX CChUIOK!

bonee Toro, pemaktop cBsa3eil TpeOyeT Tak MHOTO MaMSTH, U CaM COAEPKUT CTOJBKO OBEpJIEEB,
YTO JlaXKe MPU HMCTOJB30BAHUHU TOJIBKO JUISI PEIaKTUPOBAHUS 03 yMpaBlieHUs] OBEpJCSIMU YCTYHAET B
CKOPOCTH OOJBIIMHCTBY CHUCTEMHBIX KOMIIUJIATOPOB. VpOHUS COCTOMT B TOM, YTO Ha3HauCHHE
penakTopa cBszell — n30eXkarh MOBTOPHOM KoMnuisinuu. Kak y KOHbKOOEKIIa KOPIYC OKa3bIBAECTCS
BIIEpPEIM HOI, TaK M YCOBEPLICHCTBOBAHUS IMPONOJKAINCH, MOKAa HE BBIIUIM JAJIEKO 3a PaMKHU
CUCTEMHBIX TPUHIIUIIOB.

Hpyrum npumepom 3Toi TeHaeHuuu sBisieTcss oriaaguuk TESTRAN. 3to coBepuieHHBIH
NAaKETHBIA OTJAQUMK, MPEIOCTABIAIONMNA JEWCTBUTEIBHO JJIETAHTHBIE CPEACTBA IOJYyYEHHUS
MTHOBEHHBIX CHUMKOB M JIaMIIOB NaMsITH. B HEM HCHONB3yeTCs MOHATHE YHNPAaBISIONMX pas3iesioB U
UCKYCHAsl TEXHOJIOTUSI TEeHepalH, MO3BOJSIONME OCYIIECTBISATh H30UPATEIbHYIO TPACCUPOBKY HU
MOJIyYCHUE MTHOBEHHBIX CHHMMKOB 0€3 JOMOJHUTEIbHBIX pPACXOJOB HAa HWHTEPIPETALUIO WU
PEKOMIIWIISILIMIO. 3J€Ch MbIIHBIM IBETOM PACIBEIM BIECUATISIOMME KOHUEMIMUA OINEpPallMOHHON
cucteMbl Share Operating System[ 3]s monenu 709.

Mexay Tem ycTapesna cama ujes MaKeTHOW OTJaiku 0e3 peKoMMUisAiuu. [ JIaBHBIA BBI30B OBLI
OpOIlleH  MHTEPaKTHUBHBIM  BBIYMCIUTENIBHBIM  CHUCTEMaM C  HUHTEpIpeTaropaMu  SA3BIKOB
IpPOrpaMMUpPOBAHUS U MOLIATOBEIMU KoMmmuiaTopamu. Ho naxe B cucremax ¢ makeTHOM 00pabOTKOM
NOSIBJICHUE KOMITHJIATOPOB C OBICTPOM KOMIUJISLMEN W MEJUICHHBIM BBIIOJIHEHUEM crenano Oojee
NPEANOYTUTEIBHON TEXHOJOTHIO OTJIAAKU Ha YPOBHE HCXOIHOIO KOAA M IOJY4YEHUS MIHOBEHHBIX
cHUMKOB. Hackonbko inydine oxa3zanach Obl cHcTeMa, €cld Obl CHUJIbI, MOTpPAadyeHHbIE Ha MPOEKT
TESTRAN, ObuiM mepeHanpaBlIeHbl HA YCKOPEHHOE CO3JaHUE€ JIyYIIMX CPEICTB JUIsi UHTEPAKTUBHOU
paboTHI U OBICTPON KOMIUJIALINH !

Eme omuH npuMmep — IUIAHUPOBUMK, IPEIOCTABISIOMMUA JCHCTBUTENBHO  OTJIMYHBIC
BO3MOXHOCTHU JJIsl YIpPABICHHUS TMOTOKOM (PUKCHUPOBAHHBIX MakeToB 3anaHuil. Ha mpakTtuke 3TOT
MJAHUPOBLIMK SIBJISETCS YCOBEPILIEHCTBOBAHHOM, YIyYIIECHHOW W HAJEIEHHON Pa3HbIMHU YKPAILICHUSIMU
BTOPOM CHCTEMOM, KOTOpPOHl NpeAllecTBOBaja IUCKOBas omnepanuoHHas cucrtema 1410-7010 —
CHUCTEMa MaKeTHOM 00pabOTKH, HE SABJISIONIAACS MHOTOIIPOIPaMMHOM, 32 HCKIIIOYEHHUEM BBOJIa-BhIBO/A,
U MpEHAa3HAYEHHOM, NIABHBIM 00pa3oM, JUIS IEJIOBBIX MPHIIOKEHUN. B 3TOM KauecTBE MIaHUPOBLIMK
0OS/360 xopomur. Ho Ha HEro mMOYTH HUKAKOTO BIUSIHUSA He okazanu norpednoctu OS/360 B ynaneHHoM
BBOJIC 3aJlaHHI, MHOTOIIPOTPAMMHOCTH U PE3UJECHTHOM pa3MEIICHUU MHTEPAKTUBHBIX nojacucteM. 1
JNENCTBUTEIBHO, TPOEKT IUIAHUPOBILMKA 3aTPYIHSET PEIICHUE ITHX 3a/1a4.

Kak apxurextopy nzdexarb s3¢dexra Bropoir cucrembl? O4eBUAHO, MPOMYCTUTH CBOIO BTOPYIO
CUCTEMY OH He MoxeT. Ho oH MoXeT oTgaBarh cebe OTYET B OCOOBIX OMACHOCTSIX, KOTOPHIM OHA €ro
MOJBEPraeT, U MPOSBUTH JOMOJHUTEIBHYIO CaMOIUCLUUIUIMHY, YTOObI M30€XaTh (PYHKIIMOHAIHHOTO
YKpaIllaTeabCTBA U COXpaHEHUS (PYHKIIMH, HYX/a B KOTOPBIX OTIaja BBUY U3MEHEHHI B MPUHLIHUIAX U
LEJISIX.

[Topsinok, cmocOOHBI OTKPBITH ApPXUTEKTOPY IJa3a, 3aKJI04aeTcss B TOM, YTOOBl MPHUCBOUTH
YHCJICHHOE 3HAYCHHE KaXKI0M, MyCTh MaJloi, (yHKIIMU: XapaKTEpUCTUKA X JOJKHA 000HTHCH He Oolee
yeM B m OailTOB MaMATH UM N MHUKPOCEKYHJ Ha OAMH BBI30B. ODTHU BEJIMYMHBI JOJKHBI CIYKUTh
PYKOBOJACTBOM IIpY NMPHUHATUN HAYaJlbHBIX PELICHHUH, a TaK)K€ HAIIOMUHAHUEM M PYKOBOACTBOM IMpPH
peanu3anui.

Kak meHemxepy npoekta uzbexars 3¢ dexra Bropoit cucrembl? HactauBare Ha TOM, 4TOOBI €T0
CTapIMii apXUTEKTOp HUMeEJN OMNbIT pa3paboTKu XoTs Obl 1Byx cuctem. Kpome Ttoro, Oymyuu
OCBEIOMJICHHBIM O BO3MOXXHBIX OMACHOCTSX, OH MOXET MPEIbSIBISATh HEOOXONMUMbIE TPEOOBAHUS IS
TOTO, YTOOBI B IETAJIbHOM MPOEKTE HAIIUTH MOJIHOE OTPAXKEHHUE UICOTOTHYECKUX KOHISIIINHI 1 1IeTH.



I';1aBa 6 JloHeCcTH CJI0BO

On cadem 30ecob u 6yoem pacnopsaxcamovcs: « Coenatime amo! Coenatime
mo!» A oeno u c mecma ne cogurHemcs.

T'APPU C. TPYMEH. «O IIPE3UJEHTCKOH BJIACTH»[1]

Kak meHemxkepy, UMesl ONBITHBIX OUCHUIIJIMHUPOBAHHBIX apXUTEKTOPOB U JOCTATOYHOE YHUCIIO
UCIIOJHUTENEH, T0OUTHCS TOro, YTOOBI BCE YCIHBIIAIN, MOHSIN U BBHITOJHIIA PEHICHUS apXUTEeKTopa?
Kak rpynne u3 10 apXuTEeKTOpOB MNOAAEPKMUBATh KOHUENTYAJIbHYIO) LEJIOCTHOCTh CHUCTEMBI, HaJ
koTopoir Tpyautcs 1000 uenoBek? [Insg HOCTHIKEHUS HTOrO MPU OCYLIECTBIEHUHU MPOTPAMMBI
NPOCKTUPOBaHUs ammnaparHod udactu System/360 Obina pa3zpaboTaHa 1enasi TEXHOJOTUSA, KOTOpas B
paBHOI CTENEHU MPUMEHUMA ISl POEKTOB CO3/IaHUsI POTPAMMHOTO 00EeCTICUCHUSI.

Iucomennvie cneyugukayuu — pyKogoocmeo

PykoBoACTBO, WJIM THMCbMEHHAas JIOKYMEHTAlUs, SBISETCS HEOOXOMUMBIM, XOTS M HeE
JOCTaTOYHBIM, UHCTPYMEHTOM. PyKOBOACTBO siBNisieTCsl BHEIIHEH crienudukanuei npoaykra. B Hem
pacnucanbl BCe MOAPOOHOCTH TOTO, YTO BUIUT MOJIb30BATENIh, U MOTOMY OHO SBISETCA IJIAaBHBIM
POAYKTOM, KOTOPBI CO3J1a€T apXUTEKTOP.

Ero noaroroBka wuper Kpyramu, coOupas 3aMedaHHs MOJIb3oBaTeled U pa3pabOTUUKOB O
HEJOCTaTKaxX IMpPOEKTa, 3aTpyAHSIONMX HUCIOJb30BaHWE wuiauM peanu3aunuto. g  ymobcTBa
pa3pabOTYMKOB HEOOXOMMMO KBAaHTOBarb M3MEHEHUS: COIVIAaCHO OIpENCICHHBIM B rpaduke garam
BBIIYCKATh OYEPEIHBIE BEPCUH.

HMHCcTpyKUIMs JOJDKHA HE TOJBKO OINHKCHIBATH BCE, YTO BHAMT I10JIb30BAaTEllb, B TOM YHUCJE BCE
uHTep(deichl, HO U BO3JIEP)KUBATHCS OT OMMCAHUS TOTO, YETo Mojb30Baresib He BUIUT. [locnennee —
3a00Ta pa3paboTunka, U 371eCb CBOOOJA €ro pelleHUN He JOJDKHA ObITh OrpaHHuYeHa. ApPXUTEKTOP
BCErJa JOJKEH ObITh TOTOB MOKAa3aTh MpUMEpP peaan3aluu J000i OonMucaHHOW UM (YHKIIMU, HO OH HE
JOJKEH MBITATHCS HABSI3bIBATh ONPEACICHHYIO PEATU3ALUIO.

Ctunp 0JKEH ObITh TOYHBIM, TOJIHBIM U 04eHb moApoOHbIM. [lonb3oBarens yacTo odpamaercs K
OTJIEJIbHOMY OIPEJEICHUIO, TO3TOMY BO BCEX M3 HUX JOJKHBI OBITH MOBTOPEHBI BCE CYIICCTBEHHbBIE
AJIEMEHTHI, U BCE OHU JOJDKHBI OBITH COITIACOBaHBI ApPYr ¢ ApyroM. [lo 3TOM mpuyYMHE MHCTPYKLIUU
4acTO CKY4YHO YUTaTh, HO TOYHOCTh UMEET MIPUOPUTET MEPEJ] YBIECKATEIBHOCTBIO.

EnunctBo «IIpunuunoB padotsl System/360» mpouctekaeT U3 TOro, YTO y HUX ObUIO JIHIIL JBa
aBropa: Ixeppu brnay u Anapuc Ilagera. ABropaMu UAEH SBISAIOTCSA MOPSAKA IECATH YEJIOBEK, HO
ecnmu  TpeOyeTcsi COOMIOCTH COMIACOBAaHHOCTb OMUCAHUS W TMPOAYKTa, OTIUBKY pEIIeHUN B
npo3auyeckue crnenu@uKanui JOJDKHBI OCYIIECTBISATH He Oojee ABYX uenoBeKk. s HamucaHus
ornpeeneHus TpedyeTcst IPUHATh MAacCy MUHU-PEUICHUM, KOTOPBIE HE CTOJIb BaXKHBI, YTOOBI BHIHOCUTh
ux Ha BceoOmee obcyxnaenue. s System/360 mpumMepom ciiy’KaT MOIPOOHOCTH TOTrO, Kak IMOCTe
Ka)XJI0# orepanuu ycTaHaBlIuBaeTcs Ko ycsioBus. OHaKo 3a7ada BCeOoOIeil cormacoBaHHOCTH TaKUX
MUHHU-PELICHUI HE SABISACTCS TPUBUAIBHOM.

Jymaro, 4TO Iydynmid BHACHHBIA MHOM o0Opasel] pyKOBOACTBA — H3TO HamucaHnHoe briay
npuioxenue Kk «lIpunnunam pabotsl System/360». B Hem TimarenbHO M TOYHO OMUCAHBI TPAHUIIBI
copmectuMocTu System/360. J[aHo ompezesnieHre COBMECTUMOCTHU, MPEAMUCHIBACTCS, K YeMY HYXKHO
CTPEMUTHCA, U MEPEUUCIICHBI T€ 00JIaCTH BHEIIHUX MPOSBICHUH, T/I€ ApXUTEKTypa HAMEPEHHO MOJYHT,
U T/€ pe3ylbTarbl, MOJIYYeHHBbIE Ha Pa3HbIX MOJENSAX, MOTYT OTIMYAaThCs MEXIy cOOOil, rae pasHbie
AK3EMIUISIPBl OAHOM MOJAEIM MOTYT J1aTh Pa3jNYHbIE PE3YIBTATHI U JAXKE OIUH U TOT K€ IK3EMILIAP
MOXET JaBaTh Pa3jInuus MOCJIE KOHCTPYKTHUBHBIX U3MEHEHUN. DTO ypOBEHb TOYHOCTH, K KOTOPOMY
CTPEMSATCS] COCTABUTENN PYKOBOACTB. OHM JOJIKHBI OJMHAKOBO OMHCHIBATH KAaK TO, YTO MOXKHO J€ENATh,



TaK U TO, 4TO J€JaTh HEJb35.

Dopmanvuvle onpedenenus

AHIIIMACKUHN SI3bIK, KaK U JIIOOOW JAPYrod €CTECTBEHHBIN S3bIK, MO0 CBOCH MPHUPOAE HE SBISIETCS
TOYHBIM HMHCTPYMEHTOM, HPUTOAHBIM i1 TakuxX onucaHui. [loaTomy cocTtaBuUTENnb PYKOBOJCTBA
JOJIKEH JIepKaTh B y3/1e ce0sl U CBOM SI3bIK, YTOOBI JOCTUYL HeoOXonuMou ctporoctu. [lpuBnekarenbHa
BO3MOXHOCTb MCIIOJIb30BAHUS JIJISl TAKUX ONpenieieHui GopManbHbIX 0003HaueHU. B KOHIle KOHIIOB,
LEJIBIO SBJISIETCS TOYHOCTD, YTO OOYCIOBIMUBAET MPaBo (HOpMaNTbHBIX 0003HAUCHUM HA KU3Hb.

PaccmoTrpuM jmocTomHcTBa H ciabocth  GopManbHBIX ompeneneHuil. Kak oTrmewanocs,
dbopmMasbHBIE OMpeAeNieHUs SBISAIOTCS TOYHBIMU. OHHM TATOTEIOT K IMOJHOTE: MpPOOesbl 3aMeTHee, a
IIOTOMY CKOp€€ BOCCTaHAaBIMBAKOTCI. VX HenocTtarok — TpyaHOCTh NOHMMaHus. Ha anmmiickom
A3BIKE MOXHO OIMUCATh CTPYKTYPHBIE MPUHIUIIBI, OYEPTUTH CTPYKTYPHI IO 3TAllaM WIM MO YPOBHSAM U
NPUBECTU NpUMEPBL. JIerko OTMETUTh HCKIIOYEHUS W NOTYEPKHYTh HNPOTHBOMOJIOKHOCTH. Ere
BaKHEE, YTO MOXHO OOBSACHUTH mpuuuHbL [IpeanaraBumecss 10 cux mop (GopmanabHble OnpeaeaeHus
BBI3BIBAJIM BOCXHUILEHHE CBOEH SJIETAaHTHOCTHIO M YBEPEHHOCTh B UX TOUYHOCTU. Ho oHU TpeboBasiu
TEKCTYyaJbHBIX MOSICHEHUM [UIsi OOJerdyeHus: u3ydeHus cBoero conepkanus. [lo sToil mpuumHe s
noJiararo, 4yTo B OyaymieM crneru@ukanuu OyIyT COCTOSTh Kak U3 (OpMaibHBIX, TaK U U3 TEKCTOBBIX
ONMCAaHUM.

JIlpeBHee wu3pedYeHHE MpeaynpekJaeT O TOM, YTO B MOPE HEIb3sl BBIXOAUTH C JBYMS
XpOHOMETPAMH: HYKHO B35Th OIWH MM TpU. To Ke, OYEBHUIIHO, MPUMEHHUMO U K TEKCTOBBIM H
dbopmanbHabIM onpenenenusM. Ecian umerorces oda BUaa, TO ONMH AOHKEH OBITh CTaHAAPTOM, a APYrou
— TIPOU3BOAHBIM OMHCAHUEM, O YeM JOJHKHO OBITh MPsAMO yKa3aHO. OCHOBHBIM CTaHIAPTOM MOXET
ObITh M000K u3 Hux. B Algol 68 B kadecTBe cTaHjapra BbIOpaHO (OpManbHOE OIpeeseHHE, a
TEKCTOBBIC OMpeNeeHus SBIAIOTCS onucareabHbiMu. B PL/I crammaprom sBnsieTcs TEKCT, a
dbopmanbHOE ompeneneHne — Mnpou3BonHbIM. B System/360 Takke B KadecTBE CTaHAApTa MPUHST
TEKCT, a MPOU3BOJHBIMU SBISIIOTCS (hOpPMAabHBIC OMTMCAHUSL.

Ectp MHOTO cpenctB co3nanus (opMmanbHBIX ompeneiaeHuid. s ompeaeneHus S3bIKOB 4acTO
ucnons3yercss popma bokyca-Haypa, mo xotopoii ectb Ooraras nurteparypa.[3]1B dopmansHOM
onucanuu PL/I ucnons3yrorcs HoBble 0003HaYeHU a0CTPAKTHOTO CUHTAKCHUCA, HAUJIeXKaIMM 00pa3oM
onucannsbie.[ 3]APL UBepcona ObuT MCTIONB30BaH NJIs ONMKCAHUS MalH, B yacTHOCTH, IBM 7090[4]u
System/360.[7]

benn u Hproam1 npeasioxkuinu HOBble HOTAIUU JUIS ONMMCAHUS KaK KOH(QUTYpalui, Tak U MalluH, U
MPOMJUTIOCTPUPOBAIN MX Ha HECKOIbKkuX MammHax, Bkirouas DEC PDP-8, [6] 7090 [6] u System/360.
[7]

[Toutu Bce GopMmanbHble ONMpeAeeHNs] OKa3aduch MPUTOIHBIMU JJI BOTUIONICHUS WU OMUCAHUS
anmaparHbIX CpPEJICTB WM MPOrPAMMHBIX CHCTEM, BHEIIHHE CHeHU(PUKALUU KOTOPBIX OHH
penameHTUpyoT. CUHTaKCHC MOXHO ONHUcaTh 0€3 3TOro, HO CEMaHTHKAa OOBIYHO OMpPEAEISeTCS C
NIOMOUIPI0 IPOrpaMMBbl, BBIIOJHSIOWIEH omnpeaensemMyr0 onepanuio. KoHedHo, 3TO sBIsIETCA
peanu3anuel M B OTOM KayeCTBE MEPEONPENENAeT apXUTEKTypy. IloaTomMy HyXHO yKa3aTrh, 4TO
dbopmMasibHOE OMNpeaeIeHue OTHOCUTCS TOJIBKO K BHEIIHUM CHEUUPUKALUAM, U OOBICHUTH, YTO UMHU
ABIIACTCSL.

He Tonbko dopmanibHOE ONpeesieHue SBIsSeTCs pean3alueil, HO U peanu3anus MOXET CIYKUTh
dopmanbHbiM  onpeneneHueM. Korma Obutd  co37aHBl  NEPBbIE  COBMECTHUMBIE  KOMIBIOTEPHI,
UCIIONb30BaaCh HMMEHHO JTa TexHosnorus. HoBas wMammnHa noimkHa ObUla COOTBETCTBOBATh
uMeroneiicsa. PykoBoacTBO TyMaHHO B HEKOTOpPbIX MecTax? 3anaiite Bompoc MaumHe! Co3naBanack
TECTOBas IporpamMma Jyist BIEICHEHUS ITOBEJICHU, U HOBasl MalllMHA CTPOMIIACH TAK, YTOOBI JOCTUTATIOCH
COOTBETCTBHE.

[IporpamMHas MoJenb anmnaparHol WKW TPOrPaMMHON CUCTEMBI MOKET HCIOJIb30BaThCS TOYHO



TakuM ke oOpa3zoMmM. 1o — peanusauus. OHa paboraer. [loaToMy Bce BONPOCHI, CBSI3aHHBIC C
OTIpeIeTICHUEM, MOTYT OBbITh PEIICHBI TYyTEM ITPOBEPKH.

Hcrnonp30BaHue pean3aly B KauyeCTBE ONPEAEIICHUS MMEET HEKOTOpbIE INpenmyniecTBa. Bee
npoOieMbl MOKHO OJHO3HAYHO PEUIMTh IMyTeM SKcrepuMeHTa. J(uckyccuit He Tpelyercsi, mo3TOMY
OTBET Mojy4aercsi ObicTpo. OTBET MOXKET OBITh CKOJb YTOJHO TOYHBIM M, IO OINPECICHUI0, BCEraa
ABJIAETCS paBUIbHBIM. C Ipyroil CTOPOHBI, €CTh

3HAUUTEJIBHOE KOJUYECTBO HENOCTAaTKoB. Peanmnzanus MOXKET NepeonpeneisaTh AaKE BHEIIHUE
cnenudukanuu. Jlaxxe npu OmMOOYHOM CHHTAKCHUCE BCETJa MOJY4aeTCs HEKOTOPBIM pe3yibrar; B
KOHTPOJUPYEMOI CHCTEME 3TOT pPEe3ylbTarT SBISETCA yKa3aHHEeM Ha OmMOKy M HuyeMm Oombie. B
HEKOHTPOJIUPYEMOU CHCTEME MOTYT BO3HUKHYTH JIFOObIe TT0O0UYHBIC 2 (PEKTHI U OBITH MUCIOIB30BAHBI
nporpammuctamu. Korga mbl, Hanmpumep, smyaupoBanu IBM 1401 na System/360, BoisiBuioch 30
Pa3IUYHBIX «KYPbE30B» — MOOOYHBIX A(H(PEKTOB MPEAMOTOKUTEIBHO HE3AKOHHBIX OMepaliii, KOTOpbIe
IIMPOKO HCIOJIB30BAINCH M JODKHBI ObUIM OBITH HMPHU3HAHBI YacThlO ompexaeneHus. Peanuszanus B
Ka4yecTBe ompe/iereHus Bo306aanana. OHa He TOIBKO FTOBOPHIIA O TOM, YTO JOJDKHA JIeJaTh MalllHa, HO
¥ MHOTO€ CKa3ajia 0 TOM, KaK MalllMHa He J0JKHA Oblla 3TO JIeaTh.

Kpome Toro, Ha npoHuLaTeNIbHBIE BOIPOCH! peaau3alus WHOINA JAET HEOKHAAHHBIE OTBETHI, U
onpejeneHue ae-(pakTo 4acTo OKa3bIBACTCS HEU3SANHBIM B 3THUX OCOOBIX CIy4asX MOTOMY, YTO Hal
HUMHU HUKOIJAa HE 3aJyMbIBaIMCh. KommpoBaHHe ATON HEIJEraHTHOCTH B JIPYro peaau3aluy 4acTo
OKa3bIBAETCS 3aMEUISIIONMM WIM JoporoctosumM. Hampumep, B HEKOTOPBIX MallMHAX B PETUCTPE
MHOKHMOTO NIOCJIE YMHOXKEHUSI OCTaeTcst Mycop. TouHas mpupoaa 3TOr0 Mycopa CTaHOBHUTCS 4acCThIO
ornpeneneHus ae-pakTo, OMHAKO €ro KOMUPOBAHUE MOKET OMEIIATh HCIOJIb30BAHUIO 00Jiee OBICTPOTO
aIrOpUTMa YMHOXEHHUS.

Haxkonen, ucnosib30BaHNE peanu3aluyd B Ka4ecTBE (POPMAJILHOTO OMpENEICHUs MOXET CO3/aTh
HEACHOCTb, KaKO€ M3 ONMUCAHHI — TEKCTOBOE WJIM (OpMalbHOE — B JEHCTBUTEIBHOCTU SIBISCTCS
CTaHJAPTOM. DTO OTHOCUTCS OCOOEHHO K MpOorpaMMHBIM MozelisiM. ClellyeT TakKe BO3JepKUBAThCS
OT BHECEHMS U3MEHEHU B pealn3alHIO, II0Ka OHA CIY)KUT B KaUeCTBE CTaHAApTA.

IIpsimoe sxnrouenue

VY apXUTEKTOPOB MPOTPAMMHBIX CUCTEM €CTh YYJAECHBIA METOJA PACIpPOCTPAHEHUS U BHEIPEHUS
onpeneneHuidi. OH OCOOEGHHO TMOJE€3€H MPU YCTAHOBICHHHM €CJIM HE CEMaHTHUKH, TO CHHTaKCcuca
MEXMOMIYIbHBIX HMHTEPPEHCOB. DTOT MPUEM COCTOMT B CO3JaHUU OOBIBICHHUHN IepelaBaeMbIX
napaMeTpoB UJIM COBMECTHO MCIOJIb3yeMON MaMATH U TPEOOBAHMU BKJIIOUECHHS 3TUX OOBSBICHUN MpU
oneparusax Bpemenn komnuisanuu (Makpoc unu %INCLUDE B PL/I). Eciu, kpome TOro, Bce CChUIKH
Ha HHTepdelc NPOUCXOAAT TOJIBKO MO CHUMBOJIWYECKUM HMEHAM, OOBSBICHUS MOXXHO MEHSTH,
n00aByIsisl UM BCTaBIIsis HOBbIE MMEHA W JIMIIL 3aHOBO KOMIUIIUPYS, HO HE M3MEHSISI MCIOJIb3YIOIIYIO
€ro MporpaMmy.

Kongepenyuu u cyowv

HeTr HyXapl TOBOPUTH O TOM, YTO COBELIaHHS HE0OXomuMbl. COTHM YaCTHBIX KOHCYIbTAIUH
JOJIKHBI JTOTIOJMHATHCS KPYMHBIMH U Oosiee popManbHBIMU cOOpaHUAMH. Mbl MPU3HAIHU MOJE3HBIMU
JIBa YpOBHA Takux cobpanuii. [lepBeiii — 3T0 exxeHenenbHas KOH()EpPEHIIHs BCEX apXUTEKTOPOB BMECTE C
opuIHATBHBIMU TPEJACTABUTEISAMU  pa3pabOTUYMKOB almaparTHOM ¢ MPOTPAaMMHOM HYacTH U
COTpYIHMKaMH  MapKeTHHTa  MNPOAODKUTENIBHOCTHIO B TMOJOBUHY  pabodero  JHS — TOJ
IpeACceNaTeNbCTBOM I[JIaBHOI'O apXUTEKTOPA CUCTEMBI.

[Ipennarare 3a1aud U U3MEHEHUSI MOXHO BCEM, HO OOBIYHO MPEIJIOKEHUS PAaCIPOCTPAHSIOTCS B
NUCbMEHHOM BHUJie 10 coBemanus. OObIMHO HOBas 3a/aya HEKOTOPOE BpeMsi oOcCyxkaaeTcs. Ymop
JIENaeTCs Ha TBOPUYECKOM CTOPOHE, a HE MPOCTO HA MPUHATHH pelieHus. [ pymina neiraeTcs NpeaioKuTh
HECKOJIBKO pelIeHU MpoOsieMbl, 3aTeM pAl NPEAJIOKEHHBIX PELICHUM mepeaaeTcss OQHOMY WM
HECKOJIbKUM apXUTEKTOpaM JJisl pa3pabOTKU MOAPOOHBIX U TOYHO C(OPMYITHPOBAHHBIX MPEITIOKEHHI



110 BHECEHUIO UBMEHEHUI B PyKOBOJICTBO.

[TogpoOHble mpennokeHuss 00 MU3MEHEHUSX 3areéM BBIHOCATCA JUIS TPUHSITHS PEIICHHUS.
[IpensioxkeHus TIIATENBHO U3YYarOTCA UCIOJHUTEISAMU U IMOJIb30BATEISIMH, U BBIICHSIOTCS Bce "3a" n
"mpotuB". Eciam BO3HMKaeT BceoOllee cornacue, BCe B MOpsAAKEe. B MpOTHUBHOM cilydae pelieHUe
NpPUHUMAET IJIaBHBIA apXUTEKTOpP. BeneTcss mpoToko, U peneHus GopMaibHO, ONEPATUBHO U IIMPOKO
pacrpoCTPaHIIOTCA.

Pemenust exxeHenenbHbIX KOH(EPEHUIHUHN NaloT OBICTpPBIC PE3YIbTaThl U MO3BOJSIOT MPOAOKUTH
paboty. Eciii KTO-TO OueHb HEeI0BOJICH, IOMYCKAETCS HEMEIJICHHAs aneIsaus K MeHeKepy IPOoeKTa,
HO 3TO IMPOUCXOJUT OYEHb PEJKO.

[11010TBOPHOCTH 3TUX COBEIIAHUI 00YCIOBIEHA HECKOIBKUMH MPUUYUHAMMU:

1. OgHa u Ta Xe rpynma — apxXUuTEKTOpbl, pa3paOOTUYMKU M HCIOJIHUTEIN — HA NPOTSHKEHUU
MecsI1IeB BCTpEeUaroTcst MexX Iy co0olt kaxayro Heaeno. He TpeGyercst BpemeHu, YTOOBI BBECTH JIIOJEH B
Kypc Jena.

2. I'pynma cocToOUT U3 MPEAIPUUMUYUBBIX, CIIOCOOHBIX, XOPOILIO OCBEJAOMIICHHBIX B BOMPOCaX U
n1yOOKO 3aMHTEPECOBAaHHBIX B KOHEUHOM pe3yibrare jrojeid. HukTo He ydactByer ¢ "coBemareabHbIM"
rojocoM. Bee yroaHomMoueHbI mpuHUMATh Ha ce0si 00s3aTeNbCTBRA.

3. [Ipu BO3BHUKHOBEHUU MPOOJIEM PEIICHUS UIIYTCS KaK BHYTPHU, TaK U BHE OYEBUIHBIX TPAHUII.

4. bnaromaps ¢dopmanu3My MNUCBMEHHBIX MPEUIOKEHUN COCPEAOTOYMBACTCS BHUMAaHMUE,
TpeOyeTcs NpPUHATHE PEIICHUS U YCTPAHSETCS HECOIIaCOBAHHOCTh, CBOMCTBEHHAs YEPHOBBIM
pELICHUSIM KOMUCCHH.

5. OTKpbITOE NPENOCTABICHUE MpaBa NPUHATHS PELICHUS [IABHOMY apXUTEKTOPY IOMOIAaeT
n30eKaTh MOMcKa KOMIIPOMHUCCOB U 3aJIepPiKEK.

Co BpeMEHEM BBIICHSETCS, UTO HEKOTOPBIE PELICHUS HE B MOJIHOM Mepe BBINOJHSIOTCS. TOT Win
WHOM M3 YYaCTHUKOB TaK U HE MPHUHSII BCEH AYIION KaKyloo-In0o Menoub. [lpyrue pemeHus nopoauiu
HEMpeABUACHHBIE TPOOJEMBbl, M  E€XKEHEJACIbHOE COBEIIAHWE OTKAa3bIBAETCA IMOBTOPHO  UX
paccMmarpuBarb. Tak BO3HUKAET XBOCT U3 MEJIKUX BO3PAXEHHM, OTKPBITHIX TEM WIH pa3apaxeHus. s
UX YPEryIUpPOBaHUS MbI TPOBOIUM €XKETO/IHBIE "'CECCHUU BEPXOBHOTO cyAa'", 0OBIYHO MPOIOJIKAIOIIMECS
nse Hegenu. (Ecnu Obl s mpoBoaui ux ceituac, To aenain Obl 3TO pa3 B MOJTO/A.)

OTH ceccud MNPOBOAWIIMCh HAKAHYHE BaXHBIX Jar OKOHYATEJIbHOTO NPUHATUS Pa3eiioB
pykoBoacTBa. [IpucyrcTBOBaiM HE TONBKO MPEACTABUTENIN MPOrPAMMUCTOB M IMPOEKTHUPOBIIMKOB IO
apXUTEKType, HO M MEHEIKEpPhl MPOrPaMMHBIX, MApPKETUHIOBBIX WU PEaJU3aLUOHHBIX IPOEKTOB.
[IpencenarenbcTBoBan MeHemkep npoekta System/360. IloBecTka paboThl BKIIOYAIa OOBIYHO OKOJIO
200 DyHKTOB, B OCHOBHOM MEJKHX, MEPEUYUCIEHHBIX B PAa3BEIIAHHBIX IO KOMHAaTe CIIHCKAaX.
3aciylmBalvuCh BCE CTOPOHBI M NPUHUMAJUCh pelieHUs. braronaps 4yy KOMIBIOTEPHOU BEPCTKH (U
IIPEBOCXOAHON paboOTe COTPYIHMKOB) KaXJI0€ YTPO KaKJblil Y4aCcTHHUK OOHapyXuWBaJl Ha CBOEM
paboyemM MecTe UCTIPaBIEHHOE PYKOBOJICTBO, B KOTOPOE ObUTH BHECEHBI PEILICHUS, IPUHSTHIC HAKaHYHE.

Otu "ocenHue pectuBanin" ObUIM MOJE3HBI HE TOJBKO JAJISl IEPECMOTPA PEILICHH, HO U IS TOTO,
4yTOOBl OHU ObUIM TPHUHATHL Kaxkaplii ObL1 yciblaH, KaXAbll MPUHUMAN y4acTHe, KaKAbIM Jydile
MIOHHUMaAJI CJIOKHBIE OTPAHUYEHUS U B3aUMOCBSI3H MEXKy PELICHUSIMU.

Mnoowcecmeennvie peanusayuu

VY apxutekTopoB System/360 Obuto 1Ba mMouTH OecmpereZIeHTHBIX MPEUMYILIECTBA: JTOCTATOYHO
BpEeMEHU JJIsl THATENbHOW palbOThl U TAKOE K€ MOJUTHUYECKOE BIUSHHE, KaK Yy MPOEKTHUPOBIIMKOB.
Hanuuue Bpemenu Obuio oOecriedeHO TpadUKOM MO HOBOM TEXHOJOTHHU; MOJUTUYECKOE PABEHCTBO
MPOUCXOAUIIO Oyarofapsi OMIHOBPEMEHHOMY CO3/IaHUI0 HECKOJbKUX peanu3anuil. HeoOxogumocTs ux
CTPOTOii COBMECTUMOCTH JIy4Ille BCETO CIOCOOCTBOBAIA UCTIOJHEHHIO CIIel(pUKAIUN.

B GonblmmMHCTBE KOMIBIOTEPHBIX MPOCKTOB HACTYIMAET JCHb, KOTJA OKa3bIBA€TCS, YTO MAIMHA U
PYKOBOACTBO IO €€ HCIOJb30BaHUIO HE comiacylorcs. B mocrnenyromem KOHPIMKTE OOBIYHO



IPOUTPHIBAET PYKOBOACTBO, IOCKOJIBKY €r0 MOXHO H3MEHUTh 3HAYUTEIBHO OBICTpEEC M MEHBbLICH
LEHOW, yeM MamrHy. OIHAKO 3TO HE TaK, €CJIM CYIIECTBYET HECKOJIBKO peanu3anuii. Torna BpeMeHHbIE
U (pHAHCOBBIC U3JEPKKHU, CBSI3aHHbIC C UCIPABICHUEM MAIIUHBI C OIIMOKaMH, MOTYT ObITh HUXKE, YEM
CBSA3aHHBIE C IIEPENICIIKOM MALMH, BEPHO CJICIOBABIIMX PYKOBOJCTBY.

OTO 3aME€YaHuE MOXXHO C MOJIb30M NMPUMEHHUTH MPU OMPEACIICHUHU S3bIKA MPOTPAMMHUPOBAHUSL.
MOXHO C YBEpEHHOCTBIO YTBEpXKIarb, YTO PAaHO WMJIM IO3JHO MNOTPeOyeTCs cO34arb HECKOJBKO
MHTEPIPETATOPOB UM KOMIUJISATOPOB ISl pa3HbIX Leneid. Onpeaenenue OydeT sicHee, a TUCHUILIMHA
Oosee KPEenKoOi, €CIIM U3HAYAJIBHO CTPOATCS KAK MUHUMYM JIBE peanu3aliu.

Kypuan pecucmpayuu menegonnvix pazeo8opos

Kakumu Ob TOUHBIMU HE ObUTH cHieHU(UKAINH, 10 XOAy MPOESKTUPOBAHUS BOZHHKAET HECUETHOE
MHOKECTBO BOIIPOCOB KacarelbHO WHTEPHPETAUUN aApXUTEKTYpbl. OUEBHIHO, MHOTHE H3 3THUX
BOMPOCOB TpeOyIloT Oosiee SICHOTO W3JIOXKEHUsS B TeKcTe. [Ipoune mpocTo OTpa)kaioT HENpaBUIIbHOE
IIOHUMAaHHUE.

BaxxHo, 4To0BI 03a/jaueHHbIC UCIIOTHUTEIN 3BOHUIN OTBETCTBEHHBIM apXUTEKTOPAM M 3a/1aBaliu
BOMPOCHI, @ HE MPOAOHKaIU paboTy HA OCHOBAaHUM JOTaJ0K. BakHO Takke MOHUMATh, YTO OTBETHI Ha
TaKHE BONPOCHI SABISAIOTCS ABTOPUTETHBIMM 3aSBICHUSMH APXUTEKTOPOB M JIOJDKHBI JIOBOAUTHCS [0
BCEX.

[Tone3HpIM MEXaHU3MOM SIBIIIETCSI BEJICHHUE apXUTEKTOPOM >KypHalla PErMCTpaluu Tele(OHHBIX
Pa3roBOPOB, B KOTOPBIA UM 3aHOCATCS BCE BOIPOCHI U OTBETHL. Kayk1yr0 HEAEIO KypHAJIBI HECKOJIBKUX
aApXUTEKTOPOB OOBEAMHSIOTCS BOCAMHO, PA3MHOXKAIOTCS U PACHPEACIAIOTCS CPEIu MOJb30BaTeel u
ucnionHuteneil. HecmoTpst Ha cBOIO HEPOPMaIbHOCTH, TAKOM MEXaHU3M SBISIETCS U OBICTPBIM, U
ITOHSTHBIM.

Tecmuposanue npooykma

Jlyqumy npyr MeHemKepa nIpoeKTa — €ro IMOCTOSHHBIA NPOTUBHUK, HE3aBUCUMasl OpPraHU3aIus,
TECTUPYIOIAsi MPOAYKT. ['pynmna mpoBepseT COOTBETCTBUE MAlIMH M MPOAYKTOB CleHU(UKALUSIM U
BBICTYIAET MOCOOHUKOM JIbSIBOJIA, YKA3bIBasl HA BCE 3aMEUEHHbIE Ie(heKThl U HecooTBeTCTBUs. Kax o
OpraHu3alMM, BEAyIIEHd pa3padOTKM, HY)KHA Takas He3aBUCHMAas TIpylla TEXHUYECKOTO ayauTa,
KOTOpasi I0J>KHA OBITh HETIOKYITHA.

[locnenuuit aHanu3 B Ka4eCTBE HE3AaBUCMMOTO ayIuTOpa OCYIIECTBISIET IIOKyIarenb. B
0€3:)KaJOCTHOM CBETE€ MPAKTHYECKOr0 TMPUMEHEHUs CTaHEeT BUJCH KaxIpld orpex. [pymnma
TECTUPOBAHUS MPOAYKTA KaK pa3 3aMeHseT MOKyIaress, HaCTPOCHHOT0 Ha MOUCK OImOoK. Bpems ot
BpEeMEHHU TIIATeNbHAs MPOBEpKa MPOAYKTa OOHAapyKMBAae€T MECTa, IJleé HE YCIBIIAIN YyKa3aHue, Iie
IIPOEKTHBIC PELICHUs IIOHSUIM HENPABUIBHO WJIA BBIIOJHWIM HETO4HO. [loatomy Takas rpynma
MNPOBEPSAIOIMX SBISIETCS HEOOXOMUMBIM 3BEHOM B IIEMOYKE, IO KOTOPOM JIOXOOUT CJIOBO
IIPOCKTUPOBIIMKA, 3BEHOM, KOTOPO€ JOJDKHO Hadarb JEMCTBOBarb pPaHO U OJHOBPEMEHHO C
IIPOEKTUPOBAHUEM.



['1aBa 7 Iloyemy He yaaji0och NOCTPOUTH BAaBUJIOHCKYIO
OalHI0?

Ha e6ceii 3emne Ovin 00un A3blK U O0OHO Hapeyue. [[8UHY8UIUCL C
6ocmoka, onu Hauiiu 8 3emiae CeHHaap pagHUHy u noceiunucvb mam. H
ckazanu opye opy2y. Haoeiaem Kupnuyeu u 000xcocem oenem. M cmanu y Hux
KUpnu4u 8Mecmo KamHel, a 3emMasaHas cmona emecmo uzsecmu. M cxkazanu
OHU: nocmpoum cede 20pood u OAuIHI0, 8bICOMOI0 00 Hebec, U coenaem cebe
ums npesicoe, Hedxceau pacceemcs no auyy eceu 3emau. M cowen Iocnoow
nocmompems 20po0 U OAWHIO, KOmMopvle CMpPOULU CblHbl Yelogeyeckue. H
ckazan 1ocnoowv: 6om, 00un HApPoO, u OOUH Yy 6CeX A3bIK, U 80M YMO OHU
Hayanu Oenamv, U He OMCMAHYM OHU OM MO020, YMO 3A0yManu 0elams;
cotioem dce U cmeulaem mam s3blK Ux, maxk 4moovl 0OUH He NOHUMAJ pedu
opyeozo. U paccesn ux T'ocnoob ommyoa no 8ceti 3emae; u OHU nepecmanu

cmpoums 20poo
KHUI'ABBITHA 11:1-8

Ayoum menedocmenma Basunoncko2o npoekma

Cornmacno Kuure ObiTus, BaBumonckas Oammss ObUla BTOPBIM — KPYIHBIM — HHXKEHEPHBIM
npeanpusTeM yenoBeka nocie HoeBa kopuera. BaBunoHckast OaiHsi cTana MepBbIM HWHKEHEPHBIM
duacko.

Ota nctopus NiyOboKa U MOoy4duTeIbHa B HECKOIBKUX OTHOIIEHUX. [laBaiiTe, onHaKo, paccCMOTpUM
€€ KaK YUCTO TEXHUYECKUU IMPOEKT U IIOCMOTPUM, KaKUE€ YPOKU aJIMUHUCTPUPOBAHUS MOXKHO U3 HEe
u3Bieyb. Hackonbko Xopomio mpoekT Obul obecredeH HEeOOXOAMMBIMHM COCTABISIONIMMU ycrexa?
Nmenuce nu:

1. Scnocth nenu? [a, XoTsi 1 HAaMBHO HEAOCTUXKUMOM. [IpoekT mpoBanuicsa 3a10aro A0 TOTO, KaK
CTOJIKHYJICS C 3TU NPUHLIUIINAIBHBIM OTPAHUYECHUEM.

2. Yenoseueckue pecypcol? B Gosnbiiom umcie.

3. Marepuansl? ['nmuHa u 6UTYM B M300MJIMU UMEIOTCS B MecoroTaMuu.

4. JocrarouHo BpeMeHu? Jla, HeT HUKaKUX yKa3aHUW Ha OTPAaHUYEHHUS 11O BPEMEHH.

5. AnekBarHble TexHoJioruu? J[la, nmupaMugadbHOW WM KOHUYECKOW CTPYKType NpHUCYyIa
YCTOMYHMBOCTh U XOPOILEE paclpeaeieHne Harpy3ku cxarus. O4eBUIHO, CBOMCTBA KAMEHHOW KJIAJKU
ObUIM XOpOLIO M3BECTHHI. [IpoeKT mpoBanuics 0 TOTO, Kak BBIIIET 3a MPeAesibl TeXHOJIOTHYECKUX
OTPAHUYECHHUM.

Tax mouemy ke pOBaNUJIICS MPOEKT, €ciu Bce 3TO y HUX O0bu10? Yero y Hux He xBatano? JIByx
Beliel — obmeHa nHdopmMalueld 1 BeITeKaroe u3 Hero opranu3anui. OHU He MOIVIM Pa3roBapuBaTh
Ipyr ¢ Opyrom H, Kak CJIEACTBHE, cOIiacoBbiBaTh ycuiuda. Korga oTkazana koopauHamus, paborta
BcTaja. Yuras Mexay CTpOK, Mbl OOHApYXMBAaeM, YTO OTCYTCTBUE OOMeHa MH(pOpMaIel MPUBENO K
CIIOpaM, JIypHOMY HACTPOCHHMIO M B3aMMHOM pPEBHOCTU. BcCkope KiaHbl Hadyalau pacxoduThCH,
npeanoyTsi 000COOIEHHOCTH CIIOpPaM.

Obmen unghopmayueii 8 60ILULOM NPOCPAMMHOM NPOEKME

B mname BpeMss mpoucxomuT Toxke camoe. OrcraBanue OT Trpaduka, HECOOTBETCTBHE
(GYHKIIMOHATBHOCTH, CUCTEMHBIEC OIIMOKHA — BCE 3TO M3-3a TOTO, YTO JieBas pyKa HE 3HAET, YTO TBOPUT
npaBas. [lo xomy paboThl yyacTByronMe B HEW HECKOJIbKO OpHTraj MOHEMHOTY U3MEHSIOT (DYHKILUH,
pa3Mep, ObICTPOJACHCTBHUE CBOMX MPOTpamMM, SIBHO WJIM KOCBEHHO MEHSIOT JOMYUICHUSI OTHOCHUTEIBHO



BXOJHBIX JAaHHBIX U UCIIOJIb30BAHHS BBIXOIHBIX.

Hanpumep, ucnonHuTenb QYHKIIUU, OCYILECTBISIIONICH OBEpIEHHYIO 3arpy3Ky IMpPOrpaMM, MOXKET
CTOJIKHYTHCA C MpOOJieMaMu U CHU3HUTH OBICTPOACHCTBUE, OCHOBBIBASICH HA CTATUCTUYECKUX JAaHHBIX,
YKa3bIBAIOLUMX HA PEIKOCTh HCIOJIB30BAaHUS ATOM (PYHKIMU B MPUKIAIHBIX Mporpammax. B To ke
BpEMsi €0 COCeNl MOKET pa3pabdaThiBaTh BAXKHYIO YacTh CYIEpBU30pa TaKUM 00pa3oM, 4TO OHa KpaitHe
3aBHCUT OT CKOPOCTH BBIOJIHEHUS 3TOW (QYHKIUHU. DTO U3MEHEHHE CKOPOCTH BBIIIOJHEHUS, B
CYIIHOCTH, CTAHOBUTCS 3HAYMTEIBHBIM U3MEHEHHUEM ClielU(DUKALINI, 0 HEM HYXHO IIUPOKO OOBIBUTH
Y OLIEHUTB C TOYKH 3PECHUS CUCTEMBI.

Kak e nomkHbl Opuragpl 0OMEHUBAThCS MEXIy coboi mHbopmanueit? Becemu BO3MOKHBIMU
CIOCO0aMH:

» Hedopmanwsuo. Xopotmas TenedoHHas CBA3b U SICHOE OIMPE/IEIICHNE B3aUMO3aBUCUMOCTEH MEXKTY
OpurajgamMu JOJKHBI CIOCOOCTBOBarb MHOTOYHMCICHHBIM Tele(OHHBIM MEPEroBopaM, OT KOTOPBIX
3aBUCUT €IMHAsl NHTEPIPETALHS I€YATHBIX JOKYMEHTOB.

* CoBemanus. Henb3sd mepeolieHUTh 3HAYEHUE PETYISAPHBIX COBEUAHMN YYACTHUKOB IPOEKTA C
MOOYEPETHBIM 3aCIyIIMBAHUEM TEXHHUYECKHUX OTYETOB Opuraa. TakuM myTeM YCTPaHSIOTCA COTHHU
MEJKUX HEMOHUMAHUM.

« PabGoyas terpans. B camom Hauane HYXHO 3aBeCTH palbO4yl0 TeTpaab ydeTa MpOAeTIaHHON
paboThl. DTa TeMa 3aciayKHUBaeT OTAEIbHOTO pa3jena.

Pabouaa mempaow npoexma

Yro. Pabouass TeTpagp NpoeKTa SBISAETCS HE CTOJIBKO OTACIBbHBIM JOKYMEHTOM, CKOJBKO
CTPYKTYpOIi, HaJlaraeMoi Ha BCe JOKYMEHTBI, KOTOpbIe OyAyT CO3/1aHbl BO BPEMS BBIMOJHEHHUS MPOEKTA.

Bce [MOKyMEHTBI MOpPOEKTa JOJDKHBI BXOIWTH B JTY CTPYKTYpy, BKJIIOYas LE€IU, BHEIIHHUE
cnenudukanuu, cnenupukanuu nHTephercoB, TEXHUUYECKUE CTaHAAPTHI, BHYTPEHHUE CrieU(DUKALINU
Y IMUHUCTPATUBHBIE 3aIIMCKHU.

[louemy. TeXHONOTMYECKMU AOKYMEHT IIPAKTUYECKM BEYeH. EciM mnccnenoBarb TIE€HEaJIOTHO
PYKOBOZICTBA MOJIb30BaTENs IO KAKOMY-HHOY/Ib anmapaTHOMy WU MPOTPaMMHOMY MPOAYKTY, MOXKHO
IPOCIEIUTh HE TOJBKO MJEH, HO U MHOXKECTBO OTIECIBHBIX MPEJIOKEHUN U maparpados, BILIOTH 0
IIEPBOM NaMATHOM 3aIllMCKH, MPEIaralolied NPOAYKT WM IOSACHSIONIEH NEpBbIM MNPOEKT. s
COCTABUTEIISI IOKYMEHTAlMH HOKHULIBI M KJIEW — TaKas e Ba)KHasl BEllpb, KaK Mepo.

Pa3 3T0 Tak, U 3aBTpallHUE PYKOBOJACTBA ISl TOTOBOTO MPOAYKTA Pa3BHBAIOTCS U3 CETOAHSIIHUX
NaMSTHBIX 3alMCOK, OYEHb BAXKHO MPABUIIBHO OMPEACIUTH CTPYKTYpY HOKyMeHTanuu. Pa3paboTka
pabouell TeTpaaM MPOEKTa Ha pPaHHUX HTamax oOecleurnBaeT MPOAYMAHHYIO, a HE CIIy4dailHYIO
CTPYKTYPY HIOKYMEHTalMH. boisiee TOro, 3amaHue CTPYKTYpbl IO3BOJSET COCTABICHHBIE IIO3/HEE
JOKYMEHTBI OPOPMHUTH B BUJI€ OTPHIBKOB, KOTOPbIE BIUCKHIBAIOTCS B 3TY CTPYKTYPY.

Bropoli mnpuumHON s BeaeHHs palOoyedt TeTpaiau SBISETCS HEOOXOIMMOCTH YIPaBICHUS
MPOILIECCOM paclIpoCTpaHeHus HWH@opManuu. 3ajadya COCTOUT HE B OrPAHUYEHHUHM JIOCTyNa K
uHpopManKuKu, a B TOM, YTOOBI COOTBETCTBYyIOIIAs HH(GOpPMAIUsi JOCTHUINIA BCEX, KOMY OHA MOXET
MOHAJ00UTHCH.

[lepBbIM nenoM clieqyeT MPOHYMEpPOBAaTh BCE MaMSATHBIE 3alHMCKHU, TaK 4YTOObI HMMEIHNCh
YIOPSI0YEHHBIE CIUCKU HAa3BaHUU, U KaX bl paOOTHUK MOT YOSAUTHCS B HAJTUYUHU HEOOXOIUMBIX EMY
MarepuanoB. Opranusanus padodeil TeTpaan UAET 3HAYUTEIBHO Jajblle, YCTaHABIUBAs IPEBOBUIHYIO
CTPYKTYpPY HaMSTHBIX 3alUCOK. J[peBOBHAHAs CTPYKTypa IO3BOJISET, €CIM HYXHO, OPraHH30BaTh
JOCTaBKY MH(POPMAILIMU COOTBETCTBEHHO MOACPEBbSIM.

Mexanuka. Kak ¥ BO MHOTrMX 3ajadax YOpaBICHHS MNPOrpaMMHBIMH MpOEKTaMu, Mpoliema
TEXHUYECKUX MEMOPAHIYMOB YCIOXKHSETCS HETMHEWHBIM 00pa3oM IO Mepe yBeJIWuYeHUs oObeMa
nanubix. Ecniu B pabore yyacTByroT 10 4enoBek, JOKYMEHTBHI MOKHO MPOCTO MpOoHyMepoBaTh. Ecnu
yuacTBytoT 100 4esoBeK, 4acTO JOCTATOYHO HECKOJIBKUX JUHEHHBIX nocliienoBarenbHoctei. st 1000



COTPYIHHMKOB, HEU30EKHO pPa30pOCAHHBIX MO HECKOJBKUM IUIOIAJKaM, BO3pacTaeT MOTPEeOHOCTH B
CTPYKTYPUPOBaHHOHN pabodeil TeTpaau, W, CIeAOBaTelbHO, Bo3pacTaeT ee oOveM. Kak mocTtymars B
ATOM ciy4ae?

S nmymaro, Mbl TpaBWIIBHO MOCTYNUJIK Npu padote Hajg npoektoM OS/360. Ha meobxomumoctu
XOpOIIo CTPYKTYPUPOBaHHOM paboueit TeTpaau ocobenno Hactaubai O. C. JIokeH, KOTOpBIN yoeauics
B e¢ d(ppekTuBHOCTH MpU pabOTe HAJ CBOUM MPEIBIIYIIMM MPOSKTOM, — OMEPAIIMOHHON CHUCTEMOM
1410-7010.

Mbl OBICTPO MPUHSIN PEUICHUE, YTO KaXbI MPOrPaMMUCT JOJDKEH UMETh BO3MOXKHOCTh BUAETh
BECh MaTepual, T.e. JOJKEH UMETh dK3eMIUIIp pabouelt TeTpaau B cBoeM oduce.

Pemaroiiee 3HaueHHEe MMEET CBOEBpeMEHHOE OOHOBiIeHHE. Pabouas TeTpaab MOJKHA OTPaXKaTh
TEKYIIEE COCTOSHUE MPOEKTa. JTO OYEHb TPYAHO OCYIIECTBUTH, KOTJA ISl BHECEHUsS OOHOBJICHUMN
HY)XKHO TI€perneydarbiBaTh Iejble JOKYMEHTbl. OIHAKO B TEeTpaad C BBIHUMAIOIMMUCSA JIUCTaMU
JOCTaTOYHO 3aMEHUThb OTHEJbHBIE CTPaHHUIBL. Y HAac HMeNach KOMIIBIOTEpHas CUCTeMa
pEAAKTUPOBAHUSI TEKCTa, OKazaBlasicsi OECLEHHOM s cBoeBpeMeHHoro oOHoBieHus. OdceTHbie
(GbopMBI M3rOTABIUBAIIUCH HEMOCPEJACTBEHHO Ha MpPHUHTEpPE, U LUK OOpabOTKH COCTaBIsI MEHBIIE
onnoro paHs. Ilepex momydarenemM BceX 3THX OOHOBIICHHBIX CTPAHUI[ BCTaeT, OAHAKO, Mpobiema
ycBoeHus. Korma oH BmepBble mosydaeT OOHOBJICHHYIO CTpPaHUILY, TO €My HYXHO 3Harb, YTO OBLIO
u3MeHeHo. Korma oH mo3xe oOpam@ercss K He, TO €My HY)KHO 3HaTb, Kakoe OIpeJeeHue
JIEVUCTBUTENBHO HA TEKYIUH JICHb.

[TocnenHio NOTPEOHOCTH YIOBIETBOPSIET HEMPEPHIBHOCTH OOHOBICHUS TOKyMEHTaluHu. YTOObI
BBIJICIUTh WU3MEHEHUs, TpeOyloTcs Ipyrue Mepbl. Bo-mepBbIX, HY)KHO OTMETUTh Ha CTpaHUIIC
U3MEHEHHBIH TEKCT, HAaNpUMEpP, C MOMOIIBI0 BEPTHUKAJBHON JHHUU Ha TMOJSIX PAIOM C KaXJAOH
U3MEHEHHOW CTpoukoil. Bo-BTOpbIX, HEOOXOQMMO BMECT€ C HW3MEHEHHBIMH CTpPaHHUI[AMU
pacIpoCTpaHATh KPaTKyl0 OTAEIbHYIO CBOJAKY C MEPEYUCICHUEM M3MEHEHUM U XapaKTEePUCTUKON HX
3HAYCHHUS.

Ham mpoexT He mepemen U IMIECTUMECAYHOro pydOexka, KOrga MbI CTOJIKHYIUCH C JPYroi
npobnemoii. Tonumna paboueit TeTpaau cocTaBuUiia OKOJIO MoidyTopa MeTpoB! Eciiu Ob1 MBI CHOXKUIHU B
OJIHY CTOMKY TpeOyrommecs mporpammuctaM 100 3K3eMIUISIpOB B CBOMX MOMeIIeHUsIX 31anus Time-Life
B ManxeTTeHe, oHa Obl MpeBbICHIIA 1O BbICOTE caMo 3/1aHue. Kpome Toro, exxelHeBHbIE UCIIPABICHUS
UMeEIU TOJIIMHY OOJIbIIe MATH CAHTUMETPOB U HACUUTHIBAIN OKOJIO0 150 cTpaHuIl, KOTOpBIE Hal0 OBLIO
3ameHuTh. llomaepkka paboueld TeTpaad cTana 3aHUMaTh 3HAYUTEIBHYIO YacTh €XKEIHEBHOTO
paboyero BpeMeHHU.

C »TOro BpeMeHU Mbl IEPellid Ha MUKPO(UIIH, YTO cOeperio MUIITMOH J0JIAPOB J1aXe C y4ETOM
CTOMMOCTH YCTPOMCTB JAJIsl YTEHUS] MUKpPOQUIIEH B KaxaoM odrce. Mbl cMOIIU AOCTUYL OTIMYHOU
NPOAOKUTENBHOCTH LIUKJIA MPOU3BOICTBAa MUKpoduineit. PaGovas Terpaas yMeHbIIMIACH B 00BEME C
90 am [3] o 5 mM [3] u, uTo Gosee BaKHO, OOHOBJICHUSI BBITYCKATUCh MOPIUSIMU TIO0 COTHE CTPaHMUII,
CTOKPaTHO YMEHbIIIAsl CI0KHOCTh 3aMEHBI JTUCTOB.

Mukpodpunm wumeroT cBou Henoctarku. C TOYKM 3pEHUs] MEHEDKepa, HEyIOOCTBO 3aMEHBI
OyMa)XHbIX CTPAaHMI[ TapaHTHPOBAJIO, YTO HMX MPOYTYT, Uil 4YEero M Bedach pabodas TETpajb.
Muxkpoduim caumkoM oOOJeryuian 3aAady BeAeHUs paldodyedl TeTpaau, €clid TOJbKO OHU He
COIPOBOK/JIAJTUCH TEYATHBIM TIOKYMEHTOM C II€PEUHUCICHHEM U3MEHEHUM.

Kpome Ttoro, mMukpoduim He MO3BOJAIOT UYWUTATENIO JIETKO J€JaTh BbIICJICHUSA, MOMETKH U
KOMMEHTapuu. JIOKyMEHTBI, C KOTOPbIMH YWTaTedb paboTall, MPUHOCAT OOJbIIE MOJb3bl aBTOPY U
yuTarento. B3BemmBas Bce, S Mojarair, YTo MUKPO(UIIM SBISIOTCS OYEHb YAAYHOM TEXHOJOTHEH, U
JUISL OY€Hb KPYIHBIX MPOEKTOB s OBl 0T/ UM MpEANoYTeHUE nepe OyMakHoi paboueil TeTpabio.

Kak M0xHO ocyiecTBUTh 3T0 cerofgHs? CerogHsHue CUCTEMHbIE TEXHOJIOTUH, I TyMato, AeNaloT
NpeANnoYTUTENIbHEE BeJleHHe paboueld TeTpaau B ¢aine nOpsSMoro JocTyma ¢ MOJOCKaMu,



NoMEeYalouMMH U3MEHEHHbIE YacTH, M JaTaMu BHECEHHS u3MeHeHui. JI100oil mojab30Baresib MOXKET
o0paTuThCsl K KypHaly ¢ JuciieiHoro tepmunana. CBoika MU3MEHEHHUH, TOTOBAIIASCSA €KEIHEBHO,
nokHa xpaHuthesa B Bule creka (LIFO) ¢ ycranoBneHHOM Toukoil jgoctymna. [IporpaMMHCT MOXeET
€XKEJHEBHO €€ YWUTarb, HO €CJIM OH MPOIYCTHUJ OOUH JI€Hb, €My MPHUAETCSA JOJbIIE YWUTATh Ha
cinenyonmii neHb. [lpouts o0 M3MEHEHUSX, OH MOXET IpepBaThCsi M MPOYECTh CaM H3MEHEHHBIN
TEKCT.

OOparute BHUMaHHE, YTO caMa pabodas TeTpajab OcTaeTcss HeM3MEHHOW. OHa MOo-IpeXHEMY
ocTaeTrcsi coOpaHUeM BCel MPOEKTHOW NOKYMEHTAIlMM, THATENbHO OpraHM30BaHHOU. EaumHCTBEHHOE
U3MEHEHHEe — MeXaHU3M pacnpeneneHus nocryna. J[. C. DHmiebapT ¢ KoieraMu Co3Jajiu TaKylo
cucteMy B CTdH(]OpPACKOM HCCIEIOBATEIBCKOM HHCTUTYTE M HCHOJB3YIOT €€ [UIsl BEICHUS
nokyMeHTanuu no cetu ARPA.

. JI. IIpanac u YauBepcutera Kapueru-Menona npeioxui euie 0osee paankaibHOE pellieHue.
[1] OH mosaraer, 4TO MPOU3BOAUTEIBHOCTH MPOTrPAMMMCTA BBIIIE BCETO, KOIAA OH OTPaXJIEH OT
NOAPOOHOCTEH KOHCTPYKIIMM TEX 4YacTeld CHUCTeMbl, HaJ KOTOpPHIMH OH He pabotaeT. ITO
MPEANOaraeT, YTo Bce HHTEPPENChl MOTHOCTHIO U TOYHO 3aJaHbl. Takoil MPOEKT ONpeeIeHHO XOPOIIL,
HO €CJIM IoJIararbCsi Ha €ro HiealbHOE OCYIIECTBIEHUE, 3TO MpHUBENET K Karactpode. Xopoiias
uH(poOpMallMOHHAs CHUCTEMa HE TOJBKO JOJDKHA BBIIBIATH oOHMOKM B uHTepdeiicax, HO U
CIIOCOOCTBOBATH UX UCIIPABICHHUIO.

Opeanuzayus KpynHo2o npoecpammHo20 npoexma

Ecnm wam mpoekTom paboTaeT n 4yenoBeK, To cymecTByeT (n [2] —n)/2 umaTepdeiicoB, depe3
KOTOpPBhIE MOKET MPOUCXOAUTh OOMEH [aHHBIMU, U TMOTEHIMAJIBHO CYIIECTBYeT MOYTH 2 1 TPYII,
BHYTPU KOTOPBIX JOJDKHO TPOUCXOAUTH corlacoBanue. llenp opranusamuu paboThl COCTOUT B
COKpallleHun HeoOxogumoro oOremMa oOmeHa uHpopmaiueld u comtacoBaHus. [loaTomy co3nanue
NpaBUJIBHOM OPraHU3allMOHHOW CTPYKTYpBI SIBISIETCS PELIAIOIMM HaIpaBiIeHUEM pelieHUus Mmpoliaem
MH(pOpPMaLIMOHHOTO 0OMEHA, pacCMaTPUBABIIMXCS BbIIIIE.

CriocoObl, KOTOpBIMH COKpam@ercs oOMmMeH uHpopMaluend, — pasaeleHue Tpyla H
cnenuanu3zanua QyHkuuid. JpeBoBuAHAs OpraHU3alMOHHAs CTPYKTypa OTpPakaeT yMEHbILICHUE
noTpeOHOCTH B MOApPOOHOM oOOMeHe uH(oOpmanueill Npu HCHOJB30BAHUU pasliejeHus Tpyla u
crelaInu3aluH.

B neiicTBUTEIBLHOCTH, OpraHu3alus B BUAE AePeBa BO3HUKAET KAK CTPYKTYpU3AIUs MOTHOMOYUN
U OTBETCTBEHHOCTH. [IpMHLMM, YTO HUKTO HE MOXKET OBbITh CIYrod ABYX rocmof, TpeOyeT, YTOOBI
CTPYKTypa MOJHOMOYMU ObLia ApeBoBHAHOW. OAHAKO CTPYKTypa oOMeHa MH(OpManueil He CTOoJb
OTpaHUYEHa, U JCPEBO SBISIECTCS MaJI0 MPUTOAHBIM MPHUOIMKEHHEM CTPYKTYphl OOIICHUSA, KOTOpas
SBJISIETCA ceThio. HeasekBaTHOCTh MPUONIMIKEHUS JEPEBOM CIYKUT MIPUUYUHON BO3HUKHOBEHUS OpHUTal,
LEJIEBBIX TPYII, KOMHCCHUH M Jake OpraHu3aluii MaTpuyHOTO THIA, CYIIECTBYIOUMX BO MHOTHX
WHXKEHEPHBIX J1a00opaTOpHsIX.

PaccMoTpuM JOpeBOBUAHYIO OpraHU3aldI0 MPOrPaMMHUCTOB UM HUCCIEIYyEeM CYIIECTBEHHBIC
XapaKTepUCTUKU, KOTOPHIMU JOKHBI 00J1aJ1aTh MOAAEPEBbs, UTOObI ObITh 3G (HEeKTUBHBIMU. TaKOBBIMU
SIBIISIFOTCSL:

1 — 3aganue,

2 — mpoJrocep,

3 — TEeXHUYECKUU TUPEKTOP HIIH apXUTEKTOP,

4 — rpaduk pador,

5 — paznenenue Tpyna,

6 — ompenaeneHne UHTEPPEHCOB MEKAY PA3HBIMU YACTAMH.

Bce mnepeunciaeHHOE O4YEBUAHO M OOBIYHO, HCKIIIOYAs pPa3JIMUYME MEXKIY IMPOIIOCEPOM U
TEXHUYECKUM JupekTopoM. CHadana paccMOTpUM CaMH 3TH JBE (YHKIMH, a 3aTeM uX



B3aMMOOTHOIICHUS.

B dem naznauenue npomrocepa? OH cobupaeT Opuramy, pacmupenenser paboTy U yCTaHABIMBaET
rpaduk ee BoimoHeHUA. OH 3aHUMAETCs MPUOOPETEHHEM HEOOXOAMMBIX PECYPCOB. DTO 03HAYAET, UTO
OonbInas 4acTh ero (YHKIUM COCTOUT B OOIICHUHU, KOTOPOE HAIpaBICHO BHE Opurajsl, — BBEpPX U B
cTopoHbl. OH YCTaHABIMBAET CXEMY CBSI3U U MPEJOCTABICHHUS OTYETHOCTH BHYTpHU Opuranabl. Hakoner,
OH oOecreuynBaeT BHIOJHEHHE rpaduKa, OCYIICCTBISAS MaHEBpP pecypcaMy U MEHSAS OpraHu3aluio B
COOTBETCTBHH C HOBBIMU 0OCTOSATEIHCTBAMH.

A 49T0 xe TexHudyeckuilt aupektop? OH MOCTUTAET MPOEKT, KOTOPBIA JOJKEH OBITh peajn30BaH,
BBISBIISIET €T0 COCTAaBISIOIIME, OIpEENseT, KaKk OH OyIeT BBINISACTh BHEIIHE, U JIeJaeT ICKU3
BHYTpEHHEH CTpyKTypbl. OH oOecreyuBaeT €AMHCTBO U KOHIENTYAJbHYIO ILIEJIOCTHOCTh MPOEKTa B
IEJIOM U TakuM 0Opa3oM CHOCOOCTBYET OTPaHMUYEHUIO CJIOKHOCTU CUCTEMBbI. Ilpu BO3HHKHOBEHUHU
TEXHUYECKUX MPOOJIEM OH M3BICKMBACT UX PEUICHUS WM IMPU HEOOXOIMMOCTH MU3MEHSET CHUCTEMHBIM
npoekT. OH, comlacHO MpenecTHOMY BblpakeHHio Ana Kamma, sBiseTcss «CBOUM YeJIOBEKOM B
NapUMBBIX Jenax». OOIIeHne ero NpouCcXoAUT MIPEUMYIIECTBEHHO BHYTpU KoMaH bl Ero pa®oTa moutu
UCKJIIOUUTENIBHO TEXHUYECKasl.

Teneps BuIHO, YTO AN ATUX JBYX (PYHKIUN TpeOylOTCS COBEPUICHHO pa3Hble CIOCOOHOCTH.
CriocoOHOCTH BCTPEYAIOTCA B Pa3HBIX COYETAHUSIX, U OTHOILICHHUS MEXAY MPOJIOCEPOM U TUPEKTOPOM
JOJKHBI OMPENENAThCA TEeMU KOHKPETHBIMU COYETAHUSMHU, KOTOPBIMH OHHU oOnamaroT. He miomu
JOJIKHBI OBITh BTUCHYTBI B UHUCTO TEOPETHUYECKHUE OpPraHU3alUOHHbIE (JOPMBI, a OpraHU3aLUs JT0JKHA
CTPOUTHCS BOKPYT TEX JIIOAEH, KOTOPBIE €CTh.

B03MO>KHBI TpU THIIA OTHOIICHU, K BCE OHU C YCIIEXOM BCTPEYAIOTCS HA MPAKTHKE.

OmHO U TO € JIUIO MOET OBITh MPOAIOCEPOM M TEXHMUYECKUM AUPEKTOPOM. DTO BIOJHE
ONpaBJaHO B MaJCHBKHX KOMaHIaX, HACUMTHIBAIOIMX OT TPEX A0 HIECTU MporpamMuctoB. B Ooinee
KPYIHBIX TPOEKTaX 3TO OYEHb PEIKO OCYIIECTBUMO MO JAByM HpUuYMHAM. Bo-mepBbIX, penko
BCTPEYAIOTCS JIFOJIU, COUeTaronme B cede Ooble aIMUHUCTPATUBHBIC U TEXHUYECKHE CIIOCOOHOCTH.
MeicnuTenu BCTpeyaroTcsl peaKo, MPAKTUKHU elIe PEKE, HO PEKE BCETO — MBICIUTEIN-TTPAKTUKHY.

Bo-BTOphIX, B OOJBIIMX MPOEKTAX BHIMOJHEHUE KaxAOW U3 GyHKIUN TpeOyeT MOITHOro pabodero
nHS wian paxe Oonbiie. [lpomtocepy TpyaHO mepenarb KOMY-THOO JOCTAaTOYHYIO 4YacTh CBOMX
00s13aHHOCTEH, YTOOBI BBHICBOOOAWTH BpPEMsS MJisi TEXHUYECKOW padoThl. [[UpekTopy HEBO3MOXKHO
nepeaaTh CBOU 00s13aHHOCTH, HE HAHOCA yIepOa KOHIENTYalbHON IEJIOCTHOCTH MPOEKTA.

[Tpontocep MoOeT ObITh HAYAJIBHUKOM, a TUPEKTOP — €ro mnpaBod pykoi. CI0XHOCTH 371€Ch
COCTOUT B TOM, YTOOBI ONPEACIUTH MOJTHOMOYHS TUPEKTOPA MPU MPUHATUH TEXHUYECKUX PEICHUH, C
TE€M 4TOObI OH HE TPaTUJ CBOE BPEMs, yUaCTBYS B aIMUHUCTPATUBHOM 1IETIOYKE.

OueBUIHO, TPOAIOCEP JOJIKEH OOBSIBUTH O MOJTHOMOUUSIX AUPEKTOPA B TEXHUUECKON 00IACTH U B
BBICIIIEH CTEMEHM YKPEIUISTh UX B BOZHUKAIOUMX CIOPHBIX CUTyalusX. YTOOBI 3TO OBUIO BO3MOXHO,
MPOAIOCEP U TUPEKTOP JOJDKHBI UMETh CXOXKHE€ B3IISAJIBI [0 OCHOBHBIM TE€XHUYECKUM BompocaMm. OHuU
JOJKHBI YaCTHBIM 00Opa3oM COINIACOBBIBATH OCHOBHBIE TEXHUYECKHE MPOOJIEMBI, MPEXKAEC 4YeM OHU
BCTaHYT Ha mnoBecTky aHs. [Ipomrocep nokeH Takke C OONBIIMM YBaKEHUEM OTHOCUTHCA K
TEXHUYECKOMY MaCTEepPCTBY TUPEKTOPA.

Yto mMeHee O4YEBUIHO, MPOMIOCEP MOXKET C MOMOIIbI0 CUMBOJIOB CTaryca (TakWX Kak pasMmep
KaOuWHeTa, KOBPOBOE IMOKPHITHE, MeOelb, pacchbUlKa BTOPBIX 3K3EMIUISPOB TOKYMEHTOB M T.II.)
MOYEPKUBATh, YTO TUPEKTOP, HAXOASACh BHE aJIMUHHUCTPATUBHOMN LEMOYKH, 00IalaeT, TEM HE MEHee,
BJIACTBIO B IPUHATUM PELICHUM.

DTO MOXET JelCcTBOBaTh O4eHb ycrmemHo. K HecdacThio, K 3TOMY peako mpuberator. Uto xyxke
BCEr0 MOJIy4aeTcsl Y MEHEIKEPOB MPOEKTOB, — TaK 3TO MCIOJIb30BaHUE TEXHUYECKOTO Te€HUs JIONEH,
HE OYEHb CHJIHBIX B a/IMUHUCTPUPOBAHUU.

JlupekTop MOKEeT ObITh HaUYaJIbHUKOM, a MPOAIOCEP — €ro MpaBoi pykoit. PobepT Xaitnnaiin sipko



ONMCBIBAECT TAKyI0 OpraHu3anuio B «Hemoseke, npoaasmeM JIyny».

Kocrep 3akpbul M0 pyKaMHu, 3aTEM B3IJISIHYJI BBEPX:

— S pa3buparoch B 3TOM. S 3HAI0, YTO HYXKHO JI€]aTh, HO BCAKUI pa3, KOT/AA s NbITAIOCh 3aHATHCS
TeXHUYECKOH MpoOiIemMoi, Kakoh-HHOynb OOJBaH X04eT, YTOOBI S TMPUHSI pEIICHHWE TO TOBOIY
IPY30BHUKOB, MU TeiaedOHOB, UK elle Kakoi-HuOynb epyHasl. [Ipoctute, muctep I'appuman. Mue
Ka3aJoCh, 5 CIIPABIIKOCH CO BCEM 3THM.

['appuMaH 04eHb MATKO CKa3aJI:

— He ortuauBaiics, bo6. Tsl Beas Hegockiman nocieaHee Bpems, npasaa? BoT 4To s ckaxy: Mbl
nepexutpum deprrocona. A BO3bMY TBOM CTOJI HA HECKOJBKO JHEW U MTOCTPOIO OPTraHU3aIUI0, KOTOpas
orpaauT Teds OT TakuxX Beme. Sl xody, 4yTOObI TBOM MO3TM OBUIM 3aHSATHI BEKTOPAMH pEaKIIHH,
3((PEeKTUBHOCTHIO TOIUIMBA M CIIOKHOCTSIMU TMPOEKTa, a HE KOHTPAKTAMH IO TPY30BHKAM. —
[appuMan mopolien K IBEpH, BBINIAHYI HapyXy M 3aMETHJI YeJIOBEKa, KOTOPbIM ObLJI, BO3MOKHO,
ctapumm kiaepkom. — O, Bbl! [logoiiaurte croaa!

Yenosek nokasayncs 03a1a4€HHbIM, BCTAJl U, MOJOMIA K JBEPHU, CIIPOCUIT:

— Jla?

— S Xouy, 4TOOBI ATOT CTOJA B YIIIy U BCE, YTO HA HEM, ObLIM MEPEHECEHBI B MMYCTYI0 KOMHATy Ha
ATOM 3TaXK€, U HEMEJICHHO.

On npocnenui, kak Koctep u BTOpoi €ro CTOJ IMepeexaid B JIPYTyI0 KOMHATy, YOeIWJICs, UTO
TenedoH B HOBOM IMOMEILEHUHU OTKJIIOYEH, U, M0lyMaB, 3aCTaBUJI IIEPEHECTH Ty/a AUBAH.

— MBbI mocTaBUM IPOEKTOP, YEPTEKHYIO JOCKY, KHI)KHBIE HIKa(pbl U BCE TAKOE MPOYEE CErOIHs
BeyepoM, — ckasan oH Koctepy. — IIpocTo cocTaBb ciMCOK Bcero HE0OXOAUMOT0, YTOOBI 3aHUMATHCS
nenoM. — OH BepHYICS B OQUIMANbHBIM KaOMHET INIAaBHOTO MHXKEHEpPa U C PaJoCThiO B3SJICS 3a
paboTy, IBITAsICh BBISICHUTD, KAKOBO MOJIOKEHHE /1T, U UTO HE JIaIUTCHL.

Yaca dgepe3 Tpu oH mo3Ban bapkiu, 94To0b mo3HakOMUTh ero ¢ Koctepom. ['maBHBIM mHXKEHEp
CITaJI, CHJS 32 CTOJIOM, IIOJIOKUB I'0JIOBY Ha pyku. ['appuman xoren BeliiTH, HO KocTep nmpocHycs.

— IIpomy npomeHnus, — ckasay OH, KpacHes, — s, HABEpPHOE, 3apemMall.

— Jns storo s mputanmi Tebe auBaH, — ckaszan [appuman, — Ha HeM ymoOHee. boO,
no3HakoMbesl ¢ J[»kokom bepkiu. D10 TBOM HOBBIA pab. Thl ocTaembcs IaBHBIM HHXEHEPOM H
HEOCIIOPUMBIM HauaJdbHUKOM. J[>kok Oyner I'maBubiM nopaom Bee Ocranbnoe. C 3Toro MmomeHTa tebe
a0COJIIOTHO HE 0 YeM OECIIOKOUTHCS — UCKIII0Yasi TAaKyl0 MeJ04b, KaK JIyHHBIA KOpalOJib.

OHu noXxanu pyku.

— Xouy mpocuTh 00 onmHo# Bemm, muctep Koctep, — ckazan bepkiaum ¢ cepbe3HOCTbIO, —
nepeaaBaiiTe MHE BCe, YTO COUTETEe HEOOXOAMMBIM — Ballla CTOPOHA TeXHUYecKas, — Ho bora pasu,
3amuchIBaiiTe Bce, 4TOOBI s1 ObUT B Kypce. S xody, 4TOOBl BaM Ha CTOJ TMOCTAaBUJIM BBIKIJIIOYATEIb,
KOTOPBI OyZeT yrnpaBisTh OlleYaTaHHBIM MarHUTO()OHOM Ha MOEM CTOJI€.

— Ornmnuno! — INappumany nokasanocs, uro Kocrep nomomnozern.

— U ecnu BaM moHanoouUTcs 4To-11M00, HE OTHOCAIIEECS K TEXHUKE, HE 3aHUMAaWTeCh ’TUM CaMU.
HaxxMwute BbIKITIOUaTENnh M CBUCTHHUTE. Bee Oymer cnenmano. — bepkiu B3misiHYn Ha ["appumana. —
XO035IMH TOBOPUT, YTO COOMpaeTcss MOrOBOPUTH C BaMH O HacTodlIel padote. Sl Bac mMOKMHY U 3alMYCh
neimamMu. — OH BEBIIIEN.

I'appuman cen. Kocrep nociienosa ero npumepy U cKasair:

— VY!

— Taxk myume?

— MHe nonpasuiics 3ToT bepknu.

— Orto xopouio. Teneps 3T0 TBOHM nBoMHUK. He Oecnokoiics: oH paboTan y MeHs paHblie. Tbl
MOYYBCTBYEIIh Ce0s1, KaK B XOpoliei 0onmpHUIIE. [2]

OTOT TEKCT €Ba JIM HYXJAETCA B AHAJIUTUYECKUX KOMMEHTapusaxX. Takas opraHuzamnus TOXKe



MOXeT 3(PHEeKTUBHO TCHUCTBOBATS.

MHe KaXeTcs, 4TO TMOCICIHHWI THI OpPTaHU3aIlMH JIydlle MOAXOAUT JJII HEOOJBIIMX KOMaH,
omucaHHBIX B maBe 3 «OmnepannonHas Opurana». [lomararo, 4To mpomrocep B KauyecTBE HadalbHUKA
0oJee MOaX0AUT Jist OOJIBIINX MOIEPEBbEB ICUCTBUTEIBHO KPYITHBIX TPOCKTOB.

BaBunonckas OammHs ObUTa, BO3MOXXHO, TEPBBIM HHXKEHEPHBIM (PHACcKO, HO HE TOCJICIHUM.
Pemaroriiee 3HavueHue s ycmexa HMMEIOT CXEMa CBS3M W BBITEKAIOMAs M3 HEe OpraHu3allus.
Texnomorun o6MeHa nHboOpMaMeld U CO3JaHUsI OPTAaHU3AIMOHHBIX CTPYKTYP TPEOYIOT OT MEHEKepa
O0mbIION PabOTHl MBICIM U TAKOM K€ TMOAKPEIICHHOW OMBITOM KOMIIETEHTHOCTH, KaK M camMma
TEXHOJIOTHS TPOTPAMMHOTO 00€CTICUEHUS.



I'naBa 8 O0bsABJsAA yaap

Ilpaxmuka — ayywui yuumeins.
NVB/IHH

Onvim — 00poeoii yuumens, HO 05 2IYNYO8 UHO20 HEM.
AJIBMAHAX BE/[HOI'O PUYAPJICA

(bennsiit Puuapn — o0Opa3 HeoOpa30BaHHOIO, HO 3PaBOMBICIISILIETO JOMOPOIIEHHOTO (uiiocoda,
co3aHHblil beHmxkamuHoM @paHKIWHOM, n3aBaBumM B 1732 — 1757 rogax exeroqHbli aibMaHax u
MCMOJIb30BABIIMM 3TOT ICEBIOHUM (MIpUMeEY. MEPEB.)).

CkonbkO BpeMEHHM moTpedyeT 3ajada CUCTEMHOro mporpaMmmupoBanusi? CKOJNBKO —CHI
noHagooutca? Kak M0oxHO 3TO OIIEeHUTH?

Panee s mpeuiokKni COOTHOIIEHUS, KOTOPbIE MOYKHO NMPUMEHSTH JJI BPEMEHU ILIAHUPOBAHUSA,
HalMCaHUsl MPOTrpaMM, TECTUPOBAHUS KOMIIOHEHTOB M TECTUPOBAHUS CHUCTEMBI. BO-IEpBBIX, HYKHO
CKa3aTb, YTO HENb3s JENaTh OLEHKY BCEH 3aJaud, OLEHUBAs TOJBKO 4YacTh, OTHOCSIIYIOCS K
HallMCaHMIO MPOrpaMM, a 3aTeM IPUMEHSA COOTHOUIeHMs. HanncaHue mporpamMm COCTABISIET JIMIIIb
OIHY IIECTYIO YacTh 3aJa4dl MJIM OKOJIO TOTO, U OIMOKH MPH €ro OLEHUBAHUU WUJIM B COOTHOIICHUSX
MOTYT IPUBECTH K CMEXOTBOPHBIM PE3yJIbTaTaAM.

Bo-BTOpBIX, HY’)KHO YUMTBIBaTh, YTO OLEHKH, MOJY4YEHHbIC MPU CO3JIaHUH OTICIBHBIX HEOOIBIIMX
IpOrpaMM, HEJb3sl MPUMEHATh JUIsl OOJNBIIMX CUCTEMHBIX MPoAykToB. K mpumepy, Ais mporpammsl,
HacuutbBaronei 3200 cioB, CakMaH, DpUKCOH U ['paHT OILIEHMBAIOT CyMMApHOE BpPEMsI HANUCAHUS
IporpaMM M OTJAIKH I OOHOTO mporpammucrta B 178 uvacoB, yto skcrpanonupyercs no 35800
oreparopoB B rojl. Basoe Menbinas nporpamma norpedoBasia MEHbIIE YeTBEPTH YKa3aHHOTO BPEMEHH,
YTO IPHU DKCTPANOJALMHU JaeT MPOU3BOAUTEIBHOCTh, Onu3kyro yxe k 80000 omeparopam B rof.
[1]HeoOxomumo [1006aBUTH 3aTpaThl BpPEMEHHM Ha IUIAHUPOBAHHE, COCTABICHHE JIOKYMEHTALUH,
TECTUPOBAaHUE, CHCTEMHYI0 HHTETrpanui0 U oOydeHue. JIMHEHHas HJKCTpamojsius NaHHBIX,
OTHOCSIIMXCS K KOPOTKHMM 3ajadaM, OeccMmbiciieHHa. Eciam skcTpamoaupoBarh BpeMs, 3a KOTOPOE
MOXXHO TpoOexarb CTOMETPOBKY, TO OKaXXeTCs, YTO MOXXHO IpoOexarb MUII0O MEHEEe 4YeM 3a TpHU
MHHYTBI.

[Ipexnae yeM OTKa3arbCsl OT 3TUX AAHHBIX, OTMETUM, UYTO U JUIsl HE COBCEM CPAaBHHMMBIX 3aJa4 OHU
MOKAa3bIBaIOT, YTO 00BEM pabOTHI pacTeT Kak CTENeHHas (PyHKIHS pa3Mmepa, Jaxke 0e3 ydyera mpoiecca
oTMeHa uHpopmanueit (KpoMme NporpaMMucTa ¢ COOCTBEHHOM MaMSAThHIO).

[Tokazanubie Ha puc. 8.1 1gaHHBIE BBI3BIBAIOT TPYCTHBIE YYBCTBA. ['paduk IEeMOHCTpPUPYET
pe3yNbTaThl, MOJyYeHHBbIE B HcclienoBaHuM, npoBegeHHoM Hanycom (Nanus) u ®appom (Farr)[2]B
System Development Corporation. B Hem BBISIBIISIETCSI 3aBUCUMOCTD C TTOKa3aTeyieM cTeneHu 1,5:

O6bem paboTel = (koHcTaHTa) Y (kommaecTBO KoMaHm) " 1.5.

B npyrom uccienoBaHwu, TPOBEACHHOM B 3TOW KOMIIAaHWUH, O KOTOPOM cooOiaetr BaitHBypm
(Weinwurm)[3], Takke TOJTy49eH MoKa3aTelb, OMu3Kui K 1,5.

ECTh HECKOJIBKO HCCIIEIOBAaHUN OTHOCUTENIBHO IMPOU3BOAUTEIBHOCTH Tpyda IPOrpaMMUCTA, B
KOTOPBIX TMPEUIOKEH PsI  TEXHOJIOTUM oleHuMBaHUSA. EcThb 0030p ONyOJMKOBAaHHBIX JAHHBIX,
nonrotosieHHbd MoypuHoM (Morin).[4]5 mpuBemy 31ech UIh HECKOJIBKO HanboJiee moKa3aTeabHbIX
pPE3YNIBTATOB.
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Puc. 8.1 3arpatsl Ha mporpaMMupoBaHKe Kak GyHKIUS pa3Mepa MporpaMMbl

Lannwvie [lopmmana

Yapaw3 Iloprman (Charles Portman), menemkep otnena nporpammupoBanus ICL — Computer
Equipment Organization (Northwest) B ManuecTtepe, mpeaiaraer cBoe oHUMaHue MpoOIeMbl, KOTOPOe
MOXET 0Ka3aThCs MOJIE3HBIM.

OH O0OHapyXwJ, 4YTO €ro KOMaHJAbl MPOTPAMMHCTOB OTCTalOT OT TrpaduKoB MPUMEPHO
HaIlOJIOBUHY, T.€. Ka)XKJI0€ 3aJJaHNE BBINOJIHIAETCA MPUMEPHO BIBOE JOJbIIE, YeM Ipeanonarainocs. [Ipu
3TOM OLIEHKM OYE€Hb TIIATEIBHO MPOBOAMJIMCH TIPYHIaMH ONBITHBIX 3KCIEPTOB, OIICHUBABUIMX B
YEJIOBEKO-4acax TPYAOEMKOCTh HECKOJBKMX COTEH monszanad ¢ nomoupto auarpamm [IEPT. Korma
BBIABIISUIOCH OTCTaBaHUE OT TIpaduka, OH MPOCUI BECTU MOAPOOHBIE E€XKETHEBHBIE >KYpHAJIbI
UCII0JIb30BaHUS BpeMEHH. V3 HUX BBISICHUIIOCH, YTO OMIMOKA OIEHOK MOJHOCTBIO OOBACHSETCS TEM, UTO
€ro KOMaHJbl HMCIIOJb30BaJIM Ha MPOrpaMMUpOBaHUME U OTIaAKY Julb S50 MpOLEeHTOB pabodyero
BpemeHU. OcTanbHOE BpeMs TEPSUIOCh M3-3a OTKA30B MAIIMHbI, HA HEOOJBIIME CPOUYHBIE TOCTOPOHHUE
3aJlaHusl, COBEILIAHMS, TMcaHue Oymar, nena ¢upMmbl, O00ne3Hu, TMuyHOe BpeMms U T.1. Kopode oreHkH
UCXOIUIIA U3 HEPEATUCTUYHOTO MPEINONI0KEHUsI O TOM, KaKas 4acThb pabodyero BpeMEHU OTBOAMUTCS
HETOCPEICTBEHHO paboTe.[6]

Jlannvie Apona

Hxo31 Apon (Joel Aron), menemxep IBM mo cuctemusiM TexHosorusiMm B [elitepcOepre, mrar
Mbapunenn, uzydan 3QpGeKTUBHOCTH Tpyla MPOrpaMMHUCTOB BO BpeMsl pabOThl HaJl IEBATHIO KPYITHBIMU
cucteMamMu (KpyrmHasi cOOTBETCTBYeT Oozee uem 25 mporpammuctam u 30000 omeparopos).[7]OH
KJIACCU(PUIIUPYET TaKHe CHCTEMbl B COOTBETCTBUM C HMHTEHCHUBHOCTBHIO B3aUMOACUCTBUS MEXKIY
nporpaMmucTaMu (M YacTAMHU  CHCTEMbl) U OOHApYKHMBaeT  CJCAYIOIIME  BEJIMYHMHBI
MPOU3BOJIUTEIBHOCTH:

OuveHb cnaboe BaavMoleicTBME 10000 HHCTPYKUMA Ha 4enoBera B rof
HekoTopoe saanMoaeiicTeme 5000 =

[CywecTeeHHoe BlavMofeiicTBHE 1500 =« |




YenoBeKo-TroJ] 3/IeCh HE YUUTHIBAET MOAIEPKKY U CUCTEMHOE TECTUPOBAHUE, TOJIBKO Pa3paboTKy U
nporpammupoBaHue. Ilpu BBeneHun mompaBku ¢ KO3(G(UIIMEHTOM JBa C I€JbI0 ydeTa CUCTEMHOTO
TECTUPOBAHUS 3TU U PHI OIMU3KO COOTBETCTBYIOT JaHHBIM Xappa.

[annbie Xappa
Hxon Xapp (John Harr), menemxep mo mnporpammupoBaHuto FElectronic Switching System,

Bxorsamen B coctaB Bell Telephone Laboratories, coobumi 0 cBoeM COOCTBEHHOM ONBITE U JIPYTHX
U3BECTHBIX €MY JIaHHBIX B JoKiane Ha OObeIMHEHHOW KOH(EPEHIIUU M0 KOMIbIoTepaM BecHOU 1969
roja.[8]9Tu 1aHHBIEC IPUBEACHBI HA pUCYHKax 8.2, 8.3 u 8.4.

HaubGonee mnoyuuTeneH M coaepk uT Oojblle AaHHBIX pucyHok 8.2. IlepBble nBa 3amaHus
SBISIIOTCS, TO TPEUMYIIECTBY, YHNPAaBISIONMMU MpOrpaMMaMH, a JBa BTOPBIX — S3BIKOBBIMU
TpaHcaATOopaMu. [Ipon3BOIUTENBHOCTD U3MEPSIETCA B KOJIMYECTBE OTJIAKEHHBIX CJIOB 32 YEJIOBEKO-TO/.
[Ipu »TOM yuuTBHIBAE€TCA BpEMS MPOrPAMMHUPOBAHMS, OTJIAJKH U CUCTEMHOTO TECTHUPOBAHUSL.
HeusBecTHO, y4TeHBl JIM 3arparbl Ha IUTAHUPOBAHHE, MONICPKKY MAIMHBL, COCTaBICHUE

JOKYMEHTAILIUH U T.II.

Hucno “Hucno JaTpa- Heno- | Konwdecteo Cnon /
nporpam- | nporpamM- HEHD BEK0- CNos B YenoBeKo-
MH B MHCTOR ner net nporpamMMe roa
Gnomos

JnepauronHaR =i B3 & 101 52000 5158
OfcnymMBaKwas 1.1 60 < B1 51000 530

k]

Komnunatop 13 £l 2% 17 38000 2230

TpaHcnaTop 15 13 2V 11 25000 2270
(accembnep)

Puc. 8.2 CBoaxka 1o 4eThIpeM Ba)KHEUIIMM IIPOrPAMMHBIM IIPOEKTaM,

ocyuiecTBIeHHbIM B ESS

[IpousBoauTENbHOCTh pa3OMBaeTCs Ha JBa Kiacca: JJs YIPaBISIIONIMX MPOTrpaMM COCTaBISET
okos10 600 ci10B Ha YenoBeKa 3a rof, A TPaHCIATOpoB — okojo 2200. O6paTuTe BHUMAaHHE, YTO BCE
YeThIpe MPOrpaMMBbl MPUOIU3UTENBHO OHOTO pa3Mepa, pa3inyue COCTOUT B pa3Mepe pabodux Tpymi,
MPOAOKUTENBHOCTH pabOThl U KOJIMUECTBE MOoayiieil. UTo siBiseTcsl MPUUMHOMN, @ YTO — CJIEJICTBUEM?
bbua 1 cl0XKHOCTh MPUYUHOM TOTO, YTO VIS YIPABISIONIMX MPOTpaMM TpeOOoBajIoch OOJIbIle JTHoaei?
Wnu xe Oosblliee YMCIO MOAYIEH W UYEIOBEKO-MECSIEB OOYCIOBICHO OONBIIMM YUCIOM JIIOACH,
IPUBJICYEHHBIX K paboTe? bbuta 1 0oJbLIast MPOJOJIKUTEIBHOCTD BBIITOJIHEHUS BbI3BaHA CIIOKHOCTBIO
npoOieM MM MHOTOYMCIEHHOCTBIO 3aHATHIX Jtofei? TpyaHo ckas3arh ¢ yBepeHHOCThIO. KoHeuHo,
yIOpapisionme nporpaMmbl  Obutn  Oosiee  cioxHbIMU. Eciu  ocTaBUTh B CTOpOHE 3TH
HEONPEAENEHHOCTH, TO HU(PHI ONMKUCHIBAIOT PEATbHYIO MPOU3BOAUTEILHOCTh MIPU CO3JaHUU OOJIBIIMX
CUCTEM, U IOTOMY MPEJCTABIIAIOT HEHHOCTb.

Ha pucynkax 8.3 u 8.4 moka3zaHbl HEKOTOpPbIE MHTEPECHBbIC NAaHHbIE O (PAKTHUECKOW CKOPOCTH
POrPaMMUPOBAHHUS U OTJIAJIKU B CPABHEHUU C IIPOTHO30M.

Jannuvie OS/360
Onwir OS/360 moarBepkaaeT naHHble Xappa, xoTda AanHbeie 1o OS/360 He cTosib moapoOHBL B

rpymnmnax pa3pabOTKu  YOPAaBISAIOIIEH MporpaMMbl MPOU3BOAUTENBHOCTh cocTaBmwia  600-800
OTJIXKEHHBIX KOMaHJI B roJ] Ha 4yenoBeka. B rpynnax pa3paboTku TpaHCIASTOPOB MPOU3BOAUTEIBHOCTD
noctura 2000-3000 oTiiakeHHBIX KOMaH/I B TOJl Ha 4esioBeKa. [Ipy 3TOM yduThIBaeTCS IJIAHUPOBAHUE,
TECTUPOBAHUE KOMIIOHEHTOB, CHUCTEMHOE TECTUPOBAHME W HEKOTOpBIE 3aTparbl Ha MOLACPKKY.
HackoJibKO 51 MOTY CYAMTh, 3TU JAHHBIE COTJIACYIOTCS C pe3yibTaTaMu Xappa.
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Puc. 8.4 Ilpencka3zannas 1 pakTHUECKass CKOPOCTh OTIATKU

HNanuble Apona, Xappa u OS/360 1pyXHO TOATBEPKIAIOT pPE3KUE pa3Iuyusi B
IPOU3BOJUTEILHOCTH B 3aBUCHUMOCTH OT CJIOXHOCTH M TPYIHOCTH caMoW 3ajauu. B paGore
OLICHUBAHUSI CJOKHOCTU S MPUNEPKUBAIOCH TOM JMHHUH, YTO KOMIIUJISITOPBI BTPOE XYK€ OOBIYHBIX
MaKETHBIX IPUKIAJHBIX IPOrPAMM, & ONIEPALlHOHHBIE CUCTEMBI BTPOE XYK€ KOMIUIIATOPOB. [9]

Jlannuvie Kopbamo

Hannbie Xappa u OS/360 oTHOCATCSA K IPOrpaMMHUPOBAHUIO Ha si3bIke accembiuepa. EcTb HeMHOTO
nyOIMKalil OTHOCUTENIBHO TPOU3BOAUTEIIBHOCTA CUCTEMHOTO

POTPAMMHUPOBAHUSI C UCITOIB30BaHUEM SI3BIKOB BBICOKOTO ypoBHs. Kopbaro (Corbato) u3 mpoekra
MAC MaccauyceTcKoro TeXHOJOTHYECKOr0 MHCTUTYTa COOOLIAET O CpeaHed MPOU3BOAUTEIBLHOCTH
1200 ctpok otrnaxxeHHBIX omeparopoB PL/I Ha dYenoBeka B rom mpu pa3pabOTKe oOmeparimoOHHON
cucteMbl MULTICS (ot 1 g0 2 MuinoHoB cioB). [10]

OT0 uymuciao odeHb BAoxHOBIseT. Kak y napyrux mpoektoB, MULTICS Bkimrouaer B cebs
YIIPABIIAIONME MPOTPAaMMBbl U SI3BIKOBBIE TPAHCIATOPBL. Pe3ynbTaroM TakKe SBISETCS CHCTEMHBIN
INPOAYKT, OTJIAKEHHBIN U TOKYMEHTHUPOBAHHBIN. J[aHHBIE Ka)XyTCsl CPABHUMBIMU B OTHOUICHHU BHJIOB
UCIIOTHEHHON paloThl. A TPOU3BOAUTEIBHOCTH TMOBBIIIACTCS IO CpEAHEH BEIMYUHBI MEXKIY
YIIPABIAIONMMY IPOrpaMMaMHt U TPAHCIATOPAMU B IPYTHX MPOEKTAX.

Ho Kop0Oato yka3biBaeT KOJIMYECTBO CTPOK 3a rofl Ha 4YesoBeka, a He cioB! Kaxxiomy oneparopy B
€ro CUCTEME COOTBETCTBYET OT TPEX A0 IATH CJIOB KOJA, HAMCAaHHOrO BpydHYyrO! M3 3TOro MoXHO
CHEJIaTh JIBa BaXKHBIX BbIBOJA!

* [Ipon3BOAUTENBHOCTD, U3BMEPEHHAS B DJIEMEHTAPHBIX ONEPALUAX, OKA3bIBACTCS IOCTOSSTHHOM, YTO



Ka)XKETCS Pa3yMHBIM, €CIIM YUHUTHIBATh, CKOJIBKO BPEMEHU HY)XKHO JyMmMarTh HaJ OMEParopoM, M CKOJBHKO
OImMOOK MOXKET B HEM ObITh. [11]

» [lpy uCTONB30BAaHUM TOMXOMSINETO S3bIKA BBICOKOTO YPOBHS MPOU3BOAUTEIBHOCTH MOXKHO
MOBBICUTH B ISTH pa3. [12]
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Asmopy cmoum npucmompemuvcs K Hoio u... noyuumsca na npumepe

Kogueza, kax 6 ouensv manenvkoe npocmpancmeo 8mucHyms 04eHb MHO20.
CH/IHEHW CMHUT, «3{HUHBYPI' CKOE PEBFO»

Pazmep npoepammul kak cmoumocmy

KakoBa croumocts mnporpammbl? Eciam He cuuTarh BPEMEHH BBINOJHEHUS, TO IOMATH,
3aHMMaeMasi MpPOrpaMMoOl, COCTaBISIET INMAaBHbIE M3IACPKKU. ODTO BEPHO Jake A COOCTBEHHBIX
pa3paboToOK, KOrna MOJIb30BaTellb IJIATUT aBTOPY CYHIECTBEHHO MEHbIIE, YeM CTOUT pa3paloTka.
Bo3emem mHTepakTuBHYIO cuctemy IBM APL. [Tnara 3a ee ucnonp3oBanue cocrapuser $400 B mecsi.
[Tpu pabote oHa TpeOyeT He Menble 160 KoaiT mamsaru. Y manmusl Model 165 exxemecsunas apena
1 Kbaiita mamsatu crout okono $12. Ecnu monb30Barbesi MporpaMMoil KPyrIOCYTOYHO, TO MECSIHAS
riara coctaBut $400 3a monp3oBanue mporpammoit 1 $1920 3a mamsare. Eciu moiap30BaTeecst cucTeMoit
APL nmums 9eTsIpe yaca B JIeHb, TO MecsiuHas riara coctaBuT $400 3a mosb30BaHUE MPOTPAMMON U
$320 3a ucnonp30BaHUE AMSTH.

Hepeaxo MOXHO BCTPETHUTH YEJIOBEKA, BBIPAXKAIOLIETO Y)KAac MO IMOBOIY TOTO, YTO B MalIMHE,
uMeronieit 2 MoaT mamsATH, MOJ ONEpPallMOHHYI0 cUcTeMy MoeT ObiTh oTBeAeHo 400 KoGait. Dto
CTOJIb K€ IIyINo, Kak pyrarb bouHr-747 3a TO, 4TO OH CTOUT 27 MHIUIMOHOB nosuiapoB. Hamo xe
copocuth: «A uro oHa jgaenaer?» Kakyro, coOOCTBEHHO, MPOCTOTY B HCIOJIb30BAHUU U
MPOU3BOIUTEIBHOCTh (TOCPENCTBOM 3(PPEKTUBHOTO UCIOIB30BAaHUS CHCTEMBI) TMOJy4aelh 3a
notrpaueHHble neHbru? Henbsst mu BnokeHHbIe B apeHay namsatu $4800 B mecsiy mM3pacxomoBaTh C
00JbILeH MONB30M — Ha JIpyTue anmnapaTHble CPEeICTBa, IPOrPAMMHUCTOB, TPUKJIIATHbIE IPOTPAMMBbI?

[IpOEKTUPOBUMK CUCTEMBI OTBOIUT YacCTh BCEX allaparHbIX PECYPCOB MPOrpaMMaM, pe3UJIEHTHO
HaxXOJSIIIMMCS B ITAMSTH, €CJIM CYUTAET, YTO MOJIB30BATEIIO 3TO HYKHEE, UEM CyMMAaTOphl, TUCKH U T.1I.
Henp3st kpuTukoBarTb NPOrPpaMMHYIO CHCTEMY 3a pa3Mep KakK TakOBOM, MU B TO XK€ BpeMs
MOCJIEAOBATEIbHO MNPONAraHAupOBaTh TECHYIO HHTErPALIMI0 IPOEKTUPOBAHUS aNNaparHOro M
IPOTrPaMMHOI0 00eCTeUeHHUs..

[Tockonbky pa3Mep ompenenseT 3HAYUTEIbHYIO JOJI0 TOTO, BO YTO OOXOMUTCSA IOJIb30BATEIIO
CUCTEMHBII MPOTPAMMHBIN MPOIYKT, U3TOTOBUTENb JOJHKEH IUIAHUPOBATH pa3Mep, KOHTPOJIUPOBATH
ero u pazpabarTbiBaTh TEXHOJIOTMH, YMEHBIIAIONME pa3Mep, MOIOOHO TOMY, KaK H3TOTOBUTEIb
anmnaparHod 4acTH IUIAHUPYET KOJWYECTBO JeTajieil, KOHTPOJUPYET €ro M pa3pabdarbiBaeT METOIbI
COKpallleHUs1 KoJudecTBa faetajieil. Kak u s Bcsikoil 1eHbl, 10X He OOJIBIION pa3Mep Kak TaKOBOH, a
pa3Mep, He BbI3bIBAEMbIN HEOOXOIMMOCTHIO.

Ynpaenenue pazmepom

Jlns MeHemkepa MPOEKTa YIPABICHUE pPa3sMEpPOM SIBISIETCS OTYACTH TEXHUYECKOH, OTYACTH
aJIMUHUCTPATUBHOM 3amadeil. YToObI ycTaHaBIMBaTh pa3Mepbl MpPeajaraéMbIX CHCTEM, HEOOXOAMMO
M3ydarb M0JIb30BaTEIEH U UCIOJIb3yeMbIe UMH MPUIIOKEHHUS. 3aT€M CHCTEMBI JIOJKHBI pa3jararbcsi Ha
KOMIIOHEHTBI, JJI1 KOTOPBIX ONPENENSAI0TCS MPOEKTHble pa3mephl. llockonbKy BapbUpOBATh
COOTHOIIIEHUEM CKOPOCTH U pa3Mepa MOXKHO JIMIIb JOCTAaTOYHO OOJBIIMMU CKauyKaMu, MIAHUPOBAHUE
pa3Mepa SBISIETCSI HEMPOCTBIM JIEJIOM, TPEOYIOIMM 3HAHUS BO3MOXKHBIX KOMIIPOMHUCCOB JJISl KaXJA0H
yacTu. ONBITHBIA MEHEIKEP cleNaeT cebe TakkKe «3aHauKy», KOTOPYIO MOXKHO OyleT HMCIOJIb30BaTh B
nporecce padoThl.

Bce ke npu pabore naag OS/360 npuIuiocs U3BlIeYb HECKOIBKO TOPHKUX YPOKOB, HECMOTPS Ha TO,
YTO BCE OMUCAHHBIC MEPBI ObUIH MPUHSTHIL

[Ipexxne Bcero, HEAOCTAaTOYHO YCTAHOBUTH pa3Mep MaMATH, HY)KHO B3BECUTh pa3MeEp CO BCEX



CTOPOH. BONBIIMHCTBO NPEXKHUX ONEPALMOHHBIX CHUCTEM pPAa3MEIIAIOCh HA MArHUTHBIX JIEHTaX, U
Oonblioe BpeMsi MOMCKAa Ha JIGHTE HE pacroyiarajo K 4YacTOM 3arpy3ke MpOrpaMMHBIX CErMEHTOB.
0OS/360 pacnonaranach Ha TUCKE, KaK U €€ HEMOCPEACTBEHHBIC MPEAIIECTBEHHUKN — OTEepallioOHHas
cucrteMa Stretch u nuckoas oneparuonHas cuctemsl 1410-7010. Ee cozmarenu momyuunsiv cBoOomy
jJerkoro  oOpamenuss kK  gucky. [lepBonawanbHO 3TO  00epHynoch  KaracTpodou  ans
MPOU3BOJIUTEIIBHOCTH.

[Ipu omnpeneneHun pa3MeEpPOB NAMITH KOMIIOHEHTOB Mbl HE YCTAHOBHWJIM OJHOBPEMEHHO
OromkeToB aoctymna. Kak u cienoBano 0xuaarb, IpOrpaMMHUCT, BRIXOAMBILIMI 32 pAMKH ONPEEICHHOM
eMy maMsTH, pa30ouBai IporpaMmy Ha oBepiied. B pesyiabsrare u cyMMapHbIN pa3Mep yBeITUYUBajCs, U
BBINIOJIHEHUE 3aMEUISIIOCh. XyXK€ TO, YTO Halla CUCTEMa aJMHUHUCTPATUBHOIO KOHTPOJS HE CMOIVa
3TO0 0OHapyxuTh. Kaxkaplii mporpaMMucT coo0Inall, CKOJIbKO MaMATH OH MCIOJIb30BaN, U TaK KaK OH
YKJIaJIbIBAJICA B 3a/IaHH€, HUKTO HE OECTIOKOMIICS.

K cuactpio, Bckope HacTal JI€Hb, Korja 3apaboTana cucTeMa MOACTUPOBAHUS TEXHUYECKUX
xapaktepuctuk  OS/360. [IlepBble pe3ynbTarbl MOKa3ajld HaUYUE CEPhE3HBIX MPOOJIEM.
MonenupoBanne komnuisiuu ¢ Fortran H na manmue Model 65 ¢ 6apabanamMu nano pe3ynbTar nsrhb
omneparopoB B MHUHYTy! AHanu3 MoKas3aj, 4YTO BCE MOJAEIU YIPABISIIOUECH IMPOrpaMMBbl JIeJaan
MHOKECTBO OOpallleHui K AHMCKY. Jlake MHTEHCUBHO MCIIOJIb3YEMbIE MOAYIM CYNEPBU30pa 4YaCTO
oOpallauch K AUCKY, U Pe3yabTaT MO 3ByKY BECbMa HallOMHUHAJ LIEJECT MepPEeIrCThIBAEMON KHUTH.

[lepBast Mopasp sicHa: TUIAHUPOBAaTh HYKHO Kak pa3Mep pEe3UJACHTHOM YacTu, TaKk WU OOImMH
pazmep. [lomuMo miuaHUpOBaHUS ATUX PA3MEPOB HYKHO MJIAHUPOBATHh U KOJIMYECTBO OOpaleHUM K
JUCKY JUTsI OOpaTHOM 3aIiCH.

Bropo#i ypok Obul aHajmoruyeH. Pecypchl mamMsaTu ycTaHABIMBAIUCH MPEXKIE, YEM I KaKIIOTO
MOyl OBbUIO OMpENEesICHO TOYHOE paclpeneiieHue mamsaTu g GyHkuuii. B pesymbrare Kaxablii
NPOTPAMMHUCT, HE YKJIAAbIBABIIMKCS B pa3Mephl, UCKAJ, YTO U3 €r0 KOa MOKHO BBIKUHYTH uepes3 3a00p
B naMsTh coceny. [loatomy Oydepa ympapisioiieit mporpaMMbl CTady YacThIO MAMSTH MOJIb30BATEIs.
Yro xyxe, Tak e MOCTyNajdud BCE VIpapisionme OJIOKH, U B pe3ylbrare ObUIM IMOJHOCTBIO
CKOMIIPOMETHUPOBAHbI 0€30MACHOCTD U 3aIMTa CUCTEMBI.

[ToaTOMYy BTOpOW BBIBOJ TOXKE COBEPIICHHO SICEH: MPHU 3aJaHUHU pa3Mepa MOAYIS HYKHO TOYHO
ONPENEIINTb, YTO OH JIOJKEH JENaTh.

W Tpertuii, Oonee cepbe3HbIl YpOK, KOTOPBIM HYKHO H3BJI€Yb M3 ATOTO ombITa. [IpoekT ObLI
CIIMIIIKOM BEJIUK, a OOLIeHHEe MEXAy MEHEKepaMH HEJ0CTaTOYHBIM, YTOOBI MHOTOYHCIICHHBIC
YY4aCTHUKM MOTJIM TIOYYBCTBOBaTb ce0si JOOBIBAIOIMMM 3aU€THBIE OUYKM JJIsi KOMAaHJbI, a He
co3JareisiMi MPOrpaMMHBIX MPOAYKTOB. Kaxablii ONTHUMH3UPOBANT CBOM JMYHBIA Y4aCTOK, YTOOBI
pEUMThH MOCTABIEHHBIE 3aJ1a4M, U MaJO KTO 3ayMbIBAJICA HaJl TEM, KaK 3TO OTPa3UTCA HA 3aKa3uHKe.
[Totepss opueHTalIUU U CBSI3U MPEACTABISAIOT cO0O0# MIAaBHYIO OMACHOCTH JUIsl OOJBIIMX MPOEKTOB. B
TEUEHUE Bcell pa3pabOTKU CHUCTEMHBIE AapXUTEKTOPbl JOJKHBI MOAJEPKUBAaTh MOCTOSHHYIO
OIUMTENBbHOCTh sl OOECHEeUYeHUs] TMOCTOSHHOW I€JIOCTHOCTH cUcTeMbl. OJHAKO Takas CTpaTerus
3aBHCUT OT TMO3UIMU caMux pa3zpaboruukoB. EnBa nu He mnaBHeimed ¢yHKIuel MeHemKepa
OPOTPAMMHOIO TMPOEKTa JOJDKHO ObITh BOCHUTAHHME MO3MLIHUM 3a00Thl 00 0O0IIel cucreme,
OPUEHTUPOBKH Ha MOJIb30BATENS.

Texnonoeuu coepesrcenus namamu

Huxkaxoe pacrnpenesenre pecypcoB NaMATH U KOHTPOJIb HE CAEHAOT NIPOrpaMMy MajeHbKOM. [
3TOTO TpeldyeTcsa n300peTaTeIbHOCTh U MaCTEPCTRBO.

OueBunHO, 4TO 4eM Oousblie (QyHKUMM, TeM Ooiblne TpeOyeTcs MmamsATh MPU TOM K€ CaMOM
obicTponericTBuu. [loaToMy mepBoil 005acTbio, T[J€ HYKHO NPHIOKUTH MacTEpPCTBO, SBISIETCS
HAXOXKJICHUE KOMIIPOMHCCA MEXKYy (PYHKIIMOHATBHOCTBIO U Pa3MepoM. 31eCh Mbl Cpa3y CTaJIKUBaeMCs
C BaXHOM cTparernyeckoi mnpobremMoi. B kakoii Mepe 3TOT BbIOOpP MOXHO NPEIOCTAaBUTH



nosib3oBarento? MoxkHO pa3paboTarb MNporpaMMy CO MHOTHUMHU (DaKylIbTaTUBHBIMH (DYHKIUSMH,
KakJas U3 KOTOpbIX TpeOyeT mamsATH. MOXKHO CKOHCTPYyHpOBAaTh T'€HEPATOp, IMPOCMAaTPUBAIOIMIA
CIIMCOK OIIMK M COOTBETCTBYIOLIMM 00pa3zoM ajantupyroumi nporpammy. Ho nenpHas nporpamma,
COOTBETCTBYIOIAsT Ka)XJAOMY OTACJIbHOMY CIHCKY OINUMM, 3aHsjga Obl MEHbIIE NaMsITH. DTO Kak B
aBTOMOOUJIE: €CJM TMOACBETKAa KapThl, MPUKYpUBATEIb M Yachl BXOIAT B MPEUCKYpaHT KakK eauHas
CTaTbhsl, UX CTOUMOCTh OKa)ETCsl HUXKE, YEM €CIIU MOPO3Hb BBIOMPATh Kax bl U3 mpeameToB. [loaTomy
IIPOEKTUPOBIIMKY CIEAYET ONPEACIUTH CTENEHb ACTAIM3ALNUY ONLIHUHI IT0JIb30BATEII.

Ecniu cucrema mpoektupyercs Uisi paOOThl ¢ MaMATHIO Pa3HOro 00beMa, BO3ZHUKAET JPYroii
BaXXHBIM Bompoc. J(Mama3oH MpUCIOCOOIIeMOCTH HENb3sl CAENaTh MPOU3BOJIBHO IMMPOKUM — JaKke
npu pa30MeHUH MPOrpaMMbl Ha OYEHb MEJIKHUE MOAYIU. B MalieHbKol crcTeMe OOJIBIIMHCTBO MOAYIIEH
neperpyxaerca. 3HauMTeNbHAs 4YacTh PE3UIACHTHOM MaMsITH MAaJIeHbKOW CHCTEMBI JOJKHA OBITh
OTBEJICHA JUIsi BPEMEHHOM WJIM CTPAHUYHOM NaMATH, B KOTOPYIO 3arpykaroTcs Ipyrue 4dactu. Ee
pa3Mep OrpaHHYMBACT pa3Mep KakIoro Momyis. A paz0oueHue GyHKIUNA HAa MEJIKHWE MOIYIU BIIEYET
NOTEPU U MPOU3BOAUTEIBHOCTh, U MaMmATU. [loaToMy B O0NbILION cucTeMe, I1ie BpEMEHHAas MaMsTh B
NBaJLaTh pa3 OoJibllie, OHA JIMIIb MO3BOJSET YMEHBIIMTh KOJUYECTBO oOpamieHui. M3-3a ManeHbkux
pa3sMepoB MOAYJIEH CUCTEMA BCE-TAKU TEPSET B CKOPOCTH M PACXONOBAaHMU naMsATH. [1o aToi npuuuHe
3((PEeKTUBHOCTH CHUCTEMBI, KOTOPYIO MOXXHO TOCTPOUTh HX MOAYIEH MaJeHbKOM CHUCTEMBI,
OTpaHUYEHA.

Bropoii 00nacThi0 TPHUIOKEHUS MACTEpCTBA SBISIETCS HAXOXKJIECHHE KOMIIPOMHUCCA MEXAY
naMsThio U ObIcTpoaeicTBUEM. JIJisl OTAeNbHONW (PYHKIIMU yBEIMYEHUE NMaMSTH BIIEYET 32 COOOU pocT
OBICTPONEUCTBHS, YTO CIPABEAJIMBO B YIUBUTEIHHO MPOKOM AHANa30HE BEIUYUH. DTOT (PakT Aenaer
BO3MOYHBIM YCTaHOBJICHUE PECYPCOB IaMSITH.

Y1oObl OONEr4yuTh CBOCH KOMaHJE€ MOHWCK MPABUIBHOTO COOTHOILCHUS MEXAY MNaMsIThIO U
MPOU3BOUTEIBLHOCTBIO, MEHEXKEP MOXKET CIeNaTh JBE BelM. Bo-mepBbIX, OpraHu3oBaTh 0OyueHHUE
TEXHUKE IPOrpaMMHUPOBAHUS, & HE IIPOCTO I10JIAraTbCsl HA NPUPOIHBIA YM M NPEAICCTBYIOIMMI OIBIT.
OT0 O0COOEHHO Ba)XXHO, €CJAM MallMHAa WKW S3bIK HOBbIE. OcCOOEHHOCTH UX 3(PPEKTUBHOTO
UCIIOB30BaHUSA HYXHO OBICTPO HM3Y4YHTh U CHAENaTh OOIIMM JIOCTOSIHUEM, BO3MOXKHO, MPHUCYXKAas
0cOoOBIe TPU3bI 32 OCBOCHHE HOBOM TEXHUKHU.

Bo-BTOpBIX, HY)KHO NOHATH, YTO Y IIPOIrPAMMHUPOBAHUS €CTh TEXHOJIOTHUS U KOMIIOHEHTBI HYKHO
coOuparb U3 TOTOBBIX YacTeil. B kKaxIoM mpoekTe MOMKEH UMETbCS HAa0Op XOpOIMX MPOLEAYp WM
MaKpoCOB i1 00pabOTKU ouepezel, MOUCKa, XeIMPOBAaHUS U COPTUPOBKHU, MPUYEM HE MEHEE YeM B
JIByX BapHUaHTaxX: OIHOM OBICTPOM, JOPYroM SKOHOMSIIEM mamsTh. Pa3zpaboTka Takoil TEXHOJIOTHU
SBISICTCS BAXKHOW 3aJjayeidl peanu3ali, KOTOPYI0 MOXKHO pellaTh NapaieJbHO C pa3pabdoTKoM
CUCTEMHOM apXUTEKTYPBI.

IIpedcmasnenue — cymo npocpammupo8ansl

3a MacTepCTBOM CTOMT M300peTareIbHOCTh, Ojaromapsi KOTOPOM MOSBISIOTCS SKOHOMUYHBIE U
ObIcTpble mporpaMmbl. [louTu Bcerga 3TO SIBISETCS Pe3yAbTaTOM CTPATErMYECKOro MpOphIBa, a HE
TAKTUYECKOro yMmeHHs. HMHorma TakuMm CTpAarerndyecKuM NPOPBIBOM SBIIETCA QJITOPUTM, Kak,
Hampumep, ObicTpoe mnpeoOpazoBanne Dypwe, npemnoxkeHHoe Kymu m Trerioku, wiam 3amena n [2]
CpaBHEHUH Ha n log n mpu COpTUPOBKE.

['opa3mo yame CTpareruyecKuil MPOPHIB MPOUCXOAUT B PE3YIBTATE MPEACTABICHUS JAHHBIX WIIN
Tabnuil. 371ech 3aKioueHa ceplieBuHa mporpamMMbl. [lokaxuTe MHe OJOK-CXEMBbI, HE IMOKa3bIBas
TaONHIl, U 1 OCTaHyCh B 3a0myxkaeHuu. [lokaxxute MHe Balm TaOIHIbL, U OJOK-CXEMbI, CKOPEH BCETO,
HE MOHAJ00ATCSA: OHU OYAYyT OYEBUIHBL

[Tpumepsl MOIM, KOTOpOH 00JagaeT MpeacTaBleHUE, JIETKO YMHOXHUTh. I BCIIOMHHAIO OTHOTO
MOJIOIOTO  YEJOBEKa, 3aHMMABILIETOCS  CO3JAaHMEM  YCOBEPIIEHCTBOBAHHOIO  KOHCOJIBHOTO
uHrepnperaropa s IBM 650. EMy ynanock BMECTUTh €r0 B MOPA3UTENIBHO MaJlO€ MPOCTPAHCTBO



Onmaromapsi pa3paboOTKe HWHTepIHperaropa i MHTEPOpeTaropa M MOHUMAHHUIO TOTO, YTO
B3aUMOJICHCTBHE YEJIOBEKA C MAIIMHOM MPOUCXOAUT MEIJIEHHO W pEaKo, a MNaMsiTh J0pora.
OneranTHbId MajeHbkUH koMmuisitop ¢ Fortran ¢upmer Digitek ncnonszyer ocoboe oueHb MIOTHOE
NpeACTaBICHUE KOIa CAMOI0o KOMIUIIATOpa, Oarogapsa yemy He TpeOyeTcs: BHeIHel naMstu. Bpems,
KOTOpPOE TPaTUTCS Ha PaCIaKOBKY KOJA, NECATHUKPATHO OKYIAETCS 3a CUET OTCYTCTBHUSI BBOAA-BBIBO/A.
(Ynpaxxuenus B koHIIe aBbl 6 kHUTH bpykca u MBepcona « ABromarnieckas o0padoTKa TaHHbIX» [1]
BKJIIOYAET MOJOOPKY TAKUX IPUMEPOB, Kak U MHoOTuE ynpaxHeHus y Kuayra. [2])

[IporpaMMHCT, TOMaOUMKA TOJOBY 110 MOBOAY HEXBATKM MaMSTH, YACTO MOCTYIUT JIydlle BCETO,
OCTaBUB B IIOKOE€ CBOl KOJI, BEPHYBUIMCh Ha3aJ W XOPOIIEHBKO IIOCMOTPEB CBOU JAHHBIE.
[IpeacraBieHne — CyTh MIPOrpaMMHUPOBAHMUSI.



I'naBa 10 /lokymMeHTapHasi runoTe3a

['mnoresa:

Cpenu mMopsi OyMar HECKOJIBKO JOKYMEHTOB CTAHOBATCS KPUTHYECKH BaXKHBIMH OCSMH, BOKDPYT
KOTOPBIX BpaIllAETCs BCE yrmpaBieHUEe MpoeKToM. OHU SABISIOTCS MIABHBIMU JTUYHBIMU HHCTPYMEHTAMU
MEHEDKEPA.

Texnonorus, npaBuia GUPMBI U TPATUIIUUA peMecia TPeOyIOT BBIIOJHUTH HEKOTOPOE KOJIMYECTBO
KaHIEISAPCKON paboThI 1O MPOEKTY. MeHemKepy-HOBHUUKY, TOJIBKO YTO CAMOMY OBIBILIEMY MacTEPOBBIM,
3Ta paboTa KaKeTCs COBEpPUICHHOW MOMEXOH M HEHYKHBIM OTBJICUYCHHEM, OyMa)KHbIM BaJiOM,
TPO3SIIIMM 3aXJIECTHYTH €ro. [1o OombIneii 9acTu Tak U €CTh B ACHCTBUTEIHLHOCTH.

OnHaKo MOHEMHOTY OH HauMHAeT MOHUMAaTh, YTO HEKOTOpasi HeOOoJIbIIas 4YacTh ATUX JOKYMEHTOB
3aKJIo4aeT B ce0e 3HAYMTEIbHYIO YacTh €r0 aIMUHUCTPAaTUBHON paboThl. [1oAroToBKa Kak10T0 U3 HUX
CIIY’)KUT TJIaBHBIM IOBOJIOM JUISI COCPEIOTOUCHHUS MBICTH U KPUCTAIUIU3ALNHU 00CYXICHUN, KOTOpbIe O3
3TOTO JUITHMJIMCH Obl Be4HO. BeneHue 3THX TOKYMEHTOB CTAHOBUTCS MEXaHHU3MOM HAOJIONCHHS U
npeaynpexaeHus. CaMm JOKyMEHT CTaHOBUTCS MaMSATKON, MHIMKAaTOPOM COCTOSHMS U 0a30M JTaHHBIX
JUISL COCTABJIEHUS OTYETOB.

YtoObl yBUAETH, KaK 3TO JOKHO pabOTarh B MPOTPAMMHOM IMPOEKTE, pACCMOTPUM HEKOTOpHIE
JIOKYMEHTBHI, MIOJIE3HBIC U B APYTOM KOHTEKCTE, U IOCMOTPUM, MOXKHO JIU CIENaTh 0000IICHNUS.

Jloxymenmol Ons npoexma paszpabomxu Komnvomepa

[Ipenmnonoxum, 4To pazpadarbiBaeTcsi KOMIbIOTEp. Kakue BakHelIe JOKYMEHTBI JOJIKHBI ObITh
pa3paboTaHbl?

[lenu. 3xech omuchIBaeTCS, Kakue NOTPEOHOCTH HYXKHO YIOBIETBOPUTH, a TaKKe 3a/auH,
MOXKEJIAHUSI, OTPAHUYECHUS U TPUOPUTETHI.

Crneundukanuu. OTO PYKOBOACTBO MO KOMIBIOTEPY IUIIOC CHEUUPUKAIUN TEXHUUYECKHUX
XapaKTEPUCTUK. OJTO ONWH W3 MEPBBIX JOKYMEHTOB, COCTABISIEMBIX [UIi HOBOIO NPOAYKTa, U
3aBEpLIACTCS OH MOCJIEIHUM.

['paduxk.

bromxeT. 9T0 HE MPOCTO OrpaHUYECHUE, HO OJUH U3 HanOOJIee MOJE3HbIX MEHEIKEPY JOKYMEHTOB.
Hanuuue OromkeTa 3acTaBisieT OCYIICCTBISATh TEXHUUYECKUE pEUICHUs, KOTOPBIX CTapaiuch Obl
n30exKath, U, 4TO eIle BaXKHEe, CIIY>KUT BBITIOJHEHHUIO U Pa3bsICHEHUIO CTPATETUUECKUX PEILICHUH.

OpraHu3anoHHas CTPYKTYypa.

[IpocTpaHCTBEHHOE PACIIOJIOKEHUE.

OneHka, TporHo3, ueHbl. OHU HaxXOAATCA B LIUMKJIMYECKOM B3aMMOCBS3HM, UTO OINPEAEISAET yCIeX
WJIA IPOBAJ MPOEKTA:

MporHoa »  CleHka

i W

WETTH

Y100BI CACJaTb IIPOIrHO3 PbIHKA, HY>KHBI TCXHUYCCKUC XAPAKTCPUCTUKU U YCTAHOBJICHHBIC L CHBI.
HI/I(prI IIpOruo3a BMCCTC C 3aJlaHHBIM IIPOCKTOM 4YHCJIIOM KOMIIOHCHTOB OIIPCACIIAOT OLCHKY
CTOMMOCTH IIPOU3BOACTBA U JOJIO paCXoa0B Ha paspa60TI<y n (I)I/IKCI/IpOBaHHI)IX 3arpar, NpuxoaAInXxCa
Ha OJHO YCTpOfICTBO. Ot pacxoanl, B CBOIO O4YCPCAb, OIIPCACIIAIOT LICHBI.

Ecmu ICHBI HMKC YCTAHOBJICHHBIX, HAYMHACTCA PagOCTHAA paCKpPyTKa CIIMpAJIN YCIICXA. HpOFH03
pacTeT, CTOUMOCTBb OJHOI'O YCTpOfICTBa magacT, a HCHbI OITYCKAIOTCs CIIC HUIKC.

Ecmu LOCHbI BBIIIC YCTAHOBJICHHBIX, HAYMHACTCA PACKpPYTKa CIIHpPAJIU KaTaCTpO(bBI, U BCC CHUJIBI
JOJI?KHBI OBITH 6p0HIeHI>I Ha TO, YTOOBI CJIOMUThH €€. HY)KHO YIIYy4lIIMTh TCXHUYCCKHUC XaAPAKTCPUCTUKU U




pa3paboTaTh HOBbBIC MPUIIOKEHUS, YTOOBI MOAHITH PHIHOYHBIN MPOrHo3. M3nepkku HY>KHO CHU3HTH,
4yTOOBl MOJY4UTh OoJiee HU3KHE OLEHKU. HampspkeHHOCTh Takoro HHKIA 4acTo TpeOyeT OOIbIIMX
YCHJIMI MapKETOJIOTa U MHXKEHEpa.

[Tpu 3TOM BO3MOXHBI 3a0aBHbIE KoJieOaHUA. I BCIIOMHHAIO MAalllMHY, Y KOTOPOM B TEUEHHE TPEX
JeT pa3paboTKH KaxK]ble MOJITroa CYSTUMK KOMaH]l yCTPAauBaJCs TO B ONIEPAaTUBHOM MaMsITH, TO BHE €e€.
Ha ognom »Tamne TpebGoBanuch UyTh Jy4IlIME XapaKTepUCTUKU, U CUETUUK JeNlajiu Ha TpaH3ucrtopax. Ha
CJIEIyIOILIEM dTalre HauhHallach O0phOa 32 CHUKEHHUE CTOMMOCTH, MTOATOMY CUETUYMK OPraHU30BBIBAICS
KaK aJpec B OIEpPaTuBHOW NaMsATH. B 1pyrom mpoekTe nydylMil M3BECTHBIM MHE MEHEKEP IO
WHXKEHEPHBIM MPOEKTaM CIYKWJ TUTAaHTCKUM MaxOBHKOM, Tacsi CBOeW uHepuuei konebaHwus,
MCXOJUBILIHME OT MAPKETUHTa U MEHEIKMEHTA.

JlokyMeHTHI Ui (paKyabTeTa B yHUBEPCUTETE

HecMoTps Ha OrpoMHbIE pa3iuuus B LENSIX U AEATEIbHOCTH, KPUTUYECKOE MHOXECTBO s
npeacenarens GpakyibTeTa B yHUBEPCUTETE COCTABIAET CXOAHOE YUCIIO CXOAHBIX JOKYMEHTOB. [loutu
KaXJI0€ pelleHue JeKaHa, coBeTa Kadeapsl WM Mpelcenarens sBisercs crnerudukanueil wim
U3MEHEHHUEM CIENYIOIMX JIOKYMEHTOB:

Lenn.

Onucanue Kypca.

TpebGoBanus K COMCKATENIO CTEIECHH.

[IpennoxkeHus Mo ucciaeaoBaTeNIbekoil padoTe (U MIIaHbl, MPU HAIMYUU (PUHAHCUPOBAHUSA).

Pacnincanue 3aHATUI 1 Ha3HAYCHUE NIPENOJABATEICH.

bromker.

[lomemeHus.

Ha3nauenue pykoBoauTenen 1uisi aClIMPaHTOB.

OOparute BHHMaHHUE, YTO JOKYMEHTHI O4Y€Hb TIOXO)KM Ha Te€, KOTOpble HYXHBI s
KOMIIBIOTEPHOTO MPOEKTa: 1eH, crielnuKaluy MPoAyKTa, paclpeeieHue BpeMeHH, IEHEeT, MecTa U
monei. Tolbko TOKYMEHTHI ¢ IIEHaMH OTCYTCTBYIOT: 3TUM 3aHMMAETC 3aKOHOJAaTelbHOE coOpaHue.
CxoncTBo HE Ciay4ailHO — 3a00TaMM BCSKOM 3ajlaud yIpaBieHUS SABISIOTCS: YTO, KOTHa, MO KaKoh
LIEHE, TJI€ U KTO.

JIOKyMEHTBI JUIsl IPOrpaMMHOTO MPOEKTa

Bo MHOrux nporpaMMHbBIX POEKTaX pab0oTa HAYMHAETCS C COBEIIAHUHM, Ha KOTOPBIX 00CYXK1aeTcs
CTPYKTypa; 3aTeéM MpPHUCTYNalT K HamucaHuio mnporpamMm. OmHako Kak Obl HM ObUI Majd IPOEKT,
MEHEeKEp MOCTYIMUT MYIPO, €CIIH cpa3y HauyHET (GOpMan30BaTh XO0TS Obl MUHHUJIOKYMEHTHI, KOTOPBIE
nociayxkar ero 0a3oif naHHbIX. M1 OH OOHapyXHUT, YTO €My HYXKHBI, N0 OOJbIIEH YacTh, T€ Xe
JOKYMEHTBHI, UTO U IPYTUM MEHEIKEPAM.

Yro: menu. 31ech onpeaensercs, Kakue MoTPpeOHOCTH JOJDKHBI ObITh YIOBJIETBOPEHBI, a TakKKe
3a/1a4u, MOYKEJAHUS, OTPAHUYEHHS U TPUOPUTETHI.

Yro: cneundukanuu npoaykra. HaunnaeTcst kak npeasio)keHue, a KOH4aeTcsl Kak pyKOBOJCTBO U
BHYTPEHHSISI TOKyMeHTaus. BaxkHei1ei yacTbio SBISIIOTCS CrieU(pUKAIMKA CKOPOCTH U TAMSITH.

Korna: rpaduxk.

ITo kaxoif ieHe: OOKET.

I'ne: pacnosokeHne MoMemeHUNn.

Kro: opranusamnumonHnas ctpyktypa. OHa meperuietaeTcs co crneunudukanuein unrepgeiica, Kak
npeackasbiBaeT 3akoH KouBes: «Opranmzanuu, TpOEKTUPYIOIME CUCTEMBbI, HEM30€KHO MPOU3BOISIT
CUCTEMBI, SIBISIIOIIMECS KONHMSAMHU HMX OpPraHUM3alUOHHBIX CTPyKTyp». [1] KonBell mumer naneuie u
YKa3bIBa€T, YTO OpPraHMW3alMOHHAs CTPYKTypa NEPBOHAYAIBHO OTPa)XaeT IMPOEKT MEPBOM CUCTEMBI,
KOTOpBIA HaBepHsKa ObUT OmMOOYHBIM. Eciu mMpoexT cucTeMbl JOJKEH JONMyCcKarb BHECEHHE
U3MEHEHHU, TO U opraHu3alus J0KHa ObITh TOTOBA K IEPEMEHAM.



3auem HyocHbL hopmanbHblie OOKYMeHmbl?

Bo-niepBbiX, HEOOXOAMMO 3alUCHIBATh MPHUHATHIE pelleHus. ToIbKO KOrja MUILEIIb, CTAaHOBSATCS
BUJIHBl TPONYCKA MW NPOCTYNAIOT HECONIACOBAHHOCTU. B mpolecce 3anuchiBaHUs BO3HUKAET
HEO0OXOIMMOCTD NMPUHSITHUS COTEH MUHH-PEIICHHUH, U UX HAJTU4YUE OTIMYAET YETKYIO U ACHYIO MTOJUTHKY
OT PACILJIBIBYATOM.

Bo-BTOpBIX, MOCPEACTBOM JIOKYMEHTOB pEIICHUS COOOIIAIOTCS HCIOJHUTENAM. MeHemxKepy
NPUXOAUTCA TOCTOSHHO YIMBIATBCS, YTO IIOJUTHKA, KOTOPYKD OH CYUTal M3BECTHOM BCEM,
OKa3bIBAETCS COBEPILIEHHO HEU3BECTHOW OJHOMY U3 WIEHOB €ro KoMaHzbl. [I0CKOIBKY OCHOBHas €ro
paboTa COCTOUT B TOM, UTOOBI BCE JIBUTAJUCh B OIHOM HalpaBJICHUH, €ro INIaBHAs €XEeAHEBHAs 3aja4ya
3aKJrodaeTcs B oOMeHe nHpopMalrei, a He IPUHATUU PEIICHUN, U JOKYMEHTBI OYeHb O0JIeryar eMmy
3Ty HArpy3Ky.

Hakonern, nokyMeHTBHI 00pa3yloT 0a3y JIaHHBIX MEHEIKepa U €ro KOHTPOJBHBIM CIHCOK.
[lepronnuecku u3ydas Ux, OH BUJUT, B KAKOW TOYKE MYTH HAXOJUTCS, U OMpPEIeNieT HEOOXOAUMOCTh
CMEILEHUS aKIIEHTOB WJIM U3MEHEHUS HAIPABICHUS.

S He pa3gensdr0 BBIIBUTAaEMBIX MPOAABIAMU BUJCHUN «BCEOXBATHIBAIOIIEH HHGOPMAIIMOHHOM
CUCTEMBI U1 YIPABJICHUD», B KOTOPOM aIMUHUCTPATOP BBOAUT B KOMIIBIOTEP 3alIPOC C KJIaBUATYpPhl, U
Ha JKpaHE BCIBIXMBACT HYXHBIM eMy OTBeT. EcTb MHOro ¢yHIaMEHTAIbHBIX TPUYHMH, MO KOTOPHIM
3TOro He nmpouszoinger. OnHa NpUYMHA 3aKJIIOYAETCs B TOM, YTO TOJIBKO MaJ€HbKas 4acTb, BO3MOXHO
20 mpoLEeHTOB, pabOYeEro BpeMEHU aJMUHUCTPATOpa 3aHATa 3aJadaMH, KOTOpbIe TpeOyloT CBEICHHIA,
OTCYTCTBYIOIIIMX B €r0 MamsTU. A BCe OCTaJbHOE BpPEeMS — 3TO OOIIEHHE: CIIyIaTh, OTYUTHIBATHCA,
oOyuarb, yOekaaTh, COBETOBaThb, 000apsaTh. Ho miist To momnu, /Uit KOTOPOM NEHCTBUTENBHO HYXKHBI
JaHHbIE, HEOOXOIMMbI HECKOJIBKO BaXHBIX IOKYMEHTOB, KOTOPBIE YOBIETBOPSIIOT OOJIBIIMHCTBO HYXI.

3amaya MeHemKepa COCTOMT B TOM, 4TOOBI pa3paloTarb IJIaH M BBINOJHUTH ero. Ho Toibko
3aMMCaHHbIM TIJIaH SBJISETCS TOYHBIM M MOXET OBbITh COOOIIeH ApyruM. Takoil IIaH COCTOUT W3
JOKYMEHTOB, ONMMUCHIBAIOIMX: YTO, KOT/A, IO KaKOW LIEHE, I1Ie U KTO. DTOT MaJEHbKUI HA0OP BaKHBIX
JIOKYMEHTOB OXBAaThIBACT 3HAYUTENILHYIO YacTh pabOThl MeHeKepa. Eciu B caMmoM Hauyaje MOHSITh UX
BCEOXBATHIBAIOIIYIO M BaXKHYIO CYIIHOCTb, TO OHH CTaHYT AJI1 MEHeIKepa AJ0OPbIM HHCTPYMEHTOM, a HE
pazapaxarorieit 00y30ii. CrenaB 3To, OH ONPEEIUT CBOU Kypc 0oJiee YeTKO U OBICTPO.



I'naBa 11 Il1anupyiiTe Ha BLIOpOC

B smom mupe nem Huue2o nocmosinHee HenoCcmosHCmea.
CBUDT

Pazymuo 63amv memoo u ucneimams e2o. Ilpu mneyoaue uecmHo
NPUBHALIMeCcy 8 3MoM U nonpooyiime opyeoiu memoo. Ho enasnoe, denatime

umo-HubyOb.
®OPAHKIJIHH /. PY3BEJIBT

Onvimubsle 3a800b1 U Macumaduposanue

WHxKeHephl-XUMUKH JaBHO TOHSUIM, YTO MPOIECC, YCIEIHO OCYIIECTBISEMbI B JlabopaTopuu,
HEJIb3sl OMHUM MaxoM IEepPEeHECTH B 3aBOACKHE ycloBusA. HeoOxoaum mpoMeKyTOYHBIN IIar, co3JaHue
OTIBITHOTO 3aBOJIA, YTOOBI MOJYYUTH OIBIT HAPAIMBAHUS KOJUYECTB BEHIECTB U (YHKIIMOHUPOBAHUS B
He3alMIIeHHbIX cpenax. K mpumepy, maboparopHslil mpoiecc ONpecHEHHUs! BOIbI ClEyeT MPOBEPUTH
Ha OINBITHOM 3aBOAE MOUHOCTHIO 50 ThICSY JIMTPOB B JAEHB, NMPEXKIEC YEM HCIOJIB30BaTh B TOPOICKON
CHUCTEME BOJOCHAOXKEHHUSI MOIMHOCTHIO 10 MJIH. TUTPOB B JICHD.

Pa3paboTunky mporpaMMHBIX CUCTEM TOXE MOJYYHIIA 3TOT YPOK, HO, TIOXOKE, 10 CUX IOp €ro He
ycBOMJIM. B omHOM mpoekTe 3a JpyruM pa3palaThiBaloT psiJl aJITOPUTMOB U 3aT€M HAUYMHAIOT CO3/1aBaTh
MOCTaBIsIeMOe KIMEHTY MporpaMMHoe oOecrieueHue 1mo rpaduky, TpedyrolemMy MOCTaBKU MEepPBOM ke
cOOpKH.

B 6onpmmHCTBE TPOEKTOB MEPBOIl MOCTPOSHHOM CUCTEMOM C TPYIOM MOKHO MOJb30BaThes. OHa
MOXET OBITh CIHMIIKOM MEJICHHOM, CIMIIKOM OOJBIION, HEyIOOHOW B MCIIONB30BaHUU, a TO U BCE
BMecTe. He ocraercs apyroil ansrepHarWBbl, KpOME KakK, IOYMHEB, HayaTb CHadajla U IOCTPOMUTH
NEePENPOCKTUPOBAHHYIO MpOrpaMMmy, B KOTOpOMl 3Tu mpoOiembl pemieHbl. bpakoBka u
NEPENPOECKTUPOBAHUE MOTYT AENarbcsl I BCEM CUCTEMBI cpa3dy WM 1o 4acTsaM. Ho Bech OmBIT
pa3pabOTKM OOJBIIMX CHCTEM IIOKa3biBaeT, 4Tro OyaeT caenaHo. [2] B Tex cmydasx, korma
UCIIOJIb3YIOTCSl HOBBIE CHCTEMHBIE KOHIIENIIIMU U HOBBIE TEXHOJIOTUH, MPUXOIUTCS CO3JaBaThb CUCTEMY
Ha BBIOPOC, MOCKOJBKY Ja)Ke camoe Jydlllee IJIAaHUPOBAaHUWE HE CTOJIb BCEBEIYIIE, YTOObI MOMACTh B
LIEJIb C NIEPBOTO pas3a.

[Tostomy mpobiema HEe B TOM, CO3/1aBaTh HJIM HET OMBITHYIO CHCTEMY, KOTOPYIO MPHUAETCS
BeIOpOCUTh. BBl Bce paBHO 3TO ciaenaere. Bompoc eaMHCTBEHHO B TOM, IJIAaHUPOBATh JIM 3apaHee
pa3paboTKy CHCTEMBI Ha BBIOPOC WM OO0€IaTh KIMEHTAM IOCTABKY CUCTEMBbI, KOTOPYIO MPUIETCS
BeIOpOCUTh. Eciii cMOTpeTh moa 3THUM YIIOM, OTBET CTaHOBHUTCS HamHoro mpoie. [locraBka xmama
KJIMEHTY MO3BOJISIET BBIUTPATh BPEMS, HO IIPOUCXOAUT ITO LIEHON MYYEHUU NOJIB30BATENS], OTBICUEHUN
pa3pabOTYMKOB BO BpeMsl MEPETPOCKTUPOBAHUS U JYPHOH penyTalluy MPOIyKTa, KOTOPYIO Jake camMoil
yIAQ4HO MEePErnpOoeKTUPOBAHHOM ITporpaMme OyAeT TPYIHO MOOEAUTD.

[TosToMy miaHupyiiTe BHIOPOCUTH IEPBYIO BEPCUIO — BaM BCE PaBHO MPHUAETCS 3TO CAENATh.

Ilocmosnnbl moavKo uzmMeHeHusl

[Tocne yscHeHUs TOrO, YTO OMNBITHYIO CHCTEMY HY)KHO CO3/1aBaTh, a MOTOM BBIOPOCHUTH, M 4YTO
NEepPEnpPOCKTUPOBAHUE C HOBBIMU HJCSIMU HEU30€KHO, MOJIE3HO 0OPAaTUTHCS JIMIIOM K U3MEHEHUIO Kak
ABJICHUIO Npupoabl. [lepBplii mar — npu3HaHUE TOro, YTO M3MEHEHHE — 3TO 00pa3 KU3HU, a HE
IIOCTOPOHHEE M JI0CaJHOE HCKJIIoueHHe. KocrpoyB Myapo ykazal, 4TO HPOTrpaMMMCT MOCTAaBISAET
YIOBJIETBOPEHUE MOTPEOHOCTH MOJIB30BATENs, a HE KAKOM-TO ocA3aeMblii mponykT. U B TO BpeMs Kak
IPOTPaMMBbl CO3/Ial0TCS, TECTUPYIOTCS M HCIOJIB3YIOTCS, MEHSIOTCS Kak (haKTUUYECKHEe MOTPEeOHOCTH
MOJIH30BaTEIIsl, TAK ¥ IOHUMaHUE UM CBOMX MOTpeOHOCTEH. [3]



KoHeuHo, 3TO cnpaBeAuBO U B OTHOLICHUM MOTPEOHOCTEH, YNOBIETBOPSAEMBIX (PU3UUECKUMU
NPOAYKTaMH, Oyllb TO aBTOMOOMJIM WK KOMITbloTephl. Ho camo cyliecTBoBaHME OCA3a€MOT0 MPOAYKTa
ONpEeNeNAeT 3ampochl MOJIb30BaTelld W HUX KBaHTOoBaHuE. llogarmmBocTh W HEOCA3aEMOCTH
IPOTrPAMMHOTI0 MPOJIyKTa MOOYXKIAI0T €ro co3aaTesieil K 6eCKOHEUHOMY U3MEHEHHIO TPEeOOBaHMUIA.

S manek oT TOro, 4TOOBI CUUTATh, OYITO BCE M3MEHEHUS LieJied U TpeOOBaHUM KIMEHTa MOKHO
UM HEOOXOAMMO YYUTHIBATh B MpoekTe. OueBUIHO, JOKEH ObITh YCTAHOBJICHHBIM MOPOT, KOTOPBIHA
JOJIKEH TMOHUMATHCSI BCE BBILIE U BBIIIE MO XOAYy pa3pabOTKH, MHA4Y€ HU OAWH MPOAYKT HHUKOTJA HE
Oyzmet co3ziaH.

Tem He MeHee HEKOTOpBIE M3MEHEHHMS B 3aJadax HEM30€KHBI, W JIydllle MOATOTOBUTHCA K HUM
3apaHee, YeM MpeArnojarartb, YTo UX He BO3HMKHET. Hen30eKHbl He TOJNBKO M3MEHEHHS B IIENSIX, HO
TaK)Xe U3MEHEHHMS B CTPATeruu pa3paboTKu U TexHoioruu. Konmenuus «paboTbl Ha MYCOPHBIH SIIMK
€CTh JIUIIb MPU3HAHUE TOTO (haKTa, 4TO IO MEPE MPUOOPETEHUS OIbITA MEHIETCS MPOEKT. [4]

IInanupyume enecenue usmenenuil 8 cucmemy

CriocoObl MPOEKTUPOBAHUS CUCTEMBI C YYETOM OyIylIMX U3MEHEHUN XOPOIIO U3BECTHBI U HIMPOKO
00CYXIal0TCA B JINTEPaType — BO3MOXKHO, IIIMPe 00CYKIAI0TCS, YeM NpuMeHstoTcsl. OHU BKIIIOYAIOT B
ceOsl TiiaTeabHOEe pa30HeHue Ha MOIYIM, WHTCHCHUBHOE HCIIOJNb30BaHUE MOANPOTrpaMM, TOYHOE U
MOJIHOE OTIpeJIeIeHuEe MEXMOIYIbHBIX HHTEP(ECOB U MOJIHYIO UX JOKyMEHTaluoo. MeHee oueBUIHO,
YTO MpHU JHOO0N BO3MOKHOCTH HEOOXOAUMO MCIIOJIb30BaTh CTAaHAAPTHBIE MMOCIEA0BATEIIbHOCTH BBI30BA
Y T€XHOJIOTHU TAaOJIMYHOTO yIpaBICHUS.

O4deHp BaXKHO MCIIOJIb30BATh S3bIKA BBICOKOTO YPOBHS M TE€XHOJOTMH CaMOJOKYMEHTHUPOBaHMS,
4TOOBl YMEHBUIMTH YUCIO OIIMOOK, BBI3BIBAEMBIX M3MEHEHHI. MOIHYIO MONIACPKKY MPU BHECEHUU
M3MEHEHHM OKa3bIBAIOT ONEpaIliy BPEMEHHU KOMIUIISIIUU 110 BKJIFOUEHHUIO CTaHIaPTHBIX 0ObSBICHUN.

BaxHbpIM npuemMoM SABISETCS KBAaHTOBAHWE W3MEHEHUH. KaXIpli NPOAYKT HOJDKEH HMETh
HYMEpPOBaHHbIE BEPCHUH, U KaXK]1asl BEPCUs JOJKHA UMETh CBOM rpaduk paboT u aary pukcaiuu, rmnocie
KOTOPOM U3MEHEHUS BKJIIOUAIOTCA YK€ B CIIECIYIOIIYIO BEPCHIO.

lInanupyiime opeanuzayuoHHuyo cmpyKkmypy OJisi GHeCeHUsi U3MeHEeHUll

KocrpoyB pekoMeH1yeT KO BCEM IJlaHaM, BeXaM U rpaduKaM OTHOCUTBHCS Kak K MpoOam, YyTOObI

00JeTYUTh WU3MEHEHHMs. 37eCh OH 3aXOIUT CIUIIKOM JalleKO — CETrOoIHS TPYIIbl MPOrPaMMHUCTOB
TEPIAT HEylaud OOBIYHO W3-3a CIMIIKOM CJIab0oro, a HE CIHWIIKOM CHJIBHOTO aJIMHHUCTPATUBHOTO
KOHTPOJISL.

Tem He MeHee OH BbIKAa3bIBAE€T OOJIBIIYIO MPOHULATEILHOCTh. OH 3aMeyaeT, 4TO HEeXeJaHue
JOKYMEHTHPOBaTh MPOEKT MPOUCXOAUT HE TOJIBKO OT JIEHW WM HeaocTarka BpemeHU. OHO
MPOUCXOTUT OT HEXKEITaHUs MPOSKTUPOBIIMKA CBI3bIBATh CEOsI OTCTAaMBAHUEM PELICHUM, KOTOPBIE, KaK
OH 3HaeT, MpeaBapuTeibHbIe. «JlOKyMEHTHUPYS MNPOEKT, MPOCKTUPOBIIMK CTAHOBUTCA OOBEKTOM
KPUTHUKHU CO BCEX CTOPOH, M JIOJDKEH 3allMINaTh BCe, 4TO Hamucaji. Eciu opraHu3anuoHHas CTpyKTypa
MOXET TMPEACTaBIATh Yrpo3y, He OyIeT IOKYMEHTHUPOBATbCS HUYEro, KPOME TOTO, YTO HEJb3s
OCTIOPUTB.»

Co3naBarh OpraHU3allMOHHYIO CTPYKTYpY C YYETOM BHECEHUsT B OyaylleM HW3MEHEHHI
3HAYUTEIBHO TpYJAHEE, YeM IPOCKTUPOBATh CUCTEMY C YydeToM Oynynumx usMmeHeHuil. Kaxxpiii
MoJTyJaeT 3aJaHue, pacIMpsIoiee Kpyr ero 00s13aHHOCTEH, YTOOBI cliefiaTh TEXHUYECKH 0ojiee THOKUM
BCE nozpasjaeneHre. B OoNbIMX TPOEKTaxX MEHEKEPY HYKHO UMETh JIBYX UJIU TPEX BBICOKOKIACCHBIX
IPOTrPAMMUCTOB B KaU€CTBE pe3epBa, KOTOPHII MOXKHO OPOCUTH HAa CaMblil OMACHBIM y4acTOK 00sl.

CTpyKTypy YIOpaBICHHS TaKKe€ HYKHO HW3MEHSTHh [0 MEPE M3MEHEHHS CHUCTEMBbl. JTO O3HAYaer,
YTO PYKOBOAMTEIND JOJDKEH YACIUTH OOJBIIOE BHUMAHUE TOMY, YTOOBI €70 MEHEKEPhl U TEXHUYECKUN
nepcoHal ObUTM HACTOJIBKO B3aMMO3aMEHSIEMbl, HACKOJIBKO MO3BOJISIOT UX CIIOCOOHOCTH.

bapbepbl ABISIOTCS COLMOJIOTMYECKUMH, U ¢ HUMU HYXHO OJMTEIIbHO U HACTOWYUBO OOPOTHCS.
Bo-nepBbiX, MEHEHKEPhl CaMU PacCMaTpPUBAIOT PYKOBOAMTEINS KaK «CIHUIIKOM OOJBIIYIO IEHHOCTDHY,



4yTOOBl KCIOJIB30BaTh HMX [UIsI peaJbHOro MporpaMmupoBaHus. Bo-BTopbix, paboTa MeHemKepa
oOnamaer Oojiee BBICOKMM MpecTiwkeM. UYUToObl MNpeogosieTb 3THU CIOXKHOCTH, B HEKOTOPBIX
naboparopusix, Hanpumep, B Bell Labs, ympasanasior Bce HamMeHOBaHUSA MOJDKHOCTEH. Kakmprid
npodecCuOHANBHBIN CIY)KAIMH ABISETCS «TEXHUUYECKUM COTpyIHUKOM». B apyrux, Hanpumep B IBM,

BBOJIAIT JBOMHYIO JiecTHULY NpoaBrkeHus (puc. 11.1). CooTBeTCTByIOIME CTYNEHBKH TEOPETUYECKHU
PaBHO3HAYHBI.

YnpaeneH4eckas necTHULUa TexHU4eCKaA NecTHULA
CTApLWWA NpOrpaMMucT CTapwui nporpamMmIcT
MNporpamuucT-paspaboTYmg MporpamMUCT-KOHCY NBTAHT
MNporpaMtMMcT NPOEKTa LUTaTHEIA NporpamMMncT
e P
— R
CTapwmi NoMOLWHWE NPorpamMmucTa
Puc. 11.1 [eocfiHan cnyxebHas nectHuua IBM

Puc. 11.1 [IBotinas cinyxebHas gectauiia IBM

Jlerko ycTaHOBUTH COOTBETCTBYIOIIME CTYIIEHbKaM pa3MEpPhl ’KaJIOBAHUS. 3HAYUTEIIBHO TPYIHEE
JaThb UM COOTBETCTBYIOIMH mpecTuK. Oduchl JOMHKHBI UMETh OJUHAKOBBIA pa3Mep U OOCTaHOBKY.
Cekperapckue U Mpouue CIYyKObl JOJKHBI ObITh COOTBETCTBYOUMMH. [lepeBom ¢ TexHUYECKOI
JIECTHUIIBl B YIPABICHYECKYIO HE JIOJDKEH COINPOBOXKIATHCS IOBBILICHMEM, U O HEM BCErga HYXHO
coo0IaTh Kak O «IepeBoAe», a HE KaK O «IOBbImeHUM». OOpaTHBIM MNEpeBOA Bcerna IOJIKEH
COIPOBOK/IAThCS MPUOABKOM K 5KaJIOBAHBIO.

MeHemkepoB HYKHO IIOCBUIaTH Ha KYpPChl TEXHHYECKOM IIE€PENOATOTOBKH, a CTaplMi
TEXHUYECKUU TMepcoHal — Ha Kypchl oOyueHusi ympasieHuto. llenu mpoekrta, Xom paboTsl |
aJIMUHUCTPATUBHBIC TPOOIEMBI JOJKHBI JOBOAUTHCS 0 BCEX PYKOBOASIIMX PAOOTHUKOB.

Ecnu no3BosisieT moAroToBka, pyKoBOASAIME PAOOTHUKH JOKHBI OBITh TEXHUYECKA U MOPAJIBbHO
TOTOBbl BO3MIABUTH TPYIINbl WM HACIAJAUTHCS pPa3pabOTKOW MpOrpaMM COOCTBEHHBIMU PYyKaMHU.
KoneuHo, ocymiecTBieHue BCero 3Toro Tpedyer MHOTO Tpyza, HO pe3yabTaT TOrO CTOUT!

Wnest opranuzanuu rpynn OpOrpaMMHUCTOB HAmoAoOMe OmepalmoOHHBIX Opuraa MpeacTaBiseT
co00i1 KopeHHOe pelieHrne 3Toi mpobaembl. OHa 3aCTaBIsSIET PYKOBOSAILETO paOOTHUKA MTOYYBCTBOBATH,
YTO OH HE YHMIKAeT ce0sl, KOrja MUILET MPOrpaMMbl, U MbITaeTCs yOpaTh COLUANIbHBIE MPENITCTBUS,
MEIIAIOIIME EMY UCIIBITaTh PAAOCTh TBOPYECTBA.

bonee Toro, aTa cTpykTypa npeaHa3HadeHa Ajisl COKpalleHus yncia uarepgeiicos. braronaps e
CUCTEMY MOXHO HU3MEHATh C MAaKCHMAaJbHOW JIETKOCTBIO, W CTAaHOBUTCA OTHOCHUTEIBHO IIPOCTO
nepeHanpaBuTh BCIO Opuraay Ha Jpyroe 3aJaHhe B cllydae HEOOXOAMMOCTH OpraHU3al[MOHHBIX
U3MEHEHUU. DTO IEHCTBUTENBHO AOJITOCPOYHOE pelieHne MpoodieMbl TMOKON OpraHU3aIuu.

Isa waea enepeo, wae Hazao

[IporpamMa He mepecTaeT M3MEHATHCS IOCIE CBOEM NOCTABKM KIMEHTY. M3meHenus mocne
IIOCTaBKM HAa3bIBAIOTCS CONPOBOXKACHUEM IPOTPAMMBI, HO 3TOT MPOLECC B KOPHE OTJIMYAETCA OT
COIIPOBOXKCHHUS allllapaTHOU 4acCTH.

ConpoBOXK/JIEHHE allapaTHOW 4YacTH KOMIBIOTEPHOM CHCTEMBI COCTOMT M3 TpPEX BHUJIOB
NEATENbHOCTU: 3aMEHBl MCIIOPYEHHBIX JETaled, YUCTKM M CMAa3KW MU OCYILIECTBIICHUS TEXHHUYECKUX
M3MEHEHMI 1715 UCTIPaBIeHUsI KOHCTPYKTUBHBIX Jie(pexToB. (bonpinas yactsb

TEXHUYECKUX M3MEHEHUH, HO HE BCE, yCTpaHseT AePEeKThl pa3pabOoTKH WM pealu3aluu, a He
apXUTEKTYpPHI, U IOTOMY HE3aMETHA N0JIb30BATEIIIO. )



ConpoBoXKI€HHE TPOTrpaMM HE MpeanojaraeT YUCTKHA, CMa3Kd WIJIM 3aMEHbl HCIIOPTUBLIMXCS
KOMIOHEHTOB. OHO COCTOUT TJIaBHBIM OOpa3oM U3 U3MEHEHWU, UCHPABISAIONMX KOHCTPYKTUBHBIC
nedektel. lopazmo wamie, yem A amnmaparHOM YacTU, 3TU M3MEHEHHUs BKIIOYAIOT B cels
NOMOJHUTENbHbIE PYHKIIMU. OOBIMHO OHHM BUAHBI IOJIB30BATEIIO.

OO11@as CTOMMOCTD COMPOBOXKICHUS MMPOKO UCTIOIB3YEeMOM porpaMMbl 00bIYHO cocTasisieT 40 u
Oosiee MPOILICHTOB CTOMMOCTH €€ pa3palOTKU. YAUBHUTEIBHO, YTO HA CTOMMOCTb COINPOBOXKICHUS
CUJIBbHO BIIMSET YHMCIO HOJb3oBareieil. Uem O0oible Moab30Baresecii, TeM OOJbIIE OIMMOOK OHU
HAXOT.

bertu Kamnbenn uz Jlaboparopuu sinepuoit puzuku MTU oTMeuaeT MHTEPECHBIN IIUKII B KU3HU
OTZAENIbHOW BepcuM mporpamMbl. OH Moka3aH Ha pucyHke 11.2. B Hauvase cymecTByeT TEHAECHLHS
NOBTOPHOTO MOSIBICHHUS OIIMOOK, HAWJIEHHBIX M YCTPAHEHHBIX B MPEABbIAYIIMX BEPCHUSX.
OOHapyxuBaoTcss oumMOKM B (YHKIUAX, BIEpPBble IMOSBUBIIMXCA B HOBOW Bepcuu. Bce oHu
UCIIPABJISAIOTCS, W B TEYCHUE HECKOJIbKMX MECSIEB BCE HJET XOpOIIo. 3areM KOJWYECTBO
OoOHapyXEHHBIX OIMOOK CHOBa HaunHaeT pactu. [lo muHenuto Kamnben, 3To mpoucxonuT noTomy, 4to
MOJIb30BATENIM BBIXOAAT HA HOBBIM YPOBEHb CIIOKHOCTH, HAYyMHas MOJHOCTHIO NMPUMEHSATH HOBBIE
BO3MOXXHOCTH BEpCHHM. JTa HMHTEHCHUBHAs paboTa BbIIBIAET 0OJiee CKPBHIThIE ONMOKM B HOBBIX

byHkuax. [5]

KonuyecTeo clHboK,
BeIABNEHHBIX 3a MECAL

Mecays, npowegwne
nocne HHCTannALKMK

Puc. 11.2 YacToTa oOHapyxeHuUs OIMOOK KaK (PYyHKIIUSI BO3pacTa BEPCUU MPOTrPAMMBI

dynaameHTanbHas npoliaemMa Ipu COMPOBOXKICHUU MPOTPAaMM COCTOUT B TOM, YTO UCHPABICHUE
OMHOM OMmMOKH C OoJbIION BepOATHOCTHIO (20-50 mporeHTOB) BieUeT MosiBICHUE HOBOM. [losTomy
BECh MPOILIECC UAET M0 NPUHLUITY «JIBa IlIara Blepe, OAUH Hazamy.

[Touemy He ynmaercs yCTpaHUTh OUIMOKHM Oojiee akKypaTtHO? Bo-mepBbIX, a)ke CKPBITHIN aeheKT
nposiBIIsieT ce0si Kak OTKa3 B KaKOM-TO OJHOM MecTe. B JefCTBUTENBHOCTH K€ OH 4YacTO HUMEET
pa3BeTBIEHHUS 1O BCEH cucTemMe, OObIMHO HEOoueBUIHBbIC. Bcskas moOMbITKA HUCOPABUTH €T0
MUHUMAJbHBIMU YCUJIMSIMU MPUBEIET K HCIPABICHUIO JOKAIHHOTO M OYEBUJIHOTO, HO €CIU TOJIBKO
CTPYKTypa HE SIBIII€TCSI OYE€Hb SICHOM WJIM JOKYMEHTAIUs OYeHb XOpOIlel, OTIajJeHHbIE MOCIEICTBUS
ATOTO UCIPABICHUS OCTAHYTCS HE3aMEUEHHBIMU. BO-BTOpBIX, UCHIpaBisieT OMMOKH OOBIYHO HE aBTOP
IPOrPaMMBI, U YaCTO 3TO MJIAAIIMMI MPOrpaMMUCT UM CTaxep.

BceneacTBue BHECEHHST HOBBIX OHIMOOK COMPOBOXKACHHE MpOrpaMMbl TpeOyeT 3HAYUTEIBHO
Oonibllle CHUCTEMHOM OTJaAKM Ha KaxAbld omeparop, dYeM MNOpu JOOOM JIpyroM  BHJE
nporpaMmupoBaHus. TeopeTuuecku, Mociie KaXKJIO0TO HCIPaBICHHUS HYXHO IPOTHATH BeCh HabOp
KOHTPOJIBHBIX IMPUMEPOB, MO KOTOPHIM CHCTEMa IPOBEpsIach paHblIe, YTOObI YOEAUTHCS, YTO OHA
KaKUM-HUOYIb HEMOHATHBIM 00pa3oM He moBpeaunsiachk. Ha mpakTuke Takoe BO3BpaTHOE TECTUPOBAHUE
NENCTBUTENBHO JOKHO MPUOIMIKATHCS K ATOMY TEOPETUUECKOMY Ueally, U OHO OY€Hb I0POr0 CTOUT.




OueBUIHO, METOABI Pa3pabOTKU MPOrpaMM, MO3BOJIAIOIIME MCKIIOUUThH WM, TIO KpailHEH mepe,
BBISIBUTH TOOOYHBIE 3(P(GEKTh, MOTYT PE3KO CHU3UTh CTOMMOCTH COMPOBOXKJICHHS, KaK U METOJBbI
pa3paboTKu MPOEKTOB MEHBIIMM YUCIIOM JIFOJIEH U C MEHBIIIMM YUCJIOM UHTEphEelcoB — a 3HAYUT, U C
MEHBIIIMM YHUCIIOM OIIMOOK.

Lllae enepeo, wae Hazao

Jleman u benagu M3y4ymiM UCTOPHIO IMOCIEIOBATEIBHBIX BBITYCKOB OOJIBIION OMEparmoOHHOM
cuctembl. [6] OHM cUUTAIOT, UTO O0IIEe KOJTUYECTBO MOAYJIEH pacTeT JUHEHHO C HOMEPOM BEPCUH, HO
YUCJIO MONYIEH, 3aTPOHYTHIX U3MEHEHUSIMH, PACTET HKCIIOHEHIMAJIBbHO B 3aBUCUMOCTH OT HOMEpaA
Bepcuu. Bce ucnpaBieHuss UMEIOT TEHICHIUIO K Pa3pyLHICHUIO CTPYKTYPbI, YBEIUYEHUIO SHTPOIHUHU U
Ne30praHu3alii CUCTEMbl. Bce MeHbIle CUjl TPaTUTCS Ha UCIIPaBICHUE OMIMOOK UCXOAHOIO MPOEKTA U
BCce OOJIbIllE — Ha JMKBUAALUMIO MOCIEACTBUN NpeAblaylmx ucnpasieHuil. [lo npomecTBun BpemeHu
CHUCTEMa CTAaHOBUTCS BCE MEHEE M MEHee OpraHM30BaHHOW. PaHO MM MO3MHO UCIpaBiIeHUE OMIMOOK
TepsAeT cMmbici. Ha kaxaplil mar Boepe] NpUXOAWUTCS IIar Haszaja. B mpuHnune romHast 1 BEYHOTO
UCIIONB30BaHUS CUCTEMa MepecTaeT ObITh OCHOBOM pa3BUTHSA. KpoMe TOro, MEHSIOTCS MaIMHBI,
KOHUTrypaluu, TpeOOBaHUS TMOJb30BaTeNs, TaK 4YTO (HAKTUYECKH CHUCTEeMa SBISETCS BEYHOM.
HeoOxoaum coBeplieHHO HOBBIN MPOEKT, BHIIMOIHSAEMBIN C caMOro Hayvama.

Ot MexaHunyeckoil craructuueckoi monenu benanu u Jleman mpuxonsar kK o0eMy 3aKJII0YEHUIO
OTHOCHUTEJIBHO MPOrPAMMHBIX CUCTEM, KOTOPOE MOAKPEIJIEHO BCEM OIBITOM YeJIOBEYECTBA. «Jlyumas
nopa BEILE — KOrzna OHM TOJBKO YTO NMOsBUIIKCHY, — cka3zan Ilackane. Y. C. JIprouc BbIpazui 3TO
0oJiee BeCOMO:

Bor KiI04 K TNOHMMAaHHUIO HUCTOPUHU. BbICBOOOXIaeTcss OrpoMHAas JHEPrus, BO3HHUKAIOT
UUBWIN3AIMH, CO3HAIOTCS NPEKPACHBIE YUPEKJCHHS, HO BCSIKHM pa3 4YTO-TO MPOUCXOAUT HE Tak.
Kakas-To pokoBas ommOka BO3HOCHUT Ha BEpIIMHY CEOsUIIOOMBBIX W KECTOKHMX JIIOJeH, M BCe
CKaThIBAa€TCs Ha3al, B HULIETY U pyHHBL. J[eHCTBUTENBHO, MalllMHA OXHET. OHA HOPMAJIBHO CTApTYET
U MIPOE3IKAET HECKOJIIBKO METPOB, a 3aTeM Jomaercs. [7]

CucTeMHOE TpOrpaMMUPOBAHUE SBISETCS MIPOLUECCOM, YMEHBIIAIOIIMM YHTPOIHUIO, a TOTOMY EMY
BHYTPEHHE IpUCYILA METACTAOMIBHOCTh. COMPOBOKAECHUE MPOrPaMM €CTh MPOLIECC, YBEINYUBAOIIMIA
SHTPOIMIO, U JIaXKE CaMO€ yMeJIO€ €r0o BEJICHHE JIHIIb OTJANSET BIAJICHUE CUCTEMBbI B OE3HAACIKHOE
ycTapeBaHHUE.



I'maBa 12 OcTpblil HHCTPYMEHT

Xopowezo pabomnuka y3uarom no UHCMpYMeHmy.
1IOCJIOBHL]A

Jlaxxe B Hame BpeMs MHOIME MPOrPAMMHBIE HPOEKTHl, C TOYKH 3PEHUS HCIIOJIb30BaHUS
UHCTpYMEHTapHusi, pab0Tal0T KaK MEXaHUYeCKHue MacTepckue. Y KaxJoro MexaHuka ecTh CBOW HaOop
MHCTPYMEHTOB, COOMPABIIMICA B T€UEHUE BCEH JKM3HU, KOTOPBIA OH TIIATENIbHO 3aMUPACT U OXPaHSIET
— HaDISIIHOE CBUJIETENLCTBO JMYHOTO MAcTepPCTBA. TOUHO TakKe MPOrpaMMHUCT COOMpAET MaJeHbKUE
PEAAKTOPBI, COPTUPOBKHU, TBOMYHBIC NAMIIbI, YTUIUTHI Il pabOTHl C AUCKAMH U MPUIIPATHIBACT UX B
CBOMX (paitnax.

OnHako Takoil MOAXOJ HE OmpaBAaH Mpu padboTe HaJ MPOrpaMMHBIM MPOEKTOM. Bo-mepBbIX,
BAXHOUM 3ajmauell sBiseTcs oOMeH wuHpOpMaluen, a JUYHBIE HHCTPYMEHT €My MeEIIaeT, a He
cofieiicTByeT. Bo-BTOpHIX, Mpu Mepexo/ie Ha HOBYIO MAaIlMHY WU HOBBIM paOOYUid S3BIK TEXHOJIOTHS
MEHSIETCS, MO3TOMY CpPOK >KM3HM HMHCTPYMEHTAa HEHOoJOl. M HakoHel, OYeBUAHO, 3HAYUTEIBHO
3¢ dexTuBHEE COBMECTHO pa3pabarbiBaTb M COMPOBOXKJATh MPOTPAMMHBIE HWHCTPYMEHTHI OOILIETO
Ha3HauYCHMUS.

OnHako HEIOCTaTOYHO MMETh MHCTPYMEHTHI 00IIEro HazHaueHus. Kak cnenuanbHble 3a1a4d, TaK
U JMYHBIC TPEANOYTCHHUSI OOYCIOBIMBAIOT HEOOXOAMMOCTh MMETh TaKXe U CIELHaIU3UPOBAHHBIN
uHCTpyMeHT. [loaTomMy mpu 0OCYXJIEHHH COCTaBa KOMaHJbl IMPOrPaMMHUCTOB f Mpejjarajl UMeETh B
Opuraje OOHOTO HMHCTPYMEHTAJNbLUMKA. OTOT 4YEJIOBEK BiIaJeeT BCEeMH OOMICAOCTYIHBIMU
UHCTpYMEHTaMU M MOXeT oOydaTb HX UCHOAb30BaHUIO. OH MOXET TakXe CO3[aBarh
CHEIUATM3UPOBAHHBIC HHCTPYMEHTBI, KOTOPbIE MOTPEOYIOTCA €ro HayaabHUKY.

Takum oOpazoM, MEHEKEep MPOEKTa JAOHKEH YCTAHOBUTH MPUHLMUIBI U BBIICIUTH PECYPCHI JUIS
pa3paboTKu OONMX HMHCTPYMEHTOB. B TO e BpeMs OH JOJDKEH IOHUMAarb HEOOXOIMMOCTHh B
CHEelHATM3UPOBAHHBIX MHCTPYMEHTAaX U HE MPEMNATCTBOBATh Pa3paboTKe COOCTBEHHBIX MHCTPYMEHTOB B
NOMYMHEHHBIX pabouux rpynnax. EcTe omnacHblii co0ja3H MOMNBITaThCS JOCTUYb  OOJIbIIEH
addexTuBHOCTH, COOpaB BMECTE OTACIHBHBIX pa3pabOTYMKOB HHCTPYyMEHTa U  J0paboTaB
oOmierpymnmnoBoit unctpymentapuii. Ho 3o He ynaercs.

YTto 3TO 32 HHCTPYMEHTHI, Pa3pabOTKy KOTOPHIX MEHEKEP JIOJKEH 00 yMbIBaTh, MJIAHUPOBATh U
opranu3oBbiBath? [Ipexkae Bcero, BbUUCIUTENIbHBIE cpelcTBa. [Ias »TOro TpeOyroTcs MalMHBI, U
NOJKHA OBITh MPUHSTA MOJUTUKA IUIAHUPOBAHUS BpeMeHH. [l sToro Tpebyercsl omnepalnroHHAas
CUCTEMa, U JOJDKHA OBITh YCTAaHOBJIEHA MOJHUTUKA OoOcCiyxkuBaHus. st 3Toro Tpedyercs S3bIK, U
JOJKHA OBITH 3aJI0KEHA TMOJMTHUKA B OTHOUICHUHM SI3bIKA. 3aT€M MJAYT YTHIIUTBHI, CPEJICTBA OTIAJKH,
reHeparopbl KOHTPOJIBHBIX NPUMEPOB M TEKCTOBBIA HpOLECCOpP Uil pabOThl C JOKYMEHTAIMEH.
PaccmoTpum nx noouepeano.[ 1]

Llenesvie mauwiunbl

ManmHHYI0 MOAIEPKKY MOJIE3HO PA3JAEIUTh Ha ILI€JIEBbIEe MAIMHBI U paboune ManmHsbl. LleneBas
MallliHa — 3TO Ta, JUIsl KOTOPOH MUILETCS IPOrpaMMHOE 00eclieueHre U Ha KOTOPOM, B KOHIIE KOHIIOB,
ero HyXxHO Oyaer TectupoBarb. Paboume MammHbl — 3TO T€, KOTOPbIE MPEIOCTABISIOT CEPBUCHI,
UCIIOJIb3yEMBIE I CO3JIaHMsl CUCTEMBL. EciuM co3gaeTcs HOBas ONepalMOHHAs CUCTEMA JUIsl CTapou
MaIlMHbI, TOCIEAHSS MOXKET CIIY)KUTh OJHOBPEMEHHO U LI€JIEBOH, U paboueH.

KakoBbl Tumbl 1eneBbix cpeacts? Ecim Opuraga cosznaer HOBBIM CYNEPBH30P WM JIpYroe
POTPaMMHOE CPEICTBO, COCTABIISAIOIIEE CEPALIEBUHY CUCTEMBI, TO €i, KOHEYHO, HY’)KHAa CBOSI MAaIlIMHA.
Jns Takux cucTteM MOTpeOyloTCsl OMeparopbl U OJUH MIJIM JBA CHUCTEMHBIX MPOrpaMMUCTA, YTOObBI
MalrHa Oblia B paboueM COCTOSHUMU.



Ecnu tpeGyercst oTAenbHas MalllMiHa, TO OHA JOJDKHA OBITh JOBOJBHO creluduuecKkon: He
TpedyeTcs, 4TOObI OHA ObLIa OBICTPOM, HO TpebyeTcs, o MeHbIeH Mepe, 1 Moaiit

oneparuBHON mamsTH, 100 MOalT B akTUBHBIX JUCKAaX U TepMHUHAJBL J[0CTaTOYHO CUMBOJIBHBIX
TEPMUHAJIOB, HO CO 3HAYUTEIHHO OOJbILEH CKOPOCTHIO, YeM 15 CHMBOJIOB B CEKYH/1Y, XapaKTePHbIX JJIs
NUIIYOIMX MalmmHOK. Hanuuwe O0dbIIOM MamMsATH 3HAUUTENBHO CIOCOOCTBYET MPOAYKTUBHOCTH,
MO3BOJISISL 3aHATHCS pa3OMEeHHEM Ha OBeplieM W MHUHUMHU3ALMEW pa3Mmepa Mociie TeCTUPOBAHUS
GbyHKIUH.

ManmHa winM mOporpaMMHBIE CPEACTBAa M OTIAAKU JOJDKHBI TaKXKe HMMETh CpPEICTBA IS
aBTOMAaTM4YECKOro MOJCYeTa U W3MEPEHUU JI0OBIX MmapaMeTpoB MporpaMMbl BO Bpemsi oTiaiku. K
npuMepy, KapThl HCIOJIb30BAHUS TaMSITH CIY)KAaT MOIIHBIM JUArHOCTUYECKUM CPEACTBOM MpHU
BBISICHEHUU CTPAHHOM JIOTMKH IMOBEJICHUS UJIM HEOXKUJAHHO HU3KON TPOU3BOAUTEIBHOCTH.

[TnanupoBanue BpemeHu. Eciau nenesas MammHa HOBasi, — HapuMep, A7 Hee cO3/1aeTcs nepnas
OTlepallMOHHAs CUCTEMa, — TO MAIIMHHOTO BPEMEHU Mallo, U IJIAHUPOBAHUE CTAHOBUTCS OOJIBIION
npobnemoii. TlorpebHocTH B paboueM BpeMEHM LEJEBOM MalIMHBI UMEET CHEHU(PUUYECKYI0O KPHUBYIO
pocra. IIpu pazpadorke OS/360 y Hac ObuIM X0poume aMynsaTopsl System/360 u npyrue Mmaumusl. 1o
MPEKHEMY OIMBITY MBI OIICHUJINA, CKOJIBKO 4acoB pabodero BpemeHu S/360 HaMm MOHAZOOUTCS, U CTAJH
NoJIyyaTh MepBble MAIlMHBI ¢ Mpou3BoAcTBa. Ho Mecs 3a MecsiieM OHM OCTaBajuCh 0€3 Harpy3Kwu.
3areM cpa3y Bce 16 cucteMm okazalluch 3arpy’KeHHBIMH, U paclpeielieHne BpeMEeHHU CTallo MPoOIeMoii.
Hcrnonp30BaHuEe MallMH BBINISIENO NPUMEPHO Kak Ha pucyHke 12.1. Bce OmHOBpeMEHHO Havaiu
OTJIaXKUBATh MEPBbIE KOMIIOHEHTBHI, U 3aTE€M BCE€ KOMAaH bl IOCTOSIHHO YTO-TO OTJIAXKUBAJIH.

KonwecTeo Yacos
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40 yacoB
B MECAl

111111 I N I
Ausapb 1966
1965

Puc. 12.1 Poct ucnonb3oBaHus 1EIEBbIX MAIIUH

Mbl LIeHTpanu30Baliy BCe CBOM MAIIMHBI M OMOJIMOTEKN MAarHUTHBIX JIGHT M OPraHU30BaIM AJI X
paboThl MPOPECCUOHATIBHYIO U OMBITHYIO TPYIIy MalMHHOTO 3ana. JlJisi MakcuMHu3aluu ObIBILETO B
HEJI0CTaTKe MalmMHHOrO BpeMeHu S/360 Bce OTiaZouHble MPOTOHBI MBI OCYIIECTBIISIM B MAaKETHOM
pekMMe Ha TOOXOMAUMX CBOOOMHBIX MalMHaX. Mbl JOOMIUCh YeThIpeX 3allyCKOB B JICHb
(oOopaunBaeMOCTh COCTaBWJa JBa C IIOJIOBUHOM wyaca), a TpeboBajach 4YeThIpexyacoBas
obopaunBaemMocTh. BcmomorarenpHas wmammHa 1401 ¢ TepMuHAIaMHM HCTOJIB30Bajach  JJis
MJIaHUPOBAHUS IPOTOHOB, OTCIICKUBAHUS THICAY 3aJJaHUN U KOHTPOJIS BpeMeHU 000paunBaeMOCTH.

Ho co Bcer 3TOM OpraHn30BaHHOCTBIO MBI IlepecTapanuch. I[1ociae HECKOIBKUX MECALEB HU3KOU
000paunBa€MOCTH, B3aUMHBIX OOBHHEHHMH M MPOYMX MYK MbI MEPEINUIM K BbIICJICHUIO MAIIMHHOTO
BpeMeHU KpynmHbIMU Oiokamu. K mpumepy, Bcs Tpymmna U3 NATHAIUATH YEJIOBEK, 3aHMMAaBIIASCS
COPTHPOBKOM, MOJyyaaa CUCTEMY Ha CPOK OT YETBIPEX J0 LIeCTH 4acoB. IllanupoBanue 3T0ro BpeMeHH
ObUIO WX BHYTpeHHUM JesioM. Jlaxke ecnu cuctema Oblla Ha 3aHATA, OCTOPOHHUE HE MOTIU €l0
M10JIb30BAThCSI.

OT0 0Kazanoch Oojee yIauHbIM CIOCOOOM IJTAHUPOBAHUA. XOTS KO3(G(UIIMEHT MCIOIb30BAHUS
MaIlIMHbI, BO3MOXHO, HECKOJIBKO ynaja (a 4acToO M 3TOro He ObUIO), MPOU3BOAUTEIBHOCTD MOJHSJIACK.




JIns KaK10ro wieHa KOMaHJIbl JECATh 3allyCKOB B TEUEHHE IIECTU YaCOB 3HAYUTEIBHO NPOAYKTHUBHEE,
4eM JIECSATh 3aIllyCKOB, OCYLIECTBICHHBIX C II€pEphlBAMU B TPU Yaca, IOCKOJbKY IMOCTOSIHHAs
KOHIIEHTpAIKs COKpalaeT Bpemsi ooaymbiBaHus. [lociie Takoil ToHKM KOMaHJe OObIYHO TPEOOBAJIOCH
OAMH-/BA JHS, YTOOBI MOJOTHATH PA0OTy C TOKYMEHTaMHU, IPEXJIE€ YeM MPOCUTH O BBIICICHUU HOBOTO
O50Ka. 3a4acTyr0 BCEro Tpu MPOrpaMMHKCTa MOTYT C MOJIb30M MOJAEIUTH U PACIPEACIIUTh MEXAY CO00it
BBIJICTICHHBIA UM OJI0OK BpeMeHu. [loxoke, 4To 3TO Jydmmid croco0 UCTOIb30BaHUS IIEJICBON MaIMHBI
IIPY OTJIAJIKE HOBOW ONEPALIMOHHOU CUCTEMBL.

Tax ObUTO Ha PaKTHUKE, XOTSI TO HE COOTBETCTBOBaJO Teopur. CucTemMHas OTiajKa Bceraa Obuia
3aHATHEM [IJI1 HOYHOM CMEHBI, MOAOOHO acTpoHOMHH. [[Bammare et Hazan, paboras Ham 701-i
MaIlllMHOW, S BIEpBble [O3HAJI MPOAYKTUBHYIO CBOOOLY OT (OpMalbHOCTEH, MPUCYIIYIO
IPEAPACCBETHBIM YacaM, KOIJA BCE HAYAJIbHUKU M3 MAIMHHOIO 3aja KPENKO CHAT IO JoMaM, a
OTIepaTOphl HE PACIOJIOKEHBI OOPOTHCA 3a cobmofeHue npasui. CMEHUIIOCH TPU MOKOJICHUS MallvH,
MOJIHOCTBIO U3MEHUJIUCh TEXHOJIOTUH, MOSBUIUCH OMEPALIMOHHBIE CUCTEMBI, HO 3TOT JIYYIIMH CIOCO0
paboThl ocTtaics npexxHuM. OH MPOIOIKAET KUTh, MOCKOJIbKY Hanbomnee r¢pdextusen. [Ipunwa nopa
NPU3HATH €r0 NPOJIYKTUBHOCTD U IIMPE NPUMEHSTb.

Pabouue mawunol u cnyscowl 0anHbix

Omynstopsl. Ecniu 1ieneBoit KOMIbIOTEp HOBBIM, TO JUJIsl HETO HEOOXOIUM JIOTHYECKUM IMYISATOP.
OT0 naer ammapar JUis OTJaJKH 3aJI0JIT0 0 TOTO, KaK IiesieBas MaliHa OyeT B Hanu4uu. YTo CTOJb
K€ BaXHO, Ja)Xe€ TOrJa, KOrAa CTAaHOBUTCSA JOCTYIHOW II€JeBas MallMHA, HUMEETCS JOCTYI K
HaJIe)KHOMY CPEJICTBY JJI OTIAJKH.

Hapnexxnoe — He TO ke camoe, YTO TOYHOE. DMYISATOpP HEU30€KHO B KAKOM-JIHMOO OTHOIICHHH
OyzeT oTCTynaTh OT BEpHOW U TOUHOW peann3aly apXUTeKTypbl HOBOI ManmHbl. Ho 310 Oyzner ogna u
Ta K€ peaju3alus U CEroJHs, U 3aBTPa, YETO HE CKAXKEIIb O HOBOM alllapaTHON 4acTH.

B Hame Bpemss Mbl OPUBBIKJIM K TOMY, YTO amnmaparHas 4acTh KOMIBIOTEpA OOJBIIYI0 YacTb
BpemMeHU paboraer 6e3 c6oeB. Ecinu Tonpko pa3paboTuuK MPUKIATHON MPOrpaMMbl HE 3aMEYaeT, YTo
CHUCTEMa HEOJAMHAKOBO BEJET ceOsl MpU pa3HBIX UAECHTUYHBIX MPOTOHAX MPOTPaMMBbl, €My IpaBUIbHEE
BCEro MOUCKATh OMOKHN B CBOEM KOJIE, a HE B TEXHUKE.

OTOT ONBIT, OJHAKO, COCIYKHJI IUIOXYIO CIYyKOy HpH HpPOrpaMMHUPOBAaHWM HOBOW MAaIlMHBI.
JlaGoparopHbie pa3pabOTKH, MpelBapUTEIbHbIE WU PAHHUE BBITYCKH KOMIIBIOTEPOB HE paldoTaroT
JOJKHBIM 00pa3oM, He paboTaloT HAJeKHO M HE OCTAIOTCS HEM3MEHHBIMH JIeHb oTOo aHs. [lo mepe
oOHapyXeHUs OIMOOK TEXHUYECKHME HM3MEHEHUs MPOU3BOMATCS BO BCEX HK3EMIUISIpax MAalIMHBI,
BKJII0Yasl MCIIOJb3yEMbIM T'PYIIION MPOrpaMMHUCTOB. Takas HEYCTOMYMBOCTH OCHOBAHMS JTOCTATOYHO
HenpuaTHa. OTka3pl anmaparypsl, OOBIMHO CcKaukooOpasHble, eme xyxe. W Xyxke Bcero
HEONPEeIeNEHHOCTD, JINIIAIOIAS CTUMYJIa CTapaTelIbHO KOMAThCA B CBOEM KOJI€ B MOUCKAX OMMOKU —
€€ MOXET TaM BOBCE HE ObITh. [103TOMY HaJEKHBINA SMYIATOP Ha 3pEJION MallliHE OCTAETCS MOJIE3HBIM
3HAYUTEINILHO JOJIbIIE, YeM MOXHO ObUIO MPEANONI0KHUTh.

Maumnsl s komnuidaropa u accemoOnepa. I[lo Tem xe mpuunHam TpeOyrOTCS KOMIMISTOPHI U
acceMOuepsbl, paboTarole Ha HaJeKHBIX MaIIMHAX, HO KOMITUJIUPYIONE OObEKTHBIM KO JUIs 11eJIeBOM
CUCTEMBI. 3aT€M MOKHO Ha4yaTh €ro OTIaJKy Ha dIMYJIATOPE.

[Ipn mporpaMMHpOBaHUM Ha SI3bIKAX BBICOKOTO YPOBHS 3HAYUTEIBHYKO YAaCTh OTJIAJKH MOKHO
MPOU3BECTU MPU KOMIWISLUUM U1l BCIIOMOIaTrelIbHOM MallMHbBI U TECTUPOBAHUMU PE3YIBTUPYIOLICH
pPOTpaMMBbl, MPEKIE YEM OTJIAXKUBATHh IPOrpaMMy JUIs LEJE€BOM MalMHBL. OJTHUM JOCTUIAETCS
IPOU3BOAUTEIBHOCTDh HENOCPEACTBEHHOTO UCIIOJIHEHUS, & HE IMY/ISIIUH, B COYETAHUU C HAJEKHOCTHIO
CTAaOMJIBHOW MAIlIMHBL.

bubnuorexn nporpamMm u yder. OUeHb YCHEIHBbIM M BaXXHBIM MPUMEHEHUEM BCIIOMOTATEIbHON
MalMHbBl B mporpamme paszpadotku OS/360 Obiia momaepxka Oubamorexk mnporpamm. Cucrema,
paspabotannas moxa pykoBoacTBoM Y. P. Kpoynu (W. R. Crowley), coctosiia U3 AByX COeIMHEHHBIX



BMecte mManmH 7010 u oOmelt nuckoBoit 6a30it ganHbeix. Ha 7010 mognep:kuBaics Takxke accemonep
st S/360. B aToil 6ubnmoTexke XpaHWIICA BeChb MPOTECTUPOBAHHBIM HIIM HAXOMAUMKCS B Mpolecce
TECTUPOBAHUS KON, KaK HCXOIHBIM, TaKk U acceMOIMpOBaHHbBIE 3arpy3ouHble mMomyiu. Ha mpaktuke
Ooubnmoteka OblIa pa3dbuTa HA MOAOMOIMOTEKH C PAa3IMYHBIMU MTPaBaMHU JIOCTYIIA.

[Ipexnie Bcero, y Ka)xJ0i TPyIIbl UKW IPOrpaMMuUCTa Obuta 00J1aCcTh JUISl XpaHEHUS HK3EMILISIPOB
IporpamMM, KOHTPOJBHBIX MPUMEPOB M OKPYKEHHUsS, KOTOpPO€ TpeOdOBaloCh il TECTUPOBAHUS
KOoMIoHeHTOB. Ha »Toil muomaake g urp He ObUIO HUKAKMX OrPAaHMYEHHMM Ha JEUCTBHUS C
COOCTBEHHBIMU MPOTPAMMAaMHU.

Korma koMmoOHEHT mporpaMMmucTa ObUT TOTOB K BKIIOUYEHHIO B OoJjiee KPYINHYIO 4YacThb, €ro
DK3EMIUISIP TEpEaBaliCsl MEHEKEpPYy JTOM 0Oosiee KPYMHOM CHCTEMBbI, KOTOPBIM MOMENAll €ro B
noaOoUOIMOTEKY CUCTEMHOM HHTerpanuu. Temepp aBTOp HE MOI €ro M3MEHUTHh 0e3 pa3pelieHus
MeHemkepa unterpanuu. Korna cucrema cobupanachk BO€IUHO, TOT MEHEKEP MPOBOIUI BCE BUJIbI
CUCTEMHOT0 TECTUPOBAHUS, BBISIBIISAA OIIMOKHU U MOJTy4das UCIIPABICHUS.

Yepes HEKOTOpOE BpeMsi CUCTeMHas Bepcusi Obula rOToBa Ajsi 0oJjiee MHMPOKOTO MCIOJIb30BAHUS.
Torna ona mepememnianach B moAOMONIMOTEKY TEKYyLIEH BEpPCHH. DTOT IK3EMIUISP ObUI CBAIMICHHBIM, U
JOCTYN K HEMY pa3peliayicsi TOJNbKO JJI UCIpaBICHUS Pa3pyIMTENbHBIX ommOoK. Ero MoxHO ObLIO
VCIIOJIB30BATh ISl MHTETPUPOBAHMUSA U TECTUPOBAHUS BCEX HOBBIX Bepcud Moxyneu. lIporpamMmmusii
karasjor Ha MaumHe 7010 oTcinexuBan BCe BEPCUHU KaXIOr0 MOAYIS, €ro COCTOSHHUE,
MECTOHAX0XKJACHUE U U3MEHEHUS.

3nech BakHBI J1Ba 00CTOATENbCTBA. [lepBoe — 3TO KOHTPOJIb, O3HAYAIOUMNA, YTO IK3EMILISIPHI
IporpaMM MPUHAJIEKAT MEHEPKepaM, U TOJIbKO OHM MOTYT CAaHKIIMOHUPOBATh UX U3MeHeHue. Bropoe
— (opManpHOE pazlieJieHue U MepeMelieHrne ¢ TIOU@AIKH JJIs UTP K MHTErpallud U BBITYCKY HOBOU
BEPCHHU.

[To Moemy MHEHHIO, 3TO ObUIO OAHMM W3 Jydunmx pemeHuid B nporpamme OS/360. Dta yacTh
TEXHOJIOTUU YIpaBlIeHHs OblJIa HE3aBUCHUMO pa3paboTaHa Al HECKOJIBKUX KPYIMHBIX MPOTrPaMMHBIX
npoekToB, B ToM uuciie B Bell Labs, ICL u KemOpumxckom ynusepcutere. [2] OHa mpuMeHHMa KakK K
nporpaMmam, Tak U K JOKyMEHTaluu. DTO — HEOLEHUMAasi TEXHOJIOTHSL.

[IporpamMmmubie UHCTpYMEHTHI. [lo Mepe MmOsBIEHUS HOBBIX TEXHOJOTUN OTJIAJKU CTapble TEPSIOT
3HaYeHue, HO He wucueszaroT. [lo-mpexHeMy HEOOXOAMMBI JaMIbl MaMATH, PENAKTOPHI MCXOIHOTO
TEKCTa, 1aMIIbl MTHOBEHHOTO COCTOSIHUS, Ja)Ke TPACCUPOBKH.

AHanoruyHeiM 00pa3zoM, TpeOyeTcsl MOJHBIM HaOop YTHIMT IS 3arpy3Ku Kojiof nepdokapT Ha
JTUCKH, KOMHUPOBAaHUA MATHUTHBIX JIGHT, T1edatu (¢ainoB, H3MEHeHus KarajoroB. Ecniu
MHCTPYMEHTANBIIMKA MPOEKTa Ha3HAYUTh HAa JOCTATOYHO pPaHHEW CTaJuM, TO BCE 3TO MOXET OBbITh
C/EJIaHO CPa3y U HAXOAUTHCS B TOTOBHOCTH K MOMEHTY HaJIOOHOCTH.

Cucrema npokymeHTauuu. I3 Bcex HHCTPYMEHTOB OOJbllIe BCEro Tpyla MOXKET cOepeub
KOMIIBIOTEPU3UPOBAHHAS CHCTEMa PEAAKTUPOBAHUSA TEKCTa, NEHCTBYIOLAs Ha HAJCKHOW MalIMHE.
Hama cucrema, paspaborannas J[x. Y. ®pankiuaom (J. W. Franklin), 6112 ouens ynooHa. S mymato,
6e3 Hee pykoBoactBa mo OS/360 mosBwIKCh, OBl 3HAYMTEIBLHO TO3JHEE U OKa3aluch Obl Ooiiee
3amyTaHHbBIMU. ECTh 110U, KOTOpBIE CTaHYT YTBEPKIaTh, YTO JBYXMETPOBAs MOJIKA PYKOBOJCTB IO
OS/360 siBnsieTcst cleACTBUEM HeIep:KaHUs pPeud, U cama ee 00BbEeMHUCTOCTh SBJISICT COOOM HOBBIM THUM
HEMOCTHXKUMOCTH. U 10715 TpaBabl B 3TOM €CTb.

Ho y Mens ecthb nBa Bo3paxkeHus. Bo-mepBbix, x0T mokymeHTauus mo OS/360 u omenommiset
pa3MepamMi, IJIaH ee U3ydeHUs TIIATEIbHO M3JI0XKeH. Eciu ucnonb30Barh ero u3oupareabHo, TO Jalle
BCEro MOXXKHO HE oOpallaTh BHUMaHHUS Ha OOJblLIyl0 4acTh Bceil macchl. JlokymenTtaunuio mo OS/360
HY)XKHO paccMarpuBaTh Kak OMOIMOTEKY WM SHUMKJIONEANIO, a HE Marepuai ajs o0s3aTeIbHOTO
YTCHUSI.

Bo-BTOpBIX, 3TO TOpa3ao ydille, 4eM KpalHss HeIOCTaTOYHOCTh TOKYMEHTAIlUU, XapaKTepHast s



OOJNBIIMHCTBA CUCTEM MPOrPaMMHUPOBAHUSA. Sl OXOTHO cOIVallyCh, TEM HE MEHEE, YTO B HEKOTOPBIX
MeCTaX TEKCT MOXXHO ObLIO 3HAYUTEIBHO YIYYIIUMTb, U PE3YyAbTaTOM JIY4IIEro OMHCAHUS CTaj Obl
MeHbIIM 00beM. HekoTopele yactu (Hampumep, «KoHuenuuum u cpeactBa») ceiiuac oueHb XOPOIIOo
HaIlMCaHBblL.

OMyISATOp Mpou3BOAUTENbHOCTH. Jlydiie ero uMmets. Pa3paboraiiTe ero «CHapyXu BHYTPb», Kak
OMMCAHO B CIIEAyOLIEH mase. Mcrnonap3yiTe OIMHAKOBOE TPOEKTUPOBAHUE CBEPXY BHHU3 IS IMYIISTOPA
MPOU3BOUTEIBLHOCTH, dMYISATOPA JOTUKH M caMoro npoaykra. Haunute paboTy ¢ HUM Kak MOXHO
pasbie. [Ipuciymantecs K TOMY, 4TO OH BaM CKaKeT.

A3biKU 6b1COKO20 YPOBHS U UHMEPAKMUSHOE NPOCPAMMUPOBAHUE

CeronHsi ABa BaKHEWUIIMX MHCTPYMEHTA CUCTEMHOTO IPOrpaMMUPOBAHUS — 3TO T€, KOTOPLIE HE
UCIONb30BaMKUCH mpu paszpadorke OS/360 moutu necarunerue Hazal. OHU 1O CUX MOpP HE OYEHB
IIMPOKO HCIIOJIB3YIOTCS, HO BCE YKA3bIBAE€T HA MX MOIIb U NMPUMEHUMOCTb. JTO: a) A3bIKU BBICOKOTO
ypOBHS U 0) MHTEPAKTUBHOE MporpaMmupoBanue. S yOexJeH, 4TO TOJbKO HMHEPTHOCTh U JICHb
MNPENSATCTBYET MOBCEMECTHOMY MPHUHATHIO 3TUX MHCTPYMEHTOB, TEXHHUYECKUE TPYAHOCTH Oojiee HE
ABJIAFOTCS U3BUHEHUSIMU.

S3bIKM BBICOKOTO YPOBHS. [ 1aBHbIE OCHOBAaHUS JJISI HCIIOJIB30BAHHUS SI3bIKOB BBICOKOTO YPOBHS —
3TO MPOU3BOAUTEIBHOCTh U CKOPOCTh OTAaAKHU. [Ipon3BoauTENIbHOCTh MBI OOCYX AU paHble (T1aBa
8). meronmecs: JaHHbIE, XOTS U HEMHOTOYMCIICHHBIC, YKa3bIBAIOT HA MHOTOKPAaTHBIA POCT, a HE Ha
YBEJIMYEHUE HAa HECKOJIBKO MPOLIEHTOB.

VYiydiieHre OTiAaAKu MPOUCXOIUT Oarogapsi TOMY, YTO OIIMOOK CTAHOBUTCSI MEHBIIIE, @ HAXOAUTh
ux jerdye. VX MeHblIle, MOCKOJIBbKY YCTpaHseTCs LEblid ypOBEHb 00pa3oBaHUsl OoUMOOK, YPOBEHb, Ha
KOTOPOM JIeTIAlOTCSI HE TOJBKO CHUHTAKCUYECKHE, HO W CEMAaHTHUYECKHE OIMOKH, TaKhe Kak
HEMPABUIBHOE HCIOJIb30BAHUE PErUCTpoB. MX Jerye HaxoauTh, MOCKOJBKY B 3TOM IIOMOIAaeT
JUAarHOCTHKAa KOMIUWJIATOpPA M, YTO €IIE Ba)KHEE, OYEHb JIETKO BCTABIIATH IMOIYYEHUE OTJIAJOYHBIX
MOMEHTAaJIbHBIX CHUMKOB.

MeHss 3T BO3MOYKHOCTHM HPOU3BOAUTEIBHOCTH M OTJIAJKKM OLIEJIOMISIOT. MHE TpynHO
NpeACTaBUTh ceOe CUCTEMY MTPOrpaMMUPOBAHUS, KOTOPYIO 5 CTal Obl CO3/1aBaTh Ha s3bIKE accemouiepa.

Hy, a kak c KJlacCHYECKMMHU BO3PaXEHUSIMU IMPOTHUB 3TOr0 MHCTpyMmMeHTa? WX Tpu: s HE MOry
CHENaTh TO, YTO XO4Y; PE3YIABTHPYIOLAas IMporpaMMa CIMIIKOM BEJIMKA; PE3YIBTHPYIOLAs Imporpamma
CJIMIIKOM MEJUICHHA.

Yro kacaeTcsi BO3MOXKHOCTEH, BO3pakeHHe, s JyMmMar, OoJblle HE cocToATeNnbHO. Bcee
CBUJETENBCTBYET B MOJIB3Y TOTO, YTO MOXKHO JIeJaTh TO, YTO XOUETCS, MOTPYAUBIIMCH HAWTU CIIOCO0, HO
MHOTJIA JISl TOT0 MPUXOJUTCS U3JIOBUUTHCS. 3, [4]

Yro KacaeTcs naMsaTH, TO HOBbIE ONITUMHU3UPYIOIIME KOMITWIATOPEI HAUMHAIOT ITOKA3bIBaTh BECbMa
YIOBJIETBOPUTEIBHBIE PE3YIABTATHI, U UX YCOBEPUICHCTBOBAHUE MPOJOJIKAETCS.

Yro Kacaercsi CKOPOCTH, TO ONTUMHU3UPYIOIME KOMIUIIATOPBI HHOTAA MOPOXKAAIOT KO, KOTOPBIN
3a4acTyl0 BBIIOJHSAETCS OBICTpPEE, YEM HANMCAHHBIM BpydHyro. boisiee Toro, mpoOjaeMbl CKOPOCTH
MOXHO OOBIYHO pEeUMTbh, 3aMEHUB OT | 70 5 MPOLEHTOB CKOMIUJIMPOBAHHOW MPOTPAMMBI KOJIOM,
HalMCaHHBIM BPYYHYIO, ITOCJIE €€ MTOJTHOM OTIAAKU. [5]

Kakoil s3bIK BBICOKOI'O YPOBHSI CJHEAYET HCHOJIB30BaTh AJII CUCTEMHOIO IMPOrpaMMUPOBAHUSA?
CeronHst eAMHCTBEHHBIN JocTONHBIN Kanauaar — PL/L. [6] YV Hero oyeHb MOdHBINA HAOOP OMEpaTopoOB;
OH COOTBETCTBYET OKPYXEHUIO ONEPALMOHHON CPEbl; UMEETCS LEJbII Pl KOMIUJISATOPOB C pa3HbIMU
OCOOCHHOCTSIMU — HHTEPAKTUBHBIX, ObICTPBIX, C YIYYIIEHHON NWAarHOCTUKOM, C BBICOKOW CTENEHBIO
ontumu3anuu. JInuno s 6pIcTpee pazpadaTpiBaio anropuT™sl ¢ moMoiipio APL; 3ateM st mepeBoxy ux B
PL/I ny1st COOTBETCTBUSI CUCTEMHOMY OKPYKCHUIO.

HuTepaktuBHOe nporpammupoBanue. Oquum u3 onpasaanuii npoekra MTU MULTICS 6Gbina ero
noib3a Ui co3gaHus cucrtem nporpammupoBanHus. MULTICS (u Benen 3a Tem TSS IBM)



KOHIICIITYaJbHO OTJIMYAETCS OT JAPYTUX HMHTEPAKTUBHBIX KOMIIBIOTEPHBIX CHUCTEM HMMEHHO B TEX
OTHOIICHUSIX, KOTOPbIE HEOOXOAUMBI JUIsl CHCTEMHOTO MPOrPaMMUPOBAHUS: MHOTOYPOBHEBAsI CUCTEMA
paszieneHuss IO0CTylna U 3alMThl JAaHHBIX M MPOrpaMM, MHTEHCHUBHOE YIpaBlieHHE OMOIMOTEKaMU U
CpelIcTBa JUIsi COBMECTHOM pabOThl MoOjib30Baresied TepMHHANOB. S yOexJeH, 4TO BO MHOTHUX
NPUJIOKEHUSIX MHTEPAKTHUBHBIE CHUCTEMBI HUKOIZIA HE 3aMEHST CHUCTEMBI C OOpabOTKONM MaKETHBIX
3ananuii. Ho g mymato, uro cozmarenn MULTICS npuBenu camble yOeaUTENbHBIC TOBOJbI B €€ MOJIb3Y
VMEHHO B IPUMEHEHNUU K CUCTEMHOMY IIPOrPaMMHUPOBAHUIO.

Iloka ecTh HE MHOIO CBUIETENBLCTB ACHCTBUTENBHON IIJIOMOTBOPHOCTH 3TUX OYEBHIAHO MOILIHBIX
MHCTPYMEHTOB. CylleCTBYeT HIMPOKO PACHPOCTPAHEHHOE NPU3HAHHUE TOTO, YTO OTJIAJKA SIBISETCA
TPYAHON U MEIJICHHOM 4acThl0 CUCTEMHOTO MPOrPaMMHUPOBAHUS, U MEUICHHAas 000pauynBaeMOCTh —
npokysitue oriaaku. [loatomy nornka MHTEPAKTUBHOTO NMPOrPaMMHUPOBAHUSA KaXKETCSA HEYMOJIHUMOM.

[7]

Nporpamma Pazmep Narernan (N} wan OnepaTepon Ha
avanorosas (O} Henopeka o rog

Kon ESS 800 000 n 500 - 1000
Nogoepsea ESS 7004 120 000 2100 = 3400

n
Moaaepxxa ESS 360 32 000 a BDOO
Nogaepsxa ESS 360 g 300 n 4000

Puc. 12.2 CpaBHuTenbHas MNPOU3BOOUTEIBHOCTh NpPU  NAKETHOM M JUAJOTOBOM
IpOrpaMMHUPOBAHUU

[TomuMoO TOTO, €CTH XOPOIIME OT3BIBBI TEX, KTO pa3zpaboTai TaKUM CIIOCOOOM HEOOJBIIME CUCTEMBI
WIM YacTH cHUCTeM. EJIWHCTBEHHbIE JOCTYMHbIE MHE JIaHHBIE OTHOCUTENIbHO BIMSHUS Ha
nporpaMmmupoBaHue Oonbumx cuctem ucxodsat ot xona Xappa u3 Bell Labs. Onu npencrasnensl Ha
pucynke 12.2. Otu nudpsl 0XBaThIBAIOT HAIMCAaHKE, aCCEMOTUPOBaHNE U OTIAAKy nporpamm. [lepsas
nporpamMma SIBISIETCS, B OCHOBHOM, ympamistomniei. OcTanbHble TPU — S3bIKOBBIE TPAHCISATOPSI,
peaakTopsl U T.I. JJanHble Xappa MO3BOISIOT MPEANOI0KUTh, YTO CPEJCTBA UHTEPAKTUBHOM paloTHl,
10 KpailHel Mepe, yIBauBatOT MPOU3BOAUTEIBHOCTH CUCTEMHOTO TPOTPpaMMUpPOBaHusL. [§]

O¢ddexTuBHOEC UCIIONB30BaAaHUE OOJBIIMHCTBA MHTEPAKTUBHBIX CPEACTB TpedyeT, uyToObl padoTa
MPOU3BOMIACH HA SI3BIKE BBICOKOTO YPOBHS, MOCKOJBKY TEJIETalN W MUIIYIIYI0 MAIIMHKY HEJb3s
UCIIONB30BaTh Ui MoyydeHus Aamna namatu. C UCMoNb30BaHUEM S3bIKA BBICOKOTO YPOBHS JIETKO
pPEAAKTUPOBATh HMCXOIHBIM TEKCT M Jenarh OTIENbHBIC pacredaTrku. BmecTe OHU IEWCTBUTEIBHO
COCTAaBIIAIOT Mapy OTTOYCHHBIX UHCTPYMEHTOB.




I'1aBa 13 IleJsioe u yacTu

A 0yxoe evizvieamv Mo2y uz 6e30mvl. M 51 mocy, u Kax)cowlil mModkcem,
Bonpoc nuww, aeamces 1v Ha 3068 onu?
LIEKCIIHP, KOPOJIb TEHPUX IV

Cpenu COBpPEMEHHBIX KYJIECHUKOB, KaK W BCTapb, BCTPEUAIOTCS XBACTYHBL: «S Mory mucarb
IPOTrPaMMBbI, KOTOPBIE YIIPABISIOT BO3AYIIHBIM JBUKEHHEM, ITEPEXBATHIBAIOT 0ANIMCTUUYECKUE PAKETHI,
JIeNal0T MepeBoibl MO OAHKOBCKUM CUETaM, YIPaBISAIOT MPOU3BOACTBEHHBIMU JTMHUAMUY». Ha uTo ecTh
otBeT: «M g Mory, U KaXkblil MOKET, HO OyzeT Ju padoTaTh TO, YTO Thl HAMMUIIIECIIH ?)

Kak nanucars mporpammy, kotopas Oyaetr pabortars? Kak mporectupoBars mporpammy? U kak
00BbeIUHUTH Ha0Op MPOTECTUPOBAHHBIX MPOrPAMM-KOMIOHEHTOB B MPOTECTUPOBAHHYIO M HAJEKHYIO
cucteMy? Heckoabpko pa3 Mbl y’Ke KacalaucCh COOTBETCTBYIOIIMX MMPUEMOB, JaBalTE TEIEPb PACCMOTPUM
ux 00Jee CUCTEMATHYECKHU.

IIpoexmuposanue 6e3 ouwubox

3anmTa ompeneneHuii ot ommobOok. Camble TaryOHble M HEYJIOBHUMBbIE CHUCTEMHBIE OIIMOKHU
BO3HUKAIOT M3-32 HECOOTBETCTBUS [OMYIICHUMN, CIACIAHHBIX aBTOPAaMU PA3JIMYHBIX KOMIIOHEHTOB.
[Toaxon K KOHILIENTYyaldbHOM ILIEIOCTHOCTH, M3JIOKEHHBIX BBIIE B IaBax 4, 5 U 6, HEMOCPEACTBEHHO
oOpaitmaetcst K 3TuM mpobiaemam. Kparko roBops, KOHIIENTYyalbHas [EIOCTHOCTh MPOAYKTA HE TOJIBKO
YIPOILAET €ro HUCIOJb30BaHUE, HO TaKXe objierdaer pa3paboTKy MU JeslaeT MEHee IOIBEPKEHHBIM
OLIMOKaM.

Taxyro ke pojib BRIMOJIHSAET ACTATU3UpOBaHHAS TPyIOoeMKas paboTa 1o pa3paboTKe apXUTEKTYpHl,
noapazymeBaemasi 3TuM noaxoaom. B. A. Briconkuii u3 npoekra Safeguard, Bemomnussierocs B Bell
Telephone Laboratories, roBoput Tak: «Pemaromas 3aiaua — narh onpeneiaeHue st npoaykra. O4eHb
MHOTHE HEYyIauu CBsI3aHbl HUMEHHO C TEMH aCIEKTaMH, KOTOPbIE HE ObLIN BIIOJIHE CHEHU(PUIIUPOBAHBDY.
[1] TarenbHOe onpeaenenue GyHKIUM, TIIATEIbHAS CTIeU(UKALINS U CTaparelibHOe U30eranue BCcex
YKpAIIATeNbCTB (PYHKIIMI U TOJIETOB TEXHUYECKOM MBICIH — BCE 3TO CHMKAET KOJIMYECTBO CUCTEMHBIX
o1mMO0K, KOTOpbIE OyIyT OOHAPYKEHBI.

[TpoBepka cneuundukanuu. 3aJ0Jro A0 HAMUCAHUS BCAKOTO Kojla crelnu@uKaius JT0JKHA ObITh
nepeAaHa CTOPOHHEW Tpymme TeCTUPOBAHUA ISl TIIATEIBHOTO PACCMOTPEHHS MOJHOTHI U SICHOCTH.
Kak cumraer Briconkuii, camu pa3paboTUMKU caenarh 3TO HE MOTYT: «OHU HE MOTYT MPU3HATHCS, YTO
HE MOHUMAIOT €€, OHM OyIyT CYACTJIIMBO MPOKJIAAbIBATh CBOW IMYTh U€pe3 MPOMYIICHHbIE U TEMHBIC
MecTay.

Hucxonsmee npoektupoBanue. B ouens uetrkoii ctarbe 1971 rona Huknayc Bupt dopmanuzosan
npoleaypy pa3paboTKu, rogaMu MCIOJIb30BAaBIIYIOCS TYUIIMMU MporpaMmmuctamu. [2] bonee toro, ero
3aMe4aHus, CACNaHHbIE B OTHOIICHUH Pa3pabOTKU MPOrpamMM, MOJTHOCThIO TPUMEHUMBI K pa3paboTke
CJIOXHBIX MPOTPAMMHBIX CHUCTEeM. BoIomeHneM 3THUX 3aMeyaHUU SBISETCA pa3lesieHHuEe CO3JaHus
CHUCTEM Ha MPOEKTHUPOBAHUE apXUTEKTYpPhl, pa3paboTKy U peanu3auuio. boiee Toro, kaxmaas u3 3aaad
MPOCKTUPOBAHUSL APXUTEKTYpPhI, pa3pabOTKU M peanu3alluy Jydlle BCEro MOXET ObITh pelieHa
HUCXOSIIMMU METOJaMU.

Bkparue, meton Bupra onpenensier pa3paboTKy Kak MOCIEI0BATEIbHOCTh YTOUHSIIOIIMX IIArOB.
HabpacbiBaeTcsi mpuMepHOe ONMUCAHUE 3a/laud U TPpYObIii METOJ pelieHUs], MO3BOJSIONMMN MOTyIUTh
OCHOBHOM pe3yabTar. 3areM ompenaeiieHue u3ydaercs Oosiee MPUCTANIbHO, YTOOBI YBUIETh, B YEM
OTJIMYHUE MOJTYYCHHOTO pe3yiabrara OT TpeOyeMoro, U KpylmHbIe 3Tambl pelieHus pa3ouBaroTcs Ha Ooee
menkue. Kaxnoe yrouHeHue B ONpeeliCHUU 3aa4ll CTAHOBUTCS YTOYHEHUEM allfOPUTMA pEUICHUs U
MOET COMPOBOXKIATHCA YTOUHEHUEM MPEICTABICHUS JaHHBIX.



B sTOM nponecce BBIABIAIOTCS MOAYIN PEIICHUS WA JTAaHHBIX, JalbHENIEE YTOYHEHUE KOTOPBIX
MOXET OBbITh MPOJOKEHO HE3aBUCHUMO OT OCHOBHOH paborbl. CTeneHb Takoil MOAYIbHOCTH
orpenensieT THOKOCTb U U3MEHSIEMOCTh MPOrPaMMBbl.

BupTt cuutaer HEOOXOAMMBIM HCIIOJIB30BAHUE HA KaXXJOM Iare HOTalMM KaKk MOXHO Oojee
BBICOKOTO YPOBHSI, YTOOBI BBIICTUTH MOHATHS U CKPBHITh JAETAlld, MOKAa HE CTaHET HEOOXOAUMBIM
JTaJIbHEWIIee YTOUYHEHHE.

[IpaBUJIBHO OCYILECTBIAEMOE HUCXOASIIEE MPOCKTUPOBAHUE MO3BOJIAET M30erarb OIMMOOK IO
HECKOJIbKUM Ipu4rHaM. Bo-mepBbIx, MPO3payHOCTh CTPYKTYPhl U MPEACTABICHUS O0Jer4yaeT TOYHYIO
bopMyIMpOBKY TpeOOBaHMI K MOIYIAM U UX QyHKIUN. BO-BTOpBIX, pacuieHeHUE U HE3aBUCUMOCTD
MOIyNlell MOMOTaloT H30eXaTh CUCTEMHBIX OIMOOK. B-TpeThbux, MpPOEKT MOXKHO TECTUPOBaTh Ha
KaXJIOM YTOYHSIIOILEM Ilare, MO3TOMY TECTHPOBAaHHE MOHO HayaThb PaHbIIE M HA KaXKJIOM LIare
COCPENOTOUYUTHCSA Ha MOAXOAIIEM YPOBHE JIETAIN3ALINH.

[Ipouiecc momaroBoro yroyHEHHs HE O3HA4aeT, YTO B CIydae CTOJIKHOBEHHS C KaKOW-HHOYIb
HEOXKUJAHHO 3aTPYIHUTENIbHON JETalbl0 HE MPUXOAUTCS BO3BpAIlaThCs Haszal, OTOpachIBaTh CaMbIii
BEpXHUU YPOBEHb M HauMHaTh Bce cHayana. Ha mpaktuke 310 yacto ciydaercs. Ho craHoButcs
3HAYUTEIIBHO JIeTYe TOYHO YBUAETH, KOTJa U MOYEMY HY>)KHO OTOPOCHUTH BECh TPOEKT U HayaTh CHayaIa.
MHorue cinadble CUCTEMBI MOSIBISIIOTCS B PE3YIIBTATE MOMBITOK COXPAHUTH CKBEPHBIA NEPBOHAYAIbHBIN
IPOEKT IYTEM PA3HOIO poAa KOCMETHMYECKMX 3aruiaTok. Hucxopsiee NpoeKTUpPOBAaHUE YMEHBIIAET
TaKou coOua3H.

S yOexzaeH, yTO HHUCXOISAIICE MPOSKTUPOBAHHE SIBISAETCS BaKHEHIel HOBOW (opmanu3anueit
POrpaMMUPOBAHUS 32 JECATUIIETHE.

CtpykTypHOE mporpammupoBanue. Jpyroil BaxHbI Kpyr uaei st pa3paboTKH, COKpAIAIONIIMX
quciao ommOok B mporpamme, ucxomut 1o [eikctpsl (Dijkstra) [3] u mocTpoeH Ha TEOpeTHYECKOM
ctpyktype béma (Boehm) u Jlxakomuuu (Jacopini). [4]

B cBoeli OCHOBe MOIXOA 3aKIJIOYAeTCs B pa3pabOTKe MPOTrpaMM, YIPABIAIOMME CTPYKTYPHI
KOTOPBIX COCTOSAT TOJBKO M3 LHUKJIOB, ONpEAENsieMbIX Takumu omneparopamu, kak DO WHILE wu
rpyINIaMu YCIOBHO BBIMOJHIEMBIX OIEPAaTOPOB, OrPAHMYECHHBIX CKOOKAMH C HCIOJb30BAHHEM
oneparopoB ycinoBust IF...THEN...ELSE. bém wu J[KakomuHM TMOKa3bIBAIOT TEOPETUUYECKYIO
JIOCTaTOYHOCTh TAaKUX CTPYKTYp. JlelikcTpa moka3blBaeT, UYTO ajJbTE€PHATUBHOE HEOTPAaHUUYEHHOE
npuMenenune BersieHue ¢ nomonpio GO TO o6pa3yeT CTPyKTyphl, pacmoJiaralolpe K MOSBICHHIO
JIOTUYECKHUX OUIMOOK.

B ocHOBe, HECOMHEHHO, JiexKaT 3ApaBble MbIciH. [Ipu 00CyxIeHUH clie1aHO MHOTO KPUTHUYECKUX
3aMEYaHUN — B YaCTHOCTH, OOJbIIOE YIOOCTBO MPEIACTABISIOT JOMOJHUTEIbHBIC YIIPABISIONME
CTPYKTYpPBI, TAKHE KaK N-BaApUAHTHBIN mepexon (Tak HasbiBaeMblil oneparop CASE) ang paznuueHus
cpear HECKOoNbKMX ciydaeB M aBapuiiHbli Bexog (GO TO ABNORMAL END). Kpome Toro,
HeKoTopble Jormatuyecku uzderatot Bcex GO TO , uto npencrapiseTcs Ype3MepHbIM.

BaxxHOM M CyIIECTBEHHOW [UIsl CO3/JaHUs NIPOrpaMM, HE COAEpkKalMX OIIMOOK, SIBISIETCS
HEOOXOIMMOCTh PAacCMAaTPUBaTh YIPABIAIOMIME CTPYKTYPhl CUCTEMBI KaK YIPaBISIIONME CTPYKTYPHI, a
HE KaK OTJeJIbHbIC OllepaTopsl nepexoaa. Takoit 00pa3 MbICIU ABISETCA OOJBIIMM IIATOM BIIEPE/I.

Omnaoka KoMNOHeHmMo8

3a moclenHUE NBaaUaTh JIET MPOLEIyphl OTIAJAKU IMPOTpaMM MPOUUIH OOJBIIOW KpPyr M B
HEKOTOPBIX OTHOIICHUAX BEPHYIUCHh K HadyalbHOM Touke. L{uki mpoiuen yeTeipe 3Tana u Jt00O0MBITHO
MPOCJIEIUTD UX, OTMETUB MOTHUBAIMIO TIEPEXOAA.

Otnagka B aKTUBHOM pEXHME. Y MEpBbIX MAalMH ObLIO CPaBHUTENBHO ciaboe 000pyaoBaHUE
BBOJIa-BbIBO/IA, OOyCIIOBIMBaBILee OoblMe 3aep>Kku. OObBIMHO MalllMHA MCIOJIb30BaJia U YTEHUS U
3anmucu OyMa)KHble W MAarHUTHBIE JICHTBI, a JUIS TOATOTOBKH JIEHT M TeYaTH MCIOJIb30BAINUCH
aBTOHOMHBIE cpeficTBa. 13-3a 3TOro BBOA-BBIBOA HA JICHTY ObUT HEBBIHOCUMO HEYHOOCH Ui OTIaAKH, U



JUIsL Hee UCIOJb30Banach KOHCONb. [loaTOMy OTiazka opraHu3oBbIBajJach TaKUM 00pa3oM, 4TOObBI
o0ecreyuTh 3a ceaHc padOThl C MAIIMHON BO3MOXHO OOJIbILIEE YUCIIO MPOBEPOK.

[IporpaMMHCT TIIATENIBHO pa3padarbiBaj CBOU MPOLEAYPhI OTIAIKH, IIJIAHUPYSI MECTA OCTAHOBKH,
azpeca MamsATy Uil IPOCMOTpPa, UX BO3MOKHOE COIEPKUMOE U JTajibHENIME IEMCTBUS B 3aBUCUMOCTH
OT COAEPNKUMOr0. DTO JTOTOILIHOE MPOTPaMMHPOBAHUE CaMOTO ce0si B KauecTBE OTJIaJuMKa BIIOJHE
MOIJIO 3aHATh MOJOBUHY BPEMEHU HANIMCAHUS OTJIAKUBAEMON IPOTPAMMBI.

['maBubIM rpexoM ObuI0 cMeno Haxarh KHONKY START, He pa3OuB mpenBapuTEIbHO MPOrpaMMy
Ha OTJIa)KMBAEMbIE CEKIIMU C 3allJJaHUPOBAHHBIMU OCTAHOBKAMH.

Hamnsl namaru. OTiaaka B aKTUBHOM pexume Obuia odeHb 3(G(EeKTUBHOU. 3a JIBYXUaCOBYIO
OTJIAJIKy MOXHO OBLJIO 3alyCTUTh IPOrpaMmy pa3 aeciatb. Ho KOMIbIOTEpH! ObLTM MaJOYHMCICHHBI U
OYEHb JIOPOTHU, U MBICJIb O TAKOW HAIIPaCHOM TpaTe MAIIMHHOIO BPEMEHH YKacaJa.

[ToaTOMy, KOrJa MOSBHJIMCh CKOPOCTHBIE IPUHTEPBI, IMOAKIOYAEMBbIE B aKTUBHOM pPEXUME,
TeXHOJOoTusl n3MeHunach. [Iporpamma 3amyckanach M paboTana A0 BOZHMKHOBEHHMS OLIMOKH, TOCIE
Yero pacreyvarbiBajics JaMIl NaMsaTH. Torna HauMHaJICs KPOIOTIMBBIA TPyA 3a CTOJIOM MO U3YYEHUIO
COAEP)KUMOTI0 KaXJI0TO ajipeca. BpeMeHH yxoauio NpuMEpHO CTOJBKO €, CKOJIBKO U IIPU OTJIAJKE Ha
MalllMHEe, HO 3TO OBLIO YK€ MOCJe KOHTPOJIBHOTO IPOroHa, U paboTa cocTosa B pacimppoBKe JaHHBIX,
a HE B IUIAHMPOBAHMUM, Kak mpexnae. [nsd kaXaoro OTAEIbHOIO IOJIb30BaTENs OTJIAJKA 3aHUMana
3HAYUTEIBHO OOJBIIMI CPOK, MOCKOJIbKY TECTOBBIC 3aIYCKU 3aBUCENIM OT 000paYrMBAEMOCTH MaKETHOU
oOpaboTku. OpHako mpoueaypa B IeJoM Oblla MpelHa3HaueHa [UIsl COKpAICHHUS BpPEMEHHU
UCII0JIb30BaHUS KOMIIBIOTEpA U 00CTYKUBAHUS BO3MOKHO OOJIBIIIETO YK CIIa IPOTPAMMHUCTOB.

CHUMKHM MOMEHTAJILHOTO COCTOSHMS. MallMHBbI, 17151 KOTOPBIX ObLIN pa3paboTaHbl JaMIIbl TaMSITH,
uMenu namarb pazmepom 2000-4000 cnoB, unu 8-16 Kobaiit. OqHako pazMep naMsaTu poc OrpOMHBIMU
TEeMIaMU, U JeJaTh JAaMI MaMsITH cTajlo HepeanbHbIM. [loaToMy pa3zpaboTanu MeTOAbl BEIOOPOYHOTO
namria, BEIOOPOYHON TPACCHUPOBKM M BCTaBKM B MPOrPaMMBbl KOMaH] Ui MOMEHTAJIbHBIX CHHUMKOB.
Bepumnoit pasButus storo HamparieHus ctail TESTRAN B OS/360, mo3BonsBIMi BCTaBIsATH B
IpOrpaMMy MOMEHTAJIbHbIE CHUMKHU 0€3 MTOBTOPHON COOPKH M KOMITUJIALIUH.

NutepaktuBHas otiaaka. B 1959 rony Konn (Codd) ¢ xomneramu [5] u Crpeitun (Strachey) [6]
coobmmn 0 padoTe, HEIbI0 KOTOPOW ObUIa OTIaZKa B PEXKHME pa3/elieHUs] BPEMEHH, MO3BOJISIONIAS
OIHOBPEMEHHO JIOCTUYh MTHOBEHHON 000pauynBaeMOCTH OTJIAJKU B aKTUBHOM pexuMe U d3PPEKTUBHO
UCIIOBb30BaTh MAIIMHHOE BpeMs, KaK MpU MakeTHON oOpaboTke 3amanuii. Kommneiorep AomkeH ObLl
MMETh B NAMSITH HECKOJIBKO IPOTpaMM, TFOTOBBIX K 3alycKy. TepmMuHan, ynpaBiasieMbld TOJBKO
IpOrpamMMoi, OJKeH ObUT OBITh CBSI3aH C KaXKJIOW M3 OTIa)xuBaeMbIX mporpamm. OTiajgka JOJKHA
ObUla TPOXOAMTH MO YIPaBICHHEM MpOrpaMMbI-cynepBru3opa. Korma mporpaMMucT 3a TepMUHAIOM
OCTaHaBJIMBAJI CBOKO MPOrPAMMY, UTOOBI U3YUNUTh €€ BBITOJIHEHHUE UM BHECTH U3MEHEHUS, CYIIEPBU30P
3aIycKal APYyrylo mporpaMmy, 3aHuMas TakuM 00pa3oM MalliHy.

Mynsrunporpammuas cucrema Kogna Obiia pazpabotana, HO aklleHT ObLT CEJIaH Ha yBEJIMYEHUE
NPOU3BOIUTEIBHOCTH Onarogapst 3(hPeKTUBHOMY HCIOJIB30BAaHHUIO BBOAA-BBIBOAA, M MHTEPAKTHUBHAS
oTiiagKa He Obuia ocymecTBieHa. Mnen Crpeitun 6butH ymydineHsl 1 B 1963 rony Bomsomens Kopbaro
¢ xomneramu B MTU B skcniepumenTtanbHoit cucteme 7090. Oto paspaborke mpusena k. MULTICS,
TSS u gpyrum ceroiHsIHUM CUCTEMaM pa3/IeICHUsI BpEMEHMU.

['MaBHBIMH OIIYIIAEMBIMU IOJb30BATEIEM PA3IUYUSAMHU MEKIY OTIAAKOM B aKTUBHOM PEKHME,
KaK OHa OCYILIECTBJISUIACH PaHEE, U CETOJHSAIIHEN MHTEPAKTUBHON OTJIAJAKOW SIBISIFOTCS BO3MOXHOCTH,
IOJYYEHHbIE B  pE3ylbTare MPUCYTCTBUS NPOTPaMMBI-CYIIEPBU30pa U CBSI3aHHBIX C HEWM
MHTEPNPETATOPOB SA3BIKOB MPOrPaMMHUpPOBaHUS. MOXKHO MPOrpaMMHUPOBaTh U MPOU3BOIUTH OTJIAJIKy Ha
A3bIKaX BBICOKOTO YpOBHS. O(G(EKTUBHBIE CPEICTBA PEAAKTUPOBAHUSA TMO3BOJSIOT JIETKO JeNarh
WU3MEHEHUS U MOMEHTAJIbHBIE CHUMKU.

Bo3Bpar k MTHOBEHHOW 000pPaYMBAEMOCTH OTJIAJIKM B aKTUBHOM pEXKHMME MOKa HE MpPHUBEN K



BO3BpAILCHUIO IPEABAPUTEIBHOIO IJIAHUPOBAHUS OTJIAJOYHBIX CEaHCOB. B cymHocTH, Takoe
npeABapUTENIbHOE IUIAHUPOBAHUE HE CTOJIb HEOOXOMUMO, KaK paHblle, MOCKOJIbKY MAllMHHOE BpEeMs
TENEPb HE TPATUTCS BIYCTYIO, TOKA YEJIOBEK CUJUT U TyMaeT.

Tem He MeHee MHTEpeCHbIE JKcmepuMeHTanbHble AaHHble [onma (Gold) mokaspiBalOT, 4TO BO
BpeMsi IIEPBOr0 JMajora KakJI0ro ceaHca JOCTUraeTcs BTpoe OONBIIMM Mporpecc B MHTEPAKTUBHOMN
OTJIaJIKe, YeM MpHU TMOCIenyloumX auanorax. [8] Dto yOeauTeabHO TOBOPUT O TOM, YTO U3-3a
OTCYTCTBUS TJIAHUPOBAHUS Mbl HE TMOJHOCTBIO pealiu3yeM IOTEHIMaNd AuanoroBoit padotsl. Ilopa
CTPSIXHYTh IBUIb CO CTAPhIX METOJIOB pabOThl B MHTEPAKTUBHOM PEKUME.

A cunTaro, 4TO AJIA NMPABUIBHOTO MCIIOJIb30BaHUS XOPOUIEH TEPMUHAIBHOM CUCTEMBI HA KaxK]Ible
JBa yaca paboThl 32 TEPMHUHAJIOM JOKHO MPUXOIUTHCS ABa 4aca paboThl 3a cTojoM. [lomoBuHa 3TOrO
BPEMEHHU YXOOUT HAa MOMYUCTKHU IOCJIE MEPBOTO CEAHCA: BHECEHUE M3MEHEHMI B JKypHAJ OTJAIKH,
MO/IIMBKY HOBBIX TUCTUHIOB B CUCTEMHBIN KypHall, 00bICHEHUE HEMOHITHBIX sIBIeHUM. Bropas yactsb
YXOAUT HA MOATOTOBKY: IUIAHUPOBAHUE W3MEHEHUH M YCOBEPIIEHCTBOBAHUM U pa3pabOTKy JeTalbHbIX
TECTOB JIJIs1 OYEPEAHOTO CceaHca. be3 Takoro IIaHuPOBAHUS TPYIHO MOAIEPKUBATH MPOTYKTUBHOCTh Ha
INPOTSDKEHUM BCEX JIBYX 4acOB. be3 MOAYMCTKH MOCiE ceaHca TPYAHO CHAENaTh MOCIEA0BATEIbHOCTD
CEaHCOB CHCTEMAaTUYHOHN W MPOABUTAIONICH padOTy BIIEpe/I.

Kontponbubie mnpumepsl. Uto Kacaercsa pa3paboTku (PakTUUECKUX MpoLeAyp OTJIAAKU U
KOHTPOJIBHBIX MPUMEPOB, OCOOEHHO ynadHOe u3JioxkeHue npeiaraet ['prondeprep (Gruenberger), [9]
eCTh U 00Jiee KOPOTKHUE OMMCAHUS B JPYTUX U3BECTHBIX yueOHuKax. /0, [11]

CucmemHas omnaoxa

HeoxxugaHHO TPYIHBIM — JTalOM  CO3/JaHUS  CHUCTEMBI IMPOrPAMMHUPOBAHMUS  OKa3bIBAECTCS
TECTUPOBAaHUE CHCTEMBL. S| yxe 00CyXJIadl HEKOTOpble NPUYMHBI KakK €ro TPYIHOCTH, TaK U
HeMpeacKa3yeMocTu. MOXHO HE COMHEBAaThCsl B JBYX BelllaX: CUCTEMHas OTJajaKa 3aiMeT OoJblie
BPEMEHH, YE€M IMPEAINONAaraeTcsi, a €€ CJI0KHOCTb ONpPaBIbIBAET JOCKOHAJIBHO CHCTEMAaTHUYHBIA WU
MIJIAHOBBIN TToAX01. PaccMoTpuM, 4TO BKITIOUaeT B ceOst Takon moaxo. [12]

Hcnonp3yiiTe OTIaKeHHbIE KOMIOHEHTHl. OOBIUHBIN 37paBblii CMBICH, €CIIM HE OOBIYHAas
NpaKkTHKa, MOJCKA3bIBAIOT, YTO CHCTEMHYIO OTJAJIKy HYXHO HayMHaTh, Korga paboTaeT Kaxkjaas
COCTABJIAIOILAS YACTh.

Hanee oOmenpuHsTas NpakTUKa clenyeT AByMsa nyTaMmu. [lepBblii moaxon — «CBUHTH U
nonpoOyii». Buaumo, oH OCHOBBIBaeTCSI Ha TOM, YTO KpOME OIMOOK B KOMIIOHEHTAaX HaWayTcs U
om0k B cucrteme (T.e. B uHTepdeiicax). Uem ckopee yactu OyIyT COEAMHEHBI BMECTE, TEM CKOpee
BCIUIBIBYT CHCTE€MHblEe OHMOKHU. JIerko Takke NpeacTaBUThb, YTO, HCIOJIb3YS KOMIIOHEHTBI IS
TECTUPOBAHUS JPYr Jpyra, MOKHO B 3HAuUTENIbHOW Mepe Hu30exarb CO3JaHUs OKPYKEHUS s
tecTupoBaHusd. M To, U Ipyroe, O4EBUJIHO, SBISETCS NPABAOM, HO, KaK IMOKa3bIBAE€T OIBIT, HE BCEH
NpaBAOi: 3HAYUTENBHO 0OJIbIIe BpeMeHU cOeperaercsi Mpu TECTUPOBAHUH CUCTEMBI C UCIIOJIb30BAaHUEM
YUCTBHIX OTJIAXKECHHBIX KOMIIOHEHTOB, YEM €r0 TPAaTUTCA Ha CO3JAaHHE OKPYKEHUS U JOCKOHAIBHOMU
POBEPKHU KOMIIOHEHTOB.

Heckonbko 60j1€e TOHKUM SIBISIETCS MOAXOM «JOKYMEHTHPOBAaHHON OmmMOKKW». OH O3HAYaeT, 4To
KOMIIOHEHT TOTOB K HCIIOJb30BAaHUIO B CHCTEMHOMW IMPOBEpPKE, KOIJa BCE €ro OUMOKH HailJeHbl, HO
HE0O0s13aTeNIbHO YK€ McTpaBieHbl. Toraa, TeOpeTUYecK, TP CUCTEMHOM TECTUPOBAHUU BO3MOXKHBIC
3¢ }eKTh ITUX OMMOOK M3BECTHBI U MOTYT OBITh MPOUTHOPUPOBAHBI, & COCPEIOTOUUTHCS MOXKHO Ha
HOBBIX SIBIICHUSIX.

Bce 3TO 0O3HauaeT mpUHHUMAaTh JKEJIAEMOE 3a JICUCTBUTEIBHOE M IPOUCXOAUT OT CTPEMIIEHUS
OoOBsICHUTh TpoBall rpaduka pabor. HUKTO He 3HAeT BCEX BO3MOXKHBIX MOCIEICTBUNA H3BECTHBIX
oum0Ook. Eciau Obl Bce ObUIO MPOCTO, CUCTEMHOE TECTUPOBAHKUE HE BBI3bIBAJIO ObI 3aTpynHenuii. Kpome
TOTO, WCHPABICHHE TOKYMEHTUPOBAHHBIX OIIMOOK, HECOMHEHHO, MNPHUBEAET K BHECEHUIO HOBBIX
OIMOOK, ¥ CUCTEMHBIN TECT OKAXKETCSI UCTIOPYCHHBIM.



Co3znaiite Oombiie okpyxkeHui. Ilom «okpykeHHMeM» s MOHMMAaK BCE MPOTpaMMbl U JIaHHBIE,
CO3JJaHHbIC JJIA LEeJIed OTJIaJAKHA, HO HE MPeAHA3HAUYCHHbBIC JJIS CIOJIb30BAaHUSI B KOHEYHOM IPOIYKTE.
B okpyxeHuu HET CMBICIa UMETh U ITOJIOBUHBI TOI'O KOJA, KOTOPBII BXOAUT B POAYKT.

OnvH U3 BUIOB OKPYXKEHUS — (PUKTUBHBIA KOMIIOHEHT, KOTOPBI MOXET COCTOSTh TOJBKO W3
uHTEep(DEecoB M, BO3MOKHO, KAKUX-HHOYb MCKYCCTBEHHBIX JAHHBIX WU HEOOIBIIMX KOHTPOJIBHBIX
npuMepoB. Hampumep, B cHUCTEMYy MOMKET BXOAWTH IpOrpaMMa COPTUPOBKH, KOTOpas €Ille HeE
3akoH4YeHa. CBsi3aHHbBIE C HEM KOMIIOHEHTHI MOKHO TECTUPOBAThH C MOMOMIBI0 (PUKTUBHOM MPOTrpaMMBl,
KOTOpasi MPOCTO YMUTAET U MpoBepseT (popmar BXOAHBIX JAAHHBIX U BO3BpalllaeT HAOOpP MPABUIBHO
O0T(QOpMaTHUPOBAHHBIX OECCMBICICHHBIX, HO YIOPSIOYCHHBIX JaHHBIX.

Hpyroit Bux — wuHU-(Daitn. PacnpocTpaHeHHBIM BHUIOM CHUCTEMHOM OIIMOKU SIBISIETCS
HEIMPaBUIIbHOE BOCHpPHUATHE (POPMATOB JICHTOUYHBIX M JUCKOBBIX (¢aitnoB. [loaTomy cTouT co3aarh
HECKOJIbKO MAaJICHbKUX (PaljioB, COIEpKAIMX JIMIIb HECKOJIbKO THIIOBBIX 3allMCE M BCE OMUCAHWS,
yKa3aTesau U T.II.

[Ipenenbublii cinyuaih MuHU-(aiina — QUKTUBHBINA (aiii, KOTOPbIH (PaKTUUECKH HE CYIIECCTBYET.
S3pik ympaiastonmx 3agaHuii OS/360 mMeeT Takoe CpPeACTBO, U OHO OYCHb MOJIE3HO MJIs OTJIAIKH
KOMIIOHEHTOB.

Jlpyroii BUI OKpYXEHHS — BCIIOMOTrarelbHblE IpPOrpaMMbl. leHeparopel MAAaHHBIX IS
TECTUPOBAHUS, TM€YaTh CHEIUATBHOIO aHalIM3a, aHAIN3aTOphl TAOJUIl MEPEKPECTHBIX CCHUIOK — BCE
3TO MPUMEPHI CIICHATBHBIX MPUCIIOCOOICHUH, KOTOPBIE MOXKET MOTpeboBaThCs co3aaTh. [13]

KonTponupyiite wu3MeHeHus. JKeCTKMM KOHTpPOJIb BO BpEeMs TECTUPOBAHUS  SBIISIETCA
BIICUATJISIONMM  METOIOM  OTJAJKM anmaparypbl, € YCIEXOM MNPUMEHUMBIM K CHUCTEMaM
POrPpaMMHUPOBAHUSL.

[Ipexxnae Bcero, KTO-TO JOJDKEH OBITh OTBETCTBEHHBIM. OH, M TOJBKO OH JOJDKEH pa3pelarb
W3MEHEHUS B KOMIIOHEHTAX U 3aMEHY OJTHOM BEPCHUU IPYrOM.

Janee, kak 00CYXAQJIOCh BBIILIE, CUCTEMA JIOJDKHA UMETh KOHTPOJUPYEMbIE IK3EMILISAPBL: OIHUH
AK3EMILISIP C MOCIEAHUMH BEPCUSMHM, HAXOIALMICS TOJ 3aMKOM U UCIOJIB3YEMBbIN ISl TECTUPOBAHUS
KOMIIOHEHTOB; OJMH TECTHUPYEMBId SK3EMIUISIp C YCTAHOBJIECHHBIMU MCIpPABICHUSIMU; paboune
AK3EMILISIPBI KaXKJ0T0 COTPYIHHUKA JIJIsl BHECEHUS UCIIPABIEHUM U JOMOJHEHUN B CBOM KOMITOHEHTHI.

B Texuunueckux monensx System/360 cpeay OOBIMHBIX KENTHIX MPOBOAOB MOXHO ObLIO MHOTIA
BUJETh (uosieToBble TmpoBonma. Ilpum oOHapyxkeHuu pgedexra Jenanuch JABE BelUM. bbICTpo
NPUAYMBIBAJIOCH UCIIPABICHUE U YCTAaHABIMBAJIOCh B CUCTEME, YTOOBI MPOAOKHUTH OTIAIKY. ITO
U3MEHEHHE JeNajoch (PUOJIETOBBIMM IPOBOJAMM, TaK YTO OHO TOpYAlIO Kak OeabMO Ha Iviasy.
H3MmeHeHne perucTpupoBalioch B KypHaje. TeM BpeMEeHEeM TOTOBHJICS O(QUIHMAIBbHBIA JOKYMEHT O
BHECEHUH HCIPABIEHUM, KOTOPBIM 3ayCKaJCsl B )KEPHOBAa aBTOMATU3MPOBAHHOTO MPOEKTUpOBaHuUs. B
UTOTE€ ATO BBUIMBAJIOCh B M3MEHEHHBIE YEPTEKH M CHUCKU MPOBONOB M HOBYK 3aJHIOI MaHEIb, B
KOTOPOM M3MeHeHUsI ObUTM CIelaHbl Ha I[EeYaTHOM IulaTe WM KEIThIMH MpoBOJaMu. Temepb
dbusznyecKast MOJENb U TOKYMEHTAIMsI COOTBETCTBOBAIU JIPYT APYTY, U (PUOJIETOBBIN MPOBOJI MCYE3AJL.

[IporpaMMupoBaHuio TOXe TPeOyeTCs TEXHOJOTUs (PUOJETOBBIX MPOBOAOB, U OYEHb Tpedyercs
KECTKUH KOHTPOJb M TIYOOKOE YBaKEHHE K JOKYMEHTY, KOTOPbIH B KOHEYHOM CUETE, OKaXKeTCs
npoaykToM. HeoTheMIeMBIMH COCTABIISIFOUIMMHU TAaKOM TEXHOJIOTMM SIBISIIOTCS PETHCTpalUsl BCEX
W3MEHEHUN B )KypHAJE U 3aMETHOE OTJIMYME B UCXOJHOM KOJE MEXY 3aIlJIaTKaMU Ha CKOPYIO PYKY U
POJAYMaHHBIMHU U JOKYMEHTUPOBAHHBIMU UCIIPABICHUSIMH.

Jlo0GapnsiiiTe KOMIIOHEHTHI IO OJHOMY. OTOT pEUEeNnT TakKXe OuYeBHUJIEH, HO MM YacTo
npeHeOperaT u3-3a ONTUMU3MA U JIeHH. YTOoObI cieioBarh eMy, TpeOytoTcs (PUKTHUBHBIE MPOrPaMMBbI
U pa3HOE OKPYKEHHE, a 3TO OTHHUMaeT BpeMsa. M B KOHIIE KOHIIOB, BCA 3Ta paboTa MOXKET OKa3arbCs
nummeit! Moxet ObITh, OIMOOK U HET!

Hetr! IIpotuBbrech coOna3zHy! DTO TO, B 4E€M 3aKJIOUAETCAd CHUCTEMaruyHOE TECTUPOBAHUE



cucteMbl. HyxHO mnpeamnonararb, 4To OWIMOOK OyIeT MHOTO, U IIJIAHUPOBATh YIOPSIOUYCHHYIO
npoieaypy n30aBiaeHus OT HUX.

Yurute, 4YTO HY)KHO UMETh MOJIHBIA HAOOp KOHTPOJIBHBIX MPUMEPOB AJIsi MPOBEPKU HACTHUHO
cOOpaHHBIX CHCTEM Tociie J00aBlICHUA KaXJ0oro KommoHeHTa. I[IlpexxHue mnpumepsl, YCHEIHO
BBIITOJTHEHHBIE HA MOCIEAHEH YaCTUYHOM cOOpKe, HY)KHO Nepe3annyCcTUTh Ha HOBOW, YTOOBI TPOBEPUTD,
HE yXyJIIMIach JIU CUCTEMA.

KBanryiite nsmenenus. [lo mepe co3peBaHus CUCTEMBI BpeMsi OT BpEMEHHU HAUMHAIOT MOSBISATHCS
pa3pabOTYUKN KOMIOHEHTOB, IPUHOCS CBEXKHE BEPCHHM CBOMX M3JIEINN — OoJiee ObICTpbIC, MEHbILHE
no pasMepy, OoJjiee TOJHBIE WM MPEINOJIIOKUTEIBLHO COAEp)KalMe MeEHbIe oumbok. 3ameHa
paboTaromero KOMIIOHEHTa HOBOM Bepcueil TpeOyeT Takod jKe CHCTEMaTH4eCKOW MpOoleAyphbI
TECTUPOBAHUS, KaK U JOOaBJICHHWE HOBOIO KOMIOHEHTA, XOTS U TpeOyeT MEHbIIE BPEMEHH, MOCKOJIbKY
OOBIYHO YK€ UMEIOTCs OoJiee MoMHbIe U 3((PEKTUBHBIE KOHTPOJIbHBIE TPUMEPHL.

Kaxmas komanma, co3Jalom@si HOBBIM  KOMIIOHEHT, MCHOJB3YET HOBEHIIYI0  BEPCHIO
MHTETPUPOBAHHONW CHUCTEMBbl B KauecTBE Cpeabl JUIsl OTJIAJKU CBOEro KomIioHeHTa. I[IpomenanHas
pabota OymeT oTOpoIlieHa Ha3aj, eciu 3Ta cpefa u3MeHuTcss. Koneuno, oHa J0MKHA U3MEeHUThCS. Ho
BHECEHHE HM3MEHEHUW HY)XHO MPOU3BOIUTH KBaHTaMH. Torga y KaKIOro TIOJb30BaTess OydyT
NPOMEXYTKH MPOAYKTUBHOW CTAOMIBHOCTH, IMPEPHIBAEMbIE IAKETHBIM OOHOBJICHHEM CpPEJIbl
TECTUPOBAHUA. DTO OKa3bIBACTCS 3HAUUTEIbHO MEHEE Pa3pyIIMTEIbHBIM, YeM MMOCTOSIHHBIE BOJTHEHUS U
TPOXKb.

Jleman u benaau AarOT CBUAETENHCTBA B MOJB3Y TOTO, YTO KBAHT U3MEHEHUMN JOKEH OBITH 1100
O4YEHb OOJIBIIUM U PEAKUM, JUOO0 OYeHb MaleHbKUM M yacThiM. [14] [locnenuss crparerus, COriacHO
UX MOJENH, OOJbIe MOABEPKEHA HEYCTOMYMBOCTU. MOIl ONBIT 3TO MOATBEPKIACT: S HUKOIAA HE
PUCKHY MCIIOJIb30BAaTh €€ Ha MPAKTHUKE.

KBaHTOBbIE M3MEHEHUSI XOPOILIO BIHUCHIBAIOTCA B TEXHOJIOTHIO (DHOJETOBBIX MPOBOMAOB. BricTpas
3amiaTka JIepKUTCSA 70 CIeAyIoUeld peryisipHOM BepCHU KOMIIOHEHTa, KOTOpas JOJKHA COAEPkKaTh
UCIIPaBJICHUE B OTJIAXKEHHOM U JOKYMEHTUPOBAHHOM BH/IE.



['naBa 14 HaspeBanue karacTpogdnl

Huxmo ne nrooum npunocswezo oypuvle ecmu.
CODPOKIT

Kak oka3bIBaeTcs, 4TO MPOEKT 3ama3asiBaeT Ha ron? ... CHauana 3ama3bplBaeT Ha OJIUH JICHb.

Korna capimmim 0 karacTpo(uueckoM OTCTaBaHUU MPOEKTa OT Tpaduka, TO MPEeACTaBIsIeTCs P
oOpylmMBIIMXCSI Ha Hero Oonbumx OeAcTBUM. OmHAKO OOBIMHO MPUYMHONM KaracTpo(bl CIyXaTr He
CMEpUH, a TEPMUTHI: OTCTaBaHUE OT rpadrka MPOUCXOTUT HE3aMEeTHO, HO HeymonuMo. Ha camowm nerne,
C KpYNHBbIMU O€ICTBUSAMHM CIPABUTHCS JIETHYE: HUCIHOJB3YIOTCS KpPYIHBIE CHJIBI, KOpPEHHas
peopraHu3aims, H300peTarTCsA HOBBIE TOAX0IbI. Bes koMaHaa mogHMMaeTcst Ha 00phOy.

OtcTtaBaHue, pacTyuiee IMOHEMHOTY H30 JHS B JeHb, TpPYAHEE paclo3Harh, TpYyAHEE
NpeAOTBPaTuTh, TPYAHEE HCIpaBUTh. Buepa He ymanoch MPOBECTH COBEUIAHUWE H3-3a OO0JE3HU
KJII04eBOro paboTHuKa. CeroHsi BHIKJIIOYEHBI BCE MAIIMHBI, TIOTOMY YTO MOJHUS ylapuia B CHJIOBOM
TpaHnchopmarop. 3aBTpa He yaacTcs HayaTb TECTUPOBAHHE MPOLEAYp pabOThl C AUCKAMH, TOCKOJIbKY
MOCTaBKa € 3aBOjia MEPBOro AMCKA 3a/epkuBaeTca Ha Heaento. CHeronaa, paboTa B Cyne MPUCSKHBIX,
ceMelHbIe TPOOJIEeMBbl, IKCTPEHHBIE BCTPEUYHM C KIMEHTAMH, MPOBEPKU PYKOBOACTBOM — CIIHCOK
OeckoneueH. Kaxpoe coObiTHe 3a/epKMBaeT KaKyo-HHOyIb paboTy Ha mojaHs uiu AeHb. W pacrer
oTcTaBaHue OT rpaduka, KaXxJIplii pa3 euie Ha OJIUH JICHb.

Bexu unu nomexu?

Kak ynpapnsTe 00JbIIMM IPOEKTOM M0 kecTkoMy Tpaduky? IIpexae Bcero, Hano UMETh rpaduk.
VY kaxz0ro u3 coObITHI, Ha3bIBAEMbIX BEXaMH, JOJKHA ObITh Jara. BeiOop gat — yxke oOcykaaBIiascs
3a/laya OLIEHKH, U OH PEIAIONMM 00pa30M 3aBUCUT OT OIIbITA.

Jlns BBIOOpa BCEX BeX €CTh TOJBKO ONHO MPUTONHOE MpaBujo. Bexamu IOMKHBI CIYyXUTb
KOHKPETHBIE 0COObIE COOBITHS, KOTOPbIE MOXHO MACHTHU(UIMPOBATH C MOJHON OmpeneIeHHOCThI0. B
Ka4ecTBE OTPUIIATENIbHBIX MPUMEPOB OTMETUM, YTO HAMHCAHUE MPOTPaMMbl «3akoHYeHO Ha 90
NPOILICHTOB» B TEUEHHUE IMOJOBUHBI BCEr0 BpeMeHHM KonupoBaHus. Otnajgka «3akoH4eHa Ha 99
NPOLIEHTOB» MouTH Bcerma. «[lmanupoBanme 3aBepuIeHO» — COOBITHE, KOTOPOE MOXXHO OOBSBUTH
MOYTH MPOU3BOJIBHO. [1]

Hanportus, Bexu A0mkHBI ObITh 100-mporieHTHBIMU COOBITUSIMU. «CrienuUuKaluy MOAMNUCAHBI
apXUTEKTOpaMU U pa3paboTUMKAMU», «UCXOAHBIA Kox rotoB Ha 100 mpoueHTOB, oTnepopupoBaH U
3arpykeH B OMONHMOTEKYy Ha AHCKE», «OTJaKeHHas BEpCHUsl Mpolula BCE KOHTPOJIbHBIE HPUMEPHD».
Takve KOHKpEeTHbIE BEXH pPa3rpPaHUYMBAIOT PACIUJIbIBYATBIC STAIMbl MJIAHUPOBAHUSA, KOTUPOBAHUS U
OTJAJKU.

Hanuune yeTko o4epuyeHHBIX TPaHULl U HEABYCMBICIICHHOCTh Ba)KHEE, YeM BO3MOXKHOCTH JIETKOU
NPOBEPKU HadaJbHUKOM. E/Ba M 4esioBeK CTaHET Jrarb O MPOXOKJIEHUM BEXU, €CIM OHA OYepueHa
CTOJIb SICHO, YTO OT HE MOKET ce0si 0OMaHbIBaTh. A BOT €CJIM BEXa pacIUIblBYaTa, HauaJbHUK YacTO
BOCIIPUHUMAET JOKJIAJ WHa4ye, YeM TOT, KTo emy nokjiaabiBaeT. Jomonnss Codokia, ckaxkem, 4TO
HUKTO HE JIOOUT W caM NMPUHOCUTH TypHBIE BECTH, MOITOMY OHHM CMSATYaIOTCs 0€3 31100 HaMepeHus
BBECTH B 3a0TyXKICHUE.

JIBa MHTEPECHBIX HCCIIEIOBAHUS TOBEACHUS MPABUTEIbCTBEHHBIX MOAPSIYUKOB MO MPOBEICHUIO
OLICHOK B KPYIMHOMACIITAOHBIX HCCIIEI0BATEIbCKUX MPOEKTaX MOKA3aIIN:

1. OueHKH NOPONOIKUTEIBHOCTH paboThl, TIIATEIFHO IPOBEICHHBIE W IepecMaTrpuBaeMble
KaXKJIble JBEe HEJNEIM IMepe] HadalioM padoThl, HE CHUIIBHO MEHSIOTCS MO Mepe MPHUOIMKEHUs Hadala
paboThl, KAKUMU Obl HEBEPHBIMHU OHU HU OKA3aJUCh B KOHEYHOM UTOTE.

2. Ilocne Havana paGoTHI 3aBBIIICHHBIE M3HAYAJIbHO OLICHKH MOCTOSHHO YMEHBINAIOTCS MO MEpe



POJIBUKEHHUSL.

3. 3aHM)KXEHHBIC OLEHKH CYHIECTBEHHO HE MEHSIOTCS, NOKa J0 3allJJaHUPOBAaHHOTO CpOKa
OKOHYaHMS pabOT HE OCTAETCS OKOJIO TPEX HEJEb.

YeTko pa3iuuuMMble BEXH B JIEHCTBUTEIBHOCTHU CO3JAIOT YAOOCTBO KOMAaHJE, KOTOpas JOJKHA
pacCcUMTHIBaTh, YTO MEHEKEP MX XOpoIlio onpenenut. C HEACHO BUAUMON BEXOW >KU3HB CTAHOBUTCS
TpyaHee. DTO yXe He BeXa, a MEJIbHUYHBIH KaMEHb, MepeTHUparonmii 00eBOH ayX, MOCKOJIbKY OHa
BBOJUT B 3a01yKJCHHE OTHOCHUTEJIBHO MOTEPh BPEMEHHU, MOKAa OHM HE CTAHYT HEMOMPABUMBIMH. A
XPOHMYECKOE OTCTaBaHHUE OT rpauKa YyrHETarolle IeHCTBYET Ha MOPAJIbHOE COCTOSIHHE.

"Jlpyeas yacms moosce onazovieaem’”

OtcraBanue OT rpaduka Ha OnuH JIeHb — HY M 4T0? Koro BojmHyeT oTcTaBaHHe Ha OAWH JCHB?
[To3xe HaroHuMm. J{pyras 4yacTh, B KOTOPYIO BXOAMT Halla, TOXKE OTCTAET HAa OJIUH JICHb.

Meunemxkep OeiicOo1a cUMTaeT IHEPTUIO BAXKHBIM TAJIAHTOM, KaK JJIsl BBITAIOIMXCS UTPOKOB, TaK U
JUTSL BBIIAIONMXCA KOMaHH. JTO CIOCOOHOCTH Oerarh OBICTpee, YeM HEOOXOMUMO, TEPEABUTATHCS
CKOpee, UeM HEOOXOIMMO, CTapaThCsl CHIIbHEE, YeM HeOOXOAMMO. DHEPrusl BaKHA U JJIs BBIIAIOUIMXCS
KOMaHJ mporpamMMuctoB. OHa o00ecrneyuBaeT YIPYrocTb, PE3EPBHYI0 MOIIHOCTb, IO3BOJISIONIME
KOMaHJIE CIPAaBUTHCS C TIOBCEJIHEBHBIMH HENPUATHOCTSIMH, MPEIBOCXHUINATE MEJKUEe Oenpl u
yoeperarbcsi OT HUX. PaccunTanHas peakius, pa3MEpeHHbIE YCUIIUS OXJIaXIaloT dHepruto. Kak Mbl
BUJICJIM, HY)KHO TNPHUXOOUTH B BO30YXKJCHHE H3-3a OTCTAaBaHHUS HAa OIWH J€Hb, OO OHH SIBISIOTCS
COCTABJISIOIIMMU KaTaCTPOPHL.

Ho He Bce oTcraBaHus Ha OIWH JI€Hb OIMHAKOBO KaracTpopuuHbl. [loaTomy HeoOXommmo
paccUMThIBaTh PEAKIMI0, XOTS 3TO M ocjabnser sHeprutro. Kak OTIMYUTH OTCTaBaHMS, KOTOpHIE
cyuectBeHHbI? Huuem Henb3s 3ameHuTh auarpammbl [IEPT wim meron xputumdeckoro nmyru. Takas
CETh MOKAa3bIBACT, KTO HAXOAUTCS B OKHMJAHUHM KakuX coObITUM. OHAa MOKa3bIBaeT, KTO HAXOIUTCS Ha
KPUTHYECKOM IYTH, Ha KOTOPOM JII000€ OTCTaBaHHUE BIIEUET MEPEeHOC Narbl OKOH4YaHUsA. OHa Takxke
MOKAa3bIBAET, KAKOE MpPEIeIbHOE OTCTABaHHE BO3MOXKHO JUJISi HEKOTOPOW palOoThI, MpEkIe YeM OHO
IIPUBENIET HA KPUTUUYECKUH MYTh.

Texunonorus IIEPT, ctporo roBops, ecTb pa3paboTka rpaduka paboT ¢ KPUTUUYECKUM MYTSIMHU,
KOTZa JJI KaKJIOTO COOBITHSI MPOU3BOIATCA TPHU OLEHKH, COOTBETCTBYIOIME PA3HBIM BEPOSITHOCTSIM
VIOXKUTBCS B YCTAHOBJIEHHBIE CPOKH. Sl HE AymMar, 4TO TAaKO€ YTOYHEHUE CTOUT 3aTpauyrBacMBbIX
YCUJIUU, HO 711 KPATKOCTH BCSIKYIO CETh C KPUTUUYECKUM MyTaMH Oyay Ha3biBaTh Auarpammont [1EPT.

[TonroroBka nuarpamm IIEPT ecTh camas 1eHHas yacth ee nOpuMeHeHus. OrnpeneieHue
TOIIOJIOTUH CETH, YKa3aHUE 3aBUCHUMOCTEH B HEMl M OLICHUBAaHUE IIyTEH 3aCTaBIIAIOT BBINOJHHUTH
0onbIIOd 00BEM OYEHb KOHKPETHOTO MJIAHWPOBAHUS HA CAMBIX PAaHHUX CTaausx mnpoekrta. [lepsas
JqarpaMma BCerjia yKacHa, ¥ JJIs CO3JJaHus BTOPON MPUXOAUTCS MPOSBUTH MHOTO U300pETAaTEILHOCTH.

Bo Bpewms BeimonHeHus npoekrta auarpamma IIEPT naer orBer Ha neMopanu3yronme U3BUHEHUS
TUMA «JpYyras 4acTh TOXe 3ama3fpiBaeT». OHa MOKa3bIBa€T, KOIJa HEOOXOAUMO Pa3BUTh DHEPTUIO,
4YTOOBl YBECTH CBOIO HYacTh Pa0OTHI C KPUTHUYECKOTO MYTH, M MOJCKA3bIBAET CIOCOOBI HABEPCTaTh
MIOTEPSIHHOE BPEMS B APYTUX YACTSIX.

1100 kospom

Korpga MeHeKkep HU30BOTO 3B€HA BUAMUT, YTO €TI0 MAJEHbKAs KOMaHJa OTCTA€T, OH HE CKJIOHEH
OexaTh K HayaJlbHUKY CO CBOUM TropeM. Bo3MOxHO, KOMaHAa CyMeeT HaBepcTaTh BpeMms, JHOO OH
CMOXET 4TO-HUOYIb IPUAYMaTh WM PEOPTaHU30BaTh AJIsl PEIICHUs MPOOIEeMbl. 3a4eM ke OECIIOKOUTD
TUM HaudajbHHUKA? J[O MOpBI JO BPEMEHU ATO AOMYCTUMO. s TOrO M CYIIECTBYIOT MEHEIKEPHI
HU30BOTO 3BEHa, YTOOBI peliarh Takue MNpoOiieMbl. A y HayaldbHUKA JOCTaTOYHO JIPYrUx 3a0oT,
TPeOYIOIIMX €ro BMEIIATeNbCTBA, YTOOBI MCKATh HOBBIE. Tak BCs 3Ta IpsA3b 3aMeTaeTCs 01 KOBEP.

Ho kxaxxnomy HadaJlbHUKY HYXHBI JBa BUJA JAaHHBIX: MHGOpMAIUs O CpbIBaX IJaHa, KOTOpas
TpeOyeT BMEIIATENbCTBA, U KapTHUHA COCTOSIHUSA Jied, 4ToObl ObiThb B Kypce. [3] C aToi menbio oH



JOJKEH 3HATH MOJIOKEHUE A€ BO BCEX CBOMX KOMaHAax. [1oydnTs npaBauByro KapTUHY HEJIETKO.

B aTOM MecTe MHTepechl MEHEKEPAa HU30BOIO 3B€HA M HAYAJIbHUKA BCTYNAKOT B IIPOTUBOPEUHE.
Menemxep HU30BOIO 3BEHAa OOUTCS, YTO €CIM OH JIOJIOKHUT HAa4YaJlbHUKY O BO3HUKIIEH Yy HEro
npoOieme, TOT BO3bMETCS 3a Hee caM. Ero BMemarenbCTBO OTHUMET y MEHeKepa ero (yHKIHH,
YMEHBIIMT €r0 BIacTh U HAPYLIUT JPyrue ero miaHsl. [103ToMy, Moka MEeHeKep CUATAET, YTO MOXKET
caM pelmMTh IpodiieMy, OH He JOKJIaJbIBACT O He HaYalbHUKY.

VY HavanbHUKA €CTh JIBa CIIOC00a 3amISHYTh MojA KOBpHK. Vcnonb3oBars HY:kHO o0a. IlepBbiit —
YMEHBIIMTh KOH(MIUKT pPOJEH W CTUMYIHPOBATh OTKpPbITHE HHpopManuu. Bropolhi — caepHyTbH
KOBPUK.

VYMmenbiieHne KoHGIUKTa pojed. B mepByio ouepenb HayalbHUK JOJHKEH MPOBECTH pasiinyuue
MEXIy AaHHBIMM M JEUCTBUSX M JaHHBIMU O COCTOSHMHM jAell. OH JO0/KeH NpuyddTh celds He
BMEILMBATHCA B MPOOJIEMBI, KOTOPhIE MOTYT PELIUTh €r0 MEHEKEPhl, U HUKOI/Aa HE BMEIIMBAThCS B
npoOieMbl HEMOCPEACTBEHHO BO BpeMs H3Y4YEHHS COCTOSHMS Jed. Sl 3Ham OAHOro HavallbHHKA,
KOTOPBIA HEM3MEHHO CHHUMal TPYOKYy M HauMHaJl JaBaTh yKa3aHUs, HE JIOYUTAB JI0 KOHIIA TEPBBIH
ab3a1] oT4yeTa o cocTosHuM aen. [Ipu Takux AeicTBUAX BaM 00ecriedeHO yTanBaHUe MOTHBIX JaHHBIX.

HanpotuB, ecianm MeHeIKep 3HAET, YTO €ro HadaJbHUK BOCHPUMET OT4YeT Oe3 MaHUKH WU
BMEIIIATENbCTBA, OH OyJIeT AaBaTh YECTHBIC OLICHKH.

Becp aTOT mpoumecc HAET YCIENHO, €CJIM Ha4aJbHUK IIOAYEPKUBAECT, 4YTO COBEIIAHWS,
3acNylIMBaHUS U KOH(GEPEHIUU HOCAT XapaKTep M3Yy4EHUS COCTOSHUS N, a HE MPUHIATHS Mep IO
npoOiemMaM, U BeleT ceOsi COOTBETCTBYIOUMM oOpa3oM. O4eBUAHO, MOXXHO CO3BaTh COBEIIAHUE IO
IIPUHATHUIO MEp 110 pe3ylbTaraM 3aciylIMBaHUS O COCTOSSHMM JEJl, €CIM BO3HMKAET OLIYIICHUE, YTO
npoOsiemMa BbIIUIA U3-MoA KOHTpois. Ho Torma mo kpaiiHell mMepe Bce 3HAIOT, YTO HMPOUCXOOUT, U
HayaJbHUK JIBAXbI IOJYMAECT, MIPEXKIEC YeM B3STh yIpaBiIeHUE Ha ceOsl.

CnepruBanue KoBpHuKa. TeM He MeHee HeOOXOMUMO UMETh CIIOCO0 Y3HATh HCTUHHOE MOJIOKEHUE
JIe] HE3aBUCUMO OT HAJIMYMS CTPEMJIEHHUS K COTpygHMYecTBY. OCHOBOM TAKOTrO M3YyYEHHS CIIY’KUT
muarpamma [IEPT ¢ uwacto pacnonokeHHbIMM BexaMu. B GonbIIoM HpoeKTe MOXKHO MOTpeOOBaTh
€KEHECIIbHOIO M3y4eHHUs KaKOH-I100 YacTu ee, paccMarpuBas BCIO JAMAarpaMMy pa3 B MecCSI] WM
OKOJIO TOrO.

[MaBHBIM JOKYMEHTOM SBJISIETCA OTYET C YKa3aHUEM BeX M CTeNeHU UuX (HaKTHYECKOTro
BeimosHeHus. (Ha pucynke 14.1 mokazan ¢parmMeHT Takoro ortuera.) OH MOXKET MOKa3bIBaTh
OTCTaBaHHUE IO HEKOTOPBIM IIO3ULMSAM M CIYXKHTh B KAayeCTBE IIOBECTKM JHS COBelAHWA. Bcem
W3BECTHBl BBIHOCUMBICE Ha HETO BONPOCHI, M COOTBETCTBYIOIIME MEHEIKEPHI T'OTOBBI JOJOXKHUTH O
INPUYMHAX OTCTAaBaHUs, NPEANOJAraéMbIX CpPOKax 3aBEpILICHUS, NPUHUMAEMBIX MeEpax, a TaKkKe
TpeOyeTcs JId MOMOIIs OT HauaJbHUKA WM APYTUX TPYII, U €CJIH J1a, TO KaKasl.

B. Bricoukutii u3 Bell Telephone Laboratories no6asnsiet cinenyroiee HaOI0eHUE:

Jlns MeHs oka3ajoch yIOOHBIM UMETh B OTYETE O COCTOSIHHM i€ JIBE JaThl — «IIJIAHOBYIO» U
«oueHuBaemyo». [lnaHoBble AaThl NpUHAANEKAT MEHEIKEPY MPOEKTa M MPEACTaBIAIOT COOOit
MOCJICIOBAaTeNbHbIN IJIaH paOOThl A MPOEKTa B IIEJIOM, a Priori SBISIONMHACA TPUEMIIEMBbIM.
OneHnBaeMbIe 1aThl IPUHAMIEKAT MEHEDKEPAM HU3ZLIETO 3BEHA, B MEpeieax KOMIETEHIUH KOTOPBIX
HAXOAATCSl paccMarpuBacMble YYacTKH, MU MPEACTABISIIOT MX MHEHUS O CpoKe (HaKTUUYECKOTO
HACTYIUICHHUSI COOBITUSI NMPU HMMEIOLUMXCS y HUX pecypcax M MOJYYEHUM BXOJHBIX NTAHHBIX (MU
oOsi3arenbcTBaX 00 HMX mMocTaBKe). MeHemkep MpPOEKTa JIOJDKEH OCTOPOXKHO OTHOCHUTBCS K
OLICHUBAEMBIM JIaTaM W CTPEMHUTBHCA K IIOJIYYEHUIO TOYHBIX, HEUCKAaXKEHHBIX OLEHOK, a He
YTEIMTEIbHO-ONTUMUCTHYHBIX WJIM MEPECTPAXOBOUYHO-KOHCEPBATUBHBIX JaHHBIX. Eciu 3Ta mo3unus
YTBEPAUTCS B yMax, TO MEHEDKEP MPOEKTa ACHCTBUTEIBHO CMOXET NMPEABUIACTh, YTO OH MOMNAJET B
Oey, eciu He MpepUMeET KaKuX-HuOyab mMep. [4]

Co3nanue guarpammbl [IEPT sBnsercs 0043aHHOCTBIO HaYaJlbHMKAa W TOMOTYETHBIX €My



MEHEKEpPOB. BHeceHue B Hee U3MEHEHUW, NEpPEeCMOTP M IOATOTOBKA OTYETHOCTH JOJIKHBI
OCYILECTBIATHCS HEOONbIION (OT ONHOrO 0 TpeX YEeJOBEK) TPYNIOoH, Kak Obl MpOIOJDKAOINeH
HauanpHUKa. Takas rpynna TNJaHUPOBAaHUS W KOHTPOJS HEOLEeHMMa Npu paboTe Haj OOJIbIIMM
npoekToM. OHa He 00aaeT UHBIMHU MOJIHOMOUYUSAMH, KpOME Kak TpeOoBaTh OT MEHEIKEPOB HU30BOTO
3BEHa MPEJOCTABICHUS CBEJCHUN 00 YCTAaHOBKE WJIM U3MEHEHHUM BEX M UX JOCTHXKEeHHH. [Tockombky
rpylna IUIAaHUPOBAHUS M KOHTPOJISI OCYIIECTBISIET BCIO OyMaXKHYIHO 4acTh pabOThl, Harpyska Ha
MEHEIPKEPOB HU30BOT'O 3B€HA OIPAaHUYMBAETCS CAMBIM BaKHBIM — MPUHATHEM PELICHUI.

Y Hac Obuta yMenas, SHEpruyHasi M AUIUIOMAaTUYHAs TpyIIa IUIAHUPOBAHHUS U KOHTPOJIS,
Bo3miaBmsiBmiasics  A. M. Ilberpacanta (A. M. Pietrasanta), mNposSBUBIIMM 3HAYUTEIIbHBIC
u3o0perareabHble CIIOCOOHOCTH AJisl pa3paboTKH A(HPEKTUBHBIX, HO HEHABI3YUBBIX METOIOB KOHTPOJISL.
B pesynbrare ero rpynna rnojb30BajIach NIMPOKUM YBaKEHUEM U XOPOIIMM OTHOILIEHUEM. JTO HEMAJIOE
JOCTUXKEHUE JJI TPYIIIBL, KOTOPAasi O MPUPOJE CBOEH JOJIKHA BBI3bIBATH Pa3pakeHUE.

Boinenenvne HeOONBIIOrO 4YHCIa MOATOTOBIECHHBIX PAaOOTHUKOB B TPYIIY IUIAHUPOBAHUS U
KOHTPOJISI IPUHOCUT OOJIBIIYI0 OTAady. [[J1s ycremHoro 3aBepuieHus IpoeKTa 3TO 3HAYUTEIBHO JIyYlle,
4yeM eciau Obl OHM HEMOCPEACTBEHHO 3aHMMAJHNCh Pa3pabdO0TKON MPOTpaMMHBIX MPOAYKTOB, TaK Kak
rpymna MJIaHUPOBAHUS M KOHTPOJISA CTOMT Ha CTpake TOro, YTOObI HEOUIyTUMBbIE 3aJCP>KKU CTalld
BUJUMBIMHU, M CUTHAJIM3UPYET O KPUTHUUYECKHUX MOJOXKEHHUSAX. DTO CUCTEMa paHHEr0 OOHapyKeHUs
MIOTEPU roJ1a, IPOUCXOIAIIEH JEHD 32 JHEM.



I'naBa 15 O0parHas cTopoHa

Heeo mbl He noHumaem, mem He 81a0eeM.
I'ETE

O, oOaume mue evicmynums KomMmeHmamopom, CKOIb3AWUM 1O

Nn0BePXHOCMU U OYO0PANCAUUM YMbL.
KPABF

KomnberoTepHass mnporpaMmMa — 3TO MOCJIaHUE 4YenoBeKka ManmHe. CTporo BBICTPOEHHBIN
CUHTAKCHUC M TIIATEJIbHBIC OMPEICIICHHS HALICJICHBI Ha TO, YTOOBI O€3AyMHOM MalllMHE CTAaJId MOHSATHBI
HaMEPEHUs YETIOBEKA.

Ho y HammcanHOW mnporpaMmbl ecThb OOpaTHas CTOpOHA: OHa JOJKHA OBITh B COCTOSIHUU
pacckazarb 0 cebe MOJIb30BaTEeII0-YeIOBEeKYy. JTO TpebyeTcs na)ke Uil MpOorpaMMbl, HaIMCaHHOU
UCKJIIOYUTEIBHO JJI1 COOCTBEHHBIX HYX/I, TOCKOJIbKY MaMSTh MOXET U3MEHHUTh aBTOPY-I10JIb30BaTEIIO,
U €My IOTpeOyeTCsi OCBEKUTD JIETAJIU CBOETO TPY/Ia.

Hackonbko ke Oosnee HeoOxoquMma JOKYMEHTAIUs UIS MpOTrpaMMbl OOIIEr0 IOJIb30BaHUS,
II0JIb30BaTENb KOTOPOW OTHAJEH OT aBTOpa BO BPEMEHU, W B IpocTpaHcTBe! [[ns mporpamMMmHOro
NPOAYKTa CTOPOHA, OOpallleHHasi K MOJb30BaTeN0, CTONIb € BakKHA, KaK U CTOPOHA, OOpallleHHas K
MaIlIHE.

Muorue u3 Hac OpaHWIM JaJeKOro OEe3bIMSHHOIO aBTOpa 3a CKYOHO JIOKYMEHTHPOBAHHYIO
nporpaMmy. 1 MHOrue moi3TomMy MbITaJUCh HAa BCIO JKU3Hb NPHUBUTH MOJIOABIM IPOrpaMMHUCTaM
yBaKE€HHME K JIOKyMEHTAllUM, MpeoAoseBalollee JeHb U npecc rpaduka pador. B nemom Ham 310 He
yIaJ0Ch. S Aymaro, Mbl HCII0JIb30BaJI HEBEPHBIE METO/IBI.

Tomac [Ix. Yorcon Crapumii (Thomas J. Watson, Sr.) pacckazan MHE UCTOPHIO CBOETO MEPBOTO
OIIBITA B KAYeCTBE MPOJIABIA KACCOBHIX alllIapaToB B CeBepHOi yacTy mrrata Hero-Mopk. McnonHeHHbIi
HHTY3Ma3Ma, OH OTIIPABUJICSA B MYyTh B CBOEM (yproHe, HarpyK€HHOM KaccoBbIMU ammnaparamu. OH
NPWIEKHO 00BbeXand CBOM Y4acTOK, HO HMYero He mnpojan. ObeckypakeHHbIH, OH cooOImiI 00 3TOM
ceoeMy xo3auHy. [locmymaB HexkoTopoe Bpems, ynpasisiroumi ckaszan: «llomorm MHe 3arpy3urth
HECKOJIbKO Kacc B (PyproH, 3ampsiraid jolajab, U MOEAEM CHOBa.» Tak OHU W CAeNanu, U 00Xoxas
MOKyNaTenael OJHOTO 3a JIPYrMM, CTapuK IOKa3blBajl, KaKk IpoAaBaTb KaccoBble anmaparbl. Cyns 1o
BCEMY, YPOK IOIIEN BIPOK.

Heckonpko 5eT s cTaparelbHO YWTal TPYNIAaM HHXKEHEPOB-IPOTPAMMUCTOB JIEKIUA O
HEOOXOIMMOCTH U >KENaTeIbHOCTU XOpOUIeH JTOKYMEHTAllMH, yBelleBas UX BCe C OOJbUIMM MbUIOM U
KpacHOpeUHeM. OTO HE NOACHCTBOBAIO. S MNPEANoONOXKWJ, YTO OHM IMOHSUIM, KaK HPaBUIIBHO
COCTaBIIATh JOKYMEHTAIMI0, HO HE JeJlalii 3TOro IO HEAOCTarKy pBeHus. Torma s mompoOoBal
NOTPY3UTh B MOBO3KY HECKOJIbKO KAaCCOBBIX ammaparoB, T.e. MOKa3aTh MM, Kak Jelaercs 3Ta padora.
Oto uMeno 3HaYUTENbHO Oonbumii ycmex. [loaTomy ocTaBmasics 4acTh 3TOTO IOBECTBOBAHUS
MOCBSIIEHA HE CTOJIBKO MOYYEHUSIM, CKOJIBKO OOBSICHEHUIO TOTO, KaK JeNIaTh XOPOUIYI0 TOKYMEHTAIUIO.

Kaxas ookymenmayus mpebyemcs?

HeoOxomumbl pa3nuyuHble ypOBHH JOKYMEHTAIIMU: JJs I[0OJIb30Barels, oOpamaromerocs K
porpaMme OT CIIy4das K CIIy4aro, JJi IOJIb30BaTeNsl, KOTOPBIN CYIIECTBEHHO 3aBUCHT OT MPOrpaMMBbI B
cBOeil paboTe, U I MOJIb30BaTENsl, KOTOPBIA JOKEH aJanTUpPOBaTh MPOrpaMMy K U3MEHUBIIEMYCS
OKPYXEHHIO UJIU 3aJa4aM.

Yrobsl ucnosb3oBarth mporpammy. Kakmomy mnoinb3oBarento TpeOyeTcsi CIIOBECHOE OIMHCAHUE
nporpammbl. [lo Oonblield yacTu AOKYMEHTAlMs CTpagaeT OTCYTCTBUE o0mero o63opa. OmnucaHsbl



JEPEBbS, IPOKOMMEHTHUPOBAHBI KOPA U JINCThS, HO IJIaH Jeca

* Tomac k. Yorcon Crapumii — ocHoBaTens komnanuu IBM (mpumeu. nepes.)

orcyrcTByeT. UTOOBI Hamucarh MOJIE3HOE TEKCTOBOE OINMCAHME, B3IITHUTE M3JajeKa, a 3areM
MEIJICHHO MPUOTNIKANTECH:

1. Haznauenue. Uto sBrsieTcs riiaBHOW (PyHKIIMEH TPOTrpaMMBbl U IPUYUHOMN €€ HalucaHus?

2. Cpena. Ha xakux mMammHax, anmaparHbIX KOHQUTYpaHUAX U KOH(PUTYypanusx omeparuoHHOMI
CUCTEMBbI OyZieT oHa paboTaTh?

3. OGnacTp onpeeneHus u 001acTh 3HaueHUH. KakoBbl JOMyCcTUMBIC 3HAaYEHUS BXOTHBIX JAHHBIX?
Kakune npaBuibHble 3HAY€HUS BBIXOJIHBIX PE3YJIBTATOB MOT'YT MOSBUTHCA?

4. Peanu3oBanHble (PYHKIMH M HMCIOJIb30BAHHBIC aNrOPUTMbL. UTO KOHKPETHO MOXET JAearh
nporpamma?

5. ®opMmaTtsl BBOAA-BbIBOAA, TOYHBIE U TIOJHBIE.

6. Unctpykius no pabore, B TOM YKCIie OMUCAaHKUE BBIBOJA HAa KOHCOJIb M YCTPOMCTBO BBIBOJA IIPH
HOPMAaJIbHOM M aBapUHHOM 3aBEPIICHUMU.

7. Onuuu. Kaxoit BeIOOp HpeaoCTaBisieTCs MOJIb30BATENI0 B OTHOWIGHMM (QyHKIuN? Kakum
o0pa3oM HYXHO €ro 3a7aBaTh?

8. Bpems paboThl. CKOJIBKO BpEMEHH 3aHUMAET PEIIeHHE 3a]a4M 3aJJaHHOTO pa3Mepa Ha 3aJJaHHON
KOH(Urypauuu?

9. TounocTh 1 npoepka. KakoBa oxxuaaemasi TOUHOCTh pe3ynbTaroB? Kakue uMeroTcs cpeacTaa
IPOBEPKHU TOUYHOCTH?

YacTo Bce 3TH JaHHBIE MOYKHO M3JIOKWTH HAa TPEX WMJIM YEThIpeX cTpaHuuax. Ilpu 3ToM HyXHO
yIETUTh 0c000€ BHUMAaHUE MOJHOTE M TOYHOCTU. BOJbIIyI0 4acTh 3TOro JOKYMEHTA HYKHO BYEpHE
HaIucaTh 10 pa3paboTKH MPOrpaMMbl, MOCKOJIBbKY B HEM BOIUIOLICHBI OCHOBHBIC IJIAHOBBIE PEIICHUS.

Yto06s! 1oBepsTh mporpamme. Onrcanue TOro, Kak UCMOJIb30BaTh MPOTPaMMYy, HYKHO JOTOJHUTD
OMMMCAaHUEM TOTO, KaK YOCIUThCA B €€ paboTOCTOCOOHOCTH. DTO O3HAYaeT HaJU4due KOHTPOJBHBIX
IPUMEPOB.

Kaxxapiif SK3eMIUIsip MOCTaBIsEMON MpPOTrpaMMbl JOJDKEH COAEep>KaTh HECKOJbKO HEOONbIIMX
KOHTPOJIBHBIX IPUMEPOB, KOTOPhIE MOXKHO MOCTOSHHO MCIOJIb30BaTh, YTOOBI YBEPUTDH MOJIH30BATENS B
TOM, YTO OH MOKET JIOBEPATH IPOrpaAMME, U OHA MPABUIIBHO 3arpyKEHa B MAIMHY.

Kpome Toro, HyxHbl Oojiee THIATEIBbHBIE TECThI, KOTOPbIE OOBIYHO BBITOJHSIOTCS TOJIBKO MOCTE
Moaudukanuu nporpaMMbl. OHH OTHOCSTCA K TPEM ydacTKaM 00JaCTH BXOAHBIX JAHHBIX:

1. OcHOBHBIE MTapaMeTPBbl, MPOBEPSIONIME TTIaBHbIE PYHKIIMU IPOTPAMMBbI Ha OOBIYHO BCTPEYAEMBbIX
JAHHBIX.

2. IlpuMmepbl Ha IpaHU JAOMYCTUMOIrO, IMPOBEPSIOLIME TIPAHULIBI OOJACTHM BXOAHBIX JAHHBIX U
yoexaaronme, 4ro paboTaloT HauOOJNblME 3HAUYCHMS, HAUMEHbBIIME 3HAYEHUS U BCE JOMYCTHUMBIC
VCKJIIOUCHMUSI.

3. Ilpumepsl 3a rpaHHIEd JOMYCTUMOIO, MPOBEPSAIONIME TPAHUIBI C OOpaTHOM CTOPOHBI H
yOeK1aro1IMe, 4YTO HEeJAOMYCTUMbIE 3HAUCHUS BbI3BIBAIOT MPABHIIbHBIC JUATHOCTUYECKUE COOOIICHUSI.

Yro6sl MomupuLpoBaTh mporpamMmy. s agantanuu uiav UCHpaBICHUS IPOrpaMMBbl TpeOyeTcs
3HAYUTEIBHO OoJblle NaHHBIX. Pazymeercs, TpeOyloTcsi Bce HeTalH, a OHHM COIEPHKAarcs B XOPOIIO
MPOKOMMEHTHPOBAHHOM JIMCTUHTE. Y MOJIb30BATENs, MOAU(PUIIUPYIOLIETO MPOTrpaMMy WM PEIKO €€
UCIIOB3YIOIIETO, BO3HUKAET OCTpas HEOOXOAMMOCTh B SICHOM OTYETJIMBOM 0030pe, Ha 3TOT pa3
BHYTpPEHHEU CTPYKTYpbl. B Takoit 0030p BXosT:

1. brnok-cxema unu rpad noamnporpamMmmHoi opranusainuu. [lonpoOHee 06 3TOM cM. HUXKE.

2. TlonHble onKMcaHus UCIIOIb3YEMBIX AJITOPUTMOB MJIM CCBUIKHA HAa TAaKUE ONIMCAHUS B JTUTEPATYpE.

3. Pa3bsicHeHUE CTPYKTYphI BCEX UCTOIb3YeMBIX (pailios.

4. O630p OpraHM3alUM MPOXOXKICHUS JAaHHBIX — IOCIIEI0BATEIbHOCTH, B KOTOPOW JTaHHbBIE WM



IIPOrPAMMBI 3arPYKarOTCA C JICHTBI WM JUCKA U OMIMCAHUE TOTO, YTO JEJIACTCS Ha KaXI0M XOJIE.

5. OOcyxnenue wMomudUKalMM, MPEANONaraéMbIX HCXOAHBIM MPOEKTOM, CYIIHOCTh U
pacnoyiokeHue J00aBOYHBIX OJOKOB M BBIXOJOB W JAMCKYPCHBHOE OOCYXICHUE MBICIEH aBTOpa
IIPOrpaMMbl OTHOCUTEJIBHO U3MEHEHUN, KOTOPBIE MOTYT OKa3aThCsl JKEJIATEIbHBIMU, U KaK UX MOYKHO
npoBecTy. [1071€3H0 Takke U3JI0KUTh €ro 3aMEYaHHs O CKPBITHIX JIOBYIIKAX.

buuy 6n0k-cxem

biok-cxema yame BCEro SBIETCS JMINHEHM YacTbIO NMPOrpaMMHOM JOKyYMEHTamuu. (g MHOTMX
nporpamMm OJIOK-CXeMbl BOOOIe He HYXHBI. Penkue mporpammel TpeOyroT OJI0K-cXeMbl Oojiee YeM Ha
OJIHY CTPaHUUKY.

biiok-cxemMbl MOKa3bIBalOT CTPYKTYPY IPHUHATHSA IPOIPAMMOM PELICHUN, YTO SBIISIETCSA JIMIIb
OHOW CTOPOHOM CTPYKTyphl mporpammbl. Korma Omok-cxema pa3MmemiaeTcs Ha OIHOM CTpaHHIIE,
CTPYKTYpa PELICHUM BBIISIAUT JTOBOJIBHO 3JIETAHTHO, HO HAIVISIAHOCTD Cpa3y yrpauynuBaeTcs, KOrjaa eCTh
HECKOJIBKO CTPaHUIL, CBA3aHHBIX IPOHYMEPOBAHHBIMU BXOJIaMU U BBIXOJIAMMU.

OnHocTpanuyHas OJIOK-cXeMa [UIsl 3HAYUTENbHOW MO pa3Mepy HIpOorpaMMbl CTAaHOBHUTCS, B
CYLIHOCTH, AUarpaMMOM CTPYKTYpPbI IIPOIpAMMBI U 3TAllOB MJIA LIArOB. B 3TOM KauecTBe OHa OYEHb
ynoOHa. Pucynok 15.1 nmoka3piBaeT Tako# rpad moanmporpaMMHON CTPYKTYpHL.
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Puc. 15.1 I'pad ctpykrypsl nporpammsl (mpumep W. V. Wright)

KoneuHo, Ttakoil cTpykTypHbI rpad He TpebyeT 0COOBbIX YCHIIMN MO COOJIOACHHUIO CTAaHIApPTOB
ANSI ansa 6nmok-cxem. Bece 3Tu mpaBuia OTHOCHTENBHO BUJA MPSIMOYTOJIBHUKOB, COCAUHUTEIBHBIX
JUHUN, HyMEpalu U T.1. HY)KHBI TOJIBKO JIJIsl TOHUMaHUSI TOJPOOHBIX OJIOK-CXEM.

[TogpoOnas momaroBasi 0J0K-CXeMa SBISIETCS JJOCAIHBIM aHAXPOHU3MOM, MPUTOAHBIM TOJBKO JJIs
HOBUYKOB B aJropuTMU4YeckoM MbluieHud. Bpegennwsie [ommurraitnom u ¢on Heiimanom [1]
NPSMOYTOJIBHUKH BMECTE CO CBOUM COJECPKUMBIM CIYKUJIU SI3bIKOM BBICOKOTO YPOBHSI, OOBEIAUHSSA
HEMOCTUKUMBIE OIIEPATOPhI MAIMHHOIO A3bIKAa B OCMBICIIEHHBIE

rpynnbl. Kak gaBHO mnossin MBepcoH, [2] B CHUCTEMarMdyecKOM SI3bIKE BBICOKOTO YpPOBHS
IPYNIUPOBKA YK€ MPOBEAECHA, U KaXK/bI NPAMOYTOJIBHUK CONEpKUT orneparop (puc. 15.2). Iloatomy
CaMHM IPSMOYTOJIbHUKU SBJIIOTCS YTOMUTEIBbHBIM U OTHUMAKOUMM MECTO YIPAXKHEHUEM B UEPUEHUHU U
BIIOJIHE MOTYT ObITh ynajeHbl. Torma octaroTcs TOJNBKO cTpenku. CTpenkH, CBS3BIBAIOIIME OIWH
OIEPaTop C APYTUM, PACIOJIOKEHHBIM B CIEAYIOLIEH CTPOKE, U3JIUIIHM, U UX MOKHO YIalduTb. Torma
ocratorcsi Tobko GO TO, m ecnum npuaepXKUBATHCS XOPOLIEW NPaKTUKU HPOrPaMMHUPOBAHUS U
UCIIONb30BaTh OJOYHBIE CTPYKTYphl Uit MuHuMHu3anuu yucia GO TO, Takux CTpENOK OKaXeTcs
HEMHOT'0, HO OHM O4YE€Hb CIIOCOOCTBYIOT MOHMMaHUI0. BrioiHe MOXHO HapUCOBAaTh UX HA JIMCTUHTE U



BOBCE M30aBUTHCS OT OJIOK-CXEMBI.

B neiicTBUTENBbHOCTH O OJOK-cxeMax OoJiblile TOBOPAT, YE€M IMOJB3YIOTCS UMHU. 51 HHUKOrIa He
BUJIEJT ONBITHOTO MPOTPAaMMHUCTA, KOTOPHII B MOBCEIHEBHOW NEATEILHOCTH PHUCOBAN Obl MOAPOOHBIC
OJIOK-CXEMBI, TIPEXkKJe YeM HadaTh MucaTh mporpammy. Tam, rae OJ0K-CXeMbl TPeOyroTCs MpaBUIaMU
OpraHu3alli, OHU IIOYTH BCErJa CO3JAKOTCS 3aJHUM YHUCIOM. MHOruMe ropasrcs MCHOJIb30BAHUEM
CHEIUANIbHBIX TPOTPAMM ISl TEHEPALIUK 3TOTO «HE3aMEHUMOI'0 HHCTPYMEHTA pa3pabOTKM» HAa OCHOBE
y’K€ 3aKOHYEHHOW mporpamMmbl. JlymMaro, 4TO 3TOT BCEOOLMM OMBIT HE SBIAETCS MOCTBIIHBIM H
IIPEIOCYAUTEIBHBIM OTXOAOM OT XOPOILIEH NPAKTUKH MPOTrPaMMHUPOBAHUS, NIPU3HABATHCS B KOTOPOM
MOJKHO JIMIIb C HEPBHBIM CMEIIKOM. HampoTus, 3TO pe3ynsrar 31paBoro pacCyXJIeHus, JalOUMN Ham
YPOK OTHOCHUTEJBHO MOJIE3HOCTU OJIOK-CXEM.

Amnocrton IleTp cka3zan o HOBOOOpaIlICHHBIX SI3bIMHUKAX W 3akoHEe Mowuces: «UTo e BbI KeaaeTe
BO3JIOKUTh Ha BbIM YYEHUKOB MT0O, KOTOPOTO HE MOIVIM MOHECTH HU OTLBI HAlM, HU MBI?» ([esHus
anoctosioB 15:10). To ke ckazan Obl 1 O IPOTrPAMMHUCTAX-HOBUYKAX M yCTAapeBLIEH MPaKTHKE OJIOK-
CXEM.

Camo0oKymenmupyrowuecs npocpammsl

OnvH #3 OCHOBHBIX MPUHIHUIOB OOpPaOOTKH MJaHHBIX YYUT, 4YTO OE3paccylmHO CTaparbes
NOJICPKUBATh CUHXPOHHOCTh HE3aBUCUMBIX (PailioB. 3HAUMTENBHO Jy4llle coOOpaTh UX B OAUH (aiin, B
KOTOPOM KaKJasi 3alUCh COACPKUT BCE JAaHHBIE MX 000UX (PaiiiioB, OTHOCSIIMECS K JAHHOMY KIIIOUY.

Tem He MeHee Hama NpakTUKa JOKYMEHTHUPOBAHMS MPOTpaMM HPOTHUBOPEYUT COOCTBEHHBIM
TeopusM. OOBIYHO MBI IBITAEMCSI TTOJICPKUBATh TPOTPaMMY B BHJIE, TPUTOAHOM ISl BBOJIAa B MAIIMHY,
a HEe3aBUCHMBIH KOMILIEKT JOKYMEHTAIMU, COCTOSIIEH U3 TeKCTa U OJIOK-CXeM, — B BHJIE, IPUTOJHOM
JUISL YTEHUS YETTOBEKOM.

Pe3ynbprarel 5TOro MOATBEPKAAIOT MBICIb O HEPA3yMHOCTH MOIICPKKU HE3aBUCHUMBIX (Dailyios.
[IporpamMMHas TOKyMEHTALMs OJIY4AETCs YAMBUTEIBHO IIJIOX0M, a €€ COITPOBOXKIECHUE — U TOTO XyXKE.
BHocuMble B mporpaMMy U3MEHEHHS HE TOJIy4aloT OBICTPOro, TOYHOTO U 0053aTeIbHOT0 OTPAKEHUS B
JIOKYMEHTE.

A monararo, UYTO TMPaBWIBHBIM pEIICHHEM JOHKHO OBITh CHusHHE (aloB: BKIIOYCHUE
JOKYMEHTAIlUM B HMCXOIHBIM TEKCT MPOrpaMMbl. JTO OAHOBPEMEHHO M CHUJIBHBIM MOOYIUTEIbHBIN
MOTHB K JIOJDKHOMY COITPOBOXKACHUIO, U TAPaHTHUS TOrO, YTO JOKYMEHTAIIHs Bcerja OyneT moja pyko y
I10JIb30BaTelsl. Takue mporpaMMsbl Ha3bIBAIOT CAMOJOKYMEHTUPYIOLIMHUCS.

OueBUIHO, TPU 3TOM HEYIOOHO, XOTS M BO3MOXKHO, BKIJIIOYaTh OJIOK-CXEMBbI, €CIH B 3TOM €CTb
HeoOxonmuMmocTh. Ho, mpuHAB BO BHUMAaHHE AaHAXPOHU3M OJOK-CXeM U  HCIOJb30BaHUE
NPEUMYILIECTBEHHO SI3bIKOB BBICOKOTO YPOBHS, CTAHOBUTCS BO3MOKHBIM OOBEAMHUTH MPOTPAMMY C
JIOKYMEHTAILIUEH.

Hcnonp30BaHMe MCXOMHOTO KOAA IPOrpaMMbl B Ka4eCTBE HOCHUTEINS JOKYMEHTALIMU BJIEYET
HEKOTOpbIe orpaHuueHus. C Ipyroi CTOPOHBL, HEMOCPEACTBEHHBIM JOCTYIT YMTATENS] JOKYMEHTAUU K
KaXXJI0M CTPOKE IIPOrpaMMbl OTKPBIBAET BO3MOKHOCTH JUIsI HOBBIX TEXHOJIOTMU. [Ipunmio Bpems
pa3paboTaTh paJlKaJbHO HOBBIC TOAXObI U METOAbI COCTABICHUS MPOrPAMMHON TOKYMEHTALIUH.

B kadecTBe BaxkHEWIIEWM LEIW Mbl JOJOKHBI TMOIBITATBCA IPEACIBHO YMEHBIIUTH TPY3
JIOKYMEHTAIIUA — TPYy3, C KOTOPBIM HU MBI, HA HaIlli MPEAIICCTBEHHUKHN TOJIKOM HE CIIPABUIIHUCH.

[Togxon. IlepBoe mpensoKeHHE COCTOMT B TOM, YTOOBI pa3leibl MPOrpamMMBbl, OO0s3aHHbBIC
NPUCYTCTBOBaTh B HEW COMIACHO TPeOOBAHUSM sI3bIKa MPOTPAMMUPOBAHUS, COIEPXKAIU KaK MOXKHO
Oonbie qokymMeHTanuu. COOTBETCTBEHHO, METKH, ONEParopbl OOBABICHUS U CUMBOJIMYECKHE MMEHA
BKJIIOYAIOT B 3aJ]a4y IepeaTh YUTATENI0 KaK MOKHO OOJIbIIE CMBICIIA.
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Puc. 15.2 CpaBHeHue 0JI0K-CXeMBbI U COOTBETCTBYIOIIEH nporpammbl Ha PL/I (pparmenT)

Bropoe npeanoxxkenne — B MakKCUMAaJIbHOW Mepe HCIO0JIb30BaTh MPOCTPAHCTBO U opmar, yTOObI
YAYYIIMTH YATAEMOCTh U MOKA3aTh OTHOIICHUS MOAYUHEHHOCTH U BIOXEHHOCTH.

Tpetbe mpenoxkeHre — BKIIOYUTH B MPOrpaMMy HEOOXOIMMYIO TEKCTOBYIO JOKYMEHTAIIMIO B
BuJe mnaparpa¢goB KOMMEHTapueB. B OONbBIIMHCTBE MNPOrpaMM JOCTATOYHO HMMETh MOCTPOYHbBIC
KOMMEHTapuu. B mporpammax, OTBeHalOIMX MKECTKUM CTaHJapTaM OpraHu3aluil Ha «Xopolee
JOKYMEHTHUPOBAaHHE», HX YacTO CIUIIKOM MHOro. OpHako Jaxe B 3TUX Mporpammax OOBIYHO
HEJI0CTaTOYHO TaparpadoB KOMMEHTAapHEB, KOTOPbIE ACHCTBUTEIBLHO CIOCOOCTBYIOT MOHSTHOCTH U
0003pUMOCTH TIEJIOTO.

[TockonbKy MOKyMEHTALUsl BCTPAMBAECTCS B HUCIOJIb3yeMbIe MPOTpaMMON CTPYKTYpy, MUMEHa U
dbopmMarel, 3HAYUTEIBHYIO YacTh ATOM pabOThl HEOOXOAMMO MPOJEiaTh, KOTIa MPOrpamMMy TOJIBKO
HauMHAIOT nucarb. Ho MMEHHO Torna u HyXHO IucaTh JOKyMeHTaluto. [locKonbKy Moaxoa Ha OCHOBE
CaMOJJOKYyMEHTHUPOBAHMS COKpAIAeT JIOTOJHUTENbHYI0 paboTy, MEHbIIE MPEnATCTBU K €ro
OCYILIECTBIICHHUIO.



Hekoropsle npuemsl. Ha pucynke 15.3 noka3zana caMOIOKYMEHTUPYIOLIASICS TPOTpaMMa Ha SI3bIKE
PL/L [3] Uucna B Kpyx’o4Kax HE SBISIFOTCS €€ YacCThl0, a CIIy)KaT METaJOKyMEHTAaIMen 1151 CChUIOK MpHU
0OCYKJICHHH.

1. Wcnonw3yiiTe s KaxJOro 3alycka CBOE€ MMs 3aJaHUs M BEIWUTE XKypHal, B KOTOPOM
YUUTBIBAWTE MPEAMET MIPOBEPKH, BPEMS U MOJYYEHHBIEC pe3yabTarbl. ECIM UMsI COCTOUT U3 MHEMOHUKHU
(3necy QLT) u uncnoBoro cydpdukca (3aech 4), To cyhPrKc MOKHO UCIOJIB30BATh B KaUeCTBE HOMEpa
3aIyCKa, CBS3bIBAIOIIETO 3alUCh B JKypHalie W JUCTUHT. [Ipu 3TOM Ui pa3HBIX MPOTOHOB TPeOyIOTCS
CBOM KapThl 3aJIaHUsI, HO UX MOXHO JIeJaTh KOJIOJaMU ¢ JyOJIUPOBAHUEM MOCTOSHHBIX JAHHBIX.

2. Vcnonp3yiiTe MHEMOHUYECKHE HA3BaHUS MPOrpaMMbl, BKIIOYAIONME UACHTU(UKATOpP BepcUU
— B MIPEANOI0KEHUH, UTO Oy/IeT HECKOJIbKO BepCUil. 3eCh MHACKC — JIBE MIIaJlMe HU(PbI roja.

3. BxirounTte TekcTOBOE onucanue B kauecTBe komMeHTapueB K PROCEDURE.

4. J1ns TOKYMEHTUPOBAHUS aITOPUTMOB CCBUIAMTECH, TI€ MOXHO, Ha JINTEPATYPY. DTO SIKOHOMUT
MECTO, aJipecyeT K 0oJiee OJIHOMY OCBEILEHUIO, YeM MOXHO JaTh B MPOTpaMMe, U JTa€T BO3MOKHOCTh
3HAIOILEMY YUTATEN0 TPOMYCTUTh CChUIKY, OCTABIISSl YBEPEHHOCTh, UTO OH BacC MONMET.

5. TlokaxuTe CBA3b C alNTOPUTMOM, ONMHMCAaHHBIM B KHHIEe: a) HM3MEHEHHS; 0) 0COOEHHOCTH
MCIIOJIb30BaHUs; B) IPEJICTABICHUE JaHHBIX.

6. OObsaBUTEe Bce mnepeMmeHHble. Mcmomnb3yiitTe MHEMOHUKY. Mcmonb3yiiTe KOMMEHTapuu st
npeppaunieHus oneparopa DECLARE B nmosHoueHHyroo JjiereHay. OOparuTte BHHUMaHHE, YTO OH YXKe
COLNEP)KUT MMEHA U OINHCAHUS CTPYKTYpP, HY)KHO JIMIIb JONOJHUTH €r0 ONUCAHUSAMHU Ha3HAYCHUS.
CnenaB 3TO 371€Ch, BbI U30€KUTE OTACIBHOIO MOBTOPEHHS UMEH U CTPYKTYPHBIX ONHCAaHUH.

7. IlocTaBpTe METKY B Ha4aJle MHULIIUAIN3ALUU.

8. IlocTaBpTe METKHM Iepe] rpylinamMyd ONeparopoB, COOTBETCTBYIOLME OINEpaTopaM aJfOPUTMa,
OMMCAaHHOT'O B KHUTE.

9. Ucnonp3yiTe OTCTYNBI JUIsl TOKa3a CTPYKTYPBI U TPYNITUPOBAHUS.

10. Bpy4uHy!0 OCTaBBTE CTPENIKH, TOKA3BIBAIOIME JOTUUECKUM MOPAIOK orneparopoB. OHU OYEHB
MOJIE3HBI IIPU OTJIAJKE U BHECEHMM M3MEHEHUH. IX MOXHO MOMECTUTH HA MPAaBOM IOJE MeCTa IS
KOMMEHTAapHUEB U CIIEJaTh YaCThIO BBOAUMOI'O B MAIIMHY TEKCTA.

11. BcraBbre CTpOUYHBIE KOMMEHTAapUM Il IMOSACHEHUS BCEro, 4YTO HeoueBUAHO. Ilpwu
UCIIOIb30BAaHUU U3JI0KEHHBIX BBIIIE TPUEMOB OHHM OKaXXYTCSl KOpOUe U MaJIOUMCIECHHEH, 4eM OOBIUHO.

12. ITomenaliTe HECKOJIBKO ONEPATOPOB HA OJAHOW CTPOKE WIJIM OIHUH OIEPaTOp HAa HECKOJBKHX
CTpPOKaxX B COOTBETCTBUM C JIOTUYECKOM TPYNIUPOBKOM, a TaK)Ke YTOOBI MOKA3aTh CBSA3b C OMHUCAHUEM
anropuTMa.

Bo3paxxenus. KakoBel HE1OCTAaTKU TaKOTO MOAX0/1a K JOKYMEHTUPOBaHUIO? OHU CYILECTBYIOT, U B
npeXHUE BpeMeHa ObLIN CYIIECTBEHHBIMU, HO Ceii4ac CTAaHOBSITCSI MHUMBIMU.
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(1) poaure gon ..

@' QLTERT?: PROCEDURE (V) ;
o llrlrlil‘i kddhdddhddhdddd b ddv bR bR bR PRl AR AR AR R AR R r!ﬁfi__-'
'\3_“.' F*A EORT SUBROUTINE FORE 2500 6-BYTE FIELDE, PASEED AS THE VECTOR V. A Lr)
F*SEPARATELY COMFILED, HOT-MAIN PROCEIMNEE, WHICH NUET USE RUTCHATIC CORE *y
SUALLOCATLION, LY &
- i
\_4_‘,' FUTHE S0RT ALGORLTHM POLLOWS BROOKS AMD IVEREOH, AUTOMATIC DATR PROCESSING */
' FEPRCGRAM 7.23, P. 350. THAT ALGORITHM IE REVISED AE FOLLOWES: b
5y §* LTEPE 2-12 ARER EIMPLIFIED FOR M=2. L ]
hd F* ETEP 13 IS EXPANDED TC HANDLE EXPLICIT INDEXING OF THE OUTRUT VECTOR., *f
F* TIE WHOLE FIELD IS USED AE THE SORT KBY. L7
F*  MINUS INFINITY IS REPRESENTED BY ZEECE, i
#%* FLUE IWFINITY IE REFRBSENTED BY OJHES. v
F* THUE STATEMENT MMLERES IN PROC. 7.23 ARR REFLECTED INW THE ETATEMENT o
i LEBELS OF THIE PROGRAM. v
F* AN IF-THEM-ELEE COMETRUCTION REQUIRES REPETITION OF A FEW LINED. o
/ !

F*T0 CHRHNGE THE DIMEMEICN COF THE VECTCR TO EE SCHTED, ALWAIS CHAWGE THE b
SULHITIALLZATION OF T, I[F THE EI1EE EXCEEDS 400&, CHRARZE THE FILZE OF T, TOO, & f

J%A MORE GENERAL VERSION WOULD PARRMETERIZE THE DIMEHEIOH OF V. wy
i g
J*THE PASSED INPUT VECTOR IS REPLACED BY THE RECRDERED OUTFUFT VECTOR. .y
IIrllnll l\!'ll|Jlll.l.'liilil-l.'IiillJl.'Iii!lJl.'li\'llJl.'llA.'Il|Jlll\'llJ!llA.'rl\!llA'l'l\!l.l-ﬁl'l_l-'
{E‘. J% LESEND  (ZERO-ORICIN IMDEXIHS) "y
-
DECLARE
H, fYINDEX FOR INITIALIZING T oy
i, J*INDEX OF ITEW TO EE REPLACED .y
7, JYINETIAL INDEX OF GRANCHES FROM MOLE I "
¥l BIMARY FIXED, J4INDEX IN CUTPUT VECTOR LY,
[MINF, SYMINUS INFINITY Lr,
FINF) BIT [48), JHTLUS INPINITY "y
V (*) BIT (%1, J*PRESED VECTOR TO EE SORTED RND RETURNED "y

T (0:8150) BIT (48); /YWORESPACE COMELSTING OF VECTOR TO BE S0RTED, FILLED*/
S%QUT WITH INFINITIES, PRECEDED DY LOWER LEVELE o
J*FILLED UF WITH HMIKUE INFINITIEZ b

A% HOW INITLALIZATION TO FILL DUMMY LEVELS, TOP LEVEL, AND WWUISED PART OF TOP*S
% LEVEL RS REQUIRED. v

@ INIT: MINF= (48] "0'E;
PIMP= (481 '1'L;

DO Le O TO 4004; TiL} = MINF; BND;

DO L= 0 TO 240%; TIL-4085) = ViLl; BHD;

DO Leg£535 TO @100; TiL} = BINF; BND;

{F_} F: E=-1; (71". f_?}
El: I = 0; Il o F g §
F3: T = 29I+1; J*EET J TO ECEN BRANCHES FROM NODE I. FR—
K7: IF T{I} «» T{J+1] /%DICK SMALLER BRRANCH —
U] FreS " [
= 1%
Ell: T(I] = TIJ1; /*REFLACE 111
K13: IF T(I} = BINF THEW G0 T0 K1g; /*IF INFINITY, REPLACEMENT- +8 -+|||%f
/v 18 PINISHED 1% s
K12: I=J /% SET INDEX FOR HIGHER LEVEL e
ENE; I 1
ELEE I UM, <. |2
Do " | 11
El1A: TII] = TIT+ll; #* | 1%
EL3A: IF T(I} = PINF THEM G0 TO Kig; /* - B e [N
EL2A: [ = J+1; IL 1 1%
BN ; | 1%
Kld: IF 291 « £151 TIEK GO0 TO K1, /%00 DACK IF HOT 0N TOP LEVEL -- = 4-4|%/f
Fl1E: TiI} = PINF;: /*IF TOP LEVEL, FILL WITH INFINITY e
Klé: IF T{0) » PINE THEN RETURN J*TEET EMD OF S0RT P N
ELT: IF Ti0) = MINF THEW G0 TO El; [*FLUSH OUT IWITIAL DUMMIES - -8 ----|%/
Elid: E = Eel; =, {*ETEF STORASE INDEX |* s
VKl = TI0); G0 TO Kl; (12} /STORE OUTPUT ITEW  ----eeoeo [*F
EMD QLTERTT:

Puc. 15.3 CamogokyMeHTHPYIOIIASCS MPOrpaMMa

CaMbIM CEPBE3HBIM BO3PAXKEHHEM SIBIISIETCS YBEJIIMUEHHUE pa3Mepa HMCXOOHOIO TEKCTa, KOTOPBIM
HYXXHO XpaHuTh. [IoCKOJIbKY MpakTHKa Bce Oosiee TArOTeeT K XPaHEHUIO UCXOJHOTO KO/a B aKTHBHBIX
YCTPOMCTBAX, 3TO BBI3BIBAET pacTyllee OecrnokoicTBo. JInuHO s munly Oosee KpaTkue KOMMEHTapUU B
nporpammax Ha APL, koTopble XpaHsTCA Ha IUCKe, yeM B mporpammax Ha PL/I, kotopsie xpansrcs Ha
nepdokaprax.

OnHako OJNHOBPEMEHHO Mbl JBUXKEMCS K XPAaHEHHUIO B AKTUBHBIX YCTPOMCTBaX TEKCTOBBIX
JOKYMEHTOB, JIOCTYII K KOTOPBIM U U3MEHEHHUE OCYIIECTBIISIETCS C MOMOLIBIO KOMIIBIOTEPU3UPOBAHHBIX
TEKCTOBBIX penakTopoB. Kak yka3biBajoch BbIIIE, CIMSHUE TEKCTa M MPOrpaMMbl COKpamaer oodiee
KOJINYECTBO XPAaHUMBIX CUMBOJIOB.

AHAJIOTUYHOE BO3pPa)KEHHUE BBI3BIBAET ApPryMEHT, YTO CAMOJOKYMEHTHUPYIOUMECS MPOTPaMMBI
TpeOyroT Oouiblile BBOA C KiaBUATyphbl. B meyarHoM mokymeHTe TpeOyeTcs, O MEHbIIeH Mepe, OIHO



HA)XKaThE€ Ha KIABUILY U1 KaXJIO0ro CUMBOJA Ha KaXIbld YEPHOBOM JK3eMmIuisip. B
CaMOJIOKYMEHTHUPYIOUIEKCA TPOrpaMMe CyMMapHOE KOJIMYECTBO CUMBOJIOB MEHBIIE, U HA OUH CHUMBOJI
MPUXOUTCA MEHBIIE HAXKATUM HA KJIABUIIM, TAK KaK YEPHOBUKH HE MEPEIECUATHIBAIOTCA.

A 49TO Xe OJOK-CXeMbI U CTPYKTYpHBIe Tpadsi? Ecim ncmonb3yeTrcss TOIbKO CTPYKTYPHBIN Tpad
CaMoOro BBICOKOTO YPOBHSI, OH BIIOJIHE MOKET COAEPKATHCA B OTJICIIBHOM JOKYMEHTE, IIOCKOJIBKY PEIKO
MojBepraeTca u3MeHeHusiM. Ho KOHE4YHO, €ro MOKHO BKJIIOYHUTh B MCXOJHBIA TEKCT MPOTrpaMMbl B
KauecTBe KOMMEHTapusl, 4To OyaeT OJaropazymHo.

B kakoif Mepe omucaHHBIC BBIIIE MPUEMbI IPUMEHUMBI JIJIsT IPOTPaMM Ha s3bIke accemoOnepa?
JTyMaro, 4TO 0a30BBIA MOAXOA JOKYMEHTHUPOBAHHS MPUMEHHM BCioAy. CBOOOTHBIM MPOCTPAHCTBOM H
dbopmaraMu MOKHO TOJIB30BAaThCsl C MEHBIIIEH CTEMEHBIO CBOOOBI, M TTOATOMY OHHM HCIIOJIB3YIOTCS HE
Tak THOKO. ViIMeHa u 0OBABICHUS CTPYKTYP, HECOMHEHHO, MOKHO MCIIOJB30BaTh. OUeHbh MOTYT TOMOYb
MakKpochl. IHTEHCHBHOE HCTIOJIb30BaHUE TTaparpad)0B KOMMEHTAPHUEM SIBISIETCS XOPOIIeH MPaKTUKON B
JIFOOOM SI3BIKE.

Ho mogxon Ha OCHOBE CaMONOKYMEHTHUPOBAHUS CTUMYJIUPOBAH MIPUMEHEHUEM S3BIKOB BBICOKOTO
YpOBHA M oOpeTaeT HauOOJBIIYI0 MOIIb M HAWBBICIIEEC OMpaBAaHWE B SI3bIKAX BBICOKOTO YPOBH,
HCIIONIb3YEMBIX B PEXKUME OH-JalH, Oynb TO B MAaKeTHOM pEXHME WM HHTEepakTHBHO. Kak
JTIOKa3bIBaJI, TAKUE SI3BIKM M CHCTEMBI OY€HBb CHUJIBLHO OOJIETYalOT JKH3HBb MPOrpaMMUcTOB. [TockombKy
MalllMHbl CHAENaHbl JUIs JIIOJEH, a HE JIOAW JJIs MAlllMH, UX MCIOJIb30BAHUE OMNpPaBJaHO Kak C
SKOHOMHUYECKON TOYKH 3PEHHUS, TAK U YUCTO MO-YEIOBEYECKH.



['maBa 16 CepeOpsiHOM MYyJIM HET — CYIIHOCTh H
AKIMACHIMSA B IPOrPAMMHON MHKEHEePUH

Her Hu OAHOTO OTKpBHITHMS HU B TEXHOJOTMH, HM B METOAAX YIPABICHUS, OTHO TOJIBKO
UCIIOIb30BaHUE KOTOPOro o0emago Obl B TEUCHHE ONMXKAMIIETo NECATUIICTUS Ha MOPSAOK MOBBICUTH
MPOU3BOAUTENIBHOCTD, HAJIEXKHOCTh, POCTOTY pa3pabOTKU MPOTPAMMHOTO 00eCTICUeHUSI.

Peszome[l]

Co3nanue mporpaMMHOrO oOecIeueHUsl BCerja BKJIIOUaeT B ceOs CYIIeCTBEHHbIC 3aJauyud —
MOJICIUPOBAHUE CJIOKHBIX KOHIIENTYaJbHBIX CTPYKTYP, COCTABISIIONIMX aOCTPaKTHBIA MPOTpaMMHBIN
O0BEKT, U BTOPOCTENEHHBIC 3a/laud — CO3JaHuE€ MPEJCTABICHUN 3THUX aOCTPAKTHBIX OOBEKTOB C
MOMOIIIBIO S3BIKOB MPOrPAaMMHUPOBAHUS U OTOOpa)KEHHE UX B MAIMHHBIE S3bIKU C YUETOM OTPaHUYEHUN
M0 MaMsITH U CKOPOCTU. B mpouwoM pocT mMpoAyKTUBHOCTH MPOTPAMMHUPOBAHUS MO OOJIbINEH YacTu
nocturancs Omarofaps YCTPaHEHUIO MCKYCCTBEHHBIX Iperpai, AEJaBIIMX BTOPOCTEIEHHBIE 3a1auu
Ype3MEpHO TPYAHBIMHU, HAIpPUMEp, >KECTKUX allaparTHbIX OrPAaHUYEHHUM, HEYIOOHBIX SA3BIKOB
OpOrpaMMHUpOBaHUs, HEXBAaTKU MAIIMHHOTO BpeMmeHU. Kakas dacTb paboThl pa3pabOTUHKOB
NPOTrPaMMHOIO OOecleYeHusi Bce elle CBsi3aHa CO BTOPOCTENEHHBIMU, a HE C CYIIECTBEHHBIMHU
oocrositenscTBamMu? Ecnu ona 3anumaet menee 9/10 Bcex 3arpar, To, Jaxe CBEJsl BCE BTOPOCTEIIEHHbBIE
3aTpaThl K HYJIIO, Mbl HE MOJIYYUM POCTa MPOU3BOAUTEIILHOCTU HA MOPSAOK BEJIIUYHUH.

[ToaToMy, moXoke, HacTallo BpeMsi OOpaTUThCS K CYIIECTBEHHBIM 3ajjadyaM IPOrpaMMHUpPOBAHUS,
CBSI3aHHBIM C MOJICIMPOBAHUEM KOHIENTYAJIbHBIX CTPYKTYp OOJBIION CI0KHOCTHU. S mpeaaralo:

* Mcnionp30BaTh MacCOBBIM PHIHOK, YTOOBI H30€KaTh CO3JaHUs TOTO, YTO MOKHO KYITHUTb.

* Hcnonb3oBarh OBICTPOE MAKETUPOBAHME KaK 4YacTh 3alNIAHMPOBAHHBIX WTEpaluil s
YCTaHOBJICHUS TEXHUYECKUX TPEOOBAHMM K MPOrpaMMHOMY 00ECTICUEHHUIO.

* OpraHM4HO HapalMBaTh MPOrpaMMBbl, JOOABJAS K CUCTEMaM Bce OOJNbIIyI0 (PYyHKIIMOHATBHOCTD
0 MEpPEe X 3aMycKa, UCIOJIb30BAHUS U TECTUPOBAHUSI.

* BBISBAATB M pacTUTh BBIAAIONIMXCA Pa3pa00TUYMKOB KOHIIEIIIUM HOBOTO TOKOJICHUSI.

Beeoenue

N3 Bcex MOHCTPOB, KOTOPHIMU HAIOJHEHBI KOIIMAaphl HAIIETO (DOIBKIOPA, CAMBIMU CTPAIHBIMU
SBJISIIOTCSI OOOPOTHH, TOCKOJBKY HAac MyraeT HEOKMJAHHOE IpeBpalleHue TOT0, YTO HaM XOpOILO
3HAaKOMO, B HEUTO yKacHoe. Mbl uileM cepeOpsiHble Myiu, KOTOpble MOIIX Obl BOJIIEOHBIM 00pa3om
YJAOKUTH OOOPOTHEN HAIOBaJ.

XOpoIo 3HAKOMBIN MPOTPAMMHBIN MPOEKT HAIOMUHAET TaKUX 00OpOoTHEU (Mo KpailHeill mepe, B
NPEACTABICHUN MEHEIKEPOB, HE SIBIAIOIMXCS TEXHUYECKUMH CHEHHAIUCTaMHU) TEM, 4YTO, Oyaydu
OpPOCTHIM U HEBUHHBIM Ha BHJl, OH MOXET CTarb YYyIWIIEM MPOBAJICHHBIX IpauKoB padOTHI,
pa3ayBIIMXCA OI0/KETOB U HEPAOOTAIOIIMX TPOIYKTOB.

W MBI CHBIIMM OTYasHHbIE KPUKU C MPOCHOAMU JIaTh cepeOpsiHYyIO MYI0 — HEYTO, CIOCOOHOE
CHU3UTh CTOMMOCTh NPOTPAMMHBIX TMPOAYKTOB TaK K€ PpE3Ko, KaK CHU3WIACh CTOMMOCTh
KOMITBIOTEPOB.

Ho, BrisiapIBasich B MpEACTOSIINEE ASCITHIIETHE, MBI HE BUAUM HUKAKOM cepeOpsiHoit mynu. Het Hu
OZIHOTO OTKPBITHS HU B TEXHOJOTHH, HU B METO/IAX YIPABICHUS, OJHO TOJIHKO HCIIOJIb30BAHUS KOTOPBIX
o0emiano Obl XOTh Ha MOPSJIOK BEJIMYMH MOBBICUTH MPOU3BOAUTENIBHOCTD, HAJCKHOCTh, IPOCTOTY. B
3TOM TNIaBe MBI OMBITAEMCS YBUACTH, [IOYEMY 3TO TaK, HCCIEAyd NPUPOAY 3a7ad MPOrpaMMHUPOBAHUS U
CBOMCTBA MPeAaraéMbIxX MyJlb.

OnHAaKO CKENTHUIUM3M — 3TO HE MECCHUMHU3M. XOTS Mbl HE BUJUM OILECIOMJISIONMX MPOPHIBOB U
NEHUCTBUTENBHO CYUTAEM WX HECBOMCTBEHHBIMHU MPUPOAE MPOrPAaMMHUPOBAHMS, MPOUCXOAUT MHOTO



BCEJLIIOIIMX HAJEKIbl HOBOBBEACHHUM. JMCUMNIMHUPOBAHHBIE W IOCIEIOBAaTEIbHBIC YCHIINS,
HaIpaBJICHHbIE HA UX PA3BUTHE, PACIIPOCTPAHEHUE U UCIIOIB30BaHUE, JCHCTBUTENBHO MOTYT 1AaTh POCT
Ha NOPsIOK BeJn4nH. Het napckoro mytu, HO BCE XKe ITyTh €CTh.

[lepBbIM mIarom K JieueHHUIO OOJIE3HEH cTaja 3amMeHa MPEJCTABICHUN O JIEMOHAX M «COKax» B
opranusme Teopuei 6aktepuii. CaM 3TOT miar, 00eIaBIIMil HaJ ek 1y, OITPOBEPT BCE MEUTHI O UyIECHOM
ucuenenur. OH TOACKa3aj MCCIENOBATeNsiM, YTO Mporpecc OyIeT OCYIIECTBIATHCS MIAXKKAMHU, C
OONBIIMM TPYAOM, U YTO MOCTOSIHHOE M HEOCTa0HOE€ BHMMAaHUE HYKHO YIeisaTh caHuTapuu. To ke
IIPOMCXOIUT CETOAHS C MPOrPaMMHON UHKEHEPUEH.

Heuzbeorcnvr au mpyonocmu? Tpyonocmu, gvimexaiowue u3 cyujHocmu

CepeOpsiHBIX MMYJIb HE TOJBKO HE BHUJHO B HACTOSILNEE BpEMs, HO B CHIIy CaMOW HPUPOAbI

IPOTrPAMMHOIO OOECIeYeHUs MaJoBEpOSTHO, YTO OHHM BooOmle OyayT HaiaeHsl — He OyaeT
U300peTeHu, CHOCOOHBIX MOBIMATH HA MPOAYKTUBHOCTH CO3JaHUA, HAJEKHOCTh M MPOCTOTY
IPOrPaMMHOI0 OOECIEeUYeHUs TaK, KaK JJIEKTPOHHKA, TPAH3UCTOPHl M HMHTETrpajbHbIe CXEMbl — Ha

anmnaparHoe obecriedeHue KoMmIbioTepoB. He cneayeT oxuaars, 4To KOraa-inbo B OyayleM Kaxible
1Ba roj1a OyJeT MPOUCXOAUTh ABYKPATHBINM POCT.

Bo-nepBbIX, ciaeayeT cuuTarb HEOOBIYHBIM HE TO, YTO TaK MEIJIECHHO MPOUCXOTUT IMPOTpPecC B
IpOrpaMMHUPOBAHUU, a TO, YTO OH TaK OBICTPO HAET B almapaTHOM obOecredeHuH KOMIboTepoB. Hu
OIHA Apyras TEXHOJOTHS 3a BCIO UCTOPHUIO LMBUIM3ALUM HE uMela 3a 30 JeT CBOEro pa3BUTHUsS pocTa
COOTHOIIICHUS TMPOU3BOAUTENIBHOCTh/IIEHA Ha IIeCTh MmopsAkoB. Hu omHa npyras TEXHOJOTHS He
MO3BOJISIET BBIOpATh, KaKOW BBIMTPBIII MPEANOYECTh: YIYYLUIMTh TEXHUUYECKUE XapaKTEPUCTUKU WM
CHU3UTH 3arparbl. O0a ATHU BBIUIPHINA CTaJd BO3MOXHBI Oyarofaps Nepexoay MPOU3BOACTBA
KOMITBIOTEPOB U3 COOPOUYHOTO TPOU3BOJICTBA B 00pabaThIBatoIIICe.

Bo-BTOpBIX, YTOOBI TOCMOTPETH, KAKOM CKOPOCTH PA3BUTHUS MOXKHO OXXKHAATh OT MPOTPaMMHBIX
TEXHOJIOTMH, TOJIE3HO M3YYUTh UMEIOLMECS B HUX TPyIHOCTH. Cienyss ApUCTOTENIO, S IEI0 UX Ha
CYIIHOCTH — TPYIHOCTH, BHYTPEHHE MPUCYIIME MPUPOE MPOrPaMMHOTO 00ECIIEUeHHUs, U aKIIUICHIINH
— TPYAHOCTH, KOTOPBIE CETOMHS COIMYTCTBYIOT IMPOM3BOJCTBY MPOTPAMMHOIO OOECHEUYEHUs, HO He
ABJIIFOTCS BHYTPEHHE €MY IPUCYILIUMU.

AKIUACHIIMY g pacCMaTpUBaIO B clieayroleM naparpade. CHagana pacCMOTPUM CYLIHOCTb.

CyIHOCTBIO TPOrPaMMHOI0 00BEKTA SABISCTCS KOHCTPYKIIMS, COCTOSIIAS U3 CUEIJICHHBIX BMECTE
KOHLENIUI: HA0OPOB NaHHBIX, B3aUMOCBS3EH MEXIY JIEMEHTaAMU JIaHHBIX, AJITOPUTMOB U BBI30BOB
byHKIuiA. OTa CyIHOCTb SBISETCA aOCTPaKTHOM B TOM OTHOIICHUHU, YTO KOHIENTYyaJbHas
KOHCTPYKLHSI OCTAaeTCs OAHOM M TOW K€ IpU pPa3IMUYHBIX NPEACTABICHUSIX. TeM He MEHee OHa
00J1a/1aeT BHICOKOM TOYHOCTBIO U OOJIBIIIMM YKCJIOM JIETAJIEH.

S cumTaro, 4TO CIOXKHOCTHh CO3JaHUs MPOrpPaMMHOTO OOECIedeHHs 3aKIo4aeTcsi B 3aJaHUuU
TEXHUYECKUX TPeOOBaHUN, TPOSKTUPOBAHUYU U MPOBEPKE 3TONW KOHIENTYaJIbHON KOHCTPYKIMHU, a HE B
3arparax, CBA3aHHBIX C €€ NPEACTABICHHEM M IPOBEPKOW TOYHOCTH IpenacTaBieHus. KoHeuHO, Mbl
JIeIaéM CUHTAaKCHYECKHE OIMOKH, HO B OOJBIIMHCTBE CHUCTEM OHHU HECYIIECTBEHHBI B CPaBHEHUHU C
KOHIIENTyalbHBIMH OLIMOKAMHU.

BepHo T0, 4TO co3aHue MporpaMMHBIX CUCTEM Bceraa OyaeT TpyaHbiM. CepeOpsiHON My Il HeT 1O
CaMOHl MPUPOJIC BELICH.

PaccMoTpuM  HeoTheMIIEMBIE CBOMCTBA OTOW HECOKPAaTUMOM  CYIIHOCTH COBPEMEHHBIX
IIPOIPAMMHBIX CUCTEM: CI0KHOCTB, COTJIACOBAHHOCTh, U3MEHAEMOCTh U HE3PUMOCTb.

Crnoxuoctb. CIIOKHOCTh MPOTPaMMHBIX OOBEKTOB 0o0jiee 3aBUCUT OT HUX pPa3MEpOB, UEM,
BO3MOXHO, JUISl JTIOOBIX JAPYIHX CO3/1aBAEMBIX YEJIOBEKOM KOHCTPYKIMUA, MOCKOJIbKY HHUKAKUE JBE HUX
YacTH HE CXOXHU MEXIy co00il (o KpaitHell Mepe, BbIlIe YPOBHs orieparopos). Eciu oHU cX0%H, TO MBI
00BbEeIUHSIEM UX B OJIHY MOANPOTPAMMY, OTKPBITYIO MM 3aKPBITYI0. B 3TOM OTHOIIIEHHH TpOorpaMMHbIE
CUCTEMBbl UMEIOT NIyOOKOE OTJIMYME OT KOMIIBIOTEPOB, IOMOB U aBTOMOOWIIEH, T/I€ MOBTOPSIOIIMECS



3J€MEHTHI UMEIOTCS B U300UITUU.

Camu 1uQpoBbie KOMIBIOTEPHI CIOXKHEE, YeM OOJBIIMHCTBO M3TOTAaBIMBAEMbIX JIOABMH BEIICH.
Yucno ux COCTOSIHUM OYEHb BEJIMKO, ITOATOMY MX TPYAHO IIOHMMATh, ONMCHIBATH U TECTUPOBATh. Y
IIPOIPAMMHBIX CHUCTEM YHUCJIO BO3MOXXHBIX COCTOSHMM Ha IMOPSAJKM BEJIWYMH IIPEBBIIAET YHUCIO
COCTOSIHUM KOMIIBIOTEPOB.

AHanorunyHo, MacirabupoBaHUE MPOTPAMMHOIO OOBEKTa — 3ITO HE MPOCTO YBEIHYECHHE B
pa3Mepe TeX e CaMbIX 3JIEMEHTOB, 3TO O0s3aTeJIbHO YBEJIMUYCHHE YMCIa PA3JIUYHBIX 3JIEMEHTOB. B
OOJBIIMHCTBE CIIy4aeB 3TH JIEMEHTHI B3aUMOACUCTBYIOT MEXKLy COOOM HEKMM HEJIMHEHWHBIM 00pa3oMm,
U CJIOKHOCTbH I[E€JIOTO PACTET 3HAUUTENBHO OBICTpEE, UeM JTMHEHUHO.

CH0XHOCTh MPOrpaMM SIBISIETCA CYIIECTBEHHBIM, & HE BTOPOCTEIEHHBIM CBOWCTBOM. [loaTOMy
OTMKCaHUs IPOrPaAMMHBIX 00BEKTOB, A0CTPArupyrOIIMEcs OT UX CIOXKHOCTH, YACTO aOCTParupyroTcs OT
X cymHocTu. Maremaruka U (u3nyeckue HaykKu 3a TPU CTOJICTHS JOCTUIIIM OOJBIIMX YCIIEXOB,
co3/aBasi IpOIICHHbBIE MOJEIH CIOXKHBIX (PU3NMUYECKUX ABJICHUM, MOTy4ast U3 3TUX MOJeJIel CBOWCTBA U
MPOBEPSIS UX OMBITHBIM MyTEM. DTO yAaBaJIOCh Oiarofaps TOMY, YTO CIOXHOCTHU, UTHOPUPOBABIIHMECS B
MOJIENISIX, HE ObUIM CYHIECTBEHHBIMU CBOMCTBaMH sIBIIEHHH. M 3TO He NEHCTBYET, KOIZa CIOXKHOCTHU
SBIISIFOTCS CYILIHOCTBIO.

MHorue kjaccuyeckue TPYIHOCTH pa3pabOTKH MPOrpPaMMHOIO oOecredeHUs MPOUCTEKAIOT UX
ATOM CJIO0KHOCTHU CYIIHOCTH M €€ HEJIMHEMHOIo pocTa NpH YBEIUYEHUH pazMepa. CII0KHOCTD CIYyKUT
OPUYMHON TPYTHOCTH MpoIecca OOIEHUsI MEX1y YIaCTHUKAMU OpHUTajibl pa3pabOTUMKOB, UTO BEJET K
ommOKaM B MPOAYKTE, MPEBBIIICHUI0 CTOMMOCTH Pa3pa0dO0TKH, 3aTATHBAHUIO BBHITOJHEHUS TpaduKoB
paboT. CIOXKHOCTh CIY)KUT MPUYUHON TPYIHOCTH TEpEUUCICHUs, a TeM Ooyiee MOHUMAaHUS, BCEX
BO3MOXHBIX COCTOSIHUN MPOTrpamMMBbl, a OTCIOla BO3HHUKAET €€ HEHaJeKHOCTh. CIOXHOCTh (yHKIUH
CIYXWAT NPUYMHOM TPYAHOCTEU IIPU MX BBI30OBE, M3-3a YEro NPOrpaMMaMy TPYAHO IIOJIb30BaThCs.
CHOKHOCTB CTPYKTYPHI CIIY’KUT MPUUUHON TPYIHOCTEHN MPU Pa3BUTHH IPOrpaMM U JOOABICHUU HOBBIX
byHKIUHA Tak, 4TOOBI He BO3ZHUKANIU 1OO00UHbIE 3P (PeKThl. CII0KHOCTH CTPYKTYPHI CAYKUT UCTOUHUKOM
HEBU3YyaJIN3yEMbIX COCTOSHUM, B KOTOPBIX HAPYIIAETCA CUCTEMA 3aLUTHI.

CHOXHOCTb CIY’KUT IPUYMHON HE TOJIBKO TEXHUYECKUX, HO U aJIMUHUCTPATUBHBIX Ipodiem. W3-
3a CIIOKHOCTHU TPYIHO OCYLIECTBIATH HAA30p, @ B PE3YAbTATE CTPAAAcT KOHLENTYyalbHas LEJIOCTHOCTb.
TpynHo HailTM W nepkaTh IO KOHTPOJEM Bce CBOOOAHBIE KOHIBL OOyueHHME M TOHHUMaHHE
CTAHOBUTCS KOJOCCAJIbHOM Harpy3KoM, H3-3a 4Yero TeKydecTb pabodeil Cuibl MpeBpamaeTcs B
KatacTpody.

CornacoBaHHOCTb. JItoau, CBA3aHHBIE C MPOTPAMMHPOBAHHEM, HE OJWHOKHM B Hpobiemax
clnoXHOCTH. Du3uKka HMeeT Jel0 C OOBEKTaMU YPE3BBIYAMHON CJIOKHOCTU JaKe Ha YpOBHE
aneMeHTapHbIX yactull. OnHako (U3UK paboTaeT B TBEPIOM YBEPEHHOCTH, YTO MOXHO HAWTU oOume
OPUHLUIBL, OyAb TO KBapKd WM OOILIasi Teopusl Mouisl. DUHINTEHH HEOAHOKPATHO YTBEPXKAAll, UTO
npupona A0KHA MMETh MPOCThle OOBSICHEHUS, MOCKOJbKY bory He CBOWCTBEHHBI KampHU3HOCTb U
IIPOU3BOJI.

VY pazpaboTunka IpOrpaMMHOTO OOECIeUYEeHHSI HET TAKOW YTeIMTENbHOU Bepbl. CIOKHOCTH, C
KOTOPOM OH JOJDKEH COBJaAarh, MO OOJBIIEH YacTH SBISETCS MPOU3BOJIBHOM, HEOOOCHOBAHHO
BBI3BAHHOW MHOTOYMCJIICHHBIMM YE€JIOBEYECKMMM YCTAHOBIICHUSMU M CUCTEMAaMH, KOTOPBIM JIOJIKHBI
YIOBJIETBOPUTD €ro uHTepdeiicsl. CUCTeMBbl pa3nuyaloTcss HTepdeiicaMu U MEHSIOTCS. BO BpEMEHU HE
B CHJIYy HEOOXOJAMMOCTH, a JTUIIb TOTOMY, YTO ObUTH cO3/1aHbl He borom, a pa3HbIMU JIOBMU.

Bo MHOrux ciydasx mporpaMMHoe oOecriedeHHe JOKHO COINIaCOBBIBATHCA, MOCKOJIBKY TOJIBKO
YTO MOSBMJIOCH HA CIeHe. B npyrux ciydasx OHO JOJDKHO CONNIACOBBIBATHCS, ITOCKOJBKY €CTh
OILLYIICHWE, YTO €ro Jierde BCero cornacosarb. HO BO BceX cilydasx 3HAYUTEIbHAS YacTh CIOKHOCTHU
MPOUCXOTUT OT COIVIACOBAHMS C JIPYrMMHU UHTepdelicaMu, U 3TO HEBO3MOXKHO YIPOCTUTH TOJIBKO B
pe3yabpTaTe MepernpoeKTUPOBAHUS TPOTPAMMHOI0 00eCTICUeHHUSI.



N3mensiemocts. [IporpaMmHble 0OBEKTHI MOCTOSIHHO MOABEPXKEHBI M3MeHeHUsM. KoHeuHo, 3To
OTHOCHUTCSI W K 3/JaHHUSM, aBTOMOOWISIM, KommbioTepam. Ho mnpousBeneHHBbIE BEIM PEIKO
MOJIBEPratoTCsl U3MEHEHUSIM I0CIE U3TOTOBICHUS. VX 3aMEHSIOT HOBbIE MOJEIM, WU CYIIECTBEHHBIE
M3MEHEHHUS BKIIOYAIOT B 00JIee MO3JHUE CEPUMHBIE HK3EMILIAPHI TOTO ke 6a30Boro npoekta. OT3bIBHI Y
noTpeOuTeneil aBTOMOOMIECH Ha MpPaKTUKE BCTPEUAIOTCS BeCbMa PENKO, a M3MEHEHHs paboTarolmx
KOMIIBIOTEPOB elle pexke. To u Jpyroe ciaydaercss 3HAYUTEIBHO pexe, 4YeM Monaudukanus
paboTaroiero mporpaMMHOTO 00eCTICUCHU .

Ot4acTu 3TO MPOUCXOAUT MOTOMY, YTO MPOTPAaMMHOE OOECleuyeHHE B CHUCTEME BOILIOMIAET €€
Ha3HaueHUe, a Ha3HadeHue 0oJiee BCEro OLIyIIAeT BIUSHUE W3MEHEHHH. OT4acTH ATO MPOUCXOTUT
NOTOMY, YTO MPOrpaMMHOE OOEeCreyeHue Jierde HU3MEHUTh: 3TO YUCTasi MBbICIb, OECKOHEYHO
NOJaTINBas. 3JaHUS TOXKE IMEpPEeCcTpauBarOTCs, HO MpHU3HABaeMasi BCEMU BBICOKasg CTOUMOCTD
W3MEHEHUN yMepsieT Kallpru3bl HOBATOPOB.

Bce yaaunble nmporpamMMHbIE TPOAYKTHI MOABEPTatOTCS W3MEHEHUsM. llpu 3TOM IelCTBYIOT ABa
npoiiecca. Bo-mepBbix, Kak TOJBKO OOHAPYKMBAETCS MOJIb3a MPOrPaMMHOTO MPOAYKTA, HAYUMHAIOTCS
NOMNBITKKM MPUMEHEHUs €ro Ha TpaHW WM 3a IpeaellaMHu MepBOHa4YalbHOM obnactu. TpebGoBanue
pacumpeHus: QyHKIIMN UCXOTUT, B OCHOBHOM, OT IOJIb30BaTeliei, KOTOPbIC YAOBIECTBOPEHBI OCHOBHBIM
Ha3HAYeHUEM U M300pETaroT JIsl HETO HOBbIE TPUMEHEHHSL.

Bo-BTOpBIX, yAayHbIi TPOTrpaMMHBIM HPOAYKT JKMBET JOJIbLIE OOBIMHOIO CpPOKA CYIIECTBOBAHUS
MalllMHbI, 1JI1 KOTOPOW OH MEpPBOHAYAJIBHO ObUT co3naH. [Ipuxomsar ecinu He HOBbIE KOMIBIOTEPHI, TO
HOBBIC JIMCKU, HOBbIE MOHHUTOPBI, HOBBIE MPUHTEPHL, U IpOrpaMma JOJDKHA OBbITh COINIACOBaHA C
BO3MOKHOCTSIMH HOBBIX MAIlIMH.

Kopoue, nporpaMMHBIN IPOAYKT BCTPOEH B KYJIBTYPHYIO MaTpUIly IPUIIOKEHUH, ITOJIb30BaTENEH,
3aKOHOB U MallliH. Bce OHM HeMpPephIBHO MEHSIOTCS, U UX U3MEHEHUS HEU30€KHO TPEOYIOT U3MEHEHUS
IPOTPaMMHOTI0 IPOAYKTA.

Hespumocts. [IporpaMMHBIi POAYKT HEBUIUM U HEBU3Yyaln3yeM. [ eomeTpuyeckre adCTpakiuu
ABJIAFOTCS MOUIIHBIM HMHCTPYMEHTOM. [lnaH 37aHMS MOMOraer apxXuTeKTOpy M 3aKa3uHhKy OLCHHUTH
IPOCTPAHCTBO, BO3MOKHOCTHU IepeMeIIeHUs], BUAbl. CTaHOBITCS OYEBUIHBIMU IPOTUBOPEUUS, MOKHO
3aMETUTh ymylueHus. MacirrabHble YepTexK MEXaHHMYECKUX JeTaleid 1 00beMHbIE MOJEIH MOJIEKYIL,
Oynyun aOCTpakUMsIMU, CIy)KaT TOW Ke 1end. leoMerpuueckass peaJbHOCTh CXBAaTbIBACTCS B
reOMeTpUUYECKOi adCTpaKIINu.

PeanpHOCT, mporpaMMHOro oOOecnedeHuss He BCTPAMBAETCA €CTECTBEHHBIM 00pa3oM B
npocTpancTBO. [103TOMY y HEr0 HET TOTOBOTO T€OMETPUYECKOTO MPEACTaBICHUS MOAOOHO TOMY, Kak
MECTHOCTb MPEACTABISIETCA KapTO, KPEMHUEBBIE MUKPOCXEMBlI — JMarpaMMaMH, KOMIIBIOTEPbl —
cxeMaM# coeauHeHuU. Kak TOapko MBI mbITaeMcs rpauuecku MpeaCcTaBUTh CTPYKTYPY MPOTrpaMMBl,
MbI OOHapy»XUBaeM, 4TO TpeOyeTcsi He OANH, a HECKOJIBKO HEOPUEHTHUPOBAHHBIX IPa(oOB, HATOKEHHBIX
onuH Ha Apyroii. Heckonbko rpadoB MOTYT MPEACTABIATH YIPABISAIONME MOTOKH, MOTOKU JAHHBIX,
CXEMBbl 3aBHCUMOCTEH, BPEMEHHBIX I10CJIEIOBAaTEIbHOCTEN, COOTHOIICHUN NPOCTPAHCTBA HMEH.
OOBIYHO OHM Ja)K€ HE SBISIOTCSA IMJIOCKMMH, HE TO YTO HepapxuueckuMu. Ha mpakTuke omHUM U3
CIIOCOOOB YCTAHOBJICHUSI KOHLENTYAJIBHOTO KOHTPOJS HaJ TaKoW CTPYKTYpO#l sBisieTcsi oOpe3aHue
CBSI3€H J10 TeX Mop, MOKa OJIMH UJIM HECKOJIBKO rpad)oB HE CTAHYT UEPAPXUUECKUMH. [2]

HecMmoTpsa Ha mporpecc, JOCTUTHYTBI B OTPAHUYEHHUHU U YINPOLICHUM CTPYKTYpP HMPOrpaMMHOIO
oOecrieueHusl, OHU OCTAIOTCS HEBU3YalM3yeMbIMHU IO CBOEU MPUPOAE, TEM CAMBIM JIMIIAS HAC OTHOTO
u3 Haumboyiee MOIIHBIX MHCTPYMEHTOB OINEPUPOBAHUS KOHUENUHUSIMHU. DTOT HEIOCTATOK HE TOJBKO
3aTpyIHSET UHAUBUIYAJIbHBIA IPOLIECC TPOCKTUPOBAHUS, HO U CEPHE3HO 3aTPYAHSCT OOLEHUE MEKTY
pa3paboTunKamu.

IIpesicnue npopwviévl paspewunu 6mopocmeneHtvle mpyoHocmu

Eciu paccmorperr Tpu HauOosiee TUIOAOTBOPHBIX MIara B  IMPOU3OLICIIIEM Pa3BUTHU



MPOTrPAMMHBIX T€XHOJOTUH, TO OOHApYKUTCS, YTO BCE OHU ObUIM CHAENaHbl B HAMPABICHUH PEIICHUS
pa3snUYHBIX KPYNHBIX MpoOjieM pa3pabOTKM MporpaMMm, HO OTH HOpoOJeMbl 3aTparuBajiu
BTOPOCTENECHHBIC, @ HE OTHOCSIMECS K CYHHOCTH TPYAIHOCTH. MOXHO Tak)Xe BUAETh €CTECTBEHHBIE
MpEeAEbl SKCTPAIOIUPOBAHUS KaXIO0T0 UX ITUX HAIIPABICHHIA.

S3pIku BbICOKOTO YpoBHA. KoHeuHO, Hambojbllee 3HAYCHHE Al POCTa MPOU3BOAUTEIHLHOCTH,
HAJCKHOCTH W MPOCTOTHI MUMENO Bce 0O0jee HMPOKOE MCIOJb30BAHHUE S3BIKOB BBICOKOTO YPOBHSI.
BonbIMHCTBO HccenoBareneld CUnTaeT, 4To 3TUM ObUT JOCTUTHYT, 1O KpaitHel Mepe, MATHUKPATHBIN
POCT MPOU3BOAUTEIBHOCTH MPU OJHOBPEMEHHOM BBIMIPBILIE B HAJIECKHOCTH, MPOCTOTE U JIETKOCTH
MIOHUMAaHHUSL.

Yro npenaer S3bIK BBICOKOTO ypoBHSA? OH OCBOOOXKAAET MpOrpaMMy OT 3HAUMUTEIbHOW JOJH
HE00s13aTeNIbHON CIOKHOCTU. AOCTpaKkTHas MporpaMMma COCTOUT W3 KOHLENTYalIbHBIX KOHCTPYKIIUA:
omnepauuii, TUIOB JaHHBIX, IOCIJIEIOBAaTENbHOCTEW W CBA3M. KOHKpeTHas MallMHHAas M[porpaMmma
CBsi3aHa ¢ OWTaMH, PErHCTpaMH, YCJIOBHUSIMH, MEpPEXoAaMH, KaHajJaMu, JIMCKaMHU U MpodyuM. B Toi
Mepe, B KakOW B S3bIKE BBICOKOTO YPOBHS BOIUJIOLICHBI HEOOXOMMMBbIE aOCTPaKTHOM Mporpamme
KOHCTPYKLIUM M H30€raroTCsl KOHCTPYKIMM HU3IIETO MOPSAKa, OH JIMKBUJIMPYET LENbId YPOBEHb
CJIO)KHOCTH, COBEPIICHHO HE SBISIONMNCS HEOOXOIMMBIM CBOMICTBOM ITPOTPAMMBIL.

Camoe Ooublliee, YTO MOKET CJAENaTh S3BIK BBICOKOTO YpPOBHS, — 3TO MPEAOCTaBUTh BCE
KOHCTPYKLIMH, KOTOPBIE MO 3aMBICIy MPOTPAMMUCTA COACPKUT aOcTpakTHas mporpamma. KoneuHo,
YPOBEHb YTOHUYEHHOCTH HAIMX NPEACTABICHHUI O CTPYKTYypax NAaHHBIX, TUMNAX JAHHBIX U OIEpalUsIX
HEYKJIOHHO PacTeT, HO C MOCTOSHHO YObIBatoOIIeH CKOPOCThIO. M S3bIKKM B CBOEM Pa3BUTHUH BCE OOJIbINE
NpUOJIMKAIOTCS K U30IPEHHOCTH HAILIETO MBIIUICHUS.

bonee TOro, ¢ HEKOTOPOro MOMEHTa JAalibHEWIIas pa3paboTKa SA3BIKOB BBICOKOTO YpPOBHS
CTAHOBUTCS OO0Y30i, OCIOXKHSIOLICH, a HE YIPOILIAIOIIEH HWHTEIJIEKTyalbHbIe 3a7a4dl IOJIb30BaTels,
PEAKO MCIOJIB3YIOLIErO 930TEPUYECKUE KOHCTPYKIIUY.

Paznenenue Bpemenu. BonbIIMHCTBO McclieoBaTeNel cuuTaeT, yTo Onarogapst paboTe B pexume
pasziesieHuss BPEeMEHU MPOU30IIes] OOJNBbIION POCT MPOU3BOAMTENBHOCTH Tpyda MPOTPAMMHUCTOB U
KayecTBa CO3/1aBAEMBIX IPOrPAMMHBIX MPOAYKTOB, XOTS M HE TAKOW 3HAUYUTENbHBIM, KaK BBI3BAHHBIN
VCIIOJIb30BAHUEM SI3BIKOB BBICOKOT'O YPOBHH.

Pa3nenenue BpeMeHN MOMOraeT peluTh COBCEM JIPYIYIO 3a7auy. biaronaps pa3ieeHUI0 BpeMEHU
oOecrieunBaeTcst 0e€30TiarareabHOCTh, M IOTOMY BO3MOXKHOCTh HMETh OOIlee BHEYATICHUE O
cinoxHOCTU. W3-3a MenieHHOM 000paynBaeMOCTH MPHU MAaKeTHOM 00paboTKe Mbl HEU30EKHO 3a0bIBaEM
MEJIOUH, €CIM HE caMO€ HaIlpaBJICHUE HAIIEel MBICIH, B TOT MOMEHT, KOIJJa Mbl IPEPBAJIUCh U HadyaJlnd
KOMIUJISIAIO U BBIMOJHEHUE MPOTrpaMMBbl. DTOT OOpPBIB MBICIH JOPOTO OOXOAUTCS IO BpPEMEHH,
MOCKOJIbBKY MPUXOIUTCSI BOCCTAHABIMBATH €€ B MaMATH. B Xyalem ciydae, MOXKHO BOOOIIE MOTEPSThH
IIPEJICTaBICHUE O TOM, YTO IIPOUCXOUT CO CI0KHOU CUCTEMOM.

Mennennas 060paunBaeMoOCTh, KaK U CII0)KHOCTH MAIMHHBIX SA3BIKOB, SIBISIETCS BTOPOCTEIICHHOM,
a HE CYIIECTBEHHOW TPYIHOCTBIO IIpolecca nporpaMmupoBanus. [IpenenbHbli BKIIaJ, BHOCUMBIN
pa3/eIeHuEM BPEMEHU, ONPENEISIETCA HEMOCPEACTBEHHO. [ TaBHOE — 3TO COKPAaruTh BPEMSI OTKJIMKA
cucteMbl. [lo mMepe mpuOImxKeHUsS €ro K HYI0, OHO MEPEXOIUT IMOPOr CKOPOCTHU YEIOBEUECKOIrO
BOCHIpUATHS, cocTaBisitonieid okosio 100 muimucekyHa. Jlanblle HUKAKOM BBITOABI MOJYYUTH YXKE
HEJIb351.

OOwveauHeHHbIe cpenbl nmporpamMmmupoBanus. Cuntaercs, yro Unix u Interlisp, mepBbie MMPOKO
pacrpoCTpaHEHHbIE MHTETPUPOBAHHBIE CPEABI MPOrPAMMUPOBAHUS, OBBICUIIA TPOU3BOAUTEIBHOCTD B
HECKOJIBKO pa3. [Touemy?

OHU HampaBlIeHBl HA MPEONOJIEHNE BTOPOCTEIEHHBIX TPYAHOCTEH COBMECTHOIO HMCIIOJIb30BaHUS
IpOrpaMM IyTEM HCIOJIb30BAHUS OOIMX OMOIMOTEK, YHU(PUIIMPOBAHHBIX (opMaroB (pailioB, kKaHAJIOB
u GuineTpoB. B pe3ynbrare KOHLENTyaldbHbIE CTPYKTYpPBI, KOTOpbIE, B MPUHIUIE, BCErJa MOTYT



BbI3bIBaTh, OOMEHUBAThCS JAHHBIMH M HCIOJB30BaTh JPYr JIpyra, MOJy4alOT BO3MOXKHOCTb
OCYILECTBIIATH 3TO MPAKTUUECKHU.

OTO [NOCTUXKEHHUE, B CBOIO OYEpelb, CTUMYIMPOBAJIO pa3BUTUE LEIBIX HHCTPYMEHTATbHBIX
Ha0OpOB, MOCKOIBKY BCAKUU HOBBIM HHCTPYMEHT MOT MMPUMEHSATHCA K JIFOOBIM TPOrpaMMaM, UCTIOIb3Ys
cTaHJapTHBIE (OPMATHL

bnaronmapst 3TUM ycrexam cpelibl MPOrpaMMHPOBAHUS CTAIA MPEIMETOM MHOTHX CETOIHSALIHUX
UCCIIE0BaHMI B MPOrpaMMHOM MHKeHepuu. B crnenyromem naparpade Mbl pacCMOTPHUM, YTO OT HUX
MOXHO OXKHUJAaTh, U KAKHUE UM MPHUCYILE OTPAHUYCHUS.

Hanex sl Ha cepebpo

PaccMoTpuM Temeppr T€ TEXHUYECKHE JOCTH)KEHHUsS, KOTOpbIE 4dallle BCEro BBIIBUTAIOTCS
KaHAugaTaMd Ha poyib cepeOpsHoit mymu. K kakum 3amauam oHM oOpamparorcs?  3agadawm,
OTHOCSIIMMCSI K CYIIHOCTH, WJIM OCTAaTKaM HAIMX aKUMUJICHTHBIX cioxHocTei? Ilpemnarator au oHu
PEBOJIIOLIMOHHOE PA3BUTHUE UJIHM MOIIATOBOE MPOIBUKEHHE?

Ada u apyrue HOCTHIKEHHUsS SA3BIKOB BBICOKOTO YpoBHS. OmHMM U3 HauOoliee peKIaMUpPyEeMbIX
JNOCTHXKEHUH MOCJIEAHET0 BPEMEHU SIBIIAETCS SI3bIK MPOrpaMMUpoBaHus Ada — S3bIK BBICOKOTO YPOBHS
oOmiero Ha3HaueHust 80-X TonoB. Ada IEHCTBUTENBHO HE TOJBKO OTPAXKAET IBONIOIMOHHOE Pa3BUTHE
KOHIIETILIMI S3BIKOB, HO M BOILJIOIIAET YEePThI, MOACPKUBAIOIIME COBPEMEHHBIE UJEH MPOCKTUPOBAHUS
U MOnylnbHOCTU. BO3MOXHO, 60JBIIMM JOCTH)XKEHUEM siBiiseTcs He s3bIk Ada, a ¢punocodus Ada xak
bunocodusi MOIYTbHOCTH, aOCTPAKTHBIX THUIOB JAHHBIX, HEPAPXUUYECKOTO CTPYKTypupoBanus. Ada,
MoKy TEepPEerpy’eH BO3MOXKHOCTSIMU, OyAydd €CTECTBEHHBIM MPOAYKTOM IPOIECcca, MOPOAUBIIETO
TpeOOBaHMUsI, MOJOKEHHBIE B OCHOBY €r0 pa3pabOTKU. JTO HE CMEPTEIbHO, MTOCKOJIbKY MOAMHOXKECTBA
pabouux croBapei MOTYT PEIMTh MPOOJIeMY U3y4eHHUs, a MIPOTrPecc JIEKTPOHUKH JTaCT HaM JICIIEBbIC
MUJUIMOHBI ~ ONepaluii B CEeKyHAy, pelmaroume  npobiemy — kommnuisuuu.  Pa3Butue
CTPYKTYPUPOBAHHOCTH MPOTPAMMHBIX CHUCTEM — 3TO OYEHb XOpolllee MPUMEHEHUE IS JICHET,
KOTOpBIE MBI TPaTUM Ha MPUOOpETEeHHE BCE OOJBIIMX BBIUMCIUTEIBHBIX MOIHOCTEH. OnepalnoHHbIE
CUCTEMBI, TPOMKO OcCyxjaaBmmecs B 60-x rogax 3a AOPOTOBH3HY MaMSTH W BBIYUCICHUN, OKa3aJIUCh
XOpOILIMM CIOCOOOM MPUMEHEHHUS OBICTPOACHCTBUS M JIEUIEBOM MaMsTH, MOJYYEHHBIX B pe3ylbTare
OBICTPOTO Pa3BUTHS anapaTHBIX CPEACTB.

Tem nHe menee Ada He craHeT TOW cepeOpsHON Mmysneil, KOTopas YIOKUT MOHCTpa HHU3KOH
MPOU3BOIUTEILHOCTH MPOU3BOJCTBA NMPOTPAaMMHOTr0 obecrieueHus. B KoHIlE KOHIIOB 3TO BCEro JUIIb
ellle OIMH A3BIK BHICOKOTO YPOBHS, a CAMYIO OOJIBILYIO OT/Iauyy OT MPUMEHEHUS TaKUX SI3bIKOB MBI YK€
NOJIYYUJIM TIPU TEPBOM IMEpPEexXofe OT BTOPOCTENEHHOW CIIOKHOCTHM MAalMH K Oosee aOCTpakTHOMN
dbopmynmupoBke momaroBeix pemeHuil. [lociae ycTpaHeHWss TeX aKIUACHIIMNA OCTaJuCh MEHee
CYIIECTBEHHBIE, U BBITObI OT UX YCTpaHEeHHs OyJeT, KOHEYHO, MEHBIIE.

S mpenBuxky, yTo yepe3 naecATuieTHe, Koraa oueHAT 3¢dexTtuBHOCTh Ada, Oyaer mnpusHaH
3HAYUTENIbHBIN BKJIAJ] 3TOTO SI3bIKa, HO HE Oaroaaps Kakoi-1100 OTIEIbHOM ero BO3MOKHOCTH U 1aXKe
He Onaromaps UM BCeM BMecTe B3ATbIM. He cTaHyT NpUYMHON YCHEXOB U HOBBIE CpEIbl
nporpammupoBanHus Ha Ada. HamGonpunmm Bkiamom Ada sSBUTCA TO, UTO MEPEXOd Ha ITOT SI3bIK
MNOCIY)KUT TPUYMHOM H3ydeHUsT MPOrpaMMHUCTAMH COBPEMEHHBIX METONOB MPOEKTHUPOBAHUS
IPOTrPaMMHOI0 00eCTeUeHHUs.

OOBEKTHO-OPUEHTUPOBAHHOE  MIpOrpaMMupoBaHue.  MHOrme,  HM3ydalolme  HCKYCCTBO
NpPOTrPAMMUPOBAHUS, CBS3BIBAIOT C OOBEKTHO-OPUEHTUPOBAHHBIM MPOTPAaMMHUPOBAHUEM OOJIbIIE
HAJICXK/I, YeM C JIIOOBIMHU JPYTUMH COBPEMEHHBIMU TEXHUYECKUMU yBIeueHUsIMU. [3] S mpuHaiexy K
ux yuciy. Mapk lllepman (Mark Sherman) u3 [JapTmyra 3ameuaet, 4To ciaeAyeT IPOBOAUTH OTIHYHE
MEXy AByMs Pa3HbIMU HAESIMH, GUTYPUPYIOIIMMU MO 3TUM Ha3BaHUEM: aOCTPAKTHBIX TUIOB JTAHHBIX
U HepapXUyecKUX THUIOB, HA3bIBAEMbIX Takke Kiaccamu. lloHsTne abCTpakTHOTO THIA JaHHBIX
COCTOUT B TOM, YTO THUIl OOBEKTa OMpPEAENseTCS MMEHEM, MHOKECTBOM JOIMYCTUMBIX 3HAUCHUUN U



MHOECTBOM JIOMYCTHUMBIX OIEpalrii, a He OpraHu3alueil XpaHeHus, KOTopas JOJKHA OBITh CKpBITA.
[Mpumepamu siBistoTCs nmakeTsl Ada (C 3aUMIICHHBIMU TUTIAMU) U MOAYINH B si3bike Modula.

Hepapxuueckue THUIIBI, Takue Kiacchl B Simula-67, Mo3BOJISIOT ONpeeisaTh o0nme nHTepdeicsl,
KOTOpBIE B JTaJbHEUIIEM MOXHO YTOYHATH C MOMOIIBIO MOAYMHEHHBIX THUIOB. JTU JIBE KOHUEMIUU
OPTOTOHAJBHBL: MOTYT OBITh OTKPBITHIE HEpapXuu U CKpbeiTHe Oe3 uepapxuii. O0e KOHIENIUU
JEUCTBUTEIBHO ABJISIIOTCSA JOCTUKEHUEM B HCKYCCTBE IIPOrPaMMUPOBAaHUS.

Kaxxnass u3 HUX ycTpaHsieT elie OJHY BTOPOCTEIEHHYIO CII0)KHOCTh, MO3BOJIAS pa3pabOTUUKy
BBIPA3UTh CYIIHOCTb CBOETO MPOEKTa 0e3 HCIOJIb30BaHUS OOJBIIOTO0 KOJIMYECTBA CUHTAKCHYECKOTO
Marepuana, He JOOaBJISIONIETO HOBOTO HH(GOPMAIMOHHOTO conepkaHus. lcmonbp3oBaHue Kak
a0CTPaKTHBIX, TaK M HEPAPXUUYECKUX TUIIOB YCTPAHSET BTOPOCTEIEHHBIC TPYIHOCTU OO0Jiee BHICOKOTO
NOpsIJIKa U MO3BOJIET BBIPA3UTh MPOEKT Ha O0JIee BBICOKOM YPOBHE.

U1 Bce xe Takue JOCTHKEHHUS MOTYT He 0oJjiee YeM YCTPaHHUTh BTOPOCTEIEHHBIC TPYIHOCTHU MPHU
BbIp@KEHUU NPOoeKTa. CylleCTBEHHA CI0KHOCTh CAMOTO MPOEKTA, Ha YTO PEIICHUE TaKUX 3a/1a4 HUKAK
HE MOXET TMOoBIUATh. J[OOMTbCA BHIMIPHINA HA TMOPSAAOK BEJIUYMH C TOMOIIBIO OOBEKTHO-
OPUEHTUPOBAHHOIO NMPOTrPaMMHUPOBAHUS MOKHO JIMIIb B TOM CIIy4ae, €CIM OCTAOIIAsCS CETOIHS B
HalleM $I3bIKE MPOTpaMMHPOBaHUs HeoOs3aTenbHas pabdoTa mo cnenuduKanuy TUIOB caMma 1o cebde
oTBeTcTBeHHA 3a 9/10 ycunuii, 3aTpaunBaeMbIX Ha MPOEKTUPOBAHUE TPOTPAMMHOTIO MPOAYKTa. B 3TOM
s HE COMHEBAKOCh.

HckyccTBeHHBIM MHTEIIEKT. MHOrME OXUJAI0T, 4YTO YCHeXu B 00JacTH HMCKYCCTBEHHOIO
VMHTEJUIEKTA II03BOJIAT OCYIIECTBUTH PEBOJIOLMOHHBIA IMEPEBOPOT, KOTOPBIA NPUHECET POCT
MPOU3BOIUTEILHOCTH Pa3pabOTKU MPOrPaMMHOTO 00ECIICUEHHS U €r0 KauecTBa Ha MOPSAKU BEJIUYHUH.
[4] S »Toro He xay. UToObl yBUIETH, MOUEMy, pa3zdepeM, YTO MOHUMAETCS MOJ «UCKYCCTBEHHBIM
MHTEJUIEKTOM», a 3aT€M ITIOCMOTPUM, KaKHE€ BO3MOKHBI IPUMEHECHUS.

[lapHac BHEC ICHOCTh B TEPMUHOJIOTUYECKHUH Xa0C:

CeronHs B X0y 1Ba COBEpLICHHO pa3HbIX onpeaeneHus M. M-1: ucnonap3oBaHne KOMIBIOTEPOB
JUISL pelieHUsl 3aJad, KOTOPbIE paHbIIe MOIIM OBITh PEIICHBl TOJIBKO C TMOMOIIBIO YEIOBEYECKOTO
uHreiekta. MN-2: ucnonb3oBaHHE CHELHAIbHBIX IPUEMOB IMPOrPAMMUPOBAHMS, U3BECTHBIX Kak
DBPUCTHUYECKOE, UM OCHOBAaHHOE Ha IpaBUJIaX, MporpaMmupoBaHue. IIpu TakoMm moaxone M3ydaroT
JNEUCTBUSL SKCIEPTOB, YTOOBI ONPEAEINTh, KAKUMHU 3BPUCTUKAMHU U MPAKTUYECKUM IPAaBUIAMU OHHU
IIOJIB3YIOTCA IPU pEIICHUH 3ahad... [IporpamMma KoppekTupyercs Uil peleHMus 3ajad Tak, Kak, Io-
BUJIMMOMY, €€ PELIAET YEJIOBEK.

VY mepBOro ompeneneHuss CKOJBb3KUU CMBICH... Koe-uTo yKilanbIBaeTCsl CErOIHs B ONpPEICICHUE
NU-1, HO KaK TOJIBKO MBI BUUM PabOTy MPOrpaMMbl U IIOHMMAEM 3aJlady, Mbl YK€ HE AymMaeM O HeH,
kak o MU... K HecuacTblo, s HE BHXKY S[pa METONOB, KOTOpbIE YHUKaJIbHBI B 3TOH obnactu... Ilo
0oMbIle YacTU METOAbl MPOOJIEMHO-OPUEHTUPOBAHHBIL, U I MX MEepeHoca TpeOyroTcs H3BECTHBIC
a0CTpaKIus U TBOPUYECTBO. [5]

51 mONMHOCTBIO coraceH ¢ ATOW KpUTUKOU. [Iprembl, UCIONB3yeMble I pacliO3HABAHUsS PEUH,
BBIKA3bIBAIOT MaJi0 CXOJICTBAa C METOAAMH pacCllO3HABaHUs H300pa)KEHUM, MPU 3TOM B SKCIEPTHBIX
CHUCTEMAaX MCIIOJB3YIOTCS METOAbI, OTJIMYHBIE OT TE€X M APYrux. S 3arpyaHsArOCh CKas3arb, K IPUMEDY,
KaKoe BIMSHUE paclo3HaBaHUE M300paKEHUN MOXKET OKa3aTh Ha METOAbI MporpaMmMupoBanus. To xe
caMoOe€ CIIpaBeIJMBO B OTHOILIEHUHU paciio3HaBaHus peud. [Ipu pazpaboTke nmporpaMm TPYIHO PELIMTH,
YTO MMEHHO CKa3arb, a He COOCTBEHHO cka3aTb. Hukakoe oOiierdeHue BBIPAXKEHUS HE MOXKET JaTh
0o0JbIle, YeM HEe3HAYUTEIbHBIC BBITOJIBI.

Mertonsl skcniepTHbIX cuctem MHU-2 3acnyxuBaloT OTAeNbHOTO naparpada.

OkcnepTtHble cuctembl. Hanbonee pa3BUTON M MIMPOKO MPUMEHSIEMOM YacThI0 MCKYCCTBEHHOTO
UHTEIUICKTA SIBIAIOTCS HKCHEPTHBIE CHUCTEMBl. MHOrue y4yeHble B OO0JacTH HPOrpaMMHUPOBAHUS
HaIpPSOHKEHHO TPYAATCS HaJ NMPUMEHEHUEM STOM TEXHOJIOTMH B Cpelax pa3paboTKH MpOrpaMMHOTO



oOecrieueHus. [5] B uem cocTouT uaes, 1 KaKOBbl IEPCIEKTUBBI?

DKcnepTHas CUCTeMa — 3TO IporpaMmma, coepramias 0000IEHHBI TeHepaTop BhIBOIOB U 0a3y
npaBuJl, IpeAHa3HAYCHHYIO JJIs pUeMa BXOAHBIX TAHHBIX U JAOMYIICHUI U UCCIEAOBAHUS JOTHYECKUX
CIIEICTBUM uepe3 3aKJIOYeHUs, BBIBOAUMBIC M3 0a3bl MpaBWJI, MPEAOCTABISIONIAS 3aKJIIOYCHUS U
peKOMEHJAIMM M TMpeJiaralomas MoJb30BaTeIl0 OOBSICHEHHWE IOJYYEHHBIX PE3YIbTaTOB IyTeM
OOpaTHOTrO MPOCHEKUBAHUA CBOMX paccyxaeHud. [loMHMO 4YHMCTO AETEPMUHUPOBAHHOW JIOTHKH,
TeHEePaTOp BBIBOJIOB OOBIYHO MOKET pad0TaTh C HEUETKUMHU UJIA BEPOSITHOCTHBIMH JIAHHBIMU.

Taxue CUCTEMBbI PEAOCTABISAIOT HEKOTOpbIE SIBHBIC IpPEeUMYIIEeCTBA nepen
3aMporpaMMHUPOBAHHBIMU AJITOPUTMAMU PEILICHUS TeX K€ 3a7au:

« TexHosjorus TeHepaTopa BBIBOJOB pa3pabarbiBaeTCsi HE3aBUCHUMO OT TPUMEHEHUS U
UCIIOB3YETCsl 3aTEM BO MHOTHUX MPUITIOKECHUSX.

» M3MeHsieMble 4acTu cHenu(PpUUYECKUX Ui MPUIOKEHUS JAaHHBIX €IMHOOOPAa3HO KOIUPYIOTCS B
0aze mpaBmwi. ObecrneunBaeTCss HMHCTPYMEHTApUi [Uisi pa3pabOTKU, HM3MEHEHHUs, MPOBEPKU MU
JOKYMEHTUPOBaHUS 0a3bl MPaBHJI. JTUM YIOPSAIOUYUBACTCS 3HAUUTENIbHAS YacCTh CJIOKHOCTHU CaMOI0O
NPUIOKEHUS.

Onsapn @Deiirenbaym (Edward Feigenbaum) cumTaer, 4ro MOIIL TakUX CHCTEM pacTeT HE
Onmaromapsi COBEpIICHCTBOBAaHWIO MEXaHU3MOB BBIBOZA, a CKOpee, Onarogapsi MOMOJHEHUIO 0asbl
3HaHUM, Bce OoJiee TOYHO OTpakalollel peajbHbIi MUp. S cunTar, 4TO caMoe Ba)KHOE JOCTHUXKEHHE
ATOM TEXHOJIOTMH COCTOUT B PA3/ICICHUU CIOKHOCTU MPUIOKEHUS U CAMOU MPOrpaMMBbl.

Kak MOXXHO HCNOJB30BaTh 3KCIEPTHBIE CHUCTEMBI NMPU CO3JaHUM MPOTPAMMHOr0 obecriedeHus?
PaznmuunbiMu  criocobaMu: TpeioKeHUue TMpaBuil UHTEp(EeicoB, peKOMEHIAIMU [0 CTpaTreruu
OTJIAJIKU, 3aTIOMUHAHKE YaCTOThI OIIMOOK Ka)KJI0T0 THUIA, MOJCKA3KU MO ONTUMHU3AIUHU U T.II.

[IpencraBum cebe, K MpUMeEpy, HEKOETO COBETUMKA MO OTiajake. B camoil 3auarouHoit gopme
TMArHOCTHYECKash JKCIEepTHAas CHUCTeMa BechbMa HANOMUHAET MaMiATKy NUJI0Ta, MO CYTH, Jeas
NPEANOJIOKEHUSI OTHOCUTEIBHO BO3MOXKHBIX MPUUKH 3aTpyaHeHuid. [lo Mepe pa3BuTus 0as3bl MpaBuil
NPEANOIOXKEHUSI CTAaHOBATCA OoJjiee creuuuyHbIMU, Oojee HM30UIPEHHO YYUTHIBAS CHUMITOMBI
npoOiemMbl. MOXXHO TpPEeACTaBUTh TAaKOTO TOMOIIHHMKA MpeajararolMM CcHadaja camble oO0Ime
pelieHus, HO, MO Mepe BOIUIOUICHHUS B Oa3e MpaBuil Bce OOJNbIIEH YacTU CTPYKTYPbI CHCTEMBI,
CTaHOBSIIETOCS Bce OoJiee pa300OpUYMBBIM B '€HEPUPYEMBIX TUIIOTE3aX U MpeasiaraeMbIx Tectax. Takas
JKCIEPTHAsT CHUCTEMa MOXKET PEIMTEIbHO OTIUYaThCsl OT OOBIYHBIX TE€M, 4TO ee 0as3a mpaBu,
BEPOATHO, [JIOJDKHA OBbITh HepapXuyecku pa30uTa Ha MOAYIM TakKUM JKe 00pa3oM, Kak
COOTBETCTBYIOIIIMK MPOTrPaMMHBIA OPOAYKT. llo3TOMY npM H3MEHEHHM MOAYIBHOU CTPYKTYpBI
MPOJIyKTa U3MEHSETCS TaK)Ke MOJIyIbHasl CTPYKTypa 0a3bl TMarHOCTUYECKUX MPABUJL.

PaGota, xoTopyto HEoOXOAMMO MpOAENaTh ISl CO3JaHUs JAMATHOCTUYECKHUX IMPaBUI, B JIIOOOM
cilydae J0JKHA ObITh MPOBEJEHA MPHU CO3JaHUU HaOopa KOHTPOJBHBIX MPUMEPOB AJI MOIYICH U JUIs
cucteMbl. Eciiu 3T0 Aenars JocTaTouHOo 00mmM 00pa3oM, ¢ eAMHOO00pa3HON CTPYKTYPOM MpaBUil U MpU
HaJUYUHU XOPOILETO T€HEepaTopa BHIBOAOB, TO MOXHO ACHCTBUTENBHO COKpPAaTUTh 00beM palboT mpH
reHepali KOHTPOJBHBIX MPUMEPOB, a TaKXKE MMONKU3HEHHOM COIMPOBOXKICHUU M TECTUPOBAHUU
monupukanuii. Takue xe yclIOBUS MBI MOXKEM MOCTABUTh M IS IPYTUX COBETUYMKOB, UCIIOIb3YyEMbIX
JUIsL APYrUX YYACTHHUKOB 3aJlaud CO3JaHUsl MporpaMmbl. Bo3mokHO, OHM OyayT MHOTOYHCIIEHHBI U
MHOTJIa TPOCTBHI.

Ha nytu panHel peanu3anuu MOJIE3HBIX YKCIEPTHBIX COBETHUKOB JJIs pa3pabOTUUKa MPOrpaMMbl
CTOMT MHOTO HpensTcTBUi. Pemmaromeil 4vacTpio Hamero BooOpakaeMOro CIeHapus SBISETCS
pa3paboTKa MPOCTHIX CITOCOOOB Mepexosia OT 3aJJaHUs CTPYKTYPhI IPOTpaMMBbl K aBTOMAaTUUYECKOMY UITU
MOJIyaBTOMAaTHYECKOMY CO3[IJaHUIO IUarHOCTUYeCKuX IpaBui. Emie 6osee clIoXHOM U BaKHOU SBISETCS
JBOMHAs 3ajlaua MPUOOpPETEHUs] 3HAHMUM: HAWTH YJICHOPA3ACNIbHO BBHIPAXAIOUMXCA M CIIOCOOHBIX K
caMOaHaJIM3y dKCIEePTOB, TOHUMAIOIIMX, TOYEMY OHU JIeNal0T TO UM JPyroe ACUCTBUE, U pa3paboTaTh



3¢ dexTuBHBIE METOABI M3BJICUCHUS WX 3HAHUM U TpeBpallieHus B 0a3bl mpaBuil. UTOOBI MOCTPOUTH
IKCIEPTHYIO CUCTEMY, HEOOXOAUMO UMETh dKCIIEePTa.

HauGonpmM BKJIaA0M 3KCIEPTHHIX CUCTEM, HECOMHEHHO, OyleT MpeaoCTaBICHHE HEONBITHOMY
IPOTPAMMHUCTY OIbITA M BCEX 3HAHUW, HAKOIJIEHHBIX JIYYIIMMU NporpamMmmuctamu. M 3To HE Maro.
Pa3pbiB Mexay JTydIIMMH U CPEJHUMHU MPUEMaMHU MPOrPaMMHUPOBAHUS OYEHb BEJIMK, BO3MOXKHO, OH
Oonbiie, yeM B JII0OOM Jpyrod uHXeHepHOW mucuurmivae. [losToMy cpencTBo pacrnpocTpaHeHUs
XOPOIIUX MPUEMOB OBIJIO ObI OYEHb BaXKHBIM.

«ABTOMaruyeckoe» mnporpammupoBanue. Iloutu 40 et mogu XKAYT W OUOIYT 00
«aBTOMATUYECKOM IMPOTPAMMHPOBAHUM» — TEHEpallMy PEeILaoIeil 3ajady MporpaMMbl, UCXOIs W3
bopMyIMpOBKH creuuPuKanuu 3ToM 3amauu. HekoTopble BBICKA3bIBAIOTCA CErOAHS Tak, OyaTo
OXKHMJAIOT OT ATOM TEXHOJOTUH TPSAYIIETro mepeBopoTa. [7]

[lapnac mpeamnonaraer, 4To TEPMUH HCHOJIb3YeTCs U3-32 dP(HEKTHOCTH, & HE CEMAHTHYECKOTO
CoJlep KaHusl, YTBEPIKIas:

Kopoue,  aBTOmMaruueckoe  MporpaMMHpOBaHHME  Bcerga  ObUIO  3BPEeMU3IMOM IS
IpPOrpaMMHUpPOBaHUsl Ha S3bIKEe 00Jiee BBICOKOTO YPOBHSA, Y€M JIOCTYIHBIM MPOTPaMMUCTY B JaHHBIN
MOMEHT. [8]

OH yTBep)KJaeT, B CYIIHOCTH, YTO B OOJBIIMHCTBE CIy4yacB HYKHO 3a/aTh CleUH(PUKAIUIO HE
3a/layM, a METO/1a PeIlCHUSI.

MoOXHO OTBICKaThb HCKIIOYEHHUs. MeTon CO3/[aHHsl TeHEeparopoB SBISETCS OYEHb MOIIHBIM U
MOBCEAHEBHO C TOJIb30M MpPHUMEHSETCS B MporpaMMmax COpPTUPOBKU. HekoTopeie cHCTEMBI
MHTETpUpPOBaHUs U PepeHIInaIbHbIX YPAaBHEHH I TakKe MO3BOJSUIM MPAMYIO (OPMYIUPOBKY 3aJ1auu.
Cucrtema mnpou3BOAMIJIA OIEHKY IIapaMeTpoB, BblOMpana u3 OUOTMOTEKH METOAbl PELICHHUS WU
reHepupoBaia MporpaMmbl.

VY 3TUX IpUMEHEHHUH €CTh CBOMCTBA, OJArONpUATCTBYIONIME aBTOMATHU3AIUHN

* [Ipo0embl JIErKO OMUCHIBAIOTCS CPABHUTEIBHO HEOOJIBIIMM YHMCIOM MTapaMeTpPOB.

* 3BeCTHO MHOTO METO/IOB PEILICHHU S, YTO OOECIIeYNBaeT HaTuYne OMOIMOTEKH albTePHATHUB.

* TmwarenpHblii aHanu3 OpUBEN K BBHIPAOOTKE SBHBIX MPABHJI BBIOOpAa METONOB pEIICHUS B
3aBHCUMOCTHU OT MapamMeTpoOB.

EnBa nu Bo3MOkHO 0000IIEHNE TaKUX METOIOB Ha BECh MUP OOBIYHBIX MPOTPAMMHBIX CUCTEM, B
KOTOPOM CHUTYyalUsi ¢ TaKUMHU TMPUATHBIMU CBOMCTBAMU SBISIOTCS HCKJIIOUCHHSAMU. TpPymHO Jaxe
NpeACTaBUTh ceOe, Kak TaKOM MPOPBIB B 0000IIEHUN MOT OBl TPOU30UTH Pa3yMHBIM 00pa3OM.

I'papnueckoe mporpammupoBanue. M3moOneHHOM TeMOll JOKTOPCKUX JUCCepTaluid B
NpPOTrPaMMHON WHXKEHEpUU ABIsEeTCA Tpaduueckoe, WIM BHU3yaJbHOE, MPOrPAaMMHpPOBAHHE —
NpUMEHEHHE KOMIIBIOTEPHON Trpaduku B pa3paboTke mnporpammHoro ooOecrneuenus. [9] Wnornma
NEePCIEKTUBbI TAKOTO IMOAX0AAa OCHOBBIBAIOTCS Ha aHanoruu ¢ npoektuposanueM CBUC, B xotopom
KOMIIBIOTEPHI UTPAIOT TaKyI0 OOJIbIIYI0 posib. MIHOTIA Tako# moaxon 000CHOBBIBAETCS, UCXOS U3 TOTO,
4yTO OJIOK-CXEMBI SIBISIOTCS HUJCAIbHBIM MaTrepualioM IpU MPOEKTUPOBaHHM MporpamM. Mmerorcs
MOIIHBIEC CPEACTBA JIJISl CO3AaHUS TAKUX OJIOK-CXEM.

Huvero yoenuTenbHOrO UM yIUBUTEIBHOTO U3 ATUX IMOMBITOK MOKa HE BBIILIO, — U 5 YBEPEH, HE
BBINJIET.

Bo-nepBbiX, Kak s BCIOLY JI0OKa3biBalo, OJIOK-cXema sBIseTCs BecbMa ciaboil alcTpakiuei
CTpYKTypbl mporpammbl. [10] Jlydme Bcero »To BuaHO u3 momnbiTOK bepkca, ¢on Heiimana u
[onpacraitHa cHAOAUTH CBOW MpEANOJiaraeMblii KOMIBIOTEP KpalHE HEOOXOAMMBIM YIPABISIONIM
S3BIKOM BBICOKOTO YPOBHS. B TOM »ajakoM BHJI€ — MHOTHME CTPAHUIbI COCAMHEHHBIX JIUHUSIMHU
PSIMOYTOJIbHUKOB, — B KOTOPOM CETO/IHSI pa3padarbiBaloTCs OJIOK-CXEMbl, OHH JI0Ka3ajH, B CYIIHOCTH,
CBOIO OECIOJIE3HOCTh: MPOrPAMMUCTBI PUCYIOT HMX MOCJE, a HE JI0 CO3[aHUs OIMNHCBHIBAEMbIX HUMH
pPOrpaMM.



Bo-BTOpBIX, CETOMHSAIIHNE SKPaHbl HUMEIOT CIMIIKOM MaJjo MHUKCEJIOB, YTOOBI MOKAa3aTh LETUKOM U
C JOCTAaTOYHBIM pa3pellicHuEeM CKOJIbKO-HUOYIb MOAPOOHYIO cXeMy MporpamMMmbl. Tak Ha3bBaemas
«meTadopa pabodero cTOJa» CTAHOBUTCS MeTaopoill «CHUIIeHbs camolieTa». Bceskuil, KoMy
NPUXONUJIOCH JHMCTarb Madky Oymar, OyIy4d CTHUCHYTBIM JIByMSI KOPHYIEHTHBIMU COCEISMH,
MOYYBCTBYET pPa3HUIlY: OJHOBPEMEHHO MOKHO YBHUJIETh O4eHb HeMHOro. Hacrosumii paGounii ctoin
MO3BOJISIET 0003peBaTh U MPOU3BOJIBHO BRIOMPATh MHOXKECTBO Oymar. bojee Toro, B mopsiBe TBOpUYECTBA
HE OJMH MPOTPAMMHCT WJIM THCATEIb MPEAnoYuTan padbodueMmy cToiy Oojiee BMECTUTENbHBIN TMOJI.
AnmapaTHbIM TE€XHOJIOTHSIM HYXHO CJIeiaTh OY€Hb OOJIBIION HAr, 4TOOBI MPEJOCTABIAEMbIA YKpaHAMU
0030p ObUT AOCTAaTOYHBIM IS 33724 MPOCKTUPOBAHUS TPOTPaAMM.

Ecnu oOparutbest K 0CHOBaM, MPOrpaMMHOE 00eCTIEUeHUE OYeHb TPYIHO BU3YaJTU3UPOBATh, KAK S
noKa3biBan 3TO Bbime. COCTaBisieM JIM Mbl CXEMbl YIPABISIONICH JIOTMKHU, BIOKEHHBIX O0OJlacTei,
BUJUMOCTH TMEPEMEHHBIX, NEPEKPECTHHIX CCHUIOK NEPEMEHHBIX, MOTOKOB JaHHBIX, HEepPaAPXUUYECKUX
CTPYKTYp JAHHBIX WJIM YEro-TO €Ille, OHM OTPaKaroT JIMIIb OAHO M3MEHEHHE B3aMMOJCHCTBYIOUIMX
3almyTaHHbIM 00pa3oM yacTel MpPOrpaMMHON CHUCTEMbl. Ecliu HalOXHUTh OHA HA JPYTYIO 3TH CXEMBI,
OTpa)kalolle B3I C PA3IMUHBIX TOUEK 3PEHHUS, TPYAHO U3BJIE€Ub U3 ITOTO KaKyl0-I100 OOIIyI0 TOUKY
3peHus. AHAJOTUsl C UHTErpajJbHBIMH CXeMaMU BBOIUT, B CYIIHOCTH, B 3a0JIy)KJIEHUE: KOHCTPYKIIUS
MUKPOCXEMBbl TPEJCTABISAET COOOW MHOTOCIOWHBIA JBYMEpHBI OOBEKT, TE€OMETPHUS KOTOPOro
OTpaxaeT CyuHocTh. [IporpamMmMHas cucteMa He SBISETCS TAKUM OOBEKTOM.

Bepudukanus mporpamm. MHOro Tpyaa B COBPEMEHHOM IIPOIrpaMMHUPOBAHUU TPATUTCS Ha
OTJIaJIKy U HCIIpaBieHUue ommOOK. MoeT ObITh, MBI HalJIeM CEPEOPSIHYIO MYITI0, YCTPAaHUB BCE OMIMOKH
B CaMOM Hadyajle, Ha JTafne CHCTEMHOIO MNPOEKTHUPOBaHMUA? MOKHO JIM pPaaAUKaIbHO MOBBICUTH
MPOU3BOIUTEIBLHOCT M HAJACKHOCTh MPOAYKTA, €CIU CJEeJ0Barb COBEPIICHHO HHOM CTpareruu —
o0ecreynuTh KOPPEKTHOCTh MPOEKTa, MPEXKAEC YeM TPATUTh OTPOMHBIC YCHIIHS HA €ro peaju3aluio U
TeCTUpOBaHuUE?

He nymato, uTo Mbl 0OHapyxuM 37ech yyaeca. Bepudukanus nporpamMmm sBiaseTcs O4€Hb MOIIHON
KOHIIETIIMEH, U OHAa OYeHb BaKHa JUISl TAaKMX BEIEW, KaK CO3[aHHE HAJEKHOTO SApa OneparnuoHHON
CUCTEMBI. JTa TEXHOJIOTHUsSI HE O0ellaeT, OHaKo, SKOHOMHUH Tpyaa. Bepudukauus tpelyeTr cTOIBKO
paboThl, YTO BeCbMa HEMHOTHE 3HaYUTEIbHbIE MPOTPpaMMbl BOOOIIE ObUTH BepU(UIIIPOBAHBI.

Bepudukanus nporpaMm He O3HA4aeT CO3JaHHUS MPOrpaMmM, JMIIEHHBIX onmoOok. M 3aech HeT
yynec. MareMaruueckue J10Ka3arelibcTBa TOXE MOTrYT ObITh OmMOOYHbIMU. [loaTOMy XOTS
BepHUUKaIKSI MOXKET 00JIErYuTh TECTUPOBAHUE, OHA HE MOXKET OTMEHUTH €rO.

bonee cymecTBeHHO, YTO Ja)ke caMasl COBEpIICHHAas Bepu(UKalMs MPOrpaMMbl MOXKET JIHIIb
ONpEeNeNnTh, YTO NporpaMma oOTBeyaeT cBouM creuudukanusm. Camas clIoxxHas 3aaada
NpPOrpaMMUPOBAHUS — TMOJYYUTh MOJHYI0O M HENPOTUBOPEUMBYIO CIHEUH(PUKAIUIO, U CYIIHOCTb
CO3JaHUs TPOTPAMMBI Ha MPAKTUKE BO MHOTOM COCTOUT B OTJIAJKE CTIeIU(DUKALIUH.

Cpenpl mporpaMMHUpOBaHUS M HMHCTPYMEHTHL. Kakoro eie BBIMTPBHINIA MOXHO OXHAATh OT
CTPEMUTEIBHO PACIIMPSIONIMXCS UCCIEAOBAHUM MO YCOBEPIICHCTBOBAHUIO CPEJl MPOrpaMMUPOBAHUS?
WHCTUHKTHUBHO KaXKeTCs, UTO 3aJ]a4H, KOTOPBIE CYIMIN HAaUOOJBIIYIO OTAAaUy, ObUIM B YUCJIE TIEPBBIX, 32
KOTOpPBIE B3SUIUCh, U UX YK€ PELIUIN: Uepapxuueckue (aiaoBble CUCTEMBI, €AMHOO0pa3Hble popMaThl
GbaiinoB IS MOJYYeHUSI €AMHOOOPA3HBIX MPOrpaMMHBIX HHTEpGEHcoB U 0000IIEHHBIX HHCTPYMEHTOB.
OpUEeHTUPOBaHHBIE Ha KOHKPETHBIC S3bIKM HWHTEJUICKTYyallbHbIE PEAAKTOPbl IOKa HE OYeHb
pacnpocTpaHeHbl, HO OoJiblliee, HA YTO OHU CHOCOOHBI, 3TO YCTPAHEHUE CHHTAKCHYECKHX OMIMOOK U
MEJKHX CEMAaHTUYECKUX.

Bo3MokHO, HauOOJIBIIMI BRIMTPHIII Cpeia MPOrPaMMHUPOBAHUS CMOXKET JaTh MPU HUCIOJIb30BAHUU
CTPOCHHBIX CHCTEM 0a3 JaHHBIX [UIsl OTCJIEKHMBAaHUS MHUPHUATOB JETalei, KOTOphIe KaxK]Ibli
IPOTrPaMMUCT JOJHKEH TOYHO BCIIOMHHATh, U KOTOPBIE JTOJKHBI XPAaHUTHCS B TEKYLIEM COCTOSIHHU B
rpyIine padoTaommMX Hajl OJHON CUCTEMOM.



HecomHeHHO, 4yTO 3TO paboTa 3aciyMBaeT BHUMAaHUS M MPUHECET HEKOTOPbIC IJIOABI KaK JUIs
NPOU3BOIUTEIBLHOCTH, TaK W s HajAekHOcTU. Ho BBHAy camoil ee CyTW oOTJaya JIOJDKHA ObITh
HE3HAYUTEIBHOM.

PaGoune cranuuu. Kakoil BBIMTPHIII MOXKET MOJYYUTh MCKYCCTBO IMPOrPAaMMHUPOBAHHS OT
HECOMHEHHOTO U OBICTPOrO0 POCTa MOIIHOCTH M O0beMa MaMsATH OTAENbHON pabodeil craHuuu?
CKObKO MMJUIMOHOB ONEpaluid B CEKYHAY MOYHO IUIOAOTBOPHO HCHOJIb30Barh? CocTaBieHUE U
pEeAaKTUPOBAaHUE MPOTPaMM BIOJIHE OOECIEUMBAIOTCSA CETOAHSIIHUMU CKOpOoCcTAMU. Kommusmus
MOXET OBITh YCKOPEHA, HO JACCATHUKPATHOE yBETUYEHUE CKOPOCTH MAIMHBI, BHE COMHEHHS, CIENAeT
00yMbIBaHHE OCHOBHBIM 3aHSITUEM MPOrpaMMUCTa B TeueHue pabouero nus. [loxkamyit, 3To Tak yxe
cenyac.

KoHeuHO, MBI IPUBETCTBYEM YBEIIMYEHHE MOIIMHOCTH paboumx craHuui. Ho paccumThiBaTh Ha
CBSI3aHHBIE C ATUM 4Yy/Ieca Mbl HE MOXKEM.

Ilepcnexmugnvle no0X00bl K KOHYEeNnmyanbHOU CYuyHOCMuU

XOTs HUKaKOW MPOPBIB B TEXHOJOTMH HE OOCIIAeT TaKUX BOJIICOHBIX PE3YIbTaTOB, KAKUE MBI
BUJIUM B allllapaTHOM YaCTH KOMIBIOTEPOB, B HACTOSIICE BPEMs JIEJIAETCS MHOTO IMOJIE3HOTO, U €CTh
HAJICK/Ibl HA HEYKJIOHHBIHM, XOTs U HeOpOCKUI mporpecc.

Bce TexHonornyeckue noaxonpl K akIUACHIMAM IPoIecca MPOrpaMMUPOBAaHUS IPUHIUIUAIBHO
OTrpaHWYECHBI yPaBHEHUEM MPOTYKTUBHOCTH:

Bpewms pewenus 3anaun = (Yacror)/ x (JnmmrensHOCTD)/

Ecnu, kak s momaraio, KOHUENTYaJbHbIE COCTaBISAIOIME 3a7adyd ceiiyac OTHUMAIOT OOJIBLIYIO
4acTh BPEMEHHU, TO HHUKakass padoTa HaJ COCTAaBHBIMH YacCTSIMHU 3a/1aud, SBISIOIMMUCA TPOCTO
BBIpAKEHUEM KOHIEIIIHHI, HE 1aCT OOJBIIOrO BHIUTPHIIIA.

[TooTOMYy MBI AOJKHBI PACCMOTPETh T€ HANpPaBIEHUs, KOTOPBIE 3aTparuBarOT CaMmy CYIIHOCTb
npoOieMbl MPOrPaMMUPOBAHUS — (OPMYIHPOBKY STHX CIOXKHBIX KOHIIENTYaJbHBIX CTPYKTYp. K
CYACThIO, HEKOTOPBIE U3 3TUX HAMPABICHHUI BeChMa MHOTO00CILAIOIIN.

[Toxymare, a He co3aaBarh. Haumbonee panukaibHOE BO3MOXKHOE pEIICHUWE MpPU CO3JAaHUU
porpamMm — BOOOIIE HE CO37aBaTh UX.

C KaxAbpIM JTHEM ATO CTAHOBUTCS BCE JIErye, MOCKOJIbKY BCE OOJbIIee YHCIO MOCTABIIMKOB
npeasiaraeT Bce 0ojee MHOTOYHMCICHHBIE M JyYIME MPOTPAaMMHBIC MPOXYKTHI IJs HEMBICIUMOIO
pazHooOpa3zusi  npuioxkeHud.  [loka MBI,  HHXKEHEPHI-IPOTPAMMUCTBI,  TPYIUJIUCH  HAJ
COBEPILIEHCTBOBAHUEM METONOJIOTMHA TPOU3BOACTBA, PEBOJIIOLHUS, MPOU3BENCHHAs NEPCOHAIBHBIMU
KOMIIBIOTEpaMH, CO3/lajla HEe OJUH, a MHOIO0 MAacCOBBIX PBIHKOB IMpOrpaMMHOro obecrnedenus. B
KaXJIOM Ta3€THOM KHOCKE BBICTABJIEHBI €KEMECSUYHBIC >KYpHaJbl, B KOTOPBIX, OTCOPTUPOBAHHBIE 10
TUNAM MAalllMH, PEKJIAMHUPYIOTCS M PELEH3UPYIOTCS NECITKH NPOAYKTOB IO II€EHAM OT HECKOJIBKHX
JI0JIJIAPOB /10 HECKOJIBKUX COTEH J0JUIapoB. bolee cnienuann3npoBaHHbIE U3AaHUS MPEAIaraloT O4YeHb
MOIIHBIE TPOAYKTHI Ui pabouux cTaHuMil u Apyrux polHKOB Unix. J[ake MHCTPYMEHTHI U CpPEJbI
IpPOrpaMMUPOBAHUS MOTYT OBITh KYIUIEHBI B KOpOOOYHOM Bue. S Tae-To mpemoxun Oazap Juis
OTAEIBHBIX MOYJICH.

JIro00i1 Takoil MPOAYKT JelieBie KymUTh, YeM co3aaBarb 3aHoBo. Jaxe mpu mene 100 000
JOJIJIAPOB  KYIUIEHHBI OPOAYKT CTOUT MPUMEPHO CTOJBKO, CKOJBKO TIOJOBOE COAECpPIKAHUE
nporpamMmmucta. M mnocraBka HememieHHas! Hememiennas, mno KpailHel Mepe, A pPeabHO
CYIICCTBYIOIIMX TMPOIYKTOB, MPOCIEKT KOTOPBIX Pa3pabOTYMK MOXKET TMOchHarb CYaCTIMBOMY
noJsib3oBarenio. bojee Toro, Takue MpoAyKThl OOBIYHO TOpa3/Io JIydlle JOKYMEHTUPOBAHBI U HECKOJBKO
Jy4Ille COMPOBOXKIAIOTCS, YEM JOMOPOIIEHHBIE TPOTPAMMBI.

Pa3BuTue MaccoBOro phlHKa SIBISETCS, IO MOEMY MHEHHIO, Hanboliee TIyOOKOM TOJTOCPOYHOI
TEHJCHIUEN MpOrpaMMHONA MH)KeHepuUu. CTOMMOCTh MPOrPaMMHOIO IMPOAYKTAa BCETAA ONMPEACIIsIach
CTOMMOCTBIO pa3pabOTKH, a HE TUPAXUpPOBaHUsS. Pa3fgenuB 3Ty CTOMMOCTH J1aXK€ Ha HECKOJIBbKHX



MOJIb30BaTese, Mbl KOPEHHBIM 00pa30M CHUXKAeM LIEHY Ha OJHOTO IMOJb30Barels. B3misaHyB Ha 3TO €
JPYrol CTOPOHBL, MBI BUAMM, YTO HCIIOJb30BAaHUE I KOMHUM MPOrpaMMHON cUCTeMBbl (HaKTUUYECKH
YMHOKaeT Ha M MPOU3BOAUTEIBHOCTD €ro pa3paboTYMKOB. ITO POCT MPOU3BOAUTEIBHOCTH OTPACTHU U
BCEU CTPAaHBIL.

[maBHBIM BOIPOCOM, KOHEUYHO, SIBISIETCS MPOU3BOAUTENBHOCTh. CMOTYy 1M 8 HCIOJb30BATh
UMEIONIMICA KOPOOOUHBIM MPOAYKT JJIsl pEIICHUs CBOMX 3a1ad? 3/1eCh CIydyusach yIUBUTEIbHAS BElllp.
B 50-x m 60-x romax omHO HCCIEIOBaHHME 3a APYrUM IOKa3bIBajO, YTO IOJIb30BATEIM HE XOTST
UCII0JIb30BaTh KOPOOOUHBIE MAKETHI JUIsl pacyeTa 3apIijiarhl, YIIPaBICHUS CKIaJ0M, ydeTa 1e0UTOPOB IO
pacueram U T.A. TpeOGoBaHMS ObUIM CIIMIIKOM CIIEI[MaJIbHBIMHM, OTKJIOHEHHS OT Ciydas K CIIydaro
ciuikoM 6onpimMu. B 80-x ronax Mbl 0OHapykruBaeMm OOJIBIION CIIPOC HA TaKHE MAKEThl U MUPOKOE
WX UCIOJb30BaHuE. YTO U3MEHUIIOCH?

Tonbko He makeTbl. OHU CTaNM HECKOJIBKO OoJiee OOIMMU U Jydille HACTPAUBAIOTCS, YEM paHblIe,
HO He HamHOTro. U He obnacth ux npuMeHeHus. B koHIe KOHIIOB, cerofHs MOTpeOHOCTH Ou3Heca U
HayKu 0oJiee pa3HOOOpa3HbI U CIIOXKHBL, ueM 20 JieT Ha3a.

Pe3ko M3MEHUIOCh COOTHOIIIEHWE CTOMMOCTU KOMITBIOTEPOB U mporpaMm. Tot, kto B 1960 rogy
MOKYIaJl MalllMHY 3a 2 MUJUIMOHA JIOJUIapOB, CUMTAJ, YTO MOKET MO3BOJIUTH cebe moTparuth emle 250
000 monnmapoB Ha 3aKa3HYIO MPOrpaMMy pacueTa 3apIiiaThl, KOTOpas JIeTKOo U 6e3 yiiepOa Brucanach Obl
BO BPXKJIEOHYIO KOMITBIOTEpAM COLMANIbHYIO cpefy. Te, KTO CeroiHs MOKyMarT MalMHy uig oduca 3a
50 000 mosmapoB, HE MOTYT, IOHSTHO, IO3BOJINTh CEO€ 3aKa3HbIE NMPOrpaMMbl pacyeTa 3apIJarhl,
NO3TOMY OHHM IMPHUCIOCAONMBAIOT CBOM MPOLEAYPbl pacdera 3aprjarbl K HMEIOIIMMCS IaKeTaM.
KomMmmnbioTepsl ceifuac cToiab OOBIUHBI, €CJIM HE CTOJIb JIOOMMBI, YTO aJanTallys BOCIPUHUMAETCA Kak
0OBIYHOE JIETIO.

EcTp sipkue HMCKIIOYEHUS U3 MOErO YTBEPXKICHUS O TOM, YTO OOOOIIEHHOCTH MPOTPaMMHBIX
MAKETOB 3a MOCJEIHHUE TOAbl MaJl0 M3MEHMJIACh: SJIEKTPOHHBIC TAaOMHIBI M MPOCThIE CUCTEMBbI 0a3
JMAHHBIX. DTHU MOILHBIE UHCTPYMEHTBI, CTOJb OUYEBUJIHBIC 3aJIHUM YMOM M TaK MO3JHO MOSIBUBIIMECS,
UMEIOT OeCUHCIIEHHOEe MHOXKECTBO IPUMEHEHUH, B TOM 4Kclie, BecbMa HeoObuHbIe. EcTh Macca crareit
U J1a)Ke€ KHUT O TOM, KaK C MOMOMIBIO 3JIEKTPOHHOM TaOIHIIBI pelliaTh HEOXKUJaHHbIe 3a1a4u. bonbioe
YKCJIO 3a/1ad, JUIsl KOTOPBIX paHblle ObutM Obl HamMCcaHbl 3aKa3Hble nporpammMbl Ha Cobol mnu Report
Program Generator, Tenepb Ma0JIOHHO PEIaeTcs C MOMOIIBI0 3TUX HHCTPYMEHTOB.

MHorue 1monbp30Barenu U30 AHS B I€Hb TPUMEHSIOT CBOM KOMIBIOTEPHI ISl Pa3HBIX MPUIOKEHUM,
HUKOTIJa HE HalKcaB HU OIHOM mporpamMbl. Ha mpakTuke MHOTHE U3 ATUX MOJB30BaTENe U HE MOTYT
nycarh s CBOMX MAIIMH HOBBIE MPOTPaMMbI, HO TEM HE MEHEe MPUBEPKEHIbl PEIICHUIO
BO3HUKAIOIIMX 33714 C UX TOMOMIBIO.

S cumTaro, 4TO CETOAHS JUIsl MHOTHX OpraHu3aluid caMmas IpaBUIbHAsS MOJUTUKA JUISI TOBBIICHUS
MPOU3BOIUTEILHOCTH Pa3pabOTKU MPOrpaMMHOr0 OOECMEeUeHUs] — OSTO YCTAHOBUTH CBOMM HE
MMEIOIIMM KOMIBIOTEPHBIX 3HAHUM paOOTHUKAM YMCTBEHHOTO TPYla KOMIBIOTEPHI U XOpOIIME O0IIme
nporpamMmsbl Uit 00pabOTKU TEKCTOB, pUCOBaHUs, PabOTHI ¢ (paiijjaMu U JIEKTPOHHBIMU TaONHUIIAMU U
OTIIYCTUTh HMX B BOJIbHOE IUIaBaHuE. Takas >X€ NOJUTHKA B OTHOUICHUM PacHpOCTPaHEHHBIX
MaTeMaTUYeCKUX W CTAaTUCTUYECKHX IMaKETOB, a TaK)KE€ HEKOTOPHIX HABBIKOB MPOTPaAaMMHPOBAHUS
MOJOMJET COTHSIM YUYEHBIX, pa0OTAIONIMX B Ja00OpaTOPHUSIX.

YTouneHue TtpeOoBaHUN u ObicTpoe MakeTupoBanue. Camasi TpynHas OTIelbHas 3ajada B
pa3paboTKe MPOrpaMMHOI CHUCTEMBI — 3TO TOYHO pPEIMTh, YTO pa3pabarbiBarb. Hu omnHa npyras
3ajaya paboOThl HaJ KOHUEMIMSAMU HE SBISETCS CTOJIb TPYIHOM, Kak pa3paboTka MOAPOOHBIX
TEXHUYECKUX TpeOOBaHM, BKIO4as Bce MHTep(elchl MoJib30oBaTeseii, MallMHHbIE MHTEepdEch u
uHTep(deichl K APyruM MporpaMMHbIM cucteMaMm. Hu omHa apyras yactb pabOThl HE HAHOCUT TaKOTO
yepba roToBOil cucTeMe, eciu ciAellaHa HempaBwibHO. Hu omHa apyras 4acTh HE HCHpaBisieTCs
MO3/IHEE C OYIBIIM TPYIAOM.



[TosTomy Hanbosiee BaxHON PyHKIIMEH, OCYHIECTBIsIEMON pa3paboTUMKaMu ISl CBOUX KJIMEHTOB,
SIBIISIETCS TTOBTOPSIONICECS MOIyYeHUEe U YTOUHEHUEe TpeboBaHuil Kk mponykTty. [IpaBna 3akirouaercs B
TOM, YTO KJIMEHTHI HE 3HAIOT, 4ero XoTAT. OOBIYHO OHHM HE 3HAIOT, HAa KaKue BOMPOCHI HYXKHO NaTh
OTBET, M MTOYTH HUKOTZIA HE 33 {yMbIBAIMCH HaJl 3a1a4€il HACTOIBKO JETANbHO, KaK 3TO HY)KHO YKa3aTh
B cneunudukanuu. Jlaxke mpocToil OTBET — «chaelaiTe Tak, yToObl HOBasg MpOrpaMMHasl CHCTeMa
paboTrana Tak, KaKk Hama cTapas py4dHas cucTeMa o0paboTkM HHQOpMalnuu» — OKa3bIBACTCS B
NENCTBUTENBHOCTU CIUIIKOM YIPOIIEHHBIM. KIIMEHTBl HUKOTJa HE XOTAT 3TOro B TOUHOCTU. bonee
TOTO, CJI0OHbIE TPOrPAMMHBIE CUCTEMBI JCHCTBYIOT, IBUKYTCS, paboTatoT. luHaMuKy 3TOro AeMCTBUS
TpyaHO cebe mpenactaBuTh. [loaTOMy HpH MIAHUPOBAHUU JIOOBIX NEHCTBUM HEOOXONMMO OCTAaBUTh
pe3epB JUIsi MHOTOKPAaTHOTO B3aWMOACHCTBUS MEXKy KIMEHTOM U MPOCKTUPOBIIMKOM MPU OMUCAHUU
CUCTEMBI.

S nmoliny nanbllie U CTaHy YTBEPKJaTh, YTO HA MPAKTUKE KIMEHTHI, JaKe BMECTE C MHKEHEpaMu-
NpOrpaMMHUCTAMHU, HE B COCTOSIHUM YKa3aTh IOJHO, CTPOrO M KOPPEKTHO TOYHBIE TPEOOBaHHS K
COBPEMEHHOMY MPOTPAMMHOMY MPOAYKTY, MPEXKIE 4eM OyIyT CO3JaHbl U ONMpPOOOBaHbI KaKue-InOo
BEpPCHUU MPOJYKTa, crielu(UKaNi K KOTOPOMY OHU COCTABJISIOT.

[TosToMy omHuMM K3 Hambojee MHOTOOOCHAIOIMX COBPEMEHHBIX HAMPABICHHI B TEXHOJOTHUU,
npu4yeM OOpAICHHBIX K CYHIHOCTH, a HE K aKUUJICHUHSAM MpoOJieM MpOrpaMMHUpPOBAHMUS, SBISETCS
pa3paboTKa MOAXOIOB M HMHCTPYMEHTOB [UIsi OBICTPOTO CO3JaHUsT MAaKETOB CHUCTEM KaK YacTH
UTEPATUBHOTIO Ipoliecca pa3paboTKu crenupuKaimii.

Maker mporpaMMHON CHCTEMBI MOJCIHUPYET IVIaBHbIE MHTEpP(EChl M BBHINTONHSIET OCHOBHBIC
GyHKIMM TpeanojaraeMo CHUCTEMbl, MPU OTOM HE 00s3aTenbHO Oyaydd CBA3aH TEMHU Ke
OTPAaHMYCHUSMU OBICTPONEUCTBHUS KOMIIBIOTEpa, pa3Mepa WM CTOUMOCTH. OOBIMHO MaKeThl
BBINOJIHSIOT OCHOBHBIC 33J1a4ul CUCTEMBI, HO HE TBITaIOTCSl 00padarbIBaTh UCKIIOYUTENbHBIE CUTYAIINH,
NpaBUIBHO pearupoBarb Ha BBOJ HEAOMYCTUMBIX JAHHBIX, KOPPEKTHO MpepbiBarh paboTy U T..
Ha3nayenue makera — mokasarbh, Kak BOIUIOMIAETCSA BHIOpAHHAs KOHIENTYaJbHAsI CTPYKTYpa, YTOOBI
KJIMEHT MOT IIPOBEPUTH €€ MPUTOJHOCTH K UCIOIb30BAHUIO M HEIPOTHUBOPEUNBOCTD.

CeromHsi MHOTHE MpOLIEAYpPhl MPUOOPETEHUsSI MPOTPAMMHOIO OOECIEeUYeHHUsI OCHOBBIBAIOTCA Ha
NPEANOJIOKEHUH, YTO MOXKHO 3apaHee 3aJaTh TEXHUYECKHe TpeOOoBaHUA I KeIaeMOl CHUCTEMBI,
pPaccMOTpPETh MPEATIOKEHUSI Pa3padOTUMKOB, OJIYYUTh pa3pabOTaHHYI0 CUCTEMY M YCTaHOBUTH ee. S
yMaro, 4TO TaKOe MPENOJIOKEHNE B KOPHE HEBEPHO, U M3-3a DTOW OIIMOKM MPOUCTEKAIOT MHOTHE
npoOieMbl TpU MNPUOOPETEHUH MPOTrpaMM, TMOCKOJIBKY A3TH NPOOJEeMbl HENb3s YCTPaHUTH 0e3
epecMOTpa OCHOB, JUIsl KOTOPOro TpeOyeTcst MHTepaKTHUBHAs pa3pabdoTKa U crenuuKanuu MakeToB U
HIPOJIyKTOB.

[TomaroBast 0oOpaboTka: HapammBaTh NPOrpaMMy, a HE CTPOUTH cpasy. S 10 cux Mmop MOMHIO
ucnbITaHHbI B 1958 rogy yaap, xorna BIEpBbIE YCHbIIAJA, KAK MOW JIPYr TOBOPUJI O CTPOUTEIBCTBE
(building) mporpamMM B MPOTUBOIOJIOKHOCTh HAMUCAHUIO (Writing). B MrHOBeHHE OH pacumMpuil Bce
MO€ MpEACTaBICHHE O Mpolecce mporpamMmmupoBanus. llpumenenue metadopbl ObUIO CHUIBHBIM U
ToyHbIM. CeromHs Mbl MOHMMAeM, 4YTO CXOACTBO CYILIECTBYET MEXKIY CO3[JaHUEM IPOrpaMMbl U
JPYTUMH CTPOUTENbHBIMU MPOLIECCAMU, U CBOOOIHO UCMOJIB3YeM JIPYTHUe 3JEMEHTHI MeTa(ophl, TaKue
kak crnenudurkamuu (specifications), cOopka kommoHeHTOB (assembly of components), meca
(scaffolding).

Mertadopa cTpoutenbcTBa nepexuia cBoe Bpems. [lopa cHoBa BHOcUTHh u3MeHeHUs. Ecnu, kak s
CUMTAl0, CO3/1aBa€Mble CETOMHS KOHLENTYalbHbIE CTPYKTYPHI CIWIIKOM CIIOKHBI, YTOOBI UX MOKHO
OBUTO TOYHO CcHENUPUIIMPOBATH 3apaHee, W CIHUIIKOM CIIOXKHBI, 9TOOBI CTPOUTH O€3 OImMOOK, TOoraa
HYXXEH paJMKajJIbHO MHOM MOJIXOI.

OOparuMmcsi K MPUPOJAE M PACCMOTPUM CIONKHOCTH >KMBBIX CO3JIaHUM, a He O€3)KHU3HEHHBIX
TBOpPEHUH uyejoBeKka. TaM Mbl OOHAPYKMBAaeM KOHCTPYKIIUH, CIOXKHOCTh KOTOPBIX BCEJISET B HAC yxKac.



OavH TOJBKO MO3I HACTOJIBKO CJIOKEH, YTO HEBO3MOXKHO COCTaBUTh €ro cxemy. Ero moup
HEBO3MOKHO MMOBTOPUTH, OH OOraT cBOeoOpa3ueM, CnocoOeH K CaMOCOXPaHEHHUIO U CAMOOOHOBIIEHUIO.
CekpeT B TOM, 4TO MO3T pacTeT, a HE CTPOUTCA.

Tak ke OOMKHBI CO3/1aBaTbCsl HAIM IPOrpaMMHBIE CHCTeMbL. Heckosbko ner Hazan XapiaH
Muui3 npennokuin HapalmBaTh IMPOTPAMMHBIE CHUCTEMBI IyTEM NOIIAroBod paspabotku. [11] Oto
3HAUUT, YTO CHa4yaJla CUCTEMY HAJ0 3aCTaBUTH BBIIOIHATHCS, /1aK€ €CJIM IPU 3TOM OHA HE JIeJlaeT
HUYEro TMOJE3HOr0, KPOME BbI30BA HEKOTOPOTrO uYucjia (PUKTUBHBIX IOANPOTpaMM. 3aTeM OHa
MOHEMHOTY o0pacTaeT MsCOM, MPUYEM MOANPOTPAMMBI, B CBOIO Ouepe/ib, pa3padaTbiBalOTCs cHadajla
KaK BBI30BBI MYCTHIX (PUKTUBHBIX MOANPOrPAMM, HAXOIAUIMXCS Ha YPOBEHb HUXKE.

HactauBass Ha TpPUMEHEHHMM OSTOW TEXHOJOTMU pa3paboTUMKaMH TPOEKTOB HA MOMX
7a00paTOpHBIX 3aHATUAX IO MPOTPAMMHOM HMHKEHEPUHU, s CTall CBUJETENEM IOPa3UTENIbHbBIX
PE3YABTATOB. 3a MOCJIEAHEE IECATUIETUE HUUTO JIPYro€ HE OKa3ajao CTOJIb CHJIBHOTO BIUSHUS HAa MOKO
coOCTBeHHYI0 paboty u ee 3(PPeKTUBHOCTb. ITOT MOAXOJ MpEAnojaraeT HUCXOAAIIee
NPOEKTUPOBAHUE, MOCKOJIBKY 3TO — HUCXOASAIIEE HapallMBaHHE NporpaMMbl. OH MO3BOJISIET JIETKO
OTCIIeKUBATh paboTy B 0OparHOM HampasieHur. OH MPEAOCTaBIsAET BO3MOKHOCTh PAHHETO CO3/IaHUS
makeToB. Kaxknas HoBas (yHKIHS WM BO3MOXHOCTh PaOOThI ¢ Oojee CIOXKHBIMH JTaHHBIMU HWITU
YCIIOBUSIMU OPTraHUYECKH BBIPACTAIOT HA TOTO, YTO YK€ UMEETCHI.

BoszneiicTBue Ha MopalbHBIM qyX omenoMutenbHoe. Korma ecte xoTs Obl mpocTas paboTtaromias
CUCTEMA, BO3pPACTAECT DHTY3Ma3M. DHEPIUsl YABAaUBACTCS, KOTNA HA DKPAHE MOSBISIETCS KapTUHKA U3
HOBOHM Tpaduyeckol MPOTpaMMHON CHCTEMBI, JaXKE€ €CJIM 3TO BCEro JUIIb MPAMOYroidbHHK. U Ha
KOKJIOM cTaauu mpolecca pa3pabOTKU CylecTByeT paloTarolas cucrema. S cuMraro, 4to 3a
OJIMHAKOBBIE CPOKU KOMAH/1a MOXKET HAPaCTUTh 3HAUUTENIBHO 00JIee CIOXKHBIM 0OBEKT, 4eM MOCTPOUTH.

B Gosbmmx mpoeKTax MOKHO OIIYTHTh TaKHe YK€ BBITOJIBI, KAK M B MOMX MaJICHbKHX. [12]

Beinaroniecss  mpoekTUpoBUMKHU. [7aBHas  mpoOjema  COBEPILICHCTBOBAHUS ~ MCKYCCTBa
POrpaMMUPOBAHUS 3aKJIKOYEHA, KAK BCEI/Ia, B JIIOJISIX.

Mbl MoOXeM 100MBAThCS XOPOIIMX MPOEKTOB, CJIEAYS XOpOIIMM, a HE IUIOXUM MPAKTUYECKUM
npueMaM. XOpOIIMM TMpueMaM MOXXHO oOydars. IIporpamMmucTsl mOpuHAANIEkKAT K Haumbosee
MHTEJJICKTYaJIbHOW 4YacTu OOIIecTBa, CIEAOBAaTENbHO, OHU B COCTOSHMM H3ydaTh XOPOIIME MPUEMBI.
[ToaTomy BaxkHelmmM HarnpasieHueM B CoeanHeHHbIX [lTarax siBiasieTcst pacnpocTpaHEHUE XOPOLIMX
COBPEMEHHBIX NpueMoB. HOBBIE KypcChl, HOBbIE M3JaHUs, HOBbIE OpraHU3aluM, Takhue Kak WHCTUTYT
UHXKeHepoB-TiporpaMmMuctoB (Software Engineering Institute) — Bce 3TO BBI3BAHO K IKU3HU
CTPEMJICHHEM IOBBICUTH YPOBEHb HAIIMX MPAKTUUYECKUX MPUEMOB. DTO COBEPLICHHO MPABUIIBHO.

Tem He MeHee, 51 CUMTAI0, YTO MBI HE CMOYKEM NOIHATHCS €U HA OIHY CTYIIEHbKY BBILIE, JEHCTBYS
B 3TOM HampasjieHUuu. BbiOOp MpaBUIBHOTO METOIAa MPOCKTUPOBAHUS OMPEHEISET PA3IUUUSI MEKIY
IJOXUM W XOpPOIIMM KOHLENTYaJbHbIM IPOEKTOM, HO HE MEXJAYy XOpOIIMM U BBIIAIOUMMCS.
Beiparonmecss OpOEKTHl CO3JAIOTCSA  BBIIAIONMMUCA MNpoeKTupoBlmMKaMu. Co3gaHue mOporpamm
SBIISIETCA TBOPYECKUMM IIpouieccoM. Kpemkass MeTOTONOTHS MOKET MNpPHAATh CUIy U OCBOOOAUTH
TBOPUYECKHUN yM, HO OHA HE MO>KET BOCIIJIAMEHUTH WJIU BIOXHOBUTH TOTO, KTO 3aHAT HYJHOUN pabOTOM.

U pa3zuuna Hemanas — 310 kak Canbepu 1 Monapt. OHO HCCIIeI0BaHUE 3a IPYIUM MTOKa3bIBAIOT,
YTO JIy4ILIHE NPOEKTUPOBIIMKH CO3JAIOT CTPYKTYPBI, KOTOpBIE OBICTpEE, MEHBLIE 10 pa3Mepy, MpOoLIE,
NOHSITHEE M pa3paboTaHbl MEHBUIMMH YCUIMSAMU. Paznuums Mexay BBIIAIONMMCS U CPEAHUM
JOCTUTAIOT MOPSAJIKA BETUYUHBI.

HeTtpynHo mpocneauTs, 4TO psifi XOPOUIMX U IOJE3HBIX MPOrPAMMHBIX CUCTEM IMPOEKTUPOBAJICS
KOMHUCCHUSIMM U CO3JaBaJjICsl C MOMOIIBIO MIPOEKTOB, COCTOSBIIMX U3 MHOIMX 4acTei. Ho nmporpammHubie
CUCTEMBI, BBI3BABIIME BOCXUILEHUE CTPACTHBIX MHOKJIOHHHUKOB, SIBISIFOTCS MPOAYKTOM OJHOTO WIIH
HEOOJIBIIOTO YKCIia BhIIAIOMMXCS MpoeKTupoBUmMKOB. [locmotpute Ha Unix, APL, Pascal, untepdetic
Smalltalk u naxxe Fortran — ¢ omno# croponsl, u Cobol, PL/1, Algol, MVS/370 u MS-DOS — ¢ apyroii



(puc. 16.1).

Oa Hert
rix Cobol
APL PL/I
Pascal Algol
Modula MVS/370
Smalltalk Ms-DOS
Fortran

Puc. 16.1 merorcs 1 y 3TUX IPOAYKTOB CTPACTHBIE MOKJIOHHUKHU?

[ToaTOMY, BBICOKO 1I€HSI HBIHEIIHUE MPOTpaMMBbl NEepeayr TEXHOJOTHI U pa3BUTHUS 00ydeHus, 5
CUMTAlO0, YTO HanbOoJee BAXKHOU MPOrpaMMOM, KOTOPYIO MBI MOKEM MPEANPUHSTD, SBISCTCS pa3BUTHE
CIIOCOOOB BOCIIUTAHUS BBIIAIOIIMXCS MPOEKTHUPOBIIMKOB.

Hu onna 3aHsTas B NporpaMMHUPOBAHUU OPraHHU3alMs HE MOXKET UTHOPUPOBATH ATy MPOOIEMY.
XOpoIMX MEHEKEPOB, Kak Obl MaJio UX HU ObLIO, HE MEHBIIE, YeM XOPOIIMX MPOCKTUPOBIMKOB. Kak
BBIJIAIOIIMECS TPOSKTUPOBIMKH, TaK U BBIIAIOIMECS MEHEKEPbl BCTPEUaroTCs peako. B GonpumHcTBe
OpraHu3allMil 3HAYUTENIbHBIC YCWJIMS TPATSATCS Ha IMOWCKAa M BHIpAIMBAHUE MOAAIONIMX HAICKIbI
MeHemKepoB. 1 He cublmali, YTOoObl KTO-IMOO TpaTWi TaKHUe K€ YCHJIMS Ha MOMCKH M Pa3BUTHE
BBIJJAIONMXCS TMPOCKTUPOBIIMKOB, OT KOTOPBIX, B KOHEYHOM CHYETE, 3aBHCUT TEXHHUYECKOE
IIPEBOCXOJICTBO MPOJYKTOB.

[lepBoe MoOe mpeUIoKEHHWE COCTOMT B TOM, 4YTOOBI Kakaas 3aHATas B MPOrpaMMHPOBAHHUU
OpraHu3zaius onpenenuia Ajs ceOs U MPOBO3IIACKIIA, YTO BBIIAIOMIMECS MPOSKTUPOBIIMKY UMEIOT IS
ee yclexa Takoe ke OoJbIloe 3HAaueHHE, KaK W BbIAAIONIMECS MEHEIKEepPbl, U 4YTO OHU MOTYT
paccuMThIBaTh Ha Takue ke 3a00Ty M Bo3HarpaxieHue. He Tonmpko 3apruiarta, HO W arpuOyThI
MOJIOKEHUS — pa3Mepbl oduca, medenb, TEXHUYECKoe 00OopyrnoBaHUE, KOMaHIAUPOBOYHBIE (HOHIBI,
00€eCIeUYeHHOCTh COTPYIHUKAMH — JIOJDKHBI OBITh MOJHOCTHIO PAaBHO3HAYHBI.

Kak pacTuTh BBIIAIONMXCS TPOSKTUPOBIIMKOB? MecTo He MO3BOISIET 00CYXKAAaTh 3TO IPOCTPAHHO,
HO BOT HEKOTOPBIE OUEBH/IHBIC IIIATH:

» CucTeMaru4ecKy U KaK MOYKHO paHblle BBIABISATH MEPBOKIACCHBIX TPOCKTUPOBIMKOB. Jlyumme
— HE BCET/la CaMbl€ OTBITHHIE.

* Ha3HaunTh HacTaBHUKA, OTBETCTBEHHOI'O 3a POCT TMEPCIEKTUBHOTO MPOCKTUPOBIIMKA U
THIATEIBHO CJIEIUTD 32 €r0 Kaphepowu.

* Paszpabotarb M OCYHIECTBIATh IUIaH CIY)KEOHOIO pocTa MO KaXIO0ro MEepCHEeKTHBHOTO
MPOCKTUPOBILMKA, BKJIIOYAIOIIMHI TIIATEIBHO MPOAYMaHHOE O0ydeHUE y IePEAOBbIX MPOCKTUPOBIIMKOB,
NEepUObl JTOMOJHUTENBHOTO (HOPMATBLHOTO O00ydeHUs, KPAaTKOCPOUHBIC KYpChI, IEpEeMeExKarommecs ¢
CaMOCTOSITEJIbHBIM MTPOCKTUPOBAHUEM U Ha3HAYEHHUEM Ha PYKOBOJSIIME TEXHUUECKUE JOHKHOCTH.

« OOecreunTh BO3MOXKHOCTH JJIi B3aUMOJEHUCTBHUS M B3aUMHOIO CTHUMYIHMPOBAHUS PACTYLIMX
MPOCKTUPOBILHKOB.



I'naBa 17 HoBbil BeicTpea «CepeOpAHON My HET»

YV ecsaxoii nynu — ceoe npeonasnayenue.

BUJIBIEJIbM 11l OPAHCKHH Kmo xouem ysudemv obpaszey
coseputericmea, lom meumaem o mom, 4e20 HUKo20a He Obl1O, HEm U He
0yoem.

AJIEKCAH/IP 110!, «O KPUTHKE»

06 060pOMHAX U NPOUUX MUPDUUECKUX YIHCACAX

«CepeOpsiHOM TyIM HET: CYIHOCTh M aKUHWACHIUS B MPOrPaMMHOW HWHXKeHepun» (TiaBa 16
JTAHHOW KHWTH) TIepBOHAYAIIbHO ObIIa 3aKa3HbIM JoKJIanoM aisa koHpeperniuu [FIP (MexmynaponHoii
dbeneparnuu o oobpadorku nHpopmarun) 1986 roga B Jlyonunae u Obiia omyOIMKoBaHa B €€ Tpyaax. [ 1]
Kypnan «Computer» nepenedarai ee moa 00J0KKOH B TOTUUECKOM CTHJIE, UIUTIOCTPUPYS KaJpaMu U3
¢bunbmoB, Takux Kak «BepBonasd u3 Jlongona», [2] u cHabauB GOKOBBIM moJieM «YOUTH BEPBOJIb(a» ¢
U3JI0)KEHUEM COBPEMEHHOW JIETeHJBl O TOM, YTO CIPAaBUTHCS C HUM MOXHO TOJBKO C TOMOUIBIO
cepeOpsiHOi mynu. Jo myOnuKkanuu s He 3Hal 00 WILTIOCTPALUIX, U J11 MEHsI ObLJI0 HEOXKUITAHHOCTBIO,
YTO Cephe3Hasi TEXHUYECKAsl CTaThs OblIa TaK KPACOYHO M3JIaHA.

Onnako pemaktopsl «Computer» 3HalIM CBOE JI€JI0 M JOCTUIIIM KEJAeMOro pe3yibrara: MOXOxkKe,
YTO CTaThiO Mpowin MHorue. [loaTOMy g mogo6pan A TOH TaBkl elle 0JIHY KapTHHKY ¢ 000POTHEM —
CTapyUHHOE M300pa’keHHe MouTH 3a0aBHOTO co3faHusa. Hazaeroch, 4To 3Ta MeHee sipkas KapTUHKA
OKa)KeT TaKO€ K€ MOJIE3HOE ICUCTBHUE.

Cepebpanas nyns ece-maku ecmv — BOT OHA!

«CepeOpsiHOM Myau HET» YTBEP)KIAeT U JOKa3bIBACT, YTO B TEUEHHE JIeCATHIICTUS (C MOMEHTa
nyonukanuu crtarb B 1986 romy) HU onmHa pa3pa0oTka B OOJIACTH TEXHUKH IMPOTPAMMHOTO
oOecrieueHust He TTO3BOJIUT MOBBICUTH MPOU3BOAUTEIBHOCTD TPyda B MPOrPAMMUPOBAHUN HA MOPSIOK.
W3 sToro nmecatuyieTusi MpOILIO YK€ JEBATH JET, U MOXHO IOCMOTPETh, HACKOJIBKO COBIBaeTCS
npejacKa3aHue.

B 10 Bpems kak «Muduieckuii 4e10BEKO-MECSI» MOPOIUIT YACTOE IIUTUPOBAHUE U MaJIO CIIOPOB,
cTarbst «CepeOpsHON MyJIH HET» BbI3BaJla CTAaThH C ONMPOBEPKEHUSIMU U MHUChbMa B PEIaKIMU KYPHAJIOB,
MOTOK KOTOPBIX HE MPEKpaTHIICs U 1o ceil JeHb. [3] Yale Bcero KpUTUKYETCS IJIaBHOE YTBEPHKICHHE O
TOM, YTO BOJIIIEOHOTO pEUICHUS] HET, U MOE SICHO BBIPAXKEHHOE MHEHHE O TOM, YTO €ro U OBITh HE
MOXeT. BOoJIpIIMHCTBO comiamaeTcs ¢ OCHOBHOW 4acThio Moux aprymeHToB B «CIIH», HO 3arem
3asIBIIAET, YTO B JCHCTBUTEIHOCTU cepeOpsHast myss Al IPOTrPaMMHOIO 3Beps CYLIECTBYET, M M300pen
ee asrop. l[lepeunThiBass ceromHs paHHUE OTKJIMKH, HE MOTY HE€ OTMETUTb, UYTO IaT€HTOBAHHbBIC
CpEICTBa, CTOJb JHEPrH4HO mnpenaraBumecs B 1986 u 1987 romax, He Bo3piMenu 3¢¢dexTa, Ha
KOTOPBIN NPETEHI0BAJIHN.

51 06BIYHO MOKYIA0 KOMIBIOTEPHI U MPOrpaMMBbl, TPOBEPSIS UX HA «CYACTIMBOM OOJaaaTene», T.e.
Oecenys C BBI3BIBAIOIIMMU JOBEpHUE JIIOAbMH, 3aIUIATUBIIMMU JE€HBIH 32 MPOAYKT U IMOJIb3YIOIIMMUCS
UM C yIOBOJBCTBUEM. AHAJIOTUYHO, SI C TOTOBHOCTBIO MOBEPIO B Marepuain3aluio cepeOpssHON MyH,
KOTZIa BbI3bIBAIONIMN JOBEpUE HE3aBUCHUMBIM TOJb30BaTEelb BBICTYIIUT BIEpPEeN U CKaxeT: «Sl
UCIIO0B30BaAI 3TY METOAOJIOTHIO, STOT MHCTPYMEHT WJIM MPOAYKT, U 3TO MO3BOJIUIO MHE B JIECATH pa3
MOBBICUTH MMPOU3BOJUTEIBLHOCTH Pa3pabOTKH MPOrpaMm»».

MHorue KOppecmoOHJEHThl CleJald BEpHbIE TMONpaBKM M pazbsicHeHus. HekoTopeie
MPOAHAIIU3UPOBAIIA CTAThIO MYHKT 32 MYHKTOM U MPHUBEJIHM BO3paKEHUs, 32 4TO s UM OnaromapeH. B
3TOM TJ1aBe 5 X0uy COOOIIMTH O CAETaHHBIX MOMPaBKaX U OTBETUTH HA OMPOBEP>KEHHUSL.

Hescnoe uznooicenue enevem HenoHumanue



Cyns mo HEKOTOPBHIM OTKJIMKaM, MHE HE YAAJIOCh YETKO U3JI0KUTh CBOU apTyMEHTHI.

BropocTtenennoe cBoiictBo (accident). B pestome miaBel 16 s moctapancs co BCel BO3MOXKHOMN
SICHOCTBIO U3JI0KUTh OCHOBHBIE apryMmeHnTsl «CITH». Hexotopsle, oqHako, ObUIH CMYIIEHBI TEPMUHAMHU
BTOPOCTENIEHHOE CBOWCTBO (accident) m HECyIECTBEHHBIN, BTOpOCTeNeHHbIN (accidental), koTopsie s
MCIIOJIb30BAJI B CTApOM ymoTpedieHnun, BocxomsaieMm k Apuctotento. [4] [lox accidental s He numen B
BUJly «CIY4alHBIN» WM «OTHOCSIIMUCSA K HECYACTHOMY CIIy4ar», a CKOpee, «HECYIIECTBEHHBIN,
«mmo0ouHbI» (incidental) wnm «mpuHaISKaIMi» (appurtinent).

Sl He Xo4y MOPOYMUTH POJIb CIYYaMHOCTH MHpHU pa3paboTke mporpamMm. Bceriex 3a aHmmiickum
JpaMaryproM, aBTOpoM JeTeKTuBoB u TeosnoroM Jlopotu Coaitepc (Dorothy Sayers) st paccmarpuBato
BCSAKYIO TBOPYECKYIO JEATENbHOCTh, KaK COCTOSIIYI0 H3: a) (OpMYIMPOBAHMS KOHIENTYaJIbHBIX
KOHCTPYKLIMM, O) BOIUIOIICHUSA B peaJlbHOM Marepuaje U B) AUAJora ¢ MOJIb30BaTelieM B peanbHOU
#u3HU. [5] Ta yacTh MOCTPOEHUS MPOrPaMMBbl, KOTOPYIO sI Ha3BaJl CYHIHOCTBIO (€ssence), COCTOUT U3
YMCTBEHHOH paloThl CO3JaHHUS KOHIIEMYTaJdbHOM KOHCTPYKIMU, a Ta, KOTOPYIO s Ha3Bal
BTOpOCTENEHHOM (accident), ecTh MpoOIIECC €€ BOTIJIOMECHUS.

BoisicHeHne wucTUHBL. MHE KaxkeTcsa (XOTsi HEe BCE€ CO MHOM COIIacHbI), YTO BEPHOCTH
[EHTPAJIbHOTO apryMEeHTa CBOAMTCS K BBIICHEHHMIO OTBETAa Ha BOMPOC: Kakas JOJs 3arpar CBsA3aHa C
TOYHBIM M YHOPAJOYCHHBIM TMPEICTABICHUEM KOHIIENTYaJbHON KOHCTPYKLHMH, a Kakas — C
YMCTBEHHBIMH YCUJUSMH 1O H3TOTOBICHUIO 3TUX KOHCTpyKuuil. Ilouck u yctpaneHue ommoOOK
nonajaroT B TOT WJIM MHOW pa3fied B 3aBUCUMOCTHU OT TOTO, SBJISIOTCS JU OMMOKH KOHLENTYalbHBIMU
(Hampumep, MPOMYCK KaKoro-aubo oco0oro ciydas) Wik OmmMOKaMH TMPEACTaBICHUs (Hampumep,
ommOKa B yKazaTese WM pacrpeaesieHus MaMsTH).

Moe nuyHO€ MHEHHE COCTOUT B TOM, YTO BTOPOCTEIIEHHAsI JIM HallpaBieHHas Ha IIPEACTaBICHUE
yacTh pabOThI ceiiuac CHU3MIIACH /10 MOJIOBUHBI MJIM MEHee TOro oT olmiero oobema. I[lockonbky 3Ta
JIOJISL SIBJISIETCSl DKCIIEPUMEHTAIbHON BEIMYMHON, €€ 3HaUYeHUe, B MPUHIIUIE, MOKHO MOJIYYUTh MyTEM
u3MmepeHuit. [5] Ecau 510 He ynmaercs, MOIO OLIEHKY MOKHO MOINPAaBUTh HA OCHOBE OoJjiee MOJIHBIX U
0osiee COBPEMEHHBIX JaHHBIX, HO HU B MYOJMYHBIX, HU B YACTHBIX 3aiBJICHUSIX HUKTO HE yTBEpKaal,
YTO HEOCHOBHAS YacTh AOCTUTAET BeauuuHbl 9/10.

«CITH» ¢ HEeCOMHEHHOCTBIO JJOKA3bIBACT, UTO €CJIM JI0JISI HEOCHOBHOM YacTu paboThl MeHbine 9/10,
TO Ja)Ke CBEeJs ee K HYIIO (4TO ObUIO OBl YyJIOM), HENb3S MOJIYYUTh POCT MPOAYKTUBHOCTH Ha MOPSAOK.
ATaky HE00X0AMMO HAIIEIUTh Ha CYIIECTBEHHYIO YaCTh.

[Tocne nosiBnenust «CITH» bproc baym (Bruce Blum) obparun moe BHuMaHue Ha padoty 1959
roga I'epubepra, Mo3uepa u 3eiinepmana (Herzberg, Mausner, Sayderman). [7] OHu Haxomar, 4TO
dbakTOphl MOTHBAIMK MOTYT VYBEIWYUTh MPOU3BOAUTENBbHOCTh. C Jpyroil CTOpPOHBI, (HaKTOPHI
OKPY)KEHHUSI 1 BTOPOCTENEHHbIE (PAKTOPHI, CKOJAb Obl OHM HHU OBUIM MOJIOKUTEIbHBI, HE MOTYT 3TOTO
caenarb, HO, Oylydyd OTpPHUUATENbHBIMU, MOTYT YMEHBUIUTH Mpou3BoauTeabHOCTh. B «CITH»
JTOKA3bIBAETCA, YTO 3HAUMTENbHAS YaCTh MPOTPEcca B MPOrPaMMHON MHXKEHEPHUHM JAOCTUTHYTA 3a CUET
YCTpaHEHHUS BIUSHUS CIACAYIONIMX OTPULIATEIbHBIX (PaKTOPOB: KpaliHEe HEYTOOHBIX MAIMHHBIX SI3BIKOB,
NakeTHOM 00paloTKU C J0oaroil 000pavyMBaeMOCTBIO, CJIa00ro HMHCTPYMEHTAapus M CTPOTUX
OTpaHUYCHUHN Ha pa3Mep MaMsTH.

SBnAIOTCS MM B TAKOM Ciiydae Oe3HaJCKHBIMU TPYIHOCTH, CBA3AHHBIE C CYIIHOCTHIO? OTianM4HAas
pabora «CepebOpsiHass myass ecth», HanucaHHas bpegom Kokcom (Bred Cox) B 1990 romy,
KPaCHOPEYMBO JIOKa3bIBAE€T, YTO MHOTOKPATHO MCHOJIb3yeMbIE M B3aMMO3aMEHSIEMbIE KOMIIOHEHTBI
JOJIKHBI TOCTYXUTh OCHOBOM /Jisi aTaku Ha KOHIENTYaJbHYIO CYHHOCTH MpoOiembl. [8] S oxoTHO
COTJIAIIAIOCH.

Onnako Kokc HenpaBunbHO noHumaeT «CIIH» B nByx oTHomeHusX. Bo-mepBbIX, OH HaxXOguT B
HEW YTBEpXKICHUE TOTO, YTO TPYAHOCTHU pa3pabOTKU MPOTPAMMHOTO OOECHeYeHUs MPOUCTEKAIOT U3
«HEKOTOPBIX IMOPOTOB TEXHOJIOTHH, HCIOJb30BABIIMXCS MPOrpaMMUCTaMU B TO Bpems». S xe



JOKa3blBajld, YTO TPYIHOCTH, CBSI3aHHBIE C CYIIHOCTBIO, SIBISIIOTCA HEOTHhEMJIEMOM YacCThIO
KOHIIETITYaJIbHOM CII0)KHOCTH pa3padarbiBaeMbIX MPOrpaMMHBIX (DYHKIHMI BO Bce BpeMeHa M MpHU
mo0bIx MeTonax. Bo-Bropeix, oH U MHorue Apyrue npowid B «CIIH» yrBepikaenue Toro, 4ro Her
HUKAKUX HAJIEXkKJ| YCIEIIHO CIPABUTBCA CO CIOXKHOCTSAMHU pPa3pabOTKH MpOTrpaMM, CBS3aHHBIMHU C
BOMPOCAMH CYHIHOCTH. DTO HE TO, yTo s umen B Buay. Co3gaHue KOHLENTYalbHOM KOHCTPYKLIHMH
NEHCTBUTENIBHO MMEET BHYTPEHHE MPHUCYIIME TPYIHOCTH, TaKUe KakK CIOXKHOCTh, COTIACOBAHHOCTb,
U3MEHAEMOCTh M He3pUMOCTh. ONHAKO HEMPUSITHOCTH, BBI3bIBAEMBIE BCEMH ATHUMH TPYIHOCTSIMU,
MO>HO YMEHBUIUTb.

CrnoxHOCTh pasjeneHusi Ha ypoBHU. Hanmpumep, Hanbosiee cepbe3HON BHYTPEHHEH TPYAHOCTHIO
SIBJISIETCS CIOKHOCTb, HO OHA HE BcerJa Hen30exHa. 3HauuTeNIbHAasl 4acTh (HO HE BCS) KOHLENTYalbHOU
CJIOKHOCTHU B HAaIlIMX MPOTPAMMHBIX KOHCTPYKIIUSAX MPOUCTEKAET OT MPOU3BOJIBHON CIOKHOCTU CaMUX
npumenennii. JlerictBurensro, Jlapc Cemans u3 MYSYGMA Sohdal and Partners, mexxmyHapomHoi
KOHCAJITUHTOBOU (PUPMBI B 001aCTH MEHEKMEHTA, MUILET:

Moii OIBIT TOKA3bIBAET, YTO BCE CIIOKHOCTH, C KOTOPBIMH CTAJIKUBAIOTCS IIPU pa3pabOTKe CUCTEM,
SBJISIIOTCSl TIPU3HAKAMHU OPTaHM3alMOHHBIX Hemosiagok. [lombiTka MoAenupoBaHUS NPAKTUUECKON
NEeSATEABHOCTH MPOrpaMMaMM COOTBETCTBYIOIIEH CIIOKHOCTH BJI€YET COXpaHEHHE Hepa3Oepuxu BMECTO
peleHus npooiaem.

Crus Jlykanmk (Steve Lukasik) n3 Northrop qokasbiBaeT, 4To Aake OpraHU3alMOHHAS CII0KHOCTD,
BO3MOXHO, HE€ SBISIETCS MPOU3BOJBHOM, a MOXET UCIBITHIBATh BO3JCHCTBUE MPUHLIMIIOB
YIOPSA0YECHUS:

S nmonmyunn obpazoBaHue B 00JaTH (PUBHKU U MTOATOMY BUXKY, UTO «CIIOKHBIE)» BEIM MOTYT OBITH
OTKCaHbI Ha sI3bIKe 00Jiee MPOCTHIX MOHATUM. Bbl MOkeTe ObITh IpaBbl, U 51 HE CTaHy yTBEPKAaTh, YTO
BCE CIIO’KHBIC BEIM MOANAIOTCS MPUHLMIAM YIOPSAIOYEHHUS... 110 TEM e MpaBUiaM JI0Ka3aTelbCTBa
HEJIb3s YTBEPKIAAaTh, UTO HE MOIIAIOTCH.

...To, 4to BYepa OBUIO CIIOKHOCTBIO, 3aBTpa OyaeT B mopsake Bemeil. ClI0XHOCTb
OecTopsAA0YHOrO JBUKEHUS MOJEKYI MpHBesia K BO3HUKHOBEHHUIO KMHETUYECKOM TEOpUU Tra3oB U
OTKPBITUIO TPEX 3aKOHOB TepMoArnHaMuku. Ceiuac mporpaMMHoe o0ecrieueHne He MO3BOISIET YBUICTh
OPUCYIME €My MPUHIUIBI YIOPSAOYEHHS, HO Bbl KaK pa3 M JODKHBI OOBSCHUTH, MOYEMY 3TO
MPOUCXOTUT. DTO HE MPOSBICHUE MOEH OECTOJIKOBOCTH WM KEJIaHHs MOCIOpUTh. S yOexaeH, uTo B
OJIMH MPEKPACHBIN JCHBb «CI0KHOCTH» MPOTrPaMMHOro odecreueHus OyaeT oObsiCHEHA Ha A3bIKE KaKUX-
HUOYIb MOHATHI O0Jee BBICOKOTO OpsIKa (MHBAPUAHTOB, KaK TOBOPAT (DU3UKH).

S He 3aHMMa’Ccs 60s1ee NIyOOKUM aHaJIM30M, K KOTOPOMY cpaBeaiinBo mpu3biBaeT Jlykanmk. Kak
OTpacib HAayKM Mbl HYXKJAeMCsl B Pa3BUTUU TeOopuHU UHPOpMAUMM JUIsI KOJIUYECTBEHHOW OIICHKU
MH()OPMALIMOHHOTO COAEPkKAHUS CTATUCTUYECKUX CTPYKTYp, MOA0OHO Tomy, kak Teopus IlIsHHOHA
JIeNaeT 3TO Ui MH(POPMALMOHHBIX TOTOKOB. JTO COBCEM HE MOs 3ajaya. JIykalmky s mpocTo OTBeuy,
YTO CJOKHOCTb CUCTEMBI SBJIsIeTCS GYyHKIMEH MUPHUAIOB JeTallel, Kakaas U3 KOTOPBIX JOKHA ObITh
TOYHO 3a/1aHa MO0 ¢ MOMOIIIBI0 KaKOro-HUOYy/Ib O0IIETo MpaBuiia, 100 MOAPOOHBIM OMUCAHUEM, HO HE
npocTo cTaructudecku. llpencraBisieTcss BechbMa COMHUTEIBHBIM, YTOOBI HECOINIACOBAaHHbBIE
pe3ynbTarbl  pabOThl MHOTHX TOJIOB OKAa3aJIMCh JIOCTAaTOYHO CBS3HBIMH, 4YTOObI OBITH TOYHO
OMKMCAHHBIMU OOUMMH MPABUIIAMH.

3HaYUTEIHHO OOJIbIIAS YACTh CIOXKHOCTU MPOrPAMMHBIX KOHCTPYKIIUN 00yclIOBI€HA, ONHAKO, HE
COOTBETCTBHEM BHEIIHEMY MHUpPY, a CaMOil peanu3anueill — CTPYKTypaMU [aHHBIX, aJlfOPUTMAMH,
croco0aMu KoMMyHHKanui. HapanmBanue nporpaMm ¢ moMoIipio 00JIbIIMX OJIOKOB BEICOKOTO YPOBHS,
CO3JaHHBIX KOTJIA-TO PaHbIIE UM KEM-TO APYIMM, MOMOraeT M30eaTh LEJbIX YPOBHEH CIOKHOCTH.
«CITH» mpoBo3miamaer moxo Ha MpoOJjeMy CIOKHOCTH B MOJHOW HAAEK[E, YTO MOXKHO JOCTHYb
nporpecca. OHa BBICTYIAET 3a 1I00aBJI€HUE K TPOrPAMMHOM cUCTeME HEOOXOAUMOM CII0KHOCTH:

* HepapXUYECKH, pacroaras MOAYJIU UM 0ObEKTHI IO YPOBHSIM;



* IOIArOBO, YTO 00ECMEYMBAET MOCTOSHHYIO pab0TOCIIOCOOHOCTh CUCTEMBI.

Ananuz Xapena

HaBun Xapen (David Harel) B crarbe 1992 roma «Kycas cepeOpsiHHYIO Myiio» NpeanpuHUMAET
caMblii TiatenbHbI aHanu3 «CITH» n3 Bcex omyOauKoBaHHBIX. [9]

[leccumusM npoTUB ONTUMHU3MA U peanu3Ma. Xapen paccMmarpuBaeT kak «CITH», Tak u ctarbio
[Tapnaca 1984 roma «IIporpaMmHBIE acCHeEKTHl CTpaTErHYECKHX OOOPOHUTENbHBIX cucTeM» [10] kak
«CIIMIIKOM YHBUIbIE». OH HaMepeBaEeTCs BBICBETUTH 0OJIEe SIPKYI0 CTOPOHY IPOOJEMBI, MPEANOoChuIas
cTarbe mnonzarosioBok «K cBeTiiomy OymylieMy moprpaMMHbIX pa3paboTok». Tak xe, xkak u Koxe,
Xapen cuurtaer «CIIH» meccumucTudeckoit, roBops: «Ecnu B3MISIHYTH HAa T€ K€ (akTbl C JIPYrou
TOYKHM 3pPEHHUs, BO3HUKAIOT Oojee ONTUMHUCTHYECKHE BBIBOJbY. O0a OHM HEMPaBUIIBHO BOMPHUHSIN
TOHAJIBHOCTh CTaThH.

[Ipexxae Bcero, Mosl JK€Ha, KOJUIETM M PENAaKTOPbl CYMTAIOT, YTO S TOpa3/lo 4Yalle BIAJaK0 B
HEOIPaBJIaHHbIA ONITUMH3M, YEM B IECCUMU3M. B KOHIIE KOHIIOB 5 IO MTPOUCXOKICHUIO POrPAMMHCT,
a ONTUMU3M — 3TO npodeccuoHanbHas 00JIe3Hb JaHHOTO peMecia.

B «CIIH» npsmo cka3aHo: «BmisapiBasch B MNPEACTOAILEE JECATHIETHE, MBI HE BHANM
cepeOpsHOoi mynu... OIHAKO CKeNTUIIU3M HE €CTh MecCUuMu3M... HeT mapckoro myru, HO MyTh €CTh.
Ona mpeackas3bplBaeT, YTO HOBOBBEACHHS, mpoucxomsnme B 1986 romy, Oymyun pa3paboTaHbl U
UCIIOJIb30BaHbl, B COBOKYITHOCTH AEHCTBUTEIBHO IO3BOJAT JOCTUYh POCTA MPOU3BOAUTEIBHOCTH Ha
nopsanok. Hecatunerue 1986-1996 momxoauT K KOHIY, U ATO MHpPEJCKa3aHHE OKa3bIBaeTCs, CKopee,
CJIIMIIKOM ONITUMHMCTUYHBIM, & HE MPAYHbIM.

Jaxe ecnu Obl Bce 0e3 mckimtoueHus cuntain «CIIH» meccuMmucTrdeckoit, 4To B 3TOM Xy[A0To0?
SBnsieTcs U yTBEPKACHUE DUHIITEHA O TOM, YTO HUYEr0 HE MOXKET MEPEMELIATHCS CO CKOPOCTHIO,
00JbILIe CKOPOCTU CBETA, «YHBUIBIM» U «MpauyHbIM»? A Kak HacdeT pe3yiabraroB lenens o ToMm, 4To
HEKOTOpbIe Benm HeBbuucIuMbl? «CITH» nbITaeTcs yrBepkaarb, 4TO «caMa CyIIHOCTh POrPaMMHOIO
oOecrieueHus JellaeT MAaJOBEPOSTHBIM OTKPBITHE «CepeOpSHBIX MYIb» KOIAa-Tubo B Oymaymem».
Typckuii B cBoeM OTIIMYHOM OTBETHOM J0KJaje Ha KoHpepenuuu [FIP kpacHopeunBo 3asBut:

W3 Bcex MOMBITOK HAayKW MPOABUHYTHCS B JIOKHOM HANpaBICHUU HamOoJiee BO3BBILICHHBI T€,
KOTOpbIe ObUTM HAmpaBIeHbl Ha MOUCK (UIOCO(CKOro KaMHS — BEIIECTBA, C MOMOUIBI0 KOTOPOTO
MpEANnoIarajoch o0pamarh MPOCThie METAIIBI B 30J10TO. Bhicias 1enp anxuMuu, K KOTOPOi C pBeHHEM
CTPEMUJINCh TOKOJEHUs HCCIeAoBaTeNe, meapo (UHAHCUPOBABIIMECS CBETCKUMH M JyXOBHBIMHU
IPAaBUTENSIMUA, — O3TO B YUCTOM BHUJIE€ CTPEMJICHHUE IPUHUMATH JKEJIAEMOE 3a JIEUCTBUTEIIBHOE U
OOIICIPUHATOE MHEHHUE, YTO BEIM TAKOBbI, KAKUMH MBI XOT€IM Obl MX BUJETh. DTO O4YEHb IO-
yenoBeyecku. HyxHo caenarb Haj coOoi Oonblloe ycuine, 4TOObl CMUPHUTBHCS C CYIIECTBOBAHUEM
Hepa3penmMbIX npoodsieM. CTpemiieHre BONPEKU BCEMY HAMTH BBIXO, Ja)Ke KOTJa JI0Ka3aHO, YTO €ro
HE CYIIECTBYET, OYEHb U O4YEHb CUIIbHO. VM B OONBIIMHCTBE CBOEM MBI C OOJBIIMM COYYBCTBUEM
OTHOCHUMCS K 3TUM XpalOpenam, KOTOPbIE MBITAIOTCA TO0CTUYb HEBO3MOKHOTO. DTO MPOIOJIKAETCS U IO
ceil neHb. [Iumyrcs coumHeHus o kBaaparype Kpyra. CTpsmaroTcsi JIOCBOHBI AJII BOCCTaHOBJIEHUS
YTPAu€HHBIX BOJIOC — W HEIUIOXO MPOAarTCs. POXKIat0TCA METOMIBI MOBBIIEHUS POU3BOAUTEIBHOCTH
IPOrPaMMHUPOBAHUS — U XOPOILIO PACXOASTCS.

MBI CIOMIIKOM 4YacTO CKJIOHHBI JIOBEpPATH CBOEMY ONTHUMHU3MY (MM OKCILUIyaTUPOBaTh
ONTUMHUCTUYECKNE HAAEKIbl CBOMX CIIOHCOPOB). MBI CIMILIKOM 4YacTO HE XOTUM IPUCIYILIMBATHCS K
rojocy paccyiaka u obpaiaeM MHOTO BHHMMaHHUs Ha MPOJABLOB IMaHAIEH, MOIMMX IOJ0CaMU CHPEH.
[11]

Typckuii, Kak u s, IPeAYNPEXRAAET, UTO MEUTATEIBHOCTh TOPMO3UT JIBUKEHUE BIIEPE] U BEAET K
IIyCTOM TpaTe CUJl.

«MpauHble» TeMBbl. Xapea CUuTaeT, 4To MpadHocTh « CITH» npumaroT Tpu TeMBbI:

* Pe3koe pazaeneHne Mexay CyIHOCTbEO U BTOPOCTENICHHBIM.



* M3onupoBaHHOE pacCMOTPEHUE KaXKI0TO KaHAUIaTa B «CepeOpsiHbIC MYIN.

* [Iporno3 mummb Ha Ommxkaiiume 10 ner, a He Ha CPOK, B TEUEHHE KOTOPOIO MOXKHO OXKHUIATh
«CYIIECTBEHHBIX YIIYUILICHUN».

Yro KacaeTcs NepBOro, TO B 3TO BCS COJIb CTAThU. Sl MO-MPEKHEMY CUNTAIO, YTO TAKOE Pa3/ICIICHUE
HEOOXOMMO ISl TIOHMMAaHUS TOTO, MOYEeMY TPYIHO co3daBarTh MporpaMmHoe obecrnedenue. M 31o
BEpPHOE yKa3aHue, KyJa JOJDKeH ObITh HAIpaBIICH yap.

Yrto kacaeTcss H30JIMPOBAHHOTO PACCMOTPEHUS KaHAUAATOB B «CepeOpsIHbIC MYIN», TO 3TO

npaaa. PasHbple KaHAUAATHI IPEUIarajiich NOOYEPETHO U HETOMEPHBIMU IIPETEH3USAMU HA

coOcTBeHHOE Bececune. [IpaBoMepHO U paccMaTpuBaTh UX MoodepeHo. S Bo3paxaro He

IIPOTHUB CAMHUX TEXHOJIOTHH, HO IIPOTHUB OKUJAHUS OT HUX yyza. I macc, Becen u Konmxkep

(Glass, Vessey, Conger) B cBoeit ctaTbe 1992 roga mpeacTaBuiii MHOTOYHCIICHHBIC

CBHUJIETENBCTBA TOTO, YTO OECIIOJIE3HbIE IOUCKU CepeOPSHON Myau BCe elle mpoaoiikatoTcs. [12]

Yro kacaerca BbIOOpa B KadecTBe mepuona mpeiackazanuit 10, a He 40 jeT, TO YaCTUYHO 3TO
NpU3HAHUE TOTO, YTO HAIlM MpeJCcKa3aHus Ha OOJBIIMN CPOK HUKOTJA HE ObUIM ynauHbiMU. KTo U3 Hac
B 1975 rogy npeackazan MUKPOKOMIBIOTEPHYIO pEeBOTOLMUIO 80-X?

EcTp W apyrue NpUUYMHBI OIPAaHUYMUTHCS ACCATUIICTHEM: BCE KAHAWAATHI MPETEHJOBAIN Ha
MOJIyYCHHUE PEe3YJIbTaTOB HEMEUICHHO. SI He MOMHIO HU OJTHOTO, KOTOPBIN Obl cka3an: «Ecnu cerogus
Bbl CJIEJIAETE WHBECTULIMM B MpPEJIaraéMoOe€ MHOM CpelICTBO, TO Mo mnpomectsuu 10 yier HauHeTe
NOXKMHATh IJoAb. boiee Toro, 3a aecATUIETHE COOTHOIICHWE MPOU3BOAUTEIBLHOCTH/LIEHA IS
KOMIIBIOTEPOB BBIPOCJIO, HAaBEPHOE, B COTHU pa3, U HEU30EKHO IMOJICO3HATEIBHO MPOU3BOAUTCS
CpaBHEHHE, KOTOPOE COBEPILEHHO HEAOMYCTUMO. Mbl HaBEpHSIKa JOCTUTHEM OOJIBILIETO Iporpecca 3a
npencrosume 40 ser. Poct 3a 40 neT Ha MOPSAIOK €/1Ba JIU MOKAXETCS YyOM.

MpeiciieHHBIM 3KCIIEpUMEHT Xapeisa. Xapesa NPelIaracT MbICICHHBIM JKCIEPUMEHT, B KOTOPOM
«CITH» 6puta Hanucana B 1952 roxy, a He B 1986, HO conmepkasia Obl Te ke yTBepkaeHHs. OH Xo4eT
UCII0IB30BaTh 3TO B KaueCTBE JOKA3aTeIbCTBAa OT MPOTHUBHOIO B OOpHOE MPOTHUB MOMBITOK OTACIUTH
CYLIHOCTbH OT aKL[UJICHIIUU.

DTO pA0Ka3aresnbcTBO HEBepHO. Bo-mepBblx, «CIIH» HaumHaeTcs ¢ YTBEpXKIAEHHUS, UYTO MJId
nporpammupoBaHus B 1950-x xapakTepHO 3HauMTENbHOE MpeolaagaHue TPYIHOCTEH B aKLMICHIIMSIX
HaJl TPYIHOCTSMU B CYIIHOCTU. DTOro mpeoOiaganusi 0oJblie HE CYHIECTBYET, YTO MPHUBEIO K POCTY
IMPOU3BOAUTEILHOCTH HA MOPANKM BeaWduH. IlepeHocuTs 3710 nokaszarenbcTBO Ha 40 neT Hazan
OecCMBICTIEHHO: HHUKTO He cTtaid Obl B 1952 romy yrBepkaarb, 4TO HE TPYIHOCTH AaKIMACHIIUN
OTBETCTBEHHBI 32 OOJIBIIYIO YaCTh 3aTPAYMBAEMbIX YCHIIUM.

Bo-BTOpBIX, Xapena HETOYHO NpeACTaBISET MonokeHue aea B 1950-x:

D10 OBUIO BpeMs, KOTJa BMECTO TOT0, 4YTOOBI pa3pabarhiBaTh OOJIBIIKME CJIOKHBIE CHCTEMBI,
IPOTrPAMMUCTBl MHUCATH OOBIYHBIC OAHOIOJIL30BTEIBCKHE IMPOTPAMMBbI, KOTOpPbIE Ha COBPEMEHHBIX
s3blkax mporpammupoBaHus 3aHsm O0b1 100-200 cTpok, W KOTOpBIE JOJKHBI ObUTM BBIIOJHSTH
CKpPOMHBIE QJITOpUTMUUYECKHE 3anaud. IIpu cymecTBOBaBIMX TOINAa TEXHOJOTHUAX M METOHOJOTHSIX
Takue 3a7a4d TOXe ObUTM OueHb TPyAHbIMH. CIUIONb U pAIOM ObUIM HEyAadH, OIMOKH, HAapyIIeHHUE
CPOKOB.

3areM OH OMMCHIBAET, KAK 3a MOCJIEAHHME 25 JIeT YyNOMSHYThIe HEeyJauu, OIMOKH, HapyIICHHbIE
CPOKH B OOBIYHBIX MAJICHBKUX OJIHOBOJI30BATEIBCKUX MPOTpaMMax ObUTH yIy4dIlIeHbl Ha TTOPSIOK.

Ho B neiictButrenbHocty B 1950-X romax BepHIMHOM TEXHOJOTMM ObUIM HE MaJeHbKHUE
OIHOIOJb30BareNbckue nporpammbl. B 1952 romy Univac Obut 3aHAT 00paOOTKOM JaHHBIX MEPENUCH
1950 roma ¢ NOMOLIBIO CIOXKHOW MpPOTpaMMbl, KOTOPYHO pa3palaTblBaIi IMPUMEPHO BOCEMb
nporpaMMucToB. [13] pyrue MammHbl IPUMEHAINCh B XUMUYECKOW TUHAMUKE, pacyeTax paccesHus
HEUTPOHOB, pacdeTax monera pakeTr W T.A. [14] TloBcegHEBHO UCHMOIB30BAIMCH acceMOIEpHI,
NepEMEIIAOIME KOMIIOHOBIMKH U 3arPy3UUKH, CHCTEMbI MHTEPIPETALUH C NIJIABAIOIIEH TOUYKOW U T.II.



[15]

K 1955 rony yxe co3gaBanuch mporpammsbl ajisi 6uzHeca oobsemoMm ot 50 1o 100 yenoBeko-yer.
[16] B 1956 rogy na 3aBome J>xenepan DiexkTpuk B JIproumcBuiuie paborana mporpamma pa3Mepom
6onee 80 000 cnos. B 1957 romy B TeueHue yxe JByX JIET B CHCTEME MPOTHBOBO3IYIIHON OOOPOHBI
pabotan komneiorep SAGE ANFSQ/7, n na 30 miomaakax neicTBoBajga CUCTEMa peajbHOTO BpEMEHU,
UCIIOb30BaBIIAs TEIEKOMMYHHUKALIMU U yOIMpOBaHUE B IIESX OTKAa30yCTOMYMBOCTH, 00BEMOM 75
000 xomann. [17] EnBa 1M MOXHO HOPUIACPKUBATHCA MHEHHS, YTO PA3BUTHE TEXHOJIOTHUHA ISt
OHOTOJI30BAaTEIbCKUX MPOrpaMM — IJIaBHAS XapaKTEPUCTUKA YCUIIMA B TEXHUKE MPOTrPaMMHOIO
oOecrnieuenus nociue 1952 roxa.

BOT OHA. Xapen mpomomxaer, mpeajaras COOCTBEHHYIO CEpeOpsHYIO MY, TEXHOJIOTHIO
MoJIeIMpoBaHus Mo HazBaHueM «Vanilla Framework» («BanunbHas ctpykTypay). Cam moaxos onucaH
HEJI0OCTaTOYHO MOAPOOHO, YTOOBI €ro MOXKHO OBUIO OYEHUTb, HO €CTh CChUIKA Ha CTaTbl0 U
TEXHUYECKUN OTYET, KOTOPHIM B CBOE BpeMsl JOJKEH ObITh ONMYyONWKOBaH B BHUAC KHUTH. [18§]
MonenupoBanue KacaeTcsi CYHHOCTH, MPaBUIBHON pa3pabOTKM W OTJIAAKU MOHATHM, MOITOMY
TEXHOJIOTHSI MOXKET OKa3arhCsl peBoMtonnoHHON. Hanerock, uto 3To Tak. Ken bpykc coolmaer, uro sta
METOJIOJIOTUS 0KAa3aJ1ach MMOJIE3HOM, KOT/la OH MOMBITANICA IPUMEHHUTH €€ K peaJIbHOM 3a1aye.

HespumocTte. Xapen »HEPruyHO [JOKA3bIBAET, YTO 3HAYUTEIbHAS 4YacTh KOHLENTYaJbHOU
KOHCTPYKLIMHM MPOrpPaMMHOTO OOECreyeHus SBISETCSA MO CBOCH MPUPOJE TOMOJIOTUYECKON 3a7adyei, u
3THU B3aMMOCBSI3M HaXOJIAT COOTBETCTBUE B MPOCTPAHCTBEHHO-IPaPUUECKUX MPEICTABICHUSX:

Hcnonb30oBaHue NOAXOIAIIETO BU3YaJbHOTO (popMalin3Ma MOXKET OKa3aTh 3aMETHOE BO3JeiiCTBUE
Ha HMHXEHEPOB W MIPOrpaMMHUCTOB. bojee Toro, 3To BO3JCiCTBHE HE OrPAHMYMBAECTCSA OOIACTHIO
aKIUACHIIUN, ObUI0 OOHAPY)KEHO TIOJOKUTEIbHOE BIMSHUE HAa KAauyeCTBO U OBICTPOTY CaMOro HX
mpiuieHus. B Oymymem ycmexu B pa3paboTke cucteM OyayT CBs3aHbl € BHU3YyaJbHBIMH
npeacraBieHussMu. CHayana Mbl OyZieM cOo3/1aBaTh KOHIIECMIIUH C TOMOIIBIO «IIPABUIIBHBIX» OOBEKTOB U
B3aMMOCBS3eM, 3areM (OPMYIUPOBATh HAIM KOHLEMIIMU KaK IOCIe0BaTeIbHBIA psii Bce Ooliee
OOCTOSITEIBHBIX MOZEJICH C UCIOIB30BAHUEM MOAXOASIIECH KOMOMHAIIUY BU3YaIbHBIX SI3BIKOB. IMEHHO
KOMOMHAIMH, TTOCKOJIBKY MOJIEJIM CUCTEM MMEIOT HECKOJIBKO TpaHei, Kaxaas u3 KOTOPBIX BhI3bIBAET B
BOOOPaKEHUU Pa3IMUYHbIC BUIbI 00pa30B.

...HexoTtopele TpaHM Impolecca MOAEIUPOBAHUS HE CTOJIb JIETKO MOAJAIOTCA XOPOIIEH
BU3yanu3auuu. Hanpumep, anropuTMudeckue onepauuy HajJ NEPEMEHHBIMU U CTPYKTYpaMH JIAHHBIX,
BO3MOKHO, OCTaHYTCS TEKCTYaJIbHBIMHU.

3nech HalmM MO3UIMU ONMM3KHU. Sl MOKa3bIBall, YTO CTPYKTypa MPOrPaMMHOTO OOECTHEUYEeHUsl He
SBISICTCA TPEXMEPHOM, IMOATOMY HE CYIIECTBYET €CTECTBEHHOTO OTOOPaKeHHS KOHIEMNTYaJIbHOIO
NpPOEKTa B JAMarpaMMy B IPOCTPAHCTBE KaK [BYX, TaKk M OOJBIIEro yucia u3MepeHuiu. Xapen
JIOTIYCKAET, U 51 COINIACEH, YTO TpeOyeTcs MHOTO AUarpaMm, KaxkJas U3 KOTOPHIX OXBATHIBAET KAKYIO-TO
OJIHY CTOPOHY, @ HEKOTOPBIE aCIIEKThI BOOOIIIE MIIOX0 OTOOpaXKaroTcs Ha AUarpaMmMmax.

S BIIOJIHE pa3Aeiisiio €ro YHTY31Ma3M 10 NOBOAY MCHOJIB30BAaHUS AUArpaMM KakK BCIIOMOTaTeIbHOIO
CpelcTBa IMpH OOMYMBIBAHUM W MPOEKTUpOBaHMU. [lonroe Bpems s M0OWI 3a7aBaTh KaHAWATaM Ha
paboty mporpamMmmucToM Bompoc: «l'nme HaxomuTcs crnenmyronmii HOsOpb?». Ecnm Bompoc kakeTcs
3araJloyHbIM, TO B ApyroM Buje: «KakoBa Bama MbICIE€HHass MBICJIEHHAs MOJEIb KajaeHJapsa?» Y
JNEHUCTBUTENIBHO XOPOLIMX MPOTPAaMMUCTOB XOPOILEE YYBCTBO IPOCTPAHCTBA, y HUX OOBIYHO €CTh
reoMeTpruyeckas Mojelib BpeMEHHU, U OHU 4acTo 0e3 Tpyaa MOHMMAIOT MepBbIi Bompoc. Ux moxenu
OYEHb UHUBU/1yAJIbHBIL.

Touka 3penus /[orconca: npouzgooumenbHOCmMs NPUXOOUM 8¢ied 3a Ka4ecmeom

Kanepc dxonc (Capers Jones) cHayana B cepuu CIyKeOHBIX 3alTUCOK, a 3aT€M B OTACIbHON KHUTE
JNEMOHCTPUPYET DIYOOKYI0 MHTYUIMIO, OTMEUYCHHYIO HECKOJIbKHUMH MOUMH KOPPECIOHCHTAMH.
«Crarps «CIIH», kak 1 MHOTME B TO BpEMsl, COCPEAOTOUMIIACH HA MPOU3BOJUTEIBHOCTH — BBIXOAEC



OpPOrPaMMHOM MPOAYKIMM Ha EIUWHUILY BXOIHBIX 3arpar», — roBopuT J[xonc. — «Her,
COCPEIOTOYBTECHh HA KaueCTBE, a MPOU3BOAUTEIBHOCTh MpUAET cieaom.» [19] OH yTBepkaaeT, 4To
JOPOTOCTOSIIIME U HAPYUIMBIIME CPOKH MPOEKTHI TPeOyIOT OOJBIIE BCErO JOMOJHUTENbHBIX YCUIUNA U
BpeMEHU Ji1 TOHCKA W YCTpaHeHUs oummOoK B crnenudukanusx, B HpoekTe, B pa3padborke. OH
OPUBOAUT  JAaHHBIC, CBUJIETEILCTBYIOIME O CHJIBHOM  KOppENsSIHU MEXKIYy OTCYTCTBUEM
CHUCTEMAaTUYECKOTO KOHTPOJISI KaueCcTBa U CphIBOM rpaduka pabot. Sl um BrnoaHe Bepto. bém (Boehm)
YKa3bIBaE€T, UTO MPOU3BOAUTEIBHOCTh CHOBA MAaJAaeT, KOTJA MPECcienyeTcsl UCKIOUUTEbHO BBICOKOE
Ka4ecTBO, Kak Obu10 B porpammax IBM s kocMudeckoro 4esHoka.

AnanornyneiM  oOpa3zom, Kokxu (Coqui) yTBepkIaeT, 4YTO NPUHIUIBI CHUCTEMAaru4ecKon
pa3pabOTKu MPOTrPpaMMHOrO O0OeCleueHHs] SBIJIMCh OTBETOM Ha 03a004YE€HHOCTh HE CTOJIBKO
MPOU3BOUTEIBHOCTBIO, CKOJBKO KaueCTBOM (B OCOOEHHOCTH, CTPEMJICHHEM H30€KaTh KPYITHBIX
KatacTpod).

Ho oOparute BHUMaHHE: LENbI0 MPUMEHEHUS WHXXEHEPHBIX MPUHIIUMIIOB K pa3paboTke
nporpaMmmHoro odecrieueHust B 1970-x rogax ObUIO MOAHSTH Ka4€CTBO, TECTUPYEMOCTh, YCTOMYHBOCTD
U TPEeICKa3yeMOCTh MPOTPAaMMHBIX MPOAYKTOB, a He 00s3aTeIbHO MPOU3BOIUTEIBLHOCTh TpYyIa
IPOrPaMMHUCTOB.

JIBuokymield CujoW HMCHOJb30BaHUS TpPH pa3pabOTKe NPOorpaMM MPUHIUIIOB MNPOrpaMMHOM
WH)KeHEepuu ObUIO OMAaceHue KPYMHBIX aBapuil, K KOTOPBIM MOIVIa MPHUBECTH pa3paboTka Bce Ooiee
CJIO’KHBIX CUCTEM HEYNPaBISEMBIMU XyAOXKHUKaMU. [20]

Tax umo dce cnyyunocs ¢ nPou38oOUMeNbHOCHbIO?

[TpousBoautenbHoCTh B nudax. Ludpsl, xapakrepusyronme Npou3BOIUTEIbHOCT, OUYEHB THKEIIO
OTpeNennTh, KanuOpoBats U HalTu. Kanepc JI>KOHC cuMTaeT, 4To AJs JBYX ONMHAKOBBIX MIPOTrpamMM Ha
Cobol, nHanucanHbix ¢ UHTEpBaJIOM B 10 JIeT — C MpUMEHEHUEM CTPYKTYPHOTO MPOTrPaMMUPOBAHUS U
0e3 Hero — pasHuIla B MPOU3BOUTEILHOCTH TPOCKpATHASI.

Ax Mopaou (Ed Yourdin) yrepxnaer: «Ilo MouM HabIoneHHsAM, Gnarogaps paGodnM CTaHI[HAM
U IPOTPaMMHBIM MHCTPYMEHTAM MPOU3BOIUTEILHOCTh YBEIUYUIACh B MATH pa3.» Tom [lemapko (Tom
DeMarco) cuurtaeT, 4yTO «Balle OXKHAAHUE ACCATUKPATHOTO POCTa MPOU3BOAUTENBHOCTH 3a 10 et
Onmaromapsi 11e0My HA0OpYy TEXHOJNOTUU OBLUIO ONTUMHCTUYHBIM: MHE HEWU3BECTHBI OpraHHU3alllH,
noOuBIIECs pocTa

MPOU3BOAUTEIIBHOCTU HA MOPSAOK.)

[IporpaMmma B ymakoBKe: NOKymaiTe, He Hajo paspabarbiBarh. Opna u3 oneHok «CITH»
oKasalach, s JyMmaro, MpaBUJIbHON: «BO3HMKHOBEHHE MacCOBOTO pBIHKA SIBISETCA... Hambojee
nIyOOKOM AOJATOCPOYHOM TEHACHIMEH B pa3zpaboTke mporpaMMHOro odecnedeHus». C TOUKM 3peHHS
HayKH, IPOrpaMMHOE OOecredyeHre JIIsi MacCOBOTO phIHKA 00pa3yeT MPaKTUYECKH HOBYIO OTpacib B
CpaBHEHHMU C pPa3pabOTKON 3aKa3HBIX NPOrpaMM Kak BHYTPH GUPMBL, TaKk U CTOPOHHUMU
opranuzanusMu. Korma cyeT mpomaHHBIX MakeTOB HAET HAa MUJUIMOHBI MJIM XOTS Obl Ha THICAYH,
IAaBHBIMHU TMPOOJEMaMH CTAHOBATCSI KayeCTBO, CBOCBPEMEHHOCTh, TEXHMYECKHUE XapaKTEPUCTHKU U
CTOMMOCTH MOJICPKKH, @ HE CTOUMOCTh pa3pabOTKH, KOTOpasi UMEET Takoe OOJbIOe 3HAUCHHE IPH
pa3paboTKe 3aKa3HBIX CUCTEM.

ONeKTPOMHCTPYMEHT s yma. Jlydnmii crmoco® MOBBICUTH TMPOU3BOAUTENBHOCTh TpPyAad
NpPOTPAMMHUCTOB  UHGOPMALMOHHO-YIPABIAIOMMX CHCTEM — OTO TOWTH B  OMmKalmmii
KOMIIBIOTEPHBI MarasuH M KYyIMHUTh Y€ TOTOBBIM TO, YTO OHU coOuparoTcs pa3zpaborarb. JDTO HE
HIyTKa: JOCTYIMHOCTh JIEHIEBBIX M MOIIHBIX KOPOOOYHBIX MPOTpaMM YAOBIETBOpUJIA MHOTHE U3
noTpeOHOCTEHN, paHee YIOBIETBOPSBIIMXCS 3aKa3HBIMHU MPOrpaMMaMu. DTU 3JIEKTPOUHCTPYMEHTHI AJIs
yMa OoJiblIie MOX0KH Ha AJEKTPUUYECKTE JIPENI, MUl U IUTM(OBaIbHbIE MAIIMHBI, YeM Ha OOJbIIME U
CJIOXHBIE MPOU3BOJICTBEHHbIE CTaHKH. MHTerpamuss uX B COBMECTHMBIE U TEPEKPECTHO-CBA3AHHBIC
Habopel, Takue kak Microsoft Works wnu myume wmnTerpupoBanubiii ClarisWorks, obecneunBaet



OrpOMHYI0 THOKOCTh. M mMOmoOHO JOMamHed KOJUIEKIMH HMHCTPYMEHTa, B pe3yiabrare 4YacToro
UCIIO0Ib30BaHUS HA0OJBIIOr0 Habopa AJisl pa3HbIX 3a7a4y BbIPa0aThIBAlOTCS MPUBBIUHBIC HABBIKU. Takoi
MHCTPYMEHT TMOMYEPKUBAET MPOCTOTY HCIOJIB30BaHUS OOBIUHBIM IOJb30BaTelieM, Jake He
npodeccuoHanoM.

NBan Cenun (Ivan Selin), rmaBa American Management Systems niican mHe B 1987 roxy:

S xouy mpuaparbcs K BallleMy YTBEP)KIICHUIO, YTO B JIEUCTBUTENBHOCTH MAKETHl HE HACTOJBKO
U3MEHUIUCH... S Aymalio, 4TO BbI CIUIIKOM JIETKO OTOPOCHIIM TJIaBHBIC CJIEJICTBUS Balero 3aMeyaHus,
4yro (IpOrpaMMHBIE MAaKeThl) «MOTYT OBbITh HEMHOro Oosiee OOIMMHU W HEMHOIO JIydlle
HacTpaMBaeMbIMU, UEM paHbllle, HO HE HAMHOTO». [{axke mpuHUMas 3TO 3asBJICHUE 32 YUCTYIO MOHETY,
s T0Jlaral0, 4YTO TI0JIb30BaTeIM pACLEHUBAIOT TMaKeThl, Kak oOnagamomme Ooyiee MIMPOKUMHU
BO3MOXHOCTSIMU M JIerdy€ HAacTpauBaeMble, MU YTO TAaKOE BOCHpPHUSATHE JENaeT IMOJb30Bareseil Oosee
NOJATIMBBIMU Tepel MakeramMu. B OoNbIIMHCTBE clydaeB, HW3BECTHBIX MOEH KOMIIAaHUHU, HE
IPOTPAMMHUCTHI, a (KOHEUHBIE) MOJ30BATEIN HEOXOTHO MOJIb3YIOTCS MMaKETaMH, MOKCKOJbKY JTyMaroT,
YTO JIUIIATCS Ba)KHBIX BO3MOXKHOCTEH M (QYHKIUIA, a TOTOMY BO3MOKHOCTb JIETKOM HAaCTPOWKHU BechMa
MOBBIIIACT I HUX MPUBIEKATEIBHOCTH MPOAYKTA.

S nymaro, uto CenuH COBEPILEHHO MpaB: s HEAOOIEHUI KaK CTENEeHb HACTPAaUBAEMOCTHU IMAKETa,
TaK ¥ BaKHOCTH 3TOTO (akTopa.

ObvekmHo-opueHmupo8aHHoe NPOpamMmMuposanue: a Meona nyis He nooouoem?

Pa3paborka u3 Gonprmx yacteir. Ecnu ocymecTBiaTh cOOpKY M3 4acTel, KOTOPHIE JOCTAaTOYHO
CJIOXHBI U UMEIOT ONHOPOAHBIE HHTEP(EHCH, MOXKHO OBICTPO 00pA30BHIBATH JOBOJILHO OOrarbie
CTPYKTYpBHIL.

CornacHO OIHOMY M3 B3NIAJIOB Ha OOBEKTHO-OPUEHTUPOBAHHOE MPOTPAaMMHPOBAHUE 3Ta
JUCHUIUIMHA OCYIIECTBISIET MOIYIbHOCTh M 4YHCThle uHTepdelcol. [lpyras Touka 3peHHs
NOJUYEPKUBACT WHKAMCYISIHNI0 — HEBO3MOXXHOCTh YBUJETh M €IllE MEHEe H3MEHUTh BHYTPEHHIOIO
CTPYKTYpy neranu. Eme oaHa Touka 3peHHsi OTMEUYaeT HAacjleJIOBAaHHWE W COIYTCTBYIOIIYIO €MY
UEPapXUUECKyI0 CTPYKTYPY KJIACCOB C BUPTYalbHbIMU (GyHKIUAMH. U emie oauH B3MISI: BakHEHIIEH
SBJISICTCA CUJIbHAs aOCTpaKTHas TUIMH3ALMS JAHHBIX BMECTE C TapaHTHUSIMHU, YTO KOHKPETHBIM THM
JTaHHBIX OyneT 00padaThIBaTHCS TOJBKO MPUMEHUMBIMU K HEMY ONEPALUSIMU.

B nactosiiee Bpemsi He HykeH Bech nmakeT Smalltalk nnu CH++, yT0oObI UCMONB30BaTH JIOO0N U3
ATUX TUCUUIUIMH — MHOTHE U3 HUX MOIVIOTHIIA 00BbEKTHO-OPUEHTUPOBAHHbBIE TEXHOIOTHU. OOBEKTHO-
OPMEHTHPOBAaHHBII  MOAXOJ  MpUBIEKATENEH, KaK TMOJUBUTAMHUHBL: OJAHMM MaxoM (T.e.
NEepEenoAroTOBKOM MpOorpaMMHCTa) moiydaens Bce. OueHb MHOT0OOEAIoas KOHIICTIUSL.

[ToueMy 00bEKTHO-OPUEHTUPOBAHHAS TEXHOJIOTUS MEIJICHHO pa3BuBajiack? B TeueHue neBsaTu et
nocie Bbixoga «CIIH» Hanmexnpl HeykioHHO pocnu. [loyemy pa3BuTHe OBLIO TaKUM MEUICHHBIM?
Teopuii muoro. [[xxeiimc Korrunc, B Teuenue yeTeipex JieT Beayumii kosoHky B The C++ Report, naer
Takoe 0ObSICHEHUE:

[IpoGiema B TOM, uTO mporpaMMucThl, paboratronme B OOIl, sKcrepuMEHTUPOBAIU C
KPOBOCMECUTENBPHBIMU MPUJIOKEHUSIMU M ObUIM HalEeJIeHbl Ha HU3KUM YpPOBEHb aOCTpaKIUU.
Hanpumep, OHM CTpoOMIM Takue KJIAacChl, KaK «CBS3aHHBIM CIHCOK» BMECTO «HMHTEpdeiic
MOJIB30BATENIS, UK «Iyd pagualuuny, Uil «MOAeNb U3 KOHEYHBIX 3JIeMEeHTOB». K HecuacThlo, cTporas
IpoBepKa THUIOB, KOTOpas momMoraeT mnporpammuctam C++ wusberarb OmMOOK, OJHOBPEMEHHO
3aTPYAHSET MTOCTPOCHUE OONBIIMX 0OBEKTOB U3 MaJeHbKHUX. [21]

OHn Bo3BpalaeTcss K pyHIaMEHTaIbHON MpoljeMe MporpaMMHUPOBAaHUS U JI0KA3bIBAET, YTO OAMH
U3 CIoco00B YIOBIETBOPUTH MOTPEOHOCTH B MPOrPAMMHOM O0ECIICYCHUN — YBEJIIUYUTh YHCICHHOCTD
oOpa3oBaHHON paboueil CuiIbl MyTeM MOATOTOBKM M MPHUBICYEHHUS HAIMX KIMEHTOB. B monb3y
HUCXOJSIIETO MPOSKTUPOBAHUS MPUBOATCS TAKHE apTyMEHTBHI:

Eciu MBI mpoekTHpyeM KpYHHBIE KJIacChl, MPEACTABIAIONIME KOHIEMIHUHM, C KOTOPBHIMU HAIH



KJIMEHTBl YK€ paloTaioT, TO OHU B COCTOSHUM TOHUMAaTh W KPUTUKOBAaTh MPOEKT IO MEpe €ero
pa3BUTHS, a TaKKe BMECTE€ C HaMU pa3padarbiBaTh KOHTPOJIbHBIE MpuMepbl. OQTaabMOJIOroB, C
KOTOPBIMH sI pab0OTal0, HE BOJHYET OpPraHHU3allMs CTEKa; UX BOJIHYET OMucaHue (OpMbI POTOBHUILIBI C
IOMOUIBIO TOJMHOMOB JlexkaHipa. MasieHbKasi MHKAICYJISLUS JAaET U MAJIEHBKYIO BBITOJY.

HaBun Ilapuac, ubsi crtarbs ObLla ONHUM M3 HMCTOYHUKOB UJEH OOBEKTHO-OPUEHTUPOBAHHOTO
POrpaMMUPOBAHUSL, CMOTPST Ha BelW 110 HHOMY. OH nucai MHe:

OtBet mpocT. 910 U3-3a npuBszanHocTH OOII Kk coXKHBIM si3bIKaM. BMecTo 00BsICHEHUS JTIOISM,
yro OOII sBAseTcs BUAOM NPOEKTUPOBAHUSA, U BOOPYXKEHHS UX HNPUHLUHUIAMHU IMPOEKTUPOBAHUSA, UX
yumiu, 4to OOIl — 3T0 KMcnoap30BaHNEe OMPENEICHHOT0 HHCTpyMeHTa. JIF0ObIMU cpaacTBaMU MOKHO
nucarb U IUIOXHE, U XOPOIME IporpaMMbl. ECIM He yduTh JIIOAEH MPOEKTUPOBAHUIO, TO SI3BIKM HE
UMEIOT OOoJIbIIOrO 3HaueHus. Pesynsrarom OyayT rmiioxue pa3paOOTKH C MOMOUIBI0 ATUX S3BIKOB U
Mastasi BbIrojia. A ecnu Beiroga Hepenuka, To OOII He BOMJET B MOY.

Pacxonpl ceifuac, mpubObulb motoM. [lo MoeMy MHEHHIO, Yy OOBEKTHO-OPHUEHTHUPOBAHHBIX
METOJIOJIOTHI OCOOEHHO TSDKENbIN CiTydail 0071€3HH, XapaKTepHOU JUIsi MHOTHX YCOBEPIICHCTBOBAHUH B
METOAOJOTUH. BecbMma CylmieCTBEHHBI NPEABAPUTEIBHBIE U3JEPKKH — B OCHOBHOM, YTOOBI HAy4UTh
IPOTrPAMMHUCTOB MBICIIUTh COBEPIICHHO MO HOBOMY, a TakKe Ha IMpeoOpa3oBaHHe (QYHKIUN B
0000IIeHHBIE KJIacChl. BBITObl, KOTOpBIE SI CUYMTAIO pEabHBIMHU, & HE YHCTO MPEANONIOKUTEIbHBIMH,
JOCTUTAIOTCS BO BpEMs BCETO LMKJIA pa3padOTKH, HO HACTOSIIAS OKYMaeMOCTh IPOUCXOAUT MpHU
pa3paboTKe TMOCIEIYIONMX MPOrpaMM, pACUIMPEHUU U  COMPOBOXKIACHUU. KOrrMHC KOBOPHT:
«OOBEKTHO-OPUEHTUPOBAHHOE TPOrPAMMHUPOBAHUE HE YCKOPUT pa3pabOTKy MEPBOrO MPOEKTa, TaK Ke
KaK ¥ BTOPOro. A BOT MATHII MPOEKT U3 TOTO K€ ceMeicTBa OyIeT ciefiaH OYeHb ObICTPO.» [22]

PuckoBarh peanbHbIMM HauyaJbHBIMH JEHBraMH pagyd MNPEANOJIAraeMbIX, HO HEOIPEIEIECHHBIX
npuobUIe B OyAylieM — 3TO TO, YEM MHBECTOPHI 3aHMMAIOTCS W30 JHS B JeHb. OAHAKO BO MHOTHX
IPOTrPAMMUPYIOIMX OpraHU3aIUAX MEHeKepaM TpedyeTcs AJid 3TOr0 CMENOCTh — KadecTBO Oojee
peaKoe, UeM KOMIIETEHIUS B TEXHUUYECKUX BOIIPOCAX WM aJMUHUCTPATUBHOE MacTepCTBO. S mojarato,
YTO KpaWHss CTeNeHb AaBAaHCHPOAHUS pPAaCXOlOB M OTKJIAJIbIBAHUS MPHUOBUIM SBISETCS CaMbIM
CYIIECTBEHHBIM (akTopoM, 3ameisstonmM npunstue O-O Texnonoruii. Ho naxke B Takux yclOBHUSIX
C++, moxoxe, yBepeHHO BhITeCHsIET C BO MHOTUX OpraHU3aIUsX.

Ymo ¢ noemopnvim ucnonbvzosaruem?

Jlygumii cnoco® crnpaBUTHCA C pa3padOTKON YacTH MPOTPAMMHON CHUCTEMBI, OTHOCSILEHCS K ee
CYIIIHOCTH — 3TO BOOOIIE ee He pa3padarsiBaTh. [lakeThl mporpaMM — OIUH U3 CIIOCOOOB CAEIATh ITO.
Hpyroii cmoco60 — TOBTOPHOE WCIOJb30BaHWE. JlelcTBUTENBHO, OMHOM W3  Hambomee
NPUBJICKATEIbHBIX YEPT OOBEKTHO-OPUEHTHUPOBAHHOIO MPOrPAaMMHUPOBAHUS SIBIAETCS oOOel@aHue
IPOCTOTHI MOBTOPHOTO HKCIOJIB30BAHMS KJIACCOB B COYETAHMM C JIETKOCTHIO HACTPOWKHU Onaromaps
HaCJIEI0BaHHUIO.

Kak wyacTo ObIBaeT, mocie MOJYy4EHUS] HEKOTOPOIO OMbITa pPadOThl MO HOBOW TEXHOJIOTMU
oOHapyXKMBaeTCs, YTO OHA HE TaK MPOCTA, KaK Ka3aJoCh HA MEPBbIi B3IIISL.

KoHeuHo, mporpaMMUCTBI BCer[la MOBTOPHO MCIOJIb30BAIM COOCTBEHHBbIE pa3paboTku. J[>)KOHC
MHULLIET:

VY Haubosiee OMBITHBIX MPOTPAMMHUCTOB €CTh CBOU JIMYHbIE OMOIMOTEKH, MO3BOJSIONME UM IPH
pa3paboTKe HOBBIX MPOrpPaMM MOBTOPHO MCHOJb30BaTh 10 30% koma mo oobemy. Ha xoproparnBHoM
YPOBHE TMOBTOPHOE HCIOJIb30BaHUE MpuoOmmkaercs Kk 75% mno o0bemy U TpeOyeT cCrelnHalibHbIX
Ooubnmorex W agMuUHHUCTpUpoBaHUA. [oBTOpHOE HMCHONB30BaHKME KOAAa B KOPIOPATHBHBIX MacuIrabax
TpeOyeT U3MEHEHU B OyXTrajlTepuu MPOEKTa U METOJaxX U3MEepeHus padoThl. [23]

V. Xyan (W. Huang) npemioxui OpraHu3alyio MNPOrpaMMHOIO IPOM3BOACTBA C MaTrpUYHOU
CTPYKTYpOil yrmpaBieHUs (YHKIHOHAJIBHBIMHU CIEIUATUCTAMM, YTOOBI JAEpXkKaTh MOJ KOHTPOJIEM HUX
€CTECTBEHHYIO CKJIOHHOCTH K ITOBTOPHOMY MCITOJIb30BaHUIO0 COOCTBEHHOTO KoJ1a. [24]



Ban Illnaiinep (Van Snyder) u3 JPL nHamomuHaer MHe, 4YTO B Kpyrax pa3pabOTYHKOB
MaTeMaTU4YeCcKOoro MPOrPaMMHOr0 oOOecnedeHus CYMIECTBYeT JaBHSS TPaAULUS TOBTOPHOTO
UCII0JIb30BaHUS IPOTPAMM:

Msbl monaraem, 4yTo MPENATCTBUS K MOBTOPHOMY HMCIOJIb30BAHUIO BO3HUKAIOT HE CO CTOPOHBI
NPOU3BOUTENS, & CO CTOPOHBI moTpedurtens. Eciu pa3paboTuuk mporpaMMHOrO oOecreueHus —
NOTEHIUAJIBHBIN MOTPEOUTENb CTaHIAPTHBIX MPOTPAMMHBIX KOMIIOHEHTOB — CUMTAET, YTO HAWTH U
IPOBEPUTHh HYKHBI KOMIOHEHT IOpPO’KE, YEM HaIlKCcaTh €ro 3aHOBO, 3HAYUT, OyAeT HAMKMCaH HOBBIH
KOMIIOHEHT, AyOnupyronmi npexHuil. OOparute BHUMaHHE, Mbl CKa3all «CYUTAET» — peajbHas
CTOMMOCTH MOBTOPHOM pa3pabOTKU HE UMEET 3HAUCHHUSL.

[ToBTOpHOE MCHOJNIB30BaHUE KOJA MMEET YCHeX MpHU pa3paboTKe MaTeMaTH4eCKUX MPOrpaMM.
[Mpuuun sTomy nBe: 1) 3TOo Marus, TpeOyrol@as OrpOMHOIO MHTEIEKTYaJbHOTO BKJIAJa B KaXKIyIO
CTPOUKY KOZa, U 2) CYIIECTBYeT Oorarasi U CTaHIapTHas TEPMUHOJIOTHUS, @ UMEHHO — MareMaruka, JJis
onucaHusg  (PYHKIMOHAIBHOCTH  JIIOOBIX  KOMMOHEHTOB. [loaToMy MOBTOpHO  pa3paboTrarh
MaTeMaTU4eCKUi KOMIIOHEHT CTOUT JOpOoro, a pa3zodparbcsi B (DYHKIIMOHAIBHOCTH CTOUT JECIICBO.
JaBHsas Tpaauuus nyOoauKanmuu M cOopa aJIropuTMOB NPO(PECCHOHANBHBIMU KypHAIAMH U
NPEAIOKEHUSI UX IO YMEPEHHOM 1IeHE, a TaKkKe KOMMEpPUYECKOe MPEAI0KEHUE BHICOKOKAYECTBEHHBIX
aNTOPUTMOB IO HECKOJIbKO OoJiee BBHICOKOM, HO BCE K€ CKPOMHOW IIeHe, JIeJaloT MOUCK TpeOyeMbIX
KOMIIOHEHTOB MpOIE, YeM B APYrux oOJacTsAX, II€ YaCTO HEBO3MOXKHO TOYHO M CKATO OIHCATh
Tpebyemoe. bnaromaps coBMecTHOMY JEHCTBHUIO OTHX (DaKTOPOB TOBTOPHOE UCIIOIb30BaHUE
MaTeMaTUYeCKUX MporpaMm OoJiee MpUBIEKATEIbHO, YEM TOBTOPHOE UX U300pEeTCHHE.

Takoe ke sBIEHHME MOBTOPHOTO HCIOJB30BaHHUS OOHAPYKUBAECTCS U B JPYTUX COOOIIECTBAX,
HalpuMep, B pa3paboTke MporpamMM Jjsi aTOMHBIX PEaKTOpPOB, MOACIHUPOBAHUSA KiIMMara,
MOJICIMPOBAHUS OKEAHOB — IO T€M e caMbIM IpuunHaMm. Kaxkgoe u3 3TUX cOOOIIEeCTB BBHIPOCIO HA
OJIHMX M T€X K€ yueOHUKAX, C OJHOM U TOM ke CUCTEMON 0003HAUYCHHIA.

**Kak cerogHss OOCTOST Jeia C TMOBTOPHBIM HCIIOJIB30BaHMEM Ha KOPIOPAaTUBHOM YpOBHE?
[IpoBeneHO MHOXECTBO HccieAoBaHUM, a BOT mpaktukyercsa B CIIIA orHocuTensHO Mano. Yto xe
KacaeTcsl IOBTOPHOTO UCIOIb30BaHUA 32 PyOeKOM, TO TYT UMEIOT MECTO HEMPaBAONOJ00OHbIE OTUETHI.
[25]

JIxoHC cooOmaer, 4To Bce KIHUEHTHI ero (upmbl, y kotopsix Oonee 5000 mporpaMMHCTOB,
NpOBOIAT (popMasbHbIE HCCIENOBAaHUSA IMOBTOPHOW MCIOJb3YEMOCTH, B TO BpeMs KaKk K3 4HCIA
kireHToB ¢ 500 u MeHee mporpaMMmcTaMu 3To Aenaet meHee 10 mporeHToB. [26] Ilo ero coobienuto,
B OTPACISAX C BBHICOKMM MOTEHI[MAJIOM MOBTOPHOTO HMCIIOJB30BAaHUS HCCIENOBaHUA (HE peau3aliusi)
«BEIYTCS AKTHBHO WM OJHEPIHYHO, JaXKe €CIM He BIOJHE ycIemHo». Dn MopmoH coobmaer o
nporpaMMHO# ¢upMe B Manwmiie, B kotopoit 50 mporpamMmmuctoB u3 obmiero yucaa 200 3aHATH TOJIBKO
pa3paboTKON MOBTOPHO MCIOJIB3yEMbIX MOIYIICH AJI1 KCIIOJIb30BAHUS BCEMH OCTaJIbHBIMH, U YTO B TE€X
Cllydasix, KOTOpPbIE OH BUJEN, IPUHATHE ATON TEXHOJOTUU OBLIO BBI3BAHO OPraHU3AlMOHHBIMHU, a HE
TEXHUYECKUMH (PpaKTOpaMU — HAMPUMEP, CUCTEMOU MOOIIPEHUH.

JlemMapko cooOIIaeT MHE, YTO HaJIM4Yh€ MAaCCOBBIX PBIHOYHBIX MAKETOB M BO3MOXKHOCTb
NpEeAOCTaBICHUSI UMU OOUMX (PYHKIMI, TAKMX KaK CUCTEMbl 0a3 JaHHBIX, CYIIECTBEHHO CHHU3UJIU KaK
HACTOSTEIbHOCTh, TaK U MPEACIbHYIO MOJIE3HOCTh MOBTOPHOIO MUCIOJIb30BAHUS MOIYNIE COOCTBEHHBIX
npuioxeHuit. «IIoBTOpHO HCIONIb3yeMble MOIYIH UMENIU TEHACHIMIO B KOHIIE KOHIIOB CTAHOBHUTHCS
o0MMHU PYHKITUSMU.»

[TapHac nuIeT cienyrouee:

[ToBTOpHOE MCHOJB30BaHHE — 3TO TO, O YEM Jerde rOBOPUTH, YEM OCYLIECTBUTH. [ Hero
TpeOyIOTCsl KaK XOpolllee MPOEKTUPOBAaHHME, TaK M OYECHb XOpoulas JoKyMeHTanud. Jlaxke korma Mbl
BUJUM XOpolllee IPOCKTUPOBAHUE, YTO IMO-MPEKHEMY HE YacTo, 0e3 Xopoleil JOKyMEeHTaluu
KOMITOHEHTBI HE OYAyT UCIOJIB30BaThCS ITOBTOPHO.



Ken bpykc coobm@aer, 4ro TpyOHO paccuuTarb, Kakas CTENeHb OOOOMIEHHOCTH OKaXKeTCs
HeoOxonmuMon: «MHe NpUXOAUTCS MEHATh BEIIM, AK€ B MATHIM pa3 HCMOJIb3ys COOCTBEHHYIO
OuOIMOTEKY MOIB30BATEIBCKUX HHTEPHEHCOB.»

PeanbHO MOBTOPHOE HCIMOJIB30BAaHUE TOJBKO HauMHAETCA. J[PKOHC cOOOIIaeT, YTO Ha OTKPHITOM
PBIHKE €CTh HECKOJIBKO MOAYJIEN C MOBTOPHO MCIOJIB3YEMBIM KOJOM IO LieHe OT 1 10 20 mpo1eHTOB OT
0OBIYHOI cTOMMOCTH pa3paboTku. [27] JeMapko roBOpUT:

Mens Bce 6osee 00ecKypakiBaeT BCA 3Ta UCTOPUS C MMOBTOPHBIM HCIOIb30BaHueM. [IpakTuuecku
OTCYTCTBYET TE€OpeMa CYIIECTBOBAHUS Il NMOBTOPHOIO MCIIOJb30BaHUA. Bpems moxarBepausiio, 4to
CIEJIaTh BEUM TOBTOPHO UCIOJIB3YEMBIMU CTOUT J1I0POTO.

Mop/ioH J1aeT OLIEHKY TOTO, CKOJIBKO 3TO CTOMT: «XOpolliee SMIMPUYECKOE PABHIIO TOBOPHT, UTO
MOBTOPHO MCIOJIb3yeMble KOMIIOHEHTHI MOTPEOYyIOT BABOE OOJNBIIMX 3aTpar, YeM «OTHOPA30BbHICH
KOMIIOHEHTBL» [28] S paccmarpuBar 3Ty LIEHY KaK BEJIMYMHY 3arparT Ha 3allyCK KOMIIOHEHTOB B
IPOU3BOICTBO, OOCYXIABIIYIOCA B TJIaBe 1, MOATOMY 51 OLIEHUBAIO POCT 3aTpaT KaK TPOCKPATHBIM.

KoneuHo, Mbl BUAMM pa3iandHbie (POPMBI U BaApUAHThI IOBTOPHOTO UCIIOIB30BAHUS, HO OHO JAJIEKO
HE TaK IMPOKO MPUMEHSIETCs, KaK MbI IpeAnoaranu. [IpeactouT emie MHOroe MOHSTh.

llonumanue bonvuux cnogapeil: HeOHCUOAHHASL NPOOIeMAa NOBMOPHO20 UCHONb308AHUS, KOMOPYIO
MOJHCHO OBLIO Npeogudems

Yem BblIE YpPOBEHb, Ha KOTOPOM OCYILECTBIISIETCS MBIIUICHUE, TeM 00Jee MHOTOYHCICHHbI
NPUMUTHBHBIC COCTABIIAIOIIME MBICIH, C KOTOPHIMU HMPHUXOIUTCS UMETh Aeso. Tak, S3bIKH BBICOKOTO
YPOBHSI TOPA30 CIOKHEE MAIIMHHBIX S3BIKOB, 2 €CTECTBEHHBIC SI3bIKU €l 00Jiee CIOKHBL. Y SI3bIKOB
BBICOKOT'O YPOBHSI O0JIbILIE CIIOBapH, 00Jiee CIOKHBIN CUHTAKCUC U 0oJiee CTporasi CEMaHTHKA.

Kak HayyHas AMCHUIUIMHA, Mbl HE B3BECWIM IOCIHEACTBUS 3TOro (axta i MOBTOPHOIO
UCIIONB30BaHUs TporpaMM. YToObI MOBBICUTH Kau€CTBO M MPOU3BOAUTEIBHOCTh, Mbl XOTUM CTPOUTH
IpPOrpaMMbl U3 YacTeil ¢ OTJIaXeHHbIMU (DYHKIHMSAMHU, KOTOPbIE CYHIECTBEHHO BBIIIE MO YPOBHIO, YeM
OTIepaTophI A3BIKOB MporpaMmupoBanus. [loaTomy, Aenaem M Mbl 3TO € MOMOIIBIO OMOJIMOTEK KIACCOB
UM OMOJMOTEK MPOUEIyp, HaM MPHUIETCS CTOJKHYTBCS C PE3KUM YBEJIMYEHUEM Pa3MEpPOB HaIMX
cioBapeil mporpaMMupoBanus. M3ydeHue ciioBapsi COCTaBISET 3HAYUTENbHYIO YacTh MPENSITCTBUU K
IIOBTOPHOMY HCIOJIb30BaHUIO.

Ha cerognsmmuii 1eHs ecTh OMOIMOTEKH KJ1acCoB, HacuuThIBaromye cBoine 3000 uieHoB. MHorue
00BeKThl TpeOyroT 3amanusg oT 10 no 20 mapaMeTpoB U NepeMEHHBbIX-TIepeKitouareneil. Beskuid,
UCIIONB3YIOIMI Takyl0 OMONMOTEKY, AODKEH HU3YYUTh CHUHTAaKCUC (BHEIHHE UHTEep(deich) u
CEMaHTHKY (monpoOHOe NoBeAeHNe (QYHKIIUH) €€ YJICHOB, €CJIM COOMPAETCs MOJHOCThIO Peain30BaTh
MIOTEHIMAaJl TOBTOPHOT'O UCIIOJIb30BAHUS.

Ota 3amada BoBce He Oe3HazexkHa. OOBIMHO 4YenmoBeK ucmoiib3yeT okojio 10000 cioB pomgHOTO
s3bIKa, 00pa30BaHHbIC JIOAU — 3HAUYUTENbHO Ooubie. Kakum-To 00pa3oM Mbl 0OydyaeMcsi CHHTaKCUCY
U TOHKUM CEMaHTUYECKUM pa3nuusM. Mbl MPaBUIBHO OIEpEeNsieM pa3iudusi MEXIy CIOBaMHU
TMTaHTCKUM, OTPOMHBIM, NPOCTPAHHBIM, KOJOCCAJIBbHBIM, TPOMAJHBIM — HUKTO HE TOBOPUT O
KOJIOCCAJIBHBIX MYCTHIHAX M MPOCTPAHHBIX CIIOHAX.

HyXHBl [TOMOJHUTENbHBIE HWCCIEJOBAHUS, 4YTOOBI MOXHO OBUIO MNPUMEHUTH K MpodiieMe
MOBTOPHOT'O MCIOJIb30BaHUSI MPOTPAMM CYIICCTBYIOIIME 3HAHUS O TOM, KaK JIFOJIU OBJIA/IEBAIOT S3BIKOM.
HekoTtopsble BBIBOABI HEMMOCPEICTBEHHO OUYEBH IHBIL:

* OOydeHHE TPOUCXOOUT B KOHTEKCTE MPEIJIOKEHUS, TOITOMY HYXKHO ITyOJIMKOBATh
MHOTOYHUCJIEHHbIE PUMEPBI COCTABHBIX IPOIYKTOB, @ HE TPOCTO OMOIMOTEKH COCTABISIONIMX YACTEH.

* UenoBEK 3alIOMUHAET TOJBKO IpaBonucanue. CUHTAKCUC U CEMAHTHKA U3Y4arOTCsl TOCTEIEHHO,
B KOHTEKCTE, IyTeM IPUMEHEHHUSL.

* YenoBek TpynmupyeT mpaBujia COCAUHEHHUsSI CJIOB B CHHTAKCMYECKHE KJIacChl, a HE B
COBMECTUMBIE MTOJIMHOXKECTBAa 0OBEKTOB.



Hucmulii umoez no nyasam: noa0dCeHue npexicHee

Wtak, Mbl Bo3BpamaeMcst K ocHOBaM. CII0)KHOCTbh — 3TO TO, YEM Mbl 3aHUMAEMCs, U CIOKHOCTb
— 9TO0 TO, 4To Hac orpanuuuBaet. P. JI. ['macc (R. L. Glass) nucan B 1988 romy, TouHO CyMMUPYsI MOH
B3rsAbl 1995 ropna:

Tax uto ke B urtore coobumun Ham [lapHac u Bbpykc? Urto pa3paboTka mporpamm sBIsSeTCS
KOHIIETITYaJIbHO CJOXKHBIM 3aHsATHEM. UTO BOJIIEOHbIE pEICHUsS HEe JiekaT 3a KaxAbM yrioMm. YUTo
3aHUMAIOLIMMCS 3TUM JIEJIOM MOpa U3YYHUTh JOCTUKEHMS, UMEIOIME HBOIIOLMOHHBIN XapaKTep, a He
YKJATh PEBOJIIOLMIO U HE HAJEATHCS Ha HEe.

Hexotopsie cunTaroT 310 6€3paJoCTHON KapTUHOU. DTO T€, KTO Mojarall, 4YTo BOT-BOT HACTYIHUT
IPOPBHIB.

Ho HekoTopele M3 HAac — JOCTarOYHO CBapJiMBbIe, YTOOBI CUHMTaTh ceOsl peanucTamu, —
OTHOCSITCA K 3TOMY KakK K ITIOTKY CBEXETO BO31yxa. HakOHE-TO MOXHO COCPEIOTOYUTHCS HA YEM-TO
Oonee ONM3KOM K O>KWU3HU, 4YeM KypaBib B HebOe. Temepb, BEpOATHO, MBI CMOXEM 3aHSITHCS
NOCTENEHHBIMU  YCOBEPILICHCTBOBAHUSMHU TPOU3BOACTBA IMPOTPAMMHOTO 00ECTHEUYeHUs, KOTOPbIE
NENCTBUTENBHO JOCTHXKUMBI, a HE JKJIaTh MIPOPBIBOB, KOTOPbIE B JIM KOTAa-1100 Mpou30iuayT. [29]



I'naBa 18 3asBiaenust «Mu(puueckoro 4ei0BeKoO-MeCsIa»:
MpPaBaa UIH JOKb?

Kpam;cocmz; OY€Hb NoJie3Ha,

Kozoa nac nonumarom unu ne nonumarom.
COMIOIJI BATJIEP, «I'Y][UBPACy

CeromHst 0 TeXHHMKE pa3pabOTKU MPOrpaMMHOr0 OOECIeYeHUs] MU3BECTHO 3HAYUTEIBHO OOJIbIIe,
yeM B 1975 romy. Kakue wu3 yrBepIeHHi, comepxkanmxca B NEpBOM wu3gaHuu 1975 rona,
NOATBEPAUIUCh omnbIToM M JaHHbIMH? Kakue Obutn ompoBepruytei? Kakue ycTapenu B HaieM
u3MeHunBoM Mupe? UToObl BaMm Jierde ObUIO CYIWTb, 37€Ch, B BUJIE CBOIKH, IPUBEIACHBI BasKHEHIIE
yTBepkAeHUS KHUTH 1975 roma, KOTOphle s cuuTaldl BEpHBIMHU: (DaKThl U M3BICUYCHHBIC W3 OIBITA
NpaKkTUYeCKUEe MpaBuUiia, MPUBEACHHBIE C COXPAaHEHHEM H3HAYalbHOTO cMbicia. (MoXXHO 3aaarbes
BOMPOCOM: €CJIM TO BCE, YTO OBLIO CKa3aHO B MEPBOHAYAIBHOM M3JaHUU, MTOYEMY TOTJa 3TO 3aHSJIO
Tak MHOTO MecTa?) B ckoOkax mpuBeeHbI CBEKHME KOMMEHTAPHUU.

BoNbIIMHCTBO 3TUX MPEANIOKEHUN MOKHO MPOBEPUTH Ha MpakTuke. M3naras ux B cxaroit popme,
s HaJICIOCh CKOHI[EHTPUPOBATH MBICIH YUTATEINSI, U3MEPEHUS U KOMMEHTapHUU.

Iasa 1. Cmonanas sima

1.1 Jlng co3maHus CUCTEMHOrO MPOTPAaMMHOrO MPOAYKTa TpebyeTcs MPUMEpPHO B JEBITH pa3s
OoJbllle YCUITUN MO CPAaBHEHHUIO C COCTABISIOUMMHM €ro MporpaMMaMu, HAMUCAHHBIMU OTIEIBHO IS
4acTHOro wucnojb3oBaHus. Ilo Moeil oneHke, mpeBpalieHue MPOrpaMMbl B MPOAYKT BBOJUT
K03 (UIIMEHT, paBHBIM TpeM; MPOEKTUPOBAHUE, HHTEIPALIMS U TECTUPOBAHHE KOMIIOHEHTOB, KOTOPbIE
JOJKHBI 00pa30BaTh COIIACOBAHHYIO CHUCTEMY, TaK)Ke€ BBOAUT KOA(h(UIIMEHT, paBHBII TpeM; BCE ITH
COCTABJISIOIIME CTOMMOCTH CYHIECTBEHHO HE3aBUCUMBI IPYT OT JIpyra.

1.2 3ansaTHE TPOrPaMMUPOBAHUEM «OTBEUYAET ITYOOKOM BHYTpeHHEH MOTPEOHOCTH B TBOPUYECTBE
U YIOBJIETBOPSIET YYBCTBEHHbIE MOTPEOHOCTH, KOTOPBIE €CTh Yy BCEX Yy HAC», JOCTABIAA MITh BHUAOB
pagocTu:

* PanocTe, nomyyaemas rnpu co3JaHUU Y€ro-a1udb0 CBOMMU PyKaMHu.

* Y10BOJILCTBUE CO3/1aBaTh BELM, KOTOPHIE MOTYT OBITH MOJIE3HBI JPYTUM JTFOJISIM.

* OuapoBaHME CO3/1aHUS CIIOKHBIX TOJOBOJIOMHBIX OOBEKTOB, COCTOSIIIIMX U3 B3aUMOJEHCTBYIOIIMX
JIBUKYILIMXCST YACTEU.

* Pagocts, mosyyaemast OT HEM3MEHHOTO y3HABaHUSI HOBOTO, HEMTOBTOPSEMOCTH 3a/1a4Hu.

* VIOBOJIBCTBUE OT PabOTHI CO CTOJIb MOAATIMBBIM MaTEpPHAIOM — YUCTON MBICIBIO, KOTOPBIH,
TE€M HE MEHee, CYIIECTBYET, ABHXKETCS U paboTaeT Tak, Kak He MOTYT CJIOBECHbBIE OOBEKTHI.

1.3 B T0 e BpeMs 3TOMY 3aHATUIO IPUCYILA U OTOPUYEHHUS:

* [Ipy u3ydyeHun NporpaMMHUPOBAHUS TPYJIHEE BCETO MPUBBIKHYTH K TPEOOBAaHUIO COBEPIIICHCTBA.

» [locraHoBKa 3ajau OCYLIECTBISAETCS APYTUMU JIOABMH U TPUXOAUTCS 3aBUCETh OT BelleH
(ocobeHHO, TpOorpamMMm), KOTOpbIE HENIb3sl KOHTPOJIMPOBATh; MOJHOMOYUS HE COOTBETCTBYIOT
OTBETCTBEHHOCTH.

* CrpamHo TOJBKO Ha clioBax: (hakTUYeCKas BIACTh MPHOOPETAeTCs KaK CIEJCTBUE YCHEIIHOTO
BBINTOJTHEHUS 3a/1a4.

* [IporpamMMHBIi TpOeKT MpuUOIMKAETCA K OKOHYATEIHLHOMY BHAY T€M MEIJICHHEe, YeM OJnKe
OKOHYAHHUE, XOTsI KAXKETCs, UTO K KOHITY CXOJIUMOCTH JOJIKHA ObITh O0j1ee OBICTPOIA.

e [IporpaMMHOMY NPOAYKTY I'PO3UT YCTAPEBAHUE €CIIE JO €ro 3aBeplucHus. Hacrosumii Turp — He
napa OyMa>xHOMY, €clid TpeOyeTCsl pealibHOE UCIIOIb30BaHUE.



Inasa 2. Mughuueckuii uenosexo-mecsy

2.1 IIporpaMMHBIe NPOEKTHI Yallle MPOBAIMBAKOTCS U3-32 HEXBATKM KaJEHJIAPHOTIO BPEMEHU, YEM
10 BCEM OCTAJIbHBIM IPUYMHAM, BMECTE B3ATHIM.

2.2 YToObl NPUTOTOBUTH BKYCHYIO MHII, HY)KHO BpEMsl; HEKOTOpbIE 3aJa4K HEJIb3sl YCKOPUTD, HE
UCIIOPTUB PE3YJIbTAaT.

2.3 Bce mporpaMMHUCTHI SBISIIOTCA onTUMHCTamMu: «Bce OyneT xopotoy.

2.4 TlockoabKy IPOrPaMMUCT pabOTAET C YNCTHIMU UJICIMH, MBI HE 0XKUJAEM OCOOBIX TPYIHOCTEH
pH peanu3aluu.

2.5 Ho camu Hanm uaeu ObIBalOT OIMOOYHBIMU — OTCIO/Ia U OIIMOKHU B IPOTrpamMMax.

2.6 Hamm Meroabl OLIEHMBAHUSA, OCHOBAaHHBIE Ha Yy4eTe 3arpar, CMEIMBAIOT 3aTparbl C
MOJIYYCHHBIM pe3yJabTaToM. YenoBeKo-MecsI] SBISETCS OIMOOYHBIM U OMACHBIM 3a0JIyKICHUEM,
MIOCKOJIbKY MPEIONAraeT, 4YTO MECSIbl U KOJTUYECTBO JIFOJEH MOKHO MEHSATh MECTAMMU.

2.7 Pa3penenue 3anauv MEXAY HECKOJBKHMU JIFOIBMU BBI3BIBACT JTONOJHUTEIbHBIE 3aTparbl Ha
oOy4yeHue u oOMeH uHpopMaIuen.

2.8 Moe mpakTtuueckoe mpaBuio: 1/3 BpemeHH — Ha NMpoeKTHpoBaHue, 1/6 — Ha HamucaHue
nporpammel, 1/4 — Ha TeCTUpOBaHNE KOMIIOHEHTOB U 1/4 — Ha CUCTEMHOE TeCTUPOBAHUE.

2.9 Kak Hay4HOU NUCUUILUIMHE HaM HE XBAaTA€T METOJOB OLICHKHU.

2.10 TlockonbKy MBI HE YBEpEHBI B CBOMX OILIEHKAaX CPOKOB palOThl, HAM YacTO HE JOCTaeT
CMEJIOCTHU YIPSIMO OTCTauBaTh UX MO HAXKUMOM PYKOBOJICTBA U KJIIMEHTOB.

2.11 3akon bpykca: ecnu NmpoeKT He YKIJIAIbIBA€TCS B CPOKH, TO J0OaBieHUE pabouell CHUIIbI
3aJIepKUT €ro ele OoblIIe.

2.12 JloGaBneHnue paboueil cuibl yBeJIMUMBAECT OOUMU OO0OBEM 3arpar Tpems MyTSIMHU: TPyA IO
NEepPEeKpPanBAHUIO 3a/lad W TPOUCXOJMIIEe MPU 3TOM HapylieHue paboThl, 0OyueHHE HOBBIX JOACH,
JOIIOJTHUTENBHOE OOIIIEHHE.

I'nasa 3. Onepayuonnas obpucaoa

3.1 Campble nyunme nporpammucTo-ipodeccruonansl B 10 pa3 npoaykTuBHee ClIaObIX IPU PaBHOM
MOATOTOBKE U AByxjieTHeM cTaxe (CakmaH, ['paHT u DpUKCOH).

3.2 Jlanuble CakmaHa, ['panta U OpHKCOHa HE BBIABWIM KOPPEIALIUMU MEKIY OINBITOM U
MPOAYKTUBHOCTBIO. Sl 1ymaro, 4ToO 3TO BCEr/a TaK.

3.3 Jlyuie BCEro UMETh MaJIEHbKYIO AKTUBHYIO KOMaHy — KaK MO>XHO MEHBbILIE MBICIIUTENEH.

3.4 Yacto mydiue BCEro, €Ciau KOMaH/Ja COCTOUT M3 ABYyX YEJOBEK, ONUH U3 KOTOPBIX SBISETCA
munepom. (OOpaTute BHUMaHUE, Kak borom 3aayman Opak.)

3.5 JIns co3maHusi NEHCTBUTENBHO KPYIMHBIX CHCTEM MajieHbKas aKTHBHAas KoMaHna padoTaeT
CIIMIIKOM MEJJIEHHO.

3.6 OnbIT pa3paboTKHU OOJBIIMHCTBA NEHCTBUTENBHO OOJIBIIMX CUCTEM MOKA3bIBAET, YTO MOIXOM K
YCKOPEHUIO C MO3UIUN IpyOoil CHIIBI OKA3bIBAETCA JOPOTOCTOSIIMM, MEIJICHHBIM, He3(PPEKTUBHBIM U
MPUBOJUT K MOSIBIEHUIO CUCTEM, HE SBISIOIIMXCA KOHUENTYaIbHO LETOCTHBIMU.

3.7 Opranuzauusi Mo THUIY XUPYPrHUECKUX Opuraa C IIaBHBIM MPOTPAMMHCTOM IMpeiJiaract
CroCcO0 JTOCTUKEHHUSI LIEIOCTHOCTH MPOAyKTa Ojaronapsi ero mpoeKTUPOBAHUIO B HECKOJIBKUX TOJIOBAX
U 00meld MpPOAYyKTUBHOCTU Oyiarofaps HaJWYUI0O MHOTOYMCJICHHBIX MOMOLIHUKOB IMPU PaAMKAIBHO
COKpalleHHOM oOMeHe uH(pOopMaIuen.

Inasa 4. Apucmokpamus, demokpamus u cCucmeMHoe NPOEeKMUpPo8aHue

4.1 «KouuenrtyanbHasi I1EJIOCTHOCTb SIBISETCS HauOoJee BaXXHbIM COOOpaKEHHEM IpHU
MPOEKTUPOBAHUU CHCTEM.)

4.2 «OxoHYATEIBHYIO OLIEHKY MPOEKTY CHCTEMBbI JaeT OTHOIICHHE (PYHKIMOHAIBHOCTH K
CJIOKHOCTU KOHIIEMUMI», a HE TOJBKO OorarctBo (yHKIUH. (DTO COOTHOLICHHE SIBIACTCS MEpOM
IIPOCTOTHI UCMOJIB30BAHUS, IPUTOAHOMN KaK JIsl IPOCTOr0, TaK U JIJISl CJI0KHOTO UCITOIb30BAHUS.)



4.3 Jlnd AOCTHXKEHHS KOHLENTYalbHOM LEIOCTHOCTH MPOEKT JOJDKEH CO3[1aBaThCsl OIHUM
YeJIOBEKOM WJIM TPYNIONA €TMHOMBIIIIEHHUKOB.

4.4 «Otpenenue pa3pabOTKU apXUTEKTYphl OT peanu3anuu sABIsSeTCA 3(PPEKTUBHBIM CIIOCOOOM
JNOCTHXKEHUSI KOHLIENTYalbHOW IEJIOCTHOCTH NpH paboTe Haj O4eHb OonpumMu mpoekTamu.» (U
MaJeHbKHUMU TOXeE.)

4.5 «Ecnu BBl XO0TUTE, 4TOOBI cucTeMa 00Jajana KOHLUENTYalbHOW I€JI0CTHOCTBIO, KTO-TO OAMH
JOJKEH B3STh PYKOBOACTBO KOHIEMUMSAMHU. OJTO apUCTOKPATH3M, KOTOpPBI HE HYXKIaeTcs B
U3BUHEHUIX.)»

4.6 lucuunivHa moje3Ha ucKyccTBy. [lomydeHue apXuTeKTypbl H3BHE YCHIIMBACT, a HE MOAABIISAET
TBOPUYECKYIO aKTUBHOCTD TPYIIIbI UCIIOJIHUTENEH.

4.7 KoHenTyallbHO IEJOCTHBIE CUCTEMBI OBICTPEE pa3paldaThIBAIOTCS U TECTUPYIOTCS.

4.8 IlpoekTupoBaHHE APXUTEKTYpPbI, pa3pabOTKy M pealn3alui0 MOXHO B 3HAYUTEIHHOU Mepe
ocylecTBIATh napamienabHo. ([IpoekTupoBaHue anmapaTHOTO U MPOTPAMMHOIO OOEcCreYeHUs TOXKe
MOTYT MPOXOJIUTH MapaJIICIbHO.)

Inasa 5. dpghexm emopoii cucmemul

5.1 CBsi3p, yCTAaHOBJIEHHAs] HAa PaHHUX dTanax U MPOAOJIKAIOMIASCS HEMPEPhIBHO, MOXKET Iarb
apXUTEKTOPY BEPHYIO OLIEHKY CTOMMOCTH, a pa3pabOTUNKy — YBEPEHHOCTH B MPOEKTE, HE CHUMAs IIPH
HTOM YETKOTO pa3rpaHUueHUs cPep OTBETCTBEHHOCTH.

5.2 Kak apXuTEKTOpPY YCIIEIHO BIUITh HA PEATU3AIUIO:

* TloMHHTB, YTO OTBETCTBEHHOCTb 3a TBOPYECTBO, MPOSABISAEMOE IpPU peaIn3alnu, Hecer
CTPOUTEIb, TO3TOMY APXUTEKTOP TOJIBKO Ipeasiaraer.

* Becerna ObITh TOTOBBIM MPEJIOKUTH HEKOTOPBIN CIOCOO peann3alii CBOMX 3aMBICTIOB U OBITH
TOTOBBIM COTJIACUTHCS C JIFOOBIM JIPYTUM CIIOCOOOM, KOTOPBINA HE XYyXKe.

* BoiaBuras takue npeasioxkeHus, AeMCTBOBATh TUXO U YACTHBIM 00pa3oM.

* He paccunThiBaTh Ha MPU3HATEIBHOCTH 32 MPEATI0KEHHBIE YCOBEPILICHCTBOBAHUSI.

* BoicnynmmBaTh npeanokeHus pazpaboTYMKOB IO YCOBEPIIEHCTBOBAHUIO apXUTEKTYPHI.

5.3 U3 Bcex MpPOEKTHUPYEMBIX CUCTEM HAMOOJBIIYI0 OMAacCHOCTh MPEJCTABIsET BTOpas MO CUETY;
OOBIYHO €€ MPUXOJUTCS MEePENPOCKTUPOBATH 3aHOBO.

5.4 OS/360 sBnsercs spkum npumepom 3¢ dexra Bropoit cucteMsl. (Iloxoxe, uro Windows NT
— 910 npumep i 1990 roga.)

5.5 JocToilHOl BHUMAaHHS NPAKTUKOW SIBISETCA MpEeABAPUTENIbHOE Ha3HaueHUue (QyHKIHUSIM
BEJIMYMH B 0aliTax U MUKPOCEKYH/IaX.

Inasa 6. [lonecmu cnoeo

6.1 Jlaxxe B OOJbIION KOMaH/E€ MPOCKTUPOBIIMKOB O(OPMIICHHE PE3YyIbTaTOB HY)KHO MOPYYUTH
OJTHOMY WJIU JIBYM JIIOJISIM, YTOOBI 00€CTIEYUTh COTIIACOBAHHOCTh MUHU-PEIICHUH.

6.2 BaxHO SBHO OIpeNeNUTh T€ YacTU AapXUTEKTYphbl, KOTOPbIE HE MPOIMUCAHBI CTOJIb XKeE
THIATEJIbHO, KaK OCTaJIbHBIE.

6.3 HeoOxomuMo uMeTh Kak QopMalbHOE ONUCAHME NPOEKTa — s TOYHOCTH, TaK U
TEKCTyaJIbHOE — JIJIsl TOHUMaHHSL.

6.4 JIubo dopmanbHOe, MO0 TEKCTyaJlbHOE OMpENETeHUs BbIOMpAIOTCS B KaueCcTBE CTaHMApTa,
IpU 3TOM BTOpPOE ONpe/eNieHUE SBISETCS MPOU3BOAHBIM. Kakioe ompeaeneHne MOXKET BBICTYNATh B
T000¥ 13 pomeH.

6.5 Peanuzauusi, B TOM 4YHCJI€ MOJAENb, MOXET CIYKHUTh OIpPEICICHUEM apXUTEKTYpPbl; TaKOe
UCIIO0JIb30BaHUE UMEET CYIIECTBEHHbIE HEJOCTATKHU.

6.6 IlpsiMoe BKIIIOUEHUE SIBISETCS OYEHb MCKYCHBIM MPUEMOM JUIsl OCYIICCTBICHHUS CTaHIIApTOB

apXUTEKTYpbl B MPOrpaMMHOM oOeclieueHUH (B ammapaTHOM oOO0ecleYeHUUW — TOXKe: BO3bMUTE
untepgeiic Mac WIMP, Bctpoennsiit B ROM).



6.7 ApXUTEKTYpHOE «ompeaesieHne OyaeT sicHee, a (apXUTEKTypHas) NUCIUILIMHA Kpemde, ecliu
M3HAYaJbHO CTPOSTCS KaK MUHUMYM JIBE pealli3alhmny.

6.8 BaxxHo, 4TOOBI apXUTEKTOp B TEJEPOHHBIX PaA3roBOpax OTBEYAI MCIOJHUTENSM Ha UX
BOMPOCHKI; 0043aT€IbHO HYKHO PErHCTPUPOBATh 3TH PA3TOBOPHI B )KYpHAJIE U JOBOAUTH UX O OOIIETO
ceegeHus. (Celuac uist 3TOro NpeANOUYTUTENbHEE AJIEKTPOHHAS [10YTA.)

6.9 «Jlyqumii Apyr MeHemIKepa MOpPOeKTa — €ro MOCTOSAHHBIA TPOTUBHUK, HE3aBUCHMAs
OpraHu3alus, TECTUPYIOLIAs MPOAYKT.)

Inasa 7. [louemy ne yoanocv nocmpoums Bagunonckyio bauinio?

7.1 IlpoexT BaBunoHckoii OGamHu MpoBalIHIICS U3-3a HEJAOCTaTKa oOMeHa MH(popMaluen H, Kak
CJIEICTBUE, OPTaHU3ALUN.

Obmen unghopmayueii

7.2 «OtctraBanue rpaduka, HECOOTBETCTBUE (PYHKIIMOHATBHOCTH, CUCTEMHBIE OIIMOKH — BCE 3TO
13-3a TOTrO, YTO JIEBAsl pyKa HE 3HAET, UYTO TBOPUT IpaBas.» [Ipeanosoxennss KOMaH pacXoaarcsl.

7.3 bpuranpl AOMKHBI MONNEPKUBATh MEXAY COOOM CBA3b BCEMHM BO3MOXHBIMH CIIOCOOAMMU:
He(opMaIbHO, MYTEM PETYISIPHBIX COBEIIAHUH MO MPOEKTY ¢ TEXHUYECKUMH OTYETaMH U Yepe3 OOIIyto
pabouyto TeTpaab NpoekTa. (A TakKe SJIEKTPOHHYIO TOUTY.)

Pabouas mempaos npoexma

7.4 Pabouas TeTpaab MPOEKTa €CTh «HE CTOJIbKO OTIEIbHBIA JOKYMEHT, CKOJBKO CTPYKTYpa,
Hajaraemasi Ha BC€ JOKYMEHTBI, KOTOpbIC, TaK WJIM WHade, OyayT CO3/IaHbl BO BPEMSs BBIMOJHEHHS
MPOEKTA.»

7.5 «Bce noKyMeHTHI IPOEKTA JOJIKHBI BXOJUTH B 3Ty CTPYKTYpY (paboueii TeTpaau).»

7.6 CTpyKkTypy paboueil TeTpaau HY>KHO TPOEKTUPOBATH TIATEIILHO U PAHO.

7.7 IlpaBUIBHOE CTPYKTYpUPOBAaHME TEKYIIEH JIOKYMEHTAIMM C CaMOro Hayaja II03BOJISET
«COCTaBJICHHbIE TO3]HEE JTOKYMEHTHI OGOPMHUTH B BUJIE OTPHIBKOB, KOTOpPHIE BIHCHIBAIOTCS B 3TY
CTPYKTYPY» U yJIydlIaeT pyKOBOJICTBA MO MPOIYKTY.

7.8 «Kaxaplil uleH KOMaH/bl TOJDKEH BUAETHh BCe Marepualsl (paboueii TeTpaan).» (Ceiiuac st Ob1
CKa3all «JI0JHKEH UMETh BO3MOXKHOCTh BUIeTh». Hanpumep, noctarouno WWW-ctpanui. )

7.9 CBoeBpeMEHHOE OOHOBICHUE MOXKET UMETh KPUTHUECKOE 3HAYCHUE.

7.10 HeoOxomumo, yToObl BHMUMaHUE MOJIb30BaTessl ObUI0O 0CO00 MPUBICYEHO K HU3MEHEHUSIM,
IPOU3OILEAIIMM MOCTIE €r0 MOCIEIHEr0 MPOUTEHHUS, MPUYEM C TIOMETKaMU 00 UX 3HAYCHUU.

7.11 PaGouas Terpanp mpoekra OS/360 HaunHanach ¢ OyMa)KHOrO BapuUaHTa C MOCIEAYIOIIMM
NepexoI0M Ha MUKPO(UIIIH.

7.12 Ceronua (u paxe B 1975 romy) oOumii 31eKTpOHHBIA OJOKHOT SBISETCS 3HAYUTEIBHO
Jy4IM, 0oJiee JEIIEBbIM U MPOCTHIM MEXaHU3MOM JOCTUXKEHHUS ITHX IIEJIeH.

7.13 HeoOxomuMo momMedarh TEKCT ¢ MOMOIIBIO MOJOCOK M3MEHEHUs JaT mepecMoTrpa (WIH HUX
(GyHKIIMOHATIBLHOTO KBUBAJIEHTA). Tak ke He0OX0IMMa CBOJIKa U3MEHEHUH MO TUITY CTEKa.

7.14 Tlapnac crapaetrcsi JoKaszarb, 4YTO CTpPEMJICHME K TOMY, YTOOBI KaXKIblii BHIET BCE,
COBEpUICHHO OIIMOOYHO: YacTHU JOJDKHBI MHKAICYIMPOBAaTbCsl TaKMM 00pa3oM, 4TOObBI HUKOMY HE
TpebOBaJOCh WM HE pa3peliaioch BUICTh COAEpKAHUWE KaKUX-IHUOO YacTel, KpoMe CBOMX
COOCTBEHHBIX, & BUJHBI MOTYT OBITh TOJILKO HHTEP(EHCHI.

7.15 Ipeanoxenue [lapnaca — myth k Karactpode. ([lapHac Brionne ydenuna MmeHs B 00paTHOM, U
s COBEPIICHHO U3MEHUJI CBOE MHEHUE. )

Opeanuzayus

7.16 3agmauelt opraHu3alUU SBISETCS COKpallleHHe o0beMa HeOoOXOIMMOro OOIIeHUs U
COTJIACOBaHMUSI.

7.17 Opranuzanus 3akirouaeT B ce0e pas3iefieHue Tpylaa U ClenHaln3aluio QYHKIUN C LETbIo
COKpaTuTh 0OMEH HH(pOpMaIUEH.



7.18 OOblyHAsE OPEBOBUHAS OPraHU3alUsl OTPaXaeT CTPYKTYPHBIM HMPUHIUII BIACTH, KOTOPBIM
MIOKa3bIBAET, YTO HENB3sI OMHOBPEMEHHO CIIY’KUTh JBYM XO35€BaM.

7.19 Crpyktypa oOMeHa uadopmalueil B Opranu3aluu SBiseTCA HE IEPEBOM, a CEThIO, U HYKHO
NPUIYMAaTh Pa3IMYHbIC BUJBI CIEIHAIbHBIX OPraHU3allMOHHBIX MEXaHU3MOB («(IIYHKTUPHBIE JIMHUWY),
4TOOBI IPEOI0NIETH NehUIUT oOMeHa uHpopMaluen B JpeBOBUIHON OpraHU3aIiy.

7.20 B kaxaom cyOmpoekTe eCTh JABE PYKOBOASIIME MOJDKHOCTH: TPOMIOCED W TEXHUYECKUM
TUPEKTOP, UK apXUTEKTOpP. VX PyHKIIMU COBEPILIEHHO Pa3auyHbl U TPEOYIOT pa3HbIX CIIOCOOHOCTEH.

7.21 Brnonae 3¢(HEKTUBHBIM MOXXET OBITH JIFOOOW THUM B3aMMOOTHOIICHUM MEXIY dTUMHU JIBYMS
JOJKHOCTSIMU

* 9TO MOXET OBITH OJIHO JIUIIO.

* [Ipotocep MOXKET OBITH HAYAIBHUKOM, a IUPEKTOP — €ro MPaBoil pyKoi.

* lupekTop MOKeT ObITh HAYaJIbHUKOM, a MPOIIOCEP — €T0 MPaBOW PYKOH.

Inasa 8. Obvasnssa yoap

8.1 Henb3st TO4HO OIEHUTH OoOIMI 00BheM WM rpaduk padoT MPOTPAMMHOIO MPOEKTa, MPOCTO
OLICHMB BpEMs HAMMCAHUS MPOrpaMMbl U YMHOXXHMB Ha HEKOTOpble KO3(P(GUIIMEHTHI ISl OCTAIbHBIX
4acTe! 3aJaHusl.

8.2 JlaHHbBlE, OTHOCSIIMECS K CO3AAHUI0 HEOOJBUIMX OTIEIbHBIX CHUCTEM, HE HPUMEHHUMBI K
POEKTaM CO3/IaHUs IPOTPAMMHBIX KOMILIEKCOB.

8.3 O0BeM paloT pacTeT Kak cTeneHHast PyHKIHS pa3Mepa IporpaMMBbl.

8.4 Hekotopsie o0myOIMKOBaHHBIE UCCIEAOBAHMS IMOKA3bIBAIOT, YTO IOKa3arelib CTEHNEHU
npuMepHo paseH 1,5. (PesynbraTel bémMa ¢ 3TM He cornacyrorcs u Menstores ot 1,05 o 1,2.) [1]

8.5 Haunbie Iloprmana mno ICL mnoka3piBaioT, 4YTO 3aHAThIE HA TOJHBIM pabounili JeHb
IPOrPaMMHUCTBI TOJIBKO OKO0JIO 50 MpOLEHTOB BPEMEHH 3aHUMAIOTCS IPOrPAMMHUPOBAHUEM U OTJIAKOM,
a OCTaJIbHOE BPEMS 3aHUMAIOT PA3HbIE JOMOJHUTENBHBIEC 3aJa4H.

8.6 Ilo nanupiM Apona u3 IBM, npou3BOIUTENBHOCTh TpyJa JEKUT B mpenenax ot 1,5 mo 10
TBICSIY CTPOK IPOTrpaMMBbl HA YEJIOBEKA B IOl B 3aBUCUMOCTHU OT KOJIMYECTBA B3aUMOACHCTBUI MEKIY
YaCTSMH CUCTEMBIL.

8.7 Ilo nanubM Xappa u3 Bell Labs, npousBoautenbHOCTh Tpyna mpu 3ajadye TUIA pa3pabOTKU
ONEPALMOHHOW CHUCTEMBbI cocTaBuiia Okoio 0,6 ThICSY CTPOK KOJa Ha 4YEJIOBEKa B IoA, a IpH
pa3paboTKe KOMIHJIATOPOB — 2,2 THICSYU ISl 3AKOHYEHHBIX MPOIYKTOB.

8.8 anubie bpykca mo OS/360 cornacytorest ¢ qaHubiMu Xappa: 0,6-0,8 Thics4 CTpOK Koga Ha
YEJI0BEKO-TO/l AJI1 ONEPALIMOHHBIX CUCTEM U 2-3 THICSYM AJIs1 KOMITHIISITOPOB.

8.9 Mannsie Kopbaro no npoekty MTHU MULTICS noka3bBatoT, 4TO NPOU3BOAUTEIBHOCTD TPYJa
npH pa3zpaboTKe cMecH ONepalmOHHON CUCTEMbl 1 KOMIUIISITOPOB cocTaBuiaa 1,2 THICAY CTPOK KOjia Ha
4eJoBeKa B TofA, HO 3TO cTpoku koma PL/I, a ocrambHble JaHHBIE OTHOCSATCS K CTPOKaM Koja
accembOiepa!

8.10 IIpon3BOAUTENBHOCTH MPUMEPHO IMOCTOSIHHA B IIEPEBOJIE HA AJIEMEHTAPHBIE ONEPATOPHI.

8.11 Ilpu ncnonb30BaHUHU MOAXONAIMX SI3bIKOB BBICOKOTO YPOBHSI IMPOU3BOAUTEIBHOCTh MOYKHO
YBEJIMYUTH B AT Pas.

Inasa 9. [[ea 6 ooHom

9.1 Ecniu HE cuMTarh BPEMEHH BBITOIHEHHUS, TO IIaBHBIE U3JICPKKHU NPUXOAATCS HA 3aHUMAEMOE
IpOrpaMMOil MPOCTPAHCTBO MaMATU. DTO B OCOOCHHOCTHM BEpPHO /Jisi ONEPAIlMOHHBIX CHCTEM,
3HAYUTEIbHAS YaCTh KOTOPBIX OCTAETCS PE3UICHTHOM.

9.2 HecmoTpst Ha 3TO, AEHBIM, MOTPAYEHHBIE HA MaMATh JJIs pa3MEIIECHUsS NPOrpaMMbl, NArOT
O4YEHb XOpOULIEE YIYYIIEHWE XapaKTEPUCTUK HA EIWHUIY BIOXKEHHN — Jydlllee, YeM BCE IPYTUe
criocoObl MHBECTUPOBaHUS B KOHuUTypatuio. [11ox He pazMep mporpaMmel, a JUIHUN pa3Mep.

9.3 Pa3paboTuuk mporpaMmbl JOJKEH YCTAaHABIMBATh 3aJaHUE IO pa3Mepy, KOHTPOIHPOBAThH



pa3Mep U MPUIYMBIBaTh METONBI COKpAILCHUS pa3Mepa, TaK ke, Kak pa3paboT4yUK anmapaTHON 4acTH
JIeJIaeT 3TO IS IeTaJEH.

9.4 Pecypchl Mo mamsATH JIOJKHBI SIBHO 3aJaBaTb HE TOJIBKO pa3MEp PE3UIACHTHOW 4acTH, HO U
MHTEHCUBHOCTH OOpallleHU MPOrpaMMBbI K JHUCKY.

9.5 Pecypchbl maMsTH JOKHBI MPUBS3bIBATHCA K HA3HAYEHUIO (DYHKIIUM: TOUHO OMpPEAesaiTe, 4To
JOJDKEH JIeJIaTh MOJYJIb, KOTJa 33/1a€T€ €T0 Pa3MEPBL.

9.6 I'pynniel B cocTaBe OONBIIMX OpUraj, CKJIOHHBI MPOU3BOAUTH ONTUMH3ALMIO B CBOMX Y3KHUX
UHTEpecax, He Aymas O KOHEYHOM 3(]deKkTe, KOTOPhIA OHA OKa)XXeT Ha MOJIb30Baress. JTa MOTeps
OpPUEHTAIINU SABJISETCS OOJIBIION OMACHOCTHIO JIJIS1 KPYIMHBIX MPOEKTOB.

9.7 Ha BceM NMpPOTSKEHUU PEeANM3aALUU CUCTEMHBIE aPXUTEKTOPBI JOJKHBI IOCTOSIHHO MPOSBIIATH
OIMTENBLHOCTH C 1IEJIbI0 HEMIPEPBHIBHOTO 00ECIIEUEHHUS 1IeJIOCTHOCTH CUCTEMBIL.

9.8 Bocriuranue 0O0IIECUCTEMHOIO M OPUEHTUPOBAHHOTO Ha IOJB30BATENsl MOAXOMAA SBISETCH,
BO3MOXHO, INIABHOU 3aJ1a4yei MEHeKepa Mo MPOrpaMMHUPOBAHUIO.

9.9 HyxHO yXKe Ha paHHHMX »JTamax ONpPeAeNuTb, HACKOJIbKO JE€TaJU3UpPOBAHHBIM Oyner
NPEeAOCTABISEMbII MOJIB30BATEIIO BHIOODP OMIINI, TOCKOJIbKY O0BEAMHEHUE OMLIUM B TPYIIIbI cOeperaet
naMsTh (a2 4aCTO M pacxo/bl HA MAPKETHHT).

9.10 BaxxHO ompeaenuTs pa3Mep TPAaH3UTHON NMaMSTH, CBSI3aHHBIA C pa3MEpOM IEPErpyKaeMoro
KOJIa, IMOCKOJBbKY 3aBUCHUMOCTBH IMPOU3BOAUTEIBHOCTH OT 3TOTO pa3Mepa CHUJIbHEE, YEeM JIMHEHHas.
(OTOT TYHKT MOJHOCTBIO YycTapen Onaromaps HalW4YUI0 BHUPTYaJIbHOW MaMsATH U JICIIEBU3HE
dbusnyeckoil mamsATu. Temnepp MOIb30BaTENId OOBIYHO MOKYMAIOT MaMATh B KOJUYECTBE, JOCTATOYHOM
JUISL pa3MEILEHUs BCETO KOJIa OCHOBHBIX TPUJIOKEHU. )

9.11 Inst HOCTUXKEHUSI XOPOIIEr0 KOMIIPOMHUCCA MEX/Ty MPOCTPAHCTBOM U BPEMEHEM HE0OXOIMMO
OpOBOIUTH OOy4YeHHE TEXHUKE MPOrpaMMUPOBAHUS, NPUCYIIECH [NaHHOMY S3bIKY WM MalluHe,
O0COOEHHO €CJI OHU HOBBIE.

9.12 V mporpamMMupOBaHUsl €CTh TEXHOJOTHS, U KaXKIbld MPOEKT HYXKJaeTcsa B OHOIMOTEKe
CTaHJIapTHBIX KOMIIOHEHTOB.

9.13 bubnuoTeku nmporpamMM J0JKHBI UMETh 1O JBE BEPCUHU KaXXJ0r0 KOMIIOHEHTa — OBICTPYIO U
koMmnakTHy®o. (IToxoxke, yTo cerogHs 3TO ycTapero.)

9.14 KommnakTHble u ObICTpble MpPOTpaMMbl TOYTH BCErAa SIBIAIOTCS  PE3YIbTaroM
CTPaTErun4ecKoro NpophiBa, a HE TAKTUYECKON TPAMOTHOCTH.

9.15 Takum npOPHIBOM 4acCTO SBISETCA HOBBIN aJITOPUTM.

9.16 Eme vainie mpopbIB TPOUCXOIUT OJ1arofaps U3MEHEHUIO MPECTaBICHUS JaHHBIX UM TaOIHIL.
[IpencraBieHrne — CyIHOCTb IPOIPAMMHUPOBAHMUSI.

Iasa 10. /[okymenmapnas eunomesa

10.1 Tunore3a: Cpenu Mopst OyMar HECKOJIBKO JOKYMEHTOB CTAaHOBSITCS KPUTHUYECKH Ba)KHBIMU
OCSIMU, BOKPYI' KOTOPBIX BpallaeTCsl BCE YIpaBiIC€HHUE MPOEKTOM. OHHU SIBISAIOTCS INIABHBIMHM JTUYHBIMU
MHCTPYMEHTaMU MEHEKEPA.

10.2 JIns mpoekra pa3pabOTKH KOMIIBIOTEpA PEUIAONMMHU JOKYMEHTAMHU SBISIIOTCS LEIH,
PYKOBOACTBO, Tpaduk, OIOMKET, OpraHu3alMOHHAas CTPYKTypa, IUJIAH MOMEIICHUN, a Tak»Ke OICHKa,
MPOTHO3 U LEHBI AJI1 CAMOI MaIlIMHBI.

10.3 JQnsa daxynbTeTa yHUBEpCUTETa BaKHEHIME TOKYMEHTHI aHAJIOTMYHBL: LIeNU, TPEOOBaHUS K
COMCKATEJISIM CTENEHEeH, OMMCcCaHus KypCoB, MPEII0OKEHHS IO HaydHOH paboTe, pacliucaHue 3aHATUN U
njaH oOy4deHus, OI0KET, MJIaH MOMELICHUM, a TaKKe Ha3HAUYCHUS MPernojaBaTeeh U aclupaHTOB.

10.4 Jlns nporpaMMHOro mnpoeKkTa TpeOOBaHUSI TE€ JKE: LEJIH, PYKOBOIACTBO I0Jb30BATEN,
BHYTPEHHSISI TOKyMEHTaIuUs, Tpaduk, OI0/DKET, OpraHu3alluOHHAs CTPYKTYpa U IJIaH MOMEILCHHUH.

10.5 IToaTomy paxe uisi caMOro MaJEHBKOTO IMPOEKTa MEHEKEP C CaMOro Hadaja JOJIKEH
dbopmann3oBaTh TaKOH HaOOpP JTOKYMEHTOB.



10.6 [loaroroBka KakJI0TO JTOKYMEHTa UX 3TOT0 MaJICHHKOTO0 Ha0opa KOHIEHTPUPYET MBICIH U
Kpuctamnusyet obcyxaenue. [Ipu uznoxxenun Ha Oymare TpeOyeTcsi MIPUHITHE COTEH MUHU-PEIICHUH,
Y UX HAIMYKE OTJIIMYAET YETKYIO U TOYHYIO MOJUTUKY OT pacIlIbIBYaTOM.

10.7 ConpoBokI€HUE KaXKJOTO BaKHOTO JOKYMEHTa TpeOyeT HalW4Ws MEXaHU3Ma CIICKECHUS 32
COCTOSIHUEM U MPENYINPEHKICHHUS.

10.8 Kaxk1p1if TOKYMEHT B OT/IEJIbHOCTH CIYKUT KOHTPOJIbHBIM CIIUCKOM M 02301 JTaHHBIX.

10.9 Baxneiimas 3aj1a4ya MeHeKepa — 00ecrieYnTh o0I1ee ABMXKEHUE B OJTHOM HaIpPaBJICHUU.

10.10 I'maBHas TOCTOsHHas 3aJadya MEHEIKepa — OOIIeHWe, a HE MPUHATHE PEIICHUM;
JOKYMEHTBI HH()OPMUPYIOT BCIO KOMAH/Ty O IJIaHAX U PEIICHUSX.

10.11 Tonbpko ManeHbKas 4acTh, BO3MOXXHO, 20 MPOIEHTOB, pabO4YeT0 BpEMEHH aJIMHUHUCTpATOpa
3aHsTa 33Jja4aMu, KOTOpbIe TPeOYIOT CBEJICHU, OTCYTCTBYIOIIMX B €T0 MaMSTH.

10.12 Tlo oTo¥l mpuuMHE MOIHAS HUJES «BCEOXBATHIBAIOIICH WH(POPMAITMOHHOW CHUCTEMBI IS
yIpaBiIeHUA», O0CCIEUYMBAIOLICH MOAIEPKKY PYKOBOIUTENS, OCHOBBIBACTCS HA HEBEPHOW MOMAEIH
MIOBEJICHUS PYKOBOAUTETIS.

Iasa 11. IInanupyiime na 8v16poc

11.1 VHXeHepbl-XUMUKU BBISICHWJIHM, YTO OCYIICCTBICHHBIM B J1a0Oparopuul MPOLECC HEb3s
OHMM MaXOM IEpPEHECTH B 3aBOJICKHUE YCIOBHS, HO HEOOXOOUMO MOCTPOUTH OMBITHBIA 3aBOJ, YTOOBI
MOJIYYUTh ONBIT HAPAUMBAHUS KOJIMYECTB BEIIECTB U (PYHKIIMOHUPOBAHUS B HE3AIMILEHHBIX CPeIax.

11.2 DTOT IpOMEKYTOUHBII IIar B paBHOW Mepe HEOOXOAUM ISl MPOTPAMMHBIX MPOAYKTOB, HO
JUTSL ”H)KEHEPOB-IIPOTPAMMHUCTOB MOKa HE CTalI0 OOBIYHOM MPAKTUKOW MPOBOAUTH MOJIEBBIC UCTIBITAHUS
ONBITHOW CUCTEMBI, MPEXKAEC YEM HAYMHATh MOCTABKH TOTOBOrO npoaykra. (Cedyac 3TO yKe CTallo
oOIiel mpakTUKOM Oaronaps BEITYCKY OeTa-BepcHil. DTO HE TO K€ CaMO€, YTO MaKeT C OTPaHHUYCHHOMN
(GyHKIIMOHATBHOCTBIO, alb(a-Bepcusi, KOTOPYIO sl TAKKE MPOIaralupyo.)

11.3 [Ins GONBIIMHCTBA MPOEKTOB MEPBYIO MOCTPOCHHYIO BEPCUIO €1BA MOXHO HCIIOJIb30BaTh:
CJIMILIKOM MEJJICHHAs!, CIIUIIKOM OOJIbINasi, CIMIIKOM CIIOKHAs! B IPUMEHEHHUH, UJIU BCE 3TO BMECTE.

11.4 OT6pocuTh U MEepPErnpoeKTUPOBATH MOXKHO BCE Cpa3y, a MOKHO IO YacTsAM, HO BCE PaBHO 3TO
INPUIETCS CIIETATh.

11.5 IloctraBka nepBoi CUCTEMBI (XJaMa) KJIMEHTY MO3BOJSET BBIUTPATh BPEMsI, HO IPOUCXOIUT
3TO LIEHOM MYUYEHHMH IOJb30BaTeyie, OTBICUCHUS Pa3pabOTUMKOB, MOIJAEPKUBAIOINIMX CUCTEMY BO
BpeMsi IEPENPOCKTUPOBAHUS U AYPHOH pemyTaluy MPOAYyKTa, KOTOPYIO OyIeT TPYAHO MOOEIUTb.

11.6 [ToaTomMy mmaHupyiiTe BEIOPOCUTDH MEPBYIO BEPCUIO — BaM BCE PABHO MPUJIETCS 3TO CAEIATh.

11.7 «IIporpaMMHCT MOCTaBISET YAOBIETBOPEHHE MOTPEOHOCTH IMOJIH30BATElsd, a HE KAaKOW-TO
ocsi3aemblil mpoaykT» (Kocrpoys).

11.8 Kak ¢aktrueckue moTpeOHOCTH MOIB30BATENsA, TAaK U MOHUMaHUE UM CBOUX MOTpeOHOCTEH
MEHSIOTCSI BO BPEMS CO3/IaHMS], TECTUPOBAHMS U UCIIOIb30BaHUS IPOIPAMMBI.

11.9 TlomatnmBOCTh M HEOCSI3a€MOCTh MPOTPAMMHOTO MPOAYKTa MOOYKIAIOT €ro cosuaresici
(MCKIIIOUUTENIBHO) K BEUHOMY U3MEHEHHIO TPEOOBAHMUIA.

11.10 HexoTopble 3akOHHbIE U3MEHEHUs B 3ajadax (M CTparerusax pa3pabOTKH) HEU30€KHbBI, U
Jydllle TOArOTOBUTHCS K HUM 3apaHee, YeM Ipearnoiaratb, YTo ux He Oyzer.

11.11 CmocoObsl NPOEKTUPOBAHUS CHUCTEMBI C YUE€TOM OyIynmX HW3MEHEHUH, OCOOSHHO
CTPYKTYpHOE MPOTpaMMHPOBAHUE C TIIATEIbHBIM JOKYMEHTHUPOBAaHUEM HWHTep(deiicoB Momynen,
XOpOILIO M3BECTHBI, HO HE Bcerna npuMeHstorcs. [1one3Ho Ttakxke, Iie TOJIBKO MOXHO, HCHOJIb30BaTh
TEeXHOJOTUU TabnuuHoro yrpasieHus. (Takas Texuuka Ojaromapsi CTOMMOCTH M pa3Mepy HamMsTH B
HACTOSIIIEE BpeMs IpUMEHseTCs Bce 0oJiee YCIEeIHO. )

11.12 Ins coxpamieHUs BHOCHUMBIX MPU HM3MEHEHHUAX OLMOOK CJEIyeT HCIOJb30BaTh S3bIKU
BBICOKOTO YPOBHSI, ONl€pallid BPEMEHHU KOMITUIIALIMY, BCTPAUBAHHUE CCHUIOK HAa OOBSABICHUSA U TEXHUKY
CaMOJOKYMEHTHPOBAHMUSI.



11.13 BHOCUTE M3MEHEHHS] KBAaHTaMHU B XOPOILO ONpeIesIeHHble HyMepoBaHHbIe Bepcuu. (Celiuac
3TO OOBIYHAS TPAKTHKA.)

IInanupyiime opeanuzayuio 01 usMeHeHul

11.14 «Hexenanue nporpaMMHUCTOB JOKYMEHTHUPOBATh IPOEKT IPOUCXOAUT HE CTOJBKO OT JICHH,
CKOJIbKO OT HEYBEPEHHOCTH, CTOUT JIM CBSI3bIBATh C€0sl OTCTAMBAaHUEM PELICHUM, KOTOpPbIE, KaK 3HAET
POEKTUPOBILMK, ABJIAIOTCA MpeBapuTesbHBIMU» (Kocrpoys).

11.15 CoznmaBarh OpraHM3alMOHHYIO CTPYKTYPY C Y4€TOM BHECEHHUsS B OydylleM H3MEHEHUH
3HAYUTENILHO TPYAHEE, YEM MPOCKTUPOBATH CUCTEMY C YUETOM OYIyLMX U3MEHECHUH.

11.16 PykoBomuTenb MNpOEKTa MOOJDKEH CTPEMHUThCA K TOMY, 4YTOOBI €ro MEHEDKEephl U
TEXHUYECKUU MepcoHall ObLIM HACTOJIBKO B3aWMO3aMEHSIEMbl, HACKOJIBKO MO3BOJIIOT UX CIIOCOOHOCTH.
B 4yacTHOCTM, HYXHO HMMETh BO3MOXXHOCTb JIETKO IIEPEBOAUTH JIOACH C TEXHUYECKOM Ha
yIpaBiIeHYECKYIO paboTy 1 0OpaTHO.

11.17 TIlpensarctBusi K mnomuepxkaHuto 3(PGEeKTUBHON OpraHu3alUu C JABOMHON CIyKeOHOMU
JIECTHULIEH SBISIOTCS COLMOJOTMYECKUMHU. HeoOXomMMo MOCTOSHHO OAMTENbHO U JIHEPTUYHO
OOpOThCS C HUMU.

11.18 Jlerko ycTaHOBUTH COOTBETCTBYIOLME pa3MEPhl JKAJIOBAaHbS [UIsl COOTBETCTBYIOIIMX
CTYNEHEK JBOMHOM JIECTHUIIbI, HO TpeOyeTcsi MPUHATH MEpbI, YTOOBl Jarb MM COOTBETCTBYIOIIMI
NPECTUX: ONWHAKOBBIE O(UCHI, OIWHAKOBBIE CIY)KObl TMOMJIEPKKHA, B 3HAYUTEIBHOU Mepe
KOMIICHCUPYIOLME YIPABIECHYECKYIO IEATEIBHOCTb.

11.19 Opranuzamnust o TUMY ONEpPalMOHHON OpUrajbl MO3BOISET aKTUBHO PEIIaTh BCE CTOPOHBI
3TOM MpoOsIeMbl. TO NEUCTBUTENBHO JOJITOCPOUHOE PELICHHE MPOoOieMbl THOKOM OpraHu3aluH.

Jlea waea enepeo, wiaz Hazao: conposodcoeHuUe NPocPamm

11.20 ConpoBoKJI€HHE NPOrpaMMbl B KOPHE OTIMYAETCS OT COMPOBOXKIEHHUS allapaTHON 4acTH;
OHO COCTOUT, DJIaBHBIM 0Opa3oM, M3 HU3MEHEHMH, HCIPABISAIONMX KOHCTPYKTHUBHBIE JC(EKTHI,
BKJIFOYCHUE JOMOJHUTENbHBIX (QYHKIUMNA WM aJanTaluio K U3MEHEHUSIM Cpe/bl UCIOJIb30BAHUS HIIU
KOH(UTYypaLUH.

11.21 CrouMOCTh MOXKU3HEHHOTO COMPOBOXKJACHUS HIMPOKO HCIOJIb3yeMON MPOrpaMMbl OOBIYHO
cocrasnsgeT 40 u Gosiee MPOLIEHTOB CTOUMOCTH €€ pa3pabOTKHU.

11.22 CrouMOCTh CONPOBOXKACHHUS CHJIBHO 3aBUCUT OT 4YHCJA IMOJb30BaTeleil: dyem Oouiblie
I10JIL30BAaTeEJIe, TEM OOJbIIE OIMOOK OHU HAXOMIT.

11.23 KomnOen oTMe4yaeT MHTEPECHYIO KPHUBYIO B3JieTa U MaJeHUN OOHApYKMBAEMbIX OLIMOOK B
TEUEHHE )KU3HU MPOAYKTA.

11.24 VictipaBieHnue onHOW OMMOKH ¢ 00JIBINON BepOoATHOCTHIO (0T 20 10 50 mpOIEeHTOB) BHOCUT
APYTYIO.

11.25 Tlocne kaxa0ro UCHpPaBICHUS] HYKHO MPOTHATHh BECh HAOOP KOHTPOJBHBIX MPUMEPOB, IO
KOTOPBIM CHCTEMa IPOBEpsIach paHbllie, YTOObI YOSAUTHCS, YTO OHA KAaKMM-HUOYAb HETOHSITHBIM
o0pa3oM He MOBPEIUIACh.

11.26 MeToasl pa3pabOTKH MpOrpamMM, MO3BOJISIFOLME UCKIIFOUUTh UJIU 110 KpaliHENl Mepe BBIIBUTH
n0604HbIe 3(HPEKTHI, MOTYT PE3KO CHU3UTh CTOUMOCTbH COMIPOBOXKICHHUSL.

11.27 To ke MOXHO CKa3aTh O METOAAX peau3alui MPOEKTOB MEHBIIMM YUCIOM HHTEpPENHCcoB U
MEHBIIIMM KOJIMYECTBOM OLIMOOK.

Lllaz 6nepeo, wiaz Hazad: IHMPONUS CUCIEMbL C MEeYeHUEeM 8peMeHU pacmem

11.28 Jleman u benanu cumtarot, 4To 00IEe KOJIMYECTBO MOIYICH pacTET JUHEHHO C HOMEPOM
Bepcuu omnepanuonHoi cucteMsl (OS/360), HO yuCAM MOMYNEH, 3aTPOHYTHIX U3MEHEHUSIMHU, PACTET
HKCIIOHEHIIMAJIBHO B 3aBUCUMOCTH OT HOMEpPA BEPCHMU.

11.29 Bce ucnpaBineHuss UMEIOT TEHACHUHIO K Pa3pyLICHUIO CTPYKTYPbI, YBEIUYEHNUIO SHTPOIIUU U
JI€30praHu3alul CcUcTeMBI. Jlaxke caMO€ HMCKYCHOE COIPOBOXKJICHUE IMPOrPaMMBI TOJIBKO OTIAJSAET



MOMEHT IOBEPKEHUSI €€ B COCTOSIHUE HEHUCIPAaBUMOIO Xaoca, BBIXOAOM H3 KOTOPOrO SIBISETCS
NOBTOPHOE MpOEKTUpOBaHUWE C camoro Havana. (Muorma peanbHas HEoOXOOUMOCTH OOHOBIEHUS
OpPOrpaMMbl, HAlpuUMeEp, C LENIbI0 MOBBIIICHUS MPOU3BOIUTEIBHOCTH, BBI3BIBAET HEOOXOAMMOCTH
U3MEHEHUS

BHYTPEHHUX TPaHUILl CTPYKTYyp. HacTO HMCXOIHBIE TPAHMIIbl CIYXKAT MPUYUHON BBIABISIOLMAXCS
BITOCJIEJICTBUH HEJOCTATKOB. )

Inasa 12. Ocmpuiii uncmpymenm

12.1 Menemxep mpoekTa JAOKEH YCTAaHOBUTH MPUHILMIBI U BBIACIUTH PECYPCHI ISl pa3paboTKu
o0mIeynoTpeOasieMbIX MHCTPYMEHTOB, B TO K€ BpeMs OH [OJDKEH HpHU3HATh HEOOXOOUMOCTh B
MIEPCOHAIN3UPOBAHHBIX MHCTPYMEHTAX.

12.2 bpuragam, pa3pabaTbBalOIMM OIEPAIIMOHHBIE CHCTEMBbI, HEOOXOmMMa Ui OTJIaAKU
coOcTBeHHas 1eneBass MammHa. [[ns Hee Tpelyercs ckopee MakKCUMyM MaMsTH, Ye€M MaKCUMYyM
CKOPOCTH, U CUCTEMHBIN MPOrpaMMUCT JJIs MOAJIEPKKH CTaHIaPTHOTO MPOrPaMMHOTO 00ECIIeUeHUS.

12.3 MaumHa aisi OTAaJKUA UM €€ MPOrpaMMHOE 00ecTeueHNe T0JKHBI UMETh MHCTPYMEHT IS
aBTOMATHUYECKOTO MMOJICYETAa U U3MEHEHUS BCEX BUJIOB [IAPAMETPOB MPOTrPaAMMBL.

12.4 TloTpeGHOCTH B 1I€J€BOM MalllMHE OMHUCHIBACTCS Crelu(UUecKol KPUBOIl: Mociie HU3ZKOU
AKTUBHOCTH CJIEYET B3PBIBHOM POCT, KOTOPBII TOTOM BBIPAaBHUBAETCSI.

12.5 CucrtemMHOM OTIaAKON, KaK aCTPOHOMUEH, BCETJIa 3aHUMAIIMCh MPEUMYIIIECTBEHHO MO HOYaM.

12.6 Bonpeku Teopuu, BblIEJICHHUE BPEMEHH 1E€JIE€BOM MaIlMHBI OJHOW Opuraze 3HaYUTEIbHBIMU
OJIOKaMM OKa3aJIOCh JYYIIMM BapHaHTOM IJAHUPOBAHUS BPEMEHM, YEM UY€peOBaHHME MCIOJIb30BAHUS
MaIMHbI OpUTagamu.

12.7 DTOT NpennoYTUTENBHBIM MPU HEXBAaTKE KOMIIBIOTEPOB METOI IJIaHUPOBAHHS BPEMEHU
nepexun 20 nmer (¢ 1975 roma) TEXHONOTHMYECKMX H3MEHEHHM, IMOCKOJBKY SBISETCS HauOoJiee
npoaykTuBHbIM. (1 ocraeTcsa um B 1995 rony.)

12.8 Ecnu ueneBoil KOMMOBIOTEp SIBISETCS HOBBIM, HEOOXOAUM €ro JIOTMYeCKui smynstop. Ero
MO>HO MOJYYUTh paHbllle, 1 OH 00ECIeUnBaeT HAACKHYIO MAIIMHY JJI OTJIAIKU Jake Toclie TOro, Kak
MIOCTAaBJIAECTCS HACTOALAS] MAllMHA.

12.9 TnaBHyro OHOMMOTEKY MNpOrpaMM HYXKHO pa3aenuTh Ha: 1) HaOoOp HMHAMBUAYaJIbHBIX
«UTPOBBIX TJIOWIAJIOK», 2) TNOAOMOIMOTEKY CHUCTEMHOW WHTETpallu, MPOXOISIIy0 CHUCTEMHOE
TecTupoBaHue M 3) Bepcuio-penu3. dopmanpHOE pasleleHue M IepeMEeIIeHHE O00ecreunBaloT
KOHTPOJIb.

12.10 UucTpymeHT, oOecniedynBaonMii HanOObIIIYI0 3KOHOMUIO TPyAa B MPOrpaMMHOM IMPOEKTE,
— 3TO, HABEPHOE, CUCTEMA PETAKTUPOBAHUS TEKCTOB.

12.11 O06beMHUCTOCTh CHUCTEMHON MTOKYMEHTALlUM CO3/1a€T HOBBIM THUI HEMOCTUXKUMOCTU (CM.,
HanpuMep Unix), HO 3TO 3HAYUTEIBHO MPEANOYTUTENIbHEE, YeM 0oJiee paclpOCTpPaHEHHBIM KpalHUN
HEJIOCTAaTOK JIOKyMEHTALMH.

12.12 Co3paiite SMyIsTOp MPOU3BOIUTEILHOCTH CHAPYKU BHYTPh, CBEpXy BHU3. Haunute padoty
C HUM KaK MOXHO paHblie. [IpucmymaiTech K TOMyY, 4YTO OH BaM CKaXeT.

A3biKU 6b1COKO20 YPOBHS

12.13 Tonpko JIeHb M HMHEPTHOCTh MPENATCTBYIOT MOBCEMECTHOMY IPHUMEHEHUIO S3bIKOB
BBICOKOT'O YPOBHSI U HHTEPAKTUBHOIO NporpammupoBanus. (Ho cerogHst oHu MPUHSATHI IOBCEMECTHO. )

12.14 $I3bIK BBICOKOTO YpPOBHSI CITIOCOOCTBYET HE TOJIBKO YBEJIMUYEHHIO MPOU3BOAUTEIBHOCTH, HO U
otiiagke. MeHslle omMOOoK U Jerye MOUCK.

12.15 Tlpexuue BO3pakeHUS, CBA3aHHbIE C (PYHKIIMOHAIBHOCTHIO, Pa3MEpPOM M CKOPOCTHIO
PE3yABTUPYIOLICH MPOTpaMMBbl YCTapesu 01aroaaps pa3BUTHIO S3bIKOB U TEXHOJIOTHU KOMITHIISILIMY.

12.16 CeromHsa €QUHCTBEHHBIA MOAXOMALMN KaHAWAAT JUISi CUCTEMHOTO MPOrpPaMMHUPOBAHUS —
PL/I. (Bomnbimie He COOTBETCTBYET ACHCTBUTEILHOCTH. )



HumepaxmugHnoe npoepammuposanue

12.17 B HEKOTOpBIX NPUIOKEHUAX IAKETHBIE CUCTEMbl HUKOrJa HE OyIyT BBITECHEHBI
MHTEpAKTUBHbIMU cucTteMamu. (Ilo-npexHemy BepHO.)

12.18 Otnaaka — 3TO TsKeNast U J0JIras 4acTb CUCTEMHOIO MPOrpaMMHUPOBAHUSA, U MEJJICHHAS
000paynBaeMOCTh ABJSETCA MPOKIIATUEM OTIAKH.

12.19 EcTh cBUAETENBCTBA TOMY, YTO MHTEPAKTUBHOE MPOTrPaMMHPOBAHUE IO KpaillHEH Mepe
yIBaWBAET CKOPOCTh CUCTEMHOIO IIPOTrPaMMHUPOBAHUS.

Inasa 13. [enoe u vacmu

13.1 JletanpHasd u crapareiabHasi MIpopadOTKa apXUTEKTYpPhl COMIACHO 1aBaM 4, 5 U 6 HE TOJIBKO
YIPOILAET HCIOJIb30BaHUE MPOAYKTa, HO Takke oO0Jeryaer ero pa3pabOTKy M JellaeT MeHee
MOJBEPKECHHBIM OIIMOKaM.

13.2 BbIcoukuii TOBOPUT, YTO «OYEHb MHOIME HEYIA4W CBSA3aHbl HMEHHO C TEMHU AaCIEKTaMH,
KOTOpbIE ObUIHA HE BIOJHE CIIEUU(PULIIUPOBAHBD.

13.3 3agonro a0 BCSKOTO HAMMCAHUS MPOTpaMMbl crenu@ukamus IokKHAa OBITh IepeaaHa
CTOPOHHEHN TIpyNIle TECTUPOBAHUS IS TIIATEIIBHOTO PACCMOTPEHMS MOMHOTHI U sicHocTH. Camu
pa3paboOTYUKH CAENATh 3TO HE MOTYT.

13.4 «Hucxonsiee npoektupoBanue Bupra (¢ mMomaroBeIM YTOUHEHUEM ) SIBIISIETCSI CAMOM BaYKHOM
HOBOM (QopManuzanueit nporpaMMupoBanus 3a aecsruierue (1965-1975).»

13.5 BupT npomoBeayeT UCMOIb30BaHUE HA Ka)KJOM IlIare HOTAallUH BO3MOXHO 00Jee BBICOKOTO
nopsiaKa.

13.6 Xopoiee HUCXOAAIIEE MPOSKTUPOBAHUE MOMOraeT M30erarb OMMOOK Ojaromapsi 4eTbIpeMm
O0OCTOSITENbCTBAM.

13.7 HWHorma npuxomuTCs BO3BpalllATbCS Ha3ald, OTOpAChIBaTh CaMblii BEPXHUU YPOBEHb H
HauyMHaTh BCE CHAyaJIa.

13.8 CrpykTypHOE HpOrpaMMHUpOBaHUE, T.€. pa3paboTKa MpOrpaMM, YIPaBISIONME CTPYKTYPHI
KOTOPBIX COCTOAT TOJIbKO M3 3aJaHHOro Habopa omeparopoB, BO3ACHCTBYIOIIMX Ha OJOKM Koma (B
MPOTUBOIOJIOKHOCTh OECIOPSIOUHBIM TIEpeXoiaM), JaeT BEPHBIM Crocod wu30exaTh OIMMOOK U
MpeACTaBIAeT COOOU MPABUIBHBIN CIIOCOO MBIIUICHUSI.

13.9 DkcnepuMeHTalbHbIE TaHHbIe ['011a MOKA3bIBAIOT, UTO BO BPEMs MEPBOr0 JUAIOra KaKJA0ro
ceaHca JOCTHUTaeTcsl BTpoe OOJBIIMI MpOrpecc B MHTEPAKTHUBHOM OTIAJKe, YeM IMpHU MOCIEAYIOIIMX
nuanorax. Bce e MOJe3HO TIATENbHO CIUIAHUPOBAaTh OTJIAJKY, IPEXKIE YEM PETMCTPUPOBATHCS HA
ManmHe. (S monararo, 4To 3TO MOJE3HO A0 cux nmop, B 1995 roxny.)

13.10 A cumraro, 4TO I NPABUIBHOIO HMCIOJB30BAHUS XOPOIIEH CHCTEMBI (MHTEPAKTHBHOMN
OTJIaJIKU ¢ OBICTPOI peakiueil) Ha KaxK/ple 1Ba 4aca paboThl 32 CTOJIOM JIOJKHO IIPUXOIUTHCS JIBA Yaca
paboThl HA MAaIlIMHE: OJIMH YaCc — Ha MOAYUCTKHU U IOKYMEHTHPOBAHUE MOCJE MEPBOro Ce€aHca, U OAUH
yac — Ha IUIAHUPOBAHUE U3MEHEHUH U TECTOB OYEPEAHOTO CEAHCA.

13.11 CucremHas otiaaka (B OTJIMYME OT OTJIAAKH KOMIIOHEHTOB) 3aHMMAET OOJbIlEe BPEMEHH,
4eM 0KUIAETCA.

13.12 TpyaHOCTP CHUCTEMHOM OTJIAQJKHA ONpPAaBABIBACT TIUATEIBHYID CHCTEMATUYHOCTh U
IIJIAHOBOCTb.

13.13 CucremHyl0 OTJaJKy HYXHO Ha4yMHaTh, TOJHKO YOeaUBIIMCH B PabOTOCIOCOOHOCTH
KOMIIOHEHTOB, (B MPOTUBOMOIOKHOCTh MOAXOAY «CBUHTU M MONPOOYii» U Hauady CUCTEMHOM OTJIaJIKH
IpU U3BECTHBIX, HO HE YCTPAHEHHBIX ONIMOKaX B KOMMOHEHTaX). (JTO 0COOEHHO CHpaBeIJIUBO IS
Opuran.)

13.14 PexomenayeTcsi co3aTh OOJIbIIOE OKPYKEHHUE U MHOTO MPOBEPOUYHOIO KOJIa M «JIECOB» IS
OTJIaJIKU, BO3MOXHO, Ha 50 IPOLIEHTOB 0OJIbIIE, YEM CaM OTJIaXKUBAEMbIH MPOIYKT.

13.15 HeobxonuMo KOHTPOJHUPOBaTh U3MEHEHUS W BEPCUH, MPU I3TOM UJIEHBI KOMAHJABI MyCThb



UTPAKOT CO CBOMMM KOIMMSAMH Ha IUIOLIAJIKaX ISl UTPY.

13.16 Bo BpeMsi CUCTEMHOI'O TECTUPOBAHUS JOOABISHTE KOMIIOHEHTHI IO OJTHOMY.

13.17 Jleman u benanu cBUAETENbCTBYIOT, UTO KBAaHT U3MEHEHUH OJKEH OBbITh JTMO0 GOJIBIIMM U
BHOCUTBCA peAko, JUOO0 oOueHb MalleHbkuM — u 4acTo. [locnenmnuii ciyuait Oojee upesar
HeycTonunBocThio. (B Microsoft paGoTaioT ManeHbKMMHU YacThIMU KBaHTamH. Pa3spabarbiBaeMmast
CHUCTEMa COOMpPAeTCs 3aHOBO KaXJble CYTKH.)

Inasa 14. Hazpesanue kamacmpoghul

14.1 «Kak oka3pIBaeTcs, 4TO MPOEKT 3ama3jpiBacT Ha OAuH Troa? ...CHayana OH 3ama3/bIBacT Ha
OJIVH JICHb.»

14.2 OrcraBaHue, pacTyllee IOHEMHOTY HM30 [JHA B JI€Hb, TPYIHEE pACHO3HATh, TPYIHEE
NPENOTBPATUTD, TPYAHEE BHIIIPABUTb.

14.3 YtoObl ympaBiasTh OOJBIIMM MPOEKTOM IO KECTKOMY rpaduKy, HaJI0 MPEXAe BCEro UMETh
rpauK, COCTOSAIIMIA U3 BEX U COOTBETCTBYIOIIMX UM JIaT.

144 Bexu HAOMKHBI OBITh KOHKPETHBIMHU, CHEUU(PUYECKUMHU, H3MEPUMBIMH COOBITUSIMH,
ONPENEICHHBIMU C IPEAENBHON TOYHOCTBIO.

14.5 ITporpaMMHCT PEAKO JIKET OTHOCUTEIBHO ABUKEHUS BEXH, €CJIM BEXa OU€pUYEHA PE3KO, OH HE
MOET 0OOMaHbIBaTh CeOsl.

14.6 HccrnenoBaHusi MOBEACHUS MPABUTEIBCTBEHHBIX MOAPSIYMKOB MO MPOBEACHUIO OLICHOK B
KPYIHBIX MPOEKTaX MOKa3aju, YTO OIEHKU CPOKOB PabOThI, TIIATEIHHO MEpecMaTpUBaEMble KaXK/ble
JIBE HENENU, HE3HAYUTEIbHO MEHSIOTCS MO Mepe MpUOIMKeHUs Hayaja padoT, 4To BO BpeMs padoT
NIEPEOLEHKH YBEPEHHO CHMIKAKOTCS W YTO HEJAOOLEHKH HE MEHSIOTCS, NOKa 1O 3aIlUIAHUPOBAHHOIO
CpOKa OKOHYaHHS pabOT HE OCTAETCS OKOJIO TPEX HEeb.

14.7 XpoHudeckoe OTCTaBaHHe OT rpaduka youBaeT MopanbHbii ayx. ([Jxum Makkaptu u3
Microsoft roBoput: «Eciu Bbl mpomycTuiIn OnMH KpailHUN CpPOK, OylIbTe YBEPEHBI, UTO MPOIYCTUTE U
BTOpOH.» [2])

14.8 Jlna BblIaronmxcsi KOMaHJ IPOrpaMMMCTOB XapaKTEpHA DHEPIusi, KaKk W NI BBIIAIOIIMXCS
0elicOOJILHBIX KOMAH/I.

14.9 Huuto He 3aMeHUT rpauK ¢ KPUTUUECKUMU MYTSIMU, YTOOBI ONIPEACTUTDh, KAKOE OTCTaBaAHUE
BO 4TO oOoiiercs.

14.10 IloaroroBka nuarpaMmbl KpUTHYECKUX IIyTE€W €CTh camas LEHHas 4acTb €€ NMPUMEHEHUS,
IIOCKOJIBKY ONPEACIICHUE TOMOJIOTMU CETH, YKa3aHHE 3aBUCHUMOCTEH B HEHM M OLECHHUBAaHHUE IYyTEH
BBIHY)KJIAIOT OCYIIECTBUTH OOJIBIION O0BEM OYE€Hb KOHKPETHOTO IJIAHUPOBAHUSA Ha CaMbIX PaHHHUX
CTaJusIX MPOEKTA.

14.11 IlepBas auarpamMma BCETAa Y»KacHa, U JUIsl CO3JaHUsI BTOPOH MPUXOAUTCS MPOSBUTH MHOTO
1300peTaTeIbHOCTH.

14.12 JIlnarpaMma KpUTHYECKUX MYTE€H JAET OTHOP AEMOPAIM3YIOUIEH OrOBOPKE «Ipyrasl 4acTb
TOXE 3aIa3/1bIBacT».

14.13 Kaxxnomy Ha4aJIbHUKY HYKHBI JIBa BUJIa JAHHBIX: HH(POPMAIIMS O CPbIBaX IJIaHA, KOTOPas
TpeOyeT BMEIIATeNbCTBa, U KapTHUHA COCTOSHUS e, YTOObl OBITh OCBEIOMJICHHBIM U UMETh paHHEe
NpEeaYIpEXKICHUE.

14.14 Tlony4uTh NpPaBOUBYIO KapTUHY COCTOSHMS J€J1 HEJErko, MOCKOJbKY Y MNOAYMHEHHBIX
MEHEPKEPOB €CTh OCHOBAHUSI HE IEJIUTHCS CBOMMU JAHHBIMU.

14.15 HenpaBuibHbIMH JACUCTBUSAMH HAYaJIbHUK MOXKET OOCCHEYUTh yTaWBaHHE BCEH KapTHHBI
COCTOSIHMS JIeJI; HAIpOTUB, TIIATEIBHOE PACCMOTPEHUE OTYETOB 03 MaHWKUM M BMEIIATENIbCTBA
MOOIIPSIET YECTHBIN JOKJIA.

14.16 Heo6xonuMo METh METOAOJOTHIO 0030pa, ¢ MOMOUIBI0 KOTOPOM MOUIMHHOE TMOJIOKEHUE
BelIeH CTAaHOBUTCS M3BECTHBIM BCEM UTPOKaM. [ TTaBHBIM ISt 3TOM 1enu sBisieTcs rpaduK ¢ BEXaMH U



JOKYMEHT O 3aBEPILEHUH.

14.17 Beicomnkuii: «S Hamen, 4To y1oOHO MMETh B OTYETE O COCTOSHUHM pabOT 1BE AaThl —
«IUTAHOBYIO» (J1aTy HayalbHUKA) U «OLEHUBAEMYIO» (JaTy MEHEIKepa HU3ILEro 3BeHa). MeHemxkep
MPOEKTA JOJKEH OCTOPOKHO OTHOCUTHCS K OLLEHUBAEMBIM J1aTaM.»

14.18 HeOonbiasi rpynmna MJIaHUPOBAHUS W KOHTPOJIS, JAlOlas OTYEThl O MPOXOKACHHH BeX,
HEOIleHUMa MpH paboTe Haa OOJBIIUM MPOEKTOM.

Inasa 15. Obpamnas cmopona

15.1 {na mporpaMMHOT0 IPOAYKTa CTOPOHA, OOpallleHHas! K MOJIb30BaTEI0, — JOKYMEHTAIIUS —
CTOJIb K€ BakHA, KaK U CTOPOHA, OOpallieHHas K MallliHe.

15.2 Jaxe st mporpaMM, HallMCAHHBIX UCKJIFOUUTENIBHO I ce0s1, TEKCTyalbHas JOKYMEHTALUs
HE0OXoMMa: MaMsATh MOXKET U3MEHUTDh aBTOPY-I10JIB30BATEIIIO.

15.3 B wnenoMm, npenogaBarelsiM M MEHEKEpaM HE YNajJoCh BOCIUTAaTh HA BCHO JKU3Hb Yy
IPOTrPAMMUCTOB YBaXKEHUE K JOKYMEHTAIINH, IPEOI0JIeBaloIIee JIeHb U Mpecc rpaduka padorT.

15.4 DOra Heygaua BbI3BaHAa HE CTOJBKO HEIOCTATKOM CTapaHUs WM KPACHOPEUYHs, CKOJIBKO
HECIOCOOHOCTHIO MOKAa3aTh, KaK MPOBOJAUTH TOKYMEHTUPOBaHHUE 3 (HEKTUBHO U SKOHOMHYHO.

15.5 JlokymeHTamus dYacTo CTpadaeT OTCYTCTBHeM obmero o63opa. IlocmoTpure cHauana
u3/ajeKa, a MOTOM MEJUICHHO MPUOIKaNTeCh.

15.6 BaxxHas AOKyMEHTAalMsl TMOJb30BaTessl AODKHA OBITh BUEpPHE HAmUcaHa A0 pa3padoTKu
IpPOrpaMMBbl, MOCKOJIbKY B HEH COIEp>KaTcsi OCHOBHBIC IUIAHOBBIE pelieHUs. B Hell NOKHBI OBbITH
OMHUCAaHBbI IEBATHh NPEAMETOB (CM. TEKCT TJIABBI).

15.7 IlporpamMMy HYXHO TIIOCTaBJISTh C HECKOJBKHUMHU KOHTPOJIBHBIMU INpPHUMEpPAMH: C
JOMYCTUMBIMU BXOOHBIMU JAHHBIMH, JIOYCTUMBIMH Ha TpPaHU BO3MOXKHOCTEH, U C SBHO
HEJIONYCTUMBIMU BXOJHBIMU JAHHBIMH.

15.8 BHyTpeHHSs [OOKyMEHTalus MpOrpaMMbl, IpEJHAa3HAUCHHas TOMY, KTO JOJDKEH €€
MOIU(UIIMPOBATh, TaKXKE JOJDKHA COAEpP’KaTh TEKCTYalbHBIM 0030p, B KOTOPOM JIOJKHBI OBITH
OMHUCAaHbI MATh TPEIMETOB (CM. IJIaBY).

15.9 bnok-cxema yale BCero HampacHO BKJIIOYaeTcs B JokyMeHTanuio. [logpoOnas momarosas
Onmok-cxema ycrtapena Orjaromapss NUCbMEHHBIM Si3bIKaM BbICOKOro ypoBHA. (brmok-cxema —
rpaduuecKuil A3bIK BHICOKOTO YPOBHS.)

15.10 Peako tpebyercst 6mok-cxema Oosiee 4eM Ha OJHY CTPAaHHUILy — €CIIM OHa BOOOIIE HY)KHA.
(Cranmapt MILSPEC 31ech coBeplIeHHO HE MpaB.)

15.11 Yto neicTBUTEIBLHO HEOOXOAUMO — 3TO CTPYKTYPHBIN Tpad mporpamMmbl 6e3 coOII0neHHS
CTaHJIapTOB cocTaBleHus O0Kk-cxeM ANSI.

15.12 YUtoObl obOecrieunTh OOHOBJICHUE TOKYMEHTALUM, BaXKHO BKJIIOYUTH €€ B MCXOIHBIM TEKCT
IPOTPaMMBl, & HE JIEPKATh OTJAEIbHBIM JOKYMEHTOM.

15.13 lnst obneryenus Tpyna BeAeHUs JOKYMEHTAIMU €CTh TPU BaXKHBIX MTpaBUJa:

* Kak M0xHO OoJiblile MCTIONB3YHTE Ui JOKYMEHTHUPOBAHUS 00s3aTeNIbHbIC YaCTH MPOTPAMMBbI,
TaKue KaKk MMeHa U OODbSIBICHHUSL.

* Hcnone3yiiTe cBOOOAHOE MPOCTPAaHCTBO U  ¢opMar, YToObl TMOKa3aTb OTHOUICHUS
NOAYMHEHHOCTH, BIOKEHHOCTH U YIyYIIUTh YATAEMOCTb.

* BcraBnsiite B mporpamMmy HEOOXOAMMYIO TEKCTOBYIO JOKYMEHTAlMI0 B BujJe maparpados
KOMMEHTapHeB, 0COOCHHO B 3ar0J0BKax MOAYJIEH.

15.14 B poxymeHTanmuu, KOTOpOH OylyT IMOJb30Barbcsi MNpU MOAUGUKAIUU TMPOrPaAMMBI,
OOBSICHSINTE HE TOJBKO «KAK», HO M «modemMy». Ha3HaueHue sBISETCS pelalomMM Jjisi TOHUMAaHUSL.
Jlaxke A3bIKM BBICOKOT'O YPOBHSI COBCEM HE MEPEAIOT 3HAUCHUS.

15.15 Metonbl caMOIOKYMEHTUPYIOLIETOCS MPOTpaMMHPOBaHUsI Hauboyiee MOJE3HBI U MOUIHBI
IIPU UCMOJIB30BAHUHM SI3bIKOB BBICOKOTI'O YPOBHHL.



Inunoz K nepeomy us0aHuro

E.1 IlporpamMMHBIE CHUCTEMBI SIBISIOTCS, BO3MOXHO, CAMBIMU CJIOKHBIMH W 3allyTaHHbIMU (B
CMBICJIE YHCJIA PA3IMYHBIX TUIIOB COCTABISIOIIMX) CO3/IaHUSIMH YEJIOBEKaA.

E.2 CmonsHas siMa nmporpaMMHONM MHXKEHEPHH €Il 10JIroe BpeMsi OyJeT OCTaBaThCs BI3KOM.



I'naBa 19 «Muduyeckuil 4eJ10BEeKO-MeCAID» ABAALATH JIeT

A He 3naio Opyeoco cnocoba cyoumv o Oyoywem, Kak ¢ NOMOUbIO

NPOULIOZO.
ITATPUK 'EHPH

Onupasce Ha npoutnoe, He803MOICHO NIAHUPO8aAMb OyOyuyee.
I/IMYH]] FEPK

Jlns ueco nonadobunoce woOUNECUHOE 08adyamoe uzoanue?

CamouJter rynen B HOUM, HanpasisiAch K Jlarapauu. O0naka U CyMpak CKpbUIM BCE UHTEPECHOE IS
maza. JJokyMeHT, KOTOpbIi s unTan, Obul HemHTepecHbIM. OHAKO MHE HE ObUIO CKydyHO. Cuasunmii
PSAAOM MOMYTYUK yuTal «Mupuiyeckuil 4eI0BEeKO-MeCAI», U S 0KUJAN, KOTJa CIOBOM HIIM KECTOM OH
BBIJIACT CBOE BIIE€UYaTIICHUE. B KOHIIE KOHIIOB, KOT/Aa MBI YK€ BBIPYJIMBAJIM K BBIXOY, I HE BBIICPKAIL:

— Kak Bam sta kaHura? CoBeryere npoyects?

— XM, B HEel HET HUYETO, YEeTo 5 He 3HaJl OBl paHbIIIe.

51 penmit He IPEACTABIATHCS.

[Touemy «Mucduueckuii denoBeko-mecs» BbDKWI? [loyeMy ¢ HUM A0 CUX HOp CUMTAIOTCS B
COBPEMEHHOM MpakTUKe mnporpaMmmupoBaHus? I[louemy ero uurarenbckas aygUTOPHS BBIXOAMT 3a
npezesibl coo0IecTBa MPOrPaAMMHUCTOB-Pa3pad0TUYNKOB, @ KHUTA TOPOKAAET CTaTbH, IIUTAThl U MUChMa
HE TOJIbKO pa3pa0OTYMKOB MPOrpaMM, HO M IOPUCTOB, Bpadeil, MCUX0J0roB, coruonoro? Kakum
oOpa3om KkHHTa, HanucanHas 20 et Hazaa o0 ombiTe pa3paboOTKH MporpaMm, uMeBineM mMecto 30 jeT
Ha3aJ, MOXKET JI0 CUX MOp OBITh aKTYaJIbHOW M Ja)Ke TOJIE3HON ?

CornacHO OAHOMY M3 OOBSICHEHHUM, KOTOpPhIE MOXHO YCIBIIIATh, pa3paboTKa MPOTrpaMMHOIO
oOecreueHusl KaK JUCHUIUIMHA HE MOJy4nsia HOPMaJIbHOTO U MPaBUJIBLHOTO pa3BuTHs. B mommepxky
OTOW TOYKM 3PEHMS YaCTO YKAa3bIBAlOT HA HECOOTBETCTBUE POCTAa NPOU3BOAUTEIBHOCTH TpyAd
IpPOrPaMMHUCTOB U 3(PPEKTUBHOCTH MPOU3BOACTBA KOMIBIOTEPOB, BBIPOCIIEH B THICSYM pa3 3a
nocienHue nBa aecsatuietus. Kak oObsacHsercs B miaBe 16, aHOManus COCTOMT HE B 3aMEIJICHHOM
pa3BUTHM TPOTPAMMHUPOBAHUSA, a B OECHpeleACeHTHOM B HUCTOPUHM YEJIOBEYECTBA B3PHIBE
KOMIIBIOTEPHBIX TEXHOJIOTMHA. B 11es0M, NpUYMHa 3TOr0 B IOCTENEHHOM IIEpEX0/e ITPOM3BOICTBA
KOMIIBIOTEPOB U3 COOPOUYHOro MPOM3BOJACTBA B 0OpadarbiBaroliee, U3 TPYIOEMKOIO MPOU3BOJACTBA B
KanuTtajgoemkoe. Pa3zpaboTka e amnmapaTHOTO W MPOTPAMMHOTO OOECIEeUeHHUs, B OTIUYUE OT
IIPOM3BOJCTBA, OCTAETCS 110 CBOEU CYTH TPYAOEMKOM.

Bropoe dacto BbiABUTaemMoe OOBSCHEHHE IIACUT, uTO «Muduyeckuili 4eaoBeKO-MeCsI JHIIb
CJIydailHO KacaeTcs pa3pabOTKU MPOrpaMMHOT0 OOECIeYeHHUs, @ B OCHOBHOM OH HaIlKMCaH O TPYIIIOBOi
pa3paboTke 4ero Obl TO HU ObUTO. J[0JiA mpaBabl B 3TOM ecTh. B mpeaucnoBuu k uzganuto 1975 roma
CKa3aHO, YTO YIpaBJICHUE MNPOrPAMMHBIM IMPOEKTOM HMEET OOJIbIlE CXOICTBAa C JIIOOBIM JIPYIUM
yIpaBJICHUEM, YEM U3HAYAIBHO CYUTAETCS OOJBIIMHCTBOM MPOTPAMMHUCTOB. S 10 CUX MOP TaK CYUTAIO.
Hcropus yenoBedecTBa — 3TO IIbECA, B KOTOPOU CIOKETHI TOCTOSHHBI, CLHEHAPUH MEIJICHHO MEHSAIOTCS
C Pa3BUTHEM KYIBTYpBI, a IEKOpALIMU MEeHs0TCs HenpepbiBHO. [loaTomy B XX Beke Mbl y3HaeM cels B
[Mexcnupe, T'omepe u bubnuu. Ilostomy B Toit Mepe, B kako «MU-M» Hamucan o Jroafx, OH
yCTapeBaeT MEJICHHO.

KakoBbl Obl HU OBUIM TMPUYUHBI, KHUTY MPOJOJDKAOT MOKYNaTh M MPHUCHUIAIOT MHE 3aMEYaHUs,
KOTOpBIe s LeHI0. MeHs yacto cmpanmBaioT: «Kak Bbl cuMtaere, B ueM Bbl Torga ommbmauck? Yrto
ycTapeno B Hamm AHU? YUTO NEHCTBUTENBHO HOBOE MOSIBUIIOCH B MUpPE pa3pabOTKH mporpamm?» ITu
YETKHE BOIPOCHI BIIOJIHE 3aKOHHBI, U 5 ITIOCTAPAIOCh



OTBETUTH Ha HUX. He B TakoM, npasaa, nopszke, HO o rpynnaM tem. [Ipexae Bcero, nocMoTpuMm,
4TO OBLIO BEPHBIM B MOMEHT HAaIIMCAHUS M OCTAJIOCh TAKOBBIM JI0 CHX TOP.

Llenmpanvnviii ap2ymenm. KOHYenmyanbHas yeaoCmHOCMb U apXUmeKmop

KonuenrtyanpHass LENOCTHOCTb. UYMCTBIA M 3JIETAHTHBIA IPOIPAMMHBIM  HPOAYKT JOJDKEH
NPEACTABUTh CBOMM IIOJIb30BATENSIM COIVIACOBAHHYIO MJACAIBHYIO MOJEIb NMPUIIOKEHUS, CTPATETUN
OCYILECTBIICHUS] TPUIOKEHUSI M TaKTUKHU IMOJb30BaTEIbCKUX MHTEPPEHCOB, HCMONB3yeMON MpU
3aJlaHUM  JIeWCTBUA M napaMeTpoB. KoHuenTyanbHass I€J0CTHOCTh MPOAYKTAa B BOCIPUSITUU
MOJIB30BATENS SBISETCA BaXKHEHIIMM (aKkTOpOM, BIHSIONIMM Ha MPOCTOTY ucmnoiib3oBanus. (Ects,
KOHEYHO, U Jpyrue ¢GakTopbl. BakHbIM mpuMepoM SBISETCS €IUHOOOpa3ue MOJIb30BaTEIbCKOTO
untepgeiica B mpuioxkeHusx a8 Macintosh. Bbonee Toro, MoXXHO co037aTh COINIACOBaHHbBIE
uHTep(deChl, ABISIONIMECS TEM HE MEHEE, COBEpIIEHHO Heykitoxxumu. Hanpumep MS-DOS.)

EcTh MHOTOYMCIIEHHBIE TPUMEPHI AJIETAHTHBIX TPOTPAMMHBIX IIPOIYKTOB, CO3AAHHBIX OHUM HUJIU
nByMs roibMU. Tak fnenaeTcst 60Jblas 4acTh YMCTO UHTEIUIEKTYaIbHBIX MPOAYKTOB, TAKUX KaK KHUTH
WM My3bIKadbHbIe MpousBeaeHHs. OAHAKO BO MHOTUX MPOMBIIUICHHBIX OOJACTAX MPOIECCHI
pa3paboOTKu TMPOAYKTa HE MOTYT OCYHIECTBISIThCA HAa OCHOBE CTOJb HPOCTOrO TMOIXona K
KOHLENTYaJbHOU 1EI0CTHOCTU. KOHKypeHLMs BBIHYXKJAeT K crHemke. Bo MHOTMX COBPEMEHHBIX
TEXHOJIOTUSAX KOHEUYHBIM MPOMYKT 00JafgaeT OOJBIION CIOXKHOCTBIO, U MPOEKTUPOBAHHE HEU30EKHO
TpeOyeT MHOTMX 4YeJOBEeKO-MecsieB Tpyaa. s MporpaMMHBIX MPOAYKTOB XapaKTEPHBI Kak
CJIOHOCTbB, TaK U HaNPsHKEHHOCTD Ipaduka, 00ycIoBIeHHAsS KOHKYPEHIUEH.

Takum oOpa3om, BCAKUN OOCTAaTOYHO OOJBIIOW WIJIM CPOYHBIM MPOAYKT, TPeOyOUWMH YyCHIHiA
MHOTHX JIIOJIeH, CTaIKUBAETCS CO cHelu(UUecKord TPYTHOCTBIO: Pe3yIbTaT JIOJKEH KOHIENTYaJlIbHO
COIIACOBBIBATHCS C PA3yMOM OJUHOYHOTO MOJIb30BATENS U B TO K€ BPEMSI IPOEKTUPOBATHCS YCUITUSMU
HECKOJIbKUX pa3ymoB. Kak opranmzoBarb NMpOEKTHPOBAHUE, YTOOBI JOCTUYb TAaKON KOHIIENTYaJbHOM
LEJIOCTHOCTH? DTO LEeHTpanbHbIM Bonpoc «MUY-M». OnuH U3 €ro Te3UCOB MIACHUT, YTO CYIIECTBYIOT
Ka4eCTBEHHBIC PA3INUMS MEXKIY yIpaBieHUEM OONbIIMMU U MaJICHbKUMU MPOTPAMMHBIMU ITPOEKTaMU
— JIMIIb B CHJIY 4YHcia paboTaloumx HaJ HUMH TOJOB. [l OOCTH)KEHUs COIIaCOBAHHOCTH
HEO0OXOMMBbI 00lyMaHHbIE U JJa)Ke TepordecKue JeiCTBUS.

Apxutektop. C 4eTBepTOM MO IIECTYIO MIaBy s JOKAa3bIBalO, YTO CaMOE€ BA)KHOE — HA3HAYUTH
OHOTO YEJIOBEKA apXUTEKTOPOM IPOIYKTa, OTBETCTBEHHBIM 3a BCE €r0 CTOPOHBI, BOCIPUHHUMAEMbIE
noJib30BareaeM. ApXUTEKTOp (GOPMHUPYET M UMEET B CBOEM BIAJCHUHM OOMICAOCTYIHYIO HJICaTbHYIO
MOJIeb MPOAYKTa, C MOMOUIBI0 KOTOPOM MOJb30Barento OyaeT OOBSCHEHO ero npuMmeHeHue. B ee
COCTaB BXOIUT MOAPOOHOE yKa3aHUE BCeX ero (PyHKIMI U CPEJCTB BbI30BA U YIPABICHUS. APXUTEKTOP
TaKke JACHCTBYeT B HMHTEpecax IOJIb30BaTesi MPU MOUCKE KOMIIpPOMHCCAa MeXIy (QYHKIUSIMHU,
TEXHUYECKUM XapaKTepPUCTUKAMHU, pa3MEpOM, CTOMMOCTBIO U BBINOJHEHHEM rpaduka padoT.
Brimonnenue 3Toi 3a1auu TpeOyeT MONHOW 3aHSATOCTH, U TOJIBKO B OYEHb MAJICHBKUX TPYIIAX MOXKET
OBITh COBMEUICHO C JOJKHOCTBIO PYKOBOIUTENS. APXUTEKTOpPa MOKHO CPAaBHHUBATh C PEKHUCCEPOM, a
MEHEKEPA — C IPOIIOCEPOM KMHOKAPTHUHBI.

OtpeneHue apxXUTEKTypbl OT pa3paloTKu M peanu3auu. YToObl cAenaTh BO3MOXHBIM
OCYILECTBIICHHE apXUTEKTOPOM CBOEH IIAaBHOM 3ajaud, HEOOXOMUMO OTICIHUTH APXUTEKTYPY, T.C.
OTIpe/ieICHUE MPOIYKTa B BOCIIPUSITHH MOJIb30BaTElIs, OT €ro pa3paboTKu. ApXUTEKTypa U pa3padboTka
ONPENEIAIOT YETKYIO ITPaHb MEXAY Pa3HbIMU YaCTSIMU 3aJa4d MPOSKTUPOBAHHUS, U IO KAXKIYIO CTOPOHY
ATOM rpaHu JeXKUT OobIast padora.

PekypCcHUBHOCTh apXUTEKTYpbl. B OueHb OOJIBIIMX MPOEKTAaX OAHOMY YEJIOBEKY HE CIIPABUTHCS CO
BCEM apXUTEKTYpOH, Ma)ke ecim OH M30aBlIeH OT BCeX 3a00T, CBA3AHHBIX ¢ pa3paborkoil. [loaTomy
IJIaBHBIM apXUTEKTOP CUCTEMBI IOJKEH Pa3OUTh 1€J0€ Ha MOACUCTEMBI. | paHUIIbI TOACUCTEM JTOKHBI
OBITh MPOBEACHBI TaK, YTOOBI MHTEP(DENCH MEXAy HUMHU ObUIM MUHUMAJbHBI U JIETYE BCETO CTPOTO
onpenensieMbl. Torga y KakJ0W 4acTH MOXET OBbITh CBOM apXUTEKTOp, MOTUUHSIOUMICS TITaBHOMY



aApXUTEKTOPY CUCTEMBbl B OTHOILCHUHU apXUTEKTYpbl. OUeBUIHO, IPHU HEOOXOIMMOCTHU 3TOT IMPOIECC
MOET OBITh MPOJOIKEH PEKYPCUBHO.

Ceroaus 51 yoexxieH 6omnee yem Korna-ian6o. KoHuenrtyanbHas 1eJIOCTHOCTD SIBISIETCS BaXKHEH MM
YCIIOBMEM KadecTBa NpOAyKTa. Hanmnuwe CHCTEMHOTO apXUTEKTOpa €CTh BAXHEWIIMKA IIar B
HaIpaBJICHUU KOHIIENTYaJbHOM 1IEJIOCTHOCTU. DTH MPUHIHUIB HU B KOEH Mepe HE OrpaHUYMBAIOTCS
pa3paboTKON MPOTrpaMMHOr0 OOecredYeHus, a CIpaBeUIUBbI IPU MPOCKTUPOBAHUU JHOOOM CIIOKHOM
KOHCTPYKLIHH, OyIb TO KOMIBIOTEp, CAMOJIET, CTpaTernyeckas o0OpOHHAs MHUIIMATHBA UJIM CUCTEMa
miobanbHOW HaBuranuu. llocne mnpenomaBanusi B Oonee yem 20 maboparopusix pa3paOoTKu
IPOTrPAaMMHOI0 00€CTIeUeHHS 51 CTajl HACTauBaTh, YTOOBI TPYIIIBI YYAIIMXCS, 1aXKe U3 YEThIPEX YETOBEeK,
BBIOMpaNIN MEHEIKepa U OTIEIbHO — apxuTekTopa. PaszneneHue (yHKUIMI B TakuX MaJ€HbKUX
rpyIIax MOXKET MOKa3aThCsl HECKOJIBKO YpE3MEPHBIM TPeOOBaHUEM, HO, IO MOUM HAOIIOICHUSAM, 3TO
OTIPaBJAaHO M CIIOCOOCTBYET JOCTHXKEHUIO yCIiexa.

Dhghexm emopoii cucmemvol: GYHKYUOHATLHOCHb U Y2AO0bl8AHUE YACHOMbL

[IpoekTupoBanue Ajig OONBIIMX TPYHN Mojib3oBareneid. OJHUM U3 MOCHEACTBUN PEBONIOIUU,
IIPOM3BEICHHON IIEPCOHAIBHBIMU KOMIIBIOTEPAMH, SIBIIIETCA BCE BO3pACTAIOLIEE, 110 KpallHEW Mepe B
oOnactu 00pabOOTKM  JEJNOBBIX JIAHHBIX, BBITECHEHHE 3aKa3HBIX MPOTpaMM  KOPOOOYHBIMU
NpOrpaMMHBIMU MakeTamu. bornee Toro, craHmapTHele MPOrpaMMHBIE MAKEThl MPOJAIOTCS COTHSAMU
THICSIY W JaKe MIJUIMOHAMH 3K3eMIUIIpoB. CHUCTeMHBIE apXUTEKTOPHI MPOrpamMM, MOCTaBISEMBbIX
BMECTE€ C MAIMHOM, Bcerna AOHKHBI OBUIM CO3/1aBaTh MPOEKT, OPUEHTHPOBAHHBIA Ha OOJBIIYIO
aMmop(HYI0 Maccy Mojb30BaTeNeil, a He Ha OT/IETbHOE ONPEICICHHOE MPUII0KEHUE B OJJHON KOMITAaHUH.
Tenepsb Takas 3aaya BCTaeT nepe 04YeHb MHOTUMU apXUTEKTOPaAMU.

[Tapamokc cOCTOMT B TOM, YTO CIPOEKTHUPOBATh HHCTPYMEHT OOIIET0 Ha3HAUYCHHS, HEXKENU
CHELUATM3UPOBAHHBIN, TOPa3/l0 TPyAHEE UMEHHO MOTOMY, YTO HY)KHO MPHUAATh BEC PaziuyarolMCs
NOTPEeOHOCTSM pPa3HbIX MOJIb30BATEIIEH.

B morone 3a ¢GyHKIHMOHAIBbHOCTBIO. APXUTEKTOP HMHCTPYMEHTa OOIIET0 Ha3HAuY€HHs, TakKoro,
HalpuMep, Kak SJIEKTPOHHAas TabilMila WKW TEKCTOBBIM pedakToOp, MOABEPKEH CUIbHOMY cOOJa3Hy
Neperpy3uTh NPOAYKT (PYHKIHUAMU NMPEAeTbHOM MOJE3HOCTH IIEHON CHUXKEHUS TPOU3BOIUTEILHOCTH U
Jake TMPOCTOTHI KCIOJIb30BaHUS. BHauane mnpuBIEKaTeNbHOCTh MPEAaraéMblX BO3MOXHOCTEH
Ka)keTcsl oueBUIHON. Pacrnara mpon3BOUTEIbHOCTHIO CTAHOBUTCS OUYE€BUIHOM JIMIIb MPU CUCTEMHOM
TECTUPOBAHUU. YTpara MPOCTOTHl HUCIONb30BAaHUA KOBApPHO MOJKPAIbIBAETCA MO MEpE TOro, Kak
HEOOJNBIIMMH TOPUHSAMHU J100aBISAIOTCS HOBbIE (YHKIIMH, a PYKOBOACTBAa IMOJIb30BAarelsi Bce Oolee
pa30yxatort. [1]

Cobna3H 0COOCHHO BEJIMK B OTHOIICHHUH JIOJTOKHUBYIIMX MACCOBBIX ITPOAYKTOB, PA3BUBABIIMXCS HA
OPOTSDKEHUU PpsAlla TOKOJeHUNH. MUITMOHBI moKymarened TpeOyloT COTEH HOBBIX BO3MOXKHOCTEH.
Bceskas mpocb0a CBUAETENBCTBYET O HAIMYMU CIIPOca Ha pbIHKE. YacTo apXUTEKTOP MEepBOHAYAIBbHON
CHUCTEMBI y)KE€ YIIET B ITOXOJ 3a HOBOM CIIABOW, M apXUTEKTypa OKa3anach B PyKax JIFOAEH ¢ MEHBIIMM
OTIBITOM B3BELICHHOT'O MPEACTABICHHS OOIIMX MHTEPECOB MoJsib3oBareiel. B HemaBHell pelieH3uM Ha
Microsoft Word 6.0 ckazano: «llepemosHeH BO3MOXKHOCTSIMU; OOHOBJICHHUE 3aMEJICHO
neperpykeHHocteio... Kpome toro, Word 6.0 3anmmaer MHOro Mecta W MemjaeHHO paboraeT.» C
HEYIOBOJLCTBHEM oTMeuaeTcs, uto Word 6.0 3anumaetr 4 MOalT maMsaTH U COOOIAETCs, YTO U3-3a
OorarpIX JOMOJHUTEIBHBIX (PYHKIITMOHATBHBIX BOBMOXKHOCTEH «aaxe Macintosh IIfx ena mpuromen ais
BeimosiHeHUs Word 6». [2]

OnpeneneHue Tpymmbl Mojb3oBareneil. Uem kpymHee M amopdHee rpymnmna MpearnoiaraeMbix
noyib3oBarenel, Tem Oojiee HEOOXOMMMO SIBHO €€ OINpEeNeNuTh, €CIU Bbl HaMEPEeHBbl JIOCTUYB
KOHIIETITYaJIbHOM IEJOCTHOCTH. Y KaXJIOTO YjieHa TPYIINbl MPOSKTUPOBIIMKOB HAaBEpPHSAKA €CTh
HESBHBIN MBICIICHHBIN 00pa3 MoiIb30BaTeNs, U Bce 00pa3bl OyIyT OTIMYATHCS ApYT OT Jpyra. [Tockonbky
NpEACTABICHUE apXUTEKTOpa O MOJIb30BaTese SIBHO WJIM MOJCO3HATENIbHO OKA3bIBACT BIMSHUE HA BCE



aApXUTEKTYpHbIC DPEILCHUS, BAXKHO, YTOOBl KOMaHJa MPOCKTUPOBIIMKOB MpPHIILIA K €IUHOMY OO0ILEMY
oOpa3y. [ns 3Toro HeoOXOAMMO COCTaBUTb CHUCOK MPHU3HAKOB IMPEINOIAraeMbIX MOJIb30BaTeeH,
yKa3aB B HEM:

* KTO OHU TaKue,

* YTO UM HYXKHO,

* YTO, IO UX MHEHUIO, UM HYKHO,

* YEro OHU XOTHIT.

Yacrorel. Jnsg m1000ro mporpaMMHOrO MPOAYKTA KaK[das XapaKTepHUCTHUKA IOJIb30BaTess
NpeACTaBiIsIeT cOOOM pacmpenesieHre CO MHOXKECTBOM BO3MOXKHBIX 3HAYEHUW M COOTBETCTBYIOIIMMU
yacToramu. Kak apXuTeKTopy MOJy4UTh 3TU 4acTOThI? M3yuenue 3Toii cinabo odepueHHON MOMYISIUN
MPECTABIACTCS COMHUTEIBHBIM U JoporoctosmmM 3ansaTueM. [3] C romamu s mpuien K yOeKIeHHIo,
YTO apXUTEKTOP JOJDKEH yrajaTb Wi, €Clid BaM OOJiblle HPAaBUTCS, MOCTYIMPOBATh MOJHBIM HAOOP
NPU3HAKOB M 3HAUEHMI BMECTE C YacTOTaMM JUIsl CO3JaHUs MOJHOTO, SBHOTO M OOILIEro A BCEX
OMMCAaHUS TPYIIBI TOJIB30BATENEH.

Takas HenmpuBiekarelbHas NpPOLEAypa UMEET psAJ MOJIE3HBIX MOCIEACTBUH. Bo-mepBbIX, mpu
CTPEMJICHUM TOYHO YraJiaTh 4YacTOThl apXUTEKTOP BBIHYXKICH OY€Hb TIIATENbHO OOAymarb, KakoBa
BO3MOXHasl TpyIIa IMojib3oBareneid. Bo-BTOpbIX, mpu (¢uKcauMu YacTOT BO3HHUKAET OOCYXJEHHE,
MOJIE3HOE JJI BCEX YYaCTHUKOB M BBIIBIIAIONIEE Pa3inuus B 00pazax MOJIb30BaTENs, UMEIOIMXCS Y
pa3HBIX MPOEKTUPOBUMKOB. B-TpeThux, IBHOE MPUCBOECHHUE YACTOT COAECHCTBYIOT NOHWMAHUIO TOTO,
KaKhe pelieHus KaKUMU CBOMCTBAaMHM TPYIIBI MOJb30BaTeneil oOycinoBneHbl. Jlaxke Takoi
He(opMasbHBI aHalW3 YyBCTBUTEJIBHOCTH MPUHOCUT Moib3y. Korma oOHapyKuBaeTcsi, 4TO O4Y€Hb
BaXKHBIC PEIICHUS 3aBUCSAT OT HEKOTOPBIX CHEHU(PUUECKUX MPEINONOKEHNM, OKa3bIBACTCS YMECTHBIM
MOIY4YHTh OoJjiee ToUHbIC uncieHHble orneHku. (Pazpaborannas Jxedhdom Konkmmaom (Jeff Conklin)
cUCTeMa TO03BOJIIeT (OPMAJIbHO M TOYHO TMPOCIEKHUBATH MNPUHSATUE TMPOCKTHBIX pPEHICHUNU WU
JOKYMEHTHPOBATh UX OCHOBaHMSA. [4] MHe He MPUXOIUIIOCH €0 IOJb30BaThCs, HO TyMaro, YTO OHA
JIOJDKHA OBITH OYCHB ITOJIC3HA. )

[TonBoas UTOTU: YCTAHOBUTE MPEANOJIOKUTEIbHBIE IPU3HAKU TPYIIBI NOJIb30Bareneil. I'opasno
Jydllle OIMOaThCs, HO BBIPAXaThCA CHO, YEM BBIPAKATHCS TYMAHHO.

Kak nacuer »¢pdexta BTOpol cuctembl? OauH HAOMIOAATEIBHBIM YYEHBIM 3aMEeTUI, 4YTO
«Mupuueckuil 4enoBeKO-MecAL» PEKOMEHJOBaJl Ha ciydail Heylauu IJid BCSKOM HOBOW CHCTEMBI
IJIAHUPOBATh OCTAaBKY BTOPOW Bepcuu (cM. rinasa 11), koTopas B I1aBe 5 XapakTepu3yeTcs KaK Tasiast
HauOOJIbIIIME ONACHOCTH. Sl BRIHYXKJIEH ObLI MPU3HATDH, YTO OH MEHS «II0MMa.

[IpoTuBOpeune ckopee JIMHIBUCTUYECKOE, YEM peasbHOe. «BTopas» cucrema, onucbiBaeMmas B
maBe S5, — DJTO BTOpas CHUCTEMA, BBIIYCKaeMash B pPa3BUTUE MPEIbIIyHIEH € NPUBICYECHUEM
JOTIOJTHUTENBHBIX (PYHKIIUNA U yKpaimeHud. «Bropas» cucrema B miaBe 11 — 3To BTOpas mombITKa
pa3paboTKu mepBoil BbIyckaeMol cuctembl. OHa pa3palaTbiBaeTCA B YCIOBHUSIX BCEX OIPaHHYCHUM,
HAKJI/IbIBAEMBIX IPaQUKOM, CIOCOOHOCTSIMU U HEBEJACHHEM, XapaKTEPHBIMU JUISI HOBBIX MPOEKTOB —
OTrpaHWYEHUH, HAaBSI3bIBAIOIMX JUCUUILUINHY YMEPEHHOCTH.

Tpuymgh unmepgpeiica WIMP

OnHuM 13 HanboJsiee BOEYATISIONMX SBICHUN B TPOrPaMMHUPOBAHUY 32 MOCJIEAHUE ABAALATD JIET
obul TpuyM(d uHTepdeiica, cocTosero U3 OKOH, 3HAYKOB, MEHIO M Yykaszareneh (Windows, Icons,
Menus, Pointers — WIMP). Ceroanst oH HacTOJbKO IIMPOKO U3BECTEH, YTO HE TpeOyeT OMUCaHUS.
Briepoie oty naero npeacrasuiu myonuke Jyr Duriebapt (Doug Englebart) ¢ rpynmoit komner u3
CtoHAPOPICKOTO HAyYHO-UCCIENOBATEIbCKOTO HMHCTHUTYTa Ha OOBeIUHEHHON KOMIIBIOTEPHOU
koHpepenuun 3anaga B 1968 romy. [5] OTTyma uaen mepexodeBald B HCCIENOBATEIbCKUN IIEHTP
Xerox B Ilamo-Anbro, THE OHHM pealu30BajINCh Ha IMepCOHaNbHOM paboueld crtaHuuum Alto,
paspabotannoit bobom Teitmopom (Bob Taylor) ¢ corpymuukamu. Mx monxsarun Ctus Jxo06c mms



komnbloTepa Apple Lisa — cIHMIIKOM MEIJIEHHOTO IJIsi OCYIIECTBICHUS CBOMX BOCXUTHUTEIBHBIX
KOHUENUUA MPOCTOTHl MCIOJIB30BaHUA. JTH KoHUenuuu [[»koOc 3areM BOILUIOTHUI B KOMMEPUYECKHU
yerermHoM Apple Macintosh B 1985 rony. [Toznaee onu Obutn ipuHsThl B Microsoft Windows nns IBM
PC u ero kioHoB. Moit mpumep Oynet 6azupoBaThesi Ha Bepcuu s Maka. [6]

KonuenryanpHass 1enoctHocTh uepe3 Metadopy. WIMP sBnsercss OTIMYHBIM IPUMEPOM
M0JIb30BATEIBCKOTO UHTep(eiica, 00nanamIero KOHIENTYalbHONH LEITOCTHOCTBIO, JOCTHTAaeMOn
OPUHATHEM 3HAKOMOHM wHaealbHOW Momenun — MeTadopbl pabodero CToia, W €€ TIIATEIbHOTO
MOCJIEIOBAaTEeIbHOTO Pa3BUTHUS JJIA HCIOJB30BaHMS BOILIONICHUS B KOMIIBIOTEPHON Trpaduke.
Hanpumep, u3 mnpuHsrod wmeTadopbl HENOCPEICTBEHHO CIEIYET CIO0XKHO OCYIIECTBUMOE, HO
IIPAaBUJIBHOE PELICHUE O IEPEKPHITUA OKOH BMECTO PACHOJIOKEHUS HX ONHO PSIAOM C APYTHM.
B03MOXXHOCTh MEHATH pa3zMep U (HOpMy OKOH SIBISICTCS MOCJEA0BATEIbHBIM PACHIMPEHUEM, NAIOIIMM
MOJI30BATEI0 HOBBIE BO3MOXXHOCTH, 0O€CIeUrBacMble HOCUTEIEM — KOMIMBIOTEpHON rpadukoi. Y
peanbHBIX OymMar Ha CTOJ€ HEJIb3sd Tak JKe Jerko MeHSATh pasmep U (Gopmy. bBykcuposka
HEIMOCPEJACTBEHHO BBITEKAET U3 MeTadopbl; BHIOOP 3HAYKOB C MOMOUIBIO Kypcopa SIBISETCS MPSAMOMN
aHaJIOTHEN 3axBara MPEJIMETOB PYKON. 3HAYKHU U BIIOKEHHBIC MAIKU SBISIOTCS TOYHBIMU aHaJOTaMu
JOKYMEHTOB Ha CTOJIE, KaK U MyCcOpHas Kop3uHa. Mnem BbIpe3aHUs, KONMPOBAHUS U BCTABKH TOYHO
UMUTHUPYIOT ONEpanuu, KOTOpble Mbl OOBIYHO OCYIIECTBISIEM C JIOKyMEHTaMu Ha crtoje. CienoBaHue
MeTadope cToJib OyKBaJIbHO, @ Pa3BUTHE HACTOJIBKO MOCJIEAOBATENbHO, YTO MOJIb30BATEICH-HOBUYKOB
pEeLMTENBHO KOPOOUT, KOTJa MepeTacKMBAaHME 3HAYKA JHUCKEThl B MYCOPHYIO KOP3MHY MPUBOIUT K
W3BJICUYCHUIO JHUCKEThI W3 JuckoBoma. Eciam Obl umHTEepderic He ObUI CTONh €AMHOOOpa3HO
MOCJIeI0BaTEIbHBIM, 3T (JOBOJIBHO HEMPUITHAS) HEMOCIIEI0BATEILHOCTh TaK Obl HE pa3pakana.

B kakux mecrax unrepdeiic WIMP BbiHYyXJIeH faneko oToWTH OT MmeTadopsl pabouero croia?
HaubGonee 3ameTHBl Ba OTJIMYMS: MEHIO U pabora omHoi pykoi. Ha peanbHoM paGouem cTole c
JOKYMEHTAMU OCYILECTBIISIOT AEHCTBHS, @ HE MPUKA3BIBAIOT KOMY-TO WJIM YEMY-TO OCYILECTBUTH UX. A
KOTZIa KOMY-TO JIae€TCsl yKa3aHHe COBEPIIMTH JCCTBUE, KOMaHAa OObIYHO HE BBIOMpAETCs U3 CIHCKA, a
NHCBbMEHHO WJIM YCTHO IIOJAeTCsl B BHUJAE IVIaroja B MOBEJIUTEIBHOM HAKJIOHEHUHU: «IOXKaIyHCTa,
ITOAIIENTE 3TO B MANKY», «II0XKAIYUCTA, HAUAUTE NPEABIIYIIME TUCbMa» WM «I10XKAJIYHUCTa, IepeaanTe
3TO0 Mapu 17151 TPUHITUSA MEPY.

K coxanenuto, Hafie’)KHasi MHTEpIpEeTalMsa KOMaHa B CBOOOJHOM (hopMare Ha aHITIUHCKOM SI3bIKE,
Oylb OHM B YCTHOM MWJIM TMHCHBMEHHOM BHJIE, HAXONWUTCS 3a MpeaeiaMy HalMX CETONHSIIHUX
BO3MOxHOCTEH. [loaTOMy mIpOoeKTHpOBIMKY MHTEp(deiica Ha Ba IIara OTOUUIH OT HEMOCPEICTBEHHBIX
NEeNCTBUN MONb30Baress ¢ JokyMeHTaMu. OHU MYIpO B3sUIM MMEBILMIICS Ha OOBIMHOM paboueM CTolie
oOpasel BbIOOpa KOMaHJ — OTHEYaTaHHYIO «COMPOBOJUIOBKY», B KOTOPOU MOJIB30BATENb MPOU3BOAUT
BBIOOp M3 OTPaAaHUYEHHOT'O MEHIO KOMaH/]l CO CTaHJAPTHOW CEMAaHTUKOM. DTy UJIeI0 OHU MPEBPATUIH B
TOPU30HTAIBHOE MEHIO C BEPTUKAJIBHO OIYCKAIOIMMHUCS MOJAMEHIO.

[lomgaya xomana wu mnpobiema AByX KypcopoB. Komanabl SBISIOTCA MOBETUTEIbHBIMU
NPEeAIOKEHUSIMU, B HUX BCEI/Ia €CTh U OOBIYHO MUMEETCS MpsiMoe JonoiaHeHue. st mo6oro neicTBus
HYXXKHO 3a/1aTh IJIaroj U cyllecTBUTEIbHOE. MeTadopa yka3aHUs TOBOPUT, YTO JUISI OAHOBPEMEHHOTO
3aIaHusl JIByX NIPEAMETOB HYXKHO HMMETh Ha DKpAaHE J/IBa Pa3HbIX Kypcopa, YIPABISIEMBIX CBOUMU
MBIILIAMH, OTHOM — B MPaBOU pyKe, Apyrol — B JeBOi. B KOHIIe KOHIIOB, HA (PU3UUECKOM CTOJIE MbI
00byHO paboTaem aByMs pykaMu. (OJHAKO OfHA pyKa 4acTo MPUIIEPKUBAET BELM HA MECTE, YTO Ha
KOMIIBIOTEPHOM pPaboyeM CTOJie MPOUCXOAUT MO yMOJYaHHI0.) Mo3r, KOHEYHO, MPHUCIOCOOIEH K
JNEUCTBUSM ABYMS PyKaMU: Mbl CUCTEMAaTH4YE€CKH MCIOJIb3yEM JBE PYKH IPU BBOJE C KJIABUATYPBI, €3/1€
Ha aBTOMOOWJE, MPUTOTOBJICHUU MHINM. YBbl, U OJHA MBI ObUIA OOJBIIMM JOCTUXKEHUEM JUIS
M3TOTOBUTEIIEN KOMITBIOTEPOB. KOMMEpPUYECKNX CUCTEM, ITOAIECPKUBAIOIIMX

OJIHOBPEMEHHBIE JICMCTBHUS C IBYMSI KypCOpaMH MBIIIEH, IO OTHOMY JJIsl KaXIOW pyKH, HET. [7]

Pa3pabotunku nHTepdeiica CMUPUIUCH C PEANTHsIMU U CIIeNaIN MPOEKT 71l OAHOW MBI, TPUHSB



CUHTAaKCHUYECKOE CONNIAIlleHHe, YTO TMEPBBIM OTMeudaeTcsl (BbIOMpAEeTCsl) CYLIECTBUTENbHOE. 3aTeM
YKa3pIBalOT Ha IJIAroJjl, IIyHKT MEHI0. lIpy 3TOM B 3HAYMTENBHOM MEpE YTPauMBaeTCsA IPOCTOTA
ucnonb3oBanusd. Korma s HaOmronaro 3a Mmojb30BaresisiMH, TPOCMAaTPUBAI0 BUIACO3ANUCh UX JCHCTBUN
WJIM 3apEeTUCTPUPOBAHHBIE KOMIIBIOTEPOM IMEpPEeMEIeHHs] Kypcopa, TO BCeraa oOpallal0 BHUMaHHE Ha
TO, YTO OJHOMY KYpCOPY MPHUXOAUTCS BBITOIHATH pabOTy JBYyX: BbIOpaTh OOBEKT B OKHE Ha pabouem
CTOJI€; BBIOPATH IJIaroJl B MEHIO; HAWTU IPYroil 0OBEKT UM BHOBb OTHICKATh MPEKHUI; CHOBA OMYCTUTD
MEHIO (4acTo, TO Xe camoe) W BbIOparh miaros. Kypcop Meuercst B3aja-Brepen, OT IMPOCTPAaHCTBA
JTAHHBIX K TPOCTPAHCTBY MEHIO, BCAKUHN pa3 Tepsis MOJe3HYI0 HH()OpPMALIUIO O TOM, IJIe OH HAXOIUJICS B
TOM IPOCTPAHCTBE B MPOIIBIA pa3 — B 11eJI0M, Hed(DPEKTUBHBIN MPOIIECC.

BenukonenHoe pemenue. Jaxe eciau Obl 2J€KTPOHUKA U MTPOrpaMMbl MOIVIM Oe3 Tpyna padoTarb
OJHOBPEMEHHO C ABYMS aKTMBHBIMU KypCOPaMH, OCTAIOTCS CJIOKHOCTH C TONOJOTHEHN MPOCTPAHCTBA.
Ha pa6ouem crosne B metadhope WIMP B 1elicTBUTEIBHOCTH €CTh MUIIYIIAsi MAaIMHKA, U B (DU3UYECKOM
MPOCTPAHCTBE PEAJBLHOTO CTOJIa HEOOXOAMMO MOMECTHThH pealibHyro KiaBuarypy. Kiasuarypa miroc
JIBa KOBPHUKA Ul MBIIIEH 3aliMyT HEMAJyI0 4acThb MPOCTPAHCTBA B MpEAEiax J0CAraeMOCTH pPyK. Tak
noyemy Obl TpoOsieMy KJIaBUATYphl HE 00paTuTh cebe Ha MOJb3Y, MOYEMY HE MCIOJIb30BaTh 00€ PyKU
— OIHOW PYKOW 3a/JaBasi Ha KJIaBUAType IVIaroJyibl, a JPYrod pyKod BBIOMpasi CYLIECTBUTENbHBIE C
nomoIbio Meim? Teneps Kypcop OyIeT ocTaBaTbes B MPOCTPAHCTBE JAaHHBIX U MOJB30BATHCS TEM, YTO
MOCJIeIOBaTeNibHbIE  CYIECTBUTEIbHBIE BbIOMparoTcss OMM3KO OAHO OT Apyroro. PeanbHas
3¢ PeKTUBHOCTD, peanbHO OOJIbIIME BOZMOKHOCTHU MOIH30BATENS.

MoumocTs GYHKIMM WM TPOCTOTA MCIOIb30BaHUs. OJHAKO MPU TAKOM PELICHUHU TEpseTCs TO,
YTO JEJIAeT MCIIOJb30BAHUE MEHIO TAKMUM IIPOCTHIM JUIsi HOBHUYKOB: MEHIO NPEIACTABISET CIHMCOK
aNBTePHATUBHBIX [VIAr0JI0B, JOMYCTUMBIX B KaXKJJOM KOHKPETHOM COCTOSIHUU. MOXHO KYMUTh KOPOOKY,
NPUHECTU €€ JOMOW U HavyaTh paboTarh, HE YMTAI0 MHCTPYKIIMIO, 3HAS JIUIIb, ISl YeT0 OHA KyIJIeHa U
DKCIIEPUMEHTHUPYS C PA3JIMYHBIMHU IJIaroJIaMH B MEHIO.

OnHa U3 CIOKHENIIMX 3aJa4, CTOSALMX NEPE] apXUTEKTOPAMU — 3TO HAWTH COOTHOIIEHUE MEXKITY
MOIIHOCTBIO (PYHKIIMH U MPOCTOTOM MCIONb30BaHUA. HyKHO 11 TPOEKTUPOBATh MPOTPaMMy B pacuere
Ha HOBMYKAa M CIy4allHOTO TMOJB30BaTeNsl WM CTPOUTH €€ C MOUMHBIMU (PYHKIUAMH JUIS
npodeccuonana? MneanbHoe pemeHne — 00ECeUnuTh U TO, U IPYro€ KOHILENTYalbHO COTIaCOBAHHBIM
o0Opa3om, yTo gocturaercs npu nomonm uHTepdeiica WIMP. ¥V yacTo ncnonap3yeMBbIx IJ1arojioB MEHIO
€CTh KJIABUIIHBIE YKBUBAJICHTHI U3 OJAHOW KJIABMIIM + KOMAaHIAHOM KJIaBUIIM, KOTOPBIE OOBIYHO JIETKO
BBECTH JIEBOM pyKOW OIHMM akkopaoM. Hampumep, B Make koMaHaHas KjaBuiia ( ®) paxomuTes Kak
pas moj KiaBuIiaMu Z v X, IOITOMY CaMble YacThIe ICHCTBUS KOJUPYIOTCS Kak %z “ 8 6 &

[locTeneHHbI NeEpexod OT HOBMYKA K ONBITHOMY IIOJIB30Bareiro. Takas JBOMHAs CUCTEMA
3a/laHisl KOMaHJHBIX IJIaroJioB HE TOJBKO OTBEYaeT MOTPEOHOCTH HOBHYKA B JIETKOM OOyYE€HHH U
NOTPeOHOCTH OMBITHOTO MOJb30Baresis B 3P(GEKTUBHOM HCIOIB30BAHUM, HO U MO3BOJIAECT KaXIOMY
MOJIB30BATENIO TIJIABHO MEPENUTH U3 OHOTO peKrMMa B Apyroi. bykBeHHbIe 0003HaYEHUS, HA3bIBAEMbIC
KJIABUILIAMHM COKPAILEHHOTO0 Habopa, MOKa3bIBAIOTCS B MEHIO PSIOM C IVIarojiaMu, Mo3ToMy B clydae
HEYBEPEHHOCTHU TOJIb30BaTEIb MOXKET PACKPBhITh MEHIO, YTOOBI MPOBEPUTH OYKBEHHBIH SKBHUBAJICHT,
BMECTO BbIOOpa MyHKTa MeHI0. Kakaplii HOBMYOK 3allOMHUHAET CHadalla COKpAIICHHBIM HaOOp uis
CBOMX 4YacThix omepanuil. OH MoeT mompoOoBaTh JI000€ COKpalleHHWe, B KOTOPOM HE YBEpEH,
nockonsky %z oTMmeHseT mo6oe ommbouHOE OAMHOYHOE AeikicTBue. C APYroll CTOPOHBI, OH MOMKET
CIIPABUTHCSI B MEHIKO OTHOCHUTEJIBHO JONYCTUMBIX KOMaHJ. HOBHYKM OYE€HB 4acTO OMYCKAarT MEHIO,
OIBITHBIE ITOJIB30BATEIIN — PEAKO, @ TEM, KOTOPBIE HAXOIATCS IMOCEPEAUHE, JTUIIb OT CIIydasi K CIIy4aro
NOHAJO0UTCA BBIOMpAaTh W3 MEHIO, MOCKOJbKY OHU Y€ 3HAIOT KJIABUIIM, KOTOPBIC BBI3BIBAIOT
OOJBIIMHCTBO OCYIIECTBISEMBIX UMH orepanuii. Mbl, MPOEKTUPOBIIMKHN MPOrPaMMHOT0 0OecTieUeHus,
CJIMILIKOM TPUBBIKJIM K 3TOMY UHTep(eicy, 4TOObI OLEHUTH €T0 3JIETAHTHOCTH U MOIIIb.

Yenex mpsAMOro BKIIIOYEHHSI KaK CpeAcTBa HaBsA3bIBaHUS apxuTekTypel. WHTepdeiic Maka



npuMeyaresieH enie B OJHOM OTHOIICHUHU. be3 BCAKOro MpUHYXKIECHUS pa3paOOTUMKHU CHETAIH €ro
CTAaHJAPTOM JUIsl PA3HBIX TPUIIOKEHUM, BKITIOYasi OOJNBIIMHCTBO U3 TEX, KOTOPbIE OMUCAHBI CTOPOHHUMHU
opranuszauusmMu. [loaTomy nonb3oBarens NpUuOOPETAET KOHUENTYaJbHYIO COINIACOBAHHOCTh HA YPOBHE
uHTep(eiica HE TOJIBKO AJI MPOrpamMM, MOCTABISEMBIX BMECTE C MAIMHOW, HO W JUIS BCEX JIPYTHX
IIPUJIOKECHUH.

OTOT MOABUT co3aarenu Maka ocymiecTBuiu, BcTpouB uHTepdeiic B 113V, B pesynsrare yero
pazpaboTuukamM TMpolle W ObICTpee TMOJb30BaThCS  CYIIECTBYIOIMM, YE€M CO3[aBarb CBOM
UMOCUHKpa3suyeckue MHTepdenchl. ITO €CTECTBEHHOE CTpEeMJICHHE K €IMHO00pa3uio B0O300J1a1ai0
HACTOJIBKO IIMPOKO, YTO CTaJI0 CTaHAapToM jae-pakto. EcTecTBeHHBIE cTpeMIIeHUs ObUIH TOICPKAHBI
IIOJTHOM IPUBEPKEHHOCTBIO CO CTOPOHBI

MEHEIXKEPOB U CYIICCTBEHHBIM NMPUHYXACHUEM cO cTOpoHbl Apple. HezaBucumble perieH3eHTHI B
JKypHallax, IMOHSB OTPOMHOE 3HAUYEHHE MEKIPOIrPAMMHON KOHLENTYalIbHOM WLEIOCTHOCTH, TaKKe
MOJIKPENUIIN E€CTECTBEHHBIE CTPEMIICHUS, 0€3)KAJIOCTHO KPUTHUKYS MPOLYKTHI, HE YIOBIETBOPSIOLIME
3TOMY UHTEp(eicCy.

OTO OTIMYUTENbHBIA MHPUMEpP TEXHOJOTHMH, PEKOMEHJIOBAHHOW B IaBe 6 I JTOCTHKEHUS
eAMHOO00pa3usl MyTeM IMOOLIPEHUsI APYrHUX CTOPOH HEMOCPEACTBEHHO BKIIIOYaThb B CBOM IPOAYKTHI
UMEIOIIMICA KOJI BMECTO pa3pabOoTKH HOBBIX IPOrPAMM COTJIACHO UMEIOIMMCS CIIeHUPUKAIUSM.

Cynb6a WIMP: ycrapeBanune. HecMoTpsi Ha BCce JOCTOMHCTBA, [0 MOEMY MHEHHIO, HHTep(eiic
WIMP 4yepe3 mokoyieHHE CTaHET JOCTOSHHUEM HCTOPUHU. YKa3aHHE KypCcOpOM OCTaHETCS CIOCOOOM
3aIaHUsl CYILECTBUTEIIBHBIX MPU YIPABICHUHU HAIIMMHM KOMIIbIOTepaMH. JlJIsi BBIpaXKEHHS INIAroJioB
CTaHET MCIIOJB30BaThCs peub. Takue HHCTPYMEHTHI, Kak Voice Navigator st MakoB u Dragon nns PC,
YK€ MPEIOCTABISIOT TAKYI0 BO3MOXKHOCTb.

He paspabamuieaiime npoepamm Ha 8bl6poc, kackaoHas mooenb Hegepra!

B mase 11 maercs panukanbHBIA COBET: «IUTAHUPYWUTE BHIOPOCUTH MEPBYIO MPOTrpaMMy, BaM BCe
paBHO mpuaeTrcs 3To caenarby». Ceillyac s CUMTAI0 3TO OMMOOYHBIM — HE B CHIIy UYPE3MEPHOIO
paguKanuiMa, HO B CUILy YpEe3MEpPHOM YIIPOUIECHHOCTH.

Camoit 0omnpIION OHIMOKOM 3TOW KOHUEMIMU SBISETCS KOCBEHHOE MPUHSITHE KIJIACCHUECKON
MIOCJIEAOBATEIbHOCTH — B BUJIE KacKaJa — MOJEIU CO3/IaHUsl IPOrpaMMBbl. DTa MOJAEIb MPOUCXOIUT
OT CTPYKTYpHI IuarpamMmbl I'paHTa JUisi MO3TAHOTO MPOIEcca, KOTOPYIO 4acTo M300pa)karoT, KaKk Ha
pucynke 19.1. B kmaccuueckoit crarbe 1970 roma Bunton Poiic (Winton Royce) ycoBepiieHcTBOBaI
MIOCJIEAOBATENBHYIO MOJECIIb ITyTEM:

* 100aBIEHUsI HEKOTOPOI 0OOpaTHOM CBSI3U € MPEAIIECTBYIOUMMHU 3TallaMu;

* OrpaHUYEeHUs OOpaTHOM CBSA3M TOJIBKO HEMOCPEJICTBEHHBIMHU MPEAIICCTBEHHUKAMH, YTOOBI
UCKJIIOUHUTH BBI3BIBAEMbIC UMU U3JIEPKKH U 3aJCP>KKHU B BHITOJIHEHUU Tpaduka.

On npenocxutuil «MUY-M», pekoMeHI0BaB pa3paboTuuKaM «fesaTh padoTy aBaxkael» [8] . ['aBa
11 — He enMHCTBEHHAsA, HA KOTOPYIO MOBIMsIA KackagHas Mozaesib. OHa MPOXOIUT YepeE3 BCIO KHUTY,
HauMHas C MpaBWjia MUIAHUPOBAaHUS B TIaBe 2. DTO MPaKTHYECKOE MPABUIIO OTBOAUT 1/3 BpemeHu Ha
nJjaHupoBanue, 1/6 — Ha HanmucaHue nporpamm, 1/4 — Ha TeCTUpOBaHHE KOMIIOHEHTOB U 1/4 — Ha
CUCTEMHOE TECTUPOBAHUE.



Mnaurposaxue —_\

Hanucadwe
MpOrpani

TecTupoBaKne

KOMMOHEHTOR \.

CHETEMH0S

TECTMPOBAHHE _h\'

F¥CNMYaTIUMOHHIA
I'ID;J]‘E'FIKE.]

Puc. 19.1 Kackaagnas Mmonens co3gaHus MporpaMMBbl

OcHOBHOE 3a0yXJI€HUE KaCKaJHONW MOJEIN COCTOUT B MPEANOIOKEHUAX, YTO MPOEKT MPOXOAUT
4yepe3 BEChb INPOLECC OIWH pa3, apXUTEKTypa XOpolla M NpPOCTa B HCIHOJIB30BAHHHU, IPOEKT
OCYILIECTBIICHHUS] pa3yMeH, a OMMOKU B peanu3aluyl YCTPAHSIOTCSA MO Mepe TecTupoBaHus. VHbIMU
CJIOBaMHM, KacKaJHas MOJENIb UCXOIUT U3 TOT0, YTO BCE OIMOKHU OyIyT COCpPEeIOTOUYEHBI B pean3alui,
a IOTOMY UX YCTPAHEHHUE IPOUCXOJUT PABHOMEPHO BO BPEMS TECTUPOBAHUS KOMIIOHEHTOB M CUCTEMBI.

«IImanupyiiTe Ha BHIOPOC» MEHCTBUTEIHLHO PE3KO HamagaeT Ha ATO 3a0myxiaenue. OumobOka HE B
nMarHose, a B JekapctBe. Ceiyac s MPEANonOXKUI, YTO MEPBYID CHUCTEMY MOXHO OTOPOCUTH WM
NEPENPOEKTUPOBATh HE BCHO LIEJIMKOM, a MO YacTsM. XOpOWo, €CId 3TO TaK, HO INPU 3TOM HE
3aTparMBaeTcs KOpeHb NpobieMbl. B kackagHoi MOAENnu CUCTEMHOE TECTHUPOBAaHUE, a CJIEIOBATEIBHO
U TECTUPOBAHUE I0Jb30BATEIEM, OTOABUIAETCS B KOHEIl Mpolecca co3gaHus nporpammsl. [loatomy
€CTh IAHC OOHAPYXHUTh KpalHHUE HEyIoOCTBa AJIs MOJIb30BATENSl, UJIM HENpPUEeMIIEMbIe TEXHUYECKUE
XapaKTepUCTUKU, WJIM OMACHYI0 YA3BUMOCTh K OIIMOKaM WM 3JIOHAMEPEHHBIM JIEUCTBHUSIM
M0JIB30BATEIS JIUIIL B CAMOM KOHIIE pa3paboTku. M3yuenue crneundukanuii npu anbQa-TeCTUPOBAHUU
HalleJICHO Ha paHHee OOHApY)KEHUE TAKUX OUIMOOK, HO HUYTO HE MOXKET 3aMEHUTh HEMOCPEICTBEHHBIX
II0JIb30BATEIIEH.

BTopeiM HegoOCTarkoM KacKaJHOM MOJENN SIBISETCS MPEANOJ0KEHHUE, YTO CUCTEMa CTPOUTCS
cpa3y BCS LEJIMKOM JJIsl TECTUPOBAHHUS C Hayaia A0 KOHIIA MTOCJE TOr0, KaK 3aBEPIIEHBI BCE MPOEKTHHIE
pa3paboTku, OoOJbIIas YacThb HANUCAHMUS MPOrpaMM M 3HAYUTENbHAS YacTh TECTUPOBAHUS
KOMIIOHEHTOB.

K HecuacTblo, KackaaHas MofeNlb, 3TO MpeobnagaBiiee B 1975 romy mnpeacTaBieHUE o
NpPOrpaMMHBIX MpoeKkTax, Obuia BkItoueHa B DOD-STD-2167 — cneuundukanuio MuHucrepcTsa
Oo0OpOHBI JuIisi  J00OT0 BOGHHOTO MporpaMMmHoOro obecreueHus. [lo »a3Toli mnpuumHe oOHa
MPOCYILECTBOBAJIA J0JIT0E BpEeMsl IMOCIEe TOro, Kak OOoJbIlas 4acTh TyMAaroOIMX MPAKTUKOB OCO3HAja ee
HEaJeKBATHOCTh U OTKa3anach oT Hee. K cyactbio, B MO no3aHee NoHsIIA UCTUHY. [9]

HeoOxomumo nBurarbest mpoTuB TeueHUs. ONbIT U UIEU U3 KaXIOW PacHoJIOKEHHON HUXKE IO
TEUEHMIO YaCTH MPOIEcca CO3JaHus IPOrpaMMBbl, KaK HEPTHYHBIN JIOCOCH, JOJKHBI IPHIraTh BBEPX 10
TEUEHUIO, NHOTA Cpa3y yepe3 HECKOJBKO 3TAIIOB, U BO3/IEHCTBOBATh HA JIESITENBHOCTh HABEPXY.

[IpoekTHble pa3pabOTKKU MOKaXyT, YTO HEKOTOpPble MPEAYCMOTPEHHBIE apPXUTEKTYpOH
BO3MOXHOCTH YXYALIAIOT TEXHUYECKHUE XapaKTePUCTHKH, U TOTOMY apXUTEKTypa [OJKHA ObITh
nepepabotana. [IporpammupoBaHue Npu pean3ally BbISIBUT, YTO HEKOTOPbIE (PYHKIIMU HEMOMEPHO
YBEIIMUMBAIOT TpPeOOBaHUS K MaMITH, MO3TOMY HYXHO BHECTH HM3MEHEHHUS B AapXUTEKTYpy H
pa3paboTKy.

[TosTOoMy BIOJIHE MOXKET MOTPEOOBATHCS OCYILIECTBUTH HECKOJIBKO UTEpAllMi ITUKIIa apXUTEKTypa-
pa3paboTKa, Ipex/ie YeM HavyaTh KaKylo-Iu00 MPOrpaMMHYIO pealin3aluio.

Moodens nouwaeo6o2o coz0anus nyvuie. nOcae008amelbHoe YmouyHeHue

[Toctpoenue kapkaca ¢ Hauana A0 koHua. ['apman Munn3 (Harlan Mills), paGoTaronmii B cucteme



C pa3ielicHUEM BPEMEHHM, JABHO YKE PEKOMEHAYET CTPOUTh OCHOBHOM IIMKJI ONpPOCa CHUCTEMBI
peanbHOr0 BPEMEHU C BBI30BAaMHU MOAMNPOrpaMM (3amiylikaMu) Ais Bcex pyHkuuit (puc. 19.2), HO
OyCTBIMU ToAnporpaMmamMu. OTKOMOUIUPYHTE €ro, MpOTECTUPYHTE, U OH OylaeT WIATH LUKI 3a
[IUKJIOM, OYKBaJIbBHO HUYETO HE Jieias, Ho aenas 9To 6e3 onmbok. [10]
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Puc. 19.2

Ha crnepyromem 1mare Mbpl HAaBEIIMBAEM MOIYIb BBOAA (BO3MOXHO, IPUMHMTHUBHBIA) U MOAY/Ib
BeIBozia. Voila! PaGoraromas cucrema, Aenaroiasi HEYTO, BO3MOKHO, HeMHTepecHoe. Teneps, QyHKIUS
3a (PYHKIHEH, MBI CTPOUM U AoOaBisieM Moaynu. Ha kaxaoM 1mare Mbl iMeeM pabOTaIoILyI0 CUCTEMY.
[Ipu noctaroyHOM TPYHOMIOOMM Ha Ka)XJOM Iare Mbl MUMEEM OTJAXEHHYIO, MPOTECTUPOBAHHYIO
cucremy. (ITo mepe pocta cucTemMsl pacTeT U TAKECTh HTOBTOPHOTO TECTUPOBAHUS BCEX HOBBIX MOAYJIEH
10 BCEM MPEKHUM KOHTPOJIBHBIM IIPUMEPAM.)

[Tocne Toro kak Ha MPUMHUTHUBHOM YpOBHE Kaxzias (yHKuus paboTaer, Mbl YIydlllaeM WIU
IIEPENKCHIBAEM OIMH MONYIb 32 JAPYTrUM, MOIIATOBO HapalmBas cucteMy. MIHorna nis Hajie)KHOCTH Mbl
NEePENUChIBAEM UCXOAHBIN ABMKYIIMHI UK, 2 BOBMOXHO, U €r0 HHTEPPEHCHI ¢ MOTYIISIMU.

[Tockonbky B 11000 MOMEHT BPEMEHH Y HaC €CTh paboTarolas cucTema:

* MO’KHO OYEHb PAHO HAa4yaTh TECTUPOBAHUE MOJIb30BATEISIMH;

* MOXHO TMPUHATH CTPATErui0 pa3pabOTKH B COOTBETCTBUU C OIOMHKETOM, MOJIHOCTHIO
3AIMIIAIONIYI0 OT Iepepacxoja BPEMEHM UM CPEACTB (BO3MOXKHO, 32 CYET COKpAILEHUS
(GyHKIIMOHATBHOCTH ).

B teuenue 22 net s npenoaasa B 1ab0paTropuu MPOorpaMMHON WHXKEHEPUH YHUBEPCUTETA IITaTa
Cesepnas Kaponuna, unorga Bmecte c¢ Jl»Bugom Ilapnacom. Ha sTux 3anstusx Opuranabl, 0OBIYHO
COCTOSIBILIME M3 YETHIPEX YEJIOBEK, B TEUCHHE OIHOI0 CEMECTpa JOJKHBI ObUTM MOCTPOUTH HEKOTOPYIO
peajpHyI0 MpUKIAAHYHO OpOorpaMMHyI0 cucremy. I[IpuMepHO mnocepeaniHe 3TOro cpoka s cTal
npenojaBarb MHKPEMEHTHYIO pa3paboTky. S Obu1 mopaxkeH, kakoil BosOyxnatoumit »¢ddext Ha
MOpAaJIbHBIN JyX IPYIIBI OKa3bIBAaET MepBasg KapTUHKA HA dKpaHe, IepBasi padoTaromias cucTema.

CewmeiictBa [lapnaca. J[3Bua IlapHac Obl1 IMaBHBIM BIACTUTENIEM JIyM B MPOrPAaMMOTEXHUKE B
TeueHue Bcero 3toro 20-metHero nepuoaa. Bcem u3BecTHa ero uaes cKpeitus uHpopmanuu. Menee
U3BECTHA OYEHb BakHasd uzes [lapHaca o mMpOEKTHUPOBaHUU MPOrPAMMHOIO MPOAYKTa KaK CEMECTBa
B3aUMOCBSI3aHHBIX TPOAYKTOB. [ 11] OH TpeOyeT, 4T0OBI NTPOEKTUPOBLIMK UMET B BUAY KaK JajbHEUIIEe
pa3BUTHE, TAK U HOBBIC BEPCUU MPOJIYKTA U ONPEEsl UX (PYHKIIMOHAIBHBIE HJIM MEXIUIATPOPMEHHBIC
pasnuyus Tak, YToObl CTPOUTH AEPEBO POACTBEHHBIX MPOAYKTOB (puc. 19.3).




Baz0eLmM NpogyET
BHyTpet=A
BEPCHR
I
I I ]
MOOHEALMEOBAHHSE Bropoe MepeHoc Ha HOBYID
rysrLMEA NoKNEEHE nATgCpMY
N —
| L |

Puc. 19.3

®dokyc mpu TPOSKTUPOBAHUU TAKOTO J€peBa COCTOUT B TOM, YTOOBI OJIM>Ke K KOPHIO TTOMECTUTD
T€ pelleHus, I3MEHEHUE KOTOPBIX HAUMEHEE BEPOSITHO.

Takas crparerus NPOEKTUPOBAHHUS TMOBBIIIAET MOBTOPHYIO HCHOJIB3YyeMOCTh Momynel. Eime
BaKHEE, YTO €€ MOXKHO pacIMpUTh, BKJIIOYAas HE TOJIBKO IIOCTaBIsieMble MPOAYKTH, HO U
MOCJIeIOBaTeNIbHbIE TPOMEKYTOUHbIE BEPCUH, CO3JaHHBIC 110 CTPATETUH MHKPEMEHTUPYEMBIX COOPOK.
B sToM ciydae npoayKT pa3BUBaeTCs yepe3 MPOMEKYTOUHbBIE CTAAUN C MUHUMYMOM BO3BpaTa Haza/l.

[Toaxon Microsoft: «exxeBeuepHsisi cOopka». Jlxkeitmc Makkaptu (James McCarthy) onucan mHe
MpollecC, UCTOIb30BaBIIMICT UM U ApyruMu B Microsoft. OTo momiaroBoe HapanmBaHue, JOBEICHHOE
710 JIOTUYECKOro KoHIa. OH MHUILET:

CraenaB nepByr0 OCTaBKY, HOBbIE BEPCUU MBI ITOCTABISEM C JAOMOJIHUTEIBHBIMU (PYHKIIUSAMHU, IO
CPaBHEHHUIO C CYILIECCTBYIOIMM paloTaroumM MNpoaykToM. [loyemy AomkeH OBITh HHBIM TPOIECC
nepBoHayanbHO cOopku? C MOMEHTa JOCTH)KEHUS HaMU IepBOM Bexu (y MEpBOM MOCTAaBKU TpU
NPOMEXKYTOUHBIX BEXM) Mbl KaXKIbld BedYep 3aHOBO coOupaeMm pas3pabarbiBaeMyr0 cucteMy (u
IPOTOHSIEM KOHTPOJBbHBIE MpUMeEpbl). LIMKa cOOpKM CTAaHOBUTCS PUTMOM KU3HU MpoekTa. Kaxkibiii
BeYep OfHa WM Oojiee Opuraj mporpaMMHCTOB, MPOBOIAIIMX TECTUPOBAHUE, PETUCTPUPYIOT MOIYIIU C
HOBbIMH (yHKIuaMH. [locne kaxmoil cOopku y Hac ecTb pabortaromas cucrema. Eciu cOopka
OKa3bIBAaeTCA HEYJauyHOM, MBIl OCTaHABIMBaE€M BeCh IMpPOIECC, MOKa ommOka He OyaeT HaiijeHa |
ucrpasjieHa. B m060if MOMEHT Bce B IpyIIe 3HAIOT MOJIOKEHUE eI

OT0 AEUCTBUTENBHO TshKeso. TpelyeTcs BblnejaeHHE OOJBLUIMX PECYpCOB, HO 3TO YIpaBIsieMblid
npoliecc, MPOCIeKUBaeMblii U MOHATHBIA. OH BBI3bIBACT y KOMaHJbl JoBepue K cebe. A noBepue
OTIpeIeNIsIeT MOpajb, SMOLIMOHAIBHOE COCTOSIHUE.

Taxoli mpoliecc ynuBIsSeT U Jlaxe MIOKUPYET pa3padOTYMKOB B APYrux opranuzanusx. OauH u3
HUX TOBOPUT: «S B3si1 cebe 3a mpaBuiio JenaTh COOPKY KaKAyl0 HENEeNr0, HO €XKeTHEBHas cOopka, s
yMaro, MoTpedyeT CIMIIKOM MHOro Tpyna.» M 3to, BodmoxHo, BepHo. Hampumep, B Bell Northern
Research coOupatot cucremy, coctosuyto u3 12 MUIITMOHOB CTPOK, pa3 B HEAECIIO.

HNukpemenTtHas cOopka u ObicTpoe MakeTupoBaHue. [lOoCKONbKY HMHKpEMEHTHas pa3paboTka
MO3BOJISIET PaHO HauaTh TECTUPOBAHHE PEaJbHBIMU IOJIb30BATEISIMU, B UEM €€ OTJIMYHE OT OBICTPOTO
MakeTupoBaHusA? MHe KaXeTcs, YTO OHU CBsI3aHbl, HO pazinyaroTcs. OMTHUM MOXHO TOJIb30BaThCs 0e3
Jpyroro.

Xapel JaeT moJjie3HOe OIpeIeICHIE MaKeTa:

(BepcHsi MpOrpaMMBbl, KOTOpasi) OTpa)kaeT TOJBKO MPOEKTHBIC PEIleHUs, IPUHATHIE B MpoIlecce
MOATOTOBKHU KOHIIENTYaIbHOM MOJIEH, & HE PEUICHHUs, BbI3BAHHbBIE COOOpaKEHUAMU peann3anui. [12]

MOXHO MOCTPOUTh MAaKeT, KOTOPBIA BOBCE HE SBISETCA YACThIO MPOAYKTA, PAa3BHBAIOIIECTOCS B
HalpaBJIeHUU MocTaBKu. Hampumep, MOXHO co3aarh MakeT MHTepdelca, 3a KOTOPbIM CTOUT HE
peanbHO paboTaroluas MporpaMma, a JMIb KOHEYHBIA aBTOMAT, 3aCTaBISIONMI €ro MMUTHPOBAThH
MPOXOXKJIEHUE COCTOSHUNM. MOXKHO Ja)ke MaKeTHpOBaTh W TECTHUPOBaTh HHTEpErch METOI0M



BOJIIEOHMKA U3YMPYIHOTO TOpONa, KOTAa CHPSATAHHBIA YEJIOBEK MMHUTUPYET OTKIUK CUCTEeMbl. Takoe
MaKETUPOBAHUE MOXKET ObITh BeChbMa MOJE3HBIM [UIsi OBICTPOrO MOJYy4eHHs OOpaTHOM CBSA3U OT
M0JIb30BATENsl, HO OHO HAaXOQUTCA COBEPIICHHO B CTOPOHE OT TECTHUPOBAHUS MPOAYKTA, KOTOPBIHA
TOTOBUTCS K MOCTaBKeE.

AHanoruyHo, pa3zpaboTYMKU MOTYT MOMNPOOOBATH MOCTPOUTH BEPTUKAIBHBIA Cpe3 MPOAYKTa, B
KOTOPOM IOJHOCTBIO pealin30BaH BechbMa OrpaHUYEeHHBIM Ha00p (yHKLMM, 4yTOOBI 3apaHee MPOJIUTh
CBET Ha T€ MECTa, IJie MOT'YT TauThCs OMIACHOCTH sl TPOU3BOAUTEIBLHOCTH MPOAYKTa. B ueM coctout
pasnuumne Mexy cOOpKoil Ha mepBoil Bexe B npoieaype Microsoft u ObicTpbiM MakeToM? B QyHKIIMSAX.
[TpomyKT ¢ mepBoOil BEXu MOXKET UMETh TaKyl0 OTPAaHUYEHHYIO (PYHKIIMOHAJIBLHOCTH, YTO HU JIJIs1 KOTO HE
OyZeT mpeacTaBisaTh MHTEepeca. [0TOBHOCTh MPOAYKTa K MOCTaBKE ONPEIEISIeTCS] 3aBEPIICHHOCTHIO B
NPEAOCTABICHUN TMOJIE3HOro Habopa (YHKIMH M CBOMM Kaue€CTBOM, YBEPEHHOCTBHIO B HAJCKHOU
pabore.

llapuac 6vin npas, a 1 — Hem 6 OMHOWEHUYU COKPbIMUS UHGDOpMayuu

B maBe 7 s NpOTHBONOCTABIAI JBE TOYKM 3PEHUs HA TO, B KAKOW Mepe KaXKAbld y4aCTHUK
KOMAaH/Ibl MOXET UMETh IIPaBO MJIA MOOMIPSITHCS K 3HAHUIO MTPOEKTOB U TEKCTOB IPOrPaMM, CO3JaHHBIX
koymeramu. Bo Bpems mpoekta Operating System/360 Mbl penmin, 4YTo BCE MPOTPAMMUCTBI JOJIKHBI
BUJIETh BECh MaTepHal, T.e. Y KaXJ0ro mporpamMmucrta Obuia pabouasi TeTpaab MPOEKTa, KOTOpasi K
KOHIly HacuuTbiBaia cBbime 10000 crpanun. Xapiaan Mwui3 yOeAMTENbHO JOKa3bIBall, 4YTO
«IPOTPAaMMHPOBAHUE JIOJKHO OBITH OTKPBITHIM IPOLIECCOMY, YTO MPEAOCTaBICHUE BCceil paboThl Ha
oO1miee 0003peHHE CIOCOOCTBYET KOHTPOIIO KadecTBa Kak Oyiarofmapsi JaBJIEHUIO CO CTOPOHBI KOJIJIET,
3acTaBIAIONIEMY paboTaTh XOpOIIO, TaK W Ojaromapss TOMY, YTO KOJUIETH JIEUCTBUTEIBHO HAXOIST
pOMaxu U OMMOKHU.

OTOT B3ISA pe3Ko MpoTuBopeyuT MHeHHIo [|pBuna [lapraca o ToMm, 4TO mporpaMMHbIE MOIYIU
JOJIKHBI OBITH MHKATICYIMPOBAHBI, C XOPOILO OMpeeIeHHbIMU HHTep(deiicaMu, a BHYTPEHHOCTh TaKUX
Momyneld JIOJbKHAa ObITh  4YacTHOM COOCTBEHHOCTHIO MMPOTPaMMHCTa, HEBUJIUMOM  CHApPYXKHU.
[TporpamMmmuctel 3¢dexkTuBHEe BCcero padoTaroT, Oyaydd Orpa)KAeHbl OT BHYTPEHHOCTEH YYXKHX
Mojyiei. [13]

B mmaBe 7 s 3aknerimun uneto [lapnaca xak «peuent karactpodsi». Ilapnac Obu1 mpaB, a o
ommoOancs. Ceromnst s yOeXJEH, YTO OrpaHMYEHUE HH(POPMAIMHU, YaCTO OCYIIECTBISEMOE TEemepb
METOaMH OOBEKTHOTO MPOTPAaMMHPOBAHMUS, SBISETCS €AMHCTBEHHBIM CIOCOOOM TMOAHSITH YPOBEHB
IPOTrPaMMHBIX pa3pabOTOK.

Hcnonb3ys Apyriue MeToasl, MOKHO JIEHCTBUTENBHO MonacTh B 6eay. CormacHo MmeToanke Muiza
IPOTrPAMMUCTBI MOTYT MOJYYUTh MOIAPOOHOCTU CEMaHTUKHU UHTEP(]PeiicoB, ¢ KOTOPHIMU OHH PabOTAIOT,
y3HaB, YTO HAXOJUTCSA «IO Ty CTOPOHY». YKpBIBAHME 3TOH CEMAaHTHKH MOXET OBbITh NPUYUHON
cucteMHbIXx ommbok. C npyroit croponbl, Mmertoauka [lapHaca crmocoOCTByeT yCTOWYMBOCTH MIpH
BHECEHHM H3MEHEHUW U OOoJblle MOAXOOUT K CTpPareruud MPOCKTUPOBAHUSA, IpeArosaramolei
W3MEHEHUS B OyTyIIIeM.

B rnase 16 yrBepxkaaercs cieayrouee:

e Oonpliasg 4YacThb pOCTa MPOU3BOAUTEIBHOCTH pa3pabOTKHU MPOrPpaMMHOIO 0OecTeueHHs
o0OecrieueHa YCTpaHEHHUEM BTOPOCTENEHHBIX TPYIHOCTEH, TaKuX KakKk HeyIoOHble  S3BIKU
MPOTPAaMMHUPOBAHUS 1 MEJJICHHAsI 000padunBaEMOCTh MMAaKETHON 00pabOTKH;

* IETKUX PEIICHU B 3TOM HaIpaBJICHUU MPAKTUYECKU HE OCTAJIOCh;

* paIuKadbHOTO Tporpecca MOXKHO JOOUTHCSA, pa3pelMB CYIIECTBEHHBIE CIOXHOCTH
MOJEIUPOBAHUS CIOKHBIX KOHIENTYAIbHBIX KOHCTPYKIIHH.

CaMoe oO4eBHAHOE Ha HSTOM MYTH — T[pPHU3HATh, YTO MPOrPAMMBI COCTABISIIOTCA U3
KOHIIETITYaJIbHBIX OJIOKOB, 3HAYUTEIHHO 00Jiee KPYIMHBIX, YeM OTACIIbHBIE ONEePaTOPHI SI3BIKOB BHICOKOTO
YPOBHSI: MOANIPOTpaMM, MJIM MOAY/AEH, Ui kiaccoB. Eciau Mbl cyMeeM OorpaHUYUTh MPOSKTUPOBAHUE U



NOCTPOEHUE TMpOTrpaMM 3ajadeil COeIMHEHUS BMECTE€ U IapaMeTpu3alid TaKuxX OJIOKOB M3 paHee
CO3JaHHBIX HAOOPOB, TO PaJUKAIbHO MOBBICUM KOHIIENTYaJbHbIM YPOBEHb U U30aBUMCSI OT OTPOMHOTO
o0bemMa pabOT M MMPOKUX BO3MOXKHOCTEH M OMIMOOK, CYIIECTBYIOIIMX Ha YPOBHE OTAEIBHBIX
OIIepaTOPOB.

HNannoe IlapHacoMm ompeneneHre Momyliel ¢ COKpbITUeM HUHGOPMAIUU ObUIO TEPBBIM OTKPBITHIM
JaroM B JTOW KPUTHUYECKHM BAXKHOM IPOrpaMMeE HCCIEAOBAHUM M HUJICUHBIM ITPOBO3BECTHUKOM
00BEKTHO-OPUEHTUPOBAHHOTO TTporpaMMupoBaHus. OH onpeAeni MOAYIb Kak MPOrpaMMHBINA 0OBEKT
C COOCTBEHHOM MOZEINbIO JAHHBIX U COOCTBEHHBIM HaOOpoM orepanuii. JlocTyn K ero JaHHBIM MOKET
OBITh OCYIIECTBJICH TOJIBKO 4epe3 uMmeronmecs B HeMm omnepauuu. Clenylonmil mar sSBUjICS BKIAI0M
HECKOJIbKUX HcclieioBareseil: pazputre moayieil [lapnaca B aOCTpakTHBIM TUN JTaHHBIX, U3 KOTOPOTO
MOXHO TMPOU3BOIUTH MHOTO OOBEKTOB. AOCTPAaKTHBIM THUIl JaHHBIX OOecleunBaeT €IMHOOOpa3HBIN
croco0 MpecTaBlIeHUsl U 3aaHus MHTepPercoB MOAYIEH, a TakkKe TUCHUILIMHY JAOCTYya, KOTOPYIO
JIETKO OCYIIECTBIIAT.

Tpetuit mar, OOBEKTHO-OPUEHTHUPOBAHHOE MPOTrPAMMHUPOBAHUE, BBOAUT BAXKHOE MOHATHE
HACJIEOBaHMUSI, PU KOTOPOM KJIACChI (THIBI JAHHBIX) 10 YMOJIYaHHUIO UMEIOT aTpuOyThl CBOMX MPEIKOB
B uepapxuu kiaccoB. [14] To, 4TO MBI paccUMTHIBAEM MOJYYUTh OT OOBEKTHO-OPUEHTUPOBAHHOTO
IPOrPpaMMUPOBAHUS, IPOUCXOUT, B CYILIHOCTH, OT IIEPBOTO 1Iara, MHKAICYIAUUU MOAYIEH, IITI0C UAes
3apaHee  MOATOTOBICHHBIX  OMOIMOTEK  MOIyIed WO  KJAcCOB, CIPOEKTHUPOBAHHBIX U
INPOTECTUPOBAHHBIX C LIEIbI0 TOBTOPHOTO MCIOJIB30BaHUSA. MHOIME NPEANOWIN TPOUTHOPUPOBATH TOT
dakT, 94TO TakKe MOAYIU HE MPOCTO MPOTPaMMBbl, a MPOrpaMMHBIE TTPOAYKTHI B TOM CMBICIIE, KOTOPBIii
pa3bicHeH B miaBe 1. HampacHo paccuuThIBaTh Ha yCNEMIHOE MOBTOPHOE UCIIOJIb30BAHUE MOIYIIEH, HE
OIJIauMBasi HayalbHBIE U3AECPKKH Ha pa3pabOTKy KauyeCTBEHHBIX IPOTrPAMMHBIX MOAYJEH:
00O0OIICHHBIX, HAJECKHBIX, TPOTECTUPOBAHHBIX U JTIOKYMEHTUPOBAHHBIX. OOBEKTHO-OPUEHTUPOBAHHOE
IpOrpaMMHUpPOBaHUE U TOBTOPHOE UCIIOIb30BaHUE 00CYKIanKCh B riaaBax 16 u 17.

Hackonvko muguuen uenosexo-mecsay? Mooenv u oannvie béma

B Teuenmne psga neT ObUTM BBINOJHEHB MHOTOYUCICHHBIE KOJMYECTBEHHBIC HCCIIEIO0BAHUS
IPOU3BOIUTEIBLHOCTH TPYJa MPOTPAMMUCTOB U BIUSAIOIMX Ha Hee (PAKTOPOB, 0COOEHHO COOTHOILCHUMN
MeXKy 00eCIeUYeHHOCThIO MePCOHAIOM U rpadukoM padoT.

Haubonee oGcrostenbHoe uccnenoBanue crneiaaHo bappu bémom (Barry Boehm) Ha ocHoBanuu
IpUMEpPHO 63 MPOEKTOB, B OCHOBHOM B a3pOKOCMHUYECKOM oOnacTu, u3 Hux okoio 25 — B TRW. Ero
paboTta «DKOHOMHUKA pa3pabOTKU MPOTrPAMMHOI0 00eCieYeHUsD» COAEPKUT HE TOJIBKO PE3YNIBTaThl, HO
U P OJIE3HBIX MOJIEIEN 3aTpaT ¢ HapacCTAOLIEH CIOXKHOCThIO. XOTA HECOMHEHHO, YTO IPUMEHSIEMbIE
B MOAENAX KO3(PGUIHMEHTH Pa3au4Hbl A OOBIYHBIX KOCMHYECKHUX MpOrpaMM U JJs MPOTrpaMm,
CO3/JaBa€MBbIX B a9POKOCMHUUYECKON 00JacTH MO MPABUTENBCTBEHHBIM CTaHJAApTaM, BCE K€ €r0 MOIEIH
MNOJIKPEIJISIOTCS OTPOMHBIM ~ KOJIMYECTBOM JaHHBIX. S Jaymaro, 4TOo KHHUra OyleT TOJIe3HBIM
KJIACCUYECKUM TPYJIOM U YEpE3 MOKOJICHUE.

[lonydeHHBIE UM PE3YIBTaThl YBEPEHHO MOAKPEIULAIOT comepxkameecs B MU-M yrBepxkaenue o
TOM, YTO COOTHOILIEHUE ME¥K/1y YHUCIEHHOCTBIO 3aHATHIX U BPEMEHEM BBIIOJHEHUS MPOEKTa JAIEKO HE
JMHEWHOE, YTO YEJIOBEKO-MEeCSI] JEHCTBUTENIBHO SABISIETCS MU(PUUYECKON MEpOi TPOU3BOAUTEIHHOCTH.
B wactHOoCTH, OH cuuTaet: [15]

 CymecTByeT ONTUMAJIBHOE, C TOUKU 3pPEHUs 3aTpaT, BpeMs BHINOJHEHHS Ipaduka as nepBoi
noctaBku: T = 2,5 (UM) 1/3 . To ecTh onTUMaIbHOE BpEeMS B MeCAILlaX U3MEHSETCSA KaK KyOHM4eCKUi
KOpEHb MpeArnojaraeMoro oobeMa padboT B 4eloBeKO-Mecanax — (opmyna, MOIydeHHass U3 OLCHKU
pasmepa u apyrux (axtopoB B ero monenu. CiencTBueM SBISETCS KpUBas, Aaroujas ONTUMAIbHYIO
YUCJIEHHOCTD 3aHSTBIX.

 KpuBas cToMMOCTM MEJIEHHO pacTeT, €eclu 3alUlaHUPOBaHHBIA Tpaduk JJIMHHEE
ontuMaiabHOro. PaboTa 3aHrMaeT Bce OTBEACHHOE ISl HEE BPEMS.



» KpuBast cTouMocTH pe3Ko pacTeT, eciiu 3alIaHMPOBAaHHbBIN TpadUK KOpoue ONTUMAIBHOTO.

* [IpakTUdeckn HU OMWH MPOCKT HEBO3MOXKHO 3aBepHIMTh ObicTpee, yem 3a [3] JI pacueTrHOro
ONTUMAJBHOTO TpaduKa BHE 3aBUCHMOCTH OT KOJMYECTBA 3aHATHIX B HeM! DTOT ImpUMeyaresbHBbIHI
pe3yapTar JaeT MEHEHKEPY HPOTPaMMHOIO MPOEKTa COJUIHOE NOAKPEIUIEHUE, KOIrJa BbICIIEE
PYKOBOJICTBO TpeOyeT MPUHSITHS HEBO3MOXKHOTO rpaduka.

Hackonpko BepeH 3akoH bpykca? bpuim nake NpOBEAEHBI TIIATEIBHBIE MCCIEAOBAHUS 3aKOHA
bpykca (HaMepeHHO YNPOLICHHOI0), COIVIACHO KOTOPOMY BBIIEJICHHUE JIONMOJIHUTENBHBIX JIFOACH IS
OTCTAIONIET0 Trpauka MPOEKTa JHUIIb 3aJCPKUBACT €ro BbIMOJHEHHE. Jlydine Bcero 3To caenaHo
Abnens-Xamuaom (Abdel-Hamid) m Maagaukom (Madnick) B decTtomoOMBOM W IIEHHOW KHHTE
«/luHamMuka TPOrpaMMHOIO MPOEKTa: HHTErpUpOBaHHBIM moaxom». [16] B kuure pazpaborana
KOJINYECTBEHHAs! MOZIeNIb TMHAMUKU mpoekTa. ['aBa o 3akone bpykca Gonee mogpoOHO BHUKAET B TO,
YTO MPOUCXOAUT MPU PAZTUUYHBIX JOMYHIEHUSIX OTHOCUTEIBHO TOTO, KOTO 100aBIAIOT, U Korna. YToOsl
UCCIIEA0BaTh 3TO, aBTOPbl Pa3BUBAIOT COOCTBEHHYIO TIIATENIBHYIO MOENb MPOTPAMMHOIO IMPOEKTa
CpelHero pasmepa, MpeamnoJiaras, 4To y BHOBb J00aBISEMBIX JIOAEH €cTh KpuBas OOydYeHHS, U
YYUTHIBasl JOMOJHUTEIbHBIE H3JCPKKUM Ha oOmeHue u oOydeHue. OHM TPUXOAAT K BBIBOLY, YTO
«100aBNeHNE HOBBIX JIIOICH K 3aa3/pIBaloIIeMy IPOEKTY BCErAa MPUBOAUT K €ro YIOPOKaHHIO, HO HE
Bcerga K OoJiee MO3AHEMY 3aBEepIICHHIO» (KypCUB aBTOpOB). B "acTHOCTH, yBelMUE€HHE YHUCIEHHOCTU
pabOTHUKOB B Hauyaje MPOEKTa ropas3io Oe3oracHee, 4YeM B KOHIIE, MOCKOJIBbKY J00aBII€HHE HOBBIX
JIIOJIEH BCer/ia BhI3bIBACT OTPHUIATEIbHBIN dPPEKT, 151 KOMIIEHCAIIUU KOTOPOro TPEOYIOTCS HEENH.

Mrtyuke (Stutzke) mnpennmaraer Oonee NPOCTYIO MOMENb M MPOBEACHHUS aHAJOTUYHBIX
UCCIEOBaHMM, U C¢ TeM ke pe3yasraroM. [17] OH mpoBoaUT NOAPOOHBIA aHalu3 mpolecca U
U3JIEPKEK, CBA3AHHBIX C MPUBICYEHUEM HOBBIX PAOOTHUKOB, SIBHBIM 00Opa30M Y4YUTHIBAasl OTBJICUCHUE
HACTaBHUKOB OT HEMOCPEACTBEHHOM paboThl HaJ poekToM. OH MPOBEPSIT CBOIO MOJENIb HA PealbHOM
POEKTE, B KOTOPOM YHUCJICHHOCTh PAOOTHUKOM ObLTa yIBOEHA, Oiarogapst 4emy yAajloCh YIOKHUTHCS B
nepBOHAYANbHBIA TpaduK, HECMOTPS Ha oTcTaBaHue B cepeauHe. OH paccMaTpUBacT aJlbTEPHATHUBbI
NOOABJICHUIO HOBBIX PAOOTHUKOB, OCOOCHHO CBEPXypouHyr paboTy. Haubombiyio LHEHHOCTH
NPEACTABISAIOT €r0 MHOTIOYMCIIEHHBIE MPAKTUYECKHME COBETHI O TOM, KakK IIPUBIEKarb HOBBIX
paboOTHUKOB, 00y4aTb HX, OOECIeYMBaTh HWHCTPYMEHTapHeM U T.J., YTOObl MUHHUMHU3UPOBATH
oTpuLareabHbI 3¢ dexT yBenuueHus nepconana. Oco6eHHO JOCTONHO BHUMAaHUS €ro 3aMedyaHue, 4yTo
JOTIOJTHUTENFHO MPUBIIEKAEMble Ha MO3JAHUX CTAAMSIX MPOEKTa paOOTHUKH JIOJKHBI ObITh UTPOKaAMU
KOMaH/Ibl, CTPEMSIIMMUCS BOWTHU B UTPYy U BIIHUCATHCA B IPOLIECC, a HE MbITATbCS W3MEHUTH WIIU
YCOBEpUICHCTBOBATh caM Iporecc!

[Tynke cuMTaeT, YTO IOMOJHUTEIbHAA TSKECTh OOMEHa HMHQOpMalHell B KPYITHOM IPOEKTE
MMEET BTOPOM MOPSIOK MAJIOCTH, U HE BKIIIOYAET €€ B CBOIO Mozelb. He BIOJHE SICHO, YUUTBIBAIOT JIA
ee Abnenb-Xamug u MaaHuk, U ecid Aa, TO Kak. Hu B omHON M3 Momeneil He y4yUTBHIBaeTCS TO
00CTOSITENBCTBO, UTO paboTa JOJKHA OBITH MepepacipeesieHa — Mpoliecc, KOTOPBINA Ui MEHs 4acTo
OKa3bIBAJICSI HETPUBHATHHBIM.

«Kpaiine ynpoueHHas» (opmynupoBka 3akoHa bpykca craHoButcs Oosiee MOJE3HOU, Oymydu
JOTIOJTHEHAa OSTHMHU TH@TENbHO CHEJaHHBIMU HaJUIeKalMMu oroBopkamu. IlomeiToxkuBas, s
NPOAOJDKAKD MPUAEPKUBATHCS HMCXOJHOTO YTBEPXKIACHUS Kak MNPUOIMKEHUS K HCTUHE HYJIEBOTO
NOpsiAKAa, MOPAaKTUYECKOTO  IpaBwiIa, NPEAYNPEXKJAIOIIET0  MEHEHKEPOB O  HEPa3yMHOCTH
MHCTUHKTUBHOM MOTBITKY BBITSAHYTH 3al1a3/IbIBAIONIMNA TPOEKT.

Kaopwl pewarom ece (unu noumu ece)

Hekxotopele uuTarenu yIuBISIOTCS, 4YTO OoJbInas 4acTh paccyxieHuit MYU-M nocssiieHa
aJIMUHUCTPATUBHBIM CTOPOHAM MPOTPAMMHON HMHKEHEPUU, a HE MHOTOYUCICHHBIM TEXHUYECKUM
npobnemaM. Takoil mepekoc YacTHMYHO BBI3BAH TOM poiiblo, KoTopyto s urpan B IBM Operating
System/360 (tennepp MVS/370). Ecan cMoTpeTh mity0ke, 3TO MPOUCXOAUT OT YOSKACHHS, UTO Ka9YeCTBO



JIOfIEeH, 3aHATHIX B MPOEKTE, WX OpraHu3anus U aJIMUHUCTPUPOBAHHE HMMEIOT Tropasio Oosbllee
3HAQUEHHME JUIsl yCIeXa, YEM HHCTPYMEHTBI, KOTOPHIMH OHHU MOJIb3YIOTCS, WA IPUMEHSEMbIC HMU
TEXHUYECKUE PELICHUS.

[locnenyronme wucciienoBaHus MOAKpENnWIM MO yBepeHHOCTb. Monpens COCOMO béma
MPU3HAET, YTO KAYeCTBO KOMAaHIbI SIBIISETCS BAXKHEHIIMM (DakTOpoM ee ycrexa, IPaKTUYeCKH BU€TBEPO
Oosee BaKHBIM, YEM CJICIYIOIMM 32 HUM IO 3HAYUMOCTU. BOJBIIMHCTBO HAay4YHBIX MCCIEAOBAHHM MO
IPOTrPAMMHON MHKEHEPUU COCPEIOTOUYMIIOCH HAa MHCTPYMEHTax. S 000 XOpOoIMil HHCTPYMEHT U
XKaxay ero. Tem He MeHee OTpPaJHO BUAETHh NPOAOCKEHHE HCCIEN0BAaTEIbCKUX MPOrpaMM B
OTHOLICHUH 3a00THI O JIIONAX, UX POCTA U MOMJIEPKKH, a TaKKE Pa3BUTHUS YIPABICHUS pa3paObOTKON
IPOrPaMMHOI0 00eCTeueHHUs.

YenoBeuecknit ¢aktop. KpymHBIM JTOCTHIXKEHHEM TMOCICIHHMX JeT cTajna kHura J[lemapko
(DeMarco) u Jlucrepa (Lister) «YemoBeueckuii (pakTop: MPOMYKTUBHBIE MPOEKTHI M MPOrPaMMBbD»,
uznanHas B 1987 rogy. B ocHOBe ee NeXUT MOJIOKEHUE O TOM, YTO «IJIABHBIE MPOOJIEMBbl B HAIlEi
paboTe 1o NpUpoje CBOEH HE CTOIBKO TEXHOJIOTMYECKHE, CKOJIBKO coluosiornueckue». OHa n3oouyer
TaKUMH KeMUY>KHHAMU, KaK «3a7jaua MeHeKepa He 3aCTaBUTh Jrojieil paboTaTh, a clieJaTh TakK, YTOObI
OHM MOIIIM paboTarb». B Hell roBOpUTCA O TakMX MPO3aMYeCKUX BelllaX, Kak MOMelleHrue, MeOelb,
COBMECTHOE€ NHUTaHUWE KoMmaHIbl. Jlemapko u Jlucrep npuBOIAT peajibHbIE JAaHHBIE M3 CBOETO
«IIporpaMmMupOBaHHSl BOCHHBIX HUIP», KOTOPBIE MOKA3bIBAIOT MOPAZUTENBHYIO KOPPEIALHNI0 MEXKIY
POU3BOAUTEIBHOCTBIO MPOrPAMMMCTOB M3 OJHOM M TOW K€ OpraHu3aluu, a TaKXKe MEXIy
XapaKTepUCTUKaMH pabOUYrX MECT M YPOBHEM MPOAYKTUBHOCTHU U HAJIUYHUS OIIMOOK.

B momemenusx Hambosiee MPOAYKTUBHBIX MPOTPAMMHUCTOB THUILE, OHU Oojiee JUYHbBIC, JIydIle
3alMILIEHBI TPOTUB HEMPOIIEHOTO BTOPKEHUS, U OHU MPocTO Oonble... [loHnMaere i1 Bbl, 4TO MOKOM,
IPOCTPAHCTBO U YEAUHEHHOCTh CIIOCOOCTBYIOT JIydlliel paboTe BalmX TerepenHux paOOTHUKOB Ui (C
JPYroil CTOPOHBI) CIOCOOCTBYET MPUBICYCHUIO U COXPAHEHUIO JIydymX paboTHUKOB?[ 18]

S UCKpEeHHE PEKOMEHIYIO 3Ty KHUTY BCEM MOUM YUTATEISIM.

[lepenaua mpoektoB. Jlemapko u Jlucrep ymensitor OoJibllioe BHUMAaHUE CHASHHOCTH KOMAaHJBI,
HEYJIOBUMOMY, HO Ba)KHOMY KadecTBy. S Aymaro, 4TO HEMOHMMAaHHE aJMUHUCTPALMEN CIasHHOCTH
CIIY’)KUT MPUYMHOU TOM FOTOBHOCTH, C KOTOPOM, Kak s HaOJtoan, B KOMIIAHUAX, PACIIONOKEHHBIX HA
HECKOJIbKUX IUIOIIAIKAX, IPOEKTHI MePeIaloTCs U3 OJHON J1ab0paTOpuu B JPYTYIO.

B cBoeil npakTuke s HaOIOAa, BO3MOXKHO, C MOJAI0KUHBI Iepead MPOEeKTa, U HU OHA U3 HUX
He Obula ycremHoi. MoXHO ¢ ycrexoM IepenaBarh 3aaanus. Ho Bo Bcex ciyyasix MOMBITKY MepeiaTh
OPOEKT HOBas KoMaHJa (aKTUYECKH HauMHalla CHaJala, HECMOTpsS Ha HalUuue XOpollei
JOKYMEHTAIIMN, HEKOTOPOTO MPOJIBU)KEHUSI B IPOEKTE U HEKOTOPBIX JIIOAEH U3 NEepeJaroliel KOMaHbl.
S ngymaro, 4TO paspyllieHUE CIAssHHOCTH NPEXHEW KOMaHAbl MPUBOAUT K BBIKWJBINILY MPOEKTA,
HaXOSIET0Cs] B 9MOPHUOHATIBHOM COCTOSIHUM, U OCYLIECTBICHUIO €T0 C HAYaJIbHON TOYKHU.

Cuna omkazamucs om enracmu

Ecnm comacuthes, 4TO, Kak s HEOJHOKPATHO JIOKa3blBaJl HA IMPOTSHKEHUM DBTOM KHUIH,
TBOPYECTBO MCXOIUT OT JIMYHOCTEH, 4 HE OPraHU3AIMOHHBIX CTPYKTYp M IPOILECCOB, TOINA IVaBHAs
3a/laya MEHeKepa MPOrpaMMHOTO MPOEKTa — CO3/JaTh OPraHU3AIMOHHYIO CTPYKTYpYy U padouunii
npoliecc, CHOCOOCTBYIOIIMI TBOpPUECTBY M HMHHUIMATUBE, a He moaasisonme ux. K cuacteio, 3Ta
npoOiemMa MpHCyIia He TOJIbKO MPOrpaMMHBIM OpraHU3alusM, U HaJ Hell paboTanu MHOrHe OoJblMe
ymbl. E. @. Illymaxep (E. F. Schumacher) B knaccuueckoit pabote «Mamoe mpekpacHO: SKOHOMHKA
pagu JIIOJAeH» MpeaslaraeT TEOPHUI0 OpPraHU3aluu NPEANPUSATHN, MAKCUMU3UPYIOLIYI0 TBOPYECKYHO
aKTUBHOCTb M pPaJOCTh PAa0OTHUKOB. B kayecTBe NEpBOro MNPUHIMUIIA OH BBIABUIAECT «IIPUHLIMI
BCIIOMoOTaTeNnbHON QyHKIMN» U3 >HIUKINKH Quadragesimo Anno nansl [Tus XI:

[lepenaua OojblleMy M BBILIECTOAIIEMY COOOIIECTBY TOTO, YTO MOTYT JejiaThb MEHBIIME U
HIKECTOSIIIIME OPraHU3alluy SBIISETCS HECHPABEIJIMBOCTBIO MU B TO JKE€ BPEMS CEPBE3HBIM 3JIOM U



HapylIeHUEM MpaBHIIbHOTO nopsaka. 0o Besikast oOmiecTBEHHAs ACSITENBHOCTD 110 CYTH CBOEH JOJIKHA
NPEJAOCTABIATh MOMOUIL YWiIeHAaM COLMAbHON TPYMIbI, a HE pa3pyliarh U MOMIOU@ATH UX... TeM, KTOo
YIPaBJISET, CleAyeT ObITh YBEPEHHBIMH, YTO YEM JIyYIlle CPEU PAa3IMYHBIX COOOILECTB COXpaHSIETCS
mudepeHIPOBaHHBIN MOPSAIOK B COONMIOACHUN MPHUHIMIIA BTOPOCTENICHHON (PYHKIIMU, TEeM Kpemye
Oynet BiacTh U 3G (HEKTUBHOCTH B OOIIECTBE, TeM 00Jiee CHACTIUBBIM M MPOIBETAIOIIMM TOCYIapCTBO.
[19]

[ITymaxep npuBOIUT pa3bsICHEHUE:

[Mpuniun BTOpoCcTeNeHHONM (YHKIMM YYUT HAC, YTO BiIacTb M 3(P(PEKTUBHOCTH IIEHTpa
yBenuyarcs, eciau OyayT TIIATEIbHO OXpaHATbCS CBOOONAa W OTBETCTBEHHOCThb 0oJiee HU3KUX
dbopMHUpOBaHHUii, a B UTOT€ OPraHU3alUsl B LI€JIOM OyzeT «0osee cuacTIMBON U MPOLBETAIOIICH.

Kak mMoxHO noOuthcsi Takoil opranuzauuu? ... bojbimas opraHuzamusi AOHKHA COCTOATH M3
MHOXECTBa MOJYaBTOHOMHBIX €AMHUII, KOTOpble MOXHO Ha3BaTh KBa3u-(pupmamu. Kaxnas u3 HHX
JOJKHA 00JIalaTh 3HAYUTEIBHOM CBOOOMOM, YTOOBI MPENOCTABUTh HAWIYYIME BO3MOXHOCTH IS
TBOPUYECTBA M MPEANPUUMYUBOCTH... Kaxknas u3 xkBasudupMm A0IKHA UMETh CBOM ydyeT MpuObLIeH U
MOTEePh, a TakKe OaTaHCOBBIA 0TYET.[20]

K uncny nHaubonee 3amMeyarelbHBIX JOCTHKEHUM TMPOTPAMMHOM WMHXKEHEPUH MpPUHAIJIEkKAT
NEepBbIe ATAlbl MPAKTHYECKOTO OCYIIECTBICHUS TaKUX OpraHuM3aluMoHHbIX unei. llpexne Bcero,
MUKPOKOMITBIOTEPHAsI PEBOJIIOLMS CO3[aida HOBYIO MPOrPAaMMHYIO HHIYCTPHUIO C COTHSMH BHOBB
BO3HUKIIMX (PUPM, KOTOPBIE U3HAYATBHO MaJIbl U OTMEUYEHBI IHTY3Ma3MOM, CBOOOION M TBOPUYECTBOM.
Celfuac MHIYCTpUSA MEHSETCA 1O Mepe MOMIOIEHU MeNKuX pupm kpynHbiMu. [locmoTpum, moitmyt
JIM KPYIHbIE (GUPMBI BaXKHOCTh COXPaHEHUSI TBOPUYECKONW aKTUBHOCTU MEJIKUX, MOTJIOMAEMbIX UMHU.

Eme Gonee mpuMeuarenbHO, YTO BBICIIEE PYKOBOJACTBO psifa KPYMHBIX GUPM MPEAIPUHSIO MEphI
1o Tnepejaye BIAaCTU BHU3 OTACIbHBIM KOMaHAaM, paOOTaloUMM HaJl IPOTPaMMHBIMU TPOEKTAMH, YTO
conmmxkaer ux ¢ kBazu-pupmamu lllymaxepa mo CTpyKType U OTBETCTBEHHOCTH. Pe3yiabrarThl BbI3BalU
yIUBJICHUE U yIOBIECTBOPEHUE.

Jxum MaxkkapTtu u3 Microsoft omuceiBan MHE CBOM OMBIT YMaHCUIIALIUKA KOMAH/I;

VY kaxnoit 6puransl (30-40 yenoBek) ecTh cBOM HabOp pa3pabdaTbiBaeMbIX 00BEKTOB, CBOU Tpauk
U JIa)Ke CBOM IMpaBuiia pa3pabOTKU, peaau3aliuu U NOCTaBku. B Opurajae ectb CenUanrucThl B YEThIpEX
WM TSTH 00JIaCTAX, B TOM YHUCJE peanu3aluy, TeCTUPOBAaHUU M JOKyMEHTHUpoBaHuH. bpurana cama
YIQKMWBAET pa3HOMIACHUs MO IYCTSKaM, HadalbHUK He BMemmBaercs. He 0010Ch MepeoneHUThH
BAXXHOCTH IEPEMEILCHUS BIACTH, KOrJa Opurajga caMOCTOSTEIbHO HECET OTBETCTBEHHOCTh 3a CBOM
JOCTHXKCHUSL.

Opn Yunep (Earl Wheeler), ObBimii pykoBonuTens nporpaMMHbIX pazpadbotok IBM, nonenumics
CO MHOW CBOMM OIIBITOM JEJErUPOBAaHMS BHU3 MOJHOMOYHH, OBIBIIMX B TE€YEHHUE JOJTOr0 BPEeMEHU
COCPENOTOYECHHBIMM y aIMUHHUCTpanuu ypasieHus [BM.

KitoueBbIM MOPHIBOM MOCIIEIHUX JIET CTAJIO JICJIECTMPOBAaHUE MOJTHOMOYHI BHU3. DTO ObUIO UyAoM!
VYIIyqumianuce KadecTBO, MPOAYKTUBHOCTb, MOpaibHBIM ayx. Y Hac HeOonbime Opuraabl 0e3
IEHTPAJIM30BaHHOIO yIpapieHus. bpuraapl camu ompenensioT MpaBUiia MPOU3BOICTBEHHOTO
mpoliecca, HO OHM HUCHBITHIBAIOT JaBJIEHUE CO CTOPOHBI pbIHKA. M 3TO JaBlieHHe 3aCTaBIsSET UX CAMUX
UCKaTh CIIOCOOBI pelIeHuUs PoOIeM.

OO1eHne ¢ OTACNbHBIMU YiI€HAMU OpHTrajl MOKa3bIBaeT, KOHEYHO, U YIOBIETBOPEHUE OT Nepeaadu
MOJIHOMOUMM M CBOOOABI, a Takke Oojee CACpXKAHHYIO OILIEHKY TOro, B Kakod Mepe KOHTPOJb
NEeNCTBUTENBbHO ociabieH. Tem He MeHee, TOCTUTHYTasl CTeNEeHb Mepelayd MOJIHOMOYUHN SBISIET Iar B
IIPaBUJIBHOM HarpasieHUU. [loiydaemble BpIroa TOYHO T€, KOTOpbIe mpeackassiBanch Iluem XI: B
pe3ynbTare JeJerupoBaHus MOJHOMOUMN LIEHTP YCUIIMBAET CBOIO PEabHYIO BIAacTh, a OpraHU3anus B
1[eJIOM CTAaHOBHUTCA 00JIe€ CUACTIMBOUM M TIPOIBETAIOIIICH.

Kaxoii camwiii borvwon cropnpus? Munnuonvl komnviomepos



Bce koMmIbIOTEpHBIE TYpy, C KOTOPBIMU s pPa3roBapuBajl, MPU3HAIOT, YTO JUII HUX ObUIH
HEO0XXKMJAAHHOCTHI0 MUKPOKOMITBIOTEPHAS PEBOJIIOIUS U €€ MOPOKACHNE — MPOU3BOACTBO KOPOOOUHBIX
IPOTrPaMMHBIX IPOAYKTOB. BHE COMHEHMS, 3TO caMoOe 3HAYUTEIbHOE COOBITHE 3a JBa JCCATUIICTHUS
nocJie Beixoga MYU-M. OHO nMeeT MHOTOYMCIIEHHBIE MTOCIEACTBUS 111 IPOrPaMMHON MHKEHEPUU.

MUKpPOKOMIIBIOTEPHAS! PEBOIIOLMS U3MEHNIIA XapaKTEP UCMOJIb30BaHUs KOMIIbIOTEPOB. [Ilymaxep
chopmynupoBai npobdiemy Oonee 20 IeT Ha3ax:

Yero mMbl JEHCTBUTEIBHO XOTUM OT YYEHBIX U TEXHOJIOTOB? Sl OTBEUy Tak: HAaM HY)KHbI METOABI U
o0opynoBaHue, KOTOPHIE:

* TOCTAaTOYHO JICIIEBbI, YTOOBI OBITh JOCTYMHBIMH MPAKTUYECKH KaXKIOMY;

* IPUTOJIHBI JIJIs1 HEOOIBIIMX MPUIOKEHUI;

* COOTBETCTBYIOT OTPEOHOCTH YEJIOBEKA B TBOPUCCKOM IEATEIHHOCTHU.[21]

DTO Kak pa3 Te 3aMeydarelibHble CBOMCTBA, KOTOpPbIE MHUKPOKOMIIBIOTEPHAs PEBOJIIOLUS Jana
KOMIIBIOTEPHOU MPOMBIIUIEHHOCTH U €€ MOTPeOUTeNsiM, KOTOPbIMU TeMeph CTaka IIMpoKas MyOoiukKa.
Cpennuil amepuKaHel] MOKET CEeTOAHS MO3BOJUTH ce0e HE TOJBKO COOCTBEHHBIM KOMIIBIOTEp, HO U
Ha0oOp MPOrpaMMHBIX CPEACTB, ISl MOKYNKH KoToporo 20 jeT Ha3aJ moTpedoBanoch Obl KOPOJIEBCKOE
KanmoBanbe. Kaxnayro wu3 weneu, nocrasieHHbIX lllymaxepom, CTOMT paccMOTpPeTb OTIEIBHO.
[IpencrapnsieT Takke MHTEpPEC, B KaKOM Mepe OHHM JOCTUTHYTHI — OCOOEHHO mocienHsai. B onHoi
o0nacTu 3a Apyroil OOBIYHBIM JIOASAM U MpodeccroHagaM CTAHOBATCA JOCTYITHBI BCE HOBBIE CPEICTBA
CaMOBBIPAKECHUS.

Otyactu, pa3BUTHE B APYrux OOJACTAX MPOUCXOOUT TaK K€, KaK B CO3JaHUU IPOrpaMM —
Onmaromapsi ycTpaHEHHIO MOOOYHBIX TpynaHocTed. [loOouHble oOrpaHWyYeHUs Ha  PYKOMHUCH
HaKJIaJblBAINCh JUIUTEIBHOCTBIO M CTOMMOCTBIO II€pENeyarblBaHUS [JIsi BHECEHHUSI HWCIIPABICHUM.
Pa6oty o6bemom B 300 cTpaHul] MHOTAA MPUXOAUIIOCH IMEpereydaThiBaTh KaXKble TPU WA LIECThb
MecsIIeB, a B MIEPEepPhIBE YHUPKaATh B pyKONUCH. TpyaHO ObUTO OIIEHUTH BIMSHUE BHECEHHBIX U3MEHEHHUI
Ha oOumi xom Mbiciu U puUTM cioB. Ceiyac 4yaecHbBIM 00pa3oM PYKOMUCH CTaJId IMOCTOSHHO
MEHAIOUMMUCS.[22 ]

AHAJIOTMYHYI0O HM3MEHYMBOCTh KOMIBIOTEP MNpPUAA] MHOTMM JPYTHUM MarepuajgaM: KapTHHaMm
XyAOXKHUKOB, MJIAHAM TOCTPOEK, YepTeKaM MEXaHU3MOB, MY3bIKaIbHBIM COYMHEHUSIM, PoTorpadusim,
KUHOQUIbMAM, CIAWIOBBIM MPE3EHTALMAM, MYIBTUMEIUMHBIM padoTaM U Jaxke 3SJIEKTPOHHBIM
tabnmuiam. B KaxaoM ciydae Mpud PydyHOM CIOCOOE H3TOTOBJICHHUS IS TOTO, 4YTOOBI YBHUJIIETH
U3MEHEHHUSI B KOHTEKCTE, TpeOOBaJIOCh KOMHpPOBaHME OOJBIIMX HEU3MEHHBIX dacTeil. Temeps,
HE3aBUCUMO OT Marepuala, Mbl MOXEM MOJIb30BaThCS TAKUMH K€ BBITOIAMH, KaKkue padoTa B pexuMe
pa3zesieHusl BpEMEHU IIPUHECIIA B IPOIPAMMUPOBAHHUE: BO3SMOXHOCTh PEAAKTUPOBAHUS U MTHOBEHHOM
OLICHKH pe3ysibTara 0e3 MOTEepU X013 MBICIIH.

TBopueckre BO3MOKHOCTH YCHUJIMJIMCH Takke Onarogapsi HOBbIM THMOKHMM BCIIOMOTaTelbHbIM
uHCcTpyMeHTaM. OIMH NpUMEpP — COYMHEHHE IPO3bI, MPU KOTOPOM MBI MOJB3YEMCS IMPOBEPKOM
opdorpadun, rpamMMaTUKHA, CTHJIMCTHYECKUMH TOJACKa3KaMH, cHUCTeMaMu Oubiuorpaduu u
3aMEUareNbHOM  BO3MOXXHOCTBIO ~ OJHOBPEMEHHO  BHUJIETh  CTPAHHMIbI B  OKOHYAaTeJIbHO
oTQopMaTUpPOBaHHOM BHUJIe. MBI ellle He OLEHWIN 3HAaYeHUs MTHOBEHHOTO JOCTYIA K YHLIUKIIONEAUSIM
U Oe3rpaHMYHBIM  pecypcaM  BCEeMUPHOM  MayTWMHBI  JUIsl  HCIOJIb30BAaHUS  IHCATEIEM
MMIIPOBU3UPOBAHHOTO TTOMCKA.

Camoe m1aBHOE, OOpeTEHHass M3MEHYMBOCTh Marepuajia YIpoIIAeT M3y4eHHE MHOTMX B KOpHE
pa3IUYHBIX BO3MOXHOCTEH, KOrna TBopueckas pabora Toiabko obperaer popmy. Bor npyroit mpumep,
KOTZa TMOPSAOK BEJIMYMHBI B KOJMYECTBEHHOM IIapaMeTpe — B JIaHHOM Cllydae, BPEMEHH,
HEO0OXOMMOM JJI1 BHECEHUSI U3BMEHEHUM, — MPOU3BOJUT KaU€CTBEHHBIA CKA4YOK B IMOJX0/IE K 3ajaue.

WNHCTpYMEHTHI 1711 YepUYeHUsl MO3BOJISIIOT MPOCKTUPOBIIMKAM 3[aHUM 3a 4yac TBOPUYECKOM pabOThI
UCCIeAoBaTh Topa3fno Ooiblie BapuaHTOB. lloakiroueHHe KOMIBIOTEPOB K CHUHTE3aTopaM U



IPOTpaMMBbl, MO3BOJIIIOUME ABTOMAarMYECKH 3alMCHIBaTh WM IPOUTPHIBAaTh HOTHI, 3HAYUTEIIBHO
obneryaior (uxcanuto OpeHuanus no kinaBumaM. Ludposas ob6padoTtka dororpaduii, kak B Adobe
Photoshop, mo3BonsieT B TeyeHHME CUMTAHHBIX MUHYT MPOBECTH OSKCIEPUMEHTHI, IS KOTOPBIX
noTpeboBanuch dYachl paboTel B (oromaboparopun. DNEKTPOHHBIE TaOIULBI IO3BOJISIIOT JIETKO
MCCIIEIOBATh JECATKH AJIbTEPHATUBHBIX CLIEHAPUEB THIIA «YTO, ECIIN».

Haxonern, Garogapst Be31eCylecTd nepcoHaNbHBIX KOMITBIOTEPOB CO3/Ja€TCS COBEPIICHHO HOBBII
Marepuall. ['uneprekctsl, npeayioxkeHuble BanueBapom bymem B 1945 romy, ocyliecTBUMBI TOJBKO €
MOMOIIBIO  KOMIIBIOTEPOB.[23 |MynbTUMEIMITHBIE TIPE3CHTAIIMU W OMNBITHI  OBUIM  CJIOKHEUIIMMHU
3ala4aMy — CJIMIIKOM MHOTO XJIONOT — J0 TOr0, KaK CTaJ0 BO3MOYKHBIM MPOBOJUTH UX C MTOMOULIBIO
KOMIIBIOTEPOB M COOTBETCTBYIOLIETO OOraroro mporpaMmMHoro otecneyeHusa. CuctemMbl BUPTYalIbHOU
peanbHOCTH, TMOKa €Il AOPOTHE M HE IIMPOKO PacHpOCTpaHEHHBbIC, B OyAyllleM CTaHyT TaKUMHU U
CO3JaqyT HOBBIM MaTepuall JUisi TBOPUYECTBA.

MUKPOKOMITBIOTEPHAS PEBOIIOLUSI U3MEHHIIA XapaKTep pa3padOTKU MPOrpaMMHOI0 00ecTeueHHs..
Texunonorum pa3paboTku mnporpamMmmHoro obGecrneuenus 1970-x camMu H3MEHWINCh B pPE3YbTare
MHUKPOKOMITBIOTEPHOM PEBOJIIOLIMM M  BBI3BABIIMX €€ TEXHUYECKUX JIOCTHIKEHUN. YCTpaHEHa
3HaYUTEIbHAs YacTh BTOPOCTEMEHHBIX CJIOXKHOCTEH TEXHOJOTUU pa3pabOTKU MPOTPaMMHOTO
oOecrieueHust. BeIcTpble mepcoHanbHble KOMIBIOTEPHI CTATN OOBIYHBIM MHCTPYMEHTOM pa3paboTyuka,
U BpeMs 000payMBa€MOCTH CTaj0 IMOYTH YCTapeBIMM NOHSATHEM. CErogHsSNHUN MepCOHAIbHBIN
KOMIIBIOTEp ObICTpee He TOJbKO cynepkommbiorepa 60-ro roma, Ho ¥ Unix-ctaHuuu 1985-ro. 3o
3HAYUT, YTO KOMIMJISLIMS OBICTPO OCYHIECTBISIETCSA AK€ Ha CKPOMHBIX IO MOIIHOCTH MalllMHAaX, a
Onaronapsi 60JbpIIOMY 00BEMY MAMSITH OTHATH 33JIEPKKU IMPU KOMIIOHOBKE C UCIIOJIb30BAaHUEM JHMCKOB.
Bonbliasi maMsaTe MO3BOJISIET TAKXKE XPaHUTh B MaMSITH TaOMULBI CUMBOJIMYECKUX HMMEH BMECTE C
OOBEKTHBIM KOAOM, B pE3ylIbTaTe 4Yero CTAaHOBUTCSA OOBIYHOM BBICOKOYpOBHEBas OTJagka 0e3
NEPEKOMITHIISILIUU.

3a nocnegHue 20 JIeT MBI MOYTH IMOKOHYMIIM C HCIOJB30BAHUEM pa3/CIICHUS BPEMEHHM Kak
METOIOJIOTHEH pa3paboTku mporpamMMHoro obecrniedeHus. B 1975 rogy pasnenenue BpeMEHH TOJIBKO-
TOJIBKO BBITECHUJIO MAKETHYIO 00paboTKy B KauecTBe Hauboliee pacnpocTpaHeHHON TexHonoruu. CeTb
UCIIONB30BaNacCh JUIsl TOrO, YTOOBI J1aTh pa3pabOTUMKy MPOrPaMMHOTO oOecredeHus AOCTYN Kak K
oOumM Qaitnam, Tak ¥ K OOJBIIMM BbIUMCIUTEIBHBIM MOIIHOCTSM JUISl KOMIMJISILIUU, KOMIIOHOBKH U
tecTupoBaHus. CeronHs BIYUCIUTENBHYIO MOIHOCTh 00ECIIEUMBAaET EPCOHANIbHAS pabouas cTaHIus,
a CeTh MCIOJIb3yeTCSs B OCHOBHOM Ui OOECHEUYEHUsS COBMECTHOTO JocTyna K (aitimam Opuraisi,
paspabarbiBaronieil TpoaykT. KiireHT-cepBepHbIe CUCTEMBI MEHSIOT U YIIPOIIAIOT TEXHOJIOTHIO OOIIEeTO
JOCTyMa AJs 3arpy3Ku, COOPKHU U BIMOJIHEHUSI KOHTPOJIBHBIX TPUMEPOB.

CxomHblii TpOrpecc MPOM3OIIeN C TMOJb30BaTeabCKUMH HuHTepdeiicamu. Untepdeiic WIMP
o0ecrieynBaeT ropasfo OoJible YIOOCTBa MPU PEJAKTUPOBAHUM TEKCTOB MPOrpPaMM U TEKCTOB Ha
€CTECTBEHHOM SI3bIKE. DKpaH pa3MepoM 24 CTPOKHU Ha 72 KOJOHKH CMEHUJICSA MOJHOCTPAHUYHBIM WU
JaXKe JIByXCTPAaHWYHBIM 3KPAaHOM, MO3TOMY MPOrPAMMHUCTBI MOTYT BHAETh U3MEHEHUS, KOTOPbIE OHU
JIENIal0T, B 3HAYUTEIHHO 00Jiee MUPOKOM KOHTEKCTE.

Llenas nosasn npoepammuas ompacis — KOpoOOUHbLE NaKembl

Panom ¢ kimaccuyeckor MHIAYCTpPHEN IMPOIPAMMHBIX NMPOAYKTOB IIMPOKO Pa3BUIIACH €IIE OIHA.
[Ipoxaku mporpaMMHBIX MTPOAYKTOB YMCIIATCS COTHSAMHU THICAY U Jaxe MUJIMOHaMU. Llenble MoIHble
NaKeThl MOXXHO NPHOOPECTH MO II€HE MEHbIIeH, YeM CTOMMOCTb OIUIAThl OAHOTO paboyero aHs
IPOrpaMMUCTA. DTU JBE OTPACIH BO MHOTOM Pa3JIMYHbI U CYLLIECTBYIOT IapaJlIENIbHO.

Knaccuueckas nporpamMmmHas wuHayctpus. B 1975 romy mnporpammHas HHAYCTpUsS HMeETa
HECKOJIBKO OTJIEJIbHBIX M /10 HEKOTOPOW CTENEHU Pa3JIMYHBIX COCTABHBIX YaCTEH, CYIIECTBYIOIMX 10
CeH JICHb:

* [Ipon3BOAUTENN KOMIBIOTEPOB, OCTABISAIONIME TAK)KE ONEPALIMOHHBIE CUCTEMBI, KOMITUIISTOPHI



Y YTHJINTBI JUIsI CBOMX IIPOJTYKTOB.

* [lonp30Barenu NpuioKEHUH, HAIPUMEP, B HH(POPMALIMOHHO-YIPABIISIONMX CUCTEMAaX, OaHKaXx,
CTPaxOBbIX KOMIIAHUAX, NPABUTEIbCTBEHHBIX YUPEXKACHUAX, CO3AAIOLME NAKEThl NpOorpaMm Jis
COOCTBEHHOTO YIOTPEOICHHUS.

* Pa3zpaboTurku 3aKa3HbIX MporpaMM, paboTalolMe Mo KOHTPAKTY ¢ MoJib3oBareiaeM. MHoOrue u3
TUX TOAPATYMKOB CIEHHAIU3UPYIOTCS Ha MPHIOKEHUSX Ui BOCHHOW cdepbl, rae TpeboBaHHUS,
CTaHJAPThl 1 MAPKETUHTOBBIC MPOIIEAYPbI HOCAT crien(pUUECKUN XapaKTep.

* Pa3paboTunku KOMMEpPUYECKHUX MaKETOB, B TO BpeMs pa3palarbiBaBIIME, B OCHOBHOM, OOJIblIMeE
OPWIOKEHUS U1 CHeHU(PUUYECKUX PBIHKOB, TaKHE KaK MAaKEeThl CTAaTUCTUYECKOTO aHajiu3a u
aBTOMAaTHUYECKOT0 MPOECKTUPOBAHMUS.

Tom Jlemapko oTmedaeT (pparMeHTaLMIO KIACCUYECKOM MHIYCTPUU pa3pabOTKU MPOrpPaMMHOTO
oOecrieueHust, 0COOEHHO B YaCTH MOJIb30BaTeNIeH MPUIIOKESHUI:

S He oxupan, 4To 3Ta O0NACTH pacmajeTcss Ha OTAeNbHble HUIM. [Ipuembl pa®oThl B Gomblieit
CTENEHU OIPEICISIIOTCA HHINEeH, YeM HCIOJIb30BaHUEM OOLMX METOJOB aHalIM3a CHCTEM, S3BIKOB
OpOrpaMMUPOBAHUS W TEXHOJOTUU TecTupoBaHus. Ada ObUT TOCIEIHUM U3 S3BIKOB OOIIEro
Ha3Ha4YCHMS, U OH CTaJ SI3bIKOB HUIIIM.

B Hume OOBMHBIX KOMMEPYECKUX MPUIOKEHUN 3HAYUTENbHBIA BKJIAJ CHIEJIaH S3bIKaMU
yerBepToro nokojeHus (4GL). bém numer, yro «uambosnee ygaunsie u3 4GL sBUIUCH pE3yTbTaToOM
HalmMCaHMusl KaKOH-Tu0O 9acTh oOJacTU MPUJIOKEHUU Ha S3bIKE OMIUK W mapameTrpoB». HambGonee
IIMPOKO pacnpocTpaHeHHBIMU U3 3TUX 4GL ABNSAIOTCS TeHepaTophl MPUI0KEHUNH U KOMOUHUPOBAHHbBIE
nakeThl 0a3 JaHHBIX U CBSI3U C SI3bIKAMH 3aIIPOCOB.

Mupsl omepanMoHHBIX cUCTeM oObeauHWINCh. B 1975 romy ObUTo WM300MIM OmEparioOHHBIX
CUCTEM — Yy Ka)XJIOTO MPOU3BOAUTENSI KOMIBIOTEPOB OblIa, MO KpaiiHell Mepe, OlHa MaTeHTOBaHHAs
ONEpallMOHHAs CUCTEMA Uil KaXJOM NPOU3BOACTBEHHOM CEpPUH, a 4YacTo M JBe. Hackosbko
M3MEHWIOCh MOJIOXKEHHUE cerofHs! JIO3yHrom JHS CTaJM OTKPBITHIE CUCTEMBI, U OCTAJIOCh JUUIb ISTh
ITIaBHBIX ONEPALMOHHBIX CPEMd, Uil KOTOPBIX CO3AANOTCS MAKEThl MPUIIOKEHUHN (B XPOHOJOTHYECKOM
MOPSJIKE):

« IBMMVS u VM

* DEC VMS

* Unix B TOM WJIX UHOM BapHaHTe

* IBM PC, 6y To DOS, OS/2 nnu Windows

 Apple Macintosh.

Uugyctpusi KOpOOOYHBIX MIPOAYKTOB. DKOHOMUYECKHE 3aKOHBI JUIsi pa3pa0OTUYMKOB B 3TOH
OTPACIIA COBEPIIEHHO OTJIUYHBI OT TE€X, KOTOPBIE NECUCTBYIOT B KJIACCUYECKOW MHIYCTPUU: CTOUMOCTD
pa3paboTKu HYKHO JACNUTHh Ha OOJBILOE KOJIMYECTBO AK3EMILISIPOB, PACXObl HA YIAKOBKY U MApKETUHT
BBICOKHM. B Kjaccuyeckoil MHIycTpuu mnpu BHYTpU(UpPMEHHOU pa3paboTke rpaduk padoT m HAOOD
byHKIUA MOIM OBITh M3MEHEHBI, B OTJIMYHME OT CTOMMOCTH pa3paboTku. Ha OTKpBITOM phIHKE
KECTKOM KOHKYPEHIMH CPOKHM M (PYHKIIMOHAIBHOCTHh MOJHOCTHIO TOMUHUPYIOT HAaJl 3arpaTraMy Ha
pa3paboTKy.

Kak u ciaegoBaio 0Xuaarh, CTOJNb Pa3jIMYHbIE SKOHOMHYECKHE TPeOOBaHUS MOPOAMIIM BECbMa
paszinyarnmecss KylIbTypbl NpOrpaMMHpOBaHUsA. B Kkiaccuueckod HMHAYCTPUU —JIUIUPYIOIIEE
MOJIOKEHUE 3aHSTIU KPYIHbIE PUPMBI C YCTAHOBUBIIMMUCS CTUIISIMH YIPABICHUS U KYIBTYPOI paboThI.
B kopo6o4HON WHIYCTPUU, HAIPOTUB, BOSHUKIM COTHH HAYMHAIOMMX (GUPM, HUYEM HE CBA3aHHBIX U
COCpPEJIOTOUCHHBIX Ha KOHEYHOW 17U, a He Ha mpouecce. B Takoil arMmocdepe TamaHT OTAEIHHOTO
pOrpaMMUCTa BCErAa LEHUTCS 3HAYUTENIBHO BBIIE, M CYIIECTBYET MOJACIYIHOE OIIYIIEHHUE, YTO
BBIIAIONIMECS] TPOEKTHI CO3/IAI0TCS BBIJAIOIIMMHUCS apXUTEKTOpaMH. BO BHOBb BO3HHKILIEH KYIBTYpe
€CTh BO3MOXHOCTb BO3HArpakJaTh «3BE3[1» COOTBETCTBEHHO MX BKJIady. B kilaccuueckod MHAYCTpUU



collanbHas MOJUTUKA (PUPM M MX MPUHIUIBI OILIATHI TPyAA BCEraa 3TO 3arpynHsiu. HeyauBurtenabHo
MO3TOMY, UTO MHOTHE 3BE€3/Ibl HOBOTO MOKOJICHHS ObUTH BTSIHYTHI B OPOUTY AaKETHOW UHAYCTPUH.

Ilokynaii u coz0asgaii: KopobouHble NPOOYKMbL 8 Kayecmee KOMNOHEHMO8

PanukaibHO YIy4ylIMTh YCTOWYMBOCTH IMPOTPAMMHBIX MPOIYKTOB M MPOU3BOAUTEIBHOCTH TPyAad
OpU UX CO3JaHWHU MOKHO, JIMIIb TMOAHSBIIMCH HAa OOUH YPOBEHb M HW3TOTABIMBAasi MPOTPAMMBI M3
Monyned uin oO0BeKTOB. OCOOEHHO MHOTOOOCHAONICH TEHJCHIIMEeH CTAaHOBUTCA MCIIOJIb30BAHUE
PBIHOYHBIX TAKETOB B KauecTBe IaropMm, Ha KOTOpBIX co3JatoTcs Oosnee Oorarble H
CHelUaTM3UPOBaHHbIe MPOAYKTHl. (CucTema yhpaBieHUs [BUKEHHUEM TPY30BHKOB CO3/a€TCs C
MOMOIIBI0 KOPOOOUHOM 0a3bl JaHHBIX U KOMMYHUKAIIMOHHOIO MaKeTa, TakKe Kak U HH(QOpMaMOHHAs
cucteMa g cTyaeHToB. OObsBIEHUS B JKypHajax MpeiaraloT coTHU cTekoB s Hypercard,
crienaaIn3upoBaHHbIX mabmoHoB aia Excel, necsatku cnenmanpabix Gynkimii Ha Pascal mist MiniCad
i ¢pynkuuid Ha AutoLisp mist AutoCad.

MeranporpammupoBanue. Creku s Hypercard, cnenumanusupoBanHble mabnoHsl s Excel,
¢yuknuu ans MiniCad 9acTo Ha3bIBAalOT MeETApOrpaMMHUpPOBAHUEM, CO3JaHUEM HOBOIO CIIOf,
npucnocadauBamomero QyHKIMM K HYXIaM ONpeAeNieHHOW TpyNIbl Mojb30Barenei mnakera. Mpes
MeTanporpaMMHUpPOBaHUs HE HOBa, OHA BEPHYIACh U MOJyyusia cBoe Ha3BaHue. B Hauane 60-x MHOTHE
MPOU3BOUTEIN KOMITBIOTEPOB U BBIYUCIUTEIbHBIC IIEHTPHI OOIBIIMX UH(GOPMAIIMOHHO-YIPABISIOMIX
cUCTEeM OOpa30BbIBAJIM HEOOJBIIME TPYIIBI CIEHHUAINCTOB, CO3/IaBABIIMX IIENbIE S3BIKH MPHUKIIATHOTO
IPOrpaMMHUPOBAHUS C TTOMOIIBI0 MAaKPOCOB, HAITMCAHHBIX HA accembiiepe. B BRIMMCANTEILHOM LIEHTpE
Eastman Kodak Obl1 co3man si3pIK MPUKIATHOTO MpPOTpaMMHpOBaHUs Ha 0a3e mMakpoacceMOnepa A
IBM 7080. AnanmoruuHo, B TeleKOMMYHUKaMoHHON nporpamme Queued Telecommunications Access
Method ms IBM OS/360 MoxHO ObITO HA MHOTHX CTPAHHIAX KOJa, HAMMMCAHHOTO TIPEANOJIOKUTEIHHO
Ha s3bIKE MakpoacceMOriepa, He HAWTH HU OJHOM KOMaHAbl MammHHOrO ypoBHs. Ceityac OJOKH,
CO37aBaeéMble METampOrpaMMHUCTOM, 3HAYUTEIbHO OOJbllle, YeM TOTHAIHUE MaKpOOIPEICICHUSI.
Takoe pa3BuTHE BTOPUYHOIO pBHIHKA OYEHb OOHANEKMBAET: IOKAa MBI >KJATM BO3HUKHOBEHHS
aKTUBHOTO pbIHKa KkjaccoB C++, He3aMETHO BO3HUK pPBIHOK METalmporpaMM MHOTOKPaTHOTO
UCII0JIb30BaHU.

OTO ACUCTBUTENBHO HACTYILUIEHHE Ha CYIHOCTh. [loCKONBKY Ha CcpeaHero mporpaMMucTa
UH()OPMALIMOHHO-YIPABISAIONMX CUCTeM (PEeHOMEH pa3pabOTKHM Ha OCHOBE MAaKETOB €llle He OKazall
BO3JICMCTBHUS, OH IOKA HE O4YEHb 3aMe4aeM NPOTPaMMHOM HWHXKEHepueh. Tem He MeHee, 3TO
HampasjieHue OyaeT OBICTPO pa3BUBATHCA, IMOCKOJIbKY 3arparuBacT CYHHOCTh MOIEIUPOBAHUS
KOHIENITYaJIbHBIX KOHCTPYKUMM. KopoOouHBI makeT mpeaocTaBisieT OoJbIIoN (YHKIMOHAIbHBIHI
MOJIYIIb CO CJIOKHBIM, HO TOYHBIM HHTEp(EicoM, a €ro BHYTPEHHIOIO KOHIIENTYaJbHYIO CTPYKTYPY
BOBce He TpebyeTcst mpoekTupoBarh. [IporpaMmHubie TPOAYKTHI ¢ (PYHKIUSIMU BBICOKOTO YPOBHSI, TAaKHE
kak Excel u 4th dimension, 1eCTBUTENBHO SIBISIFOTCS OOJBIIMMHA MOIYISMH, HO CIIY)KaT MOHATHBIMH,
JOKYMEHTHUPOBAHHBIMU, OTJIAXKEHHBIMU MOIYISMH, C MIOMOIIBIO KOTOPHIX MOXHO CO3/1aBaTh 3aKa3HbIC
cucTeMbl. Pa3pabOTuuMKu TPUIOKEHUM CIEIYIOIET0 YPOBHS IMOJYy4aloT O0rarctBo (yHKIHM,
COKpallleHuEe BPEMEHU Pa3pabOTKH, OTIaKEHHbIE KOMIIOHEHTHI, YIYYIICHHYIO TOKYMEHTAIUIO U PE3KO
CHUKEHHYIO IICHY.

CH0XKHOCTh, KOHEYHO, B TOM, YTO KOPOOOYHBIC MaKeThl pa3paboTaHbl KaK CAMOCTOATEIbHBIC
00BEKTHI, (GYHKUUH U MHTEpP(ENCchl KOTOPhIX METANpPOrpaMMUCTBI HE MOTYT U3MeHuTh. Kpome Toro,
0osee CyHIECTBEHHO TO, YTO Pa3pabOTUYMKU KOPOOOYHBIX MAKETOB, KAXKETCS, HE CIHUIIKOM CTPEMATCS
c/ieNlaTh CBOM MPOJIYKTHI MPUTOAHBIMU B KaUeCTBE MOyJeH Oojiee KpYyMHbIX cucTeM. Jlymaro, 4To Takoe
NOHMMAaHUE HEBEPHO, U CYIIECTBYET HEYIOBJICTBOPEHHBIM PHIHOK JJISi MAaKETOB, CIIOCOOCTBYIOIIMX
UCII0JIb30BAaHUIO METAIIPOTPAaMMHUPOBAHUSL.

Tak uto xe TtpeOyercsi? MOXKHO BBLICTUTH YETHIPE YPOBHS IOJIb30BAaTENCH KOPOOOUHBIX
MPOJIYKTOB:



* Ilonp30Barenp Kak TaKOBOW, IPOCTO MCHOJIB3YIOLMN NPUIO0KEHUE U YIOBICTBOPECHHBIN
byHKIUAME ¥ HHTEpericoM, MPeAOCTaBICHHBIMU Pa3padOTYNKaAMU.

* MeranporpaMMHCT, CTPOSIIMN IAOJIOHB U (PYHKIMU MOBEPX OTIACIBHOTO MPUIIOKEHUS C
UCIIOIb30BaHUEM UMEIOIMXCsS HHTEpGelcoB, MaBHbIM 00pa3oM, g oOecredeHus: Tpyna KOHEYHOTO
MI0JIb30BATEIIA.

* Pa3paboTunk BHEMHHUX (DYHKLHH, BBOIAIIMI B MPUIIOKEHUE JTOMOJHUTENbHbIE PyHKINU. DTO,
110 CYyTH, HOBBIE IPUMMTHUBBI SA3bIKA MPHUKJIAJHOIO MPOrPaMMHUPOBaHMS, OOpalAOIIMECS K OTAEIbHBIM
MOJYISIM, HAallMCAaHHBIM Ha si3bIke oOuIero Ha3HaueHus. HeoOxomuMa BO3MOKHOCTh UHTep(eiica 3ThX
HOBBIX (YHKIHMI C TPUIOKEHHEM Yepe3 IepexBaTbiBaeMble KOMaHIbI, OOpaTHbIE BBI3OBHI HIIU
neperpyxaemMble GyHKIUU.

* MeTtanporpaMMHUCT, HMCIOJL3YIOUMK OTHO W, B OCOOCHHOCTH, HECKOJBKO MPHUIOKCHUU B
KayecTBE KOMIOHEHTOB 0oJjiee KPYMHOW CHUCTEMBL. DTO MOJIB30BAaTENb, YbM HYXKIbI CETOMHS Ci1abo
YIOBJIETBOPSAIOTCS. ITO TOT BHJ HCIHOJB30BaHUSA, KOTOpBIM oOemaer HauOOJNbIIMKA  POCT
MPOU3BOJIUTEIIBHOCTH IIPU CO3/1aHUU HOBBIX TPUIIOKEHUM.

JInss »TOro TOCHETHEro THIa IOJb30BaTeNie KOpPOOOUHBI MPOMYKT JOJKEH HMETh
JOTIOJTHUTENbHBIN TOKYMEHTUPOBAHHBIN UHTEp(eiic — uHTepdeiic

MetanporpaMMmupoBaHus. OH TOKEH NPEAOCTABISTh HECKOIBKO BO3MOXKHOCTEN. [Ipexne Beero,
MeTanporpaMma JOJKHA YIPaBiIATh aHcaMOJleM MpUJIOKEHHI, HECMOTpsS Ha TO, 4YTO Kaxioe
NPUIOKEHUE, KaK MPAaBUIIO, CUUTAET, YTO YIPABIAET CaMUM COO0M. DTOT aHCaMOJIb IOJDKEH YIPaBIATh
uHTep(deiicoM MoIb30BaTes, XOTS OOBIYHO CaMO MPUIIOKEHUE CUUTAET, YTO JesiaeT 3T0. AHCaMOIb
JOJKEH OBITh B COCTOSTHUU BBI3BaTh JIIOOYI0 (DYHKIMIO MPHUIIOKEHHUSA, KaK e€clid Obl ero KOMaHAHAas
CTPOKa MCXOMJIA OT MOJIb30BaTENsl. BBIXOMHBIE JaHHBIX PUIIOKEHUS JOJKHBI IEPEIaBaThCA EMY, a HE
Ha JKpaH, IpUYEeM B BUJE JIOTMYECKUX OJOKOB MOIXOAALMX THIOB JaHHBIX, & HE TEKCTOBOM CTPOKH,
KOTOPYIO HYXHO OTOOpa3uTh. B HEKOTOphIX mpuioxkeHusx, Hamnpumep, FoxPro, ectbs npipoukw,
MO3BOJISIIONIME MepeaTh KOMaHIHYIO CTPOKY, HO BO3BPAIAIOTCS CKYAHBIC U HEpa300paHHBIC JaHHBIC.
Takas nplpouka — 3amjarka Ha CKOPYIO PYKY, B TO BpeMsi Kak TpeOyercs olluee mpopaboTaHHOE
pelIeHue.

Bosnbliie BO3MOKHOCTU a0 Obl HAJMYME SI3bIKa CIEHAPUEB ISl YIIPABICHUS B3aUMOICHCTBHEM
NPUIOKEHUM, BXOIAIIMX B aHcamMOib. Takoro pona GpyHKuuM BriepBbie npeaoctasmia Unix ¢ TOMOIIBIO
kaHanoB u cranpapta ¢aiinoB B ¢opmare ASCII-ctpok. CerogHsi HEIJIOXUM pEIICHUEM SIBISETCS
AppleScript.

Cocmosnue u 6yoyuee npoecpammHoU UHAHCeHepUU

Onnax el s nonpocui xuma @eppenna (Jim Ferrell), npencenarens XMuMUKO-TEXHOIOTUYECKOTO
dakynbrera yausepcutera mrata CesepHas Kaponuna nosenats o

Pa3BUTUH XMMHYECKUX TEXHOJIOTMH BHE CBA3M C XMMHEH, Ha YTO OH JKCIIPOMTOM BbIJaJl MHE
3aMeyvareNbHbll paccKkas, MPONOJDKABIIMICA Yac, HaYMHasl C CYIIECTBOBABIIMX C AHTUYHBIX BPEMEH
pa3sIUYHBIX MPOU3BOJICTBEHHBIX MPOILIECCOB [UIsi MHOTUX MPOAYKTOB — OT cTanmu 10 Xieda u
napdromepubix uznennii. OH pacckaszan, kak npodeccop Apryp . Jlutta (Arthur D. Little) B 1918
rony ocHoBasl B MTU QakynsreT mpukiagHod XMMHUU JIA UCCIENOBaHUS, pa3pabOTKu U OOydeHHs
o0nmM (pyHIaMEHTAJIBHBIM TEXHOJOTUSAM BceX mporeccoB. CHadana ObLIM MpaKTUYECKHE IpaBuia,
3aTeM SMIIMPUYECKHE HOMOTPAMMBI, 3aT€M PELENThl MPOCKTUPOBAHUS OTAEIBbHBIX KOMIIOHEHTOB,
3aTeM MaTeMaTUYeCKHUE MOIENIHM PACIPOCTPAHEHHUS TEIJIA, MacC, KOJUYECTBA JIBUKEHUS B OTJEIbHBIX
E€MKOCTSIX.

[To xomy pacckasza @eppesia st mopa3uics OOMIHNIO Mapajuiesield MeXay pa3paboTKOW XUMUYECKUX
TEXHOJIOTUM M PAa3BUTHUEM NPOTrPaMMHBIX TEXHOJOTHWM, MPOMCXOAMBIIMM IMOYTH IIOJBEKA CIYCTH.
[lapuac yTBepkmaer, 4yTo s BOOOIIE MHUIIy O «IIPOrpaMMHON MHX)eHepuu». OH MPOTHBOMOCTABISAET
POTPAaMMOTEXHHUKY KaK HAyKy 3JIEKTPOTEXHUKY U CUUTAET, YTO HA3bIBATh HAllle 3aHATHE UH)KEHEpPUEH



caMOHaJiessHHO. B0O3MOKHO, OH mMpaB B TOM, YTO 3Ta OOJACTh HUKOTJA HE CTAaHET HHKEHEPHOM
JACUMUIUIMHOW C TAKOW TOYHOM M BCEOXBATHIBAIOIICH OCHOBOM, KAaKasi €CTh Y AJIEKTPOTEXHUKH. B koHIIE
KOHI[OB, NpPOrpaMMHas HWHXEHEpHUs, IMOJA0OHO XUMUYECKONH TEXHOJOTHUH, 3aHITa HEITUHEUHBIMU
3a/layaMH  yBEJIMYEHHUS MaciraloB [0 MPOMBIIUIEHHBIX MPOIECCOB U, MNOJOOHO OpraHu3aluu
IIPOMBIIUICHHOTO IPOM3BOIACTBA, IIOCTOSHHO CTAaBUTCA B TYIHK CIOXHOCTSIMH YE€JIOBEYECKOTO
IIOBEJICHUSI.

Tem He MeHee XapaKTep U BpEMEHHbBIC PAMKHU PAa3BUTHSI XUMUUYECKON TEXHOJIOTUH IPUBOIAT MEHS
K MBICJIH, YTO MPOrpaMMHasi HH>KEHepHUs B Bo3pacTe 27 JeT He CTOJIbKO Oe3HaIe’KHa, CKOJIBKO SBISETCS
HE3peNoi, Kakol XMMHYeCcKas MPOMBIIUIEHHOCTh Obuta B 1945 romy. JIunm nociae Bropoit MupoBoii
BOMHBI XHUMUKHU-TEXHOJOTH pEadbHO OOpaTUIMCh K B3aMMOCBA3aHHBIM IOTOYHBIM CHUCTEMaM C
3aMKHYTBIM LIUKJIOM.

CerogHsi XapakTepHbIE 3aJayd NPOrPaMMHON HMH)XEHEPUM 3BydaTl TOYHO TaK JK€, KAK OHHU
W3JI0’KEHBI B TJ1aBe 1:

 Kak mpoekTupoBaTh U CTPOUTH MPOTPAMMBbI, 00pa3yIOIIE CUCTEMBI.

» Kak mpoeKkTupoBare U CTPOUTH NPOTPAMMBI U CUCTEMBI, SABIISIIOIMECS HAJIC)KHBIM, OTIAXKECHHBIM,
JIOKYMEHTHPOBAHHBIM U COITPOBOKAAEMBIM ITPOJLYKTOM.

* Kak ocymiecTBisTh HHTEIEKTYaIbHbI KOHTPOJIb B YCIOBUSAX OOJBIION CIIOKHOCTH.

B cMossHOM siMe MPOTrpaMMHON MHKEHEPUH €11 JOJITO MPUAETCS BA3HYTh. MOXKHO 0KHUAATh, YTO
YEeJI0BEYECTBO NPONOJDKUT ONBITBI C CHCTEMaMM KakK BHYTPH, TaKk M 3a IpeleilaMd HaluX
BO3MOXHOCTeH. IIporpaMMmHBIe CHCTEMBI  SBISIOTCS, BO3MOXKHO, Haubojiee 3amyTaHHBIMU
YeJIOBEYECKUMHU TBOPEHUSMH. OTO CJIOXKHOE peMmecio TpeOyeT HEeNpephlBHO pa3BUBATh Ty
JTUCHUIUIMHY, YYUTbCA CO3JlaBaTh M3 0ojiee KPYMHBIX OJOKOB, HAWITY4IIMM 0Opa3oM HCIOJIb30BaTh
HOBBbIE MHCTPYMEHTBI, CTaparelibHO OCBaWBaTh ONMPOOOBAHHBIC METOIbl YIPABICHUS WHXKEHEpPUEH,
HIEAPO HMCIOJIb30BaTh 3/IpaBblii CMBICI U CMHUPEHHO CO3HABaTh CBOIO MOABEPKEHHOCTH OLIMOKaM U
OTPAaHUYEHHOCTh HAIIMX BO3MOKHOCTEM.



Onuiaor Isarbaecar JeT yiuBJeHus, BOCXUIIICHUA U
paxocTH

B Moeii namsaTu Bce elie KUBbI YAUBICHUE U BOCTOPT, C KOTOPBIM 51 — MHe Torna Obuio 13 et —
yuTan oT4eT ot 7 aBrycra 1944 rona 06 ocsmenun komnbiorepa Mark I, apxurextopoM KOTOporo Obu1
T'oBapa Aiixken (Howard Aiken), a mpoektupoBumkamu — uHxeHepsl Knep Jleiik (Clair D. Lake),
benmxamun [ypdu (B. M. Durfee) u @pancuc 'amunsron (F. E. Hamilton). Takoii e BhI3bIBaroIei
olryleHue yyna obuia ctarbsi Bannesapa Byma (Vannevar Bush) «That We May Think» B anpenbckom
1945 roga nHomepe «Atlantic Monthly», B KOTOpoil OH MpENIOXKWI OPraHMW30BaTh 3HAHUSA B BHJE
OTPOMHOM THUIEPTEKCTOBOM MAYTHHBI U OOECIEUNTH IOJIB30BATEICH MallMHAMM IS MEPEXOJO0B IO
CYHIECTBYIOIIMM CCBUIKAM M CO3JaHUsI HOBBIX aCCOLIMATUBHBIX CIIEI0B.

HoBblil TOTUOK MOSI CTpacTh K KOMIbIOTepaM monydmina B 1952 rony, xorna, paboTtas JeToM Ha
IBM B Dmuukore, mrar Hero-Hopk, s momyuns NpaKTHYECKUH ONBIT IIporpaMMHUpoBanus s IBM 604
u ¢opmanbHOoe oOyueHue mnporpammupoBanuo st IBM 701, ux mepBoil MammHbBl C XpaHUMOMU
nporpamMmon. Acnupanrypa y Alikena u MBepcona B I'apBapae cuaenana peaabHOCTBIO MOM MEYTHI O
npodeccuu, U s cBsi3ad ¢ Heil Bcio cBOIO ku3Hb. Hemuorum bor naet mpaBo 3apabarbiBaTh Ha KU3HB
TeM, Y€M OHH C PaJOCThI0 3aHMMAIIUCh ObI TIO COOCTBEHHOW BOJjie, MO yBiedueHHI0. S OmaromapeH
cyanoe.

Jlns yenoBeka, BIIOOJIEHHOTO B KOMIBIOTEPHI, TPYAHO ObUIO Obl MpHUAyMarb MHOE BpeMsl, KOrna
TaKk pagocTHO ObUI0 XUThb. OT MEXaHHMYECKHUX YCTPOWCTB IO BaKyyMHBIX JIAaMI, TPAaH3UCTOPOB HU
MHTETPAJIbHBIX CXeM IUT0 OypHOE pa3BUTHE TEXHOJIOTHH. [lepBblii KOMIBIOTEP, HA KOTOPOM s paboTai
cpa3y mociue Bbinycka u3 ['apBapaa, 6pu1 cynepkomnbiorep IBM Stretch. 9ToT KoMnbloTep mapcTBOBai
HaJl MUPOM Kak camblii ObIcTphid ¢ 1961 mo 1964 roapl; Obuto M3roToBIEHO 9 3K3eMIUIsApPOB. Moii
cerogasmmHui Macintosh Powerbook He Tonpko ObicTpee, ¢ Ooblneii MamMsAThio U OONBIIMM TUCKOM, HO
U B THICSIYY pa3 JeleBie (B MATh THICAY pa3 JelieBie ¢ yueToM UHGISAUK). Mbl ObUIH CBUICTEISIMU
TOro, KakKk TIOOYEPENIHO NPOM3OUUIM KOMIBIOTEpPHAs PEBOJIIOLHUS, PEBOJIOLHUS 3JIEKTPOHHBIX
KOMIIBIOTEPOB, PEBOJIOIUA MHHUKOMIIBIOTEPOB W PEBOIIOLMS MUKPOKOMIBIOTEPOB, B PE3YIbTATE
KaXXJI0M U3 KOTOPBIX KOMITBIOTEPOB CTAHOBHJIOCH Ha MOPSIIKU OOJIbIIE.

OOnacTh CBSI3aHHBIX C KOMIIBIOT€pAMU 3HAHUM MpeTepresa B3pbIB, KaK U COOTBETCTBYIOIIAS
TexHoJIorus. bynyun acnupanToM B cepeauHe 50-X, s1 MO IPOYECTh BCE JKYPHAJIBI U TPYAbI
KoH(epeHIUi. Sl MOr ocTaBaThCs Ha COBPEMEHHOM YpPOBHE BO Bceil HayuHoOW nucuuiuinHe. CeromHs
K€ MHE B MOE€H MHTEJUIEKTYaIbHOM KU3HU MPUXOAUTCS C COXKAICHUEM pacCcTaBaTbCs C HHTEPECAMU TO
B OIHOW, TO B Jpyrol momao01acTH, MOCKOJIbKY KOJUYECTBO JOKYMEHTOB MPEBBICUIIO BCIKYIO
BO3MOKHOCTb CIIPaBUTBCA C HUMH. Macca MHTEpECOB, Macca 3aMedareyIbHbIX BO3MOXHOCTEW s
y4eObl, ucciae0BaHui, pa3MpluieHuil. Yynecnoe 3arpynnenue! He Tonbko KOHIIa HE BUHO, HO U AT
He 3ameauaercs. B Oyaymem Hac 0ku1al0T MHOTHE PaJOCTH.
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